
252 

NATIONAL COOPERATIVE 
HIGHWAY RESEARCH PROGRAM REPORT 252 

ADDING DUST COLLECTOR FINES 
TO ASPHALT PAVING MIXTURES 

TRANSPORTATION RESEARCH BOARD 
NATIONAL RESEARCH COUNCIL 



TRANSPORTATION RESEARCH BOARD 
NATIONAL RESEARCH COUNCIL 

TRANSPORTATION RESEARCH BOARD EXECUTIVE COMMIUEE 1982 

Officers 

Chairman 

DARRELL V MANNING, Director, Idaho Transportation Department 

Vice Chairman 

LAWRENCE D. DAHMS, Executive Director, Metropolitan Transportation Commission, San Francisco Bay Area 

Secretai' 

THOMAS B. DEEN, Executive Director, Transportation Research Board 

Members 

RAY A. BARNHART, Federal Highway Administrator, U.S. Department of Transportation (cx officio) 

FRANCIS B. FRANCOIS, Executive Director, American Association of State Highway and Transportation Officials (cx officio) 

WILLIAM J. HARRIS, JR., Vice President for Research and Test Department, Association of American Railroads (cx officio) 

J. LYNN HELMS, Federal Aviation Administrator, U.S. Department of Transportation (cx officio) 

THOMAS D. LARSON, Secretary of Transportation, Pennsylvania Department of Transportation (cx officio, Past Chairman 1981) 

RAYMOND A. PECK, JR., National Highway Traffic Safety Administrator, U.S. Department of Transportation (cx officio) 
ARTHUR E. TEELE, JR., Urban Mass Transportation Administrator, U.S. Department of Transportation (cx officio) 

CHARLEY V. WOOTAN, Director, Texas Transportation Institute, Texas A&M University (cx officio, Past Chairman 1980) 

GEORGE J. BEAN, Director of Aviation, Hilisborough County (Florida) Aviation Authority 

JOHN R. BORCHERT, Professor, Department of Geography, University of Minnesota 

RICHARD P. BRAUN, Commissioner, Minnesota Department of Transportation 

ARTHUR J. BRUEN, JR., Vice President, Continental Illinois National Bank and Trust Company of Chicago 

JOSEPH M. CLAPP, Senior Vice President, Roadway Express, Inc. 

ALAN G. DUSTIN, President and Chief Executive Officer, Boston and Maine Corporation 

ROBERT E. FARRIS, Commissioner, Tennessee Department of Transportation 

ADRIANA GIANTURCO, Director, California Department of Transportation 

JACK R. GILSTRAP, Executive Vice President, American Public Transit Association 

MARK G GOODE, Engineer-Director, Texas State Department of Highways and Public Transportation 

WILLIAM C. HENNESSY, Commissioner of Transportation, New York State Department of Transportation 

LESTER A. HOEL, Chairman, Department of Civil Engineering, University of Virginia 

MARVIN L. MANI-IEIM, Professor, Department of Civil Engineering, Massachusetts Institute of Technology 

FUJIO MATS UDA, President, University of Hawaii 

DANIEL T. MURPHY, County Executive, Oakland County Courthouse, Michigan 

ROLAND A. OUELLETI'E, Director of Transportation Affairs, General Motors Corporation 

RICHARD S. PAGE, General Manager, Washington (D.C.) Metropolitan Area Transit Authority 

MILTON PIKARSKY, Director of Transportation Research, Illinois Institute of Technology 

GUERDON S. SINES, Vice President, Information and Control Systems, Missouri Pacific Railroad 

JOHN E. STEINER, Vice President, Corporate Product Development, The Boeing Company 

RICHARD A. WARD, Director-Chief Engineer, Oklahoma Department of Transportation 

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

Transportation Research Board Executive Committee Subcommittee for NCHRP 

DARRELL V MANNING, Idaho Transp. Dept. (Chairman) 	 RAY A. BARNHART, U.S. Dept. of Transp. 

LAWRENCE D. DAHMS, Metropolitan Transp. Commission, San Francisco Bay Area THOMAS D. LARSON, Pennsylvania Dept. of Trans. 

FRANCIS B. FRANCOIS, Amer. Assn. of State Hwy. & Transp. Officials 	 THOMAS B. DEEN, Transportation Research Board 

Field of Materials and Construction 

Area of Specifications, Procedures, and Practices 

Project Panel, DIO-19 

FRANK ABEL, Colorado Dept. of Highmm'ays (Chairman) 
E. J. BRECKWOLDT, Louisiana Dept. of Transp. and Development 

JOHN J. CARROLL, U.S. Dept. of Transportation 

STANLEY K. CIESIELSKI, Villanom'a University 

R. N. DOTY, California Dept. of Transportation 

BOB M. GALLA WAY, Texas A & M University 

Program Staff 

KRIEGER W. HENDERSON, JR., Director, Cooperative Research Programs 

LOUIS M. MACGREGOR, Administrative Engineer 

CRAWFORD F. JENCKS, Projects Engineer 
R. IAN KINGHAM, Projects Engineer 

EDGAR J. HELLRIEGEL, New Jersey Dept. of Trans-

portation 

VAUGHN MARKER, The Asphalt Institute 

ROBERT A. SHELQUIST, Iowa Dept. of Transportation 

GENE K. FONG, Federal Highway Administration 

WILLIAM G. GUNDERMAN, Transportation Research 

Board 

ROBERT J. REILLY, Projects Engineer 

HARRY A. SMITH, Projects Engineer 

ROBERT E. SPICHER, Projects Engineer 

HELEN MACK, Editor 



NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 252 REPORT 

ADDING DUST COLLECTOR FINES 

TO ASPHALT PAVING MIXTURES 

D. A. ANDERSON and J. P. TARRIS 

The Pennsylvania State UnIversity 

University Park, Pennsylvania 

RESEARCH SPONSORED BY THE AMERICAN 
ASSOCIATION OF STATE HIGHWAY AND 
TRANSPORTATION OFFICIALS IN COOPERATION I 
WITH THE FEDERAL HIGHWAY ADMINISTRATION 

AREAS OF INTEREST: 

BITUMINOUS MATERIALS AND MIXES 

MINERAL AGGREGATES 
(HIGHWAY TRANSPORTATION) 

(AIR TRANSPORTATION) 

TRANSPORTATION RESEARCH BOARD 
NATIONAL RESEARCH COUNCIL 

WASHINGTON, D.C. 	 DECEMBER 1982 



NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 
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FOREWORD Many asphalt mix plants must now include collection equipment that captures 
dust particles in the exhaust gases. Rather than wasting these fines, it is often 

By Staff permitted to reintroduce them into the production process as part of the mineral 
Transportation filler fraction. To capture very fine material suitable for reuse, secondary collec- 

Research Board tion equipment called "baghouses" are commonly used. Accordingly, individuals 
involved in the production, specification, or control of asphalt mixes, and particu- 
larly those now using or contemplating the use of collected dust fines, will find the 
report of special interest. The report contains a state of the art derived from past 
and present studies and current practices on the effects and handling of mineral 
fillers and dust fines, conclusions based on actual samples on the characteristics 
of dust fines, and recommendations pertaining to dust handling procedures. Re- 
searchers should also find the report an excellent resource document for future 
pursuits. The raw test and classification data on dust samples from a variety of 
asphalt plant configurations and aggregate types are included. 

In various parts of the country, environmental regulations require controls 
on the emission of dust from asphalt mix plants because of ambient air quality 
standards on particulate matter or as a general requirement to prevent a public 
nuisance. Therefore, to meet regulations or to avoid being a public nuisance, many 
plants capture dry dust particles from exhaust gases. To capture very fine 
materials, secondary collection equipment called baghouses are commonly used 
where dust is prevented from entering the atmosphere by fabric filters. As a good 
business practice and when permitted, dust fines are reintroduced as part of the 
mineral filler fraction in the production of the asphalt mix. However, because 
difficulties exist in characterizing the dust fines and ensuring a uniform mix, the 
reuse of dust fines becomes suspect in various field problems associated with the 
placement of asphalt pavements. The sponsors of the NCHRP recognized this 
situation, and, as a result, The Pennsylvania State University was selected to 
conduct NCHRP Project 10-19, "Adding Dust Collector Fines to Asphalt Paving 
Mixtures." 

The report contains a state of the art on the effects and use of mineral fillers 
in general and collected dust fines in particular. The report also documents the 
results of study on the characteristics and variability of baghouse dust collected 
from asphalt mix plants representative of different plant types (drum mix and 
batch), generic aggregate types, and dust collection systems. The report also 
contains recommended guidelines for the proper handling of dust and the actual 
test data on samples of dust. 
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ADDING DUST COLLECTOR FINES TO ASPHALT PAVING MIXTURES 

SUMMARY 	As a result of stricter air pollution codes, 
many asphalt plant operators have added filter fabric 
baghouse dust collectors to asphaltic concrete 
mixture plants.' The baghouses have made available 
large quantities of fine.dust that were previously 
wasted to the atmosphere. 	Many 'asphalt plant 
operators are now adding this dust to asphalt 
mixtures as a partial or total replacement for 
mineral filler. 

The objectives of the research were (1) to 
conduct a state-of-the-art review of the effect of 
mineral fillers and baghouse dust on asphaltic 
concrete, (2) to survey current practices and 
procedures for specifying and handling baghouse dust, 
and (3) to characterize the baghouse fines currently 
being collected and used in the industry. 

Samples were collected from asphalt plants 
throughout the United States, representing different 
plant types, du'st collection systems, and aggregate 
types. The samples were tested in the laboratory to 
determine day-to-day, with,in-day, and plant-to-plant 
variability in the characteristics, of the dust. 

State-of-the-Art Review 

Excessive quantities of bagho'use dust can affect 
the compactibility of asphaltic concrete mixtures.. 
Baghouse dust aiso can act as an extender for asphalt 
cement. Most field problems related to baghouse 
fines, such as obtaining compaction or tenderness, 
are the result of sudden increases in the quantities 
of dust fed into the plant from the handling system. 
These variations are due to improper,handling 
procedures rather than to inherent properties of the 
dust. 	Problems ,have also occurred when a baghouse is 
added to an existing asphalt plant. Proper 
application of mixture design criteria, such as 

Marshall (or Hveem) properties and void criteria, as 
part of plant process control would minimize the 
effect of changing from one source of dust to 
another. Insufficient data exist in the literature 
to determine the effect of dust properties on basic 
mixture behavior such as creep, fatigue, and 
resistance to the effects of water and asphalt cement 
aging. 

Dust Properties 

Considerable plant-to-plant variation was l5ound 
in the fineness of baghouse dust. The fineness of 
the dust is primarily related to the gradation of the 
cold feed and the efficiency of the primary dust 
collector. 	Generic aggregate type, is not a determining 

factor in the fineness of the baghouse dust, 
nor is all baghouse dust fine.' 

Variations in the gradation of the baghouse 
dust, day-to-day or within-day, are related primarily 
to the type of primary collector. These variations 
are not sufficient to cause significant variations in 
mixture behavior. However, more study is needed of 
dusts that exhibit a high degree of stiffening to 
determine their effect on fatigue, creep, water 
resistance, and asphalt extension. Until these 
effects are defined, the development of 
specifications for dust collector (primary or 
baghouse collectors) fines is not warranted. 
Fineness or gradation of the dust is not an accurate 
indicator of dust performance. Any specifications 



should be related to the entire fine (<75 urn) 
fraction, not to the baghouse dust alone. 

Handling Systems 

Handling systems varied considerably, according 
to plant configuration., gradation of the cold feed, 
design of the dust collection system at the plant, 
and requirements of the specifying agency. Close 
attention in plant operations can minimize sudden 
variations in the quantity of fines fed into the 
plant. 

Each plant should be considered as a unique 
system because of variations in manufacturers' 
designs, plant configuration, and aggregate 
characteristics. Rigid specifications for dust 
handling procedures may not be cost effective. In 
the study reported herein, general guidelines for 
dust handling procedures were developed for both drum 
mix and batch plants. 



CHAPTER ONE 

INTRODUCTION AND RESEARCH APPROACH 

PROBLEM STATEMENT AND RESEARCH OBJECTIVE 

In the past decade, many states have 
promulgated strict air pollution control 
codes and standards regarding the emission 
of particulates into the atmosphere. This 
has brought about an increase in the use 
of secondary collection equipment, 
especially filter fabric baghouse 
collectors. The addition of baghouses, as 
shown in Figure 1, has resulted in the 
collection of fine dust, < 30 pm, that was 
previously wasted to the atmosphere. To 
help offset the cost of this equipment and 
to avoid the accumulation of a waste 
product, asphalt plants are using the 
baghouse dust as fines in paving mixtures. 
A study by The Asphalt Institute (1) 
indicates that baghouse fines can erform 
as well as standard filler materials, but 
it is important that the fines be obtained 
from good quality parent aggregate and be 
introduced in a manner that yields a 
controlled mix. Production operations, 
however, are often not consistent with 
this recommendation. 	In many instances, 
collected fines are returned to the bottom 
of the hot elevator of a plant, and, in 
subsequent production operations, this 
results in surges of fines when materials 
are drawn from the hot bins. At plants 
where baghouse materials are directed to 
the mineral filler bin, other problems 
arise. There is little or no mixing of 
collected material with the standard 
mineral filler, and yet these two sources 
of fines frequently have different 
gradations and specific gravities. The 
quality of the resulting baghouse material 
becomes questionable. 

The objectives of this project were 
(1) to conduct a state-of-the-art survey 
of studies dealing with the effect of dust  

collector fines on asphaltic concrete and 
current practices for specifying and 
handling these fines, and (2) to 
characterize by generic type those dust 
collector fines now in use. 

SCOPE OF STUDY 

To satisfy the objectives of the 
project, a review of the literature on 
mineral fillers and baghouse fines was 
conducted, with an emphasis on recent 
studies, both published and unpublished. 
Current agency practices were established 
by interviewing materials and construction 
engineers from 45 states. Arrangements 
were made to obtain random samples of 
baghouse dust at 33 plants, in 12 states, 
which represent the generic aggregate 
types in common use in the United States. 
Dust samples were collected by plant 
personnel as directed by a project 
engineer. Plant conditions at the time of 
sampling were documented by plant 
personnel. Each sample was tested in the 
researchers laboratory to determine 
within-day, day-to-day, and plant-to-plant 
variability of the baghouse dust. 

RESEARCH APPROACH 

Current Agency Practice 

To evaluate the specifications, 
practices, and procedures regarding the 
use of dust collector fines, a survey of 
45 state agencies was conducted. A 
bituminous materials or construction 
engineer from each state was contacted to 
obtain the following information: 

& Exhaust, '30 microns 
1PrrtoBo9house 

+ Exhaust, 
I <Imicron 

r+i with Boghouse 

30 mesh1 
30 mesh to 
30 microns 

To Hot Elevator 	 BAGH(XJSE 

Cold Feed 

/ 	 <30 microns 

To HotElevator 	 To HotElevator No.1 HotBin or 
Weigh Box (via storage sIio) 

Figure 1. Schematic of baghouse added to batch plant. 



The percentage of asphaltic 
concrete plants in the state possessing 
baghouses. 

The generic aggregate types used 
in the state to produce asphaltic 
concrete. 

The results of any unpublished 
studies conducted by thestate pertaining 
to dust collector fines. 

The current handling requirements 
for dust collector fines. 

Pavement problems, past or 
present, related to the incorporation of 
baghouse fines into the mix. 

A follow-up survey of 26 state 
agencies was conducted to obtain the 
following information: the mix design 
practices within the state, the plant 
quality control practices, and the 
specification philosophy of the state (end 
resultversus process control). To gain 
additional information, the executive 
directors or technical directors of state 
pavement associations were contacted. The 
data collected during these surveys were 
tabulated and critically reviewed. The 
surveys also were used as the basis for 
selecting the plants that participated in 
the sampling program. 

Selection of Sampling Sites 

Arrangements to visit plants, to set 
up a sampling program, and to obtain 
baghouse dust samples were made at 33 
plants located in the following states: 
Arizona, California, Connecticut, 
Maryland, New Jersey, New York, North 
Carolina, Ohio, Oregon, Pennsylvania, 
Virginia, and West Virginia. Because of 
Insufficient production levels and 
unanticipated shutdowns, only 27 plants 
were able to furnish samples. 

An attempt was made to include plants 
that would represent each generic 
aggregate type. Other criteria used in the 
selection of sampling sites were the type 
of plant and collection system and the 
method used to introduce the baghouse dust 
into the mix. A description of the plants 
that participated in the project is given 
in Table 1. 

Documentation of Plant Operations and 
Equipment 

The project research engineer visited 
the participating plants to document the 
plant operation and equipment and to 
interview plant personnel. Three plants 
(plants numbered 31, 32, 33) could not be 
visited and the required information was 
obtained by telephone. The information 
included cold feed arrangement, dryer 
characteristics, collection system 
equipment, and the dust handling system 
used for the primary and baghouse 
collectors. Additional questions 
concerned hot bin characteristics and the 
fugitive dust tie-in with the Plant, if 

applicable. Plant personnel were asked 
about plant history, including changes in 
plant equipment and methods of handling 
dust. 

Sampling Program Methodology 

In the course of the plant visit, the 
researchers furnished the details of the 
sampling program. These included any 
plant modifications needed to take the 
samples, instructions on the physical 
collection of the samples, determination 
of the randomized sampling times, and 
required documentation of plant operations 
during the collection of the samples. An 
example of the form used to document the 
sampling is presented in Figure 2. 

Qetermination of Sampling Times 

A sampling program involving five 
production days was developed. To 
determine within-day variability, five 
samples were collected on one day. Four 
other samples (one on each of the four 
remaining days) were obtained to evaluate 
day-to-day variability. 	In addition, a 
start-up sample was obtained during one of 
the single-sample days to permit 
comparisons of start-up variability.. This 
program specified a total of ten samples 
to be collected by each participating 
plant. 

The following randomized block design 
was used to specify a sampling period for 
the collection of the samples: 

Blocked Time 	 Day 
Within Day 

Start-up 	 x 

A.M. No. 1 	 x 	x 

A.M. No. 2 	 x 
x 

P.M., No. 1 	 x 	 x 

P.M., No. 2 	 x 	x 

The procedure was used to select the exact 
sampling time within each of the five 
blocks. 	In practice, it was necessary to 
modify this plan to accommodate the 
operations of particular plants. In many 
instances the plants did not operate for 
five consecutive days, and the production 
was usually not continuous throughout the 
day. 

Selection of Sampling Location 

Three factors were considered in 
selecting the sampling location. First, 
information from the state-of-the-art 
review indicated that the fineness of the 
dust can vary along the length of the flow 
path in the baghouse. Second, the 
sampling location must be representative 
of the time when the operating conditions 
are documented. For example, a sample 



Table 1. Characteristics of--plants participating 
in the project. 

Plant iant Aggregate Primary 
No. Type Type Collector Dust Handling Baghouse 

1 Batch Limestone Expansion chamber Return4 to hot elevator via 
surge bin 

2 Batch Limestone Single cyclone Proportioned to weigh box 
from silo 

3 Batch Traprock i4ulticlone Screw feeder to hot elevator 

4 Batch Traprock Multiclorie Screw feeder to hot elevator 

5 Batch Traprock Dual cyclone Screw feeder to hot elevator 

6 Batch Sand and Gravel None Screw feeder to hot elevator 

7 Batch Traprock Single cyclone Screw feeder to hot elevator 

B Batch Limestone/Argillite None Screw feeder to hot elevator 

9 Batch Limestone None Screw feeder to hot elevator 

10 Batch Sand and Gravel None Screw feeder to hot elevator 

11 Batch Sand and Gravel Horizontal cyclone Returned to hot elevator via 
surge bin 

12* Drum Limestone/Sand 
and Gravel 

Knockout box Returned to drum adjacent to 
A.i.. 	line 

13 Batch Sand and Gravel Nulticone Screw feeder to hot elevator 

14 Drum Sand and Gravel Knockout box Returned to drum adjacent to 
Al.. 	live 

15 Drum Limestone Knockout boo and Returned with cycloge 	gst to 
single cyclone drum aaiacent  to R.t.. 	line 

from silo 

16* Drum Limestone Knockout box Returned to drum adjacent to 
A.i.. 	line 

17 Batch Limestone None Screw feeder to hot elevator 

18* Batch Granite None Screw feeder to hot elevator 

19 Batch Granite Horizontal cyclone Screw feeder to hot elevator 

20 Batch Granite Single cyclone Gravity flew to hot elevator 

21 Batch Limestone Single cyclone Screw feeder to hot elevator 

22 Batch Granite None Gravity flew to hot elevator 

23 Batch Granite Multiciooe Weighed separately then added 
to weigh boo 

24 Batch Granite Single cyclone Added to weigh box 

25 Batch Granite Single cyclone Dust is wasted 

26 Batch Granite Dual cyclone Added to weigh box 

27 Batch Granite None Returned to hot elevator via 
surge bin 

28 Batch Granite Single cyclone Added to weigh box 

29 Batch Granite Single cyclone Added to weigh box 

30 Batch Traprock Single cyclone Screw feeder to hot elevator 

31 Drum Traprock Knockout box eurdto drum adjacent to 

32* 	Drum 	Sand and Gravel 	Knockout box 	 Rejurd to drum adjacent to 
ye 

33 	Drum 	Sand and Gravel 	Knockout boo eured to drum adjacent to 
ye 

Somples not obtained because of limited production or plant shutdowns, or samples lost 
in shipment. 

taken from a surge bin or storage silo 
represents a time-averaged sample. Third, 
the collection of the sample must not 
interfere with the normal operation of the 
plant. 

Many plants use a storage silo to 
meter the dust back into the mix. The 
baghouse dust is pneumatically transported 
to this silo. To take samples from the 
silo was considered inappropriate because 
the possibility of storage dwell time 
might result in the dust characteristics 
not being representative of the operating 
conditions. It was decided, therefore, 
that the most desirable sampling location 
was the point at which the dust exits from 
the baghouse. 

The actual sampling location depended 
on the equipment and setup of each plant. 
Many plants have a system where the dust 
exits from the baghouse, falls through a 
duct, and enters a screw conveyor or the 
hot elevator. In such plants this duct 
was found to be an appropriate sampling 
location. At other plants, a clean-out 
plug on the bottom of the screw conveyor 
was the sampling point; or, if a screw was 
used to waste part of the dust, the sample  

was obtained from that point. 	The 
sampling locations are shown in Figure 3. 

Plants that use a pneumatic conveying 
system to transport the dust to a storage 
silo were sampled as follows. The sample 
was obtained through a hole in the dust-
carrying line. This line, under pressure, 
permits material to escape through' the 
hole. Plants that use a fluidizing system 
were sampled by allowing the fluidi'er to 
fill up, turning the fluidizer off, 
opening the clean-out hatch, and 
collecting the material. A third location 
was the clean-out plug located beneath the 
baghouse screw at a point just before the 
dust exits from the housing. When this 
plug is removed during plant operation, 
air rushes into the baghouse, preventing 
material from exiting. However, it was 
found, in many instances, that the one-
gallon paint can used to collect the 
samples could be abutted against the open 
plug. By cutting off the false air, the 
dust would fall into the can. 

One-gallon paint cans with securely 
fitting lids were used for all samples. 
These cans prevented the absorption of 
contaminants from the atmosphere that 
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SAMPLE FORM 

6 

egg. Temp. Setting 	 3 .. 

Agg. Temp. Leaving Dryer 	2'7 

3, Homer Output at Sampling 	iLc' 

4. Dryer Exhaust Temp. 	31,7 

5. Stack Exhaust Temp. 	a ç 

6. ProductiOn Rate H Sampling 
(IPH) of Cold Feed 	 / 

7. Describe the Dryer Operation over the past 
30 mInutes? 

uou  
c. stopped twice 

b. -srolyped once 	d. other  

8. Type of mix to be produced? 

d. coiranercial 

ase 	 e. other 

C. binder  

What is the damper setting on the exhaust fan at the time 
of sampling? 

a.(1Bb apeD b. 75% C. 50% d. Other  

Have the dampers on the fugitive system been altered since 
the inspection or last sample? 

a. Yes - opened more 	5. Yes - Opened less 	c 1  No 

What percentoge of primary dust is being returned to the 
mix aggregate? 

a. (1'0 	b. 75% 	C. 50% 	d. 25% 	e. Other 

What percentage of baghouse dust is being returned to the 
mix aggregate? 

b. 75% c. 50% d. 25% e. Other 

What is the pressure drop across the baghouse at the time 
of sampling? 	 (7 

I Feed Number In Operation Igoisture* of Total 	Feed Feed Dial Setting 

DAi- 33  

6 V Dg 

eBone dry (no color). Internal Moisture, Surface Damp (color), 
Free Water (sheen), or Percentage, if available. 

SAMPLE TIME DETERMINATION 

Sample Code 	2i 
Sample Time  

Sample Date R  

Weather ,afso aZ.. 

Sampled by 

Plant lnsp.  

Add 1/2-I hours 

Add 1-2 hours 

sw -- 
tIU%RIiflm. 

- 

l!lII. - 
Fj 

Figure?. Sample data sheet. 

might have occurred had cloth sample bags 
been used. 

Documentation of Plant Operations at the 
Time of Saniolino 

Figure 1 incorporates the pertinent 
operations that can be readily documented 
at the plant. Because asphalt concrete 
mix plants do not measure the air flow 
through the dryer, operations that 
indicated changes in the dryer air flow 

were documented, including the exhaust-fan 
damper setting, the fugitive dust system 
operation, and the pressure drop through 
the baghouse. Although not all questions 
were relevant to both processes, the form 
was used for both batch and drum mix plant 
operations. 
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Figure 3. 	Schematic indicating sampi ing 
locations. 

Laboratory Characterization of Baghouse 
Dust 

Variability of Dust Properties 

The main purpose of the laboratory 
characterization was to determine the 
within-day, day-to-day, and plant-to-plant 
variation in the properties of the dust. 
Each sample was tested to determine grain-
size distribution, Atterberg limits, pH of 
dust in aqueous suspension, dry bulk 
(vibrated) density, settled bulk density 
in toluene and methylethylketone, and 
hygroscopic moisture. The testing program 
is presented in Table 2. 

Grain-size distribution was 
determined by wet sieving (ASTM D 242) (2) 
to determine the percentage passing the 
No. 30, 50, and 200 sieves. The gradation 
of the dust passing the No. 200 sieve was 
determined with a sedigraph manufactured 
by Micromeritics Instrument Corporation. 
This device is based on Stokes law, but a 
complete grain-size analysis can be 
completed in 15 to 20 minutes, compared 
with the 48 hours required for the 
hydrometer procedure specified in ASTM D 
422 (2). The Atterberg limits test (ASTM 
D 424J (2) was performed to determine if 
the fines were plastic. Plasticity is 
caused by the presence of clay minerals. 
Two liquids, toluene and 
methylethylketone, were used to determine 

Table 2. Characterization tests on baghouse 
fines.  

FIrst Series - All Baghouse Fines Samples 

As-received sample 
Sieve analysis ASTM P242 

Minus No. 40 sieve fraction 
Atterberg limits ASTM 0 424 

pH of suspension 

Dry bulk density 
Hulk density In toluene, methylethylketone 

HygrnsCOpiC moisture 

Second Series - Selected Samples 

Minus No. 40 sieve fraction 
Heat of immersion 

Air permeability 
Asphalt mixing 
Water sensitivity 

Specific gravity 
Scanning electron microscope 

Capillary viscosity 
Softening Point 

bulk density. Methylethylketone is a 
polar liquid, whereas toluene is nonpolar. 
Differences in settled density due to the 
polarity of the setti ing medium can be 
attributed to the surface activity of the 
dust (3). Finally, hygroscopic moisture 
was determined because a recent report had 
related hygroscopic moisture content to 
moisture damage (4). 

Ranae in Prooerties of the Dust 

A series of tests was performed on 
one of the samples collected from each 
plant to determine air permeability, 
asphalt mixing, water sensitivity, and 
specific gravity. Criteria for the 
selection of the dust sample were that it 
be derived from a wearing mixture when 
possible and that it not be atypical with 
respect to grain-size distribution. 

The air permeability measurement was 
based on the work of Rigden (5) and Kamack 
(6) , as used by Anderson (7) . 	The test 
procedure can be used as a measure of the 
fineness of the dust. The asphalt mixing 
test is described by Kandhal (4) and is 
similar to the procedure used in the 
design of gussasphalt mixtures. This test 
is a measure of the demand of the dust for 
asphalt. The water sensitivity test is a 
standard test procedure for mineral 
fillers in the state of Michigan (8). 
Specific gravity, ASTM B 854 (2), was 
needed for routine calculations in a 
number of the test procedures. A specific 
gravity determination was made for a dust 
sample from each mixture design 
encountered in each plant. 

A series of scanning electron 
photomicrographs was taken for a typical 
sample from each plant. The micrograph 
was used to describe the shape of the dust 
particles. Finally, heat of immersion 
data (9) were obtained for five 
representative dusts, including three 
different asphalts. Heat of immersion 
(heat of wetting) is a measure of the 
bonding energy between the surface of the 
dust and the asphalt. 

Fifteen of the typical dusts selected 
from each plant were mixed with two 
different asphalts at two dust-asphalt 
ratios, and the viscosity at 60 C 140 F 
and the softening point were determined 
(ASTM D 2171 and D 36) (10). These tests 

- Lock 

To Storage Silo or 
No. I Hot Bin 



were performed to determine the stiffening 
effect of the dusts. 

CHAPTER TWO 

FINDINGS OF THE RESEARCH 

STATE-OF-THE-ART REVIEW 

To comply with air pollution 
requirements, many hot mix plants have 
added baghouse dust collector systems. 
The addition of these baghouse filters has 
generated fines that were previously 
wasted to the atmosphere. Many plants are 
now reintroducing these fines into the 
plant as mineral fillers. Some engineers 
have hypothesized that early pavement 
distress may be a result of this practice 
because of the quantity and nature of the 
fines that are being reintroduced (1,4). 
The literature review is presented in two 
parts: the first deals with traditional 
mineral fillers, and the second deals with 
the dust collected in baghouse 
collectors. 

Mineral Fillers 

Mineral filler is finely divided 
mineral matter, generally passing the No. 
200 sieve. 	It may consist of rock dust, 
slag dust, portland cement, hydrated lime, 
ground limestone, and fly ash. Extensive 
research, much of it from the early part 
of the century, has been done on the 
properties of mineral filler and its 
influence on asphaltic concrete mixtures. 

Richardson (11) was one of the first 
investigators to report on the effects of 
mineral fillers. He postulated that the 
function of the filler is more than mere 
void filling, inferring that some sort of 
physicochemical interaction occurs when 
fine mineral dust is added to asphalt 
cement. 

By the late 1930s many studies had 
been completed on the properties of 
mineral fillers and mineral filler-asphalt 
systems. On the basis of an extensive 
investigation of fillers with respect to 
their performance in asphaltic concrete, 
Traxler (12) concluded that the stiffening 
effect of the fillers could not be 
reliably predicted from their properties. 
Traxler considered size and size 
distribution as fundamental filler 
properties in that they affect the void 
content and average void diameter of 
packed powders. More recent work by 
Traxler confirms his earlier findings 
(13). 
- Mitchell and Lee (3) also attempted 
to find a single parameter that would 
adequately predict the ability of a 
mineral filler to stiffen the asphalt to 
which it is added. Their data were 
obtained for mineral filler-asphalt 
mixtures with relatively small 
concentrations of solids. Their results 
indicated that the bulk settled volume of 
filler in benzene is a good predictor of 
the performance of the mineral filler. 

A very extensive series of 
experiments on mineral fillers and mineral 
filler-asphalt systems has been reported 
by Rigden (5). 	In particular, he 
studied the relationship between filler 
properties and the viscosity of mineral 
filler-asphalt mixtures. At filler-
asphalt ratios similar to those found in 
typical asphaltic concrete mixtures, the 
fillers stiffened the asphalt by as much 
as three orders of magnitude. His data 
also indicate that fillers affect the 
temperature susceptibility of the asphalt; 
however, the stiffening effect did not 
correlate with any of the fundamental 
properties of the fillers. 

The rheology of mineral filler-
asphalt systems has been studied by 
Winniford (14) using the sliding plate 
microviscos imeter. 	Winniford suggested 
that the role of the filler is more than 
volume filling, and postulated additional 
stiffening mechanisms including: 	(1) a 
gelation of the asphalt by the mineral 
surface, which increases the non-newtonian 
flow characteristics and lowers 
temperature susceptibility, (2) formation 
of thick viscous coatings which increase 
the effective solids concentrations, and 
(3) surface shielding by absorbed 
asphaltenes. It was also shown that the 
stiffening effect of the mineral fillers 
was more pronounced with smaller sized 
material. 

Tunnicliff has comprehensively 
reviewed the research on mineral fillers 
prior to 1967 (15, 16). He concluded that 
a substantial aiunt of the mineral filler 
acts as though it is part of the asphalt 
film. 

Warden et al . (17) presented data on 
filler-asphalt mixes in conjunction with 
field observations. This study was 
motivated by field failures that were 
attributed to filler type. An easily 
measured parameter was sought that would 
predict the performance of the filler in 
the field. The tests performed on the 
fillers were empirical tests in use in the 
late 1950s. A reexamination of the early 
work by Traxler again demonstrated that no 
single parameter was sufficient to predict 
the behavior of different mineral fillers. 
The softening point of the filler-asphalt 
mixtures was found to be critical with 
respect to filler type. 

Puzinauskas (18), in reporting on The 
Asphalt Institute study of mineral 
fillers, concluded that the mineral filler 
plays a dual role in asphalt mixtures. He 
stated that they are part of the mineral 
aggregate--they fill the interstices and 
provide contact points between larger 
aggregate particles;. . . when mixed with 
asphalts, mineral fillers form a high-
consistency binder or matrix which cements 
larger aggregate particles together." 

Anderson and Goetz (19) used 
rheological parameters to study the 
stiffening effect of fine mineral powders 
on filler-asphalt mixtures. A number of 
powders were separated into closely sized 
fractions:' 0.63 to 1.25 tim, 2.5 to 5.0 
pm, and 10 to 20 pm. Their studies showed 
that the rheological behavior of the 
mineral filler-asphalt mixtures depended 



on the size and mineral properties of the 
filler and the source of the asphalt. The 
stiffening effects of the filler were 
relatively small at short loading times or 
low temperatures, but were very large at 
higher temperatures and long loading 
times. The temperature susceptibility of 
the asphalt increased with the addition of 
mineral filler. The authors concluded 
that a single test on mineral filler 
cannot be expected to predict the behavior 
of the filler in an asphalt mixture. 

Craus et al. (20) dealt with the 
effect of the physiEchemical properties 
of filler on mixture performance. In 
particular, they examined the geometric 
characteristics (shape, angularity, and 
surface texture), adsorption intensity at 
the filler-asphalt interface, and the 
selective adsorption of the filler-asphalt 
system. They concluded that the 
physicochemical interaction between filler 
and asphalt increased with the adsorption 
intensity, geometric irregularity, and 
selected adsorption of the fillers. 

The role of mineral fillers in 
asphalt mixtures was addressed in a 
comprehensive paper by Ileukelom (21). 
Bitumen number, dry compaction, and the 
kerosene absorption test were used to 
determine the void characteristics of 
mineral filler. The bulk volume (defined 
as the total filler volume--filler solids 
plus voids--at condition of densest 
packing) determined from the kerosene 
absorption test yielded a bulk volume 
approximately 17 percent greater than that 
obtained from the dry compaction 
procedure. 

Assuming that the penetration index 
(temperature susceptibility) of the 
asphalt and the filler-asphalt mixtures is 
the same, Heukelom measured the softening 
point of the filler-asphalt mixtures and 
calculated the stiffness of the mixtures. 
A unique relationship was found between 
stiffness ratio (ratio of the stiffness of 
the filler-asphalt mixture to the 
stiffness of neat asphalt) and percent 
bulk volume, %VDB  (defined as the bulk 
volume obtained from compaction divided by 
the total volume of the filler-asphalt 
mixture). When this concept was extended 
to asphaltic concrete mixtures, it was 
found that stiffness and compactibility 
are roughly related to the percent bulk 
volume of the filler. 

Other researchers have related the 
void properties of the filler to the 
Marshall mixture properties. For example, 
Hudson and Vokac (22) have related the 
activity coefficieTtto Marshall 
stability. The activity coefficient is 
defined as the bulk volume of the filler 
divided by the solid volume of the filler. 
The bulk volume of the filler was 
determined from the settled volume of the 
filler in kerosene. For a given mixture, 
it was found that the activity coefficient 
is related to Marshall stability. 	It was 
concluded, however, that stability is a 
function of both filler type and filler 
concentration. 

In summarizing the work that has been 
reported on mineral fillers, it can be 
concluded that: 

Mineral fillers stiffen asphalt, 
and the degree of stiffening varies 
significantly between different fillers. 

For a given filler source, the 
finer the filler the greater the 
stiffening effect. 

Although performance varies for 
different fillers, there are no tests that 
can adequately predict their performance. 

Baghouse Fines 

A number of recent studies have been 
conducted on baghouse fines. In general, 
these studies have been initiated because 
sponsoring agencies have been concerned 
about the effect of adding baghouse fines 
to asphalt mixtures. Many of these 
studies examined the variability of 
baghouse fines and the effect of 
variability on mixture behavior. The 
first study performed on baghouse fines 
was conducted by the California Department 
of Transportation (23) in 1976. 	In the 
first phase of this study a limited survey 
of engineers and plant operators was 
conducted. The results of the survey 
indicated that 1.5 to 2.0 percent of the 
aggregate processed through the aggregate 
dryer is collected as dust in the 
baghouse. The survey attributed 
inconsistencies in the mix that resulted 
in surface flushing and instability to the 
practice of returning the dust to the hot 
elevator. In the second phase of this 
study the effects of six different 
baghouse fines on Hveem mixture design 
parameters were studied. It was concluded 
that a maximum baghouse fines content of 
2.0 percent has little effect on the 
stability of asphalt mixtures and is 
beneficial with respect to mixture 
cohesion. The study also noted that, in 
general, when an extremely fine mineral 
dust is added to an asphalt mixture to 
correct a deficiency in aggregate 
gradation, a reduction in the asphalt 
content is required to prevent a loss of 
stability or bleeding. The added dust is 
so fine that it combines with and acts 
like the asphalt binder, effectively 
increasing the volume of the asphalt in 
the mixture. 	The report recommended that 
contractors be permitted to use as much as 
2.0 percent baghouse dust, but it 
recommended also that the dust be placed 
either in the weigh box or in the pug mill 
to ensure uniformity of distribution 
within the mixture. The report further 
recommends that the baghouse dust to be 
used in the paving mixture also be used in 
the mixture design. This requirement may 
be difficult to achieve with a new 
aggregate source, but it points out the 
fact that different mineral fillers may 
behave differently. 
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A study conducted in 1978 by The 
Asphalt Institute (1) had the following 
object ive 

To analyze the properties of 
several typical baghouse fines, 
fines/asphalt mixtures, and 
asphalt/aggregate/fines mixtures. 

To compare these properties to 
known properties of commercial mineral 
fillers and filler-asphalt mixtures. 

To determine to what extent the 
reintroduction of baghouse fines affects 
asphalt mixture properties and asphalt 
pavement performance. 

It was found that significant 
variations in gradation occurred in the 
fines sampled from different plants. The 
report concluded that the quality of 
baghouse fines is satisfactory for use in 
asphalt mixtures as long as the quality of 
the parent aggregate is satisfactory. The 
report also concluded that the dust should 
be introduced into the mixture in a manner 
that will result in a "controlled mix." 
Furthermore, each aggregate-plant 
combination is unique and must be 
considered individually. The findings of 
the study, however, raised two significant 
questions that remain unanswered: How 
uniform is the gradation of the fines 
being discharged from the baghouse? How 
do the type and the configuration of the 
plant and plant equipment affect particle-
size distribution? 

In a study conducted by the West 
Virginia Department of Highways (24), 
baghouse fines from 16 sources with a wide 
variety of particle-size distribution and 
chemical and physical properties were 
studied. From three plants, dusts with 
varying degrees of fineness were analyzed 
to determine their influence on the Hveem 
parameters and the dynamic modulus. The 
study found that the fine dust, primarily 
20 pm and finer, tended to combine with 
the asphalt and act as an extender. The 
report concluded that baghouse dust can be 
successfully reintroduced into the mixture 
as long as the fines are metered or 
weighed into the mixture. The report 
further states that when used in proper 
quantities the dust is not harmful to the 
paving mixture. It may even be beneficial 
and can serve as an inexpensive substitute 
for part of the asphalt. The West 
Virginia study recommended that both the 
amount and the size of the baghouse dust 
used in a paving mixture be controlled. 
The results of the study are in 
disagreement with the work of others  
12, 15, 19) in that they concluded that 
grain size can be used as a single 
parameter to describe the baghouse dust. 
A triangular classification procedure 
based on sand, silt, and clay was adopted 
for specification purposes. The use of 
the terms silt and clay should be avoided 
in describing baghouse fines because silts 
and clay, as defined in customary 
engineering usage, are not found in 
baghouse fines. In the proposed  

specification, the amount of baghouse dust 
to be added to a mixture is determined 
from the grain size of the dust. 

The Washington State Department of 
Transportation (25) recently studied the 
grain-size distrTBution of 12 different 
baghouse fines and added three of these 
fines to two different asphalt cements. 
The gradation of the baghouse fines varied 
considerably from plant to plant. The 
viscosities of the dust-asphalt mixtures 
were determined, and the mixtures were 
aged in the rolling thin-film oven test 
(ASTM 0 28) (10). The viscosity of the 
different mixtures varied considerably and 
were affected differently by the aging. 
Temperature susceptibilities (change in 
viscosity with temperature) and hardening 
were different for the different dusts and 
for the two asphalts. The researchers 
also found that there is little 
correlation between particle size and the 
consistency of the dust-asphalt mixtures. 

In a study by Dukatz and Anderson 
(26) of the influence of baghouse fines 
and cyclone fines on the properties of 
Marshall samples, it was found that flow 
and stability were relatively insensitive 
to the source of the filler or the 
asphalt, but that the creep compliance of 
the samples was affected by the stiffness 
of the filler-asphalt mixture. Both the 
fineness of the filler and the source of 
the asphalt and the filler affected the 
creep compliance. The researchers also 
attempted to relate mixture compactibility 
to the stiffness of the filler-asphalt 
mixtures and found a limited correlation, 
indicating that the stiffer filler-asphalt 
mixtures reduce mixture compactibility. 

Kandhal (4), in a comprehensive study 
of eight baghouse fines and the fines from 
a primary collector, conducted an 
extensive characterization program, 
including the measurement of size 
distribution, surface area, plasticity 
index, mineral composition, pH, and void 
content. Viscosity, penetration, and 
softening point tests were performed to 
examine the effects of the dust on the 
consistency of the dust-asphalt mixtures. 
A single asphalt was used in the study. 
No satisfactory relationship was found 
between the properties of the filler-
asphalt mixtures and the size 
distribution, particle shape, surface 
area, plasticity index, or mineral 
composition of the fillers. However, it 
was found that the bulk volume of the 
fines correlated with the stiffening of 
the asphalt. Kandhal defined the 'bulk 
volume of the fines' as the ratio, 
expressed as a percentage, of the bulk 
volume of a compacted bed of the fines 
divided by the solid volume of the asphalt 
and dust. From the study, Kandhal 
developed the following specification 
criteria for baghouse fines: (1) the bulk 
volume of the fines in a mixture should be 
less than 50 percent; if the bulk volume 
is greater than 50 percent, a check on the 
softening point must be performed; (2) if 
the bulk volume of the fines is greater 
than 50 percent, the maximum allowable 
increase in softening point is less than 
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11 C (20 F); (3) the, percentage of 
retained' tensile strength, based on the 
Idaho Moisture Sensitivity Test (27), 
should be greater than 50 percent. 

Maupin (28) recently conducted a 
study on the 	fect of baghouse fines on 
mixture voids, stability, and penetration 
time (used as a measure of mixture 
tenderness). Two of the mixtures studied 
contained fine baghouse dust. It was 
found that increases in dust content 
produced large changes in mixture behavior 
and design properties. Two of the 
mixtures contained relatively coarse dust, 
and the properties and behavior of these 
mixtures were not significantly affected 
by the dust content. The report concluded 
that the fines should be returned to the 
hot elevator in a uniform manner. This 
can be done through the use of time-delay 
switches to synchronize the dryer and the 
baghouse return, a surge bin located 
between the baghouse and the hot elevator, 
or a silo system. The high cost of the 
silo system was noted. 	In this study the 
triangular classification system developed 
by West Virginia was referenced. 	It was 
recommended that gradation be checked and 
the percentage of fines reduced if the 
dust is classified as class 2 or class 3 
(as defined by Ref. 24). The assumption 
made by the study that gradation is a 
controlling parameter is an 
oversimplification of the behavior of fine 
mineral dust (mineral filler or baghouse 
dust) and can lead to errors in judging 
the behavior of the dust. Other 
researchers have shown that gradation 
alone is not a sufficient parameter to 
predict either the stiffening effect of a 
dust or the tendency of a dust to act as a 
replacement for asphalt (4, L 13, 29). 

Plant operations and their Ffects on 
the properties of dust collected in 
primary and secondary dust collectors have 
been reviewed by Anderson and Tarris (29). 
The maximum size of the particles in the 
collection system gas depends on the drum 
gas velocity and can be expected to be in 
the range of 300 to 500 pm. The gradation 
of baghouse dust depends in large measure 
on the existence and effectiveness of the 
primary collector. Before baghouses were 
installed, most of the particles less than 
30 pm were not captured and were wasted to 
the atmosphere. Baghouse systems have the 
potential to collect dust finer than 1 
pm. 

In another research study (30), 
different proportions of primary and 
secondary dusts were added to mixtures and 
the Marshall properties were measured. 
The fineness of the dust was not a good 
predictor of the stiffening effect of the 
dust, although the finer dusts did produce 
appreciable stiffening. The dusts that 
significantly stiffened the mixtures 
affected the air voids and reduced the 
compactibility of the mixtures. The finer 
dusts also acted as asphalt extenders and 
reduced the air voids. 

Anani and Al-Abdul Wahhab (31) 
examined the effects of baghouse Tines on 
asphalt mixture properties. They found 
that the addition of baghouse fines 
increased the optimum asphalt content,  

increased mixture stability, and decreased 
the resistance of the mixture to water 
damage. In their study, the dust that 
provided the greatest stiffening effect 
was a primary multicone dust, which was 
inadvertenently labeled a baghouse dust. 

A number of state agencies have 
performed limited studies that have not 
been published. Georgia and Vermont found 
that the grain-size distribution varied 
considerably between different plants and 
aggregate sources. However, little 
variability was observed within the plant. 

Kentucky has evaluated the baghouse 
fines from 25 to 30 plants for grain-size 
distribution and Atterberg limits. The 
properties of the baghouse fines were 
found to be very similar to those of 
commercial mineral fillers. On the basis 
of these findings, the state has permitted 
the contractor to use the same storage 
silo for baghouse fines and commercial 
fillers. 

Louisiana has evaluated the dust 
collected from the baghouse of a drum mix 
plant by emptying the dust into 55-gallon 
drums. The feed rate from the baghouse 
into the drums was nonuniform and was 
attributed to either a nonuniform feed 
system or irregularities in the baghouse 
cleaning system. As a consequence of 
these findings, the State now requiresa 
surge system for the return of baghouse 
fines. 

Prompted by reports of poor 
compaction and pavement brittleness, Iowa 
is conducting a study of baghouse fines. 
Although no conclusions have been reached, 
plasticity indices as high as 20 were 
found for dusts collected in plants using 
natural gravel. On the basis of reports 
of field performance, a maximum 
fines/asphalt ratio of 1:3 (volume basis), 
has been adopted pending the outcome of 
the study. 	In summary, the review of the 
literature' on baghouse dust indicates: 

The size of the dust collected 
from baghouse collection systems depends 
on the parent aggregate, the plant 
configuration, and the operating 
conditions at the plant. 

When possible, the mix design 
should incorporate the same dust that will 
be used in the actual mixture. 

The behavior of dust in a mixture 
cannot be predicted on the basis of 
fineness alone. Additional testing of the 
dust is required to predict its behavior. 

Fine dust can act as an asphalt 
extender, but it can also interact with 
the asphalt cement and stiffen the 
asphalt. 

GENERIC AGGREGATE DISTRIBUTION 

A generic aggregate is a group of 
materials of similar mineral composition 
and method of formation, produced either 
naturally or artificially. The Bureau of 
Mines classifies natural stone into nine 
generic types: granite, limestone, 
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marble, marl, sandstone, shell, slate, 
traprock, and miscellaneous (32). Only 
four of these generic aggregate types 
contributed significantly to stone 
production in the United 	States in 
1977: limestone (74%), granite (11%), 
traprock (8%), and sandstone (3%). 

Natural sand and gravel are products 
of disintegration or decomposition and 
exist in an unconsolidated or uncemented 
state. Because of the extreme variety in 
the distribution, frequency of occurrence, 
quality, and mineral properties of natural 
sand and gravel deposits in the United 
States (33), it is difficult to classify a 
sand or gravel as a generic aggregate 
type, although in many cases a single 
aggregate type may predominate. 
Consequently, most natural sand-gravel 
deposits are grouped in a special sixth 
generic aggregate type--natural sand and 
gravel 

The distribution of generic aggregate 
types in common use in the United States 
was determine'd from a' review of the 
literature (33,34) and from discussions 
with state agency personnel. This 
information is summarized in Figure 4. 
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Figure 4. Generic aggregates used for 
asphalt concrete. 

BAGHOUSE DISTRIBUTION 

The percentage of plants that contain 
baghouse dust collection systems is shown 
on a state-by-state basis in Figure 5. 
The data in Figure 5 were collected by 
interviewing state agency personnel or 
paving association representatives in each 
state. The distribution of baghouse 
collectors is concentrated in the 
northeastern states, especially in New 
England, and in the Southeast and the 
western states of Oregon and California. 
Almost all of the plants in southern 
California have baghouses. 

Several factors have influenced this 
distribution. First, many states with a 
high percentage of baghouses are highly 

Figure 5. 	Percentage of plants equipped 
with baghouses. 

urbanized and were governed by local air 
pollution codes before the federal 
regulations were promulgated. A second 
factor is the availability of water. 
Plants in areas subject to water shortages 
rely on a baghouse collector instead of a 
wet collection system. A third 
consideration is the design philosophy of 
the manufacturer. In the Northwest, where 
the Boeing drum mix plant is common, a wet 
collector or a dry cyclonic collector is 
used to collect particulate emissions. 

Economic considerations also have 
made the baghouse attractive to many 
operators. The baghouse permits dust to 
be recovered in a usable form, replacing 
material which previously had to be 
purchased, handled, and heated. Because 
the baghouse does not require a sludge 
pond for operation as does the wet system, 
the costs and disposal problems associated 
with this pond are obviated. Often, these 
ponds require regular cleaning, the 
frequency depending on the pond's capacity 
and the plant's production. Cleaning the 
pond and hauling the sludge away involves 
labor and equipment costs. 

CURRENT AGENCY PRACTICES 

A description of state agency 
practices for 45 states is presented in 
Appendix A. Information was obtained on 
dust handling, mix design, plant control, 
and specification philosophy. 

Handling Requirements 

Of the 45 state agencies surveyed, 
the current handling requirements for the 
baghouse dust collected in batch plants 
can be broken down as follows: 

1. Twenty-four states do not specify 
the method of handling dust. Contractors 
are permitted to choose a method. 
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Three states (New York, New 
Jersey, and Maryland) spec-ify that the 
dust must be returned uniformly to the 
system. 

Six states (Michigan, Minnesota, 
Missouri, New Mexico, Ohio, and Wisconsin) 
specify uniform return to the hot 
elevator. 

Four states (Indiana, Louisiana, 
Tennessee, and Washington) specify the use 
of a surge system to return the dust to 
the hot elevator. 

Four states (California, Rhode 
Island, Illinois, and Kentucky) require 
the dust to be returned to the weigh box. 

One state (Arizona) is in the 
process of rewriting its specification. 

Three states were not considered 
because they have no plants with 

-- baghouses. 

It is difficult to general ize about 
agency practice because of the many 
variations in handling procedures that 
result from special conditions within the 
state or at a particular plant. Of the 
six states that specify the hot elevator 
return, only Michigan prohibits a 
contractor from using a system to return 
the dust to the weigh box. Michigan 
requires the hot elevator return in order 
to avoid the possibility that dust 
collected during the production of a 
nonspecification mix will be cycled 
through the filler silo and added to a 
specification mix. 

Illinois currently permits one 
contractor to return the baghouse dust to 
the hot elevator. The aggregate at this 
plant is deficient in fines, and a 
commercial mineral filler must be added at 
the weigh box. Furthermore, this plant, 
unlike other plants in the state, does not 
have a primary collector. Consequently, 
the baghouse dust is coarser than the 
commercial mineral filler. To return the 
baghouse dust to the same silo used to 
store the filler may result in a variation 
in the gradation of the combined dust and 
filler. The contractor, therefore, is 
being allowed to return the baghouse dust 
to the hot elevator on a trial basis. One 
plant in Illinois now uses a dual silo 
concept: one for filler and one for the 
baghouse dust. As mentioned, most plants 
have a primary collector; the particles of 
collected baghouse dust are similar in 
size to those of many commercial fillers, 
many of which may also be collected by a 
baghouse. 

Kentuckys specification is unique in 
that if 40 percent or more of the fine 
aggregate for a mixture is a natural, 
conglomerate, or crushed sandstone sand, 
return to the hot aggregate at any point 
is permitted. If less than 40 percent of 
the fine aggregate is natural, the dust 
must be returned to the weigh box. The 40 
percent breakpoint represents the 
percentage of saridst'bnësand required to 

provide adequate skid resistance in 
wearing courses. 

Tennessee requires a surge system if 
return of the dust to the hot elevator is 
to be attempted. Most plants, however, 
have elected to return the dust to the 
weigh box, utilizing the filler silos that 
previously were used to handle the 
commercial fillers. 

With respect to the dust collected in 
the primary collector of a batch plant, 
only three states--California, Illinois, 
and Kentucky--have specific handling 
requirements. The other states either 
indicate that the handling method is to be 
left to the contractor or do not 
distinguish between the dust collected in 
the baghouse and that collected in the 
primary collector. 

California permits the dust from the 
primary collector to be returned uniformly 
to the hot elevator. Illinois 
requirements are similar except that a 
small surge bin must be used to ensure 
uniformity. Kentucky permits return to 
the hot elevator provided that the dust 
from the primary collector does not 
contain an appreciable amount of material 
(about 10 percent) passing the No. 200 
sieve. 

For drum mix plants, only three 
states--Illinois, Indiana, and Louisiana--
specify a handling method for baghouse 
dust. These states have similar 
specifications. The dust is to be 
returned at a uniform rate at the point 
where the asphalt cement is added to the 
dryer. The remaining states either do not 
address drum mix plants, leave the 
handling method to the contractor, or 
require only that the dust be returned 
uniformly. 

Mixture Design 

Mixture design practices were found 
to vary considerably. Of the 26 states 
surveyed, 19 use the Marshall method and 7 
use the Hveem method of mixture design. 
Only four states (California, Rhode 
Island, New York, and Connecticut) 
indicated that the mixture design was 
performed with material obtained from the 
hot bins. All the others reported that 
stockpile material was used. The question 
of whether a washed or a dry sieve 
analysis was used for the mix design 
produced an almost even response. Only 
one state, Illinois, reported substituting 
a standard filler for the natural dust 
found in the stockpile aggregate. Many 
states perform stripping susceptibility 
tests on the mixture, specifically, the 
immersion-compression, Lottman, and 
boiling tests. 

Plant Control Practices 

The most common plant control 
practice is to perform extractions. 
Extractions may be made on a tonnage basis 
(1 per 500 tons to 1 per 1,000 tons) or a 
given number of extractions may be carried 
out per day. Whether the extractions are 
performed by the contractor or by state 
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personnel depends on the state, and the 
required method of performing the 
extractions varies. Many states specify 
the vacuum method while others prefer the 
centrifuge or the reflux method. 

An additional consideration is the 
application of an ash correction to the 
extraction results. The ash correction 
accounts for the fine dust that is carried 
into the solvent/asphalt cement solution 
during the extraction process. The means 
of accounting for this dust varies. Many 
states apply no correction factor. Some 
apply a set factor based on previous 
experience with the plant. Still others 
perform the ash correction either by 
centrifuging, vacuum, or by burning the 
solution from the fines. 

A second common method of plant 
control, used in eight states, is to test 
Marshall samples, compacted at the plant, 
for stability, flow, and density. A third 
method is to check the gradation of each 
hot bin. As extractions become more 
widely performed, the practice of checking 
gradation has decreased. However, many 
plant operators continue to do this as a 
means of monitoring the formation of holes 
in the hot screens. 

Specification Philosophy 

To account for the varied approaches 
to the handling of baghouse dust, a 
fol low-up survey was conducted in 27 
states to determine the specification 
philosophy of the state. 	In particular, 
the question was asked whether the state 
employs an end result or a process control 
philosophy. Eleven states reported an end 
result philosophy, 12 used process 
control, and 4 reported a philosophy based 
on a combination of the two. However, 
five of the states using process control 
reported that they were converting to end 
result specifications. 

The criteria for end result 
specifications vary considerably. Vermont 
bases payment on the ride quality. 
Indiana's payment is governed by a 
committee. Many states base the payment 
on variations in asphalt cement content, 
field density, and particular control 
sieves (although other states, like South 
Carolina, base the gradatioh payment over 
the entire band of sieves). Often the No. 
200 sieve is a control sieve; Ohio, 
however, uses No. 100 as the smallest 
control sieve. 

PLANT EQUIPMENT AND OPERATIONS 

A detailed description of plant 
equipment and operation is presented in 
Appendix B. Three types of hot mix 
asphalt plants are in use in the United 
States: batch, drum mix, and continuous. 
The drum plant is gaining in popularity, 
but batch plants still predominate. 
Figures were not available for the total 
tonnage produced in each plant type. The 
batch plant probably accounts for the 
largest number of plants; however, many of 
these are small and used to a limited 
degree, whereas many of the drum mix  

plants are very large. Continuous plants 
were once popular becau.se  of their 
portability, but, since the advent of the 
drum mix plants, they are little used and 
therefore are not discussed separately in 
this report. The following discussion of 
batch plants is, for the most part, 
applicable to continuous plants. 

The asphalt mix plant must be 
considered as a processing system with a 
series of interrelated steps. Flow 
diagrams illustrating the process steps 
for a drum mixrnd batEW plant are given 
in Figures b and 7, respectiveIy. Each of 
these steps can affect the properties of 
the dust collected in the plant. Factors 
that must be considered in determining the 
properties of the collected dust include 
the characteristics of the cold aggregate, 
entrainment of dust in the system gas, 
the dust collection system, the dust 
handi ing system, and the dust generated 
during plant processing (degradation). 

Characteristics of the Feed Material 

The characteristics of the cold feed 
material play an important role in the 
quantity and grain-size distribution of 
the material that becomes entrained in the 
system gas and is removed by the 
collection system. With respect to the 
quantity of material entrained, the 
percentage of material in the cold feed 
that passes the No. 30 sieve (595 LIm) is 
important. Aggregate as coarse as the No. 
30 sieve (595 im) can be entrained in the 
system gas (35). Other characteristics 
that determine the quantity and grain-size 
distribution of the collected dust include 
the moisture content of the cold feed 
aggregate (36), the tendency of the fine 
material toigglomerate and adhere to the 
coarse aggregate (37), and the resistance 
of the aggregate to degradation. 

Another significant factor is the 
size distribution of the fines in the cold 
feed. As discussed later and 
substantiated in the literature (38), this 
distribution varies from source to source. 
Dust suppressants are sometimes used to 
control dust during quarrying and plant 
operations. These suppressants may also 
influence the quantity and size 
distribution of the material that becomes 
airborne in the dryer. 

Entrainment of Dust in the System Gas 

Ratch Plants 

For the direct-fired, counterfiow 
dryer typically used in the batch plant, 
the amount of dust entrained in the system 
gas is a complex function of the aggregate 
that is being dried, the drum gas 
velocity, the number of flights in the 
drum, the rate of rotation of the drum, 
and the construction of the breeching at 
the feed end of the dryer (39). Other 
factors influencing the amount of dust 
entrained are the moisture content of the 
aggregate (40), the feed rate (41), and 
the flight arrangement (42). 



The most significant factor that 
determines the amount of dust entrained 
and the maximum size of the dust is the 
drum gas velocity (43). Drum gas velocity 
is defined as the volume flow rate of the 
gas through the dryer divided by the 
cross-sectional area of the dryer (44). 
Studies by Barber-Greene showed that the 
dust entrained in the system gas increases 
in direct proportion to the square of the 
exhaust gas velocity (45). Typical drum 
gas velocities in the batch plant dryer 
vary from 600 to 1,000 ft/mm 	(38). At 
these velocities, particles between 500 
and 700 Elm have the potential to become 
airborne. Increasing the drum gas 
velocity from 600 to 1,000 ft/min will 
increase the dust carryout by 
approximately 25 percent (36). 

Variability in the drum gas velocity 
may be caused by changes in the 'position 
of the damper (46), changes in the 
pressure drop through the baghouse (43), 
and leaks in the ductwork or the primary 
collector. Combined leaks equivalent to. 1 
ft2  in the ductwork may result in a 
loss of 10,000 cfrn through the dryer (47) 
for a 96-in, dryer. This corresponds 
approximately to a 200-ft/min reduction in 
drum velocity. 

The fugitive dust system on the batch 
plant collects dust from the hot elevator, 
hot screens, hot bins, weigh box, and pug 
mill (48). The size distribution of this 
dust has been found to be much finer than 
the dust entrained in the rotary dryer 
(41). The magnitude of the proportion of 
the fugitive dust to the total dust 
collected is not well documented. It has 
been reported that if the fugitive dust 
system is operating properly, the fugitive 
dust should not significantly affect 
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either overall grain-size distribution or 
collector efficiency (49). In another 
report, however, the fugitive dust system 
is said to contribute up to 20 to 30 
percent of the total entrained dust 
collected in the system (43). If the 
plant is well maintained and leaks are 
kept to a minimum, the amount of dust 
contributed by the fugitive dust system 
may not be significant. 

Although the factors discussed above 
contribute to the quantity and grain-size 
distribution of the fines in the system 
gas, the plant-to-plant variability is 
largely a reflection of the fines in the 
cold feed. Entrainment in the system gas 
of 1.5 to 4.5 percent of the feed material 
has been reported (50). A loading of up 
to 10 percent of the feed material was 
observed in one case (49). Danielson 
(41), in a report on the dust loading in 
the system gas at eight installations, 
found the typical loading to be from 40 to 
70 grains per standard cubic foot, with a 
range extending from 20 to 200 grains. 
Others have placed the average loading 
from 20 to 30 grains per standard cubic 
foot (51). Danielson further reports that 
only 50 percent of the minus No. 200 sieve 
material becomes airborne in the dryer. 

Drum Mix Plants 

In the rotary dryer of a drum mix 
plant, the flow of material and the system 
gas move in the same direction. Although 
many of the preceding comments on batch 
plants also pertain to drum mix plants, 
the addition of asphalt cement to the drum 
complicates the entrainment of dust in the 
system gas. Another difference between 
the two types of plants is that the drum 
mix plant has no fugitive dust system. 

Three drum mix plant designs are in 
current use: Shearer, early entry, and 
dual zone. In the Shearer process the 
asphalt cement and the aggregate are 
combined just prior to the point where the 
aggregate enters the drum (52). This 
process ties up the fine dust before it 
can be entrained in the system gas. At 
the present time, the Shearer process is 
not being used in the design of new 
plants. 

In the early entry process, the 
asphalt cement is added at a point when 
moisture is still being driven from the 
aggregate. This moisture limits the 
amount of dust that becomes entrained in 
the system gas. Entrained dust must pass 
through the veil of hot asphaltic 
concrete. The effect of this coating zone 
is to scrub the dust from the gas system. 

In the dual-zone process, the 
aggregate is dried and heated in the 
radiation zone. The asphalt cement is 
then added in the coating zone (53). The 
entrained dust must pass through the 
coating zone which scrubs significant 
quantities of dust from the system gas. 

A unique type of drum mix plant is 
represented by Plant 15. This plant 
incorporates a center-outlet dryer design 
that removes the entrained dust from the 
dryer before it reaches the coating zone. 
The emissions from this dryer design are  

obviously much higher than from a typical 
drum mix plant. 

In summary, the drum mix dryer is an 
efficient dust collector system. 
Significant quantities of dust are 
entrapped in the mixture during the 
coating process. The coating zone is 
essentially a primary collector and can 
significantly reduce the dust in the 
system gas. An EPA study lists emissions 
factors for drum and batch plants (18). 
For drum plants, 4.1 pounds of dust per 
ton of aggregate were reported, whereas 
for batch plants 45 pounds of dust per ton 
of mixture were reported. Care must be 
exercised in applying these figures to 
specific plants because they are average 
val ues. 

Collection Systems 

A well-designed and properly operated 
baghouse has a collective mass efficiency 
of +99.5 percent (54). Under most 
conditions, this is sufficient to meet the 
federal pollution limits of 0.4 grains per 
standard cubic foot of exhaust gas. Many 
plants also use primary collectors in 
advance of the baghouse. The primary 
collector will affect the quantity and 
size distribution of the baghouse dust. 

Primary collectors include the 
knockout box, single vertical cyclone 
(Figure 8), horizontal cyclone (Figure 9), 
dual cyclone (Figure 10) and multicone 
(Figure 11). A knockout box is simply a 
box that contains a baffle plate. As the 
exhaust gas is forced around the baffle 
plate, the direction of the gas stream 
changes abruptly and the coarser particles 
are removed. Design details vary 
considerably between manufacturers, and 
the efficiency of knockout boxes can vary 
considerably. The knockout box is 
integral to all drum mix plants because 
the knockout box forms the exhaust 
breeching. Knockout boxes may also be 
used in batch plants although this is not 
common. 

The various types of cyclone 
collectors are all designed to accelerate 
the exhaust gas stream so that the dust 
particles are removed by centrifugal 
force. A schematic representing this 
group of collectors is presented in Figure 
12. On batch plants, the single vertical 
cyclone is the most common primary 
collector, although other types may be 
found. The efficiency of these collectors 
is determined by the design of the 
collector, the operating conditions, and 
the characteristics of the particulates to 
be collected (55). Although care must be 
exercised in evaluating the efficiency of 
any plant collection system, the 
efficiency with respect to particle 
classification increases in the following 
order: no primary collector, the knockout 
box, horizontal cyclone, single vertical 
cyclone, dual cyclone, multicone. 

The baghouse, as shown in Figure 13, 
may be the only collector or it may be 
used in conjunction with a primary 
collector. A well-designed, properly 
operating baghouse, free of holes in the 
bags, will collect material finer than 1 
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Figure 13. Photograoh of bacihouse. 

pm (44). In contrast, the multicone, the 
most efficient of the primary collectors, 
has an effective collection range only 
down to 10 pm (30). 	The electrostatic 
precipitator also is a high-efficiency, 
dry collector, but it has been used only 
on one asphalt concrete mix plant (38). 

A schematic showing of a baghouse is 
given in Figure 14. Baghouses are 
classified as either low-energy or high-
energy collectors (44). Low-energy 
collectors are characterized by a woven 
fabric, mechanical shaker or reverse air-
cleaning system, and low air-to-cloth 
ratios, typically ranging from 1:1 to 4:1. 
The air-to-cloth ratio is the number of 
cubic feet of exhaust gas divided by the 
number of square feet of filter cloth 
area. Although the low-energy baghouse 
was the earliest type developed, only a 
few units are still in use today. The 
high-energy units commonly have a felted 
fabric, air-to-cloth ratios of 4:1 to 7:1, 
and a pressure jet or centrifugal fan 
cleaning system (44). The effect of the 
higher air-to-cloth ratio is to reduce the 
size of the baghouse housing. 

Figure 14. Schematic of filter fabric 
baqhouse 

There are five basic designs for the 
baghouse collector, characterized by the 
exhaust inlet and exit location. These 
are the center plenum; the low air inlet; 
top entry position at the center of the 
baghouse length; top entry positioned at 
the center of the baghouse width; and the 
knockout design. The fineness of the dust 
distributed throughout the baghouse may 
vary according to its design. A well-
designed exhaust entry will function as a 
knockout box to remove the coarser 
particulates from the system gas (48). 
This action is designed to extend the life 
of the bag by reducing the dust load that 
the bags must handle. Its purpose also is 
to protect the bags from the high-velocity 
incoming air. The extent of this knockout 
action, however, depends on the existence 
of a primary collector. 	If a primary 
collector has already removed the coarser 
particulates from the system gas, the 
knockout function of the exhaust entry 
should be minimal. If the material 
removed by the knockout action falls into 
the same collection hopper as the dust 
removed from the bags, the exhaust entry 
should be considered as a functional part 
of the baghouse collector and not a 
separate primary collector. 

Handling Systems 

Methods of handl ing collected dust in 
asphaltic concrete mix plants may be 
classified as either closed or open 
systems. A closed system is defined as a 
plant that returns all dust recovered in 
the collection system to the plane. Tight 
control over the cold feed aggregates is 
required. An open system is defined as a 
plant that must waste all or a portion of 
the collected dust if the final product is 
to satisfy the mixture design 
requirements. This situation occurs when 
the plant cannot blend the aggregates at 
the cold feed to meet the job mix 
gradation. If the screenings or sand or 
both contain excess minus No. 200 
material, the dryer will effectively act 
to wash a portion of that material out of 
the aggregate. 

A plant may perform the following 
actions to waste the dust: store it on 
site, return it to the quarry, sell it, or 
install a settling pond to store the 
material. The first two options may 
present difficulties with respect to 
pollution codes. The most marketable dust 
is a limestone that can be sold to the 
farmers as fertilizer. Installing a 
sludge pond results in the same 
difficulties and costs associated with the 
wet collection systems. 

Alternatives for the Batch Plant 

Dust collected in batch plants may be 
handled in a number of ways. Dust 
collected in the primary collector is 
generally returned to the boot of the hot 
elevator. This may be accomplished by 
allowing the dust to fall by gravity 
through a duct directly from the collector 
to the hot elevator, Figure 15, or through 
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a screw conveyor as shown in Figure 16. 
The dust exits the primary collector 
through a flop gate, trickle valve, or 
rotary air lock (48). Baghouse dust is 
removed from the baghouse hopper by a 
screw conveyor. A flop valve, Figure 17, 
or rotary air valve, Figure 18, is used at 
the end of the screw conveyor to prevent 
"false air" from entering the baghouse. 
The dust may be returned to the boot of 
the hot elevator, the No. 1 hot bin, or 
the weigh box. The return of material to 
the boot of the hot elevator may be 
accompl ished by gravity flow from a duct 
between the baghouse and elevator, as 
shown in Figure 17, or a screw conveyor, 
Figure 19, may be used to return the dust 
directly to the hot elevator. An 
alternative method of returning the dust 
to the hot elevator is to use a small 
surge bin as shown in Figure 20. The 
surge bin may be fed directly from the 
baghouse by gravity, screw conveyor, or 
pheumatic blower system (Figure 21). The 
surge bin may have low and high bin 
indicators for monitoring the level of the 
dust. The dust is removed from the surge 
bin by a rotary air lock and fed by 
gravity or a screw conveyor to the hot 
elevator. 

Baghouse dust can be returned to the 
No. 1 hot bin by transporting it via a 
pneumatic blower system. The dust exits 
from the baghouse through a rotary air 
lock and is blown directly to the No. 1 
hot bin. 

Dust added to the weigh box is routed 
through a storage silo. Three methods of 
adding the dust were found. The dust may 
be added as a separate material to the  

weigh box and is listed as such on the 
batch ticket. The dust may also be 
weighed on a separate scale and then added 
to the weigh box. In both cases the dust 
would be listed separately on the batch 
ticket. A third alternative is to add the 
baghouse dust in conjunction with the 
material from the No. 1 hot bin. This is 
accomplished by a screw running from the 
silo to the weigh box. The screw turns in 
proportion to the weight of material in 
the No. 1 hot bin. In this method, the 
dust is part of the No. 1 hot bin weight 
on the batch ticket. 

The pulsing sequence that is used to 
clean the filter bags can affect the 
uniformity of the gradation and quantity 
(with respect to the time) of the dust 
exiting the baghouse. If there is an 
appreciable variation in the gradation of 
the dust that is collected in different 
parts of the baghouse, the overall 
gradation of the collected dust can be 
reflected by the pulsing sequence. Three 
pulsing sequences are used. The bags can 
be pulsed in blocks, pulsed sequentially 
from the front to the back of the baghouse 
(one or two rows at a time), or pulscd 
sequentially every fifth row at a time. A 
random pulsing sequence is preferable with 
respect to ensuring uniformity and 
therefore the latter procedure is 
preferable. 

If there is an appreciable variation 
in the quantity of the dust that is 
collected in different parts of the 
baghouse, the pulsing sequence can also 
affect the uniformity in the quantity 
(with respect to time) of fines exiting 
the baghouse. Again, a random pulsing 
sequence is preferred. 

Miscellaneous Comments-Dust Handl ing 
Systems 

In the foregoing discussion general 
schemes for handling dust were presented. 
It should be emphasized that in practice 
the details of the systems may vary 
greatly from plant to plant. For example, 
in one plant that was wasting part of its 
primary dust (plant 2, App. B) the excess 
primary dust was diverted into the 
baghouse hopper. The primary dust was 
combined with the baghouse dust and routed 
to the storage silo for disposal or future 
use as needed. The net effect of this 
scheme is to increase the size 
distribution and variability of the dust 
existing in the baghouse. 

Another scheme for removing excess 
baghouse dust is presented in Figure 22. 
An adjustable gate valve is used to split 
the dust into two streams, one that is 
wasted and one that is returned to the 
plant. 	A two-screw system may also be 
used to split the dust stream into two 
parts. 

Appendix B presents details on the 
dust handling system of each plant 
including the historical development of 
each system. This appendix should be 
consulted to gain an appreciation of the 
uniqueness and variety of the dust 
handling systems that are being used in 
the plants. 
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Figure 18. Rotary air-lock. 
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Figure 16. Vertical cyclone with screw 
conveyor feed system. 

Figure 17. Gravity return of baghouse dust 
to hot elevator through floo gate. 

Figure 19. Return of baghouse dust. 
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Figure 21. Typical fluidizing pod. 

Figure 20. Surqe bin used in return of 
baghouse dust. 

Fioure 22. Adjustable gate to renulate 
quantity of dust returned to the plant. 

Alternatives for the Drum Mix Plant 

Several alternative handling methods 
are in use in drum mix plants. 	The 
baghouse dust may be r u Lut- iied Lu LLie cold 
feed conveyor, blown into the feed end of 
the drum, injected adjacent to the point 
at which the asphalt cement is introduced 
into the drum, or blown in at the point at 
which the mixture is discharged from the 
drum. In two-stage primary collection 
systems--coating zone and knockout box--
dust handling is an inherent part of the 
process 

For the cold feed conveyor return, 
the baghouse dust is deposited directly 
from a screw conveyor from the baghouse. 
The other three methods involve 
pneumatically transporting the dust 
directly from the baghouse dust discharge 
or from a filler silo system. A rotary 
air lock ensures a uniform return of 
material, but it is susceptible to wear 
through the action of the abrasive dust. 

Of the four return methods, the one 
most widely accepted by state agencies and 
manufacturers is the return to a point 
adjacent to the asphalt cement injection. 
The advantage of this method is that the 
dust is embedded in the asphalt before it 
is reentrai ned and transverses the codL lily 
zone, thus ensuring dispersion through the 
mix. 

Changes Induced in the Material by Plant 
Processes 

Two changes are considered here: 
degradation of the feed material by the 
plant's processes and contamination of the 
fine material. It might be expected that 
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degradation of the feed material would 
occur through the abrasive action of the 
dryer screens, pug mill , etc. 	The effect 
of such degradation is an increase in the 
quantity of fine material. 	Information 
about the extent of this degradation was 
not found in the literature. The 
applicability of the Los Angeles Abrasion 
Test as a relative indicator of the extent 
of degradation must be questioned because 
this test parameter was found not to 
correlate with degradation in an earlier 
study, NCHRP Project 10-3 (56). 

The plant operators participating in 
the sampling program were asked about 
aggregate degradation. Although there was 
general agreement that dust production is 
inevitable, the operators reported that 
the quantity is not significant and is 
ignored when the cold feeds are set up. 
Reports of degradation in the dryer are 
often based on comparisons of extraction 
data and gradation measurements from the 
cold feed. This is not a valid comparison 
unless the cold feed gradation is based on 
a washed sieve analysis, which is often 
not the case. The researchers do not 
believe that degradation in the plant is a 
serious problem with most aggregates that 
meet typical state specification 
criteria. 

Contamination of the cold feed 
aggregate is caused primarily by improper 
burner operation or by too great a 
pressure drop in the baghouse, reducing 
the air available to the dryer for fuel 
combustion (54). These conditions can 
result in a öating of unburned fuel on 
the aggregate. Soot (unburned carbon 
particles) may also be found in the 
baghouse dust (38), especially in plants 
that burn oil rather than natural gas 
(41). The total quantity of soot, 
however, is probably not significant as 
long as the plant is operating properly. 

Condensation of the water vapor in 
the system gas in the baghouse will result 
in moisture in the baghouse dust. This 
condition will occur if the exhaust 
temperature through the baghouse falls 
below the dew point (82-100 C [180-212 F]) 
during production or if the baghouse has 
not been preheated above the dew point 
during start-up (44). The presence of 
moisture may clog the bags, which, in 
turn, increases the pressure drop through 
the baghouse and reduces the air available 
for combustion. 

Other Operations 

During the course of the agency 
survey, occasional bleeding associated 
with excess fine material was cited as a 
potential problem. Two different plant 
operations may account for this problem. 
First, the problem may occur if the return 
of the baghouse dust to the hot elevator 
or to the No. 1 hot bin is not 
synchronized with the cold feed and the 
dryer operation. To minimize this 
potential problem, Schenk (59) recommends 
that the start-up and shutdown of the 
dryer and baghouse be synchronized. A 
drawback to this procedure is that dust 
may remain in the baghouse screw conveyor,  

and may result in plugging of the hopper 
(60). Another difficulty is that it is 
difficult to purge the bags during 
shutdown. A second plant operation that 
may be involved in a sudden surge of fines 
is the operation of the No. 1 hot bin when 
the level of the bin is low. This permits 
fine material that has accumulated along 
the bin wall to break free and fall into 
the weigh hopper. This condition is 
referred to as a 'dust slide." A cap or 
baffle plate installed in the No. 1 hot 
bin will help distribute the fine material 
throughout the bin and minimize the chance 
of dust slides (58). The use and proper 
maintenance of low bin indicators will 
help to avoid operation when the No. 1 hot 
bin is low, and therefore reduce the 
chance of dust slides. 

LABORATORY TEST PROGRAM 

In the first series of tests, four 
dust properties--grain-size distribution, 
Atterberg limits, pH, and bulk density--
were examined to determine plant-to-plant, 
day-to-day, and within-day variability of 
the baghouse dust. A second series of 
tests was conducted on limited samples of 
dust in order to study the nature of the 
dust and the consistency of the asphalt-
dust mixtures. 

Grain-Size Distribution 

The grain-size distribution of the 
dust was determined with a sedigraph 5000D 
analyzer (61), which produces a plot of 
percentage of fines versus the logarithm 
of grain size. The sedigraph cannot 
accommodate powders with grain sizes 
coarser than 75 Jm, and therefore the dust 
was wet washed through the No. 200 mesh 
sieve prior to testing. The grain-size 
distribution of the coarse fraction (plus 
No. 200) was determined by wet sieving 
(ASTM 0 546) (2). Both the grain-size 
distribution of the minus No. 200 fraction 
and the composite grain-size distribution 
(combined sedigraph and wet sieve) were 
incorporated in the analysis. The average 
grain-size distribution obtained for each 
plant is given in Table 3. 

Considerable care was taken in 
performing the grain-size analyses. Four 
different dispersants, sodium 
hexametaphosphate, sodium pyrophosphate, 
sodium oxalate, and sodium silicate, were 
used in concentrations of 0.4 percent. 
Dispersions of each dust were prepared and 
were allowed to settle in a graduated test 
tube. The bulk density of the settled 
powder was calculated, and the results are 
shown in Figure 23. In each case, except 
for Plants 13 and 31, sodium 
hexametaphosphate was the most effective 
dispersant. This conclusion is based on 
the bulk density; a higher bulk density or 
smaller settled volume, indicating less 
flocculation of the settled powder. In 
addition to the measurement of settled 
volume, the appearance of the settling 
column was also observed for the 
appearance of flocs. The dust from Plants 



23 100 99 89 83 70 48 28 8 

23P' 92 81 21 19 9 5 3 1 

24 100 100 99 97 83 52 29 7 

4P** 90 75 19 17 3 1 0 0 

05 100 100 99 99 86 47 18 4 

26 100 100 100 100 95 70 49 12 

28 100 100 94 92 72 46 26 10 

29 100 99 91 89 72 46 24 7 

30 100 99 94 92 71 45 23 5 

31 98 92 57 53 35 27 15 3 

33 100 99 73 69 47 35 25 7 

'95 was sampled from the end of the baghoose. 

"23P, 24P were collected from the primary collector. 

13 and 31 was very difficult to disperse; 
a 1 percent solution of sodium 
hexametaphosphate was required to disperse 
these materials. 

The sedigraph affords a rapid means 
of determining a gradation analysis. On 
the assumption that this instrument would 
not be available to most mix plants or 
state materials laboratories, a series of 
hydrometer analyses was performed on the 
limited studies sample from each plant. 
Typical curves of grain-size distribution 
obtained by hydrometer and sedigraph  

23 

analyses are shown in Figure 24. The 
grain-size distribution curves from the 
hydrometer analysis were consistently 
coarser than the curves from the sedigraph 
analysis. The variations typically ranged 
from 2 to 10 percent, the maximum 
difference occurring in the midrange of 
the grain-size curve. At the tail of the 
gradation curve, in the range of the D10  
to 020  sizes (corresponding to 10 percent 
10 percent and 20 percent passing), the 
variation was not more than 2 to 3 
percent. These differences are not 
considered significant; however, they 
indicate the need for proper procedures in 
grain-size measurements. 

Five parameters were used to analyze 
the large data set resulting from the 
gradation analysis: (1) percentage of 
composite sample passing 75 pm; (2) size 
corresponding to 50 percent passing, 
composite sample; (3) percentage of 
composite sample passing 10 pm; (4) size 
corresponding to 50 percent passing, 
sedigraph sample (<15 urn); and (5) 
percentage of sedigraph sample passing 10 
pm (<75 pm). Other parameters for 
describing the shape of the grain-size 
distribution curves, such as coefficient 
of curvature and uniformity coefficient, 
were explored, but were not considered 
useful because of the wide range dust 
size. 

Average grain-size curves for five of 
the plants are shown in Figure 25. These 
curves are typical of five different dust 
collection systems. In general, the order 
of increasing fineness of the baghouse 
dust occurs in plants that have (1) no 
primary collector, (2) a knockout box, (3) 
vertical cyclone, (4) multicone, and (5) 
dust cyclone. Although theoretically the 
multicone should remove finer particles 
than the dual cyclone does, the converse 
is usually true because of poor 
maintenance practices or difficulties in 
obtaining an equal distribution of gas 
through each cone. 

As represented in Figure 25, all of 
the dusts tested were well graded; 
however, the range in sizes varied from 

I 2 3 4 5 6 7 8 9 10 
	

20 22 23 

A • Na H.amstaphoephats 
B a No Pyrophospate 
CNaOxolote 
DmNa Silicate 

PLANT NO. 
Figure 23. 	Bulk density for four different dispersants. 
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GRAIN SIZE, MILLIMETERS 

Figure 24. Grain-size curves obtained from 
sdigraph and hydrometer measurements. 
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Figure 25, Typical grain-size distribution 
curves for plants with different collection 
sys tees 

plant to plant. Plants with an efficient 
primary collector tended to give a 
narrower range of particle sizes. The 
upper size limit depended primarily on the 
type of primary collector at the plant. 
Dusts that contained 5 percent or more 
particles finer than 1 pm (based on 
sedigraph analysis) are described in Table 
4. The results are somewhat surprising: 
in only one of the limestone plants and 
none of the dolomite plants was more than 
5 percent of the dust finer than 1 pm. In 
six of the ten granite plants, four of the 
six traprock plants, and three of the four 
gravel plants, more than 5 percent of the 
dust was finer than 1 pm. 

Baghouse dusts are usually regarded 
as very fine. This may not be true; the 
degree of fineness depends on the presence 
of a primary collector and its efficiency. 
In fact, baghouse dust can be relatively 
coarse; for example, only 24 percent of 
the dust from Plant 17 passed the No. 200  

sieve. Therefore, baghouse dust cannot 
always be assumed to act as a mineral 
filler in the mixture; a portion of it may 
act as fine sand. 

Plants without a primary collector 
are of special interest because the dust 
collected in the baghouse represents the 
dust entrained in the dryer and the 
fugitive system. Table 5 represents the 
maximum size of the material in the 
baghouse dust from the six plants that do 
not have a primary collector. Generally, 
the maximum size was reached at the No. 30 
sieve (600 pm). From the state-of-the-art 
review of plant equipment and operations, 
this was about the expected maximum size. 
Plant 8 produced a smaller maximum-sized 
particle, slightly greater than the No. 50 
sieve (300 pm). 	However, the dust at this 
plant had been contaminated by fuel, which 
indicates an improper air flow through the 
dryer. Reduced drum gas velocity would 
result in a smaller particle size than is 
normally encountered. 

The grain-size distribution of the 
dust passing the No. 200 sieve for the six 
plants without a primary collector is 
shown in Figure 26. There is a 
considerable difference in the curves (20 
to 40 percent for 10 pm, 0 to 10 percent 
for 1 pm). The samples with the finest 
gradation came from plants using limestone 
(Plants 9 and 10). However, there is not 
sufficient information to conclude that 
limestone plants produce finer dust. 
Other processing operations also may 
influence the fineness of the dust. 

Table 4. 	Plants with more than 5 nercent 
dust finer than 1 pm. 

Plant Percent Finer Pnlnry Aggregate 

No. than 	1 i0 Collector Type 

3 5 Ilolticone Traprock 

4 6 Pelticone Traprock 

5 7 Deal 	Cyclone Traprock 

13 12 Multicone Granel 

14 12 Knockout Box Granel 

IS B Vertical 	Cyclone Linestonn 

19 6 HorIzontal Cyclone Granite 

23 5 Rolticone Granite 

26 12 Dual 	Cyclone Granite 

25 4 Vertical 	Cyclone Granite 

20 10 Vertical 	Cyclone Granite 

29 7 Vertical 	Cyclone Granite 

30 5 Vertical 	Cyclone Traprock 

33 7 Knocknut Box Graoel 

Table 	5. 	Larciest narticle 	size entrained 
in 	the system 	gas in 	olants 	without a 
primary collector. 

Aoerage Retained 	 Aenraqe Retained 

Within-Day Gay-to-lay 

Plant 
No. A 	Sieue Size 	 S Sieoe 	Size 

6 2.0 30 	 1.0 30 

3 1.0 50 	 6.6 50 

9 0.6 30 	 0.6 30 

10 3.8 30 	 5.0 30 

12 0.4 30 	 1.2 30 

22 1.0 30 	 0.5 30 
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Figure 26. 	Grain-size distribution of minus 75 nj fraction 
in plants with no primary collector. 

Day-to-Day and Within-Day Variations 

The day-to-day and within-day 
variations of the grain-size distribution 
of the dust sampled at each plant are 
shown in Figures 27 through 31. The solid 
line represents the day-to-day variation 
and the open bar represents the within-day 
variation. Each line is centered about 
the mean, and the line is two standard 
deviations in length. Also shown is the-
type of primary collector at each plant. 

The extreme sizes in the gradation 
analyses for the samples from Plants 9 and 
28 are shown in Figure 32. The maximum 
and minimum points represent the extreme 
data points for all of the samples from 
each plant. These curves are typical of 
the range in gradation for the majority of 
the plants, except for those plants 
without a primary collector or those 
plants equipped with a knockout box. 
Except for plants without a primary 
collector or plants with a knockout box 
the gradation of the dust, both within-day 
and day-to-day, is very uniform. 

As shown in Figure 28, plants with a 
centrifugal primary collector show very 
little variability, whereas plants without 
a primary collector or a knockout box show 
the greatest variability. The percentage 
of the dust finer than 10 im in the 
composite sample is shown in Figure 29. 
This figure illustrates the wide plant-to-
plant variability in the fineness of the 
dust. Samples from some plants (1, 6, 10, 
and 22) contained very little material 
finer than 10 im, whereas the dust from 
others (especially plants 5, 15, and 26) 
contained large quantities of material 
(>60 percent) finer than 10 jim. On the 
basis of the data obtained during the 
research, the fineness of the dust can be 
related to the parent aggregate, but there 
is no simple relationship between fineness 
and generic aggregate type or dust 
collert.inn cyctem, 

Plants 8 and 15 show dramatic 
differences between the within-day 
variation and the day-to-day variation. 
The variation of Plant 8 is probably due 
to improper burner operation, of improper 
baghouse or exhaust fan operation,  

excessive moisture, or any combination of 
those factors. All samples from the 
baghouse were visibly contaminated by 
uncombusted fuel. Plant 15 shows very 
little within-day variance, but 
considerable day-to-day variance. A 
review of the data revealed that one of 
the samples from Plant 15 was much 
coarser than the others. The researchers 
concluded that, because of improper 
operation of the rotary air lock, the 
material did not exit from the collector. 
This failure would allow the coarse 
material to pass through the cyclone and 
into the baghouse. 

Average within-day and day-to-day 
standard deviations for the five gradation 
parameters are given in Table 6 according 
to type of primary dust collector. Also, 
average standard deviations for all the 
plants are shown. The all-plant" average 
standard deviations indicate that the day-
to-day variation in grain-size 
distribution is slightly greater than the 
within-day variation. The differences are 
small, except for the D50  size (grain size 
corresponding to 50 percent passing) for 
the composite sample. 

Further examination of the data in 
Table 6 indicates that both the day-to-day 
variability and the within-day variability 
are affected by the type of primary 
collector in the system. In general, the 
more effective the primary collector, the 
smaller the variability in both the day-
to-day and within-day parameters. The 
large variability in the D50  size was the 
result of samples from plants without a 
primary collector or with a knockout box. 

Special Studies Relating to Plant 
Operat ions 

Primary collector samples were 
submitted by Plants 23 and 24 in 
conjunction with the five within-day 
baghouse samplcs. In addition, five 
samples were submitted by Plant 23 from 
the storage silo used to store and feed 
the baghouse dust to the weigh box. The 
results of the grain-size analyses from 
these samples are given in Table 7. As 
expected, the primary collector samples 
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Table 6. 	Typical variations in five grada- 
tion 	parameters 	of 	baghouse 	dust 	by 
primary 	collector 	type. 

Average 	Standard Devlation 

Within-Day 	 Day-ta-Day 

Finer 	than 	75 VIII, 	Composite 	Sample 

NoPrimary 6.1 	• 9.1 
Knockout Box 6.4 9.0 
Vertical 	Cyclone 1.0 2.2 
Dual 	Cyclone 0.2 0.8 
Multicone 1.6 2.2 
Average, 	all 	plants 4.0 4.8 

Finer 	than 	10 an, 	Composite Sample 

0 	No Primary 3.2 4.7 
Knockout Box 4.6 6.4 
Vertical 	Cyclone 3.1 5.7 
Dual 	Cyclone 2.0 2.1 
Multicone 3.2 3.1 
Average, 	all 	plants 3.2 4.1 

D, 	am, 	Composite Sample 

10 Primary 18.0 32.2 
Knockout too 5.6 19.8 
Vertical 	Cyclone 0.9 2.7 
Dual 	Cyclone 0.6 0.4 
Molticone 1.6 1.0 
Average, 	all 	plants 6.6 12.6 

C Finer 	than 	10 un, 	<15 vn Sample 

No Primary 3.5 5.3 
Knockout box 3.3 5.3 
VertIcal 	Cyclone 3.3 5.0 
Dual 	Cyclone 1.9 1.9 
Multicone 3.1 2.8 
Average, 	all 	plants 3.0 4.6 

on, 	<15 vn Sample 

lixPrimary 	 2.1 2.8 
Knockaut Boa 	 1.7 	 3.2 
VerticalCyclone 	 0.5 	 1.2 
Dual 	Cyclone 	 0.6 	 0.4 
Multicone 	 0.8 	 0.6 
Overage, 	all 	plants 	 1.2 	 1.8 

GRAIN SIZE, MILLIMETERS 

Figure 32. 	Range of grain sizes for all 
samples from Plants 9 and 28. 
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Table!. Within-day variation of primary 
collector and baghouse samples, Plants 
23 and 24. 

%<75>n 	 0, 	 %(lOjn 

X 	(8) s 	(4) X)orn) S 	(em) X 	(4) 5 (4) 

Plant 23 

multicone 20.8 8.2 183.4 26.9 4.8 3.3 

ag600se 88.8 2.9 11.6 1.3 46.8 4.3 

FIller 	Silo 91.6 0.6 10.0 0.0 51.8 0.4 

Plant 24 

Vert,cal Cyclone 	 19.0 	2.3 	199.0 	9.7 	1.4 	0.6 

Baghoose 	 99.0 	0.4 	10.0 	0.0 	58.4 	2.3 

were much coarser than the baghouse 
samples. The data in Table 7 also 
indicate that the variabi 1 ity of the 
primary dust is greater than the 
variability of the baghouse dust. This 
agrees with the finding concerning 
variability in the plants that contain a 
primary collector versus the plants that 
contain no primary collector or have only 
a knockout box. In particular, there was 
considerable variation in the median, 
size of the multicone material sampled 
from Plant 23. The dust from the filler 
silo was slightly finer than the dust 
sampled from the baghouse. 	In addition, 
the standard deviation for the percent 
passing 75 pm, D50, and percent passing 
10 pm, was less for the dust from the 
filler silo than the dust sampled directly 
from the sampled directly from the 
baghouse. Apparently, the filler silo 
evens out variations in the grain-size 
distribution of the dust. This effect may 
not be significant, however, because the 
variability of the dust from the baghouse 
is already small. 

Samples were collected from Plant 23 
at the entrance and the exhaust end of the 
baghouse. The average gradations of the 
dust from the entrance and the exhaust end 
are plotted in Figure 33. The difference 
between the two curves is small, 
approximately 6 percent passing over most 
of the curve. Plant 23 is equipped with a 
multicone primary collector which removed 
the coarser fraction (>30 pm) of the dust. 
This primary collector accounts for the 
relative uniformity of the dust at the 
entrance and the exhaust end of the 
baghouse. 

Ten additional samples were collected 
at Plant 9 at the rear of the baghouse, in 
conjunction with the usual ten samples. 
Because of the unique handling system (see 
App. B), the dust return to the plant 
represents the dust collected in the first 
60 percent of the baghouse. The remaining 
40 percent is wasted. The within-day and 
day-to-day variations in the dust 
collected from the baghouse at the front 
and rear of the plant are given in Table 
8. Plant 9 is not equipped with a primary 
collector, and therefore considerable 
variation in grain-size distribution 
should be expected across the baghouse,  

which can act as an expansion chamber. 
This variability is evidenced in the D50  
size; 87.8 pm in the first 60 percent as 
compared with 45.6 pm for the last 40 
percent. The standard deviation also is 
greater in the first 60 percent than in 
the last 40 percent (31.2 pm versus 9.3 
pm). An examination of the minus 75-pm 
fraction of the samples from Plant 9 
(Table 8) shows little variation between 
the sample from the first 60 percent and 
those from the last 40 percent. This 
confirms that the coarse dust, if not 
removed in the primary collector, is 
removed by the knockout action of the 
baghouse. 

The data were analyzed carefully to 
determine if the day-to-day or within-day 
variations in grain-size distribution 
could be correlated with different mixture 
designs. No influence was determined 
except for Plant 9. Plant 9 produced two 
different mixtures during the course of 
the project, a wearing course and a base 
course mixture. The wearing course 
utilized a blend of natural and crushed 
stone sand, while the base course mixture 
used only the crushed stone sand. The 
range of sizes for the two mixtures is 
shown in Figure 34. Most of the variation 
is in the 30 to 60 pm range. 	In this 
range the percent passing was 
approximately 10 percent greater for the 
dust collected from the base course 
mixtures. The gradation of the coarse 
fraction and the finer sizes, less than 15 
pm, did not vary with changes in mixture 
design. 	In the opinion of the 
researchers, the changes in gradation that 
did occur are probably not significant in 
terms of mixture behavior, and can be 
neglected. This conclusion is supported 
by the average bulk specific gravities 
(based on dry compaction), which were 1.71 
and 1.77 for the base and wearing course 
mixtures respect i vely. 

pH of Aqueous Suspension 

The average pH measurement for each 
plant is given in Table 9, and the mean 
and standard deviations for day-to-day and 
within-day variation are shown in Figure 
35. 	All of the si.rspens ions were alkal me 
(pH >7.0) except for the dust from Plants 
6 and 30, which use a siliceous river 
gravel and a traprock, respectively. 
There was very little variability in the 
pH data except for Plants 14, 20, 24, and 
33 (day-to-day variation). Nothing in the 
aggregate characteristics or plant 
operations accounts for the variability, 
which is greater than the experimental 
error associated with the test. The fact 
that Plants 14 and 33 are gravel plants 
and Plants 20 and 24 are granite plants is 
not sufficient to explain this 
variability. The p11 measurements did not 
correlate with any other parameters of the 
dust. Day-to-day and within-day standard 
deviations were typically 0.4 or less, 
although a few values were as high as 0.6 
to 0.9. The ranges in pH were as 
expected: 11.2 to 12.4 for dolomite, 6.4 
to 11.2 for traprock, 10.9 to 12.5 for 
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Figure 33. Averaae Gradation of dust at exhaust exit 
and entrance of baohouse, Plant 23. 

Table 8. 	Variation of material in the baghouse-- 
Plant 9. 

First 60% 

Oeeaining 40% 

(a) Cciposite Sample  

Percent passing 75cm 	Percent PaPS09 lOpe 	 so' 

Xwd 	Swd 	Xdd sdd4_iPd swd 	Xd_ sdd 	d 	swd 	Xdd 	sdd 

45.8 	5.3 	47.4 	6.7 	16.2 	3.6 	16.0 	3.5 	87.8 	31.2 	79.2 	32.6 

61.0 	5.6 	56.4 	6.3 	21.6 	3.2 	22.2 	3.5 	45.6 	9.3 	54.2 	18.5 

30 

(b) <75-pm Sample  

Percent passing 10pm 	 pm 	- 

Xud 	sad 	Xdd 	sdd. jnd 	Smd 	Xdd 	sdd4 

	

F irst 60% 	35.0 	3.8 	37.8 	2.5 	
( 	

17.4 	1.8 	15.6 	1.3 

Renaming 40% 	35.6 	3.4 	39.2 	3.6 	17.6 	3.8 	15.6 	i.s_j 

	

late: Xwd 	average, within day 

Odd = auerage, day-to-day 

	

sod 	standard deviation, within day 

	

sdd 	standard deviation, day-tv-day 

ase 

) 
GRAIN SIZE, MILLIMETERS 

igure 34. Average grain-size distribution 
for dust from wearing and base course 
mixtures, Plant 9. 

Table 9. Average pH and Atterberg limits 
for samples from each plant. 
Plant 
No. pH 

Flygroscopic 
Moisture 

Liquid 
Limit 

Plastic 
Limit 

Plasticity 
leden Aggregate Type 

1 11.6 4.1 - 9* Dolomite 
2 11.2 0.6 - - NP Dolomite 
3 8.2 LO 27 25 2 Traprock 
4 9.2 2.9 28 25 3 Traprock 
5 98 1.9 39 37 2 Traprock 

5 6 0.4 - . NP Siliceous Gravel 
7 11.2 1.9 34 31 3 Traprock 
O 12.4 0.9 - - NP Dolomite 
9 12.1 0.6 - - NP Lieestone 
10 10.1 0.4 - - NP Limestone 
13 12.1 1.5 34 32 2 Gravel 
14 10.5 1.2 30 27 3 Gravel 
15 12.2 1.2 32 29 3 Lieestone 
17 12.5 0.2 - - NP Limestone 
19 8.6 0.6 34 32 2 Granite 
20 8.3 0.7 35 35 NP Granite 
22 8.7 0.4 - - NP Granite 
23 4.6 08 - - NP Granite 
24 4.2 0.9 35 34 1 Granite 
25 9.6 0.9 34 32 2 Granite 
26 7.2 1.9 39 37 2 Granite 
28 8.1 1.3 31 31 NP Granite 
29 1.4 1.4 30 29 2 Granite 
30 6.4 0.3 32 31 1 Traprock 
31 2.0 0.8 - - NP Traprock 
33 7.7 1.5 33 29 4 SilIceous Geapel 

Nonplastic 
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Hygroscopic Moisture 

The average results of the 
hygroscopic moisture tests are given in 
Table 9. Except for the samples from 
Plants 1 and 4, all of the dusts absorbed 
less than 2 percent moisture at 50 percent 
relative humidity. The within-day and 
day-to-day standard deviations were very 
small, generally less than 0.1 to 0.2 
percent. Based on the data collected, 
hygroscopic moisture offers little promise 
as a measure of dust variability or as an 
indicator of dust performance. 

Atterberg Limits and Plasticity Index 

Average liquid limit, plastic limit, 
and plasticity index data for each plant 
are presented in Table 9. All of the 
dusts meet the requirements of ASTM D 242 
(10) which limits the plasticity index to 
4TU. As in the case of the data on pH 
values and hygroscopic moisture, the test 
results on within-day and day-to-day 
variability are considered by the 
researchers not to be significant. The 
purpose of specifying a plasticity index 
value is to limit the amount of clay in 
the dust. It is apparent that the dusts 
sampled contained little clay. The 
Atterberg limits test is not considered 
useful in determining within-day or day- 
to-day dust variability. 	It may be 
helpful in identifying contamination by 
clay-like fines if that is a problem at a 

The bulk density of the dust was 
determined on the composite samples by 
allowing the sample to settle in a polar 
and a nonpolar liquid, and by vibrating 
the dry dust into a graduated cylinder. 
Bulk specific gravity was used to 
calculate the porosity of the packed 
powder bed. The results are shown in 
Figure 36. The solid line represents the 
day-to-day variability, and the open bar 
represents the within-day variability. 
The porosity calculated from the dry 
vibrated bulk density was slightly less (5 
percent) than the values calculated from 
the bulk density obtained from the 
settling tests. No practical differences 
were observed in the bulk densities 
obtained from the polar and nonpolar 
liquid settling tests. For example, dust 
from Plant 25, which developed a very 
large degree of stiffening when mixed with 
asphalt, produced nearly identical bulk 
densities in polar and nonpolar liquids. 
Consequently, based on the dusts, 
asphalts, and settling media studied in 
this research, it was concluded that the 
surface activity of the dust, as measured 
by the polarity of the settling medium, is 
not a significant factor in the stiffening 
effect produced by the dust. 

The within-day variability and the 
day-to-day variability are approximately 
the same for each of the three methods. 
In general, as was observed for grain-size 
distribution, day-to-day variability is 
slightly greater than within-day 
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variability. In comparing plants with 
large variability, it appears that large 
variability in the porosity is associated 
with large variability in the percentage 
of dust finer than 10 urn, but not with the 
other grain-size parameters (percentage 
passing 75 urn and the D 50  size). This 
result is logical if the role of the fine 
fraction of the dust is to fill the voids 
of the coarser fraction. Dry compaction 
produced a denser powder bed than did the 
dry vibration or the settling in a fluid 
medium. On the average the bulk density 
was about 0.4 g/cm3  less for dry impact 
compaction than for the other methods (see 
Figure 37). The correlation between dry 
impact compaction and the other methods is 
not considered good. For example, r 2  for 
the bulk density determined from 
sedimentation in polar liquid, 'Yp 
versus bulk density from day compaction, 
YAp' is 0.82, Figure 37. 

Bulk density measurements can be made 
more easily than sedigraph measurements 
and much more rapidly than hydrometer 
measurements. Therefore, bulk density may 
be a useful tool to identify variability 
in the fineness of the dust, especially in 
the amount of the fine fraction (<10 urn). 

00 

- 	= -0.888+L29Y 
0.82 

.0'.' 	 Lou 

BULK DENSITY, YAP 

Figure 37. Comparison of bulk density 
measurements obtained from dry comoaction 
and settling in polar fluid. 

Limited Studies--Physical Properties of 
the Dust 

A typical sample of dust from each 
plant (based on grain-size distribution 
and the requirement that the dust was from 
a wearing course) was subjected to 
additional testing. The purpose of these 
tests was to determine the range that can 
be expected in the properties of baghouse 
fines. Within-plant variability was not 
determined. 

Asphalt Mixin 

The asphalt mixing test described by 
Kandhal (4) was performed on the typical 
sample from each plant. The results are 
given in Table 10. The stiffness ratio 
based on viscosity at 60 C (140 F) versus 
the balling point and crumbling point is 
plotted in Figure 38. Neither the balling 
point nor the crumb 1 ing point is a good 
predictor of stiffening, because the 
stiffening ratio increases asymptotically 
for the dusts that produce stiffer 
mixtures. The tests were easy to perform, 

Table 10. 	Results of asohalt rnixinn test. 

Sample cr,n(9 ) 5ba11191  

1-4 79 57 2-2 78 60 3-4-B 53 38 4-2-C 50 39 6-5-C 37 28 6-4 72 48 7-3-3 36 28 0-5-C 56 41 9-1-7 81 58 10-1-C 91 69 13-4 47 34 14-3-C 48 38 15-3-C 35 28 17-3 280 67 19-3-C 42 33 23-2-C 42 33 22-4-1  59 43 23-1-0 49 40 24-4-C 39 35 25-3 4? 35 26-2 33 26 29-2-C 41 33 30-1-C 57 46 31-2 60 43 33-4 65 39 
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Finure 38. Stiffness ratio versus crumb- 

ling and balling points for dust-asphalt 
nii xtures 
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and the results could be reproduced within 
1 to 2 grams in replicate tests. The dust 
from Plant 17 was very coarse, and this is 
reflected in the large amount of dust that 
could be mixed with the >280 and 67 grams 
for the crumbling and balling points 
respectively. 	On a qualitative basis, the 
dusts that required more asphalt were 
noticeably stiffer and had a dry behavior. 
The dust from Plant 26 was very fine; only 
33 and 26 grams of dust were required to 
obtain the crumbling and balling points 
respectively. Correlations between these 
and other data are discussed in Chapter 
Three. 

Water Sensitivity Test 

The water sensitivity test, as 
specified by Michigan (8), was performed 
on a selected sample of baghouse dust from 
each plant. The test procedure specifies 
an SC-250 cutback. In order to use the 
same asphalt as in the other tests, an MC-
250 cutback was made by adding kerosene to 
asphalt WB, producing a viscosity of 40 
cSt at 60 C (140 F) (10). 

The results of the water sensitivity 
tests are given in Table 11. Considerable 
difficulty was encountered in performing 
the test. In many cases, during the 
settling phase of the test the asphalt-
fines mixture settled to the bottom of the 
jar. The results of these tests are 
indicated as "NA (not applicable). The 
asphalt appeared to wet the dust in these 
cases, and after repeated shaking and 
settling cycles no dust could be seen to 
separate from the asphalt. To this extent 
the results might be construed as being 
acceptable. Six of the dusts failed the 
water sensitivity test: more than 25 
percent of the fines settled, uncoated, to 
the bottom of the jar. Of the six dusts, 
two were traprock and four were granite. 

Table 11. 	Results of water sensitivity 
test. 

Saznple No. 
Fraction of 	Settled Fines 
Relative 	to Reference 	(0) Acceptability 

1-4 
2-2 NA 
3-4-B NA 
4-2-C NA 
s-S-C 75b Borderline 
6-3 NA 
7-3-0 32 Unacceptable 
8-5-C NA 
9-1-C NA 
10-1-C NA 
13-4 NA 
14.3-C 0 Acceptable 
15-4-C NA 
17-3 NA 
19-3-C NA 
20-2-C 0 Acceptable 
22-4-C NA 
23-1-C 44 Unacceptable 
24-4-C 42 Unacceptable 
25-3 0 Acceptable 
26-2 5 Acceptable 
25-2-C 42 Unoccept,ble 
30-1-C NA 
31-2 NA 
33-4 9 Acceptable 

Fines settled with asphalt; deter-nination could not be made. 
11 Fines are considered acceptable if fraction is less than 425% 

Although the water sensitivity test 
has conceptual merit, it is difficult to 
perform. The test cannot be recommended 
for specification use without some further 
developmental work. First, the use of an 
arbitrary SC cutback should be discouraged 
because many SC materials may contain an 
antistrip additive that is not present in 
asphalt cement. Second, recent evidence 
suggests that asphalt-mineral interactions 
are asphalt specific, and a properly 
designed test, therefore, should use the 
same asphalt that will be used with the 
dust. 

Air Permeabilit 

The limited study sample from each 
plant was compacted with a drop hammer 
compactor into a small (3/8-in.-diameter) 
thimble, and the rate of air flow through 
the powder was determined. The apparatus, 
as shown in Figure 39, is low in cost and 
simple to operate. A series of 
measurements can be completed in less than 
15 minutes, and the associated 
calculations can be completed on a simple 
programmable hand calculator. The 
procedure developed by Kamack (6) was used 
to calculate the specific surfaEe of the 
powder, S (m2 Ig), and the average particle 
size, D 5  (urn), based on the hydraulic 
radius of the packed powder bed. 
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The results of the air permeability 
measurements are given in Table 12. The 
average particle size obtained from this 
procedure is considerably finer than the 
average particle size, D 0, obtained from 
the grain-size analysis (see Table 3). 
This is an expected result because the 
calculation of D5  assumes a single-sized 
powder. The baghouse dusts have a wide 
range of sizes, and the finer fraction in 
the dusts controls the hydraulic radius of 
the packed powder dust. This finding is 
illustrated in Figure 40, where D10, the 
percent passing 10 pm, from the composite 
grain-size analysis is plotted against 
D5. 

Table 12. Air permeability data 

Saeple No. 
Average Particle Sze 

(we) 
Specific 	Surface, 

m 2 /g 

1-4 13.1 0.17 
2-2 4.3 0.53 
3-4-8 1.4 1.45 
4-2-C 2.7 0.77 
S-S-C 1.3 1.64 
8-3 14.6 0.16 
7-3-0 1.4 1.48 
8-5-C 2.3 0.98 
9-1-E 9.1 0.25 
18-1-C 9.2 0.25 
13-4 1.8 2.18 
14-3-C 1.2 1.94 
15-3-C 1.4 1.57 
17-3 34.5 0.06 
19-3-C 1.8 1.21 
20-2-C 1.8 1.20 
22-4-C 7.1 0.32 
23-1-C 2.5 0.86 
25-4-C 2.0 1.14 
25-3 3.0 8.74 
26-2 1.2 1.94 
28-2-C 1.8 1.20 
29-1-C 1.3 1.71 
30-1-C 3.1 0.77 
31-2 4.0 0.56 
334 1.8 1.29 

Ds,/.Lm 
Figure 40. Average percent passing 10 pm 
versus average grain size from air 
permeability measurements. 

Scanning Electron Microscopy 

Scanning electron photomicrographs 
were taken of each of the limited study 
samples. A set of typical 
photomicrographs is shown in Figure 41. 
No unusual or unexpected particles or 
particle shapes.were observed. The 
spheres observed by others (26) were also 
observed in this study. The compositional  

analysis of these spheres was similar to 
that of the remainder of the dust, which 
was blocky or angular. Most likely, the 
temperature of the small dust particles is 
very high and may approach the sintering 
temperature of the mineral. Except for 
the presence of the spheres and particles 
of carbon, the particles were blocky or 
angular and thus representative of finely 
ground mineral matter. A visual 
evaluation of the photomicrographs 
indicated that differences in shape or 
surface texture are not a factor in 
determining the effect of the dusts on 
increases in stiffening or in softening 
point. 

Heat of Immersion 

A microcalorimeter designed and 
operated by Keith Ensley of Hyrax 
Engineering was used to measure the heat 
of immersion of several of the dusts from 
the limited study samples. Because of 
time limitations and the long and tedious 
nature of the procedure, it was not 
possible to test all of the dust-asphalt 
combinations. The objective of these 
measurements was exploratory, to see if 
there is a measurable difference in the 
interaction between different dusts and 
asphalts. 

The heat of immersion is a measure of 
the bonding energy between the asphalt and 
the mineral surface. The data reported in 

Table 13 are given in millicalories per 
gram of dust per minute and represent the 
heat released per minute after allowing 
the dust and asphalt to mix together. 

On the basis of the limited data in 
Table 13, there are no obvious differences 
according to aggregate type. The reported 
values are small given the surface area of 
the dusts. Heat of immersion values for 
ground mineral in the range of 300 to 700 
pm are typically 1 to 5 mcal/g/min (9). 
If heat of immersion is directly 
proportional to surface area, the values 
for the baghouse dusts should be two 
orders of magnitude greater than the 
values reported in Table 13. 

The data do indicate that the heat of 
immersion is asphalt specific. In 
general, except for the coarse primary 
sample (24-P4-C), tne heat of immersion 
values are larger for asphalt WB. 	A more 
rational treatment of the data would be to 
base the heat of immersion on surface 
area, by dividing the heat of immersion by 
the surface area of the dust. 	A more 
reliable measure of surface area than air 
permeability is required, for example, one 
measured by gas adsorption. Further study 
is required to define the relationship, if 
any, between dust behavior and heat of 
immersion measurements. 

Asohalt Consistenc 

Dust samples from 15 plants were 
mixed with two AC-20 asphalt cements at 
dust/asphalt ratios of 0.2 and 0.4 by 
volume. Softening point (ASTM D 36) (10) 
and capillary viscosity (ASTM 0 2171) TTO) 
at 60 C were determined. The 15 dusts 
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Plant 19, granite, 387x. 

37 

Am 

Plant 20, granite, 293x. 

Table 13. Results of heat of immersion 
tests. 

ileGt of irmiersion, rr,cal/glmin 
Average 	Specific 

Sample 	Dust Size 	Su,-face 
No. 	 vi, 	 n2 / 9  

1-4 13.1 0.17 Dolomite 1.0 0.80 	 - 

15-4-C 1.4 1.57 Linrestorse 2.0 3.7 	 3.2 

24-4-C 2.0 1.14 Granite, 3.0 8.8 	 5.3 
Daghoose 

24-P4-c - - Granite, 2.4 0,7 	 - 
Pr nary 

30-1-C 3.1 0.77 Traprock 1.5 2.5 	 - 

were selected to give a representative 
sampling of fineness and generic aggregate 
type. 

The stiffness ratio, defined as the 
ratio of the viscosity of the dust-asphalt 
mixture to the viscosity of the asphalt  

alone, is given in Table 14. The data for 
öspIldlt WB 	shuwri in FIgure 42. The 
stiffening effect produced by the two 
asphalts is almost identical. For the two 
asphalts selected, the stiffening effect 
does not appear to be asphalt specific. 
As reported in other research (19), this 
is not always the case, and, thefore, 
the asphalt. iced in N  oduci iun should be 
used in the mixture design and 
evaluation. 

The amount of stiffening is not 
uniquely related to the fineness of the 
dust, but in most cases the greatest 
stiffening was produced by one-sized finer 
dusts. No definite trend was found 
according to generic aggregate type. The 

Table 14. Stiffening ratios for viscosity 
at 60 C. 

Dust-Asphalt Ratio 

Asphalt 	A Asphalt WB 
Sample Aggre9ate D80  0 

0.2 0.4 0.2 0.4 No. Type viii iv vii 

1-4 1.6 3.5 1.7 3.4 Dolomite 100 35 17 

2-2 1.7 3.3 1.8 3.6 Dolomite 200 30 7 

5-5-C 2.6 21.4 2.8 19.3 Traprock 10 7 3 

6-3 1.8 3.8 2.4 4.2 Siliceous 200 80 15 
Gravel 

7-3-0 2.6 17.2 2.9 18.2 Traprock 15 7 3 

9-1-0 1.7 2.8 1.6 3.1 Lirnestene 200 80 16 

10-1-C 1.8 3.8 1.8 3.4 Limestone 260 100 12 

13-4 2.4 12.0 2.6 11.7 Gravel 19 6 2 

14-3-C 2.6 12.0 7.8 12.1 Gravel 50 6 2 

15-4-C 7.3 9.7 7 4 9 4 I 	e,tvne 42 6 2 

04-0-I. 0.4 10.6 2.5 10.9 Granite 18 10 4 

24-4-C 2.6 16.3 2.7 16.0 Granite 20 ID 4 

25-0 3.2 100.4 3.6 71.8 Granite 12 5 2 

30-1-C 2.5 4.6 2.0 4.1 Tranrork 77 IT 

33-4 7.1 5.0 0.0 5.5 Siliceous 
Gravel 

42 10 2 

data confirm the findings of others that 
gradation and mineral properties alone 
cannot explain the stiffening effect of 
fine dust. It is important to note, 
however, that baghouse dust can be very 
fine but still not produce a large 
stiffening effect (Plant 15, for 
example). 

Similar results were observed for the 
softening point data. There was little 
difference between the two asphalts 
selected for the study. The relative 
stiffening effect of the dust was the same 
for viscosity and softening point. The 
softening point data for asphalt WB are 
plotted in Figure 43. 

Aggregate 
Type 	 A 	 WA 	 289 
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DUST/ASPHALT RATIO 

Figure 42. 	Stiffening ratio for asphalt WB. 

z 

DUST/ASPHALT RATIO 

Figure 43. Softening point versus 
asphalt ratio for asphalt WB. 

CHAPTER THREE 

INTERPRETATION, APPRAISAL, APPL I CATION 

INTRODUCTION 

Baghouse dust is a relatively new 
material in asphalt paving technology and, 
consequently, its properties and effects 
are not well documented. Several recent 
field problems have been attributed to 
baghouse dust, and there has been some 
hesitancy about using it in paving 
mixtures. Many state materials engineers 
consider baghouse dust to be a new 
material that needs a separate 
specification. A common misunderstanding 
is that baghouse dust is &lways .very fine. 
In fact, it may be relatively coarse, even 
coarser than the material often specified 
as mineral filler (ASTM 0 242) (10). Many 
commercial mineral fillers are actually 
baghouse dusts. 

The early literature, prior to 1970, 
focused on the development of test 
parameters that could be applied to filler 
specifications and on the description of 
the engineering behavior of mineral filler 
in filler/asphalt mixtures and in 
asphaltic concrete. Researchers concluded 
that no single parameter could describe 
the effect of mineral fillers on the 
mechanical properties of asphaltic 
concrete mixtures, although the free 
asphalt content, as described by Rigden 
(5) and others, has been successfully used 
to describe the stiffening effect of 
mineral fillers. These concepts, however, 
were not developed into specifications. 
Most agenties have developed a gradation 

specification for added mineral filler, 
but have neglected to specify the 
gradation of the natural fines. Plastic 
fines may contribute to moisture damage, 
and, consequently, several states where 
plastic fines are likely to occur have 
adopted and enforced plasticity 
requirements. 

The widespread use of baghouse dust 
collectors has created a renewed interest 
in the effect of fines on the behavior of 
asphalt mixtures. Because these fines are 
often collected and handled differently 
from conventional fillers, there is 
concern about handling procedures in the 
plant that may affect dust variabil ity. 
Second, because baghouse dust may be very 
fine, there is concern about the effect of 
baghouse dust on mixture behavior. 
Several states have developed restrictive 
handling procedures for baghouse fines, 
despite the fact that these states have 
performance or end result specifications. 
Two states have suggested a classification 
procedure for baghouse fines and have 
recommended that the quantity of baghouse 
fines be limited according to this 
ci ass if i cation. 

PLANT OPERATIONS 

As discussed in Chapter Two, the 
characteristics and quantity of the dust 
entrained in the system gas are a function 
of the gradation of the cold feed 
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aggregate, the size of the dryer, moisture 
content of the aggregate, and the 
operating characteristics of the dryer. 
The dust collected in the baghouse depends 
on each of these variables, but also on 
the primary collection system. The 
variability in the dust entrained in the 
system gas is largely dependent on the 
velocity of the system gas. The 
coarseness of the entrained dust increases 
with increased gas velocity. If the 
coarse fraction (fraction >75 pm) is 
scalped by a primary collector or knockout 
box, the resulting gradation of the 
baghouse dust tends to be very uniform, 
both within-day and day-to-day. However, 
if there is no primary collection of dust, 
the variability inherent in the coarse 
fraction will be reflected in the baghouse 
dust. Based on the literature survey and 
on discussions with aspha\lt technologists 
and plant personnel, the researchers have 
concluded that such factors as the 
condition of the fugitive dust system, 
moisture content, and aggregate 
degradation play a secondary role in the 
fineness of the collected dust. 

It is important to note that the drum 
mix plant is a very efficient dust 
collector. Given the same aggregate 
source, the dust collected in a drum plant 
may be only one-tenth of that collected in 
a batch plant. The uncollected dust is 
incorporated as part of the mixture. Dust 
entrained in the drum mix plant during 
mixing appears to be representative of the 
dust in the cold feed, that is, the drum 
mix plant does not preferentially collect 
a coarse or a fine fraction of the dust in 
the cold feed aggregate. Further research 
is needed to verify this tentative 
finding. Although many technologists are 
concerned about dust characteristics and 
mixture behavior when the dust is 
collected and returned to the mixture via 
the hot elevator or weigh hopper (batch 
plant), there has not been much concern 
about reintroducing the dust to the 
mixture inside the plant, as is done in 
the drum mix plant. 

HANDLING PROCEDURES 

Handling procedures are important 
because they affect the uniformity of the 
quantity of fines returned to the mixture. 
Surges in the quantity of fines may 
produce a mixture that is dry, stiff, and 
difficult to compact. If the dust acts as 
an asphalt extender, dust surges may 
produce a mixture that appears to be 
overasphalted or tender. 

Baghouse dust can be returned at 
three different locations in the batch 
plant: the hot elevator, the No. 1 hot 
bin, or the weigh box. However, the 
actual method by which the dust is 
returned to each of these locations can 
vary. Generally, the hot elevator 
return is the simplest, whereas the return 
to the weigh box with an attendant storage 
silo requires the greatest initial capital 
expense. The advantage of returning the 
dust to the weigh box is that it ensures 
that the desired quantity of dust is 

returned to the mixture. With proper 
handling equipment, however, such as a 
surge bin or rotary air locks, the dust 
can be returned uniformly to the hot 
elevator or the No. 1 hot bin. A 
disadvantage of returning the dust to the 
hot elevator or the No. 1 hot bin is that 
dust can build up on the walls of the No. 
1 hot bin. This buildup can cause a dust 
slide if the bin is pulled too low during 
batching operations. Attention to the 
degree of slope of the hot bin walls, and 
the use of "Chinese hats" also may help to 
minimize the possibility of dust slides. 
(A "Chinese hat" is a tent-shaped baffle 
plate that is located below the screens in 
the hot bin.) Another disadvantage is 
that the operations must be synchronized 
with the cold feed or dryer operation in 
order to prevent a layer of fine material 
in the No. 1 hot bin. Improper 
synchronization of the cold feed and dryer 
operation can result in one or two initial 
batches that contain an excessive amount 
of dust. 

Although return to the weigh box 
eliminates the problems associated with 
the hot elevator or hot bin return, an 
inherent disadvantage is a loss of control 
over the source of the dust that is 
introduced to the mixture. 	Return to the 
weigh box requiresthe use of a silo. A 
plant utilizing more than one aggregate 
source may fill the silo or surge bin with 
dust from a nonspecification or commercial 
mixture. Furthermore, if a plant switches 
aggregate sources during production, the 
characteristics of the dust also may 
change, thereby affecting the uniformity 
of the dust in the silo. When the dust is 
metered from the silo, there is no control 
over its source. 

In the drum mix plant, the dust can 
be returned at four locations: the cold 
feed conveyor, the drum entrance, the drum 
discharge, and the point where the asphalt 
cement is introduced. The last location 
has been most widely accepted by state 
agencies and manufacturers of drum mix 
plants. Introduction of the dust with the 
asphalt cement eliminates the 
reentrainment of the dust in the system 
gas and provides a good distribution of 
the dust through the coating zone. If the 
dust is introduced to the cold feed or at 
the drum entrance, it may be recycled 
through the system gas; consequently, the 
practice is not common. The least 
desirable method is blowing the dust into 
the mixture at the drum discharge. 	This 
may result in uncoated dust particles in 
the mixture, and this practice should not 
be allowed. 

A rotary air lock is customarily used 
to return the dust to the drum mix plant, 
except when the dust is returned to the 
cold feed conveyor. Rotary air locks, if 
properly operated, will prevent the 
delivery of a slug of dust from the 
baghouse. Many batch plants also return 
the dust to the hot elevator with rotary 
air locks. Batch plants, however, 
frequently use a simple flop gate, which 
may cause an uneven return of the dust. 
Its use should be avoided. 
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VARIABILITY OF DUST PROPERTIES 

Grain-size distribution, hygroscopic 
moisture, settled bulk density, dry 
vibrated bulk density, and pH were 
measured to monitor the plant-to-plant and 
within-plant variations in dust 
properties. Variations were observed in 
the grain-size distribution and the bulk 
density of the dust. 	Hygroscopic moisture 
was eliminated as a useful test parameter 
to monitor dust variability. Similarly, 
pH varied by generic aggregate type, but 
the within-plant variability was very 
small. Thus, pH is not a useful test 
parameter for controlling dust 
variability. 

The dusts were well graded; none of 
the dusts was gap graded. The gradation 
curves (logarithmic scale) were typically 
"s " shaped with long tails and a 
relatively straight portion between D80 
and D20 (Figures 24-26 and 33). The ratio 
DR o/D2Q is a good descriptor of the range 
of grain sizes in the dust. 

Plant-to-Plant Grain-Size Variation 

A wide variation from plant to plant 
was found in the grain-size distribution 
of the baghouse dust. The observed 
variations are consistent with the recent 
study by Eick and Shook (1) and the work 
of others (24, 25). The most significant 
factor affecting grain-size distribution 
was the type of primary collector and its 
relative efficiency. This is illustrated 
graphically in Figure 44, where the 
average dust grain size, D50, for the five 
different collection systems is presented. 

In plants without a primary collector, the 
dust is rather coarse, with an average 
size greater than 100 tim. The average 
grain size is reduced by the use of a 
knockout box (smallest reduction), 
vertical cyclone, multicone, and dual 
cyclone (greatest reduction). Similar 
trends were observed with the average 
percent passing 10 tIm, as shown in Figure 
45. 

An attempt was made to associate 
generic aggregate type with grain size or 
variability in grain size. No trends 
could be identified in the data. Very 
fine dust was produced by traprock and 
granite, but the limestone dust was not as 
fine as expected. It should be pointed 
out that the limestone dust was not 
plastic and did not contain any clay. 
This undoubtedly affected the fineness of 
the limestone dust sampled in the 
project. 

The researchers intended to address 
the question of the quantity of fines 
produced by different generic aggregate 
types, and the variability in that 
quantity. 	After a review of plant 
operations, the researchers found that in 
order to answer this question, mass flow 
rate measurements in the primary 
collector, baghouse collector, hot 
elevator, and cold feed would be required. 
Therefore, it was not possible, with the 
funds available, to address this question. 
However, based on observations at the 
plants, discussions with plant operators, 
and a review of the data, the researchers' 
best judgment is that most of the 
variability in the quantity of 
reintroduced dust stems from improper dust 
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handling procedures, and that the dust 
collected in the collection system is 
largely a reflection of the dust in the 
cold feed. Further research is needed to 
address this point. 

Within-Plant Grain-Size Variation 

Variation within a single plant, both 
within-day and day-to-day variation, was 
found predominantly in plants that have no 
primary system or those that use a 
knockout box. Plants that have 
centrifugal primary collectors produce 
relatively uniform material. A second 
observation was that for all plants, the 
grain size below 75 um was generally very 
consistent. 

These observations may be explained 
by plant operating conditions. An 
important factor is the characteristics of 
the various aggregate feeds. Many plants 
blend a natural sand and stone screenings 
to achieve the desired gradation. 
Generally, the stone screenings contribute 
significantly to the minus 75-um fraction 
of the mixture. As the proportion of 
these two materials is altered, the plants 
without a primary collector and those 
using the generally inefficient knockout 
box may experience changes in the grain-
size distribution of the baghouse dust. 
This was observed in Plant 9. The effect 
of changes in the type of mixture being 
produced on the gradation of the baghouse 
dust is much less significant in plants 
that have centrifugal' collectors. 	In 
these plants the percentage of material 
passing the 75-um size is usually greater 
than 90 percent. An analysis of the data 
indicates that the baghouse dust in those 
plants was contributed by the stone 
screenings, because the natural sand is 
low in minus 75-um material. 	This helps 
to explain why there is little variation 
in the minus 75-Ltm fraction of dust 
collected in plants lacking a primary 
collector or equipped only with a knockout 
box. Of course, if the natural sand is 
relatively dirty or unwashed, the results 
will be different. 

On the basis of the data collected in 
the project, changing from one mixture 
type to another (e.g., from .weari-ng to 
base or from fine wearing to coarse 
wearing) had little effect on grain-size 
distribution. For plants that produced 
more than one type of mixture during the 
sampling period, the average change in D50  
was 3.2 um, and the average change in 
percent passing 10 um was 2.9 percent. 
These variations are quite small and can 
be explained by the fact that the mixture 
changes were accomplished by changing the 
percentage of each cold feed. A wider 
variation might result if the plant 
changed the type of aggregate from one 
mixture to another, as was done -in ''Plant 
9. However, based on the 33 plants 
documented in the project, it appears that 
the practice of changing aggregate type 
from one mixture to another is not 
common. 

Operating conditions at the plants 
also are significant in explaining 
observed variation in grain-size  

distribution. For example, Plant 8 had 
obvious air-flow problems and Plant 15 
experienced improper cyclone operation. 
Both of these conditions affected the dust 
samples. In some instances, the operation 
of the baghouse itself may be a factor. 
The analysis of special samples from 
Plants 9 and 23 revealed variations in the 
fineness of the dust collected at the 
entrance and the exhaust end of the 
baghouse. This variation was probably the 
result of the sudden expansion of the 
system gas at the baghouse entrance, which 
caused the coarse fraction to settle. 
This effect is likely to be more evident 
in plants without a primary collector. It 
can be minimized by ensuring that the bags 
are cleaned in a random sequence and not 
in a systematic front-to-back or back-to-
front sequence. Of course, the cleaning 
sequence is more important in plants 
without a primary collector, where there 
is a significant percentage of coarser 
material in the dust entering the 
baghouse. 

SPECIFICATIONS AND MIXTURE DESIGN 

The development of specifications for 
baghouse dust may be considered from three 
aspects: handling procedures, physical 
properties of the dust or dust-asphalt 
mixtures, and the effect of the dust on 
the properties of asphaltic concrete 
mixtures. 

Handling Specifications 

The main consideration with respect 
to handling procedures is to ensure that 
the quantity of dust added to the mixture 
is uniform. This may be accomplished in a 
number of ways. One method is to give the 
plant operator the option of selecting the 
most cost-effective handling system for 
his plant. With this option, it is the 
responsibility of the operator to 
demonstrate that appropriate uniformity 
can be achieved. At the other end of the 
spectrum, the specifying agency dictates 
the method of process control at the plant 
by specifying handling procedures. This 
approach tends 'to lead to inflexibility on 
the part of the specifying agency and to 
overcontrol, which -is not co'st effective. 

In the opinion of the researchers, 
the performance or end result strategy is 
to be preferred. First, each asphalt 
'plant is unique. Asphalt plants, 
especially batch plants, are often custom 
manufactured, and the equipment 
configuration and operation of each plant 
may be different. 	Second, the 
characteristics of the aggregate and 
crushing, handling,and washing procedures 
vary from plant to plant. Each of these 
factors"influences the quantity and 
characteristics of the dust and may 
necessitate different handling systems. 
handling system suitable for a plant with 
clean aggregate, which must make up fines 
with commercial fillers, is not 
appropriate for a plant that uses very 
dirty aggregate and must waste part of its 
dust. Handling of the dust may be 
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especially critical in instances where a 
plant is using the dust collection system 
to clean a dirty aggregate. 

Dust Properties 

In most cases, the baghouse dust 
constitutes only part of the dust in the 
mixture. It is inconsistent to apply 
specifications to baghouse dust when it is 
the total dust fraction that determines 
the behavior of the dust in the mixture. 
This was recognized by Kandhal (4), who 
suggested that each of the hot bins and 
the filler silo be sampled and that a 
composite dust sample be constructed 
according to the percentage of each 
component. The process of obtaining a 
representative sample is difficult. 
Furthermore, there is no acceptable 
procedure for removing the, dust from the 
fine and coarse aggregate. Dry sieving is 
not acceptable because it does not 
separate all the dust from the coarse and 
fine aggregate. Many of the finer 
particles, which may contribute most to 
asphalt stiffening or asphalt extension, 
cannot be removed by dry sieving. Wet 
sieving is inadequate because the dust 
cannot be removed from the water without 
drying. Drying at 110 C'causes the finer 
dust particles to agglomerate. 

Four factors are of potential concern 
in the acceptance of a particular dust: 
the stiffening effect that it produces, 
its ability to act as an asphalt extender, 
its effect on the water sensitivity of a 
mixture, and its effect on mechanical 
properties such as creep, elastic modulus, 
and fatigue. The first factor can be 
assessed by evaluating the void 
characteristics of the dust, or, more 
directly,, by measuring the stiffening 
effect of the dust on a dust-asphalt 
mixture. Although a very rational 
argument can be made for claiming that the 
stiffening effect should also be measured 
on the composite asphaltic concrete 
sample. The other three factors must be 
evaluated from measurements on the 
asphaltic concrete mixture. 

On the basis of the literature review 
and the results of this research, it is 
concluded that grain-size distribution is 
not an appropriate specification 
parameter for controlling the stiffening 
effect of mineral filler or dust. The 
stiffening effect may be predicted by the 
relationship between (1) stiffening and 
volume of the free asphslt, 
%VAFR, or (2) stiffening and the 
percent bulk volume of dust in the dust- 
asphalt mixture, %VDB. 	Stiffening 
may also be predicted by measuring the 
change in softening point; however, 
stiffening ratio is preferred because it 
is a.fundamental parameter and the 
equipment is readily available. Bulk 
specific gravities measured by dry 
compaction, vibration, and settled volumes 
in polar and nonpolar liquids were used to 
calculate %VAFR and %VDB.  The 
best correlations were obtained with 
%VAFR and %VDB calculated on the 
basis of the dry-compacted specific 
gravity (Table 15). 

Rigden (5) has proposed a unique 
linear relationship between fluidity 
(reciprocal of viscosity) and %VDB. A 
plot of fluidity versus %VDB  is 
presented in Figure 46, and the 
relationship is clearly curvilinear. 
Rigden further hypothesized that a 
viscous-plastic transition occurs as the 
fluidity approaches zero. On the basis of 
this concept, Kandhal (4) has proposed the 
following specification for the minus No. 
200 mesh material (not baghouse dust 
alone) in an asphalt mixture: 

If the %VDB is greater than 
50 percent, the stiffening effect produced 
by the minus No. 200 fraction will not 
significantly affect mixture properties. 

If the %VDB is greater than 
50 percent, the increase in softening 
point of the dust-asphalt mixture should 
be less than 11 C (20 F). 

These requirements are reproduced in 
Figure 47 with several modifications. 
First, softening point is replaced by 
stiffening ratio. The two parameters show 
a high degree of correlation (r2  < 0.90), 
but stiffening ratio (based on 60 C 
viscosity) is a fundamental test measure, 
is more repeatable than softening point 
tests, and is more commonly used by state 
agencies. A change in softening point of 
11 C (20 F) is equal to a stiffening ratio 
of approximately 10. Second, %VDB is 
replaced by percentage of free asphalt, 
because it is a more easily u,nderstood 
parameter. It should be noted that 
%VAFR = 100 - %VDB. Figure 47 
is based on Gs = 2.70. With a dust-
asphalt ratio of 0.4, seven of the 15 
dusts tested in this project would be 
outside 'these specification criteria. 
Further research is needed to establish 
the relationship between stiffening and 
various aspects of mixture behavior (such 
as creep, fatigue, and elastic modulus) 
before stiffening ratio can be adopted for 
specification use. As currently proposed, 
the procedure does not account for the 
asphalt absorbed by the coarse aggregate, 
which would give a greater dust-asphalt 
ratio than that calculated on the basis of 
total weight. Finally, the question 
remains as to what fraction should be 
considered in the dust-asphalt mixture--
can the dust be defined simply as the 
minus 75-i'm material? 

In terms of specifications, there is 
merit in 'limiting the plasticity of the 
fines. The degree of plasticity is 
related to the presence of clay minerals; 
non-clay fines do not exhibit plasticity. 
Because the presence of clay in a mineral 
filler has been related to water damage in 
asphaltic concrete mixtures, some control 
of clay content is warranted. This can be 
done by the Atterburg limits test, or 
perhaps more conveniently by the sand 
equivalency test. The advantage of the 
sand equivalency test is that the entire 
sample can be used; there is no need for 
dry sieving to remove the fines. However, 
field studies should be conducted to 
establish the validity of the relationship 
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Table 15. Stiffening versus percent bulk 
volume of dust in dust-asphalt mixtures. 

Correlation Basis 	for Calcolating 
Model Coefficient 

SR • 0.8 - (4DB) 	* 9.2 	
(tV)2 *2 0.94 Dry compaction 

SR 0.2 • 0.9 	5°DB1  0.2 	(XvDo)2  r 2  0.88 VIbration 

SR 0.1 * 0.8 	)DS1 	+ 0.3 	(tODD)' r2  8.80 Polar 	settling 

SR 0.3 * LV 150DB1 - 03 	(%0)2  r2  0.89 llonpolar 	settling 

oSP • 0.4 + 1.3 	(%V09) 1.1 	(8059) 2  r8  0.94 Dry compaction 

F 	• 3.19 - 	3.01 	(%Vuo) r' - 0.87 Dry compaction 

F 	• 1.82 - 	8.57 	(%V( * 4.17 	(o)° r2  0.94 Dry compaction 

SR • Ratio, aiscosity dust-asphalt miotore/viscosity neat asphalt, ASTM 0 2171, 
60 C (140 F). 

dSP - Change in softening point, F, dust-asphalt cloture minus neat asphalt. 

F 	• Fluidity, reciprocal of niscoslty. 60 C (140 F), ASIC D 2171 (Pa's)' a 103  

S V0  

Figure 46. Fluidity versus bulk volume of 
dust in dust-asphalt nlixtures. 
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between sand equivalency and moisture 
damage before it is adopted as a 
specification criterion. Such work is 
currently under way in Arizona. 

The other tests conducted in this 
study do not have a role in 
specifications. Further development of a 
water sensitivity test for the dust or 
dust-asphalt mixtures may be warranted, 
but it should be based on the behavior of 
the entire mixture and not just on the 
dust-asphalt component. The possibility 
that water-induced damage might be caused 
by the dust should be evaluated as part of 
the mixture design process, just as it is 
for the coarse or fine aggregate. No 
correlations were found in the heat of 
immersion, hygroscopic moisture, pH, or 
water sensitivity tests. Heat of 
immersion, hygroscopic moisture, and pH 
measurements do not appear to have merit 
as specification criteria. Because of its 
complexity, the heat of immersion test 
probably will not become a routine 
specification test. Its use as a research 
tool should be continued, particularly in 
light of the anomalously low heat of 
wetting predicted by the procedure. 

Mixture Design Practice 

Mixture design practice and testing 
procedures vary considerably throughout 
the country. A number of states base 
their mixture designs on dry rather than 
washed sieve analyses, which can 
underestimate the quantity of fines in an 
aggregate. Many states do not conduct an 

ash correction for extraction tests, which 
can lead to an error of up to a percentage 
point in the amount of asphalt in a 
mixture. 

Whenever possible, the cold feed or 
the job aggregate should be used in the 
mixture design. This is especially 
important if water sensitivity tests are 
to be performed. Standard fines or 
fillers for mixture design should be 
avoided. The use of the cold feed 
aggregate is 'especially important in drum 
mix plants because most of the dust will 
be retained in the mixture. 

'Extension of the asphalt by the dust 
can be accounted for during mixture design 
and is another reason why production fines 
should be used during mixture design. 	If 
production fines are not available, 
adjustments should be made when the job 
mix formula is established. 	A job mix 
formula should be routine plant practice. 
Any change in the source of the fines in a 
mixture should be accompanied by a check 
of the mixture design parameters. 

Plant process control practices also 
vary considerably from state to state. 
Extraction tests provide information about 
the quantity of the fines in a mixture, 
but cannot provide control of the nature 
of the fines. Although Marshall stability 
may be insensitive to the nature of the 
fines, Marshall flow and the voids 
criteria (p,ercent air void and voids in 
the mineral aggregate, VMA) are 
sensitive to changes in the properties and 
quantity of the dust in the mixture (29). 

CHAPTER. FOUR 

CONCLUSIONS AND SUGGESTED RESEARCH 

CONCLUSIONS 

The following conclusions are based 
on the research described in this report 

Considerable plant-to-plant 
variability exists in baghouse dust.. This 
variability is related mainly to the 
efficiency of the primary collection 
system and the nature of the cold feed 
aggregate. 

Generic aggregate type is not a 
primary factor in determining the fineness 
or the quantity of the dust entrained in 
the system gas. There is no basis for 
developing specifications on the basis of 
generic aggregate type. 

The greatest day-to-day and 
within-day variability in the fineness of 
the collected dust occurs in the coarse 
fraction of the dust, > 50-75 tim. For a 
given aggregate source, the coarseness of 
the dust entrained in the collection 
system gas depends primarily on the drum 
gas velocity. 

Day-to-day and within-day 
variability in the fineness of the dust is 
largely dependent on the efficiency of the 
primary dust collector. The more 
efficient the primary collector, the less 
variable the fineness of the baghouse 
dust. 

Baghouse dust can be quite 
coarse, exceeding the limits generally 
accepted for mineral filler (ASTM D 242). 

Based on limited data and on 
qualitative observations, it is the 
researchers' best judgment that most of 
the variability associated with the 
quantity of baghouse fines returned to the 
mix is due to handling procedures. 

There are wide variations in the 
stiffening effects of baghouse fines. 
These effects are not explained by either 
the fineness or the gradation of the dust. 
Consequently there is little validity for 
the use of classification systems based on 
grain size for the specification of 
baghouse fines. 

Stiffening effects can be 
predicted from bulk volume measurements on 
baghouse dust (or mineral filler). The 
free-asphalt volume is a.valid concept for 
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predicting the stiffening effect of 
baghouse dust. A more appropriate 
procedure is to prepare a dust-asphalt or 
filler-asphalt mixture using the ratio to 
be used in the asphaltic concrete mixture 
and to measure directly the viscosity of 
the mixture at 60 C (140 F) (ASTM. D 
2171). 

It is inconsistent to develop a 
specification for baghouse dust without 
specifying the entire fine (filler) 
fraction in the mixture. The baghouse 
dust may constitute only a small 
percentage of the filler, but it is the 
behavior of the entire filler fraction 
that is significant. 

There appears to be little 
justification for developing a new 
specification for either baghouse dust or 
the filler fraction until the role of the 
dust or filler is better understood. A 
specification based on gradation or size 
classification cannot be justified, for 
neither stiffening nor asphalt extension 
can be uniquely related to gradation. 

Each asphalt plant must be 
considered as a unique system because of 
variations in manufacturers' designs, 
plant configuration, and aggregate 
characteristics. Consequently, dust 
handling systems should be selected 
according to the particular conditions at 
each plant. General guidelines for dust 
handling procedures, for batch and drum 
mix plants, are presented below. 

On the basis of the review of the 
literature, discussions with state 
materials engineers and plant operators, 
and an analysis of the data collected in 
the project, the following general 
guidelines are recommended for handling 
baghouse dust: 

Drum mix ølants 

Dust should be introduced at the 
beginning of the coating zone in the 
drum simultaneously with the 
introduction of the asphalt cement. 

Batch plants 

The preferred method is direct 
return of the dust to the hot 
elevator or the No. 1 hot bin, if 
proper control of uniformity can 
be obtained. This requires close 
synchronization of the operation 
of the dryer and the baghouse 
with the feed to the hot bin or 
the hot elevator. Care should be 
taken that the No. 1 hot bin is 
not operated too low. 

b. A surge bin and a positive feed 
system may be added to improve 
metering uniformity. 

If the systems in (a) and (b) do 
not ensure uniformity in the 
quantity of fines, it may be 
necessary to meter the dust into 
the weigh hopper. 

A storage silo does not provide 
good control when it is used to 
store baghouse dust and 
commercial filler if the dust and 
filler have different properties. 
A storage silo system may 
increase uniformity in the 
quantity of fines in the mix but 
this may be at the expense of 
uniformity in the properties of 
the dust. 

SUGGESTED RESEARCH 

On the basis of the research 
described in this report, it is 
recommended that additional research be, 
conducted on the role of baghouse dust and 
fillers on the behavior of asphaltic 
concrete mixtures. This research should 
address the following points. 

The nature and extent of the 
physical and physicochemical interactions 
between the fine fraction (filler, 
including primary and secondary dust) and 
the asphalt must be better defined. 
Whereas parameters based on the bulk 
volume of the filler (%VDB and 
%VAFR) can explain much of the 
stiffening effect of the fine fraction, 
certain dusts exhibit anomalous behavior. 

The effect of dusts on the 
compactibility of asphaltic concrete 
mixtures must be defined. 

The range of dust properties that 
enhances asphalt extension and the effect 
of extension on mixture stiffness, 
fatigue, and the aging characteristics of 
the asphalt cement should be 
investigated. 

The influence of the stiffening 
effect of filler (including primary and 
secondary dust) on the fatigue and 
mechanical behavior of asphalt mixtures 
needs to be studied. 

Further research should be 
conducted in order to determine the 
variability in the quantity of fines that 
are introduced into the mix. This 
research should consider plant handling 
procedures, plant equipment, plant 
operating conditions, and generic 
aggregate types. 
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APPENDIX A 

STATE EXPERIENCES WITH BAGHOUSE 
FINES/CURRENT AGENCY PRACTICES 

ALABAMA 

In Alabama, a few plant operators are 
replacing their baghouses with wet 
systems. These operators think that the 
baghouses are too inflexible with respect 
to temperature changes. Currently, batch 
plants return the fines to the hot 
elevator. Drum plants return them through 
the mineral filler line, and surges of 
these fines are being noted. The State 
uses granites, limestones, and slags as 
aggregates. No particular specifications 
exist for baghouse fines. Currently, no 
specification changes are expected. 

ARIZONA 

Arizona is initiating a new 
specification for the use of collector 
fines. The mix design will be performed 
with the natural aggregates, including the 
minus No. 200 fraction. The contractor 
must demonstrate, however, that the 
collector fines are not detrimental before 
they may be incorporated during 
production. A check on the mix design 
parameters, including the immersion-
compression test, will be performed on 
mixes with and without the collected 
fines. The natural aggregates contain 
colloidal material, and stripping has been 
observed. The contractor must also 
provide a method to ensure that the fines 
are returned uniformly to the mix. Until 
now, the Atterburg limits test has been 
performed on the natural aggregates. This 
test is to be replaced with the sand 
equivalency analysis, which, it is 
believed, will be more indicative of the 
magnitude of the colloidal material 
present. 

ARKANSAS 

Approximately 50 percent of the 
plants have baghouses. 	In only one 
instance was baghouse fines associated 
with a problem. This occurred in a drum 
mix plant using a limestone aggregate. 
The mix appeared greasy and was rejected. 
The State, in turn, prohibited the 
contractor from'returning the baghouse 
fines. After this change, the mix was 
acceptable for laydown. The State's main 
aggregates are limestone and sandstone. 
Batch plants are allowed to return the 
dust directly to the hot elevator through 
use of a screw feeder.' 

Mix Design: Marshall, using stockpile 
aggregate and a washed sieve analysis 

Special Tests: Immersion-Compression 

Plant Control Practices: Daily 
extractions, Marshall stability, flow and 
dens ity 

Specification Philosophy: Process 
control 

CALIFORNIA 

Prompted by problems of spotty 
bleeding and tenderness, the State 
conducted a study on baghouse fines in 
1976. It was determined that occasional 
batches containing excessive minus No. 200 
material were occurring in plants 
returning the baghouse dust to the hot 
elevator. The following specification 
changes were made. A maximum of 3 percent 
baghouse fines may be incorporated into 
the'mix, and the fines must be returned to 
the weigh box. The quantity of baghouse 
fines returned to the mix must be 
specified in the mix design. At the 
present time, the 3 percent 'limitation has 
been relaxed. Dust collected by primary 
collectors--skimmers, knockout boxes, 
cyclones, etc.--may be returned to the hot 
elevator uniformly. 

Since the study of'1976, drum mix 
plants have come into use. The first drum 
mix plant utilized a baghouse to return 
dust to the cold-feed conveyor. Analysis 
of the subsequent mix revealed no 
substantial variability in the minus 
No. 200 content, and the return method was 
approved. The second drum mix plant 
returned baghouse dust to the point of the 
asphalt cement introduction. This method 
also received approval. A tighter cold-
feed control of the drum mix system, 
compared with that of the batch plant, is 
associated with the approval of the 
various drum mix plant return methods. 

Mix Design: Hveem, utilizing the hot bin 
and baghouse dust material 

Specification Philosophy: Process 
control 

COLORADO 

No problems at present or in the past 
have been associated with baghouse fines. 
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The typical aggregate is a crushed 
alluvial gravel, predominantly a granite, 
although sandstone gravels exist. Small 
amounts of granite and limestone are 
quarried. Thirty percent of the plants 
are the drum mix type. The batch plants 
are allowed to return dust through use of 
a screw feeder to the boot of the hot 
elevator. No future specification changes 
are foreseen. 

Mix Design: Hveem, using stockpile 
material and a washed sieve analysis 

Special Tests: Immersion-compression 

Plant Control Practices: Extractions, 
1/500 tons produced; design check, 
1/10,000 tons 

Specification Philosophy: End result, 
based on asphalt cement content, density, 
and the 3/4-in., No. 4, No. 8, and No. 200 
sieves - 

CONNECTICUT 

The addition of baghouse fines has 
not been associated with any problems at 
present or in the past. Crushed traprock 
supplies 80 percent of aggregate needs, 
with the remaining 20 percent consisting 
of gravels. Batch plants predominate, 
with return to the boot of the hot 
elevator permitted. This return may be 
accompl ished with a screw feeder to return 
the dust directly to the hot elevator. No 
specification changes are currently.  
foreseen. 

Mix Design: Marshall, using hot bin 
material and a dry sieve analysis 

Plant Control Practices: Extractions, 3 
to 5/day 
Daily check on Marshall: stability and 
flow 

Specification Philosophy: End result 
based on asphalt cement content and 3/4-
in., 3/8-in., No. 4, No. 8, and No. 200 
sieves. Density is included for 
maintenance work only. 

DELAWARE  

Limestones are the predominant aggregate, 
with granites, traprocks, and a small 
percentage of gravels used. Open-graded 
friction courses are growing in 
popularity. No future specification 
changes with respect to baghouse fines are 
foreseen. Currently, the return of the 
fines directly to the hot elevator through 
use of a screw feeder is permitted. 

Mix Design: Marshall,-utilizing stockpile 
material and a dry sieve analysis 

Plant Control Practices: 	Extractions, 
1/800 tons; ash correction is performed. 
Marshall stability and flow, 2 cores/800 
tons 

Specification Philosophy: Process 
control 

FLORIDA 

No pavement problems have been noted 
at present or in the past resulting from 
baghouse fines. Ninety percent of the 
plants are the batch type and are 
permitted to return dust to the boot of 
the hot elevator. The remaining plants 
are drum mix, the majority of which return 
the baghouse dust to the point of asphalt 
cement introduction. The limestone is a 
high-carbonate and soft, which restricts 
its use to base material. Granites 
imported from Georgia and Alabama, one 
steel slag source, and a limited amount of 
gravel located in West Florida constitute 
the friction cour.sematerials. It was 
noted that "occasional" minus No. 200 
variability occurred. However, this was 
attributed to the contractor driving on 
the piles, resulting in segregation and 
degradation of the aggregate. An excess 
of minus No. 200 material was also 
occurring throughout the State. A 
requirement to wash the aggregates 
alleviated this condition. No future 
specification changes with respect to 
baghouse fines are foreseen. 

Mix Design: Marshall, utilizing stockpile 
material and a washed sieve analysis 

Plant Control Practices: 	Extractions, 
1/1000 -tons; 	ash correction is performed. 
Hot bin or Marshall stability, 
contractor's choice. 

No pavement problems at present or in 
the past have been associated with 
baghouse fines. Approximately 30 percent 
of plants have baghouses, and this 
percentage is considered stable. A drum 
mix pla.nt was noted as having excessive 
minus No. 200 content in the final mix. 
Batch plants in the area, using the same 
aggregate source and returning the dust, 
were within specification limits; 
however, they were reaching the upper 
limit. The minus No. 200 content of the 
standard mix is 10 to 13 percent. The 
problem was alleviated by reducing the 
minus No. 200 content in the cold feed 
aggregate. The State notes that, 
gene-rall-y-,---pl-a-nts with- b-aghouses appear t-o 
be reaching-the minus No. 200 upper limit. 

Specification Philosophy: End result 
based on asphalt cement content, density, 
surface tolerance, and the No. 10 and 
No. 200 sieves 

GEORGIA 

- 	 Occasional pavement problems are 
associated with the addition of baghouse 
fines. Tender and bleeding  spots along 
the highway are attributed to dust slides 
in the No. 1 hot bin. These slides occur 
in plants that return fines to the boot of 
the hot elevator and in plants where the 
fines are metered into - the No. -1 hot bin. 
Granites constitute 80 percent of the 
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aggregate used, and only occasional slides 
are associated with this aggregate. The 
problem aggregate is a chalky limestone of 
northern Georgia, in the Mt. Region area. 
It is noted that 3 percent of this lot 
aggregate is being processed through the 
baghouse. The tentative specification 
would have required batch plants to 
install a silo to meter the baghouse fines 
into the weigh box. Drum plants would be 
required to install a blending unit for 
the fines and the asphalt. A contractors' 
concern that these specifications might 
not be cost effective prompted the State 
to postpone enactment of the handling 
requirements. 	Instead, the master job 
range was changed from 2 to 12 percent 
passing the No. 200 sieve, to 4 to 7 
percent, with a ± 2 percent variation. 
This change requires the contractors to 
determine the best way to satisfy the 
specifications. Alternatives range from 
washing the aggregates to wasting the 
dust. The State has also studied the 
grain-size distribution of the dust 
collected from various plants. 	It was 
determined that the distribution varied 
among plants and aggregate sources. 

Mix Design: Marshall, utilizing stockpile 
aggregates and a washed sieve analysis 

Special Tests: 	Lottman and boiling 
tests 

Plant Control Practices: 	Extractions, 
3/day 

Specification Philosophy:. Described as 
combination of process control and end 
result. End result based on asphalt 
cement content, density, smoothness, and 
the No. 8 sieve. 

ILLINOIS 

Concern was expressed that baghouse 
fines are associated with tender pavements 
and moisture damage. Of the plants in the 
State, 60 to 80 percent are equipped with 
baghouses. Large quantities of limestone 
plus some traprock and slag are used in 
Illinois. The problems have ben 
associated only with the limestone 
aggregates. 

Almost all batch plants possess a 
primary collector. Dust return from the 
primary collector is accomplished through 
a small surge bin to the hot elevator. 
The baghouse collector dust is routed 
through a storage silo and returned to the 
weigh box. Many plants also use a 
commercial mineral filler that is added 
through the same silo with the baghouse 
dust. One plant is reported to use a dual 
silo system, one for filler and a second 
for baghouse dust. Drum mix plants must 
return the baghouse dust at the point of 
the asphalt cement introduction. No dust-
associated problems are being observed 
with the drum mix plants. 

One plant in the State does not have 
a primary collector and also must 
supplement the natural material with a  

mineral filler. Without the action of the 
primary collector, the baghouse dust is 
much coarser than the mineral filler. To 
prevent the mixing of these two materials, 
the State is permitting the contractor, 
under trial conditions, to return the 
baghouse dust to the hot elevator. 

Mix Design: Marshall, utilizing stockpile 
material, a dry sieve analysis, and a 
standard filler 

Special Tests: Lottman test 

Plant Control Practices: 	Contracts by 
process control--extractions and hot bin 
analysis; contracts by end result--
contractor's option. 

Specification Philosophy: Described as 
combination of process control and end 
result. End result based upon asphalt 
cement content, density, 1/2-in., No. 4, 
No. 10, No. 40, and No. 200 sieves. 

INDIANA 

Current and past problems were noted, 
but these problems are of a different 
nature. An isolated problem involving a 
particular contractor existed in the past. 
Spotty bleeding patches occurred along the 
roadway and were attributed to the 
baghouse, which was returning the dust to 
the hot elevator, continuing to run while 
the plant was shut down. This procedure 
resulted in a buildup of fines in the No. 
1 hot bin. Subsequently, this buildup 
found its way into one or two batches. 
The State specification requires the dust 
collector to be constructed so as to waste 
or return uniformly to the hot elevator 
all or any part of the material collected. 
This requirement entails a metering system 
to return the dust. Enforcement of the 
specification eliminated the contractor's 
problem. 	Plants can satisfy this 
specification by using a small surge bin 
with a rotary air lock. Many plants also 
use a waste screw to waste dust during 
dryer shutdown. Drum mix plants must 
return the baghouse dust to the point 
where the aspha.lt cement is •introduced. 

At the present time, 20 to 40 percent 
of the plants ar.e.equipped with baghouses, 
and a higher percentage is expected in the 
future. Concern was expressed about 
isolated instances of poor compactibility. 
The predominant aggregates used in Indiana 
are a crushed stone or gravel limestone 
and some slag. No plants using slag are 
equipped with baghouses. 	Only the 
limestones appear to be associated with 
poor compactibility. Variability in the 
minus No. 200 content has been eliminated 
as the cause, but the grain-size 
variability of the fines has not been 
ruled out. Plant inspectors have been 
asked to carefully monitor the return of 
the fines to the hot elevator. 

Mix Design: Hveem, utilizing the 
stockpile aggregate 
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Special Tests: Boiling test 

Plant Control Practices: 	Extractions, 
1/1000 tons; ash correction performed 

Specification Philosophy: End result 
based on committee 

IOWA 

Iowa has been experiencing a poor 
compactibility/brittleness problem in 
which baghouse fines have not been ruled 
out as a cause. In particular, concern 
was expressed over variability in the 
minus No. 200 content of the mix and in 
the quantity of dust airborne in the dryer 
and consequently becoming trapped in the 
baghouse. 	It was also reported that the 
mixes appear dry. Baghouses exist on 40 
to 60 percent of all plants. Iowa uses 
crushed limestone, of.which a large 
portion is dolomitic, plus shale and 
limestone gravels. Problems have been 
associated with what was described as a 
shale-limestone possessing a high 
percentage of fines of low plasticity 
index. Gravels have also occasioned 
problems. The plasticity index of the 
gravel baghouse fines is approximately 20. 
This State has been importing granites and 
traprocks with no pavement problems 
resulting from their use. Batch plants 
generally return dust to the hot elevator. 
A recent memorandum limits the filler-
asphalt ratio to 1:3 based on volume. 
Specification changes are foreseen as the 
problems become better documented. 

KANSAS 

No pavement problems are considered 
to be associated with the use of baghouse 
fines. This may be the result of limited 
experience with baghouses. Less than 10 
percent of all plants are so equipped; 
these plants are located in urban areas 
and rarely perform state work. An 
increase in baghouse use is not expected. 
The eastern part of the State uses a 
crushed limestone, while sand is used in 
the western half. 

KENTUCKY 

Pavement problems related to the use 
of baghouse fines have not been observed. 
However, tight control over plant 
operations is enforced. 	Batch plants 
must use a separate weigh system to return 
the fines to the weigh box if 40 percent 
or more of the mix is not composed of a 
natural or manufactured sandstone sand. 
To avoid problems with drum plants, tight 
cold-feed control is required. The 
aggregate in this state is predominantly 
crushed limestone with some slag. A 
friable sandstone of eastern Kentucky is 
just coming into use. High hauling costs 
for superior aggregates justify use of 
this marginal aggregate. The 
incorporation of baghouse fines in mix  

design is foreseen as a possible 
specification change. This State is 
currently evaluating baghouse fines in 
response to contractors' inquiries about 
utilizing the fines as an asphalt 
extender. To date, fines from 25 to 30 
plants have been evaluated by grain-size 
distribution and Atterhurg limits. The 
grain-size distribution and plasticity 
index have been found to be comparable to 
those of commercial mineral fillers. 
Storage of the baghouse dust and the 
mineral filler in the same silo is 
therefore permitted. Generally, plants 
possess a primary collector which returns 
dust to the hot elevator. 

Mix Design: Marshall, utilizing stockpile 
material and a dry sieve analysis 

Plant Control Practices: 	Extractions 

Specification Philosophy: Combination of 
process control and end result 

LOUISIANA 

Baghouse fines have not been related 
to any pavement problems. Less than 10 
percent of all plants currently possess a 
baghouse, although this figure is expected 
to increase. Batch plants constitute 85 
percent of all plants. Concern over the 
conclusions of the Asphalt Institute study 
prompted this State to perform a small, 
undocumented study in early 1980. In 
particular, information was sought on the 
uniformity in quantity and size 
distribution of dust discharged from the 
baghouse. Hydrometer studies revealed the 
grain-size distribution of the fines to be 
acceptably uniform. However, the 
discharge quantity was not. The rate of 
discharge was determined by filling 55-
gallon drums from the baghouse discharge 
in a fixed time. 	It was concluded that 
the quantity of dust becoming airborne was 
not the source of the problem. The 
variability of discharge quantity is 
associated instead with nonuniformity of 
cold feed or nonuniformity in the bag-
cleaning system. To maintain a positive 
effect a uniform feed rate with an 
indicator at the baghouse discharge is 
required. Fines are returned to the boot 
of the hot elevator in the batch 
plant, adjacent to the asphalt cement line 
in the drum plant. Gravel and sand 
consisting of a cherty limestone are used 
predominantly, although a crushed 
limestone is gaining in popularity. No 
future specification changes with respect 
to baghouse fines are foreseen. 

MAINE 

It was reported that 80 to 100 
percent of all plants have baghouses, but 
that no pavement problems have ever been 
associated with baghouse fines. Gravel 
and sand consisting of granitic and shale 
limestones are the predominant aggregates. 
Also, small quantities of crushed stone, 
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granites, and limestones are used. The 
plants are permitted to return the fines 
to the boot of the hOt elev-ator. 

Mix Design: Hveem, utilizing stockpile 
material and a dry sieve analysis 

Special Tests:\ Sand equivalency test 
performed on minus No. 200 material in 
mix 

Plant Control Practices: 	Extractions, 
1/500 tons 

Specification Philosophy: End result 
based on density and gradation 

MARYLAND 

Currently, no pavement problems are 
being associated, with the use of baghouse 
fines. However, a number of adjustments 
to the mix design and operating conditions 
were initiated shortly after baghouses 
came into use. First, concern over the 
extension of asphalt with baghouse fines 
prompted a reduction in the minus No. 	200 
content from 7 to 8 percent to 3 to 5 
percent in the master job mix. The 
asphalt content was not changed. Second, 
the state tightened the handling controls 
on baghouse fines, requiring a uniform 
return of the baghouse dust. Hot elevator 
return is permitted. 

Mix Design: Marshall, utilizing stockpile 
material and a dry sieve analysis 

Plant Control Practices: 	Hot bin 
analysis and Marshall density 

Specification Philosophy: Process 
control 

MASSACHUSETTS 

An isolated problem of poor 
compactbi1ity and spotty bleeding has 
been linked ta particular contractor. 
The problem has two sources. First, the 
contractor permits high amounts of minus 
No. 200 content,. Second, dust slides are 
occurring in the No. 1 hot bin. In this 
plant, the fines are returned to the hot 
elevator. The contractor is adding 
equipment to provide uniform metering of 
fines. The State, rather than enacting 
legislation, tries to allow the contractor 
to solve his problems. 

MICHIGN 

Occasional tenderness and serious 
uniform bleeding were observed when plants 
first switched from wet to dry collection 
systems. The cause was the high level of 
the minus No. 	200 content; the dust being 
added to the mix was much finer than 
before. -The following corrective measures 
were initiated in 1978, and the problems 
have since ceased. First, the mix design 
-was-opened to allow more air. 	Second, 
traffic was - prohibited from riding on the 

hot mat for two hours after laydown. 
Third, storage of the fines was 
prohibited; they must be returned 
immediately to the mix through the hot 
elevator. This requirement is designed to 
prevent any fines from commercial work 
finding their way into a state mix. The 
State may also require a contractor to 
install a small surge bin between the 
baghouse and the hot elevator to prevent 
sudden slugs of fines.. However, no 
uniformity problems have been reported 
that would warrant enforcement of this 
specification. The predominant aggregate 
is a dense-graded limestone gravel, and 
the reported problems occurred with this 
aggregate. Traprock, sandstone, and slags 
are also used. No future specification 
changes are foreseen, and 40. percent of 
all plants currently have a baghouse. 

Mix Design: Marshall, utilizing stockpile 
aggregates and a washed sieve analysis 

Plant Control Practices: Extractions; an 
assumed ash correction is applied 

Specification Philosophy: Process control 

MINNESOTA 

Minnesota reported that no problems 
have been linked to the use of baghouse 
fines. Gravels are the predominant 
aggregate, and return of all or any part 
of the fines uniformly to the hot elevator 
is required. The method to achieve 
uniformity is chosen by the plant 
operator. A screw feeder to return the 
fines directly is permitted. - However, if 
the plant inspector observes slugs of 
fines, the State will require the 
contractor to install a surge system. 

Mix Design: Marshall, utilizing stockpile 
material and a dry sieve analysis 

Plant Control Practices: 	Contractor's 
opt ion 

Specification Philosophy: Process 
control 

MISSOURI 

This State reported that the use of 
baghouse dust has not resulted in any 
pavement failures. Return of the dust to 
the boot of the hot elevator is permitted, 
but this applies only to dust from the 
mineral aggregate being incorporated into 
a state mixture. A mineral filler 
consisting of pulverized limestone is 
required in the surface mix to equal the 
amount of natural No. 200 mesh material in 
the combined aggregates. No specification 
changes with respect to baghouse dust are 
expected. 

NEBRASKA 

No baghouse fines problems ex-ist. 
From 40 to 60 percent of the plants have 
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baghouses, and an increase in their use is 
not expected. The aggregate in use is a 
siliceous river gravel. This gravel is 
very clean, containing only 1 percent 
minus No. 200 material. 	Mineral filler 
must have a plasticity index value of less 
than 6. 

NEW HAMPSHIRE 

Ninety-five percent of all plants 
have a baghouse. However, no conclusions 
about problems related to the use of 
baghouse fines have been reached. The 
plants are permitted, through use of a 
screw feeder, to • return the dust directly 
to the boot of the hot elevator. About 90 
percent of the mixes utilize gravels. 
These gravels are a mixture of various 
rocks, including gabbro, granites, 
schists, quartz, rhyolite, and traprocks 
(basalt). 

NEW JERSEY 

No major pavement problems have been 
associated with the addition of baghouse 
fines. But concern over the uniformity in 
quantity and quality of the baghouse fines 
was expressed. With respect to handling, 
the specifications read that the plant 
must be equipped with a dust collector 
capable of wasting or uniformly returning 
to the plant all or any part of the 
material collected as directed. 
Currently, approximately one-half of the 
batch plants return the dust to the hot 
elevator. The remaining plants return the 
dust to the weigh box by means of a 
storage silo. 

NEW MEXICO 
Though all plants have baghouses, the 

state rarely permits the baghouse fines to 
be returned to the mix because the natural 
material is generally high in minus 
No. 200 material. 	The state reported a 
stripping/moisture damage problem 
associated with sand and gravels. 

NEW YORK 

In a state where 40 to 60 percent of 
all plants have baghouses, baghouse fines 
are associated with tenderness, uniform 
bleeding, and stripping/ moisture damage 
problems. In particular, concern was 
expressed about the use of these fines to 
extend the asphalt and about variability 
in the quantity of dust being returned. 
This State uses all five aggregate groups: 
granites, limestones, traprocks, 
sandstones, and slags. However, the fines 
of the Adirondack granite gravels are 
associated with stripping/moisture damage. 
This State reports that specification 
changes with respect to dust and handling 
methods are conceivable. However, the 
extent of these changes has not been 
decided. Approximately 3 years ago, an 
effort to improve mix design practices was 
initiated. It is believed that as  

practices improve, the material failures 
will be alleviated. Currently, return to 
the hot elevator boot is permitted by any 
method the contractor chooses. 

Mix Design: Marshall, utilizing hot bin 
material and a dry sieve analysis 

Plant Control Practices: 	Extractions, 
hot bin analysis, and Marshall stability 
and flow 

Specification Philosophy: Process 
control; end result is being phased in 
with a check on density 

NORTH CAROLINA 

No pavement problems have been noted. 
it is reported, however, that since 
baghouses became popular 2 to 3 years ago, 
an increase in the minus No. 200 content 
has been observed. The predominant 
aggregate is granite used as.a crushed 
stone. Small amounts of limestones and 
traprocks are also used. This State 
allows the return of the fines directly to 
the hot elevator through use of a screw 
feeder. However, any plant reported to 
have slugs of fines returned is required 
to install equipment to ensure uniformity. 
Currently, no specificationchanges are 
foreseen, but the minus No. 200 content is 
being monitored. 

Mix Design: Marshall, utilizing the 
stockpile material and a washed sieve 
analysis 

Plant Control Practices: Extractions; a 
set ash correction is applied 

Specification Philosophy: Process control 

OHIO 

No pavement problems associated 
with baghouse fines have been observed. 
The State specifications require all or 
part of the baghouse fines to be 
uniformly returned to the hot elevator; 
however, a contractor would be permitted 
to return the dust.... to the weigh 'box. 	The 
predominant aggregate is limestone, with 
sandstones and slags used tà a lesser 
degree. 

Mix Desin: Marshall, utilizing stockpile 
or hot bin material and a dry sieve 
analysis 

Plant Control Practices: 	Extractions, 
1/500 tons; Marshall density 

Specification Phil osophy: 	Currently 
ilifing to an end result specification 
based on asphalt cement content and the 
1/2-in., No. 4, No. 8, and No. 100 
sieves. 



54 

OREGON 

It was reported that problems 
involving uniform bleeding have occurred, 
but have since been corrected. 'It was 
determined that the ultra-fine dust was 
extending the asphalt. The contractors 
were not exceeding the minus No. 200 
content limit of 7 percent, but they were 
approaching this limit. Start-up 
problems resulting in dust slides in the 
first batch or two were also noted. To 
correct the problem, the State convinced 
the contractors to cut down the minus 
No. 200 content. Often this is 
accomplished by returning only a portion 
of the baghouse fines. Oregon allows the 
contractor to choose the baghouse fines 
handling method. Traprocks, mostly 
basalt, occur as a crushed stone or river 
gravel. Sandstone is used along the 
coast. 

PENNSYLVANIA 

A study of baghouse fines has been 
performed by the State and was discussed 
in Chapter Two. A conclusion of this 
study was that plants should return the 
baghouse material to the weigh box. The 
State is in the process of converting to 
an end result specification. For this 
reason, no specification will be enacted. 
The handling method is to be the 
contractor's option. A problem of poor 
compactibility was observed in the past. 
This problem was alleviated by reducing 
the amount of minus No. 200 material in 
the master job range. 

Mix Design: Marshall  

Plant Control Practices: 	Extractions; an 
ash correction factor is applied; 
Marshall stability and flow 

Specification Philosophy: Process control 
with the possibility that end result 
specifications will be phased in. 

SOUTH CAROLINA 

Isolated tenderness and spotty 
bleeding are currently being reported in 
this State, where 40 to 60 percent of the 
plants have baghouses. These problems are 
associated with the variability in the 
quantity of dust being returned to the 
mix, often resulting in excessive minus 
No. 200 content. This is especially 
evident in batch plants that return the 
fines to the boot of the hot elevator. No 
conclusion has been reached with respect 
to drum mix plants. Granites and 
limestones are used. However, it is the 
crusher run material that is causing a 
problem when excessive fines are produced 
in the crushing operation. Because the 
present problems are isolated, no future 
specification changes are foreseen. 

Mix Design: Marshall, utilizing the 
stockpile material, a dry sieve analysis, 
and the job asphalt 

Plant Control Practices: Extractions; 
perform ash correction, Marshall 
stability 

Specification Philosophy: End result based 
on asphalt cement content and the entire 
gradation 

Plant Control Practices: 	Changing to 	 TENNESSEE 
contractor's option 

Specification Philosophy: Converting to, 
end result based on asphalt cement 
content, density, and the No. 200 sieve. 

RHODE ISLAND 

A serious tenderness and spotty 
bleeding problem was observed 2 years ago 
when baghouses first came into use. The 
cause of the problem was believed to be 
variability in the minus No. 200 content 
and variability in the grain-size 
distribution. Also, the problem was 
evident where the fines were returned to 
the hot elevator, but not where they were 
weighed into the weigh box. Two effective 
steps were taken, to correct the problem. 
First, the plants' baghouse dust is used 
in the mix design. This resulted in a 
reduction of 0.5 percent in the asphalt 
content. Second, the plants' are now 
required-to weigh the baghouse fines into 
the weigh box. Traprocks are the 
predominant aggregate. 

Mix Design: Marshall, utilizing the hot 
bin material and the baghouse dust 

Tennessee reported a past problem 
that has been corrected. 	Irregularity in 
the minus No. 200 content was observed. 
This problem was evident in the middle and 
eastern parts' of the State which use a 
limestone aggregate. The western part 
uses gravels and the problem was not 
evident there. An additional difficulty 
observed was that the baghouse would 
continue to operate while the dryer was 
shut down. This practice resulted in a 
buildup of fines in the No. 1 hot bin, 
and, consequently, the batches contained 
excessive -quantities of fines. 	Corrective 
measures required the contractors to use a 
surge tank to collect the baghouse fines. 
From the surge tank, the contractors may 
volumetrically auger the fines into the 
hot elevator or hot bin, or they may use a 
separate system to weigh the fines into 
the weigh box. Many plants possess 
mineral filler systems and have tied their 
baghouse return through these systems. A 
washed analysis for mix design is also 
required. 

Mix Design: Marshall, utilizing the 
stockpile material, job asphalt and 
washed sieve analysis 
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Plant Control Practices: Extractions 
	 state laboratory. 

Specification Philosophy: Process 
control. A.phase-in of end result 
specifications is expected to begin in 
1982, based on asphalt cement content, 
density, ride, and the 3/4-in., No. 4, 
No. 8, and No. 200 sieves. 

TEXAS 

Texas has experienced serious 
tenderness and stripping/moisture damage 
problems. No conclusion has been reached 
with respect to the role of baghouse 
fines.in  these problems. However, 
variability in the minus No. 200 content 
has been observed and linked to the 
return of the baghouse fines to the mix 
at the boot of the hot elevator. The 
State admits that baghouse fines need to 
be investigated further; however, more 
serious problems will take precedence. 

VERMONT 

During the past year spotty bleeding 
has occurred in this State, where most 
plants have baghouses. Hydrometer tests 
have shown little variability in the size 
distribution of baghouse fines within a 
plant; however, plant-to-plant 
variability does exist. The quantity of 
dust becoming airborne and returned to 
the mix at a given instant 'is an object 
of concern. Crushed limestone and a 
crushed quartz gravel are the predominant 
aggregates. The limestone aggregate has 
been associated with the bleeding 
problems. Future specification changes 
are foreseen with regard to either 
restricting use of the fines or applying 
handling controls. 

Mix Design: 	Marshall, utilizing 
stockpile material and a dry sieve 
analysis 

Plant Control Practices: Extractions, 
1/500 tons; Marshall stability, flow, 
and density: 1/500 tons 

Specification Philosophy: End result 
based on ride 

VIRGINIA 

No pavement-related failures 
associated with baghouse fines have been 
observed, although the State has studied 
the effect of baghouse fines on mix 
behavfor, as discussed in Chapter Two. 
Less than 20 percent of the plants in the 
State are equipped with bahoses, and 
the method returning the dust return is 
left to the contractor. 

Mix Design: Marshall, utilizing 
stockpile material and a washed sieve 
analysis 

Plant Control 'Practices: 	Extractions; 
Marshall parameters are checked in the 

Specification Philosophy: End result based 
on asphalt cement content, field density, 
and the 1/2-in., No. 4, No. 30, and No. 
200 sieves 

WASH I NGTON 

Occasional spotty bleeding and 
uniform bleeding problems are currently 
found. The problem is associated with 
variability in dust properties (grain 
size) and variability in the minus No. 200 
content. Traprock (basalt) is the 
predominant aggregate. However, it is the 
gravels that are being linked to baghouse 
fines problems. It is noted that the drum 
mix plants use wet systems. The batch 
plants either auger the material as 
uniformly as possible into the hot 
elevator, or they use a separate bin to 
meter the fines into the weigh box. No 
specification changes are foreseen at this 
time. 

Mix Design: 	Hveem, utilizing stockpile 
material and a washed sieve analysis 

Special Tests: Modified Lottman 

Plant Control Practices: Extractions 

Specification Philosophy: Process control. 
An end result specification with respect 
to density is being phased in. 

WEST VIRGINIA 

This State has examined the question 
of baghouse fines. Currently, plants are 
using screw feeders to return the fines 
directly to the hot elevator. This 
practice is reported to cause variations 
in the quantity of fines being 
incorporated into the mix. However, no 
bleeding problems have been reported; 
poor compactibility of thin overlays is 
the chief concern. 

A proposed specification for the use 
of collector fines is under review. The 
following are the key points. First, 
although the report notes that, all 
collector dust must be weighed or metered 
into the mix, the proposed specification 
requires this procedure only for the 
baghouse fines. This is to be 
accomplished by use of a storage silo to 
meter or weigh the fines into the weigh 
box. Second, the baghouse fines will be 
classified according to three grades of 
fineness. In the case of the two finest 
grades, the minus No. 200 content will be 
reduced. This change is in response to 
the asphalt-extending potential of these 
fines. The State does not wish to lower 
the asphalt content because the filler-
asphalt ratio would increase and might 
result in further compaction problems and 
brittleness through the increased 
stiffening of the mix. 

Mix Design: Marshall 
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Plant Control Practices: Contractor's 
opt ion 

Specification Philosophy: End result 

WISCONSIN 

Almost all plants use baghouses, and 
no problems have been associated with 

APPENDIX B 

PLANT EQUIPMENT AND OPERATION 

The 33 plants participating in the 
study represent a variety of plant types, 
collection systems, and aggregates. Each 
plant is described separately, giving 
details concerning dust-handling, 
equipment and procedures, and types and 
sizes of aggregate used. 

Abbrevi at ions 

(C) =coarse 
D =dolomite 
G =granite 
GR =gravel 
L =limestone 
NA =not applicable 
NS =natural sand 
NU =cold feed not used 
S =screenings 
SL =slate 
SS =stone sand 
I =traprock 

(W) =washed 

PLANT CODE 1 

300 TPH Batch 

Dryer: 78 in. x 38 ft Center outlet 

Aggregate 

Coarse: Dolomite 

Fine: 	Washed naturaj. s.and 
Dolomite screenings 

Fuel: #4 oil 

Exhaust Damper: Manual, set wide open 

Fugitive Dust Return: After primary 

Primary Collector: Knockout box 

Baghouse Collector: Barber-Greene; 
replaced a wet system 

Dust Handling System: Open 

Primary Dust Handling 

Dust exits from the knockout box 
through a rotary air lock into a screen 
conveyor for return to the hot elevator.  

baghouse fines. The predominant aggregate 
is a carbonate gravel. Until recently, 
the practice has been to return baghouse 
dust to the lot aggregate. The State does 
not employ a calibrated cold feed, thus 
making this pra.ctic possible. However, the 
specification that went into effect in the 
fall of 1981 requires the dust to be 
uniformly returned to the elevator by a 
method chosen by the contractor. 

Baqhouse Dust Handlin 

Only dust from the first third of the 
baghouse has the potential to be returned 
to the mix. Dust from the second two-
thirds is wasted. This method responds to 
the excessive fine material encountered in 
the feed materials. Dust to be returned 
enters a screw conveyor and is transported 
to a small surge bin adjacent to the hot 
elevator. To ensure uniformity, material 
is drawn from this bin by a variable 
speed, rotary air lock, which may be 
disengaged during dryer shutdown. Dust 
overflow from this bin is wasted. 

Additional Comments 

This plant utilizes a cap in the hot 
bins to prevent the fine dust from 
accumulating along the incoming wall in 
the No. 1 hot bin, thus reducing the 
potential of a dust slide. 

Cold Feed 

FeedNo. 123 4 1 	5 6789 

Comments D D D 

S 

NS 

(W) 

D 

<1/4" 

PLANT CODE 2 

]p: 180 TPH Batch 

Dryer: 84 in. x 32 ft Counterflow 

Aggregate: 

Coarse: Dolomite 

Fine: Dolomite stone sand 
Washed natural sand 
Washed dolomite screenings 

Fuel: Weiaimed oil 

Exhaust Damper: Manual 

Fugitive Dust Return: After primary 

Primary Collector: Single vertical 
cycl one 
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Baghouse Collector: McCarter; installed 
	

Primary Dust Handling 
with plant 

Dust Handling System: Open 

Primary Dust Handli 

Dust exits from the cyclone through a 
rotary air lock and enters a pair of 
pants. One leg returns dust to the hot 
elevator, while the second leg transports 
dust not required to the baghouse. 

Baahouse Dust Handlina 

Dust exiting the baghouse enters a 
fluidizer which pneumatially transports 
the dust to a storage silo. From this 
silo, dust isj added to the weigh hopper 
simultaneously with the addition of 
material from the No. 1 hot bin. The 
proper proportioning is determined by 
trial and error. This dust constitutes 1 
to 2-1/2  percent of the total mix. 

The plant originally attempted to 
return the baghouse dust as a separate 
component during batching, but the scales 
were not sufficiently sensitive to this 
relatively small quantity of material. 

Additional Comments 

This plant utilizes a cap in the hot 
bins to reduce the possibility of dust 
slides. 

Feed 	No. 1 2 1 	3 1 	4 5 6 7 8 9 

Comments 0 D NS 0 D D 

S S (W) <1/4 <1/2" 

(W) (W) 

PLANT CODE 3 

400 TPH Batch 

Dryer: 112 in. x 40 ft Counterflow 

Aggregate: 

Coarse: Traprock 

Fine: Washed natural sand 
Traprock screenings 

Fuel: Natural gas 

Exhaust Damper: Manual 

Fugitive Dust Return: Before primary 

Primary Collector: Multicone 

Baghouse Collector: Esstee; replaced wet 
system 

Dust Handling System: Closed 

Material exits through a flop gate 
and falls through a duct to the boot of 
the hot elevator. It was reported that 
the small-diameter cones are not 
being repaired as they wear out. The 
collector is effectively being reduced to 
a knockout box. 

Baahouse Dust Handlin 

Dust exits from the baghouse and is 
returned to the hot elevator via a screw 
conveyor. .No changes have occurred in 
this method since the equipment was 
installed in 1977. It was noted that care 
is given to stopping the baghouse return 
during dryer shutdown, to prevent a 
buildup of fine dust in the No. 1 hot 
bin. 

Additional Comments 

Dust slides in the baghouse hopper 
were reported in the production of cold 
mixes during early morning start-up. 
Consideration is being given to 
installation of vibrators on the baghouse 
hopper to prevent this dust buildup. 

Cold Feed 

Feed No. 1 2 1 	3 1 	4 1 	5 6 1 	7 1 	8 	9 

Coeoients5O% I T I I 

OS 0/8 <1/2 <3/4W <1-1/4  

(W) 

50% 

PLANT CODE 4 

Type: 180 TPH Batch 

Dryer: 96 in. x 30 ft Counterflow 

Aggregate: 

Coarse: Traprock 

Fine: Washed traprock stone sand 

Fuel: Natural gas 

Exhaust Damper: Automatic 

Fugitive Dust Return: After primary 

Primary Collector: Multicone 

Baghouse Collector: Dustex; replaced wet 
system in 1975 

Dust Handling System: Closed 
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Primary DUst Handling 

Dust exits through a flow gate and 
flows through a duct to the hot elevator. 
Worn cones are not being repaired 
effectively, thus reducing the collector 
to a knockout box. The flop gate was 
redesigned to prevent it from sticking 
shut. 

Baghouse Dust Handling 

Dust exits from the baghouse and is 
returned to the hot elevator via a screw 
conveyor. The procedure to stop the screw 
conveyor during dryer shutdown was 
reported to be as follows. The baghouse 
cleaning mechanism is disengaged when the 
cold feed stops, and the screw conveyor is 
permitted to operate until the aggregate 
has flowed through the dryer. 

Additional Comments 

The major change in plant operation 
when the baghouse replaced the wet system 
was a reduction in the minus 200 content 
of the stockpile material. To account for 
a loss of material to the wet system, the 
percent passing the 200 mesh in the feed 
was fixed at 8-9 percent. After the 
baghouse installation, it was found that 
this figure had to be reduced to 5-6 
percent. A baffle plate was installed on 
the No. 1 hot bin to prevent a buildup of 
dust along the incoming wall. 
Cold Feed 

Feed No. 1 1 	2 3 1 	4 1 	5 6 	7 8 	9 

Coeenents I I I I I 

SS <3/8 (1/2' 0/4' (1-1/ 4' U (w) — 

PLANT CODE 5 

].2 	300 TPH Batch 

Dryer: 108 in. x 36 ft Counterflow 

Aggregate: 

Coarse: Traprock 

Fine: Washed natural sand 
Washed traprock screenings 
Unwashed traprock screenings 

Fuel: Natural gas 

Exhaust Damper: Automatic 

Fugitive Dust Return: Before primary 

Primary Collector: Twin 100-in, vertical 
cycl ones 

Baghouse Collector: .Stansteel; installed 
with plant 

Dust Handlinq System: Closed  

Primary Dust Handling 

All material exits each cone through 
a flop gate and enters a screw conveyor 
for direct return to the hot elevator. 

Baghouse Dust Handling 

Currently, all baghouse dust exits 
from the collector through a rotary air 
lock, • enters a screw conveyor, and is 
returned to the hot elevator. Originally, 
the plant returned the baghouse dust to 
the weigh box via a storage silo. This 
system was abandoned after the first year 
because a hot elevator return was 
considered more cost effective and 
practical. When the change occurred, the 
baghouse cleaning sequence had to be 
altered. The baghouse uses an individual 
pressure-pulse cleaning system that cleans 
two adjacent rows at a time. Formerly, 
the cleaning sequence began at the back of 
the baghouse and continued sequentially to 
the front. This procedure resulted in a 
slug of material being fed to the air lock 
at the completion of each cycle. To 
provide a better balance, the pulsing 
sequence is now staggered. 

Control over the minus 200 content is 
accomplished by blending washed and 
unwashed screenings and a washed natural 
sand at the cold feed. Experience with 
the silo return reveals that approximately 
1 percent of the aggregate is being 
processed through the baghouse. 

Additional Comments 

The major problem during the first 
two years. was an occasional batch with an 
excessive percentage (>12) of material 
passing the minus 200 sieve. This was 
attributed to inexperience with the 
baghouse. In conjunction with the 
staggered baghouse cleaning arrangement, 
the importance of synchronizing the 
baghouse dust return with the cold feed 
and dryer operation was realized. If 
aggregate remains in the dryer during a 
short shutdown, then the baghouse dust 
return is stopped when the cold feed and 
the dryer stop. 	If the dryer is. to be 
emptied out, then the baghouse dust return 
is stopped when the last of the aggregate 
exits from the dryer. 

Cold Feed 

Feed No. 1 1 	2 1 	3 1 	4 1 	5 1 	6 7 	i8 9.  

Coimients T I I T T NI 

<3/8 <1-1/4' S (N) 

(N) 

PLANT CODE 6 

jp: 150 TPH Batch 

Dryer: 84 in. x 20 ft Counterfiow 



Aggregate Fine: Natural sand 
Traprock screenings 
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Coarse: Washed siliceous gravel 

Fine: Washed natural sand 
Unwashed natural sand 

Fuel: #2 oil 

Exhaust Damper: Manual 

Fugitive Dust Return: Not applicable 

Primary Collector: 	None 

Baghouse Collector: Barber-Greene; 
replaced a wet wash system 'in 1978 

Dust Handling System: Closed 

Fuel: #2 oil 

Primary Dust Handlin 
Baahouse Dust Handlin 

Fuel: #2 oil 

Exhaust Damper: Manual 

Fugitive Dust Return: After primary, 

Primary Collector: 	Single vertical 
cyci one 

Baghouse Collector: Western 
Precipitation; replaced a wet system 

Dust Handling System: Closed 

Primary Dust Handlin 

All dust passes through a flop gate 
and then through a duct into the hot 
elevator. 

Not applicable. 

Baahouse Dust Handlin 

Dust exits from the baghouse and 
enters a screw conveyor, passes through a 
rotary air lock, and falls into the hot 
elevator. Batches containing excessive 
dust occurred after the baghouse was 
installed. Corrective action included 
reducing the minus 200 content in the 
feed, adding vibrators to the No. 1 hot 
bin to prevent a dust buildup along the 
bin wall, and shutting down the screw 
conveyor when the aggregate dryer was shut 
down. 

Additional Comments 

An occasional batch still contains 
excessive dust. This occurs when the dust 
in the tower settles in a layer during a 
shutdown. During subsequent batching, the 
layer is funneled together. The interview 
with the operator revealed that the 
fugitive dust dampers are currently 
clogged and ineffective. A possible cause 
of the settling is that the fugitive 
system is not removing this dust. 

Cold Feed 

Feed No. 1 2 3 4 5 6 7' 8 9 

Cements SR. SR SR NS 9$ 

<1/2 <3/8" <1/4" (W) 

(6) (6) (6) 

PLANT CODE 7 

jp: 200 TPH Batch 

Dryer: 96 in. x 31 ft Counterflow 

Aggregate: 

Coarse: Traprock 

Dust exits from the baghouse and is 
returned to the hot elevator through a 
screw conveyor. The plant has a filler 
silo. Before the baghouse installation, 
mineral filler was used to compensate for 
the material lost to the wet system. A 
pneumatic blower is set up to transport 
the baghouse dust to the silo, but the 
silo has never been used to return the 
baghouse dust. 

After the baghouse installation, 
batches containing excessive dust were 
observed to be associated with the plant's 
start-up and shutdown procedures. It was 
determined that the baghouse return system 
must lag the cold feed operation by 
ápproximately four.minutes to account for 
the time it takes the aggregate to flow 
through the dryer. If these two 
operations are engaged at the same time, 
then, for approximately four minutes, only 
dust is entering the hot elevator. If the 
baghouse dust return is shut down when the 
cold feed is stopped, 'the final aggregate 
from the dryer is devoid of baghouse dust. 
However, if th,e baghouse dust return 
continues for longer than four minutes 
after cold feed shutdown, then the 
aggregate will'haye 'passed through the 
dryer and only baghouse dust will enter 
the hot elevator. 

Additional Comments 

This plant has installed high, 
normal, and low hot-bin indicators. It 
was reported that these indicators are 
always kept in good working order to 
prevent the No. 1 hot bin from being drawn 
low, which would result in a dust slide. 
The usual number of indicators is two 
(high and low). 

Cold Feed 

Feed No. 	1 	1 2 1 3 1 4 1 5 1 67 	8 1 9 

Coimients 	I 	I 	5$ I  I ' I INUINUI  I 

<1-1/4" <3/4" 	. S <1/4" 	<3/8" 



Dryer: 84 in. x 20 ft Counterflow 

Aggregate: 

	

Coarse: 	Dolomite 

Fine: Washed natural stone 

Fuel: #2 oil 

Exhaust Damper: Manual 

Fugitive Dust Return: Not applicable 

Primary Collector: None 

Baghouse Collector: Barber-Green; 
installed with the plant 

Dust Handling system: Closed system with 
a commercial mineral filler added 

Primary Dust Handling 

Not applicable. 

Baghouse Dust Handling 

Dust exits from the baghouse and 
enters a screw conveyor. Passing through 
a rotary air lock, the dust enters a 
second screw conveyor, which returns the 
dust to the hot elevator. 

Additional Comment 

The plant supplements the feed 
aggregate with a commercial mineral filler 
which is added at the weigh hopper. The 
minus 200 content for surface courses is 5 
to 7 percent. The feed aggregate provides 
only about 2 percent of the minus 200 
material. 

Feed No. 	1 	2 	1 3 	1 4 J 5 	5. 	7 	8 

Cements OS D 0 	0 

(W) (1/4 (1/2 [3/4"  

Primary Collector: None 

Baghouse Collector: Western 
precipitation; installed with the 
plant 

Dust Handling System: Open 

Primary Dust Handlin 

Not applicable. 

Baqhouse Dust Handlin 

Currently, 60 percent of the dust 
collected in the baghouse is returned to 
the hot elevator by a screw conveyor. 
This is accomplished by running the 
baghouse screw in reverse (away from the 
hot elevator). At a location 
approximately 60 percent of the baghouse 
length, a rotary air lock removes 
material, passing it to a screw conveyor 
which returns the dust to the hot 
elevator. The remaining dust exits from 
the baghouse into a storage pit, where 
water may be added to reduce nuisance 
dust. 

This is the third baghouse dust-
handling method utilized at the plant. 
The first method returned the baghouse 
dust directly from the baghouse screw to 
the hot elevator. Because of a change in 
the state specification which reduced the 
required minus 200 content, a variable 
speed screw was installed. 	This resulted 
in dust backing up in the baghouse, 
jamming and breaking the screw during 
start-up. Therefore, the present system 
was adopted. Its advantage is that the 
baghouse can be purged during a plant 
shutdown. 

Additional Comments 

This plant has a cap over the No. 
hot bin to distribute the dust throughout 
the bin to prevent dust slides. 

Cold Feed 

Feed No. 1 	2 	3 1 4 	5' 	6 1 7 1 8 	9 

Connents 85 	L 	L 	L 

(w) (3/16" (3/4" (1-1/2 
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PLANT CODE 8 

120 TPH Batch 

PLANT CODE 9 

PLANT CODE 10 

j: 200 TPH Batch 

Dryer: 96 in. x 34 ft Counterflow 

Aggregate: 

Coarse: Limestone 

Fine: 	Washed. natural sand 
Limestone stone sand 

Fuel: 260 diesel 

Exhaust Damper: Manual 

I1p: 180 TPH Batch 

Dryer: 	96 in. x 40 ft Center outlet 

Aggregate: 

Coarse: Limestone (base) 
Washed gravel (surface) 

Fine: 'Washed natural sand 
Limestone stone sand 

Fuel: #2 oil 

Fugitive Dust Return: Not applicable 
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Exhaust Damper: Manual 

Fugitive Dust Return: Not applicable 

Primary Collector: None 

Baghouse Collector: McCarter; installed 
when plant was moved to present 
location 

Dust Handling System: Closed 

Primary Dust Handling 

Not applicable. 

Baohouse Dust Handlin 

Material exits from the baghouse and 
enters a screw conveyor for return to the 
hot elevator. A second screw conveyor is 
used to waste the dust and purge the 
baghouse during dryer shutdown. The plant 
personnel emphasized the importance of 
synchronizing the baghouse return with the 
aggregate flow through the dryer. Hand 
signals and the batchman and a worker 
listening for the aggregate at the hot 
elevator were found effective when 
initially setting up the synchronization. 

Additional Comments 

To assist in combating dust slides, 
this plant utilizes the three hot-bin 
indicator approach and a cap over the No. 
1 hot bin to distribute the f.ine material. 
The plant also performs a sieve analysis 
of new shipments of aggregates to check 
un iformity. 

Cold Feed 

Feed 	No. 1 2 3 4151617 8 9 

Comments NS GR L 

<lii 

PLANT CODE 11 

Iy2: 300 TPH Batch 

Dryer: -108--in; x 30 f-t-Counterflow 

Aggregate: 

Coarse: Washed gravel 

Fine: Washed natural sand 

Other: Unwashed g-r-av-e4 f-er 
commercial work 

Fuel: Natural gas 

Exhaust Damper: Automatic 

Fugitive Dust Return: Before primary: 
hot elevator and weigh bo-x-; after 
primary: hot screens 

Primary Collector: 	Horizontal cyclone 

Baghouse Collector: 	Standard Havens; 
replaced wet system in 1977 

Dust Handling System: Closed 

Primary Dust Handling 

Dust exits from the collector by a 
screw conveyor. The material is then 
transported to a second main screw 
conveyor which returns the dust to the hot 
elevator. 

Baahouse Dust Handlin 

Dust exits from the baghouse through 
a rotary air lock and enters a pair of 
pants. One leg enters a small storage 
bin; the other leg leads to a screw 
conveyor which is used to waste the dust 
and purge the baghouse during dryer 
shutdown. From the storage bin, the dust 
is drawn by a second rotary air lock and 
enters a screw conveyor which transports 
the material to the main screw conveyor at 
the point where the primary dust is 
returned. This system permits all or part 
of the baghouse dust to be returned by an 
adjustable damper located at the pair of 
pants. Control of the cold feed material, 
however, permits all the dust to be 
returned. 

Additional Comments 

This plant •uses a three bin indicator 
approach to reduce the potential for dust 
slides. Also, the No. 1 hot bin has an 
offset to assist in distributing the fine 
dust throughout the bin. 

A drum mix plant utilizing a wet 
system was installed at the location and 
received most of the production. The 
batch plant, therefore, did not have 
sufficient production to accomplish the 
sampling program. 

Cold Feed 

Feed 	No. 1 2 3 4151617 8 9 

Comments NS 

(W) 

GR 

(W) 

GR 

(W) 

GR 

PLANT CODE 12 

!: 350 TPH Drum mix 

Dryer: 96 in.x--32 ft Parallel flow 

Aggregate: 

Coarse: Limestone, gravel or slag, 
depending on mix 
requirements 

Fine: Washed natural sand 

Exhaust Damper: Automatic 
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Fugitive Dust Return: Not applicable 

Primary Collector: 	Coating zone and 
knockout box 

Baghouse Collector: Standard Havens; 
installed with the plant 

Dust Handling System: Closed 

Primary Dust Handlin 

The dust return of the coating zone 
and the knockout box is an integral part 
of the process. 

Baghouse Dust Handling 

The dust exits from the baghouse 
through a rotary air lock and is 
pneumatically blown back into the drum. 
It is introduced at the point of the 
asphalt cement injection. The start-up 
and the shutdown of this system are 
interlocked with the asphalt cement 
injection. 

Additional Comments 

It was noted that during a- start-up 
with an empty drum, more dust is forwarded 
to the baghouse than is encountered during 
a continuous operation. This is due to 
the absence of the coating zone to scrub 
dust from the gas. 	The result is that the 
first material through the drum has less 
minus 200 material. To prevent this dust 
surge during a short shutdown, the drum is 
permitted to remain full. 

Because of the small amount of 
production, this plant was unable -to-
supply samples. 

Cold Feed 

Feed No. 1 2131415 161718  9 

Comments MS 1-1-1-1111-11  

*See additional comments. 

PLANT CODE 13 

jag: 300 TPH Batch 

Dryer: 108 in. x 36 ft Counterfiow 

Aggregate: 

Coarse: Crushed washed gravel 

Fine: Washed natural-sand 

Fuel: Natural gas 

Exhaust Damper: Automati 

Fugitive Dust Return: After primary 

Primary Collector: Multicone 

Baghouse Collector: McCarter; replaced 
wet system in 1971 

Dust Handling System: Open 

Primary Dust Handlin 

All dust exits through a rotary air 
lock and falls through a duct to the hot 
elevator. 

Baohouse Dust Handlin 

The dust exits from the baghouse 
through a rotary air lock and enters a 
pair of pants. An adjustable damper 
splits the dust into two fractions. One 
enters a screw conveyor for return to the 
hot elevator; the second part is wasted to 
a settling pond. During dryer shutdown, 
the damper is shifted to waste all the 
baghouse dust, which occurs during the 
baghouse purge. 

Additional Comments 

This plant has three hot-bin 
indicator levels. 	A mineral filler system 
at the plant adds mineral filler only 
during the production of a curb mix. 
Plant 13 uses aggregate from the same 
source as Plant 14. 

A contemplated change in the baghouse 
dust handling system is to tie it in with 
the existing mineral silo and return the 
baghouse dust to the weigh box. The 
advantages are seen to be control over the 
quantity of material returned and a 
cleaner batch tower. The contractor has 
not yet installed this system because the 
state specification requires that the dust 
must be returned to the hot elevator. 

Cold Feed 

Feed 	No. 1 2 1 	3 1 	4 516171819 

Comments NS NU GR GR 

(W) (C) (C) 

(W) (W) 

<1/2' <1" 

PLANT CODE 14 

]1p: 400 TPH Batch 

Dryer: 96 in. x 38 ft Parallel flow 

Aggregate: 

Coarse: Crushed washed gravel 

Fine: Washed natural sand 

Exhaust Damper: Manual 

Fugitive Dust--Re-turn:. Not--applicable 
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Primary Collector: Coating zone and 
	

Primary Dust Handlin 

knockout box 

Baghouse Collector: McCarter; installed 
with the plant 

Dust Handling System: Open 

Primary Dust Handling 

The dust return of the coating zone 
and the knockout. box is an integral part 
of the process. 

Baghouse Dust Handlin 

Two rotary air locks are located 
adjacent to each other at the end of the 
baghouse screw. The inside air lock draws 
material which is pneumatically 
transferred to the drum and discharged 
where the asphalt cement is injected. The 
second air lock handles material not drawn 
by the first. This material is wasted in 
the settling pond. Approximately 75 
percent of the dust collected in the 
baghouse is returned to the mix. 

Additional Comments 

This plant uses the same aggregate 
source as Plant 13. The asphalt cement 
introduction point is approximately 
halfway up the drum. 

Cold Feed 

Feed 	No. 1 2 3 4 1 	5 6 71819 

Comments NS NS GR GR 

(W) (W) (C) (C) 

(W) (W) 

<1/2" <1/2" 

PLANT CODE 15 

jp: 325 TPH Drum mix 

Dryer: 96 in. x 45 ft Center outlet and 
parallel flow 

Aggregate: 

Coarse: Limestone 

Fine: Washed natural sand 
Limestone screenings 

Exhaust Damper: Automatic 

Fugitive Dust Return: Not applicable 

Primary Collector: Coating zone, knockout 
box, single vertical cyclone 

Baghouse Collector: Astec; installed with 
the plant 

The dust return for the coating zone 
and the knockout box is an integral part 
of the process. The dust collected in the 
cyclone exits through a rotary air lock 
and falls into a storage silo. From this 
silo, which also stores the baghouse dust, 
the dust is fed through a variable-speed, 
rotary air lock, pneumatically blown to 
the drum, and introduced at a point where 
the asphalt cement is introduced (see 
additional comments). 

Baqhouse Dust Handlin 

The material exits from the baghouse 
through a rotary air lock and is 
pneumatically transported to the storage 
silo, where it is returned to the mix with 
the cyclone dust (see additional 
comments) 

Additional Comments 

This plant employs a unique exhaust 
outlet just prior to the point where the 
asphalt cement is introduced into the 
drum. Because the limestone used is not 
wasted and contains excessive fine 
material, a conventional drum mix plant is 
impractical. The purpose of the special 
exhaust outlet is to remove as much dust 
as possible through entrainment in the 
system gas. In essence, the radiation 
zone of this drum mix is similar to a 
batch plant dryer. As a consequence of 
the higher level of particulate emissions, 
compared with conventional drum mix 
dryers, a single vertical cyclone is used 
as a primary collector. 

For state surface mixes, no dust from 
the storage silo is returned to the drum. 
For commercial work, as much dust as 
possible is returned. 

Cold Feed 

Feed 	No. 1 2 1 	3 4 5 6 7 8191  

Comments NS 

(W) 

L 

5 

L 

<1/2' 

L 

<1" 

PLANT CODE 16 

Type: 195 TPH Drum 

Dryer: 96 in. x 26 ft Parallel flow 

Aggregate: See additional comments 

Fuel : Butane 

Exhaust Damper: Automatic 

Fugitive Dust Return: Not applicable 

Primary Collector: 	Coating zone and 
knockout box 

Baghouse Collector: Astec; installed with 
Dust Handling System: Open 
	

the plant 
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Dust Handling System: See additional 
comments 

Primary Dust Handlin 

The dust return for the coating zone 
and the knockout box is an integral part 
of the process. 

Baahouse Dust Handlin 

The dust exits from the baghouse 
through a rotary air lock and is 
pneumatically returned to the drum. The 
dust is introduced at the point where the 
asphalt cement is added. 

Additional Comments 

This plant had recently been 
purchased used and was experiencing 
operational problems because of 
unfamiliarity with the plant. 	First, the 
rotary air lock did not have sufficient 
capacity to adequately handle all the dust 

--being collected. The result was that the 
dust backed up into the baghouse, 
requiring a cleanout at the end of the 
day. Second, the pressure drop through 
the baghouse was abnormally high, causing 
incomplete combustion of the fuel. Dust 
that had been wasted the previous day 
showed fuel contamination. 

At the time of the site visit the 
plant was using a sand and a gravel. The 
plant was shortly moved thereafter to a 
site where a limestone would be used. 	The 
plant never attained sufficient production 
to supply baghouse samples. 

Cold Feed 

Feed No. 1 2 3 4 5 6 7 8 9 

Comments * * * * 

*See additional comments. 

PLANT CODE 17 

[p: 100 TPH Batch 

Dryer: 	Counterflow 

Aggregate: 

Coarse: Washed limestone (base and 
wearing) 
Washed granite (wearing) 

Fine: Washed limestone screenings 
Washed granite river sand 

Fuel: #4 oil 

Exhaust Damper: Automatic 

Fugitive Dust Return: Not applicable 

Primary Collector: None 

Baghouse Collector: Esstee; added-to the 
plant in 1976-77 

Dust Handlinq System: Closed 

Primary Dust Handling 

Not applicable. 

Baahouse Dust Handlin 

Dust exits from the baghouse through 
a flop gate and enters a screw conveyor 
which returns the dust to the hot 
elevator. At the time of the site visit, 
the plant was attempting to use washed 
screenings instead of a natural sand. The 
high haulage costs associated with natural 
sand provided the stimulus for this 
change. The plant set up its own washing 
system for the screenings, which reduced 
the minus 200 content from 12-14 percent 
to 6-7 percent. However, excessive fine 
material accumulated in the baghouse. To 
remove this material, the plant must 
occasionally shut down, draw the hot bins, 
and purge the baghouse. Consideration is 
being given to installing a second screw 
cQnveyor, which will be used to waste part 
of the dust during production and to waste 
material during the baghouse purge during 
shutdown. 

Additional Comments 

This plant uses a granite for the 
state wearing mixes. During sampling, 
granite occurred in sample 17-4. All the 
other samples were collected during 
production of mixes using limestone 
aggregates. 

Cold Feed 

Feed 	No. 1 2 3 1 	4 51617  8 9 

Comments L L L 

S <1/2' <3/4" 

(W) (W) (W) 

* * 

*See additional comments. 

PLANT CODE 18 

Type: 	300 TPH Batch - 

Dryer: 108 in. x 36 ft Counterflow 

Aggregate: 

Coarse: Washed granite 

Fine: Granite screenings 
Natural sand 

Fuel: #4 oil 

Exhaust Damper: Automatic 

Fugitive Dust Return: Not applicable 



Primary Collector: None 

Baghouse Collector: -McCarter; replaced a 
dual cyclone and wet system in 1977 

Dust Handling System: Closed 

Primary Dust Handlin 

Not applicable. 

Baghouse Dust Handling 

The dust exits from the baghouse and 
enters a pair of pants, but the waste leg 
is not used. The duct is transferred to 
the hot elevator by a screw conveyor. 

Additional Comments 

The plant personnel noted no changes, 
in the mix performance after the baghouse. 
The baghouse has provided an economic 
advantage to the plant. With the wet 
system a higher percentage of screenings 
had to be fed to the dryer •to compensate 
for the material lost to the settling 
pond. With the baghouse a closed system 
for material use was developed, balancing 
the cold feed with the production 
requirements. 

The hot bins have a cap to assist in 
distributing the fine material throughout 
the No. 1 hot bin. The plant also has 
high and low hot-bin indicators. 	The 
plant is interlocked, with the low 
indicator preventing batching when the 
bins are low. 

An operation reported to affect the 
dust was a change to a different fuel 
type. The plant had been using #2 oil and 
then switched to #4 oil. After the 
change, incomplete combustion occurred, 
resulting in contamination of the dust. 
The plant installed a preheater for the #4 
oil, which alleviated the problem. 

This plant did not achieve sufficient 
production to provide the baghouse 
samples. 

Cold Feed 

Feed 	No. 1 2 3 4 . 7 8 9 

Comments NS G G G G 

S <1/2' <3/4" <1-1/2" 

(W) (W) (W) 

PLANT CODE 19 

Type: Batch 

Dryer: 120 in. x 34 ft Counterflow 

Aggregate: 

Coarse: Washed granite 
Washed slate 
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Fine: Granite screenings 
Natural san.d 

Exhaust Damper: Automatic 

Fugitive Dust Return: After primary 

Primary Collector: horizontal cyclone 

Baghouse Collector: Astec; replaced a wet 
system in 1977 

Dust Handling System: Closed 

Primary Dust Handling 

Dust is removed from the horizontal 
cyclone by a screw conveyor and is 
deposited into a duct which returns it to 
the hot elevator. A flop gate is used 
within the duct to prevent any false air 
from entering the collector. 

Baghouse Dust Handling 

Dust exits from the baghouse through 
a rotary air lock and enters a screw 
conveyor for return to thehot elevator. 

Additional Comments 

At one time two other company plants 
returned baghouse dust pneumatically to 
the No. 1 hot bin. This method was 
abandoned in favor of the hot elevator 
return because it was believed that the 
blowers wore out prematurely. 

Cold Feed 

Feed No. 1 1 	2 1 	3 1 	4 5 6 7 8 9 

Con,iients SI S S S S SI G #5 65 

0/4 (W) <1I2 (6) S <3/4W 

(6) (6) (6) 

PLANT CODE 20 

250 TPH Batch 

Dryer: 100 in. x 36 ft Counterflow 

Aggregate: 

Coarse: Washed granite 

Fine: Granite screenings 
Natural sand 

Fuel : 	Natural gas 

Exhaust Damper: Manual 

Fugitive Dust Return: After primary 

Primary Collector: Single vertical 
cycl one 
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Baghouse Collector: Astec; replaced 
another baghouse in 1975-76 that was 
too small to handle the grain-
loading 

Dust Handling System: Closed 

Primary Dust Handlin 

The dust exits from the cyclone 
through a flop gate and flows through a 
duct to the hot elevator. 

Baghouse Dust Handling 

All dust exits from the baghouse 
through a flop gate, flows through a short 
duct, and enters the hot elevator. 

Additional Comments 

It was reported that the flight 
design was altered to raise the dryer 
exhaust temperature so that condensation 
would not occur in the baghouse. 

Co'd Feed 

Feed No. 1 2 3 1 	4 1 	5 6 1 	7 8 9 

Comments G G 5 95 NI 95 5 1 

(W) <3/ 4" <1/2 S 

(w) (4) 

PLANT CODE 21 

jp: 150 TPH Batch 

Dryer: 100 in. x 28 ft Counterflow 

Aggregate: 

Coarse: Washed limestone 

Fine: Washed limestone screenings 

Fuel: #6 oil 

Exhaust Damper: Automatic 

Fugitive Dust Return: After primary 

Primary Collector: Single vertical 
cyclone 

Baghouse Collector: Flex-Clean; added 
to plant in 1972 

Dust Handling System: Closed 

Primary Dust Handling 

Dust exits from the cyclone and falls 
through a duct to the hot elevator. 

Bacihouse Dust Handling 

The dust exists from the twin-hopper 
arrangement into a common screw conveyor. 
This conveyor leads to a second screw  

conveyor which returns the dust to the hot 
elevator. Originally a rotary air lock 
separated these two screw conveyors, but 
its capacity was insufficient to 
adequately move the material. 	As a 
result, material backed up into the 
baghouse. 

Additional Comments 

This plant is also equipped with a 
mineral filler silo. Occasionally, for 
state work, a mineral filler is needed to 
supplement the natural aggregate. 

During the plant visit, holes in the 
ductwork and the cyclone were observed. 
The effect was to reduce the volume of air 
flowing through the dryer. The plant was 
taken out of service for repairs and never 
sustained sufficient production to supply 
samples of baghouse dust. 

Cold Feed 

Feed 	No. 1 2 1 	3 4 5 6 7 8191  

Comments L L L L 

S S <1/2' <3/4" 

(W) (W) (W) (W) 

PLANT CODE 22 

]Iyp: 210 TPH Batch 
Ui7ir: 88 in. x 28 ft Counterflow 

Aggregate: 

Coarse: Granite 

Fine: Granite screenings 
Washed natural sand 

Fuel: Natural gas 

Exhaust Damper: Manual 

Fugitive Dust Return: Not applicable 

Primary Collector: None 

Baghouse Collector: Aero Pulse; replaced 
wet system in 1974 

Dust Handling System: Closed 

Primary Dust Handlin 

Not applicable. 

Baghouse Dust Handlin 

Dust exits from the baghouse screw 
through a flop gate and enters a duct 
which returns the dust to the hot 
elevator.  

Additional Comments 

The significant plant practice that 
was affected by the change to a baghouse 
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was reported to be the adjustment of the 
cold feed. With the wet system, the sand 
and screening feeds had to be adjusted to 
compensate for the material lost to the 
ponds. The baghouse installation 
eliminated the need for this adjustment. 

Dust slides were not reported to be 
problem. The small storage capacity of 
these bins may account for this fact. 

Cold Feed 

Feed 	No. 1 2 3 1 4 1 5 1 6  7 8 9 

Comments G NS 

(W) 

6 

S 

G G 

PLANT CODE 23 

]p: 550 TPH Batch 

Dryer: 120 in. Counterfiow 

Aggregate: 

Coarse: Granite 

Fine: Granite screenings 
Natural sand 

Exhaust Damper: Automatic 

Fugitive Dust Return: Unknown 

Primary Collector: 	Multicone 

Baghouse Collector: Micro-Pul; installed 
with the plant 

Dust Handling System: Closed 

Primary Dust Handling 

The dust exits the multicohe through 
a flop gate and enters a screw conveyor 
for return to the hot elevator. 	It was 
reported to be important to shut down the 
screw conveyor at the same time as the 
cold feed to prevent a buildup of dust in 
the No. 1 hot bin. 

Baghouse Dust Handling 

All dust exits from the baghouse 
screw conveyor into a second screw. This 
screw transports the material to a 
fluidizer which pneumatically transfers it 
to a storage silo. From the silo the 
necessary material is weighed on a 
separate scale and then added to the weigh 
box. 

Additional Comments 

It was reported that the baghouse 
dust constituted approximately 2 percent 
of the mix and that this percentage would 
increase as the multicone system wears. 
Hydrorn.eter anal.ysi.s of the .baghouse. dust. 
is irregularly performed as a measure of 
wear of the multicone collector. A second  

method is for the plant personnel to 
observe the level in the storage silo as 
recorded by bin indicators. If the dust 
level rises, then either the cold feed has 
excessive minus 200 content or the 
multicone has decreased in efficiency and 
the percentge of baghouse dust added to 
the mix must be increased. 

This plant uses three hot-bin 
indicators, and the aggregate level of the 
No. 1 hot bin is not permitted to fall 
below the low indicator to prevent a dust 
slide. 

A spitter conveyor is used to quickly 
transport the feed material away from the 
exhaust breeching, and a means of reducing 
the entrainment of. dust in the system gas. 
An expansion section is used in the 
exhaust breeching ductwork to keep the 
exhaust gas velocity to a minimum. 
Cold Feed 

Feed No. 1 2 1 3 1 4 1 5 1 	6 1 7 1 8 	9 

Coments 1 INS~ 66 	6 	G 

S 	<3/8" <3/8" <1/2" 	2.

J 	I 
 

PLANT CODE 24 

Type: 200 TPH Batch 

Dryer: Counterflow 

Aggregate: 

Coarse: Granite 

Fine: Granite screenings 
Natural sand 

Exhaust Damper: Automatic 

Fugitive Dust Return: Before primary 

Primary Collector: 	12-ft-diameter single 
vertical cyclone 

Baghouse Collector: Micro-Pul; replaced a 
wet system 

Dust Handling System: Closed 

Primary Dust Handling 

The dust exits from the cyclone 
through a flop gate and enters a screw 
feeder which returns the material to the 
hot elevator. 	It was reported that the 
screw must be shut down with the cold feed 
to prevent a buildup of dust in the No. 1 
hot bin. 

Baghouse Dust Handling 

The dust exits from the baghouse and 
enters a screw conveyor which transfers 
the dust to a pneumatic blower. This 
blower transports the dust to a storage 
silo. The dust is added to the weigh box 
as a separate component during batching. 

Additional Comments 

Approximately 1 to 1-1/2 percent of 
the mix is composed of baghouse dust. 
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analysis of the baghouse dust to monitor 
the efficiency of the primary collector. 

It was reported that after 
replacement of the wet system, the 
addition of baghouse dust resulted in a 
very slight increase in the optimum 
asphalt content. 

Cold Feed 

Feed 	No. 1 213 1 	4 5 6 7 8 9 

Comments G 

<1/2" 

G 

S 

NS G 

<3/8" 

PLANT CODE 25 

p: 240 TPH Batch 

Dryer: 96 in. x 30 ft Counterfiow 

Aggregate: 

Coarse: Granite 
Gravel 

Fine: Granite screenings 
Washed natural sand 

Fuel: #2 oil 

Exhaust Damper: Manual 

Fugitive Dust Return: After primary 

Primary Collector: 	12-ft-diameter, single 
vertical cyclone 

Baghouse Collector: Rees; installed with 
the plant 

Dust Handling System: Open 

Primary Dust Handling 

The dust exits from the collector 
through a flop gate and falls through a 
duct to the hot elevator. 

Baghouse Dust Handling 

This plant wastes all its baghouse 
dust to a settling pond (see additional 
comments) 

Additional Comments 

This plant was originally constructed 
to return all the baghouse dust to the hot 
elevator. However, it was soon discovered 
that the cleaning arrangement resuited in 
dust surges being fed to the elevator. 
Though the plant has a mineral filler silo 
system, it elected to waste the dust 
instead of tying into this system. 
Cold Feed 

Feed No. 	1 	2 	3 	4 	5 	6 	7 	8 	9 

Comments GR G 6 	6 	6 6 NS NS 

(3/8W <1_ <3/8W (1/2 <3/4 	S (6) (6) 

PLANT CODE 26 

].2: 400 TPH Batch 

Dryer: 108 in. x 36 ft Counterfiow 

Aggregate: 

Coarse: Washed granite 

Fine: Washed natural sand 
Unwashed natural sand 

Fuel: Natural gas 

Exhaust Damper: Automatic 

Fugitive Dust Return: After primary 

Primary Collector: Twin 100.-in. vertical 
cyci ones 

Baghouse Collector: Astec; replaced 
original baghouse 

Dust Handling System: Closed 

Primary Dust Handlin 

The dust exits from the cyclones 
through flop gates and enters a screw 
conveyor for return to the hot elevator. 
These cyclones are double-lined and are 
relined every year to maintain high 
efficiency. 

Baghouse Dust Handling 

The dust exits from the baghouse and. 
enters a screw conveyor. From there the 
dust may be diverted to the hot elevator, 
or it may enter a fluidizer where it is 
transferred to a storage silo.' From the 
silo, the dust is weighed into the weigh 
box as a separate component of the batch. 
The baghouse dust constitutes 
approximately 1 percent of the mix. The 
plant returns the baghouse dust through 
the silo system, keeping the hot elevator 
return as a backup should a mechanical 
breakdown occur in the silo return. To 
reduce the. likelihood of dust slides, high 
and low hot-bin indicators are used. 
Also, the plant,. installed a baffle 
arrangement along the incoming wall of the 
No. 1 hot bin. 

Cold Feed 

Feed No. 11 1 2  l I 	I I 	617 
9 

Comments INSIN5  INS G I G G 

t 

• (W)(W)I<3I8 I<1I2 I< 3 /4 I 
L 

• . 
(6) (6)1 

PLANT CODE 28 

Type: 200 TPH Batch 

Dryer: 84 in. x 24 ft Counterflow 
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Aggregate: 
	

Primary Collector: 	12-ft-diameter, 

Coarse: Granite 
	 single vertical cyclone 

Fine: Natural sand 
Granite screenings 

Fuel: Natural gas 

Exhaust Damper: Manual 

Fugitive Dust Return: After primary 

Primary Collector: 10-ft-diameter, 
single vertical cyclone 

Baghouse Collector: Western 
Precipitation; replaced a wet system 

Dust Handling System: Closed 

Primary Dust Handling 

The dust exits from the cyclone 
through a flop gate, falls through a duct, 
and is returned to the hot aggregate just 
prior to entering the hot elevator. 

Baqhouse Dust Handlin 

The dust exits from the baghouse 
through a rotary air lock and is 
transferred to a storage silo by a 
continuous blower. From the silo, the 
dust is moved by a screw conveyor to a 
filler elevator which transports it to a 
small surge bin in the batch tower. The 
baghouse dust is then weighed into the 
batch as a separate component, 
constituting approximately 0.75 percent of 
the mix. 

Additional Comment 

This filler silo was part of the 
plant prior to the baghouse installation. 
The plant operator elected to tie the 
baghouse into this weigh-box return method 
instead of to the hot elevator return. 	it 
was reported that no changes in mix 
performance were observed after the 
installation of the baghouse. 

Cold Feed 

Feed No. 	1 I 2 	3 	4 	5 1 6 	7 	8 	9 

Coments S JG 	6 6 55 

<3/4" <1/2 <3/8" S 

PLANT CODE 29 

ILp: 250 TPH Batch 

Dryer: 96 in. x 30 ft Counterflow 

Aggregate: 

Coarse: Granite 

Fine: Granite screenings 

Exhaust Damper: Manual 

Fugitive Dust Return: After primary  

Baghouse Collector: Western 
Precipitation; replaced a wet system 

Dust Handling System: Closed 

Primary Dust Handlin 

The dust exits from the cyclone 
through a flop gate, and falls through a 
duct which returns it to the hot 
elevator. 

Baqhouse Dust Handlin 

The dust exits from the baghouse 
through a rotary air lock and is 
transferred to a storage silo by a 
continuous blower. From the silo, the 
dust is moved by a screw conveyor to a 
filler elevator which transports it to a 
small surge bin in the batch tower. The 
baghouse dust is then weighed into the 
batch as a separate component, 
constituting approximately 0.75 percent of 
the mix. 

Additional Comments 

This filler silo was part of the 
plant prior to the baghouse installation. 
The plant operator elected to tie the 
baghouse into this weigh-box return method 
instead of to the hot elevator return. 	it 
was reported that no changes in mix 
performance were observed after the .  
installation of the baghouse. 

Cold Feed 

Feed 	No. 1 2 3 4 5 617 8 9 

CommentsGGG 

PLANT CODE 30 

Type: 600 TPH Batch 

Dryer: 126 in. x 30 ft Counterfiow 

Aggregate: 

Coarse: •Washed traprock 

Fine: Washed traprock stone sand 

Exhaust Damper: Manual 

Fugitive Dust Return: After primary 

Primary Collector: 14-ft-diameter, 
single vertical cyclone 

Baghouse Collector: W.A.G., Inc.; 
replaced a multicone and wet system 

Dust Handling System: Closed 



Feed 	No. 1 2 3 1 	4 516171819 

Comments I T I T 

<3/4" - <3/8" - <#4-0 <#4-0 
3/8 #4 

PLANT CODE 32 

[La: Drum mix 

Dryer: Parallel flow 

Aggregate: 

Coarse: Crushed siliceous gravel 

Fine: Screenings 
Natural sand 

Exhaust Damper: Unknown 

Fugitive Dust Return: Not applicable 

Primary Collector: Coating zone and 
knockout box 

Baghouse Collector: Installed with the 
plant 

Dust Handling System: Closed 

Primary Dust Handlin 
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Primary Dust Handlin 

The dust exits from the cyclone 
through double tipping valves and enters 
a screw conveyor for return to the hot 
elevator. 

Baghouse Dust Handling 

The dust exits from the baghouse and 
enters a screw conveyor for return to the 
hot elevator. The dust passes through a 
flop gate just prior to entering the 
elevator. 

Additional Comments 

in the drum adjacent to the asphalt 
cement introduction. 

Additional Comments 

Though originally scheduled to be 
visited, the plant had been moved to 
another site for a job and had not been 
returned as expected. ThUs, the plant 
'details were obtained, and the sampling 
'schedule arranged, by telephone. After 
the plant's return to its home base, a 
combination of low production and poor 
weather enabled the plant to obtain only 
three samples. 

Cold Feed 
There is a storage silo which could 

be used to return the baghouse dust to 
the weigh box; however, it is not 
utilized. 

It was observed that when the 
baghouse/cyclone system replaced the 
wet/multicone system, the minus 200 
content increased by approximately 1 
percent point. 

Cold Feed 

Feed 	No.I1 12 I 3 4 1 
CommentsT t 	T I 	T t SS <1/2" - <3/4"- 

1/2" 

PLANT CODE 31 

jp: Drum Mix 

Dryer: Parallel flow 

Aggregate: 

Coarse: Traprock 

Fine: 

Exhaust Damper: Unknown 

Fugitive Dust Return: Not applicable 

Primary Collector: Coating zone and 
knockout box 

Baghouse Collector: A'roPulse; installed 
with the plant 

Dust Handling System: Closed 

Primary Dust Handling 

The dust return of the coating—zone 
and knockout box is an integral part of 
the process. 

Baghouse Dust Handling 

The dust exits from the baghouse 
through a rotary air lock, where a 
cont1nuo'u's bicwer'returns it to a point 

The dust return of the coating zone 
and knockout box is an integral part of 
the process. 

Baghouse Dust Handling 

The dust exits from the baghouse 
through a rotary air lock, where a 
continuous blower returns it to a point in 
the drum adjacent to the asphalt cement 
introduction.- 

Additional Comments 

This plant was not visited. The 
plant details were obtained, and the 
sampling program arranged, by telephone. 
The plant never obtained sufficient 
production to coll-ec-t -t-he baghouse-dust 
samples. 
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Cold Feed 
	

Baghouse Collector: Barber-Greene; 
installed with the plant 

Feed No. 12345 67 89 

Comments * * * * 

*See additional comments. 

PLANT CODE 33 

j1.: 	Drum mix 

Dryer: Parallel flow 

Aggregate: 

Coarse: Crushed siliceous gravel 

Fine: 	Screenings 
Natural sand 

Exhaust Damper: Unknown 

'Fugitive Dust Return: Not applicable 

Primary Collector: 	Coating zone and 
knockout box  

Dust Handling System: Closed 

Primary Dust Handling 

The dust return of the coating zone 
and knockout box is an integral part of 
the process. 

Baghouse Dust Handling 

The dust exits from the baghouse 
thrOugh a rotary air lock, where a 
continuous blower returns it to a point 
in the drum adjacent to the asphalt 
cement introduction. 

Additional Comments 

This plant was not visited. The 
plant details were obtained, and the 
sampling program arranged, by telephone. 

Co'd Feed 

Feed No. 	1 	2 1 3 	4 	5 	6 	7 	8 	9 

Coeonents SR SR SR MS SR 

	

(3I4 <lI2 (3/8 	S 

APPENDIX C 

DOCUMENTATION OF PLANT OPERATING 
CONDITIONS DURING SAMPLING 

This appendix presents a concise 
summary of the plant operations as they 
existed during the collection of the 
baghouse samples. The dat,a for each plant 
include: aggregate and gas temperatures, 
burner and dryer operation, production 
rate, damper information, baghouse 
pressure drop, and mix type being 
produced. The air flow through the dryer 
was not documented because this 
information was not recorded in the 
plant. 

Some problems were encountered in the 
sampling program because of a drastically 
reduced work load in the plants i-n 1981 as 
compared with the 1980 paving season. 
Plan.t estimates of the extent of the 
reductions ranged between 30 and 60 
percent. Although 33 plants had agreed to 
participate in the study, only 27 were 
able to supply samples, and only 23 of 
these completed the sampling procedure. 

A second problem resulting from the 
reduced work load was the difficulty in 
obtaining five consecutive production days 
to perform the sampling. The nature of 
the paving industry often allows a plant  

to schedule production only one week in 
advance. 	Often the plant operator 'elected 
to delay sampling until production 
increased. 	A more continuous operation 
was required also if the sampling time was 
to be randomly selected. The net effect 
was a longer lag than expected bet"ween the 
plant visit and the receipt of the 
baghouse dusts. This, in turn, affected 
the testing schedule. Most plants were 
generally able to adhere to the random 
sampling -schedule discussed during the 
plant visit. Alterations included 
switching days to better fit in with the 
plant's production--operations. 1. 

For the most part, documentation of 
plant operations'was completed as - 
discussed during the plant visit. Plants 
23, 24, and 29 did not provide precise 
cold feed--information. Plants 2, 7, and 
15 provided no documentation because the 
booklet was misplaced during the sampling 
process. Despite these 
problems, sampling and documentation 
procedures produced adequate and useful 
data. 
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Plant 1 Plant 3 (ceetirund) 

1-1-A 310 310 40/70 250 - 200 Start-op 10D - Sand 1 83 20 34-0 	325 310 10) 260 - 	450 Contiwss 	100 - Bind 1 	54 45 
1-1-8 310 290 18/70 310 - 33 Cantinsojs 100 - Sand 1 83 20 3-4-0 	370 33) 100 265 - 	450 Coitionjo 	1(0 - Bind 1 	54 46 
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Plant 4 

1-S 310 310 60/70 280 - 150 Start-op 100 - Sand 1 83 20  

1-2 310 290 45/70 290 - 150 Contiaicus 100 - Sand 1 40 20 4-1 	315 310 66 425 - 	150 Rantistois 	- - Fear 1 	66 35 
1-3 310 310 10/50 28) - 190 Start/Stop 100 - Base 1 	50 35 15 4-2-A 	3)0 310 75 415 235 	250 Start-op 	- - 6/Sn 1 	40 35 30 
14 310 33 90/75 293 - 150 Start/Stop 100 - Fear 1 50 	35 15 4-2-8 	315 310 70 4(0 225 	175 Continows 	- - 6/On 1 	40 35 25 
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4-2-0 	325 315 50 425 225 	220 Contirwis 	- - 6/On 2 	60 10 30 - 

Plant 2 
4-2-0 	325 315 9 415 250 	175 Costironas 	- - W/On 2 	50 10 35 

Sb ckcurentatiai forwarabd 4-3 	325 310 50 425 225 	20D Cantirnoas 	- - 5/Ba 1 	40 33 30 
4-S 	33 315 66 415 23 	225 Start-op 	- - 6/Sal 	40 35 25 
4-4 	325 315 90 43 225 	240 Contirsous 	- - 6/65 1 	40 33 30 

Plant 3 4-5 	33 310 85 415 23 	175 Continsnas 

3-1 325 325 18) 250 - 450 Contiruws 183 - Bind 1 	54 46 

3-S 225 33) 18) 285 - 450 Start-up itt) - Bind 1 	54 46 Plant 5 
3-2 33 33 100 205 - 450 Contirnoas 10D - Bind 1 	54 46 

3-3 33 33 itt) 250 - 450 Continuous 10D - Bind 1 	54 45 5-S 	335 335 70 250 - 	200 Stort-ag, 	25 - Can 1 	5  20 60 20 35 
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Plant B 
Plant S (cartirued) 

6-1 320 33 2.5 390 - 100 Contirwjs 100 - 	Fear 1 401 50 
5-5-8 33 700 70 250 -. 28) Contirsoas 45 - cons 	150  60 	35 35 	70 

8-2 320 320 2.5 390 - 93 Start/Stop 140 - 	Fear 1 93 50 
5-5-C 325 335 30 275 - 23 Ccntrrxoas 45 - Can 6 	10 70 	Il) 35 	50 

8-3 315 315 2.2 38) - 60 Start/Stop 100 - 	Fear 1 60 50 
5-5-0 33 335 70 260 - 200 Contirsions 45 - Can 7 	10 70 	72 35 	50 

5.4 33 33 2.5 390 - 93 Start/Stop 100 - 	Fear 1 60 50 
5-5-6 3)5 330 60 225 - 200 Conthwas 40 - Coo 8 	10 25 	40 20 	50 

8-S 320 33 2.5 330 33 60 Start-op 140 - 	Fear 1 60 50 

8-5-A 350 320 2.5 390 - 70 Start/Stop 100 - 	Fear 1 60 50 

Plant 6 8-5-B 320 320 2.5 393 - 60 Start/Stop 100 - 	Fear 1 93 50 

8-5-C 320 33 2.5 390 - 93 Start/Stop 100 - 	Fear 1 60 50 
6-1 370 350 15 230 235 13 Start/Stop 1(0 - Fear 1 50 50 

8-5-0 350 320 2.5 390 - 70 Start/Stop 1135 - 	Fear 1 60 50 
6-2 370 33 15 23 23) 125, Start/Stop 1(0 - Fear 2 20 80 

8-5-0 320 33 2.5 390 - 70 Start/Stop 140 - 	Fear 1 60 50 
6-3 370 365 15 235 235 125 Start/Stop 140 - Fear 1 50 50 

6-4 370 365 15 235 230 13 Start/Stop 1(0 - Fear 1 50 50 

6-5 370 30/3 15 225 235 125 Start/Stop 100 - Fear 2 20 80 Plant 9 

6-4 370 380 22 270 30 13 Start-op 183 - Fear 3 45 	10 10 35  
9-1-A 350 340 65 185 - 190 Start-op SCan 4.0 	Base 1 50 50 

6-8 40) 360 20 275 240 125 ContirLoas 100 - Fear 3 45 	10 10 35 
918 8)) 340 65 210 - 190 Cartinonos SC 4.0 	Base 1 50 50 

6-C 390 390 35 275 265 13 Coetironos 100 - Fear 4 9) 	10 10 35 
9-1-C 350 335 40 183 - 193 Start/Stop IC 3.5 	Fear 1 16 45 	39 

6-0 375 355 18 285 265 125 Cortuwjs 100 - Fear 5 60 10 30 
91 33 300 70 200 - 19) Start/Stop SC 3.5 	Fear 1 16 45 	39 

6-6 300 350 18 255 225 125 Contir.cus 140 - Fear 5 60 10 30 
9-1-€ 350 335 70 210 - 193 Start/Stop IC 3.5 	Fear 1 16 45 	39 

9-2 700 300 75 220 - 19) - SC 3.5 	Fearl 16 45 	39 

Plant 7 9-S 350 340 65 200 - 19) Start-op IC 4.0 	Base 1 50 50 
No dxurentatim forxordnd 9-3 350 340 65 210 - 190 Cartiroanno IC 4.0 	Base 1 50 50 

9-4 350 340 60 2130 - - Stntirwas IC 3.5 	Fear 1 16 45 	30 

nl&nters far this plant rsprresert dial settings and not peroortags of total f. 9-5 350 335 45 	39  - - - 193 Start/Stop NC 3.5 	Fear 1 16 

xg&arte,.s for this plant ropreseit dial settings and not percentage of total f 
unIt = not dranged 
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P1801 10 Plant 13 (caitid) 

th-1-A 34) 335 3/1 - 160 - 13-3-A 350 350 93 335-33 275-335 275 Start- u, 50 2 Bled 1 40 20 40 
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13-3-C 
13-3.0 

350 
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350 
350 

53 
90 

3)3-33 
3)3-325 

275-350 
275-10 

275 
275 

Ca,tOuo,s 50 2 'Bled 1 40 20 40' 

10-1.0 390 30 3/5 ZBD - 193 Start/Step 	it - Base 1 32 50 13-3C 350 350 90 350-325 275-10 275 
Caitimasas 
COntiO80as 

53 

50 
2 
2 

Birni 1 
Bird 1 

4) 
40 

31) 
20 

40 
40 

10-1-6 335 320 3/1 293 - 160 Start/Step 	IC - Base 1 32 68 134 30 10 93 335-33 275-335 275 Continuous 50 2 War  1' 50 

10-2 33) 310 3/1 253 - 150 Start/Stop 	IC - Base 1 32 68 13-5 350 350 93 30-33 275-30 275 Coitintas 50 
, 

2 lear 1 50 50 

10-3 332 310 3/1 293 - 160 Start/Stq, 	IC - Base 1 32 68  

10-S 300 331) 3/1 85 - 150 Start-u, 	IC - Base 1 2 68 Plant 14 

10-4 331) 335 2.5/1 293 - 150 IC - Base 1 32 68  
68 '-l' 332 10 70 350 275 275 Stntiaoas 75 3 lear 1 25 25 3 25 

10-5 300 320 3/1 2011 - 160 Start/StopIC - Base 1 32 
14-2 3)) 33) 20 30 275 VS Canitlnanjs 75 3 War 1 3 3 3 25 
14-3-A 335 10 70 10 275 275 Start-u, 75 3 lear 1 25 3 3 25 

Plant 11 14-3-8 30 3180 70 3131 275 275 Ca,tln,oas 75 3 lear 1 25 3 25 3 
lb sanples fanandrd 14-3-C 335 310 70 30 275 275 Contiaso,s 75 3 lear 1 25 25 25 25 

14-3-0 335 33) 70 335 275 275 Centirooas 75 3 IOn - i 3 3 25 25 
Plant 12 , 14-3-6 30 332 70 335 275 275 Continuous 75 3 lear 1 25 23 25 25 

lb sarples fornerd 14-S 30 335 70 11) 275 275 Start-np 75 3 lear 1 3 3 25 25 
14-4 335 3)) 70 350 275 275 CcntOwas 75 3 lear 1 25 3 25 25 

Plant 13 14-5 30 30 70 3)) 275 275 Coetlnanas 75 3 lean- 1 25 25 25 25 

13-1 350 350 00 30-325 275-10 275 Cantirtu,s 	50 2, Biedl 40 20 	40 

13-5 10 350 9) 30-33 275-30D 275 Start-np 	53  2 Bird 1 40 20 	40  Plant 15 

:53-2 350 350 90 335-325 275-10 275 Continnesas 	50 2 Bled 1 40 20 	40 lb 

enarged  

Pgg. Press. Pgg. 
Pgg. Tarp Dryer Stack Caper (5-r.p Feed lb. Pgg.

Tap. 
Tarp. ts-yer Stad, Caper [lip Feed No. Sdrple Tarp. Fran &nro,r Edraxst End,aust Fred. Dryer 	Setting Bag- Mix S of Total Feed Sarple From Bnarr'er E.draust E,Jraust Prod. Dryer Setting Bag- Mix S of Total Feed NaL Set. Dryer Oitpet Tarp. Tarp. Rate (Do-. 	(5) lOuse Type 1 	' 	2 3 	4 	5 	6 7 	8 No. Set. Dryer (Stpet Tarp. Tarp. Rate q>er. (5) lOose Type 1 2 3 4 	5 	6 7 8 

Plant 16 	. Plant 19 (coetlnned) 
lb sarples fornarrd  

19-3-0 293 290 20 293 225 130 Contlnjoas 160 7 'Base 2 33 37 10 20 
Plant 17 

19-3-6 290 290 70 280 225 130 Start/Stop 18) 6 Base 2 33 37 10 20 19-S 290 310 40 30 275 18) Start-np 18) 7 Base 3 3) 40 10 20 
17-1 33) 335 25 205 260 95 Conttwas 	60 - Bind 1 48 24 	70 19-4 290 290 25 275 225 18) Cortlnnasas 160 7 Base 3 35 40 10 70 
17-2 335 33) 12.5 230 250 85 Coetinnasas 	75 - lear 1 60 40 19-5 290 293 3D 280 225 65 Start/Stop itO 7 Base 2 33 37 10 20 
17-S 350 250 50 270 30 00 Start-np 	75 - lear 1 60 40 
17-3 335 33) 25 270 250 00 Cartirwas 	75 - lear 1 60 40 ' 
17-4 30 310 30 33) 260 53  Start/Stop 	60 - lear 2 23 	23 27 	27 

Plant 20 

17-5-A 335 290 47 270 335 9) Start-np 	75 - Bird 2 53 5 	45 204 320 31)) 40 270 240 160 Start/Stop 150 9.5 lear 1 3) 70 40 
17-5-8 335 310 25 350 285 93 Contirwas 	18) - Bled 2 50 5 	45 31)-2 33) 310 93 275 255 150 Start-np 18) 9 lear 2 33 33 33 
17-5-C 10 275 35 245 250 93 CortInnasas 	75 - Bled 2 53 5 	45 20-2-8 310 295 60 310 285 170 Cotmnnasas 18) 9 lear 2 33 33 33 
17-5-0 3)) 330 35 200 255 9) Start/Stop 	75 - Bled 2 93 5 	45 20-2-C 310 295 53 275 200 193 Start/Stop 160 8.5 lear 3 33 33 33 
17-5-6 350 33 27 295 275 9) Start/Stop 	75 - Bind 2 50 5 	45 20-20 295 290 85 285 260 180 Catirwas 150 8.5 lOar 3 33 33 33 20-2-6 315 310 3) 23 220 193 Start/Stop 160 8.5 We 3 33 33 33 

Plant 18 
20-S 310 320 40 200 193 150 Start-np 18) 9 lear 3 33 33 33 

lb sarples fornarded 
20-3 310 295 50 275 260 193 Start/StStart/Stop 160 - lear 3 33 33 33 20-4 310 205 9) 320 260 060 Cantirwjs 10) 8.5 lear 4 45 25 35 20-5 315 290 40 275 23 19) Contimnnoas 160 8.5 Oar 5 40 35 3 Plant 19 

19-1 29) 331 25 275 23 310 Canti,wjs 	20 7 Base 1 35 	35 12 	18 Plant 21 
19-2 30 290 35 325 275 12 Start/Stop 	70 8 lear 1 30 45 	25 lb Saples Fornnard 
19-3-A 090 30 35 275 23 135 Start-np 	160 5 Base 2 33 	37 10 	20 
19-3-8 290 85 3 30 200 132 Castinnasas 	150 6 Base 2 33 	37 10 	20 
19-3-C 200 290 25 30 250 13) Bantinaanas 	150 5 Base 2 33 	37 10 	20 



APPENDIX 0 

DUST-ASPHALT VOLUME RELATIONSHIPS 

Dust and asphalt volume relationships 
have been used by many researchers in an 
attempt to define the behavior of dust-
asphalt systems. These systems are 
usually described as a two-phase system 
composed of asphalt and dust, as 
represented in Figure 0-1. 

Free 
Asphalt 

I 
I 

- W 

I I 	I 	I 

FR 
V 	J I 	

- 	

4v Fixed 
Asphalt 

I 
I

los 
Oust 

Solids 
WDS 

 

Pgg. Press. 
egg. Tarp. 0-yer Stadi (Seper (hop Feed No. 

Saiple Tarp. Fran Burner E,thaust Exhaxst Prod. (h-yer Setting Bag- Mix S of Total Feed 
lb. Set. lhyer Ojtput Tarp. Tarp. Rate Doer. (A) ibus.e Type 1 	2 3 4 	5 	6 	7 	8 

Plant 22 

22-1 300 300 45 325 - 170 Start/Stag 128 7.5 tSar 1 25 28 47 
22-2 335 Xl) 50 330 -  185 Cantinanus 150 6 Sear 1 25 28 47 
22-3 300 3M 45 375 - 13) Start/Slip 128 6 Sear 1 25 28 47 
22-4-A Xl) 300 35 335 - 145 Start-np 128 7 Sear 1 25 28 47 
22-48 Xl) Xl) 50 350 - 185 Start/Step 122 6 Sear 1 25 28 47 
224-C 325 310 45 320 - - Start/Step 100 6 Sear 1 25 28 47 
224-0 300 295 55 390 - 150 Continuous 150 6 Sear 1 25 28 47 
224-6 Xl) 331 45 310 - 130 Start/Step 190 6 Sear 1 25 28 47 
22-S 332 295 50 380 - 185 Start-Mi 13) 6.5 Sear 1 25 28 47 
22-5 Xl) 23) 45 390 - 190 Start/Step 100 7 Sear 1 25 28 47 

Plant 23 

23-1-4 375 320-350 24 220 200 275 Start-ip 75 0 1 
23-1-8 - - - - - - - 
23-1.0 - - - - - - 
23-1-0 - - - - -. - - 
23-1-6 - - - - - - - 
23-2 375 320-350 24 22D 23) Xl) Onitininis 75 0 1 
23-3 - - - - - 30D  - 
23-S - - - - - 275 - 
23-4 - - - - - vs - 
23-5 - - - - - - 
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V 	= Total volume 

VA 	= Volume of asphalt 

VOB 	= Bulk volume of compacted dust 

VDS 	= Volume of dust solids 

VAFR = Volume of "free" asphalts 

VAFX = Volume of "fixed" asphalts 

GA 	= Specific gravity of asphalt 

= Specific gravity of dust solids 

%VBD = Percentage bulk vQlume of 
compacted dust divided by total 
volume 

%VAFR = Percentage, volume of free 
asphalt divided by total volume 

0/A 	= Dust/asphalt ratio: volume of 
dust solids divided by volume of 
asphalt 

aDB 	= Bulk density of dust 

= Density c(f.. water 

p 	= Porosity of bed of powder 

WDS 	= Weigh'tof solids in "dust 

WA 	= Weight of asphalt 

W 	= Total weight 

Figure 0-1. Weight-volume relationships. 

It is useful to divide the asphalt 
twa dust-asphalt mixture into a 'fixed' 
and a free' part. The fixed part is 
defined as occupying the void volume that 
results when the powder is compacted or 
allowed to settle to some arbitrary 
density. 	This density may be determined 
from dry compaction or from a test 
procedure in which the dust is allowed to 
settle in a liquid. Free asphalt is 

defined as any asphalt in excess of the 
f-i-x-ed asphalt. The total asphalt volume, 
therefore, is the sum of the fixed and 
the free asphalt volumes. 

The following relationships are 
useful in describing the behavior of 
dust-asphalt systems: 



Porosity of compacted bed of powder, p 

PDB 
 
p= Void Volume 	x 100% = 	1 - 	 100% 	(0-1) 

Total Volume 	 P 
WGs 
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Porosity of compacted bed of powder, p 

PDB 
 

p= Void Volume 	x 100% = 	1 - 	 100% 	(0-1) 
Total Volume 	 P 

WGs 

Porosity of dust-asphalt system, p 

p 	 x 100% = 	 x 100% (0-2) 
p 	 x 100% = 	 x 100% (0-2) 

Total Volume of.  System 	 w 6A PW + DB WA 

Void ratio in compacted bed of powder, e 

e= Void Volume 	= 	G5 	
(0-3) 

Volume of Solids 	PDB 

Void ratio in dust-asphalt system, e 

e = Total Asphalt Volume = WA G5 
	

(D-4) 
Volume of Solids 	W5  GA 
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Porosity of compacted bed of powder, p 

PDB 
 

p= Void Volume 	x 100% = 	1 - 	 100% 	(0-1) 
Total Volume 	 P 

WGs 

Porosity of dust-asphalt system, p 

p 	 x 100% = 	 x 100% (0-2) 
Total Volume of.  System 	 w 6A PW + DB WA 

Void ratio in compacted bed of powder, e 

e= Void Volume 	= 	G5 	
(0-3) 

Volume of Solids 	PDB 

Void ratio in dust-asphalt system, e 

e = Total Asphalt Volume = WA G5 
	

(D-4) 
Volume of Solids 	W 5  GA 

Volumetric dust/asphalt ratio, 0/A 

	

0/A OS = A 05 	 (0-5) 

	

0/A OS = A 05 	 (0-5) 

VA 	GDSWA 

Total volume of dust/asphalt mixture, V 

V = G5 WA + 6A W0 	
(0-6) 

GA GDS ) 
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Porosity of compacted bed of powder, p 

PDB 
 

p= Void Volume 	x 100% = 	1 - 	 100% 	(0-1) 
Total Volume 	 P 

WGs 

Porosity of dust-asphalt system, p 

p 	 x 100% = 	 x 100% (0-2) 
Total Volume of.  System 	 w 6A PW + DB WA 

Void ratio in compacted bed of powder, e 

e= Void Volume 	= 	G5 	
(0-3) 

Volume of Solids 	PDB 

Void ratio in dust-asphalt system, e 

e = Total Asphalt Volume = WA G5 
	

(D-4) 
Volume of Solids 	W 5  GA 

Volumetric dust/asphalt ratio, 0/A 

	

0/A OS = A 05 	 (0-5) 

VA 	GDSWA 

Total volume of dust/asphalt mixture, V 

V = G5 WA + 6A W0 	
(0-6) 

GA GDS ) 

Bulk volume of dust expressed as percentage of total volume, %VDB 

%VDB 	
A 	 x 100% 	(D-7) 

%VDB 	
A 	 x 100% 	(D-7) 

- 	 £DB 	Gos WA + GA W05 

Volume of free asphalt, VAFR 

WA G5 DB - W05 GA  G5 W + WDS GA PDB 
VAFR - 
	 (0-8) 

GAGSPWPDB 

Volume of free asphalt expressed as a percentage of total volume, %VAFR 

WA G5  p08 - WDS GA G05 	+ WDS GA PDB 	x 100% 	(D-9) 
%VAFR = 

	 0B (Gs WA + GA W05) 

75 
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APPENDIX E. 

DATA COLLECTED ON DUST SAMPLES 

Plant no. 1 
Sample 	 S 1-A 1-B 1-C 1-D• 1-E 2 3 4* 5 
iz Type 	 SAND1 SAND1 SAND1 BIND1 SAND1 SAND1 SAND1 BASE1 WEAR1 WEAR1 

% Passing: 
No. .30 96. 99. 99. 99. 99. 99. 98. 98. 	99. 99. 

50 91. 	. 96. 96. 97. 97.. 97. 96. 93.. 	97. 97. 
200 35. 58.. 61. 64.. 71. 	. 64. 60. 44 	70. 68. 

Nicrons 50 93.. 90. 92.. 91.. 86. 93. . 	90. 92. 	95. 89. 
30 57.. 55. .51. 55. 40. 58. . 	52. 62. 	64. 58. 
20 	. 32. 30.. 26.. 33. 12. 34. 25. 39. 	38. 35. 
10 12.. 12. 10. 13. 6. 15. 8. 17. 	16. 15. 
5 5. 3. 3. 3. 1. 6. 2. 7. 	6.. 5. 
3 3. 2. 1. 	. 2. 4.. 4. 1. 4. 	3. 4. 
1 2. 1. 1. 2. 4. 3. 	2. 2. 

0.8 2. 2. 3. 	1. 2. 
0.6 2.. 2. 3. 	1. 2. 

Plasticity: 	PL,% 
LL.% 
P1,% NP NP NP NP NP NP NP 	NP NP 

pH 11.7 11.6 11.2 12. 11.5 11.5 11.6 	11.6 11.5 
Density: Dry-Vib,g/cm3 1.86 1.81 1.72 1.73 .  1.81  1.81 1.77 	1.73 1.75 

Polar,g/c.3 1.58 1.59 1.52 1.52 1.57 1.56 1.61 	1.52 1.50 
Non-Polar,g/ca3 1.47 1.52 1.43 1.39 1.47 1.52 1.47 	1.43 1.43 

Noisture: 	Initial,% 3.8 3.4 4.1 3.9 4.2 4.1 3.3 	3.2 3.7 
Final,% 3.8 3.6 4.6 3.9 14.1; 4.2 3.7 	4. 14•3 

SpecificGravity . 2.78 

SP•P Vis,P,140P I  Air Perm: Surface Area,a2/g 0.17 
I 	Asphalt A 	P/A 	0.2 123.0 . 3944.0 Avg Size,microns 13.1 
I 	 . 	0.4 130.0 7858.0 I Density,g/cm3 1.82 

.1 	Asphalt B 	F/A 	0.2 124.0 3124.0 I Nixing: Ball Point,g 57 
I 	 0.14 
I 

129.0 6976.0 I 
I 

Crumble Point,g 79 

* - Sample used in limited testing 



Plant no. 2 
Sample 
Nix Type 
% Passing: 

No. 30 
50 

200 
Nicrons 50 

30 
20 
10 

5 
'3 

0.8 
0.6 

Plasticity: 	PL.% 
LL.% 
PI,% 

pH 
Density: Dry-Vib,g/cm3 

Polar, g/cm 3 
Non-Polar,g/cm3 

Moisture: 	Initial,% 
Pinal,% 

Specific Gravity 

2* 

99. 98. 98.. 99. 

	

91. 	85. 	88. 	92.. 
67.. 57. 61. 69. 
96. 96. 96.. 97. 
81., 81. 83. 81. 
67. 67. 69. 66. 
42.. 43. 44. 41. 

	

22. 	22. 	25. 	22. 

	

13. 	114. 	14.. 	13. 

	

3. 	3. 	5. 	5. 

	

1. 	1. 	3. 	3.. 

	

0 	0 	1., 	1. 

	

NP 	NP 	NP 
11.3 11.1 11..3 
1.67 1.65 1.57 
1.52 1.57 1.47 
1.17 1.17 1.11 

	

0.4 	0.5 	0.5 

	

0.8 	0.5 	0.5 
2.622 
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I 
SP,F Vis,P,140F 	I  

I 
Air Pen: Surface Area,m2/g 

I 
0.53 	I 

Asphalt A 	F/A 	0.2 122.0 4051.0 I 	Avg Size,microns 14.3 	I 
0.4 128.0 8318.0 	I Density,g/cm3 .1.82 	I 

I 	Asphalt B 	F/A 	0.2 122.5 3430.0 	1 Mixing: 	Ball Point,g 60 
0.4 

I 
128.0 

------------------------------------------------------------------------------------ 
6546.0 

I 
1 	 Crumble Point,g 78 

I 

* - Sample used in limited testing 

Plant no. 3 
Sample 
Mix Type 

Passing: 
No. 30 

50 
200 

Microns 50 
30 
20 
10 

5 

0.8 
0.6 

Plasticity: 	PL,% 

PI,% 
pH 
Density: Dry-Vib,g/c53 

Polar, g/cni3 
Non-Polar, g/cm3 

Moisture: 	Initial,% 
Final,% 

Specific Gravity 

S 1 2 3 4-A 4-B* 4-C 4-D 14-F 5 
BIND1 BIND1 BIND2 BIND3 SAND1 SAND1 BIND1 BIND1 BIND1 BIND1 

100. 100. 100. 	. 100. 100. 100. 100. 100. 100. 100.... 
100. 99. 100. 100, 99. 100. 100. 100. 100. . 100. 
93. 87. 93. 89. 89. 	.. 92. 93. 88. 92. 91.. 
98. 98. 98. 99. . 98. 100. 98. 97. 99. . 98. 
91. 91. 91. 	. 90. 89. 94. 90. 88. 90. 90.. 
79. 80. 79. 78. 76. 85. 77. 75. 78. 78. 
52. 56. 52. 51. 51. 59. 50. 48. 51. 51. 
28. 32. 31. 27. 26. 35. 25. 29. 30. 28., 
19. 20. 19. 18. 16. 21. 23. 16. 18. , 17. 

8. 9. 10. 1 7. 5. 8. 4. 8. 7. 10. 
6 . 8. 6. 6. 4. 6. 3. 6. 5. 6. 
4. 5. 5. 3. 5. 3. 5. 

23. 25. 24. 28. 25. 28. 25. 26. .. 22. 
25. 27. 25. 29. 29. 29. 26. 28. 27. 
2. 2. 	. 1. 1. 14. 1. 1.. 2.. 5. 

8.3 8.7 7.9 7.8 7.7 8. 8.4 8.14 8.1 
0.98 0.92 1.02 0.98 0.9 0.98 0.98 0.94 0.98 
0.98 0.95 1.04 .1.02 0.97 1. 1. 0.97 0.98 
0.9 0.87 0.9 0.9 0.8 0.84 0.88 0.84 0.85 
0.4 0.3 0.3 0.5 0.4 0.6 0.3 0.3 0.6 

1 0.9 0.9 1... 1.2 1.' 0.9 1.1 1. 
2.855 

I 	 I 	 . 	 I 
I 	 SP,F 	Vis,P,1-140F I Air Perm: Surface Area,tn2/g 	1.145 I 
I Asphalt A F/A 0.2 	 Avg Size,microfls 	1.14 
I 	 0.4 	 I 	 Density,g/Cm13 1.58 I 
I Asphalt B F/A 0.2 	 . 	I Mixing: 	Ball Point,g 	38 
I 	 0.4 	 Crumble Point,g 	50 I 
I 	 I 	 I 
------------------------------------------------------------------------------------ 

$ - Sample used in limited testing 
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Plant qo. 	14 
Sample 	 S 	1 	2-A 2-8* 2-C 2-0 2-E 3 	14 	5 
Nix Type 	 W/CM1 WEAR1 W/BN1 W/CN1 W/BN1 W/CN2 W/CM2 W/BN1 W/BN1 W/CN 
% Passing: 

No. 30 100. 100. 100. 100. 100. 100. 100. 100. 100. 100. 
50 100. 100. 100. 100. 100. 100. 100. 100. 100. 100. 

	

200 	87. 	93. 	93. 	96. 	93. 	95. 	93. 	91. 	94. 	94 

	

Microns 50 	97. 100. 	99. 	98. 	98. 	99. 	98. 	98. 	100. 	100. 

	

30 	91. 	94• 	92. 	91. 	91. 	92. 	92. 	92. 	94. 	94. 

	

20 	82. 	86. 	82. 	81. 	80. 	81. 	83. 	82. 	83. 	84. 

	

10 	5. 	61. 	55. 	52. 	51. 	56. 	56. 	57. 	85. 	57. 

	

5 	31. 	36. 	29. 	27. 	26. 	30. 	31. 	31. 	32. 	33. 

	

3 	20. 	20. 	17. 	15. 	14. 	17. 	19. 	19. 	19. 	20. 

	

1 	9. 	9. 	5. 	3. 	4. 	2. 	10. 	6. 	8. 	10. 

	

0.8 	7. 	5. 	4. 	2. 	 7. 	7. 

	

0.6 	5. 	 4. 	 6. 	6. 
Plasticity: 	PL,% 	26. 	26. 	25. 	23. 	27. 	24. 	214. 	24. 	23. 

	

LL,% 	27. 	28. 	28. 	27. 	29. 	27. 	26. 	28. 	28. 

	

PI,% 	 1. 	2. 	3. 	4. 	2. 	3. 	2. 	4. 	4. 
p11 	 9.2 	9.1 	9.2 	9.3 	9.3 	9.2 	9.2 	9.1 	9.1 

	

Density: Dry-Vib,g/cm3 	1.10 1.10 1.18 1.17 1.18 1.08 1.09 1.16 	1.0 

	

Polar,q/cm3 	1.19 1.19 1.19 1.17 1.14 1.14 1.14 1.12 1.09 

	

Non-Polar,g/cm3 	0.82 0.88 0.96 0.95 0.92 0.92 0.76 0.88 0.83 
Moisture: 	Initial,% 	 1. 	0.14 	0.9 	0.4 	0.7 	0.9 	0.6 	0.9 	0.8 

	

Final,' 	 2.9 	3. 	2.9 	2.8 	2.9 	2.9 	2.8 	2.7 	3.1 
Specific Gravity 	 2.873 

I 	 I 	 I 
SP,F 	Vis,P,140F I Air Perm: Surface Area,m2/g 	0.77 I 

I Asphalt A F/A 0.2 	 Avg Size,microns 	2.7 
I 	 0.4 	 I 	 Density,g/cm3 1.49 I 

	

Asphalt B F/A 0.2 	 Mixing: 	Ball Point,g 	39 I 

	

0.14 	 I 	 Crumble Point,g 	50 I 
I 	 I 	 I 

* - Sample used in limited testing 

Plant no. 5 
Sample 	 S 	1 	2 	3 	14 	5-A 5-B 5-CS 5-0 5-E 
Mix Type 	 CON1 COM1 CON1 . COM2 COM3 CON4 CONS CON6 COM7 COM8 
% Passing: 

100. 100. 100. 100. 100. 100. 100. 100. 100. 100. 
100. 100. 100. 100. 100. 100. 100. 100. 100. 100. 
100. 100. 100. 100. 100. 100. 100. 100. 100. 100. 
99. 99. 99. 99. 99. 99.. 99. 100. 99. 100. 
99. .99. 99. 99. 99. 99. 99. 99. 98. 100. 

	

95. 	96. 	914. 	95. 	95. 	95. 	95. 	95. 	95. 	97. 

	

73. 	76. 	71. 	72. 	74. 	70. 	72. 	72. 	71. 	76. 

	

42. 	146. 	140. 	42. 	41. 	38. 	41. 	40, 	39. 	42. 

	

26. 	30. 	23. 	25. 	24. 	23. 	24. 	24. 	22. 	26. 

	

7. 	10. 	6. 	7. 	7. 	4 	6. 	7. 	5. 	8. 

	

5. 	7. 	4. 	 5. 	3. 	5. 	5. 	3. 	6. 

	

3. 	3. 	3. 	 4 	2. 	3. 	3. 	2. 	4. 

	

39. 	34. 	38. 	37. 	38. 	38. 	37. 	37. 	36. 

	

41. 	39. 	42. 	39. 	39. 	39. 	38. 	38. 	39. 

	

2. 	4. 	3. 	2. 	1. 	1. 	1. 	1. 	3. 
9.8 9.9 10. 9.3 9.8 9.3 10.. 10.1 9.3 
0.75 0.75 0.74 0.73 0.73 0.72 0.72 0.76 0.76 
0.75 0.79 0.78 0.7 0.75 0.7 0.73 0.74 0.74 
0.73 0.71 0.62 0.73 0.64 0.66 0.66 0.69 0.68 

	

0.7 	0.7 	0.8 	0.8 	0.5 	0.7 	1.2 	0.7 	0.8 

	

1.8 	2. 	1.8 	2. 	1.4 	2. 	2.1 	1.8 	2.1 
2.781 

No. 30 
50 
200 

Microns 50 
30 
20 
10 
5 
3 

0.8 
0.6 

Plasticity: 	PL, % 
LL, '! 
P1, % 

pH 
Density: Dry-Vib,q/cal3 

Polar,g/cm3 
Non-Polar,q/cni3 

Moisture: 	Initial,% 
F.inal,% 

Specific Gravity 

I SP,F Vis,P,140F 	I Air Perrn: Surface Area,m2/g 1.614 	I 
I 	Asphalt A 	F/A 	0.2 127.0 6510.0 	I Avg Size,microns 1.3 
I 	 0.4 150.0 44580.0 I 	 Density,g/cm3 1.32 	I 
I 	Asphalt B 	F/A 	0.2 128.0 5230.0 	I Mixing: 	Ball Point,g 28 	I 
I 	 0.14 
I 

151.0 

------------------------------------------------------------------------------------ 

42830.0 I 	 Crumble Point,g 
I 

37I 
I 

* - Sample used in limited testing 



79 

Plant no. 6 
Sample 	 S 	1 	2' 	3* 	4 	5 	A 	B 	C 	D 
Nix Type 	 9EAR5 WEAR I WEAR2 WEAR 1 WEAR1 WEAR2 WEAR3 WEAR3 WEARI4 WEAR 
% Passing: 

	

No. 30 	99. 	99. 	99.. 	99. 	99. 	99. 	99. 	99. 	99. 	99. 

	

50 	96. 	95. 	94. 	93. 	94. 	95 	93. 	95. 	94. 	94. 

	

200 	47. 	39. 	46. 	146. 	37. 	44. 	43. 	44. 	44. 	40. 

	

Microns 50 	92. 	92. 	93. 	93. 	90. 	94. 	95. 	96. 	88. 	91. 

	

30 	70. 	72. 	73. 	74. 	67. 	75. 	74. 	78. 	64. 	66. 

	

20 	51. 	55. 	55. 	60. 	48. 	57. 	55. 	61. 	147• 	47. 

	

10 	24. 	28.' 	26. 	32. 	24. 	31. 	28. 	31. 	23. 	21. 

	

5 	7. 	9. 	8. 	12. 	6. 	12. 	10. 	11. 	7. 	5. 

	

3 	1. 	3. 	2. 	5.. 	1. 	6. 	4. 	4. 	2. 	0. 

	

1 	 . 	0. 
0.8 
0.6 

Plasticity: 	PL,% 
LL,% 

	

P1,% 	NP 	NP 	NP 	NP 	NP 	NP 	NP 	NP 	NP 	NP 
p8 	 5.8 	5.4 	5.7 	5•14 	5.4 	5.5 	5.7 	5.8 	5.6 	5.6 
Density: Dry-Vib,g/cm3 1.71 1.75 1.75 1.71 .1.79 1.74 1.74 1.69 1.72 1.70 

Polar,g/cw3 1.26 1.35 1.38 1.35 1.43 1.29 1.37 1.32 1.32 1.25 
Non-Polar,g/cm3 1.22 1.28 1.28 1.22 1.32 1.21 1.25 1.19 1.19 1.22 

Moisture: Initial,% 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.2 
Final,S 0.2 0.5' 0.5 0.5 0.4 0.4 0.2 0.2 0.2 0.2 

'Specific Gravity 	 2.655 

I 	 SP,P 	Vis,P,140P 	Air Pera: Surface Area,a2/g 	0.16 

	

Asphalt A F/A 0.2 	123.0 	55614.0 	I 	 Avg Size,uiicrons 	14.6 

	

0.4 	129.5 	9731.0 	I 	' 	Density,g/cm3 	1.77 

	

Asphalt B F/A 0.2 	123.5 	3564.0 	I Mixing: 	Ball Point,g 	, 48 

	

0.4 	130.0 	7644.0 	I 	 Crumble Point,g 	72 

------------------------------------------------------------------------------------

* - Sample used in limited testing 

Plant no. 7 
Sample 	 S 	1 	2 	3-A 3,-B 3-C 3-fl* 3-E 4 	5 
Mix Type 
S Passing: 

No. 30 100. 100. 100. 100. 100. 100. .100. 100.. 100. 100. 
50 100. 100. 100. 100. 100. 100. 100. 100.. 99. 99. 

	

200 	100. 	100. 	100. 	100. 	100. , 100. 	100. 	100. 	98. 	98. 

	

Microns 50 	99. 	100. 	100.. 98. 	100. 	100. 100. 	99. 	100. 

	

30 	97. 	98. 	98. 	98. 	97. 	97. 	98. 	96. 	98. 

	

20 89. 91. 91. 95. 90. 	91. 91... 89. 91. 

	

10 	63. 	64. 	64. 	64. 	62.. 	65. 	65. 	61. 	65. 

	

5 	33. 	35. 	35. 	36. 	35. 	35. 	36. 	34. 	36. 

	

3 19. 21.. 22. 22. 22. 	21. 23. 21. 23. 

	

1 	4. 	7. 	7. 	8. 	7. 	 7. 	8. 	7. 	10. 

	

0.8 	2. 	6. 	5.. 	6. 	6. 	 5. 	6. 	5. 	8. 

	

0.6 	1. 	4. 	3. 	4. 	4• 	 4. 	5. 	, 0 	6. 
Plasticity: 	PL,% 	29. 	30. 	30. 	32. 	32. 	32. 	30. 	30. 	33. 

	

LL,% 	33. 	35. 	33. 	35. 	34. 	33. 	34. 	33. 	34. 

	

P1,5 	 4. 	14• 	4. 	3. 	2. 	2. 	4. 	3. . 	2. 
p8 	 11.8 11.3 11. 11.1 	11.1 11.1 10.9 11.1 

	

Density: Dry-Vib,g/cm3 	0.97 0.96 1.01  0.98 	0.98 0.99 	1. 0.97 

	

Polar,g/cm3 	0.96 0.91 0.96 1.05 	0.89 0.9 1.17 0.94' 

	

t4on-Polar,g/cm3 	0.71 0.71 0.78 0.72 	0.77 0.8 0.75 0.73 

	

Moisture: Initial,% 	0.6 0.6 0.6 0.4 	0.5 0.6 0.5 0.6 

	

Final,% 	1.8 	1.9 	2. 	2.1 	1.9 	.2. 	1.8 	1.7 
Specific Gravity 	 2.864 

I SP,F Vis,P,140F 	I Air Perm: Surface Area,-m2/g 1.48 	I 
I 	Asphalt A F/P. 	0.2 127.0 6638.0 Avg Size,microns 1.4 
I 0.4 148.0 41890.0 Density,g/cm3 1.39 	I 
I 	Asphalt B F/A 	0.2 127.0 5298.0 	I Mixing: 	Ball Point,g 28 
I 0.4 148.0 34560.0 	I Crumble Point,g 36 	I 

* - Sample used' in' limited testing 

------------------------------------------------------------------------------- 



Plant no. 8 
Sample 	 S 	1 	2 	3 	4 	5-A 5-B 5-C* 5-D 5-E 
Mix Type 	 WEAR1 WEAR1 WEAR1 WEAR1 WEAR1 WEAR1 WEAR1 WEAR1 WEAR1 WEAR1 
% Passing: 

No. 30 100. 100. 100. 100. 100. 100. 100. 100.1 100. 100. 

	

50 	97. 	90. 	91. . 	95. . 	92. 	99. 	99. 	99. 	98.. 	96. 

	

200 	76. 	33. 	32. . 55. 	33.. 	90. 	88. 	76. 	71. 	55. 

	

Microns 50 	98. 	96. 	94. 	94. 	90. 	97. 	99.. 98... 98. 	96. 

	

30 	82. 	80. 	75. 	75. 	72. 	88. 	91. 	89. 	85. 	83. 
20 68. 63. 57. 57. 55. 76. 77. 74. 69. 67. 

	

10 	41. 	35. 	31. 	30. 	30. 	48. 	48. 	144. 	41. 	38. 

	

5 	19. 	14. 	12. 	12. 	12. 	23. . 23. 	19. 	17.. . 16. 

	

3 	12. 	7. 	6. 	6. 	5. 	12. 	12. 	11. 	8. 	8. 

	

1 	3.. 	2. 	2. 	2. 	1. 	2. 	2.. 	4... 	1.. 	2. 

	

0.8 	2. 	1. 	 1. 	1. . 	1. . 	2. 	 1. 
0.6 . 	1. 	1. 	 1. . 	1. 	:1. 	 1. 

Plasticity: 	PL,% 
LL.% 

	

PI,% 	NP 	NP 	NP 	NP 	NP 	NP 	NP 	NP 	NP 	. NP 
pH 	 12.3 12.3 12.4 12.2 12.14 12.4 12.8 .12.6 12.3 

	

Density: Dry-Vib,g/cm3 	. 1.71 1.72 	1.4 1.46 0.97 	1. .1.01 	1.1 .1.34 

	

Polar,q/cm3 	1.39 1.39 1.25 1.32 1.73 1.13 1.39 .0.98 1.22 

	

Non-Polar,g/cm3 	1.32 1.32 1.19 1.32 0.85 0.88 .0.96 0.98 1.11 
Moisture: 	Initial,% 	 0. 	0.1 	0.2 	0.2 	0.1 	0. 	0.2 	0.1 	0.1 

	

Final,% 	0.5 	0.6 	0.7 	0.6 	1. 	1. . 1.2 	1. 	0.8 
Specific Gravity 	 2.69 

SP,F 	Vis,P,140F I Air Perm: Surface Area,m2/g 	0.98 I 
I Asphalt A F/A 0.2 	 3 	 Avg Size,Bicrons 	2.3 I 
I 	 0.4 	 I 	 Density,g/cr3 1.51 I 

	

Asphalt.B F/A 0.2 	 I Mixing: 	Ball Point,g 	41 I 

	

0.4 	 I 	 Crumble Point,g 	55 I 
I 	 I 	 I 

* - Sample used in limited testing 

Plant no. 9 
Sample S 1-A 1-8 1-C 1-D 1-E* 2 3 	4 5 
Nix Type EASEl BASE1 BASE1 WE.A81 WEAR1 WEAR1 WEAR1 	BASE1.-WEAR1 WEARI 
% Passing: 

No. 	30 99. 99. 99. 100. 99. 100. 100. 99. 	100. 100. 
50 93.  93.  93.  94. 93. 	94 94• 

200 54. 52. 51. 37. 42. 47. 37.. 54. 	45. 49. 
Microns 50 95.  93. 91$. 90. 91. 95. 93. 	93. 95. 

30 79. 75. 73. 70. 67. 68. 76. . 	75. 	70. 7.. 
20 64. 61. 57. 55. 52. 52. 60. 60. 	55. 62. 
10 42. 40. 37. 35. 33. 30. 38. 40. 	34. 37. 
5 24. 23. 19. 19. 16. 15. 20. 20. 	18. 19. 
3 16. 16. 13. 12. 10. 8. 13. 14. 	11. 11.. 
1 8. 8. 7. 5. 5. 4. 6. 8. 	6. 5. 

0.8 6. 6. 5. 3. .3. 2. 4. 6. 	4. 4. 
0.6 4. 5. 4. 2. 2. 1. 3 5. 	3. 3. 

Plasticity: 	PL,% 

PI,% NP NP NP NP NP NP NP NP 	NP NP 
pH 11.8 12.. 11.9 12. 12.1. 12.2 12.2 	12.4 12.3 
Density: 	Dry-Vib,g/cin3 1.72 1.73 1.81 1.76 1.75 1.81 1.69 	177 1.71 

Polar,q/cm3 1.43 1.39 1.43 1.43 1.143 1.39 1.43 	1,52 1.39 
Non-Polar,g/cni3 1.25 1.25 1.32 1.28 1.28 1.36 1.22 	1.25 1.22 

Moisture: 	Initial, 0.2 0.3 0.2 0.1 0. 0.1 0.2 	0.2 0.2 
Final,% 0.7 0.8 0.5 0.5 0.6 0.5 0.7 	0.7 0.5 

Specific Gravity 2.578 2.583 

I 
I SP,F 

I 
Vis,P,I40F I Air Perm: Surface 

. 

Area,m2/g 0.25 	3 
.1 	Asphalt A 	F/A 	0.2 122.0 3694.0 Avg Size,microns 9.1. 

0.4 129.0 7035.0 Density,g/cm3 1.82 
I 	Asphalt B 	F/A 	0.2 122.5 33142.0 . Mixing: Ball Point,q 58 	.3 

0.4 
I 	 . 

129.0 5654.0 
I 

Crumble Point,g 81 

* - Sample used in limited testing 

80 



81 

S 1-A 1-B 1-C 1-D. 1-E 2 3 14 5 

99. 99. 100. 100. 100. 100. 100. 100. 100. 100. 
89. 95. 96. 96. 98. 	.. 96. 96. 95. . 96. 97. 
45. 614. 66. 56. 65. . 514•  48. 61. 514•   
92. , 88. 90. 86. 85. 90. 91. 93... 90. 87. 
75. '70. 70. 67. 64. 70. 71$. 76. 72.. 68. 
62. 58. 57., 52., 51.. 56. 61. 63.   
43. 40., 37. 34. 31. 36. 42. 43. 35. 36.' 
25. . 23. 20. 18. 17. 20. 24. 27. 18. 17. 
17. 15. 13. 11. 10. 12. 14. 18. 10. 9. 
7.. 9. 5. 5. 5. 4. 6. 10... 1., 2. 
6. 8. L$ •  5. 5. 4. 6. 9 1. 1. 
5. 8. 4. 4. 4. 3. 5. . 	8. 1.. 1. 

Plant no. IS 
Sample 
Nix Type 
¶ Passing: 

No. 30 
50 
200 

Microns 50 
30 
20 
10 
5 

0.8 
0.6 

Plasticity: 	PL,% 

P1,% 
p!1 
Density: Dry-Vib,g/cm3 

Polar, g/cm3 
Non-Polar, q/cm3 

Moisture: ' Initial,% 
Final,% 

Specific Gravity 

I 	' 	 SP,P 	Vis,P,140F I  Air Perm: Surface Area,m2/g 
I Asphalt A F/A 0.2 	 4 	 Avg Size,microns 
I 	 0.4 	 I 	 Density,g/cm3 	I 
I Asphalt B F/A 0.2 	 I Mixing: 	. 	Ball Point,g 	I 

	

0.4 	 . 	 g 	 Crumble Point,g 	I 

-----------------------------------------------------------------------------------

* - Sample used in limited testing 

Plant no. .10 
Sample 
Mix Type 
X Passing: 

No. 30 
50 
200 

tlicrons 50 
30 
20 
10 
5 
3 

0.8 
0.6 

Plasticity: 	PL,% 
LL,% 
P1,% 

pH 
Density: Dry-Vib,q/cm3 

Polar,g/cm3 
Non-Polar,q/cm3 

Moisture: 	Initial,% 
Final,% 

Specific Gravity 

S 	1-A 1-B 1-C* 1-fl 1-E 2 	3 	4 	5 
BASE1 BASE1 BASE1 BASE1 BASE1 BASE1 .BASE1 BASE1 .BASE1 BASE1 

93.   96. 96. 96. 95. 93. 93. 96. 
88. 88. 93. 	. 85. 85. 85. 90. 85. 87. 89. 
29. 29. 141. 38. 38. 39. 32. 32. 28. 147•  
93.  97.  95. 96. 94. ' 	93. 92. 96. 
67. 74. 78. 81. 78. . 80. 72. 77. 66. 82. 
51. 59. 64. 68. 65. . 68. 58. 63. 52. 68. 
35. 149•  145. 148. 45. 47. 39. 44. 35. 45. 
22. 22. 27. 30. 27. 28. 21. 25. 20. 25. 
15. 114. 19. 20. 18. 18. 13. 16. 13. 16. 
8. 7.. 9. 11. 9. 9. 5. 7. 5. 7. 
7. 6. 8. 9. 8. 8. 4. 6. 4. 6. 
5. 4. 6. 7. 6. 6. 3. 5. 3. 5. 

NP 	NP 	NP 	NP 	NP 	NP 	NP 	NP 	NP 	NP 
10.14 10.5 11.2 11.2. 11.2 11.1 11.2 10.4 11.6 
1.72 1.61 1.64 1.63 1.62 1.68 1.69 1.66 1.62 
1.14 1.36 1.39 1.39 1.35 1.43 1.42 1.39 1.39 
1.32 1.25 1.36 1.32 1.25 1.39 1.39 1.39 1.32 
0.5 0.3 0.4 0.8 0.7 0.7 0.6 1., 0.6 

	

0.4 	0.14 	0.5 	0.4 	0.44 	0.4 	0.4 	0.3 	0.5 
2.666 

I 
I SP,F Vis,P,140F 

I 
Air Perm: 	Surface Area,n2/g 

I 
0.25 

I 	Asphalt A 	F/A 	0.2 1214.0 4199.0 I 	' 	Avg Size,microns 9.2 	'I 
I 	 0.4 128.0 7874.0 I 	 Density,g/cm3 1.90 	I 
I 	Asphalt B 	F/A 	0.2 124.0 3564.0 I Mixing: 	Ball Point,g 69 	I 

0.14 129.0 
I 	 . 

7524.0 I 	 Crumble Point,g 91 	I 

* - Sample used in limited testing 



Plant no. 13 
Sample 
Nix Type 
% Passing: 

No. 30 
50 
200 

Microns 50 
30 
20 
10 
5 

0.8 
0.6 

Plasticity: 	PL,% 
LL, 
PI,% 

pH 
Density: Dry-Vib,g/cin3 

Polar, g/cm3 
Non-Polar, g/cm3 

Moisture: 	Initial,% 
Final,% 

-Specific Gravity 	- 

S 1 2 3-A 3-S 3-C 3-V 3-E 14$ 5 
BIND1 BIND1 BIND1 BIND1 BIND1 BIND1 BIND1. BIND1 WEAR1 WEAR1 

100. 100. 100.. 100. 100. 100. 99. 100. 100. 100. 
100. 100. 100. 100. 100. 100. 99. 100.1 100. 100. 

	

95. 	96. 	96. 	96. 	96. 	96. 	96. 	96. 	97. 	96. 
98.. 97. 96. 97. 95. 99. 98. 98. 99; 97. 
92. 91.. 90. 90. 89. 94. 92. 9.1. 93. 89. 

	

85, 	83. 	81. 	82. 	80. 	86. 	83. 	82. 	86. 	81. 

	

65. 	64. 	63. 	60. 	60. 	.. 66. 	63. 	63. 	68. 	60. 

	

43. 	41. 	42. 	38. 	37. 	44• 	41. 	40. 	46. 	40. 

	

31. 	29. 	30. 	26. 	26. 	31. 	29. 	27. 	33. 	27. 

	

13. 	13. 	13. 	9. 	11. 	12. 	14. 	11. 	14. 	12. 

	

13. 	11. 	11. 	7. 	10. 	10. 	11. 	10. 	12. 	10. 

	

12. 	10. 	10. 	6. 	8. 	9. 	7. 	9. 	10. 	8. 
. 	33. . 	32. 	31. 	33. 	30. 	31. 	32. 	34. 

34. 	32. 	32. 	35. 	. 	33. 	314• 	35. 	35. 

	

1. 	1. 	1. 	1. 	2. 	2.. 	2. 	2. 	1. 

	

12.1 	12. 11.9 	12. 12.1 12.1. 12.1 12.3 12.2 
0.82 0.85 0.84 0.82 0.83 0.84 0.85 0.8 0.79 
0.84 0.77 0.81 0.81 0.8 0.78 085 0.74 0.71 
0.78 0.73 0.78 0.77 0.75 0.79 0.75 0.70- 0.82 

	

0.2 	0.1 	0.2 	0.1 	0.2 	0.2 	0.2 	0.4 	0.3 

	

2.2 	1.3 	1.3 	1.3 	1.4 	1.3 	2. 	1.3 	2. 

	

2.704 	 2.695 

82 

I 
I SP,F Vis,P,140F 

I 
Air Perm: Surface Area,m2/g 2.18 

I 	Asphalt A 	F/A 	0.2 127.5 5998.0 1 	 Avg .Size,microns 1.0 	I 
I 	 0.4 144.0 26910.0 I 	 Density,q/cm3 1.41 	I 
I 	Asphalt B 	F/A 	0.2 127.0 4897.0 Mixing: 	Ball Point,g 34 
1 	 0.4 
I 	 - 	. 	. 

144.0 24140.0 . Crumble Point,g 
I 

47 	I 
I 

* - Sample used in limited testing 

Plant no. 14 
Sample 
Mix Type 
% Passing: 

No. 30 
50 
200 

Microns 50 
30 
20 
10 
5 

0.8 
0.6 

Plasticity: 	PL,% 
LL,% 
PI,% 

Density: Dry-Vib,g/cm3 
Polar, g/cm3 

Non-Polar, g/cm3 
Moisture: 	Initial,% 

Fina].,% 
Specific Gravity 

S 	1 	2 '. 3-A 3-B 3-C* 3-V 3-E 4 	5 
WEAR1 WEAR1 WEAR1 WEAR1 WEAR1 WEAR1 WEAR1 WEAR1 WEAR1 .WEAR1 

	

100. 	100. 	100. 	100. 	100. 	100. 	100. . 100. 	100. 	¶00. 
99. 99. 99. 99. 99.. 99. 99. .99. 100. 99. 

	

77. 	82. 	85. 	78. 	77. 	82. 	87. 	87. 	87. 	83. 

	

99. 	98. 	99. 	98. 	97. 	98. 	98. 	98. 	98. 	97. 
93. 92.. 91$•  93. 90. 92. 93. 914. 93. 92. 
87.. 86. 90. 86. 84. 87. 88. 89. .87. 86. 

	

71. 	74. . 78. 	73. 	70. 	76. 	73.. 	17. 	73. . 72. 
52. 56. 62. 56. 53. 57.-. 56. 59. 57. 56. 
38. 42. 45. 41.. 38. 42. 41. 43. 42. 41. 

	

12. 	15. 	16. 	15. 	14. 	15. 	114. 	15. 	13. 	15. 

	

8. 	12. 	14. 	13. 	12. 	12. 	9. 	13. 	10. 	12. 

	

6. 	9. 	11. 	11. 	8. 	9. 	6. 	9. 	8.. 	8. 

	

28. 	26. 	26. 	29 	29. 	29. 	26. 	26. 	28. 

	

32. 	30. 	28. . 30. 	29.. 33. .31. 	28. 	30. 

	

4• 	3. 	2. - 	1. 	1. 	4. 	4. 	2. 	2. 
10.3 10.5 10.4 11.1 10.2 11.4 11..6 9.7 9.3 
0.85 0.78 0.9 0.85 0.81 0.75 0.76 0.73 0.76 
0.84 0.714 0.91 0.93 0.81 0.76 0.75 0.73.  0.76 
0.71 0.614 0.8 0.74 0.68 0.66 0.69 0.7 0.69 

	

0.4 	0.5 	0.5 	0.3 	0.14 	0.3 	0.14 	0.5 	0.5 
1.2 1.3 1.2 1.1 1.2 1.1 1.3. 1.2 1.2 

	

2.661 	 2.681 

I 
I 	- SP,F Vis,P,1140F 	I 

I 
Air Perm: Surface Area,m2/g 

I 
1.9(4 	I 

I 	Asphalt A 	F/A 	0.2 127.. 0 6376.0 I 	 Avg Size,microns 1.2 	I 
I 	 0.14 143.5 27840.0 t 	- 	 Density,g/cm3 1.149 
I 	Asphalt B 	F/A 	0.2 127.5 5159.0 I 	Mixing: 	Ball Point,g 38 	I 
I 	 0.4 
I 

144.5 214160.0 I. 	 Crumble Point,g 
I 

48 	I 
. 	 I 

-* - Sämplé usedin limitedtesting 
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Plant no. 15 
Sample 	 S 	1 	2 	3 	4-A 4-B 4-C* 14-fl 4-E 5 
Mix Type 
% Passing: 

No. 30 
50 
200 

MicronS 50 
30 
20 
10 
5 

0.8 
0.6 

Plasticity: 	PL,% 
LL, % 
PI,% 

pH 
Density: Dry-Vib,g/cm3 

Polar, g/cm3 
Non-Polar,g/cm3 

Moisture: 	Initial,% 
Final,% 

Specific Gravity 

100. 100. 100. 100.. 100. 100. 100. 100. 100. 100. 

	

100. 100. 100. 100. 100.. 100. 100. 100. 100. 	99. 

	

100. 100. 100. 100.. 100. 100. 100.' 100. 100. 	78. 
100. 99. 100. 100. 100. 100. 99. 100. 99. 96. 
100. 99. 100. 99. 99. '99. 98. 99. 99. 80. 
98.. 97. 98. 92. 97. 97.. 96. 97. 97. .60. 
83. 81. 82. 77. 78. 76. 76. 75. .78. 33. 

	

511.. 	514• 	51. 	44. 	116. 	46.. 	45. 	42. 	45.. 	17. 

	

35. 	36. 	32. 	26. 	28. 	28. 	28. 	22. 	27. 	11.. 

	

12. 	12. 	10. 	B. 	7. 	8.. 	8. 	S. 	7. 	5. 

	

9. 	9. 	7. 	6. 	5. 	6. 	6. 	3. 	5. 	14. 

	

6. 	7. 	5. 	4. 	3. 	4. 	4. 	. 0 	2. 	3. 

	

31. 	27. 	30. 	27. 	28. 	31. 	27. 	29. 	29. 
34. 29. 33. 31. 32. 33. .32. 33. 31. 

	

3. 	2. 	3. 	3. 	4. 	2. 	5. 	4. 	4. 
11.7 12. 12.1 12.4 12.3 12.4 12.4 12.2 12. 
0.85 0.89 0.98 0.97 0.94 0.92 1.07 0.95 0.96 
0.94 0.95 1.02 1.07 0.96 0.96 1.07 .0.98 1.314 
0.78 0.79 0.85 0.88 0.85 0.69 0.92 0.88 1.23 

	

0.4 	0.5 	0.3 	0.3 	0.5 	0.3 	0.1 	0.3 	0.3 

	

1.2 	1.1 	1.1 	1.2 	1.6 	1.1 	1.3 	1.1 	0.5 

	

2.634 	 2.672 

I 
I SP,F Vis,P,140F 	I  

I 
Air Perm: Surface Area,m2/g ' 

I 
1.57 	I 

I 	Asphalt A 	F/A 	0.2 125.0 54149.0 I 	 Avg Size,microns 1.4. 	I 
I 	 0.4 137.5 19460.0 Density,.g/c3 1.47 	I 
I 	Asphalt B 	F/A 	0.2 127.0 4586.0 I Mixing: 	Ball Point,g , 	28 	I 
I 	 0.4 
I 

139.0 

------------------------------------------------------------------------------------ 

17350.0 
I 

Crumble Point,g 36I 
I 

* - Sample used in limited testina 

Plant no. .17 
Sample 
Nix Type 
! Passing: 

No. 30 
50 

200 
Microns 50 

30 
20 
10 
5 
3 

0.8 
0.6 

Plasticity: 	PL,% 

PI,% 
pH 
Density: Dry-Vib,g/cm3 

Poiar,g/cm3 
Non-Polar, g/cm3 

Moisture: 	Initial,% 
Final,% 

Specific Gravity 

S 1 2 3* 14 5-1 5-B 5-C 5-fl 5-E 
VEAR1 BIND1 WEAR1 WEABI WEAB2 BIND2 BIND2 BIND2 BIND2 BIND2 

99. 100. 100. 99.' 95. 100. 99. 100. 99. 100. 
90. 99. 93. 94. 90. 96. 92. 94. 94. 96. 
22. 20. 23. 22.  33. 19. 27. 32. 41. 
87. 97. 95. 95. 86. 91. 86. 93. 93. 95. 
52. 82. 71. 67. 49. 56. 142. 65. 68. 71. 
32. 65. 50. 43. 30. '30.  42. 45. 47. 
18. 39. ' 	27. 24. 15. 14. 9. 20.   
B. 16. 17. 10. 8.. 6. 	' 4. S. 8. 9. 
5. 7. 7. 7. 6. 4. 3. 4. 14 4. 
4. 0 1. 4. 4. 3. 3. 2. 2. 2. 
4. 0 0 2. 4. 3. 3. 2. 2. 2. 
14. 0 0 2. 4. 3, 3.' 2. '2. 2. 

NP ' 	NP NP NP NP NP NP NP NP NP 
12.2 12.2 12.6 12.4 12.6 12.8 12.6 12.6 12.5 
1.14 '1.63 1.64 1.65 1.72 1.75 1.85 1.76 1.75 
1.39 1.47 1.48 1.45 1.52 1.52 1.44 1.49 1.52 
1.53 1.48 1.148 1.46 1.149 1.47 1.52 1.53 1.5 
0.6 0.2 0.2 0.7 0.3 0.2 0.2 0.3 0.3 
0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.3 .0.2 

2.719 2.810 

I 	 ' 	 I 	 I 
I 	 SP,F 	Vis,P,140F I Air Perm: Surface Area,m2/g 	0.06 I 
I Asphalt A F/A 0.2 	 I 	 Avg Size,microns 	34•5 

I 	 0.14 	 I 	 Density,g/cm3 	I 
I Asphalt B F/A 0.2 	 . 	Mixing: 	Ball Point,g 	67 , 

	

0.4 	 Crumble Point,g 	>280 I 
I 	 I 	 I 

* - Sample used in limited testing 



Plant no. 19 
Sample 
Mix Type 
% Passing: 

No. 30 
50 

200 
Microns 50 

30 
20 
10 
5 
3 
1 

0.8 
0.6 

Plasticity: 	PL,% 
LL,X 
PI,% 

pH 
Density: Dry-Vib,g/cm3 

Polar,q/cm3 
N on-Polar, g/cm3 

Moisture: 	Initial,% 
Final,% 

Specific Gravity 

S 	1 	2 	3-A 3-B 3-C* 3-0 3-! 4 	5 
BASE3 BASE1 WEAR1 BASE2 BASE2 BASE2 BASE2 BASE2 BASE3 BASE2 

100. 100. 100. 100. 100. 100. 100. 100. 100. 100. 

	

100. 	99. 	99. 	99. 	99. . 	99. 	99. 	99. 	99. 	99. 

	

99. 	95. 	96. 	97. 	96. 	96. 	96. 	96. 	96. 	96. 
98. 99. 98. 99. 100. 99. 99. 99. 98. 99. 
93. 95. 93., 93. 93. 93. 92. 95. 92. 93. 
80. 83. 81. 78. 79. 79. .77. 82. 77. 78. 

	

49. 	53. 	49. 	146. 	46. 	46. 	45. . 	49. 	145• 	45. 
24. 27. 24. 22.. 23. 22. 21. 25. 26. 21. 

	

14. 	16. 	15.. 	14. 	14. 	11$. 	12. 	14.. 	18. 	13. 

	

7. 	7. 	6.. 	6. 	6. 	6. 	5.. 	7. , 	7. 	5. 

	

6. 	5. 	5. . 	5. 	4. 	5. 	3. 	5. 	5. 	4. 

	

5. 	4. 	4. 	4. 	3. 	4.. . 2. 	3. 	U. 	3. 

	

31. 	32. 	33. 	31. 	33. 	33. 	31. 	33. 	34. 

	

35. 	35... 	35.. 	31. ' 35. 	33. 	34. . 	33. 	35. 

	

3. 	3. 	2. 	0. 	2.. 	0. 	2.. 	0. 	1. 

	

8.7 	8.9 	8.5 	8.4 	8.7 	8.4 	8.3 	8.3 	8.7 
1.01 1.12 1.12 1.13 1.14 1.14 1.11 1.15 1.15 
0.95 1.06 0.96 0.98 0.98 1.02 0.94  0.98' 0.99 
0.82 0.88 0.79 0.82 0.84 0.77 0.82 0.81. 0.82 
0.4 0.2 0.1 0.1 0.1 0.1 0... 0.2 0.2 

	

0.4 	0.6 	0.6 	0.2 	0.6 	0.6 	0.5 	0.6 	0.6 
2.771 2.802 2.771 
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I 	 I 	 I 
SP,F 	Vis,P,140F $ Air Perm: Surface Area,m2/g 	1.21 I 

	

I Asphalt A F/A 0.2 	 $ 	 Avg Size,microns 	1.8 I 
I 	 0.4 	 Density,q/cm3 1.47 I 

	

I Asphalt.B F/A 0.2 	 I Mixing: 	Ball Point,g 	33 I 
I 	 0.4 	 I 	 Crumble Point,g 	42 $ 
I 	 I 	 I 

- Sample used in limited testing 

Plant no. 20 
Sample 	 S 	1 	2-A 2-B 2-C* 2-fl 2-2 3 	14 	5 
Mix Type 	 WEAR3 WEAR1 W!AR2 WEAR2 WEAR3 WEAR3 WEAR3 WEAR3 WEARI4 WEAR5 
% Passing: 

	

No. 30 	100. 	100. 	100. 	100. 	100. . 100. 	100. 	1100. 	100... 100. 

	

50 	100. 	100. 	100. 	100. 	100. 	100. . 100. . 100. 	100. 	100. 

	

200 	92. 	91. 	93. 	95. 	92. 	95. 	94. 	92. 	94. 	93. 

	

Microns 50 	98. 	98. 	98. 	99. 	99. . 99. 	99.. 	98. 	98.. 	99. 

	

30 	90. 	92. 	92. 	92. 	92.. 	93. 	91. . 	92. 	91. 	92. 

	

20 	79. 	81. 	81. 	80. 	80. 	82. 	81. 	81. 	81. 	79. 

	

10 	56. 	57. 	57. 	56. 	56. 	59. . 	57. 	57. 	54.. 	52. 
5 31. 30. 31.;  28. 29. 31. 30. 30. 27.. 27. 

	

3 	18. 	16. . 	17. 	14. 	14.. 	17. 	16. 	17. 	14. . 	13. 

	

1 	6. 	3. 	4. 	4.. 	3. 	6.. 	5. 	4.. 	3. 

	

0.8 	5. 	 3. 	 5. 	 3. 

	

0.6 	3. 	 2. 	 4. 
Plasticity: 	PL,% 	31. 	36. 	36.. 	36. 	32. 	31... 	34. 	37. . 	39. 

	

LL,% 	32. 36. 36. 36... 32. 33. 34. 37. 40. 

	

PI,% 	 1. 	1. 	0. 	0.: 	1. 	2. 	0. 	0.. 	1. 
pH ' 	 7.5 	7.2 	7.9 	8.7 	9.5 	9.14 	8.5 	8.2 	9.2 

	

Density: Dry-Vib,q/cm3 	0.94 	0.9 0.92 1.05 0.97 1.08 1.06 0.99 0.97 

	

Polar,g/cm3 	0.91 0.86 0.84 0.88 0.9.1 0.93 0.84 0.91 0.88 

	

Non-Polar,q/cm3 	0.70 0.69 0.64 0.69 0.72 0.75 0.61 0.72 . 0.68 

	

Moisture: Initial,% 	0.2 0.6 0.5 0.5 0.3 0.5 0.3 0.4 0.5' 

	

Final,% 	0.2 0.4 0.8 0.8 0.7 1. 	1.. .0.8 0.6 
Specific Gravity 	 2.859 

I 
I 	 . SP,F 

I 
Vis,P,140F 	I Air Perm: Surface Area,in2/q 

I 
1.20. 	I 

$ 	Asphalt A 	F/A 	0.2 126.0 5806.0 Avg Size,microns 1.8 	I 
$ 	 0.4 143.0 25140.0 	I Density,g/cm3. 1.43 	. $ 
I 	Asphalt B 	F/A 	0.2 127.0 14798.0 	I Mixing: 	Ball Point,.g 32 	I 

0.4 1143.0 21330.0 	I Crumble Point,g 42 	I 

* - Sample used in limited testing 



Plant no. 22 
S.ample 
Mix Type 
% Passing: 

No. 30 
50 
200 

Microns 50 
30 
20 
10 
5 
3 
1 

0.8 
0.6 

Plasticity: 	PL,% 
LL,% 
P1,% 

PH 
Density: Dry-Vib,g/cm3 

Polar, g/cm3 
Non-Polar,g/cm3 

Moisture: 	Initial, 
Pinal,% 

Specific Gravity 

S 	1. 	2 	3 	4-A 4-B 4-c* 4-D 4-E 5 
WEAR1 WEAR1 WEAR1 WEAR1 WEAR1 WEARI WEAR 1 WEAR 1 VEARI WEAR1 

	

99. . 99. 100. 	99. 	99. 	99. 	99. 	99. -  99. 	99. 
94. 	95.. 	96. 	95. . 93. 	95. 	92. 	93. 	94. 

	

46. 	47. 	57. 	57. . 55. 	47. 	54. 	47. 	46. 	45. 
95. 97. 914. 96. 95.. 93 94. 95. 92. 

74. 73. 79.. 73. 76. 75. 73. 72. 77. 68. 

	

55. 	52. 	60. 	54. 	56. 	55. 	55. 	53. . 58. 	50. 
28. 27. .32. 28. 30. 28. 29. 28... 31. 26 
12. 10. 15. 12.. 13. 11.. 12... 12. 13. 10. 

	

6. 	4. . 	7. 	6. 	6. 	6. 	6. 	6... 	7. 	6. 
0. . 	0. 	 2. 	 2. 

	

o 	0 	 1. 	 1.. 

	

0 	0 	 1. 	 1. 

	

NP 	NP 	NP 	NP 	NP 	NP 	NP 	NP 	NP 	NP 
8.7 8.6 8.2 8.6 9. 8.6 8.4 8.8 8.8 
1.56 1.5 1.49 1.5 1.59 1.51 1.56 1.54 1.58 
1.22 1.16 1.21 1.19 1.25 1.17 127 1.22 1.25 
1.19 1.15 1.17 1.15 1.19 1.18 1.17. 1.16 1.23 

	

0.2 	1. 	0.3 	0.4 	0.4 	0.2 	0.3 	0.3 	0.2 

	

0.5 	0.3 	0.4 	0.4 	0.14 	0.3. 0.2 . 0.4 	0.3 

	

2.661 	 2.662 	 2.657 

.85 

I 	 -.- 	 I 	 I 
I. 	 SP,F 	Vis,P,1140F.I Air Pete: Surface Area,m2/g 	0.32 I 

Asphalt A F/A 0.2 	 1 	 Avg Size,microns 	7.1 I 

	

0.4 	 1 	 Density,.g/CR3 . 1.60. I 
I Asphalt B F/A 0.2 	 I Mixing: 	Ball Point,g 	43 I 

I 	 0.4 	 I 	 Crumble Point,g 	59 

$ - Sample used in limited testing 

Plant no. .23 
Sample 	 P1-A P1-B P1-C P1-D P1-E S 	2 	3 	4 	5 
MixType 	 -- -- -- -- -- -- .1 	- -- -- 
Passing: 

	

No. .30 	91.. 93. 	92. 	92. 	92.. 99. .. 100. 	98. 	100. 	100. 

	

50 	76. 	75. 	78. 	87. 	87. 	98... 100.. 97.. 99'.. 99. 
200 16.. 12. 17.. 29. 30. 86. 97. -  844. 89. 88. 

	

Microns 50 	92. 	82.. 86. 	93. 	93. 	98.. 98. 	99. 	99. 	98. 
30 70., 38. 49. 71. 67.. 

	

90. 	92. 	92. 	91. 	90. 
20 50. 20. 27. 51. 41., 79. 83. 81. 80. 78. 
10 30., 9. 12., 29. 25. 55. 61. 58. 55. 52. 

	

5 	18. . 	3. 	4 	16. 	12. 	32. 	36.. 	34. 	32. 	29. 

	

3 	13. 	2.. 	3. 	11. 	10. . 20. 	24. 	20. 	19. 	20. 

	

1 	8. 	0 	2. . 	6. 	5. 	9. .. 	11. 	7. 	8. 	10. 

	

0.8 	7. 	0 	2. 	5. 	4. 	8.. 	8. 	6. . 	7. 	9. 

	

0.6 	5. 	0 	2. 	14. 	4. 	6. . 	7. 	5. 	S. 	7. 
Plasticity: 	PL,% 	 26. 26. 27. 28. 

	

LL,% 	 . 	 28. . 	28. 	28. 	28. 

	

PI,% 	NP 	NP 	NP 	NP 	NP 	NP 	2. 	2. 	1. 	1. 
pH 	 8.9 8.7 8.8 9.0 8.9 	8.7 9. 8.8 8.9 
Density: Dry-Vib,q/cm3 1.75 1.67 1.75 1.73 1.714 	1.05 	1.2 1.15 1.18 

	

Polar,gfcm3 1.52 1.43 1.147 1.42 1.41 	1.12 1. 	1. 1.12 

	

Won-Polar,g/cm3 1.47 1.43 1.43 1.4 1.39 	0.80 0.91 0.81 0.84 
Moisture: Initial,% 0.3 0.3 0.2 0.3 0.4 	0.7 0.5 0.4 0.6 

	

Final,% 0.3 0.3 0.3 0.3 0.4 	0.8 0.6 0.7 0.8 
Specific Gravity 	 2.669 	 2.767 

I 	 . 	 I 	 . 
I 	 . sp,p....Vis,P,140F 	Air Perm: Surface Area,m2/g 
I Asphalt A F/A 0.2 	 I 	 Avg Size,microns 	$ 

	

0.14 	 I 	 Density,g/cm3 . 
I Asphalt B F/A 0.2 	 I Mixing: 	Ball Point,g 

	

0.4 	 I 	 Crumble Point,g 
I 	 I 

Saaple used in U.ited....testing 



Plant no. 23T 
Saaple 	 1-A 1-B 1-C* 1-D 1-E P1A fl-B P1-C Pl-D P1-E 
NixType 	 1 	-- 	-- 	-- 	-- 	-- 	-- 	-- 	-- 	-- 
Passing: 

86 

No. 30 
50 

200 
Microns 50 

30 
20 
10 
5 
3 
1 

0.8 
0.6 

Plasticity: 	PL,% 
LL.% 
P1, % 

pH 
Density: Dry-Vib,g/cm3 

Polar,g/ci3 
Non-Polar,g/co3 

Moisture: 	Initial,% 
Final,% 

Specific Gravity 

99. 100.. 100.. 100. 100. 
98. '98. 99. 99. 99. 
89. 85. 	. 87., 91. 92. 
98. 96. . 97. 98. 99. 
90. 86. 88. 91. 92. 
79. 714. 	. 75. 79. 80. 
54. 48. 50. 55. 55. 
31. 27. 29. 31. 32. 
20. 16. 18. 20. 22. 
8. 8. 8. 10. 11. 
6.. 6. 7. 8. 9. 
5. 5. 6. 7. 8. 

 26. , 26. 26. 25. 
 28. 29. 29. 29. 

2. 2. 3. 3. 3. 
8.3 8.4 8.5 8.6 8.6 
1.1 1.2 1.18 1.12 1.1 

0.96 1.02 0.97 0.92 0.89 
0.77 0.84 0.81 0.73 0.71 
0.6 0.5 0.5 0.5 0.7 
0.9 0.7 0.7 0.8 0.8 

2.828 

100. 100. 100.. 100. 100. 
99. 99. 99. 99. 99. 
92. 91. 92. 91. 92. 
98. 99. 98. 98. 99. 
92. . 92. 92. 92. 92. 
81. 80.. 80. 81. 80. 
56. 57. 57. 57. 55. 
33. 33. 32. 33. 31. 
22. 22. 22. 22. 20. 
10. 12. 	. 10. . 10. 10. 
9. 9. 9. 8. 8. 
8. 8. 8. 7. 6. 

SP,P 	Vis,P,1II0P 	Air Per: Surface Area,m2/g 	0.86 I 

	

I Asphalt A F/A 0.2 	 I 	 Avg Size,nicrons 	2.5 I 
0.4 . 	 I 	 Density,g/ca3 	'I 

	

Asphalt.B F/A 0.2 	 I Mixing: 	Ball Point,g 	40 

	

0.14 	 Cruable Point,g 	49 
I 	 I 	 I 

* - Sanple used in united testing 

Plant no. 24 
Sanple 
Mix Type 
% Passing: 

No. .30 
50 

200 
Microns 50 

30 
20 
10 
5 
3 
1 

0.8 
0.6 

Plasticity: 	PL,% 
LL, 
P1, % 

pH 
Density: Dry-Vib,g/cn3 

Polar,g/cm3 
Non-Polar,g/cs3 

Moisture: 	Initial,% 
Final,% 

Specific Gravity 

P4-A Pit-B 	P4-C 14-D 4- It-A 4-B 4-C* 	P4-D P4-E 
1 1 1 1 1 1 1 1 1 1 

 93. 92. 100. 100. 100. 100. 100. 89. 90. 
76. 76. 78. 100. 100. 100. 100. 100. 73. 72. 
18. 17. 21*. 99. 99. 	. 99. 99. 99. 18. 18. 

.  88. 98. . 98. 99. 99. 98.  90. 
140. 40. 45. 94. 93. 95. 97. 94. 46. 46. 
15. 14. 18. 82. 81. 87. 86. 83. 21. 20. 
4. 6. 6. 54. 51. 55. 56. 51. 11. 11. 
2. 2. 2. 30. 26. 31. 30. 27. 4. 5. 
1. 1. 2. 18. 15. 19. 18. 15. 3. 3. 
0 0 2. 7. 6. 6. 8. 6. 2. 2. 
0 0 2. 6. 5. 4. 6. 5. 2. 2. 
.0 0 2. 5. 5. 3. 5. 3. 1. 2. 

33. 35. 33. 33. 34. 
35. 35. 35. 34'i, 36. 

NP NP NP 2. 0. 2. 1. 	. 2. NP NP 
8.6 8.8 9. 8.7 9.8 8.4 9.3 9.7 8.6 9.3 
1.76 1.74 1.76 0.81 0.86 0.81 0.85 0.85 1.72 1.73 
1.53 1.51* 1.52 0.81 0.83 0.81 0.85 0.81 1.47 1.148 
1.45 1.43 1.41 0.72 0.74 0.72 0.73 0.7 1.43 1.148 
0.2 0.3 2. 1.1. 1.2 1.1 0.9 0.9 0.4 0.4 
0.3 0.14 0.5 1. 1. 0.9 0.6 0.8 0.2 0.4 

2.716 2.667 2.716 

I SF,? Vis,P,IUOF 	I Air Pera: Surface Area,m2/g 1.14 
I 	Asphalt A 	F/A 	0.2 128.0 6252.0 	J Avg Size,nicrons 2.0 	I 
I 	 0.4 1l48.5 38860.0 Density,g/ctn3 I 
I 	Asphalt B 	F/A 	0.2 128.5 5206.0 	I 	Mixing: Ball Point,g 35 	I 

0.4 149.0 327140.0 	I Crumble Point,g 39 	I 
I I I 

* - Sample used in limited testing 



Plant no. 25. 
Sample 
Mix Type 
% Passing: 

No. 30 
50 
200 

Microns 50 
30 
20 
10 
5 
3 

0.8 
0.6 

Plasticity: 	PL,% 
LL,% 
P1, % 

pH 
Density: Dry-Vib,g/c53 

Polar,g/cm3 
Non-Polar, g/cm3 

Moisture: 	Initial,% 
Final,% 

Specific Gravity 

S 1-A 1-B 1-C 1-0 1-E 2 3* 4 5 
BASE1 	BASE1 BASE1 BASE1 BASE1 BASE1 BASE1 WEAR 1 .BASE1 BASE1 

100. .100. 100. 100. 100. 100. 100. 100. 100. 100. 
100. 100. 100. 99. 100. 100. 100. 100. .100. 100. 
100. 100. 100. 96. 98. 100. 100. 100. 99. 99. 
100. 99. 100. 99. 99. 100. 100. 100. 100. 100. 
98. 97. 96. 95. 96. 98. 97. 97. 96. 96. 
88. 87. 86. 82. 83. 92. 88. 88. 84. 86. 
49. 49. 47. 40. 39. 61. 49. 51. 144•  445. 
19. 20. 18. 13. 14. 27. 19. 21. 17. 11. 
10. 11. 8. 5. 6. 13. 9. 9. 10. 8. 
3. 4•  3. 0. 2. 5. 4. 3. 6. 4.. 
2. 3. 2. 2. 3. 2. 2. 5. 3. 
2. 2. 2. 1. 2. 2. 1. 4. 1. 

31. 32. . 30. 34. 32. 33. 32. 33. 34. 
34. 33. 33. 35. 35. 33. 33. 35. 35. 
3. 1. 3., 1. 2. 1. 1. 2. 1. 
9. 9. 9.8 9.8 9.7 9.9 10. 9.1 10. 

1.04 1.06 1.09 1.13 0.99 1.08 .1.05 1.12 1.16 
1.01 1.14 1.17 1.14 1.01 1.01 0.86 1.02 1.02 
0.86 0.98 1. 0.97 0.87 0.84 0.78 0.87 0.89 
1. 0.6 0.6 0.9 0.6 0.7 0.5 $0.5 0.4 
1.2 0.9 1. 0.9 0.7 0.9 1.  

2.816 2.735 2.816 
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I 	 SP,F 	Vis,P,1140F 	Air Pera: Surface Area,m2/g 	0.74 I 
I Asphalt A F/A 0.2 	 I 	 Avg Size,microns 	3.0. 

I 	 0.4 	 Density,g/cm3 1.42 
I Asphalt B ?/A 0.2 	 1 Mixing: 	Ball Point,g 	35 I 
I 	 0.4 	 Crumble Point,g 	42 I 
I 	 I 	 I 

* - Sample usied in limited testing 

S 1 2* 3-A 3-B 3-C 3-D 3-E 4 5 
BASE2 BASE1 WEAR1 WEAR2 WEAR3 WEAR3 WEAR4 WEARS WEAR6 BASE3 

100. 100. 100. 100. 100. 100. 100. 100. 100. 
100. 100. 100. 100. 100. 100. 100. 100. 100. 
100. 99. 99. 100. 100. 100. 100. 100. 100. 
100. 100.. 100. 100. 99. 100. 100. 100. 100. 
98. 100. 99. 99. 99. 98. 99.. 99. 99. 

	

96. 	97. 	94. 	96. 	95. 	96. 	95. 	96. 	95. 

	

80. 	78. 	. 76. 	78. 	78. 	79. 	'79. 	78. 	78. 

	

50. 	48. 	46. 	49. 	49. 	54. 	53. 	50. 	49. 

	

32. 	28. 	31. 	31. 	32. 	36. 	35. 	36. 	32. 

	

11. 	B. 	11. 	11. 	12. 	16. 	14. 	17. 	12. 

	

9. 	6. 	9. 	9. 	9. 	13. 	10, 	14. 	9. 

	

5. 	4. 	7. 	6. 	6. 	9. 	7. 	11. 	7. 

	

36. 	37. 	36. 	38. 	37. 	36. 	37. 	37. 	38. 

	

38. 	41. 	37. 	40. 	39. 	37. 	39. 	39. 	40. 

	

3. 	3. 	1. 	2. 	2. 	1. 	2.. 	2. 	2. 

	

7.7 	. 7.1 	7.1 	6.8 	7.1 	6.9 	7. 	7.4 	.75 
0.68 0.67 0.65 0.79 0.67 0.67 0.66 0.65 0.67 
0.73 0.66 0.72 0.69 0.74 0.70 0.67 0.68 0.68 
0.65 0.61 0.6 0.57 0.6 0.54 0.54. 0.58 0.6 

	

0.2 	0.3 	1.2 	0.6 	0.9 	1. 	0.8 	0.9 	0.8 

	

.1.14 	2. 	1.8 	2. 	1.7 	2. 	2. 	1.8 	1.8 

	

2.687 	2.687 	 2.678 	2.687 2.687 

I 
SP,F Vis,P,140F 

I 
I 	Air Perm: Surface Area,m2/g 

I 
1.94 	I 

Asphalt A 	F/A 0.2 131.0 81402.0 I 	 Avg Size.micronS 1.2 	I 

I 0.14 171.0 165800.0 I 	 Density,g/c1D3 .1.22 	I 

I 	Asphalt B 	F/A 0.2 131.0 6451.0 I 	Mixing: 	Ball Point,g 26 	I 

I 
I 

0.4 175.0 201400.0 	.1 Crumble Point,g 
I 

33 	I 
I 

* - Sample used in limited testing 

Plant no. 26 
Sample 
Mix Type 
% Passing: 

No. 30 
.50 
200 

Microns 50 
30 
20 
10 
5 

0.8 
0.6 

Plasticity: 	PL,% 
LL,% 
PI,% 

100. 
100. 
100. 
100. 
99. 
96. 
77. 
46. 
29. 
9. 
6. 
4. 

pH 
Density: Dry- Vib, g/cm3 

Polar,,g/cm3 
Non-Polar, g/cm3 

Moisture: 	Initial, 
Final,% 

Specific Gravity 	. 2.678 
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Plant no. 28 	 - 
Sample 	 S 	1 	2-A 2-B 2-C* 2-D 2-E 3 	1$ 	5 
Nix Type 	 WEAR I WEAR 1 VEAR2 WEAB2 WEAB2 WEAR2 WEAR2 WEAR3 .WEAB3 WEAR3 
%. Passing: 

No. 30 
50 
200 

Microns 50 
30 
20 
10 
5 

0.8 
0.6 

Plasticity: 	PL,% 
LL, % 
PI,% 

pa 
Density: Dry-Vib, g/cm3 

Polar,g/cm3 
Non-Polar,g/cm3 

Moisture: 	Initial,% 
-- Final,% 

Specific Gravity 

100. 100. 100. 100. 100. 100. 100. 100. 100. 100. 
100. 100. 100. 100. 100. 100. 100. 100. 100. 100. 
94. 93. 93. 95. 94.. 89. 91. 97. 95. 96. 

	

99. 	98. 	98. . 98. 	99. 	98. 	98. 	99. 	99. 	99. 

	

88. 	88. 	.89. 	90. 	90. 	89. 	89. 	93. 	91. 	91. 

	

72. 	73. . 77.. 78. 	76. 	74. 	75. 	82. 	79. 	78. 

	

45. 	47. 	51. 	50.- 	47. 	46. 	46. . 56. 	51.. 	50. 

	

25. 	27. 	28. 	29. 	26. 	26. 	25. 	33. 	28. 	28. 

	

18. 	19. 	20. 	20. 	19. 	19. - 	17. 	24. 	20. 	19. 

	

11. 	10. 	11. 	11. 	10. 	11. 	11. . 	13. 	11.. 	11. 
9. 9.. 10. 9. 9. 10. 10. 12. 10. 10. 

	

8. 	8. 	9. 	8. 	8. 	9. 	9. 	11. 	9. 	9.. 
32. 	30. 	30. 	32. 	32. 	32. 	30. 	29. 
31. 	32. 	31. 	32. 	32. 	32. 	31.. 	31. - 

	

1. 	0.1 	1.. 	1. 	0. 	0. 	0. 	1.. 	2. 

	

7.9 	7.8 	8. 	7.9 	7.9 	8.2 	8.3 	8.1 	8.2 

	

0.91 0.88 0.88 0.93 0.98 	1. 0.89 0.96 0.92 
0.91 0.86 0.84 0.88 0.91 0.93 0.84 0.91 0.88 
0.7 0.69 0.64 0.69 0.72 - 0.75 0.61 . 0.72 0.68 

	

0.8 	0.9 	0.5 	0.5 	0.6 	0.6 	0.4 	0.9 	0.5 

	

1.3 	1.3 	1.2 	1.3 	1.1 	1 • 1 	1.2 	1.4 	1.1 

	

2.660 	 2.730 	 2.677 

I 	 I 	 I 
I 	 SP,F 	Vis,P,140F I  Air Perm: Surface &rea,m2/g 	1.20. I 
I Asphalt A F/A 0.2 	 I 	 Avg Size,sicrons 	1.8 I 
I 	 0.4 	 I 	 Density,g/ci3 1.41 I 
I Asphalt B F/A 0.2 	 I Mixing: 	Ball Point,g 	33 I 
I 	 0.4 	 I 	 Crumble Point,g 	41 I 

S - Sample used in limited testing 

Plant no. 29 
Smple 
Nix Type 
% Passing: 

No. 30 
50 

200 
Microns 50 

30 
20 
10 
5 

0.8 
0.6 

Plasticity: 	PL,% 
LL,% 
PI,% 

pH 	 - 
Density: Dry-Vib,g/cm3 

Polar,g/cm3 
Non-Polar,g/cm3 

Moisture: 	Initial,% 
Final, % 

Specific Gravity 

1-A 1-B 1-C* 1-D 1-E 2 	3 	4 	5 

100. 100. 100. 100. 100. 100. 100.. 100. 100. 

	

93. 	97. 	93. 	92. 	92. 	80. 	88. 	95. 	89., 
98. 99. 98. 98. 99. 93. 96. 100.- 97. 

	

90. 	96. 	90. 	89.. 94. 	79. - 88. 	94. 	88. 

	

78. 	88. 	81. 	76. 	83. 	66. 	75. 	84. 	76. 
50. 57. 54. 45.. 53. 39. 44. 58. 49. 

30. 30. 23. 27. 19. .20. 31. 26. 
15. 19. 19., 13. 18. 13. 11. 29. 17. 

	

6. 	9. 	8. . 	4. 	11. 	6. 	5. 	8. 	8.. 
5. . 	8. 	7. 	4. 	10. 	5. 	3. 	7. 	7. 

	

5. 	6. 	6. 	4. 	9. 	4. 	2. 	5. 	6. 
28. 	29. - 28. 	30. 	27. 	28. 	29. 	26. 

29. 31. 30.. 31. 31. 28. 30. 31. 28. 

	

2. 	3. 	2. 	2., 	2. 	1. 	2. 	3. 	2. 
7.2 7.3 7.4 7.3- 7.3 7.8 7.8 7.7 7.7 
1.00 0.90 0.92 1.03 0.95 1.10 1.10 0.91 0.96 
0.88 0.82 0.84 0.98 0.88 0.96 0.95 0.81 0.88 
0.75 0.63 0.64 0.88 0.58 0.78 0.77 0.62 0.67 
0.2 0.3 0.4 0.4 0.7 0.6 0.5 0.4 0.6 

	

1.1 	1.2 	1.4 	1.2 	1.4 	1.1 	1.2 	1.2 	1.3 
2.773 

I 	 I 	 I. 
SP,F 	Vis,P,140F I Air Perm: Surface Area,m2/g 	1.71 I 

I Asphalt A F/A 0.2 	 Avg Size,riicrons 	1.3 I 
I 	 0.4 	 I 	- 	Density,g/cw3 1.35 I 
I Asphalt B F/A 0.2 	 1 Mixing: 	Ball .Point,g 
I0.4 	 Crumble Point.,g

------------------------------------------------------------------------------------ I 	 I 	 I 

-* - Sample used in limited testing 



Plant no. 31 
San pie 
Mix Type 
% Passing: 

No. 30 
50 
200 

Microns 50 
30 
20 
10 
5 

0.8 
0.6 

Plasticity: 	PL,% 
LL,% 
P1, % 

pH 
Density: Dry-Vib,g/cm3 

Polar,g/cm3 
Non-Polar, g/cm3 

Moisture: 	Initial,% 
Final,% 

Specific Gravity 

S 2* 5 
WEAR1 WEAR 1 WEAR1 

99. 98. 	. 97. 
98. 90. 89.. 
70.  45. 
96. 95. 83. 
81. 79..  
67. 65. 47. 
48.  33. 
29. 	. 30. 18. 
17. 20. 10. 
4. 6. 3. 
3. 5. 2. 
2. 4. 2. 

NP NP NP 
7.5 7.5 

1.14 1.36 
1.20 . 1.17 
1.22 1.21 
0.6 0.8 
0.8 0.8 

2.680 
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I 	 SP,F 	Vis,P,140F I Air Perm: Surface Area,12/g 	0.56 I 
I Asphalt A F/A 0.2 	 I 	 Avg Size,.icrons 	4.0 I 
I 	 0.4 	 Density,g/ca3 	1.62 I 
I Asphalt 5 F/A 0.2 	 I Mixing: 	Ball Point,g 	40 I 

	

0.4 	 Crumble Point,g` 	60 I 

-------------------------------------------------------- -------------- 
* - Sample used in limited testing 

Plant no. 30 
S an pie 
Nix Type 
% Passing: 

No. 30 
so 

200 
Microns 50 

30 
20 
10 
5 
3 

0.8 
0.6 

Plasticity: 	PL,% 

PH 
Density: Dry-Vib,g/cm3 

Polar, g/cm3 
N on-Polar, g/cm3 

Moisture: 	Initial,% 
Pinal, 

Specific Gravity 

S 	1-A 	1-B 	1-Cs 1-0 	1-E 	2 	\3 . 	45 
N-B-C N-B-C N-B-C N-B-C N-B-C N-B-C W-B-C\W-B-C N-B-C N-B-C 

100. 100. 100. 100. 100. 100. 100. 100. .100. 100 

	

99.. 100. 	99. 	99. 	99. 100. 	99 	9 	99. 	99. 

	

94. 	94. 	95. 	95.. 	95. 	92. 	91$• 	5. 	95. 	94• 

	

98. 	98. 	97. . 97. 	98. 	98. 	98. 	8. 	98. 	97. 

	

90. 	91. 	87. 	88. 	89. 	91. 	88. 	S. 	90. 	88. 

	

77. 	79. 	73. 	74. .. 76. 	80s 	73. 	4.. 	. 77. 	73. 
49. 52. 45.. 45. 48. 51. 46. 7. 49. 45.. 

	

25. 	26. 	23. 	22. 	25. 	27. 	22. 	23. 	26. 	21. 

	

15. 	15. 	12. 	13. 	1.3. 	15. 	12. 	15. 	14. 	13. 

	

6. 	5. 	4. 	3. 	4• 	6. 	6. 	6. 	5. 	6. 

	

5. 	4. 	0. 	0 	2. 	4. 	5. 	4 	3. 	:4. 

	

3. 	3. 	0 	0 	1. 	2. 	14. 	3.. 2. 	3. 

	

31. 	32. 	31. 	30. 	32. 	30. 	29. 	.30. . 	31. 

	

33. 	33. 	32. 	31 	32. . 31. 	31. 	32. 	32. 

	

2. 	1. 	2. 	1. 	1. 	1. 	2. 	2. 	1. 
6.3 6.4 6.4 6.5 6.4 6.14 6.4. 6.6 6.4 
1.13 1.16 1.18 1.18 1.24 1.3 1.18 1.2 1.2 
1.06 1.1 1.09 1.14 1..3 1.09 1.11.. 1.09 1.14 
1.02 1.02 1.04 1. 0.76 1.02 1.02 0.98 1.. 

	

0.5 	0.6 	0.6 	0.7 	0.6 	0.8 	0.6 	0.3 	0.8 
0.8 0.8 0.8 0.7 0.7 0.6 0.7 0.7. 0.7. 

2.548 . 2.592 

I 
I SP,F 

1 
Vis,P,114OF I Air Perm: Surface Area,a2/g 

. 	•1 
0.77 

I 	Asphalt P. 	F/A 	0.2 125.0 4644.0 	I Avg Size,iicrons 3.1 
I 	 0.4 132.0 9498.0 	I Densit.y,g/cL3 1.55 
I 	Asphalt B 	F/A 	0.2 124.0 3920.0 I Mixing: 	Ball Point,g 46 
I 	 0.4 
I 

133.5 9190.0 
I 

Crumble Point,g 
. 

57 

-: Sample used in limited testing 
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Plant no. 33 	- 
Sample 
Mix Type 
% Passing: 

No. 30 
50 
200 

Microns 50 
30 
20 
10 
5 
3 

0.8 
0.6 

Plasticity: 	PL, 
LL,% 
PI,% 

p8 
Density: Dry-Vib,g/cm3 

Polar,g/cm3 
Non-Polar, g/cm3 

Moisture: 	Initial,% 
Final,% 

Specific Gravity 

5 1 2 3 4* 5-A 5-B 5-C 5-D 5-
J3ASE3 BASE1 BASE2 BASE3 WEAR1 BASE3 BASE3 BASE3 BASE3 BASE3 

100. 100. 1.00. 100. 100. 100. 100. 100. 100. 100. 
99. 99. 100. 99. 99. 99. 99. 99. 100. 99. 

	

63. 	62. 	77. 	63. 	86. 	73. 	67. 	82. 	87. 	65. 
93. 93.. 95. 94. 96. 914•  94. 95. 97. 93. 

	

76. 	70. 	78. 	76. 	85. 	77. 	75. 	80. 	84. 	73. 
63 54. 64.. 64. 73. 65. 63. 67. 72. 60. 

	

146. 	38. 	144 • 	148. 	56. 	48. 	48. 	50. 	55. 	44. 

	

32. 	24. 	28. 	35. 	41. 	35. 	35. 	38. 	40. 	30. 

	

23. 	18., 21. 	26. 	31. 	26. 	27. 	, 29. 	31. 	23. 

	

7. 	8. 	B. 	B. 	12. 	10. 	11. 	11. 	13. 	9. 

	

4. 	7. 	6. 	7. 	10. 	7. 	9. 	9. 	11. 	7. 

	

3. 	5. 	4 	5. 	8. 	6. 	6. 	7. 	8.. 	5. 

	

29. 	 26. 	30. 

	

33. 	 30. 	.33. 

	

NP 	NP 	NP 	NP 	4. 	NP 	NP 	14• 	3. 	NP 
8.8 '8.14 7.3 7.5 7.3 7.3 7.3 .74 7.5 
1.55 1.4 1.41 1.15 1.29 1.35 1.23 1.15 1.14 
1.23 1.26 1.25 1.2 1.44 1.28 1.1:9 .1.15 1.27 
1.25 1.09 1.16 0.96 1.08 1.11 1. 0.95 1.12 

	

0.4 	0.6 	0.4 	0.5 	0.6 	0.14 	0.6 	0.6 	0.5 

	

1.4 	1.6 	1.4 	1.6 	1.5 	1.5 	1.5 	1..6 	1.3 
2.63.3 

SP,F Vis,P,140F 
I 
I 	Air Perm: Surface Area,m2/g 

I 
1.29 	I 

I 	Asphalt A 	F/A 	0.2 125.0 5043.0 I 	 Avg Size,microns 1.8 	I 
I 	 0.14 133.5 12630.0 I 	 Density,g/cm3 1.62 
I 	Asphalt 9 	F/A 	0.2 125.5 4242.0 I 	Mixing: 	Ball Point,g 39 	I 

0.14 
I 

134.0 

------------------------------------------------------------------------------------ 

10450.0 I 	 Crumble Point,g 
I 

55I 
I 

* - Sample used in limited testing 
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