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Tests of Retarding Admixtures for Concrete 
WILLIAM E. GRIEB, GEORGE WERNER, and D. O. WOOLF, ffighway Research 
Engineers, Division of Physical Research, Bureau of Public Roads 

This Investigation was made to obtain data of the 
effects of commercial retarders on certain proper­
ties of Portland cement concrete. The data ob.-
tained were used to prepare a specification for 
the acceptance and use of these retarders. In 
addition, the methods of testing retarders for chemi­
cal properties as well as their effects on the physi­
cal properties of plastic and hardened concrete 
were studied. The tests for chemical properties 
or identification are reported in a separate paper. 
The tests herein reported were made with 25 brands 
of retarders from 11 marketers and cover time of 
retardation, reduction of water, durability, and 
flexural and compressive strengths at various ages. 
A recommended specification for retarders is ap­
pended to this report. 

•THE USE of chemicals for delaying the initial setting time of portland cement con­
crete is not new. The effects of sugar and other retarders on concrete have been known 
for many years. In 1945, Tuthill U) reported that a retardant admixture had been used 
during 1942 to 1945 in lightweight concrete for the construction of concrete ships. The 
admixture was used in non-air-entrained concrete to reduce the amount of mixing water, 
or to increase slump and to prevent the early stiffening and formation of "cold joints." 

Since that time there have been many "news" articles in current literature on the use 
of retardants in concrete for prestressed beams or piles and bridge structures. The 
report of Tuthill and Cordon (2) and the discussion and closure of this report (3) contain 
much valuable test data. 

Several Federal agencies have used temporary or Interim specifications for re­
tarders. The Bureau of Reclamation suggested a specification in 1954 and the Bureau 
of Public Roads proposed,a specification for certain local use in November 1956, which 
was revised in November 1958. These specifications were based mainly on field ex­
periences with retarders from two manufacturers, and on a limited amount of laboratory 
test data. The need for a specification for all types of commercially available retarders 
has become greater since the possible benefits of retarders have been recognized more 
fully. The large increase in the number of commercial retarders and the claims of 
their marketers present problems of acceptance and performance tests to the engineer 
who is responsible for the selection and use of a satisfactory retarder. 

CLASSIFICATION OF RETARDERS 
Retarders are classified, according to their constituents, into three main groves, 

as follows: 
1. Salts of lignosulfonic acids (llgnosulfonates); 
2. Organic acids of the hydroxylated carboxylic type or their salts; and 
3. Carbohydrates. 
A questionnaire was sent in 1957 to all marketers of retarders known to the Bureau 

of Public Roads with a request for samples and information. From the samples received. 



25 samples from 11 companies were chosen for testing. The remainder of the samples 
were considered not to meet the Bureau's conditions for inclusion in the testing program 
because they were not essentially retarders and were not available commercially at 
the time of receipt. 

The classification of the 25 retarders and their general properties are given in 
Table 1. The information supplied by the marketer and tests by the Bureau are the 
bases for the classification. Chemical methods of analysis and identification tests by 
ultra violet and infrared spectrometry are given in another report. 

CONCRETE MATERIALS USED 
A blend of equal parts by weight of four brands of type I cement was used for all 

concretes. About 32 bags (one lot) of each of the four cements were stored in sealed 
55-gal steel drums. Three lots of each of the four cements were used during the in­
vestigation and average chemical and physical properties for each cement and the blend 
of the four cements are given in Table 2. 

The air-entraining admixture used was an aqueous solution of neutralized Vinsol 
resin. The solution contained 15 percent of solids when calculated on a residue dried 
at 105 C, and the ratio of sodium hydroxide to Vinsol resin was 1 to 6.4 parts by weight. 

A natural siliceous sand having a fineness modulus of 2.90, a specific gravity, bulk 
dry of 2.65 and an absorption of 0.4 percent, and a crushed limestone of 1-in. maxi­
mum size having a specific gravity, bulk dry of 2. 75 and an absorption of 0.4 percent 
were used. When the aggregates for a batch of concrete were weighed, the sand 

T A B L E 1 

PROPERTIES OF R E T A R D E R S 

Amount Used 
Amount Material Volatile 

Recommended by as Dry Organic Major 
Retarder Physical Bdanufacturer^ Received" SoUds" Material<= Chemical 

No State (oz/bag) (oz/bag) (oz/bag) (oz/bag) Constituent 
(a) Group I - Salts of Lignosulfonlc Acids (Llgnosulfonates) 

7 Powder - 3 5 3.3 3 3 Ammonium salts 
10 Powder 3 8 3 2 3.0 3 0 Ammonium salts 
17 Powder - 3 2 3.0 2.9 Ammonium salts^*^ 
15 Powder 3.8 to 7.5 4.0 3.7 2.8 Sodium salts 

Powder 4.0 4 0 3.8 2.8 Sodium salts 
22' 
23 

Powder 0.8 4.0 3.7 2.0 Sodium salts 22' 
23 Powder 3 8 6 4 5 9 3 9 Sodium salts 

2 Powder 8 0 14.4 14.3 0.40 Calcium salts^ 
3 Powder 3 8 to 7.5 4.0 3.7 3.1 Calcium salts 

11 Powder 4 0 4 8 4.5 3 2 Calcium salts'! 
12 Powder - 4 0 3 8 3 0 Calcium salts 
13 Powder 4.5 to 7 5 4.8 4.4 2 3 Calcium salts 
14 Powder 3 to 4 5 0 4.7 4.0 Calcium saltss 
16 Powder 4.0 4 8 4.5 3.8 Calcium salts 
18 Powder 4 to 5 4.0 3.7 3.4 Calcium salts 
20 Liquid 9 0 9 0 3.3 2.6 Calcium salts 
21 Liquid 9.0 9.0 3 2 2.5 Calcium salts 
24 Powder 12 0 9 6 9.2 5.1 Calcium salts'* 
25 Powder 3 to 4 4 0 3.7 3 1 Calcium salts'*'' 

(b) Group n - Derivatives of Organic B^oxylated-Carboxvllc Acids 
4 Liquid 2 t o 4 3 0 1.2 0.88 Metal saltsi 
8 Powder 8 to 16 12.0 11.9 1.2 Metal salts 
9 Liquid 2 to 4 2.8 1.1 0 77 Metal salts 
5 Liquid 2.7 to 7.1 4.0 2.1 2.1 Triethanoiamlne 

6 Liquid 2 0 4 0 1 3 0.91 salt 
Zinc borate comolex 

(c) Group m - Carbohvdrates 
1 Liquid 1 to 4 1 1 0 4 0.43 Sucrose'' 

terlals given in Huid ounces, powdered materials given in avolrdiqiois ounces. "Determined by drying at 110 C . <=Determlned by 
Ignition "Contained 10 percent or more carbohydrate. ^Contained more than 5 percent reducing sugars. 'Derived from Kraft 
process. KContains less than 5 percent calcium llgnosulfonate. Remainder is zinc oxide and dolomitic limestone '•Contained 
calcium chloride 'Contained foaming agent. JContalns less than 10 percent of active organic constituent Remainder is iron 
oxide and siliceous material. 



TABLE 2 
CHEMICAL COMPOSITION AND PHYSICAL PROPERTIES 

OF PORTLAND CEMENT 
Cement 

Determination A B C D Blend^ 

Chemical composition (%): 
21.4 21.6 Silicon dioxide 21.4 21.4 21.9 21.4 21.6 

Aluminum oxide 5.9 5.1 5.6 5.4 5.4 
Ferric oxide 2.8 2.2 2.3 2.4 2.4 
Calcium oxide 63.4 62.5 66.1 65.2 64.3 
Magnesium oxide 2,1 3.8 1.2 1.6 2.2 
Sulfur trioxide 1.8 2.4 1.7 1.9 2.0 
Loss on ignition 1.7 1.5 1.2 1.1 1.4 
Sodium oxide 0.20 0.30 0. 02 0.14 0.18 
Potassium oxide 0. 82 0.95 0.14 0.79 0.69 
Equivalent alkalies as NaaO 0.74 0.93 0.11 0.66 0.63 
Chloroform-soluble organic substances 0.016 0.008 0.004 0.007 0.008 
Free lime 0.97 0.93 0.97 0.66 0.94 

Computed compound composition (%): 
52 Tricalcium silicate 47 48 57 58 52 

Dicalcium silicate 26 26 20 18 23 
Tricalcium aluminate 11 10 11 10 10 
Tetracalcium aluminoferrite 8.5 6.7 7.0 7.3 7.4 
Calcium sulfate 3.05 4.08 2.89 3.23 3.31 

Merriman sugar test: 
Neutral point, ml 7.6 2.4 2.3 2.5 3.3 
Clear point, ml 8.8 2.8 2.6 2.8 4.2 

Physical properties: 
3.14 3.14 3.12 Apparent specific gravity 3.12 3.13 3.14 3.14 3.12 

Specific surface (Blaine), cmVg 3,375 3,590 3,110 3,145 3,310 
Autoclave expansion, % 0. 07 0.19 0.04 0.06 0. 07 
Normal consistency, % 25.3 24.3 24.4 24.6 24.0 
Time of setting (Gillmore): 

Initial, hr 2.9 2.8 3.4 4.0 2.3 
Final, hr 6.2 5.1 6.8 6.0 7.5 

Compressive strength: 2,490 At 3 days, psi 2,500 2, 500 2,030 2,610 2,490 
At 7 days, psi 4,165 3,450 3,225 4,175 3,840 
At 28 days, psi 5,690 4, 565 5,585 5,510 5,285 

Tensile strength: 
At 3 days, psi 340 320 300 320 315 
At 7 days, psi 400 395 365 435 400 
At 28 days, psi 470 465 475 465 480 

Mortar air content, % 8.0 8.8 7.5 7.8 8.6 
Note: A l l deteminations except the Merriman sugar test made i n accordance with cur­
rent AASHO methods for portland cement. 
^ e s t s made on blend of equal parts by weight of a l l four cements. 

contained free water but the stone was weighed in a saturated surface-dry condition. 
Three mixes of air-entrained concrete with air contents of 5 to 6 percent and a 

slump of 2 to 3 in. were used in the investigation. Mix No. 1, the reference mix with­
out retarder, and Mix No. 2, a test mix with retarder, both had cement contents of 
6 bags per cubic yard of concrete. Mix No. 3, a test mtx with retarder, had cement 



contents which varied from 5.25 to 5. 75 bags and the water-cement ratio was equal 
to that of the reference mix (No. 1). The water content of Mix No. 2, was reduced 
below that of the reference mix (No. 1), but sufficient aggregates were added to com­
pensate for the reduced volume. A summary of the mix proportions is given in Table 
3. 

A sufficient amount of retarder was used in the tests of Mix No. 2 at 73 F to cause 
a delay in setting time of to 3 hr beyond the setting time of the reference mix. The 
correct amount of each retarder for the desired retardation was predetermined by trial 
mixes. The same amount of retarder in ounces per bag of cement was used in Mix 
No. 3. Additional tests of some retarders were made using four times the amount 
of the retarder used in Mixes No. 2 and 3. 

MIXING, FABRICATION, AND CURING OF SPECIMENS 
Mixing was done in an open-pan-type Lancaster mixer with a rated capacity of 

cu ft . Most batches were from 1% to 2 cu ft in volume. The mixing cycle was as fol­
lows: The blend of four cements and the moist fine aggregate were mixed for % min; 
water was added and the mortar was mixed for 1 min. After the addition of the coarse 
aggregate the concrete was mixed for 2 min. Following a "rest" period of 2 min, the 
concrete wa^ mixed for 1 more minute. This 2-min rest period and the additional 
minute of mixing is a standard procedure in the Bureau of Public Roads. 

Retarder in powder form was added with the cement and sand, but a liquid retardant 
admixture was added with part of the mixing water. Vinsol resin solution was added 
in part of the mixing water and was not mixed with the liquid retarder before each was 
placed in the mixer. 

Consideration was given to adding the soluble powdered admixtures in an aqueous 
solution. Although the soluble powders could have been prepared in a stock solution 
or suspension, it was believed that during the period of months required for the program, 
evaporation or chemical changes of the retarder due to exposure to light might result. 
An attempt was made to dissolve in water the weighed amount of lignosulfonate powder 
required for a single batch of concrete but difficulty was e3q>erienced with some powders 
in obtaining a uniform solution or suspension. Therefore the procedure of adding the 
powdered admixture with the cement and wet sand was used. It is believed that a uni­
form distribution of the powdered admixture in the concrete was obtained. 

A control mix (No. 1) was made on each mixing day together with Mixes No. 2 and 
3 which contained retarders. Because of limitations of time and molds a total of one 
control mix and two test mixes for each of 3 to 5 different retarders was made on one 
mixing day. Two rounds of specimens for retardation tests and five rounds for strength 
tests were made but each round did not necessarily include the same retarders as in 
the preceding round. 

Concrete used for slump and unit weight tests was returned to the mixer and remixed 
for 15 sec before molding specimens for strength tests. Concrete used in the air meter 

T A B L E 3 

CONCRETE MIXES 

Mix 

Properties 
No. 2^ 

No. 7f> 
ol Concrete No 1 No. 2^ Group A Group B Group C 

Mix, lb 94-190-310 94-193-314 94-205-330 94-215-345 94-230-360 
Cement, bags/cu yd 6 0 6 0 5 75 5 SO 5 25 
Water, gal/bag 5 8 5.1 to 5.7 5 8 5 8 5 8 
Water-cement ratio by vol 0.77 0 88 to 0.76 0 77 0 77 0 77 
Slump, In 2'A 2'/. 2% 2'/. 2y. 
A i r 7 % S 5 5 5 5 5 5 5 5 5 
Retarder, amount used None To give 2'/, to Same as Mix Same as Mix Same as 

3 hr retardation No 2 No 2 MixNo 2 
^iad same cement content as Mix No 1 Had same water-cement ratio (+ 0.2 gal/bag) as BJlx No. 1 Group A-cement content 

reduced 0.25 bags per cubic yard for retarders that reduced water (or Mix No 2 by 0 to 5 percent. Group B-cement content 
reduced 0.50 bags per cubic yard for retarders that reduced water for Mix No. 2 by 5 to 10 percent. Group C-cement content 
reduced 0 75 bags per cubic yard for retarders that reduced water for MU No. 2 by 10 percent or more 



was discarded. Specimens made at standard conditions were mixed and molded in air 
at 73 F and 50 percent relative humidity. 

^ecimens for strength or durability tests were 6- by 12-in. cylinders and 6- by 6-
by 21-in. or 3- by 4- by 16-in. beams. These were molded (except for vibrated speci­
mens) in accordance with standard AA.SHO methods. Specimens for strength tests were 
removed from the steel molds at 20 to 24 hr except when an overdose of a retarder 
was used. Small beams for volume change and freezing and thawing were removed from 
the steel molds at 44 to 48 hr. 

For a study of delayed vibration, 6- by 12-in. cylinders and 6- by 6- by 21-in. beams 
were molded by the standard procedure and later vibrated for 30 sec using an internal 
spud vibrator of l ^ - i n . diameter with a frequency of 7,000 impulses per mmute. 

The original program required that the specimens be vibrated when the screened 
mortar showed a Proctor penetration (4) load of 500 psi, which was approximately 5 
hr after mixing for unretarded concrete and 1% to 8 hr for the retarded concretes. 
This could not be accomplished, as many of the mixes were then too stiff for vibration. 
Therefore, the time of 3 hr after mixing for the unretarded concrete and s V a hr for the 
retarded concrete was used. A small amount of concrete was removed from each speci­
men just prior to vibration and it was replaced as the vibration was completed. No 
additional concrete was added to compensate for the decrease in volume. 

All specimens for standard strength tests were cured under wet burlap while in the 
molds in the mixing room. After removal from the molds they were cured in moist 
air at 73 F and 100 percent relative humidity until they were tested. Small beams for 
volume change and freezing and thawing were cured in the molds for 44 to 48 hr under 
wet burlap in the moist room. One-third of the number of beams for volume change 
were cured continuously in the moist room, one-third were removed from the moist 
room at 2 days and stored in laboratory air at 73 F and 50 percent relative humidity, 
and one-third were cured 14 days in the moist room and then stored in laboratory air. 
Beams for freezing and thawing after removal from the molds at 44 to 48 hours were 
cured in the moist room for 12 more days, then cured in laboratory air at 73 F and 
50 percent relative humidity for 7 days and then were completely immersed in water 
for 7 days prior to freezing. 

When strength specimens were made under nonstandard conditions, the laboratory 
air had a temperature of 90 F and a relative humidity of 20 to 25 percent. All materials 
were at 90 F when used. After 20 to 24 hr curing under wet burlap at this temperature, 
the specimens were removed from the molds and stored in the moist room at 73 F and 
100 percent relative humidity untU tested. 

TESTING PROCEDURES 
Tests on the plastic concrete for slump, unit weight, and air content were made in 

accordance with AASHO standard methods. The determination of the air content was 
made with a water-type pressure meter that is similar to the meter described in AASHO 
Method T 152. 

Determination of the retardation of the set of concrete was made by the Proctor 
penetration test, ASTM Method C 403-57 T, and by the bond pin (5) pullout test which is 
described in the ASTM Proceedings for 1957. The Proctor apparatus with a hydraulic 
indicating dial and the pullout device are shown in Figures 1 and 2. Both were built 
in the Bureau of Public Roads instrument shop. 

The mortar for the Proctor test was obtained by sieving the plastic concrete on a 
No. 4 sieve. The sieve was vibrated and the concrete was moved over the sieve by 
hand or by use of a small trowel. Two 6- by 6-in. watertight steel cylinder molds 
were filled with mortar, and were immediately covered with glass plates. Water was 
pipetted from the mortar as it collected on the surface. 

Concrete for the pin pullout test was vibrated around the pins m a 6- by 6- by 24-
in. mold using a laboratory internal vibrator and screeded on the surface by a steel 
straight edge. The specimens were covered with wet burlap which was removed only 
while a pin was pulled from the concrete. No two consecutively pulled pins were ad­
jacent to each other. 



Proctor penetration device. 

Figure 2. Pin p u l l o u t device. 

Figure 

Typical curves for retardation on a 
6-bag concrete of Mixes No. 1 and 2 by 
the Proctor and pin pullout methods are 
shown in Figure 3. 

Two series of tests were made to de­
termine the temperature rise of mortar or concrete prepared with retarders. In the 
first series, 6- by 6-in. cardboard cylinder molds were filled with screened mortar 
from concrete that was mixed at 90 F . The specimens were then sealed by a glass 
plate and heavy grease and stored in a curing cabinet at 90 F . In the second series, 
6- by 12-in. cardboard cylinder molds were filled with concrete made at 73 F, sealed 
with a glass plate and heavy grease, and placed in a metal can 11 in. in diameter and 
15 in. in he^ht. Expanded mica was placed around all surfaces of the cylinder mold 
and on the glass plate, and the cans were stored in laboratory air maintained at 73 F . 
Each cylinder was molded with a copper-constantan thermocouple at its symmetrical 
center and the temperatures were recorded on an eight-point potentiometer. The 
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amount of each retarder used was that amount necessary for 2% to 3 hr retardation at 
73 or 90 F. 

All cylinders for compressive strength tests were capped on both ends with high-
alumma cement after removal from the molds, and at least 48 hr prior to testing. All 
caps were within 0.001 in. of planeness. The cylinders were loaded at a rate of 35 
psi per sec. 

Beams for flexural strength were tested in accordance with AASHO Method T 97. 
When bearings on beams did not meet the requirements for planeness, they were ground 
with a power-driven carbonmdum wheel. 

Beams measuring 3 by 4 by 16 in. , were tested for resistance to freezing and thaw-
mg in accordance with AASHO Standard Method T 161 for fast freezing and thawing in 
water. 

Measurements for volume change of 3- by 4- by 16-in. beams were made on a hori­
zontal comparator with a micrometer dial reading to 0.0001 in. at one end and a micro­
meter barrel reading to 0.0001 in. at the other end. Stainless steel gage studs were 
cast in the ends of the beams and the beams were stored with the 4-in. axis in a verti­
cal position during the drying period. 

Tests for static modulus of elasticity were made on 6- by 12-in. cylinders at 7 and 
28 days by an autographic stress-strain recorder with a 6-in. gage length. These tests 
were paralleled by sonic modulus of elasticity tests on 6- by 6- by 21-in. beams which 
were made from the same batch of concrete as the cylinders. 

Density and absorption tests were made on 2 disks, each 1 in. in thickness, which 
were cut from the top, middle and bottom of 6- by 12-in. concrete cylinders. The 
cylinders were molded from Mixes No. 1 and 2. The disks were cut by a diamond wheel 
at an age of 28 days from moist-cured cylinders and were weighed in air and under 
water. They were then dried to constant weight in a forced air oven at 190 to 200 F. 

T A B L E 4 

RETARDATION TIME FOR CONCRETE (Mix No 2) AT 73 F 

Retardation^ 
- M i H d e r Proctor Pen Test": Pin PuUoutTest" 

Amount 
Used Air* Slump At 500 Psi At 4 000 Psi At( Psi 

No (oz/bag) (%) (in ) Hr Min Hr Min Hr Min 

1 1.1 5 0 2 6 2 50 2 45 2 40 
2 14 4 5 0 2 5 2 30 2 10 2 20 
3 4 0 6 1 3 0 2 45 2 35 2 30 
4 3 0 5 4 3 2 2 30 2 30 2 55 
5 4 0 5 4 3 1 2 40 2 20 1 25 
8 4 0 5 7 3 2 2 20 2 15 2 30 
7 3 5 5 0 2 7 2 45 2 40 3 00 
8 12 0 6 3 3 2 2 50 3 00 2 25 
9 2 8 6 0 2 8 2 30 2 35 2 15 

10 3 2 6 2 2 6 2 30 2 45 2 20 
11 4 8 5 4 3 0 2 50 2 30 2 50 
12 4 0 5 2 3 0 2 50 2 50 2 05 
13 4 8 5 4 3 0 2 20 2 30 2 15 
14 5 0 4 3 3 3 2 40 2 45 2 40 
15 4 0 7 5 3 0 2 35 3 00 1 55 
16 4 8 6 2 3 0 2 50 2 35 1 50 
17 3 2 5 5 2 6 2 SO 3 00 2 20 
18 4 0 5.0 2 8 2 20 2 00 1 00 
IS 4 0 5 5 2 8 2 40 3 00 2 05 
20 9 0 5 0 2 2 2 25 2 30 2 35 
21 9 0 6 4 3 5 2 30 2 40 2 10 
22 4 0 10 2 6 2 30 2 30 1 50 
23 6 4 7 0 3 0 2 40 2 40 1 40 
24 9 6 5 4 2 4 2 40 2 25 1 55 
25 4 0 7 0 2 8 2 35 2 35 1 30 

Note Each value is average of two tests made on different days 
^Neutralized Vlnsol resin solution used wlien needed 
''Retardation is the delay in time of hardening of the concrete containing the retarders as compared with the concrete without 

retarder made on the same day Time for concrete without retarder to reach 
Proctor penetration load of 500 psi—5 hr 10 min (t 20 min) 
Proctor penetration load of 4,000 p s i - 7 hr 35 min (± 30 min) 
Pin pullout load c l 8 p s i - 6 hr 40 min (± 20 min) 

•^Proctor penetration test made in accordance with ASTM Method C 403-57T A Proctor penetration load of 500 psi is assumed 
to be the vibration limit of the concrete A Proctor penetration load of 4,000 psi Is assumed to Indicate hardened concrete 

•"Pin puUout test made as described m ASTM Proceedings, Vol 57, 1957, pp 1029-1042 
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One procedure in the mixing and testing of the plastic concrete and the testing of 
hardened concrete should be emphasized. As stated previously, a reference mix 
(No. 1), without retarder, was made on every mixing day and all tests on plastic or 
hardened concrete which were made on any one day included specimens from this 
reference mix. 

DISCUSSION OF TEST RESULTS 
The test data are given in Tables 4 to 14, inclusive, and shown in Figures 4 to 12. 

The effect of retarders on the concrete are discussed in terms of the main objectives 
of the investigation. They were (a) the effect of the retarder on retardation of setting 
time, (b) the effect on water content and air-entrainment, (c) the effect on strength, 
(d) the effect on durability, and (e) the effect on volume change. Additional tests, such 
as the effect of overdosage of retarders, retardation and strength at elevated tempera­
ture, modulus of elasticity, delayed vibration, density and absorption, and temperature 
rise are also discussed. 

P R O C T O R T E S T - 5 0 0 P S I 

EFFECT OF ADMIXTURES ON TIME OF RETARDATION 
The amount of each retarder and the resulting retardation, as measured by the 

Proctor test at 500-psi or 4,000-psi penetration pressure or by the pin pullout test 
at 8 psi are given in Table 4. Each value is the average of two tests that were made 

on two days. Retardation is the difference 
in setting time between that for the refer­
ence mix (No. 1) and that for the concrete 
with the retarder (Mix No. 2). Recom­
mendations for the amount of retarder to 
be used were furnished by the manufac­
turers of 22 of the retarders included in 
these tests. For each of 13 of the retarders, 
the amount recommended was foimd to 
give the desired retardation of 2/̂ 2 to 3 
hr. For two retarders, 80 percent of the 
recommended amount was found to be suf­
ficient, and for three other retarders, 120 
or 125 percent of the recommended amount 
was needed. For the remaining 4 of the 22 
retarders, from 150 to 500 percent of the 
recommended amount was required to ob­
tain an effective amount of retardation. 
These four were retarders No. 2, 6, 22, 
and 23. Except for No. 6, they were llgno­
sulfonates. 

The 500-psi penetration pressure of the 
Proctor test is believed to indicate the 
initial setting of the mortar used. At this 
time, the mortar may still be remolded 
without injury to its strength. When deter­
minations are made using a penetration pres­
sure of 4,000 psi, a condition at or near the 
final setting of the mortar is indicated. At­
tempts to rework the mortar at this time 
would result in its disruption. In the pin 
pullout test, no atteiiq>t is made to define 

2 3 or determine the setting time of concrete. 
R E T A R D A T I O N T I M E - H O U R S Couducted Under defined conditions, the 
Distribution of detennlnatlons ^^""^^t to permit comparisons of 
for retardation. hardening of different concretes. 

P R O C T O R T E S T 
4.000 p s I 

PIN P U L L O U T T E S T - 8 P S 1 

F 1 i 
Figure h. 



The comparison of typical retardation values for the Proctor and pin pullout tests in 
Figure 3 indicates that a 500-psi penetration corresponds to a pin pullout load of 1% 
to 2*74 psi. However, the ranges of values shown in Figure 4 indicate that for the con­
cretes used in these tests, the Proctor penetration test with either of the loads used, 
appears to be more suitable for measuring setting time and retardation than the pin 
pullout test. The wide range of values for the pin pullout test and lack of a definite 
central point indicate that the test result probably is affected by uncontrolled variables 
to a greater extent than the Proctor penetration test. 

EFFECT OF RETARDERS ON AIR CONTENT, WATER CONTENT, AND 
AMOUNT OF AIR-ENTRAINING AGENT USED IN CONCRETE 

Table 5 gives the amount of Vinsol resin solution (air-entraining agent) used in con­
cretes for Mixes No. 2 and 3 for strength tests at 73 F and the resulting water and air 
contents of the concrete. (The retarders generally were given their identification 
numbers in ascending order of the reduction in water requirements for Mix No. 2. The 
exception is retarder No. 12 which is slightly out of place in the table.) The detail 
data for the reference mix (No. 1) are not tabulated because it would be different for 
each retarder, but average values are given in a footnote. The values given in Table 
5 are averages of five rounds of tests. 

The reduction in water content for Mix No. 2 is the difference between the amount 
of water used for Mix No. 1 and Mix No. 2 made on the same day. This is shown as 
a percentage of the amount of water used for Mix No. 1. A comparison between this 
reduction in water content and the amount of retarder used for Mix No. 2 is shown in 
Figure 5. It is noted here that some retarders are much more effective in permitting 
a reduction in the amount of water required to obtain concrete of a given slump. A 
comparison between the amount of reduction in water and the amount of retarder used 
per bag of cement shows that retarder No. 25 is the most effective and No. 2 is the 

T A B L E 5 

M B D A T A F O R S T R E N G T H T E S T S 

Mix No 2—Same Cement Content as Mix No 3-Same Water Content (t 0 2 galAiag) 

Water 
for 

Reference Mix (No. 1) As Reference Mix (No. 1) 
Water 
for A E A C A B A C 

Mix No l*) Added Cement Water Reduction Added Cement Water 
Retarder (gal/ (ml/ (bags/ . * i1n inp Air (gal/ in Water"" (ml/ (bags/ Slump 

(InT 
Air (gal/ 

No.* bag) bag) cu yd) (in ) (%) bag) (%) bag) cu yd) 
Slump 
(InT (%) bag)^ 

1 5 75 17.1 6.0 2 8 5.0 5 69 1 1 19 0 5 7 2 7 5 6 5.89 
2 5 77 16 2 6 0 2.6 5 2 S 61 2 8 18 0 5 7 2 9 5.6 5.93 
3 5.79 None 6.0 3.1 5 9 S.49 5.2 None 5 5 2.8 5.6 5.89 
4 5 81 13 7 6 0 2 9 5.7 5 50 5 3 14 5 5.4 2 8 5 8 6.01 
5 5 74 11 5 6 0 3 1 5.5 5 41 5.7 12.3 5 5 2.7 5.8 5 81 
6 5 87 15 1 6.0 2 7 5.4 5 53 5.8 16.4 5 5 2.9 5.9 6 03 
7 5 76 8 3 6 0 2 7 5 4 5.42 5.9 9.2 5 5 2 6 5 5 5 84 
8 5 78 15.8 6.0 2.6 5.5 5 43 6.1 14 7 5 5 2.8 5 6 5 88 
9 5.91 14 5 6.0 2 9 5.2 5.52 6 6 16.6 5 5 2.6 5.7 6.04 

10 5 86 9.4 6.0 3.0 5 4 5.44 7.2 8 6 5 6 2.7 5 1 5.76 
11 5 71 3.7 6.0 2 7 5.7 5.29 7 4 4 1 5.5 2 7 5 5 5.71 
12 5.86 2.5 6 0 2.6 5 4 5.37 8 4 None 5 5 2.7 5 6 5 87 
13 5 77 2.6 6.0 2 7 5.7 5.30 8 1 1.3 5.5 2 6 5 7 5 75 
14 5.67 2.2 6 0 3.0 5 7 5.21 8 1 2.8 5.5 2 7 5 8 5.72 
15 5.73 None 6 0 3.0 6 8 5.26 8.2 None 5 5 2.8 7 0 5 67 
16 5.67 4 4 6.0 2.9 6.1 5 20 8 3 3.7 5.5 2.8 5 8 5.74 
17 5.79 11 5 6.0 2.8 5.5 5 31 8 3 11.3 5 5 2.9 5.5 5 81 
18 5.77 4.5 6 0 2 7 5 6 5.27 8.7 4.4 5 5 2 6 5 7 5 75 
19 5.74 7.2 6.0 2.S 5.7 5 24 8 7 6.4 5 S 2 6 5.4 5 78 
20 5.86 None 6.0 2.8 5 3 5 30 9 6 1 8 5 5 2 6 5.5 5.81 
21 5 84 4 0 6.0 2.7 5 7 5 27 9.8 2.8 5 5 2.6 5.7 5.72 
22 5 80 None 6.0 3 2 10.0 5.22 10.0 None 5 2 3.1 10.0 5 88 
23 5.75 None 6.1 2.6 5.8 5.15 10.4 None 5 3 2 6 5.4 6 03 
24 5 78 None 6.0 2 6 5.9 5 13 11.2 None 5.2 2 6 5 8 5 86 
25 5 76 None 6.0 2.8 7.6 5.08 11 8 None 5 2 2.8 9.5 5.72 

Note Each value is an average of five tests made on different days. 
^Amount of retarder used same as given in Table 4. 
bwater content for Mix No. 1 is water used In reference m U made on same day as retarded concrete mixes. Average values for Mix 
No. 1 are A E A added, 20 ml/bag. cement, 6.0 bags/cu yd, slump, 2.9 in . , air, 5 4 percent. 
CAir-entrainlng agent. 
••Average reducUon In water-cement ratio as compared with that required for the reference mix made on the same day. 
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least effective. These retarders reduced the water required for Mix No. 2 by 2.9 
percent and 0.2 percent, respectively, per ounce of retarder used per bag of cement. 
Of the other retarders, the most effective included retarders No. 9, 10, 12, 15, 17, 
18, 19, and 22. Of the nine most effective retarders with respect to reduction in water, 
one is an organic acid salt and the others are lignosulfonates. 

The concretes of Mix No. 3 were prepared with cement contents reduced in accord­
ance with the amount of reduction in water found possibe for Mix No. 2. For retarders 
which permitted a reduction in water of 5 percent or less in Mix No. 2, the cement 
content for Mix No. 3 was reduced 0.25 bag per cubic yard. For retarders which per­
mitted a reduction of water of more than 5 but less than 10 percent, the cement content 
for Mix No. 3 was reduced 0.5 bag per cubic yard. For retarders permitting a re­
duction m water of 10 percent or more, the cement content was reduced 0.75 bag per 
cubic yard. It was found that due to uncontrollable variables, it was not possible to 
prepare all batches of concrete with these exact cement contents, and at the same time 
maintain a slump of 2.8 ± 0.3 in. and use the same amount of water in Mix No. 3 as 
was used in the reference mix (No. 1). To hold the cement content and slump as nearly 
as possible to the desired values, slight variations in the water content had to be per­
mitted. For 18 of the 25 retarders, the water contents agreed within 0.1 gal per bag 
of cement, and in only one case (retarder No. 23) did the water contents differ by more 
than 0. 2 gal per bag. In view of these small differences, it is considered that Mix No. 
3 may be stated to have the same water content as the reference mix (No. 1). 

The amount of Vinsol resin solution required to entrain 5 to 6 percent air in con­
crete (Mix No. 2) prepared with an organic acid type of retarder (Nos. 4, 5, 6, 8, or 
9) was approximately two-thirds of that used in the reference mix. The water reduction 
caused by these 5 retarders varied from 5.3 to 6.6 percent. The amount of air-en­
training solution used in concrete (Mix No. 3) with a decreased cement content of % 
to of a bag per cubic yard was approximately the same as the quantity needed for Mix 
No. 2. As past eiqierience has shown that the organic acid type of retarders causes 
no air-entrainment in concrete, these data indicate that they aid air-entrainment and 
permit a moderate reduction in water content when used at the rate of 2.8 to 12 oz per 
bag of cement. 

o o 5 

•W NOT LienOSULFOKATeS T O T A L M A T E R I A L 

V O L A T I L E O R G A N I C 
P O R T I O N 

9 

2 

5 6 7 S 9 10 I I 12 13 14 IS 16 

R E T A R D E R N U M B E R 

17 18 19 2 0 21 2 2 2 3 2 4 2 8 

Figure 5. Amount of retarder used and effect on water content. 
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The concrete prepared with each of the lignosulfonate retarders showed a wide 
range of 2.8 to 11.8 percent in water reduction. The reduction of 2.8 percent was ob­
tained by use of a powdered lignosulfonate which contained over 95 percent of an in­
organic f i l le r . Two lignosulfonates permitted reduction of 5.2 and 5.9 percent, 12 
permitted reductions of 7 to 10 percent, and 4 permitted reductions of 10 to 12 percent. 
It should be noted that although the water reduction for concrete containing retarders 
No. 1 and 2 was lower than is usually required, satisfactory retardation was obtained. 

It is not the purpose of this report to explain the reasons for the variations in the 
effects of any admixtures, when used at a rate which causes a 2%- to 3-hr retardation 
of settir.g time, on the water content or air content of concrete. The paper on chemical 
composition and identification tests of retarders (6) provides ample data for any reader 
who desires to explain or theorize about the reasons for the effects of chemical com­
position of retarders on the physical properties of retarded concrete. 

Seven of the 19 lignosulfonate retarders, without the use of an air-entraining solu­
tion, entrained more than 5 percent of air in the concrete. Three of these retarders 
caused air contents about 6 percent and the maximum air content was obtained for 
concrete containing retarder No. 22, The air content for concrete containing this re-
tarder was 10 percent calculated gravimetrically. The effect of each of the 25 retarders 
on air content of concrete and the amoimt of air-entraining admixture used in shown in 
Figure 6. 

The amount of air-entraining solution needed with each of the other 12 lignosulfonate 
retarders to entrain 5 to 6 percent of air in concrete (Mix No. 2) varied from about 
Vs to % of the quantity used in the reference mix, except in the case of retarder No. 2. 
The powdered extender and the small amount of lignosulfonate in this retarder might 
account for the larger quantity of air-entraining solution required. 

Retarder No. 1, sucrose of the carbohydrate group, caused a small reduction ( l . 1 
percent) in water content and required almost as much air-entraining solution as the 
reference mix. 

EFFECT OF ADMIXTURES ON STRENGTH OF CONCRETE 
Compressive Strength Test Results 

The results of the compressive strength tests on concrete containing the 25 re­
tarders are given in Table 6. This table gives the average of five compressive strength 
tests for Mixes No. 2 and 3 on 6- by 12-in. cylinders made on different days and 
tested at 3, 7, 28, and 365 days. It also gives the ratios of these strengths to the 
strengths of concrete without retarder (Mix No. 1) made and tested on the same day as 
the concrete containing the retarder. 

Average values for the compressive strength of all concretes prepared with and 

MIX NO I 

r9 20 21 0 I I 

X NO 

10 I I 12 13 14 IS 16 17 
RETARDER NUMBER 

19 2 0 21 22 23 24 25 

Figure 6. Effect of retarder on air content of Mix No. 2. 
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T A B L E 6 

C O M P R E S S I V E S T R E N G T H T E S T S 

R e t a r d e r 
No a 

C o m p r e B s l v e Strength (pal) f o r Mix No. 2 C o m p r e s B l v e Strength (ps l ) tor Mix No. 3 

3 D a y s 7 D a y s 28 D a y s 1 Y r 3 D a y s 7 D a y s 28 D a y s 1 Y r 

10 
H 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

2 , 910 (126) 
2 ,910 (123) 
2 ,910 (125) 
2 ,930 (126) 
3 , 2 6 0 (132) 
2 ,910 (128) 
3 , 0 3 0 (122) 
3 , 0 7 0 (127) 
3 , 0 6 0 (130) 
3 , 0 0 0 (124) 
3 , 3 4 0 (140) 
3 , 2 6 0 (132) 
3 , 2 8 0 (133) 
2 , 9 4 0 (123) 
3 , 0 0 0 (120) 
3 , 2 4 0 (136) 
3 , 1 5 0 (128) 
3 , 2 7 0 ( 1 3 1 ) 
3 , 2 8 0 (133) 
3 , 2 3 0 (138) 
3 , 2 0 0 (132) 
2 ,290 ( 99) 
3 , 2 0 0 (139) 
3 , 4 7 0 ( 1 8 3 ) 
2 . 9 4 0 ( 1 2 9 ) 

4 , 2 1 0 (118) 
3 , 9 8 0 (110) 
3 , 9 9 0 (116) 
4 , 4 3 0 (125) 
4 , 6 0 0 (124) 
4 , 2 9 0 (124) 
4 , 3 1 0 (118) 
4 , 3 7 0 ( 1 2 3 ) 
4 , 4 0 0 (124) 
4 , 3 4 0 ( 1 2 1 ) 
4 , 6 1 0 (127) 
4 , 5 6 0 (128) 
4 , 5 0 0 (124) 
4 , 3 3 0 (119) 
4 , 3 7 0 (118) 
4 , 5 7 0 (125) 
4 , 4 3 0 (125) 
4 , 5 0 0 (120) 
4 , 4 9 0 (124) 
4 , 6 2 0 (131) 
4 , 4 4 0 (125) 
3 , 3 0 0 ( 93) 
4 , 5 0 0 (129 
4 , 5 8 0 (130 
4 , 1 6 0 (118) 

5 , 7 0 0 (115) 
5 , 3 7 0 (108) 
5 , 2 4 0 (110) 
5 ,900 (120) 
6 , 0 9 0 (120) 
5 , 6 1 0 (118) 
5 , 7 2 0 (114) 
5 , 8 4 0 (114) 
5 ,830 (116) 
5 , 7 9 0 (116) 
6 , 1 3 0 (120) 
5 , 9 1 0 (122) 
5 ,870 (115) 
5 , 8 9 0 (117) 
5 , 6 1 0 ( 1 1 0 ) 
6 , 1 0 0 (121) 
5 , 9 0 0 (115) 
5 , 8 6 0 (112) 
5 ,890 (117) 
6 , 1 1 0 (122) 
5 , 8 3 0 (116) 
4 , 5 2 0 ( 91) 
5 , 9 5 0 (122) 
6 , 0 3 0 (121) 
5 ,420 (110) 

6 , 8 9 0 (114) 
8 , 5 2 0 (109) 
6 , 4 0 0 (113) 
6 , 8 9 0 (117) 
7 ,080 (115) 
8 , 7 4 0 (118) 
8 , 8 9 0 (115) 
7 , 2 0 0 (119) 
7 ,070 (117) 
7 ,090 (116) 
7 ,420 (125) 
7 ,290 (123) 
7 ,240 (119) 
7 ,230 (120) 
7 , 0 2 0 (113) 
7 ,120 (118) 
7 ,220 (119) 
7 ,050 (113) 
7 ,310 (121) 
7 ,470 (123) 
7 , 3 4 0 (121) 
5 , 5 5 0 ( 94) 
7 , 4 1 0 (123) 
7 ,490 ( l 2 5 ) 
6 , 7 6 0 (115) 

2, 700 (117) 
2 ,820 (111) 
2 ,430 (105) 
2 ,410 (103) 
2 , 9 2 0 ( 1 1 9 ) 
2 , 4 8 0 (107) 
2 ,680 (108) 
2 ,640 (109) 
2 , 6 0 0 (110) 
2 ,680 (111) 
2 ,910 (122) 
2 , 5 3 0 (103) 
2 , 7 7 0 (112) 
2 , 5 0 0 (105) 
2 , 5 5 0 (102) 
2 , 7 4 0 (115) 
2 , 5 2 0 (102) 
2 ,880 (116) 
2, 710 (110) 
2 , 8 3 0 (121) 
2 , 7 8 0 (115) 
1 ,830 ( 79) 
2 , 5 4 0 (108) 
3 , 1 4 0 (136) 
2 . 1 4 0 ( 94) 

3 , 9 5 0 (111) 
3 , 8 4 0 (106) 
3 , 4 8 0 (100) 
3 , 9 7 0 (112) 
4 , 1 2 0 (111) 
3 , 8 0 0 (110) 
3 , 790 (104) 
3 , 8 0 0 (107) 
3 , 8 1 0 (107) 
4 , 0 2 0 (112) 
4 , 1 5 0 (114) 
3 , 9 2 0 (110) 
3 , 8 3 0 (105) 
3 , 9 1 0 (107) 
3 , 9 4 0 (107) 
4 , 1 0 0 (112) 
3 , 8 0 0 (107) 
4 , 0 5 0 (108) 
3 , 9 0 0 (107) 
4 , 1 1 0 (117) 
4 , 0 9 0 (115) 
2, 750 ( 77) 
3 , 9 2 0 (109) 
4 , 0 1 0 (114) 
3 . 2 8 0 ( 93) 

5 , 4 5 0 (110) 
5 , 0 9 0 (102) 
5 , 0 3 0 (106) 
5 , 1 8 0 (105) 
5 , 5 8 0 ( 1 1 0 ) 
5 ,160 (109) 
5 ,420 (108) 
5 , 3 7 0 (105) 
5 , 4 7 0 (109) 
5 , 3 9 0 (108) 
5 ,480 (108) 
5 , 2 9 0 (109) 
5 , 3 5 0 (104) 
5 , 3 3 0 (106) 
5 , 1 2 0 (101) 
5 ,480 (109) 
5 , 2 8 0 (103) 
5 , 4 2 0 (104) 
5 , 4 0 0 (107) 
5 ,620 (113) 
5 , 5 5 0 (110) 
3 , 9 4 0 ( 79) 
5 , 1 8 0 (105) 
5 , 2 8 0 (106) 
4 , 4 6 0 ( 90) 

6 , 5 1 0 (107) 
8 , 0 7 0 (102) 
8 , 0 5 0 (107) 
6 ,180 (105) 
6 , 5 9 0 (108) 
6 , 1 3 0 (107) 
6 , 5 0 0 (109) 
6 , 5 2 0 ( 1 0 7 ) 
6 ,420 (106) 
6 , 6 4 0 ( 1 0 8 ) 
6 , 6 2 0 (111) 
6 , 4 6 0 (109) 
6 , 5 7 0 ( 1 0 8 ) 
6 , 3 0 0 (104) 
6 , 4 3 0 (104) 
6 , 5 9 0 (109) 
6 , 4 1 0 (106) 
6 , 4 7 0 (104) 
6 , 4 9 0 (107) 
6 , 9 3 0 (115) 
6 , 7 5 0 (111) 
4 , 7 4 0 ( 80) 
6 ,360 (105) 
6 , 4 7 0 (108) 
5 ,390 ( 92) 

Notes- E a c h va lue i s the a v e r a g e of f i ve t e s t s made on f i v e d i f ferent 
I n p a r e n t h e s e s r e p r e s e n t the r a U o s (in p e r c e n t ) of the s trength of the 
concre te without r e t a r d e r (Mix No. 1) made on tlie s a m e day 
' A m o u n t of r e t a r d e r u s e d I s the s a m e a s given In T a b l e 4 . 

d a y s . S t iec imens s tored i n moi s t a i r unt i l t es ted . F i g u r e s 
concre te containing the r e t a r d e r s to the s trength of the 

without the retarders are shown in Figure 7. The curves show that both Mix No. 2 with 
a reduced water content, and Mix No. 3 with a reduced cement content, furnished high­
er average compressive strengths at all ages to one year than was obtained without the 
use of retarders. This increase in compressive strength might be considered a second­

ary benefit obtained by the use of retarders, 
but i t is a real and definite improvement 
in the characteristics of concrete. 

As given in Table 6, all retarders ex­
cept Nos. 22 and 25 furnished concrete of 
equal or higher strength at all ages than 
was obtained in the nonretarded concrete. 
Retarder No. 22 caused the entralnment 
of an excessive amount of air, and the 
strength suffered accordingly. Retarder 
25 gave good results when used in Mix No. 
2 with a reduced water content. When i t 
was used in Mix No. 3 where the cement 
content was reduced, the concrete con­
taining this retarder had lower strengths 
at all ages than the reference concrete. 
This retarder caused the entrainment of an 
excessive amount of air in Mix No. 3. 

Study of the strengths obtained at all 
ages failed to show that any type of re­
tarder gave better results than any 
other type. In this study, the types con­
sidered were the ammonium, sodium, and 
calcium lignosulfonates, the organic acid 
derivatives, and the carbohydrate. 

ZfiOO 

y r x NO 
[ R E D U C E D WA 

urx NO 9 
( R E D U C E D C E M E N T ) 

MIX NO I (NO R E T A R D E R ) 

A C E - D A T S ( L O O S C A L E ) 

Figure 7 . Influence of retarders on com­
pressive strength of concrete average 

values for a l l retarders. 
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Flexural Strength Test Results 
The results of the flexural strength tests for Mixes No. 2 and 3 are given in Table 

7. This table gives the average of five tests on the 6- by 6- by 21-in. beams made on 
different days and tested at ages of 7 and 28 days. The ratios of these strengths to the 
strengths of concrete without retarder (Mix No. 1), made and tested on the same day 
as the concrete containing the retarders, are also given. 

TABLE 7 
FLEXURAL STRENGTH TESTS 

Retarder 
Mr. a 

Modulus of Rupture (psi) 
Mix No. 2 Mix No. 3 
28 Days^ 15 Mo^ 7 Days" 28 Daysb 

1 665 (102) 790 (110) 785 (101) 645 ( 98) 770 (108) 
2 675 (112) 750 (103) 780 (100) 630 (105) 695 ( 96) 
3 665 (110) 750 (103) 875 (105) 630 (104) 745 (103) 
4 725 (118) 785 (104) 840 (102) 620 (101) 770 (102) 
5 680 (106) 765 ( 98) 870 (104) 665 (104) 710 ( 91) 
6 670 (111) 755 (109) 830 ( 99) 590 ( 98) 710 (102) 
7 675 (107) 760 (100) 845 (101) 645 (102) 730 ( 96) 
8 690 (108) 830 (112) 885 (106) 630 ( 98) 755 (102) 
9 690 (109) 805 (106) 855 (104) 655 (103) 745 ( 98) 

10 670 (104) 805 (113) 740 ( 90) 690 (107) 750 (106) 
11 665 (108) 725 ( 95) 835 (102) 650 (106) 710 ( 93) 
12 720 (118) 760 (105) 760 ( 97) 620 (102) 685 ( 94) 
13 685 (107) 785 (102) 805 ( 96) 655 (102) 725 ( 94) 
14 675 (109) 800 (102) 850 (104) 625 (101) 750 ( 96) 
15 715 (111) 770 (110) 845 (101) 645 (100) 685 ( 98) 
16 630 (102) 730 ( 94) 890 (109) 610 ( 98) 705 ( 90) 
17 690 (112) 750 (103) 815 ( 98) 655 (106) 745 (103) 
18 660 (107) 755 ( 97) 810 ( 99) 600 ( 98) 685 ( 88) 
19 720 (110) 790 (103) 755 ( 90) 675 (103) 755 ( 98) 
20 695 (107) 800 (109) 815 ( 99) 630 ( 97) 730 ( 99) 
21 660 (104) 800 (109) 825 (101) 640 (101) 740 (101) 
22 595 ( 98) 695 ( 96) 675 ( 87) 535 ( 88) 640 ( 89) 
23 670 (108) 810 (114) 715 ( 92) 625 (100) 750 (107) 
24 635 (106) 745 (101) 810 (104) 600 (100) 650 ( 88) 
25 655 (107) 750 (105) 775 ( 99) 590 ( 97) 660 ( 92) 

Note: Figures in parentheses represent the ratios (in percent) of the strength of the 
concrete containing the retarders to the strength of the concrete without retarder (Mix 
No. 1) made on the same day. Specimens stored in moist air until tested. 

Âmount of retarder used i s the same as given in Table U. 
^ach value xs the average of five tests made on five different dagrs. Specimens were 
6- by 6- by 21-in. beams tested in accordance with AASHO Method T 97 with third point 
loading on an l 8 - i n . span. Side as molded in tension. 
°Each value i s the average of three tests. Specljnens were 3- by k- by 6-in. beams 
tested with third point loading on a 12- in. span with a l*-in. depth; bottom surface as 
molded in tension. 

For some reason which is not apparent, the use of retarders failed to improve the 
flexural strength of concrete to the same extent as was found for the compressive 
strength. In the coiiq)ression tests, the average strength of the Mix No. 1 reference 
concrete was 5,040 psi at an age of 28 days. The strength of Mix No. 2 retarded con­
crete was 115 percent of this, and that for Mix No. 3 was 104 percent. In the tests 
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for flexural strength, the reference concrete had a strength at 28 days of 740 psi, and 
Mixes No. 2 and 3 of retarded concretes had strengths of 104 and 97 percent, respec­
tively, of this. I t w i l l be noted, however, that the ratio of the values for compressive 
strength, 115 against 104, is practically the same as the ratio of values for flexural 
strength, 104 against 97. Consequently i t can be assumed that the results of the two 
sets of strength tests are valid and that the use of a retarder furnishes concrete of 
lower relative flexural than compressive strength. 

Studies of the different groups of retarders show that concretes prepared with the 
calcium lignosulfonates had lower flexural strength than those prepared with the car­
bohydrate, the ammonium and sodium lignosulfonates, and the organic acids. No 
explanation can be given for this, nor can any reasonable explanation be given for the 
behavior of concrete prepared with retarder No. 22. In the compression tests, con­
crete containing this retarder had the lowest strength, most likely due to the large 
amount of air entrained. In the flexural tests, this concrete had strengths lower than 
those of the reference concrete but with respect to the other retarded concretes, the 
strengths were reduced but slightly. It appears probable that in the acceptance testing 
of retarders, consideration should be given to the behavior of individual retarders and 
not assume that all retarders of a given type wi l l affect concrete in the same manner. 

In Figure 8 average values of the effect of all retarders on the flexural strength of 
concrete are shown. These data are taken from two sets of specimens. The tests at 
ages of 7 and 28 days were made on 6- by 6- by 21-in. beams and the results obtained 
are given in Table 7, When these results were studied, i t was observed that at an age 
of 28 days the average strength for the reference mix was greater than that for Mix 
No. 3 and was approaching the strength for Mix No. 2. A determination of the relative 

strengths of these concretes at greater 
ages was believed desirable. 

As no other beams of 6- by 6-in. cross-
section were available, plans were made 
to test the 3- by 4- by 16-in. beams used 
for reference purposes in volume change 
tests for flexural strength. These beams, 
representing Mixes No. 1 and 2 only, had 
been kept continuously in moist storage. 
When the volume change tests were com­
pleted, these beams were stored in water 
for 2 weeks and tested for flexural strength 
at an age of 15 months. The results ob­
tained are included in Table 7 and Figure 
8. 

These results show that at an age of 
15 months, the flexural strength of non-
retarded concrete was the same as that of 
retarded concrete of reduced water content. 
At greater ages, the equality in flexural 
strength of nonretarded concrete and re­
tarded concrete of reduced water content 
might be maintained. 

Modulus of Elasticity 
The results of tests for modulus of 

elasticity for concretes prepared with each 
of the 25 retarders are not shown in this 
report, as significant differences were not, 
in general, obtained. Average values for 
all concretes of a type are given in text 
table on page 15. The sonic moduli for 
the retarded concretes were from 3 to 6 

MIX NO Z 
( R E D U C E D W A T E R ) 

MIX NO I 
[NO R E T A R D E R ) 

MIX NO 3 
( R E D U C E D C E M E N T ) 

7 D A Y S 2 8 DATS 

AGE ( L O S - S C A L E ) 

Figure 8. Influence of retarders on 
flexural strength of concrete average 

values for a l l retarders. 
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Mix No. Age at Test, Days 
7 28 

Sonic Modulus, Psi 
1 (nonretarded) 5,440,000 5,890,000 
2 (reduced water) 5, 780,000 6, 210,000 
3 (reduced cement) 5,690,000 6,080,000 

Static Modulus, Psi 
1 4,970,000 5,580,000 
2 5,350,000 6,000,000 
3 5,030,000 5,710,000 

percent higher than those for the nonretarded concrete. The static moduli of the re­
tarded concretes were from 1 to 8 percent higher than those for the nonretarded con­
cretes, but the average static modulus for all retarded concretes was 7 percent less 
than the average of the sonic values. 

In general, the use of retarders did not affect adversely the modulus of elasticity of 
concrete unless an excessive amount of air was entrained. Retarder No. 22 which 
caused entrainment of an excessive amount of air, produced concrete having sonic 
and static moduli from 7 to 13 percent lower than those for nonretarded concrete. 

Effect of an Elevated Temperature 
Tests were made to determine the effect of an elevated temperature on the properties 

of concrete containing each of the retarders. The materials used were stored at 90 F 
for several days prior to mixing, the concrete was mixed at 90 F, the test specimens 
were cured at 90 F under wet burlap for 24 hr, and then stored in moist air at 73 F 
until tested. 

The amount of retarder necessary to give the desired retardation (2ya to 3 hr as 
measured by the 500-psi Proctor test) was determmed and the results given in Table 
8. It was found that at 90 F more retarder per bag of cement was required for the 
concretes containing 19 of the retarders than for similar concretes at 73 F, but with 
the other 6 retarders the same amount was required as at 73 F. These 6 retarders 
are Nos. 14, 15, 16, 17, 20, and 24, all ligno sulfonates. The increase in amount used 
for the 19 retarders varied from 105 percent for retarder No. 3 to 175 percent for re­
tarder No. 6. With respect to type of retarder, the change in temperature from 73 to 
90 F required an increase of 27 percent in the amount of the carbohydrate, and an 
average increase of 14 percent for lignosulfonates and 48 percent for organic acid re­
tarders. 

Retarder No. 5 caused an unusual effect on the setting or stiffening of the screened 
mortar at 90 F. The mortar developed a f i r m crust or skin at an early age but re­
mained soft under this crust for some time. When a Proctor penetration pressure of 
500 psi was used, this crust caused the mortar to have an apparent retardation time of 
only 1 hr and 50 min. However, higher penetration pressures of more than 500 psi broke 
through the crust and revealed the softness of the interior portion of the test specimen. 
Tests were continued to an age of 9 hr and the penetration pressure was less than 4,000 
psi. At an age of 24 hr, the mortar was found to be hard and there was no difficulty 
in removing the concrete specimens prepared with this retarder from the molds. For 
a penetration load of 4,000 psi this retarder retarded the mortar more than 4 hr. Tests 
of the concrete specimens at an age of 3 days had a satisfactory strength. 

Compressive strength tests for Mix No. 2 were made at ages of 3 and 28 days. The 
results of these tests and the ratios of these strengths to the strength of concrete with­
out retarder, made on the same day, are given in Table 9. 

In general, the same trends were shown in tests on specimens made at 90 F as were 
shown on those made at 73 F. The strength ratios were approximately the same. How­
ever the average compressive strength at 3 days, of the concretes containing the 
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No. 

TABLE 8 
RETARDATION TIME FOR CONCRETE (Mix No. 2) AT 90 F 

Retarder 

Amount 
Used 

(oz/bag) 

Slu: 
(in 

Air 
(%) 

Retardation* 

Proctor Penetration Test 
At 500 Psi 

Hr Min 
At 4,000 Psi 

Hr Min 
1 1.4 3.2 4.9 3 05 2 50 
2 16.3 3.2 5.8 2 45 2 10 
3 4.2 3.1 5.6 2 35 2 35 
4 4.2 4.4 5.5 2 20 2 15 
5 6.0 4.4 5.8 1 55C 4 + 
6 7.0 3.6 5.8 2 45 3 35 
7 4.5 3.0 5.4 2 40 2 55 
8 16.0 3.3 5.1 2 35 2 50 
9 4.0 2.9 6.0 3 10 3 20 

10 . 4.3 3.2 5.2 3 10 3 00 
11 6.0 2.9 5.8 2 50 2 35 
12 5.3 2.7 6.9 2 35 2 55 
13 5.3 2.8 5.3 3 05 2 50 
14 5.0 2.7 5.6 2 20 2 30 
15 4.0 3.0 4.8 2 15 2 25 
16 4.8 3.0 5.3 2 20 2 00 
17 3.2 2.9 5.2 3 00 2 40 
18 5.0 2.9 6.5 2 25 2 40 
19 4.5 2.8 5.0 2 40 2 15 
20 9.0 2.9 5.4 2 30 2 25 
21 12.0 2.7 5.3 2 40 2 55 
22 4.5 3.5 8.+ 2 25 2 45 
23 7.2 3.0 5.0 2 30 2 25 
24 9.6 3.0 5.4 2 40 2 30 
25 5.0 2.7 7.1 2 35 2 20 
Retardation i s the delay in time of hardening of the concrete containing the retarder 
as compared with the concrete without retarder made on the same day. Time for concrete 
without retarder to reach: 

Proctor penetration load of 500 p s i — 3 hr 1$ min (+ l5 min). 
Proctor penetration load of li,000 p s i — U hr h$ min (1 1$ min). 

Proctor penetration test made i n accordance with ASTM Method C Ij03-57T. 
Crop surface q>peared to crust. 

retarders (Mix No. 2) made at 90 F, was 3,020 psi and for similar concretes made at 
73 F i t was 3,080 psi. At 28 days, the average compressive strength of retarded con­
cretes made at 90 F was 5,040 and for concrete made at 73 F i t was 5,760 psi. 

A comparison of the compressive strengths at ages of 3 and 28 days of concrete 
specimens made at 90 F and at 73 F is shown in Figure 9. At an age of 3 days, the 
points representing each concrete, retarded or nonretarded, are well grouped with 
respect to the 45-deg line. The concretes made with retarders Nos. 3 and 25 show 
the greatest reduction in strength due to fabrication at an elevated temperature. At an 
age of 28 days, almost all of the concretes show a lower strength due to the 90 F tem­
perature. Those prepared with retarders Nos. 5, 7, 11, 13, 18, and 25 show this to the 
most marked extent. With respect to type of retarder, some differences are found but 
no outstanding influence of any one type is noted. Concretes prepared with retarders 
Nos. 3, 6, and 15, showed either none or only slight reduction in strength due to the 
elevated temperature. 
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T A B L E 9 

C O M P R E S S I V E S T R E N G T H T E S T S O F S P E C I M E N S 
M A D E A T 90 F (Mix No. 2) 

R e t a r d e r 
N o . » 

C o m p r e s s i v e Strength (pal) 

3 D a y s 28 D a y s 

Freezing and Thawing Tests of 
Retarded Concrete 

Table 10 gives the results of freezing 
and thawing tests made with Mixes Nos. 
2 and 3 of the retarded concrete. The 
computed durability factors for concrete 
prepared with each retarder after 300 
cycles of freezing and thawing are given 
in this table. Because of the limited 
capacity of the freezing and thawing ap­
paratus, the specimens for these tests 
were prepared on 10 mixing days. 

To permit comparisons between the 
concretes containing the different re­
tarders a reference concrete (Mix No. 1) 
was made on each mixing day. The speci­
mens made with the reference mix were 
tested with the specimens containing the 
retarders, and the durability factors for 
each concrete of Mixes Nos. 2 and 3 ex­
pressed as a percentage of the durability 
factor for the reference concrete made on 
the same day are given in Table 10. These 
values are described as relative durability 
factors. The durability factors for the 
reference concrete were quite uniform, 
varying from 85 to 92 with an average of 
90. Reference to the relative durability 
factor is made in the remainder of this 
discussion. 

Concretes of equal cement content (Mix No. 2) prepared with each of 3 retarders, 
Nos. 12, 15, and 24, had relative durabilities of 80 percent or less, whereas concretes 

10 
11 
12 
13 
14 
I S 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

2 ,880 (121) 
2, 550 (107) 
3 , 2 5 0 (132) 
2 ,890 (117) 
3 , 2 2 0 (135) 
2 ,770 (116) 
2 , 8 8 0 (117) 
3 , 2 1 0 (130) 
3 , 0 6 0 (124) 
3 , 0 9 0 (129) 
3 , 4 7 0 (140) 
2 ,840 (119) 
2 ,810 (114) 

3 , 180 (129) 
3 , 3 2 0 (134) 
3 , 3 5 0 (136) 
2 ,960 (120) 
3 , 0 6 0 (124) 
3 , 1 6 0 (128) 
3 , 0 3 0 ( 1 2 3 ) 
3 , 1 1 0 (130) 
2 , 3 4 0 ( 9 5 ) 
3 , 020 (126) 
3 , 5 8 0 (146) 
2 , 4 1 0 (101) 

5 ,090 (115) 
4 , 4 1 0 ( 99) 
5 ,260 (125) 
5 ,220 (119) 
5 , 0 8 0 (114) 
5 ,400 (122) 
4 ,700 (112) 
5 ,330 (121) 
5 ,220 (119) 
5 ,280 (119) 
5 ,070 (115) 
5 ,070 (114) 
4 , 5 4 0 (108) 
5 ,210 (119) 
5 ,470 (125) 
5 , 3 5 0 (122) 
5 , 2 7 0 ( 1 2 0 ) 
4 , 6 5 0 (111) 
5 ,390 (128) 
5 ,170 (123) 
5 ,420 (122) 
3 , 9 4 0 ( 94) 
5 ,100 (115) 
5 ,180 (123) 
4 .280 ( 96) 

Notes E a c h va lue I s an average of three t e s t s . %)eclmens 
w e r e made at 90 F and w e r e s t o r e d i n a i r a t 90 F for 24 h r , 
then s tored I n moi s t a i r at 73 F unt i l t e s ted F i g u r e s I n 
p a r e n t h e s e s r e p r e s e n t the r a t i o ( in p e r c e n t ) of the strength 
of concre te containing the r e t a r d e r (Mix No. 2) to the s trength 
of the concre te without r e t a r d e r (Mix No. 1) made on the s a m e 
day 

^Amount of r e t a r d e r u s e d I s the s a m e a s given I n T a b l e 8 . 
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Figure 9. Effect of elevated temperature on compressive strength of concrete containing 
retarders. 
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TABLE 10 
RESULTS OF FREEZING AND THAWING TESTS 

Retarder 
No.^ Mix No. 2 Mix No. 3 

Durabil­ Relative Durabil­ Relative 
Air ity Fac­ Durabil­ Air ity Fac­ Durabil­
Con­ AEA tor at ity Fac- Con­ AEA tor at ity Fac-
tent Added 300 torb 

(%) 
tent Added 300 torb 

(%) (%) (ml/bag) Cycles (%) 
torb 
(%) (%) (ml/bag) Cycles (%) 

torb 
(%) 

1 4.9 16.3 92 101 5.4 21.5 91 99 
2 5.2 16.3 91 100 5.6 21.5 91 99 
3 6.5 None 87 96 5.6 None 68 75 
4 5.2 14.3 91 101 5.1 18.0 89 99 
5 5.1 10.2 87 96 4.9 13.5 82 91 
6 5.3 14.3 91 100 5.4 20.2 85 94 
7 6.1 10.2 90 99 . 5.5 13.5 87 96 
8 5.0 15.1 91 99 5.3 19.3 91 106 
9 4.9 14.3 94 102 5.3 18.0 87 97 

10 6.0 18.4 91 99 5.7 13.5 88 97 
11 5.4 4.1 88 95 5.3 9.0 84 93 
12 5.7 4.1 74 80 5.9 6.7 72 85 
13 5.3 4.1 88 96 6.0 6.7 79 93 
14 6.0 4.1 87 94 5.3 11.2 84 99 
15 6.3 None 72 79 5,0 None 64 75 
16 1 6.2 6.1 92 101 5,5 6.7 83 98 
17 5.2 10.2 92 102 5.2 13.5 86 101 
18 6.2 6.1 90 99 5.0 6.7 82 93 
19 : 5.9 8.2 91 101 5.0 11.2 87 98 
20 5.1 None 85 94 5.9 13.5 91 103 
21 5.0 4.1 82 91 5.2 11,2 92 103 
22 10.0 None 92 101 7.9 None 91 102 
23 6.1 4.1 88 97 5.0 4.7 76 86 
24 5.0 None 56 61 5.9 2.4 68 76 
25 7.6 None 87 96 6.6 None 87 97 

Note:. Each value i s an average of tests on three 3- by h- by l 6 - i n . beams. Beams 
frozen and thawed in accordance with AASHO Method T l 6 l for fast freezing and thawing 
m water. 
Âmovmt of retarder used i s the same as given in Table 1*. 

"Relative durability factor i s the ratio in percent of the durability factor of the 
concrete containing the retarder to the durjibility factor of concrete without retarder 
(Mix No. 1) made on the same day and given the same treatment. 

with the remaining 22 retarders had relative durabilities of 90 percent or more. Con­
cretes of reduced cement content (Mix No. 3) prepared with the same 3 retarders had 
relative durabilities of less than 90 percent. Concretes containing retarders Nos. 3 
and 23 also had relative durabilities of less than 90 percent when the cement content 
was reduced. 

If an assumption is made that a relative durability of 80 percent for concrete with 
an admixture is acceptable as is specified in AASHO Specification M 154 for Air-En-
traming Admixtures for Concrete, and in the proposed specification for retarders of 
Subcommittee in-h of ASTM Committee C-9, then only two retarders, Nos. 15 and 24 
for Mix No. 2, and three retarders, Nos. 3, 15 and 24 for Mix No. 3 would not be ac­
ceptable, r-

Retarders Nos. 3, 15, and 24 are all of the lignosulfonate type. The air contents of 
the concretes containing these retarders varied from 5.0 to 6.5 percent and with one 
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exception (retarder No. 24, Mix No. 3) no air-entraining agent was added. Concretes 
containing four other lignosulfonate retarders, Nos. 20, 22, 23 and 25, to which no 
air-entraining agent was added in six of the eight cases, had relative durability factors 
for Mixes Nos. 2 and 3 varying from 86 to 103 percent. Concrete containing the other 
lignosulfonate retarders to which air-entraining agent was added, with two exceptions 
(retarder No. 12, Mixes Nos. 2 and 3), had durability factors of more than 90 percent. 

Retarders Nos. 4, 5, 6, 8 and 9 of the organic acid type, which required considerable 
Vinsol resin solution to entrain the required amount of air in concretes for Mixes Nos. 
2 and 3, had relative durability factors in excess of 90 percent. Considerable amounts 
of air-entraining agent were also required for Mixes Nos. 2 and 3 with retarder No. 1, 
the carbohydrate-type retarder. The relative durability for this concrete was 101 per­
cent for Mix No. 2 and 99 percent for Mix No. 3. 

Concrete having an air content of 5 to 7 percent is usually considered to have an 
adequate resistance to the effects of freezing and thawing. The fact that the concretes 
prepared with retarders Nos. 3, 15, and 24 contained at least 5.0 percent of air and 
still showed relatively poor resistance to freezing, raises a question of the beneficial 
value of air entrained by some lignosulfonates. The only explanation which might be 
given of this is that the air was not in the finely divided and uniformly dispersed form 
most advantageous in furnishmg durability to concrete. However, no study of air void 
size and spacing was made. The information obtained in these tests indicates that 
freezing and thawing tests may be of particular significance in acceptance or qualifica­
tion tests of a retarder which requires no air-entraining admixture to obtain the speci­
fied air content in concrete. 

Effects of Delayed Vibration 
The results of tests to determine the effects of delayed vibration on the properties 

of concretes prepared with retarders are given in Table 11. During three rounds of 
making specimens for flexure and compression tests, an extra beam and cylinder were 
made for each batch. The three extra beams and three cylinders were vibrated at 3 
or SVa hr after molding. Mix No. 1, without retarders, was vibrated at 3 hr and Mixes 
Nos. 2 and 3, with retarders, were vibrated at ^% hr. The unit weight of each con­
crete, vibrated and nonvibrated, was determined by weighing cylinders in air and 
under water prior to testing at an age of 28 days. 

The average increase in unit weight of all vibrated retarded concretes was 3.1 and 
3.4 pcf for Mixes Nos. 2 and 3, respectively, over the unit weights of corresponding 
concretes from the same batch which had not been vibrated. In general, a greater in­
crease in weight was obtained by vibration of the concretes which had high air contents. 
For example,, concretes of an air content of 8 or more percent (retarder No. 22) showed 
increases in unit weight of 6.5 and 7.4 lb on vibration. 

The average unit weight of vibrated, nonretarded concrete (Mix No. 1) prepared on 
18 mixing days was 151.3 pcf and 148.3 pcf for corresponding concretes that were not 
vibrated. The average gain in weight of 3 pcf of nonretarded concrete on vibration 
checks with the average increase in weight of 3.1 pcf for Mix No. 2, and 3.4 pcf for 
Mix No. 3 for retarded concretes on vibration. 

The average compressive strength at an age of 28 days of vibrated, nonretarded 
concrete (Mix No. 1) was 5, 680 psi. This value was 11 percent higher than that for 
the same concrete which was not vibrated. Vibration did not improve the retarded con­
cretes to the same amount. The 28-day compressive strengths of vibrated retarded 
concrete were 4.1 and 7.3 percent h^her, for Mixes Nos. 2 and 3, respectively, than 
the strengths of the same concrete which was not subjected to delayed vibration. Al l 
vibrated concrete for Mix No. 3 (reduced cement content) and 22 of the 25 concretes 
with reduced water content (Mix No. 2) showed a gain in strength over nonvibrated con­
crete. 

The 28-day flexural strength of vibrated retarded concrete averaged 2.9 percent 
lower for Mix No. 2 than the strength of the same concrete without delayed vibration. 
For Mix No. 3 the vibrated and nonvibrated concretes had about the same flexural 
strength. 
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TABLE 11 
E F F E C T OF DELAYED VIBRATION ON COMPRESSIVE AND FLEXURAL 

STRENGTH OF CONCRETE 

Re­
tarder 
No. a 

Weight ot Hardened Concrete" 

Vibrated (pet) 
Non-

Vlbrated (pet) 

Compressive 
Strength, 
28 Days 

Vibrated (psi) 

Fleiniral 
Strength, 
28 Days 

Vibrated (psi) 
(a) Mte No. 1 (No Retarder) 

None 151.3 148.3 5680 (111) 725 ( 99) 
(b) Mix No. 2 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
i i 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

Avg of 25 

151.8 
151.7 
151.8 
151.9 
153.5 
151.2 
152.9 
152.5 
151.2 
152.4 
152.2 
150.8 
152.6 
153.8 
152.3 
152.4 
152.3 
152.8 
153.8 
152.5 
152.1 
150.8 
152.3 
154.0 
153.3 

149.8 
148.5 
147.8 
148.8 
150.3 
147.6 
150.8 
150.1 
149.7 
150.2 
147.0 
145.3 
150.7 
150.9 
149 
150 
150 
151 
151 
150.6 
149.9 
144.3 
149.8 
151.1 
148.1 

6,070 
5,680 
5,790 
5,990 
6,500 
5,550 
5,950 
8,050 
6,240 
6,120 
6,240 
5,690 
6,140 
8,270 
5,880 
6,170 
5,900 
5, 740 
6,170 
6,260 
6,210 
5,420 
6,290 
6,020 
6,120 

retarders 152.4 149.3 104.1 97.1 
(c) Mix No. 3 

1 151.6 147.6 5,810 (106) 695 ( 91) 
2 152.0 148.4 5,360 (104) 730 (105) 
3 152.2 148.6 5,610 (112) 710 ( 97) 
4 152.0 148.7 5,560 (105) 725 ( 94) 
5 153.5 149.8 6,270 (109) 705 ( 96) 
6 151.1 148.9 5,320 (106) 675 ( 97) 
7 152.2 149.8 5,830 (105) 735 (104) 
8 152.4 149.7 5,690 (103) 725 ( 96) 
9 152.4 149.3 5,910 (105) 755 (102) 

10 153.2 150.7 6,«00 (108) 720 ( 99) 
11 153.6 149.7 5,710 (103) 685 ( 97) 
12 151.7 147.8 5,360 (107) 745 (106) 
13 153.8 149.6 5,890 (109) 720 (104) 
14 153.0 149.3 5,610 (105) 740 (100) 
15 153.5 148.8 5,950 (114) 670 ( 97) 
16 153.2 150.0 5,690 (101) 735 (101) 
17 152.1 149.4 5,790 (109) 750 (101) 
18 152.6 150.5 5,600 (100) 760 (113) 
19 152.8 150.1 5,790 (105) 735 ( 93) 
20 154.0 151.0 6,380 (108) 680 ( 95) 
21 152.5 150.5 5,800 (103) 720 (104) 
22 152.4 145.0 5,190 (l26) 670 (105) 
23 153.0 149.9 5,580 (104) 765 (103) 
24 153.6 150.7 5,600 (105) 670 (105) 
25 152.6 147.6 5,880 (126) 670 ( 98) 
Avg of 25 

retarders 152.7 149.3 107.3 100.1 
Note: Each value for Mix No. 1 is average of 19 tests and each value for Mixes No. 
2 and No. 3 Is average of three tests made on different days. Specimens stored In 
moist air untU tested. Figures in parentheses represent the ratio (in percent) of the 
strength of vibrated concrete to the strength of the non vibrated concrete made on the 
same day. 
^Amount of retarder used is the same as given in Table 4. 
''Wel^t of hardened concrete determined on test cylinders at age of 28 days. 
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The average flexural strength of the vibrated, nonretarded concretes (Mix No. 1) 
was 725 psi. This was about 1 percent less than the average strength of the corres­
ponding nonvibrated concrete. 

The tests indicate that delayed vibration of retarded concrete at 5% hr after placing 
is beneficial to the compressive strength. However, the 500-psi Proctor penetration 
pressure for delayed vibration was not s^plicable to concretes which were used in this 
investigation. This was probably due to the grading and the type of aggregate used. 

The effect of delayed vibration on flexural strength of retarded concrete included in 
this Investigation appears to be of no benefit, probably due to the method of vibration 
employed. It is difficult to vibrate a horizontal beam of 6- by 6-in. cross-section with 
a l78-in. internal vibrator and obtain ideal compaction. In the case of a 6- by 12-in. 
cylinder, the vibrator spud is immersed for its ful l length in the concrete and effective 
vibration can be obtained. 

Density and Absorption Tests on Retarded Concrete 
Data on the density and absorption of concrete disks taken from cylinders prepared 

with and without retarders are given in Table 12. The concretes that contained each of 
the 25 retarders (Mix No. 2) were made on three different mixing days with a reference 
mix (No. 1) which was made for each day. Two disks 1-in. thick were sawed from the 
top, middle and bottom, as molded, of each of three similar 6- by 12-in. cylinders 
made on the same day. Each value for weight or absorption of the hardened concrete 
given in the table is an average for the 6 disks. 

A temperature of 190 F to 200 F was used to dry the disks. This temperature was 
chosen because i t was considered inadvisable to evaporate water above the boUing point 
and the uniformity of heating was better controlled at this temperature than in available 
ovens which operated at temperatures about 212 F. 

The wet and dry densities (imit weight per cubic foot) of the disks from the bottoms 

T A B L E 12 

D E N S T T Y A N D A B S O R P T I O N T E S T S ( t S x e s No. 1 and 2) 

Weight of Hardened C o n c r e t e 

^ J S c ^ S n l Absorpt ion" 

R e t a r d e r C o n c r e t e C o n c r e t e Top BUddle Bot tom Tap Middle Bot tom Top Middle Bot tom 
N o . ^ (pcf) (%) (pet) (pet) (pcf) (pcf) (pcf) (pcf) (pet) (pcf) (pet) 

None 1 4 5 . 7 4 . 5 150.8 151 .8 152 .0 142 6 143 6 144 1 5 . 8 5 6 5 5 
4 145 9 4 . 9 151 .0 150 .8 152 .6 143 .1 142 .8 145 .2 5 . 5 5 . 6 5 . 1 
9 145 .3 5 . 1 149 .5 1 5 0 . 2 152 5 141 .2 141.9 144 .8 5 . 9 5 . 8 5 .3 

10 144 .3 5 . 5 149 .8 150 .1 152 6 141 .5 142 .1 145.3 5 . 9 5 . 6 5 0 
11 145.9 4 . 7 151 9 152 6 154 .2 144.1 144 .6 147 .0 5 . 4 5 . 5 4 9 
14 145.9 4 . 9 152.1 152 .1 153 .3 144 .4 144 .3 146 .0 5 3 5 . 4 5 . 0 
16 144.3 6 . 5 151 .0 151 .0 1 5 2 . 7 143 .6 143 3 145 .8 5 . 2 5 . 4 4 7 
18 145 .7 5 . 0 151 .2 1 5 1 . 4 154 1 143 1 143 .3 146.9 5 . 7 5 . 7 4 . 9 
20 144 .3 6 . 0 149 .5 150 .1 152 .4 141 .2 142 .2 145 .0 5 .9 5 . 6 5 . 1 
21 1 4 4 . 7 5 . 6 150.9 1 5 1 . 2 152.8 143 1 143 .2 145 .5 5 . 5 5 . 6 S O 

None 144.3 5 . 0 149.6 149 .8 151 .7 141 7 1 4 1 . 7 144 .5 5 . 6 5 . 7 5 5 
3 143 .1 6 5 151.6 150 .3 151 .8 144 .3 142 6 144 7 5 . 1 5 .4 4 . 9 
5 145 .5 5 . 1 152.6 151 .6 153 .3 145 .5 144 .1 146 .5 4 . 9 5 . 2 4 . 6 
6 1 4 4 . 7 5 . 2 150.1 1 4 9 . 7 1 5 2 . 0 142 3 141 .8 144 8 5 . 5 5 . 6 5 . 0 
7 144.9 5 .3 151 .2 150 .5 152 .5 143 7 142 9 145 .7 5 . 2 5 .3 4 . 7 
8 144 .1 5 . 5 150.3 150 .1 152 .0 142 5 142 .3 144.9 5 . 5 5 . 5 4 9 

13 143 .1 6 . 4 149 .2 149 .3 151 .2 141 5 1 4 1 . 7 144.3 5 . 4 5 . 4 4 . 8 
15 141.9 6 . 7 148.8 1 4 9 . 0 150 .9 141.1 141 .4 144 .2 5 . 5 5 . 4 4 6 
17 144 5 5 . 9 151 .0 1 5 0 . 2 152 .4 143 5 142 5 145.6 5 . 2 5 . 4 4 . 7 
19 145 .5 5 . 0 150.9 150 .6 152 .5 142 .9 142 .6 145.3 5 . 6 5 6 5 . 0 

None 143 .5 5 . 0 148 .3 149 .1 150.6 139 .5 140 .5 1 4 2 . 7 6 .3 6 . 1 5 . 5 
1 144 .3 5 . 2 149 .0 149 .5 151 .8 140 .5 141 .3 144.6 6 . 0 5 . 8 5 . 0 
2 143.9 5 . 2 148 .2 1 4 8 . 4 151 .1 1 3 9 . 7 139 .9 143 .4 6 . 1 6 . 1 5 . 4 

12 144 .3 5 . 1 151.8 1 5 1 . 7 152 .6 144 .4 1 4 4 . 2 145 .7 5 . 2 5 2 4 . 9 
22 138 .6 8+ 1 4 4 . 7 1 4 4 . 7 147 .3 136 .8 136 .9 140 .3 5 8 5 . 7 5 . 0 
23 144.9 5 . 1 150 .1 149 .6 152 .4 142 .1 141 .5 1 4 5 . 2 5 . 6 5 . 7 5 . 0 
24 141 .5 6 . 0 150 2 150 .1 151 .6 142 .6 1 4 2 . 7 144 .8 5 . 3 5 . 2 4 . 7 
25 140 .8 8+ 147 .8 l g ? . 9 150 .0 139 .8 1 4 0 . 0 141.9 5 . 7 5 6 5 . 7 

Note: T w o d i s k s , 1 - ln . th ick , w e r e sawed f r o m the top, middle and bottom of three 6 - ^ 1 2 - l n . c y l i n d e r s . E a c h va lue I s a v e r ­
age of t e s t s on s i x d i s k s . ^Amount of r e t a r d e r u s e d i s the s a m e a s given i n T a b l e 4. •>Wet weight de termined on d i s k s a f t e r 28 
d a y s continuous m o i s t s torage . ' D i s k s d r i e d to constant weight a t 190 to 200 F . " B a s e d on wet weight a f t e r 28 d a y s m o i s t c u r i n g . 
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of the cylinders were higher than the densities of corresponding disks from the tops. 
However, the differences in densities of disks from the top and middle of cylinders 
were small and indicated no effects of any retarder. A comparison of densities of 
the retarded concretes with the densities of the reference concretes does not indicate 
any appreciable gain in weight above that normally obtained for the reduced water con­
tent and the term "densifier" as used for some retarders, is not justified by these 
data. 

The absorptions in Table 12 are calculated from the wet weights at an age of 28 
days and the weights after drying at 190 F to 200 F. The absorptions are higher for 
the disks from the tops of the cylinders than for the disks from the bottoms of the cy­
linder. There does not appear to be any ^preciable effect of decreasing the absorption 
of the concrete in the top of a cylinder by the use of a retarder. Neither does the use 
of a retarder appear to decrease appreciably the range in absorption between the con­
crete in the top and bottom of a cylinder. 

Volume Change Tests 
The data in Table 13 indicate that 22 of the 25 retarders have no appreciable effect 

(more than 0.10 percentage points increase) on the drying shrinkage of concrete. No 
retarder caused any appreciable e^ansion (more than 0.10 percentage points increase) 
in continuously moist-cured concrete. This conclusion is based on a comparison of 
the volume change of the retarded concrete (Mix No. 2) with that of reference con­
crete (Mix No. 1) which was made on the same day. In general, the organic acid type 
of retarders (Nos. 4, 5, 6, 8 and 9) and the carbohydrate retarder (No. 1) caused 
little or no increase in shrinkage on drying. The shrinkage values appear to be larger 
for the retarder concretes that were moist cured initially for 2 days than those for 
similar concretes that were cured initially for 14 days. Some of the concretes with 

lignosulfonate retarders, particularly 
Nos. 11, 14, 16, 18 and 24 showed the 
greatest increase in shrinkage for 2-day 
moist-cured concrete. Retarders Nos. 
17 and 24 caused the greatest increase in 
shrinkage for 14-day moist-cured con­
crete. Whether the calcium chloride con­
tent of retarders Nos. 11 and 24 affected 
shrinkage is subject to conjecture. The 
reducing sugar contents of retarders Nos. 
14 and 17 are more than 5 percent and the 
shrinkage values for concrete with either 
of these retarders are among the highest. 
However, consideration is directed to the 
chemical composition of each retarder re­
ported under chemical tests if an attempt 
to explain further the range in shrinkage 
values is desired. 

The values for e:q)ansion under moist 
storage show no appreciable effect of re­
tarders on concrete in 24 of the 25 cases. 
One value, 0.019 percent, for concrete 
with retarder No. 14 is the exception. 

Use of Excessive Amount of 
Retarder 

A limited series of tests was made using 
four times the amount of retarder which had 
previously been determined as the amount 
necessary to obtain the desired retardation. 

T A B L E 13 

T E S T S F O R C H A N G E I N V O L U M E - M I X E S N O 1 A N D 2 

R e t a r d e r 
No 

C o n t r a c t i o n A f t e r Storage 
in D r y Air"" tor 200 D a y s A f -
ter In i t i a l M o i s t C u r i n g f o r 

E x p a n s i o n A f t e r 
200 D a y s C u r i n g 
I n M o i s t A i r ' 

(%) 

None 0 044 0 .048 0 .009 
4 0 .046 0 .041 0 O i l 
9 0 .046 0 .044 0 O i l 

10 0 .047 0 047 0 013 
11 0 .059 0 048 0 .012 
14 0 .052 0 .048 0 019 
16 0 . 0 5 5 0 049 0 012 
18 0 057 0 .049 0 008 
20 0 .049 0 .046 0 O i l 
21 0 047 0 .048 0 O i l 

None 0 .049 0 .046 0 009 
3 0 .049 0 .045 0 O i l 
5 0 052 0 044 0 010 
6 0 .044 0 046 0 .011 
7 0 051 0 .047 0 O i l 
8 0 044 0 .040 0 . 0 1 0 

13 0 .053 0 .045 0 . 0 1 0 
15 0 . 0 4 7 0 .046 0 .012 
17 0 .053 0 .058 0 O i l 
19 0 .052 0 046 0 .010 

None 0 .048 0 .044 0 008 
1 0 046 0 .047 0 .011 
2 0 048 0 .048 0 .008 

12 0 047 0 .039 0 .009 
22 0 .049 0 .044 0 .014 
23 0 . 0 5 2 0 . 0 4 4 0 .009 
24 0 058 0 051 0 .011 
25 0 .053 0 .042 0. O i l 

Note. E a c h va lue i s an average f o r three 3 - by 4 - by 16- i n . 
b e a m s . ^Amount of r e t a r d e r used I s the s a m e a s given In 
T a b l e 4 ' ' ^ c l m e n s s tored in a i r at 73 F and 50 p e r c e n t 
r e l a t i v e humidi ty , ' ^ ^ e c l m e n s s tored i n a i r a t 73 F and 100 
p e r c e n t r e l a t i v e humidi ty . 
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Only 10 of the 25 retarders were used in these tests. Tests were made to determine the 
effect on the retardation as well as on compressive strength at ages of 7 and 28 days. 
The mix data for these concretes as well as the result of the Proctor penetration tests 
and the compressive strength tests, and strength ratios, are given in Table 14. 

The mix data show that when four times the normal amount of retarder was used, 
the air content of the concretes containing three of the ten retarders (Nos. 3, 7, and 
11) was more than 8 percent. No air-entraining admixture was used in these mixes. 
The use of an overdosage of retarder had no effect on the air content of the concretes 
containing each of the other seven retarders. The water required for the concretes 
with an overdosage of each retarder was, with one exception, reduced from that re­
quired for corresponding concretes containing the normal amount of retarder. 

The time required for the concretes prepared with each of these retarders to reach 
500-psi penetration pressure by the Proctor test, varied from approximately 6 hr for 
concrete containing retarder No. 11 to more than 100 hr for retarders Nos. 3 and 7. 
For a penetration of 4,000 psi, the time varied from 23 hr to more than 150 hr. Re­
tarders Nos. 11 and 12 which required approximately 6 to 10 hr, respectively, for a 
500-psi penetration pressure, required 80 and more than 150 hr for 4,000-psi pene­
tration pressure (Proctor). There appears to have been some crusting of the top sur­
face of the concrete which caused this difference. The time shown for the Proctor 
penetration values is only approximate as readings could not be taken at regular inter­
vals. 

The strength tests show that at an age of 7 days, concrete prepared with only 3 re­
tarders, Nos. 1, 2 and 9, gave compressive strengths greater than those of the concrete 
without retarder. Concrete containing these reached the Proctor penetration value of 
4,000 psi in less than 50 hr. 

At an age of 28 days the concretes containing each of six of the retarders had 
strengths greater than the strength of the nonretarded concretes. Of the four concretes 
which had strengths less than the unretarded concrete, three had air contents of more 
than 8 percent. The concretes containing retarders Nos. 7 and 12 had strength ratios 
of 90 or 91 percent of the unretarded concrete. As these concretes needed more than 
100 hr to obtain a Proctor reading of 4,000 psi, i t is possible that at a later age these 
concretes might equal the strength of the unretarded concrete. 

Where the air content of the concrete is not high, i t appears that if sufficient curing 
is given the concrete, the strength is not seriously lowered by using this overdosage 
of the retarders. 

Figure 10 shows a partly factual and partly assumed representation of the effect of 
the overdosage of the 10 retarders on the compressive strength of concrete at ages of 
7 and 28 days. The curves showing the effect of retarders Nos. 1, 2, and 9 have ap­
proximately the same shape as that for the reference concrete. The curves for the 
concretes prepared with retarders Nos. 3 and 11 have about the same slope as that 

T A B L E 14 

T E S T S U S I N G F O U R T I M E S N O R M A L A M O U N T O F R E T A R D E R * ( M i x e s No. 1 and 2) 

R e t a r d e r P r o c t o r T e s t T i m e f o r 

No. 

Amount 
U s e d 

(oz /bag) 

A E A 
Added 

( m l / b a g ) 
C e m e n t 

( b a g s / c u yd) 
W a t e r 

(galAiag) 
Slump 
(In ) 

A i r 
(%) 

500 P s i 

H r M i n 

4 ,000 P s i 

H r Min 

None None 27 6 0 5 9 2 . 7 5 4 3 50 5 25 
1 i% 23 6 . 0 5 7 2 8 5 1 20 - 23 -
2 57 17 5 .9 5 8 2 9 5 . 1 27 - 29 -
3 16 None 5 2 5 .3 5 4 8+ 100+ - 100+ -
4 12 25 6 . 0 5 4 3 . 0 5 1 80+ - 80+ -
5 16 12 6 . 0 5 3 4 3 4 8 15± - 75 -
6 16 20 5 9 5 4 3 2 5 . 7 80+ - 150+ -
7 14 None 5 . 8 5 . 2 5 2 8+ 100+ - 150+ -
9 11 25 5 .9 5 4 3 8 5 6 40+ - 48 -

11 19 None 5 . 2 4 9 4 . 2 i* 6 80+ -
12 16 27 6 0 5 1 2 5 5 . 5 10+ - 150+ -

C o m p r e s s i v e Strengtl i 
(ps i ) 

7 D a y s 28 D a y s 

3 , 6 5 0 
4 , 3 3 0 ( 1 1 9 ) 
4 , 1 6 0 ( 1 1 4 ) 
1 ,480( 41) 
2 , 3 8 0 ( 65) 
3 , 3 4 0 ( 92) 

3 2 0 ( 9) 

3 , 8 6 0 ( 1 0 6 ) 
1 ,540( 42) 

4 , 9 0 0 
5 ,500 (112) 
5 , 5 6 0 ( 1 1 3 ) 
2,e40( 54) 
5 , 9 0 0 ( 1 2 0 ) 
6 , 2 0 0 ( 1 2 7 ) 
5 , 0 3 0 ( 1 0 3 ) 
4 , 4 2 0 ( 90) 
5 , 6 5 0 ( 1 1 5 ) 
2 , 5 0 0 ( 51) 
4 , 4 6 0 ( 91) 

N o r m a l amount of r e t a r d e r i s amount r e q u i r e d to r e t a r d the setting t ime of the concre te at 73 F f o r 2'/a to 3 h r 
" F i g u r e s i n p a r e n t h e s e s indicate the percentage of the s trength of r e t a r d e d concre te to the s trength of the concre te without r e ­
t a r d e r 
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for the reference concrete. It is expected that these concretes would continue to de­
velop strength at about the same rate as the reference concrete, and that little change 
in the ratio between the strengths of the retarded and the reference or nonretarded 
concrete would occur with increase In age. 

The curves for the concretes prepared with retarders Nos. 4, 5, 6, 7, and 12 are 
similar but differ greatly from that for the reference concrete. These curves show a 
rapid Increase in strength after a prolonged delay in hardening. The assumption drawn 
from these data is that for some retarders, a considerable delay in setting may cause 
a rapid gain in strength, and possibly the development of strength superior to that when 
normal rates of hardening occur. This does not apply to all retarders as concrete con­
taining retarders Nos. 3 and 11 had a marked delay in setting but did not gain a normal 
amount of strength between ages of 7 and 28 days. For most of the retarders tested, 
use of an excessive amount did not cause an objectionable reduction in strength at an 
age of 28 days. 

Effect of Retarders on Temperature Rise of Mortar or Concrete 
Figure 11 shows the results of temperature measurements of retarded and unre-

tarded concretes which were stored at 73 F for 48 hr. Retarded concretes required 
a longer period of time after mixing to reach the maximum temperature than unretarded 
concrete. The increase varied from approximately 1 to 7 hr. In only three cases were 
the maximum temperatures of retarded concretes higher than that of unretarded con­
crete. The greatest maximum temperature was with retarder No. 24. This developed 
almost 7 hr after the maximum temperature of the unretarded concrete had been reached. 
The lowest maximum temperature was 90 F, obtained with retarder No. 5. 

Figure 12 shows the results of measurements for temperature rise of retarded and 
unretarded mortars wMch were screened from concrete made at 90 F. Hie mortar 
specimens were stored in air at 90 F for 24 hr. The increase in time for retarded 
mortars to reach a maximum temperature over the time required for unretarded mor­
tars varied from about "^k to 16 hr. The greatest maximum temperature was obtained 
with retarder No. 24. The lowest maximum temperature occurred with retarder No. 
6. Retarder No. 5 caused the second lowest tenaperature rise but two maximums were 

obtained. One maximum temperature of 
106 F occurred before the time that the 
maximum temperature of the unretarded 
mortar had been reached. 

The data show, with one exception, 
that all retarders delay the time of maxi­
mum temperature rise beyond that of un­
retarded mortar or concrete. They also 
show that, in general, retarders do not 
increase appreciably the maximum tempera­
ture rise but may decrease i t . The ex­
ception to the last statement was found 
with retarder No. 24 which caused both 
mortar and concrete to develop a signifi­
cantly higher temperature than the unre­
tarded concrete. 

SUMMARY 
It is to be noted that the findings of this 

investigation of the effect of 25 retarders 
apply specifically to the concrete prepared 
with the following listed materials and pro­
perties: 

Cement-blend of four type I cements 
having a calculated average equivalent al­
kali content of 0.63 percent. 

spoo 

F E R C N C E 
C O N C B E T E MIX , 

INO R E T A R O E R I 

A C E - D A T S (LOO S C A L E ) 

Figure 10. Effect of overdosage (U times) 
of retarder on conrpressive strength. 
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Figure 11. Effects of retarder on temperature rise of concrete specimens made and 
stored at 73 F . 

AX TEMP II3»| 
NO RETARDER 

^ M A X TEMP 

BO 
UI 100 

19 UI 

HOURS 

Figure 12. Effects of retarder on temperature rise of mortar specimens made and stored 
at 90 F . 
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Aggregates—natural quartz sand, and crushed limestone of 1-in. maximum size. 
Slump—2 to 3 in. 
Air content—5 to 6 percent. 
Mixing—in laboratory pan-type mixer. 

When a retarder was used in sufficient amount to delay the setting time for 2ya to 
3 hr as indicated by a 500-psi Proctor penetration load, the results obtained may be 
summarized as follows: 

1. For concrete of equal cement content and equal slump all retarders permitted 
reductions of the water content of a 6-bag concrete mix from 1 to 12 percent (0.1 to 
0. 7 gal per bag of cement) below the water content of similar concrete that was not 
retarded. 

2. The chemical composition of the retarders generally affected the reduction of 
water. The carbohydrate (sucrose) permitted the least reduction of water (1 percent), 
the organic acid type of retarder permitted 5 to 7 percent reduction, and the ligno­
sulfonate type (without insoluble extender) permitted a reduction of 5 to 12 percent in 
water content. 

3. Final hardening of retarded concretes at 4,000-psi Proctor penetration pressure 
was less than 11 hr. 

4. Final hardening of retarded concretes at a pin pullout load of 8 psi was less than 10 hr. 
5. Concretes of a 6-bag mix which contained each of 24 of the 25 retarders had higher com -

pressivestrengths at 3, 7, 28, and 365daysthan similar unretarded concrete, hi-
creases in strength at 365 days were from 9 to 25 percent. Concrete prepared with one 
retarder, with an air content in excess of 8 percent, had compressive strengths which 
were less at 3, 7, 28 and 365 days thanthe strengths of correspondingunretarded concrete. 

6. Concretes which were prepared with each of 23 retarders and had cement con­
tents of 5.75, 5.5, or 5.25 bags, had equal or higher compressive strengths at 3, 7, 
28 and 365 days than unretarded concrete with a cement content of 6 bags. Concretes 
containing 5.25 bags of cement which were prepared with each of two retarders had 
air contents of more than 8 percent. These two concretes had lower compressive 
strengths than 6-bag unretarded concrete. Increases in compressive strengths of the 
other 23 retarded concretes were 2 to 15 percent at an age of 365 days. 

7. Flexural strengths of 6-bag retarded concretes, of less than 8 percent air con­
tent were 2 to 18 percent higher at an age of 7 days than the strengths of corresponding 
unretarded concrete. Flexural strengths at 28 days were higher with the use of 20 of 
25 retarders than the strengths of unretarded concrete. The flexural strengths of the 
specimens which had been moist cured for 15 months were from 0 to 9 percent higher 
for concretes prepared with each of 14 retarders and from 1 to 10 percent lower for 
10 retarders than the strengths of unretarded concrete. The flexural strengths 
at all ages for the retarded concretes containing more than 8 percent entrained 
air were lower than unretarded concrete. 

8. Flexural strengths of concretes of reduced cement contents (5.25 to 5.75 
bags per cu yd) prepared with each of 17 retarders were equal to or greater at 
7 days than that of the 6-bag unretarded concrete. At 28 days, concretes pre­
pared with each of 9 retarders showed increased strengths. Concretes containing 
7 retarders showed reductions of 2 to 3 percent at 7 days and concretes made 
with 16 retarders showed reductions of 1 to 12 percent in flexural strength at 
28 days when compared with the strength of 6-bag concrete. 

9. The sonic moduli of elasticity for concretes of 6-bag retarded concrete 
(excluding the one with the high air content) were higher at 7 and 28 days in 
all cases, except one, than the moduli of corresponding unretarded concrete. 

The sonic moduli of elasticity for concretes of reduced cement content (5.25 
to 5.75 bags) with each of 24 retarders in all cases, except three were equal 
to or greater than the modulus of unretarded concrete of 6-bag cement content. 

Values for static modulus of elasticity in general were lower than those that were 
determined sonically. 
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Re ta rded concre tes , both 6-bag and reduced cement content, w h i c h had a i r contents 
of m o r e than 8 pe rcen t , had l o w e r m o d u l i of e l a s t i c i t y a t 7 and 28 days than the m o d u l i 
of 6-bag un re t a rded concre te . 

10. Delayed v i b r a t i o n inc reased the compres s ive s t rengths at 28 days of 6-bag r e ­
t a rded concrete over tha t of the nonvibra ted concrete i n 22 of 25 cases. The 28-day 
compres s ive s t r eng th of r e t a r d e d concrete of l e ss than 6 bags was equal to o r g r e a t e r 
than the co r respond ing nonvibra ted concre te . The e f f e c t of delayed v i b r a t i o n on 28-day 
f l e x u r a l s t r eng th of r e t a r d e d concre te was not as b e n e f i c i a l as on compres s ive s t r eng th , 
p o s s i b l y due to the method of V i b r a t i o n employed . V i b r a t i o n inc reased the dens i ty of 
r e t a r d e d concre te and a r e d u c t i o n of en t ra ined a i r p r o b a b l y o c c u r r e d . 

1 1 . Shrinkage due to los s of m o i s t u r e of r e t a r d e d concre te was s l i g h t l y g r e a t e r w i t h 
some r e t a r d e r s than f o r un re t a rded concre te . A f t e r 200 days of s torage i n d r y a i r , 
r educ t ions i n l eng th o f 0 .044 to 0. 049 pe rcen t f o r 6-bag un re t a rded concrete and 0.039 
to 0.059 pe rcen t f o r r e t a r d e d concrete w e r e obta ined. 

The increase i n l eng th of r e t a r d e d concre tes d u r i n g 200 days of continuous m o i s t 
s torage was gene ra l l y on ly s l i g h t l y g r ea t e r than that f o r concrete p r e p a r e d w i t h o u t a 
r e t a r d e r . 

12. Re la t ive d u r a b i l i t y f a c t o r s f o r 6-bag r e t a r d e d concre tes , when f r o z e n and 
thawed i n w a t e r w e r e 6 1 , 79, and 80 w i t h the use of each of three l ignosu l fona te r e ­
t a r d e r s and w e r e 9 1 o r g r ea t e r f o r the o ther 22 r e t a r d e r s . Re la t ive d u r a b i l i t y f a c t o r s 
f o r r e t a r d e d concre te having a cement content of 5.25 to 5.75 bags v a r i e d f r o m 75 to 86 
f o r 5 l ignosul fona te r e t a r d e r s and w e r e 90 o r g r ea t e r f o r the o ther 20 r e t a r d e r s . 

13. The average absorp t ions at 28 days of the un re ta rded concre tes w e r e 5 .9 , 5 .8 
and 5.5 pe rcen t f o r the top , m i d d l e , and b o t t o m sect ions , r e spec t i ve ly , of a 6- by 12-
i n . c y l i n d e r . F o r r e t a r d e d concre tes i n 6 - b y 1 2 - i n . c y l i n d e r s , average absorp t ions 
a t 28 days w e r e 5 . 7 , 5 . 5 , and 5 . 0 f o r the top , midd le and b o t t o m sect ions , r e s p e c t i v e ­
l y , when an o rgan ic a c i d type of r e t a r d e r was used. Ave rage absorp t ions at 28 days 
f o r concre tes w i t h l ignosul fona te r e t a r d e r s w e r e 5 .5 , 5 . 5 , and 5 .0 p e r c e n t f o r the 
top, m i d d l e , and b o t t o m sect ions of c y l i n d e r s , r e s p e c t i v e l y . In gene ra l the w e i g h t 
p e r cubic f o o t of the r e t a r d e d concre tes was on ly s l i g h t l y Mghe r than the we igh t o f 
the co r re spond ing un re t a rded concre te . 

14. F o r 6 of the 19 l ignosul fona te r e t a r d e r s , the same amount of r e t a r d e r caused 
a r e t a r d a t i o n of about 2^/% h r (at 500-ps i P r o c t o r ) whether the concrete was p r e p a r e d 
a t a t empera tu re of 73 F o r 90 F . F o r a l l o ther r e t a r d e r s m o r e m a t e r i a l was r e q u i r e d 
to r e t a r d the set of concre te p r e p a r e d at a t empe ra tu r e o f 90 F than a t a t e m p e r a t u r e of 
73 F . T h i s increase i n the amovmt of r e t a r d e r needed v a r i e d f r o m 33 to 75 pe rcen t 
f o r the o rgan ic ac id r e t a r d e r s and f r o m 5 to 37 pe rcen t f o r the l ignosul fona te r e t a r d e r s 
o ther than the 6 p r e v i o u s l y ment ioned, and was 27 p e r c e n t f o r the carbohydra te r e ­
t a r d e r . Concre te p r e p a r e d w i t h a l l except one r e t a r d e r developed a f i n a l hardening 
( 4 , 0 0 0 - p s i P r o c t o r ) a t a t empe ra tu r e of 90 F i n a p p r o x i m a t e l y 7 to 8 h r . Concre te 
p r e p a r e d w i t h the o ther r e t a r d e r became h a r d a t some t i m e between 9 and 24 h r . 

15. Re ta rded concre te p r e p a r e d a t 90 F w i t h each o f 24 r e t a r d e r s ( o m i t t i n g r e t a r d e r 
No. 22) had a 3-day conopressive s t r eng th tha t was f r o m 1 to 46 p e r c e n t g r ea t e r t l ian 
the s t r eng th of co r respond ing un re t a rded concre tes . W i t h the use of 2 r e t a r d e r s , 2 8 -
day compres s ive s t rengths of 96 and 99 pe rcen t of the s t r eng th of the un re t a rded c o n ­
c re t e w e r e obtained, bu t the o the r 22 r e t a r d e r s caused s t r eng th inc reases of 8 to 28 
pe rcen t . 

Concre tes w i t h the one r e t a r d e r w h i c h en t ra ined m o r e than 8 p e r c e n t of a i r had 
compress ive s t rengths tha t w e r e l e s s (5 to 8 pe rcen t ) than the co r respond ing s t rengths 
of s i m i l a r un re t a rded concre tes . 

16. A n overdosage of f o u r t i m e s the n o r m a l amount of each r e t a r d e r r e q u i r e d to 
ob ta in a r e t a r d a t i o n of 2/̂ 2 to 3 h r , caused se t t ing t i m e s of f r o m 23 to m o r e than 150 h r 
a t a P r o c t o r pene t r a t i on p r e s s u r e of 4 ,000 p s i . Of 5 l ignosu l fona te r e t a r d e r s used, 
3 caused a i r contents of m o r e than 8 pe rcen t and the o ther 2 r e q u i r e d the add i t ion of 
V i n s o l r e s i n f o r en t r a lnmen t o f 5 pe rcen t of a i r . Setting t i m e of concre te f o r the o v e r ­
dose of the carbohydra te (sucrose) r e t a r d e r was 23 h r a t 4 , 0 0 0 - p s i P r o c t o r . Set t ing 
t i m e of concre tes ( 4 , 0 0 0 - p s i P r o c t o r ) w i t h the f o u r o rgan ic ac id - type r e t a r d e r s used 
v a r i e d f r o m 48 to m o r e than 150 h r . 
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Compres s ive s t rengths at 7 and 28 days f o r concre tes w i t h an overdosage of each 
of th ree l ignosul fona te r e t a r d e r s (Nos. 3, 7, and 11), w h i c h en t ra ined m o r e than 8 
pe rcen t , w e r e l ess than the s t rengths of co r respond ing un re t a rded concre tes . The 
reduc t ions i n s t r eng th a t an age of 28 days w e r e f r o m 10 to 49 pe rcen t and concre te 
p r e p a r e d w i t h one of the r e t a r d e r s had not hardened at an age of 7 days . 

Concre tes w i t h an overdosage of each of 3 o rgan ic a c i d types of r e t a r d e r s (Nos. 
4, 5, and 6) had compres s ive s t rengths at 7 days tha t w e r e l ess than the s t rengths of 
un re t a rded concrete bu t w e r e 3 to 27 pe rcen t h igher at 28 days . A f o u r t h o rgan ic 
a c i d r e t a r d e r (No. 9) caused inc reases i n compress ive stirength of 6 pe rcen t a t 7 days 
and 15 pe rcen t a t 28 days . 

The overdose o f the ca rbohydra te (sucrose) r e t a r d e r caused inc reases i n the 7 -
and 28-day compres s ive s t rengths of concre te of 19 and 12 pe rcen t , r e spec t i ve ly , over 
the s t rengths o f s i m i l a r un re t a rded concre te . 

Overdoses o f the two l ignosu l fona te r e t a r d e r s (Nos. 2 and 12) w h i c h caused l i t t l e 
a i r en t r a inmen t , d i d not a f f e c t the s t r eng th of concre te i n the same manner . One r e ­
t a r d e r f u r n i s h e d concrete w h i c h had s t rengths 14 and 13 p e r c e n t h igher at 7 and 28 
days , r e spec t i ve ly , than cor respond ing un re t a rded concre te . Concre te p r e p a r e d w i t h 
the o ther r e t a r d e r had no measurable s t r eng th a t 7 days due to excessive r e t a r d a t i o n 
of set, and at 28 days had on ly 9 1 pe rcen t of the s t r eng th of un re t a rded concre te . 

18. Only one r e t a r d e r , No . 24, caused concrete to have a m a x i m u m r i s e i n t empera ­
t u r e s i g n i f i c a n t l y h ighe r than tha t of u n r e t a r d e d concre te made and s to red at 73 F . 
Deve lopment of the m a x i m u m t empe ra tu r e of concrete p r e p a r e d w i t h the 24 r e t a r d e r s 
tes ted , o c c u r r e d a p p r o x i m a t e l y 1 to 8 h r l a t e r than i n the concrete w i thou t a r e t a r d e r . 

I n tes ts of m o r t a r specimens made and s to red at a t empera tu re of 90 F , on ly one 
r e t a r d e r . No . 24, caused the m a x i m u m r i s e i n t empe ra tu r e to exceed that of m o r t a r 
p r e p a r e d w i t h o u t a r e t a r d e r m o r e than 1 deg. One of the r e t a r d e d m o r t a r s had a m a x i ­
m u m r i s e i n t e m p e r a t u r e of 8 F l o w e r than tha t f o r un re t a rded m o r t a r . M o r t a r p r e ­
p a r e d w i t h another r e t a r d e r (No. 5) developed i t s m a x i m u m t empe ra tu r e of 106 F a t 
two t i m e s , one about 1 h r b e f o r e the un re t a rded concre te reached i t s m a x i m u m t e m p e r a ­
t u r e and the o the r about 17 h r l a t e r . 

CONCLUSIONS 

The f o l l o w i n g conclus ions apply to concrete p r e p a r e d w i t h the m a t e r i a l s ment ioned 
i n t h i s r e p o r t , w i t h the stated p r o p o r t i o n s and condi t ions of m i x i n g , m o l d i n g , c u r i n g , 
and t e s t ing : 

1. To r e t a r d the se t t ing t i m e of concre te 2/4 to 3 h r , m o r e r e t a r d e r was r e q u i r e d 
i n some cases than that r ecommended by the m a n u f a c t u r e r . T h i s may have been due 
to the cement used i n these tes ts , and i t ind ica tes that acceptance tes ts of r e t a r d e r s 
should be made w i t h the cement w h i c h w i l l be used i n the proposed cons t ruc t i on . 

2 . A l l r e t a r d e r s p e r m i t t e d a r e d u c t i o n i n the amount of w a t e r r e q u i r e d to p r e p a r e 
concrete w i t h a s p e c i f i c cons is tency . F o r 23 o f the 25 r e t a r d e r s tes ted , t h i s r educ t ion 
was m o r e than 5 pe rcen t . The m a x i m u m r e d u c t i o n was a p p r o x i m a t e l y 12 pe rcen t . 

3. The use of r e t a r d e r s inc reased the compress ive s t r eng th of concre te when the 
a i r content was l ess than 8 p e r c e n t . T h i s appl ied to concrete hav ing the same cement 
content o r the same w a t e r content as was used i n concre te p r e p a r e d w i t h o u t a r e t a r d e r . 

4 . The f l e x u r a l s t r eng th of concre te i n gene ra l was not reduced b y the use of r e ­
t a r d e r s i f the a i r content was l e s s than 8 pe r cen t . When the cement content o f the c o n ­
c re te conta in ing the r e t a r d e r was the same as that f o r concre te w i t h o u t a r e t a r d e r , use 
of the r e t a r d e r g e n e r a l l y f u r n i s h e d h igher f l e x u r a l s t r eng th at bo th 7 and 28 days . 
When the two concre tes had the same w a t e r content , those conta ining the r e t a r d e r 
g e n e r a l l y had h ighe r f l e x u r a l s t r eng th a t 7 days and about the same s t reng th at 28 days . 

5. A s d e t e r m i n e d by f r e e z i n g and thawing tes ts i n the l a b o r a t o r y , the d u r a b i l i t y 
of concrete con ta in ing the r e t a r d e r was i n mos t cases l e s s than that f o r concre te p r e ­
p a r e d w i t h o u t the r e t a r d e r . The decrease i n r e l a t i v e d u r a b i l i t y was g e n e r a l l y l e ss 
than 20 pe rcen t . 

6 . The c o n t r a c t i o n of concre te w i t h 22 of the 25 r e t a r d e r s d u r i n g continuous d r y 
s torage i n l a b o r a t o r y a i r o r the expansion f o r 24 r e t a r d e r s d u r i n g continuous mo i s t 



29 

storage was about the same f o r concre tes p r e p a r e d w i t h o r w i thou t a r e t a r d e r . 
7. A n overdose of f o u r t i m e s the n o r m a l amount of r e t a r d e r caused i n mos t cases 

a l ong de lay i n the hardening o f the concre te . However , i f the a i r content o f t h i s c o n ­
c re te was not m o r e than 8 pe rcen t , the compres s ive s t r eng th a t an age o f 28 days 
was usua l ly g rea t e r than that of the concrete p r e p a r e d w i t h o u t a r e t a r d e r . 

8. M o r e r e t a r d e r was usua l ly r e q u i r e d to r e t a r d the se t t ing of concrete a t a tenq)era-
t u r e of 90 F than at 73 F . W i t h f e w except ions , the compres s ive s t r eng th o f concre te 
p r e p a r e d w i t h a r e t a r d e r at 90 F was g rea t e r than that p r e p a r e d a t the same t e m p e r a ­
t u r e w i t h o u t a r e t a r d e r . 

9 . The P r o c t o r pene t ra t ion tes t was found to be s a t i s f a c t o r y f o r d e t e r m i n i n g the 
r e t a r d a t i o n o f the s e t t i ng o f concre te . 

10. Sixteen o f the 25 r e t a r d e r s used i n t h i s i nves t iga t ion m e t a l l o f the r e q u i r e m e n t s 
of the suggested s p e c i f i c a t i o n inc luded i n t h i s r e p o r t . 

SUGGESTED S P E d F I C A l ^ b N F O R W A T E R - R E D U C I N G R E T A R D E R S 
FOR P O R T L A N D C E M E N T C O N C R E T E 

I . Genera l 

When r e q u i r e d b y spec i f i ca t i ons , o r spec ia l p r o v i s i o n s , o r p e r m i t t e d b y the e n g i ­
neer on w r i t t e n reques t f r o m the c o n t r a c t o r , an approved, s e t - r e t a r d i n g a d m i x t u r e 
tha t meets the r e q u i r e m e n t s h e r e i n spec i f i ed s h a l l be added to the concre te . 

n . A d m i x t u r e s 

The a d m i x t u r e may be i n l i q u i d o r powder f o r m , and o f one o f the f o l l o w i n g types : ̂  

A . A c a l c i u m , sod ium, p o t a s s i u m o r a m m o n i u m sa l t of l i g n o s u l f o n i c a c i d . 
B . A h y d r o x y l a t e d c a r b o x y l i c a c i d o r i t s s a l t . 
C . A c a r b o h j r ^ a t e . 

m . Acceptance Requ i rement s f o r A p p r o v a l of A d m i x t u r e s 

A . Source of t e s t data f o r ^ p r o v a l of a d m i x t u r e - Data f r o m a recogn ized l a b o r a ­
t o r y tha t show the w a t e r - r e d u c i n g r e t a r d i n g a d m i x t u r e c o n f o r m s to the f o l l o w i n g r e ­
q u i r e m e n t s i n t h i s sec t ion s h a l l be submi t t ed . A " r ecogn i zed" l a b o r a t o r y i s any State 
h ighway. Bureau o f Pub l i c Roads, o r cement and concre te l a b o r a t o r y , inspected r ^ -
l a r l y b y the Cement Refe rence L a b o r a t o r y of the A m e r i c a n Society f o r T e s t i n g M a t e r i ­
a l s . 

B . Type of t e s t data - The t es t data s h a l l be obtained b y the use o f concre t ing 
m a t e r i a l s and by methods that mee t the r e q u i r e m e n t s o f c u r r e n t s tandards of the 
A m e r i c a n Assoc i a t i on of State Highway O f f i c i a l s o r the A m e r i c a n Society of T e s t i n g 
M a t e r i a l s as l i s t e d i n Section 5 of t h i s s p e c i f i c a t i o n . 

C 1. The p r o p e r t i e s o f r e t a r d e d concrete p r e p a r e d w i t h the a d m i x t u r e under tes t , 
shaU be compared w i t h those o f a r e f e r e n c e concre te , w h i c h conta ins the same cement 
and aggregates, w i t h o u t r e t a r d e r , and has the f o l l o w i n g compos i t i on : 

Cement content - 6 . 0 + 0 . 1 bags p e r cubic y a r d 
A i r content - 5.5 1 0.5 pe rcen t 
Slump - 2/4 1 Va i n « h e s 
F ine aggregate, b y s o l i d v o l u m e of t o t a l aggregate -

36 - 4 1 pe rcen t . 

C 2 . The m i x e s o f concre te con ta in ing the r e t a r d e r shaU have an a i r content o f 5 
to 7 pe rcen t , i n c l u s i v e . A n approved a i r - e n t r a i n i n g a d m i x t u r e sha l l be used i f the 
r e t a r d e r does not e n t r a i n s u f f i c i e n t a i r . 

C 3. A s u f f i c i e n t amount of r e t a r d i n g a d m i x t u r e sha l l be used to cause an increase 
of 50 to 60 pe rcen t i n se t t ing t i m e ove r the se t t ing t i m e of the r e f e r e n c e m i x . The 

^Other types o f r e t a r d e r s m a y become ava i l ab le . 
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se t t ing t i m e f o r bo th m i x e s s h a l l be d e t e r m i n e d us ing a P r o c t o r pene t r a t ion p r e s s u r e 
of 500 pounds p e r square i n c h at a t empe ra tu r e of 7 3 . 4 + 3 F f o r the concre tes and 
ambien t a i r . 

D 1 . Requ i r ed p r o p e r t i e s of r e t a r d e r - When added to concre te i n powder o r l i q u i d 
f o r m , i n the manner p r e s c r i b e d by i t s m a n u f a c t u r e r o r m a r k e t e r and i n s u f f i c i e n t 
amount to r e t a r d the se t t ing t i m e 50 to 60 pe rcen t , the r e t a r d i n g a d m i x t u r e sha l l cause 
the concre te to have the f o l l o w i n g p r o p e r t i e s i n c o m p a r i s o n w i t h those of the r e f e r e n c e 
concre te : 

D 2 . When the t es t and r e f e r e n c e concre te have equal cement content and equal 
s l ump ; 

a. The w a t e r content sha l l be decreased at l ea s t 5 pe rcen t . 
b . The a i r content of the r e t a r d e d concre te , w i t h o r w i t h o u t an a i r - e n t r a u i i n g ad ­

m i x t u r e , sha l l not exceed 7 pe rcen t . 
c. 1 . The compres s ive s t r eng th at ages of 3, 7, and 28 days sha l l be inc reased at 

l eas t 10 pe rcen t . 
c. 2 . F o r concre te f o r use i n pavement , the f l e x u r a l s t r eng th sha l l not be reduced 

a t an age of 7 days; a t an age of 28 days , the s t rength s h a l l not be reduced 
m o r e than 5 pe rcen t . 

d . The r e l a t i v e d u r a b i l i t y f a c t o r f o r the f r e e z i n g and thawing tes t sha l l not be 
l e ss than 80. 

e. The d r y i n g shr inkage at 200 days , a f t e r 2 days i n i t i a l m o i s t c u r i n g , sha l l not 
inc rease m o r e than 0 . 0 1 percentage po in t s ove r the shr inkage of the u n r e -
t a rded concre te . 

D 3. When the t es t concrete has a reduced cement content of Vz bag p e r cubic y a r d 
but the same s lump as the r e f e r ence concre te : 

â  The conq)ress ive s t r eng th at ages of 3, 7, and 28 days s h a l l not be reduced . 
b . The a i r content of the r e t a r d e d concre te , w i t h o r w i t h o u t an a i r - e n t r a i n i n g 

a d m i x t u r e , sha l l not exceed 7 pe rcen t . 
c. The f l e x u r a l s t r eng th sha l l not be reduced m o r e than 5 pe rcen t a t an age of 

7 days no r m o r e than 10 pe rcen t a t an age of 28 days . 
d . The r e l a t i v e d u r a b i l i t y f a c t o r f o r the f r e e z i n g and thawing tes t sha l l not be 

l e ss than 80. 

I V . P e r f o r m a n c e Requ i remen t s 

When a c o n t r a c t o r p roposes to use an approved w a t e r r educ ing r e t a r d i n g a d m i x t u r e 
he s h a l l s u b m i t a c e r t i f i c a t e s ta t ing tha t the a d m i x t u r e i s i d e n t i c a l i n compos i t i on w i t h 
the sample tha t was used f o r the acceptance tes t s . I f the a d m i x t u r e v a r i e s i n c o n ­
c e n t r a t i o n f r o m the acceptance sample , a c e r t i f i c a t e w i l l be r e q u i r e d s ta t ing tha t the 
p r o d u c t i s e s sen t i a l l y the same f o r c h e m i c a l cons t i tuents as the approved a d m i x t u r e , 
and tha t no o ther a d m i x t u r e o r c h e m i c a l has been added. E i t h e r p r i o r to o r a t any 
t i m e d u r i n g cons t ruc t i on , the Engineer m a y r e q u i r e the selected a d m i x t u r e to be 
tes ted f u r t h e r to d e t e r m i n e i t s e f f e c t on the s t r eng th o f the concre te . When so tes ted , 
3 and 7 day compres s ive s t rengths o r 7 day f l e x u r a l s t rengths of the concrete, , made 
w i t h the a d m i x t u r e and spec i f i ed cement and aggregates , i n the p r o p o r t i o n s to be used 
o r be ing used on the Job, s h a l l meet the r e q u i r e m e n t s o f Section ni (D) f o r e i the r equal 
cement content o r reduced cement content . A r e f e r e n c e m i x of equal o r h igher cement 
content , w i t h o u t the r e t a r d e r sha l l be made and tes ted w i t h the concrete conta in ing the 
r e t a r d e r as a bas i s f o r c o m p a r i s o n . 

The s t r eng th r e l a t i o n s s h a l l be ca lcu la ted on the r e s u l t s of a t l eas t 5 s tandard 6- b y 
1 2 - i n . c y l i n d e r s o r 5 s tandard 6- b y 6 - by 2 1 - i n . beams, made, cu red , and tes ted i n 
accordance w i t h the c u r r e n t AASHO Methods T 22, T 97 and T 126, f o r each c lass of 
concre te at each age of t es t . 

V . App l i cab l e Spec i f ica t ions 

A . AASHO S4)ecificaUon M 85 f o r P o r t l a n d Cement , Type I o r H . 
B . AASHO Spec i f i ca t ion M 6 f o r F ine Aggregate f o r P o r t l a n d Cement Concre te . 
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C . 
D . 
E . 

H . 

J . 
K . 

L . 
M . 

N . 

AASHO £ i ) e c i f i c a t i o n M 80 f o r Coarse Aggregate f o r P o r t l a n d Cement Concre te . 
AASHO s i ) ec i f i ca t ion M 154 f o r A i r - E n t r a i n i n g A d m i x t u r e s f o r Concre te . 
AASHO Method T 126 f o r M a k i n g and C u r i n g Concre te Compres s ion and 
F l e x u r e Tes t Specimens i n the L a b o r a t o r y . 
AASHO Method T 119 f o r Slump Tes t f o r Consis tency of P o r t l a n d Cement 
Concre te . 
AASHO Method T 152 f o r A i r Content of F r e s h l y M i x e d Concre te by the 
P re s su re Method . 
A S T M Method C 403 f o r Rate of Hardening of M o r t a r s Sieved f r o m Concrete 
M i x t u r e s b y P r o c t o r Pene t ra t ion Resis tance Needles . 
AASHO Method T 121 f o r Weigh t p e r Cubic Foot , Y i e l d , and A i r Content 
( G r a v i m e t r i c ) of Concre te . 
AASHO Method T 22 f o r Compres s ive Strength of Molded Concre te C y l i n d e r s . 
AASHO Method T 97 f o r F l e x u r a l Strength of Concre te (Using Simple B e a m 
w i t h T h i r d - P o i n t Load ing ) . 
AASHO Method T 160 f o r V o l u m e Change of Cement M o r t a r o r Concre te . 
AASHO Method T 161 f o r Resis tance o f Concre te £ i ) e c i m e n s to Rap id F r e e z i n g 
and Thawing i n W a t e r . 
A S T M Method C 215 f o r Fundamenta l T r a n s v e r s e , Long i tud ina l , and T o r s i o n a l 
F requenc ies of Concre te Specimens. 
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Appendix 
W A T E R - R E D U C I N G R E T A R D E R S USED I N TESTS 

T r a d e Name 

Conaid I 
Conaid n 
Conaid m 
D a r a t a r d C 
D a r a t a r d D 
M a r a c o n A 
M a r a c o n C 
Maraspe r se N 
M o o r e 
Orzan A 
Orzan AH3 
Orzan S 
P l a s t i m e n t A 
P l a s t i m e n t B 
P l a s t imen t C 
P o l y f o n T 

Manufac tu red b y 

Techkote C o . , E l Segundo, C a l i f . 

Dewey and A l m y C h e m i c a l C o . , C a m ­
b r i d g e , Mass . 

Mara thon C o r p . , Ro thsch i ld , W i s . 

E . L . M o o r e C o . , Pasadena, C a l i f . 
C r o w n Z e l l e r b a c h C o r p . , Camas, 

Wash . 

Sika C h e m i c a l C o r p . , Passaic , N . J . 

Wes t V i r g i n i a Pulp and Paper C o . , 
Char les ton , S .C. 
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P o z z o l i t h 3R 
PozzoUth HP-18 
P o z z o l i t h HP-75 
P r o d u c t 135 
P ro t ex R I A 
P r o t e x R 2 A 
Re ta rdwe l R 
Sonotard ( l i qu id ) 
Sonotard p o w d e r ) 

M a s t e r B u i l d e r s C o . , Cleveland, Ohio 

C r o w n Z e l l e r b a c h C o r p . , Camas, Wash . 
Autolene L u b r i c a n t s C o . , Denver , Co lo . 

J o h n s - M a n v i l l e C o . , New Y o r k , N . Y . 
L . Sonneborn Sons, New Y o r k , N . Y . 



Water-Reducing Retarders for Concrete-
Chemical and Spectral Analyses 
WOODROW J . H A L S T E A D , and B E R N A R D C H A I K E N , r e spec t ive ly , Superv i so ry 
C h e m i s t and Chemis t , Bureau of Pub l ic Roads, Washington, D . C. 

H i e pu rchase r of a concrete r e t a r d e r i s p r i m a r i l y 
in t e res t ed i n the p e r f o r m a n c e of the m a t e r i a l and 
h i s i n i t i a l eva lua t ion i s based on tes ts to show the 
e f f e c t o f the m a t e r i a l on concre te . He mus t , how­
ever , assure h i m s e l f tha t the compos i t i on o f each 
l o t purchased has no t been m a t e r i a l l y a l t e r e d sub­
sequent to h i s i n i t i a l acceptance of the p roduc t . . To 
e x p l o r e the be s t means of do ing t h i s , c h e m i c a l as 
w e l l as u l t r a v i o l e t and i n f r a r e d s p e c t r a l analyses 
w e r e made o n 25 c o m m e r c i a l r e t a r d e r s . The r e ­
su l t s a r e r e p o r t e d i n t h i s a r t i c l e . These m a t e r i ­
a l s w e r e found to be o f t h r ee g e n e r a l types : l i g n o -
sulfonates , sa l t s o f h y d r o x y - c a r b o x y l i c ac ids , and 
carboh3rdrates. I t was f o u n d tha t i n f r a r e d s p e c t r a l 
ana lys i s o f f e r s the m o s t p r o m i s i n g and r a p i d means 
of c l e a r l y I d e n t i f y i n g such p roduc t s . U l t r a v i o l e t 
techniques w e r e a lso found to be of va lue i n i d e n t i f y ­
i n g l ignosu l fona te r e t a r d e r s and i n e s t ab l i sh ing the 
concent ra t ion of the m a j o r ac t ive ing red ien t . C o n ­
v e n t i o n a l c h e m i c a l p r o c e d u r e s , a l though u s e f u l , w e r e 
tedious and t i m e - c o n s u m i n g , and o f t en y ie lded e m ­
p i r i c a l o r d o u b t f u l r e s u l t s f o r c e r t a i n m a j o r o rgan ic 
cons t i tuents . 

• I N the pas t s e v e r a l y e a r s , a d m i x t u r e s to reduce w a t e r content and r e t a r d set i n 
Po r t l and cement concre te have come in to p r o m i n e n t use i n cons t ruc t i on . These m a ­
t e r i a l s a r e u s u a l l y complex o rgan ic p r o d u c t s w h i c h a re so ld under v a r i o u s t rade 
names . A s ye t there a re no s tandard spec i f i ca t ions o r methods f o r t e s t ing r e t a r d e r s , 
b u t the A m e r i c a n Society f o r T e s t i n g M a t e r i a l s ( A S T M ) i s now cons ide r ing these speci­
f i c a t i o n s and methods f o r t e s t ing such a d m i x t u r e s . These inc lude among o ther i t e m s , 
r e q u i r e m e n t s f o r the e f f e c t s of w a t e r - r e d u c i n g r e t a r d e r s on the compres s ive s t r eng th 
of the concre te , r es i s tance to f r e e z i n g and thawing , and change i n v o l u m e . These 
t e s t s m a y r e q u i r e a p e r i o d of 1 y r o r m o r e f o r c o m p l e t i o n and consequently a r e i n ­
tended f o r the p r i m a r y eva lua t ion of such a d m i x t u r e s . 

A f t e r an a d m i x t u r e has been f o u n d acceptable under these spec i f i ca t ions subsequent 
purchases of the sanle m a t e r i a l f o r use on spec i f i c p r o j e c t s may not be subjected to 
extens ive t e s t i n g because of the t i m e and cos t i n v o l v e d . Consequently, the p r e s e n t l y 
p roposed spec i f i ca t ions f o r r e t a r d i n g and w a t e r - r e d u c i n g a d m i x t u r e s suggest that the 
pu rchase r ob t a in assurance tha t the a d m i x t u r e suppl ied f o r use o n each f i e l d j o b o r 
p r o j e c t be equivalent i n compos i t i on to the o r i g i n a l o r r e f e r e n c e a d m i x t u r e subjected 
t o the exhaust ive tes t s r e q u i r e d b y the s p e c i f i c a t i o n s . T o exp lo re the be s t means o f 
doing t h i s , c h e m i c a l analyses, as w e l l as u l t r a v i o l e t and i n f r a r e d spec t r a l analyses, 
w e r e made on 25 c o n m i e r c i a l o r t r ade -name r e t a r d e r s . A l l m a t e r i a l s w e r e analyzed 
f o r spec i f i c p r o p e r t i e s and c h e m i c a l compos i t i on . 

Ano the r ob j ec t ive of the analyses w a s to e s t ab l i sh the c h e m i c a l c o m p o s i t i o n o f 
t y p i c a l c o m m e r c i a l p roduc t s to show poss ib le r e l a t i onsh ips between c h e m i c a l c o m p o s i ­
t i o n and the p e r f o r m a n c e o f concre te p r e p a r e d w i t h the r e t a r d e r s . 
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T Y P E S OF R E T A R D E R S STUDIED 

The r e t a r d e r s inves t iga ted w e r e found to be of th ree gene ra l c h e m i c a l types: l i g n o -
sulfonates , sa l t s of o rgan ic h y d r o x y - c a r b o x y l i c ac ids , and ca rbohydra tes . A gene ra l 
d i scuss ion of the o r i g i n and c h a r a c t e r i s t i c s of these m a j o r types of r e t a r d e r s s tudied 
i s g iven i n the f o l l o w i n g pa rag raphs . 

L ignosu l fona tes 

W i t h one except ion , the l ignosul fona te m a t e r i a l s s tudied w e r e d e r i v e d f r o m spent 
s u l f i t e l i q u o r obtained i n the a c i d p r o c e s s o f wood p u l p i n g . The s ingle except ion was 
d e r i v e d f r o m the K r a f t (a lka l ine) p roces s . M a t e r i a l s w e r e suppl ied as the c a l c i u m , 
sod ium, o r a m m o n i u m sa l t s , and e i the r as a powder o r i n a w a t e r so lu t ion . 

L ignosu l fona tes a re cons idered to be p o l y m e r s o f h i g h m o l e c u l a r we igh t . A s ingle 
sample may conta in molecu les r ang ing i n m o l e c u l a r we igh t f r o m s e v e r a l hundred to 
100,000 w i t h an average m o l e c u l a r we igh t of a p p r o x i m a t e l y 10,000 ( 1 , 2) . S t r u c t u r a l l y , 
these m a t e r i a l s a re p o l y m e r s of a subs t i tu ted phenyl propane g r o u p i i ^ . The repea t ing 
monomer un i t has been represen ted as shown i n F i g u r e l A (2 ) . The f u n c t i o n a l un i t s o f 
I n t e r e s t a re h y d r o x y l (OH), me thoxy l (OCHs), pheny l r i n g , and the su l fon ic group 
(SQiH). I n the l ignosu l fona te sa l t s , a m e t a l o r a m m o n i u m ca t ion r ep l aces the hydrogen 
i n the su l fon ic g roup ing . 

Many c o m m e r c i a l l ignosu l fona tes a lso contain v a r y i n g amounts of r educ ing sugars . 
A t y p i c a l ana lys i s showed the f o l l o w i n g percentages of wood sugars based on t o t a l 
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Figure. 1. Typical chemical structures of retarders studied. 
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sugar content (3): mannose—48 percent ; glucose—15 percent ; xylose—15 percent ; 
galactose—10 percen t ; arabinose—6 percen t ; f ruc tose—under 2 percen t ; and sugars 
unaccounted f o r — 4 pe rcen t . Much of these sugars can be r e m o v e d by sui table p r o ­
cess ing techniques . ^ f 

, / 

Organic H y d r o x y - C a r b o x y l i c A c i d s 

Salts and complexes of o rgan ic h y d r o x y - c a r b o x y l i c ac ids , some t imes r e f e r r e d to 
as sugar ac ids , a re de r ived f r o m the f e r m e n t a t i o n o r ox ida t ion of ca rbohydra tes , such 
as dex t rose , g lucose , o r s t a r c h . They a re c h a r a c t e r i z e d by s e v e r a l h y d r o x y l g roups 
and e i the r one o r two t e r m i n a l c a r b o x y l i c ac id (COOH) groups at tached to a r e l a t i v e l y 
s h o r t ca rbon cha in as i l l u s t r a t e d i n F i g u r e I B . A s r e t a r d e r s , they a r e g e n e r a l l y 
suppl ied as m e t a l sa l ts i n w h i c h the hydrogen i n the c a r b o x y l i c ac id group i s r ep laced 
b y s o d i u m , po ta s s ium, e tc . 

Carbohydra tes / 

Carbohydra tes , such as reduc ing sugars ( f o r example , g lucose) , have been used as 
r e t a r d e r s (4) . However , non- reduc ing sugars , sucrose o r cane sugar , a r e m o r e i l ­
l u s t r a t i v e of the type of carbohydra te evaluated m t h i s study. The s t r u c t u r e of sucrose 
i s shown i n F i g u r e I C . Here again, h y d r o x y l g roups a r e c h a r a c t e r i s t i c of the m a t e r i a l . 

P H Y S I C A L P R O P E R T I E S 

The p h y s i c a l p r o p e r t i e s of each r e t a r d e r evaluated i n t h i s study a re shown i n Table 
1 . M o s t of the m a t e r i a l s w e r e powders , the r e s t w e r e aqueous so lu t ions . The co lo r 
code was obtained by a v i s u a l c o m p a r i s o n w i t h the c loses t c o l o r s tandard ava i lab le i n 
F e d e r a l Standard No. 595. Al though t h i s F e d e r a l Standard i s mtended p r i m a r i l y f o r 
pa in t s , i t i s u s e f u l f o r d e s c r i b i n g c o l o r s of other m a t e r i a l s b y s tandardized code 
number . 

The s p e c i f i c g r a v i t i e s of the l i q u i d samples w e r e d e t e r m i n e d w i t h a h y d r o m e t e r . 
Va lues f o r p H w e r e obtained e l e c t r o m e t r i c a l l y on l i q u i d samples as r e ce ived , and on 
aqueous so lu t ions conta ining 1 pe rcen t of the s o l i d m a t e r i a l s . Ra ther l o w p H va lues , 
i nd i ca t i ng s i g n i f i c a n t a c i d i t y , w e r e obtained on a complexed h y d r o x y - c a r b o x y l i c ac id 

TABLE 1 

PHYSICAL PROPERTIES OF RETARDERS 

Form Code' Odor 

Specific 
Gravity, 

SolubUlty In" 
Foaming ProperUes, 

MUllUtera of Foam A l t e r ' 

-sal. 
Alcohol 
Benzene 

Chloroform 
methyl 

SuUoilde 
1 

Mln 
2 5 

Mln Mln 

Unusual Character-
Istlca of 1 Percent 
Aqueoua Solution 

2 
3 
4 
5 

6 
7 

e 
9 

10 
11 
12 
13 
14 
15 
18 
17 
18 
19 
20 

21 
22 
23 
24 
25 

Liquid 
Solid 
Solid 
Liquid 
Liquid 

Liquid 
Solid 
Solid 
Liquid 
SoM 

Solid 
Solid 
SoUd 
Solid 
Solid 

Solid 
Solid 
Solid 
Solid 
Liquid 

Liquid 
Solid 
Solid 
Solid 
Solid 

None 
White 
OUve 
Amber' 
Wine 

Amber 
Brown 
Pbik 
Dark brown 
Medium brown 10091 

Light brown 20400 
Mustard 30286 
Mcdlumbrown 30117 

37778 
30118 
23855' 
20109 

33538 
10091 
30313 
10032 

T4a 
OUve 
Tan 
Light brown 
Tan 
Light brown 
Dark brown 

Dark brown 
Dark brown 
Medium brown 10091 
Tan 31843 
Tan 31643 

31843 
30009 
31643 
20400 
31643 
2O400 
10032 

10032 
30045 

Phenolic 
Woody 
Woody 
Rancid 
Pungent 

None 
Woody 
None 
Rancid 
Woody 

Woody 
Woody 
Woody 
Woody 
Woody 

Woody 
Woody 
Woody 
Woody 
Woody 

Woody 
Woody 
Woody 
Woody 
W ^ 

1 143 

1 182 
1 148 

7 4 
7 8 
7 2 
6 8 
7 1 

2 8 
3 3 
7 6 
8 2 
3 2 

6 8 
6 7 
9 4 
4 8 
7 4 
7 3 
3 8 
7 4 
8 8 
4 8 

0 5 
7 8 
4 6 

PS 
S 

S 
PS 

0 
10 

5 
11 

9 
1 5 
3 5 
0 5 

12 

10 
5 
0 

2 
0 
0 5 

0 
1 5 

0 
0 
1 
0 
0 

0 
1 5 
0 

"Federal Standard No 595 (by visual matchlngs) "Hydrometer method on liquid samples as received ^Elcctrometrlc 
and on solid samples bi 1 percent water soluUon °At room temperahire I = Insoluble Uess than 0 01 g In 10 ml), PS = 

3 
4 5 
2 5 
0 5 

3 
1 
0 
0 5 
7 

0 
0 
0 
1 5 

U V fluorescence 

Mold growth 

Mold growth 
Mold growth 

Mold growth 

0 5 
0 5 

method on liquid samples as received, 
ml), PS = partlaUy soluble (between 0 01 and 1 

g in 10 ml) S = soluble (more than 1 g In 10 ml) ^Twenty mlUuTters of 1 perce^ ^^^ous ^ E S i n In 55-^ s t o T J i r ^ S T ' V e r t e d 30 Umes 
Readings then noted at Indicated Ume intervals (Modified f rom McCutcheon. J W . "Synthetic Detergents," mO, p TO ) Tfey transmitted light By i f rom McCutcheon, J W , 
reflected light, color had a greenish fluorescence (equivalent to Code 14187) 
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r e t a r d e r (No. 6) and a l l the a m m o n i u m l ignosul fona tes (Nos. 7, 10 and 17). Severa l 
c a l c i u m l ignosu l fona tes (Nos. 14, 20, 2 1 , and 25) had modera te ly l ow p H va lues , 
p o s s i b l y as a r e s u l t o f incomple te n e u t r a l i z a t i o n o f the su l fon ic a c i d g roups d u r i n g 
p r o c e s s i n g . 

The apparent i n s o l u b i l i t y of samples Nos . 2 and 8 i n wa te r was caused by the l a r g e 
amount of i n e r t f i l l e r i n each m a t e r i a l . U l t r a v i o l e t f luorescence was observed on a 
1 pe rcen t aqueous so lu t ion of sample No . 4, mos t l i k e l y because of a f l u o r e s c e n t dye 
used b y the p r o d u c e r to c h a r a c t e r i z e h i s p r o d u c t . A s noted i n Table 1 , a m o l d g r o w t h 
developed i n s e v e r a l o f the 1 p e r c e n t aqueous so lu t ions a f t e r standing f o r about one 
week . Only r e t a r d e r No. 25 p roduced a l a s t i ng f o a m i n the f o a m i n g tes t . T h i s was 
apparent ly a r e s u l t o f some synthet ic de tergent w h i c h has been inco rpo ra t ed in to the 
a d m i x t u r e . 

Q U A L I T A T I V E C H E M I C A L TEST R E S U L T S 

Table 2 g ives the r e s u l t s of qua l i t a t i ve c h e m i c a l tes ts used to i d e n t i f y and c l a s s i f y 
each m a t e r i a l f o r f u r t h e r eva lua t ion . < 

Sulfonated o rgan ic m a t e r i a l was i d e n t i f i e d w i t h bas ic f u c h s i n . T h i s reagent r e a c t s 
w i t h su l fonates i n a c i d so lu t ion to f o r m a magne ta -co lo red complex w h i c h can be e x ­
t r a c t e d w i t h c h l o r o f o r m . The r e s u l t s a r e g iven i n C o l . 2 . The method has been 

TABLE 2 
QUALTTATrVE TES' 

SuUonated Organics (Basic 
tuchsln testP 

Retarder 
No. 
(1) 

Original 
Material 

(2) 

Alcohol-
insoluble 
Fraction 

(3) 

Alcohol-
soluble 

Fraction 
(4) 

Ligno­ Carbon­
Cal­sulfonate ate Cal­

(Proctor- Chloride Sulfate (acid cium 
Hirst (AgNOi (BaCU effer­ (oxalatt 
testK test) test) vescence) test) 

(5) (6) (7) (8) (9) 
N N N N N 
T N N P N 
P N Q N P 
N N N N N 
N P N N N 
N N N N N 
P N Q N N 
N N N N P 
N P N N N 
P N Q N N 
P P P N P 
P N N N P 
P N N P T 
P N P N P 
P N P N N 
P N P N P 
P N Q N, N 
P N N N P 
P N Q N N 
P N N N P 
P N N N P 
P N Q N N 
P N Q N N 
P P T N P 
P N P N P 

Igh 
2 
3 

el 
7 
8 
9 

10 
U 
12 
13 
14 
15 
16 

18'' 
19 
20 
21 
22 
23 
24 
25 

N 
P 
P 
N 
N 
N 
P 
N 
N 
P 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

P 
P 

P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 
P 

N 
N 

N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
P 

*Code: P = positive indication; N = negative Indication; T = trace indicated, Q = questionable indication. Mbd| 
pp. 616-7. cjour. ALCA, Vol. 51, No. 7, 1956, pp. 353-76. ^pubUc Roads, Vol. 27, No. 12, 1954, p. 26 
3d ed., 1948. *Test procedure given in text. 8A positive indication of phenols was obtained by the Mlllon test 
3d ed., 1946, p. 330). •>A posittve indication of sucrose was obtained by ttie alpha-naphthol test (Griffin, R.C, 
p. 587). *A positive Indication of triethanolamine was obtained by the Kraut test "Official Methods of Analysis, 
Indications of zinc (sulfide test), and boron (flame and turmeric tests) were obtained. ^A negative test for trie 
Kraut test (see footnote i ) . 
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desc r ibed as a quant i ta t ive spec t ropho tomet r i c d e t e r m i n a t i o n of sulfonated and su l fa ted 
o rgan i c m a t e r i a l s (5) . When a p o s i t i v e r e s u l t w a s obta ined o n the o r i g i n a l m a t e r i a l , 
add i t iona l t es t s w e r e made on the a l coho l - inso lub le and a lcohol - so lub le f r a c t i o n s o f the 
r e t a r d e r . A p o s i t i v e r e s u l t on the a l coho l - in so lub le f r a c t i o n suggests the presence of 
l ignosu l fona tes , because l ignosu l fona tes a r e insoluble i n a l c o h o l . A p o s i t i v e t e s t r e ­
su l t on the a l coho l - so lub le f r a c t i o n , as f o r r e t a r d e r No. 25, suggests the presence of 
a sulfonated o r su l fa ted synthet ic detergent . Consequently, the r e s u l t on sample No. 
25 r e i n f o r c e s the f i n d i n g s of the f o a m i n g test , tha t t h i s m a t e r i a l contained a synthet ic 
de tergent . 

A m o r e spec i f i c i nd i ca t i on o f l ignosul fonate i s g iven by the P r o c t o r - H i r s t tes t . I n 
t h i s test , an a c i d i f i e d c l e a r e x t r a c t i s t r ea t ed w i t h a n i l i n e . A r e su l t an t c loudiness i s 
i nd ica t ive of l i gnosu l fona te . The t es t i s cons idered to be r e l i a b l e (6) . I n e v e r y case, 
these r e s u l t s a re i n ag reement w i t h the f i n d i n g s f r o m the bas ic f u c h s i n t es t . 

Co l s . 6 t h rough 1 1 , Table 2, g ive the r e s u l t s of tes ts f o r c h l o r i d e , su l fa te , carbonate, 
c a l c i u m , s o d i u m , and p o t a s s i u m us ing s tandard p rocedure s . Pos i t i ve t e s t r e s u l t s f o r 
c h l o r i d e and sul fa te a re not e n t i r e l y r e l i a b l e i n the presence of some o rgan l c s , such 
as w e r e found i n some r e t a r d e r s , because of the poss ib le p r e c i p i t a t i o n o f o r g a n i c sa l t s 
i n the presence of s i l v e r and b a r i u m reagents . 

T e s t r e s u l t s f o r both ammon iaca l and a lbumino id n i t rogen a re g iven i n C o l s . 12 and 
13. I n the tes t f o r a m m o n i a c a l n i t r o g e n , an a lka l ine so lu t ion o f the sample was b o i l e d 

rS ON RETARDERS^ 

Sodium 
(flame 
phot.) 
(10) 
T 
T 
P 
P 
T 
T 
T 
P 
P 
T 
P 
P 
P 
P 
P 
P 
T 
P 
P 
T 
T 
P 
P 
P 
P 

Potas­
sium 
(flame 
phot.) 
(11) 

Nitrogen 

N 
N 
T 
T 
T 
N 
T 
T 
P 
T 
P 
T 
T 
T 
T 
T 
T 
T 
P 
T 
T 
N 
T 
P 
T 

Ammo- Albu-
nlacal*' mlnold^ 

(12) 

N 
N 

N 
N 
N 
N 
N 
N 
P 
N 
N 
N 
N 
N 
P 
P 
N 

(13) 

Hydroxy Acids (dl-
n^hthol test) 

(14) 

Complexlng Agents 
(CuSO,+NaOH 

test)! 
(15) 

N 
N 

N 
N 
N 
N 
N 
N 
P 
N 
N 
N 
N 
N 
P 
P 
N 

ifled from Wallln, Anal. Chem., Vol. 22, 1950, 
^F. Felgl. QuaUtaave Analysis by Spot Tests, 

l(Felgl, Qualitative Analysis by Spot Tests, 
, Technical Methods of Analysis, 2d ed., 1927,-
" A . O . A . C . , 7th ed, 1950, p. 609. JPoslUve 
thanolamlne was obtained by means of the 

P(green) 
P fclue-green) 

P (light ereen) 
P (green) 

P (light blue) 

P (light blue) 
P (mediumblue) 
P (light blue) 

P (light blue) 
P (blue-green) 

P (light green) 

N 
N 

Melting Point of 
Fhenylhydrazlne 
Derivative, °C» 

(16) 

No derivative 

188 to 189 
189 to 191 
No derivative 

No derivative 
180 to 182 

No derivative 
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and the vapor tested w i t h r e d l i t m u s paper f o r v o l a t i l e a m m o n i a . A blue c o l o r ind ica ted 
the presence of an a m m o n i u m sa l t . F o l l o w i n g the r e m o v a l of v o l a t i l e a m m o n i a , p e r ­
manganate was added and the tes t repeated to detect a l b u m i n o i d n i t r o g e n . Pos i t i ve 
r e s u l t s suggest the presence of amines and s i m i l a r n i t rogenous compoimds. 

Z inc was detected i n sample N o . 6 by p r e c i p i t a t i o n as a wh i t e s u l f i d e , and b o r o n 
by f l a m e tes ts and t u r m e r i c paper . I n sample N o . 1, a phenol ic odor was detected 
w h i c h was a t t r i b u t e d to a phenol - type m a t e r i a l . T h i s phenol ic m a t e r i a l was c o n f i r m e d 
b y the M i l l o n tes t . T h i s m a t e r i a l p robab ly se rves as a f u n g i c i d e . The same r e t a r d e r 
a lso gave a p o s i t i v e tes t r e s u l t f o r suc rose . However , substances s i m i l a r to sucrose 
may give p o s i t i v e r e s u l t s w i t h a lpha-naphthol reagent , so tha t these r e s u l t s w e r e not 
conc lus ive . 

The r e s u l t s of the d inaphthol t e s t w h i c h has been used to i d e n t i f y many h y d r o x y -
c a r b o x y l i c ac ids a re g iven i n C o l . 14. A c i d s such as t a r t a r i c , m a l i c , t a r t r o n i c , 
g l u c o r o n i c , and g luconic r e p o r t e d l y g ive a g reen f luo rescence (7) . W h e r e a pos i t i ve 
t e s t r e s u l t was obtained, the nature of the co lo r w h i c h developed i s shown i n parentheses . 

Tes t r e s u l t s f o r complex ing agents a r e g i v e n i n C o l . 15. A l though not s p e c i f i c , 
the tes t may be used to detect such complex ing agents as t r i e t ha no l a mi ne , sugars , 
h y d r o x y - c a r b o x y l i c ac ids , e t c . (De ta i l s o f the t e s t p r o c e d u r e a r e as f o l l o w s : To 10 
m l of a 1 pe rcen t so lu t ion o f the a d m i x t u r e , add 1 m l of 10 pe rcen t NaOH, m i x , and 
add 1 m l of 3 p e r c e n t CuSO*. M i x and note whether a soluble co lo red copper complex 
i s f o r m e d . ) Where pos i t i ve r e s u l t s a r e shown, the c o l o r of the copper complex f o r m e d 
i s a lso g i v e n . 

A spec i f i c check f o r t r i e t hano l amine was made by means of the K r a u t t es t . Sample 
N o . 5 gave a pos i t i ve i n d i c a t i o n of the presence of t h i s compound, whereas sample 
N o . 18 gave a negative t e s t f o r t r i e t h a n o l a m i n e . 

C o l . 16 g ives the m e l t i n g po in ts o f phenylhydrazme d e r i v a t i v e s of s e v e r a l r e t a r d e r s . 
O r d i n a r i l y , such d e r i v a t i v e s a r e obtained w i t h c a r b o x y l i c ac ids , and the m e l t i n g p o i n t s 
of these d e r i v a t i v e s have been used f o r qua l i t a t i ve analyses . (Deta i l s of the t e s t p r o ­
cedure a re as f o l l o w s : To a tes t tube (35 m l , 20 x 150 m m ) add 1 m l of a 50 pe rcen t 
aqueous so lu t ion of ac t ive ing red ien t , add 4 m l HzO, 0 .7 m l of g l a c i a l ace t ic ac id and 
1.0 m l pheny l hyd raz ine . F i t w i t h r e f l u x tube a ^ o r o x i m a t e l y 8 i n . long , heat i n b o i l i n g 
w a t e r and r e f l u x 3 h r . F i l t e r w h i l e hot , co l l e c t f i l t r a t e , coo l and l e t c r y s t a l l i z e f r o m 
2 h r to ove rn igh t . C o l l e c t c r y s t a l s b y f i l t r a t i o n , wash w i t h 5 m l co ld w a t e r , then 5 m l 
a l c o h o l . D r y a t r o o m t e m p e r a t u r e and d e t e r m i n e m e l t i n g p o i n t . ) T h i s t e s t was sug­
gested by one p r o d u c e r of r e t a r d e r s ; however , i n t h i s study i t was found tha t dupl ica te 
d e t e r m i n a t i o n s f a i l e d to g i v e reasonably r e p r o d u c i b l e r e s u l t s . 

On the bas i s of these qua l i t a t i ve t es t s , the f o l l o w i n g s u m m a r i z a t i o n was poss ib le . 
R e t a r d e r N o . 1 contained a sugar and a phenol ic add i t ive . F i v e samples w e r e found 
to be the f o l l o w i n g d e r i v a t i v e s of h y d r o x y - c a r b o x y l i c ac ids : Nos . 4, 8, and 9 appeared 
to be m e t a l sa l t s ; No . 6 a z inc bora te complex; and No . 5 a t r i e thano lamine sa l t . The 
o ther m a t e r i a l s w e r e l ignosul fona te sa l t s of v a r i o u s types . 

Q U A N T I T A T I V E C H E M I C A L A N A L Y S E S 

Inorganic Const i tuents 

Table 3 g ives the r e s u l t s of the analyses f o r i no rgan ic const i tuents i n each r e t a r d e r 
sample . M o i s t u r e o r w a t e r was d e t e r m i n e d b y oven los s at 105 C except f o r sample 
N o . 5. T h i s m a t e r i a l had a tendency to decompose o r v o l a t i l i z e at that t e m p e r a t u r e , 
and t h e r e f o r e i t s m o i s t u r e content was d e t e r m i n e d b y heat ing a t 50 C under v a c u u m . 

T o t a l ash content was d e t e r m i n e d b y i g n i t i o n at 600 C and H C l inso luble b y t r e a t i n g 
the ash w i t h h y d r o c h l o r i c a c i d (1:5) . The ac id - so lub le ash const i tuents w e r e then d e t e r ­
m i n e d b y convent ional methods of ana lys i s and r e p o r t e d as the ox ides . The a l k a l i e s , 
Na20 and K2O, w e r e d e t e r m i n e d by f l a m e p h o t o m e t r y , and z inc by f e r r o c y a n i d e t i t r a t i o n 
w i t h an e x t e r n a l i n d i c a t o r . Carbon d iox ide was d e t e r m i n e d b y w e t evo lu t ion w i t h h y d r o ­
c h l o r i c a c i d and c h l o r i d e s by the M o h r t i t r a t i o n . B o r o n was analyzed b y d i s t i l l a t i o n 
w i t h m e t h y l a l coho l f o l l o w e d b y t i t r a t i o n us ing an A S T M s tandard p r o c e d u r e . T o t a l 
s u l f u r was obtained b y w e t ox ida t ion f o l l o w e d by p r e c i p i t a t i o n as b a r i u m su l fa te . 
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Summary of Inorganic Resu l t s 

R e t a r d e r s Nos . 1, 5, 7, 10 and 17 appeared to be composed a l m o s t exc lu s ive ly o f 
o rgan ic m a t e r i a l tha t was comple t e ly v o l a t i l i z e d a t 600 C. Re ta rde r No. 2 contained 
l imes tone o r d o l o m i t i c l imes tone along w i t h z inc , perhaps as z inc ox ide . Samples 
Nos . 4 and 9 w e r e composed of sod ium and po t a s s ium sa l t s , r e spec t ive ly , of c a r ­
b o x y l i c ac ids . Sample No . 6 contained z inc and b o r o n , mos t l i k e l y i n the oxide f o r m . 
Re ta rde r No. 8 contained a l a rge amount of inso lub le s i l i ceous m a t e r i a l and i r o n ox ide . 
R e t a r d e r s Nos . 11 and 24 contained c a l c i u m c h l o r i d e and No. 13 contained a subs tant ia l 
amount of sod ium carbonate . 

TABLE 3 
INOHGANIC CONSnrUENTS IN RETARDERS, BY PERCENT OF CONSTITUENT 

Moisture Analyses on Dry Solids Basls^ 
or naier Retarder at 105 Total Ash HCl ( 1 5 ) 

ZnCfi 
Evolution CMorlde Sulfur 

No C at 60O C Insoluble SlOi BiO.= FeaOs CaO MgO NaiO KJO S0> ZnCfi Method as CaCb B,0 ,« asSOi ' 

I 66 7 
0 4 

0 2 
07 2 5 6 Neg 0 8 3 4 3 5 I Neg Nog 0 9 6 7 3 7 8 0 8 

6 e 1 7 7 0 1 0 2 0 4 3 2 1 0 5 2 0 1 6 3 - - 0 0 _ 9 8 
4 6 8 2 24 8 Neg Neg Neg Neg Neg 1 2 8 0 2 Ncj - - - - -

5 7 1 8 0 4 0 0 

72 5 32 5 Neg Neg - - - Neg Neg Neg 15 6 _ _ 1 1 9 _ 
7 4 5 I 3 0 1 Neg Neg 0 3 0 2 0 4 0 2 Neg - - - 1 4 3 

0 7 SO 0 6 7 5' ' 2 2 1 4 0 6 7 5 2 2 0 0 9 0 I Neg - - - ^ _ 
66 5 32 4 Neg 0 8 4 0 Neg Neg 0 5 1 6 5 Neg - - - - -

1 0 5 1 0 7 Neg 0 2 0 1 Neg Neg Neg Neg Neg - - - - 1 4 0 

1 1 6 2 28 2 0 6 Neg Neg 1 1 4 0 2 2 1 0 3 6 7 - _ 0 8 _ 13 2 
12 4 4 2 1 2 0 2 Neg 0 2 1 0 8 0 7 0 2 0 2 6 0 - - 0 0 _ 1 1 4 
13 8 8 47 0 0 2 0 1 0 6 3 1 0 6 16 3 0 1 1 0 I - 1 2 6 _ 9 6 
1 4 6 5 1 5 2 0 1 Neg 0 1 4 6 0 4 0 1 0 3 3 3 - _ _ 9 2 
1 5 7 4 23 7 0 3 0 2 Neg 0 6 1 1 9 2 0 1 9 0 - - - - 1 2 0 

le 5 3 1 8 4 0 2 Neg Neg 6 7 0 5 0 7 0 4 7 I _ _ 0 0 _ 13 5 
1 7 7 6 0 8 Hcg Neg Neg Neg Neg 0 I 0 3 0 2 - - - - 13 5 
1 8 7 2 0 4 0 1 Neg 0 6 5 2 Neg Neg Neg 3 2 - - - - 1 1 8 
19 5 4 25 4 0 1 0 3 0 1 Neg Neg 9 6 0 I 1 3 6 - - _ _ 1 6 0 
20 6 9 0 22 5 Neg 0 2 Neg 0 5 Neg Neg Neg 1 0 8 - - - - 13 1 

2 1 7 0 3 22 3 Neg 0 2 Neg 9 1 Neg Neg Neg 1 1 9 _ _ 1 5 6 
22 8 5 4 5 2 0 3 Neg 0 3 Neg Neg 20 0 0 1 22 2 - - - - 2 7 2 
23 7 2 3 4 7 0 2 Neg Neg 0 6 0 1 1 2 8 0 3 1 0 2 - - - 7 6 
24 4 0 4 4 8 0 6 0 1 Neg n 7 0 3 3 2 0 4 0 5 _ 25 0 _ 16 0 
25 6 5 1 7 2 0 1 Neg 0 1 6 9 0 7 0 7 0 1 6 7 - - - - 1 5 6 

Loss at 105 C, calculated on tiasls of material as received Neg = Negligible FeiOs plus AhOt Volumetric determlnaUon with ferrocyanlde DlstUIattoiT 
method, modified f r o m method C 169-53, sec 18, ASFH Standards Part 3, 1955, p 907 <TAPPI, T e29-m53 SLoss at 60 C, vacuum ><MainIy siliceous 
matter 

TABLE 4 
ORGANIC CONSTITUENTS, IN PERCENTAGES BY WEIGHT OF DRY SOLIDS 

Ligno­ Tbtal 
sulfonate Ugnln, Carbo­ Reducing Anionic rtiirugen 

Volatile (clnclio- Calculated hydrates, Sugars, Sucrose Sulfonated Ammo­ Albu­
Retarder Matter nlnc f r o m as as (AOAC Synthetic Total niacal minoid FUed 

No at eooc Hethoxvl^ method)'' Methoxyl<^ Glucose*^ Glucose^ method)' Detergents Phenol'' ( asN)» (asNH,)» (as N)l (asN)) 
1 99 8 - _ . . 0 0 96 3 _ 1 4 
2 2 8 0 2 1 3 1 ' 0 7 0 6 - _ _ _ _ 
3 82 3 11 8 69 2 92 3 4 0 0 8 - 0 0 _ _ _ 
4 75 2 - - - 0 4 0 2 - - _ _ 
5 99 6 - - - 0 9 0 5 - - - 3 9 0 1 2 0 3 8 
6 67 5 - - _ 0 6 0 01 _ _ _ _ _ _ 
7 08 7 8 2 109 6 64 2 5 0 2 9 _ _ 3 2 2 0 _ 1 7 
8 10 0 - - - 1 0 0 05 - _ _ 

9 67 6 - - - 0 4 0 1 _ _ _ _ 
10 99 3 8 4 43 7 65 2 5 4 3 5 - - - 3 4 1 4 - 2 2 
11 71 8 6 4 100 6 49 8 5 2 1 5 _ _ _ _ 

12 78 8 7 2 103 8 36 2 4 7 2 7 - _ _ 
13 53 0 7 1 123 4 55 5 0 8 0 3 - _ _ _ 
14 84 8 6 6 110 2 51 9 9 1 5 1 - _ _ _ _ 
15 76 3 11 4 104 4 88 6 2 5 0 3 - - - - - - -
16 83 6 7 5 96 9 58 8 7 6 3 8 _ _ _ _ _ _ 
17 99 2 8 2 98 1 63 9 12 2 8 1 - _ _ 3 2 2 7 _ 1 1 
18 90 6 6 0 114 6 53 7 8 6 3 0 - _ - 1 8 0 0 0 5 1 8 
19 74 6 7 1 02 8 54 7 8 9 4 8 _ _ _ _ 
20 77 5 6 2 03 0 48 7 5 4 1 3 - - - - - - -
21 77 7 7 3 117 6 56 9 6 8 2 4 _ _ _ _ _ _ 

22 54 8 5 4 57 5 42 3 0 6 0 02 _ _ _ _ _ 

23 65 3 6 9 65 5 53 7 2 3 0 3 - _ _ 0 0 0 0 _ 0 9 
24 55 2 2 8 93 5 21 9 I 4 0 3 - - - 1 0 0 2 0 6 0 8 
25 82 8 8 6 103 5 67 2 10 0 4 7 - 1 1 - - - - -

"PubUc Roads, Vol 27, No 12, p 268, 1954 "Jour. ALCA, Vol 51, No 7, p 353, 1956 ' 'TAPPl, T629-m53, methoxyl divided by 0 128 "Anthrone 
method, Morr is , Science, Vol 107, 1948, p 254-5 ^Somogyl lodometric volumetric method, Jour B io l Chem , Vol 160, No 1, 1945, p 61 ' A O A C 
method 29 29 BColorimetric method (basic fuchsin), Wallln, Anal Chem , Vol 22, 1950, p 616 "By spectrophotometric absorpUon at 270 mllUmlcrons 
AOAC method 2 37 JCalculatcd f rom total nltrc^en—ammoniacal nitrogen 
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Organic Const i tuents 

The o rgan i c const i tuents d e t e r m i n e d i n each r e t a r d e r a re g iven i n Table 4 . The 
v o l a t i l e m a t t e r a t 600 C i s an approx ima te measure of t o t a l o rgan ic m a t e r i a l p resen t . 
M e t h o x y l was d e t e r m i n e d b y the Z e i s e l method . 

L ignosu l fona tes w e r e d e t e r m i n e d b y a r ecommended cinchonine p r o c e d u r e . I t ap ­
p e a r s f r o m the r e s u l t s shown, as w e l l as the r e s u l t s of diQ)licate d e t e r m i n a t i o n s , that 
the cinchonine p rocedure y i e l d e d e r r a t i c r e s u l t s . L i g n i n content was a lso ca lcu la ted 
f r o m the m e t h o x y l va lues as g iven b y the Techn ica l A s s o c i a t i o n o f the Pulp and Paper 
I n d u s t r y ( T A P P I method T 629, m - 5 3 ) . A l though t h i s p rocedure was e m p i r i c a l , the 
r e s u l t s appeared to be m o r e r e a l i s t i c than those obtained b y the cinchonine method . 

A c o l o r i m e t r i c p rocedure was used to d e t e r m i n e t o t a l ca rbohydra tes b y the anthrone 
method (8), and r educ ing sugars w e r e de t e rmined b y the S o m o g y i - I o d o m e t r i c method, 
a f t e r p r e c i p i t a t i o n o f non-carbohydra tes w i t h bas ic l ead acetate . I n both cases the 
const i tuent was ca lcu la ted as g lucose . 

Sucrose was d e t e r m i n e d b y the A O A C (Assoc ia t ion o f O f f i c i a l A g r i c u l t u r a l Chemis t s ) 
o f f i c i a l c h e m i c a l p rocedure b y d i r e c t we igh ing of cuprous ox ide . The anionic sul fonated 
de tergent was d e t e r m i n e d c o l o r i m e t r i c a l l y w i t h bas ic f u c h s i n a f t e r f i r s t e x t r a c t i n g the 
de te rgent w i t h a l coho l . The method used was s i m i l a r to tha t p r e s c r i b e d by W a l l i n (5) 
except that v i s u a l e s t i m a t i o n was made i n Ness le r tubes because o f the s ta in ing e f f e c t 
b y the reagent on spec t ropho tomet r i c c e l l s . 

Phenol was d e t e r m i n e d f r o m the spec t ropho tomet r i c absorp t ion at 270 m i l l i m i c r o n s , 
u s ing a c a l i b r a t i o n curve of known concent ra t ions of phenol p lo t t ed against absorbance. 

T o t a l n i t r o g e n was obtained by the K j e l d a h l d i s t i l l a t i o n p rocedu re , and a m m o n i a c a l 
n i t r o g e n was de t e rmined b y d i s t i l l a t i o n f r o m an a lka l ine so lu t ion . A f t e r r e m o v i n g a m ­
mon iaca l n i t r o g e n , permanganate was added and a l b u m i n o i d n i t r o g e n obtained b y d i s ­
t i l l a t i o n . F i x e d n i t r o g e n was ca lcu la ted by d i f f e r e n c e . 

C l a s s i f i c a t i o n and Probable Compos i t i on 

Based on the r e s u l t s of c h e m i c a l ana lys i s , the c l a s s i f i c a t i o n and p robab le compos i t i on 

TABLE 5 

CLA8SIFICATI0H AND PROBABLE COMPOSTTION OF RETARDERS, PERCENT OF CONOTITnENT OH DR7 SOLIDS B A S I ^ 

Carbohydrates^ 

Retarder 
Water'> 

Llgno-
sulfonate 

Saltc 

Non-
reducing 

Reduc-

SugarB* 
Calcium 
Chloride 

Iroo 
Oslde 
and 

Alumina 

Organic 
Cartrazyllc 
Materials m f BT] ft m»<>̂  Const! tosnts 

00 
Ammonium fialta 

Calcium salta 

10 
' n 
15 

\lf 
23 
2 
3 

11 
12 
U 
14 

18 
18 
20 
21 
24 
25 

Organic acids 
Metal salts 

Sodium (9 3 % Na) 
Calcium (3 7 %Ca) 
PolasslumdS iXt} 

Trietbanolamlne salt 
Zinc borate complex 

Carbohydrates 
Sucrose 

69 0 
70 3 

S8 2 
0 7 

66 5 
.67 1 
72 5 

78 
77 
76 

94l 

2 
031 
59 
67 
66 
62 

70 
84 
58 
86 
26 
80 

3 0 
1 9 
4 1 

0 6 
2 0 
0 1 
3 2 
3 7 
2 0 
0 5 
4 0 

0 2 
0 9 
0 3 
0 5 
0 6 

2 9 
3 5 
8 1 

0 3 
4 8 
0 02 
0 3 
0 6 
0 8 
1 6 
2 7 
0 3 
5 1 

3 6 
3 0 
1 3 
2 4 
0 3 
4 7 

0 2 
0 1 
0 1 
0 6 
0 01 

0 0 
0 8 
0 0 

90 
10 
86 
57 
73 

80-90 dolomiUe limestone 
0 0 synthetic detergent 

29 sodium carbonate 

1 1 synthetic detergent^ 

71 Inert siliceous matter 

42 triethanolamW 
11 9boricailde(BiOk) 

1 4 phenol 
^ s e d on results given In Tables 1-4 "Based on weight of sample as received '^Approximate vahie obtained by the following empirical calculatlona 
Uethoxyl/0 128 • lignin (TAPPI, T 620 m-53), Ugnln x 1 154 > llgnosulfonlc acid (TAPPI, T 829 m-53), UgnosuUonlc acid * cation equivalent of SCh.in Ugno-
suUonlc acid = Ugnosulfonate salt '•Calculated as glucose 'To ta l carbohydrates-reducing sugars hSaj include such wood sugars as mannose, glucose, 
xylose, galactose, arablnosa and fructose SEstlmatad by difference ^Dertved f rom Kraft process 'Blaximum possible The empirical calculation gave 
unreasonably large values because of Ugh methoxyl contents lEstabUshed as sucrose by Infrared spectral analysis ^Probably alkyi aryl suUonate salt 
iCalculated f rom total nitrogen content 
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of each r e t a r d e r a re g iven i n Table 5. The m a j o r i t y of the r e t a r d e r s analyzed w e r e 
found to be a m m o n i u m , sod ium, o r c a l c i u m sa l t s of l i gnosu l fon l c a c i d . The a p p r o x i ­
mate amount of l ignosul fonate sa l t shown was obtained b y e m p i r i c a l ca lcu la t ions based 
on m e t h o x y l va lues . I n two samples , Nos . 3 and 15, the e m p i r i c a l c a l cu l a t i on gave 
unreasonably h i g h r e s u l t s because of h i g h me thoxy l contents . Consequently, the va lues 
shown f o r these samples w e r e obtained by d i f f e r e n c e and t h e r e f o r e represen ted the 
m a x i m u m amounts of l ignosul fona te poss ib l e . Carbohydra tes , both nonreduclng and 
reduc ing- sugar types, w e r e ca lcula ted as g lucose . 

Only one l ignosul fonate r e t a r d e r . No . 25, was found to conta in a sul fonated synthet ic 
de tergent , w h i c h was pos s ib ly a sod ium a l k y l a r y l su l fona te . Two of the l ignosu l fona tes , 
Nos . 11 and 24, contained subs tant ia l amounts of c a l c i u m c h l o r i d e (9 .8 and 25 pe rcen t , 
r e s p e c t i v e l y ) . Re ta rde r No. 2 contained 80-90 pe rcen t of d o l o m i t i c l imes tone and 
about 7 p e r c e n t z inc ox ide . Re t a rde r N o . 13 contained { ^ p r o x i m a t e l y 29 pe rcen t sod ium 
carbonate . 

The d e r i v a t i v e s of h y d r o x y - c a r b o x y l i c ac ids w e r e found to be m e t a l l i c sa l t s—sodium, 
c a l c i u m , and po tass ium; t r i e thano lamine sal t ; and z inc bora te complex . These m a ­
t e r i a l s contained l i t t l e o r no ca rbohydra tes . Re t a rde r No. 8, a s o l i d m a t e r i a l , c o n ­
tained i r o n oxide and s i l i ceous f i l l e r . The o rgan ic c a r b o x y l i c m a t e r i a l i n each r e t a r d e r 
was e s t ima ted by d i f f e r e n c e . 

Only one r e t a r d e r . No . 1, was found to be a ca rbohydra te . T h i s was e s sen t i a l ly a 
non- reduc ing sugar ( sucrose) . I t contained some phenol to p reven t f e r m e n t a t i o n o r 
m o l d g r o w t h . 

I t i s qu i te poss ib le tha t these r e t a r d e r s may contain m i n o r amounts of o ther o rgan ic 
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Figiire 2. Typical ultraviolet spectra of lignosulfonates. 
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substances not d iscussed he re , bu t no e f f o r t was made i n t h i s study to i d e n t i f y a l l such 
m i n o r cons t i tuents . 

U L T R A V I O L E T S P E C T R A L A N A L Y S I S 

Each m a t e r i a l was analyzed by u l t r a v i o l e t spect roscopy to de t e rmine i f i t could be 
i d e n t i f i e d o r c h a r a c t e r i z e d b y i t s u l t r a v i o l e t absorp t ion Eipectrum. The apparatus 
used f o r u l t r a v i o l e t w o r k inc luded a double beam quar t z spec t rophotometer , an u l t r a ­
v i o l e t power supply u n i t , and a hydrogen d ischarge l a m p as a l i g h t source . M e a s u r e ­
ments w e r e made i n 1-cm matched s i l i c a r ec tangu la r c e l l s . 

P rocedure f o r L ignosu l fona tes 

Special B u f f e r . - 4 9 5 m l of 0 . 2 N KHaP04 and 113 m l o f 0 . 1 N NaOH w e r e m i x e d and 
d i l u t ed to 2 l i t e r s . 

Sample P r e p a r a t i o n . —0.5 g of s o l i d sample o r exac t ly 1 m l of l i q u i d sample was 
d i s so lved and d i l u t ed w i t h w a t e r to 100 m l . Insoluble m a t e r i a l was r e m o v e d by c e n t ^ i -
f u g i n g . A 1 0 - m l c l ea r a l iquo t was d i l u t ed to 100 m l , and f i n a l l y a 1 - m l a l iquo t of the 
l a t t e r was d i l u t ed to exac t ly 10 m l w i t h the b u f f e r so lu t ion . F i n a l concent ra t ion was 
0.005 pe rcen t b y weigh t o r 0 . 0 1 percen t b y vo lume i n the case of the l i q u i d samples . 

Measuremen t s . —Absorbance f o r each m a t e r i a l was measured a t i n t e r v a l s between 
220 and 350 m i l l i m i c r o n s i n 1-cm c e l l s . Readings w e r e made a t wavelength i n t e r v a l s 
of 5 to 10 m i l l i m i c r o n s , except whe re peaks appeared near 260 and 280 m i l l i m i c r o n s . 
I n these areas , read ings w e r e obtained at 0 .5 to 1.0 m i l l i m i c r o n i n t e r v a l s . The s ens i ­
t i v i t y of the i n s t r u m e n t was ad jus ted so as to m a i n t a i n the sma l l e s t s l i t openings. The 
l a m p housing was cooled w i t h c i r c u l a t i n g tap w a t e r . 

P l o t t i n g . —The absorbance read ings w e r e p lo t t ed against wavelength and the r e su l t an t 
spec t r a l cu rve was then d r a w n manuaUy. Absorbance i s de f ined as logio I Q / I , whe re 
I Q equals inc iden t r ad ian t power , and I equals t r a n s m i t t e d r ad i an t p o w e r . 

Resu l t s o f Tes t s on Lignosu l fona tes 

F i g u r e 2 shows examples of t y p i c a l u l t r a v i o l e t spec t ra obtained on seve ra l l i g n o s u l ­
fonate r e t a r d e r s . The shape of each cu rve was t y p i c a l of a l l the o ther l ignosul fonate 
r e t a r d e r s except one, r e t a r d e r No. 22, w h i c h had been d e r i v e d f r o m the K r a f t p r o c e s s . 
The s p e c t r u m of sample No . 22, shown separate ly i n F i g u r e 3, ind ica ted a shoulder 
r a t h e r than a peak o c c u r r e d at 280 m i l l i m i c r o n s . I t thus appeared that l ignosul fona tes 
as a c lass could be i d e n t i f i e d f r o m t h e i r c h a r a c t e r i s t i c u l t r a v i o l e t spec t ra . I n add i t ion , 
the height of the peak (absorbance) a t 280 m i l l i m i c r o n s could be u t i l i z e d f o r quant i ta t ive 
i n f o r m a t i o n . F i g u r e 4 shows that l ignosul fonate concent ra t ion and absorbance values 
have a l i n e a r r e l a t i onsh ip i n acco rd w i t h B e e r ' s l a w . These tes ts c o n f i r m p r e v i o u s r e ­
p o r t s that l ignosul fona tes may be analyzed quan t i t a t ive ly as w e l l as q u a l i t a t i v e l y b y u l t r a ­
v i o l e t spec t ropho tomet ry (9) . 

Table 6 g ives the u l t r a v i o l e t spec t r a l data f o r a l l the l ignosul fona te r e t a r d e r s tes ted . 
I t can be seen f r o m t h i s table tha t the peaks f o r each m a t e r i a l o c c u r r e d w i t h i n a n a r r o w 
wavelength range . 

Resu l t s on the Other C h e m i c a l Types 

None of the o ther t3n3es o f r e t a r d e r s s tudied had a s i g n i f i c a n t u l t r a v i o l e t s p e c t r u m 
that was c h a r a c t e r i s t i c of the ac t ive const i tuent . Re t a rde r No . 1 d i d have a c h a r a c t e r ­
i s t i c s p e c t r u m w h i c h was produced by a m i n o r const i tuent , phenol . Genera l ly , however , 
u l t r a v i o l e t spec t r a l ana lys i s was not found sui table f o r i d e n t i f y i n g o rgan ic h y d r o x y - c a r ­
b o x y l i c ac ids o r ca rbohydra tes . 

I N V E S T I G A T I O N O F V I S I B L E SPECTRA 

The double-beam quar t z spec t rophotometer w i t h a tungsten l a m p as a l i g h t source 
was used to inves t iga te the v i s i b l e spec t ra of the m a t e r i a l s o ther than Ugnosulfonates . 
The spec t r a l pa t t e rns obtained a re shown i n F i g u r e 5. Each s p e c t r u m i s not s u f f i c i e n t l y 



43 

0 e 

0 7 

0 6 

• "OS 
z 
K 
o 
' B O A 

0 3 

0 2 

0 I 

CONCENTRAT 
CELL-ICM 

No 22) 

lON-O 005% IN BUFFER CONCENTRAT 
CELL-ICM 

No 22) 

lON-O 005% 

240 250 260 270 2 80 
WAVELENGTH - MILLIMICRONS 

290 300 310 3 20 

Figure 3. Ultraviolet spectrum of lignoBUlfonate from Kraft process. 

1 1 1 
WAVELENGTH - 280MILLIMICRONS J 

1 
C E L L - ICM 

1 
i 

0 7 

0 6 

bJ O 5 
Z 

0 2 

0 I 

0 O 
OJOOS 0 0 0 4 0 0 0 5 OJ006 

C O N C E N T R A T I O N , P E R C E N T B Y W E I G H T 

0.007 

Figure k. Relation between concentration and absorbance for lignosulfonate retarder. 



44 

TABLE 6 
ULTRAVIOLET SPECTRAL DATA FOR LIGNOSULFONATE RETAHDERS 

Spectral Peakf^ 
Maximum 

RelaUve Concentration 
of LlgnosuUonate, 
Percent by Weight" 

Final Con­ Wavelength Wavelength Based on 
Retarder centration* (miUi- (milli­ Original Based on 

No. (%) microns) Absorbance microns) Absorbance Material Dry Solids 
2 0 05 281 0 0 151 260 5 0.121 2.0 2 0 
3 0.005 278 0 0 457 262.5 0 396 60.9 65 3 
7 0 005 280.5 0.589 259.5 0.431 78.5 82.2 

10 0.005 280 0 0 582 260 0 0.419 77 8 81 8 
11 0.005 283 0 0 362 260.0 0.225 48 3 51 5 
12 0.005 280.0 0 474 261.0 0 395 63.2 86 1 
13 0.005 279 0 0 328 262.0 0.292 43.7 47.9 
14 0.005 282.0 0.438 261 0 0 298 58.4 62.4 
15 0.005 278 0 0 442 262.0 0.390 58.9 63.6 
16 0 005 281 5 0.408 260.5 0 281 54 4 57 4 
17 0 005 280.5 0 502 260 0 0.359 66.9 72 4 
18 0 005 281 0 0.393 260 5 0 272 52 4 58.5 
19 0 005 280.0 0.400 260.0 0.278 53 3 56 3 
20 0 01<^ 279 0 0 333 262 5 0 284 19 1 61.6 
21 O-Ol"" 280 0 0 290 260 5 0 248 16 8 56.6 
22e 0.005 276.0' 0.618 267.5' 0 611 82 4 90 1 
23 0.005 280 0 0.460 260 5 0.384 61 3 66.1 
24 0 005 284 0 0 381 262.5 0.297 50 8 52 9 
25 0.005 281.5 0.441 261 0 0 308 58.8 62 9 
Medians _ 280 0 _ 260.5 _ -

*ln 0 2N K H 2 P O 1 - O IN NaOH butter solution 1 cm ceU Calculated from absorbance at maximum peak. Relative to re­
tarder No 2 which was assumed to be 2 percent. "Percentage by volume (original material was liquid). ^Derived from Kraft 
process ' N O sharp maximum and minimum, but rather a shoulder SRetarder No. 22 not Included. 

SCO 600 700 800 900 |0OO 1,100 1̂ 00 1300 1400 900 600 TOO 800 900 1000 |,I00 (200 (300 l;400 ^00 
WAVELENGTH-MILLIMICRONS 

Figure 5» Visible spectra of retarders containing organic acids or carbohydrate. 
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unique to differentiate between different retarder types or specific retarders. It was 
found that phenol, sucrose, and even treithanolamine gave spectra similar to those 
shown in Figure 5 and, consequently, this approach was also not suitable for identifying 
retarders. 

INFRARED SPECTRA 
Infrared spectral curves were obtained for each materi&l by means of a double-beam 

spectrophotometer. The equipment used included a Perkin-Elmer double-beam In­
frared Spectrophotometer, Model 137 (Infracord), with automatic recording and a sodium 
chloride prism for operation between 2.5 and 15 microns. Scanning time was approxi­
mately 12 min. An evacuable die was used to prepare samples by the potassium bro­
mide disk technique. 

Procedure 
The pressed disk technique was considered most suitable for the retarders studied 

because of the relative insolubility of these materials in appropriate organic solvents 
used in solution techniques. The mull method was discarded because of the effects 
of the mulling agent and the limited quantitative application of this method. 

In the pressed disk method, solid samples were ground to a fine powder with mortar 
and pestle and then vacuum dried at 50 C for at least 24 hr. Liquid samples were eva­
porated to drjmess at a low temperature, ground, and dried under the same conditions. 
Approximately I mg of sanq;)le and 0.35 g of potassium bromide (anhydrous Eipectroscopic 
grade, 200/325 mesh) were weighed into a special stainless steel capsule. Two stain­
less steel balls were added and the contents mixed for 30 sec by an electric amalga­
mator. 

The powder was transferred to the evacuable die (shown disassembled in Figure 6), 
and the assembly was evacuated to an absolute pressure of less than 1 cm of mercury. 
Vacuum was maintained for 5 min prior to pressing as well as during pressing. A 
1,000-lb load was applied for 1-2 min followed by a 20,000-lb load for 3-5 min. Hie 
potassium bromide disk was then removed and analyzed in the infrared spectrophotome­
ter. The disk measured 13 millimeters in diameter and was ^proximately one m i l l i ­
meter thick and is shown in Figure 7. 

A few of the dried retarder samples were tacky or viscous. These were slurried 
with alcohol, mixed with potassium bromide, vacuum dried, and then regroimd and 
pressed into disks. 

Results of Infrared Analyses 
Figures 8 through 12 illustrate typical infrared spectra of the different retarders. 

Each retarder gave a characteristic spectrum which could be used both to identify the 

Figure 6. Evacuable die disassembled. 
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Figure J. Potassium bromide disk and disk 
holder. 

material and establish the concentration of 
major active constituents. In general, 
lignosulfonate retarders had the same char­
acteristic spectra regardless of the type 
of salt (that is, sodium, calcium, or am­
monium). Nevertheless, certain ligno­
sulfonate s containing carbonates or other 
major modifiers, as well as a lignosul­
fonate derived from the Kraft process, 
could be easily distinguished by their unique 
spectra. 

Figure 8 shows the type of spectra ob­
tained for the lignosulfonate-type retarders. 
The top spectrum (A), retarder No. 12, i l ­
lustrates the typical spectrum of lignosul­
fonate s derived from the sulfite liquor or 
acid process. The characteristic peaks 
at different wavelengths in the lignosulfonate 
spectrum are produced by the following 

chemical groupings present: 
1. Intense peaks at 2.9 and 9.6 microns: hydroxyl (OH) groups. 
2. Moderate peak at 3.4 microns: usual carbon-hydrogen stretching bonds. 
3. Strong peaks at 6.25 and 6.62 microns: carbon-carbon bonds (phenyl ring). 
4. Weak peaks at 6.9 and 7.3 microns: probably sulfur-ox^en bond (sulfone 

group). 
5. Broad band at approximately 8.3 microns: sulfonate group. 

Spectrum B (Fig. 8) is the curve for lignosulfonate retarder No. 13. The presence 
of substantial amounts of sodium carbonate produced strong bands which masked part 
of the characteristic lignosulfonate spectra. The broad peaks at 7.0 and 11.3 are 
characteristic of the sodium carbonate present (see Fig. 9A which illustrates the in­
frared pattern of sodium carbonate). If desired, the sodium carbonate interference may 
be removed by neutralization with hydrochloric acid, followed by an alcohol extraction 
of the sodium chloride thus formed. The lignosulfonate is insoluble in alcohol and 
should then give a good characteristic spectrum. 

Curve C in Figure 8 represents a lignosulfonate (No. 22) obtained from the Kraft 
process for making paper. Although the curve shows the major peaks of a typical 
lignosulfonate, several additional characteristics help identify this material. For in­
stance, at 8.3 microns (sulfonate group) absorption was at a greater intensity, and 
at 8.8 and 10.2 microns peaks were produced, probably by inorganic sulfate. Another 
characterization of this material was the weak absorption peak at 12. 7 microns. 

The last two spectra, D and E, in Figure 8 are of the same sample (No. 2), which 
contained a lignosulfonatie. Curve D was obtained on the original sample, and i t is 
apparent that i t does not clearly show the characteristic lignosulfonate pattern. This 
was caused by the presence of a large quantity of dolomitic limestone which produced 
an intense spectrum of its own. When this constituent was removed by centrifuging 
an aqueous suspension, the characteristic spectrum of lignosulfonate was evident as 
shown in curve E. ^ectrum D is useful in that i t supplied ample evidence of the 
presence of dolomitic limestone in the original material. The peak at 14 microns was 
unique for calcium carbonate (limestone), while the smaller peak at 13. 7 microns 
was unique for dolomite. From the relative intensities of these two peaks i t was esti­
mated that the ratio of dolomite to limestone was approximately 1:4. 

Figure 9 shows the spectra obtained on several carbonate materials; namely, sodium 
carbonate, calcium carbonate, and dolomite. Si)ectra B and C illustrate the charac­
teristic peaks for limestone and dolomite discussed above. 

Figure 10 illustrates the unique infrared patterns which maybe used to identify different 
hydroxy-carboxylic acid salts. It is quite apparent that these curves are distinctly different 
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from the lignosulf onate pattern as well as from each other. Spectrum A (retarder No. 8) shows 
the masking effect of a large amount of siliceous matter and iron oxide present in the 
material. To eliminate this interference, an aqueous suspension of the retarder was 
centrifuged to remove insoluble siliceous material and iron oxide. The remaining ma­
terial then gave a distinctive infrared pattern of organic material as seen in spectrum 
B. The following chemical groups accounted for the more significant peaks in spectrum 
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B: (a) Hydroxyl—intense peak at 3.1 microns; (b) carbon-hydrogen stretching—minor 
peak at 3.4 microns; (c) carboxyl and carboxyl salt—intense peaks at 6.3, 9 .1 , and 
9.6 microns; and (d) overtones of the carbon-hydrogen linkages accounted for the other 
peaks from 7.3 to 8.3 microns. 

The spectrum of a triethanolamine salt of a hydroxy-carboxylic acid is shown in 
spectrum C, Figure 10. Although the major peaks of hydroxyl, carbon-hydrogen, and 
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carboxylic groups were evident, this spectrum had sufficiently unique features to 
clearly identify the retarder. For instance, there was a prominent peak at 10.9 mi ­
crons, probably caused by a carbon-nitrogen bond, and the usual hydroxyl peak at 3.0 
microns was accentuated by the presence of nitrogen-hydrogen groups in this material 

Figure 11 shows the spectra of stil l another organic acid retarder (No. 6). Curve A! 
shows the spectrum of the original material, whereas Curve B was obtained after zinc 
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and borates were removed. Zinc was removed by two batchwise treatments with a 
cation exchange resin, 200-400 mesh hydrogen-form (Amberlite IR-120 or Downex-50) 
followed by vacuum distillation with methyl alcohol to remove the boron as volatile 
methyl borate (10). Spectrum B shows many of the usual peaks of a hydroxy-carboxylic 
acid, and is sufficiently distinctive to be used to identify this material. The prominent 
peak at 5.6 microns was undoubtedly caused by a lactone formation. Spectrum C in the 
same figure is that of a technical grade of gluconic acid which showed a striking re­
semblance to sample No. 6 (spectrum B ) . 

The infrared spectrum of the carbohydrate retarder is illustrated in Figure 12. 
i^ectrum A (retarder No. 1) presents a pattern that was quite unique and therefore 
useful for identification. A comparison of this stpectrum with the spectrum of sucrose 
or cane sugar (curve B ) clearly demonstrates that retarder No. 1 is essentially sucrose. 

Although no effort was made in this report to use the infrared spectra for quantitative 
analysis of the materials, such techniques could be easily applied. For solid samples, 
such as potassium bromide pellets, the baseline technique is most appropriate and has 
been well described. Generally, this technique involves the measurement of the depth 
of a single significant peak, compared to a reference baseline. 
Uniformity of Trade Products 

The ability of infrared analysis to "fingerprmt" or measure the uniformity of different 
batches of specific proprietory products is illustrated by Figures 13 and 14. Figure 13 
shows the spectra of four different lots of a solid lignosulfonate retarder sold under one 
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trade name. Each material had been obtained from a supplier bv different State high­
way departments at different times ranging from 1954 (Fig. 13A) to 1958 (Fig. 13D). 
The general shape of the spectra are the same, with significant peaks occurring at the| 
same wavelengths in each lot. This definitely established that in each case the materials 
were chemically the same. By analyzing the peak intensities at selected wavelengths | 
and knowing the concentration of sample used in the infrared analysis, any material dif­
ferences in composition of the retarder from batch-to-batch could be demonstrated. ' 
Here, the compositions were shown to be fairly uniform, thus establishing that no 
material alteration of differences existed between the lots submitted. 

Figure 14 shows the spectra for an organic acid retarder, specifically, a hydroxy-
carboxylic acid salt in liquid form. Here again, each sample was obtained under the 
same trade name by different State highway departments at different times ranging 
from 1956 (Fig. 14A) to 1958 (Fig. 14D). The "fingerprinting" ability of infrared an­
alysis once again determined the nature and concentration of the ingredients. The uni-j 
formity of the spectra shows that each lot was substantially the same. 

COMPARISON OF METHODS OF ANALYSES AND CONCLUSIONS 
Inasmuch as the major objective of this study was to develop procedures by which 

the composition of commercial retarders could be readily identified and determined so| 
as to provide a basis for obtaining the necessary assurance that the composition would be 
uniform from batch-to-batch, i t is noteworthy to compare the various methods of ' 
analyses. 

Infrared spectral analyses offer the most promising and rapid means of clearly 
identifying and classifying retarder materials. This technique, by obtaining recorded 
spectral curves, "fingerprints" the unique and distinctive characteristics for each re­
tarder. 

Al l three types of retarders could be distinguished from each other on the basis of 
infrared spectra. Although the lignosulfonate retarders had the same general infrared 
spectrum regardless of the type of salt present or the source of supply, in many in- ' 
stances, specific commercial lignosulfonates could be identified or differentiated by 
spectral differences caused by the manufacturing process or the presence of other in­
gredients. As to organic acids and carbohydrates, specific trade products could be 
distinguished from each other. 

Infrared analyses can also be used to assure the purchaser that the nature and con­
centration of each lot of retarder for specific field projects has not been materially 
altered from that of the original material. The time required for the analysis is only I 
20 to 30 min as compared to a week or more by conventional methods of chemical 
analysis. 

Ultraviolet techniques were also found to be of value in identifying lignosulfonates 
and in establishing the concentration of the major active ingredient. However, specifi'c 
commercial lignosulfonates were not as easily differentiated by ultraviolet spectra as 
compared to their infrared spectra. Ultraviolet as well as visible spectral analyses 
were not found suitable for identifying other types of retarders. 

The determination of the quantitative amounts of inorganic constituents can be most] 
conveniently and precisely determined by conventional chemical methods. However, 
while useful, the conventional procedures were tedious and time-consuming, and often 
yielded empirical or doubtful results for certain organic constituents. This was found 
to be particularly true among the lignosulfonate and organic acid retarders. 
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A Field Investigation of Water-Reducing, 
Set-Retarding Admixtures in Concrete 
Pavement and Bridge Superstructures 
HARRIS C. ANTHONY, Ohio Department of Highways, Columbus 

The test sections of reinforced Portland cement 
concrete pavement and decks in this investi­
gation were placed to evaluate and compare the 
properties of portland air-entraining cement 
concrete containing water-reducing, set-re­
tarding admixtures with those of regular air-
entraining Portland cement concrete from the 
standpoint of their desirability for use on high­
way projects. The behavior of each admixture 
was studied with regard to the workability of the 
mix in placing and finishing mcludmg time in­
volved, reduction in water-cement ratio, 
retardation of setting-time, and the 
effect of weather conditions on setting-
time. 

#TH£ investigation covers the use of the lignosulfonic acid type and the hydroxylated 
carboxylic acid type of water-reducing, set-retarding admixtures in highway concrete 
pavement and bridge superstructure wearing courses. The amount of each admixture 
used per sack of cement remained the same throughout the investigation. Data on 
actual placement of the pavement and bridge decks imder typical Ohio field conditions 
only are presented. 

The test pavement consists of six sections containing the admixtures and three con­
trol sections. These sections were placed intermittently throughout the project for a 
total distance of 1.6 mi of 9-in. reinforced concrete pavement, 24 f t wide. 

The two bridge decks were divided into two sections each. A water-reducing, set-
retarding admixture was added to the concrete mix of one section of each deck, the 
other section being designated as the control. 

Previous to the placing of the experimental sections in the field, preliminary tests 
were made in the laboratory using admixtures, cements, and aggregates from sources 
to be used on the project. Each water-reducing, set-retarding admixture studied per­
formed sufficiently well with respect to retardation of set, reduction in water-cement 
ratio, and increase in compressive strength to make it desirable to continue the study 
of the admixtures under actual field conditions. 

It was desirable for test purposes to place the control and test sections under similar 
weather conditions, particularly with respect to ambient temperature. However, i t was 
not always possible to realize this aim. 

A progressive record covering each 50 l in f t of test pavement as a unit was main­
tained. This information included the customary field tests relative to consistency and 
density plus the elapsed time to various operations from the placing of the concrete on 
the subgrade to the spraying of the curing membrane on the finished pavement. The 
temperature of the concrete when spread is also included. The record of daily weather 
conditions covers air temperature, wind velocity and direction, amount of evaporation 
of water during the placing of the test sections, and condition of the sky. Similar ob­
servations, but in limited number, were recorded while placing the bridge sections. 

56 
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A set of three 6- by 12-in. cylinders was made from the concrete of determined con­
sistency and density for each 50 lin f t of pavement and tested in compression at 7, 28, 
and 90 days. 

Rate-of-hardening tests were performed in a field laboratory according to the 
Tentative Method of Test for Rate of Hardening of Mortars Sieved from Concrete Mix­
tures by Proctor Penetration Resistance Needles (ASTM Designation: C-403-57T). 
The Proctor penetration resistance apparatus was based on plans furnished by the 
Bureau of Public Roads, Physical Research Branch, Washington, D.C. Needles with 
Vio- and Vao-sq in. bearing areas were used to perform the tests. 

The cement factor for the structural concrete mix was 6.5 sacks per cu yd with 
38.5 percent natural fine aggregate. The coarse limestone aggregate was used in the 
proportion of 50 percent No. 4 r/g - 1 in.) and 50 percent No. 3 (% - 2 in . ) . The cement 
factors for the pavement sections were 6.5 sacks per cu yd and 5.75 sacks per cu yd 
with 33 percent natural fine aggregate and gravel coarse aggregate in the proportion 
of 45 percent No. 4 (% - 1 in.) and 55 percent No. 3 (% - 2 in . ) . The 5.75-sack mix 
was introduced to provide additional compressive strength data. Seventy and five-
tenths pounds of No. 4 and No. 3 were added in these proportions to the coarse aggregate 
in the 5. 75-sack mix to compensate for the difference in batch weights. The aggregate 
gradings remained reasonably constant throughout the project and no proportional change 
in the amounts of fine and coarse aggregate was necessary. 

BRIDGE SUPERSTRUCTURES 
Ready-mixed concrete was used for the structures. The air-entraining portland 

cement conformed to the requirements of ASTM Designation C-175 Type lA. 
The ready-mixed concrete was batched from a non-automatic plant and delivered to 

the job site at an approximate rate of 50 cu yd per hr. Both types of admixtures were 
accurately measured and dispensed by automatic equipment furnished by the admixture 
producers. The liquid admixtures were added to the fine aggregate in the batch weigh 
bin. Al l coarse aggregate was maintained in the stock piles at a uniform moisture 
content not less than total absorption. It was occasionally necessary to add water to 
the batch at the job site to bring the concrete to the desired consistency. Accurate 
control of the mix is necessary if the desired results are to be obtained. Uniform 
slump canbe difficult to obtain with ready-mixed concrete, but the addition of the ad­
mixtures apparently did not magnify this problem. However, i t is important that the 
concrete control inspector realize that the slump or workability of the mix cannot be 
determined by observation. The admixtures improved the workability of the concrete 
with reduced water-cement ratios. The bridge decks were machine-finished fu l l width 
and cured with a double thickness of wet burlap which was continuously water sprayed 
for 7 days. The plastic concrete containing Admixture "B" "pulled" to some extent 
under the finishing machine. However, the "pulling" did not present a serious finishing 
problem. No change was made in the mix design. A similar occurrence was at times 
noted by the pavement finishers during the straightedging of the pavement. Similar 
field reaction was encountered when air-entrained concrete was f i r s t introduced into 
Ohio. At times, concrete containing water-reducing admixtures may present a slight 
surface "pulling" effect or "stickiness" when being finished. This was attributed to 
the lower water-cement ratio used with these admixtures which gave a richer-appearing 
mix containing a smaller volume of paste. 

After removal of the forms, the underside of the concrete containing the admixture 
presented a clean, smooth surface in contrast to the control or regular concrete section 
which was pock-marked with small surface voids caused by air bubbles. This condition 
is common in superstructures today where there is little clearance (1^4 in.) between 
the reinforcing and the falsework. The difference in under-surface condition between 
the two sections of the slab may be attributed to the greater plasticity of the mix con­
taining the admixture. 

It may also be assumed that the bond between the concrete and the bottom of the re­
inforcing bars would be greater, because the greater mobility of the concrete containing 
the admixture results, under vibration, in easier and more complete envelopment of 
the reinforcement. 
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PAVEMENT 
Nine pavement test sections were placed between May 9 and June 9, 1960. One 

each of the two main classes of water-reducing, set-retarding admixtures was used 
in six of the sections in predetermined quantity as recommended by the manufacturer 
and as previously used in the laboratory. Three sections were designated as control 
sections for comparison with the water-reducing, set-retarding sections. 

Considerably more use has been made of water-reducing, set-retarding admixtures 
in the field of structural concrete than in pavement, and consequently there is more 
familiarity with this aspect of their use. Most of the advantages of the use of admix­
tures in structures apply equally to pavement concrete. In addition, there are ad­
vantages peculiar to paving operations. Efficient operation combined with speed and 
timing are essential for economical paving operations. Any changes in the mix which 
upset the timing or delay operations eventually raise the cost of pavement. Of course, 
there may be times when the value of a modification more than justifies the cost. In 
this instance there was concern as to whether the addition of the admixtures would 
delay operating procedure at the batch plant, the paving operations, or the sawing of 
the transverse and longitudinal joints. 

The lignosulfonic acid-type admixture is designated in this report as Admixture A. 
The hydroxylated carboxylic acid class of admixture is designated as Admixture B. 

Another brand of air-entraining portland cement conforming to the requirements of 
ASTM Designation C-175 Type lA, was used in the pavement mix. The automatic 
batch plant was timed to weigh an aggregate batch every 7 sec. The accurate measuring 
and dispensing of the admixtures was accomplished in the allotted time by the auto­
matic dispensing equipment furnished by the admixture manufacturers and installed 
at the batch plant. The admixtures were automatically added to the fine aggregate in 
the weigh bin. The fine and coarse aggregates were delivered daily to the batch plant 
by truck. Stock piles were kept small and an even moisture content was maintained 
throughout the paving operations. 

The concrete was mixed for i f t min at the site in three dual-drum 34-E pavers 
at a speed of 16 rpm. A Heltzel Flex-plane was used in the screeding and finishmg 
operation. Straightedging completed the finishing. After a suitable interval, the 
surface was burlap dragged, the pavement edged, and the slab sprayed with white 
waterproof curing membrane. The membrane was applied by means of an automatic 
mechanical sprayer. The retardation in setting time resulting from the addition of 
the admixture did not interfere with or delay these operations. 

Atmospheric conditions prevailing at the time of the placing of each test section 
varied. Ambient temperatures ranged from a low of 72 F (Dyer Rd. bridge deck) to 
a high of 98 F (Big Run brieve deck). Pavement sections were placed with temperatures 
ranging between 75 and 88 F. Wind velocities ranged from 2 -15 mph. Amount of 
evaporation of water during the placing of the test sections ranged from a low of 0.05 
in. to a high of 0.14 in. These variations in weather conditions caused slight differ­
ences in the rate of hardening of the concrete, but may be considered insignificant 
insofar as affecting the placing and finishing operations. Change m water-cement 
ratio, providing other conditions remamed constant, was the most dominant factor 
causing a change in the rate of liardening of the concrete. 

On superelevated curves, the cohesiveness of the plastic concrete containing the 
admixtures was advantageous to finishing operations. There was less slippage of the 
plastic concrete from the elevated side of the pavement, thus eliminating any extra 
manipulation of the concrete by the finishers. The sawing of the transverse joints 
and the longitudinal joint was not delayed by the addition of the admixtures to the 
concrete. The transverse joints were cut approximately 8 hr after placement of the 
concrete and the longitudinal joint about 24 hr later. This schedule applied both to 
test sections and regular pavement. 

Most of the test pavement was placed on days when the ambient temperature ranged 
from the middle seventies to the low eighties'with wmds of low velocity. Under these 
conditions, there was no realization of the benefits accruing from the use of these types 
of admixtures during hot weather concreting. However, when placing the deck on the 
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Big Run bridge under conditions of high temperatures, low humidity and with a drying 
breeze, the placing and finishing of the concrete was materially facilitated by the in­
creased workability of the set-retarded, low water-cement ratio concrete. 

The elapsed time for placing and finishing operations for each 50-lin f t unit of 
pavement varied, but the differences were not caused by the inclusion of the admixtures 
in the concrete. 

Roadsite operations were timed for one hundred and sixty-nine 50-lin ft units of 
which 60 were control sections. For the control sections, average elapsed time in 
minutes from the deposition of the concrete on the subgrade until the completion of 
the operations designated were: spreading—4, finishing—8, burlap drag—20. For the 
admixture concrete: spreading—4, finishing—10, burlap drag—24. In comparing 
these averages, consideration must be given to the fact that the control sections were 
closer to the batch plant and were placed on days when the -weather conditions were 
what the paving contractors call "perfect finishing weather." 

A reduction in water-cement ratio was maintained through the use of the admixtures, 
while the slump remained approximately the same as that of the regular concrete with 
a higher water-cement ratio. The average ratio for the control sections was 4.8 gal 
per sack in comparison with 4.5 gal per sack for the concrete containing the admix­
tures—a 6.25 percent reduction. 

The average rate of hardening of the structural concrete is shown by the curves in 
Figures 1 and 2 which show similar relationship between the control and the retarded 
concrete. The approximate difference in time of retardation on the different days 
may be attributed mainly to the difference in ambient temperature. 

The average compressive strength of the structural concrete (6.5 sacks per cu yd) 
is shown in Figure 3. Admixture A shows an increase in strength of 720 psi over the 
control concrete. Admixture B shows an increase of 990 psi over its control concrete. 
The compressive strength of the concrete containing Admixture B was lower than that 
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of the concrete containing Admixture A, and a similar situation existed with the 
control concretes. 

Pavement concrete placed on the same day as the Admixture B concrete and its con­
trol also developed lower-than-average strength. 

Figures 4 and 5 show average rate-of-hardening curves for the 6.5 sacks per 
cu yd and 5. 75 sacks per cu yd pavement mix, respectively. In Figure 4 the average 
retardation is less for Admixture B than for Admixture A. No explanation is offered. 

Pavement compressive strength averages by cement factor and admixtures are 
shown in Figures 6 and 7. Tests at 90 days show an average increase in compressive 
strength of 22 and 26 percent, respectively, for Admixtures A and B concretes over 
the 6.5 sacks per cu yd pavement mix without admixture. The admixture concrete 
with 5, 75 sacks per cu yd shows an increase of 16 and 18 percent, respectively, at 
90 days over the control for concretes containing Admixtures A and B. 

OBSERVATIONS 
In conclusion, the following observations were made: 
1. Both admixtures were apparently compatible with the cements, fine aggregates, 

and both the gravel and limestone coarse aggregates used on the project. 
2. Many factors may influence the setting time of retarded concrete in the field, 

the most important of which is the amount of mixing water. In a lesser degree, the 
ambient temperature, wind velocity, humidity, intensity of the sunshine, and the tem­
perature of the mix were observed to be determinants. Control by experienced in­
spectors is necessary to obtain desired results. 

3. Admixture B apparently did not entrain air; that Admixture A entrained a slight 
amount is inferred from the fact that slightly less air-entraining agent was added to the 
mix in conjunction with Admixture A to obtain the same air content. It was not practical 
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to determine with precision the amount of air entrained by Admixture A, although it is 
estimated to be less than 1 percent. 

4. An increase in compressive strength over the control mixes was obtained through 
the use of both admixtures with both cement factors at all age's. Tests were made at 
2, 7 and 28 days on the structural concrete and at 7, 28 and 90 days for the pavement 
concrete. 

5. Through controlled retardation of setting time, a bridge deck may be placed 
and finished in a continuous pour while the entire mass of concrete is still plastic. 
Cracks caused by the continually increasing deflection of the forms or girders due to 
the changing dead weight as the placing of the concrete progresses may thus be 
eliminated. 

6. The paving concrete mixed at the roadsite was more easily controlled than the 
ready-mixed concrete. 

7. After retardation has reached the "vibration limit," normal setting of the 
concrete may be expected. 

8. The use of water-reducing, set-retarding admixtures did not delay, nor did it 
necessitate any change in normal pavii^ operations. 

9. This study indicates that economies may result from the use of water-reducing, 
set-retarding admixtures for one or more of the following reasons: 

(a) Because with concrete containing these admixtures, bridge deck placing and 
finishing operations may be delayed beyond the time required to complete the same 
operations with ordinary concrete, fewer workmen may be required, and due to regu­
lations governing labor compensation, a saving in wages may be effected. 

(b) Not infrequently, ordinary concrete with low water-cement ratios "hangs up" 
in the concrete bucket on structural pours, with consequent loss of time in the placing 
of the concrete. No such difficulty was encountered with the admixture concretes. 

(c) Because the concrete containing the admixtures gave greater strength than the 
ordinary concrete, it may be possible to obtain a specified strength with less cement 
where a minimum cement factor is not required. 
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10. Exactness in the dispensing of the admixture at the batch plant is vital to ob­
taining the benefits to be derived frona their use. An Increase may cause a "wet?' batch 
and may excessively retard the set, whereas a decrease may lower the slump and re­
quire the addition of water to the mix, with resultant loss of strength through increase 
in water-cement ratio. 

11. Until more data are accumulated as to what can be expected from the use of 
water-reducing, set-retarding admixtures, it is advisable to conduct a laboratory 
study prior to field use, employmg the same aggregates and cement to be used in the 
field. Where such data already exist, the laboratory study can of course be omitted. 

HRB: OR-lt67 



TH E NATIONAL ACADEMY OF SCIENCES—NATIONAL RESEARCH COUN­
CIL is a private, nonprofit organization of scientists, dedicated to the 
furtherance of science and to its use for the general welfare. The 

ACADEMY itself was established in 1863 under a congressional charter 
signed by President Lincoln. Empowered to provide for all activities ap­
propriate to academies of science, it was also required by its charter to 
act as an adviser to the federal government in scientific matters. This 
provision accounts for the close ties that have always existed between the 
ACADEMY and the government, although the ACADEMY is not a govern­
mental agency. 

The NATIONAL RESEARCH COUNCIL was established by the ACADEMY 
in 1916, at the request of President Wilson, to enable scientists generally 
to associate their efforts with those of the limited membership of the 
ACADEMY in service to the nation, to society, and to science at home and 
abroad. Members of the NATIONAL RESEARCH COUNCIL receive their 
appointments from the president of the ACADEMY. They include representa­
tives nominated by the major scientific and technical societies, repre­
sentatives of the federal government, and a number of members at large. 
In addition, several thousand scientists and engineers take part in the 
activities of the research council through membership on its various boards 
and committees. 

Receiving funds from both public and private sources, by contribution, 
grant, or contract, the ACADEMY and its RESEARCH COUNCIL thus work 
to stimulate research and its applications, to survey the broad possibilities 
of science, to promote effective utilization of the scientific and technical 
resources of the country, to serve the government, and to further the 
general interests of science. 

The HIGHWAY RESEARCH BOARD was organized November 11, 1920, 
as an agency of the Division of Engineering and Industrial Research, one 
of the eight functional divisions of the NATIONAL RESEARCH COUNCIL. 
The BOARD is a cooperative organization of the highway technologists of 
America operating under the auspices of the ACADEMY-COUNCIL and with 
the support of the several highway departments, the Bureau of Public 
Roads, and many other organizations interested in the development of 
highway transportation. The purposes of the BOARD are to encourage 
research and to provide a national clearinghouse and correlation service 
for research activities and information on highway administration and 
technology. 
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