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The v a r i a b l e s of f l y a s h tha t a f f e c t the pozzolanic r e a c t i o n between 
l i m e and f l y a s h w e r e s tudied by means of unconf ined compres s ive 
s t r eng th . The samples used i n t h i s s tudy w e r e mo lded f r o m v a r i ­
ous m i x t u r e s of l i m e , f o u r types of f l y a s h , and w a t e r . A l l spec i ­
mens w e r e m o i s t c u r e d f o r a spec i f i c p e r i o d p r i o r to t e s t ing . 

The pozzolanic a c t i v i t y of f l y a s h was found to be dependent upon 
i t s ca rbon content and i t s degree of f ineness . The r a t e of the poz ­
zolanic r eac t i on was cons iderab ly i n f l uenced by the condi t ions of 
t empe ra tu r e and h u m i d i t y under w h i c h the samples w e r e c u r e d . 
The study also r evea led that the unconf ined compres s ive s t rength 
inc reases w i t h inc reased l i m e contents . 

• A P O Z Z O L A N i s de f ined i n A S T M Standard D e f i n i t i o n s of T e r m s Re la t ing to H y d r a u ­
l i c Cement as a s i l i ceous o r s i l i ceous and a luminous m a t e r i a l , w h i c h i n i t s e l f posses­
ses l i t t l e o r no cement i t ious value but w i l l , i n f i n e l y d iv ided f o r m and i n the presence 
of m o i s t u r e , c h e m i c a l l y r e a c t w i t h c a l c i u m hydrox ide at o r d i n a r y t empera tu re s to f o r m 
compounds possessing cement i t ious p r o p e r t i e s U). A l though the p r i n c i p l e p roduc t s of 
the r eac t i on between a pozzolan and c a l c i u m hydrox ide a re cons ide red to be c a l c i u m 
s i l i c a t e s and a lumina tes , the re i s some evidence that m o r e complex compounds a re 
f o r m e d . 

The use of a pozzolan w i t h l i m e to produce cementa t ion has been known since the 
t i m e of the e a r l y Roman E m p i r e . The Romans u t i l i z e d the pozzolanic ac t ion of v o l ­
canic ash w i t h ca l c ined l imes tone i n the cons t ruc t ion of such h i s t o r i c l a n d m a r k s as the 
Appian Way , the Colosseum and the Pantheon. Since then va r i ous o ther n a t u r a l sub­
stances and some a r t i f i c i a l l y p roduced m a t e r i a l s have been found to possess v a r i o u s 
degrees of pozzolanic a c t i v i t y (5). 

F l y a s h i s an a r t i f i c i a l pozzolan w h i c h r e s u l t s f r o m b u r n i n g p u l v e r i z e d coa l . The 
coa l , of w h i c h about 80 pe rcen t passes a No. 200 s ieve, i s b lown in to a f u r n a c e w i t h 
p r i m a r y a i r , and the combus t ion o f the o rgan ic m a t e r i a l i n the suspended p a r t i c l e s oc ­
c u r s a lmos t i n s t an t l y . The vmburned inorgan ic m a t e r i a l s f o r m minute mo l t en globules 
at a t empe ra tu r e of app rox ima te ly 2,800 F . These globules congeal in to sphe r i ca l p a r ­
t i c l e s about 75 m i c r o n s i n d iamete r aS they leave the zone of h igh t empe ra tu r e (5, 6) . 
Some p a r t i a l l y burned organ ic p a r t i c l e s r e s u l t and a re of a m o r e i r r e g u l a r shape and 
a r e somewhat l a r g e r . These p a r t i c l e s a r e cons ide red to be m o s t l y ca rbon . A f t e r 
pass ing th rough the super heater , economizer and prehea te r , the ash (conta in ing both 
i ncomple t e ly burned and unburned p a r t i c l e s ) i s separated f r o m the exhaust gas s t r e a m 
by va r i ous methods . Co l l ec t i on of f l y a s h i n s tack gas i s usua l ly accompl i shed th rough 
the use of e l e c t r i c a l p r e c i p i t a t o r s o r mechanica l c o l l e c t o r s (8) . 

The design of power p lan t b o i l e r s gene ra l l y f a l l s in to th ree basic ca tegor ies : d r y 
bo t tom, wet bo t tom and cyc lone . The t o t a l ash produced i n the opera t ion of d r y bo t tom 
b o i l e r s i s a p p r o x i m a t e l y 90 percen t f l y a s h ; the r e m a i n i n g 10 percent cons is t s of l a r g e r 
p a r t i c l e s (bot tom ash) w h i c h f a l l out by g r a v i t y . Wet bo t tom b o i l e r s produce about 50 
percen t of t o t a l ash as f l y a s h , whereas cyclone equipment produces only about 15 p e r ­
cent as f l y a s h (8) . 

E l e c t r i c a l p r e c i p i t a t o r s a re m o r e e f f i c i e n t than mechan ica l c o l l e c t o r s and usua l ly 
r e m o v e a h igher percentage of the f l y a s h f r o m the f l u gases. F l y a s h co l l ec t ed by e lec­
t r i c a l p r e c i p i t a t o r s contains a h igh percentage of f i n e p a r t i c l e s and t h e r e f o r e has a 
h i g h spec i f i c su r f ace w h i c h i s cons ide red conducive to h igh pozzolanic a c t i v i t y (3, 4, 9 ) . 

Each power p lan t produces f l y a s h of a r e l a t i v e l y d i f f e r e n t cha rac t e r , that i s , i t v a r ­
i e s i n p a r t i c l e s ize and c h e m i c a l compos i t i on . These v a r i a t i o n s a re due to the type of 
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TABLE 1 
SOURCE AND COLLECTION DATA OF FOUR FLYASHES (14) 

Flyash Type Boiler Coal Collecting 
Equipment 

Collection 
Efficiency, 

percent 
No. 10 
No. 11 

Dry bottom 
Wet bottom 

No. 12 Dry bottom 

Western Kentucky 
50 percent eastern 
Kansas and 50 per­
cent petroleum coke 
Western Kentucky 
and southern Illinois 

Electrical 
Electrical 

No. 15 Dry bottom Southern Illinois Electrical 

Less than 
90 •> 

Less than 

95 

coa l , t r e a t m e n t p r i o r to combus t ion , m e t h ­
od of combus t ion , amoimt of r e c i r c u l a t i o n 
and method of c o l l e c t i o n . Studies of the 
use of f l y a s h i n p o r t l a n d cement m o r t a r 
and concre te have ind ica ted that f ineness 
and ca rbon content a r e poss ib le c r i t e r i a 
f o r d i f f e r e n t i a t i n g f lyashes . Analyses of 
f lyashes inc lude the t e r m " lo s s on i g n i t i o n " 
w h i c h i s expressed as a percentage of the 
t o t a l f l y a s h and a p p r o x i m a t e l y represen t s 
the ca rbon content. The loss on i g n i t i o n i s 
de t e rmined by ox ida t ion , a t h igh t e m p e r a ­
t u r e s , of the o rgan ic m a t e r i a l i n the f l y a s h . 
The re a r e s eve ra l methods of d e t e r m i n i n g 
f ineness , one of the m o r e c o m m o n i s s i e v ­
i n g the f l y a s h th rough a No. 325 sieve to 
de t e rmine the pe rcen t p a s s i i ^ . 

W e i n h e i m e r (9), i n 1944, conducted an 
extensive inves t iga t ion of the c h e m i c a l 
p r o p e r t i e s of f l ya shes . C h e m i c a l analyses 
of d i f f e r e n t s ize f r a c t i o n s of f l y a s h i n d i ­
cated that the non-combus t ib le Si02, A l iOs 

and Fe20s t end to be concent ra ted i n the f i n e r f r a c t i o n s . The r e s i d u a l ca rbon , as de­
t e r m i n e d by l o s s on i g n i t i o n tes ts , p redomina tes i n the c o a r s e r p a r t i c l e s . P h o t o m i ­
c rographs showed that the ca rbon i n f l y a s h exis t s as i r r e g u l a r , porous , c o k e - l i k e p a r ­
t i c l e s . The non-combus t ib le p a r t i c l e s gene ra l ly have a c h a r a c t e r i s t i c s p h e r i c a l shape, 
al though a s m a l l p o r t i o n of these p a r t i c l e s a re t h i n w a l l e d polyhedrons c a l l e d ceno-
spheres . 

The re has been l i t t l e i n f o r m a t i o n pub l i shed about the e f f ec t s of f l y a s h p r o p e r t i e s on 
i t s r e a c t i v i t y w i t h l i m e . In t h i s s tudy, f o u r f lyashes having d i f f e r e n t p r o p e r t i e s w e r e 
used to inves t iga te these e f f ec t s . The unconf ined c o m p r e s s i v e s t rengths of l i m e - f l y a s h 
m o r t a r s w e r e used to evaluate r e a c t i v i t y , the assumpt ion being tha t s t reng th i s a p o s i ­
t i v e f u n c t i o n of r e a c t i v i t y . 

* Electric precipitators were used and since this station is located 
close to the heart of a city the comliustion chamber and coal pulver­
izing equipment were designed for extremely efficient Iniriung The 
precipitators are oversize in order to obtam the high collection ef­
ficiency. 
^This unit has electric precipitators but for the last year has burned 
a 50-50 blend of coal and petroleum coke. The coke does not fully 
burn in the short time that it is m the combustion chamber, there­
fore increasing the loss due to ignition (carbon content), 
c Low efficiency here is due to the use of mechanical precipitators. 
The loss on igmtion runs on the order of B to 12 percent. Most of 
this loss was evident in the material retamed on the No. 200 sieve 
while the relaUvely finer material retained on the No. 325 sieve was 
very low m loss on ignition. 

Although electric precipitators are used in this unit the loss on ig­
nition is fairly high. This is due to general overloading of the boil­
ers (approximately 110 percent of rated capacity) resulting in incom­
plete combustion of the coal 

M A T E R I A L S 

Flyashes 

The sources and p r o p e r t i e s of each f l y a s h 
and 2. The f lyashes have been assigned 
the a r b i t r a r y numbers shown i n the tables 
and w i l l be r e f e r r e d to by these number s . 

Pho tomic rographs of f lyashes No. 10, 
11 , 12 and 15 a r e shown i n F i g u r e s 1 
th rough 4. These X 100 pho tomic rog raphs 
tend to c o r r o b o r a t e W e i n h e i m e r ' s f i n d i n g s . 
C o m p a r i s o n o f the pho tomic rographs of 
No. 10 and No. 11 f lyashes i s p a r t i c u l a r l y 
i n t e r e s t i ng as these f lyashes conta in the 
leas t and the mos t ca rbon r e s p e c t i v e l y . 
Not ice the g r ea t e r degree of f ineness and 
the r e l a t i v e absence of ca rbon i n f l y a s h 
No. 10, whereas the p a r t i c l e s i n f l y a s h 
No . 11 appear to be somewhat aggregated 
and coated by the m o r e abundant ca rbon . 

L i m e 

a r e tabula ted and expla ined i n Tables 1 

The l i m e used was l a b o r a t o r y reagent 
powdered c a l c i u m h y d r o x i d e . The manu-

TABLE 2 
PROPERTIES OF FLYASHES 

No. 10 
Flyash 

No. 11 No. 12 No. 15 
Specific 
Gravity 

2.56 unknown 2.30 2.24 

Fineness Residue passii^ a 
No. 325 Steve, 
percent by we^ht 

93. l a 60 3'' Bl.Oa 82. 3^ 

Chemical 
Analysis, 
percent by 
weight 

Silicon dioxide 
(SiOs) 

Aluminum oxide 
(AlaOa) 

43.40 

20.10 

39 19 

13.23 

41.16 

18.39 

35.94 

18.19 

Ferric oxide 
(FesOs) 

19 00 13.41 21.23 19.63 

Calcium oxide 
(CaO) 

7 30 2 52 5.54 6.89 

Magnesium oxide 
(MgO) 

0.43 1.16 0.77 0.85 

Sulphur trioxide 
(so,) 

3.04 0.41 1 47 1.86 

Loss on Ignition 3 20 27.67 10.18 15.59 
a Method of test ASTM Designation C204-46T. 
^Method of test- Bteterial was screened until the percent passii^ the 
No. 325 sieve was less than 0. 5 percent after five minutes in a me-
chamcal sieve shaker. 



F i g u r e 1. Ehotomlcrograph of No. 10 f l y ­
ash: X 100. 

F i g u r e 2 . Photomicrograph of No. 11 f l y ­
ash: X 100. 

Figure 3" Photomicrograph of No. 12 f l y ­
ash: X 100. 

F i g u r e k . Photomicrograph of No. 15 f l y ­
ash: X 100. 

f a c t u r e r has l i s t e d the m a x i m u m l i m i t of 

i m p u r i t i e s as f o l l o w s : 

% 

0.03 

0. 005 

0. 10 

0 .003 

0. 05 

Insoluble i n H C l 

C h l o r i d e 

Sulfate 

Heavy me ta l s such as Pb 

I r o n 

Substances not p r e c i p i t a t e d by 

a m m o n i u m oxalate 1.0 

OPTIMUM MOISTURE CONTENTS AND CORRESPONDING TRUE 
MAXIMUM DRY DENSITIES OF THE LIME-FLYASH MORTARS 

PREPARED WITH THE FOUR FLYASHES 

Flyash 
No. 10 Nbl 11 No. 12 No. IS 

Dry Dry Dry Dry 
% ' Opt. Density, Opt. Density, Opt. Density, Opt. Density, 

Moist. Ib/lt Moist. lb/it Moist, lb/ft Moist. Ib/ft 
2 29 86.0 57 51.7 36 68.6 46 61.4 
4 26 83.6 57 52.7 36 69.1 43 60.7 
6 28 82.2 57 63.3 36 69.5 43 63.1 
8 28 81.8 57 63.5 36 70.6 42 63.8 
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#10 f l y a s h 

\ Z% lime 

4% hme 

6%lime 

J I I \ 1 L 
IS 22 26 

Moisture content , percent 

Figure 5" Moisture-density relationship 
of No. 10 flyash I l l u s t r a t i n g relative 
maxima at low moisture contents and the 
absolute maximum for the 8 percent lime 
content. These cvirves are typical for the 

other three flyashes. 

S A M P L E P R E P A R A T I O N A N D TESTING 

P r e p a r a t i o n of M i x t u r e s 

The amounts of l i m e added to each f l y ­
ash w e r e 2, 4, 6 and 8 pe rcen t based on 
the d r y we igh t of the f l y a s h . The amount 
of d i s t i l l e d w a t e r i n each case was s u f f i ­
c ien t to produce the m a x i m u m d r y densi ty 
f o r s tandard P r o c t o r compac t ive e f f o r t . 
M i x t u r e s contained on ly l i m e , f l y a s h and 
d i s t i l l e d w a t e r and a r e r e f e r r e d to as m o r ­
t a r s . 

M o i s t u r e - d e n s i t y cu rves f o r f o u r m o r ­
t a r compos i t ions , us ing f l y a s h No. 10, a r e 
shown i n F i g u r e 5. Severa l de f in i t e poin ts 
of m a x i m u m densi ty w e r e found i n the 
l o w e r m o i s t u r e range, but extension of the 
m o i s t u r e - d e n s i t y c u r v e in to the upper 
reaches of m o i s t u r e content r evea l ed a 
t r u e m a x i m u m densi ty . S i m i l a r r e s u l t s 
w e r e obtained w i t h the o ther f l ya shes . 
The t r u e m a x i m u m densi ty o c c u r r e d i n a l l 
cases s l i g h t l y below the m o i s t u r e content 
a t w h i c h the m o r t a r began to ac t as a v i s ­
cous l i q u i d . The o p t i m u m m o i s t u r e c o n ­
tents and cor respond ing t r u e m a x i m u m densi t ies a re presen ted i n Table 3. 

O p t i m u m m o i s t u r e content tends to decrease w i t h the f ineness of the f l y a s h . Davis 
et a l (4) e}q}erienced s i m i l a r r e s u l t s i n t h e i r i nves t iga t ion o f f l y a s h as an addi t ive to 
Por t l and cement . A c o r r e l a t i o n of o p t i m u m m o i s t u r e content and loss on i g n i t i o n i s 
shown i n F i g u r e 6. The inc rease of m o i s t u r e r e q u i r e m e n t w i t h inc reased ca rbon c o n ­

tent i s p robab ly due to the porous na ture 
of the ca rbon . B r i n k and Hals tead (2) 
found a s i m i l a r t r e n d i n the wa te r r e ­
q u i r e m e n t of Por t l and c e m e n t - f l y a s h m o r ­
t a r s . 

M i x i n g and M o l d i n g 

L i m e - f l y a s h m i x t u r e s w e r e p r o p o r ­
t ioned and m i x e d d r y . O p t i m u m wa te r 
was added and the m a t e r i a l s machine 
m i x e d f o r f o u r minu tes . Specimens, 2-
i n . d i ame te r by 2 - i n . h igh , f o r unconf ined 
compres s ive s t reng th tes ts w e r e p r e p a r e d 
at app rox ima te s tandard P r o c t o r densi ty 
w i t h a double p lunger d r o p - h a m m e r m o l d ­
i n g apparatus . 

C u r i n g 

Specimens w e r e c u r e d f o r va r i ous 
t i m e s at two d i f f e r e n t constant t e m p e r a ­
t u r e s to study the r a t e and du ra t i on of the 
pozzolanic r e a c t i o n . C u r i n g t i m e s w e r e 
0, 7, 14, 28 and 45 days; c u r i n g t e m p e r ­
a tu res w e r e 20 C and 60 C. Each s p e c i ­
men was f i r s t wrapped i n e i the r Saran 
W r a p o r wax paper , then wrapped w i t h 
a l u m i n u m f o i l and sealed w i t h Scotch 

L o s s on ign i t ion , p e r c e n t 

Figure 6 . Optimum moisture content for 
maximum density of the lime-flyash mortars 
plotted as a function of flyash loss on 
ignition. The optimum moisture contents 
are the average values of four lime-flyash 

mortars. 
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# 1 0 fly ash 

> 1900 

6<rG 
_ 1 I L _ 

7 14 2B « ' ' 0 7 14 28 45 

Curing l i m i , days 

* l l fly ash 

6% l l m t 
4% lima 

Curing t ime, days 

-1 1 r -

« I Z fly ash 

«% liins 

6 0 C 

Curing t ime, days 

» I 5 fly osh 

B 1000 

SS lima 

4% lima 
E 500 

Curing t ima. day* 

Figure 7. Effect of variation i n the amount of lime, curing time and curing tempera­
ture on the compressive strength of 2-in. by 2-in. specimens prepared from the four 

f lyashes. 

tape. The difference in the inner wrapping should be noted since this inconsistency ac­
counts fo r a variation in the test results. Specimens cured at 20 C were stored in an 
atmosphere with a relative humidity of approximately 90 percent. Specimens cured at 
60 C were kept i n an oven having a non-humid atmosphere; the sealing of each speci­
men was assumed to be sufficient to prevent any loss of moisture by evaporation. 

Testing 

A t the end of the curing periods specimens were unwrapped, weighed to determine 
moisture loss during curing and then tested in unconfined compression using a load 
travel rate of 0. 05 in . per minute. The results reported are the average of three test 
samples and represent the load at fa i lure , uncorrected fo r height-diameter ra t io . 

DISCUSSION OF RESULTS 

The position of the strength-time curves of the l ime-f lyash mortars fluctuated some­
what during the early stages of curing at 20 C as shown in Figure 7. However, the 
curves appear to have reached their proper positioning in relation to each other after 
45 days curing. The 45 day strength values show that increased l ime contents are d i ­
rectly responsible fo r higher strengths. 

Time and temperature are two very significant factors responsible fo r some of the 
variations apparent in Figure 7. The slopes of the strength-time curves at 20 C are 
s t i l l definitely positive after 45 days curing, indicating that the pozzolanic reaction has 
not yet reached completion. The lone exception is shown by the curve fo r No. 10 flyash 
with 2 percent l ime. Here the reaction appears to be nearly complete after 28 days 
curing. These data support the validity of the assumption that compressive strength is 
a cr i ter ion f o r studying the progress of the pozzolanic reaction. Apparently strength 
develops at a rate that parallels the rate of the reaction. As the l ime combines with 
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the flyash, and the amount of f ree l ime decreases, the rate of strength increase grad­
ually slows and the curve tends to become horizontal. This i s best shown by the mor­
tars containing 2 percent l ime. 

Samples cured at 60 C showed a decidedly higher rate of strength development dur­
ing the f i r s t few days than those cured at 20 C. The increase in temperature caused 
an increase in reaction rate during the f i r s t 7 days in a l l cases. Acceleration of the 
reaction was anticipated because i t has long been known that many chemical reactions 
may double or treble their velocity with a 10 deg r ise in the temperature of the reac-
tants, Arrhenius has given a quantitative relation to this phenomenon through a math­
ematical description relating reaction rate to absolute temperature. 

Figure 7 shows that in a l l but a few cases, curing beyond 7 days at 60 C caused the 
strength-time curves to flatten out and then to decrease. The loss of strength is ap­
parently due to an excessive loss of moisture caused by improper choice of interior 
wrapping material (wax paper). Specimens (No. 10 flyash with 2 percent l ime and No. 
11 flyash with 2, 4 and 8 percent lime) wrapped with Saran Wrap did not show a decrease 
in strength or a significant loss of moisture during c u r i i ^ . A comparison of the mois­
ture losses after curing showed an extreme loss of moisture at 28 days fo r a l l speci­
mens wrapped in wax paper, for example, 13 grams moisture loss in 45 days fo r a 
Saran wrapped specimen as opposed to 30 grams moisture loss in 45 days fo r a wax 
paper wrapped specimen. 

Other investigators have suggested the use of strength after 7 days c u r i i ^ at 60 C 
for predicting 28 day strengths of room temperature cured specimens. Comparison of 
these values in Figure 7 shows that there is no simple relationship between them. 
However, the strength values after 7 days curing at 60 C place the flyashes in their 
correct order of reactivity. This suggests the possibility of using accelerated curing 
fo r rating flyash reactivity when time does not permit the longer periods of curing r e ­
quired at room temperatures. 

Regrouping the curves in Figure 7, so that the curves of identically proportioned 

2% lime 

ttio l ly o t h 
• 10 I I I o t h . 1250 

« I 5 fly a t h 

5 fly s i h 

fly Olh MM f ly o t h 

Curing t ime, d o y t 

4% lime 

I t 10 f ly 0 i h 

It 10 f ly O lh 

t i t i z f ly a s h 

H I S fly Olh I 
19 fly oah 

Mi l fly o t h 

Curing t i m t , d o y i 

6X lime 

^ . , g » n fly . . h 

2B 45 
Curing t ime, d a y i 

10 fly o th 

«ie fly oah 

• 15 f ly Olh 

» l l f ly O l h 

-1 1 T " -1 1 1 r 
8% lime 

» I 0 f ly a t h 

« I 2 f ly osh 

fly O l h • 15 fly O l h 

• I S f ly O l h 

Curing t ime, day* 

^ • 1 1 fly o t h 

Figure B. Comparison of compressive strengths of 2-in. by 2-in. speclaens prepared 
frcm the four flyashes and the indicated percentages of l i n e . 
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r 5 0 0 H 

4 5 days c u r i n g 

L o s s on i g n i t i o n , p e r c e n t 

Figure 9. Dry density of lime-flyash mor­
tars plotted as a function of flyash loss 
on ignition. Each dry density value i s an 
average valvie for four lime-flyashi mor­

tars. 

5 10 19 20 

L o s s on ign i t ion , percent 

Figure 10. Unconfined compressive strength 
of lime-flyash mortars plotted as a func­
tion of flyash loss on ignition. The lime 
contents of 2, k, 6 and 8 percent are 

shown at the l e f t of each curve. 

mortars made f r o m different flyashes 
are grouped together, reveals the results 
shown in Figure 8. The highest strength 
was attained by No. 10 flyash mortars in 
a l l cases, which indicates that this flyash 
is by fa r the most reactive of those tested. 

There are two apparent reasons fo r 
the superior performance of No. 10 f l y ­

ash. Comparison of the photomicrographs of the four flyashes in Figures 1 to 4 shows 
that No. 10 flyash is much finer and contains less carbon than the other flyashes. Ta­
ble 2 also ver i f ies this. 

Correlations of various mortar properties with the amount of flyash passing the No. 
325 sieve were attempted. These correlations were not good but did indicate a rough 
relationship of density, of optimum moisture, and of strength to flyash fineness. How­
ever, by using loss on ignition as the independent variable, better correlations were 
established. Figure 9 shows the relation between maximum dry density of l ime-flyash 
mortars and loss on ignition. The decrease in density with increase in carbon content 
cannot be allayed to the difference in specific gravity between carbon and the AI2O3 and 
Si02 replaced by the carbon. A material balance comparison of the highest and lowest 
densities shows that specific gravity differences account fo r a density change of only 
about 2 pcf, whereas the true density difference is about 31 pcf. The difference is 
thought to be due to aggregating and porosity effects of the carbon. 

The imconfined compressive strength af ter 45 days curing at 20 C has a significant 
relation to loss on ignition as shown in Figure 10. The curves show that the strength 
of l ime-f lyash mortars drops rapidly with increasing carbon content up to about 10 per­
cent carbon, here the curves begin to level off . I t i s in te res t i i^ to note that a flyash 
with a carbon content near 30 percent probably would show l i t t l e or no pozzolanic ac­
t iv i ty . Apparently flyashes containing less than about 10 percent carbon are needed to 
produce l ime-f lyash mortars having high compressive strength. The advantage of us­
ing low carbon content flyashes is evident, but additional work with more flyashes is 
needed to establish an upper specification l i m i t of carbon content. 

Carbon in flyash appears to be deleterious to pozzolanic reactivity and strength of 
l ime-f lyash mortars because of i ts adverse effects on reactive surface area and mor­
tar density. Microscopic examinations of the flyashes showed that the carbon tends to 
adhere to and part ial ly cover the reactive surfaces, reducing the interfacial area avai l ­
able fo r pozzolanic reactions with l ime. In addition to reducing reactive surface area 
of individual particles, carbon coatings also act as links between adjacent particles to 
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produce a porous aggregated structure. This structure, in addition to further reducing 
the available active surface area, reduces the compacted density attainable; the de­
creased density results in fewer and less intimate contacts between cementitious par­
ticles. 

CONCLUSIONS 

1. Carbon content as determined by loss on ignition seems to be a reliable indicator 
of the pozzolanic reactivity of flyashes with l ime. The upper l i m i t of carbon content 
for good pozzolanic cementation appears to be less than 10 percent. Additional work 
with more flyashes is necessary to establish a specific upper l i m i t . 

2. The amount of f lyash passing a No. 325 sieve decreases as carbon content i n ­
creases and is , to a lesser extent, also an indicator of the pozzolanic reactivity of f l y -
ash. Evaluation f r o m this cr i ter ion was not as reliable as f r o m loss on ignition. 

3. The use of l ime-f lyash mortar strength tests fo r evaluating flyash reactivity ap­
pears to give valid results. The results at both room temperature (20 C) and at 60 C 
are consistent. Curing at the higher temperature has the advantage of less time r e ­
quirement fo r reactivity evaluation. 
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