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AN AbY ZED 

On a 6 t u d i 6  l ' h y d r a t a t i o n  e t  l e s  c a r a c t g r i s t i q u e s  de durcissement 
a )  de l ' a lumina te  t r i c a l c i q u e ,  b)  de l ' a lumina te  t r i c a l c i q u e  + gypse, 
c )  du s i l i c a t e  t r i c a l c i q u e ,  d) du s i l i c a t e  b i c a l c i q u e ,  e t  e )  du 
ciment por t l and ,  a p r s s  l ' a d d i t i o n  de 0.1, 0.25, 0.35, 0.5 e t  1 . 0  
pour c e n t  de t r igthanolamine (TEA). La TEA acc6lSre  l ' h y d r a t a t i o n  des 
s y s  tSmes de 3Ca0 .A1203 e t  de 3Ca0.A1203-CaS04 . 2H20 e t  prolonge l a  
pgr iode d ' induc t ion  de l ' h y d r a t a t i o n  de 3Ca0.Si02. Pour c e  q u i  e s t  
de l a  p s t e  de ciment por t l and ,  l a  TEA r g d u i t  s a  r g s i s  tance pour tous  
l e s  degrgs de v i e i l l i s s e m e n t  e t  modifie profondEment s e s  ca rac tg -  
r i s t i q u e s  de durcissement,  s u r t o u t  pour les teneurs  p l u s  Elev6es e n  
TEA. On o b t i e n t  Ggalement des  i n d i c a t i o n s  de l a  format ion d'un 
complexe de TEA avec l a  phase de s i l i c a t e  e n  h y d r a t a t i o n .  

I 

Presen ted  a t  t h e  VLth I n t e r n a t i o n a l  Congress on t h e  Chemistry of 
Cement, Moscow, September 1974. 

CEMENT and CONCRETE RESEARCH. Vol . 6 ,  pp. 623-632, 1976. Pergamon Press, Inc.  
Pr in ted  i n  the  United States. 
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ABSTRACT 

Following a d d i t i o n  o f  0.1, 0.25, 0.35, 0 .5  and 1.0 p e r  c e n t  
t r i e  thanolamine, s t u d i e s  have been made c f  the  hydra t ion  and hardening 
c h a r a c t e r i s t i c s  of (a)  t r i c a l c i u m  aluminate,  (b) t r i c a l c i u m  aluminate  
+ gypsum, (c )  t r i c a l c i u m  s i l i c a t e ,  (d) dicalc ium s i l i c a t e ,  and 
(e )  p o r t l a n d  cement. T r i e  thanolamine (TEA) a c c e l e r a t e d  the  h y d r a t i o n  
of 3CaO. A 1  20 and 3Ca0 .A1203-CaS04 . 2H2 0 s y s  terns and extended the  
induc t ion  per iod  of the  hydra t ion  o f  3Ca0.Si02. I n  p o r t l a n d  cement 
p a s t e  TEA decreased t h e  s t r e n g t h  a t  a l l  ages and s e t t i n g  charac te r -  
i s  t i c s  were d r a s t i c a l l y  a l t e r e d ,  e s p e c i a l l y  a t  h i g h e r  TEA conten t s .  
Evidence was ob ta ined  a l s o  of the  formation of a  complex of TEA w i t h  
the  hydra t ing  s i l i c a t e  phase. 

34ac7sr 
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In t roduc t ion  

Triethanolamine (TEA) i s  used a s  a gr inding a i d  i n  cement manu- 
f ac tu r e  and i s  a cons t i t uen t  i n  c e r t a i n  admixture formulations i n  concrete  
p r a c t i c e .  I t s  add i t i on  i n  hydrat ing cements is  thought t o  reduce the  
excessive r e t a rd ing  ac t i on  of water  reducing admixture. P a r t  o r  complete 
replacement o f  CaCR2 by TEA i s  a l s o  favoured because, un l ike  CaCR2, TEA does 
no t  promote corrosion o f  embedded metals i n  re inforced  concrete .  

The exac t  mechanism o f  the  ac t i on  of  TEA i n  hydra t ing  cements i s  n o t  
known. I t  seems t o  be complex, and it i s  not  even c e r t a i n  whether i t  a c t s  a s  
an acce l e r a to r  o r  a s  a r e t a r d e r  (1-5). P r a c t i c a l l y  no work has been publ ished 
o f  a systematic  i nves t i ga t i on  of  the  e f f e c t  o f  TEA on t he  hydrat ion o f  
d i f f e r e n t  phases of  cement o r  of cement i t s e l f  (5,6).  

From a p r a c t i c a l  s tandpoint  a study of the  ac t ion  o f  TEA on the 
hydrat ion behaviour of  cement would be usefu l ,  but  t he  admixture may a c t  i n  a 
complex way on the hydrat ion o f  t he  ind iv idua l  phases and t h e i r  hydrat ion 
products .  I t  seems more meaningful, therefore ,  t o  s tudy the  r o l e  of  TEA i n  
the  hydrat ion of  ind iv idua l ,  b inary ,  and te rnary  systems before  extending t he  
s tudy t o  cement i t s e l f .  This paper b r i e f l y  descr ibes t he  e f f e c t s  of d i f f e r e n t  
amounts of  TEA on t he  hydra t ing  c h a r a c t e r i s t i c s  of C3A, C3A + gypsum, BC2S and 
C3S (C = CaO, S = Si02 ,  A = A1203, F = Fep03, H = H20). I t  a l s o  at tempts  t o  
extend t h i s  knowledge t o  t he  r o l e  o f  TEA on the  hydrat ing and hardening 
behaviour o f  por t land  cement. 

Experimental 

Mater ials  

Tricalcium aluminate o f  high p u r i t y  was p r e  a red  by ca l c ina t i on  of ! CaC03 and Ai203. The Blaine sur face  a r ea  was 4350 cm /g .  Tricalcium s i l i c a t e  
and i3 dicalcium s i l i c a t e  prepared by ca l c ina t i on  o f  CaC03 and S i02  had a 
Blaine sur face  a r ea  o f  3310 cm2/g and 2770 cm2/g, respec t ive ly .  Reagent grade 
gypsum and t r ie thanolamine were used. 'Ihe por t land  cement, type 1, used i n  
t h i s  work had t h e  fol lowing c h a r a c t e r i s t i c s :  

Chemical Analysis = Si02 = 21.38 p e r  cen t ;  Fe203 = 1.91 p e r  cent ;  

.A12Q3 = 4.91 pe r  cent ;  CaO = 64.42 p e r  cen t ;  

Na20 = 0.13 per  cen t ;  K20 = 0.59 p e r  cent ;  

Free lime = 0.10 p e r  cen t ;  

Inso luble  res idue  = 0.10 p e r  cen t ;  

Loss on i g n i t i o n  = 0.78 pe r  cen t  

Poten t ia l  

Composition = C3S = 54.22 p e r  cen t  C2S = 20.68 p e r  cen t  

C 3A = 9.99 per  cen t  C4AF = 6.11 p e r  cen t  

Fineness (Blaine) = 3100 cm2/g 

Soundness (Auto- 

clave expansion) = 0.46 p e r  cen t  
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Hydration 

C3A, C3S, C2S, C3A + gypsum, and por t land  cement with and without 
TEA i n  amounts varying between 0.1 and 1.0 p e r  cen t  were each mixed with 
double d i s t i l l e d  water  a t  a wa t e r / so l i d  r a t i o  o f  0.5 o r  1 .0  and placed i n  a 
t i g h t l y  covered polyethylene conta iner  and r o t a t e d  continuously over  r o l l e r s .  
A t  s pec i f i ed  i n t e r v a l s  varying between a few minutes and 28 days each sample 
was placed i n  an excess o f  co ld  acetone, washed with co ld  acetone, and 
subsequently evacuated f o r  24 hours using l i q u i d  a i r  t r ap .  

Methods 

D i f f e r en t i a l  thermal ana lys i s  was c a r r i e d  ou t  i n  N2 o r  a i r  using a 
DuPont-900 thermal ana lyser .  A Cahn balance was used fo r  thermogravimetric 
ana ly s i s .  Surface a r ea  values were obtained,  with N2 as  t he  adsorbate ,  with a 
Numinco O r r  sur face  area-pore volume ana lyser .  Free lime was est imated by 
the  so lvent  va r i a t i on  method, and TEA i n  so lu t i on  by Perkin-Elmer UV-VIS-NIR 
350 spectrophotometer.  The r a t e  o f  hea t  development during hydrat ion was 
determined by a conduction ca lor imeter  having a s e n s i t i v i t y  of 20 mV/W. X-ray 
d i f f r a c t i o n  pa t t e rn s  were obtained by a Hi lger  and Watts u n i t  using Cuka 
source.  Scanning e l ec t ron  microscopic work was c a r r i e d  ou t  with t h e  Cambridge 
s te roscan  Mark 2A u n i t .  

Deta i l s  o f  a l l  these techniques a r e  ava i l ab l e  i n  o t h e r  publ ica t ions  
(7 ,8) .  The time of  i n i t i a l  and f i n a l  s e t t i n g  o f  mortar specimens was c a r r i e d  
ou t  according t o  ASTM t e s t  method C403-70 (9) ;  and compressive s t r eng ths  were 
determined using ASTM C109- 70 (10) . 

Results  and d iscuss ion  

A b r i e f  d i scuss ion  of  t he  
e f f ec t  o f  TEA on the  hydrat ion 
behaviour of  C3A, C3A + gypsum, C3S, 
C2S and cement systems follows. 

Hydration of C3A and C3A + gypsum i n  

Dresence o f  TEA 

Without TEA, C3A hydrates  
i n i t i a l l y  t o  t he  hexagonal aluminate 
hydrate  before  i t  transforms t o  t he  cubic 
form. With TEA, i n  addi t ions  of 0 .5 ,  1 .0  
o r  5.0 p e r  cen t ,  a l a r g e r  amount of hexa- 
gonal hydrate  forms a t  a given time and 
conversion t o  t he  cubic form i s  acce le r -  
a ted .  Conduction ca lo r ime t r i c  curves i n  
Figure 1 i l l u s t r a t e  these  e f f e c t s  c l e a r l y .  

Hydration o f  C3A with 5 o r  25 
p e r  cen t  gypsum, with o r  without  1 pe r  
cen t  TEA, shows some d i f fe rences .  I n  the  
absence o f  TEA gypsum r e a c t s  i n i t i a l l y  t o  
form e t t r i n g i t e ;  wi th  TEA the  formation 
of e t t r i n g i t e  i s  acce le ra ted  (5,7) .  

FIG. 1 
Conduction ca lor imet r ic  curves of 
X a 0  .A120 3 with d i f f e r e n t  amounts 

of  added TEA. 
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Hydration of  C3S and C2S i n  t he  presence o f  TEA 

Vol. 6, No. 5 

In  the presence o f  TEA the  hydrat ion c h a r a c t e r i s t i c s  of C3S and C2S 
a r e  s i g n i f i c a n t l y  a l t e r e d .  DTA curves i n  Figures 2(a) and 2(b) i l l u s t r a t e  t he  
thermal c h a r a c t e r i s t i c s  of C3S hydrated with and without TEA. The change i n  
the i n t e n s i t i e s  of the  i n i t i a l  endothermal peaks below 200°C correspond t o  t he  
expulsion of  H20 from the C-S-H phase; the endothermal e f f e c t  between 480 and 
500°C represen ts  decomposition of  Ca(OH)2; and the  emergence o f  an exothermic 
e f f e c t  i n  t he  region o f  4 0 0 ' ~  and an endothermal e f f e c t  i n  the  region of 720 
t o  760°C a r e  ev ident  i n  TEA-treated samples. The amount of  Ca(OH)2 found a t  
1 ,  3, 7  o r  28 days was i n  the  order  C3S + 0 pe r  cen t  TEA > C3S + 0.1  pe r  cen t  
TEA > C3S + 0.5 pe r  cen t  TEA > C3S + 1 . 0  p e r  cen t  TEA, independent of  the 
method adopted f o r  es t imat ion ,  v i z .  X-ray, DTA, TGA and chemical ana ly s i s .  
There was an increase  i n  the  induc t ion  period,  probably owing t o  the  formation 
of a  sur face  complex of TEA on t he  hydrat ing C3S. The N 2  sur face  a reas  a t  28 
days with 0, 0.1 and 1 .0  pe r  cen t  TEA a re ,  respec t ive ly ,  24.8, 30.9 and 44.6 
m2/g .  I n  addi t ion ,  TEA promotes t he  formation o f  C-S-H with a  high CaO/Si02 
r a t i o  and enhances the  formation of non-crys ta l l ine  Ca(OH)2 (8). 

The behaviour of  C2S i s  s i m i l a r  t o  t h a t  o f  C3S except t h a t  the  
reac t ion  proceeds more slowly. 

Hydration of  por t land  cement with TEA 

Attempts were made t o  expla in  the  e f f e c t  of TEA on t he  hydrat ion and 
hardening behaviour o f  port land cement, mainly on the  ba s i s  o f  the  e f f e c t  o f  
TEA on the  ind iv idua l  phases, v i z .  aluminate and s i l i c a t e  phases. Port land 

0 200 400 600 800 lo( 
T E M P E R A T U R E  .'C 

0 200 400 600 800 1000 
T E M P E R A T U R E ,  'C 

FIG. 2(a) FIG. 2(b) 
Thermograms o f  XaO. S i02  Thermograms of  3CaO .Si02 

hydrated t o  d i f f e r e n t  per iods  hydrated t o  d i f f e r e n t  per iods 
i n  presence o f  0.5% TEA 
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cement i s ,  however, a complex mix- 1 . 2 1  

t u r e  o f  s eve ra l  o the r  components VI + 
+ 

and i t s  behaviour i s  probably a l s o  Z 

inf luenced by t he  a l k a l i  and SO3 
- 

contents .  

A sequent ia l  s tbdy o f  
the  hydrat ion c h a r a c t e r i s t i c s  o f  
cement was c a r r i e d  ou t  by DTA and 
TGA. Cements containing 0, 0.1, 

- 
0.25, 0.35 and 0.5 pe r  cen t  TEA - 0% T E A  

were hydrated f o r  per iods varying ---- 0  1% TEA - 
from 6 hours t o  28 days. Thermo- -.- 0  25 & 0.  35% TEA 

.-.-.... 0. 5% TEA 
grams ind i ca t ed  t h a t  samples con- 2 ! 
t a i n ing  TEA formed e t t r i n g i t e  and - 
t h a t  t h i s  converted t o  monosulfate 
a t  an increas ing  r a t e  as t he  
amount o f  TEA was increased.  I I I I I 

5 10  15 20 25 3 0  
Figure 3 i l l u s t r a t e s  t h a t  a t  any 

TIME, D A Y S  
per iod  o f  hydra t ion  l e s s  Ca(0H)z 
i s  formed i n  TEA-treated samples 
(presumably f o r  the  same degree FiG. 3 
of hydrat ion)  , suggest ing t h a t  DTA es t imat ion  of  lime 
TEA promotes formation o f  C-S-H i n  cement pas tes  hydrated 
with a higher  C/S r a t i o .  TGA with t r ie thanolamine 
curves showed a genera l ly  h igher  
i n i t i a l  l o s s  of  water  f o r  samples 
t r e a t e d  with TEA. This may be due t o  the  h igher  amounts of H20 contained i n  
t he  C-S-H phase with a h igher  C/S r a t i o  (11).  There i s  evidence t h a t  TEA 
forms a complex with t he  hydrat ing cement. Water e x t r a c t s  80 p e r  cen t  TEA, 
bu t  with e thy l  a lcohol  none can be ex t r ac t ed  from the  hydrated sailqle.  

Figure 4 shows the  conduction ca lo r ime t r i c  curves of  cement contain- 
i n g  0, 0.25, 0.35 and 0.5 p e r  cen t  TEA. Immediately on contact  with water  
each sample evolves h e a t  (no t  shown i n  the f i gu re )  t h a t  may be a sc r ibed  t o  t h e  
hea t  o f  wet t ing,  hydrat ion o f  f r e e  lime and r eac t i on  of C3A with gypsum t o  
form e t t r i n g i t e .  The magnitude of  the  hea t  developed increases  with amount of 
TEA, i nd i ca t i ng  t h a t  TEA acce l e r a t e s  t he  reac t ion  between C3A and gypsum i n  
forming e t t r i n g i t e .  

The second peak,occurring a f t e r  9 t o  10 hours i n  cement without  ad- 
d i t i v e ,  i s  mainly caused by hydrat ion o f  C3S. A small hump a t  about 22 hours 
denotes t he  formation o f  low sulfoaluminate  from the  reac t ion  between e t t r i n -  
g i t e  and excess C3A. I n  samples t r e a t e d  with TEA, the  p a t t e r n  of t he  curves 
(Figure 4)  suggests  t h a t  dual peaks appear between 10 t o  15 hours.  One of 
them represen ts  t he  e t t r ing i te -monosul fa te  reac t ion ,  which appears t o  be accel-  
e r a t ed  by TEA. The o t h e r  peak may represen t  the  hydrat ion of  a small amount 
of C3S, t r i gge red  by tile h e a t  developed by t he  aluminate-gypsum reac t ion .  DTA 
examination o f  t he  samples, c a r r i e d  ou t  a t  d i f f e r e n t  per iods of  hydrat ion,  
shows t h a t  below 20 hours some hydrat ion of C3S has proceeded i n  a l l  samples, 
although i t  i s  l e s s  than i n  the  sample containing 0 p e r  cen t  TEA. The peak 
r e s u l t i n g  from C3S hydra t ion  i s  extended i n  t he  presence of TEA. For exainple, 
t he  peak a t  27 t o  28 hours f o r  C3S + 0.5  per  cen t  TEA represen ts  the  h e a t  from 
C3S hydrat ion,  i nd i ca t i ng  t h a t  hydrat ion of  C3S i s  re ta rded  i n  t he  presence of 
h igher  amounts o f  TEA. 

Calcium chlor ide  i s  widely used as  an acce l e r a t i ng  admixture i n  

i concrete .  I t  a c t s  by acce l e r a t i ng  the  hydrat ion of t he  C3S phase. Figure 5 
gives t he  conduction ca lo r ime t r i c  curves f o r  cement containing d i f f e r en t  
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amounts of  CaCR2. The curves a r e  d i f f e r e n t  from those obtained with cement- 
TEA mixtures.  Calcium chlor ide  mainly acce l e r a t e s  t he  hydrat ion of C3S, a s  i s  
evident  from the  appearance of  a peak a t  e a r l i e r  per iods .  A t  C3S + 0 p e r  cen t  
CaCR2 the  peak appears a t  9 t o  10 hours,  whereas with C3S + 5 pe r  cen t  CaCR2 
the peak appears a s  e a r l y  as  a f t e r  on ly  2 hours.  The thermograms demonstrate 
t h a t  t he  ac t i on  of  TEA i s  n o t  s i m i l a r  t o  t he  ac t i on  of  CaCR2. 

TABLE I 

INITIAL AND FINAL SETTING CHARACTERISTICS OF 
CEMENT MORTARS WITH ADDED TEA 

No. Per Cent TEA I n i t i a l  S e t t i n g  Final S e t t i n g  
Time Time 

1 0 4 .3  h r  8 .3  h r  
2 0.01 4.7 h r  8 .1 h r  
3 0.025 4.9 h r  8 .1  h r  
4 0.05 4.8 h r  8.4 h r  
5 0.1 .. 2 min 24 h r  
6 0.5 .. 6 min - 

The i n i t i a l  and f i n a l  s e t t i n g  c h a r a c t e r i s t i c s  of por t land  cement 
t r e a t e d  with 0, 0.01, 0.025, 0.05, 0.1 and 0.5 p e r  cen t  TEA a r e  shown i n  
Table I .  With up t o  0.05 per  cen t  TEA the  i n i t i a l  s e t t i n g  time i s  re ta rded  
s l i g h t l y  and t he re  i s  an accompanying s l i g h t  extension i n  t he  induct ion 

TIME. H'OURS 

FIG. 4 
Conduction c a l o r i -  
metr ic  curves of 
cement hydrated i n  

I t he  uresence of 
t r i e  thanolamine T I M E .  H O U R S  

FIG. 5 
Conduction ca lo r i -  
metr ic  curves of 
cement hydrated i n  

I t h e  presence of 
calcium chlor ide  
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period of  t he  hydrat ion o f  C3S. 
A t  0 .1  and 0.5 p e r  cen t  TEA, how- 
ever ,  rap id  s e t t i n g  occurs .  
During the  ca lo r ime t r i c  s t u d i e s  a 
considerable  amount o f  hea t  i s  
r eg i s t e r ed  i n  t he  f i r s t  few min- 
u t e s  i n  those mixtures containing 
more than 0.1 pe r  cen t  TEA. Ther- 
mograms a l s o  i nd i ca t e  more i n t ense  
endothermal peaks below 150°C a t  
h igher  TEA concentrat ions.  'Ihese 
r e s u l t s  suggest  t h a t  t he  r ap id  
s e t t i n g  phenomenon may be asso-  
c i a t e d  with t he  acce l e r a t ed  form- 
a t i o n  of  the  e t t r i n g i t e  phase i n  
t he  presence o f  TEA. I n  t he  C3A 
+ gypsum system small amounts o f  

C U R I N G .  D A Y S  TEA have p r a c t i c a l l y  no e f f e c t  on 
t he  r a t e  of  hydrat ion,  whereas i n  

FIG. 6 l a r g e r  amounts TEA acce l e r a t e s  
Compressive s t r eng ths  of cement the  r eac t i on  between C3A and 

pas t e s  containing t r ie thanolamine gypsum. 

The f i n a l  s e t t i n g  times 
vary between 8.1 and 8.4 hours f o r  TEA contents  between 0 and 0.05 per  cent .  
A t  0 .1  pe r  cen t  TEA, however, the  f i n a l  s e t t i n g  occurs a t  about 24 hours and 
t he  cement with 0.5 p e r  cen t  TEA does no t  show the  f i n a l  s e t t i n g  time (corres-  
ponding t o  a pene t r a t i on  r e s i s t ance  of  4000 lb/sq i n . )  even a f t e r  a day. The 
weaker cement s t r u c t u r e  produced i n  the  presence o f  l a rge r  addi t ions  of TEA 
may be due t o  quick i n i t i a l  s e t t i n g ,  change i n  composition, sur face  a r ea  and 

1 morphology of  t he  hydrated 

I products.  
Compressive s t r eng th  

o f  cement pas tes  and mortar 
cubes with and without  TEA 

C.J 

i s  shown i n  Figures 6 and 7.  
O - 

A t  a l l  per iods  o f  curing a l l  L 

samples containing TEA show Z 

lower s t r eng ths  than t he  o 
V) 

s tandard  specimen; s t r eng ths  64 

decrease a s  TEA is increased.  
There i s  a p a r t i c u l a r l y  i 

C 
0 

s t eep  drop i n  s t r eng th  i n  LhJ 4 8  
LL t h e s a m p l e w i t h 1 . 0 p e r c e n t  

TEA, notably a t  e a r l y  periods.  g 3 2  
Very low amounts of  TEA - 

V) 

"7 

(<0.1 pe r  cen t )  do no t  &A = 
s i g n i f i c a n t l y  a l t e r  s t r eng th .  2 16 

0 

Port land cement i s  a U 

mu1 ti-component sys  tem and o 
the  addi t ion  o f  TEA s i g n i f i -  C U R I N G .  D A Y S  
cant ly  a l t e r s  the  r a t e  o f  
r eac t i on  of  ind iv idua l  com- 
ponents and t he  na ture  of  FIG. 7 
t he  hydrat ion products .  I t  Compressive s t r eng ths  of  cement 
i s  n o t  easy t o  assess  the  mortars containing t r ie thanolamine 
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r e l a t i v e  in f luence  o f  the  f a c t o r s  respons ib le  f o r  t he  slow development of 
s t r eng th  i n  samples containing TEA. Formation o f  C-S-H with higher  C/S r a t i o ,  
r e t a rda t i on  o f  hydrat ion o f  C3S, and r ap id  i n i t i a l  s e t t i n g  followed by 
development o f  a l a rge  amount of  h e a t  may be some o f  the  important f a c t o r s .  

Pas tes  prepared a t  a h ighe r  i n i t i a l  temperature and autoclaved 
cement pa s t e s  a r e  a l s o  known t o  y i e l d  lower s t r eng ths .  Some of t he  explana- 
t i ons  o f f e r ed  f o r  t he  low s t r eng ths  i n  pa s t e s  containing l a rge  amounts of TEA 
may be appl icab le  t o  these  systems a l so .  They include:  
(1) Rapid e a r l y  hydrat ion may c r ea t e  a dense zone o f  hydrat ion product around 
the  gra ins  and r e t a r d  subsequent hydrat ion.  
(2) Formation of  hydrat ion product with h igher  dens i t y  nay promote a more 
porous s t r u c t u r e  . 
(3) Cement t h a t  has s e t  i n  a few minutes has obviously n o t  been thoroughly 
mixed, and consequently there  w i l l  be  a non-uniform d i s t r i b u t i o n  o f  hydrat ion 
products wi th in  t he  s t r u c t u r e  t h a t  w i l l  prevent  the  development of f u l l  
s t r eng th  . 
(4) Rapid formation o f  e t t r i n g i t e  may a l t e r  the  i n i t i a l  matr ix and d i s tu rb  
subsequent bonding cha rac t e r i s  t i c s .  
(5) Rapid s e t t i n g  may promote i n i t i a l  cracks ; hea t  development and cool ing 
may a l s o  i n i t i a t e  shrinkage cracks.  
(6) Evaporation of water  due t o  h e a t  may be a f ac to r  f o r  low s t r eng ths .  

Conclusions 

In very small amounts t r ie thanolamine has p r a c t i c a l l y  no e f f e c t  on 
t he  s e t t i n g ,  hydra t ion ,  hea t  development and s t r eng th  development o f  por t land  
cement pas tes .  I n  amounts g r ea t e r  than 0.1 p e r  cen t  i t  has s i g n i f i c a n t  
in f luence .  TEA a c t s  as  a r e t a r d e r  i n  the  hydrat ion of  t he  s i l i c a t e  phases 
and as  an acce l e r a to r  i n  the  hydrat ion o f  the  aluminate phase. The mechanism 
o f  t h i s  a c t i on  may be t raced  t o  a complex formed between TEA and t he  hydrat ing 
components of po r t l and  cement. 
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