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MORPHOLOGY AND MICROSTRUCTURE O F  HYDRATING 
PORTLAND CEMENT AND ITS CONSTITUENTS 

I. CHANGES IN HYDRATION O F  TRICALCIUM ALUMINATE 
ALONE AND IN THE PRESENCE O F  TRIETHANOLAMINE 

OR CALCIUM LIGNOSULPHONATE 

T . D. Ciach and E .  G. Swenson 
Division of Building Resea r ch ,  National Resea r ch  Council  of Canada 

Ottawa 7 ,  Ontario,  Canada 

(Communicated by G. M. Idorn) 

ABSTRACT 
Morphological  changes which occur  dur ing the hydration of C3A::: 
pas te  w e r e  observed by e lec t ron  mic ro scopy  f r o m  the age of 5 
minu tes  to  3 months .  X - r a y  ana lyses  w e r e  used to  identify 
phases .  The effects of the admix tures ,  t r ie thanolamine and ca l -  
c ium lignosulphonate, we re  investigated with and without gypsum. 
The dosage of admixture  was 0. 5%; the wate r  to  C3A ra t io  was 
1 .0 .  The r e su l t s  showed c l ea r l y  the morphological  changes that  
took place a s  hydration proceeded,  and showed the  specific 
influences of e ach  of the two admix tures .  

SOMM AIRE 
L e s  changements morphologiques qui prennent  place au  cou r s  de  
l lhydrata t ion dlune pZite de  C3A ont 6t6 observ6s  p a r  microscopie  
6lectronique 2 p a r t i r  de  llZige de 5 minutes  jusqu18 1'Zige de  3 
mo i s .  L e s  ana lyses  aux rayons-X ont s e r v i  8 ident i f ier  l e s  
phases .  L1effet ,  avec e t  s ans  gypse,  d e s  adjuvants t r i6 thanola-  
m i n e  e t  lignosulfonate d e  calc ium a 6t6 examin6. L e  dosage de 
l 'adjuvant Ctait de  0. 5% e t  la f rac t ion  eau: C3A 6tait  de  1.0. L e s  
r6su l ta t s  ont c la i rement  dCmontr6 l e  s changements morpholo - 
giques qui ont p r i s  place au cou r s  de  l 'hydrata t ion e t  ont a u s s i  
mont r6  l l influence par t i cu l i5 re  de  chacun d e s  deux adjuvants. 

*Standard cement  nomenclature  i s  used; C3S = 3Ca0 .S i02 ;  C2S = ZCa0.Si02;  
C3A = 3CaO. AR203; C,AF = 4CaO. AR203. F e 2 0 3 ;  w/c = water :cement  r a t i o  
by weight. 
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This i s  the f i r s t  of a ser ies  of papers reporting the results  of long-term 

studies on the relationship between morphological changes in hydrating 

portland cement and i ts  microstructure in the hardened state. The ultimate 

aim i s  to identify particular morphological changes and the corresponding 

changes in microstructure with changes in the physical and mechanical 

properties.  

The method consisted of taking electron-micrographs on a sequential 

basis,  being careful to select representative and characteristic s tructures 

and formations. X-ray was employed to identify phases where initial doubt 

existed. Where changes occur, the corresponding ser ies  of electron-micro- 

graphs a r e  shown. Where no change occurs, one or  two only may be 

shown. Although the formations given a r e  representative , they constitute 

a qualitative picture. 

Although many micrographs showing morphology changes in hydrating 

cement compounds, with and without admixtures, have been published, 

most  have somewhat limited value in the practical sense for several rea-  

sons: hydration has usually been carr ied out in excess water; clear-cut 

crystalline formations were often selected in preference to indefinite, 

amorphous masses  which may have been predominant; and hydration has 

often been largely completed when the electron micrographs were taken, 

thus ear l ie r  changes were missed.  This systematic study i s  expected to 

provide a better understanding of the practical consequences of the presence 

of an admixture in concrete, and the methods followed a r e  expected to form 

a better basis for studies of new systems. 

The study of C,A described in this paper i s  being followed by similar 

studies of the other pure compounds of portland cement, combinations of 

these, and portland cement itself. These f i rs t  several papers will consist 

mainly of observations of morphological changes. Other studies attempt 

to show a correlation between microstructure and mechanical properties (1). 

Introduction 

Studies of the hydration process of C,A indicate that the presence of 

small amounts of certain organic chemicals affects the rate of reactions, 
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but apparently not the basic nature  of the hydration products (2-10). Such 

agents may,  however, produce modifications of the c rys ta l  habits of these 

hydrates (2,  3 ,7) .  

Some organic compounds appear to block the conversion of C&He 

and C B A H ~ ~  to C,AH6 while others  facil i tate the reaction (6).  Ligno- 

sulphonates, for  example, a r e  shown to inhibit the change f rom the hexagonal 

hydroaluminates to C3AH6 under normal  conditions (2).  Addition of gypsum 

and l ime does not apparently a l te r  the course of the reaction (2 ,4 ,  5 ,9) .  

Daugherty and Kowalewski review, in their  1968 Tokyo Symposium paper 

(6) ,  the ma jo r  r e sea rches  in this a rea .  

Any changes in the morphology of hydration products of portland 

cement compounds, of which C3A i s  one, mus t  necessar i ly  affect both the 

nature  of the plastic s ta te  and the micros t ruc ture  and proper t ies  of the 

hardened s ta te  of cement paste .  

The present  paper i s  intended p r imar i l y  to  demonstrate the value of 

a systematic  sequential study using the electron microscope for direct  

observation of the morphological changes.  It i s  l imited to  two commercial ly  

used concrete  admixtures,  tr iethanolamine and calcium lignosulphonate, 

in the absence and in the presence of gypsum. In concrete  technology, 

triethanolamine i s  used in formulations to  reduce excessive retardat ion of 

other admixtures agents,  and lignosulphonate i s  one of severa l  basic compo- 

nents of s e t - r e t a r d e r s  and water - reducers .  In this f i r s t  study, the hydra-  

tion of C3A was ca r r i ed  out in the absence of added l ime.  

Mater ia ls  and P rocedures  

The tricalcium aluminate used in the experiments was made in the 

Mater ia ls  Section Laboratory of the Division of Building Resea rch  (2): it 

contained 2 per  cent f ree  l ime  and has  a specific surface a r e a  of about 

3000 cm2/gm Blaine. 

The C,A pas tes  were  prepared on the bas i s  of water  to C3A by weight 

= 1. 0, and admixture dosages of 0. 5 per  cent by weight of d ry  C3A. The  

ra t io  of C3A to gypsum was 2 : l .  The gypsum was prepared  f rom la rge ,  

c lear ,  natural  c rys t a l s  which were  ground to  pas s  200 DIN. A s  in the ca se  
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of portland cement, gypsum in these studies was considered a s  an additive, 

and i s  to  be distinguished from the organic chemical admixtures added. 

The triethanolamine used was a chemically pure reagent grade. The 

calcium lignosulphonate was a commercially prepared product chemically 

treated to destroy excess sugars .  Total sugars  averaged 0.08 per cent 

and total reducing bodies about 4 per cent. 

The paste consisted of 5 grams C3A, 5 grams water and 0.025 grams 

admixture, the latter always premixed with the water.  The choice of dosage 

of admixture was made on the basis  of probable availability to C,A in the 

cement paste,  rather  than on the actual proportion of admixture to C3A in 

the paste. The paste was kept at 23 f 1°C in tightly stoppered plastic tubes 

which were rotated continuously to prevent segregation. 

At intervals of 5 minutes, 1 and 4 hours, 1, 2, 3 and 7 days, and 1,  

2 and 3 months, samples a r e  taken out and tested. Hydration was stopped 

by treating with acetone at about -18"C, then drying the frozen samples in 

a vacuum. 

Single stage replicas of the broken surfaces of the C, A paste were 

made using the platinum-carbon technique (1 1).  

Electron microscopic examinations were done at different t imes  

during hydration from 5 minutes to 3 months, and at significant t imes X-ray 

examinations were made. 

The electron micrographs shown a r e  those that depict the general 

morphology. Exceptional forms and s t ruc tures  a r e  not taken into account. 

Observations and Discussion 

1. Hydration of C,A in Absence of Gypsum 

(a)  No Admixture Present  

The f i rs t  hydration products were hexagonal phases of CAH in the 

form of semicrystalline foils and plates (Fig. 1).  Among these i t  was 

possible to distinguish by X-ray examination C,AH, which was probably 

the main form present.  
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After  1 h o u r ' s  hydrat ion the  cubic hydrogarne t  phase ,  which h a s  a 

c r y s t a l  s i z e  of about 1 mic ron ,  m a d e  i t s  appearance  among the  hexagonal 

phases  of CAH, and a f te r  one day's  hydrat ion i t  was  the  dominant phase  

( F i g s .  2 and 3). The  c r y s t a l s  of hydrogarnet  w e r e  twinned m a n y  t i m e s  and 

displayed a v e r y  compact  s t r u c t u r e .  S ta r t ing  a t  about 3 days t h e s e  hydro-  

ga rne t  c r y s t a l s  b e c a m e  par t ly  covered  by s o m e  s m a l l  p a r t i c l e s  which 

slowly t r a n s f e r r e d  t o  t h e  hexagonal p la tes  (F ig .  4). X - r a y  examination 

showed t h e s e  hexagonal o r  pseudohexagonal phases  t o  be Al(OH),  and 

Ca(OH),, and a l s o  revea led  t h e  p r e s e n c e  of v e r y  s m a l l  quant i t ies  of the  

hexagonal CAH, main ly  C,AH, (Tab le  I ) .  T h i s  pseudohexagonal phase  of 

A1 (OH), and the  hexagonal phase  of Ca(OH), w e r e  f o r m e d  probably  by the  

decomposit ion of the  cubic phase  of C, AH6under t h e s e  conditions, but s o m e  

m a y  have resu l t ed  d i rec t ly  a s  hydrat ion p roduc t s  of C,A. 

After 1 month 's  hydrat ion t h e r e  appeared  m o r e  hexagonal-l ike p la tes  

of Al(OH), and Ca(3H),  which covered  t h e  l a r g e  hydrogarnet  c r y s t a l s  

(Fig .  5). Af te r  3 months  the  s table  p roduc t s  appeared  to be  the cubic 

phase  of C,AH6 and t h e  hexagonal o r  pseudohexagonal p h a s e s  of Al(OH),  

and Ca(OH)2 (Tab le  I). 

(b)  With Tr ie thano lamine  

F o r  the  f i r s t  few days ,  the  hydrat ion p r o c e s s  of C 3  A p a s t e  with 

t r ie thanolamine was  s i m i l a r  t o  the  pas te  without admix tures ,  but a f t e r  7 

days of hydrat ion the  hydrogarne t  c r y s t a l s  had t h e  cube habit  (Fig .  6 ) .  

Af te r  7 days  t h e  s i z e  of t h e s e  cubes  w a s  about 2 m i c r o n s  and they 

o c c u r r e d  a s  loose  aggregat ions  of individual s ingle  c r y s t a l s ,  in c o n t r a s t  

with those  f o r m e d  without admixture  which w e r e  twinned and showed c l o s e  

s t r u c t u r e .  Some of t h e s e  c r y s t a l s  w e r e  covered  by a m a t e r i a l  appear ing 

l ike  hexagonal p la tes  of ca lc ium hydroxide and aluminum hydroxide.  After 

about 1 month of hydrat ion the  cube f o r m  w a s  t r a n s f o r m e d  t o  t h e  r i c h  cubic 

fo rm.  

T h e  v e r y  fas t  t r ans format ion  t o  the cubic fo rm (between the  ages  of 4 

h o u r s  and 1 day) ,  a p p e a r s  t o  have been respons ib le  fo r  delaying the  se t t ing of the  

C3A pas te  wi tht r ie thanolamine i n t h e  absence  of gypsum. Actually t h e  p a s t e  did 
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TABLE I 

Resu l t s  of Hydration of T r i ca l c ium Aluminate P a s t e  with 
Admixtures  a s  Determined by X - r a y  Examination 

FIG. 1 

Storage 
Time 

4 hours  

3 days 

3 months  

FIG. 2 

C3A pas te .  Age 5 min .  Smal l  C3A pas te .  Age 1 h r .  L a r g e ,  loosely  
pa r t i c l e s  of wrinkled foils  and wrinkled plate s of hexagonal CAH and 
pla tes  of hydration products .  sma l l  cubic hydrogarnet  c ry s t a l s .  

C,A P a s t e  f 
C a  Lignosulphonate 

C3A 

C2AHe 

C4AH13 

C3A 

C2AHe 

C4AH1 9 

CH 

C3 AH6 

CH, AH 

C3A. CaCO, . 12H20  

I 

C3A P a s t e  

C3A 

C2AHe 

'aAH, 

C3A 

C3AH6 

C2AH0 

CH, AH 

C3AH6 

CH 

AH 

C3 A 

C3A P a s t e  f 
T r ie thanolamine 

C3A 

C2AHe 

C3 

C3 A 

C3AH6 

C2AH0 

CH, AH 

C3 AH6 

CH 

AH 

C3A 
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FIG.  3 FIG.  4 

C3A paste .  Age 1 day. The r i c h  C3A pas te .  Age 3 days .  Twinning 
cubic habi ts  of hydrogarnet  c r y s t a l s .  hydrogarnet  c r y s t a l s  covered b y  v e r y  

s m a l l  p a r t i c l e s  of o ther  hydration 
products .  

F IG .  5 

C3A pas te .  Age 1 month,  L a r g e  
cubic c r y s t a l s  of hydrogarnet  
often covered by precipi ta t ions  of 
hexagonal f o r m .  

FIG.  6 

C3A paste  with tr iethanolarnine.  Age 
7 days .  L a r g e  hydrogarnet  c r y s t a l s  
of cube habit with some hexagonal-  
l ike  pa r t i c les .  
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FIG. 7 FIG. 8 

C3A pas te  with calcium lignosulphonate. Age 4 h r  s .  The 
l a r g e  aggregates  of v e r y  thin pla tes  of hexagonal CAH. The  
c luster ing of the i r  edges can be  likened to  bundled r ibbons.  

not begin to  harden  significantly until af ter  about 2 months,  a t  which t ime  i t  was  

observed that the twinning, r i c h  cubic fo rm of hydrogarnet ,  a s  wel l  a s  hexagonal 

pla tes  of CH and AH, appeared.  Thus,  wi thwater  only and with t r ie thanolamine,  

the f i r s thydra t ionproduc ts  ofC,Apastewithout  gypsum w e r e  metas tab le  

phases  of hexagonal CAH, which w e r e  then v e r y  quickly t r an s fo rmed  to  

the  cubic hydrogarnet  phase  which is m o r e  s table  at room tempera ture .  

The  l a t t e r ,  however,  appeared then to  be  par t ly  t rans formed  under these  

t e s t  conditions to  the hexagonal phases  of Al(OH), and Ca(OH), . 

( c )  With Lignosulphonate 

The  f i r s t  hydration products  of C3A with 0. 5 per  cent calcium 

lignosulphonate appeared a s  wrinkled foi ls  or p la tes  of hexagonal phases  

of CAH s imi la r  to  the C3A pas te  without admix tures  (Fig .  1). 

After 4 hou r s  of hydration t h e r e  appeared l a r g e  aggrega tes  (of about 

11 mic rons )  of v e r y  thin p l a t e s ;  af ter  2 days of hydration these  displayed 

an edge-fracture  sur face  (F igs .  7 and 8) .  The  X- r ay  examination showed 

that between these  hexagonal f o r m s  of CAH one can dist inguish only C,AH, 

and C,AH1 , .  The  edges of these  pla tes  we re  c lus te r  -like bundled pla tes  

(Fig .  9 ) .  The  hexagonal phase  of CAH remained  s table  for about 7 days.  
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FIG. 9 FIG. 10 

C3A pas t e  with calcium ligno- C3A pas te  with calcium ligno- 

sulphonate. Age 2 days. The sulphonate. Age 7 days. The 
c lu s t e r s  of edges of thin hex-  l a r g e  hydrogarnet  c ry s t a l s  of 
agonal p la tes  a r e  displayed in the cubic f o rm  among agg re -  
the  interlocking s t r uc tu r e .  gates of hexagonal phases .  

After 7 days a t rans format ion  t o  a c lose  -packed tabular s t r uc tu r e  

occur red ,  and a lso the  cubic f o rm  of hydrogarnet  phase  was observed 

(Fig.  10). The calcium lignosulphonate i s  thus  shown to  r e t a r d  the  t r a n s -  

formation of the  hexagonal phase  of the  calcium aluminate hydra te  t o  the  

cubic phase  of C3AHB; th i s  phase  remained  s table  for  the  next s e v e r a l  days. 

After hydration for  1 month, and up t o  3 months ,  the  major  hydration 

product was  the  r i c h  cubic f o r m  of hydrogarnet .  Th is  f o r m  was  pa r t l y  

t r a n s f o r m e d t o  calcium hydroxide and aluminum hydroxide, and these  

products  covered the  hydrogarnet  c ry s t a l s .  

2.  Hydration of C3A in  P r e s e n c e  of Gypsum 

(a )  No Admixture  P r e s e n t  

The  f i r s t  hydration products  of C3A pas t e  with gypsum and no other 

admixture  appeared after a few minutes  of hydration; they displayed par t ly  

rolled,  semicrys ta l l ine  foils and rods  which fo rmed  flower -like aggregates  

on the  su r f ace s  of t he  gypsum c ry s t a l s  (Fig .  11). 
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FIG.  11 FIG.  1 2  

C 3 A  p a s t e  wi th  g y p s u m .  Age 5 C 3 A  p a s t e  with gypsum.  Age 
m i n .  Rounded p l a t e s  and  r o d s  of 1  day.  Unor i en ted  r o d s  of 
f i r s t  hydra t ion  p r o d u c t s  on s u r  - e t t r i ng i t e  and a  l a r g e  c r y s t a l  
f a c e  g r a i n s  of C,A and gypsum.  of gypsum.  

Af t e r  1 day ' s  h y d r a t i o n  t h i s  f l ower  - l i ke  f o r m  d i s a p p e a r e d  and the  

m a i n  hydra t ion  p r o d u c t s  w e r e  s e e n  t o  b e  s h o r t ,  r o d - l i k e  p a r t i c l e s  of t he  

h igh  sulplzate f o r m  of CAI< ( e t t r i n g i t e ) ;  l a r g e  c r y s t a l s  of gypsurn w e r e  

a l s o  p r e s e n t  ( F i g .  1 2 ) .  X - r a y  d i f f rac t ion  p a t t e r n s  show tha t  t h e r e  w a s  

a  l a r g e  p r o p o r t i o n  of h igh  su lpha te  CAH, s o m e  amount  of t h e  low su lpha te  

CAH, gypsum and unhydra t ed  C,A ( F i g .  13,  c u r v e  1) 

/ / / I l l '  

FIG.  1 3  

C 3 A  i V 
11 -i=ay d i f f r ac t ion  p a t t e r n  

II ! 1 &%'LA l"L-/ of C ,  A p a s t e  wi th  g y p s u m  
a f t e r  d i f fe renc  t i m e s  of 
hydra t io~z .  E = high 
su lpho CAH,  I, = l ow 

I su lpho CAH, C u r v e  i = 1  /"\ v- da;y, and  C u r v e  iI = 8 days .  

2 6 

'Z 
".!-...--;.-:.'I:.. 

I I 

40 3 8  36 34 32 30 2 8  2E 24 2 2  20 I 8  16 14 12 10 8 6 4 2  
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FIG. 14  FIG. 1 5  

C3A paste  with gypsum. Age 8 C,A paste  with gypsum. Age 1 
days.  P l a t e s  of the  low sulphate inonth. Unoriented plates  of the 
form of CAH . low sulphoaluminate of CAW. 

At 3 days of hydration the paste  showed signs of sett ing and the 

hydration products appeared a s  a  loose m a s s  of unlcnown morphology par t ly  

covered by rod-like par t i c les  of ettr ingite of the  r 'coin-in-coin" type. 

After 8 days of hydration the paste  had s e t ,  and the mic ros t ruc tu re  

appeared a s  a  loose s t ruc ture  of unoriented, thin hexagonal pla tes  (F ig .  

14) .  X- ray  diffraction pat terns  showed that these  plates ,  which comprised 

the dominant fo rm,  we re  low sulphate CAW crys ta l s  of apparently different 

types.  Some ettringite was  a lso presen t  (F ig .  13,  curve  11). 

F o r  the f i r s t  3 months,  the mic ros t r~zc tu r  e  of the  C,A paste  with 

gypsum was seen to  be plates  and a par t ly  s t r i a ted  s t ruc tu r e ,  which had 

been formed from the plates of the  low-sulphate products,  and a l so  rods  

of ettr ingite (Fig.  15).  

(b)  With Trie thanolamine 

The hydration p roces se s  t i ~ a ~  occur red  in the  paste  oE C3A with 

gypsum and triethanolamine we re  ve ry  s imi l a r  to those that took place in 

the paste  of C,A wixh gypsum only. ' rhus ,  in pas tes  of C3A with gypsum 

without admixture,  and with both gypsum and triethanolamine, the  hydration 
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FIG. 16 FIG. 17 

C3A paste  with gypsum and ca l -  C3 A paste  with gypsum and ca l -  
cium lignosulphonate. Age 1 day. cium lignosulphonate. Age 3 
Between the smal l  rods of e t t r ing-  days.  Small ,  rod -like par t ic les  
i te  a r e  la rge  c rys ta l s  of secon-  a r e  sometimes formed in long 
dary gypsum of ve ry  good habit. f ib res .  

product at ea r ly  s tages  of hydration was the high-sulphate CAH which 

appeared a s  rod-like ettringite-type par t ic les .  It was the dominant phase 

during the f i r s t  3 days of hydration. At this  t ime  the pastes  showed signs 

of setting, and plate-like par t ic les  of low-sulphate CAH appeared. The 

pastes  had se t  after 7 days,  at which t ime  the major  hydration products 

we re  hexagonal phases  of low -sulphate CAH. 

( c )  WithLignosulphonate 

Quite different r e su l t s  we re  obtained for the paste  of C3A with 

gypsum and calcium lignosulphonate. The  f i r s t  hydration products 

appeared after a few minutes a s  sma l l  rod-l ike par t ic les  on the crystal  

surfaces  of the gypsum. Up to  1 day's hydration the re  appeared l a rge r  

c rys ta l s  of ve ry  good habit (Fig.  16).  X-ray  diffraction showed that t he se  

c rys t a l s  we re  different fo rms  of the ettringite type, i. e . ,  the high-sulphate 

CAH; th i s  was the main hydration product up to 1 4  days of hydration (Fig.  

1 7 ,  Fig. 18, curves  111 and IV). 

After 1 4  days the paste  showed signs of setting, and thin, unoriented 
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FIG. 18 

X-ray diffraction pat- 
te rn  of C3A paste with 
gypsum and calcium 
lignosulphonate after 
different t imes of hy - 
dration. E = high sulpha 
CAH, L = low sulpho 
CAH, Curve LII = 8 days 
and Curve I V  = 14 days. 

40 38 36 34 32 30 28 26 24 22 20 18 16 14 I2 10 8 6 4 2 

2 8 

hexagonal plates of low-sulphate CAH were observed a s  well (Figs.  19 and 

20). During the next period up to 3 months, both forms of calcium sulpho- 

aluminate were observed in the microstructure;  the paste was only part ly 

set during this t ime. 

3. General Observations 

The initial presence of a comparatively la rge  amount of l ime as  in 

the samples studied by Seligmann and Greening (9) would undoubtedly have 

some different effects on the r a t e s  of changes found in the present  experi-  

ments  where only a smal l  amount of l ime was initially present.  Since 

these investigations were intended to develop a procedure and technique 

that would enable one to follow morphological changes clearly, it was 

considered preferable to  s t a r t  with the simplest systems.  Fur thermore ,  

the initial presence of a la rge  amount of l ime, with i t s  relatively high 

degree of crystallinity, i s  not comparable to the normal  gradual formation 

of extremely fine and active lime during the hydration of the sil icate phases 

in portland cement. 

The la rge  initial acceleration of C,A hydration observed by Seligmann 

and Greening may have been caused, according to their own speculations, 

by the inhibition of l ime re lease  (9).  This  effect was also observed in the 

present experiments.  

Although no attempt was made to determine and re la te  the t ime when 
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FIG. 19 FIG. 20 

C3A pas te  with gypsum and c a l -  
c ium lignosulphonate. Age 14 days .  C3A pas te  with gypsum and calc ium 
The shor t  r o d s  of e t t r ingi te  a r e  lignosulphonate. Age 3  months .  

1 ons fo rmed  in  l a r g e  aggregat l  G r a i n  of hydrated C,A with v e r y  
between s o m e  s m a l l  rounded p la tes  c l e a r  spher ica l  s t r u c t u r e  of hydration 
of the low sulphate f o r m  of CAII. p roduc t s .  

the  p a s t e s  used in these  s tud ies  s e t ,  one observat ion w a s  of in te res t .  T h e  

t r ie thanolamine in t h e  absence of gypsum appeared t o  delay stiffening 

untll the r i c h  cubic f o r m  of the hydrogarne t  appeared.  T h e  hydrogarne t  

c r y s t a l s  have habi ts  of disferent f o r m s  of the cubic s y s t e m :  

a s  i cos i t e t rahedra  and rhombicdodeahedra  (F ig .  3 ) .  It was  

observed  by S e r s a l e  (3 )  that  t h e s e  f o r m s  occur  at an  e a r l y  s tage in the  

t r a n s o r m a t i o n  of the  hydrat ion product of C,A to  the  cubic phase  of C3AH,, 

and that the  l a s t  fo rm i s ,  in fact ,  the  cube. 

It i s  recognized that  the  comparat ively  s m a l l  dosages  of the  organic  

chemica l  used  m a y  have  different effects on r a t e s  of change than would 

l a r g e r  dosages .  T h e s e  a r e ,  of c o u r s e ,  subjects  for s e p a r a t e  study. 

Considered in the  light of p rev ious ly  ~ u b l i s h e d  r e s e a r c h e s ,  these  

exper iments  m a d e  i t  c l e a r  that acce le ra t ion  and re ta rda t ion  in r a t e s  of 

r eac t ion  having t o  do with morphological  changes ,  a r e  not n e c e s s a r i l y  

r e l a t e d  t o  acce le ra t ion  and re ta rda t ion  per ta ining to se t t ing and hardening.  
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It i s  the  l a t t e r  c r i t e r i o n  that  h a s  es tabl ished the  accepted c lass i f ica t ion of 

admix tu res  used  in concre te .  

S u m m a r y  

Sys temat ic  sequent ia l  obse rva t ions  with t h e  e lec t ron  m i c r o s c o p e  w e r e  

m a d e  of t h e  morpho1,ogical changes  o c c u r r i n g  dur ing t h e  hydrat ion of C,A 

in the  absence  and i n  the  p r e s e n c e  of se lec ted  a d m i x t u r e s .  X - r a y  ana lyses  

w e r e  m a d e  to  identify s o m e  p h a s e s .  

T h e  effects  of s m a l l  dosages  of the  organic  c h e m i c a l s ,  t r i e thano l -  

amine  and calc ium lignosulphonate,  w e r e  studied in t h e  absence  and in  the  

p r e s e n c e  of gypsum. 

T h e  method used  showed c l e a r l y  the  m a n n e r  in  which hydrat ion 

proceeded and t h e  acce le ra t ing  o r  r e t a r d i n g  effects  of the  p r e s e n c e  of each  

admix tu re .  Changes  i n  c r y s t a l  habit  w e r e  obse rved .  

S i m i l a r  p r o c e d u r e s  a r e  being used  to  s tudy other compounds and 

m i x t u r e s  of compounds of por t land cement  with t h e  u l t imate  ailn of d e t e r -  

mining which f a c t o r s  of m i c r o s t r u c t u r e  influence r r~echan ica l  p r o p e r t i e s ,  

d imensional  change and durabi l i ty  of por t land cement  pas te .  
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