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INTERACTION O F  CALCIUM LIGNOSULFONATE WITH 

TRICALCIUM SILICATE, HYDRATED TRICALCIUM 

SILICATE, AND CALCIUM HYDR0XI.DE 

V. S. Ramachandran 

Division of Building Research ,  National R e s e a r c h  Council of Canada 

Ottawa 7, Ontar io ,  Canada 

(Communicated by P .  3 .  Sereda) 

ABSTRACT 

Tr ica lc ium s i l ica te ,  bottle -hydrated t r i ca lc ium s i l ica te  and 

calc ium hydroxide w e r e  each  t rea ted  with 0. 015-1. 0% calc ium 

lignosulfonate (CLS) using wate r  o r  dimethyl sulfoxide . At low 

CLS concentrations C S hydrates  and i r r e v e r s i b l y  adsorbs  CLS. 
3 

At concentrations beyond about 0.25-0.35% the hydration of C S 
3 

i s  inhibited. Bott le-hydrated C S adsorbs  CLS i r r e v e r s i b l y  in 
3 

both the aqueous and the non-aqueous media .  The CH phase  a l s o  

i r r e v e r s i b l y  adsorbs  CLS. Dispers ion and the format ion of 

bas ic  CLS a r e  indicated. 

S OMMAIRE 

On a t r a i t6  le s i l ica te  de t r i ca lc ium,  le s i l ica te  de t r i ca lc ium 

hydrath en  bouteille e t  l'hydroxyde de calcium avec  0.01 5-1.  0% 

de  lignosulfonate de  calc ium (LSC) au  moyen d 'eau ou de su l -  

foxyde de dirnhthyle. P o u r  de fa ibles  concentrations de LSC, l e  

C3S devient un hydrate e t  adsorbe  l e  LSC i r rhvers ib lement .  L e s  

concentrations de plus dlenviron 0.25-0.  35% empgchent l ' hydra -  

tat ion du C S.  L e  C S hydrath en  bouteille adsorbe  le LSC 
3 3 

i r rhvers ib lement  dans l e s  mi l i eux  aqueux e t  non aqueux. L a  

phase CH adsorbe  hgalement l e  LSC i r r d v e r s i b l e m e n t .  On 

indique l a  d i spers ion  e t  l a  format ion de LSC de base .  
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Introduction 

Lignosulfonic acid and i t s  sal ts  a r e  widely used a s  water-reducing 

and set-retarding admixtures in concrete practice. These admixtures a r e  

known to  extend the setting t ime by 30 - 60%, reduce the water requirement 

from 5 - 10% and increase the compressive strength at  28 days by 10 - 2070. 

Even small  amounts of lignosulfonate influence considerably the 

physical-mechanical propert ies  of concrete and hence it i s  generally believ- 

ed that the mechanism of the action of the admixture involves the phenomenon 

of adsorption. Attempts have been made to  study the adsorption of admix- 

tures  on portland cement and the individual cement minerals  such a s  C S, 
3 

C S ,  C3A and C AF:: (1 -9) .  In mos t  studies the amount of the admixture 
2 4 

adsorbed by the cement minerals  was determined by exposure to an aqueous 

solution. By this method hydration of the adsorbent could not be avoided, 

and consequently conclusions drawn from such experiments a r e  questionable. 

In a hydrating cement, at  any stage of hydration, both the unhydrated 

and hydrated phases co-exist ,  and the presence of an admixture such as  

calcium lignosulfonate (CLS) may resul t  in interactions with these two types 

of phases.  In view of this it was thought that a m o r e  realistic approach to 

the study of adsorption isotherms should involve ( a )  measurements  under 

conditions in which the cement minera l  does not hydrate.  This condition 

may  be achieved by using a non-aqueous solvent for  CLS. (b) Determina- 

tion of the adsorption isotherm on the hydrated phases using both aqueous 

and non-aqueous media.  Attempts to explain the action of CLS on C S 
3 

should include studies on the C-S-H and CH phases.  (c )  Study of the 

desorption scanning branches emanating at different points on the main' 

adsorption curve. This should indicate the type of surface interaction. By 

adopting the above approach, some success  has been achieved in an under- 

standing of the influence of CLS on C A and i t s  hydration products (1 0, 11). 
3 

P r i o r  studies in this Division were concerned with the effect of CLS 

on the microstructure and morphology of Portland cement and i t s  constit - 

':Notations used in this paper: C = CaO, S = SiO A = A1 0 F = F e  0 
2' 2 3' 2 3' 

H = H 0, CLS = Calcium lignosulfonate, H-C S = bottle-hydrated C S. 
2 3 3 
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uents (12). Th i s  paper  examines  the adsorption of CLS on C S ,  CH and 
3 

H-C S with the hope of revealing the m e c h a n i s m  of the  action of th i s  
3 

admixture .  

M a t e r i a l s  and P r o c e d u r e  

M a t e r i a l s  

Tr ica lc ium s i l ica te  used  in th is  work contained 99. 3370 C S,  0. 21 70 
3 

C A and 0.4670 f r e e  l ime and had a Blaine su r face  a r e a  of 3310 s q  ~ m / ~ .  
3 

Details  of the preparat ion and character izat ion of the C A phase and 
3 

i t s  hydrates  a r e  given in another publication (1  0).  

Calc ium hydroxide was  obtained by a calcination of C a ( 0 H )  ( a n a l a r )  
2 

a t  1000°C f o r  5 hours  t o  decompose the CaCO that  m a y  have been a con- 
3 

taminant.  The resul tant  CaO was hydrated in an e x c e s s  of double dis t i l led  

wa te r .  The excess  water  was  removed by vacuum drying.  

The bott le-hydrated C S (H-C S)  was p r e p a r e d  by hydrating C S 
3 3 3 

over  a rotating wheel fo r  1 -1/2 y e a r s  a t  a  water/^ S ra t io  of 5. After 
3 

f i l t ra t ion the m a t e r i a l  was  dr ied a t  1170 R. H. over  a sa tura ted solution of 

LiC1. H 2 0 .  Th is  m a t e r i a l  did not show any l ines for  C S in the X - r a y  
3 

pa t t e rn .  

Calcium lignosulfonate (CLS) in the f o r m  of powder was  supplied by 

Lignosol Ltd .  , Quebec. T h i s  m a t e r i a l  was  obtained by chemical ly  t reat ing 

the spent liquor to  des t roy  sugars .  The sample  contained 4. 570 reducing 

bodies,  mainly  a s  reducing end groups  t ied to  the lignosulfonate molecule .  

Methods 

Differential  t h e r m a l  analys is  (DTA) was  c a r r i e d  out in  a i r  o r  in a 

flow of N using a DuPont-900 T h e r m a l  Analyser .  Surface a r e a  was obtain- 
2 

ed using N a s  the adsorbate  by a Numinco-Orr  su r face  a r e a - p o r e  volume 
2 

ana lyse r .  The pH values w e r e  determined by the s tandard Beckman pH 

m e t e r .  F r e e  l ime in  the H-C S sample  was  es t imated  by the well-known 
3 

solvent variat ion method (1  3). 
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The conduction c a l o r i m e t e r  containing s ix  chambers  was  supplied by 

Institute of Applied P h y s i c s ,  Delft. Though the  chambers  a r e  coated with 

teflon, the hydrated products  tended to  s t ick  to  the su r face ;  the re fore ,  use  

of polyethylene l ine r s  was  n e c e s s a r y .  The sensit ivity of the ca lo r imete r  i s  

40 mv/W.  

A P e r k i n - E l m e r  double-beam 350 spectrophotometer  was  used to  

es t imate  CLS in  solutions.  

P r o c e d u r e  

Adsorption-desorption i s o t h e r m s  w e r e  determined on C S ,  H-C S o r  
3 3 

CH by exposing them to  different concentrations of CLS in an aqueous medium 

o r  in dimethyl sulfoxide. 

T o  0. 5-g s a m p l e s ,  each  contained in different s toppered polypropy- 

lene tubes ,  were  added 15 c c  of the CLS solution of concentrations ranging 

f r o m  0. 01 5 to  1. 0%. The tubes  w e r e  rota ted continuously for  a day. At 

the end of th i s  per iod the suspension was  centrifuged and 10 c c  of the super -  

natant solution withdrawn, dilute HC1 added t o  obtain a pH of 3. 0 and the con - 

centra t ion of CLS es t imated  by the spectrophotometr ic  method a t  a wave- 

length of 375 m p .  The difference in the amount of CLS added originally and 

that  left in  the solution gave the percentage of CLS adsorbed by the solid. 

At higher concentrations of CLS the solutions w e r e  adequately diluted for  

spe  ctr-ophotometric determinat ion.  

Scanning curves  on the desorpt ion b ranch  w e r e  obtained a s  follows. 

At any point on the adsorption curve ,  a f t e r  pipetting out 10 cc  of the s u p e r -  

natant solutions fo r  CLS determinat ion,  10 cc  of dist i l led wa te r  o r  dimethyl 

sulfoxide was  added to  the mix ture .  The tube was  then rota ted on r o l l e r s  

f o r  2 - 3 days .  At the end of th i s  per iod the  concentration of CLS and the 

amount of CLS held by the solid were  de te rmined  a s  before.  The s a m e  

procedure  was  adopted to  obtain the second point on the desorpt ion branch.  
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Re sult  s 

In the determination of the amount of CLS sorbed by C S in anaqueous 
3 

medium,  the ordinate r e f e r s  t o  the init ial  concentration of CLS, r a t h e r  than 

the equil ibrium concentration because C S, especia l ly  a t  low CLS concentra-  
3 

t ions ,  i s  not s table .  I t  should a l so  be s ta ted that each  of the points was  

obtained through a separa te  run.  In the C S-CLS-H 0 sys tem a t  low con- 
3 2 

centra t ions  of CLS t h e r e  i s  a s teep i n c r e a s e  in the amount of adsorption up 

to  a concentration of about 0.1 % CLS (F ig .  1) .  Above th is  concentration 

a s teep d r o p  in  the amount of adsorption i s  noticeable.  At concentrations 

above about 0.15% t h e r e  i s  a gradual  i n c r e a s e  in the amount of adsorption.  

On the desorption branch s tar t ing f r o m  4 points a t  low concentration levels  

(s i tuated on the s teep portion of the adsorption curve)  the re  i s  a lmost  

complete i r revers ib i l i ty  of adsorption (F ig .  2) .  De sorption f r o m  points 

corresponding to  init ial  concentrations of 0. 5, 0 .  7 and 1. 0'7'0 CLS show a 

different t r end  (F ig .  1) .  Some i r r e v e r s i b i l i t y  in the amount of adsorption i s  

evident t o  concentration levels  of about 0. 15 - 0.2'7'0, but below these  values 

the re  i s  a s teep and significant i n c r e a s e  in the amount of adsorption.  

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 

I N I T I A L  C O N C E N T R A T I O N  O F  C L S ,  gllOO m a  

FIG. 1 

Adsorption of ca lc ium lignosulfonate on C3S in  an  aqueous medium.  
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FIG. 2 

Adsorption-desorption curves  of 

CLS on C3S in an aqueous medium 

a t  low CLS concentrations.  

F igu r e s  3 and 4 r e f e r  t o  the adsorption-desorption i so therms  of CLS 

on the H-C S sample  using water  and dimethyl sulfoxide respect ively  a s  
3 

solvents.  The equil ibrium concentrations a r e  plotted on the absc i s s a ,  a s  

the adsorbent i s  stable.  E a c hpo in t  on the adsorption curve  r e f e r s  to  a 

separa te  run.  In the aqueous medium the r e  i s  a rapid  init ial  adsorption of 

CLS followed by a m u c h  slower ra te  a t  higher concentrations.  The scanning 

desorption i so therms  do not follow the adsorption i so therm.  A s imi la r  

t r end  i s  evident in  the i so the r ms  using dimethyl sulfoxide a s  the solvent, 

but a t  any equil ibrium concentration m o r e  CLS i s  adsorbed by the H-C S 
3 

sample  in  an aqueous medium.  

The adsorption-desorption i so the rms  of CLS on the CH phase a r e  

shown in  F ig .  5. The amount of adsorption i nc r ea se s  with the concentra-  

tion but the r a t e  gradually de c r ea se s .  The scanning i so therms  show almost  

complete i r revers ib i l i ty  a t  low concentrations studied. 

Discussion 

Interaction of CLS with C S in  H 0 
3- 2- 

The C S phase adsorbs  pract ical ly  no CLS in a non-aqueous medium.  
3 

Th i s  i s  expected, considering the low surface a r e a  of C S available f o r  the 
3 

adsorbate .  In an aqueous medium,however,  sorption s e e m s  to  occur .  In 
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0 
0 0.02 0.04 0.06 0.08 0. 10 0. 12 0. 14 0. 16 0. 18 

E Q U I L I B R I U M  C O N C E N T R A T I O N  OF CLS,  gllOO me 

FIG. 3 

Adsorption-desorption isotherms of CLS on hydrated C S 

in the aqueous medium. 
3 

FIG. 4 

isotherms of calcium 
lignosulfonate on the 
hydrated C3S in a non- 
aqueous medium. 

E Q U I L I B R I U M  C O N C E N T R A T I O N  OF CLS,  gllOO m a  

Fig. 1 the adsorption-desorption character is t ics  may be explained a s  

follows. The initial steep portion indicating adsorption of increasing 

amounts of CLS i s  due to the formation of a high surface a rea ,  hydrated 

2 
C S ( N  surface a rea  -70 rn /g ) .  The hydration of C S i s  facilitated inthe 

3 2 3 

presence of low CLS concentrations. At a CLS concentration of about 

0.15% CLS there i s  a decrease  in the adsorption value. At a concentration 
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0 0.04 0.08 0.12 0.16 0.20 0.24 0.28 0.32 0.36 0.40 

E Q U l L l  B R l U M  C O N C E N T R A T I O N  O F  C L S ,  gllOO m i  

FIG. 5 

Adsorption-desorption i so therms  of CLS on Ca(0H)  
2' 

of 0. 370 and beyond, the hydration of C S s e e m s  to  be pract ical ly  nil. The 
3 

gradual  inc rease  in  the adsorption value fo r  init ial  concentration levels 

f r o m  0 .3  t o  1. 070 CLS m a y  be due t o  the dispers ion of C S par t ic les .  The 
3 

dispers ion i nc r ea s e s  the surface available f o r  the CLS molecules .  In 

addition, mul t imolecular  adsorption of CLS m a y  resu l t .  The dispers ion of 

cement par t ic les  i s  known to  occur and i n c r e a se  a s  the concentration of 

CLS i s  inc reased  (1) .  

The above explanation i s  in  accord with the DTA data  (F ig .  6). The 

curve A corresponding to  the sample on the peak of the adsorption curve 

shows a broad endothermal effect below 250°C and a sh a r p  endothermic 

effect between 450°C and 500°C. The two inflections a r e  respect ively  due 

to  the dehydration of C -S-H and Ca(0H)  in  the hydrated C S product.  The 
2 3 

exothermal  effect a t  about 300°C i s  due t o  the oxidation of CLS. This  i s  

absent in  an a tmosphere  of N The points B and C ,  represent ing points of 
2' 

low CLS adsorption,  fa i l  to  indicate peaks fo r  the p resence  of hydrated C S. 
3 

Thermograrns  show that the intensity of the exothermic peak i s  g r e a t e r  fo r  
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FIG. 6 

Thermograms  of C3S 

t rea ted  with CLS in an 
aqueous medium.  (Curves 

A, B, C , D  correspond to 
the samples  taken a t  dif- 

e ren t  points on the 
adsorption-desorption 
curve drawn above. ) 

CONCENTMTION OF CLS ( g / 1 0 0  m e )  

y 

0  250 4 5 0  6 5 0  0  250 4 5 0  650  

TEMPERATURE. "C TEMPERATURE, " C  

samples  containing m o r e  adsorbed CLS. The pH value of the solution 

corresponding to the point A i s  much higher than those corresponding to  

points B and C confirming that  the re  i s  pract ical ly  no hydration a t  con- 

centration levels represented by points B and C.  

The i r revers ib i l i ty  in the desorption branches  a t  concentrations up 

t o  about 0.170 should indicate that  CLS i s  strongly adsorbed on the hydrated 

C S a s  a complex (Fig.  2). It appears  that in the  sys tem C S-CLS-H 0 i t  
3 3 2 

has  wrongly been assumed that  adsorption occurs  only on the  C S surface,  
3 

even a t  low CLS concentrations.  

The scanning desorption branches  f r o m  different points beyond a 

concentration of 0. 5, 0. 7 and 1% CLS m a y  be explained a s  follows. The 

par t i a l  i r revers ib i l i ty  up to  a concentration of about 0. 15 - 0.2570 CLS on 

the desorption branch m a y  possibly represen t  the  existence of a strongly 
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bound s u r f a c e  complex involving the ions on the su r face  of C S ,  CLS and 
3 

H 0. The s teep  i n c r e a s e  in  the adsorption values a t  concentrations l e s s  
2 

than about 0.25% CLS i s  due t o  the format ion of the hydrated C S product,  
3 

which i s  facil i tated a t  low CLS concentrations.  The formation of hydrated 

C S a t  these  concentrations i s  confirmed f r o m  the  t h e r m o g r a m  (curve  D, 
3 

F i g .  6).  The t h e r m o g r a m  shows la rge  endothermic  peaks  represent ing the 

p resence  of C-S-H and CH. On the  desorpt ion branch the amount of CLS 

adsorbed  i s  significantly m o r e  fo r  sample  C than f o r  the o thers  because i t  

m u s t  have d i spersed  and consequently hydrated t o  a g r e a t e r  extent (F ig .  1).  

The inhibitive e f fec t  of CLS on the  hydration of C S does  not s e e m  t o  
3 

be a s imple  function of the percentage of i t s  p resence  with respec t  to  C S. 
3 

The concentration in  the  aqueous phase  and the  water /sol id  r a t i o  a r e  other  

fac to rs  to  be taken into account. In Fig .  7 curves  A, B y  C and D r e p r e s e n t  

the  conduction c a l o r i m e t r i c  curves  for  C S t r ea ted  respect ively  with 070, 
3 

0.1250/0, 0.250/0and 170 solution of CLS a t  a water /sol id  r a t i o  of 2. I f C  S i s  
3 

t r e a t e d  with . l q o  CLS solution a t  a water /sol id  r a t i o  of 0. 5, the  percentage of 

CLS on the b a s i s  of C S would be 0. 5, the s a m e  a s  sample  C. The r e s u l t -  
3 

ing curve  would, however,  be s i m i l a r  t o  D. All  the above r e s u l t s  s e e m  t o  

suggest  that  C S i s  stabil ized in contact with a CLS solution of concentration 
3 

above abuut 0 .2  5%. 

The influence of the  CLS concentration on the inhibitive action on the  

hydration of C S m a y  be i l lus t ra ted with another example .  In the  hydration 
3 

of C S the inhibitive action of CLS m a y  be countered by the addition of s m a l l  
3 

FIG. 7 

Rate  of hydration of 

C3S a s  a function of 

the  concentration of 

CLS by conduction 

ca lo r imet ry .  

TIME. H O U R S  
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FIG. 8 

Influence of CLS on the hydration 

of C S in p resence  of C A. 
3 3 

C 3 S + 0 . 8 % C L S + H ( 1  D A Y ) ,  

0  6 1 2  I 8  2 4  3 0  

H Y D R A T I O N ,  D A Y S  

amounts of C A o r  i t s  metas table  hydrates .  The C A phase consumes la rge  
3 3 

amounts of CLS, leaving the solution dilute with respec t  to CLS. By the 

addition of 0.870 CLS (on C S bas i s )  the hydration of C S i s  stopped a lmos t  
3 3 

indefinitely (F ig .  8) .  By mixing 5% C A with C S, hydration of C S 
3 3 3 

proceeds  normal ly  a f te r  th ree  days .  This  indicates that  by interaction of 

CLS and C A the solution attains a low CLS concentration,  facilitating 
3 

desorption of the sur face  complex on the C S phase.  By s tar t ing with a 
3 

CLS concentration of 3 .  270, the inhibitive action m a y  be prolonged (curve  4, 

F ig .  8 ) .  A C S sample ,  p re t rea ted  with a solution of CLS for  a few minutes ,  
3 

dr ied  and subsequently exposed t o  the action of C A r e q u i r e s  3 days before 
3 

the inhibitive action of CLS i s  removed.  This  indicates that CLS forming a 

surface complex on the C S phase in  an aqueous medium i s  not easily 
3 

desorbed.  The format ion of th is  complex occurr ing a s  soon a s  CLS solution 

comes into contact with C S m a y  be compared t o  the format ion of a surface 
3 

hydrated product of C S with water  in the induction period.  Ju s t  a s  the 
3 

induction period i s  reduced at the higher water/solid ra t io ,  the inhibitive 

action of the complex fo rmed  with CLS i s  a l s o  reduced with an  increase  in  

the w a t e r / C ~ ~  ra t io .  

Interaction of CLS with Hydrated C S in 
3- 

Aqueous o r  Non-aqueous med ia  

The adsorption-desorption i so therms  of CLS on the hydrated C S 
3 

(H-C3S) a r e  shown in F igs .  3 and 4 .  The  scanning i so therms  do not follow 
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the adsorpt ion,  showing increas ing amounts of i r r e v e r s i b i l i t y  of the 

adsorbed CLS a s  the concentration i n c r e a s e s .  

At any equil ibrium concentration the adsorpt ion values a r e  m u c h  

g r e a t e r  in the aqueous than in  the non-aqueous medium.  Water molecules  

s e e m  to  d i s p e r s e  the hydrated C S be t t e r  and t o  promote  penetration of 
3 

CLS into the l ayer  positions of the C -S-H phase.  In the C S-CLS-H 0 
3 2 

s y s t e m  an increas ing amount of adsorpt ion a t  higher concentrations was  

a t t r ibuted to  the d i spers ion  effect .  In o r d e r  to  t e s t  whether th i s  i s  likely 

t o  occur  in  the H-C S s a m p l e s ,  N sur face  a r e a s  w e r e  de te rmined  f o r  
3 2 

samples  containing 0,  2 . 8 ,  7 .  7 and 13. 270 adsorbed CLS. Neglecting the 

2 
surface  a r e a  of adsorbed CLS (0 .  69 m / g )  the recalcula ted values of 

s u r f a c e  a r e a  of the H-C S component of the above samples  a r e  66 .0 ,  67 .9 ,  

2 
3 

71. 2 and 67.  9 m / g .  The dif ferences  between values a r e  not significant 

enough to  suggest  d i spers ion .  

The r e s u l t s  indicate that  CLS not only a d s o r b s  a s  a su r face  complex 

on the H-C S phase  but a l s o  e n t e r s  the i n t e r l a y e r s  of the C-S-H phase.  
3 

This  was  a l s o  observed fo r  the hexagonal ca lc ium aluminate phase  in  which 

the in te r l ayer  penetra t ion was  attended by an i n c r e a s e  in  the c -axis .  It is 

not possible to  check th is  fo r  the C-S-H phase  because of the difficulty of 

obtaining diffraction l ines  corresponding t o  the c -spacing.  The e n t r y  of 

CLS into the i n t e r l a y e r s  of C -S-H need not n e c e s s a r i l y  resu l t  in  an i n c r e a s e  

in the N sur face  a r e a  because  in samples  that  a r e  p redr ied  p r i o r  to  surface  
2 

a r e a  determinat ion the entrance of the i n t e r l a y e r s  i s  sealed (14) .  It i s  

possible that  the penetration of CLS m a y  have a bearing on the shrinkage and 

c r e e p  c h a r a c t e r i s t i c s  of cement  containing the CLS admixture .  Under the 

conditions of low CLS concentrations and v e r y  s h o r t  per iods  allowed fo r  

equil ibration by previous w o r k e r s ,  CLS m a y  be bound mainly  a s  a su r face  

complex and not en te r  the in te r l ayer  posit ions in  the C-S-H phase (8 ) .  

The t h e r m o g r a m s  of H-C S t rea ted  with CLS, in  addition to  showing 
3 

exo thermic  peaks  for  the oxidation effects  in  the CLS, a l s o  exhibit the 

typical  l a rge  endothermal  effect a t  about 800°C due t o  the CLS-HC S 
3 

complex (F ig .  9 ) .  The curve D, represent ing the sample  containing 13.270 

CLS, shows an  exo thermal  effect a t  about 700°C followed by a l a rge  
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FIG. 9 

Differential  t h e r m a l  curves  of 

hydrated C3S with different amounts 

of adsorbed CLS. 

A = H-C3S + 070 CLS; 

B = H-C3S + 2.870 CLS; 

C = H-C3S + 7.770 CLS: 

D = H-C3S + 13.2% CLS; 

E = H-C3S + 7% CLS (Non-aqueous 

medium) .  

0 200 400 600 800 950 

T E M P E R A T U R E ,  " C  

endothermal  effect a t  800°C.  This  i s  s i m i l a r  to  the t h e r m a l  curve  f o r  the 

hexagonal aluminate hydrate  containing CLS in  the in te r l ayer  spaces  (11).  

Interaction of CLS with Calc ium Hydroxide 

The amount of CLS adsorbed by CH increased  with the concentration 

of CLS ( F i g .  5). The i n c r e a s e  in adsorpt ion with concentration m a y  be due 

t o  the dispers ion of the C a ( 0 H j  p a r t i c l e s  and a n  i n c r e a s e  both in the 
2 

physical  and chemical  in teract ions  of CLS with CH. The sur face  a r e a  of 

2 
CH i s  16.2  m / g  and that  containing about 1070 CLS shows an  inc reased  

2 
a r e a  of 22.6  m / g .  In the hydrated C S the contribution t o  the su r face  a r e a  

3 
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due to  the d i spers ion  of CH i s  difficult to a s s e s s .  The hydrated C S con- 

2 
3 

taining about 35'7'0 CH has  a total  surface  a r e a  of about 66 m /g .  In addition 

to  i t s  p resence  in s m a l l e r  propor t ions ,  the surface  a r e a  of CH i s  l e s s  than 

that  of the C-S-H component. In the H-C3S sample  containing CLS the 

s m a l l  i n c r e a s e  in the surface  a r e a  m a y  be a t t r ibuted t o  the d i spers ion  of 

the CH phase .  

The desorpt ion i s o t h e r m s  show la rge  i r r e v e r s i b i l i t y  a t  a l l  concen- 

t ra t ions  (F ig .  5). The s m a l l  amounts of r evers ib i l i ty  a t  higher concentra-  

tions m a y  indicate a physical  adsorption effect. The i r r e v e r s i b l e  na tu re  of 

the scanning desorpt ion i s o t h e r m  suggests  a chemical  in teract ion between 

CLS and CH. At high l ime concentrations the CLS f o r m s  an insoluble bas ic  

lignosulf onate. 

T h e r m o g r a m s  of CH containing 1.20/0, 3.40/0, 6 .4% and 10.0'7'0 CLS 

show c lea r ly  an exo thermic  effect a t  about 300°C due to  oxidation of CLS 

(F ig .  10).  There  i s  a l s o  an endothermal  effect a t  about 750 - 800°C 

OBCLS 

1. 2% CLS 

3.4% CLS 

6.4% CLS 

10.0% CLS 

FIG. 10 

T h e r m o g r a m s  of Ca(0H)  containing 
2 

different amounts of adsorbed CLS. 

I I 1 ' , I 
0 200 400 600 800 

TEMPERATURE. "C 
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representing the presence of the basic CLS. The intensity of this effect 

progressively increases  with the amount of the i r revers ib le  CLS. The t em-  

pera ture  of the endothermal effect, and i t s  increased intensity with the CLS 

content, reveal that i t  i s  not due to the presence of CaCO 
3' 

Conclusions 

At low concentrations of CLS in the t r icalcium sil icate-calcium 

lignosulfonate-water system, i t  i s  the hydrated C S and not C S that i s  
3 3 

responsible for  perceptible amounts of adsorption. There i s  practically no 

adsorption of CLS on the C S phase in a non-aqueous medium. Higher 
3 

concentrations of CLS, in addition to inhibiting the hydration of C S ,  seem 
3 

to d i sperse  i t .  The retarding or inhibiting influence of CLS i s  mainly 

dependent on i t s  concentration in solutions and not on i ts  proportion with 

respect  t o  C S. The action of CLS on the hydration of C S a t  e a r ly  periods 
3 3 

i s  related to  the stability of the surface complex involving the sil icate 

surface,  CLS and H20 .  The surface complex i s  l e s s  stable a s  the CL* 0 
2 

ra t io  decreases .  Both C-S-H and CH phases i r revers ib ly  adsorb  CLS. 

There  i s  an indication that CLS not only chemisorbs on the C-S-H surface 

but a lso en t e r s  the inter layer  positions. 
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