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Evaluation of Concrete Admixtures using 

Differential Thermal Technique 

8v Ur.V.S.htb8ndrand 

S y ~ O p s i s :  Thennoanalytical methods. especially the differential ther-- 
7s; zechnique. are used increarlnqly to evaluate concrete admixtures: 
tlr -,. studyinq the kinetica of hy6ratfon, relative effects of different 
a d z i x t u r e s ,  ef fec ts  of variaus factora on the influence of admixtures, 
~ceztification, estiaation and cmpositlon of producte, mechanisms, - 
c:ysta?linity, etc. E X a ~ p l s s  illustrate how one may observe by means 
=, :he differential. tnennal nethwl the effects of accelerators, retar- 
Ssrs, water reducers, superplasticizers and mineral admixtures on - 
-..ir ...-. ate5 pastes formed from cement and cement minerals. 

ords: Accelerators, admixtures, fly-ash, hydration, retarders. - 
&,"me, slags, superplasticizers, thermal analysis, water redu- 
cers. 



Evaluaci6n de Aditivos para Concreto Utilitando 

la Tc'cnica del Diferenciai ~ C t m i c o  

Por: Dr. V.S. ~amrchrndrar 

.-" SLSCMEN: Se estdn utilizando en una forma incrementada 10s mdtodos - 
ternoanalSticos, especialnente la tecnica del diferencial tgrmico, pa- 
ra evalnar aditivos para concreto: para el estudio de la cinetica de 
.-.-,drac;tclbn. efectos relativos de diferentes aditivos, efectos de va- 
rlos factores en la influencia de aditivos, identificaci6n. estima- - 
ci6n y co~gosici6n de productos, mecanismos, cristalinidad, etc. Los 
e;err.glos ilustran c b ~ o  pueden obsezvarse por medio del metodo del di- 2- 

ferezcfal ternico, 10s efectos de acelerantes, retardantes, reductores 
-e aTJa, s~perplastificar~tes y aditivos minerales en las pastas hidra- 
:ails forxadas de cekerrto y zinerales cementantea. 

Palabras clave: Acelerantes, aditlvos, cenira volante, hidratacibn, - 
retardantes, hum0 de sflica, escorias, ~u~erplastificantes, andlisis 
tCrnico, reductores de aqua. I 



Evaluation des Adjuvants du ~e ' ton  

par une Technique Thermiquc 

DiffCrrntielle 

Par: Or. V.S. Ramachandran 

FGs;?~: On a u t i l i s B  d e s  methodes thermoanalytiques e t  principalement 
25 :a techr.rque t h e r n i q u e  d i f f e r e n t i e l l e  pour e t u d t e r  La cinetique d e  - a &..A - ..., r a t a t i o n ,  les  e f f e t s  r e l a t i f s  d e s  d i f f e r e n t 8  a d j w a n t s  et l e s  - 
eff;=ts de f a c t e u r s  variCs slrr I ' & n f l u e n c e  d e s  a d j u v a n t s  a ins ique  1' 
r l e c t i f r c a t i o n ,  l ' e s t i m a t i o n  et la caupositaon d e s  produits, les me-- 
=azim:es, l a  c r r s t a l l i n l t 9 ,  etc. On s ' e s t  s e r o i  d 'exemples  pour - - 
; I l z s c r ~ r  cement on p e u t  o b s e r v e r  l e a  effets d e s  a c c 6 l & r a t e u r s .  den 
r e z a r f a t e u r s  d e  p r i s e ,  d e s  r e d u c t e u r s  d'eau, des s u p e r p l a s t i f i a n t a  et 
15s- a9]n-..antli a indrauw s u r  d e s  p t t e s  hydratges formees d e  ciment  et 
5s :~r.I:a;lx 2e cinent q r e c e  3 l a  mdthode t h e r n i q u e  d i f f e r e n t i e l l % .  

Yots  c l6 s :  A c c b l k r a t e u r s ,  ad;uvar:ts, c e n d r e  v o l a n t e  h y d r a t a t i o n ,  r e -  
t a r d a t e u r s ,  fun6e d e  silice, l a i t i e r ,  s u p e r p l a s t i f i a n t s  , a n a l y s e  - 
therrnique,  r 6 d u c t e u r s  d ' e a u .  
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It is estimated that 80a of the concrete produced in Morth 
hmerica contains one or more admixtures, and they are being used 
increasingly in many other countries. That there is intense 
activity in this field is evident from the number of patents, 

, publications a d  conferences devoted to thu. In spite of 
extensive investigation, hwever, the use of admixtures is based 
pore on art than on science. 

Several physical, chemical and mechanical techniques have 
been applied in studying the role of admixtures in concrete. One 
that has attained wide recognition in recent years is related to 
thermal analysis: Differential Thermal Analysis ( M A )  has been 
- ~ s d  with considerable success to study the mechanisme, kinetics 
and c v s i t i o n  involved, and for identification and estimation of 
the products of hydration. It is simple, reliable, and yields 
quick results. h i s  paper describes several applications of DTA 
in the investigation of the role of admixtures such as 
accelerators, retarders, water reducers, superplasticizers and 
mineral admixtures on the hydration of cement and cement 
minerals. 

Differential Thermal Technique 

When a substance is gradually heated at a predetermined rate, 
it may at a particular temperature undergo a thermal change that 
manifesto itself as an endothermal or exothermal effect. The 
temperature at which this occurs, the intensity of the effect and 
its endo- or exothermal nature are characteristics of the 
particular substance under study. These thermal changes are 
caused by reactions such as crystal inversion, dehydration, 
decosposition, oxidation, reduction, chemical reaction between two 
or more components, and destruction of lattice. In DTA the 
temperature difference (termed differential t q r a t u r e )  between 
the sample and a reference material (such as o-A1203, which does 
not show any thermal change) is continuously recorded as a 
function of teaporature of the furnace, reference material, or 
time. The exothermal peaks are shown as upward peaks and the 
endothermal peaks as downward ones with respect to the base line. 
In the differential scanning calorimeter, which yields curves 
similar to those of DTA, the sample is maintained isothermal to an 
inert material by a supply of heat to the sample or 'reference 
naterial. The heat energy required to maintain the isothermal 
condition is recorded as a function of time or temperature. For 
most cases report& in this paper a constant araount of sample was 
use4 and the rate of heating was maintained at 10'C/min. 



Thermal Technique 39 

Tricalcium siticate (C3 S), dicalcim silicate (C2 S ) ,  and 
m. tricalcium aluminate (CIA) were synthesized from pure compounds. 

Portland cement type I was cormwrcially obtained and the 
admixtures were either pure chemicals or colwrcial samples. The 
pastes were prepared by mixing the constituents on specially made 
rollers, care being taken to prevent contamination by C02 in the 

e atmosphere. 

RSSULTS A N 0  DISCUSSION 

Accelerators 

Many substances act as accelerators for concrete: alkali 
hydroxides, silicates. fluorosilicates, formates, nitrates, 
thiosulfates, carbonates, chlorides and anines. Of these, CaC12 
appears to be the most efficient. 

Kinetics--The kinetics of hydration of cament or silicates 
requires an estimate of the Ca(0H) formed at different times. 
Although chemical extraction meth&s can be used. they are known 
to be time-consuming and to yield slightly higher values. The 
decompsition of Ca(OH) results in an endothermal effect in the 
temperature range 450-550~~: its intensity can be used to 
determine quantitatively the amount of Ca(OH)2 present in a paste. 
Pigure 1 s h w s  that Ca(OH)2 estimated in C3S pastes by the thermal 
method is comparable to that obtained frcrm chemical analysis (1). 

Figure 2 indicate. tlm amount of Ca(W12 iorwd at diffrrent 
t i m ~  in the hydration of 

Relative accelerating effects--If a new material has to be 
assessed for its accelerating action, thermal analysis may be used 
to compare its action with respect to other accelerators 1 3 ) .  
Pigure 3 compares the relativa amunts of Ca(OIl)2 formed h e n  C S 
is hydrated in the presence of 2% CaClz or Ca-formate. ~ l t h o u ~ i  
Ca-formate is an accelerator, it is not so effective as CaC12. 

Factmu influaneing aeccleration--The rate of hydration 
&cpmn?la on the c r y a t a l  nat-ure, particle size, surface area, 
water/solid ratio. temperature, etc.. and the influence of these 
factors on hydration of cement and cement minerals may be studied 
by thermal analysis. In an investigation of the hydration of 
cement paste containing 3$% CaCl it vas found that at 24 h lass - Ca(OH) was formed at a water/so%id ratio of 0.25 than at one of 
0.4 (43. 

States of chlorida--A knowledge of the state of chloride in 
cement paste is important in studying the mechanism of hydration 
and the corrosion potential. In the C3S-CaCt2-H20 systan thermal 
analysie in conjunction with leaching experiments with alcohol and 
water indicate that calcium chloride exists in different formma 
free state, adsorbed on the CjS surface, chemiaorbed on tlie C-8-14 

*Cement nomenclature: C - CaO, S SiOz, A = A1203, H = H20 



sur face  o r  i n  t h e  in te r layor .  and mtrongly incorporated i n t o  t h e  
l a t t i c e  of C-S-8. F igure  4 sh- t h e  mmible a t a t e 8  of  c h l o r i d e  
i n  C3 S hydrated f o r  d i f f e r e n t  p r i o d m  + 

C-mition of C44-lturem m y  a l t e r  t h e  compo8ition o f  

concluded t h a t  tri-1- prarot.8 th. formation of  C-S-8 
with a h igher  Ca~/Sic+ r r t i o r  l a r g e r  endothermal pak8  balw 
300'C and betveen 710 a d  760.C a r e  i n d i c a t i v e  of  th. ex is tence  o f  
a higher  CaO/Si% ratio. 

C r y s t a l l i n i t y  of Cat-1 --fa hydrat i -  C,l and e a o m t m .  + M e  
ia a --rain condi t ions  n o n - e y m t a l l i n e  
Ca(OH1 will fom. In thc t r l s thano l~ im.  
t h e  en%othsrmal effmct at d-mition o f  
CalOH)Z, is of a l a u r  intmoity ,  ind ica t inq  that the mine i m  a 
r e t a r d e r  of hydra t ion  of 5 s  (Ciq. 5 )  4 7 ) .  In the prmwncm of 
t r i e thanolan ine .  dual p k s  . m a t i n g  i n  tha t-rature rango 
450-500-C indicate tlu p s m i b i l i t y  of f o r a a t i o n  of Wth 
crystalline and -crpsullirr+ f o m  of Ca(m)2- 

Retarders  

Many organ ic  and i-c corpoundm. including tho80 der ived  
a s  by-products. can be asad u retarder.. Unrefined Wa, Ca or QI, 
s a l t s  of l i g n o s u l f m i c  rid. their w d i f i c a t i o l u  .ad derivativem. 
hydroxycarboxylic aids aad their 8 a l t m .  carbohydratem, and 
inorganic conpoudm M aa @wmphate., f luora te& oxid-. borax 
and magnesium salts act a8 retarderm. 

E drati- rru oC hfltatloa of m t  a -k 
c a n p o h r m t r r & d  t b  -retima af t mt .mt . rm.  The 
relative retarding uf varlou* a h l x t u r e s  m y  b. C o l l a r d  by 
datermining the type d t of thm hydratad prduc tm.  h11 
aacchacidelr, with tb: c-pth of t r a h l o n ,  o t m l y  r0-rd thr 
s e t  of cement. En tk. Wratim of A, a mtrong dothabM1 
errmet observd at 550 -c  at 3 h 1. i 3 i e a t L v .  of +hr .table cubic 
aluminate hydra te  (5) .  la the premence o f  18  sucr08e. e n d o t h e r w l  
e f f e c t 8  i n d i c a t i v e  of pba888 preHl)t. -80 remultm 
show t h a t  sucrose  retards tho convermion o f  the l n x a ~ l  pham to 
t h e  cubic phase. That  treblow is 8 weaker r e t a r d e r  i m  ev iden t  
from t h e  presence o f  b t b  -1 and cubic ph.808 d e n  it i m  
used. 

Role of l i paaml fa rn r l ' b  r e t a r d i q  a c t i a r  Of c m r c i a l  
l igno8ulfonate8 ( C W J  L. attributrd to the p r e n n c e  o f  sugar.. 
~ d s o r ~ t i o n - d e s o r p t h  mtadhm of lignowulfonatem ind ica te ,  
howover, that they arm frrrr-rribly ad.0- ths hydrating 
cement components (rig. 6 )  (8). .-sting t h a t  p m  
l ignosu l fona ta  could u a rmtardmr. v e r i f y  thin.  c u n t 8  
hydratsd with and WLt- mUq4r-frm 1 i q n g o u l f ~ t O O  Vera 
compared. Samplem hydrrtrd i n  t h m  premnce  of ougar-frae 
I lgnosulfonate  chard of 1-r intoamity f o r  C 4 - M  ( k l w  
1 0 0 * C )  and CatOH), ( 4 3 3 - 4 ~ 0 . ~ 1  (rig. 7 )  ( 3 ) .  

Normal Water Reducer. 

A water  reducer  is a w ~ l l y  a vater-8oluble o rgan ic  campound 
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that reduces the water requirement of concrete for a g i w m  
consistency. It is effective with portland cement, portland blaet 
furnace slag cement, and portland-pozzolan cement. Normal water 

"- reducers consist of Ca, Ua or HI$ salts of lignosulfonic acids, 
hydroxycarboxylic acids and their salts or hydtoxylatod polymer. 

Interaction--Ca-lignosulfonat~~ in addition to acting as a 
water rducing agent, retards tho hydration of G S  and C,A 

* components. Tho-uchania by which-tho hexagonal phau In tho 
hydration of C,A is stabilisod by Ca-ligaosulfonato was studiod by 
subjecting tho' lignosulfonatttr&td hougonal p h n  to thoma1 
analysis. The therrogram exhibits an intonso oxothormic poak at 
790-C and an ondothoraic poak at 825-C (Pig. 8 )  ( 5 ) .  Tho 
higher-toaporaturo oxothemic peak at 790-C tin tho caqlox), 
absent in Ca-lignosulfonate, indicates that in the hexagonal phase 
the lignosulfonate existing in the intarlayor positions is rwro 
resistant to oxidation. In tho XRD studios of tho hexagonal pha-so 
containing 108 lignosulfonato, an incrrso in tho C-axis spacing 
could bo explainod by the oxistenc?. of lignosulfonatm in tho 
interlayor positions. 

Delayed addition--The addition of lignosulfonato a feu 
minutes after water comes into contact with cemont rrults in a 
botter retarding/fluidizing effoct than if it is added along with 
tho mixing water. Thermal analysis show that tho hydration of 
C S is cooplotely inhibited in the prosonco of 0.5% 
l\gnosulfonate. Mdition of 58 C3A is sufficient to pr-• tho 
hydration of C3S. The inhibitive action a~ C,S hydration is p r o  
pronouncod when ligno8ulfonato is addod to a mixturo of C S + C 3 h  
prohydratod for a fow minutes. Those rosult.8 show tb.t &on 
lignosulfonate is addod a f w  minutoe at+.+ ulter caws into 
contact with cement, the hydratd products adoorb laru anounts of 
admixture and releaso more admixture for retarding .ad fluidizing 
of the S phase. 

Superplasticirers are chaically difforont f r m  nornal water 
reducers and are capable of educing water roquir.unts by about 
308. They are classifid in four groups. vir., sulforutd 
meladno formaldohydo (SUP), su1formt.d naphthalono for~ldohyde. 
modifid ligno8uliauto. am3 others including mulfonic r i d  
ostors, carbohydratos, otc. 

H dration rate--7b influonco of supuplasticimr8 ar th. 
hydragon of cewnf and its cwponents Ram been studid by t h e m 1  
analysis. Suporplasticir+r (-1 retards the hydration of CIA, 
%S and c.cpmt but accoloratu tho formation of ottringito f r a  
CoA + gypsum. Thou effect8 arm relatd to the rat. .ad amount ot 
adsorption of SHP on coaent and cement components (Pig. 9) (9). - 

Initial setti --Tho products fornd at the t i r  of initial 
sotting of cements?ontaining various admixtures ifh cmbination 
with an SMP suporpla~ticizer were examined by thermal analysis. 
The results shov that both tho referonce nortar and that 

; containing the a4mixturo exhibit endothonaal effects in the region 
of 500.C (Pig. 10) (10). This indicates that at the ti- of 

- initial setting 8- hydration of C3S in the cement has occurrod. 

Ply ash, slags, eilica and other types of admixture are added 
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to concrete for economy.%nd to provide desirable properties. 
Thermal methods are used to study the reactions in cements 
containing these additions alone and in combination with other 
admixtures. 

PL ash DfA. can bz uu.d to detsratn ths aaaunt of Ca(OH)z 
that h i L d  wLth fly amh in fly ash-c.mmn+ r i t turr . .  Tabls 1 
corngarom fha amount of C a ( Q n )  formed in tvo bland& csments 
containing 35P f l y  arh and 70% slaq (71. In th* fLy ash btsnd, 
lime decreases f r ~ n  14.11 at 14 day. to 9.91 at 28 days. A 
significant reaction oecurs betwean Ca(OHjz and fly d6h during 
this perid.  In the alag blends formation of lower mwunta of 
lime is due ta the presence of only 301 cmsnt in the blend. 'Che 
decrarre i n  Ca(Dn)Z frm 3 . 3  to 2.63 Indicate8 that #am l i m  
reacts with the slag. 

Sla .--Hydration sequence in slag cements and the mechanism 
of a c d i o n  of slags has been investigated by DTA. The 
reactivity of slag is related to the mount and nature of the 
glassy phase. The DTA ther~aogranu show an exothermal effect 
beyond 80O.C. The area of the peaks is indicative of the amount 
of glass in slags. 

Bilicm f---Th influence of #ilia rrac on th. hydration of 
eemnt and cement mineraLs m y  followed by diifwrential 
scanning caloriwtry Ill). Silica fm accslera+as the hydration 
of both 5 S  and % A  phaees l a  tha first few hours. Figure 1l 
mhwa the swunt clf CalOH)* f o m d  at different + i . m m  in crmsnt 
blend. eontainFng 30t silica f w a  or 30# ground silica sand. At 
a b u t  8 h E M  a,rwunrs of CU[OH)~ f o d  in the three samplea are 
about the samr, although blends contain only 70l cement. This 
indicates that bath ground sand and silica fume accelerate the 
hydration of cement. 

Carbenstes--S- c m n t u  contain small amounts of carbnate, 
and these i m  coatrovaray aa to their effect on cement prwrties. 
Thermal eiamination of tha effect of  CaC? m C3S a d  cement 
hydration has shown that the carlrrrnate haa an accslermting effect. 
For exampla, at 7 h tha deqrae  of hydration of C 5 containing 0 
and 15\ C a C V .  5 and 171, respectivelyI and the (~o~lm..p~ndinq 
values at 1 y *.re 35 and 1 5 % .  
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Table 18 Amount of Ca(OH), l b r m d  in Blondd CaImont~ 
-. - - 

Hydration, C-nt Cement + Fly Aah Cement + Slag 
days a c~(;oH), 

2 16.8 10.9 3.3 
7 18.6 12.3 2.8 
14 19.7 14.1 3.1 
2 8 19.6 9.9 2.6 
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Fig. 1 - Amounts of Ca(OH)2foped in the hydration of C3S 
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Fig. 2 - Estimation of Ca(OH) at different periods of 
hydration of 3 CaO-SiO by DTA? 

2 

Fig. 3 - Effect of accelerator8 on the formation of 
calcium hydroxide in hydrated 3 CaOaSi02. 



46 Ramacbandran 

Fig. 4 -- Dif ferent  states of ch lor ide  i n  hydrating tricalcirun 
s i l i c a t e .  

Fig ,  5 - Thermograias o f  2 Ca0.Si02 hydrated i n  the  presence of 
triethanolamine (obtained i n  an N2atmosphere). 
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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 C L S .  g l l O O  m L  

Fig. 6 - Adsorption-desorption isotherms of CLS w hydrated 
C3S in the aqueous medium. 
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Fig. 7 - DTA of e-t hydrated in the prewace of 
lignosul farrstea. 
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Fig. 8 - Thermgraas of hexagonal alurinate p b a e  containing 
calcium lianosulfonste. 
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Fig. 9 - SW adaorptioa oa c m t  caparads duriry 
hydration. 
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CEMENT 

CEMENT + SMF, 0.38 

Ca-LIGNOSULFOMTE, 0.1% 

\-- 

Ca-LIGNOSULFONATE, 0.1% + SMF - - -- 

SUCROSE. 0.05% - - - -  
SUCROSE. 0.05% + SMF 

Y -- 
ClTRlC ACID, O.m -- 
CITRIC ACID, 0.m + 5 k l ~  

~ B P T D M E ,  0 . a  Y 

--- 

Na-HEPTOMTE, 0.28 + SMF 

-- 
Na-BOROHEPTOMTE. 0.28 

Fig. 1 0  -- Differential K a n n i n ~  calorimetric curve. (at tit= of 
act) of cement mortars containing various admixturee. 




