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ABSTRACT 

Derivative thermograv imet ry  is shown to  be a precise m e t h o d  for  evaluat ing 
the de  m-ee o f  convers ion o f  high a lumina  cemenL The  effects o f  heat ing rate  and  
sarnple size on  the de  .~-ce o f  conversion,  the cal ibrat ion cons tant  o f  the me thod  and  
on  D T G  peak  temperatures  are  measured  and  d ~  

I ,.~-I'ROD UCTION 

High a lumina  cement  (HA(::) is a widely used mater ial  which can suffer, unde r  
some circumstances,  a severe loss in strength. T h e  structural  propert ies  o f  H A C  are  
thought  to be related to  the  rate o f  the so-called convers ion process and  hence  the 
measurement  o f  the degree o f  convers ion is o f  considerable impor tance  1. While  
X-ray powder  diffraetrometry is in some ways a super ior  method ,  differential thermo-  
analytical techniques have assumed a ma jo r  role fol lowing their  r ecommenda t ion  by  
Midgley and  the publicat ion o f  details o f  their  appl icat ion to this problem 2. I n  addi-  
t ion to these works,  there  have been reports,  wi th  a l imited circulation,  p roduced  by a 
number  o f  organisat ions.  However ,  little, i f  any  critical assessment o f  the use o f  
thermoanalyt ica l  methods  in the de terminat ion  o f  t.he degree o f  convers ion o f  H A C  
has been published. 

Al though  an  extremely complex  mul t i -component  mater ia l  l ,  H A C  ~ be  
regarded,  for  the purpose  o f  de termining  the  degree o f  conversion,  as a mixt t~e o f  
C a O .  AI~O~ • I0 H , O .  ( O H , o ) ,  AI ,O3 - 3 H a 0 ,  (AH3) and  3 CaO'-  A1203 "6  H 2 0 ,  
(C3AHe).  On hydra t ion  o f  the main  const i tuent  o f  H A C ,  CaO - A1203, (CA),  the 
decahydrate  C A H I o  is p roduced  a t  low temperatures  in the f o r m  o f  needle-like 
hexagonal  crystals which give rise to  the high ear ly  s t rength o f  the m a t e r i a l  U n -  
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for tunate ly  C A H t 0  is mctastablc  and  converts  into the more  dense cubic hexahydra te  
C3AH 6 as shown by the equat ion  

3 C A H t o  --* C3AH6 + 2 A H  3 -;- 18 H 

It is thought  tha t  the resulting volumc contract ion contr ibutes  to the loss in strength. 
The  de~a~e o f  conversion is defined z as: 

a m o u n t  o f  C3AH6 

a m o u n t  o f  C 3 A H  6 -1- a m o u n t  o f  C A H  ~ 0 

In normal  use the C3AH 6 is subject to carbonat ion,  thus reducing the apparen t  
a m o u n t  as indicated by DTA.  This leads to an er roneous  value for  the deo~-~e o f  
conversion and  hence it is cus tomary  to use the a m o u n t  o f  A H  3 present  instead 2. 
This is valid as C A H  ~0 is conver ted into almost  equal  amoun t s  o f  C3AH 6 and  A H  3. 

The  equipment  is calibrated with s tandard  cement  samples supplied by the 
Building R ~ e a r c h  Establishment and,  in practice, it is usual to employ  a cah'bration 
constant ,  B, defined in the  equat ion:  

B x peak height due  to AH~ 
D e g r ~  o f  convers/on = 

B x peak heio_Jat due  to AH3 -i- peak height due  to C A H  to  

It  will be seen that  peak heights are  used ra ther  than the more  usual peak areas, 
because bet ter  reproducibil i ty is obta ined 3_ 

Al though both D T A  and derivative thermogravimet ry  have been used to 
determine the degree o f  conversion o f  HAC,  the latter possesses the great  advantage  
o f  having a baseline which is horizontal  ( F i ~  I). Apa r t  f rom a n y  ins t rumental  
vargation, the  baseline position in D T A  will reflect the changing heat  capaci ty o f  the 
~arnple as it undergoes  chem/cal  a n d / o r  physical processes. Clearly wi th  D T G ,  the  
baseline position depends only on  the rate  o f c h a n g e  o f  weight and,  provided buoyancy  
effects ~ negligib!e, it will remain sensibly constant .  F o r  this reason,  the quant i ta t ive 
esl~:~-ts o f  the  analysis were examined using D T G .  

m C3Jt j4 6 

T / K  
~ 7 0 0  

] ~  l .  A D T G  c~vc  for  a sanm~ o f  H A C  (55% converted) t l l u ~  the l ~ z o n m l  
the ~ ; n  clf~l~yd~-~;o~ o l ~ c d _  ~ ~ h ~ ,  8.0 m ~  ~ g  s-d~c, 20 K n-dn-Z: 
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In  any  analytical procedure ,  one  needs to k n o w  the reproducibifi ty and  
accuracy  o f  the method .  In addit ion,  with thermoanalyt ica l  techniques,  the experi- 
mental  condi t ions  greatly influence the  results and  a knowledge o f  the effects o f  
heat ing r~te a n d  sample size on  the degree o f  conversion is essential_ Fur ther ,  the  
temperatures a t  which the various dehydra t ions  occur  are  used for  identification 
and  it is widely known  tha t  th__*se_ are  greatly affected by opera t ing  condi t ion~  

This paper  reports  a s tudy o f  the effect o f  these parameters  on  the measured  
degree o f  conversion.  

EXPERIME~-I'AL 

A Stanton Redcrof t  TG750 thermoba lance  was used together  with a C a h n  
t ime derivative uni t  to give derivative thermogravimetr ic  curves. A Philips twin 
channel  potent iometr ic  recorder  was used to record  the D T G  curve s imultaneously 
with the sample tempera ture  as measured  by a thermocouple  approximate ly  0.5 m m  
distant  f rom the p la t inum sample-crucible. Samples were  weighed on  a micro-  
balance reading to + I /Jg.  

RESULTS 

In order  to de termine  the reproducibil i ty o f  the D T G  me thod  ten determinat ions  
were made  on  one  sample under  cons tan t  experimental  condit ions.  A heat ing rate  o f  
20 K r a in -  z, a sample weight o f  8.0(0) mg  and  an  a tmosphere  o f  static a ir  were  chosen 
as typical values. 

An  absolute measure  o f  the degree o f  conversion o f  the sample is irrelevant for  
this test bu t  it is known  to be approxiw~tely  g0 ~/o for  t.he material  used. 

O f  the ten results, one  appeared  to  be invalid [ (x  - -  ~ / x )  x 1 0 0 %  = 2 . 6 6 % )  

and,  on  applying the t (0.95) test, it was rejected. T h e  remainder  passed the t (0.95) 
test and  gave a coefficient o f  variat ion o f  0.71 ~o, wi th  a mean  value o f  81.(0)~o. 

In o rder  to  assess the influence o f  the heat ing rate on the cal ibrat ion cons tant  B, 
and  hence on  the degree o f  conversion,  twenty-five experiments  were m a d e  using 
condit ions as before except tha t  the heat ing ra te  was varied f rom 5 to I00 K m i n -  t. 

Figure 2 shows a plot  o f  the apparen t  value- o f  the cons tan t  B a t  the  heat ing 
rates chosen,  i.e., 5, 10, 20, 50 and  100 K ra in -x .  T h e  equ ipment  was cal ibrated at  
2Q K ra in -  t a n d  the  result  for. this heat ing ra te  represents the  " t r u e ,  value. 

The  effect o f  ~ m p l e  size was  investigated in a fur ther  nineteen experiments  a t  a 
cons tant  heat ing ra te  o f  20 K m i n -  1 using a range o f  weights f rom 5 t o  50 mg,  the 
la t ter  representing .the m a x l m u m  capac i ty  o f  t he  sample  conta iner  used. T h e  results 
are  also i l lustrated in Fig. 2 where  the mean  values fo r  each sample weight  are  plot ted 
against  the  apparen t  value o f  the  cons tan t  B. T h e  sample weight  used in the s tandardi-  
sat ion was 8.0(0) m g  and  hence  the  "co r rec t "  values a re  obtained-at  this w ¢ i g h L  The  
e f f e c t o f  the  variat ion in the  value o f  B on  th~ degree o f  convers ion  is also illustrated 
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F/g. ! The effect of  bemfi~ag rate and sample w~e/ght on the calibration constant B and tim apparent 
d..~xce of  conversion of  I-LAC. De. expressed as a pe.rcent~- change. A% ha De. 

TABLE 1 

VARL&TIO.~; OF THE DTG PE,A~ ~ T I . . q ~  M, T f H  HEA.TL~  RATE FOR THE D E H Y D R A ~  OF Ca~llO 
~'ID ~ I2~ THE DE. r~v..~'i"lO~ OF THE DEGIUE~ OF co-'~'VIEILSIO~q HAC 

Healing rate Peak temp. Peak temp. 
( K  rain-l) for  CAHa~tK for  AHa[K 

20 369 539 
50 389 5"/5 

I00 4.36 581 

T h e  dependence  o f  the  D T G  p e a k  t empe ra tu r e  on  hca t ing  ra te  fo r  the  two  
i m p o r t a n t  dehydra t ion  pr  _oo~__~es is s h o w n  in Tab le  1. In  all cases, a c o n s t a n t  s ample  
we/ght  o f  8.0(0) m g  was used to  e l iminate  the  effect o f  var /a t ions  in this  quan t i ty .  
T h e  results  a re  m e a n  values t aken  f r o m  a tota l  o f  twenty-five separa te  exper iments .  

DISCUSSION 

I t  is recognised tha t  the  cons t ruc t ion  indus t ry  does  n o t  require  a precis ion o f  
bet ter  t h a n  --6 5 %  in the  m e a s u r e m e n t  o f  t he  degree  o f  convers ion  o f  H A C .  N e v e r -  
theles~ the  p r e d s i o n  o f  available m e t h o d s  shou ld  b¢ establ ished to  ensure  tha t  these  
l imits a re  n o t  exceeded in practice.  Fur the r ,  the  results  i l lustrate the  m a g n i t u d e  o f  
var ia t ions  wh/ch can  be expected  in der ivat ive t he rmograv ime t ry  in generaL Natura l ly ,  
e q u i p m e n t  o f  different design will n o t  yield identical  results  as  t empe ra tu r e  gradients  
and  fu rnace  a t m o s p h e r e  cond i t ions  will vary.  Nevertheless ,  sinu'lar t r ends  wou ld  be  
expected. 

I t  is clear  tha t  the  t echn ique  o f  D T G  is capab le  o f  y ie lding results  o f  h igh  
precision.  T h e  abso lu te  accuracy  o f  the  m e t h o d  in this  case d e p e n d s  o n  t he  sub-  
s t andards  used a n d  the  results  indica te  t ha t  i t  is the  uncer ta in ty  in  these  which  is t he  
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limiting factor.  In  addi t ion,  the Building Research Establ ishment  po in t  ou t  tha t  
these materials  cont inue  to undergo  convers ion a l though when  stored unde r  re- 
frigerated condi t ions  the process is considerably  retarded.  A n  impor tan t  considerat ion 
which contr ibutes  to the  high reproducibi l i ty o f  the results is the fact  tha t  the  me thod  
uses ratios o f  peak heights. Thus  the possibility o f  any  long-term variat ion influencing 
the result is minimised. 

The  variat ion o f  the cal ibrat ion constant  B with heat ing rate is very marked  
(Fig. 2)_ Over  the range o f  heat ing rates used the value o f  B changed by a factor  o f  
two. Fortunately ,  this caused a change  in the measured  degree o f  convers ion o f  the 
order  o f  only 10 ~/o- The  reason for  this lies in the  fo rm o f  the equat ion.  As the degree 
o f  conversion tends to 100%, the  height o f  the CAH~0 peak tends to  zero and  the 
effect o f  the magni tude  o f  B is minimised.  Conversely,  if  the de~m, ee o f  convers ion is 
low, i.e., [ C A H I o  ] > [B  - AH3]  the effect o f  variat ions in B becomes more  serious. 

Similar considerat ions  apply to  the dependence  o f  B a n d  the degree o f  convers ion 
on the weio~at ofsarnple  used. In  this ease, the upper  weight  was limited by the capaci ty  
o f  the sample conta iner  and  the lower  value by the need to obta in  peaks o f  a usefully 
measurable  size. 

The  b road  similarity o f  the curves shown in F i g  2 suggests tha t  the overall  
control l ing factor  is the tempera ture  gradient  established across the sample  and  its 
container .  

The  mos t  readily located por t ion  o f  a D T G  curve is tha t  o f  the peak  heighL 
Clearly, apar t  f rom indicat ing the  posit ion o f  max imum rate o f  weight  loss, it has no  
significance as it varies with the heat ing rate, sample  size a n d  the a tmosphere  a round  
the sample.  Nevertheless,  it  is reproducible  with a given set o fexpeHmenta l  condit ions.  
The  results presented in Table  1 show tha t  in o rder  to be able to make  use o f  the peak  
temperature  to identify C A H  ~o and  AH3 the experimental  condi t ions  mus t  be carefully 
controlled.  In practice, there  is us-~l ly no  difficulty found  in dist inguishing between 
these two materials,  bu t  confusion can  arise when o ther  consti tuents,  for  example 
e t t r in~te ,  may  be presenL 
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