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AI~IRACT 

Rapidly converlod high a lumina cement  concrete  may b~ at tacked by sulphales 
to form e t t r i n~ le  and  by chlorides to form a complex calcium chloroa luminale  
hydrate ;  the reaclion producl~ m~y bc positively idcnlified by t i~rmoanaly l ica l  
tochniquc~. All high a lumina  cement  concretes may be disruptix-ely at tacked by CO_. 
in the presence o f  ~oluble Na  and K ~ unforlunalcly,  the producls  o f  this reaction.  
AH~ °° and  C a C O j .  and  the absence o f  C j A H ,  arc  similar to the products  o f  l~ne-  
ficial ca rbonal ion  in the absence o f  soluble Na  and K. The  two types o f  carbonat ion  
may bc di~in~uishcd by analysing the cen~n t  for Na  and K. 

i ~'ItODUC'TIO~ 

Hi o-.h a lumina cement  (HAC') concrete  is usually considered to be r~is tanz to 
chemical  al tack,  but undc," .some circumstances,  it may be azlacked by sulphates and 
chlorides and  by C O ,  in the presence of  alkali metal ion.~ Na and K_ HiDh a lumina  
cement  undersoe~ a chem~.c~l change  with t ime when the mctaslabl¢ calcium aluminate  
hydralcs  C A H  10 andC.AH~ con~-crt to the marc  stable compounds  C3AH 6 and AH3- 
Rapid conv©r~ion increases the porosity z and  so the permeabili ty and  vulnerabili ty to 
chemical  at tack.  For  uncon~erted H A C  pastes, the density is l !  I and for converled 
pastes ~64  ~'hich is equivalent to a volume dccrcas~ of  2 0 ~ .  With the increase in 
permeability o f  H A C  on rapid conversion,  H A C  concretes will become vulnerable to 
chemical  a t tack and  so sulphates and  chlorides in solution ~-ill disrupt  the concrete.  

Acids and  C O ,  xx~!l at tack any HAC.  both unconverled and conx~rled. C O .  
alone will produce  a slow surface re.action ~xith a possible incrcase in s trcngtha;  
howe~'er, CO_. in the presence o f  soluble sodium and potassium ions x~iil decompose  
the cement  hydrate  minerals in the concrete  usually with a disruptive effect. H A C  
concretes arc  more  resistant than Port land cement  concretes to lhe action o f  waler  
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containing free carbonic acids and to ~x~ak solutions_ of  mineral acids, but appear to 
be more vulnerable to strong solutions of  acids. 

Attack by su!phatc solutions produces the mineral cttrin~it% approximate 
composition CaA-3CaSO~t-32H.O~ attack by chloride solutions produces 
CaA-CaCl.-aCl. xx-hile attack by CO.  in the presence of  Ha and K ions d c c o m p o ~  
the CaAH6, to AH~, and CaCOj.  All o f  t h e ~  minerals may ix: readily identified by 
DTA techniquc~ although there may be some confusion if building plaster, ~e3~um, 
contaminatc~ the sample. 

In DTA. the peak temperature increases ~i th  the amount of  material in a 
mixture; the larger the quantity the higher the temperature_ Ox-er a limited range, the 
peak temperature. 7", is related to the ~ o f  the mineral present, m, by the equation 

T ~ k l n m  ~ a 

~-here k and a are constants depending on the apparatus and the material_ Midglcy ~ 
and Midglc~ ~ and Ro'mman ~ have ~ this method to identify the complex calcium 
aluminatc mlt h)-dratcs in Portland cc~tcnt posit:s_ and the method is_ appropriate for 
the identification o f  ~ in HAC concretes. To define the temperature of  the 
t h ~ n ~ l  ch:tnge, a normalised peak temperature i$ used. This is the temperature of  the 
peak ~l~-n by a fixed mass of  ~mplc .  Ho~x~cvcr, since the p ~ k  height for equivalent 
cr~.~talliniq~ 4d grain size is directly related to the mass of  the ~mple .  it xvas found 
more convenient to use :~ the n o r m ~ i ~ d  peak temperature (~Pk'r) .  the temperature 
o f  the peak x,4tich occurs x~-hen a sample: g ix~ a peak height equK~lent to a difference 
temperatur~ of  I ~C. 

5ULPILATE A,TTACI~ 

Ettr in~te has a strong endothermic peak at about 100 ~C although the peak 
position will ,,-ary ~i th  composition. Midglc3" and Rosamanz shox~d that the peak 
temperature is lowered with the substitution of  AI ~''~ by Fe ~.'~ and raised by replace- 
merit o f  SO~-'- by O H - .  ~ plot relating peak height to peak temperature for various 
quantitie~ o f  synthetic C~,A-3CaSO.x-32H.O is gK~n in F i a  i = this give~ a NPkT 
o f92  ~C. G ~ u m ,  CaSO~-2H.O. is also given and it has an NPkT of  132 ~C. It will 
be seen that both et tr in~te and g~,lpsum may hai~ peak temperatures of  I ~ ~C', but 
the peak for et tr in~te would be larg~ and for the gypsum small. 

CllUDRIDE ~I"I'AClC 

HAC concrete may be attacked disruptivdy by chloride solutions to fop m th~ 
complex calcium aluminate chloride hydrate. C:~A-CaCIz-a q_ Figure 1 ~ves  the plot 
of  peak temperature ~,~,_ peak height for various masses o f  synthetic C~,A-CaCIz-a q. 
which results in a N P k T o f  161 ~C- 
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CARP~X DIOXIDE ATTACK IX IilE PRL~E.XCI~ OF SODIU~I AN't) POT~-~51UM 

Carbon dioxide in the presence o f  sodium and potassium ions will decompose 
both C A B  ,~ and C~AH,. The rcaction~ may be rcprc~nted by the follossing equa- 
t ion~'. 

2 K O H  + COz -: K.CO:~ ~ H . O  
K:CO~ ~ CaO-A!.O,-10H~O ==~ CaCO~ ~- K . O ' A I . O j  ~ 10 H . O  
K.O-AI.O~, + 4 H=O ~ 2 K O H  ~ Ai..O:~-3H:O 
2 K O H  + C O .  ~ K . .CO~,  + H : O  
K=COj  @ 3 CaO-AI .Oj -6H=O ~ 3 CaCO~ ~ K .O-AI .O~ @ 4 K O H  ~ 4 HzO 
KzO-AlzO ~ @ 4 H . O  ~ 2 K O H  ~- AI .O~-3HzO 

Na ~ill ,~act in a similar manner.  

It ~+II Ix: ~ n  thai alkali hydroxide can react with atmospheric carbon dioxide 
to form K•COj. This decomposes the calcium aluminate hydvat¢~ into C a C O j  and 
alkali aluminatc which ~iil  ~ c t  x~ith i,~tet" to form alkali hydroxide and AI.O~-3HzO. 
It will be appreciated that  the KOH is u ~  up in the first reaction but comes a ~ i l a b l e  
for carbonat ion to form K.CO3 and is thus a~°ailable for further reaction. This form 
o f  attack, incorrectly known as alkaline hydrolysis, will manifest itself by the reduction 
in CAHIo and C jAH~ and an increase in both A H j  and CaCO~. Howex~r. this c h a n ~  
in phase composi t ion may also be cau_~.-,d by direct atmospheric carbonat ion which 
has been shown by Raask z to be beneficial. Thermal anal}~is may be used to detect this 
form of  chemical c h a n ~  since ~,-AH~ has a strong endotherm with a NPkT of  ~ ~ C  
(1~.- I). C~AH6 has a N P k T a t  300 ~C and CaCOj  at about  $50 ~C. So. i fcarbonat ion 



of HAC h ~  taken plac~ there will be only a single peak due to AH~ in the r e , o n  
280-300 ~C, no C 3 A H ,  bein8 detcclcd, and there xt~ll Ix= a laree peak due to CaCO3. 
To dislin_ouish between disruptive carbonation (in the presence of  alkali metal ions) 
and beneficial atmospheric carbonation, it is neces~ry to determine the quantities of  
alkali metals present in the HAC concrete. Anab~is of33  HACs manufactured in the 
UK since 1945 showed that they had cqui~-alent alkalis (Na~O -~- 0.658 K~O) of  0.136 
with a standard deviation of  0 . 0 ~  At 99.5 ~ confuJcnce limits. HAC will not contain 
more than 0 .236~  combined alkalis. HAC contains 40.0 .~ AI:O~ so that if the alkali 
content o f  the concrete is ~reater than 0_006 of  the soluble AI~O3. then there has been 
added alkafi and ddctcrious carbonation. ~o. to detect the ~-called alkaline hydrol- 
,,'sis o f  the HAC concrete, the DTA thcrmo~_~ram ~hould show only a sinflc peak duc 
to AH3 and a large peak due to CaCO~ and on chemical an31ysis the equiva!ent 
alkalis ( N a . O  ~ 0.658 K O) should be greater than 1/175 of  the acid-soluble AI.O~. 

Durin~ in ,~t i~ t t ion~ of  ~amplcs of  HAC concrete which ha,,.'c suffered alkaline 
hydrol~sis~ it xx~ noted that th~ t~PkT for the AH3 tended to Ix: around 266 ~C, while 
the NPkT for 7~-AH3 (Gibbsite) xx~as ~ "C and for 2-AH3 (Bayerite) 260 ~ (l=i~ !)- 
X-Ray diffraction (XRD) of  s amp l~  of  HAC which h a w  suffered alkaline hydrolysis 
s u l l i e d  thai the AH3 was present as nordstrandite, a pol)-t)~pc of  AH3. as xs~-II as 
Gibbsitc. Hoxvever. other samples of  HAC which hax~e not suffered alkaline hydrol- 

and were shown by XRI)  to contain nordstrandite had a NPkT of  ~ ~C xshich 
would suggest,.~-AHs_ 

From this confusion lhe only conclusion is tP.~t i t  is not po~ ib lc  to idcn_tify the 
pol)-morphou~ l~lyt) ' l~  by thermal ana!ysls alone_ 
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