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I'HEFACE 

The d e t e r m i n a t i o n  o f  t h e  e x t e n t  o f  c a r b o n a t i o n  i n  c o n c r e t e  

a n d  m o r t a r s  i s  i m p o r t a n t  i n  a s s e s s i n g  t h e  e x t e n t  o f  c u r i n g  t h a t  

h a s  o c c u r r e d .  Many f a c t o r s  a f f e c t  t h e  c u r i n g  p r o c e s s ,  i n c l u d i n g  

t h e  r z a c t i o n  o f  t h e  C O z  i n  t h e  a t m o s p h e r e  w i t h  l i m e  i n  t h e  c o n c r e t e  

o r  m o r t a r ,  t o  form c a l c i u m  c a r b o n a t e .  The c a r b o n a t i o n  p r o c e s s  i s  

accompanied  by a l o s s  o f  b a s i c i t y .  The a u t h o r  o f  t h i s  p a p e r  

d e s c r i b e s  a method o f  a s s e s s i n g  t h e  e x t e n t  o f  c a r b o n a t i o n  by 

m e a s u r i n g  t h e  pH o f  aqueous  e x t r a c t s  o f  s a m p l e s  o f  t h e  c o n c r e t e  

o r  m o r t a r .  

The D i v i s i o n  w i s h e s  t o  r e c o r d  i t s  t h a n k s  t o  M r .  D . A .  S i n c l a i r ,  

T r a n s l a t i o n  S e c t i o n ,  N a t i o n a l  R e s e a r c h  C o u n c i l ,  f o r  t r a n s l a t i n g  

t h i s  p a p e r  s n d  t o  J.I. Davi son  o f  t h e  A t l a n t i c  R e g i o n a l  S t a t i o n  

o f  DBR/NRC who checked  t h e  t r a n s l a t i o n .  

O t t a w a  
May 1 9 7 1  

N . B .  Hutcheon  
D i r e c t o r  
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DETERMINATION OF CARBONATION OF MORTAR 

BY MEANS OF pH MEASUREMENTS 

I n  a s s e s s i n g  c o r r o s i o n  p r o c e s s e s  i n  r e i n f o r c e m e n t  r o d s ,  t h e  

a t t e n t i o n  o f  s p e c i a l i s t s  i s  b e i n g  i n c r e a s i n g l y  c o n c e n t r a t e d  on  

c a r b o n a t i o n  phenomena i n  c o n c r e t e s  and  m o r t a r s .  The C 0 2  a lways  

p r e s e n t  i n  t h e  a t m o s p h e r e  b r i n g s  a b o u t  a change  i n  t h e  c h e m i c a l  

s t r u c t u r e  o f  t h e  u n i t s  f rom which t h e s e  c o n c r e t e s  a n d  m o r t a r s  

a r e  c o n s t r u c t e d .  The p r o c e s s  o f  c a r b o n a t i o n  i n  c o n c r e t e s  and  

m o r t a r s ,  owing t o  C 0 2  d i f f u s i o n ,  can  b e  c l e a r l y  d e s c r i b e d  i n  

t e r m s  o f  t h e  l o s s  o f  b a s i c i t y  ( 1 , 2 , 3 )  

E x p e r i m e n t a l  S e t u p  

The m o r t a r  spec imens  were  p r o d u c e d  u n d e r  s p e c i f i e d  c o n d i t i o n s  

( T a b l e s  I t o  1 1 1 ) ,  i n  s u c h  a way t h a t  a n  a v e r a g e  measured  v a l u e  

f rom s i x  s p e c i m e n s  f o r  e a c h  c a s e  can  be  r e g a r d e d  as r e p r e s e n t a t i v e .  

To s p e e d  up t h e  r e a c t i o n  C a ( O H ) 2  + C 0 2  -+ C a C O 3  + H z 0  t h e  

t e s t s  were  c o n d u c t e d  i n  a n  a i r - c o n d i t i o n e d  room a t  4 0 ' ~  a n d  70% 

r e l a t i v e  h u m i d i t y ,  w i t h  t h e  C 0 2  c o n t e n t  o f  a i r  m i x t u r e  k e p t  c o n s t a n t  

( 1 5  p e r c e n t  Co2/85% a i r ) .  The c u b i c  spec imens  ( 6 0  x 6 0  x 6 0  mm)  

were  compacted on a v i b r a t i n g  s c r e e n  and  s t o r e d  1, 2 ,  3, 7 ,  1 4  

a n d  28 d a y s .  A c c o r d i n g l y ,  t h e  p rob lem was t o  g e t  v a l i d  q u a n t i t a -  

t i v e  measurements .  Among t h e  methods d e s c r i b e d  by s e v e r a l  o t h e r  

a u t h o r s ,  t h e  method o f  e l e c t r o c h e m i c a l  measurement  o f  aqueous  

c o n c r e t e  e x t r a c t s  seemed t o  be  t h e  most s u i t a b l e ,  i n  s p i t e  o f  t h e  

d a n g e r  t h a t  t h e  m o r t a r  components  which a r e  washed o u t  by t h e  

e x t r a c t i o n ,  and  whose b a s i c  s t r u c t u r e  i s  d e s t r o y e d ,  would  show 

t o o  h i g h  a pH v a l u e .  The p e r t i n e n t  l i t e r a t u r e  c o n t a i n s  v e r y  

d i f f e r e n t  o p i n i o n s  on t h i s  p o i n t  (1, 2) 

I f  t h e  t e s t  c o n d i t i o n s  are k e p t  c o n s t a n t ,  t h i s  s h o u l d  n o t  b e  

ve ry  i m p o r t a n t ,  s i n c e  i n  t h e  p r e s e n t  c a s e  t h e  e r r o r  w i l l  a lways  

b e  c o n s t a n t .  I n  t h e s e  t e s t s ,  we d r i l l e d  a h o l e  20 mm i n  d i a m e t e r  

t h r o u g h  t h e  c e n t e r  o f  t h e  m o r t a r  c u b e .  Every 3  mm t h e  f i l i n g s  

were o o l l e c t e d  and s u s p e n d e d  i n  d i s t i l l e d  w a t e r  ( 2 0 %  s o l u t i o n ) .  

I m m e d i a t e l y  a f t e r  p r o c e s s i n g ,  t h e  pH o f  t h e  spec imen  was d e t e r m i n e d  



w i t t i  cir l  a r r ~ p l i f i e d  e l e c t r o r i i c  pH t e s t e r  o f  t t ~ e  f i r m  o f  Clarnarlr~ arid 

G r a h n e r t  , Dresden.  

T e s t  R e s u l t s  

F o r  t h e  s p e c i f i e d  e x p o s u r e  t i m e s ,  t h e  r e l a t i o n s h i p s  shown i n  

F i g u r e  1 were o b t a i n e d .  The f a m i l i e s  o f  c u r v e s  show t h e  t y p i c a l  

s h a p e s  f o r  d i f f u s i o n  p r o c e s s e s .  T e r m i n a t i o n  o f  t h e  d i f f u s i o n -  

r e a c t i o n  p r o c e s s  a f t e r  l o n g e r  s t o r a g e  t i m e  i s  a l s o  e v i d e n t .  Under 

t h e  chosen  l i m i t i n g  c o n d i t i o n s ,  i t  can  be  r e g a r d e d  as comple te  

a f t e r  abou t  20 d a y s .  

By a n a l o g y  w i t h  t h e  c h l o r i d e  e x t r a c t i o n  t e s t s  o f  D e h l e r ,  

G i n t h e r  and  HSfer  i t  seemed ve ry  p r o b a b l e  t h a t  t h e  g r a i n  

f r a c t i o n s  o f  t h e  f i l i n g s  would show d i f f e r e n t  pH v a l u e s .  T h i s  

was c o n f i r m e d  by t h e  t e s t s  ( T a b l e  I V ) .  T h i s  was a c o n v i n c i n g  

p r o o f  o f  a n  a c t u a l  d i s c r e p a n c y  be tween t h e  t r u e  and t h e  found  

pH v a l u e .  However, s i n c e  a l l  t h e  ground-up m o r t a r  m a t e r i a l  was 

always e x t r a c t e d ,  t h i s  b e h a v i o u r  s h o u l d  n o t  b e  ove remphas ized .  We 

a r e  merely s t a t i n g  what was o b s e r v e d .  

A m i n e r a l o g i c a l  and x  r a y  d e t e r m i n a t i o n  o f  c a l c i t e  i n  t h e  

r e a c t i o n  p r o d u c t s  o f  t h e  c a r b o n a t e d  m o r t a r  s p e c i m e n s ,  c o n d u c t e d  

p a r a l l e l  t o  t h e  pH measurements ,  was n o t  s u c c e s s f u l .  T r e a t i n g  t h e  

t e s t  spec imens  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  u n d e r  t h e  mic roscope  

r e v e a l e d  o n l y  t h e  r e l e a s e  o f  C 0 2 .  There  a r e  two p o s s i b l e  e x p l a -  

n a t i o n s  o f  t h i s  b e h a v i o u r :  

1. The CaCO3 a r i s i n g  u n d e r  t h e s e  c o n d i t i o n s  o f  f o r m a t i o n  i s  

amorphous t o  x  r a y s  b e c a u s e  p u r e  c r y s t a l  growth i s  p r e v e n t e d  by 3 

s e c o n d a r y  r e a c t i o n  i n v o l v i n g  t h e  breakdown o f  t h e  p r i m a r i l y  formed 

Ca b i c a y b o n a t e  i n t o  C a  c a r b o n a t e .  

2 .  Under t h e  g i v e n  t e s t  c o n d i t i o n s  t h e  r e a c t i o n  p r o d u c t s  

c o r r e s p o n d  t o  d i f f e r e n t  m o d i f i c a t i o n s  o f  t h e  c a l c i u m  c a r b o n a t e  

( v a t e r i t e ,  a r a g o n i t e ) .  

The f i r s t  o f  t h e s e  two i n t e r p r e t a t i o n s  i s  f a v o u r e d  by t h e  

e x i s t e n c e  o f  an  u n s t a b l e  pH b e h a v i o u r  a f t e r  s t o r a g e  o f  t h e  spec imens  

i n  t h e  a i r - c o n d i t i o n e d  room. I t  was o f t e n  n o t i c e d  t h a t  t h e  pH 

v a l u e s  o f  t h e  spec imens  were  h i g h e r  a f t e r  one t o  two days  s t o r a g e  



i n  t h e  a i r  f o l l o w i n g  t h e i r  r emova l  f r o m  t h e  a i r - c o n d i t i o n e d  room 

( T a b l e  V ) .  

The l o w e r  pH l i m i t i n g  v a l u e  i n  F i g u r e  1 i s  1 0  f o r  a n  e x p o s u r e  

t i m e  o f  20 d a y s  and  t h e  u p p e r  o n e ,  f o r  t = 0 ,  i s  1 2 . 6 .  

Now, i f  w e  c o n s i d e r  t h e  i n t e g r a l  area components  i n  p e r c e n t a g e  

of  t h e  t o t a l  a r e a  be low t h e  i n d i v i d u a l  c u r v e s  t o  b e  a measu re  o f  

t t i e  e x t e n t  o f  c a r b o n a t i o n ,  w e  f i n d  t h e  r e l a t i o n s h i p  o f  F i g u r e  2  f o r  

t h e  d i f f e r e n t  s t o r a g e  t i m e s ,  by f o r m i n g  t h e  q u o t i e n t  o f  c a r b o n a t e d  

t o  n o n - c a r b o n a t e d  component by a r e a .  The s l o p e  o f  t h e  s t r a i g l ~ t  

l i n e  h e r e  c h a r a c t e r i z e s  t h e  C 0 2  p e r m e a b i l i t y  o f  t h e  m o r t a r  emp loyed .  

W i t i i  t h e  d e t e r m i n a t i o n  o f  t h i s  f a c t o r  i t  i s  p o s s i b l e  t o  d e s c r i b e  

t h e  c a r b o n a t i o n  b e h a v i o u r  u n d e r  t h e  g i v e n  c o n d i t i o n s .  A r e p o r t  

w i l l  be  g i v e n  a t  a l a t e r  t i m e  on t h e  a p p l i c a b i l i t y  o f  t h i s  method 

t o  m o r t a r s  w i t h  g r a i n  s i z e s  up t o  5  mm i n  d i a m e t e r .  

The a u t h o r  w i s h e s  t o  t h a n k  Miss S .  Lehrmann f o r  h e r  v a l u a b l e  

a s s i s t a n c e  i n  c a r r y i n g  o u t  t h e  numerous pH m e a s u r e m e n t s .  
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T a b l e  I 

M o r t a r  c o m p o s i t i o n  

5 GT PZ 375 Karsdorf 
3 GT d i s t i l l e d  H z 0  

8 GT s t a n d a r d  s a n d  I 

16 GT s t a n d a r d  s a n d  I1 

T a b l e  I1 

G r a i n  f r a c t i o n s  o f  s t a n d a r d  s a n d  u s e d  

S t a n d a r d  s a n d  I S t a n d a r d  s a n d  I1 

G r a i n  d i a m e t e r  Component G r a i n  d i a m e t e r  Component 
f rom t o  f rom t o  

[mml [ O / o I  [mml [n/ 01 

T a b l e  I11 - 

Chemica l  a n a l y s i s  o f  PZ 375,  f rom K a r s d o r f  f a c t o r y  

- - -  

I n s o l u b l e  0,51 S O 3  2,64 

Sioa 19,46 MgO 3,lO 

A1203 6,30 f r e e  CaO 1,25 

Feaa 2,88 Loss  on i g n i t i o n  1,48 

CaO 63,45 



T a b l e  I V  

R e l a t i o n s h i p  o f  pH v a l u e s  t o  t h e  v a r i o u s  g r a i n  f r a c t i o n s  

G r a i n  d i a m e t e r  pH v a l u e  G r a i n  d i a m e t e r  pH v a l u e  
f rom t o  f rom t o  

T a b l e  V 

Change o f  pH v a l u e  o f  c a r b o n a t e d  s p e c i m e n s *  
as a r e s u l t  o f  two d a y s  e x p o s u r e  i n  t h e  a t m o s p h e r e  

B e f o r e  e x p o s u r e  A f t e r  e x p o s u r e  

D i s t a n c e  U i s  t a n c e  
f r o m  pH v a l u e  f r o m  pH v a l u e  

s u r f a c e  s u r f a c e  
Lmml [mml 

* Specimens  h a d  b e e n  s t o r e d  s e v e n  d a y s  i n  t h e  
a i r - c o n d i t i o n e d  room. 
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F i g .  2 

R e l a t i o n  of a r e a  q u o t i e n t  
t o  t h e  e x p o s u r e  t i m e  


