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SYNTHESIS AND STUDIES OF ALUMINIUM CHLOROPHOS- 
PHATES 

M.1. KUZMENKOV and T.E. GOLDAR 
The S.M. K i r o v  Byeloruss ian  Technologica l  I n s t i -  
t u t e  Minsk, USSR 

On t h e  base  of aluminium, chromium, and alumo- 
chromiumphosphatc b i n d e r s ,  t h e  e f f i c i e n t  unca lc ined  
r e f r a c t o r y  m a t e r i a l s ,  glues, thermo- and e l e c t r o i n -  
s u l a t i n g  m a t e r i a l s  t h a t  f e a t u r e  a h i g h  thermal  sta- 
b i l i t y  have been obta ined  and appl ied .  However, i n  
t h e s e  b i n d e r s  the atomic phosphorus/metal  r a t i o  i s  
t o  be no l e s s  t h a t  3 f o r  i n d i v i d u a l  and 2.3 f o r  L:. 
mixed-.bqn&rs on c a t i o n  t o  have them s t a b l e  on s t o -  
rage  which s p e c i f i e s  a number of t h e i r  t e c h n o l o g i c a l  
s h o r t  comings . 

The i n t r o d u c t i o n  of c h l o r i n e  anions i l l t o  a bin-  
d e r  composition permi ts  o b t a i n i n g  t h e  s o l u t i o n s  
s t a b l e  t o  c r y s t a l l i z a t i o n  f o r  a long  t ime a t  t h e  
phosphorus/metal r a t i o  equal  t o  a u n i t y  and t h e  ad- 
d i t i o n  t o  composites n i l 1  s i m p l i f y  t h e i r  technology 
and improve t h e i r  qua l i t y l1 ,2 ] .  

aluminium phosphates con ta in ing  a ch lo r in t .  i o n  - a n d  

d i f f e r e n t  methods of i t s  p r e p a r a t i o n  were d e s c r i b e d  
i n  l i t e r a t u r e .  However, t h e  compressive s t r e n g t h  o f  
r e f r a c t o r y  conc re t e s  on t h e i r  base  does n o t  exceed 
16.8 MPa a t  l lOoc ,  37.5 NiPa a t  5OO0C and 24.9 Wa at  
I ooo OC i-3 .] 

The aim of t h i s  work vms t o  s tudy  t h e  format ion  
cond i t ions ,  composition, and p r o p e r t i e s  of  aluminium 

The powdered tt'.7innof ostl ICI-binders  - complex 
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and chromium chlorophosphates  used as a b i n d e r  i n  
t h e  form of a v i scous  s o l u t i o n  and a powdered pro- 
duct  i s o l a t e d  from it. 

The above chlorophosphate  b i n d e r s  provide  a 
h i g h e r  mechanical s t r e n g t h  and thermal  s t a b i l i t y  o f  
t h e  composites on t h e i r  base  as we l l  as make it pos- 
s i b l e  t o  lower the tempera ture  of t h e i r  p repa ra t ion .  

The s y n t h e s i s  of aluminium and chromium chloro-  
phosphates invo lves  two stages : 

(1 ) I n t e r a c t i o n  between a meta l -conta in ing  com- 
ponent and or thophosphoric  and hydroch lo r i c  a c i d s  
at t h e  M:P:CL=1:1:1.2-1.8 ra t io  fo l lowed by the so- 

l u t i o n  evapora t ion  t o  o b t a i n  a v i s c o u s  b inder .  
( 2 )  I s o l a t i o n  of a powdered product  by c r y s t a l -  

l i z a t i o n ,  salting-oi1.t with ace tone  or dry ing  I 1  ,2,4]. 
The interact ion is  c a r r i e d  ou t  by one of t h e  

fo l lowing  r e a c t  i o n s  : 
[ A l C l d  aq + H3P04 --[A1HP04Cl,aq + 2HC1 
A1(09)3 + H3P04 + H C 1  - [AlHPO 4 C 1  E q  a 

+ 3H20 + H C 1  ( 3 )  
{CrCl3'faq + H3P04 --{CrHPO4C1]aq + 2HC1 

-I- 5H20 ( 5 )  

(1 1 
( 2 )  + 3H20 

[AlC13]aq + 2H3P04 + Al(OH!3 -- $AlHP04Cljaq + 

( 4 )  
Cr(OHj3. 2H20 + H3P04 + H C 1  --{CrHP04Cl]aq + 

[CrC113]e.q + 2H3P04 + Cr(OH)30 2H20 -.c +rHP04Cl]aq+ 
+ 5H20 + H C 1  

The aluminium-containing product  i s  a colour-  
( 6  1 

l e s s  t r a n s p a r e n t  s o l u t i o n  of the 1.58-1.63 g/cm 3 
dens i ty .  Its v i s c o s i t y  i s  4.9 - 16.1 Pa.s, concer,t- 
r a t i o n  i s  48-54% in terms of AlHPO C 1 ,  w i t h  t h e  a to -  
mic P:Al=I  r a t i o .  It f e a t u r e s  a good adhes ive  ab i -  
l i t y  and does not c r y s t a l l i z e  within three months. 
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The chromium-containing b inde r  i s  a green  so- 
l u t i o n  of t h e  1.60-1.64 g/cm3 densi ty .  Its v i scos i -  
t y  i s  0.28-4.64 Pa*s,  concen- t r a t i o n  i s  50-52 i n  
terms of CrHPO C1 with t h e  atomic P:Cr=l r a t i o .  It 
does not  c r y s t a l l i z e  f o r  more than a year. 

An i d e n t i c a l  c r y s t a l l i n e  water-soluble product ,  
aluminium chlorophosphate, was i s o l a t e d  from t h e  so- 
l u t i o n  obtained by r e a c t i o n  (1-3) ,  by c r y s t a l l i z a -  
t i o n  o r  sa l t ing-out  with acetone. By i t s  chemical 
composition, i t  corresponds t o  t h e  formula 
AlHPO C1*4H20 whose X-ray p a t t e r n  and IR-spectrum 
do not coincide with those know f o r  t h e  complex a lu-  
minium phosphates i5-6$ 

An amorphous, i n so lub le  product - chromium 
chlorophosphate - however, d i spe r s ing  in  water  i n t o  
f i n e  p a r t i c l e s ,  w a s  i s o l a t e d  from t h e  s o l u t i o n  
obtained according t o  r e a c t i o n s  (4-6) by dry ing  i n  
the  a i r  o r  i n  vacuum. By i t s  chemical composition, 
i t  corresponds t o  t h e  formula CrHPO C1*6HZ0. I t s  
IR-spectrum d i f f e r s  from those  know f o r  chromium 
phosphates. 

minium chlorophosphate c r y s t a l l i z e s  i n  t h e  form of 
1-3 mcm p l a t e s  and has  amorphous na ture .  

The thermal t ransformat ions  o f  b inders  have 
been s tud ied  by t h e  DTA,  I R S ,  X-ray, and p a p e r  chro- 
matography methods. 

mally un s t a b l e  compounds and t ransform i n t o  anhyd- 
rous orthophosphates by a d i f f e r e n t  mechanism. 

There a r e  t w o  endoef fec ts  wi th  minima a t  l l O ° C  
a n d  1 6 O O C  corresponding t o  t h e  removal of one mole 

4 

' 

4 

4 

The e l e c t r o n  microscopic confirm t h a t  t h e  a lu-  

The aluminium and chlorophosphates a r e  t h e r -  
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of hydrogen c h l o r i d e  and fou r  moles of h y d r a t e  water 
i n  t h e  der ivatogram of aluminium chlorophosphate  
t aken  a t  the heating ra te  of  5 drade/min. The i so -  
thermal  s t u d i e s  showed a removal of 1 mole of  H20 
and almost a complete removal of H C 1  at 1 1 0 O C ;  a f t e r  
2 hr of keeping 3.9% C 1  i s  removed; a f t e r  8 hr,  
14.0% C 1  and a f t e r  10  h r  a complete removal o f  15.4% 
C1 occurs  that  conta ined  i n  t h e  s ta r t ing  sample. A 
s u b s t a n t i a l l y  h i g h e r  endoef fec t  with a minimum at 
160oc corresponds t o  t h e  f i n a l  product  dehydrat ion.  
In  t h i s  case ,  keeping the sample within 1 hr r e s u l t s  
i n  a complete t r a n s f e r  i n t o  an amorphous s ta te  f o l -  
llaed a f t e r  2 h r  by c r y s t a l l i z a t i o n  of  an amorphous 
in t e rmed ia t e  phase i n to  t h e  anhydrous aluminium 
orthophosphate ,  A1P04, of t h e  t r i d y m i t e  modi f ica t ion .  
The losses upon c a l c i n a t i o n  of aluminium chlorophos- 
pha te  up t o  1000°C amount t o  49.0%, which corresponds 
t o  t h e  t h e o r e t i c a l  AlHPO C1'4H20 loss: 1 mole of 4 
H C 1 ;  4 mole o f  H20 (46.9) and 2.1% of adsorbed mois- 
t u r e .  Keeping t h e  sample f o r  6 h r  at 1400°C r e s u l t s  
i n  t h e  polymorphous t r ans fo rma t ion  of t h e  t r i d y m i t e  
from i n t o  a c r i s t o b a l i t e  one. 

The chromium chlorophosphate  decomposi t ion in- 
volv ing  removal of gaseous p roduc t s  proceeds 
through f o u r  s t a g e s  and i s  accompanied by endoef- 
f e c t s  with m i n i m a  at 8 O o C ,  150°C,and 92OoC and 
e x o e f f e c t s  with maxima at 450°C and 940°C correspon-  
d ing  t o  t h e  format ion  o f  new phases. I n  t h i s  case ,  
the  chlorophosphate  and the p roduc t s  of i t s  thermal 
t r ea tmen t  remain amorphous t o  about  800°C. I n  t h e  
sample kep t  within 2 h r  at 8 O o C ,  on ly  1.3% of i t s  
starting content  (12.1%) i s  l e f t ,  i.e. the c h l o r i n e  
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ion bond in the chromium chlorophosphate is less 
strong than in the aluminium chlorophosphate. After 
a mole of HC1 is lost at 8OoC a further transfor- 
mation of the chromium chlorophosphate follows the 
CrP04'6H20 dehydration, the CrPO 4 *4H20 and CrP04.0' 
.5H20 being present as intermediate phases as eviden- 
ced by the losses upon calcination. The endoeffect 
at 92OoC corresponds to the loss of the last 0,5 
mole of water and the,&-CrPO crystallization trans- 4 
forming into&-CrPO 
rature is 1 8 0 0 O C .  The total losses upon calcination 
amount t o  52.3% which corresponds to the theoretical 
loss of a mole of HC1, 6 moles of H20 (49.6%) and 
2.7% of adsorbed water. 

nium and chromium chlorophosphates can be repre- 
sented as follows: 

at 94OoC whose melting tempe- 4 

The thermal transformation mechanism of  alumi- 

crystalline amorphous 

14000c A1P04 x AlP04 ---- 
tridymit e crist obalit e 

-6-Ei'r' 

amorphous amorphous 

CrP04'u'5H20 9 =0;5~;r@--CrPO~ 20 OC 9 ----- 40 OC d -CrP04 . 
amorphous crystalline crystalline 

The formation of  thermally stable orthophos- 
phate as the only final products of  thermal trans- 
formations of aluminium and chromium chlorophospha- 
tes permitted a number of  heat-resistant composites 
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of considerable strength to be prepared on their 
to 60 MPa for alumo- and camp G to 78 MPa base ( comp 

for chromium-chlorophosphate binder) produced by 
moulding and at the hardening temperature of 200OC 
l1,4,7,87. 

6 
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