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I N F R A  RED INVESTIGATIONS OF 

DIFFERENT KINDS OF SYNTHETIC 

ACTIVE SILICAS 

KEY WfRDS: Active silicas, infra r e d  s p e c t r a ,  

s t r u c t u r e  i n v e s t i g a t i  ons 

J .Gallus-Olender , B. Franc, L. F i r l u s  

I n s t i t u t e  o f  Inorganic  Chemistry ul .  Sowifiskiogo 11 

44-100 Gliwice, Poland 

I N T R  ODUC TI  ON 

The r e s u l t s  of i n v e s t i g a t i o n s  of ac t ive  s i l i c a s  do no t  

permit an unambiguous d e s c r i p t i o n  of t h e i r  s t r u c t u r e ,  which 

is d i f f e r e n t  f o r  each kind of t h i s  mater ia l .  Aerogels, xero- 

gels or t h e  so c a l l e d  p r e c i p i t a t e d  s i l icas  have d i f f e r e n t  

phys i ca l  p r o p e r t i e s ,  due to t h e  a p p l i c a t i o n  of empi r i ca l ly  

e s t a b l i s h e d  cond i t ions  of p r e c i p i t a t i o n  o r  condensation of  

p o l y s i l i c i c  acids .  

S i l i c a s  of high s p e c i f i c  s u r f a c e  a r e a  are known t o  be  

amorphous. Nevertheless  t h e r e  are suggest ions,  t h a t  t h e i r  

s u r f a c e  s t r u c t u r e  is more or less ordered I)* 2)’ Snyder 
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166 GALLUS-OLENDER, FRANC, AND FIRLUS 

and Ward3) invest igated the proper t ies  of a c t i v e  s i  l i c a s  on 

a series of samples, which d i f f e red  widely i n  surface a rea  

and pore diameter. The authors suggested, that the surface 

proper t ies  of auch silicas depend on the degree of surface 

regular i ty  or c rys t a l l i n i ty .  Factors, which promote the  

' c q s t a l l i n i t y '  of silicas during t h e i r  sgnthes is  w i l l  favour 

large a r y s t a l l i t e  s i z e  and increased pore diameter. 

Inves t iga t ions  were s t a r t ed ,  t o  f i n d  some r e l a t i o n s  

between the  physicochemiaal propert ies ,  obtained by conven- 

t i o n a l  methods, such as t he  apparent and compacted bulk den- 

s i t y ,  t h e  water and mineral o i l  adsorptive capacity, the  spe- 

c i f ic  surface area and average pore diameter and t h e  absorp- 

t i o n  proper t ies  i n  t h e  i n f r a  red of silica samples. 

The r e s u l t s  of the  i.r. measurements confirm the  conclu- 

s ions  o f  Snyder and Ward, concerning t h e  d i f f e ren t  r e g u l a r i t i e s  

or s t ruc tu re  and t h e i r  r e l a t i o n  t o  t h e  pore d i m e t a r  size of 

ac t ive  s i l i ca s .  The d i f f e ren t  kinds of silicas, such a8 preci- 

p i t a t ed  white rubber fillers, Aerosils,  f i n e  and l a rge  pore 

s i l i c a  g e l s  and t h e  beer s t a b i l i z e r  Piwator, show some d i f f b  

rence8 i n  t h e i r  irr. spectra, which i n  8ome C.888 allow t o  dis- 

t inguish the  spec i f i c  kind of silica. 

S a m l e s  

1. Ultrasil VX3(I) and VN3(II) - white rubber f i l l e r s  from 

Chem. h b r i k  Vmsseling, Degussa, We8t Gumany; 
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SYNTHETIC ACTIVE S I L I C A S  167 

2. Arsil I, Arsil 11, Arsil I11 - white rubber fillers prepa- 

red in t h e  laboratory by p r e c i p i t a t i o n  from sodium sil icate 

s o l u t i o n  with eu lphur ic  a c i d  s o l u t i o n  a t  pH 44,5 a t  80 c 

3. A r s i l  N - white rubber f i l ler  obtained in t h e  i n d u s t r i a l  

process,  basing on t h e  p r e c i p i t a t i o n  from sodium s i l icate  

s o l u t i o n  with su lphur ic  ac id  s o l u t i o n  

0 4) 
; 

4) i 

4. Aerrosil from Degussa, Y e s t  Germany6 

5. Large and f i n e  pore s i l i c a g e l s  from InouroclawsWe %Wads 

Chemiezne, Poland; 

6. Piva tor  - xerogel for beer S t a b i l i z a t i o n ,  obtained in t h e  

labora tory  by p r e c i p i t a t i o n  from eulphuric  a c i d  s o l u t i o n  

with sodium s i l icate  s o l u t i o n  a t  pH 6-7 a t  room temperature 5) . 
The i.r. s p e c t r a  i n  t h e  range of 40+4000 cm-' u a r e  measurd 

with the  C .Ze i s s  Jena UR-I0 speotrophotometer. The samples 

d r i e d  a t  l l O ° C  u e r e  p e l l e t e d  with KBr. The v i b r a t i o n  band 

1110 cm-' was chosen to demonstrate t h e  v a r i a t i o n s  of t h e  band 

sharpness among t h e  s p e c t r a  of d i f f e r e n t  kinds of silicas 

(Fig,  I). The 1110 c8-l bands shown on Fig.1 were registered 

as absorbancg vs. ware number, us ing  t h e  UR-I0 "Zweitschreibern 

detachment, t o  enable  t h e  measurement of t h e  apparent  band i p  

t e n s i t i e s  

band area by the  base l i n e  technique. The r e s u l t s  are presented 

i n  Tab.1, uhere also t h e  va lues  of apparent and compacted ba lk  

d e n s i t i e s ,  of water and mineral  o i l  adsorp t ive  c a p a c i t i e s ,  of 

s p e c i f i c  BET surface areas, and of average pore diameters  are 

e i t h e r  as absorpt ion d i f fe rence  a t  1110 cmol or as 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



168 GALLUS-OLENDER, FRANC, AND FIRLUS 

lsdo 1200 1 1 0 0  

Pig. I .  The i;r. spectra of different kinds of active s i l i cas  

i n  the  range of 90-1400 cm-' (0,1258 of samples dried 
at  l l O ° C  i n  0,4g KBr pellets) 
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170 GALLUS-OLENDER, FRANC, AND FIRLUS 

given. The s p e c t r a  on Ng. 2 and 3 allow one t o  observe after 

c a l c i n a t i o n  of samples a t  d i f f e r e n t  temperatures t h e  decrease 

of t h e  i n t e n s i t y  of t h e  960 cm-’ absorpt ion band character is-  

t i c  f o r  the  p r e c i p i t a t e d  white rubber f i l lers,  such a s  A r s i l  I 

and Ultrasil.  The s p e c t r a  of Aeros i l s  and l a r g e  pore silica 

gels showed no absorp t ion  i n  t h e  range of 960 cm-’. I n  case  of 

t h e  beer  s t a b i l i z e r  P iva tor  t h e  960 cm-’ absorpt ion band appea- 

red as a broad shoulder on the  1110 cm*’ band. S imi la r  not w e l l  

def ined 960 cm-’ bands were observed in case  of f i n e  pore sili- 

ca gels.  

For samples mostly d i f f e r i n g  i n  t h e  i n t e n s i t y  of id. 

spec t ra ,  such as Ultrasil  and Arsil on one hand and f i n e  pore 

s i l ica  g e l  on t h e  o ther*  X-ray d i f f r a c t i o n  measurements were 

- 
%I I----------- 

FIQ.2. 1.P. s p e c t r a  of Ultrasil VN3 (I) (0,255 i n  0,8 g 
XBr p e i l e t s ) ,  a) before drying,  b) a f g e t  dry ing  
a t  140 C*  c )  after c a l c i n a t i o n  a t  600 C. 
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SYNTHETIC ACTIVE SILICAS 171 

PIG.3. 1.r. s p e c t r a  of A r s i l  I (0,255 i n  0,8g q r  p e l l e t s ) ,  
a> before  drying,  8 )  after drying a t  140 C, c) after 
c a l c i n a t i o n  a t  600 C. 

c a r r i e d  out,  us ing  t h e  d i f f rac tometer  DRON-1, USSR. The di-  

f f r a c t i o n  p a t t e r n s  a r e  shown on Flg. 4. 

The s p e c i f i c  BET surface area d a t a  were obtained by t h e  

conventional BET method, basing on ni t rogen adsorpt ion a t  

77OK on samples predried a t  l l O ° C  before  being weighed up f o r  

t h e  BET measurement. Using t h e  ni t rogen adsorpt ion and d e s o r p  

t i o n  isotherms t h e  average pore diameters of t h e  d i f f e r e n t  

binds of white rubber f i l l e r s  were ca lcu la ted  by t h e  method 

of Cranston and Incley . 6) 

Fig. 5, prepared on t h e  b a s i s  of Tab.1 serves  t o  show 

t h e  main d i f f e r e n c e s  between t h e  var ious  kinds of a c t i v e  si- 

licas. I n  t h e  middle p a r t  of t h e  f i g u r e  values  found f o r  t h e  

v h i t e  rubber f i l lers a r e  demonstrated. The l i n e  drawn from 
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172 GALLUS-OLENDER, FRANC, AND FIRLUS 

- 7.4 PI- 

ng. 4. Diffraction patter-  of three 8ample8 of ac t ive  s i l i c a s  

p o i n t  t o  p o i n t  shows t h e  d i r e c t i o n  of changes of p r o p e r t i e s  

from one kind of s i l i c a  t o  the other .  

RESULTS AND DISCUSSION 

It was shown, t h a t  t h e  i n t e n s i t y  of  t h e  Si-0 v i b r a t i o n  

bands of a c t i v e  s i l i c a s  depends on the kind of sil ica.  The 

samples may be arranged i n  the  fol lowing order  due t o  the  

inc reas ing  sharpness  of t he  1110 cm-' absorpt ion band: f i n e  

pore s i l i c a  gel, large pore s i l i c a  g e l ,  beer s t a b i l i z e r  Piwo- 

t o r ,  and c l o s e  t o  one another the' white rubber f i l l e rs  Ultra- 

sil, Aerosi l  and Arsil. The i n c r e a s e  of band sharpness  may b e  

explained by a higher  degree of s t r u c t u r e  order ,  as t h e  equal 
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SYNTHETIC ACTIVE STLTCAS 

1 

Fig. 5. The v a r i a t i o n  of some phys icochern ica l  p r o p e r t i e s  of  

d i f f e r e n t  k i n d s  o f  a c t i v e  s i l icas .  

c o u p l i n g  of v i b r a t i o n s  of  i d e n t i c a l  s i t es  is t h e  r e a s o n  f o r  

well d e f i n e d  v i b r a t i o n  f r e q u e n c i e s ,  r e f l e c t e d  by d e s c r e e t  vi -  

b r a t i o n  bands.  

S i m i l a r  c o n c l u s i o n s  as t o  t h e  s t r u c t u r e  o r d e r  my be drawn 

on hand of t h e  h a l f w i d t h s  of bands  of t h e  X-ray d i f f r a c t i o n  

p a t t e r n s  (Fig.4). and on hand of t h e  s h a p e  of t h e  960 cm-' i.r. 

bands. The l as t  were a t t r i b u t e d  by Hino and S a t o  t o  OH groups 

hydrogen bonded w i t h  molecular water'). The X-ray d i f f r a c t i o n  
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p a t t e r n  o f  each of  t h e  th ree  s a m p l e s  h a s  one b r o a d  band,  c h a r a e  

t e r i s t i c  f o r  amorphous miter ia ls .  But t h e  d i f f e r e n c e s  i n  t h e  

h a l f  w i d t h s  o f  b a n d s  s u g g e s t  a more o r  less o r d e r e d  s t r u c t u r e .  

Ultras11 VN3 ( I )  and A r s i l  I show s i m i l a r  v a l u e s  of t h e  band 

half  w i d t h ,  39 m and 38 mm r e s p e c t i v e l y .  The d i f f r a c t i o n  band 

of t h e  f i n e  p o r e  s i l i c a  ge l ,  which a c a o r d i n g l y  t o  t h e  i.r. s p e v  

t r a  is supposed  t o  b e  more amorphous, has a much larger  h a l f  

v i d t h  o f  49.5 mm. 

-1 
The s h a p e  of t h e  960 cm OH band,  v h i c h  is more d i s -  

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

b e e r  s t a b i l i z e r s  and f i n e  p o r e  s i l i cage l s  may a l s o  b e  e x p l a i n e d  

by a more o r  less o r d e r e d  a r r a n g e m e n t  o f  OH g r o u p s ,  d e p e n d i n g  m 

t h e  whole s t r u c t u r e  o r d e r .  After c a l c i n a t i o n  o f  s a m p l e s  at 

60O0C t h e  %O cm-’ band d i s a p p e a r s ,  proving i ts  c o n n e c t i o n  

w i t h  t h e  hydroxyl  g r o u p s .  

The v a l u e s  of  a d s o r p t i v e  c a p a c i t i e s  a r e  h i g h e r  for v h i t e  

r u b b e r  f i l l e r 6  t h a n  f o r  s i l i c a  g e l s ,  d e s p i t e  o f  lower s u r f a c e  

areas. The v a r i a t i o n  i n  o i l  a d s o r p t i v e  c a p a c i t i e s  of d i f f e r e n t  

kinds o f  s i l i c a s  t e n d s  t c  p a r a l l e l  the i n t e n s i t i e s  of i.r. b a n &  

(Fig. 5 ) .  T h i s  l e a d s  t o  t h e  c o n c l u s i o n ,  t h a t  f a c t o r s ,  p r o m o t i n g  

t h e  t * c r y m t a l l i n i t y ”  d u r i n g  t h e  s y n t h e s i 6  will l i k e w i s e  f a v o u r  

increamed p o r e  volums. 

This s t a t e m e n t  may b e  s u p p o r t e d  by a n u t h e r  c o n c l u s i o n ,  

t h a t  t he  i n c r e a s e  of s t r u c t u r e  order of  a c t i v e  a i l i c a s  c a u s e s  

a d e c r e a s e  in t h e i r  b u l k  d e n s i t y .  
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SYNTHETIC ACTIVE SILICAS 175 

Ultrasil, Arsil and Aerosi l  have high a d s o r p t i v e  c a p a c i t i s  

and show similar i n t e n s i t i e s  o f  t h e  Si-0 bands of t h e i r  i.r, 

s p e c t r a  and a l s o  s i m i l a r  apparent  bulk d e n s i t i e s  and average 

pore diameters.  But t h e  spectrum of Aeros i l  is d i s t i n g u i s h e d  by 

t h e  l a c k  of t h e  960 cm-' hydroxyl abso rp t ion  band. 
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