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STRUCTURAL CHANGES DURING THE SILICA RUBBER FILLER 

PRECIPITATION INVESTIGATED BY I R  AND N I R  SPECTROSCOPY 
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spec t ra  

J.Gallus-Olender, B.Franc, L.Firlus 

I n s t i t u t e  of Inorganic Chemistry, ul. Sowifiskiego 11 
44-101 Gliwice, Poland 

INTRODUCTION 

Different  kinds of s i l i c i c  a c i d s  have been proved t o  have 
d i f f e r e n t  p r o p e r t i e s  i n  t h e  i n f r a  red and n e a r  i n f r a  red 1-2/* 

P r e c i p i t a t e d  white rubber f i l l t rs  s i m i l a r l y  a s  t h e  pyrogenic 

Aerosi l  d i f f e r  from s i l i c a  g e l s  by sharper  and more i n t e n s i v e  

Si-0 bands i n  t h e  i n f r a  red ,  which may be explained by a h igher  

p e r i o d i c i t y  of s t ructure”.  I n  dry C C 1  Aeros i l s  and prec ip i ta -  

ted  s i l i c a  rubber f i l l e r s  form a permanent, more o r  l e s s  t ran-  

sparent  suspension, whereas t h e  s i l i c a  g e l  p a r t i c l e s  drop t o  

t h e  bottom. The suspension of s i l i c i c  a c i d s  gives  a d i s t i n c t  

spectrum of OH bands i n  the  near  i n f r a  red. 

The value of the  background l e v e l  of t h i s  spectrum poin ts  t o  

smaller  o r  bigger  p a r t i c l e  se izes .  Thus the  background absor- 

p t i o n  of t h e  pyrogenic Aerosi l  i s  much lower than of o ther  

s i l i c i c  a c i d  fillers2’. 
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414 GALLUS-OLENDER, FRANC, AND FIRLUS 

'.'hi: pr.ccipj.tatetl s i l i c a  rubber  f i l l e r s  e r e  u sua l ly  obta i -  

ned by tho  n e u t r a l j z a t i o n  of' a s:odium s i l i c a t e  s o l u t i o n  wi th  

r x l p h u r i c  ac id .  The n n t u r c  of  t h c  p r e c i p i t a t e  change-. du r ing  

t h e  p r e c i p i t a t i o n .  

The ei.m of' t h e  p re sen t  v!ork weo t o  utudy t h e  format ion  

of t h o  whi tc  r u b b e r  f'j.Ller I.rd.1. du r ing  i t s  p r e c i p i t a t i o n  i n  

t hc ind. u s  t r is  1 p r  oc e s  G :'/, 
::ampler, were drawn success ive ly  from t h e  r e s c t i o n  v e s s e l  and 

t h e i r .  p r o p e r t i e s  determined by methods r epor t ed  p rev ious ly  1-2/ . 
The r e s u l t 8  of' spec t roscop ic  measurements i n  t h e  fi t  and N I R  

vdere compered wi th  convent iona l  methods used i n  t h e  a n a l y s i s  

of' f'i,.lier.s. 

T h e  p r e c i p i t a t i o n  WDS c a r r i e d  out i n  two 3 teps ,  e t  t h e  

tempcre ture  H0-85°C3/. Ti1 t h e  first s t e p  l a s t i n g  60 min., 

i n t o  t h e  r e a c t i o n  v c s s e l  wi th  4.0 m3 of water  two Etrcanc 

wcre f ed  s imul taneous ly ,  one of' a wa te r  g l a s s  s o l u t i o n  of  

t h e  molar  r a t i o  ::iOp/lta20 = 3 , 2 3 ,  con ta in ing  0,64 mol.1-I 

Na20 and 7,0673 mol.1-' S O 2 ,  t h e  o t h e r  of  a ou lphur i c  s c i d  

uo1u t i o n  / 0  ,755 mol .I-' /. 
The amounts of r e a g e n t s  supp l i ed  a f t e r  a given  time a r e  

presented  i n  Tab.1. 

I n  t h e  second r e a c t i o n  s t e p ,  l e s t i n g  30 min, t h e  H SO 

s u p p l y  was continued accord ing  t o  Tab.1. After t h e  end of' 

t h e  r e a c t i o n  t h e  pH W ~ G  a d j u s t e d  t o  3.2-3,8. 

During t h e  whole process ,  every  10 min., a sample from t h e  

r e a c t i o n  v e s s e l  was drawn /Tab.l-2, sauiples 1-9/. The samples 

were f i l t e r e d ,  washed i n  a c e n t r i f u g e  and d r i e d  a t  llO°C i n  

t h e  laboratory. 
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Tab.1. The Arsil rwbber filler p x c i p i t r t i o n  

415 

'rab.2. The change:: of p h y s i c 0  cncmicsl. p roper t ies  during t h e  
Lr3i I rubbe r  :'i. .11 e r p r e  c ip :i. t a t i on. 
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E'IC.1. Structural changes of the silicic acid rubber filler 
during its precipitation 
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Sample I0 /Tab.2/ was drawn a f t e r  t h e  i n d u s t r i a l  f i l t r a t i o n  

and washed and dr ied  i n  t h e  laboratory.  Sample 11 r e p r e s e n t s  

t h e  product a f t e r  t h e  i n d u s t r i a l  washing a t  pH 4-4.8 and t h e  

subsequent f i l t r a t i o n  and drying. 

The seiuples were anaiysed by s e v e r a l  methods’-2/. The r e s u l t s  a r e  

ahown i n  Tab.2 end Fig.1. The 1100 CK” s i l i c a  band was se le -  

cted for comparison of IH. band i n t e n s i t i e s  measured a s  a b s o r  

bance d i f fe rence  by t h e  base l i n e  technique’/. 

To determine t h e  background l e v e l  of t h e  N I R  spec t ra  t h e  pre- 

dr ied s i l i c a  samples were suspended i n  CL1 and t h e i r  spec t ra  4 
measured on t h e  Unicam 5i) 700 spectrophotometer2/ i n  the  

range of 410043000 crn‘l. 

The s p e c i f i c  sur face  area was determined on t h e  automatic am- 

l y n e r  k r e a t r o n  /I.eybolt-Heraeus, C.F.R./, basing on t h e  argon 

adsorpt ion a t  one point of  the  BET adsorpt ion isotherm. 

The i g n i t i o n  l o s s  a t  llOO°C was determined on samples predr ied  

a t  110~::. 

its &own i n  3’ig.l end Tab.2 e t  t h e  beginning of t h e  prec i -  

p i t a t i o n  i n  the  a l k s l i n e  s o l u t i o n  a compact, almost non porous  

maso of very Low o i l  e d s o r p t i v i t g ,  low s p e c i f i c  sur face  a rea  end 

very high loose  b u l k  dens i ty  i a  fo rned  /sanplen ? - 5 / .  The EilicC 

bands of t h e  li: spec t ra  of  these samples o re  low and broad, 

sugest ing a low s t r u c t u r a l  order’’. The semples show a high ign i -  

t i o n  l o s s  i n d i c a t i n g  an e a r l y  condensation s t a t e .  

The high jump of t h e  o i l  a d s o r p t i v i t y  /porosi ty/ ,  accompanied 

by a s t rong  decrease of t h e  bulk densi ty  and r i s e  o€ t h e  IR 

band i n t e n s i t i e s  between sample 5 and 7 supports  the  a e r l i e r  

s ta tements  t h a t  t h e  increase  of a t r u c t u r e  order  of s i l i c a s  
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causes  a dec rease  i n  bulk d e n s i t y  and i n c r e a s e  of pore  volu- 
1/ mes . 

These changes t o g e t h e r  wi th  a growth of t h e  s p e c i f i c  s u r f a c e  

a rea  go on u n t i l  t h e  end of t h e  n e u t r a l i z a t i o n  /sample 9/, 

when a sudden format ion  of' b igge r  p a r t i c l e s  i s  t a k i n g  p l ace  

i n d i c a t e d  by t h e  j u m p  of t h e  background l e v e l  of t h e  N I H  

s p e c t  rum. 

The easy de te rminable  val.ue of t h e  background l e v e l  a t  5260cm-1 

c h a r a c t e r i z e s  t h e  d i s p e r e i b i l i t y  of s i l i c a  f i l l e r s .  

I n  p re l  iminary  i n v e s t i g a t i o n s  on d i f f e r e n t  f i l l e r s  an  

i n v e r s e  p r o p o r t i o n e l i t y  between t h e  background l e v e l  I n  t h e  

1JII: and t h e  a b i l i t y  t o  i n c r e a s e  t h e  s t r e n g t h  of rubber  compounds 

vies found4/. Fu r the r  i n v e s t i g a t i o n s  on t h e  r e l a t i o n  between 

t h e  background l e v e l  o r  TUR s p e c t r a  end q u a l i t y  of s i l i c a  

rubbe r  f i l l e r s  chould be c a r r i e d  out. The ease  with which 

t h e s e  s p e c t r a  can be obta ined  shows b r i g h t  p rospec t s  f o r  IJIR 

examination of  s i l i c a  rubber  f i l l e r s .  

WERENCES 

1. J.Gallus-Olender, B.Pranc, L.Flrlus,  Spectroscopy L e t t e r s ,  

2, 165 /1979/$ 

2. J.Gallus-Olender, B.F:ranc, L.Firlus,  Spectroscopy L e t t e r s ,  

11, 567 /1980/; 

3 .  L. F i r l u s ,  Z.Dacy, K.Szyszka, G.Kuhierczyk, Pol.Pat.91219 

/1973/; 

4. J.Gallus-Olender, unpublished date.  

Received:March 8. 1983 

Accepted: March 2 4 ,  1983 

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


