
J 

SILICONE ADDITION CURE EMULSIONS 
FOR PAPER RELEASE COATING 

Alain Feu = Andre Soldat 
Rhone Poulenc Chimie 

Biography 

A W N  FAU 
Scientific and Technical Product Manager 
Societe Rhone Poulenc Chimie 
Lyons, France 

Wain Fau iu currently scientific 
the Silicone Department of tha 
of Lyons, France 

and technical product manager in 
Societe Rhone Poulenc Chimis 

Mr. Fau qualifiid aa a chemical engineer e t  E.F.P. College, Lyons 
in 1960, the same year he joined the Societe Rhono Poulenc Chimie 
am an analyst. He later worked in production and rusearch. Since 
1975, he has .pecialiid in remarch and development in paper 
coating silicone.. 



. 

SILICONE ADDITION CURE EMULSIONS 
FOR PAPER RELEASE COATING 

A la in  FAU - Andre SOLDAT 
Rhone Poul enc Chimi e 

BP 22, 69191 S t  Fons Cedex, FRANCE 

ABSTRACT 
The cont ro l  of the react ions o f  S i l i cone add i t ion  cure 
systems has given r i s e  t o  new developments i n  the  f i e l d  o f  
paper coating, using solvent-based low temperature cure 
res ins,  and more p a r t i c u l a r l y ,  so lvent less resins,  which 
o f f e r  unmatched safety  advantages. 

More recen t l y  t h i s  technique was appl ied t o  emulsion 
systems. We w i  11 review the  reac t i on  cont ro l  parameters 
and descr ibe the  emu ls i f i ca t i on  process f o r  these systems. 

E x i s t i n g  achievements i n  terms o f  product perfocmance and 
con t ro l  o f  h igh  dry  content formulat ions now make the 
subs t i t u t i on  o f  solvent based systems by emulsion based 
systems poss ib le  f o r  the  product ion o f  backings f o r  
pressure sens i t i ve  adhesive tapes and 1 abel s. 

INTRODUCTION 

More than 20 years o f  research have been devoted t o  the  concept of S i l i cone 
add i t i on  cure systems (us ing  a plat inum based c a t a l y s t )  f o r  paper release 
appl i c a t  i ons. However, i t  was no t  u n t i l  t he  1980's t h a t  t h i s  technique r e a l l y  
began t o  develop a f t e r  achiev ing b e t t e r  con t ro l  over the  problem o f  i n h i b i t i o n .  

Because o f  t h e i r  undisputed advantages over condensation cure systems, these new 
systems r a p i d l y  grew i n t o  a s t rong market pos i t ion .  Today, more than 70% o f  a l l  
paper and f i l m  coat ings around the  World, are performed w i t h  add i t ion  cure 
S i  1 i cones. 

Some of the  s t rong po in ts  o f  these new systems are : the  very f a s t  cure r a t e  of 
the  r e a c t i o n  a t  low temperature, t h e  con t ro l  o f  t he  reac t i on  a t  normal temperature 
the  non reve rs i  b i  1 i t y  o f  t h e  reac t i on  and the  r e s u l t i n g  stab1 e ageing performance, 
the  con t ro l  over the  adjustable c r o s s l i n k i n g  performance which provides a means of 
producing coat ings w i t h  t h e  requ i red  hardness. 
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This method o f  c o n t r o l l i n g  the  s t a b i l i t y  o f  the  reac t i on  a t  normal temperature 
has been employed f o r  the  development o f  solvent less resins.  

The very f a s t  cure r a t e  o f  the  reac t ion  l e d  t o  development o f  low temperature, 
solvent based res ins  which cure i n  5 seconds a t  110' C instead of 15 seconds a t  
150" C i n  the  case o f  condensation cure resins.  

The more recen t l y  produced emulsion based add i t i on  cure systems requi red t o  
cont ro l  t h e i r  reac t i on  i n  aqueous media. Some o f  the  d i f f i c u l t i e s  a r i s i n g  from 
t h i s  new development res ided i n  : 
. determining the  choice o f  a cure system which would not be sens i t i ve  t o  water 

and emuls i f i ca t ion .  
. the necessi ty t o  p ro tec t  the  cross l inker ,  which i s  sens i t i ve  t o  hydro lys is  

reac t  i ons . 
. the choice o f  a surface ac t i ve  system capable o f  prov id ing a s tab le emulsion. 

The f i r s t  add i t i on  cure emulsions r a p i d l y  found a substant ia l  o u t l e t  i n  the 
coat ing o f  food contact  paper f o r  bakery and past ry  cooking. The subsequent 
op t im iza t ion  o f  the  S i l i cone  polymers used f o r  t h i s  app l i ca t ion  resu l ted  i n  the  
formulat ion o f  S i l i cone  emulsions espec ia l l y  designed f o r  the product ion o f  
backings f o r  pressure sens i t i ve  adhesive tapes and labels .  

2 HEAT CURE TECHNOLOGY 

2.1 

The reac t i on  i s  obtained by combining the  fo l l ow ing  elements : 

Composition and funct ion of the  var ious system components. 

The basic polymer : This cons is ts  o f  one o r  several dimethylpolysi loxanes which 
conta in  reac t i ve  v i n y l  groups. The p o s i t i o n  of these groups, t h e i r  number, 
environment and a c c e s s i b i l i t y  w i l l  he lp  t o  determine the  r e a c t i v i t y  o f  the  system 
and the  type o f  network obtained a f t e r  cure, which cons t i tu tes  the  skeleton o f  
the  system. 

A c ross l i nke r  : This i s  composed o f  one or several methylhydrogenopolysiloxanes. 
n e  p o s i t i o n  o f  the  hydrogenous groups, t h e i r  number, environment and accessibi- 
l i t y  w i l l  determine the  minimum s t a r t i n g  temperature o f  the  react ion,  i t s  cure 
r a t e  and anchorage performance on the  substrate. 

A ca ta l  s t  : This  i s  based on a p la t inum o r  Rhodium compound which i s  dispersed + i n  a me y l v i n y l s i l o x a n e  polymer. The ox ida t ion  s t a t e  o f  the  metal, the  nature 
of the  binder and the  content of p la t inum w i l l  determine the  l e v e l  o f  r e a c t i v i t y  
of t he  ca ta l ys t ,  and i t s  she l f  l i f e  s t a b i l i t y .  Contents o f  50 t o  250 ppm of 
p la t inum per S i l i cone  elastomer are used. F igure I i l l u s t r a t e s  the  s ign i f i cance 
of the  degree o f  ox ida t i on  o f  t he  p la t inum on i t s  r e a c t i v i t y .  Plat inum 0, which 
i s  t he  most reac t ive ,  i s  most f requen t l y  used. 
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A s t a b i l i z e r  : I t s  f u n c t i o n  i s  t o  i n h i b i t  t he  reac t i on  a t  room temperature, by 
'forming a s tab le  compound w i th  the  platinum. This w i l l  l a t e r  be des tab i l i zed  by 
S i  H add i t i on  ( 2 ) .  The comprorliise between the  s t a b i l i t y  o f  t he  cured system a t  
room temperature and the  c ross l i nk ing  temperature threshold w i l l  be determined by 
the  nature of t he  s t a b i l i z e r  and the  concentrat ion i n  which i t  i s  used. 
Sone of t he  products c u r r e n t l y  used are, among others : 

- acetylenic a lcohol  (ethynylcyclohexanol ) ( 3 )  - acety len ic  ketones (8-chloro, 1-octyne, 3-on) ( 4 )  - d i a l  lkylmaleates (dimethyl maleate) ( 5 )  - a l k y l  azodicarboxylates ( e t h y l  azodicarboxylate) ( 6 )  

A re lease c o n t r o l l e r  : This  i s  a tri o r  t e t r a f u n c t i o n a l  r e s i n  which contains 
v i n y l  or hydrogenous r e a c t i v e  groups. These products have less  release than 
l i n e a r  polymers, and thus enable the  release performance t o  be adjusted. 

The r e a c t i v i t y  o f  these products must be tuned t o  the  r e a c t i v i t y  of the  basic 
system, i n  order t o  i n t e g r a t e  them i n t o  the  network and thereby ob ta in  a s tab le 
performance. 
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2.2 Study of the h y d r o s i l y l a t i o n  react ion.  

As shown on f i g u r e  11, the basic reac t ion  i s  simple. Contrary t o  condensation cure 
systems, i t  i s  a c l e a r  and non-reversible react ion.  

F I G U R E  No 11 
BhSJC RLACTION 

Many f a c t o r s  enable us t o  c o n t r o l  t h i s  react ion.  As we have seen these inc lude : 

- t h e  v i n y l  s i  1 oxane s t r u c t u r e  (bas ic  polymer) - t h e  hydrogenosi loxane s t r u c t u r e  (cross1 i nker)  - the  nature and r a t i o  o f  the  s t a b i l i z e r  - t h e  nature and r a t i o  of t h e  c a t a l y s t  

I n  a d d i t i o n  t o  these factors,  two other  parameters can be taken i n t o  account : - the  r a t i o  o f  S i  H / S i  V i  a c t i v e  centers  - t h e  reac t ion  t ime and temperature. 

F igure  I 1 1  shows the  repercussion of an increased S i  H/ S i  V i  r a t i o  upon the  cure 
ra te .  The temperature threshold of t h e  r e a c t i o n  i s  shown bv the  DSC araoh i n  
F i g  I V  F I G U R E  No 111 

CURE RATE A S  A F U N C T I O N  OF R 
n = S I . H / S I . V I  
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dy c o n t r o l l i n g  these var ious parameters, the  requi red reac t ion  can be produced 
and the most s u i t a b l e  compromise f o r  the  a p p l i c a t i o n  concerned can be obtained. 
I t  i s  possible, f o r  example, t o  observe the  ef fect  of a change i n  c e r t a i n  para- 
meters on the  performance u l t i m a t e l y  obtained. 

A d e n s i f i c a t i o n  o f  t h e  network can be obtained by increas ing t h e  r a t i o  o f  a c t i v e  
centers. This hardens the  coat and enhances i t s  smoothness. The t i g h t e r  cohesion 
t h u s b t a i n e d  l i m i t s  t h e  v a r i a t i o n s  i n  the  release performance o f  the adhesived 
laminates. Hodever, t h i s  a lso diminishes the release performance and elastomeric 
proper ty  of t h e  coat. 

A h igher c r o s s l i n k e r  content increases the  SI H / S i  V i  r a t i o ,  which accelarates the 
cure r a t e  and improves enchorage onto t h e  substrate. 

A h igher c a t a l y s t  content accelerates the  cure r a t e  but  increases the  cost of 
t h e  system. Beyond a c e r t a i n  threshold,  i t  becomes necessary t o  r e a j u s t  the 
s tab i  1; zer  content- i n  the  system. 

- 

An increased s t a b i l i z e r  content  improves t h e  s t a b i l i t y  o f  t h e  cured system. 
however, t h i s  requ i res  a h igher  cure temperature threshold. 



An attempt t o  opt imize the  cure r a t e  may induce a reduct ion o f  the chemical 
i n te rac t i onso f  t he  s i l i c o n e  w i t h  t h  e substrate (as i n  the  case o f  a system w i th  
a low a c t i v e  center content)  thus leading t o  a reduced anchorage t o  the substrate. 
Likewise, an improved cure r a t e  can create an unbalanced S i  H / S i  V i  ac t i ve  center 
r a t i o  which would increase the  number of 
This could r e s u l t  i n  s ide react ions w i th  the  

2.3 Risk o f  i n h i b i t e d  reac t i on  

f r e e  ac t i ve  centers i n  the coat ing.  
adhesive, and poor storage s tab i  1 i t y  . 

The amount o f  r i s k  i s  important. For a long 
the  development o f  these systems. 

t ime i t  has been a major obstacle t o  

. 
o f  t h i s  c a t a l y s t  inc lude : 
- 

The greatest  r i s k  concerns the  i n h i b i t i o n  of the  plat inum ca ta lys t .  Inh ibors 

Amines, which may be present through several media (paper t a c k i f i e r s ,  EDTA 
laminat ing  agents, a n t i s l i p  agents on c e r t a i n  polyethylene f i lms, i nso lub i -  
l i z i n g  agents, dyes contained i n  the  paper . . . I  

z These are o f t e n  present i n  the  basic paper, 
ant i foaming agents, surface ac t i ve  agents... 

- Many metals i n  the  form o f  organic sa l ts ,  such as t i n  s a l t s  (used i n  conden- 
sa t i on  systems), zinc, chromium, i r o n  and lead salts... 

Sulphurous organic der iva t ives .  

These products have a d i r e c t  i n f l uence  on the  plat inum compound e i t h e r  by 
rep lac ing  the  p la t inum contained i n  the  compound, the  i n a c t i v e  plat inum then 
being p r e c i p i t a t e d  i n  a c o l l o i d a l  form, o r  by forming a more thermal ly  s tab le 
compound which can no longer be used w i t h i n  the  temperature range cu r ren t l y  
appl ied i n  paper manufacturing. The s l i g h t e s t  t race  o f  these products w i l l  
therefore have noxious e f f e c t s  i n  these appl icat ions.  

A second type o f  r i s k ,  although they less  f requent ly  occur, concerns an 
eventua l l y  unbalanced a c t i v e  center r a t i o .  The unsaturated products may produce 
double bonds rrhich w i l l  h inder the  ac t ion  o f  the  v i n y l  groups and slow down 
the  react ion.  Oxid iz ing products (which are o f t e n  present i n  bleached paper, can 
lead t o  a consumption o f  S i  H groups which would equal ly  slow down the  
cure r a t e -  

Today, these var ious r i s k s  are b e t t e r  known, p a r t i c u l a r l y  t o  paper manufacturers 
and they no longer c o n s t i t u t e  a major obstac le  against  the  u t i l i z a t i o n  o f  
these systems. 

3 SILICONE ADDITION CURE EMULSIONS 

Three main forms o f  s i l i c o n e  add i t i on  cure systems are used : 

- Solvent based d ispers ions are t h e  o ldest ,  most widely used form. Their 
a p p l i c a t i o n  i s  both simple and h i g h l y  f l e x i b l e .  However, i n  view of t he  r i s k s  
invo lved i n  solvents, users have become increas ing ly  re luc tan t  t o  the  u t i l i t a -  
t i o n  of these systems. 



- More recently, solventless systems have developed very rapidly, Today, 
they represent almost 40% of the world market. These systems are based on 
very low molecular weight polymers, which can only be applied t o  very h i g h  grade 
paper i n  terms of pore sealing and smoothness of the surface. In add i t ion  t o  
which,  special coating equipment i s  required. 

- Emulsions systems now offer an alternative t o  solvent based systems. 
They do not require any special equipment and can often be applied t o  lower 
grade substrates. 

3.1 Manufacturing technique 

An emulsion can be defined as a fine dispersion of a l i q u i d  i n t o  another l i qu i  . 
The two fluids are neither miscible nor soluble i n t o  one another. The mixture 
i s  stabilized by one or several surface active agents. 

The dispersion under present consideration is o i l  i n  water. The resulting 
emulsion can then be further diluted i n  water. 
There are two ways of ob ta in ing  Silicone a d d i t i o n  cure emulsions : 

Solvents are no longer necessary. 

- By incorporating polymers directly in to  an emulsion, - by polymerization of monomers after incorpora t ing  them i n  an emulsion. 

The f i r s t  technique requires low molecular weight polymers. On the other hand,  
the second technique produces h i g h  molecular weight polymers while a low 
viscosity i s  s t i l l  maintained i n  the emulsion. 

A t  present, the f i r s t  technique i s  preferred. I t  offers a more reliable way 
of ob ta in ing  an even polymer skeleton and a good spread of residual act ive 
centers, w i t h o u t  risks of  interfering chemical functions. The systems remain 
stable after cure and the risk o f  penetration i n t o  the substrate can be compen- 
sated by a h i g h  cure rate. 

3.2 Choosing the surface active system 

T h i s  i s  one of the key factors for a performant product. 
- Low molecular weight silicone fluids (low viscosity) being t o t a l l y  unsuitable 
for  emulsification, the f i r s t  func t ion  of the surface active agent i s  t o  produce 
a thick, even, aqueous phase after i t  has been mixed w i t h  the polymers, 
capable of transferring energy which  wil l  faci l i ta te  the grinding o f  the 
emu1 si on. 

- I t  i s  important t o  use an ionic surface-active agent. Cataionic systems 
are not suitable w i t h  Silicones, and can produce substantive emulsions, which  
are not the intended purpose for coating applications. Non ionic  systems are 
preferred. They make the emulsions highly compatible w i t h  the polymeric 
additives used i n  the formulation. 

- The stabilizing power of the surface active agents on the emulsion must be 
very h i g h  i n  order t o  be effective i n  the small proportion i n  which they should 
be used. T h i s  i s  due t o  the fact t h a t  they release agents and as such, can have 
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a noxious e f f e c t  on the  u l t ima te  release performance. 

- To avoid a l l  r i s k s  o f  migration, the  surface ac t i ve  agent must include ac t i ve  
centers capable o f  reac t i ng  w i t h  those o f  the Si l icone, t o  form an i n t e g r a l  pa r t  
o f  the  network a f t e r  cure. 

- The surface ac t i ve  agent must have great a f f i n i t y  w i t h  the  substrate (paper). 
For a good wet t ing performance, i t s  surface tens ion must be s u f f i c i e n t l y  low. - Act ive  centers capable o f  reac t i ng  w i t h  those o f  the  paper and ac t ing  as 
anchorage primer, can also be incorporated. 

- Thesurface ac t i ve  agent must present a good f i l m  forming capaci ty i n  order 
t o  have a pore sea l ing  e f f e c t  on the  paper surface. 

- The poss ib le  chemical react ions o f  the  surface ac t i ve  agent w i t h  the  S i l i cone 
polymers must be cont ro l led .  Hence, t o  ob ta in  a good s t a b i l i t y  o f  the  system 
and avoid a l l  premature react ion,  surface ac t i ve  agents o f  d i f f e r e n t  nature can 
be used fo r  the  polymer, the  c ross l inker  and the  c a t a l y s t  ( 7 ) .  

- The surface ac t i ve  agent must be capable o f  p rov id ing  a water re ten t i on  
proper ty  t o  the  system, equal t o  t h a t  o f  the  paper, i n  order t o  form a balanced 
coat ing o f  a l l  the  cons t i tuents  included i n  the  formulat ion (no subs tan t i v i t y ) .  

- The choice o f  t he  surface ac t i ve  agent molecular weight enables us t o  con t ro l  
the  p a r t i c l e  s ize.  A low molecular weight w i l l  r e s u l t  i n  very f i n e  pa r t i c l es ,  
o f  t he  order o f  0.2 t o  0.3 microns. On the other  hand, a h igh molecular weight 
(as i n  the  case o f  p ro tec t i ve  c o l l o i d s ) ,  w i l l  produce much coarser p a r t i c l e s  of 
2 t o  3 microns. - t o  l i m i t  the  penet ra t ion  i n t o  the  subst rate - t o  ob ta in  a good compromise between a s u f f i c i e n t l y  s tab le  emulsion i n  a 
d i l u t e d  form, i n  order t o  r e s i s t  t he  shear strenght o f  the  coat ing head, and 
avoid ing a premature d e s t a b i l i z a t i o n  o f  the  concentrated emulsion dur ing the 
d ry ing  stage. 

These la rge  p a r t i c l e s  are p re fe r red  f o r  two reasons : 

3.3 The emulsion c a t a l y s t  

The selected c a t a l y s t  must no t  be sens i t i ve  t o  water. Plat inum based, ch lo r i ne  
f r e e  compounds w i t h  zero degree ox ida t i on  are genera l ly  chosen. It i s  a lso 
important t o  make sure t h a t  the  surface a c t i v e  agent used t o  s t a b i l i z e  the  
emulsion w i l l  not  i n h i b i t  t h e  S i  H/S i  V i  c ross l i nk ing  react ion.  

3.4 Presentat ion o f  the  system 

The systems can be presented under var ious forms : e i t h e r  i n  the form of 
separate cont i tuents ,  which provides great f l e x i b i l i t y  i n  the  formulat ion,  
o r  i n  the  form o f  matching cons t i tuents  which are eas ier  t o  use. A convenient 
presentat ion,  i n  t h e  form o f  3 components i s  o f t e n  proposed: 
Com ound A conta ins the  S i l i cone  polymer, t he  c ross l inker  and the  reac t ion  *. 
Compound B contains the  re lease c o n t r o l l e r  and the  cross l inker ,  
Coumpound C inc ludes the  p la t inum c a t a l y s t  which matches the  basic polymer. 

’ Each component o f  t h e  comnercial product i s  adjusted t o  a 40% concentrat ion. 
8 



4 PROCESSING OF EMULSION BASED SYSTEMS 

For a long time, the  use of emulsion type has been l i m i t e d  t o  app l i ca t ions  other 
than backings f o r  adhesives (P.S.A. type).  These appl icat ions included food 
packaging, laminate separators, t r a n s f e r  paper f o r  synthet ic  rubber and release 
substrates f o r  asphal t  o r  uncured rubber. 

The d i f f i c u l t i e s  involved were connected w i t h  the  necessi ty t o  use overd i lu ted  
formulat ions (5 t o  10%) t o  maintain s u f f i c i e n t  s t a b i l i t y  i n  the  coat ing baths. 
This h igh  d i l u t i o n ,  together w i th  a slow cure r a t e  l e d  t o  a water sa tura t ion  o f  
the  substrates, hence t o  problems o f  s i ze  s t a b i l i t y  and cu r l i ng .  The penetrat ion 
o f  t he  s i l i c o n e  i n t o  the  substrate had t o  be l i m i t e d  by combining so lub le and 
f i l m  forming organic polymers w i th  the  s i l i cone,  i n  order t o  produce a reac t ion  
both on the  paper and on the  s i l i cone.  The r e s u l t i n g  increase i n  v i s c o s i t y  and 
pore sea l ing  e f f e c t  tended t o  reduce the  penetrat ion o f  S i l i cone i n t o  the  paper. 

However , these products a1 so a1 tered the  u l t ima te  re lease performance. And 
f i n a l l y ,  la rge  quan t i t i es  o f  water had t o  be e l iminated from the  paper, which 
s t rong ly  hindered p roduc t i v i t y .  

The con t ro l  o f  add i t i on  cure emulsions enabled s tab le  systems w i th  h igh  dry  
content formulat ions (20 t o  25%) t o  be developed. The v i s c o s i t y  o f  such 
formulat ions remains low ( < 50 mmZ/sec) and the  f a s t  cure r a t e  prevents the  
penetrat ion o f  t he  s i l i c o n e  i n t o  the  paper. 

4.1 Coating condi t ions 

- The coat ing o f  emulsion systems i s  performed w i t h  conventional coat ing 
heads. The use o f  h igh d r y  content formulat ions requi res very low wet deposits. 
Coating equipment, o f  t he  Meyer bar o r  a i r  k n i f e  type are not  su i tab le  f o r  t h i s  

appl icat ion.  The development o f  an engraved ceramic r o l l  has given very 
promissing resu l t s .  The very h igh  degree o f  hardness o f  t h i s  mater ia l  enables 
r o l l s  w i t h  very f i n e  engravings t o  be produced, and a lso makes the  d i f f e r e n t i a l  
speed coat ing  technique now possible. Good coat ing q u a l i t y  has been achieved 
w i t h  wet coat ings o f  4 t o  5 g/m2. 

The preparat ion o f  the  h igh  d ry  content coa t ing  formulat ion requi res a great 
deal o f  a t ten t ion .  The f o l l o w i n g  parameters must be c a r e f u l l y  observed: 

- order o f  incorpora t ion  o f  the  cons t i tuents  - poor r a t e  - a g i t a t i o n  e f f i c i e n c y  - a g i t a t i o n  t ime before each cons t i t uen t  i s  added, p a r t i c u l a r l y  the  ca ta lys t ,  

Generally, t h i s  operat ion can be completed w i t h i n  20 minutes. 
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EXAMPLE OF FORMULnT DN ( ORDER OF INCORPORATION) 

( 1 )  30 par ts  - Component A = Polymer + c ross l inker  + s t a b i l i z e r  
(2) 30 " - Component B = Release cont ro l  agent 
( 3 )  36 " Condensation water 
( 4 )  1 @I - Any o ther  add i t i ve  = antifoam, surface ac t i ve  agent, 

( 5 )  3 It - Component C = Polymer + c a t a l y s t  
f i l m  forming agent .... 

The cha rac te r i s t i cs  o f  the  above formulat ion are : 

Dry S i  1 i cone content * 25% 
Surf ace tens ion = 35mM:m 

V i  scosi t y  (25°C ) = 40 mn2/sec 
Bath s t a b i l i t y  (25" C) = 4 hours 

PH = 6  

Using a d ry  S i l i cone  content o f  lg/m2 as a reference, the  t o t a l  wet deposi t  must 
be 4g/m2 (i.e. 39 o f  water). The ca lo ry  consumption t o  evaporate 3 grammes o f  
water, i s  the equiva lent  o f  t h a t  needed f o r  7 grammes o f  solvent (quan t i t y  
genera l ly  observed i n  so lvent  based r e s i n  coat ings) .  A t  a given cure tempera- 
ture,  the  coat ing r a t e  o f  an aqueous system (25% dry content)  i s  the same as 
t h a t  o f  a solvent based system (12.5% dry  content ) .  

4.2 The emuls i f ied  system i s  appl ied t o  the  
surface o f  the paper. The la rge  p a r t i c l e  s i ze  prevents an excessive penetrat ion 
i n t o  the  paper. The coat ing  i s  r a p i d l y  heated i n  the  tunnel  dryer.  The e l imina-  
t i o n  o f  water, combined w i t h  the thermal shock, r a p i d l y  leads t o  a des tab i l i za-  
t i o n  o f  the  emulsion system. Those surface ac t i ve  agents which present a h igh 
degree o f  a f t i n i t y  w i t h  t h  e paper migrate r a p i d l y  towards i t s  surface whi le  
t h e  less  organocompatible S i l i cone  remains on the  outer  face o f  the  layer.  An 
i n f r a r e d  examination (ATR) shows t h i s  se lec t i ve  t rans fer .  On the  paper surface, 
t h e  surface a c t i v e  agent ac ts  as a surface sea l ing  agent and anchorage primer. 
I t s  water r e t e n t i o n  power w i l l  slow down the  penetrat ion o f  water i n t o  the  
substrate. A f t e r  the  cons t i tuents  have been released, cu r ing  must fo l low 
very q u i c k l y  t o  b lock the  S i l i cone  i n  i t s  s o l i d  s t a t e  on the  surface of the paper. 
Th is  mechanism requ i res  a temperature o f  approximately 100°C on the  paper surface. 
Although the  cure temperature i s  lower than 100°C, the  separat ion o f  the  cons t i -  
tuents  a f t e r  d e s t a b i l i z a t i o n  o f  t he  emulsion system w i l l  on ly  be complete a t  a 
temperature above o r  equal t o  100°C. 

The coat ing mechanism i s  complex. 
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4.3 As regards the  penetrat ion of the  S i l i cone  i n t o  the  paper, i f  we compare 
solvent based, so lvent less and aqueous systems, we observe t h a t  the  s ize o f  the  
molecules used i n  each case, var ies considerably. 

I n  t h e  case o f  solvent based resins,  the  molecules have a high molecular 
weight o f  about 500 angstroms i n  size. The s i ze  o f  the  paper pores i s  genera l ly  
larger .  This impl ies t h a t  the  paper used must be prev ious ly  pore-sealed w i th  
a polymeric coating. 

With so lvent less systems, t h i s  aspect i s  even more c r i t i c a l .  The s ize  o f  the 
molecules i s  about 50 t o  100 Angstroms. Consequently, the  pore seal ing 
treatment i s  even more c ruc ia l .  A d i r e c t  app l i ca t i on  o f  a 1 micron coat ing o f  
S i l i cone  could on ly  be made on the  more expensive paper w i t h  a h igh q u a l i t y  
s u r f  ace f i n i  sh. However, i n  the  case o f  emulsions, the  p a r t i c l e  s i ze  i s  o f  
the  order o f  20 000 t o  30 000 Angstroms. This s i ze  i s  much more su i tab le  f o r  
any paper surface. l ess  elaborate, and there fore  less expensive paper w i l l  
o f t e n  be s u f f i c i e n t  f o r  t h i s  appl icat ion.  

5 PROPERTIES AND PERFORMANCE OF ADDITION CURE EMULSIONS 

5.1 Coatina cure r a t e  . 
This  has been tes ted  on an i n d u s t r i a l  coat ing machine, using 65g/m2 c lay  coated 
paper. The d ry  S i l i cone  content coat ing was set  on lg/m2. The selected 
S i l i cone  emulsion i s  a medium range product (PC 164) w i t h  an average v i n y l  
content. F igure V shows the  t ime taken a t  d i f f e r e n t  temperature l eve l s  i ns ide  
the  tunnel  dryer, f o r  t o t a l  cure (subsequent adhesivat ion equivalent t o  100%). 
It was observed, f o r  example, t h a t  on a machine equipped w i th  a 16 meter long 
tunnel  dryer  operat ing a t  2O0/22O0C, complete cure could be achieved a t  a 
coat ing  r a t e  o f  400 m/minute. 

5.2 Dry S i l i cone  coat ings 
Coatings must be adjusted t o  s u i t  t h e  q u a l i t y  o f  the  basic paper used and the  
requ i red  release performance. F igure V I  shows the  in f luence o f  the  coat ing on 
the  re lease performance, us ing c lay  coated paper and an a c r y l i c  adhesive. 

5.3 Release performance 

The re lease performance was tes ted  a t  d i f f e r e n t  peel ing rates.  The FINAT t e s t  
cond i t ions  were observed (20 hours a t  20°C under a 70g/cm2 pressure). The 
performance achieved w i t h  a SBR adhesive are very good compared w i th  those o f  
a so lvent  based res in .  The performance obtained w i t h  a so lvent less r e s i n  i s  
s u b s t a n t i a l l y  be t te r .  F igure  VI1 shows these resu l t s .  When i n - l i n e  adhesiva- 
t i o n  i s  operated, the  adhesive f o r c e  increases s l i g h t l y  dur ing the  f i r s t  
week and then becomes s tab le  (F igure V I I I ) .  
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COWCLUSION 

The con t ro l  o f  heat cure emulsion techniques has opened the way t o  substant ia l  
progress i n  paper coat ing techniques. The systems now developed have given 
r i s e  t o  s tab le h igh d ry  content, low v iscos i ty ,  bath formulations. These systems 
present a very f a s t  cure rate.  Their  performance can be adjusted according t o  
the  basic polymer used. The level ,  o f  performance achieved i s  a t  l eas t  equal t o  
t h a t  o f  solvent based systems. 

The s u b s t i t u t i o n  o f  solvent based systems by solvent less systems has become 
possible, and i s  now f i n d i n g  i t s  place i n  the production o f  backing papers f o r  
pressure sens i t i ve  adhesives. 
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