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©  Haii-spray. 

©  The  invention  relates  to  a  hairspray  product  having 
improved  hair-holding  properties.  The  hairspray  composi- 
tion  comprises,  as  is  usual,  a  solution  of  a  hairspray  resin  in  a 
suitable  solvent,  but  to  improve  the  holding  power  there  is 
also  included  a  minor  amount  of  a  drag  reducing  agent 
which  is  soluble  in  the  solvent  for  the  hairspray  resin.  The 

i  drag  reducing  agent  is  present  in  an  amount  such  that  the 
1  weight  ratio  of  the  hairspray  resin  to  the  drag  reducing  agent 

is  10,000  to  2:1.  The  drag  reducing  agent  amounts  to  less 
than  0.3  %byweight  of  the  composition. 
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T h i s   i n v e n t i o n   r e l a t e s   to  h a i r s p r a y s ,   s o m e t i m e s  

c a l l e d   h a i r   l a c q u e r s .  

H a i r s p r a y s   a r e   p r o d u c t s   c o n t a i n i n g   a  f i l m - f o r m i n g  

r e s i n   w h i c h   when  a p p l i e d   to   t h e   h a i r   h e l p   to  h o l d   t h e  

h a i r   in   p l a c e .   The  f i l m - f o r m i n g   r e s i n   can   be  s p r a y e d  

o n t o   t h e   h a i r   u t i l i s i n g   d i f f e r e n t   t y p e s   of  d i s p e n s e r .  

Most   h a i r s p r a y   p r o d u c t s   u t i l i s e   an  a e r o s o l   c o n t a i n e r ,  

f r o m   w h i c h   t h e   h a i r s p r a y   c o m p o s i t i o n   i s   d i s c h a r g e d   by  a  

p r o p e l l a n t ,   b u t   b e c o m i n g   more   common  as  d i s p e n s e r s   a t  

t h e   p r e s e n t   t i m e   a r e   pump  s p r a y   a p p l i c a t o r s ,   w h i c h  

u t i l i s e   a  m e c h a n i c a l   pump  f o r   t h e   d i s c h a r g e   of  t h e  

c o m p o s i t i o n   c o m p r i s i n g   t h e   f i l m - f o r m i n g   r e s i n .   H a i r s p r a y  

c o m p o s i t i o n s   can   a l s o   be  a p p l i e d   to  t h e   h a i r   f r o m   a  

s o - c a l l e d   s q u e e z e   p a c k ,   t h e   p r e s s u r e   g e n e r a t e d   by  s q u e e z i n g  

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

c o m p o s i t i o n   t h r o u g h   t h e   s p r a y   o r i f i c e .   The  c o m p o s i t i o n  

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

h a i r s p r a y   r e s i n   in   a  s u i t a b l e   s o l v e n t ,   u s u a l l y   a n  

a l c o h o l i c   or   a q u e o u s   a l c o h o l i c   s o l v e n t .  

T h i s   i n v e n t i o n   i s   c o n c e r n e d   w i t h   i m p r o v i n g   t h e  

h o l d i n g   p o w e r   of  a  h a i r s p r a y .  

We  h a v e   d i s c o v e r e d   t h a t   an  u n e x p e c t e d   i n c r e a s e   i n  

t h e   h o l d i n g   p o w e r   of  a  h a i r s p r a y   can   be  o b t a i n e d   s i m p l y  

by  i n c l u d i n g   in   t h e   h a i r s p r a y   c o m p o s i t i o n   a  s m a l l   a m o u n t  

of  a  d r a g   r e d u c i n g   a g e n t .  



A c c o r d i n g   to  t h e   i n v e n t i o n   t h e r e   i s   p r o v i d e d   a  

h a i r s p r a y   p r o d u c t   c o n s i s t i n g   of  a  h a i r s p r a y   c o m p o s i t i o n  

w i t h i n   a  c o n t a i n e r   f o r   s p r a y i n g   t h e   c o m p o s i t i o n   o n t o   t h e  

h a i r ,   w h e r e i n   t h e   h a i r s p r a y   c o m p o s i t i o n   c o m p r i s e s   0 .4  t o  

7.5%  by  w e i g h t   of  t h e   c o m p o s i t i o n   of  a  h a i r s p r a y   r e s i n .  

and  a  s o l v e n t   f o r   t h e   h a i r s p r a y   r e s i n ,   t h e   c o m p o s i t i o n  

a l s o   c o m p r i s i n g   a  d r a g   r e d u c i n g   a g e n t   d i s s o l v e d   in   t h e  

s o l v e n t   w h e r e b y   t h e   h o l d i n g   p o w e r   of  t h e   h a i r s p r a y  

c o m p o s i t i o n   i s   i m p r o v e d ,   t h e   w e i g h t   r a t i o   of  t h e   h a i r s p r a y  

r e s i n   to  t h e   d r a g   r e d u c i n g   a g e n t   b e i n g   1 0 , 0 0 0   to  2 :1   a n d  

t h e   a m o u n t   of  t h e   d r a g   r e d u c i n g   a g e n t   b e i n g   l e s s   t h a n  

0.3%  by  w e i g h t   of  t h e   h a i r s p r a y   c o m p o s i t i o n .  

By  t h e   i n v e n t i o n   t h e   h o l d i n g   p o w e r   of  t h e   a p p l i e d  

h a i r s p r a y   r e s i n   can   be  v e r y   c o n s i d e r a b l y   e n h a n c e d   and  t o  

a  d e g r e e   f a r   e x c e e d i n g   any   b e n e f i t   t h a t   c o u l d   be  p r e d i c t e d .  

I n d e e d ,   t h e   a m o u n t s   of  a d d e d   d r a g   r e d u c i n g   a g e n t   w h i c h  

a r e   e f f e c t i v e   to  i m p r o v e   t h e   h o l d i n g   p o w e r   of  a  h a i r s p r a y ,  

as  d e m o n s t r a t e d   h e r e i n a f t e r ,   a r e   so  s m a l l   t h a t   n o  

m e a s u r a b l e   i m p r o v e m e n t   a t   a l l   in   h o l d   w o u l d   h a v e   b e e n  

e x p e c t e d .  

I t   i s   known  t h a t   t h e   a d d i t i o n   of  even   m i n u t e   a m o u n t s  

of  c e r t a i n   h i g h   m o l e c u l a r   w e i g h t   p o l y m e r s   can  be  u s e d   t o  

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

l i q u i d   in  t u r b u l e n t   f l o w   and  a  s o l i d   s u r f a c e   o v e r   w h i c h  

t h e   l i q u i d   f l o w s   ( s e e   t h e   p a p e r s   "Drag   R e d u c t i o n  



C h a r a c t e r i s t i c s   of  S o l u t i o n s   of  M a c r o m o l e c u l e s   i n  

T u r b u l e n t   P i p e   F l o w "   by  J  G  S a v i n s   p u b l i s h e d   in   S o c i e t y  

of  P e t r o l e u m   E n g i n e e r s   J o u r n a l ,   S e p t e m b e r   1 9 6 4 ,   p a g e s  

203  to   2 1 4 ;   " T u r b u l e n c e   D a m p i n g   and  D r a g   R e d u c t i o n  

P r o d u c e d   by  C e r t a i n   A d d i t i v e s   in   W a t e r "   by  G  E  G a d d  

p u b l i s h e d   in   N a t u r e ,   May  1,  1 9 6 5 ,   p a g e s   463  to  4 6 7 ;  

and  " R e d u c t i o n   of  F r i c t i o n   in   O i l   P i p e l i n e s   by  P o l y m e r  

A d d i t i v e s "   by  A  Ram,  E  F i n k e l s t e i n   and   C  E l a t a   p u b l i s h e d  

in   I  and  EC  P r o c e s s   D e s i g n   and   D e v e l o p m e n t ,   V o l u m e   6 ,  

No  3,  J u l y   1 9 6 7 ,   p a g e s   309  to   3 1 3 ) .   An  e f f e c t   of  t h e  

a d d i t i o n   of  a  d r a g   r e d u c i n g   p o l y m e r   i s   to   i n c r e a s e   t h e  

v o l u m e t r i c   f l o w   of  l i q u i d   t h r o u g h   a  p i p e .   We  u t i l i s e  

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

in  a  h a i r s p r a y   of  t h i s   i n v e n t i o n .   The  d r a g   r e d u c i n g  

a g e n t   s h o u l d   h a v e   a  d r a g   r e d u c t i o n   e f f i c i e n c y   of  a t  

l e a s t   2%  d e t e r m i n e d   as  d e s c r i b e d .  

A  p o l y m e r i c   m a t e r i a l   i s   t e s t e d   f o r   i t s   d r a g  

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

f l o w   r a t e   of  a  s o l v e n t   f o r   t h e   h a i r s p r a y   r e s i n   ( i n  

w h i c h   i t   i s   r e q u i r e d   to  be  s o l u b l e )   by  f e e d i n g   a  s o l u t i o n  

of  t h e   m a t e r i a l ,   in   a  c o n c e n t r a t i o n   s p e c i f i e d   b e l o w ,   a t  

room  t e m p e r a t u r e   ( a b o u t   2 0 ° C )   and  p r e s s u r e   of   15  p s i g  

(1  kg  cm-2  g u a g e )   to   a  c a p i l l a r y   t u b e   of  l e n g t h   32  cms  

and   c a p i l l a r y   d i a m e t e r   1 . 5   mm.  The  d r a g   r e d u c t i o n  

e f f i c i e n c y   of  t h e   m a t e r i a l ,   e x p r e s s e d   as  a  p e r c e n t a g e ,  

i s   g i v e n   by  t h e   e x p r e s s i o n  



w h e r e   f s o l v e n t   i s   t h e   d i s c h a r g e   r a t e   of  t h e   s o l v e n t   a n d  

f s o l u t i o n   i s   t h e   d i s c h a r g e   r a t e   of  t h e   s o l u t i o n   of  t h e  

p o l y m e r   in  t h e   s o l v e n t .   Drag   r e d u c t i o n   e f f i c i e n c i e s  

r e f e r r e d   to   h e r e i n   a r e   d e t e r m i n e d   u s i n g   s o l u t i o n s   o f  

c o n c e n t r a t i o n   0 . 0 1 %   or   0 . 1 0 %   w/w.  A  m a t e r i a l   i s   to  b e  

u n d e r s t o o d   h e r e i n   as  h a v i n g   a  d r a g   r e d u c t i o n   e f f i c i e n c y  

of  a t   l e a s t   2%  i f   i t s   d r a g   r e d u c t i o n   e f f i c i e n c y   a t   a  

s o l u t i o n   c o n c e n t r a t i o n   of  0 . 01%  a n d / o r   0 .10%  w/w  is   a t  

l e a s t   2%.  E x p e r i m e n t s   h a v e   shown  t h a t   d r a g   r e d u c t i o n  

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

of  t h e   h a i r s p r a y   s o l v e n t .   C o n s e q u e n t l y ,   i t   i s   u s u a l l y  

c o n v e n i e n t   to  t e s t   m a t e r i a l s   f o r   t h e i r   d r a g   r e d u c i n g  

e f f i c i e n c y   in  e i t h e r   w a t e r   o r ,   i f   n o t   s o l u b l e   t h e r e i n ,  

in  m e t h y l e n e   c h l o r i d e .   I f   a  m a t e r i a l   has   a  d r a g  

r e d u c t i o n   e f f i c i e n c y   of  a t   l e a s t   2%  in  one  of  t h e s e  

s o l v e n t s   i t   w i l l   be  r e a d i l y   p o s s i b l e   to  f o r m u l a t e   a  

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

r e d u c i n g   a g e n t   b a s e d   on  one  or   more   of  t h e   c o n v e n t i o n a l  

h a i r s p r a y   s o l v e n t s ,   p a r t i c u l a r l y   l o w e r   a l i p h a t i c   a l c o h o l s ,  

m e t h y l e n e   c h l o r i d e   and  m i x t u r e s   t h e r e o f   w i t h   or   w i t h o u t  

w a t e r .   In  c a r r y i n g   ou t   t h e   p r e s e n t   i n v e n t i o n   i t   i s  

p r e f e r r e d   to  e m p l o y   d r a g   r e d u c i n g   a g e n t s   w h i c h   h a v e   a  

d r a g   r e d u c t i o n   e f f i c i e n c y   of  a t   l e a s t   10%.  



A  p a r t i c u l a r l y   e f f e c t i v e   g r o u p   of  m a t e r i a l s   f o r  

e n h a n c i n g   t h e   h o l d i n g   p o w e r   of  h a i r s p r a y   r e s i n s   a r e  

c e r t a i n   p o l y o x y e t h y l e n e s .   T h e s e   n o n - i o n i c   p o l y m e r i c  

m a t e r i a l s   a r e   s o l u b l e   in   w a t e r   and  m i x t u r e s   of  w a t e r   a n d  

o r g a n i c   h a i r s p r a y   s o l v e n t s   and  a r e   e f f e c t i v e   in   e n h a n c i n g  

t h e   h o l d i n g   p o w e r   of  a  h a i r s p r a y   a t   v e r y   low  l e v e l s ,  

p a r t i c u l a r l y   in   t h e   c a s e   of   t h o s e   p o l y o x y e t h y l e n e s   h a v i n g  

an  a v e r a g e   m o l e c u l a r   w e i g h t   e x c e e d i n g   one  m i l l i o n   w h i c h  

a r e   e f f e c t i v e   e v e n   a t   l e v e l s   of  l e s s   t h a n   50  p a r t s   p e r  

m i l l i o n   of  t h e   h a i r s p r a y   c o m p o s i t i o n .   W a t e r   s o l u b l e  

p o l y m e r s   of   e t h y l e n e   o x i d e   a r e   c o m m e r c i a l l y   a v a i l a b l e  

f r o m   U n i o n   C a r b i d e   C o r p o r a t i o n   u n d e r   t h e   t r a d e   n a m e  

POLYOX  W a t e r   S o l u b l e   R e s i n s   (POLYOX  i s   a  t r a d e   m a r k ) .  

The  m e m b e r s   of  t h e   c o m m e r c i a l l y   a v a i l a b l e   P o l y o x  

r a n g e   of  p o l y o x y e t h y l e n e   r e s i n s   t h a t   a r e   d r a g   r e d u c i n g  

a g e n t s   a r e   i n d i c a t e d   b e l o w ,  t h e   i n f o r m a t i o n   r e g a r d i n g  

v i s c o s i t y   and  a p p r o x i m a t e   w e i g h t   a v e r a g e   m o l e c u l a r   w e i g h t s  

b e i n g   t a k e n   f r o m   t r a d e   l i t e r a t u r e   s u p p l i e d   by  t h e   U n i o n  

C a r b i d e   C o r p o r a t i o n .  





T y p i c a l   v a l u e s   f o r   t h e   d r a g   r e d u c t i o n   e f f i c i e n c y   o f  

t h e s e   p o l y o x y e t h y l e n e   r e s i n s   a r e   g i v e n   b e l o w .   W a t e r   i s  

a  s u i t a b l e   s o l v e n t   f o r   t h e   d e t e r m i n a t i o n   of  d r a g  

r e d u c t i o n   e f f i c i e n c y .  

The  p o l y o x y e t h y l e n e   d e s i g n a t e d   P o l y o x   10  ( a v e r a g e  

m o l e c u l a r   w e i g h t   a b o u t   1  x  105)   i s   n o t   a  d r a g   r e d u c i n g  

a g e n t .   At  b o t h   0 . 0 1 %   and  0 .10%  c o n c e n t r a t i o n s   in   w a t e r  

i t   was  n o t   shown  to  e x h i b i t   any   d r a g   r e d u c i n g   p r o p e r t i e s .  

W i t h   r e g a r d   to  t h e   o b t a i n i n g   of  n e g a t i v e   v a l u e s   f o r   t h e  

d r a g   r e d u c t i o n   e f f i c i e n c y   in   c e r t a i n   c a s e s   as  i n d i c a t e d  

a b o v e ,   i t   s h o u l d   be  e x p l a i n e d   t h a t   t h e s e   p o l y m e r s   t e n d  

to  i n c r e a s e   t h e   v i s c o s i t y   of  s o l v e n t s   and  t h i s   w i l l   o f  

c o u r s e   t e n d   to  r e d u c e   t h e   r a t e   of  f l o w   of  t h e   s o l v e n t  

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

a b o v e   a  c e r t a i n   l e v e l   of  a d d i t i o n ,   d e p e n d i n g   on  t h e  

m o l e c u l a r   w e i g h t   of  t h e   p o l y o x y e t h y l e n e ,   t h e   n e t   e f f e c t  



of  t h e   a d d i t i v e   i s   to  r e d u c e   t h e   r a t e   of  f l o w   of  t h e  

s o l v e n t .   H o w e v e r ,   t h i s   e f f e c t   a p p e a r s   to  be  of  n o  

s i g n i f i c a n c e   as  f a r   as  t h e   p r e s e n t   i n v e n t i o n   i s  

c o n c e r n e d .   I t   is   o n l y   i m p o r t a n t   t h a t   t h e   p o l y m e r   s h o u l d  

h a v e   a  d r a g   r e d u c t i o n   e f f i c i e n c y   of  a t   l e a s t   2%  a s  

d e t e r m i n e d   a b o v e .  

An  e s p e c i a l l y   u s e f u l   g r o u p   of  h a i r   h o l d   e n h a n c i n g  

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

w h i c h   a r e   s o l u b l e   in  t h e   p o l a r   o r g a n i c   s o l v e n t s ,   e . g .  

l o w e r   a l i p h a t i c   a l c o h o l s ,   u s u a l l y   u s e d   as  s o l v e n t s   f o r  

h a i r s p r a y   r e s i n s .   T h e s e   n o n - i o n i c   p o l y m e r s ,   w h i c h   a r e  

a l s o   s o l u b l e   in  w a t e r ,   a r e   t h e r e f o r e   p a r t i c u l a r l y   u s e f u l  

a d d i t i v e s   f o r   a  w i d e   r a n g e   of  h a i r s p r a y   p r o d u c t s   in  o r d e r  

to  i m p r o v e   h o l d i n g   p o w e r .   H y d r o x y p r o p y l c e l l u l o s e s   a r e  

c o m m e r c i a l l y   a v a i l a b l e   f r o m   H e r c u l e s   I n c o r p o r a t e d   u n d e r  

t h e   t r a d e   name  KLUCEL.  T h e s e   h y d r o x y p r o p y l c e l l u l o s e s  

h a v e   a  d e g r e e   of  s u b s t i t u t i o n   (MS)  w i t h i n   t h e   r a n g e  

2 . 5   to  10,  t h e   MS  b e i n g   t h e   a v e r a g e   n u m b e r   of  h y d r o x y -  

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

The  m e m b e r s   of  t h e   c o m m e r c i a l l y   a v a i l a b l e   K l u c e l  

r a n g e   of  h y d r o x y p r o p y l c e l l u l o s e   r e s i n s   t h a t   a r e   d r a g  

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

r e g a r d i n g   v i s c o s i t y   and  a v e r a g e   m o l e c u l a r   w e i g h t   b e i n g  

t a k e n   f r o m   t r a d e   l i t e r a t u r e   s u p p l i e d   by  H e r c u l e s  

I n c o r p o r a t e d .  





T y p i c a l   v a l u e s   f o r   t h e   d r a g   r e d u c t i o n   e f f i c i e n c y  

of  t h e s e   h y d r o x y p r o p y l   c e l l u l o s e s   a r e   g i v e n   b e l o w .   W a t e r  

i s   a  c o n v e n i e n t   s o l v e n t   f o r   t h e   d e t e r m i n a t i o n   of  d r a g  

r e d u c t i o n   e f f i c i e n c y .  

The  l o w e r   m o l e c u l a r   g r a d e   L  (LF)  h a v i n g   a  v i s c o s i t y  

in  5%  s o l u t i o n   of  7 5 - 1 5 0   cps  ( B r o o k f i e l d   S p i n d l e   No  1 ,  

30  RPM),  and  a v e r a g e   m o l e c u l a r   w e i g h t   a b o u t   1  x  105 ,   a n d  

t h e   E  (EF)  g r a d e   h a v i n g   a  v i s c o s i t y   in  10%  a q u e o u s  

s o l u t i o n   of  3 0 0 - 7 0 0   cps  ( B r o o k f i e l d   S p i n d l e   No  2,  60  RPM) 

and  a v e r a g e   m o l e c u l a r   w e i g h t   a b o u t   0 . 6   x  105  a r e   n o t  

d r a g   r e d u c i n g   a g e n t s .   At  b o t h   0 . 01%  and  0 . 1 0 %  

c o n c e n t r a t i o n   in  w a t e r   n e i t h e r   of  t h e s e   h y d r o x y p r o p y l  

c e l l u l o s e s   was  shown  to  e x h i b i t   any   d r a g   r e d u c i n g  

p r o p e r t i e s .  

F u r t h e r   u s e f u l   d r a g   r e d u c i n g   a g e n t s   f o r   e n h a n c i n g  

t h e   h o l d i n g   p o w e r - o f   a  h a i r s p r a y   r e s i n   a r e   p o l y a c r y l i c  

e l a s t o m e r s ,   f o r   e x a m p l e   t h e   p o l y ( e t h y l   a c r y l a t e )   e l a s t o m e r  

c o m m e r c i a l l y   a v a i l a b l e   f rom  t h e   B  F  G o o d r i c h   C h e m i c a l  

Company  u n d e r   t h e   t r a d e   name  " H y c a r   4 0 ' 2 1 - 4 5 " .   T h i s  



n o n - i o n i c   m a t e r i a l   c o n s i s t s   e s s e n t i a l l y   of  p o l y m e r i s e d  

e t h y l   a c r y l a t e   a l t h o u g h   i t   c o m p r i s e s   1  to  5%  of  a  

c o m p o u n d   p r o v i d i n g   r e a c t i v e   c u r e - s i t e s ,   and  b e l i e v e d   t o  

be  2 - c h l o r o e t h y l   v i n y l   e t h e r ,   s i n c e   t h e   p o l y m e r   i s  

i n t e n d e d   f o r   u s e   as  a  v u l c a n i s a b l e   r u b b e r .   P o l y ( e t h y l  

a c r y l a t e )   i s   n o t   s o l u b l e   in   w a t e r   or   a l c o h o l i c   s o l v e n t s  

b u t   i s   s o l u b l e   in   m e t h y l e n e   c h l o r i d e   and  t h e r e f o r e   can  b e  

u s e d   in   h a i r s p r a y s   c o n t a i n i n g   m e t h y l e n e   c h l o r i d e   as  a  

s o l v e n t .   I t   had   a  d r a g   r e d u c t i o n   e f f i c i e n c y   of  12%  a t  

0 . 01%  c o n c e n t r a t i o n   and  a  d r a g   r e d u c t i o n   e f f i c i e n c y   o f  

30%  a t   0 . 1 0 %   c o n c e n t r a t i o n .  

A  f u r t h e r   t y p e   of   p o l y m e r   shown  to  be  e f f e c t i v e   a s  

a  d r a g   r e d u c i n g   a g e n t   i s   a  v e r y   h i g h   m o l e c u l a r   w e i g h t  

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

f o r m u l a :  

w h e r e i n   R c e l l   r e p r e s e n t s   t h e   r e s i d u e   of  an  a n h y d r o g l u c o s e  

u n i t ,   w h e r e i n   e a c h   R  i n d i v i d u a l l y   r e p r e s e n t s   a  

s u b s t i t u e n t   g r o u p   of  t h e   f o l l o w i n g   g e n e r a l   f o r m u l a :  



w h e r e   m  i s   a  w h o l e   n u m b e r   of  f rom  0  to  10,  n  is   a  w h o l e  

n u m b e r   of  f r o m   0  to  3,  and   p  i s   a  w h o l e   n u m b e r   of  f r o m  

0  to   10,   and  Y  i s   an  i n t e g e r   s u c h   t h a t   t h e   p o l y m e r   has   a  

v i s c o s i t y   of  f r o m   1 , 0 0 0   to  2 , 5 0 0   c e n t i p o i s e s   in  a  1% 

a q u e o u s   s o l u t i o n   a t   250C  ( B r o o k f i e l d   v i s c o m e t e r   LVF,  

30  rpm,  s p i n d l e   No  3 ) .   The  a v e r a g e   v a l u e s   p e r   a n h y d r o -  

g l u c o s e   u n i t   a r e :   n  f r o m   0 . 3 5   to  0 . 4 5   and  t h e   sum  o f  

m  +  p  i s   f r o m   1  to  2.  A  s u i t a b l e   c a t i o n i c   c e l l u l o s i c  

r e s i n   i s   t h a t   a v a i l a b l e   c o m m e r c i a l l y   f r o m   t h e   U n i o n  

C a r b i d e   C o r p o r a t i o n   u n d e r   t h e   t r a d e   name  " P o l y m e r   JR  3 0 M " .  

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

a g e n t s   r e f e r r e d   to  a b o v e   as  i t   r e q u i r e s   t h e   u s e   o f  

r e l a t i v e l y   l a r g e   a m o u n t s   of  w a t e r   to  be  p r e s e n t   in  t h e  

c o m p o s i t i o n   to   a c t   as  s o l v e n t   s i n c e   i t   i s   n o t   s o l u b l e   i n  

e t h a n o l  o r   m e t h y l e n e   c h l o r i d e .   L o w e r   v i s c o s i t y   g r a d e s  

of  t h e s e   c a t i o n i c   c e l l u l o s i c   p o l y m e r s   s u c h   as  t h e  

g r a d e s   a v a i l a b l e   u n d e r   t h e   t r a d e   names   P o l y m e r   JR  1 2 5  

( v i s c o s i t y   a t   25°C  in  2%  s o l u t i o n   of  7 5 - 1 7 5   c e n t i p o i s e s ,  

B r o o k f i e l d   S p i n d l e   No  1,  30  rpm)  and  P o l y m e r   JR  4 0 0  

( v i s c o s i t y   a t   250C  in  2%  s o l u t i o n   of  3 0 0 - 5 0 0   c e n t i p o i s e s ,  

B r o o k f i e l d   S p i n d l e   No  2,  30  rpm)  a r e   n o t   d r a g   r e d u c i n g  



a g e n t s .   N e i t h e r   of  t h e s e   l o w e r   m o l e c u l a r   w e i g h t   c a t i o n i c  

c e l l u l o s i c   p o l y m e r s   was  shown  to  e x h i b i t   any   d r a g  

r e d u c i n g   p r o p e r t i e s   a t   c o n c e n t r a t i o n s   of  0 . 0 1 %   and  0 . 1 0 % .  

P r e f e r r e d   d r a g   r e d u c i n g   a g e n t s   a r e   t h o s e   w h i c h   a r e  

s o l u b l e   in   e i t h e r   e t h a n o l   or   m e t h y l e n e   c h l o r i d e .   I t   i s  

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

s o l i d   a t   n o r m a l   t e m p e r a t u r e   ( 2 5 0 C ) .  

A  w i d e   v a r i e t y   of  h a i r s p r a y   r e s i n s   h a v e   b e e n   u s e d  

in  c o m m e r c i a l l y   s o l d   h a i r s p r a y   p r o d u c t s .   T h e s e   i n c l u d e  

p o l y v i n y l p y r r o l i d o n e ;   c o p o l y m e r s   of  f r o m   9 2 . 5   to  8 7 . 5 %  

v i n y l   a c e t a t e   and  f r o m   7 . 5   to  12 .5%  c r o t o n i c   a c i d   a s  

d e s c r i b e d   in   US  P a t e n t   No  2 , 9 9 6 , 4 7 1 ,   e . g .   N a t i o n a l  

S t a r c h   R e s y n   2 8 - 1 3 1 0 ;   t e r p o l y m e r s   of  f r o m   7  to  89% 

v i n y l   a c e t a t e ,   6  to   13%  c r o t o n i c   a c i d   and  f r o m   5  to  80% 

of  a  v i n y l   e s t e r   of  an  a l p h a - b r a n c h e d   s a t u r a t e d  

a l i p h a t i c   m o n o c a r b o x y l i c   a c i d   h a v i n g   a  m i n i m u m   of  f i v e  

c a r b o n   a t o m s   in   t h e   c a r b o x y l i c   m o i e t y ,   s a i d   a c i d   h a v i n g  

t h e   f o r m u l a   R 3 C ( R 1 ) ( R 2 ) C O O H   w h e r e   R1  and  R2  a r e   a l k y l  

r a d i c a l s   and  R3  i s   s e l e c t e d   f r o m   h y d r o g e n ,   a l k y l ,   a l k a r y l ,  

a r a l k y l   and  a r y l   r a d i c a l s ,   s u c h   t e r p o l y m e r s   b e i n g  

d e s c r i b e d   i n   B r i t i s h   S p e c i f i c a t i o n   No  1 , 1 6 9 , 8 6 2   and  US 

P a t e n t   No  3 , 8 1 0 , 9 7 7 ,   a  c o m m e r c i a l l y   a v a i l a b l e   t e r p o l y m e r  

of  t h i s   t y p e   b e i n g   t h a t   s o l d   u n d e r   t h e   name  N a t i o n a l  

S t a r c h   R e s y n   2 8 - 2 9 3 0 ;   t e r p o l y m e r s   of  v i n y l   a c e t a t e ;  

c r o t o n i c   a c i d   and  e i t h e r   a  v i n y l   e s t e r   of  t h e   f o r m u l a  



R-COOCH-CH2,   w h e r e i n   R  r e p r e s e n t s   a  l i n e a r   or   b r a n c h e d  

c h a i n   h y d r o c a r b o n   r a d i c a l   c o n t a i n i n g   10  to  22  c a r b o n  

a t o m s ,   or   an  a l k y l   or  m e t h a l l y l   e s t e r   of  t h e   f o r m u l a  

R ' - C O O C H 2 - C ( R " ) = C H 2  w h e r e i n   R'  r e p r e s e n t s   a  l i n e a r   o r  

b r a n c h e d   c h a i n   h y d r o c a r b o n   r a d i c a l   c o n t a i n i n g   10  to  2 2  

c a r b o n   a t o m s ,   and   R"  r e p r e s e n t s   a  h y d r o g e n   a t o m   or  a  

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

B r i t i s h   S p e c i f i c a t i o n   No  1 , 1 5 3 , 5 4 4   and  US  P a t e n t   No 

3 , 5 7 9 , 6 2 9 ;   c o p o l y m e r s   of  f r o m   20  to  60%  of  N - v i n y l  

p y r r o l i d o n e   and  f r o m   40  to  80%  of  v i n y l   a c e t a t e   s u c h   a s  

t h o s e   d e s c r i b e d   in   US  P a t e n t   No  3 , 1 7 1 , 7 8 4 ,   and  w h i c h  

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

d e s i g n a t i o n s   L u v i s k o l   37E  and  L u v i s k o l   281 ;   c o p o l y m e r s  

of  m a l e i c   a n h y d r i d e   (1  m o l e )   and  an  o l e f i n   (1  m o l e )  

c o n t a i n i n g   2  to  4  c a r b o n   a t o m s ,   p a r t i c u l a r l y   e t h y l e n e ,  

s a i d   c o p o l y m e r   h a v i n g   a  m o l e c u l a r   w e i g h t   of  a b o u t   2 5 , 0 0 0  

to  7 0 , 0 0 0 ,   p r e f e r a b l y   b e i n g   e s t e r i f i e d   to  t h e   e x t e n t   o f  

50  to  70%  w i t h   a  s a t u r a t e d   a l i p h a t i c   a l c o h o l   c o n t a i n i n g  

f r o m   1  to  4  c a r b o n   a t o m s ,   s u c h   as  a r e   d e s c r i b e d   in  US 

P a t e n t   No  2 , 9 5 7 , 8 3 8 ;   a m p h o t e r i c   a c r y l i c   r e s i n s   a s  

d e s c r i b e d   in   US  P a t e n t   No  3 , 7 2 6 , 2 8 8 ,   s u c h   as  t h e   a c r y l a m i d e /  

a c r y l a t e / b u t y l a m i n o - e t h y l   m e t h a c r y l a t e   t e r p o l y m e r  

c o n t a i n i n g   c a r b o x y   g r o u p s   a v a i l a b l e   c o m m e r c i a l l y   u n d e r  

t h e   t r a d e   name  A m p h o m e r ;   and  c o p o l y m e r s   of  m e t h y l   v i n y l  

e t h e r   and  m a l e i c   a n h y d r i d e   ( m o l a r   r a t i o   a b o u t   1 : 1 )   a n d  



s u c h   c o p o l y m e r s   e s t e r i f i e d   w i t h   a  s a t u r a t e d   a l i p h a t i c  

a l c o h o l   c o n t a i n i n g   f r o m   1  to  4  c a r b o n   a t o m s ,   an  e x a m p l e  

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

t r a d e   name  G a n t r e z   E S 4 2 5 .   H o w e v e r ,   t h o s e   s k i l l e d   in   t h e  

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

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

" H a i r   L a c q u e r s   or   H a i r   S p r a y s "   c o m m e n c i n g   on  p a g e   352  o f  

Vo lume   2  of  " C o s m e t i c s   S c i e n c e   and  T e c h n o l o g y " ,   S e c o n d  

E d i t i o n ,   e d i t e d   by  M S  B a l s a m   and  E d w a r d   S a g a r i n   ( 1 9 7 2 ) ,  

and  t h e   s e c t i o n   e n t i t l e d   " H a i r   S p r a y   R e s i n s "   c o m m e n c i n g  

on  p a g e   411  of  " H a r r y ' s   C o s m e t i c o l o g y " ,   1 9 7 3 .  

T h o s e   c o p o l y m e r s   w h i c h   c o n t a i n   a c i d i c   g r o u p s   and  a r e  

w a t e r - i n s o l u b l e   a r e   u s u a l l y   u s e d   i n   t h e i r   n e u t r a l i s e d  

w a t e r - s o l u b l e   f o r m .   S u i t a b l e   n e u t r a l i s i n g   a g e n t s   w h i c h  

may  be  i n c l u d e d   in   t h e   h a i r s p r a y   c o m p o s i t i o n   a r e   a m i n e s ,  

e s p e c i a l l y   a m i n o a l c o h o l s ,   p r e f e r a b l y   2 - a m i n o - 2 - m e t h y l -  

1 , 3 - p r o p a n e d i o l   and  2 - a m i n o - 2 - m e t h y l - l - p r o p a n o l .   O t h e r  

s u i t a b l e   n e u t r a l i s i n g   a g e n t s   a r e   a l s o   g i v e n   in  US  P a t e n t  

Xo  2 , 9 9 6 , 4 7 1 .  

C a r r i e r   l i q u i d s   or  s o l v e n t s   f o r   t h e   h a i r s p r a y   r e s i n  

w h i c h   a r e   c o m m o n l y   u s e d   in   f o r m u l a t i n g   h a i r s p r a y  

c o m p o s i t i o n s   a r e   e t h a n o l ,  i s o p r o p a n o l ,   m e t h y l e n e   c h l o r i d e ,  

2 - m e t h o x y e t h a n o l   and  2 - e t h o x y e t h a n o l ,   and  m i x t u r e s   t h e r e o f  

w i t h   w a t e r .   The  c a r r i e r   l i q u i d   may  c o m p r i s e   more   t h a n  

one  of  t h e s e   o r g a n i c   s o l v e n t s .   I t   i s   r e q u i r e d ,   of  c o u r s e ,  



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

s o l v e n t   f o r   t h e   d r a g   r e d u c i n g   a g e n t .   The  s o l v e n t   w i l l  

u s u a l l y   a m o u n t   to  f r o m   a b o u t  5 %   to  a b o u t   99 .5%  b y  

w e i g h t   of  t h e   c o m p o s i t i o n .   In  a e r o s o l   p r o d u c t s   t h e  

s o l v e n t   w i l l   be  f r o m   a b o u t   5%  to  a b o u t   95%  by  w e i g h t ,  

u s u a l l y   f r o m   a b o u t   10%  to  a b o u t   90%  by  w e i g h t .  

In  t h e   c a s e   of  a e r o s o l   h a i r s p r a y   p r o d u c t s   t h e  

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

p r o p e l l a n t   s u c h   as  a  l i q u e f i e d   gas  p r o p e l l a n t   or  a  

c o m p r e s s e d   gas   p r o p e l l a n t .   Wel l   known  l i q u e f i e d   g a s  

p r o p e l l a n t s   a r e   t h e   h a l o g e n a t e d   h y d r o c a r b o n s   and  t h e  

l i q u e f i a b l e   h y d r o c a r b o n s .   Commonly   u s e d   l i q u e f i e d   g a s  

p r o p e l l a n t s   a r e   t r i c h l o r o f l u o r o m e t h a n e   ( p r o p e l l a n t   1 1 ) ,  

d i c h l o r o d i f l u o r o m e t h a n e   ( p r o p e l l a n t   1 2 ) ,   b u t a n e   a n d  

p r o p a n e ,   and  m i x t u r e s   t h e r e o f .   O t h e r   s u i t a b l e   p r o p e l l a n t s  

a r e   r e f e r r e d   to  in  US  P a t e n t s   Nos  3 , 0 2 6 , 2 5 0 ,   3 , 1 4 5 , 1 4 7  

and  2 , 9 5 7 , 8 3 8 ,   and  more   g e n e r a l l y   in  t h e   s e c t i o n   e n t i t l e d  

" P r o p e l l a n t s "   c o m m e n c i n g   on  p a g e   443  of  Vo lume   2  o f  

" C o s m e t i c s   S c i e n c e   and  T e c h n o l o g y "   r e f e r r e d   to  p r e v i o u s l y .  

L i q u e f i e d   gas   p r o p e l l a n t s   a r e   g e n e r a l l y   u s e d   in  a m o u n t s  

w i t h i n   t h e   r a n g e   10  to  90%  by  w e i g h t   of  t h e   h a i r s p r a y  

c o m p o s i t i o n .   E x a m p l e s   of  c o m p r e s s e d   gas  p r o p e l l a n t s   a r e  

c a r b o n   d i o x i d e ,   n i t r o g e n   and  n i t r o u s   o x i d e .   T h e s e  

p r o p e l l a n t s   a r e   u s u a l l y   u s e d   in   an  a m o u n t   of  f rom  a b o u t   1% 

to  a b o u t   10%  by  w e i g h t   of  t he   t o t a l   h a i r s p r a y   c o m p o s i t i o n .  

L i q u e f i e d   gas  p r o p e l l a n t   m a y  o r   may  no t   be  m i s c i b l e   w i t h  

t h e   s o l v e n t   f o r   t h e   h a i r s  p r a y   r e s i n   and  d r a g   r e d u c i n g   a g e n t  .  



The  u s e   of  pump  s p r a y   a p p l i c a t o r s   f o r   d i s p e n s i n g   a  

w i d e   v a r i e t y   of  c o m p o s i t i o n s   i s   now  v e r y   w e l l   known  a n d  

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

r e f e r r e d   to  in   S o a p ,   P e r f u m e r y   and  C o s m e t i c s   ( S P C ) ,  

M a r c h   1 9 7 7 ,   p a g e s   8 9 - 9 3 .   A  n u m b e r   of  m e c h a n i c a l   p u m p s  

a r e   d e s c r i b e d   in   M o d e r n   P a c k a g i n g ,   O c t o b e r   1 9 7 5 ,   p a g e s  

1 5 - 2 0 .  

The  a m o u n t   of  t h e   d r a g   r e d u c i n g   a g e n t   w h i c h   i s  

i n c o r p o r a t e d   in   t h e   h a i r s p r a y   c o m p o s i t i o n   to  i n c r e a s e  

t h e   h o l d i n g   p o w e r   of  t h e   h a i r s p r a y   r e s i n   i s   r e l a t i v e l y  

s m a l l .   The  a m o u n t   r e q u i r e d   w i l l   d e p e n d   b o t h   on  t h e  

m o l e c u l a r   w e i g h t   and  on  t h e   c h e m i c a l   t y p e   of  t h e   d r a g  

r e d u c i n g   a g e n t   in  so  f a r   as  t h e s e   a f f e c t   d r a g   r e d u c t i o n  

e f f i c i e n c y .   I m p r o v e m e n t s   in   h o l d i n g   p o w e r   h a v e   b e e n  

o b t a i n e d   in  c e r t a i n   c a s e s   w i t h   a m o u n t s   of  t h e   d r a g  

r e d u c i n g   a g e n t   as  s m a l l   as  0 . 0 0 1 %   by  w e i g h t   of  t h e  

c o m p o s i t i o n   or   e v e n   l e s s .   As  a  g e n e r a l   r u l e ,   f o r   a e r o s o l  

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

p r o p o r t i o n   of  p r o p e l l a n t   in   t h e   c o m p o s i t i o n   i s   i n c r e a s e d .  

G e n e r a l l y   t h e   more   e f f i c i e n t   t h e   d r a g   r e d u c i n g   a g e n t ,  

t h e   s m a l l e r   t h e   a m o u n t   r e q u i r e d   to  be  i n c o r p o r a t e d   in  t h e  

h a i r s p r a y   c o m p o s i t i o n   to  i m p r o v e   t h e   h o l d i n g   p o w e r .   F o r  

t h i s   r e a s o n ,   w i t h i n   t h e   s e r i e s   o f ,   f o r   e x a m p l e ,   t h e  

p o l y o x y e t h y l e n e   r e s i n s   or   t h e   h y d r o x y p r o p y l   c e l l u l o s e  

r e s i n s ,   t h e   u s e   of   t h e   h i g h e r   m o l e c u l a r   w e i g h t   m e m b e r s   i s  

p r e f e r r e d .   The  p o l y o x y e t h y l e n e   and  h y d r o x y p r o p y l  



c e l l u l o s e   p o l y m e r s   of  m o l e c u l a r   w e i g h t   of  at  l e a s t  

4 0 0 , 0 0 0   and  5 0 0 , 0 0 0 ,   r e s p e c t i v e l y ,   a re   p a r t i c u l a r l y  

p r e f e r r e d   f o r   t h i s   r e a s o n .   T h e r e   i s ,   h o w e v e r ,  

a  p r a c t i c a l   l i m i t   to   t h e   amoun t   t h a t   any  g i v e n  

d r a g   r e d u c i n g   a g e n t   can  be  i n c l u d e d   in  a  h a i r s p r a y  

c o m p o s i t i o n .   E x c e s s i v e   a m o u n t s   d e l e t e r i o u s l y   a f f e c t   t h e  

s p r a y   p r o p e r t i e s   so  t h a t   t h e   p r o d u c t   w o u l d   no  l o n g e r   b e  

r e g a r d e d   as  a c c e p t a b l e .   E x c e s s   a m o u n t s   of  d r a g   r e d u c i n g  

p o l y m e r   can  l e a d   to  t h e   p r o d u c t i o n   of  a  s p r a y   w i t h   a  v e r y  

s m a l l   cone   a n g l e ,   ( o r   even   to  t h e   p r o d u c t i o n   of  a  j e t  

or   s t r e a m   r a t h e r   t h a n   a  s p r a y )   or   to  an  u n a c c e p t a b l y  

c o a r s e   s p r a y   w h e r e   t h e   d r o p l e t s   a r e   too   l a r g e .   F o r  

t h e s e   r e a s o n s   t h e   a m o u n t   of  t h e   d r a g   r e d u c i n g   a g e n t  

s h o u l d   be  l e s s   t h a n   0 .3%  by  w e i g h t   of  t h e   h a i r s p r a y  

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

a g e n t   s h o u l d   n o t   e x c e e d   0 .2%  by  w e i g h t   of  t h e   c o m p o s i t i o n .  

As  a  g e n e r a l   r u l e   t h e   more   e f f e c t i v e   t h e   p o l y m e r   as  a  

d r a g   r e d u c i n g   a g e n t   t h e   s m a l l e r   t h e   a m o u n t   t h a t   can  b e  

i n c l u d e d   in   a  h a i r s p r a y .   H o w e v e r ,   s u i t a b l e   a m o u n t s   o f  

d r a g   r e d u c i n g   a g e n t   can  r e a d i l y   be  d e t e r m i n e d   by  t h o s e  

s k i l l e d   in  t h e   a r t .  

The  h o l d i n g   p o w e r   of  a  h a i r s p r a y   p r o d u c t   o b v i o u s l y  

a l s o   d e p e n d s   on  t h e   a m o u n t   of  t h e   h a i r s p r a y   r e s i n   p r e s e n t  

in  i t .   I t   i s   u s u a l   in   c o n v e n t i o n a l   p r o d u c t s   to  i n c l u d e  

a t   l e a s t   a b o u t   1%  by  w e i g h t   of  h a i r s p r a y   r e s i n   in  o r d e r  



f o r   t h e   p r o d u c t   to  i m p a r t   a  s a t i s f a c t o r y   h o l d   to  t h e   h a i r .  

A m o u n t s   in  t h e   r a n g e   a b o u t   1  to  3%  by  w e i g h t   a r e   t h e r e f o r e  

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

is   r e q u i r e d   to  h a v e   a  h i g h e r   t h a n   n o r m a l   h o l d i n g   p o w e r  

t h e   a m o u n t   of  r e s i n   can  be  c o r r e s p o n d i n g l y  

i n c r e a s e d .   An  i m p o r t a n t   p r a c t i c a l   c o n s e q u e n c e   of  o u r  

d i s c o v e r y   t h a t   t h e   i n c l u s i o n   of  a  d r a g   r e d u c i n g   a g e n t   i n  

a  h a i r s p r a y   p r o d u c t   can  i m p r o v e   t h e   h o l d i n g   p o w e r   of  t h e  

p r o d u c t   i s   t h a t   i t   e n a b l e s   one  to  s u b s t a n t i a l l y   r e d u c e  

t h e   l e v e l   of  h a i r s p r a y   r e s i n   w i t h o u t   l o s s   of  p r o d u c t  

e f f i c a c y .   T h e r e f o r e   in  t h e   h a i r s p r a y   p r o d u c t   of  t h e  

i n v e n t i o n   t h e   a m o u n t   of  t h e   h a i r s p r a y   r e s i n   can  be  a s  

l i t t l e   as  a b o u t   0 .4%  by  w e i g h t   of  t h e   c o m p o s i t i o n   w h i l e  

s t i l l   r e t a i n i n g   good   h o l d   p r o p e r t i e s .   The  u p p e r  l i m i t   o f  

r e s i n   is  n o t   c r i t i c a l .   The  a m o u n t   of  h a i r s p r a y   r e s i n  

w i l l   g e n e r a l l y   be  in   t h e   r a n g e   0 . 4   to   7 . 5 % ,   more   u s u a l l y  

0 . 4   to   5%,  by  w e i g h t   of  t h e   c o m p o s i t i o n .  

I t   w i l l   be  e v i d e n t   f r o m   t h e   a b o v e   d i s c u s s i o n   o f  

t h e   d e l e t e r i o u s   e f f e c t   on  s p r a y   p r o p e r t i e s   of  t h e  

i n c l u s i o n   of  h i g h   l e v e l s   of  d r a g   r e d u c i n g   a g e n t   i n  

h a i r s p r a y   p r o d u c t s   t h a t   t h e   h a i r s p r a y   r e s i n s   u s e d   i n  

c o m m e r c i a l   p r o d u c t s   a r e   t h e m s e l v e s   n o t   d r a g   r e d u c i n g  

a g e n t s .   The  h a i r s p r a y   p o l y m e r s   c o m m o n l y   u s e d   a r e   o f  

r e l a t i v e l y   low  m o l e c u l a r   w e i g h t   c o m p a r e d   to  t h e   d r a g  

r e d u c i n g   a g e n t s   r e f e r r e d   to  a b o v e .  



A  s u r p r i s i n g   f e a t u r e   of  t h e   p r e s e n t   i n v e n t i o n   i s   t h a t  

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

in  t h e   h o l d i n g   p o w e r   of  t h e   h a i r s p r a y   even   t h o u g h   a d d e d  

in  a  m i n o r   a m o u n t   c o m p a r e d   to  t h e   a m o u n t   of  h a i r s p r a y  

r e s i n   p r e s e n t .   In  t h e   h a i r s p r a y   p r o d u c t s   of  t h i s  

i n v e n t i o n   t h e   w e i g h t   r a t i o   of  t h e   h a i r s p r a y   r e s i n   t o  

t h e   a d d e d   d r a g   r e d u c i n g   a g e n t   is  p r e f e r a b l y   a t   l e a s t  

5 : 1 .   When  a  d r a g   r e d u c i n g   a g e n t   of  e s p e c i a l l y   h i g h  

e f f e c t i v e n e s s   i s   u s e d   t h e   a m o u n t   w h i c h   may  be  a d d e d   c a n  

be  v e r y   s m a l l   i n d e e d   and  c o u l d   be  as  l i t t l e   as  o n e  

t e n - t h o u s a n d t h   p a r t   of  t h e   r e s i n ,   p a r t i c u l a r l y   w h e n  

h i g h e r   l e v e l s   of  h a i r s p r a y   r e s i n   a r e   e m p l o y e d .   T h e  

w e i g h t   r a t i o   of  h a i r s p r a y   r e s i n   to  d r a g   r e d u c i n g   a g e n t  

w i l l   n o r m a l l y   be  in   t h e   r a n g e   5000  to  5 : 1 .  

T o g e t h e r   w i t h   t h e   h a i r s p r a y   r e s i n ,   s o l v e n t ,   d r a g  

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

c o m p o s i t i o n   may  a l s o   i n c l u d e   v a r i o u s   o t h e r   i n g r e d i e n t s  

w e l l   known  in  t h e   a r t .   E x a m p l e s   of  s u c h   o t h e r   i n g r e d i e n t s  

a r e   p e r f u m e ;   a l c o h o l   d e n a t u r a n t s ,   f o r   e x a m p l e   b e n z y l  

d i e t h y l   2 , 6 - x y l y l   c a r b a m o y l   m e t h y l   ammonium  b e n z o a t e  

and  s u c r o s e   o c t a - a c e t a t e ;   c o n d i t i o n i n g   a g e n t s   s u c h   a s  

l a n o l i n   d e r i v a t i v e s ;   and  p l a s t i c i s e r s   s u c h   as  s i l i c o n e  

o i l s   h a v i n g   a  v i s c o s i t y   of  10  c e n t i s t o k e s   a t   2 5 0 C .  

The  i n c l u s i o n   of  t h e   d r a g   r e d u c i n g   a g e n t   can  a l s o  

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



f r a c t i o n   of  t h e   s p r a y .   Some  of  t h e   p a r t i c l e s   of  t h e  

a e r o s o l   c l o u d   p r o d u c e d   on  s p r a y i n g   a  h a i r s p r a y  

c o m p o s i t i o n   may  be  i n h a l e d   by  t h e   u s e r   or   by  o t h e r  

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

r e d u c i n g   a g e n t   can   r e d u c e   t h e   a m o u n t   of  h a i r s p r a y   i n h a l e d  

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

w h i c h   i s   c a p a b l e   of  r e a c h i n g   and  b e i n g   d e p o s i t e d   in   t h e  

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

p r o d u c t . .  

The  i n v e n t i o n   w i l l   now  be  i l l u s t r a t e d   by  r e f e r e n c e  

to  E x p e r i m e n t s   No  1  to  23.   P e r c e n t a g e s   a r e   by  w e i g h t  

u n l e s s   o t h e r w i s e   s p e c i f i e d .  

In  E x p e r i m e n t s   1  t o  1 5   two  m e t h o d s   of  c o m p a r i n g   t h e  

h a i r   h o l d i n g   p o w e r   of  h a i r s p r a y   c o m p o s i t i o n s   a r e   r e f e r r e d  

to  and   t h e s e   m e t h o d s   w i l l   f i r s t   be  d e s c r i b e d .  

The  S w i t c h   T e s t   M e t h o d  

In  t h i s   t e s t   m e t h o d   t r a i n e d   a s s e s s o r s   c o m p a r e d   in   a  

s u b j e c t i v e   a s s e s s m e n t   m e t h o d   t h e   h o l d i n g   p o w e r   of  v a r i o u s  

h a i r s p r a y s   a p p l i e d   to  h a i r   s w i t c h e s .   The  a s s e s s o r s  

s e l e c t e d   f o r   b o t h   t e s t   m e t h o d s   w e r e   t h o s e   whose   a s s e s s m e n t  

of  t h e   h o l d i n g   p o w e r   and  o t h e r   a t t r i b u t e s   of  h a i r s p r a y  

p r o d u c t s   was  in   good   a g r e e m e n t   w i t h   f i n d i n g s   f r o m   l a r g e  

s c a l e   c o n s u m e r   t e s t s .  

In  t h i s   t e s t   h a i r   s w i t c h e s   of  good   q u a l i t y   u n t r e a t e d  

h a i r   a b o u t   2 0 - 2 5   cms  l o n g ,   2  cms  w i d e   and  w e i g h i n g   a b o u t  

8  to   10  g  w e r e   u s e d .   To  p r e p a r e   t h e   s w i t c h e s   f o r   t h e   t e s t ,  



t h e y   w e r e   s h a m p o o e d ,   d r i e d ,   s u s p e n d e d   and  t h e n   b r u s h e d :  

t h r o u g h .   B e t w e e n   s u c c e s s i v e   a p p l i c a t i o n s   of  h a i r s p r a y ,  

t h e   s w i t c h e s   w e r e   b r u s h e d   ou t   u n t i l   j u d g e d   to  be  f r e e   o f  

any   b o n d i n g   b e t w e e n   t h e   h a i r s .  

The  s w i t c h e s   w e r e   d i v i d e d   i n t o   g r o u p s ,   t h e   n u m b e r   o f  

s w i t c h e s   in   e a c h   g r o u p   c o r r e s p o n d i n g   to  t h e   n u m b e r   o f  

h a i r s p r a y s   b e i n g   c o m p a r e d .   The  n u m b e r   of  g r o u p s   o f  

s w i t c h e s   v a r i e d   f r o m   3  to  5 .  

E a c h   p r o d u c t   was  a p p l i e d   t o  t h e   same  s w i t c h   in  a  

g r o u p   t h r o u g h o u t   t h e   t e s t ,   t h e r e   b e i n g   a  min imum  of  t h r e e  

a p p l i c a t i o n s   of  t h e   p r o d u c t   to  a  s w i t c h .   A f t e r   e a c h  

a p p l i c a t i o n   t h e   h o l d i n g   p o w e r   of  t h e   s p r a y   a p p l i e d   t o  

e a c h   s w i t c h   was  a s s e s s e d   by  one  of  t h e   a s s e s s o r s .   A f t e r  

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

s w i t c h   in  a  g r o u p   was  a s s e s s e d   by  t h e   same  a s s e s s o r   b u t  

e a c h   g r o u p   was  a s s e s s e d   by  a  d i f f e r e n t   a s s e s s o r .   H o w e v e r ,  

f o r   a  g i v e n   g r o u p   t h e   a s s e s s o r   was  u s u a l l y   d i f f e r e n t   f o r  

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

n u m b e r   of  a p p l i c a t i o n s   v a r i e d   f rom  3  to  5 .  

W i t h i n   a  g i v e n   t e s t ,   t h e   d i s t a n c e   f o r   s p r a y i n g   a n d  

t h e   t i m e   of  s p r a y i n g   w e r e   t h e   same  f o r   e a c h   p r o d u c t .   T h e y  

d i f f e r e d   b e t w e e n   t e s t s ,   h o w e v e r ,   a c c o r d i n g   to   t h e  

p a r t i c u l a r   p r o d u c t s   b e i n g   t e s t e d .  

A f t e r   e a c h   a p p l i c a t i o n   of  a  s p r a y   t h e   s w i t c h e s   w e r e  

l e f t   to   d r y   and  t h e n   t h e   a s s e s s o r   r a n k e d   t h e   e f f e c t   of  t h e  

a p p l i e d   s p r a y   on  a  10  p o i n t   s c a l e ,   1  r e p r e s e n t i n g   b e s t  

h o l d   and  10  no  h o l d .   The  s c o r e s   f o r   e a c h   p r o d u c t   w e r e  



t h e n   a v e r a g e d   to   o b t a i n   a  h o l d   v a l u e   f o r   a  g i v e n  

p r o d u c t .   T h e r e f o r e   i f   t h e r e   w e r e   3  g r o u p s  

of  s w i t c h e s   and  3  a p p l i c a t i o n s   of  t e s t   s p r a y   t h e n   t h e  

h o l d   v a l u e   was  an  a v e r a g e   of  9  s c o r e s ;   i f   t h e r e   a r e   5 

g r o u p s   and   5  a p p l i c a t i o n s   a r e   made  t h e n   t h e   h o l d   v a l u e  

was  an  a v e r a g e   of  25  s c o r e s .   On  r e p e a t i n g   t e s t s   i t   w a s  

f o u n d   t h a t   t h e   h o l d   v a l u e s   v a r i e d   o v e r   a b o u t   0 . 5   u n i t .  

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

in   d i f f e r e n t   t e s t s   c a n n o t   be  made  as  t h e   s p r a y i n g  

d i s t a n c e   and   s p r a y   t i m e s   w e r e   n o t   n e c e s s a r i l y   t h e   s a m e  

f o r   t h e   d i f f e r e n t   t e s t s   and   more   i m p o r t a n t l y ,   a  n u m b e r  

of  d i f f e r e n t   s p r a y   v a l v e s   and  a c t u a t o r   c o m b i n a t i o n s   w e r e  

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

w i t h i n   a  g i v e n  t e s t   t h e s e   w e r e   m a i n t a i n e d   t h e   s a m e .  

The  S a l o n   T e s t   M e t h o d  

T h i s   m e t h o d   of   t e s t i n g   h a i r s p r a y s   i s   w h a t   i s   k n o w n  

as  a  h a l f - h e a d   w h i c h   i s   c a r r i e d   o u t   in   a  h a i r   s a l o n .  

A f t e r   s h a m p o o i n g   and  s e t t i n g   t h e   h a i r ,   one  s i d e   of  a  

p a n e l l i s t ' s   h e a d   was  s p r a y e d   w i t h   a  c o n t r o l   p r o d u c t   a n d  

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

c e n t r a l l y   a c r o s s   t h e   t o p   of  t h e   h e a d   to   c o n f i n e   a  s p r a y   t o  

one  s i d e   of  t h e   h e a d .   A f t e r   a l l o w i n g   t h e   s p r a y   to  d r y   ( 1 0  

to   30  m i n u t e s )   t h e   h a i r   h o l d   was  a s s e s s e d   c o m p a r a t i v e l y  

by  b l o w i n g   e a c h   s i d e   of   t h e   h e a d   s e p a r a t e l y   w i t h   a  h a n d  

h a i r   d r y e r   ( b u t   w i t h o u t   h e a t )   and  n o t i n g   w h i c h   s i d e   i s  



d i s t u r b e d   l e a s t   d u r i n g   b l o w i n g   and  l e a s t   d i s s a r r a n g e d  

a f t e r   b l o w i n g   has   b e e n   s t o p p e d .  

On  t h e   s e c o n d   day  t h e   p a n e l l i s t ' s   h a i r   i s   b r u s h e d  

ou t   and  s t y l e d   w h e r e a f t e r   t h e   c o n t r o l   and  t e s t   p r o d u c t s  

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

t h e   s e c o n d   day  i s   t h e n   r e p e a t e d   on  t h e   t h i r d ,   f o u r t h  

and  f i f t h   d a y s .  

The  r e s u l t s   of  t h e   t e s t   a r e   t h e n   a n a l y s e d   s t a t i s t i -  

c a l l y .  

The  n u m b e r   of  p a n e l l i s t s   in  a  t e s t   v a r i e d   f rom  18  

to  2 4 .  

The  r e s p i r a b l e   f r a c t i o n   d a t a   g i v e n   in  E x p e r i m e n t s  

16  to  23  w e r e   d e t e r m i n e d   u s i n g   an  H e x h l e t   e l u t r i a t o r  

( B r i t .   J.  I n d u s t r .   M e d . ,   1 9 5 4 ,   11,  284)   w h i c h   s e p a r a t e s  

p a r t i c l e s   a c c o r d i n g   to  t h e i r   f a l l i n g   v e l o c i t i e s   in  t h e  

a i r .   The  a e r o s o l   i s   d r awn   a t   a  c o n t r o l l e d   h o r i z o n t a l  

v e l o c i t y   t h r o u g h   a  p a r a l l e l   p l a t e   e l u t r i a t o r ;   t h e  

v e r t i c a l   s p a c i n g   of  t h e   p l a t e s   is   s u c h   t h a t   p a r t i c l e s  

s e t t l i n g   on  t hem  d u r i n g   t h e   t r a n s i t   of  t h e  a e r o s o l  

t h r o u g h   t h e   e l u t r i a t o r   c o r r e s p o n d   to  t h o s e   w h i c h   w o u l d  

s e p a r a t e   a e r o d y n a m i c a l l y   in  t h e   u p p e r   r e s p i r a t o r y   t r a c t  

of  man.  Thus  t h e   p a r t i c l e s   p a s s i n g   t h r o u g h   t h e   e l u t r i a t o r  

and  c o l l e c t e d   on  a  f i l t e r   r e p r e s e n t   t h o s e   w h i c h   w o u l d  

p e n e t r a t e   to   t h e   human  l u n g s .   The  u p p e r   a e r o d y n a m i c   s i z e  

l i m i t   f o r   r e s p i r a b l e   p a r t i c l e s   c o l l e c t e d   in  t h e   H e x h l e t   i s  

a b o u t   7  m i c r o n s .  



The  p r o c e d u r e   was  as  f o l l o w s .   A  g l a s s   f i b r e   f i l t e r ,  

d r i e d   and  w e i g h e d ,   was  l o a d e d   i n t o   t h e   H e x h l e t   s a m p l e r  

and  t h e   p a c k   to  be  t r e a t e d   was  w e i g h e d .   The  v a c u u m   w a s  

a d j u s t e d   so  t h a t   t h e   g u a g e   on  t h e   H e x h l e t   s h o w e d   a b o u t  

300  mm  Hg.  A f t e r   t h o r o u g h l y   s h a k i n g   t h e   p a c k ,   t h e  

p r o d u c t   was  s p r a y e d   i n t o   a  c a b i n e t   f i t t e d   to  t h e   f r o n t  

of  t h e   H e x h l e t   s a m p l e r .   In  t h e   c a s e   of  a e r o s o l s ,   e a c h  

s p r a y   was  o f  2   s e c o n d   d u r a t i o n ,   t h e   s p r a y s   b e i n g   r e p e a t e d  

w i t h   s h a k i n g   e v e r y   20  s e c o n d s   f o r   a  t o t a l   of  20  s p r a y s .  

In   t h e   c a s e . o f   pump  s p r a y s   t h e   p r o c e d u r e   was  to   g i v e   1 0  

s p r a y s   in  r a p i d   s u c c e s s i o n   a t   t h e   c o m m e n c e m e n t   of   e v e r y  

20  s e c o n d   p e r i o d   f o r   a  t o t a l   of  200  s p r a y s .   S a m p l i n g   w a s  

c o n t i n u e d   f o r   5  m i n u t e s   a f t e r   t h e   l a s t   s p r a y .   The  p a c k  

was  r e - w e i g h e d   to  g i v e   t h e   w e i g h t   of  t h e   p r o d u c t  

d i s c h a r g e d .   The  w e i g h t   c o l l e c t e d   i s   e x p r e s s e d   i n  

m i l l i g r a m s   p e r   100  g  of  p r o d u c t   d i s c h a r g e d .   T h i s   w e i g h t  

( r e f e r r e d   to   h e r e i n   as  t h e   RFO  v a l u e )   i s   a  m e a s u r e   o f  

t h e   r e s p i r a b l e   m a t e r i a l   in   an  a e r o s o l   c l o u d .   In  s o m e  

c a s e s   t h e   f i l t e r   was  h e a t e d   a t   50°C  f o r   24  h o u r s   and  t h e n  

r e - w e i g h e d .   In   t h i s   way  t h e   w e i g h t   of  n o n - v o l a t i l e s  

c o l l e c t e d   was  d e t e r m i n e d   and  t h i s   w e i g h t   was  a l s o  

e x p r e s s e d   in   m i l l i g r a m s   p e r   100  g  of  p r o d u c t   d i s c h a r g e d .  

T h i s   w e i g h t   ( r e f e r r e d   to  h e r e i n   as  t h e   RF1  v a l u e )   i s   a  

m e a s u r e   of   t h e   r e s p i r a b l e   n o n - v o l a t i l e s   i n  a n   a e r o s o l  

c l o u d .   The  u s e   of  t h e   H e x h l e t   in   d e t e r m i n i n g   r e s p i r a b l e  

f r a c t i o n s   i s   a l s o   d e s c r i b e d   in   A e r o s o l   Age ,   V o l u m e  2 1 ,  

No  11,  N o v e m b e r   1 9 7 6 ,   p a g e s   20  to   2 5 .  



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

at  a  r e l a t i v e   h u m i d i t y   of  50%  and  a  t e m p e r a t u r e   of  2 0 ° C .  

E a c h   v a l u e   of  t h e   p a i r   of  RF0  v a l u e s   ( i e   t h e   RF0  v a l u e s   f o r  

t h e   t e s t   and  c o n t r o l   p r o d u c t s ) ,   and  s i m i l a r l y   RF1  v a l u e s  

w h e r e   d e t e r m i n e d ,   f rom  w h i c h   t h e   p e r c e n t a g e   r e d u c t i o n   in   t h e  

RF0  or   RF1  v a l u e   was  c a l c u l a t e d   was  t h e   a v e r a g e   of  s i x  

m e a s u r e m e n t s   ( two   d e t e r m i n a t i o n s   on  e a c h   of  t h r e e   p a c k s ) .  

The  a c t u a l   n u m e r i c a l   v a l u e s   of  RFO  and  RFi  a r e   d e p e n d e n t   o n  

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

t h e r e f o r e   in   a  c o m p a r a t i v e   t e s t   t h e   same  c o m b i n a t i o n   w a s  

u s e d .  

The  c o m p o s i t i o n   of  v a r i o u s   c o n t r o l   h a i r s p r a y s  

e m p l o y e d   in  t h e   e x p e r i m e n t s   a r e   g i v e n   in   t h e   f o l l o w i n g  

t a b l e .  



CONTROL  FORMULATIONS 







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

and  d e s i g n a t e d   by  t r a d e   names   a r e   d e s c r i b e d   b e l o w .  

R e s y n   2 8 - 2 9 3 0   is  a  t e r p o l y m e r   of  v i n y l   a c e t a t e   ( 7 5 % ) ,  

c r o t o n i c   a c i d   (10%)  and  v i n y l   v e r s a t a t e   (15%)  a v a i l a b l e  

f r o m   N a t i o n a l   S t a r c h   and  C h e m i c a l   C o r p o r a t i o n .   I t   has   a  

n u m b e r   a v e r a g e   m o l e c u l a r   w e i g h t   of  a b o u t   2 2 , 5 0 0 .  

R e s y n   2 8 - 1 3 1 0   i s   a  c o p o l y m e r   of  v i n y l   a c e t a t e   ( 9 0 % )  

and  c r o t o n i c   a c i d   ( 1 0 % )  a l s o   a v a i l a b l e   f rom  N a t i o n a l  

S t a r c h   and  C h e m i c a l   C o r p o r a t i o n . . I t   has   a  n u m b e r   a v e r a g e  

m o l e c u l a r   w e i g h t   of  a b o u t   2 5 , 0 0 0 .  

L u v i s k o l   37  E  i s   a  50%  w/w  s o l u t i o n   in  e t h a n o l   of  a  

c o p o l y m e r   of  v i n y l   p y r r o l i d o n e   (30%)  and  v i n y l   a c e t a t e  

(70%)  a v a i l a b l e   f r o m   GAF  C o r p o r a t i o n .  

PVP  K-30   is   a  v i n y l   p y r r o l i d o n e   p o l y m e r   h a v i n g   a  

m o l e c u l a r   w e i g h t   of  4 0 , 0 0 0 ,   a l s o   a v a i l a b l e   f r o m   GAF 

C o r p o r a t i o n .  

G a n t r e z   ES  425  i s   a  50%  w/w  s o l u t i o n   in  e t h a n o l   of  a  

c o p o l y m e r   of  m e t h y l   v i n y l   e t h e r   and  m a l e i c   a n h y d r i d e   b u t y l  

m o n o e s t e r ,   a l s o   a v a i l a b l e   f rom  GAF  C o r p o r a t i o n .  

A m p h o m e r   i s   an  a m p h o t e r i c   a c r y l a m i d e / a c r y l a t e / b u t y l -  

a m i n o e t h y l   m e t h a c r y l a t e   t e r p o l y m e r   c o n t a i n i n g   u n n e u t r a l i s e d  

c a r b o x y   g r o u p s   a v a i l a b l e   f r o m   N a t i o n a l   S t a r c h   and  C h e m i c a l  

C o r p o r a t i o n .  

B i t r e x   is   a  0 . 2 5 6 %   w/v  s o l u t i o n   in  w a t e r   of  b e n z y l -  

d i e t h y l   2 , 6 - x y l y l   c a r b a m o y l   m e t h y l   ammonium  b e n z o a t e .  



CAP  40  i s   a  h y d r o c a r b o n   c o n s i s t i n g   m a i n l y   of  a  

m i x t u r e   of  p r o p a n e   and  b u t a n e s   h a v i n g   a  v a p o u r   p r e s s u r e  

of  a b o u t   3 . 2   b a r s   a t   25°C  a v a i l a b l e   f r o m   C a l o r   G a s . L t d .  

The  s i l i c o n e   g l y c o l   was  a  p o l y d i m e t h y l s i l o x a n e -  

p o l y o x y e t h y l e n e   b l o c k   c o p o l y m e r   as  d e s c r i b e d   in   US 

P a t e n t   No  3 , 9 2 8 , 5 5 8 .  



The  f o l l o w i n g   d e s c r i p t i o n   i n c l u d e s   r e s u l t s   on  t h e  

a b o v e   c o n t r o l   f o r m u l a t i o n s   and  r e s u l t s   on  t e s t  

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

f o r m u l a t i o n s .   In  s u c h   t e s t   f o r m u l a t i o n s   i t   i s   t h e  

a m o u n t   of  t h e   c o m p o n e n t   m a r k e d   w i t h   an  a s t e r i s k   in  t h e  

a b o v e   t a b l e   w h i c h   is   c o r r e s p o n d i n g l y   a d j u s t e d   ( i . e .   s o  

t h a t   t h e   sum  of  a l l   t h e   c o m p o n e n t s   s t i l l   t o t a l s   100  p a r t s  

by  w e i g h t ) .   In  m a k i n g   up  t h e   t e s t   f o r m u l a t i o n s  

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

e i t h e r   t h e   a l c o h o l   or  m e t h y l e n e   c h l o r i d e   ( a l c o h o l   i n  

t h e   c a s e   of  a d d e d   h y d r o x y p r o p y l c e l l u l o s e ,   or  m e t h y l e n e  

c h l o r i d e   in  t h e   c a s e   of  p o l y o x y e t h y l e n e   or  a c r y l i c  

e l a s t o m e r )   w i t h   low  s h e a r ,   h i g h   t u r b u l e n c e   m i x i n g   c o n d i t i o n s .  

E x p e r i m e n t   1 

The  p r o d u c t s   e m p l o y e d   in   t h i s   e x p e r i m e n t   w e r e :  

1.  C o n t r o l   P r o d u c t   I  

2.  T e s t   P r o d u c t   1 A  -   as  C o n t r o l   P r o d u c t   I  b u t  

c o n t a i n i n g   o n l y   0 .4%  r e s i n  

3.  T e s t   P r o d u c t   I B  -   as  T e s t   P r o d u c t   IA  b u t  

c o n t a i n i n g   0 .05%  of  h y d r o x y p r o p y l  

c e l l u l o s e   of  m o l e c u l a r   w e i g h t  

a b o u t   106  ( K l u c e l   H) 

4.  T e s t   P r o d u c t   I C  -   as  T e s t   P r o d u c t   IA  b u t  

c o n t a i n i n g   0 .04%  of  t h e   h y d r o x y -  

p r o p y l   c e l l u l o s e   in  T e s t   P r o d u c t   I B .  



P r o d u c t s   I ,   IA  and  IB  w e r e   c o m p a r e d   u s i n g   t h e   S w i t c h  

T e s t   M e t h o d   and   t h e   f o l l o w i n g   h o l d   v a l u e s   w e r e   o b t a i n e d :  

T e s t   P r o d u c t s   IA  and   IC  w e r e   c o m p a r e d   s e p a r a t e l y  

w i t h   C o n t r o l   P r o d u c t   I  by  t h e   S a l o n   T e s t   M e t h o d .   T h e  

C o n t r o l   P r o d u c t   I  g a v e   b e t t e r   h o l d   t h a n   P r o d u c t   IA  a t   a  

s i g n i f i c a n c e   l e v e l   of  l e s s   t h a n   1%,  w h e r e a s   t h e r e   w a s  

no  d i f f e r e n c e   in   h o l d   b e t w e e n   P r o d u c t s   I  and  I C .  

E x p e r i m e n t   2 

The  p r o d u c t s   e m p l o y e d   in   t h i s   e x p e r i m e n t   w e r e :  

1.  C o n t r o l   P r o d u c t   I I  

2.  T e s t   P r o d u c t   I I A  -   as  C o n t r o l   P r o d u c t   I I   b u t  

c o n t a i n i n g   0 . 0 2 %   of   h y d r o x y p r o p y l -  

c e l l u l o s e   of   m o l e c u l a r   w e i g h t  

a b o u t   106  ( K l u c e l   H)  

3.  T e s t   P r o d u c t   I I B  -   as  C o n t r o l   P r o d u c t   I I   b u t  

c o n t a i n i n g   3 . 0 0 %   of  t h e   r e s i n  

4.  T e s t   P r o d u c t   I I C  -   as  T e s t   P r o d u c t   I IA  b u t  

c o n t a i n i n g   0 . 0 3 %   of  t h e   h y d r o x y -  

p r o p y l c e l l u l o s e  

5.  T e s t   P r o d u c t   I I D  -   as  C o n t r o l   P r o d u c t   I I   b u t  

c o n t a i n i n g   o n l y   0 . 9 0 %   of   t h e  

h a i r s p r a y   r e s i n  



6.  T e s t   P r o d u c t   I I E  -   as  T e s t   P r o d u c t   I ID   b u t  

c o n t a i n i n g   0 . 0 2 %   of  t h e   h y d r o x y -  

p r o p y l c e l l u l o s e   in  P r o d u c t   I I A .  

P r o d u c t s   I I ,   I IA  and  I IB   we re   c o m p a r e d   by  t h e   S w i t c h  

T e s t   M e t h o d   and  t he   f o l l o w i n g   h o l d   v a l u e s   w e r e   o b t a i n e d :  

P r o d u c t s   I I   and  I IC   w e r e   c o m p a r e d   w i t h   e a c h   o t h e r   b y  

t h e   S a l o n   T e s t   M e t h o d .   P r o d u c t   I IC   g a v e   b e t t e r   h o l d   t h a n  

P r o d u c t   I I ,   t h e   r e s u l t   b e i n g   s i g n i f i c a n t   a t   l e s s   t h a n   t h e  

1%  l e v e l .  

P r o d u c t s   I I ,   I I D   and  I I E   w e r e   u s e d   in  a  p a n e l   t e s t  

in  w h i c h   e a c h   p r o d u c t   was  s u p p l i e d   to  a  s e p a r a t e   g r o u p  

of  a b o u t   130  women  who  u s e d   t h e   r e s p e c t i v e   p r o d u c t   f o r  

two  w e e k s .   S t a t i s t i c a l   a n a l y s i s   of  t h e   e v a l u a t i o n   o f  

t h e   p r o d u c t s   by  t h e   p a n e l l i s t s   s h o w e d   t h a t   P r o d u c t   I I E  

g a v e   b e t t e r   h o l d   t h a n   P r o d u c t   I ID   a t   a  s i g n i f i c a n c e  

l e v e l   of  0 .1%  and  P r o d u c t s   I I   and  I I E   w e r e   n o t  

s i g n i f i c a n t l y   d i f f e r e n t   in  h o l d i n g   p o w e r .  



E x p e r i m e n t   3 

The  p r o d u c t s   e m p l o y e d   in   t h i s   e x p e r i m e n t   w e r e :  

1.  C o n t r o l   P r o d u c t   I I I  

2.  T e s t   P r o d u c t   I I I A  -   as  C o n t r o l   P r o d u c t   I I I   b u t  

c o n t a i n i n g   0 . 0 5 %   of   h y d r o x y -  

p r o p y l c e l l u l o s e   of   m o l e c u l a r  

w e i g h t   a b o u t   106  ( K l u c e l   H)  

3.  T e s t   P r o d u c t   I I I B  -   as  T e s t   P r o d u c t   I I I A   b u t  

c o n t a i n i n g   0 . 1 5 %   of  t h e   h y d r o x y -  

p r o p y l c e l l u l o s e  

4.  T e s t   P r o d u c t   I I I C  -   as  T e s t   P r o d u c t   I I I A   b u t  

c o n t a i n i n g   0 . 1 0 %   of  t h e   h y d r o x y -  

p r o p y l c e l l u l o s e  

P r o d u c t s   I I I ,   I I I A   and   I I I B   w e r e   c o m p a r e d   by  t h e  

S w i t c h   T e s t   M e t h o d   and  t h e   f o l l o w i n g   h o l d   v a l u e s   w e r e  

o b t a i n e d :  

P r o d u c t s   I I I   and  I I I C   w e r e   c o m p a r e d   by  t h e   S a l o n  

T e s t   M e t h o d   a n d  P r o d u c t   I I I C   was  shown  to  p r o d u c e   a  

b e t t e r   h o l d   t h a n   P r o d u c t   I I I ,   t h e   r e s u l t   b e i n g  

s i g n i f i c a n t   a t   l e s s   t h a n   t h e   1%  l e v e l .  



E x p e r i m e n t   4 

The  p r o d u c t s   e m p l o y e d   in  t h i s   e x p e r i m e n t   w e r e :  

1.  C o n t r o l   P r o d u c t   I V  

2.  T e s t   P r o d u c t   I V A  -   as  c o n t r o l   p r o d u c t   IV  b u t  

c o n t a i n i n g   o n l y   0 . 75%  of  t h e  

h a i r s p r a y   r e s i n   and  0 .04%  o f  

h y d r o x y p r o p y l c e l l u l o s e   o f  

m o l e c u l a r   w e i g h t   a b o u t   1 0 6  

( K l u c e l   H) 

T h e s e   p r o d u c t s   w e r e   c o m p a r e d   u s i n g   t h e   S w i t c h   T e s t  

M e t h o d   and  t h e   f o l l o w i n g   h o l d   v a l u e s   o b t a i n e d :  

The  p r o d u c t s   w e r e   a l s o   c o m p a r e d   w i t h   e a c h   o t h e r   b y  

t h e   S a l o n   T e s t   M e t h o d   and  f o u n d   n o t   to  d i f f e r   in  t h e i r  

h o l d i n g   p o w e r .  

E x p e r i m e n t   5 

The  p r o d u c t s   e m p l o y e d   in  t h i s   e x p e r i m e n t   w e r e :  

1.  C o n t r o l   P r o d u c t   V 

2.  T e s t   P r o d u c t   VA ' -   as  c o n t r o l   p r o d u c t   V  b u t  

c o n t a i n i n g   o n l y   0 .70%  of  t h e  

h a i r s p r a y   r e s i n  

3.  T e s t   P r o d u c t   VB -   as  t e s t   p r o d u c t   VA  b u t   c o n t a i n i n g  

0 .06%  of  h y d r o x y p r o p y l c e l l u l o s e   o f  

m o l e c u l a r   w e i g h t   a b o u t   1 0 6  

( K l u c e l   H ) .  



T h e s e   p r o d u c t s   w e r e   c o m p a r e d   u s i n g   t h e   S w i t c h   T e s t  

M e t h o d   and   t h e   f o l l o w i n g   h o l d   v a l u e s   w e r e   o b t a i n e d :  

E x p e r i m e n t   6 

The  p r o d u c t s   e m p l o y e d   in   t h i s   e x p e r i m e n t   w e r e :  

1.  C o n t r o l   P r o d u c t   V I  

2.  T e s t   P r o d u c t   V I A  -   as  c o n t r o l   p r o d u c t   VI  b u t  

c o n t a i n i n g   o n l y   0 . 5 5 %   of   t h e  

h a i r s p r a y   r e s i n   and  0 . 4 5 %   of   a  

h y d r o x y p r o p y l c e l l u l o s e   h a v i n g  

a  m o l e c u l a r   w e i g h t   of   a b o u t  

1  x  105  ( K l u c e l   L)  w h i c h   i s   n o t  

a  d r a g   r e d u c i n g   a g e n t  

3.  T e s t   P r o d u c t   V I B  -   as  c o n t r o l   p r o d u c t   VI  b u t  

c o n t a i n i n g   o n l y   0 . 5 5 %   of  t h e  

h a i r s p r a y   r e s i n   and   0 .07%  of   a  

h y d r o x y p r o p y l c e l l u l o s e   h a v i n g   a  

m o l e c u l a r   w e i g h t   o f  a b o u t   1  x  1 0 6  

( K l u c e l   H )  

4.  T e s t   P r o d u c t   V I C  -   as  c o n t r o l   p r o d u c t   VI  b u t  

c o n t a i n i n g   0 . 0 7 %   of  t h e   h y d r o x y -  

p r o p y l c e l l u l o s e   in   t e s t   p r o d u c t  

V I B .  



T h e s e   p r o d u c t s   w e r e   c o m p a r e d   u s i n g   t h e   S w i t c h   T e s t  

M e t h o d   and  t h e   f o l l o w i n g   h o l d   v a l u e s   w e r e   o b t a i n e d :  

E x p e r i m e n t   7 

The  p r o d u c t s   u s e d   in  t h i s   e x p e r i m e n t   w e r e :  

1.  C o n t r o l   P r o d u c t   V I I  

2.  T e s t   P r o d u c t   V I I A  -   as  c o n t r o l   p r o d u c t   VII   b u t  

c o n t a i n i n g   0 .02%  of  h y d r o x y -  

p r o p y l c e l l u l o s e   of  m o l e c u l a r  

w e i g h t   a b o u t   1  x  106  ( K l u c e l   H) 

3.  T e s t   P r o d u c t   V I I B  -   as  t e s t   p r o d u c t   VIIA  b u t  

c o n t a i n i n g   no  h a i r s p r a y   r e s i n  

4.  T e s t   P r o d u c t   V I I C  -   as  c o n t r o l   p r o d u c t   VII   b u t  

c o n t a i n i n g   no  h a i r s p r a y   r e s i n  

T h e s e   p r o d u c t s   w e r e   c o m p a r e d   u s i n g   t h e   S w i t c h   T e s t  

M e t h o d   and  t h e   f o l l o w i n g   h o l d  v a l u e s   w e r e   o b t a i n e d :  



E x p e r i m e n t   8 

The  p r o d u c t s   u s e d   in   t h i s   e x p e r i m e n t   w e r e :  

1.  C o n t r o l   P r o d u c t   V I I I  

2.  T e s t   P r o d u c t   V I I I A  -   as  c o n t r o l   p r o d u c t   V I I I   b u t  

c o n t a i n i n g   0 . 0 0 5 %   of  a  p o l y o x y -  

e t h y l e n e   h a v i n g   a  m o l e c u l a r  

w e i g h t   of  a b o u t   6  x  1 0 5  

( P o l y o x   2 0 5 )  

3.  T e s t   P r o d u c t   V I I I B  -   as  t e s t   p r o d u c t   V I I I A   b u t  

c o n t a i n i n g   0 . 0 1 0 %   of  t h e   p o l y -  

o x y e t h y l e n e  

4.  T e s t   P r o d u c t   V I I I C  -   as  c o n t r o l   p r o d u c t   V I I I   b u t  

c o n t a i n i n g   0 . 0 0 1 %   of  a  p o l y o x y -  

e t h y l e n e   h a v i n g   a  m o l e c u l a r  

w e i g h t   of  a b o u t   4  x   1 0 6  

( P o l y o x   3 0 1 )  

5.  T e s t   P r o d u c t   V I I I D  -   as  t e s t   p r o d u c t   V I I I C   b u t  

c o n t a i n i n g   0 . 0 0 4 %   of   t h e   p o l y -  

o x y e t h y l e n e  

6.  T e s t   P r o d u c t   V I I I E  -   as  c o n t r o l   p r o d u c t   V I I I   b u t  

c o n t a i n i n g   0 . 1 5 %   of   a  p o l y o x y -  

e t h y l e n e   h a v i n g   a  m o l e c u l a r  

w e i g h t   of  a b o u t   2  x  1 0 5  

( P o l y o x   8 0 ) .  



The  p r o d u c t s   w e r e   c o m p a r e d   in  t h r e e   d i f f e r e n t   t e s t s  

by  t h e   S w i t c h   T e s t   M e t h o d   and  t h e   f o l l o w i n g   h o l d   v a l u e s  

w e r e   o b t a i n e d :  

E x p e r i m e n t   9 

The  p r o d u c t s   u s e d   in  t h i s   e x p e r i m e n t   w e r e :  

1.  C o n t r o l   P r o d u c t   I X  

2.  T e s t   P r o d u c t   I X A  -   as  c o n t r o l   p r o d u c t   IX  b u t  

c o n t a i n i n g   0 . 0 0 2 %   of  a  p o l y o x y -  

e t h y l e n e   h a v i n g   a  m o l e c u l a r  

w e i g h t   of  a b o u t   4  x  1 0 6  

( P o l y o x   3 0 1 )  

3.  T e s t   P r o d u c t   I X B  -   as  t e s t   p r o d u c t   IXA  b u t  

c o n t a i n i n g   0 . 0 0 4 %   of  t h e   p o l y o x y -  

e t h y l e n e  

The  p r o d u c t s   w e r e   c o m p a r e d   by  t h e   S w i t c h   T e s t   M e t h o d  

and  t h e   f o l l o w i n g   h o l d   v a l u e s   we re   o b t a i n e d :  



E x p e r i m e n t   1 0  

The  p r o d u c t s   u s e d   in   t h i s   e x p e r i m e n t   w e r e :  

1.  C o n t r o l   p r o d u c t   I X  

2.  T e s t   P r o d u c t   I X C  -   as  c o n t r o l   p r o d u c t   IX  b u t  

c o n t a i n i n g   0 . 0 1 %   of  a  p o l y ( e t h y l  ,  

a c r y l a t e ) r u b b e r   of  a v e r a g e  

M o o n e y   v i s c o s i t y   45  ( H y c a r  

4 0 2 1 - 4 5 )  

3.  T e s t   P r o d u c t   I X D  -   as  t e s t   p r o d u c t   IXC  b u t  

c o n t a i n i n g   0 . 0 3 %   of   t h e   a c r y l i c  

e l a s t o m e r  

T h e s e   p r o d u c t s   w e r e   c o m p a r e d   u s i n g   t h e   S w i t c h   T e s t  

M e t h o d   and  t h e   f o l l o w i n g   h o l d   v a l u e s   w e r e   o b t a i n e d :  



E x p e r i m e n t   11  

The  p r o d u c t s   u s e d   in   t h i s   e x p e r i m e n t   w e r e :  

1.  C o n t r o l   P r o d u c t   X 

2.  T e s t   P r o d u c t   XA -   as  c o n t r o l   p r o d u c t   X  b u t  

c o n t a i n i n g   0 .02%  of  h y d r o x y p r o p y l -  

c e l l u l o s e   of  m o l e c u l a r   w e i g h t  

a b o u t   1  x  106  ( K l u c e l   H) 

3.  T e s t   P r o d u c t   X B  -   as  c o n t r o l   p r o d u c t   X  b u t  

c o n t a i n i n g  o n l y   1 .00%  of  t h e  

h a i r s p r a y   r e s i n  

4.  T e s t   P r o d u c t   X C  -   as  t e s t   p r o d u c t   XB  b u t  

c o n t a i n i n g   0 .02%  of  t h e   h y d r o x y -  

p r o p y l c e l l u l o s e   in  t e s t   p r o d u c t   XA 

The  p r o d u c t s   w e r e   c o m p a r e d   by  t h e   S w i t c h   T e s t   M e t h o d  

and  t h e   f o l l o w i n g   h o l d   v a l u e s   w e r e   o b t a i n e d :  



E x p e r i m e n t   12  

The  p r o d u c t s   u s e d   in   t h i s   e x p e r i m e n t   w e r e :  

1.  C o n t r o l   P r o d u c t   X I  

2.  T e s t   P r o d u c t   X I A  -   as  p r o d u c t   XI  b u t   c o n t a i n i n g  

0 . 0 5 %   h y d r o x y p r o p y l c e l l u l o s e   o f  

m o l e c u l a r   w e i g h t   a b o u t   1  x  1 0 6  

( K l u c e l   H )  

3.  T e s t   P r o d u c t   X I B  -   as  p r o d u c t   XIA  b u t   c o n t a i n i n g  

0 . 1 5 %   of  t h e   h y d r o x y p r o p y l -  

c e l l u l o s e  

P r o d u c t s   XIA  and   XIB  w e r e   s e p a r a t e l y   c o m p a r e d   w i t h  

c o n t r o l   p r o d u c t   XI  by  t h e   S a l o n   T e s t   M e t h o d .   B o t h   o f  

p r o d u c t s   XIA  and   XIB  w e r e   f o u n d   to  g i v e   b e t t e r   h o l d   t h a n  

t h e   c o n t r o l   p r o d u c t   XI .   The  r e s u l t   w i t h   p r o d u c t  X I A   w a s  

s i g n i f i c a n t   a t   t h e   1%  l e v e l   and  w i t h   p r o d u c t   XIB  t h e  

r e s u l t   was  s i g n i f i c a n t   a t   l e s s   t h a n   t h e   1%  l e v e l .  

E x p e r i m e n t   1 3  

The  p r o d u c t s   u s e d   in   t h i s   e x p e r i m e n t   w e r e :  

1.  C o n t r o l   P r o d u c t   X I I  

2.  T e s t   P r o d u c t   X I I A  -   as  p r o d u c t   X I I   b u t   c o n t a i n i n g  

0 . 0 0 0 7 5 %   of   a  p o l y o x y e t h y l e n e  

of   m o l e c u l a r   w e i g h t   a b o u t  

4  x  106  ( P o l y o x   3 0 1 )  



The  p r o d u c t s   w e r e   c o m p a r e d   by  t h e   S w i t c h   T e s t   M e t h o d  

and  t h e   f o l l o w i n g   h o l d   v a l u e s   w e r e   o b t a i n e d :  

E x p e r i m e n t   14 

The  p r o d u c t s   u s e d   in   t h i s   e x p e r i m e n t   w e r e :  

1.  C o n t r o l   P r o d u c t   X I I I  

2 . . T e s t   P r o d u c t   X I I I A  -   as  p r o d u c t   X I I I   b u t   c o n t a i n i n g  

0 .10%  of  h y d r o x y p r o p y l c e l l u l o s e  

h a v i n g   a  m o l e c u l a r   w e i g h t   o f  

a b o u t   1  x  106  ( K l u c e l   H)  

The  p r o d u c t s   w e r e   c o m p a r e d   by  t h e   S w i t c h   T e s t   M e t h o d  

and  t h e   f o l l o w i n g   h o l d   v a l u e s   w e r e   o b t a i n e d :  

E x p e r i m e n t   1 5  

The  f o l l o w i n g   h a i r s p r a y   p r o d u c t s   w e r e   made  a n d  

p a c k a g e d   in  c o n t a i n e r s   f i t t e d   w i t h   a  pump  d i s p e n s e r  

known  as  a  CALMAR  MISTETTE  pump  as  d e s c r i b e d   in  M o d e r n  

P a c k a g i n g ,   O c t o b e r   1 9 7 5 ,   p a g e s   15  to  2 0 .  



T h e s e   p r o d u c t s   w e r e   c o m p a r e d   by  t he   S w i t c h   T e s t  

M e t h o d   and  t h e   f o l l o w i n g   h o l d   v a l u e s   o b t a i n e d :  

The  a b o v e   e x p e r i m e n t s   d e m o n s t r a t e   t h e   v e r y  

a d v a n t a g e o u s   e f f e c t   on  t h e   h o l d i n g   p o w e r   of  a  h a i r s p r a y  

t h a t   can   be  o b t a i n e d   by  t h e   i n c l u s i o n   of  a  m i n o r   a m o u n t  

of   a  d r a g   r e d u c i n g   p o l y m e r   in   t h e   h a i r s p r a y .   Many  o f  

t h e   E x p e r i m e n t s   i l l u s t r a t e   t h e   b e n e f i t   of   t h e   s i m p l e  

a d d i t i o n   of   t h e   d r a g   r e d u c i n g   p o l y m e r   and  in   p a r t i c u l a r  

r e f e r e n c e   i s   made  to  t h e   c o m p a r i s o n s   made  by  t h e   S a l o n  

T e s t   M e t h o d   ( b e t w e e n   p r o d u c t s   I I C   and  I I :   p r o d u c t s  I I I C  

and   I I I ;   and   b e t w e e n   b o t h   of   p r o d u c t s   XIA  and   XIB  a n d  

p r o d u c t   XI)   w h e r e   t h e   p r o d u c t   c o n t a i n i n g   t h e   s m a l l  

a m o u n t   of   d r a g   r e d u c i n g   a g e n t   in   e a c h   c a s e   g a v e   a n  

i m p r o v e m e n t   in   h o l d   w h i c h   was  b e t t e r   t h a n   t h e   c o n t r o l  

p r o d u c t   a t   a  s i g n i f i c a n c e   l e v e l   of   1%  or   l e s s .   T h e  



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

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

r e s i n   to  be  v e r y   s u b s t a n t i a l l y   r e d u c e d   w i t h o u t   l o s s   o f  

h o l d i n g   p o w e r .   T h i s   mos t   s u r p r i s i n g   r e s u l t   is   d e m o n s t r a t e d  

by  t h e   c o m p a r i s o n s   c o n d u c t e d   on  p r o d u c t s   I  ( 1 .2%  h a i r s p r a y  

r e s i n )   and  IC  ( 0 . 4 %   h a i r s p r a y   r e s i n ) ;   p r o d u c t s   I I   ( 1 . 8 %  

h a i r s p r a y   r e s i n )   and  I I E   ( 0 . 9 0 %   h a i r s p r a y   r e s i n ) ;  

p r o d u c t s   IV  ( 1 . 3 5 %   h a i r s p r a y   r e s i n )   and  IVA  ( 0 . 7 5 %  

h a i r s p r a y   r e s i n ) ;   p r o d u c t s   V  ( 1 . 4 0 ;   h a i r s p r a y   r e s i n )  

and  VB  ( 0 . 7 0 %   h a i r s p r a y   r e s i n ) ;   p r o d u c t s   VI  ( 1 . 0 0 %  

h a i r s p r a y   r e s i n )   and  VIB  ( 0 . 5 5 %   h a i r s p r a y   r e s i n ) ;   a n d  

p r o d u c t s   X  ( 1 . 5 0 %   h a i r s p r a y   r e s i n )   and  XC  ( 1 . 0 0 %  

h a i r s p r a y   r e s i n ) .   The  b e n e f i t   in   h o l d i n g   p o w e r   a r i s i n g  

f r o m   t h e   i n c l u s i o n   of  t h e   d r a g   r e d u c i n g   a g e n t   i s  

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

p r e d i c t e d   a n d ,   i n d e e d ,   t h e   a d d i t i o n s   made  of  t h e   d r a g  

r e d u c i n g   p o l y m e r   a r e   so  s m a l l   t h a t   no  m e a s u r e a b l e   h o l d  

b e n e f i t   a t   a l l   c o u l d   r e a s o n a b l y   h a v e   b e e n   e x p e c t e d .  

The  i n c l u s i o n   of  a  d r a g   r e d u c i n g   a g e n t   in  a  

h a i r s p r a y   to  i m p r o v e   t h e   h o l d   a l s o   has   t h e   a d v a n t a g e  

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

E x p e r i m e n t s   p e r f o r m e d   w i t h   v a r i o u s   h a i r s p r a y   f o r m u l a e  

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

f r a c t i o n .  



E x p e r i m e n t   16  

In  t h i s   e x p e r i m e n t   t e s t   p r o d u c t s   X I A  a n d   XIB  ( s e e  

E x p e r i m e n t   12)  w e r e   c o m p a r e d   w i t h   t h e   c o n t r o l   p r o d u c t   X I  

and   t h e   RFO  v a l u e s   of  t h e   t e s t   p r o d u c t s   XIA  and  X I B  

e x p r e s s e d   as  p e r c e n t a g e s   of  t h e   RFO  v a l u e   of  t h e   c o n t r o l  

p r o d u c t   w e r e   28%  and   16%,  r e s p e c t i v e l y .  

E x p e r i m e n t   17  

In  t h i s   e x p e r i m e n t   t h e   p r o d u c t s   w e r e :  

1.  C o n t r o l   P r o d u c t   V I I I  

2.  T e s t   P r o d u c t   V I I I F  -   as  c o n t r o l   p r o d u c t   V I I I   b u t  

c o n t a i n i n g   0 . 0 5 %   of  h y d r o x y -  

p r o p y l c e l l u l o s e   of  m o l e c u l a r  

w e i g h t   a b o u t   1  x  106  ( K l u c e l   H)  

3.  T e s t   P r o d u c t   V I I I G  -   as  p r o d u c t   V I I I F   b u t   c o n t a i n i n g  

0 . 1 0 %   of  t h e   h y d r o x y p r o p y l -  

c e l l u l o s e  

4.  T e s t   P r o d u c t   V I I I H  -   as  p r o d u c t   V I I I F   b u t   c o n t a i n i n g  

0 . 1 5 %   of  t h e   h y d r o x y p r o p y l -  

c e l l u l o s e  

5.  T e s t   P r o d u c t   V I I I J  -   as  p r o d u c t   V I I I F   b u t   c o n t a i n i n g  

0 . 2 0 %   of   t h e   h y d r o x y p r o p y l -  

c e l l u l o s e  

The  RFO  and   RF1  v a l u e s   f o r   p r o d u c t s   V I I I   F , G , H   and  J ,  

e x p r e s s e d   as  a  p e r c e n t a g e   of  t h e   c o r r e s p o n d i n g   RFO  and   RF1  

v a l u e s   f o r   t h e   c o n t r o l   p r o d u c t   V I I I   a r e   i n d i c a t e d   b e l o w .  



E x p e r i m e n t   18  

In  t h i s   e x p e r i m e n t   t h e   p r o d u c t s   u s e d   w e r e   c o n t r o l  

p r o d u c t   I I   and  t e s t   p r o d u c t   I IC   ( s e e   E x p e r i m e n t   2 ) .  

The  t e s t   p r o d u c t   I I C   gave   RFO  and  RF1  v a l u e s   w h i c h  

w e r e   o n l y   24%  and  21%,  r e s p e c t i v e l y ,   of  t h e   c o r r e s p o n d i n g  

v a l u e s   f o r   t h e   c o n t r o l   p r o d u c t   I I .  

E x p e r i m e n t   19  

In  t h i s   e x p e r i m e n t   t h e   p r o d u c t s   u s e d   w e r e   c o n t r o l  

p r o d u c t   X I I I   and  t e s t   p r o d u c t   X I I I A   ( s e e   E x p e r i m e n t   1 4 ) .  

T e s t   p r o d u c t   X I I I A   g a v e   an  RF0  v a l u e   w h i c h   was  o n l y  

36%  of  t h e   c o r r e s p o n d i n g   v a l u e   f o r   t h e   c o n t r o l   p r o d u c t  

X I I I .  

E x p e r i m e n t   2 0  

In  t h i s   e x p e r i m e n t   t h e   p r o d u c t s   u s e d   w e r e   c o n t r o l  

p r o d u c t   XIV  and  t e s t   p r o d u c t   XIVA  ( s e e   E x p e r i m e n t   1 5 ) .  

T e s t   p r o d u c t  X I V A   g a v e   an  RFO  v a l u e   w h i c h   was  o n l y  

34%  of  t h e   c o r r e s p o n d i n g   v a l u e   f o r   t h e   c o n t r o l   p r o d u c t  

X I V .  



E x p e r i m e n t   2 1  

The  f o l l o w i n g   a e r o s o l   h a i r s p r a y   ( c o n t r o l   p r o d u c t   XV) 

c o m p r i s i n g   c a r b o n   d i o x i d e   as  p r o p e l l a n t   was  f o r m u l a t e d .  

T e s t   p r o d u c t   XVA  was  f o r m u l a t e d   h a v i n g   t h e   a b o v e  

c o m p o s i t i o n   e x c e p t   t h a t   i t   c o n t a i n e d   0 . 0 1 %   of   h y d r o x y -  

p r o p y l c e l l u l o s e   of  m o l e c u l a r   w e i g h t   a b o u t   1  x  1 0 6  

( K l u c e l   H)  and  t h e   a m o u n t   of  t h e   i n d u s t r i a l   m e t h y l a t e d  

s p i r i t   c o r r e s p o n d i n g l y   r e d u c e d .  

The  RFO  and   RF1  v a l u e s   of  t e s t   p r o d u c t   XVA  w e r e   78% 

and  77%,  r e s p e c t i v e l y ,   of  t h e   c o r r e s p o n d i n g   v a l u e s   f o r  

t h e   c o n t r o l   p r o d u c t   XV.  



E x p e r i m e n t   2 2  

The  f o l l o w i n g   a e r o s o l   h a i r s p r a y   ( c o n t r o l   p r o d u c t   X V I )  

c o m p r i s i n g   a  h y d r o c a r b o n   as  p r o p e l l a n t   was  f o r m u l a t e d .  

T e s t   p r o d u c t   XVIA  was  a l s o   f o r m u l a t e d   h a v i n g   t h e  

a b o v e   c o m p o s i t i o n   s a v e   t h a t   i t   c o n t a i n e d   0 .01%  of  h y d r o x y -  

p r o p y l c e l l u l o s e   h a v i n g   a  m o l e c u l a r   w e i g h t   of  a b o u t  

1  x  106  ( K l u c e l   H)  and  t h e   a m o u n t   of  t h e   e t h a n o l  

c o r r e s p o n d i n g l y   d e c r e a s e d .  

The  RFO  and  RF1  v a l u e s   f o r   t h e   t e s t   p r o d u c t   XVIA 

w e r e   61%  and  63%,  r e s p e c t i v e l y ,   of  t he   c o r r e s p o n d i n g  

v a l u e s   f o r   t h e   c o n t r o l   p r o d u c t   X V I .  

E x p e r i m e n t   2 3  

A  h a i r s p r a y   c o m p o s i t i o n   ( c o n t r o l   p r o d u c t   XVI I )   w a s  

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

p a c k a g e d   in   an  a e r o s o l   c o n t a i n e r .  



T e s t   p r o d u c t s   c o n t a i n i n g   p o l y o x y e t h y l e n e  

r e s i n s   in   an  a m o u n t   of  0 . 0 1 %   w e r e   p r e p a r e d ,   t h e   a m o u n t   o f  

w a t e r   b e i n g   r e d u c e d   c o r r e s p o n d i n g l y .  

RFO  and   RF1  v a l u e s   o b t a i n e d   w i t h  t h e   t e s t   p r o d u c t s  

e x p r e s s e d   as  a  p e r c e n t a g e   of  t h e   c o r r e s p o n d i n g   v a l u e s  

o b t a i n e d   f o r   t h e   c o n t r o l   p r o d u c t   XV  a r e   i n d i c a t e d   b e l o w .  



1.  A  h a i r s p r a y   p r o d u c t   c o n s i s t i n g   of  a  h a i r s p r a y  

c o m p o s i t i o n   w i t h i n   a  c o n t a i n e r   f o r   s p r a y i n g   t he   c o m p o s i t i o n  

o n t o   t h e   h a i r ,   w h e r e i n   t h e   h a i r s p r a y   c o m p o s i t i o n   c o m p r i s e s  

0.4  to  7.5%  by  w e i g h t   of  t h e   c o m p o s i t i o n   of  a  h a i r s p r a y  

r e s i n ,   a  s o l v e n t   f o r   t h e   h a i r s p r a y   r e s i n ,   and  o p t i o n a l l y  

a  p r o p e l l a n t ,   c h a r a c t e r i s e d   in   t h a t   t h e   c o m p o s i t i o n   a l s o  

c o m p r i s e s   a  d r a g   r e d u c i n g   a g e n t   d i s s o l v e d   in   t h e   s o l v e n t  

w h e r e b y   t h e   h o l d i n g   p o w e r   of  t h e   h a i r s p r a y   c o m p o s i t i o n   i s  

i m p r o v e d ,   t h e   w e i g h t   r a t i o   of  t h e   h a i r s p r a y   r e s i n   to  t h e  

d r a g   r e d u c i n g   a g e n t   b e i n g   1 0 , 0 0 0   to  2 :1   and  t h e   a m o u n t   o f  

t h e   d r a g   r e d u c i n g   a g e n t   b e i n g   l e s s   t h a n   0.3%  by  w e i g h t   o f  

t h e   h a i r s p r a y   c o m p o s i t i o n .  

2.  A  h a i r s p r a y   p r o d u c t   as  c l a i m e d   in   c l a i m   1 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   d r a g   r e d u c i n g   a g e n t   is   a  n o n -  

i o n i c   m a t e r i a l .  



3.  A  h a i r s p r a y   p r o d u c t   as  c l a i m e d   in   e i t h e r   of  t h e  

p r e c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   in   t h a t   t h e   d r a g   r e d u c i n g  

a g e n t   has   a  d r a g   r e d u c t i o n   e f f i c i e n c y   of  a t   l e a s t   10%.  

4.  A  h a i r s p r a y   p r o d u c t   as  c l a i m e d   in   any   of  c l a i m s  

1  to  3,  c h a r a c t e r i s e d   in   t h a t   t h e   d r a g   r e d u c i n g   a g e n t   i s  

s o l u b l e   in  e t h a n o l .  

5.  A  h a i r s p r a y   p r o d u c t   as  c l a i m e d   in   any   of  c l a i m s  

1  to  3,  c h a r a c t e r i s e d   in  t h a t   t h e   d r a g   r e d u c i n g   a g e n t  

is   s o l u b l e   in  m e t h y l e n e   c h l o r i d e .  

6.  A  h a i r s p r a y   p r o d u c t   as  c l a i m e d   in   any   of   c l a i m s  

1  to  3,  c h a r a c t e r i s e d   in  t h a t   t h e   d r a g   r e d u c i n g   a g e n t  

is   s o l u b l e   in   w a t e r .  

7.  A  h a i r s p r a y   p r o d u c t   as  c l a i m e d   in   c l a i m   4 ,  

c h a r a c t e r i s e d   in   t h a t   t h e   d r a g   r e d u c i n g   a g e n t   i s   a n  

h y d r o x y p r o p y l   c e l l u l o s e .  

8.  A  h a i r s p r a y   p r o d u c t   as  c l a i m e d   in   c l a i m   7 ,  

c h a r a c t e r i s e d   in   t h a t   t h e   h y d r o x y p r o p y l   c e l l u l o s e   h a s  

an  a v e r a g e   m o l e c u l a r   w e i g h t   of  a t   l e a s t   5  x  1 0  .  



9.  A  h a i r s p r a y   p r o d u c t   as  c l a i m e d   in  c l a i m   5 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   d r a g   r e d u c i n g   a g e n t   is  a  

p o l y o x y e t h y l e n e .  

10.  A  h a i r s p r a y   p r o d u c t   a s  c l a i m e d   in  c l a i m   9 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   p o l y o x y e t h y l e n e   has   an  a v e r a g e  

m o l e c u l a r   w e i g h t   of  a t   l e a s t   4  x  1 0 5 .  

11.  A  h a i r s p r a y   p r o d u c t   as  c l a i m e d   in  c l a i m   5 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   d r a g   r e d u c i n g   a g e n t   is  a  

p o l y a c r y l i c   e l a s t o m e r .  

12.  A  h a i r s p r a y   p r o d u c t   as  c l a i m e d   in  any   of  t h e  

p r e c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   in  t h a t   t h e   w e i g h t   r a t i o  

of  t h e   h a i r s p r a y   r e s i n   to  t h e   d r a g   r e d u c i n g   a g e n t   is  a t  

l e a s t   5 : 1 .  

13.  A  h a i r s p r a y   p r o d u c t   as  c l a i m e d   in  c l a i m   1 2 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   w e i g h t   r a t i o   of  t h e   h a i r s p r a y  

r e s i n   to  t h e   d r a g   r e d u c i n g   a g e n t   is   f r om  5 , 0 0 0   to  5 : 1 .  

14.  A  h a i r s p r a y   p r o d u c t   as  c l a i m e d   in  any   of  t h e  

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

t h e   d r a g   r e d u c i n g   a g e n t   is   l e s s   t h a n   0.2%  by  w e i g h t   o f  

t h e   h a i r s p r a y   c o m p o s i t i o n .  
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