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INTRODUCTION 
Soft paraffin (Vaseline, petrolatum) is widely used in the 
formulation of pharmaceuticals and cosmetics. Soft paraf- 
fin is a plastic mass consisting of a mixture of solid and 
liquid saturated hydrocarbons (normal, is0 and ring paraf- 
fins). The crystalline network of solid hydrocarbons en- 
closes the liquid phase and immobilizes this fraction 
through adsorption, capillary action and molecular inter- 
actions. (1) 
Most of the drugs used in eye ointments are suspended in 
the excipient which contains mainly petrolatum. Several 
commercialized eye ointment formulations show structural 
breakdown and liquid separation (syneresis) leading to 
physical nonhomogeneity of the ointment.(2,3) 
During production mixing i s  required to maintain homoge- 
neity during the cooling phase of the manufacturing pro- 
cess. 

1799 

Copyright 0 1987 by Marcel Dekker, Inc. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

4/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1800 DE RUDDER, REMON, AND VAN AERDE 

In  t h i s  s tudy t h e  in f luence  of the mixing process  and of 
t h e  temperature t rea tment  on a t y p i c a l  ointment  base, i s  
examined by o i l  number det 'ermination. 
Basic c h a r a c t e r i s t i c s  of t h e  petrolatum r a w  material suchas  
" f i n a l "  v i s c o s i t y ,  mel t ing  en tha lpy ,  X-ray d i f f r a c t i o n  
and conten t  of n-paraf f ins  are c o r r e l a t e d  wi th  oil numbers. 

EXPERIMENTAL 

Materials : 
- A l l  petrolatums and t h e  l a n o l i n  o i l  used were of U.S.P. 

X X I  grade.  

Manufacturing methods : 

- Composition of t h e  ointment formula t ion  : petrolatum/ _ _ _ _ _ _ - _ - - - - - - - - - - - -  
l a n o l i n  o i l  (97/3, w/w).  

i n  a Hobart p l ane ta ry  mixer ( 2  kg ba tch  s i z e ) .  A f t e r  
mel t ing ( 7 0  O C ) ,  t h e  mass w a s  cooled t o  room temperature  
w h i l e  s t i r r i n g  (100 r.p.m.1. 

- Laboratory scale production : formula t ions  were prepared - - - _ - - - - - - - - - -  

- I n d u s t r i a l  scale product ion : p i l o t  ba tches  (loo kg) 
were prepared i n  a Fryma W E  1 2 0  equipped w i t h  a homo- 
g e n i s e r ,  a sc rape r  and a stirrer. The homogeniser, 
used for  drug d i s p e r s i o n ,  w a s  n o t  opera ted .  The i n f l u -  
ence on t h e  f i n a l  cons i s t ence  of t h e  stirrer r a t e  
(1500, 1000 and 500 r.p.m.1 I of t h e  s c r a p e r  ra te  (10 

and 2 r.p.m.1 and of temperature  t rea tment ,  w a s  exa- 
mined. 

- - - - - - - - - - - - - -  

- - D i f f z r e n t i a l  - - - - - - -  scannin3 - - - - -  calorimetry : s e v e r a l  petrolatum 
samples and eye ointment formula t ions  were submit ted t o  
a D.S.C. a n a l y s i s  us ing  a Perk in  E l m e r  D.S .  calorimeter. 
Sample s i z e  was about  30 mg, t h e  hea t ing  rate w a s  10 OC 
min a t  a range of 5 mcal/OC-l. The me l t ing  en tha lpy  w a s  
c a l c u l a t e d  f o r  a l l  samples. 

D.S.C. were submitted t o  X-ray d i f f r a c t i o n  a n a l y s i s  u s ing  

-1 

- - X-ray giff_ract_io_n _an_alys_is : A l l  samples ana lysed  by 
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a P h i l i p s  X-Ray d i f f r a c t i o n  a p p a r a t u s  ( P h i l i p s  P . A .  2 5 ,  

equ ipped  w i t h  a copper  a n t i c a t h o d e  25 mA, 4 0  KV.) . 
- - - - -  Viscosi ty  - - - - - - -  d e t e r m i n a t i o n  : " F i n a l "  v i s c o s i t y  w a s  deter-  

mined u s i n g  a Haake RV 1 2  v i s c o s i m e t e r  (N.V. s p i n d l e ) .  
The samples  were h e a t e d  t o  55 OC i n  t h e  c u p ,  cooled t o  
room t e m p e r a t u r e  and t h e  " f i n a l "  v i s c o s i t y  w a s  determi- 

ned a t  room t e m p e r a t u r e  ( 2 2  "C) a f t e r  2 4  h r .  
"F ina l"  v i s c o s i t y  is d e f i n e d  as t h e  minimum v i s c o s i t y  
r e c o r d e d  a t  a c o n s t a n t  s h e a r  of  2 r .p .m.  

- O i l  number d e t e r m i n a t i o n  : 3 gram v a s e l i n e  or v a s e l i n e -  
l a n o l i n e  o i l  b l e n d s  were e v e n l y  s p r e a d  on  a Whatman pa- 
p e r  n o  l ( 1 2  c m  x 6 c m )  over 5 c m  x 6 c m  area. The 
s t r i p s  of  f i l t e r  pape r  were s u p p o r t e d  v e r t i c a l l y  a t  room 
t e m p e r a t u r e  and t h e  h e i g h t  o f  a s c e n t  of  o i l  measured  
a f t e r  2 4  h .  The h e i g h t  o f  a s c e n t  e x p r e s s e d  i n  mm i s  
d e f i n e d  as t h e  o i l  number. O i l  numbers of  e x p e r i m e n t a l  
b a t c h e s  were de te rmined  w i t h i n  2 4  h .  a f t e r  p r o d u c t i o n . ( 4 )  

- D e t e r m i n a t i o n  o f  n - p a r a f f i n  c o n t e n t  i n  p e t r o l a t u m  sam- 

pies - : t h e  method d e s c r i b e d  by P r e s t i n g  and  Boenke ( 5 )  
w a s  u sed .  The e x p e r i m e n t s  w e r e  per formed o n  10 g of  
t h e  samples .  

- - - - - - - - - - - _  

_ _ _ - - _ - - _ _ _ - - - - - - - - - - - - - - - -  

- P r o d u c t i o n  s p e c i f i c a t i o n s  : A l l  b a t c h e s  were s t i r red  and 
s c r a p e d  u n t i l  t h e  t e m p e r a t u r e  o r  50°, 4 0 '  of 3OoC h a s  
been r e a c h e d .  
Beyond t h i s  t e m p e r a t u r e  b a t c h e s  were c o o l e d  t o  room 
t e m p e r a t u r e  w i t h  and  w i t h o u t  s c r a p e r s  i n  m o t i o n .  

- - - - - -  - - - - - -  

RESULTS AND D I S C U S S I O N  

I n f l u e n c e  o f  p r o c e s s i n g  p a r a m e t e r s  o n  t h e  o i l  number. 
F i g .  1 shows t h e  i n f l u e n c e  of p r o c e s s i n g  p a r a m e t e r s ,  p e r -  
formed on  p e t r o l a t u m  l - l a n o l i n  o i l  m i x t u r e s  ( 9 7 - 3 ,  G / W ) .  

The o i l  number i s  p l o t t e d  v e r s u s  t h e  t e m p e r a t u r e  a t  which 
s t i r r i n g  and/or  s c r a p i n g  i s  s t o p p e d .  The lowest o i l  num- 
ber w a s  o b t a i n e d  when b o t h  s t i r r i n g  and  s c r a p i n g  were 
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40 

F i g u r e  1 

oil numbers (of i n d u s t r i a l  b a t c h e s )  i n  f u n c t i o n  of  tempera ture  a t  
which s t i r r i n g  and/or s c r a p i n g  is s topped .  The s c r a p e r  r o t a t i o n a l  
speed was kept  c o n s t a n t  a t  10 r.p.m. The v a l u e  on  t h e  X-axis in -  
d i c a t e s  t h e  tempera ture  when s t i r r i n g  was s topped (+) or whenboth 
s t i r r i n g  and s c r a p i n g  were s topped ( 0 ) .  

Two d i f f e r e n t  speeds  were s e l e c t e d  f o r  the stirrer : 500 r.p.m. 
(-1; 1000 r.p.m. ( * - . ) .  

stopped a t  50 OC. T h e  o i l  number increased  p rogres s ive ly  
a s  t h e  mechanical shear w a s  app l i ed  up t o  lower temperatu- 
res. A l l  batches produced w h i l e  sc rap ing  was continued 
u n t i l  room temperature,  showed a high o i l  number, indepen- 
den t  of t h e  temperature a t  which s t i r r i n g  w a s  stopped. 
It is  obvious t h a t  scraping a t  lower temperatures ,  inde-  
pendent of s t i r r i n g ,  has a dramatic  in f luence  on t h e  oil 
number. Two l e v e l s  of t h e  sc rape r  r o t a t i o n a l  speed were 
s tudied .  The lower speed ( 2  r .p.m.) induced a d i s t i n c t  
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F i g u r e  2 

O i l  numbers (of i n d u s t r i a l  b a t c h e s )  i n  f u n c t i o n  of t e m p e r a t u r e  a t  
which s t i r r i n g  and/or s c r a p i n g  is s topped .  The stirrer r o t a t i o n a l  
speed was k e p t  a t  500 r.p.m. The v a l u e  on t h e  X-axis i n d i c a t e s  t h e  
tempera ture  when s t i r r i n g  w a s  s topped  (+) or when b o t h  s t i r r i n g  
and s c r a p i n g  were stopped ( . I .  
Two d i f f e r e n t  speeds were s e l e c t e d  f o r  t h e  s c r a p e r  : 10 r.p.m. 
(-); 2 r.p.m. (- - - ) .  

h i g h e r  oil number t h a n  t h e  h i g h e r  one (10 r.p.m.1 (F ig .  2 ) .  

Batches  w i t h  an o i l  number over 25 showed v i s u a l  s y n e r e s i s  
a f t e r  one week. O i l  number v a l u e s  o b t a i n e d  from l a b o r a t o -  
r y  scale exper iments  were s imi la r  t o  t h o s e  of t h e  indu-  
s t r i a l  b a t c h  p roduc t ions  i n d i c a t i n g  t h a t  s c a l i n g  had no 
i n f l u e n c e  on t h e  o i l  number. 
Because s h e a r  induced s y n e r e s i s  cou ld  be a t t r i b u t e d  t o  a 
d i f f e r e n c e  i n  t h e  m i c r o c r y s t a l l i n e  s t r u c t u r e  of  t h e  petro- 
la tum,  D.S.C. and X-ray a n a l y s i s  were performed on t w o  
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Table  1 .  Melt ing e n t h a l p y  and oil number f o r  pe t ro l a tum-  
l a n o l i n e  o i l  b l e n d s  

Petrol. l - l a n . o i 1  blend 
(97/3) (Batch A)  

P e t r o l . 1 - l a n . o i 1  blend 
(97/3) (Batch B )  

Pe t ro l .2 - lan .011  blend 
(97/3) 

Yel t ing  e n t h a l p y  
(mcal/g-l) 

9 10 

98 1 

1317 

Oil number 
(mm) 

20 

4 0  

19 

samples : a n  i n d u s t r i a l  b a t c h  w i t h  a l o w  (A)  and  o n e  w i t h  
a h i g h  o i l  number ( B ) .  As c a n  be s e e n  from T a b l e  1, t h e  
m e l t i n g  e n t h a l p y  of b a t c h  A i s  a p p r o x i m a t e l y  e q u a l  t o  
b a t c h  B. 

T h i s  c o u l d  i n d i c a t e  t h a t  t h e  e x t e n t  o f  m i c r o c r y s t a l l i n e  
s t r u c t u r e  formed d u r i n g  c o o l i n g  i s  independen t  of t h e  
o i l  number and t h a t  chemica l  compos i t ion  of t h e  o i n t m e n t  
r a t h e r  t h a n  p r o c e s s i n g  p a r a m e t e r s  may i n f l u e n c e  t h e  blee- 
d i n g  t endency .  
d i f f r a c t i o n  a n a l y s i s .  The l o w  o i l  number o f  b a t c h  A i n -  
c r e a s e d  w i t h  time and  r eached  t h e  l e v e l  of b a t c h  B a f t e r  
5 weeks. 
Table 2 shows t h e  r e l a t i o n  between 'I f i n a l "  v i s c o s i t y ,  o i l  
number and  n - p a r a f f i n  c o n t e n t  o f  commercial g r a d e  p e t r o l a -  
turns. 
A l o w  o i l  number is related t o  a h i g h  " f j :na l"  v i s c o s i t y ,  
a h i g h  n - p a r a f f i n  c o n t e n t  and  a h i g h  m e l t i n g  e n t h a l p y .  

These  f i n d i n g s  were conf i rmed  by X-ray 
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Melting 
enthalpy 
(mca l/g 1 

7 50 
1225 
1509 

Table 2. Oil number, "final" viscosity and amount of n-paraffin 
for pure petrolatum 

Final 
viscosity 

(mPa . s) 
3 50 

10,653 
9870 

~ ~~ ~~ 

Petrolatum 1 
Petrolatum 2 
Petrolatum 3 

Oil number 
(mm) 

1s 
5 

0 

Amount 
n-paraffin 

(g 

16.8 
40.6 
46,l 

As can  be  s e e n  from Table  1, petrolatum 1, w i t h  a re la t i -  
v e  h i g h  o i l  number of 15,  y i e l d e d  a p e t r o l a t u m - l a n o l i n  
b lend  w i t h  a v e r y  h igh  o i l  number o f  4 0  whi le  p e t r o l a t u m  2 
w i t h  a n  o i l  number of 5 produced a n  o in tmen t  w i t h  a n  o i l  
number of  o n l y  1 9 .  
T h i s  may conf i rm t h a t  t h e  chemica l  composi t ion  ( c o n t e n t  o f  
n - p a r a f f i n )  i s  t h e  main f a c t o r  i n f l u e n c i n g  t h e  p h y s i c a l  
s t a b i l i t y  o f  e y e  o in tmen t s  on p e t r o l a t u m  b a s i s .  

CONCLUSION 

Mechanical s h e a r  has  a d e l e t e r i o u s  e f f e c t  on  t h e  p h y s i c a l  
s t a b i l i t y  of  pe t ro l a tum.  The o i l  number d e t e r m i n a t i o n  may 
be a u s e f u l  t o o l  f o r  t h e  o p t i m i z a t i o n  o f  a p r o d u c t i o n  pro-  
cess and t h e  p r e d i c t i o n  of  p h y s i c a l  s t a b i l i t y  o f  pe t ro l a tum 
o in tmen t s .  Problems r e l a t e d  t o  t h e  s y n e r e s i s  o f  t h e s e  o i n t -  
ments  a re  b a s i c a l l y  dependent  on t h e  " q u a l i t y "  of t h e  pe- 
t r o l a t u m  r a w  material. 
Experimental  p roduc t ion  prooved t h a t  w i t h  a n  oil number of 
pure  pe t ro l a tum up  t o  a v a l u e  of 5 ,  no problems of syne re -  
sis are encoun te red ,  even a f t e r  a p p l i c a t i o n  o f  mechanica l  
s h e a r .  D . S  .C and " f i n a l "  v i s c o s i t y  may g i v e  supplementary  
in fo rma t ion  f o r  t h e  s e l e c t i o n  o f  a n  a p p r o p r i a t e  p e t r o l a t u m .  
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