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ABSTRACT 

Thermal r h e o l o g i c a l  ana lys i s  (TRA) i s  employed as 

an a n a l y t i c a l  method t o  q u a n t i t a t i v e l y  assess temporal 

v i s c o s i t y  changes i n  tri ethanol  amine-stearate 

s t a b i l i z e d  minera l  o i l j w a t e r  systems. Continuous 

measurement of  s t r e s s  r e q u i r e d  t o  ma in ta in  a constant 

r a t e  o f  shear was monitored w h i l e  temperature was 

r a i s e d  from 25 t o  75°C. The r h e o l o g i c a l  p r o f i l e s  

obta ined were d i s t i nqu ished  by d i s t i n c t ,  unexpected, 

rep roduc ib le  d i s c o n t i n u i t i e s  which were fo rmu la t i on  

dependent and changed w i t h  t ime  and temperature. These 

changes have been a t t r i b u t e d  t o  as y e t  u n v e r i f i e d  
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290 FONG-SPAVEN AND HOLLENBECK 

s h i f t s  i n  i n d i v i d u a l  and aggregate l i q u i d  c r y s t a l l i n e  

s t ruc tu re5 .  Quant 1 t a t  i ve anal y 5 i  s s t u d i  es c u r r e n t  1 y 

underway w i l l  a i d  i n  determin ing t h e  use fu lness  of  

thermal r h e o l o g i c a l  da ta  as a p r e d i c t i v e  t o o l  o f  long  

term emulsion s t a b i l i t y .  

INTRODUCTION 

Triethanolamine-stearate formed in-s i  t u  from 

t r ie thano lamine,  (TEA) ,  (N(CHoCHzOH)=),  and s t e a r i c  

acid, ICH3(CHz) laCOOH), is a popular e m u l s i f i e r  used i n  

i n d u s t r y  f o r  va r ious  o i i  i n  water creams and 

 lotion^^-^. Emulsions w i t h  e x c e l l e a t  cosmetic 

acceptance and s t a b i l i t y  can be obtained; however, 

i d e n t i f y i n g  t h e  proper fo rmu la t i on  and assessing 

s t a b i l i t y  has o f t e n  been a t ime  consuming t r i a l  and 

e r r o r  process. L i t t l e  work has been pub l ished on t h e  

p r e d i c t i v e  c a p a b i l i t i e s  of  i n t e r i m  phys i ca l  changes on 

long term s t a b i l i t y .  I n  view of  t h i s ,  t h e  o b j e c t l v e  o f  

t h i s  s tudy was t o  q u a n t i t a t i v e l y  asses5 t ime  and 

temperature dependent rheo l  o g i  c a l  changes o f  

triethanolamine-stearate s t a b i l i z e d  minera l  o i l  /water 

emu1 s i  on systems and subsequent 1 y c o r r e l  a t e  these 

changes w i t h  phase e q u i l i b r i a  and l i q u i d  c r y s t a l l i n e  

s t r u c t u r e  i n  r e l a t i o n  t o  emulsion s t a b i l i t y .  
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TRIETHANOLAMINE-STEARATE STABILIZED MINERAL OIL 2 9 1  

EXPERIMENTAL 

Mater i a1 s And Eqiri pment 

S t e a r i c  Acid, N.F. , t r i p l e  pressed, J.T. Baker Chemical 
Co. , N. J .  

T r o l  amine, (Tr iethanolamine, TECI, N. F., J. T. Baker 
Chemical Co., N.J. 

P a r a f f i n  O i l ,  White, Saybol t  V i s c o s i t y  80-5’0 a t  100°F, 
Banco, Anderson Lab Inc., TX. 

Deionized Water 

Brookf i e l d  D i g i t a l  Viscometer- and Thermosel System 

Bascom-Turner Recorder and Data Acqu is t ion  System. 

L igh tn in ,  model V v a r i a b l e  c o n t r o l  mixer w i t h  p r o p e l l e r  

Prec is ion ,  GCA Corp. ,water ba th  

Csmposi t i  on o f  Emu1 si o n s  

The percent  composi t i  on o f  emu1 si f y i  ng agent was based 

on t h e  s t o i c h i o m e t r i c  i n - s i t u  r e a c t i o n  i n v o l v i n g  one 

mole o f  t r i e thano lamine  and one mole o f  s t e a r i c  ac id .  

The amount of  water and minera l  o i l  was adjusted i n  

each case so as t o  keep t h e  r a t i o  o f  t h e  t o t a l  aqueous 

phase t o  t h e  t o t a l  o i l  phase a constant .  

Manuf a c t u r i n q  Procedure 

Appropr ia te amounts o f  s t e a r i c  a c i d  and minera l  

o i l  (Table 1) were weighed ou t  i n t o  a beaker and placed 

i n  a 70°C water bath. The v a r i a b l e  c o n t r o l  mixer was 

assembled and ad jus ted  t o  produce good mix ing  o f  t h e  

o i l s .  I n  another beaker, TEA was d i sso l ved  i n  water 

and a l s o  heated t o  70°C. The water phase w a s  added t o  
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2 9 2  FONG-SPAVEN AND HOLLENBECK 

TABLE 1 

Composition of  Mineral  O i l  i n  Water Emulsions 
Containing Varying Amounts o f  Emuls i fy ing Agent. 

%EA* TEA H20 Stear i c  Mineral  
(q) ( q )  k i d  (q)  O i l  (q)  

3.00 5. 16 417.50 9.84 67.50 

5.00 8.60 412.50 16.40 62. 50 

7.00 12.0 407.50 22.96 57. 50 

'emu1 s i  f y i  ng agent 

t h e  o i l  phase and cont inuously  mixed f o r  t en  minutes 

w i t h  t h e  temperature maintained a t  70°C. A f t e r  t en  

minutes the  emulsion was removed from t h e  7OoC water 

bath and placed i n  a cool  water bath. Mix ing was 

continued u n t i l  t h e  emulsion cooled t o  30°C. 

Thermal Rheol oqi  c a l  f inal y s i  s 

A 15 m l  quan t i t y  o f  emulsion was removed from the  

top  of  t h e  storage conta iner  w i th  a l a r g e  syr inge and 

introduced i n t o  t h e  viscometer sample c e l l .  ( I n  a 

separate study, i t  was found t h a t  w i t h i n  t h e  t ime 

frame o f  t h e  study, t he re  was no d i f f e r e n c e  i n  

rheo log i ca l  p r o f i l e s  f o r  samples drawn e i t h e r  from t h e  

top  or  bottom of t h e  same conta iner . )  An appropr ia te 

sp ind le  and rpm s e t t i n g  on t h e  viscometer (B rook f i e ld  

model LVTD) wa5 selected t o  produce apparent v i s c o s i t y  
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TRIETHANOLAMINE-STEARATE STABILIZED MINERAL OIL 2 93 

readings i n  a s u i t a b l e  range. The viscometer i s  

actua l  1 y c a l  i brated t o  systems ex hi bi t i  ng Newtoni an 

behavior: there f  ore, t h e  va l  c1e5 ob ta i  ned f o r  these 

t h i x o t r o p i c  non-Newtonian systems are r e f e r r e d  t o  as 

apparent v i s c o s i t i e s .  

For t h e  emulsions conta in inq 3, 5, 7 and 10% 

emuls i fy ing agent. t he  rpm s e t t i n g  was 30, 3, 0.3 and 

0.3, respec t ive ly .  The heat ing con t ro l  u n i t  

(Brookf i e l d  Thermosel System) was programmed t o  r a i s e  

the  temperature incrementa l ly  2OC and ho ld  f o r  two 

minutes, over a temperature range from 25 t o  75°C. 

The apparent v i s c o s i t y  and temperature data were 

co l l ec ted  on separate channels of a microprocesser 

con t ro l  l e d  data a c q u i s i t i o n  system (Bascom-Turner 

Recorder and Data Acqu is i t i on  System) and p l o t t e d  such 

t h a t  temperature w a s  on t h e  abscissa and apparent 

v i s c o s i t y  on the  ordinate.  

RESULTS AND DISCUSSIClN 

Thermal rheo log ica l  p r o f i l e s  (Figures 1-4) were 

obtained i n  t h e  range o f  25 t o  75°C f o r  emulsion 

systems conta in ing  3,5,7, and 10% t o t a l  emu ls i f i e r .  

The p r o f i l e s  were reproduc ib le  and d is t inqu ished by 

d i s c o n t i n u i t i e s  c h a r a c t e r i s t i c  o f  t h e  formulat ion.  The 

t ime and temperature dependent v i s c o s i t y  changes have 
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294 FONG-SPAVEN AND HOLLENBECK 

been a t t r i b u t e d  t o  s h i f t s  i n  phase e q u i l i b r i a  and 

subsequent changes i n  l i q u i d  c r y s t a l l i n e  s t ruc tu res  

based on p e r t i n e n t  work i n  t h e  l i t e r a t u r e .  Although 

a n a l y t i c a l  work c u r r e n t l y  underway is needed to more 

d e f i n i t i v e l y  descr ibe these changes, a review of t he  

1 i t e r a t u r e  dea l ing  w i t h  mesomorphic phases does support 

t h e  f o l  lowing 1 og i  ca l  explanations. These concl u s i  on5 

are based upon a r t i c l e s  deal ing w i t h  phase e q u i l i b r i a  

and gel  s t ruc tu res  of  emu1 s i  ons3* 4, 1 i quid c r y s t a l s  of 

sur fac tan t  s o l u t i ~ n s ~ * ~ - ~ ,  v i s c o s i t y  p r o f i l e s  of  other 

o i l /wa te r   emulsion^^-^- lo- 11, and l y o t r o p i c  

mesomorphism i n  general 12- 13- 14-. 

L i  quid c r y s t a l  1 i n e  s t ruc tu res  can be a t t r i b u t e d  

t o  the  aggregate tendency of  amphiphi l ic  molecules i n  

s o l u t i o n  t o  assume the  most e n e r g e t i c a l l y  favorable 

conformation. The extent  and type of i n t e r a c t i o n  

between the  molecules de f i ne  the  s t r u c t u r a l  element.; 

and phases o f ten  r e f e r r e d  t o  i n  emulsion/gel 

l i t e r a t u r e 4 .  The hyd roph i l i c  gel  phase cons is t s  o f  

water i n t e r l a m e l l a r l y  associated w i t h  amphiphi l ic  

molecules i n  t h e  continuous phase. I n t e r a c t i o n  between 

amphiphi l ic  molecules and t h e  dispersed phase composes 

a l o c a l  l i p o p h i l i c  gel  phase which d l50 can b ind  water, 

but  t o  a much lesser  extent  than t h e  h y d r o p h i l i c  gel  

phase. The e f f e c t  of  temperature and t ime on t h e  

d i s t r i b u t i o n  of  components between these two phases, 
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TRIETHANOLAMINE-STEARATE STABILIZED MINERAL OIL 295 

and t h e  temporary s t ruc tu res  formed, is t he  bas is  f o r  

t h e  explanat ion of t he  rheo log ica l  changes found i n  the  

TEA-st ear a t e  stab i 1 i zed emu1 si on=. s t  Lid i ed I 

Temperature Dependent V i scos i t y  ChanqEs 

Increas ing the  temperature of t h e  emulsion w i th  

the  lowest emu ls i f i e r  concentrat ion,  ( 3 % ) ,  Figure  1, 

r e s u l t s  i n  a monotonic decrease i n  v i s c o s i t y .  

Resistance t o  f l ow  a t  t he  3% l e v e l  i s  apparently due t o  

f l o c c u l a t i o n  of t h e  dispersed phase. Increased k i n e t i c  

energy d i s r u p t s  the  aggregate s t r u c t u r e  leading t o  a 

decrease i n  apparent v i s c o s i t y .  

E leva t ina  t h e  temperature o f  the  emulsions 

conta in ing in termediate emulsi f  er  concentrat ions,  (5 

and 7 % ) ,  Figures 2 and 3, a l so  r e s u l t 5  i n  a decrease 

in apparent v i s c o s i t y  u n t i l  about 48°C where the  

apparent v i s c o s i t y  increases t o  a maximum a t  54°C and 

then dec l ines  again. This  unexpected rheo log i ca l  

behavior i s  a t t r i b u t e d  t o  ge l  format ion as a 

consequence of  e f f e c t i v e l y  h igher  TEA-stearate 

concentrat ion i n  the  ex terna l  phase. I n  a d d i t i o n  t o  

the  s t a b i l i z e d  i n t e r n a l  phase, some l i q u i d  c r y s t a l l i n e  

s t r u c t u r e  (TEA-stearate) , presumably of t h e  middle 

phase7 type, e x i s t s  a t  these h igher  emuls i fy ing  agent 

concentrat ions. Increasing temperature "me1 t s "  these 

c r y s t a l s  present ing a l a r g e  number of randomly 

di s t r i  buted i nd i  vi dual TEA-stearate molecules . The 
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, 
A = f i r s t  day 
B = 24 hours 

C = I week 

D = 3 weeks 

' E = 7 weeks 

F = 9 weeks 

20 Temperature C 80 

FIGURE ! 
COI~Sl 'ANl  SHEAi3 TtiERMA!. APiLL'ISIS 

MINERAL OIL/WATER EMULSION, 3% TEA--STEARATE 

A = f i r s t  day 

B = 24 hours 

C = 1 week 

D = 3 weeks 

E = 7 weeks 

F = 9 weeks 

20 80 Temperature C 

FIGURE 2 
COPJSTANT SHEAR THERMAL ANALYSIS 

MINERAL OIL/'WATER EMULSION, 5% TEA-STEARATE 
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TRIETHANOLAMINE-STEARATE STABILIZED MINERAL OIL 297  

A = f i r s t  day 

B = 24 hours 

C = 1 week 

D = 3 weeks 

E = 7 weeks 

F = 9 weeks 

20 Temperature C eb 

FIGURE 3 

CONSTANT SHEAR THERMAL ANALYSIS 

MINERAL OIL j ’WATER EMULSION, 7% TEA-STEAAATE 

net  e f f e c t  is progress ive development of a gel -1 i ke 

s t r u c t u r e  w i t h  increased res is tance t o  f low. 

To v e r i f y  t h i s  hypothesis, aqueous d ispers ions of 

t h e  TEA-stearate were subJected t o  thermal r h e o l o g i c i l  

analys is .  The r e s u l t s  are presented i n  F igure  5. I t  

is important t o  recognize t h a t  i n  t h e  absence of  t he  

oil phase, the  d ispers ions conta in ing 3,5,7, and 107. 

TE&-stearate are not  equiva lent  t o  t h e  emul s ion  systems 

presented i n  Figures 1-4. I n  t h e  dispersions, a l l  t he  

TEA-stearate is present i n  the  aqueous phase, wh i le  i n  

t h e  emulsion systems, a s i g n i f i c a n t  p o r t i o n  is  located 

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

1/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



20 Temperature C 80 

A = f i r s t  day 

B = 24 hours 

C = 1 week 

D = 3 weeks 

E = 7 weeks 

F = 9 weeks 

F I G U R E  4 

CONSTANT S H E A R  THERMAL A N A L Y S I S  
M I N E R A L  OIL/’WATER E M U L S I O N ,  10% T E A - S T E A R A T E  

A =  
B =  
c =  
O =  

3% TEA-STEARATE 
5% TEA-STEARATE 
7% TEA-STEARATE 
10% TEA-STEARATE 

20 Temperature C 80 

FIGURE 5 
CONSTANT SHEAR THERMAL ANALYSIS 

AQUEOUS DISPERSIONS OF TEA-STEARATE 
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TRIETHANOLAMINE-STEARATE STABILIZED MINERAL OIL 2 9 9  

a t  the  in te r face .  Evidence of a ge l  s t r u c t u r e  is 

i n i t i a l l y  present i n  t h e  3% dispersion. Increas ing 

temperature eventua l l y  destroys t h i s  s t r u c t u r e  w i t h  a 

commensurate v i s c o s i t y  decrease. I n i t i a l  v i scos i  t v  

decreases i n  these d ispers ions as t h e  concentrat ion of 

emu ls i f i e r  is increased s ince  the re  is a p red ispos i t i on  

to t he  format ion of lower energy l i q u i d  c rys ta l s .  

These c r y s t a l s  a c t  as d i s c r e t e  p a r t i c l e s  w i th  much 1e55 

o v e r a l l  dispersed phase i n t e r a c t i o n .  They d l50 ac t  as 

r e s e r v o i r s  o f  TEA-stearate molecules which are  released 

a t  e levated temperature. The concentrat ion dependent 

increase i n  apparent v i s c o s i t y  seen a t  48" i n  t h e  

p r o f i l e s  corresponds t o  t h i s  release. Thus, a 

temperature induced ge l  format ion producing an increase 

i n  apparent v i s c o s i t y  i s  evident even i n  systems 

wi thout  t h e  i n t e r n a l  o i l  phase. This  e f f e c t  is a 

con t r i bu to r ,  i f  not  t o t a l l y  responsib le  f o r  t h e  higher 

temperature v i s c o s i t y  e leva t ions  observed f o r  t h e  

emulsion systems i n  Figures 2-4. 

These data a l so  he lp  exp la in  the  p r o f i l e  f o r  t h e  

emul si on system conta i  n i  ng 1 0 %  emul si f yi ng agent 

(F igure 4 ) .  Increas ing temperature r e s u l t s  i n  

v i s c o s i t y  maxima a t  4OPC and 54°C. A t  low temperature 

w i t h  t h i s  e m u l s i f i e r  concentrat ion,  sur fac tan t  

molecules favor  format ion of  l i q u i d  c r y s t a l s  i n  t h e  

neat phase7. I n  t h i s  phase, t he  dense packing of  t he  
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sur fac tan t  molecules produces a svstem where the re  i s  

l i t t l e  i n t e r a c t i o n  between t h e  sur fac tan t  molecules and 

the  continuous phase, r e s u l t i n g  i n  a lower i n i t i a l  

v i scos i t y%=.  As the  k i n e t i c  energy of  t h e  syst-em i s  

increased, su r fac tan t  molecules become mobile 

pe rm i t t i ng  t h e  format ion of middle phase type c r y s t a l s  

w i th  a subsequent increase i n  v i scos i  tys. Fur ther  

increase i n  temperature mel ts  t h e  middle phase c r y s t a l s  

and v i s c o s i t y  drops u n t i l  t he  system is a t  48°C. A t  

t h i s  temperature, t h e  m ice l l es  d i ssoc ia te  i n t o  f r e e  

sur fac tan t  molecules which can form a viscous gel .  A t  

54OC, t h e  v i s c o s i t y  r e s u l t i n g  from t h e  i n t e r a c t i o n  of 

t he  f r e e  sur fac tan t  molecules w i th  water and 

TE6-stearate a t  t h e  o i l / w a t e r  i n te r face ,  dec l ines  as 

t h e  “network g e l ”  melts. 

T i  me Dependent V i  scosi  t y  Chanqes 

The i n i  t i  a1 apparent v i  scosi  t y  of  t h e  emu1 si ons 

conta in ing 3,5, and 7% TEA-stearate increases over 

about a two month period. T h i s  process appears t o  be 

t h e  slow development o f  aggregrate m i  c e l l  ar s t r u c t u r e  

i n  a v iscous system-. The i n i t i a l  v i s c o s i t y  p r o f i l e  ot 

t h e  emulsion conta in ing  1C)X e m u l s i f i e r  is reasonably 

t ime independent. Since t h e  i n i t i a l  reg ion  of these 

TRA ‘ 5  depends upon t h e  existence and subsequent 

d i s rup t i on  of l i q u i d  c rys ta l s ,  t h i s  s t a b i l i t y  is not  

unexpected. 
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For t h e  emulsions conta in ing  5, 7, and 10X 

TEA-stearate, t h e  maxima a t  54°C decrease w i t h  t ime. 

Assuming t h a t  t h e  peak he igh t  is due a t  l e a s t  i n  p a r t  

t o  an i n t e r a c t i o n  between t h e  network ge l  and 

amphiphi l ic  molecules at t h e  d rop le t  i n te r face ,  one 

poss ib le  explanat ion f o r  t h e  decrease i n  v i s c o s i t y  Over 

t ime m a y  be coalescence of  t h e  i n t e r n a l  phase. 

I n t e r a c t i o n  o f  t h e  network gel w i t h  t h e  l a rge r  d rop le ts  

would no t  impart  as great  a v i s c o s i t y  a5 t h e  o r i g i n a l  

smal ler  d rop le t  system. Another poss ib le  explanat ion 

f o r  t h e  dec l i ne  i n  v i s c o s i t y  may be t h e  degradation o f  

t he  emu ls i f i e r .  Po la r ized  l i g h t  microscopy and 

anal y t  i ca l  work us ing h igh  pressure 1 i quid 

chromatography is underway and w i l l  a i d  i n  conf i rmat ion  

o f  t he  above conclusions. 
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