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Six olive oil-in-glycerin emulsions were prepared wherein ammonia and 2-amino- 
2-methyl- 1,3-propanediol (AMP), in various concentrations, served as saponifying 
agents. Six-tenths, 2, and 6 rng. ammonia/100 ml. and 2, 6, and 20 mg. AMP/100 
ml. were used in making the emulsions. The emulsions were stored at room tempera- 
ture ( 2  5 "), and droplet size, rheology, and emulsion stabiliry studied on days 1 , 2 , 4 , 7 ,  
14, 30, and 60. Droplet size, as measured from photographs taken by phase con- 
rrast photomicrography, were inversely related to amine concentration. Growth 
in droplet size over the period of study was more striking in  AMP emulsions than 
in ammonia emulsions. Rheology studies with the Brookfield LVT viscometer 
revealed the existence of non-Newtonian pseudoviscous flow. The emulsions were 
very stable, as indicated by logarithmic graphs of viscosity and time. It is suggested 

that the data may be extrapolated to predict viscosity over longer time periods. 

HEN AN EMULSION is aged there is usually 
wa distinct growth in droplet size before the 
dispersed phase separates in  bulk (1). This 
growth can be attributed to coalescence between 
neighboring droplets and has been characterized 
as following first-order kinetics (2, 3 ) .  

Some of the factors which have a n  effect on 
droplet size in an emulsion are the method of prcp- 
aration, phase-volume ratio, temperature during 
mixing, viscosity (4-81, and surfactant type and 
concentration (9). Conversely, the effecls that  
droplet size and droplet size distribution have on 
emulsion viscosity have been explored. For 
example, the effects of homodispersity (10-14), 
flocculation (15-21), surfactant properties and 
concentration (22), and phase-volume relative to  
surfactant concentration (23 ,  24) on viscosity in 
oil-water emulsions have been studied and 
rep( r ted.  

Previous reports (25, 26) have described the 
emulsifying effects of several ionic and nonionic 
surfactants on the nonaqueous, binary, im- 
misciblc system, glycerin and olive oil. More 
recently (27) this system was studied with regard 
to  the effect of surfactant concentration on the 
effective size of two anionic amine surfactants 
formed i i z  situ by the combination of either 
ammonia or 2-amino-2-methyl-l,3-propanediol 
(AMP) with the free fa t ty  acids of olive oil. 

Received April 20, 1966, from the College of Pharmacy, 
University of Utah, Salt Lake City 84112. 

Accepted for publication August 26. 1966. 
Presented t o  the Basic Pharmaceutics Sertion, A.Pi3.A. 

Academy 01 Pharmaceutical Sciences, Dallas meeting, April 
1966. 

Abstracted in part from a thesis suhmitted h y  Richard D. 
Hamill t o  the Graduate School, University of Utah, Salt 
Lake City, in partial fulfillment of Doctor of Philosophy 
degree requirements. 

This investigation was supported in part by a grant from 
the University of Utah Research Fund. * Fellow of the American Foundation for Pharmaceutical 
Wucatiou, 1963-1965. Recipient of the Josiah Kirby 
Lilly Memorial Fellowship, 1964-1965. Present addi-ess: 
naxter I.aboratories, Inc., Morton Grove, 111. 600.53. 

The present study was designed to  learn more 
about the stability of this emulsion system by 
examining thc effccts of aging and amine con- 
centration on both rheology and droplet size 
clistrihu tion. 

EXPERIMENTAL 

Six olive oil- glycerin emulsions wcre prepared 
with varying concentrations of amine. Samples 
1, 2, and 3 containcd 0.6, 2, and 6 mg. of ammonia/ 
100 ml. of emulsion, respectively; whereas sampies 
4, 5, and 6 containcd 2, 6, and 20 mg. of AMP/ 
100 ml. of emulsion, respectively. These coticen- 
trations were chosen because 0.6 ing. of amtnonia/ 
100 ml. and 2 mg. AMP/100 ml. correspond to the 
minimum amine concentrations needed for stable 
emulsifications a t  phase volumes of 0.40 as previ- 
ously reported (27). Concentrations of 6 mg. of 
ammonia/100 ml. and 20 1 1 7 ~ .  AMP/100 ml. rcp- 
resent a tenfold increase above these minima. 
'l'hc two remaining samples contained concentra- 
tions interrnediatc between the minimum concentra- 
tions and the tenfold increase. The olive oil and 
glycerin used in making the emulsions and thc ordcr 
of mixing were the same as those previously de- 
scribed (25-27). All emulsions were made with 
phase volumes of 0.40. Emulsion type was com 
firmed by the phase dilution method. 

The emulsions were stored at room tcmpcraturc 
(25 =k 2') for 2 months. A testing schedule was 
established whercin the six samples were tested 
a t  days 1, 2, 4, 7, 14, 30, and 60. Day 1 cor- 
responds with the day the emulsions were made. 

Photographs were taken by means of phase con- 
trast photomicrography on the days chosen in thc 
testing schedule. A Wild phase contrast micro- 
scope providing 480X magnification and equippcd 
with a Polaroid camera was used. The wavelength 
of the light source was 475 m p .  

A glass microscope slide was prepared by placing 
a drop of emulsion on the slide after which a cover 
glass was gcntly rcstcd on the emulsion. Carc 
was taken not to apply any pressure on the sample 
other than that cxerted by the wcight o f  the ewer 
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glass. Prcssurc on the cover glass could cause 
distortions ‘or force some droplets to coalcscc in the 
eiiiulsioii, tliiis altcriiig tlie clroplet diuii1etc.r rtisiilts. 
T h e  prepared slide was set asidc for 1 lir. This 
time period was required to  allow rnovemcnt in the 
sample virtually to stop so that a clear photomicro- 
graph could be obtaincd. 'lie low intensity of tlie 
light sourcc usccl in this type of microscopy required 
a several-second exposure time. Photographic 
prints were obt.zined using Polaroid P o l q a n  200 
film. Thc photograph taken was immediately 
available for inspection to insure a picturc CJf best 
possiblc clarity. 

Two or three 1-in. squares wcrc arbitrarily selected 
from cach photomicrograph arid the diarnctcrs of 
200 t(J 300 droplets werc classified witliiti these 
areas. The  average droplct diameter (.Dm) was 
calculatcd using Eq. 1 (22). 
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will appear in subsequcnt parts of this paper is 
neccssary to avoid confusion later. Nol1-Ncwton- 
iaii flow call he clnssifietl accordit~g to the I,rcscllce 
or absence of a yield value. A yield valuc represents 
tha t  amount of force necessary before a liquid begins 
to  flow. If a iiiatcrial does not exhibit a yield 
value, it is rcferrcd to  as viscous flow and if i t  does, 
it is called plastic flow (30, 31). This division of 
flow typc is rarely referred to in pharmaceutical 
literature, but it reprcscnts more precisely thc funda- 
mental types of flow with less ambiguity. Accorcl- 
ing to  this definition, a rnatcrial which thins out or 
becorncs less viscous as the ratc of shear is incrcasecl 
is referrcd to as pseudoviscous rathcr than pscudo- 
plastic, a term more coirirnorily cmploycd. Tlrc 
term pseudoplastic is rcserved for that typc of 
flow which beconics less viscous upon an increase 
in shear rate, but in addition, also cxhibits a yield 
value. Dilatant materials, which bcconic more 
viscous upon an increase in shear ratc, must be 
identified further as dilatant-viscous or dilatant- 
plastic. 

RESULTS 
The effects of shear rate and agc on  tlie viscosity 

of the ammonia samples are shown in Tablc I. 
In sample 1 (0.6 nix. aiiirrioriia/100 ml.) the viscosity 
on day 1 a t  0.6 r.p.m. was 3700 cps.; however, as 
thc rate increased to  6 r.p.rn. the viscosity dropped 
to  3630 cps. The influence of shear rate on vis- 
cosity became more marked in sdniplcs 2 (2  ing. 
atntrionia/100 ml.) and 3 (6 mg. ainiiionia/100 ml.). 
Samplc 2 decreased 220 cps. going from 3860 cps. at 
0.6 r.p.ni. to  3640 cps. and 6 r.p.ni. Sample 3 
exhibited a declinc of 530 cps. as the rate was in- 
crcascd over the same interval. Thcrc wcrc indi- 
vidual variations in each samplc over the period of 
study, but no meaningful pattern could be defincd. 

Table I also shows that thixotropy appears to 
h a w  dcvcloped by day 14 in sample 1. Although 
it could not be cleniotistrated on day 3 9 ,  it appeared 
again on days 60 and 120. Samples 2 and 3 did 
not appear to  display thixotropy until day 60, 
but after i t  developed it appcarcd to  remain througli- 
out thc duration of the study. 

The effect of shear rate on viscosity is further 
illustrated in Tablc 11. The decrease in viscosity 
when the shear rate was inercascd from 0.6 to 6 
r.p.m. is listed for each sample according to thc 
day on which i t  was determined. The last column 
rcprcscnts the mean decrease in viscosity lor each 
sample. As shown in the tdbk!, thc mean decrease 
in viscosity of samplc 1 was 210 cps., whereas that 
for samplc 3 was .590 cps. As was expected, thc 
mean decrease in viscosity of sample 2 was inter- 
mcdiatc to these values (340 cps.). Thus, thcrc 
appears to  be an inverse relation bctwccn amine 
concentration and susceptibility of the emulsions 
to  shear rate. 

‘Table 111 shows the effects of shcar ratc and age 
on the viscosities of the AMP emulsions. Pseudo- 
viscous flow was also displayed by these emulsions. 
The influence of shear rate on thc viscosities of 
samples 4, 5,  and 6 (corresponding to 2, 6, and 20 
mg. AMP/100 nil., respectively) is dcmonstrated 
in the same manncr as for samples 1 ,  2, and 3. 
Sample 4 decreased in viscosity 130 cps. (from 3720 
to 3590 cps.) as the shear rate was increased from 
0.6 to C, r.p.m. Thc cffcct of shear rate oil viscosity 

where n is tlie number of droplets with a diameter 
of D. 

The rheology of each emulsion was studicd on thc 
test days -using: a Brookficld LTT viscoineter. 
Day 120 a1c:n was included in the rheology testing 
scliedule. Ihch  sample was pourcd into the test 
container which was then placed into a constant- 
temperature water bath, maintained a t  25 =!= 0.2”, 
and allowed to equilibrate for 45 min. Spindle 
N(1. 2 provided with the Brookfield viscometer 
was cliosen For testing the emulsions becdusc i t  
allowed the widtrst range of scalc readings over a 
large nurnbcr of r.p.m. (shear rate). Dial readings 
(shear stress) at spindle speeds of 0.6, 1.5, 3 ,  and 
6 r.p.m. were rccorded for each sample. A test 
was conducted to determine the presence of thixot- 
ropy by runriirig the viscometer a t  60 r.p.m. for 
10 inin. aftcr having measured speeds from 0.6 
up to 6 r.p.ni. After this period of timc the dial 
readings were again rccordcd, but this time from 6 
down to 0.6 r.p.ni. Iu samples where thixotropy was 
present, the amount of standing time required 
bcforc the “up” readings could be duplicated was 
rioted. 

To utilize cffcctively thc Brookfield viscometer 
on non-A7ewtoni;m materials, various methods of 
calculation havc bccn proposed (28, 29). The 
iiiethod described by Runikis et al. (29) takcs into 
account the entire flow data obtainable with the 
Brookfield instrument. Their “n value” mcthod 
utilizes Eq.  2 which thcy dcrivc and rxpla.in. 

JRR) (n )  (scale reading) 
(r.p,m,) viscosity = - (Eq. 2) 

Siuce KO = 300 when spindle No. 2 is uscd with 
the Brookficld L’iT viscomctcr, Eq. 2 becomes 

300 ( n )  (scale reading) 
viscosity == (r.p.m.) (Eq. 3) 

A logaritliniic plot of r.p.m. uersus scale rcading 
is a convenient triethod of calculating n since the 
reciprocal of the slope of the linc fornied in such a 
plot equals n. 

All viscosity data reported in this study have 
been calculated from Brookfield data using Eq. 3 
nnd recorded in centipoise (cps.). 

A brief defiriitii~~n of sornc rlicolo,qy terms which 
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TABLE I.-EPFECT OF SHEAR RATE AND AGE ON THE VISCOSITY OF AMMONIA" EMULSIONS 
- 

~ 

Shear 
Itate 

(Spiudlc 
Speed, 

Sample i .p .m.)  

0.6 

1 1 . 5  

3 

A 

0.6 

2 1 . 5  

3 

6 

0 . 6  

3 1 . 5  

3 

6 

_____ 
Ijay 1 Day 2 

3700 4070 

3680 3920 

3670 3860 

3630 3820 

3860 4150 

3750 3850 

3660 3750 

3640 3660 

4250 4320 

3940 4000 

3810 3860 

3720 3750 

- 

L)ay 4 

4060 

3920 

3880 

3840 

4270 

4060 

3990 

3920 

4530 

4200 

4020 

3920 

--Viscosity, 
Uay 7 

4000 

3910 

3840 

3810 

4250 

4040 

3980 

3920 

4470 

4160 

4020 

3910 

cps 'I-- 
L>ay I4 
4000 
3560 
3850 

3780 
3400 
3730 
3430 

4060 

3860 

3760 

3710 

4320 

3990 

3830 

3780 

3T50 

__ 

~ 

Day :xi 

3060 

3810 
3790 
3760 
3730 
3720 
3690 

4010 

3770 

3710 

3650 

4320 

3960 

3810 

3700 

-~ 

__ 

~ 

Day 60 
3950 

3810 
3270 
3770 
3200 
3i40 
3230 

4010 

3770 
3710 
3700 

3650 
3690 
4230 
4020 
3880 
3650 
3670 
3460 
3530 

3320 
~ .- 

~ 

~ 

__ 

~ 

~ 

__ 

33!i0 

l)dy 120 
4090 
3790 
4030 
3850 
3930 
3800 
3890 
3790 
4010 
3620 
3830 
3440 
3i90 
3360 
3720 
3300 
4470 
4340 
4190 
4000 
4020 
3840 
3930 

~- 

~ 

__ 

-~ 

__ 

- 

__ 

~ 

~ 

3730 

a Samples 1, 2, and 3 contain 0.6, 2, and 6 mg./100 ml., respectively. * Viscosity measured with the Brookfield viscometer 
The ripper figure 

The lower figure rep- 
is  reproducihleto 4z 1%. 
represents the 
resents the "down" viscosity determined when the spindle speed was decreased from 6 to 0.6 r.p.m. 

Thixotropy is represented by two figures for the same day and spindle speed. 
up" viscosity determined when the spindle speed was increased from 0.6 to 6 r.p.m. 

TABLE II.--VISCOSITY DECREASE I S  !iMMOSIAa EMULSIOKS KESULTINC PROM SHEAR R A ~ E  INCKEASE FROM 
0.6 TO 6 r.p.m. 

__ -- - _- Day Examined- - hlean 
Sample 1 2 4 7 14 30 60 120 Decrease 

1 70 250 240 190 270 240 210 200 210 
2 220 490 3 50 330 350 360 360 290 340 
3 530 570 610 560 600 620 700 540 690 

a Samples I. 2, and 3 contain 0.6, 2,  and 6 rng./100 ml., respectively. 

was not as apparent in samples 4 and 5 as it was 
in samples 1 and 2; however, sample 6 showed a 
marked effect when compared with sample 4. 
Over the same shear rate interval sample 6 de- 
creased 470 cps. The effect of shear rate on vis- 
cosity also varied with age. Thcse variations did 
not follow a meaningful pattern, however. 

Thixotropy appcdrcd on day 14 in all AMP 
emulsions atid continued through day 120 in sample 
4 but could not be demonstrated in sample 5 on 
day 30 nor in sample 6 on day 120. In each case 
where thixotropy was present, the emulsion showed 
complete structural recovery within 2 hr. after the 
test. 

Table IV, constructed like Table 11, illustrates 
the net effect of viscosity decrease with shear ratc 
for each AMP sample according to age. Sample 4 
showed a mean decrease of 240 cps. There was no 

change in the mean viscosity decrease between 
samples 4 and 5 Sample 6 does show greater 
mean decrease in viscosity than shown for samplcs 
4 and 5 These data are consistent with those of 
the ammonia emulsions 

The effect of age 011 the droplet size in each 
cmulsion studied is shown in Table V. The figures 
listed show the droplet size as per ccnt within a 
size class on the day examined for each sample 
studied, Upon inspection of the data for sample 1 
it  is easily seen that the per cent of droplets less 
than 0 5 p decreased from 2 5 on day 1 to 0.6 on 
day 60, whereas the per cent of droplets 1.0 p in- 
creased from 94.3 on day 1 to 96.0 on day 60. 
There was no significant change in the per cent of 
droplets with a diameter of 2.0 p. Sample 2 shows 
the same pattern but to a lesser extent. Since the 
magnification in the photomicrographs was 480 X , 
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TABLE III.-EPFBcT OF SHEAR RATE AND i"GE ON THE \'ISCOSITY OF AMP" EMULSIONS 
~ 

~~ ~~~ ~ 

S h eai- 
Kate 

!Spindle 
Speed, 

Sample i-.p.m.) 

0 . 6  

1 . 5  

4 3 

1 5  

5 3 

(i 

0 6 

6 1 . 5  

3 

6 

- Viscosity, c ~ s . ~  
Day 1 Day 2 Day 4 Day 7 Day 14 . 

3720 

3630 

3600 

3590 

3730 

3690 

3620 

3590 

4070 

3830 

3670 

3600 

3720 

3670 

3620 

3600 

3500 

3390 

3380 

3340 

3720 

3610 

3630 

3520 

4140 

4010 

3960 

3900 

3920 

3780 

3700 

3660 

4340 

4080 

3970 

3890 

4090 

4010 

3960 

3910 

3870 

3780 

3710 

3690 

4290 

4060 

3940 

3890 

4000" 

3910 
3780 
3840 
3690 
3780 
3650 
3830 
3520 
3650 
3330 
3.510 
3270 
3410 
3250 
4390 
4160 
4040 
3870 
3920 
3750 
3830 

3820 
~ 

~ 

~ 

~ 

~ 

~ 

- 

~ 

3-0 

Day 30 
4140 
3960 
4030 
3730 
3950 
3610 
3900 
,3680 

__ 

__ 

~ 

3640 

3490 

3440 

3410 

4390 
4310 
4080 
4020 
3980 
3900 
3880 
3820 

~ 

~ 

-~ 

~ 

Day 60 
4110 
3950 
3930 
3750 
3890 
3680 
3820 

3770 
3140 
3590 
3060 
3550 
2980 
3510 
%60 
4260 
3960 
3980 
3760 
3890 
3630 
3K30 
3.580 

- 

~ 

~ 

36% 
~ 

~ 

~ 

__ 

-. 

~ 

~ 

Day 120 
3980 
3840 
3710 
3620 

3.510 

3470 

3920 

3760 
3720 
3700 
3680 
3670 
3640 

4390 

4040 

3950 

3880 

-~ 

- 

~ 

- 

~ 

_ _ ~  
Samples 4 15 and 6 contain 2 6 and 2 0  mg./100 ml. respectively. Viscosity measured with the Brookfield viscometer 

The upper figure 
The lower figure rep- 

is reproducibl; tu & 1%. 
1-epresents the "tip" viscosity determined when the spindle speed was increased from 0.6 to 6 r.p.m. 
resents the "down" viscosity determined when the spindle speed was decreased from 6 to 0.6 r.p.m. 

ThixAttropy is repi-esented b; two figures for the same day and spindle speed. 

TABLE IV.--I!ISCOSITY DECREASE IN A4MPa EMULSIOSS RESULTING FROM SHEAR RATE INCREASE FROM 
0.6 TO 6 r.p.m. 

_ _ ~  
~~~~ -- ~ ~~~~ ~~ Day Examined-- - Mean 

Sample 1 2 4 7 14 30 GO 120 Decrease 

4 130 120 240 180 220 240 290 510 240 
5 140 160 260 180 420 230 260 250 240 
6 470 200 450 400 560 510 430 510 440 

~~ 

Samples 4, 5 and 6 contain 2 ,  A, and 20 m g  1100 ml., respectively. 

I mm. w w  equivalent to 1.92 p ,  The droplets in  
sample 3 were so small (in the range of 0.25 mm.) 
that they were inipossible to measure; consequcntly, 
droplet siizc could not be obtained. I t  can be 
stated, however, that the droplets in this sample 
were less than 0.5 p. 

The enmlsion having the lowest concentration 
of AMP is sample 4. As aging occurs, clroplet size 
distribution appcars as a decrease in per cent of 
droplets in smaller sizes and as an increase of larger 
sizes. The droplet size range narrows in sample 5; 
in sample 6 tlhe droplet size became so small (as 
it did in sample 3) that a count could not be made. 
Thc droplet. size range in sample 6 fell entirely 
below 0.5 p. 

Thc mean clroplet size is reported in Table VI 
for each sample on the clay i t  was determincd. 
This tahlc shows that evrn though a significant 

rise in droplet sizc with age cannot be demonstrated, 
the increase in mean droplet size with increased 
amine concentration is readily apparent. 

DISCUSSION 
It has been said that, with very few exceptions, 

all emulsion systems display some type of non- 
Newtonian flow charactcristics especially when the 
phase volume exceeds 0.4 to 0.5 (23). The emul- 
sions examined in this study proved no exception 
to this statement. A pronounced pseudoviscous 
type flow with the appearance of thixotropy was 
seen during the study. Thixotropy has been at- 
tributed to  the formation of extended flocculated 
networks capable of giving the emulsion necessary 
structural properties before thixotropy can be seeti 
(15, 16). Since flocculation is an importarit factor 
(15--21), its effects are seen to some extent in  most, 
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to an increased total interfacial area. Both a 
decreased n1ea.n droplet size and an increased liomo- 
dispersity was seexi in tlie atniiiotiia emulsions ancl 
also iii the* AMl’ einulsioiis. Tlic cfrwt o f  this (.in 
viscosity has been explained on the basis o f  a more 
uniform droplet size offering mnre resistance to  
flow, thus incrcasing viscosity ( l o ) ,  and by ail in- 
creased interaction among droplets duc to an  
increased interfacial area (12) with the efTect being 
more pronounced when droplet dispersity becomcs 
more uniform (13, 14) .  

Lcvius and Drummond (32) found that  droplet 
size frequency analysis yielded more complete ancl 
reliable information about the internal state of the 
emulsion than was obtained from mean droplet 
size data only. This is in agreement with tlie results 
presented in Tables V and VI. The mcan droplet 
size of each samplc listed in Table VI gives the itn- 
prcssion that little growth occurs between days 1 and 
60. Table V reveals that  droplet growth did con- 
tinue through the entire period of study. 

emulsions. Thus, it was not unexpected to see 
thixotropy displayed in aH of the emulsions used 
in this study. 

The i t icreas~~l  irifluriice o f  shear ratc on viscosity 
as the rate was incrcased, as shown in both the 
ammonia and AMP emulsions, can undoubtedly 
also be esplaincd on the basis of increased inter- 
action bctween drtrplets or  between thc droplcts 
and the dispersion medium. 

Thc over-all increase in viscosity as the concen- 
tration of amine was increased agrees with previously 
cited work by Sherman (22). He concluded that  
the emulsifier can influcnce emulsion viscosity in 
several w-ays depending on its solubility in the tw-o 
liquid phases, its chemical composition, the con- 
centration used, and the physical properties of the 
film adsorbed around the droplets. The latter 
property has been studied on rionaqueous systems 
and will be described in a separate publication. 

The effects of droplet size are also important 
here. A decreased mean droplet size corresponds 

TABLE V.-EFFECT OF AGE ON DROPLET SIZED 
_ _ _ ~ _ _ ~ ~ ~  

Diam.. 
Sample 1, 0 .  A nix. 

NII3/100 Iill. 
<0.5 

1 .0 
2 . 0 

Sample 2, 2 mg. 
NHn/lOO ml. 

a . 5  
1.0 

NH3/100 1~11. 
Sample 3, 6 mg. 

a . 5  
Sample 4, 3 mx. 

AMP/100 mi. 
1 . 0  

3 . 0  
4.0 

Samplc 5, 6 mix. 
AMI’/100 ml. 
<0.5 

1 . 0  
2 . 0  

2 . 0  

Saniplc 6, 20 mg. 
AMI’/100 nil. 
<o . 5  

1 

2 . 5  
!44 . :I 
3 . 2 

95.5 
4 . 5  

100.0 

45.1 
52.1 
2 . 8  
. . .  

42.6 
57.4 
. . .  

100.0 

2 4 

2.6 4 . 3  
04.4 92 6 

3 . 0 3.1 

95 .5  95.5 
4 . 5  4 .6  

100.0 m . 0  

40.4 34.5 
54.9 69 .3  
4 . 3  5 . 7  
0 . 4  0 .5  

41.6 34.7 
58.4 64.9 
. . I  0.4  

100.0 100.0 

I)ay Examined 
7 14 

3 . 5  3.2 
92.8 93 . 0 
4 .2  2.9 

94.3 94.3 
5.7 5.7 

31.5 32.2 
60.1 60.2 
8 .4  7.4  
. . .  0.4 

31.6 Z7.6 
67.0 ( 1 . 9  

1.0 0 . 5  

100.0 1oo.n 

- -~ 
30 

0 8 
96.9 
8 . 3  

94.3 
5.7 

1oo.n 

30.2 
61 .s 
8 . 1  
... 

21.5 
77.9 
0.5 

100. n 

~- 
fin 

0.6 
nci. 0 
3 . 4  

94.4 
5 . 6 

100. n 

34.0 
57.3 
8 . 7  

. . .  

22.3 
77.3 
0.4 

100.0 

13istribution is 1-epresented as  per cents of total droplets measured in each size class. 

TABLE VI  -EFFECT O F  CONCENTRATION ON MEAN DROPLET SIZBa 
_ _  ~ ~ 

7 -~ ~ _ _ _ _ _  7 n a y  Examined 
Sampleb 1 2 4 7 14 30 60 

1 2 04 2 04 2.04 2 05 2 04 2 05 2 05 
2 0 80 0 80 0.81 0 84 0 84 0 84 0 %  
3 1,esc. than 0 5 
4 3.36 3.53 3.65 3 74 3.73 3.74 3.73 
5 1.61 1.62 1.70 1.77 1.77 I.X0 1.79 
6 Lcss than 0 5 

‘*Nmnhers represent droplet diameters ciilculated in microns tising Eq. I .  ”Samples 1, 2, and 3 contain 0.6. 2, anrl fi mx. 
NHx/lO0 id., rrspcctivrly. Saniplrs 4, 5 ,  and 6 contain 2 .  6, anrl 20 mp. AMI’ / lOO ml.. respectively. 
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N O .  I NO 1 

I D  I 0  100 I 0 0  
DAY E X A M I N E D  D A Y  E X A M I N E D  

Vig. l.--The effects of age oil the viscosities of Fig. 2.- -’The effects of  agc on the viscosities of 
xmnionia errmlsions (logarithtnie scale). Samples AMP emulsions (logarithmic scale). Samples 4, 5 ,  
1. 2, and 3 represent arnnionia coiiccntrations of aud 6 represent AMP concentrations of 2, 6, and 20 
0.0, 2, and G .mg./100 ml., respectivcly. mg./100 nil., respectivcly. 

The fact that satnplcs 2 and 5 both showed a 
smallcr mean droplet size and droplet distribution 
t h m  Wd.S seen with samples 1 arid 4, respectivcly, 
infers a grcitcr degree of stahility between the 
cmulsiuns a i  the amine concentration was iii- 
creased. Evon though a droplet sizc could not be 
ealculatctl in. either sample 3 or 6, the fact that 
both samples had sizes completely below 0.5 f i  
can have sigii ificant implications as to their stability. 

Scverd published reports have shown the i n -  
1)11rtaiicc and uscfulncss of time plots 0 1 1  :L log- 

( 3 3 3 8 )  it1 stability studies on dis- 
persed systems. These studies demonstrated that 
linear relations existed when the logarithm of some 
propcrty to  be followed in the system was graphed 
with the logarithm of time. For example, Wood 
and Catacalos (36) applied this concept to studies 
on viscosity and concluded that changes in vis- 
cosity especled to occur after 1 year can be pre- 
dicted from data 011 otily 100 days. 

In order t o  perform a similar evaluation of the 
data obtaincd in this study, logarithm timc plots of 
viscosity and age for the various ammonia emulsions 
and A4NIP cmulsions were preparcd and are rep- 
I-eseuted in Figs. 1 and 2 ,  respectivcly. Figure I 
shows a fairly lincar relation for each sample. 
Sample 3 takes a slight rise betwccn day 60 and d a y  
120. Howe>er, this increase, if eoutinued, would 
not rrsult i n  an appreciable rise after 1 year. 
Figure i! also shows fairly good linearity. Therc- 
fore, no appreciable viscosity change should be 
seen alter 1 year. 

SUMMARY 

Six olive oil-in-glycerin emulsions wcre prepared 
wherein ammonia and 2-amino-2-mcthyl-l,3-pro- 
panediol ( A M P ) ,  in various concentrations, served 
as snpoiiifying agents. Six-tenths. 2 ,  and 6 mg. 
:rmn~otiia/lOO i d .  ai id  2, A. and 20 in):, 4MP/100 
ml. were used in rnnking thc emulsions. The 
emulsions wcre stored at room temperature ( 2 5 ” )  
arid drolplet size, rheology, and emulsion stability 
studied (on d:-lys 1, 2 ,  4, 7, 14, 30, and 60. Day 1 

correspondcd to tlic day tlie cuiulsioris wcrc prc- 
pared. 

Droplet size, as measured from photographs taken 
by phase contrast photoriiirrograpliy, was in- 
versely related to  aniine concentration. This work 
also demonstrated that a droplet size frequency 
analysis was much morc meaningful to a stability 
study than was incan droplet size data alone. 

Rheology was studied on thc respective test  
(lays with a Brookfield LVT viscometcr. Viscosity 
wits calculatcd froin Brookfield data using lllc 
“n value” iiietliotl describcd by 12unikis and co- 
workers. These studies revcaled tlie existence of  
non-Newtonian pseudoviscous flow with occasional 
thixotropy. 

Logarithmic graphs of viscosity and time illustrate 
stability in the errmlsion systems. These graphs 
also suggest that no significant changes in viscosity 
would be expected over longer time periods. 
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Effect of Surfactant Concentration on the Interfacial 
Viscosity of a Nonaqueous System 

By RICHARD D. HAMILL* and ROBERT V. PETERSEN 

The interfacial viscosities of the glycerin-olive oil interface after either ammonia or 
2-amino-2-methyl-1,3-propanediol (AMP) had been added were studied by means 
of a viscous traction interfacial viscometer. The m i n e  concentrations used were 
0.6, 2, and 6 m The 
results indicate ttat more rigid films were produced at the interface as amine con- 
centrations were increased. The original viscosities and the increased viscosities 
resulting from increased amine concentrations were as would be predicted from 
fatty acid films. However, viscosities were not so high as thought to be necessary 

for stability against coalescence in emulsions. 

ammonia/100 ml., and 2,  6, and 20 mg. AMP/100 ml. 

REVIOUS STUDIES from this laboratory have 
demonstrated that nonaqueous einulsions of 

glycerin and olive oil can be prepared by means 
of anionic, cationic, or nonionic sui-factants (I, 
2). I t  has further beer1 pointed out that a high 
degree of emulsion stability can be achieved with 
extremely low concentrations of saponifying 
amines such as ammonia or 2-amino-2-methyl- 
1,3-propanediol (,4MP). Indeed, concentrations 
barely sufficient to produce monomolecular films 
of the amine soap a t  the interface produced 
stable emulsions (3). 

The effect on emulsion stability of a rigid inter- 
facial film as a mechanical barrier to coalescence 
has been studied by several investigators. In 
1941, King (5) proposed that the strength and 
compactness of the interracial film in an emulsion 
were the most iniportant factors favoring 
stability. A ycar earlier, Schulinan and Cock- 
bain (G, 7) implied the necessity of high inter- 
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facial viscosity for eniulsion stability by stating 
several conditions essential for optimum stability 
including the need for a “condensed” interfacial 
Glm. Becher (8) has also suggested that the 
formation of a rigid interfacial film is a mechanism 
in stabilizing emulsions. Sumner (10) supports 
this concept by suggesting that the mechanical 
strength of the film of emulsifying agcnt around 
the droplets is important. Blakey and Lawrence 
(1 1) found a partial correlation between eniulsion 
stability and surfacc viscosity at the solution-air 
surface. More recently, the mechanical re- 
sistance of the film and emulsion stability have 
been related (la, 13). 

Because of the remarkable stabilizing effect of 
ammonia and AMP and because it has been re- 
peatedly suggested that a relation exists betw-een 
emulsion stability and the interfacial viscosity 
and mechanical strength of the film in oil-water 
systems (4-13), i t  seemed important to study the 
interfacial viscosities of the glycerin-olive oil sys- 
ten1 containing varying concentrations of aniiric to 
determine if a similar relation exists which could 
help to explain the unusual stability of emulsions 
of these components. 
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The term interfacial viscosity, as used through- 
out this study, is defined as thc shear viscosity of a 




