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Vg Lan g unt Foem diwbietinditon of Mnaly divided waliter In the

| dlaparaton madbume  1n Wha vane ol highly ammoeenbvatad euilnlonn, abnbl ity

i ta anhiavail by umking the dropa of one of the Hyulda an smnll an pon=
nibhin Lo e prenenge of Kool surlaoe aolilve atabllinere Beparabion
ta pravantiml by Whe amnll aine of Gha drope and alabti LIty depends on the
dapad Lhy of Wleaa drops to exaibe Hrrowntan movenont, lowaver, Lhe
moaal Lad lomygant aatbon vaquives svmplionted aquipment amd of hen Lie
volvearn n vonatderahle axpaidl e ot weohanloal morgy. Weo ahpll

Nl dant here w th pponbnnaeons sitlat floaklon, whioh {u uRtally ine

bavamhing, and whioh wan Jlevunaad nob bong apo by Rebbindar PR

Two other means of ohbatining Wgh=ptabi ity songentimted amilenions
havn ppnatitonl valne, ,

1, Hyntematilo stition tn one Inharationy of the necsssary abahi=
Thatng oottt bina and of the Mropectian of hghly outocentrated (gela=
Eintmad) amidinbine/a/ han ahown that, when mond of tha deops have a
Aiamatar of | whloren, high ntabiitty depanda oo the abruoture of the
ayatnm an a whole whish abrasbure ta pratiwed by the alone proximity
W ogrenbly deformed dropa,  Norstlowing gel=1ike emiletone with very
high sonaanbeatione of the dlaparaed plmne { for smple, 68 mn"
of bengol tn ) \“\\3 off a 8 sodndion of aod i \\.han(.u) wil) matnbain
thety ahahll\by For wany wontha besnias of the Mnr tha 11m
‘wk mn{nwhm\w of the abruetural o lements (oell walla, hompy=
m&\m) loads to m hreakitom of the ewulston, whioh {a anpevinlly Powmd
in n‘vntmm oFf W) wuw umemlmhm\. The datber are atm\spl ed e
mmmm 1ayera m»“‘mcxm thicknens qo-n.m miwm& ﬁ?\?“w
olente % solutions ,Whieh lmw"iow Yesistanae Lo hreuktow, Thsmmn
ewulaions of mxm\m emeenwnmbn onm begin to break dowmw, ow

with a
ahaking Wﬂ fxdesa of W organie ddauid, lowever, shaking a
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system with 2 = 3 drops of water net only stops the breakdown <af=blses.
WO!‘ tpq emulsion but also reestahblished the emulasion because
- of the dvu WA between the drope, If a greater amount
of water is added to an emulsion of maximum concentration or of generally
high concentration, the water (or an ,ddition of a weak solution of the
stabilizer) m the oaﬁ'{uml separates them from sach other, The
free drops which assume the usual spherioal shape,remain suspended
in the dispersion medium w:l‘th an early formation of protective layere
on them; i,e, a th&n—-mmm}emuluion 1s obtained whose stability
is basionlly determined by the dispersion of the original system,

2, Aocconding to the generally mcdepted views of Rebinder (3), the

necessary itability oonditions of oconocentrated emulaions are: suf-

ficlent surface activity (soluble emulsifiers) relative to the

o

S T

liquid-1liguid interphase boundary and toughness of the stabilizer in
g the dhgorption layer, Theae conditions ensure kinetic stability of
) emudaions when hiphly dispersed or when formed from two liquids of
‘ equal specifio weights, But if in the system there is found a signie
@ fioant number of large drops not having Brownian movement, then the
: uniform distribution is disturbed and interphase layers appear, ylhioh
¢

point to insuffiocient kinetic stahility of the original emulsion, The !
interphase layers hera are stable with concentrations of the dispersed
phase of about 80% (the uppsr limit of filling the volume by isodia=

metrical spheres because of the poly-dispersion of the system), becauses
of the presence of strong hardened layers of the stabilizer on the
drops, '

Kinetic instability of the original emulsion can be eompgngated
for even with a small congentration or'the dispersed phase; i,e,
with large intervals between the drops, For this purpese, the pro-
WL tective layers encircling the drops must be fortified so that a spatial

network be formed whose walls are strong enough to maintain the
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suspension of the drops, Stating the problem in this way is not acoi-
dental since in 1934 Talmud and Bresler proposed/4i/ that "From owr
point of view all stabilising adsorption layers and surface filme of
emulsions appear to be Yspumoid!",

The present state of collioidal oﬁemiutry makes it possidle to
oonstruct such structures in Mmg emulsions, whhﬁould

, 8 othe movement of the dropn%a T s
using, for a sudden increass 1in stability of oon=

centrated emulsions, thixotroplo colloidal solutions of surface-active

atab1112078) which are easily reformed after cessation of mechanical

action, l

The stabilizer should have for this point a) surface activity rela=

tive to the interphase boundary of water and oil and sufficient

surface strength in a fine layer of the solution and b) the ability

suddenly @9 form the thixotﬁjgé: syastems with a sufficiently rapid reastora-

tion of‘!ﬁasspntinl utructurosVi:”:;aiiifioation.

The sﬁ¥fuce activity of the stabillizer, as is known, ensures the

formation of a protective layer on the oil drops, vThereroro not all
i thixotropie solutions can be used for our purposes, Colloidal solutions
of materials which do not have a noticeable surface activity (for example,
thixotropic solutions of iron hydroxide or vanadium pentoxide) are
not effective stabllizers of emulsions, The use of aﬁ%gtancea usually
leads to the formation of quasi-emulsions in which the dops are mechani-
cally enclosed within the spaces of the cells, Shaking of the quasi-
emulsion leads to coalescence of the drops, which are freed when the
cells are disturbed. Ogly thixotropic solutions of surface-active
substances can ensure the covering of the drops with a protective layer
even in the case where the spatial structure network in the free
solution between the drops is disrupted “in'shaking the prepared emul-
sion or in forming the emulaion,
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8ince emulsions are obtained as the result of the machanical pro=

cessing of two fluids, Mthe process of emulaification shewdd t -

volve 1 d:laruption of the spatial atruotureu in the stabilizing solu~
||,h4,“\ waX

0 e
tion, ‘N\outau it 1s essential in mmt.i.ng the system from sbphidé
ting into layers to have a aimultansous and sufficiently rapid restora=

tlon of the disrupted spatial struotures after cossation of omulaifie

oation, The emulsion will n-ppa&.n‘ kinetioally stable for a long period,
if the adasorption layers on $he drops of the diapersed phase, as a

part of the structur»xl alomentc o!‘ the system,

are rapidly seaured w\)\ © LrumnesTy
A W“Maoh othe @ truot 51 rmgmonto in \ froe solution,dusingere- i

m. Tho strustures should be disturbed relatively

by mechanionl action to avoid using large energies in oversoming

ohntiown
these resistancea during emulsification, It is fatural that the

" |

[ ¢

properties of theso systems should be studied and charaoterized by
measuring the viscosity of the solutions for variable
(velocitlies of flow),

preasures
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Thet very stable emulsions oould be obtained by this relatively ]
easy method of using thixotroplo solutions was proved in a series of
oafes,

In oonneotion with this, we will now examine the stabilising pro=-

vi pertios ol mixtures of modium oleate with aliphatic aloohols in the
t formation of conoentratad emulsiono,
Experimental Seotion

! Fhe sodium oloate was prepared from oleio acid ¥hiohlhad been 3
i

froshly distilled in vaouum and o caustio soda solution, The aloohols

wore ohemiocally pure., Carefully purified and distllled benzdl served as

the dispersoed phase, The aloohol was mixed with either the benzol or

gy | a 1% soap solution, The viscosity was measured by Ostwald's visoosimeter

in Kroyt's apparatus, The surfece tension was moasured by Rebinder's

maximum=drop and bubble-pressure method,

The emulsions were prepared by stirring stabilizer solutions with

!
i
i
i
£

the benzol in various proportions by means of a 400-rpm agitator for

g 6 minutes and making two 30~gecond interruptions after tho first and
third minutes of dispersion,

R | AT
v

The abability was determined by the emulsion's rate of separation

into layers which was observed in graduated oylinderse.

S e un

The influence of aloohols on the stability of an emulsion,

Investigations showed that the introdustion of aleohols into benzol

or into the soap solution generally leads to an inorease in the gbability
A of an emulsion of the oil~water type which may have various volumetrio |
phase relationshipse The stability inoreases Jeesher as 1) more
alochol of any chain length is introduced into the system and 2) with

the length of the ohain for equal conoentrations of aloochol, This is shown
3 by the ourves of figures 1 end 2 for emulsions with a 80% (volumetrio)
oonoentration of benzole
B . The study of viscosity, oarried on earlier in our laboratory
)
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/ﬁ/. showed that the middle members of a homologous series of aliphatio

elobhols bring about in sodium=oleate solutions the development of struce

tures of & ooagulative natures Although the spatial structures are suffiolently
fragile, the stabllity of the emulesion is signifiocantly inoreased, lowever,
a8 is seen from figures 1 and 2, an oxceptionally sharp inoroase in sta=-
bllity is produced by oetyl alochol in benzol or in & soap solution.
It is very important to notice that the presonce of small amounts of
ootyl aloohol, about 0,1%, in a 1/ solution of sodium oleate is sufficient
to form an emulgion whioh is practioally non-separating for a long period,
With inoreane in aloohol oontent, tho omulsion becomes stable practloally
without limit and nonwpeparating for a year and longer if stored in
tightly-olosed oontalners.
The statements of Shulman and Cookbain on the vory poor stability of emule
slons prepared with sodium oleate and containing oetyl aloohol in the
oil phase togother with their attempt of/%heoretionl proof of this seem
strange.

Viscosity of water mixtures of sodium oleate with oetyl aloohol.

1% sodium=oleate solutions were boiled under a reflux for 10 minutes with ' é_
various amounts of oetyl aloohol. In 2 hours after preparation, the solu=
tions were memsured with the viscosimeter,

We estimated the solutions' capacity of thixotroplo restoration in the
following waye After finighing the measurement under the hiphest pressure,
the "zero point" was repeatedly determined; i.e. the time of flow of the ¢
solution under the first pressure at whioh the test was starteds If the
zero point was peproduced, then the restoration of the spatial structure

could be oconsidered oomplete,

1
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In other cnses, the degree of thixotropic restoration of structures was

established in thie way.

Weaswanunta ans "
The viscosimetric veaudée—ef/80ap solutione as a function of cetyl

aloohol content are ropresented in figure 3. The general pressure P,

Hepe
including the average hdeoubatio difference 2&.. is the abscissa, and

the ordinate is the rolative viscosity 7} / })o , where ," and YJO COrre-

spond respectively to the density of the solution and water., The measure-
ments were conducted at 20°0. . .
Annn ot Ve "’5q
The obtained data show that the-dbféwston~af cetyl aloohol in a
sodium-oleate solution leads to & structure-forming eystem which is
Tivan 'u-"‘\uw e

” I stronger, the higher the alcohol concentration. The-matier—oencerns

g: “bh.g. spatial at;rv.zct.nru.~ developod in solutions, which are vartly ;

i disturbed during inoressed rotes of flow, but which are rapidly re-

|

% establiched when in a state of rest. Actually)repaatod measure~

] ments at zero pressure show in all cases the reestablighment of abnormal

Un gl 01 ) ore Mo Ly AN
Y (structural) viscosity mm
i y

the lower 3¢ the alcohol content. This is verified by table 1.
1A Loved Qe 2otalilunAasd. ViaX
\  Aetually, for slcohol concentrations wp to 1%, the structures

are practically fully restored in a short time after their disruption
as the result of drewing the solution through capillaries, with a gradual
increase in pressure to P w 1800 mm of water,

'y Apparently the_ structures are restored as rather loose non-dense

A AR s .
formations medeeag M08 alcohol in the gelntinization process. “Se Wit

R TR i 8 S T Sk S TR

srEa

?ﬁ a2loohol concentrations of less than 0.1%. structure~formation is not

found in soap solutions, At the same time, these solutions do not whow e'\‘wwi LY % 4
. ¢

R

a noticeable inorease in stability of the emulsion,

A similar chonge in viscosity is shown insetmudlR-Zaalablcavad

TR " ey
NI ey
RS LA B
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4 " sol%ions of oleate ang oetydj alcohow" 08 bmesleammtwebrbames o 6C Al

Thy proen L 2 0N g, )
LY g Iations verker than 0,06% practically de mot 'fé"uchufu md a0

, not exert any influence upon the stabllity of emulsions prepared with

b b T

thelr aid,
A vy g

» The tomperature of the mixture olgnificantly influonces the sty :
P '

proca;g (figure 4),
ow it (g
Oorroaponding with the lmown datn e the gol:htinizl-ng of other
colloidal systems, there is found in the precent case an inorease in .!l
ER LY TV POV o 3
with decrense in temperature,
The abnormal vieccoelty of tho dicpernite nedium and ite depondence ]
oy | upon temperature are fully revealed by the emlsion viscosity: this 4s
{ clear from the curves of Figure 5, which represent one of nany condusted

Conliim dom pasT
" Soatm, T\l'z’.{'xotropio viscosity also appears in emilsions sng ig expressed

Lo
by the foct that the zero point in repented mensuremonts more a!!&—m:mg ap= |

v A Tt Capa,d ‘
proaches the wwwts of the initial mensurement s M&Ml’er ‘

pressures, These points on thecomxves are indicuted by dotted lines,
The temperature dependence of viscosity is unusually characteristic,
If the abnormal emulsion viscosity in the bresence of cetyl aleohol in our

|
|
!

tests had been chiefly due to the deformation of the particles, then we

AV P 3
. could not have explained by this mesns the euswelm S eTers.]
j G‘u/\'\ [ “ Ve

stﬁcture with decrense in temperature. Thus the abnormal emuleion

’u"vk vy,

Cow
viscosity at M pressures devends upon the structnr&' formation of

i
'

1]
the dgspersive medium end stabilizer solution; but the presence of
benzol drops apparently inecreases the capacity of soap-sleohol mixe
tures to gelatinize in the water layers "between the drops.

e "'; Uran | olas,

In conclueion we will the surface activity of sodiume

A e e

oleate end cetyl alcohol mixtures, By the maximum bubble pressure

o1l ; ‘ 012 : X 00030071-0
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method we measured the surface tension on the/bounda;y of separation,

However; the measurements on the surface of benzol-water eeparation did
r not lord to obbatmimg uniform results because ogh?;rmation of a viscous
film of aloohol and soap which made the worle very diffioult, In any
oaso, the owrves of figure 6 show the inorense in surface activity of
tho mixture in weak equally~-concentrated solutione, However, the sure
foce tension of the mixture becomes higher thun that of the original

soep solution. Thio is due to the formation of heavy micelles which

have lower ndeorption on the surface,

o
PN
TR

B e e
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In summarizing, we come to the omolusion that, with suffioient
U] Mw -~ i
aotivity of the stabilizer and /{trongth of the adsorption filma, the

unusually high stability of the atudied emulaions is dependent upon

the ability of the stabiliszer solutions to restore the structures !
thixotropionlly in the emuleifying process, which impedes the system's M’K anead,| o
Ve layersformation,
\ . ¢ ]
\M o Aan “lo & alowt o R’ oncJ‘\:aionu
1. Mrise in stability of concentrated emulsions,
it 1s proposed to use thixotropie solutions of nurfaoo-aotiw stabi-
w iy -\:ﬂ leatadt Sl LohaA
1izers which man restore 3 the structures dis=-

o ?‘ rupted in the proceus of emulsification, ]
2, It was shown that the use of thixotropie solutions of a

nixture of sodium oleate and cetyl aloohol leads to an wusually
bw.' -r'v M
oudday inerease invatabillty of concentrated emulaiona which do not

separate for a very long time, ol Ao Yo - %e‘\ o'i iz 1ol onwn

3, The following wers studied: the vigeosity of mixtures of

sodium oleats and cetyl alcohol\ﬂo? vyarious combinationa, the vis- b
cosity of the emulsions obtained with bheir‘nid; and the influence of
temperature variations upon etrustundpation, - e et A %y\mw,’t Lo,
4., The influence of aliphatis alecohols (homolqgowa‘aerioa)
| upon the stability of aoncentrated emulsions was studied,

Leningrad Sutmitted for !
: Tachnological Institute Publication |
i imenl Lenaovet (Leningrad Agm. Diatriot)‘ 5 Jan 1947
b
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Va P"“J Flgure 1. Influence of alcohols in benzol upon the stability of an
emleion, I - butyly II - emyl; III - octyly IV = cetyl alobhols;
¥ - volune in % of the 1f sodium=oleate solution separatingi N -

cohol 1 s

[f"’“ Pigure 2, The influence of nlcohols in a 1% sodium-oleate solution

upon the stability of an emulsion: I. butyl; II - amyl; III - octyls

I¥ - cetyl alcohols; v - volume in 4 of the sodium-oleato golution

[’P.;'AJ Tigure 3. (a graph) Relative viscosity 'Y’}/V‘bo of 1% sodium-oleate

8 on for v us _pressures end cabylselcohol concentrations,

STy nesn gy ,
3

/¥
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Yigure & o
(o 2y > €7 |

pay The influence of temperature uovon the viscosity of a 1% sodiumsolento
tyl aloohol,

4 |

i

. o |

; b |

i ‘ |

!

|

B4 v o Cawmme 1

Figure 5 (p. 24) Viscosity of an emulsion having 60%-.27&:1::%)‘ w'{; :

benzol in a 1% sodiumboleate solution, The avrmedddy of the cetyl 5

aloohol in the benzol is 0,2¥ Care LAAA WA B |

;
R

Figure 6((p. 24) Influence of cetyl alecohol u
pon the surface tension:
1-aog.:lum¢olea:e aolntio;; 2sequally concentrated solutions of soditmom ‘
alente end cetyl elechol, |

core e gAY
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7 4adle l
!hlxotror‘ 0of the viscosity of mixtures of sodiumdoleate and cotyl
}{ aloohol; relative viscosity )I / l|o of the mixtures. ;
| ? TN ST S——
* m of water 0,21 0,4 /06108/31.0/31,2/ 1,471,618 2.0 |
, |
natd S
104 L:1911,27/ 1,40 123033, 488,660 — | o | o | o]
270 _ 20.1]19.8 4.1 Job.7|
| :
5 .
‘ gg,g TR ?631 3912,01(1.12 [ I RN A
v — s o [—— 1 4,0816.91120.1] b7 Al—— ?
| |
Zable 2 |
Relative Viscosity of Bqually Concentrated Solutions of Sonp and Cetyl ‘
Alebhol, \
B cQ%m ration of Soap end Alcohol in §
m of water 0.062 | 0.0125 0.25 0.50 1.0
106 1,28 1.50 1.93 54 66
1al154 1.23 1.£3 1,85 2'3’5 gfoo
270 1.16 1.30 1.62 2,97 3.45 1
530 1.14 1.28 1,61 .| 2.50 .| 2,61 -
.42 1,14 1.28 . 1,61 2,28 3 2.38
968 1.4 1,28 1.61 2.2 | 2,35
1382 %.;’g 1.58 1,61 2,22 I 2,33
] 1- 2 .
R 1.84 ! 3.32 | 4,95
|
|
|
i
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