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Table-1 Compositions of NP

Trade Name Abbreviation Chemical Composition EQ in NP HLB*
(wt. %) (=)
Igepal CO-660 NP -- 10 E010 Nonylphenyl ether 66 13.2
Igepal CO-730 NP - 15 EO015 Nonylphenyl ether 75 15.0
Igepal CO-850 NP - 20 E020 Nonylphenyl ether 80 16.0
Igepal CO-880 NP - 30 E030 Nonylphenyl ether 86 17.2
wt. % of EO
* Hydrophilic-lipophilic balance: (HLB = ——— (2)
5
Table-2 Properties at Air/Water-NP Surface at 30°C
Property cmc Surface Amount of Molecular
tension Adsorption Area
( cmc) { cmc) (1016/ eme NA)
Surfactant mol dm_3 mNm-1 mol (:m_2 A2
NP - 10 5.8695 x 1072 32.0 3.130x 10710 52.2145
NP - 15 6.3636 x 107> 34.5 2.921x 10710 56'8484
NP — 20 6.6711x 107> 36.0 2.50 x10710 66.3893
NP — 00 7.7037 x 107> 39.5 1.924 x 10710 86.3061
odak Film, ASA400) 3 F 4wl g <] 3}3}o] 2] 50ml v] A 3do]] o] vl 25°CollA] A

REZER
=351 e,

B5)2 egrel

2-6.

oA A= F4 pFe

olEM™ B2lsx &F

2 ooldd WF Axarl g
olul gl AL A BE A4

.8

A 5hed 4] 7k7d sholl whel

£ 9

+ 2l 5o
of =

sojeh we £4e o
W peldEs =4

fept LBt Al115(1985) 69



]

s

. ............................(.1 )

0. 03mol dm™2

(o]

/NP=20 4&dnel )

Jtoll ojt A&

5

X
[=)

(n=number of EO moles in NP)
E

log cmec=5.9X10"3n—4. 29

Fig. 3¢

=R

Q:
<

b

&
o

o
EO¥7}247} 42 o2 NP

HHEHN Fxof

o
LN

3I—-1-1.
Fig. 1

7+l

1

2

Aol 7H2)

¥ONTp T RF R @ FRYTHSIIT T RPER KW
+ pEO A ERN W W E d T AT NN Eew L Ca
:L L_L ﬂE 17r OAW Y é_‘ &o E‘_ o_ ™ .__L o o_a 1:,,.._ — R T ‘ﬂl 3} AT o_a £y
P T_CAEIT s TN pow ST ® gy T
b o .7 A o 3 Moo BN % o g o oy 9
M ‘o L b o#a.loL:E...ArL.x‘le#ao Y
o oﬁﬂu%ﬂﬂﬂﬂﬁ%%idrnozodro#ac_aélwﬂﬂwﬁlﬁ%o}%l_% xR
p 0 L A P —_ I
\H%Lﬂﬂ%%ﬂﬂ_zﬂﬂﬂﬂﬁéﬂﬂuw#__%.,mo_mjliuw,,m o K
m ) OT e _— =0 _lﬁ 4y W o Ly J.I ]7r " B ot = 12_/.L h.c ) Hm = “._.7|| X N Mﬂ _
i ~ o ¥ K oF 7 = T 1o By R qvo e o T T - H»u S B e X o
o m g N Py TP gk EN LS -
= X o] Jit o o o i]:c;d_ iulpr.\w_-.ﬂ <
PR RIRT AT g L P gy T BT ST gy
P oA Fre T prerT¥os AR L 2 x Ly 7T
E ol ssrelaleliosTagTosdx Yolwe ¥
X A L A N ® T L o ol
T = m oo = oy o T ™
o AR E Yy N X K ne¥ I itxe E
= .o dr TR R U TN W TE R 50 X a T
ﬁ,ﬂl? ..:.LLEO*EIF _ oy »AﬂoL‘._._ﬂ_T ..LI_I.E_.__._ »H ™ T
dy o — BV 4y e 0 aN__o_o_u]7oau LN o| —_ 35 — B
RO S T O IR -V L S B A
Ol B R - G A e S S MG . A
S e O T o ol S B B T T PO .
PpF HEBEFHPRTIFIR T FEBTERFTFXKESIVNTET T
R T RF T ETdNT PN T 2T o TR H P
TE PR Rl T ot o g ddSy? 73T
o W g r — < Uy =
SR I S L R S ST G
B o @ WX T Z T K - oF o AR B P o 9 o 0 P
e O ofw S I oS
o O T o W T IV om e e g2 a *F
S ool B g 10 MR P ot o X .m o
ioou%—.]inoi;ui E7.%ur N E P T o TN ou
iL_Lmaﬂ_.w%WaMoo_‘mﬂu]#aioﬂﬂﬂﬁﬂuotuﬁm“ouw MaF?w‘mn.ﬁiaTofo_
AT G P T L el R e® 2T Ty
KT =" Lo 3 - N o B D 28T Sy o of —_—
N A B e - I e R AN SICHCIC)
yAx_ <0 oF — QX = o DL L N v Eo R Yo T x
o= Ko o Na g2 R OWK = = X Ho & g oy X o - oo ol
S LN Te ST AT Ox g xRy oMy
W N KO A - W 7 l./vo_._.duko]E w B o M o+ o [ 9 0
Mﬂc.._ forp] J._lo.AT =3 o} e o W on ] H_.I Wwo— =
_— NS T o B O sy A= O 3 o o W 5% oy
X do Mo w e KA Mo E 2 crelics O - SO R S e ) i
o oy Y Z o= o= = Elﬁqadv.lulu Mmook M T =p 7PL1.A_.
REox s (XN Fp BEETy _ELp T e
O N N A A A R I S
Euvﬂno.mMElﬂﬁZﬂﬁrwiwm,maﬂram‘%ﬁ ﬁo.ﬂwﬂ%dp o A E A
2 EE T R 2P e T o e TRy Tk o
Ho 70 of of oo S o k! I B S A 2 T o o,
LT e N E o o o M 50 N
e T FETE T T HFFLEFERT RISV Do
FRET N oH FPFITIERFPTPIETONXENT hprTd

fepEanfL B @3E #1113 (1985) (56



L%

1o

o} 4l 4] 7]

} 2]

T
=
B2

bl

ol =

1403
g

tod
Aol Aol F

il

7} g

2]
O

KX
=

5

# olled A

&)

& A

&t

Hrolh Ax

©
B

EN Y o) ~ R
[ L —_—
TR N m XX
rir B
e T — — ol
A O L
oao#au&o\«a\ n o
T oae o — 3 R
*iz3F N @ Px
o)
A L
mr\ﬁimai g = ©
R T B S
= . i
do#o.M ik <0 oy
WP+ = I
xS EEN e o
By oawx T Bty
T N = R T ™
L»oi.bt‘mwl‘._.ﬂ g o_
o' A o= O nl . —
o BN T -— \mm_udl
T R YK o o | Lﬂﬂn
I S
T 1o
Sl @ oot
T E o W W ™o o
o ook W N o # o WO
T ¥R M =T
.o _E‘_ o#o "o ]Er‘_ ~y o
d.._ /.m,l ]nlouTMﬂ
TP e ARTT D5
o T M oah W R0 X0
s TG g R v e
HTM ,,lr]rz\_ﬂﬂlaﬂm.ﬂ w
o, PO o 2 o W ook
WL e " ZRRL
o WuIMF - o .m‘._]dr.”_ o 3 "
S T R N g A B BT
T o AR T e EN L
O+41 doﬂﬂr_ M_ oﬂoﬁ,_ﬂu 2
" - o Xm0 O —
TE N E LT R
1 o,JvA i | \mﬂﬂ_u
oﬂomLmﬂVATWarm,vWﬂ% o
Q _— ek —
=N Ao = gl =R, W
R . R
R BMT TN o
ﬂEET OM‘E.FLMOJUN“WAO
T o T %0 F o W mo
TR W W T oF o YA

ol
=

ar

2] 5ok
Amount of
adsorption

cmc)

(

5
mol ¢cm
1.706 x 10710
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Interfacial
pressure
cmc)

45.7
45.5
45.7
46.85
46.65

(

mNm"1

o g A HAZ I35 o]

cmc)
long chain alkanes or alkanols)

5.0
5.0
3.83
4.05

Interfacial
5.2

tension

(
mNm=—1
-3

of 7141

cmce
mol dm"3
7.656 x 107>
8.035 x 1075
8.851x 107>
5470x 10™°
5.542x 107

a) : Additives (0.83 mol dm

a)
a)
a)
a})

Table 3 Properties at Octane/Water-NP-20 Interface at 30°C
Property
dodecane
hexadecane
dodecanol
hexadecanol

System
Octane alone
Octane +
Octane +
Octane +
Octane +

Mg g el ez
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Table 4. Properties of Octane/NP Emulsion Systems

Property Demulsification Ratio of Separation Degree of
rate constant mean droplet rate constant separation
diameter
Surfactant KD Dt / Do Ks Hd
day ! at 15 days nr! at 48 hrs
NP - 10 a) 1.118 2.610 0.257 9.985
NP - 15 a) 1.774 3.022 0.374 14.517
NP - 20 a) 2.960 3.367 0.498 18.289
NP - 30 a) 4.492 4.089 0.559 23.681
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Table 5. Properties of O/W Emulsion Systems with Additives

Property Demulsifi- Ratio “of Separation Degree of Solubility
cation rate mean droplet rate cons- separation in water
constant dimeter tant 3
K? dt/D0 Ks Hd mol dm
System dav™ o -1
Y b) at 15% days b) | hr b) at 48 hrs
b) )
Octane 2.960 3.567 0.498 18.289 58x108
Dodecane - . - - — 4.7 x 10_8
Hexadecane - - - - 2.6x 10_'8
Octane + a) 0.735 2.291 0.367 13.955 -
dodecane
Octane + a) 0.025 1.110 0.114 5.010 -
hexadecane
Qctane + a) 2.141 3.211 0.461 17.580 —
dodecanol
Octane + a) 1.595 2.921 0.388 15.535
hexadecanol
a) : Additives (0.03 mol dm_3 long chain alkanes or alkanols)
b) : Concentrationof NP-20 in water (2 x 103 mol dm—3)
¢) : From reference (33).

et it R EE #1112 (1985) 69



E O W W — T T T T
(TR TRERTCIIR L TEBTE wTLNER CTETE T
0 ; —~ . = N i
ol 2nod = T o = oy T AN Wolr o B BN B 1‘,_ﬂ_‘u o E RIS
b ~ ) =% ool N — . ! - £
Pad® T Tt mglangcdTCisw¥ 5 % ST _® o
G I R N A I Y TRV T i R G
o E) pr o I i =T o o 4n T N = E
e %nano‘p_ﬂwrl_m%o.,%%oﬂﬁ wn%iﬂmwmﬂ% 2 EWRE T
e . A A TS ST A By ®= Moot
Che P e R NABET Mpagegyh 2O o g Do AR
o RO B B g o P T T G oof % zf o of ®OA R gy X Ao S WD
T e s T e P Py PRY A g TR o Py zZranLel el
K Ay S <IN - NI o 9 X R ORI O g ol
el Mo R H R wa waa.La <M of ® Wﬂ] T xohcu A ) - o T CUES oy = R =
B P LT o B LR ETERGT O L o S Lo M ET TaF T
™ NGy L o X - 7 — ! "o = @ X T = - K <
FTomoh TR @Wﬂu,;ifguwom_fﬂ%%mfomm_nc i LT X g PoM L
WA YTt L N s ROR K I S T N it T -
— T 4 R I T ‘_malLﬂiLay_% LT 5 =73 n PeT LN E
T = W T o0 Fo— 0 T o M o .H e — 2 Y —_— = oo c,_ ny
TEL T T2 T DT = B I S TR T T o Mooy ¥ 1w
T o 1§r oo ,m., ol ~ = R R T my ma.um,wu JT w w5 T € T — Ay oy oo O Ho
— m W oy e Ay N0 T AR "o - T S 8 T up o o= N oy
N R Ar o R RO R W XN By e o 3o 22 oo SrT P g
_ L = = = 5 iﬂ T T oo MW*L ‘W%L N = o) ,ml me .n' v = . e EE o UT: o ° o_a z - %
T AW ™R o B E R F e LT T 5 S E . oM T Y
= ¢ o P i = = N —. B o ® £l g % 5 T8 STl T og P o
N R IR % = % o o ®W Mmoo ooy W oy o~ — 8 = 7 2= T i - X
o o W gl R A=A - ) < oo ®OF oy
T = E B i TOE N oA - 3 3
SaZo0¥e e SN FEIETTHE R e FPTI g, Gl
! e — i f ~ K ' =
B SRR .@ _t% T _ o2 T | = ny
3 o i - : = A KO - Nl + ol = " T W L v
Bl o 4 s o N = W K GO L S S s
—_— L H L._H J HT ) ~a TO . —~ ey W
% B B~ : o " AR Y WS o oju o %o X LN FE W R ok T X T
E_L ﬂfﬁ o Ow H o Y — EE o % i) l:”._ o 3 _~ e H_l © -WI
TEEEHIZ wny wPTESlg4M § pIILPIeTONL Mo 0%
= i B | ks I ~ o = 5 =T & =t ol g oy X 0| ™
TosgedTl fwe sxies TR g RLIR,eixiir cess
- _ = ™ T & o o KO %o < o l N ~
Rredwag i 22T TEZs®i, SR eiizfuvioct 77
o o= : = < 5 E - ol S o o % °0N 0% W
ﬂLDﬂOMM_xﬂr}_ B 3 E TR WX o B W ER T o lw s W 2
e ol Do - o T z op e of 8 ﬂunﬂ ML,,_% " o S |
B R W o X P F o Ty WO o = R T 5 M3
o) w Ay oy 2 — o © - L= = N © o o T g N 3 i 3 &
G T ,ﬂl of R o = W ) = i“. oM \a T M.._H T 5 M/r ) i HL m% ~n .iﬂ ——
G = s lmn l__| T - b= H_I T = _ ﬂ T dl N -.No Iqﬁl D_.‘ 3 o_a = ~ e Mwl oT iﬂ i M‘,ﬂ Iy l_wyr c._ E_a
= —y < 4 c o o) T o T 7T X b A
R b3 — i) i B Vo0 ! KT R =
P S S S R A 5 2 P A E R
TG e RTVE NSt xgep?T oo TER D~ H BT B :
G N T o ~ W e R < 5 RN o X 9 oo
R~ AN i Y = T o No — fexit e ol 4 v vl , B = o i s
+ o oo & —_ o o 57 N Lo | Lo T MR N o8 oo Y o 33
! ~ T N oo T TN FTNETD ™ < W F XM w T o T TR T

& A113.(1985) 60

B

et eg



log eme=5.9X107%n—4.29 o IlPE sl 4 0u), Bld o) 2 2u)

{0

zl
1

(n==number of EO moles in NP) o} A o},

2) SEH/NP-20 &Nl aafodaba A 4) NP -202 % otA 3ty Sel-%
b= sl Al el obFal o L m) A W oollad ad Aol zballalzk i aly ok
A eEske LP Aok zbse] e ARy Aotk g wl AMrbsla] ke 4w
< @x3 Ak Ada el g 14l el 4] g ollmd 212 & A Bhel 3 uhshas 44 o)
o wlels 2algke]l A Rl sgleh A4 2 oo e b3 59 q

3) %E}/NP ol A Alell4 NP2 EO 7} A otarel A rbzh Aol abe ¥l o
7V Ea7h S7kske] oldd el ol 53 vjud 37 o] 2ol
Fon E3 EOX7Z471 3wl A1

REFERENCE
1. Sutheim, GM.: ‘Emulsion Technology 2nd ed., Chemical Publishing
Co., (1946).
2. Becher, P.: Emulsions—Theory and Practice 2nd ed., Reinhold (1965) P.2.
3. QGarrett, ER.: ]. Pharm, Sci, 51, 459 (1965).
4. Sherman, P.: Emulsion Science, Academic Press, (1968).
5. Quack, J.M., Reng, AK. and Skrypzak, W.: Cosmetics and Toiletries,
91,21 (1976).
6. Kitchener, J.A. and Mussell White, P.R.: Emulsion Science ed. Sherman,
P., Academic Press, 1968).
7. Sonntag, H. and Strenge, K.: Coagulation and Stability of Disperse
Systems, Halsted Press, (1972).
8. Higuchi, W.I. and Misra, J.: J. Pharm, Sci., 51 459 (1962).
9. Kahlweit, M.: Advan. Colloid and Interface Sci., 5,1 (1975).
10. Kahlweit, M.: Z. Phys. Chem., 36,292 (1963).
11. Davis, S.S. and Smith, A’: Theory and Practice of Emulsion Technology
ed, Smith‘A.L., Academic Press, 1976) P. 271.
12. Hall Worth, GW. and Carless, J.E.: Theory and Practice of Emulsion
Technology ed. Smith, A.L., Academic Press, (1976) P. 305.
13. Hall Worth, GW. and Carless, J.E.: J. PHarm. Pharmac., 24 (Supp), 71
(1972).
14. Hall Worth, GW. and Carless, J.E.: J. Pharm. Pharmac., 25, (Supp),
87 (1973).
15. Buscall, R., Davis, S.S. and Potts, D.C.: Colloid and Polymer Sci., 257,
636 (1979).
16. Mukerjee, P.: Advan. Colloid and Interface Sci., 1, 241 (1967).
17. Rehfeld, S.J.: J. Phys. Chem., 71,738 (1967).
18. Gillap, W.R., Weiner, N.D. and Gibadi, M.: J. Colloid Interface Sci., 26,

232 (1960).

b Rib et Al115(1985) 61

: o
on o

1%

02\4. }H w [-_'0_, it

—w—‘fg‘—’-



19. Becher, P.: Nonionic Surfactants ed. Schick, M_J., Dekker Inc.,, (1960).
20. Rosen, M.J.: Surfactants and Interfacial Phenomena, Willey-Interscience,

(1978).

21. Carless, J.E. Challis, R.A. and Mulley, B.A.: J. Colloid Sci., 19, 201
(1964).

22. Elworthy, P.H. and Macfarlane C.B.: J. Pharm.Parmacol, 14,12 (Supp),
(1962).

23. Van Voorst Vader, F.. Trans. Faraday Soc., 56, 1067 (1960).

24. Ibid, 1078 (1960).

25. Schick, M.J.: J. Colloid Sci., 17, 801 (1962).

26. Shinoda, K., Yamaguchi, T. and Hori, R.: Bull. Chem. Soc. Japan, 34,
237 (1961).

27. Schick, M.J. and Gibert, A.H.: J. Colloid Sci., 20, 467 (1965).

28. Schwager, M ]J.: Kolloid, Z.Z. Polym., 232,775 (1969).

29. Schick, M.J’: J. Phys. Chem., 68, 3585 (1964).

30. Schott, H. and Royce, A.E.: J. Pharm. Sci, 72, 1472 (1983).

31. Becher, P., Trifilette, S.E. and Machida, Y.: Theory and practice of
Emulsion Technology ed. Smith, A.L., Academic Press, (1976) p. 271.

32. Adamson, W.: Physical Chemistry of Surface, John Wiley & Sons, (1982).

33. McAuliffe,C.: J. Phys. Chem., 70 1267 (1966)

ABSTRACT

The effects of additives on the stability of O/W emulsions

In Mok Shin
Pacific Chemical Ind. Co., Ltd., R & D Center

This study was carried out to study the effects of additives and structure
of nonionic surfactants on the stability of O/W emulsions which are composed
of octane, water and polyoxyethylene nonylphenyl ethers (NP). Their effects
on the interfacial behavior was also considered. Octane alone or octane + addi-
tives were used as the dispersed phase in O/W emulsions and 0.03 mol dm~—3
of long chain alkanes (Dodecane, Hexadecane) or long chain alkanols (Dode-
canol, Hexadecanol) were used as additives.

The experiemental results, from the measurements of surface tension,
variation of mean droplet volume and separation rate of O/W emulsions were
shown that the stability decreases with increasing the ethylene oxide (EO)
moles in NP and that the (cmc) increases with increasing the EO moles.

From the measurements of interfacial tension and centrifuge for the
octane/NP-20 emulsion systems, it was found that the addition of alkanols
is more effective than the addition of alkanes to stabilize the emulsion system.

On the other hand, from the measurements of variation of mean droplet
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volume and separation rate of octane/NP-20 emulsions, it was found that the
addition of alkanes are more effective than the addition of alkanols on the
stability of O/W emulsions, and the stabilizing effects were increased with
increasing the chain length of the additives.

The results suggest that the main cause of instability in octane/NP-20
emulsion systems may come form molecular diffusion rather than droplet
coalescence. The molecular diffusion is dependent on the solubility of the
dispersed phase and is, therefore, larger for alkanols and shorter chain alkane.
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