The Joumal of the Occanological Society of Korea
Vol. 26, No.4, pp. 324331 December 1991

FRUH A1 oluAY) WP A4 2L ol

Y - 20 E - 23S
FrfFdra

Laboratory Simulation of Formation, Prevention and
Breaking of Water-in-oil Emulsion

SUNG-HYUN KAHNG. JAE RYOUNG OH AND DONG-BEOM YANG
Korea Ocean Research and Development Institute, Ansan PO. Box 29, 425-600. Korea

MY S8 ZTAEQ FEFS 718 oY H(water-in-oil emulsion) 2] AA 239} HA %,

J1g)an

WALEE 167 Afol cnam FRAAY. HIRSHS BADLY 204 oS 28 231
Auael 4yusis 10E Astd ARHE FRAHAAY A FAMY 452 vusdc
A Hs] 44AEe ALSTiclebulopst Ufoh ol @A, Dubai U4, Isthmus A%, 230 02 0
Sol ¥ Uehdon, 8090%) §4&E BTk A PHEE FEN UKE] BT =R

o, ddd Y445 E7t BE Isthmus YfHet ELH & 5l BUAEY 548 20 Y

\_.'4

B3R HEEE UF F9 oladd FF R LA ddo] dden, ¥, vy TR
BHBAAE HAvd, oliBul ol oF 4% o UfelM AAF Yol UG REY
HNalAe Jud ANHE ol Bt A FAL AMFe FHE AEY 2o, I FAAE
718 &3] 02% F=oIM, i FHAe} AUH FHAE 0.1% olselM WHEHE B

ofmAel 44 daAvhs oEHY FAAE ALANAT FrEE FAATAE Re Ao

B §H4

Btk ddA A Alcopol 05 XAl vlsle] AHEE 5L 2gon, A
01% olsiolx Mz JBEA Yz IR £ 71§z F4¥E 5 AUL

Laboratory experiments were undertaken in mixing chamber to study the water-in-oil emulsion
formation tendency. stability and formation rate of 16 crude oils. Arabian, Iran, Dubai. Isthmus
and Daekyung crudes showed high emulsion formation tendency and had water contents of 80-90%.
Emulsions of crude oils of Middle East were very stable, while Isthmus and Daekyung crudes formed
unstable emulsion. Emulsion formation tendency. rate, and stability showed significant correlations
with asphaltene content of crude oil. To evaluate the possibility of preventing mousse formation,
inhibition ability of several dispersants and demulsifier was tested. They inhibited mousse formation
at 0.10.2% concentrations (v/v). Emulsion inhibition by chemical treatment delayed the time of forma-
tion. but did not decrease water content. Demulsifying ability of dispersants and demulsifier was
tested because viscous emulsion causes formidable problems in skimming pumping and recovery
operation. British demulsifier Alcopol 0 showed excellent emulsion breaking efficiency at 0.1% of

emulsion volume.
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ek whad Adelo oldH S dAdget ot
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7 sted ¥39 Huevl A Friste] A
9 Aslaxdel dalof wigt 21d-g el $toh(Pa-
yne and Phillips, 1985). 7} F718lH 2 2~
719 B9 &2 U)Eo]l #Asl Mahxnl, @iz A}
£o] BrtsdlAle § FF3s Ado]l 23] o]
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QAE7] wFol HAHe7t A ojgi, e
B dio £4 ¥ 24 Mg ¢ + ¢
A7t @ol olF9] AHEE A P (Bridie ef
al., 1980 ; National Research Council, 1985).

gy ofA % VEFG AEHe AdvIe A
g5 FEER 3l lom, ezt dFAte]
Aoz A3t HA s defelMe FPAEEE
Aegatal £t Advi(Mackay, 1987 1 Daling,
1988). Zyatoll M= s oA} ofid Hol MAste
g2 meldln ol AFHom sty ¢itd
oAdd A4 WA (emulsion inhibitor) & o|d &
32 A (demulsifier) & 7He3l7] Y A+8 +9
8] s¢tcH(Canevari, 1982 : Graham ef al., 1986 :
Ross, 1986).

B droae 3 £A=E de 4R o
43 A4 Zgd AP setstazt siged,
A A 2 H gAY oEH A
587 o2Ad wyEEg vastnz stgoh

[

~

Mz W ek

1. 287 715 olld® MY Ex(e| HE

AP AR FEFR 71E ABHE B4A717)
A% APAAE Fig 12 2o] AZ3% tHMackay
and Zagorsky, 1982 ; Daling, 1988). £§&7]= 80
mL AAFEANEE ALgEdow 9t 71E3
F7)e] BInE 50:5: 258 2FQ e
@A Whatman GF/F2 38l AREslSTh.
FERAE 14V, 60rpme] AFEEE ML
o, Daling(1988) 2] ®i-& 7H&ated 6709 RES

A gl ) 325

]

@:
J

i
[l
t
[
t
L
4

U

@ : Centrifuge tube, b: Rotating rack, ¢ Motor, d : Support

]

Fig. 1. Mixing apparatus for water-incil emulsion for-
mation.
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Fig. 2. Schematic of the rotating test tubes used for wa-
ter-in-0il emulsion formation.

dEA AAZAEH FE 2 3F 52 9/
(Iran heavy crude) & AHE-3Iith &XefA7t &
S AxHe Aog I, {KAAA 7
£ 9] ¥]E 1/100, 1/500, 1/1000, 1/2000, 1/50002. 2
AbA e HAMEle] 280 A7z naEA EFT F
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=232}81), GAMOSOL LT-A(Aol&E4h), SW-1000(A
¥38h), DOM-5(F%31%), HANSPER-OSD(%
%), WORLD CLEAN(ejz3}8h) Folith AsHl
RE 93 AHEE &4 F¥4A ElAle Exxon che-
mical®] Corexit 7664, Corexit 8667, Corexit 9550,
Corexit 95277 BP Detergent Chemical®} Eners-
perse 700, Z12] 1L Labofina2] Finasol OSR-2, Fina-
sol OSR-5 $olglen, d A H2 A& Allied Col-
loid2] Alcopol 0 °lich
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A&t o) (Daling, 1988).
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Table 1. Water-in-oil emulsion formation tendency and stability of crude oils a1 20C

Crude Oil %EM, %EM, EM; - R, R Rs, Emulsion
Arabian Light 9.0 889 0.99 90 8.0 0.89 Stable
Arabian Medium 889 88.0 1.00 80 80 1.00 Stable
Arabian Heavy 892 89.2 1.00 82 8.2 1.00 Stable
Iranian Light 90.0 675 0.75 90 21 0.23 Unstable
Iranian Heavy 90.0 89.2 099 90 8.2 091 Stable -
Murban 7.1 00 0.00 0.1 00 0.00 No Emulsion
Dubai 900 89.2 099 90 82 091 Stable
{sthmus 90.0 278 031 90 04 0.04 Unstable
Brega 133 00 0.00 02 00 0.00 No Emulsion
Serian Light 188 00 0.00 02 00 0.00 No Emulsion
Dae Kyung 814 350 043 44 05 0.12 Unstable
Tapis 278 00 0.00 04 00 0.00 No Emulsion
Oman 409 350 0.86 0.7 05 0.78 Unstable
Kuwait 90.0 900 1.00 0.1 00 0.00 Stable
Labuan 7.1 00 0.00 0.1 00 0.00 No Emulsion

Table 2. Water-in-oil emulsion formation tendency and stability of crude oils at 10T

Crude Oil %EM, %EM- EM, R, R: Ry Emulsion
Murban 7.1 00 0.00 0.1 00 0.00 No. Emulsion
Brega 7.1 00 0.00 0.1 00 0.00 No Emulsion
Serian Light 409 00 0.00 0.7 00 0.00 No Emulsion
Tapis 88.7 278 031 79 04 005 Unstable
Oman 887 88.7 1.00 79 79 1.00 Stable
Labuan 133 00 0.00 02 00 0.00 No Emulsion
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FELR V1S d"He AHEKEE 15CHA v
% Aol Arabian light, Arabian heavy, Is-
thmus, Kuwait, Oman 9% F°| 60% ool &
£3] JdHo] WA=, Arabian medium, Ira-
nian light, W73 9F 5 ddzez A4 44
Hth(Fig 3,4). Isthmuse] 2R AHEcE= 7}
2 waro} BetAstd s, N4, Iranian light 5-&
AHE) AT BURT EAHLS Yehlud

dHAo] HA| sl WA= SEv MY
Aefoll wah FAIZGNA o] Lfse HAew
FE53 glo ofF HFHo g FHEA Rl
glck odEAe AAMETE WA AYFH ZHA
23 9317 g gdog {29 {79 T3¢
F5e dEA H44se 23 2 ¥ HES ¥
FAY Aoz M £F olA7A NEH {EF
g4 2o e oEAY BALE B o]
=3 ulF3tr7] o Foll(Mackay ef al, 1980 ; Mac-



328 A9 -

100 - -
904 15 °
. 807 HOAR A T <, —
® . : o B |
~ 70 . T ’ Oman
[2] ‘ ' AL ‘
E 604 : | Araba hght |
2 i 15 !
8 504 . / Islhn:(us ;
9 404 / Kuwert |
[N AH
‘(E 304 Arabia heavy
(L.}
® 207 el
104 4 }
0 . ~ v v i
0 10 20 30 40 50 60 70
Time (min)

-

“ig. 3. Rates of water-in-oil emulsion formation of six
different crude oils at 15C.
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Fig. 4. Rates of water-in-oil emulsion formation of four
different crude oils at 15TC.
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Table 3. Water-in-oil emulsion inhibition of dispersants
and demulsifier for lran heavy crude oil at va-
rious dispersant/oil ratio (20C). “N” and “E”
repressent no emulsion and stable emulsion
formation respectively

Dispersant/oi} Ratio*
1/100  1/500 1/10000 1/2000
N N

Dispersants

Dispersant
Dispersant
Dispersant
Dispersant
Dispersant
Dispersant
Corexit 9527

Corexit 9550

Enersperse 700
Finasol OSR-5
Alcopol O**

mmgNw >
ZmZZmmmmmmm
mmmmmmmmmmm

ZZ2ZZZZmZZZZ
ZZ2ZZ2Z2ZmZZZZ

3 lch(Bridie et al., 1980).

Mackay(1987) 9} Daling(1988) & o2&l 1joj
27t 2uen g AdAd AXEld a9
g FAsln gao AYEL AWEAAY &
FA BB Al ol UXFoEA EYAY
23 Wadche 7HES Ay dgsta itk of
28ele 7oA 20709 ielg e s
g8l A3 27] 0.36-0.38 nm, ¥AEF 500-10,000,
HAEaE 200000 o 3 AFsM 24nm =2
719l "olals #Asly gle Aoz FE3n ¢l
Edl(Mackay, 1987), £ <79 Zst wlwstr]
Qlstod obAF oB A o] PAF of2dgl
%g A3 B 4 Ut of2Ed izt EAFS
10-10° Ax 24 4nm 278 Zteda 7pREY,
23zte] AL 3umz 7HA 3 (Mackay, 1987),
Burgol M 14X107%m’, BHA L 28X10 ¥
m?ojn, o] ¥3E olx%dlo] gty M
9 ol~gele] B 011X107 ¥ m7h dok

AE B A TS 80%= 7HEEHE 71u
o] Byl 28X 10" 18 mioln], ofaTale] ke 3
%z Agc &, of~dwle] ghake] 3.9% ol“%
AL 80% Fr&e 2 AEd el 2 B
&2 2F B4 £ ke Aldle] ven, o
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Fig. 7. Water-in-oil emulsion inhibiton of domestic dis-
persants for Iran heavy crude oit (dispersant/oil
ratio® 1/1000).
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Fig. 8. Water-in-oil emulsion inhibiton of foreign disper-
sants for Iran heavy crude oil (dispersant/oil ra-
tio» 1/1000).
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Table 4. Demulsifying ability (%) of domestic dispersa-
nts for lran heavy crude oil at various emul-
sion/dispersant ratio (v/v)

emulsion/demulsifier ratio (v/v)

Demulsifier

5000/1 100071 500/t 100/1
Dispersant A 2 18 26 35
Dispersant B 3 26 100 100
Dispersant C 2 79 100 100
Dispersant D S 4“4 100 100
Dispersant E 0 7 13 37
Dispersant F 1 16 100 100
Alcopol 0 100 100 100 100

BH, o4 fHAe ZHe A4S dAGAY <%
N B AAAZeH, F4 {FAA A8
C7t Azt ddideg 374 JebdcH(Fig 7,
8). oA =334 Alcopol 09) =Y AAANAFT
AMPAAME 0.02%A A 1A Fxe] AdAAES]
& Jehic Ag8Ale] ojEE AAAARE A
AYgeiEc g EHAURAE T3] g
AFEBINE s AA st APALE &8
7le olgt FF7ld o8 A AE¥ A 1-
298 AAANY + 9d& Aoz A o). Buist and
Ross(1987)& f &2 AY oA A7t o
HHe AEE AAATI L FESHE TN 7
ckn e, ¥ Are w=d v 3
H7t AL AP E oj=AR AANE 4 UAT
A7} FEF Aol ME A FEFFE
#EAFNAe BI3e ez B

FEAIL WA AFH FHNAM oPHo| FAH
W EAAE Ggo] ¥ A Fxe 2ot
43 71 He § drhR 248 Z2AES
FLEEg, ol HUT dAske Jigol UFH
olt}y. 3-F7] 5& ol&3te Atde] FEAAHAAG
AR H AAYANAE Fubsjol X odH F
AL et AY 4452 E AdAE = AcKAL-
len, 1982).

3. $EER I8 olyme na| &

24 §AelA B, C, D, Fe Ada/sx2Ae
H]7} oF 500/1c14 ¢4AF FETHE BIon,
1000/10 M S 2 A C7t 79%9 BH8& B
1, T2 $HTAE 7-44%9] LS Ve

100
= >
#
~—~ 801 3
2 §i‘
% -~
60
8 a
c
o]
O 40_
T
2
[ —— A —— B3 —— C
g 201 |~ D —e F —& F -
0 T T v T T - y
0 10 20 30 40 50 60 1DAY

Time (min)
Fig. 9. Demulsifying ability of domestic dispersants at
low mixing energy.
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Fig. 10. Demulsifying ability of foreign dispersants and
emulsion breaker at low mixing energy.

AdA AN Alcopol 0= 5000/10 4% EH
Zol 53 493 E3 7188 BAHKTa-
ble 4). Fig. 9%} Fig. 102 st A3l HJA|s} 2ol
@ oyR FeeAe odH R AET
AU, Alcopol 0%to] 4143] oW d W2 YEae
FEEAY & ART: 9% $3Y 4HAAQ
Enersperse 700, Corexit 9527, Finasol OSR-5 52
AL 7} 60% ol 2aFHUT FA4 FAHPAE
Ao Aejel Al 1213 ool 20% o]&te] &
HAsHE Ho] AFHo| ZA HojAe FAoez U
et

24 #x42A B, C, Fe B44%d oA
= 94 F2E a3 vEld FFItIeu
(Kahng ef af., 1992), ol de] x5 vl
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GEE Wolth BAHS AFoIN §Relel A
EA &4dde] IA Fhe Hog wlfo] it
FRg A= EAGE] Feko] Fol RFFo F A
58 & 317 g#s] Rez Algdch

AA el Mde B fEo) ek £A2E W=
FY ool 70-90%%) FF8S e oldHo] o
Aee Aog BuET Qled, digHe FAgw
<15y o} wabyo] 443k, Medium crude?] 7A-$-
& 70%, Heavy crude? A%+ 58 30%
ool e AZHA et Rus Uk Payne
and Phillips, 1985). =3 24 ~7|v= 7|E%
F&3ty] 9ete Ao HFE ol oz
odHe] ol T ukgl RERHL A7
SkiRzl=g

oA A M Frle #PEAAY o
SES FEs, A9 244 A ddAE HYY
5 A 3] S AP L olETge &, §A
A £E2/M AAU: AEFEL BEYE e
7t 917) Wit ddF AdAe aA ¥
ABoz A5 QEd], §F 7HAE Yuk Balky
Ao JEH 2 due] AAYAEAelL, ® ¢
7HA AEe 2483 RSAl(wetting agent) 24, o]
712 A w7l Baagn YHE dA Aok
(Canevari, 1982). odA a9y A& F AW
A YA S WA VIS F
g8 e 98-8 31, AgAe of2eln 3o
5 AA AW 3 AHEZ EAgte YA FE
s e 9L 3o qEd gdose 339
2%ogs W g9 dddE fANFY § ojok
8le], duRle) Fgo] glolx AA FFFHeg 7]
£ 2L snHog B¥ F dojof ¥ w9
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