HWAHAK KONGHAK Vol. 38, No. 2, April, 2000, pp. 179-185
(Journal of the Korean Institute of Chemical Engineers)

OlAT - BXIE - UWE® - MBI - Uy - YBF

(19993 119 8d <, 19993 129 28U )

Solubilization of Sulfur Compounds in the Crude Oil
by Nonionic Surfactants

Suk-Kyu Lee, Ji-Won Han, Byung-Hong Kim*, Pyung-Gyun Shin*,
Sang-Kwon Park and Jong-Choo Limd

Dept. of Chemical Engineering, Dongguk University, Seoul, Korea
*Korea Institute of Science and Technology
(Received 8 November 1999; accepted 28 December 1999)

1]

[e]3
=

B A7ME 7183 E polyoxyethylene(POB) ¥l ARSAAE ALgsle] Af Fol TgHo] Je IS
o] 7ML= E X-ray spectrometé ©]-8-3l] SABIATE AFA AMES Hlol2 AUBHAE FTolMEe 7P &5A
ARSAA ] 7HEsE o] 7P et on, &5 Sl wet 7HEstert 1S 4 5 UL 1 wtdh o] AWE
QA = 2 MR 343 /1S & & ATh 58] sUsk 2AA 23 ¢32E AT 7H Tergitol

seriesAAE A= 12} LZE 22 71X Neodol seriesAldEAdA| 9} vlwsle] 7R3l =r $-4731992H, cosurfactant

24 92eS WG A4S BT 45 BE IR 18SEst F1ES 5 AT D% Fe FM
& Sad A3, AnAel 0 oze] Bl (partiioning) B AVLHAT 2FHLFE EE &
=7} 27Kl Wt 6% FEEA dendon, 93 VAR 44 93 480 ARBAA Wb 9 ngEe 4

Abstract — In this study, polyoxyethylene(POE) nonionic surfactants were used in order to enhance the solubilization of sul-
fur compounds contained in the crude oil and the solubilized sulfur contents in the aqueous surfactant solutions were measured
by X-ray sulfur spectrometer. The most hydrophobic surfactant among used during this study showed the maximum solubili-

zation capacity for the sulfur compounds in the crude oil and the solubilization of sulfur compounds was found to be
with temperature and to be abruptly increased at above 1 wt% surfactant solutions. It was found that Tergitol series
showed higher solubilizing capacity than Neodol series surfactants presumably due to the disruption of the regular
the hydrocarbon region of the surfactant aggregates. The addition of a cosurfactant such as alcohol and/or an

increased

surfactants

packing in
electrolyte

increased the solubilization of sulfur compounds in the crude oil. It was found that partitioning phenomena were shown to be
significant with an hydrophobic surfactant at high temperature and the growth of sulfur reducing microorganisms was not

greatly affected by the addition of nonionic surfactants.
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Atk AMBAA = critical micelle concentration(CMCY1/dell A vt
o] (micelle)s B35l wel 8ol E8-920 £29 ESlEEs
7 = 9o, ol 84S 71-8-8(solubilizationgh gt A
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el we} g3k 82 oS SulE 4 g Zlo= JgEn =
3 ARG E T3] 2% Fozr st A 2t ks
st AL F A& qUAE Tlete 3|7t 7hesial HlaA HS H|
$08% IFEe HES 4L & e FEE 22 Uk 53] o
b ARQFA = PAES o838 Af ¥3 FH AWNSHAE
ARgslE Zlo] A= AEET e AU AMedA Hrh a3t}
A S PXE Gl Hte] AAHA A7 Ao wuE vhe

gk,

wEb B Aol E Hlo] 2 AABAA S 0] &3 A Fol| T
o] e FaeEe] 7Resll oA 2%, AAEA Y] FF/, T2
2 5%, cosurfactan® F3A 7t pH 59 92 AHEYI gas

chromatography(G@J °|&t B34S B3] F3ftae] 71e3s
ATt =gt F3HEe] 7183kE flste] A

3 uAE 71X Gl Al AHEo =N HAE DI W
A o] AREAA] A8 7hsAdell Hste] Golr i,

2. 4ENE o UY

2-1. AEN=

AREGA ZA = PORA Mo AASAHA S 218351900, AHE
QA &8 R FRTE ARSI A3 = 99% 1] pure
type AIHEAA C B, CpE; CiEs CioEs CiEsS Nikkol(Japan)
2RE Yt ARSI e, 714 CpEge 45719 ©slart
1270013 X4=71¢] ethylene oxide(EQ) &9l AAZAAS vebd
th. Commercial typel AAEHAZ= 13} L45-& ethoxylaté! Neodol
series(Shel)} 23 ¢=& ethoxylat€] Tergitol series(Union Carbide)

< L% %7191 30-40°C Bt} &3 whHel] §4 (melting pointe €
3 prHth B2 A5 Meste] Agd AMgEtch £ AF A
AHES AREAAI S gt 71840 E28 AEES Table - 20

Table 1. Physical properties of pure type nonionic surfactants

Physical property GEs C.E; C.Eg CioEs C4Eg

ACMC(M) 6.6X107° 6.8X107° 7.0X10™® 1.0 1072 9.0x10°®

bAggregation NO. 330 120 95 - -

°C.PCC) 52.5 65 76.8 85.3 72.2
Melting pointC) 25.2 - 30.5 25.9 375

3t 25°C, Pat 30°C, “cloud point; 1 wt% solution

Table 2. Physical properties of commercial nonionic surfactants used during this study

Physical property HLB number CMC(wt%) €C.PCC) Average M.W. Specific gravity(at 2C)
Neodol?91°6 12.5 0.005 52 425 0.991
Neodol 91-8 14.0 0.027 80 529 1.002
Neodol 23-6.5 12.0 0.0017 45 484 0.981
Neodol 25-7 12.2 0.0009 50 519 0.967
Neodol 25-9 13.3 0.0018 74 610 0.982
Neodol 25-12 14.4 0.0018 97 729 0.998
Neodol 45-13 14.4 0.005 78 790 1.008
Tergitol ®15-S47 12.4 0.0039 37 515 0.992
Tergitol 15-S-9 13.3 0.0056 60 584 1.006
Tergitol 15-S-12 14.7 0.011 88 738 1.020
Tergitol 15-S-15 15.6 0.018 >100 877 1.009

2Hydrophobe : GC,;, °C,-C,5, “%Average EO N0l wt% solution

sfetzst N3sH M2 20004 48
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9718329 95(2.4990 wt% SE STFollA 352 1lotr] B
ohE AR glol TR ARSSIGITE 713kl lojA] Asfide
)&k g AR 7] 9154 Sigmazi-El CaCl + 2H,0(99.0%), MgC)
(98.0%), NaCl(99.5%F T+dsted ARS8, cosurfactaE< n-
&5-&29] putanol(Tedia Company Inc., 99.4%), hexanol(Aldrich Inc.,
98.0%), octanol(Aldrich Inc., 99.09%) AF&3153th.

2-2. Mgy

2-2-1. /5 Az B 7HestE 9k 24

Al &) Az AgdAlel oaix et o o] St
o] 4L = 22 Wil gstod Fssith. R SHRTE AR
sto] AREAA L] T/ 9 s wet AHEgA FENE AT
T SE3] Aol A 24 AREAA 89 109 DF
Z 05¢) ¥ AEE vortex mixerdollA oF 12 o wHlgl &
e zoA wHgle] TR AE fAIete] QU I AAEAA &
Ho] MR ol TeHA g the 78 ] ARE AHS F
X-ray spectrometer[Model 200T(SS), Asoma Instruments Snc]--
stod 7hEskE o] S FAst] §oF § = HERAITH o714
SE Y Foll 3= = A Fe] F(g) FAM ARLIA F
| 7Fg3kE Fe] FQ)e=, S 27 FEAg] AWEIA F
(gpll thek 7HE-3HE o] F(g)e= 2+ A eJste] ARkt

2-2-2.7+83HE fiol BAEH

AHEGA F8Ao) 7HgshE it FollA FslgEe] 42 GC-
FPDE AME-3l91%, 7He3tE BE 4389 B4L8 GC-FIDE °]43l4
T FE&Hgel 7HE-stEA] b FslES] ARE AA]
Q5] A8E 158 B D42 (¢F 14,000 rpmit + GO FH5IA
omn, AM&-gH GC-FID, GC-FPB] 4 =71< Table 31 217t vreR
Act.

2-2-3. Cosurfactang$ % 3F

40°CA 5wt AR 34 &4 10l cosurfactants A-&-g+ n-
butanol, n-hexanol, n-octad®l Ztz} 718 U3 Y 05¢ B3
ARGAIA 8ol 7H8-ste 2 Fo| Fo| TS SA 3T

2-2-4. 130142 9T

40°CelAl 5wi% ATHEGA] & 10l AsFS At & 9
05¢% B3 AN F8AL AfF st 71e3kd o] FqHFe &
At

2-2-5. pHp] 43

pH7} A <] ABGE 7HEslEe X FIS AuEr] 9l
o] AW 4249 pH= 0.01N HCH 0.01N NaOHE AH&-3}
of 2ds¥om, pH =42 713 pH meter(Metrohm In& AR&-3}
At

2-2-6. WA B0 m|Xe I

284 (Sulfur Reducing Bacteria, SRB, M) &714 mlA&Eo|=

Table 3. Conditions for GC analysis
GC-FID(HP5890 I1) GC-FPD(HP5890 II)

Column HP-1 OV-101

Injector temperature 30T 200°C

Detector temperature 300 300°C

Oven temperature 120(5 min)-300(3 nfiG) 200-300(20 minfC,
5°C/min 5°C/min

N, Carrier gas flow rate 4x10° 5x10°

(m/min)
Injection volume () 1x107° 1x107°

Table 4. Composition in 1 L solution of Postgate C medium

KH,PO, 059 Sodium lactate 69
NH,CI 19 Yeast extract 19
N&,SO, 459 Sodium citrate 2H,0 0.3 g
CaCl, - 6H,0 0.069 pH 7.0
MgSQ, - 7H,0 0.06¢9

2 AREA7E rA e vRE FF] Be A2 FA bubbling
< shAA e, viR] (media) ol ARE/AAE 742t 1, 3,5 vol%
e o wiAl 10mP M6 # 0.5 ml FE3te] 30°ColA st
Atk 7 ARGGA 0] Frol| mE FFE ATkl wEbA UVIVIS
Spectrophotometer(Optizes) ©1-8-5te] 660 nn#llA] M6 2] 7474
=5 O.D.(optical density =783ttt 2 A@NA AL M6 +
o] Hjz] &2 Table £} 7t}

™

3. &y 9 3

3-1. Pure Type AlHE X0l 2|5t 7t85}

Fig. 1014 ®e] 2+ AAEA 215247191 2424719 jiste] glof
A ARl o] AEE Afe 7HESETE B A0E Y
o, Fig. PIA Hxe] CEZF 7P 973 7Hs=E el
30°CellM 5wit% G Es AH&-3H 739 ol BlsiA 28H¢] 7H8-3tert
FREA o= CEL] CMC} 6.6<10°MEA & Ao AR&-3
pure typeAlAE/IA] FellA 717 wrom, 5134 (aggregation numben)
330024 7P 2 wield 2715 7HA7] wiielth, gk AR EAIA ¢
FE7F 3K w JHesle Fkeke Als B 4 e ole
EE F7IR Qlate] wlolde] sigrt Sofubn nlold gkA| ] =17
7} AA7] Wil tH18].

3-2. Neodol Serie?| HHEMH[0| 2|5t 7185t

Neodol serieslHE/dAel <gt A F< F3gE9] 7HE-3hwe
oM Fig. 21 el wke} o] 23-6.5, 91-8, 25-7, 25-9, 91-8, 25-
12, 45- 134 2 953E UERlIen, 53] 5wit% Neodol 23-6.5
o] A9 40°CAAM =478 EH} 3] HEEE 53R 539E
YehAT}. 01312 Neodol 23-6.54 8434 2] hydrophilic-lipophilic
balance(HLB) numbet 1215 CMC= 0.0017 wiog] . &-do] 45°C
ZA] A8 Neodol serieslAE73A4 SollA 7 25220 ddo]
2 AuGAA 7] wjEolt), g 25 Z7RA e wiet 71g-5r)
Z71e A& &% Aol wlel EO AR E3ke] AAFe] #oiX]
Al Fell wpgh AREGA F8qde] BE 258E uA HER g3}

=}
L] 1w
= e
) 3wt
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Pure Surfactants

Fig. 1. Solubilization of sulfur compounds in the crude oil by pure nor
ionic surfactants at 30°C.
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Fig. 2. Solubilization of sulfur compounds in the crude oil by 5wt%
Neodol series surfactants.
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Fig. 3. Solubilization of sulfur compounds in the crude oil at 46C by
Neodol 23-6.5 and Neodol 45-13.
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10 Wi% FEME CMCIIM Q] 7183bce} vlws)] 2 u 2 3}o)7}
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= &3} Neodol 23-6.5A 289 A-9-dl t& FEaAA Yehtes
olf Table 214 & 4 2U%°] Neodol 23-6.3} 45-13t} @4
2 FxoA mlo)d SFAE FAs] WlRolH, |47 CMC &4
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Fig. 4. Effect of pH on solubilization of sulfur compounds in the crud
oil with 5wt% Neodol 23-6.5 at 40°C.
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3-3. Tergitol Series A|HEMX| 0l 2|8t 7125}

5wt% Tergitol seriesAlHE A F8H ot Af Fo I35t
EE9] 7MSIEE Fig. 31 YeERISITE A3olA] o] AM8-3F Tergitol
AR FolAM Tergitol 15-S-?] 714 $-53F 718348 S 711 7
o2 Yeigton AdaAdale] EQ B 715l wet Ada3AdAls
Hr}h 3140 AEES wAl = FelstEe] RSl s A
o] A¥= Neodol serigd 7--ollAe} 7ro] Aol ARE-gH AHEAA
FollA 7P Ado] AREIA 7HgstEoe] TP il As 2
AXSH k., gk 25 FUte wmet 71e-ske] FrF A vER
I &3 a4 AUGRACAN Y FEAA Y-S & 5
AN, Tergitol A FA9] F= Wl w2 718-3l== Neodol
serieslA] UERE A A9l FARE FEE /A= AL & 5 st

AL 214719 2A71E 7R ARBAAAE oA Tergitol
serie¢} Neodol seriedl 7183122 v|ws] B, 40°C, 5wt AW
A 8AdelA Tergitol 15-S-?1 S7+ 04170, Neodol 23-65 S
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Fig. 5. Solubilization of sulfur compounds in the crude oil by 5wt%
Tergitol series surfactants.
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of vl#lste] FrIsh gk MUk daige] v
do|& ZA] &5 7Hste SXlade us ARS ¢
% 9tk ©)& n-butanclt 22 short-chaif]l 84 4=&2 A7t
g 739 A7k UREe] dago] 78 ol EAlste] FBljHEe)
713l & FFE FA ESAT WhEe n-hexanotlY n-octanci}
7o) long-chaig] ¢2&-S A7t ASol= HArs gire das

o] & Aol EAIsk= wiold Aol A3Al Ho] mfoldle] Hrt

flexible?t packings 2zt Fo=M v Eabgo] 2 BT &
A F2E 7 G3RHEES] 7HEEE fols s7] wEelt), 18
1} long-chain ¢=2&-& ##Fo =2 718 =™ lower phase micro-
emulsior] Winsor | typ&] 2 phas@lXl Winsor Il type?] 3 phas&<]
’$Ho](phase transitior} dolvHAl =™ wEhA st %‘5’—% *
< VAL AR 589 Aol EAske FEE0] Fol A
o] 713l Eh= ASH =Y, o]H e o] AS Hrke &
29] BAARE0] A4S AL FE AUIsleE dojuA Frt. Flg &l
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Fig. 6. Effect of cosurfactants on solubilization of sulfur compounds in
the crude oil with 5wt% Tergitol 15-S-7 at 40°C.
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Fig. 7. Effect of electrolytes on solubilization of sulfur compounds i
the crude oil by 5 wt% Tergitol 15-S-7 at 40°C.
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& = et
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o], 35°CY] 2% Z7oA A& %& 0593]*1 5008 Z7HA
gale S5 0.007PIA 0.0048 %
T =74 g7t 00107‘1]*1 OOOSE Z}“E?] RAEANS A
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