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ABSTRACT

An experimental study regarding the effect of emulsions on RO is presented. Heavy
oil was added to the sea water and the distilled water separately and treated for 30
minutes by a homogenizer to make emulsions. For the case of the sea water without
heavy oil the permeate decreased from the beginning of the experiment. Chloride and
conductivity increased with time, due to the fouling occurring as the suspended solids
in the sea water accumulated on the membrane surface. Rejection rate of salt was
99.6~99.7%.

As for the sea water containing heavy oil, the permeate decreased slowly from the
beginning of the experiment. This result was the same for the case of the sea water
only. However, chloride and conductivity increased significantly when heavy oil was
added. In the second experiment with sea water containing heavy oil, the operation
time of RO was reduced considerably. With addition of oil. the chloride increased
greatly. while the permeate reduced comparatively. In the experiment where emulsion
of 0.3~0.8mg/ ¢ was supplied to RO, oil concentration was about 10ppb in the per-
meate at the end of the experiment. In case of the distilled water containing heavy
oil, the conductivity increased. However, the permeate reduced to 30% compared to
the case of the sea water containing heavy oil. The case of sea water containing heavy
oil showed an opposite result, but the effect of the addition of oil on RO was

significant. Oil caused fouling of the RO and the contamination of the whole system,
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and as the result the system could not be operated properly. As a result the mem-
brane capacity, the amount and water quality of permeate deteriorated significantly.

Key Words : Heavy Oil., Sea Water, Homogenizer, Emulsion, Sea Water Containing
Heavy Oil, Distilled Water Containing Heavy Oil, RO Membrane

O Ok
L5

Mo

df st FRFA 44 AFHE H71sle] homogenizerg 30%-3 A2l dld emulsiond T
o] feEls ¥ 857 RO%d vAe 43E AR 23 W42 oS g

-?_3}1’“2 ROZ 388 A4, 5342 49 20|78 At daole ¥ A7ARE

%9 ¥ E3o] 2 Fd %’-‘15101 o] foulinge} ]3] gte] 4zo] QolA Alzte] A
J'WMI we) a9 AREL 99.6~99.7%°1A )

Fea+E ROT FET AL, FAFHL AP2715E A3 APAD, das
Ay Aztel vjwaly Aolrt girt, 28y GholeEen @ AVAREE ol H7HE AR
A 4] destda. fEElE RO FI AdAY d¥elA, ARAE 42 B
o} Ghol &g oil & g AHoA 4D e i, FaeFe ddRez Fagd.
=3 emulsion® 0.3~0.8mg/ L2 M2 e ROl FFHAL, foulingsl sl 44
287 Fo5ole & 10ppb X oilo] FE&HT. FYge ¥, AZAEEE € ¥l
4 Asste %S dehdn o a8y, a3 AEAARE A Wit gigAw
AFFE FHE AAM Fadte 4Y FRA e 2719 T vid o 30%5% T3}
Al gkt fFEHTE ol ¢ d¥ne vt A3 E vl a AR oile] #UEHE ¥
s

F#o] ROY A 2”d Y=Y, RO FA] o] tit F89] 2432, ROY AA] frie] ¥
&ta fouling® €27, A9 24& P& 5 At & K29 4%z A8 ¢ 4%, ¥3

e
4% 9 S35 30 478 AsEAG.

ZHO| : AZH. 4, Homogenizer. dl¥A, $8&8¢. #84. RO

1. M B A F Yok AFAA FEe) EYoz e g4
3 ZWES} 2 AE B dE A9 gAY, 1

Qete] BN BB Po] BY
Y s5dsrae FAEE FHY, 4T | BaE ERRE Fel

A olem GA4EW S o Walolaw 7] vjge] &0l U8 Atle :‘E’:Zd% 7He 313
2HozE g8 9o g RE HA| 2HoZ 7 Sy ZREqME PSS Fio] &S
A Azgel fos, Al Basel A, 7D el Aagel £} i, g8e2 AgH
aeu, oarEnte] Baylse ghe v Ewel A Al "l 3 Q4% EWE] A e 7
A gl g goly] ol 2 figo] o F g9 FHs 44T FFol A % Fo
S 9e ATlE 1 Falwol WAs Asm 7o <l Sl AUSD 3 A4UeA A
o} YmEoZ #4e) Wzl T Eo thakel v dajed. =, A4F FAES] 44 gloiMe.
2o] ol Aol 2z} 7)7]. AlY] Sof Basld Ax el ol FE AALE B8 445 TH
gt dirEel fEel dal wESA e Ao

el Aste Zeti, EAES 2Ho| Brh5H



gasith §49 Q4% SABLME HSE Sl
g0l EYHE AS LML FAsYof s 3o
ot zejzz 71§ 299 A wE 3
Fo 71g0] ETANET A £1E 5 Ae o
o] g Ant, d4guto] et F¥ A
& Besd gy $2o] BAT o WY foul-
ingo] 98 F&9 Fol A= Tl X3
He AL S8 2 AR uhgo] o ute] WA
slod, 54, g@d4Adol dslde Aoz AzEH7)
2ol 2 ng Zv|of #5A o G453 8
FaFoA] FE G TBHME TR 44
3 JES gasit,

getd & AFeME REAF R €4 E RO
otol] FFaod, o] WP I 4¥E #s
o ZE&HYr Y Budct

II

r)J

N

CHEEX E dydy

B AgAAdME R ARETHS B Test
(C7T0-F) A& 4% Testifz, AlE =] 9724
75mm, SE% WAL 32cmoltt. AgAA e A
8E Fig. 19 vehytl,

2.1. dis ¥ FEE<TE o8 4H

—_
[y

da5E Ay FEAReE FARYHe) 0.
pmel AgeH(wE gmix2k)oE EH5Y
0.6m°/m? - day2 A2 Y H4+E TF 99
2 89t galgols 94v ¥F 1.2~1.5 mg/ L

o], FolAATH(NaHS0s)E Fshe 3

4 o

Fig. 1. Schematic diagram of RO system.
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Table 1. Characteristics of sea water

Table 2. Results of treatment sea water on

ROUTC-80)
Run Time| Chloride | Permeate {Conductivity| Rejection
(hr)  |(meCl™/ &)} (n&/min) | (uS/cm) (%)
0 98 24 356 99.49
24 74.8 2.2 268 99.61
48 63 2.02 224 99.68
72 61.5 1.90 223 99.68
168 59.4 1.84 205 99.69
192 59.4 1.7 205 99.69
216 59.4 1.7 205 99.69
312 62.5 1.6 223 99.68
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Item Measurement Item Measurement
Temp. 170 C S8 2.5 mg/ 1t
- pH 8.5 T-S 38600 mg/ ¢
Turbidity 0.41 mg/ ¢ Chloride 19400 meCl/ ¢
Conductivity 51100 pS/cm Total Hardness 6580 mgCaCQs/ ¢




Table 3. Characteristics of sea water
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Item Values Item Values
Temp. 16.3 T SS 1.9 meg/¢
pH 8.38 T-S 38400 me/ ¢
Turbidity 0.75 mg/ ¢ Chloride 19100 mgCl/ ¢
Conductivity 49100 yS/em Total Hardness 6560 mgCaCOs/ ¢

Table 4. Results of treatment sea water on
RO(NTR-70SWC)

Run Time| Chloride |Permeate | Conductivity | Rejection
() [(mg O/ )| (a&/min) |  (@S/em) (%)
0 84.0 29 309 99.56
24 62.2 24 219 99.67
48 594 23 215 99.69
144 60.6 21 216 99.68
168 61.0 1.86 213 99.68
192 65.1 1.6 235 99.64
216 67.2 1.86 240 99.63
312 734 1.6 258 99.62
336 734 1.6 2N 99.62
360 734 1.5 270 99.62
384 76.2 14 272 99.60
456 76.9 1.38 278 99.60
480 76.2 1.38 214 99.60
504 80.4 1.36 282 99.58
528 81.1 1.36 289 99.58
552 818 1.3 290 99.57
624 839 1.22 308 99.56
648 944 1.2 316 99.51
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Table 5. Operating conditions of RO system

Temp. 25202 7T

Pressure 5610.4 kg/em?

Concentrate 5.1 £/min

Cross flow filtration

UTC-80

Filtration type

Material




Table 6. Characteristics of sea water

Item Value Item Value
Temp. 141 C SS 1.8 me/¢
pH 8.47 T-S 37600 me/ ¢
Turbidity 0.49 mg/ ¢ Chloride 19200 mgCl/ ¢
Conductivity 51000 uS/cm Total Hardness 6570 mgCaCQOs/ ¢
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Fig. 3. Permeate variation with time after in-
jection of sea water containing oil.
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Fig. 4. Chloride variation with time after in-
jection of sea water containing oil.
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Fig. 5. Conductivity variation with time after
injection of sea water containing oil.
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Table 7. Characteristics of sea water

Fetelel ROY| g Fg 7

Item Value Item Value
Temp. 141 ¢C 88 1.8 mg/ ¢
pH 8.47 T-8 37600 mg/ ¢
Turbidity 0.49 mg/ Chloride 19200 mgCl'/ ¢
Conductivity 51000 pS/cm Total Hardness 6570 mgCaCOa/ ¢
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Fig. 6. Chloride variation with time after in-
jection of sea water containing oil.
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Table 8. Operating conditions of RO system

Temp. 2502 T
Pressure 56+0.4 kg/cm®
Concentrate 5.1 £/min

Filtration type Cross flow filtration

Material NTR-70SWC
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Table 9. Rust generation by water circulat-
ing through high pressurized pipe

Sampling time Temp. MF value
(min) (T) {sec)
0 28.2 222
30 28 .4 235
120 284 236
1440 29.0 236
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Table 10, Recovery of membrane
Item Inlet Outlet Inlet Qutlet Permeate
Chloride Chloride Conductivity Conductivity (n/min)
Measurement, tim (meg-C1'/£) (mg-Cl'/¢) (#S/cm) (uS/cm)
Initial period 1500 4.0 4650 11.4 3.1
Before washing 1490 7.4 4650 26.3 0.55
After washing 1486 10 4650 36.1 0.68
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