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Abstract

Background and Objective: Nowadays, oily and industrial wastewaters are among the most
important environment problems. Conventional methods can hardly reduce the oil content to 1% of the
initial concentration and are not able to effectively remove the oil droplets with the size less than 20
micrometer. Therefore, oily wastewater treatment is one the most essential environmental challenges
which should be resolved in the oilfields.

Method: In this study, the performance of different membranes in oily water treatment has been
reviewed and furthermore, the performance of nanostructured polyethersulfone (PES) hollow fiber
membranes in oil/water separation process has been investigated.

Findings: The membrane performance would change with time according to the membrane type, the
feed compositions and the process conditions. In this research, the effects of operating parameters such
as pressure, oil concentration and cross flow velocity of feed on the membrane performance were
studied. Increase of pressure makes more membrane compactness and higher membrane fouling which
reduce the performance. Therefore, the optimum operating conditions for oil separation are P = 1 bar,
low feed concentration and high cross flow velocity of feed. Due to the increase of mass transfer at
high feed flow rates, oil rejection reduces slightly.

Conclusion: All the PES membranes in this study showed complete separation of oil from water and
can effectively be used in oily water treatment process.

Keywords: Oily Wastewater, Membrane Technology, Environmental Pollution, Membranes Washing.
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2- Flocculation followed by microfiltration
3- Membrane distillation
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1- Polyvinylidene fluoride (PVDF)



Y&d

....La:a.éé;ﬂo.ﬁj‘sluué 6)9&5 éﬁ)ls iy

Lol jlad o las S5 5 ke (genln M &l 51
2 09 g0 oaalin Lo b (5 g o Az gy LB alS
Olyd i o ool Jdo 4y alale el b 5l cdle
Dyge oSN 1l gd (oo Y5 B0 0d (g oal g,
Sl b i @bl Lad (KBS e a8 S
slaoyi> J2ls 4 b Lad mhw (59 p o kS s
Sl 0aingd g 4 Slddgw Jwdgd pros abl oo L
5565 oo ) ookl 550 0 13,5 lalié (o g o
ol Cegd O Jlws SDS Jolomo b ooy awns Liné lans
&35 SDS sla Js¥Use (50 158 5 cod 218 (> 50
e g Nig e i L gl (555 2 @ sl o 0u
Slks gylnl rlpln W S oo (i 25 S 4
395 oo il Slil 5 (S ot 5l Blo g Wb oo W) c

(YY)
rodle @V Sl Sl ok sdlen Sl L slalas
IS 5,00 55 cnlee Lol aims (o )| SilSe looguass
Slalllas (V) ool 3T o 391 50,5 o] balié oyl Lol

L ™ (L hE A o) 4O o b p >l a N

olas (Y0) o, Kea g Khulbe 4 (v¥) van der Bruggen
gt Jor s i sy & L (K555 45 stes (oo
a5 05 e ol 5L L )5 Ol s byt sle
3yShas 5 55 0lisS jae Jobo YL (6551 Bpan 4y e
TPas sl o933l (V9) 09 oo Lid (i oy JB et
O3 15 JeSd sl 0 ol (Jbl Jsilie aile
Ostlss 31 b JB g SN glalas ags 6l ot oo
(YY) o, Ken g Rahman . Y) 5.5 oo 1,8 eoliiul 5,50
Sy =1y (938! olg—e a) Tetronic 1307 ,sLs
Sl SR JB g SUl glalas o Slas 5 555)58)50
Sl 0938l cble (aalp 8 ols S8 sy 3590 (9dlses
ol Lea g Amirilargani .o es o il 1) Lad g

2 Camgd ol 50938l o lgie 4 |, Tween 805G (YY)

O9lg—s 51y o)l slalid o Shos 5 (555958550 (55,

3-Non-solvent

SZP' o8 Gzl 50 50505 ooliiwl LuceglT 5l ¢ ygd gun
A e Coled )0 a5 w0098l yealgw Jy Jodseie Lis 4
aY (awgs O SZP @l )3 aol38l b Lae swgs o Liol58l
)0‘)Wﬂm@69)fo&n&xmw90u—|
A e 53k asle J5 4 i

il mhaw (g9, p Oy ol)d clale gl Js 4 aS
Pl QJJ)lA.Q‘iS oole clale ‘GJL..& QW‘J“;’LJ dalol l) ML’LSA
Cole o aS 005 o Sl cdale 5l 5V Lie mhaw (g9,
= Ji ey sbeml cales j0) Shale gl M 4 e
oy 352y s 4 03 (a5 5l 09d (oo (Lad mhaw (55,
Slocwil e /s Ol dad oo ol Lid S5 LB ,f sla
(Y\) azob_n S99y o)J.L‘>

ST 1,350 s O g 0%y Colue 09Vl Juds @
Ogewl yilidl ol JUs o5 BLI slalie (o S (pgilocys
ST Ol 35 ecdale ol 8l bl o ial38 PVDF
9 FUERAY S 9o Qb:) -} )_>| 5 Lae sla vt gr:}.uL....)
ojlaslaons 10 g 0l e ralS WSTe a5 LSS
OY) b o JiolS 0y lavgin

ol (a0 S ol S lgie & Pluronic F127
Lié mh (g9, o cdi ol had gl b JJoay
a3 ol ¢l o b aoly PES/Pluronic F127
a8 b 0 bl e ojl glalze 5l 1 iy
6 Lt o (595 52 89y ka8 I (6 jlems (gl L3
Sl L e 31 s S8 5 032 3,5 T s9im Lk gl

Wl sanis

Gramd 09,5 (Gol> sLisS py b odd oS 5 ke )3 )
(SZP)
v- Retentive




Ol on g 015 ZM8

IYA5 aoli 0599 camn ) Juzo (65919555 g pole \id4

Ol 50 JesilE el gal cale gl sl oo aislo 0
5 (B 8,5 CElo) (b gule «ixio Jusit S
ooy VI (S0 S colan boad gl (s o
st Jsls cblas (gl el o0 oslinal e (b

W ) S B U N 6O Ol e

s (EDTA (Ethylenediaminetetraacetic acid))
Lol 00y solal (SDS) Ol g Jowsd 90 o

bl wlaxiw -Y

75 g L ol e a5 i ojlasl Jlos
odds ools lis (V) Jsaz ;0 00l 4y JB g5 BLII slalae
oA Ol LS 5 eolinl b L i Jawgio glads .ol
Cllalie Slogas (nytage | (5 950 (o dmslons
JREECCE NERE R O PRI
039 te o ol dpd slalie ol o I8 5L co
by Jodsie glolid o pindeas il oo o /VV-+/VY

03,5 (oo e L S5 g Sl ji> o3l

AT a3l mal5 8l L (YY) asssls )8 )y 0590
Slogas 5 )l 6yl Lié maw ugs Ol poiles
L gl il ) slalid (YA) ol oo Uil Lid _SolSe
4 Ogdls 51 (b osdlge (b wile (ale el 5l esln]
o) ) 6 ge G Linagll g il apnST 0530 o o

(YA) oS oo Wyl 85 slo Cly anas
g Lié o, Shee o Sy liae slajiall wllia ol o
oS JiSla s ol yad Ay 35 e S Tas A Sliws
slr oo Slbes slayial)l (nd 0505 (o0 )18 (o) 2390
= 9 Ol Blaal 51 uSW g (35 o Sl & (liws

il

L g g 3190
é',.o -
G5 Sl Las e Gilel plosil (sl eolizals ;50 Lad

ul_a G’ oKiws Ja.us; as ..\.M:L: &° Q}GJ}MJ ))l ‘51.1 )LDLMJBJl)

oo angg JB 9 BN alid Sluogas - Jguz

Table 1- The characteristics of the fabricated hollow fiber membranes
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Table 2- The operating conditions of the experiments for each membrane
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Figurel- Schematic of cross flow ultrafiltration system: T (feed tank), P (pump), D (dampener), PC
(pressure gauge), TC (temperature indicator), M (membrane module)

5w Lad 699 5 Cend Sl o oS i Lid Jige prlaus a5
el 325 95l90 Jolis Gialosl y2

15 (SDS + EDTA + L) oayg Jgboe b 5 5 s )
Ao Ve Do ay o Kl a> 50 FO &l ax o

4 o Sl 4,0 B0 Oyl azys 0 Ol L gl g s Y

a8 Y. Sow

G55 Ol Gl 5o 3 oy 10 —0
sladl 5l oS 5 Jols wly oo balid slo oya> S35
S 8925 JugilF S5 Ohhd lwg Olas addl

&l 4355 4 il whaw 695 2 JwgilB AY s g gl sl




Ol on g 015 ZM8

IYAF aoli 0519 s ) Lo (55919550 g pole Y#ZA

G 5 g K2 S A 4 me a8
SBS a e jLid (005 (o0 K03 sl (S5
Lae mhaw (59, 2 ooV L3 od 00,88 ¢ Olya> sad
2 Sl g)lid o GialesT o Sliles aige jLid 09d 0
Slo S5 il olpen (S5 Bl b 536 2Sls ]
i c p Lie 5l e W Bl (V) 5 (V)
Slr el 4 Shs 05U sl clile ol Sllee
S5 s L s e ol My 5 M ol
S5 4 e b 5La8 a5 55k a b e 8 alas

+ EDTA + 1) oaigd Jolome b woSae (S9d g o —Y
aids Ve S o Lsle a0 FO &)l a0 40 (SDS
a0 00 Oyl 4z 40 Ol b e Ggd g9 Sends -F

4380 Ve o a4 o sl

S U (59 2 Flekos b yolyl (o -)
Fols (55 m s s S 2 Fee Slles slayal)ly
A a0 St ose Ol Ce e g jlas DS

el 48,5515 (s 2 g Sl 9590

W Glime 59y 3 STy Fldes jLAS W30 -)-)

Sogs

9.0

8.0 ]

7.0 P—I/”"///‘/_J
- 6.0 k/_,_‘_.—/r/‘
N
£
= 5.0
<
2
X 40
=l
w 3.0 ——P =1bar

20 —8—P =2bar

P=
10 3 bar
0.0 T T T
0.00 0.05 0.10 0.15 0.20
CFV (m/s)
(&)

. ,AJ_,,__-/"'///‘
404 ’_/_‘,/o——/"/‘

—e—P = 1bar
—8— P =2bar
P =3bar

12,0
10.0
N 8.0 -»_’.'_,/__*—,/k//.
£ »_‘_.___._———0—/4
< 6.0 -
=)
E
[y 401 —e—P =1bar
—8—P =2bar
201 P =3bar
0.0
0.00 0.05 0.10 0.15 0.20
CFV (m/s)
(&)
8.0
7.0 -
N i
£ 5.0
=
=)
x
E] 3.0 -
w
2.0 A
1.0
0.0 T
0.00 0.05

CFV (m/s)

0.15 0.20

() ind 35 oo Yoo S0 CALE () (512 Mz Li 51 5590 S 31 STyo8 Sililos 5L il Y S

rd 9 psS (S Aee Slyes cdale (7) cpied 0 o5 (o Fov Sy95 cdils

Figure2- The effect of operating pressure on the permeation flux of membrane #M3 (a) feed concentration
of 300 mg/lit, (b) feed concentration of 600 mg/lit, (c) feed concentration of 900 mg/lit
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Figure3-The effect of operating pressure on the permeation flux of membrane #M: (a) feed
concentration of 300 mg/lit, (b) feed concentration of 600 mg/lit, (c) feed concentration of 900 mg/lit
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Figured- The effect of feed cross flow velocity on the permeation flux of membranes at 1 bar
pressure (a) feed concentration of 300 mg/lit, (b) feed concentration of 600 mg/lit, (c) feed
concentration of 900 mg/lit
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Figure5- The effect of feed cross flow velocity on the rejection of membranes at 1 bar pressure (a)
feed concentration of 300 mg/lit, (b) feed concentration of 600 mg/lit, (c) feed concentration of 900
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