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Polysulfone membrane based on graphite oxide have been
successfully fabricated by the inversion method by spincoating, casting

and electrospinning techniques. Surface membrane characteristics such
as SEM, FTIR-ATR, EDX as well as the filtration characteristics of the
membrane show that the modified GO membrane is capable of
separating the oil from oil/ water emulsions better than the unmodified
membrane under some parameters such as retention (R) and filter yield
(J)). Retention of GO/PSF membrane up to 60,40% while PSF membrane
only reached 47,10%. When the GO content was modified on PSF
substrate, the membrane became more compact than the previous
membrane, the pores size of the membrane decreased and increased
the density of the pores on the membrane surface. On the other hand,
the modification of GO to the PSF membrane enhances the oxygen-
containing functional groups on the membrane, thereby improving the
hydrophobic properties which is necessary for the membrane filtration
process of separating oil from oil/water emulsions. In addition to
investigating the separation efficiency and film retention, we also
investigated the irregularity coefficient of the GO/ PSF membranes. The
coefficient of occlusion against FRy, is about 18,63%.
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1. Gidi thiéu chung Mang loc la phén quan trong nhét trong hé tach dung

Trong nhiéu ndm qua, cdng nghé mang da c6 nhiing
budc tién vugt bac va dugc ap dung réng réi cho
nhiéu muc dich khac nhau nhu sén xudt nudc sach va
siéu sach, loc — hdéa dau, dugc pham, thuc phdm, hoa
chét, y t& moi trudng. Uu diém cla cong nghé mang
la c6 thé tach cac cdu ti o kich thudc khac nhau, ti
6 hat t6i ¢ ion ma khéng can phai st dung thém hoa
chét khac, cac cdu ti can tach khéng can chuyén pha,
la phuang phap tach hién dai, tiét kiém néng lugng va
than thién vai mai truong [1], [6], [9], [10].

mang, trong dé I6p bé mat mang dong vai tro quyét
dinh khd nang tach, loc clia mang. B cé thé duy tri
dugc cac tinh nang tét ciia mang déng thai gidm thiéu
anh hudng cla nhiing tinh chat khdng mong muén,
cac nha khoa hoc luén hudng dén viéc tim kiém céc
loai vat liéu thich hgp dé ché tao mang. Ban chét véat
liéu tao mang va ky thuat tao mang la hai yéu té quan
trong anh hudng dén kha nang tach loc va quyét dinh
khd nang Ung dung tach loc clia mang. C6 thé ndi
mang polysulfone trén ca s& vat liéu graphen oxit la
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thé hé mang mdi cuc ky hiéu qua trong qua trinh tach
chat, xr Iy asen va mét sé kim loai ndng trong dung
dich nudc, dac biét nghién clitu ché tao mang Ung
dung trong céng nghé khir man [7], [15], [18]. Vdi
nhiéu tinh nang vuat tréi nhu chi phi ndng lugng thép,
khong can tién hanh & &p suét cao, t6c do loc cao han
han so v&i mang truyén théng RO [5], dac biét 1a mang
tao thanh ¢ déd bén ca hoc cao nén dé dang cho viéc
thu hoi va téi st dung mang. Tuy nhién tat ca la nhiing
két quad kham phé ban dau can phéi tiép tuc nghién
cltu va phét trién. Hién van con it cac cong trinh cong
bd vé linh vuc nay dac biét ti cac hoat dong nghién
cu trong nuac.

Co nhiéu phuong phép ché tao mang dugc ap dung
nhu dung két nhiét (sintering), kéo dan (stretching), an
mon theo vét (track-etching), ddo pha (phase
inversion), két tu hai (vapor deposition), nhing ph....
Trong nghién ciu nay phuang phéap déo pha dudc ap
dung. C6 thé thuc hién tao mang theo nhiéu cach nhu
can tay truyén théng (casting), phl quay (spincoating)
hay phun finh dién (electrospinning). Mang ché tao c6
d&c tinh bé mat t6t nhét dugc dung dé khao sat kha
nang tach dau tir nhi tuong dau/ nudc. VGi nhitng két
qué thu dugc mang tinh chéat tham do tu viéc ché tao
mang dén khdo sét, danh gia cac tinh nang cla mang
cling nhu kha nang téi s dung mang nham gép phan
trong viéc khai thac nhitng uu diém cla céng nghé
mang phuc vu cac nhu cau phét trién kinh té - xa hoi.

2. Thyc nghiém va phuang phéap nghién clu
2.1. Hba chat

Graphit, KMnOy, Natridodecylsulfat (SDS) - Meck;
Polysulfone (PSF) - Alrich; Dimethylfomamide (DMF),
NaNOs, H:SO. 98%, H.O» 30%, n-hexan (Trung Qudc)
va mot s chat khac HCl 36,5%, nudc DI; Dau diesel
(DO).

2.2. Qué trinh tao mang
2.2.1. T6ng hgp graphen oxit

Graphen oxit dugc téng hop dua trén phuong phép
Hummers bién tinh [16], quy trinh nhu sau: Cho 1 gam
graphit cacbon, 0,5 gam NaNO3 va 23 ml H,SO4 dam
d&c vao cée thdy tinh chiu nhiét, 1am lanh hdn hop &
(0-5 °C) va khudy déu trén may khudy tur. Nang nhiét
dé 1én 15 °C va cho tU tUf tung lugng nho két hgp vdi
khudy déu lién tuc 3 gam KMnO4, sau db nang tiép
nhiét dé dén 40 °C. Tiép tuc thém 100 ml nudc cat va
nang nhiét do lén dén 98 °C, khudy lién tuc trong 1 gic
sau do cho thém 10ml H.0, 30% vao hén hop khudy
trong 1 gi&s. D& ngudi tu nhién, loc rira san phdm nhiéu
lan bang axit HCl 5%, sau dé rlfa bang nudc cét. Bé
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thu dugc graphen oxit, san phdm graphit oxit dugc
tach 16p bang ky thudt siéu am vdi dung méi nudc
trong 1 gid trén thiét bi siéu am Elmasonic S 100 H co
tan s6 siéu am 37 kHz. San phdm dugc sdy & nhiét d6
60 °C trong khoang thai gian 12 gig, thu dugc graphen
oxit (GO) dang bot khd mau nau den.

2.2.2. Ché tao mang

Mang PSF va GO/ PSF dudc ché tao theo phuong
phép déo pha. Trudc khi ché tao mang PSF va GO
dugc sdy kho trong ta séy chan khéng & 60 °C trong 4
gid.

Chuén bi dung dich 1: Hoa tan PSF trong dung moi
DMF ti lé 15:85 theo trong lugng. Rung siéu am 1gic
dugc dung dich polymer déng nhat.

Chuén bi dung dich 2: GO (2% trong lugng PSF) hoa
tan trong dung méi DMF, rung siéu am 1 gid, khudy
nhe & nhiét dé phong trong 24 gic.

Chuén bj dung dich 3: Cho tl tir (rdt chdm) dung dich
2 vao dung dich 1, khudy déu lién tuc trong 24 gig &
nhiét d6 60 °C thu dugc dung dich déng nhét (dung
dich tao mang).

Dung dung dich 3 tao mang bdi cac ky thuat: casting,
spincoating va electrospinning.

- K§ thudt casting: cho mét thé tich xac dinh dung dich
3 |én tdm kinh c6 kich thudc 20 x 25 cm, dung thanh
can co ranh khudn mang 250 um dai 15cm, kéo vdi téc
dd 1 mm/s. Mang tao thanh dugc dé ngoai khong khi
trong vong 20 gidy sau dé ngam vao chau nudc DI va
dé yén 10 phut, dung dao mong lach nhe, béc mang
khoi tam kinh (dé day mang phu thuéc vao dé day cla
thanh cén cling nhu t&c do kéo). Ki hiéu mang: C.

- Ky thuat spincoating: cho mot thé tich xac dinh dung
dich 3 1én dé thly tinh cua thiét bi tao mang, dudng
kinh 15 cm. Qué trinh tao mang dugc tién hanh & diéu
kién: t&c do quay 200 vong/ phut, thai gian quay la 10
gidy. Nha luc ly tdm, dung dich sé lan déu trén dé va
tao thanh mang mong (d6 day mang phu thudc vao
thé tich dung dich tao mang, t6c do quay va thai gian
quay). Cho mang tiép xtc vdi khong khi 20 gidy, sau
dé ngédm vao chau nudc DI dé yén 10 phut, dung dao
mong lach nhe, bdc mang khoi tdm kinh. Mang bat déi
xUing dugc hinh thanh tU phuong phéap két tia ngam
kho/ udst. D6 day mang thu dugc tir phuong phap phu
quay kha déng déu. Ki hiéu mang: SC.

- Ky thuét electrospinning: cho mét thé tich xac dinh
dung dich 3 vao &ng kim tiém vdi mdi kim c6 d = 0,25
mm, sau dé 1&p vao thiét bi phun tinh dién. Dung dich
phun ra vdi t6c dé 2,5 mi/h, téc dé quay thiét bi lam



Vietnam Journal of Catalysis and Adsorption, 7 - issue 4 (2018) 62-68

cuc am la 90 m/s. Sau thdi gian phun thu dugc mang
mong, dé khd ngoai khéng khi khoang 15 phut. Ky
hiéu mang: ES.

Cac mang ché tao dugc rifa nhiéu lan bang nudc DI dé
loai lugng du dung mdi. Mang dugc ngam trong nudc
DI. Trudc khi st dung mang dugc sdy trong td sdy
chan khéng & 60 °C.

2.3. Chu8n bj m3u nudc chita dau dang nhii tuang
dau/ nudc

Mau nudc chira dau diesel dugc tao ra bang cach tron
11,5 g dau diesel (DO) véi 1000 ml nudc véi 12,5 g chéat
tao nhii (natri dodecyl sunfate). Sau do hdn hop dugc
khudy trén may khudy tu véi téc dé 1600 vong/ phit,
thai gian 15-20 phdt. Dung dich thu dugc c6 mau
tréng duc nhu stfa. Sau dé pha loang dung dich nh
tly theo ham lugng dau trong nht can cho cac thi
nghiém [11].

2.4. Bénh gia dac tinh b& mat mang

Anh SEM clia cac mau mang dugc chup trén thiét bi FE
— SEM (Hitachi S-4800); Ph& EDX dugc thuc hién trén
thiét bi EDAX 9900 gan vdi thiét bi SEM. Phé hong
ngoai phan xa bé mat do trén may JASCO (USA),
FT/IR-4100.

2.5. Bdnh gid ddc tinh tdch loc mang

Khéd ndng tach loc dau tir nhii tuong dau/ nudc cla
mang dugc danh gia qua do luu gitr va nang suét loc.

B¢ luu gitr tinh theo cong thuc:

R G-C

x100% 2.1

0

Trong do: Co va C la ndbng dé ban dau va néng
dé sau loc cta déau trong hé nhi tuong dau/ nudc
(mg/L).

Ndng sudt loc cia mang dudc xac dinh bang
céch do thé tich dich loc van chuyén qua mang trong
mot khodng thdi gian tai ap sudt xac dinh theo cong
thurc:

14 14

= hodc J =——— (2.2
Sxt SxtxP

(L/m?.h.) ho&c (L/m?.h.bar)

Trong dé: V 1a thé tich dich loc (L hodc mL), S 1a dién
tich bé mat lam viéc clia mang (m? hodc cm?), t: thai
gian loc (h hodc phtt), P la &p suét loc [bar].

J

2.6. Banh gia do nhét clia dung dich tao mang

B nhét clia dung dich tao mang dugc xac dinh theo
cdng thuc sau:

_T

n T

Trong do: T, To 1an lugt 1a thai gian chay clia dung dich
tao mang va thai gian chay clia dung moi.

2.7. Xac dinh dau trong nhii tuong dau/ nudc

Xac dinh lugng dau con lai trong nhti tuong dau/ nudc
theo phuang phép trong luong. Cu thé:

Cho dich loc vao phéu chiét c6 dung méi n-hexan vao
lac manh trong 2 phut, sau do dé yén trong 20 phut
cho dau tan hét vao trong n-hexan. Hon hop gdm 2
pha: pha (ddu + n-hexan) va nudc. Tién hanh chiét
tach loai nudc sau do dudi n-hexan bang cach dun
hén hop con lai & 70 °C, khi n-hexan gan bay hét,
giam nhiét dé dun, con lai la dau.

3. K&t qua va thao luén

3.1. Bénh gia dac tinh bé mat mang

3.1.1. Anh SEM bé mdt mang

Hinh 1, &nh SEM (bé mat va mat cat) cla cac mang PSF
va GO/ PSF ché tao theo cac ky thuat spincoating,
casting va electrospinning.

(s}f-a-l)

BB
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=

Hinh 1. Anh SEM bé mét (a) va mat cét toan bd chiéu
day (b) cac mang PSF (1), GO/PSF (2) theo k¥ thuat
spincoating (SC), casting (C) va electrospinning (ES)
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TU két qua anh SEM clia cac mang SC - (a, b) 1, 2 cho
thay c6 su hinh thanh cadc mao dan & mat dé cao ngay
trén bé mat mang va bén trong mang vdi kich thudc
tuong déi dong déu. Su xudt hién cla hé théng 16
mang nay la mét yéu t6 quan trong trong qua trinh loc
mang. Gilta mang nén va mang bién tinh bai GO, khi
quan sat mat cat cho thdy bé mat mang bién tinh GO
co su tang lén vé doé day, dong thai kich thudc mao
dan gidm hon so véi mang nén. SG di nhu vay bdi v,
khi dugc khi bién tinh bgi GO da lam do nhdt cla
dung dich tang, ttr 198,9 kg/m?.s 3 mang nén PSF tang
lén 202,4 kg/m?.s 3 mang GO (1% khdi lugng)/ PSF. Su
tang d6 nhat dan dén lam ting do dac khit cia mang
tao thanh. Nhu vay, vai viéc bién tinh GO lén bé mat
mang lam cho mang tr& nén dac khit han so vdi mang
nén.

Tuong tu cac mang C - (3, b) 1, 2 ta thdy, co sy phan
tdn cla GO ngay trén bé mat mang va bén trong hé
théng 16 tréng clia mang. Péng thdi, vaéi su cd mat cla
GO trén mang da lam giam kich thudc cac 16 tréng clia
mang va lam tang mat dé cac 16 mang tuong ty nhu
trudng hop & mang tao theo phucong phép
spincoating. Cac mang PSF (1), GO/ PSF (2) tao bdi
phuong phap casting c6 dé day kha 16n va méat do 16
trén bé mat khong déng déu so véi mang dugc ché
tao theo phuang phép spincoating (phd quay).

Péi vai mang dugc ché tao theo phucng phép
electrospinning ¢ cau tric & dang sdi, cac sgi dan vdi
nhau khong déu va kha thua dan dén khéng kiém soat
dugc mat dé 16 cling nhu kich thudc 16 trén mang.

Nhu vay, vdi viéc bién tinh GO 1én bé mat mang lam
cho mang tr& nén dac khit han so v&i mang nén, lam
gidm kich thudc cac 16 mang va lam tang mat dé 16
tréng trén bé mat mang.

TU cac ndéi dung da thdo luadn, cac mang PSF va
GO/PSF ché tao theo phuang phap spincoating dugc
lua chon cho cac nghién clu tiép theo.

3.1.2. Phé héng ngoai phdn xa bé mdt
Hinh 2. Phé hdng ngoai phan xa bé mat ciia mang nén
PSF (a) va GO/PSF (b).

C6 thé nhan thdy mang nén PSF va GO/PSF déu xuat
hién cac pick dac trung dao dong clia nhdom O=5=0
trong viing 1000 — 1300 cm™, pick dic trung cho dao
déng lién két C=C cta vong tham & viing 1400 — 1600
cm™ va dao déng cla lién két C-O & s song 1101 cm™.
Bén canh do, véi mang GO/ PSF con thay xuat hién
cac pic dac trung dao déng clia nhom -C=0 & vung
1690 — 1750 cm™,

1 @

Abs

1 ®

T T T T T T
4000 3500 3000 2500 2000 1500 1000 500

‘Wavenumber (:m'l)

Hinh 2. Phé hdng ngoai phan xa bé mat ctia mang nén
PSF (a) va GO/PSF (b)

3.1.3. Pho EDX

DéE x4c dinh thanh phan nguyén té cé trong céc
mang nghién clu, phuong phap EDX dugc st dung.
Két qua dugc thé hién & hinh 3.

1 L] 1 i ? ] L] L I I I 4 17 oW {

[l e ety i 8 5 -

Hinh 3. Ph& EDX mang PSF (a), GO/PSF (b)

TU hinh 3 ¢6 thé thdy, khi dua GO 1én mang PSF thi
thanh phan cac nguyén t6 co sy thay déi so véi mang
nén PSF. Cu thé lugng C gidm tU 87,75% con 79,34%;
S gidm tu 595% xuéng 2,39% nhung thanh phan O
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tdng manh & mang bién tinh bdi GO, tang tUr 9,76% &
mang nén lén téi 19,26%. Diéu nay dan dén, khi bién
tinh GO lén mang PSF lam tang thém cac nhém chia
oxi trén mang do doé thanh phan cac nguyén té da co
sy thay déi dang ké.

Nhu vay viéc bién tinh GO |én mang PSF da lam tang
cudng cac nhém chic chdia oxi 1én trén mang, qua do
cai thién dugc tinh ua nudc, mét dac tinh can thiét cho
qué trinh Ung dung tach loc nudc clia mang.

3.2.  Khao sat tinh nang tach loc ctia mang
321 Do luu gitr
Két qua khao sat do Itu gitr cla cdc mang
PSF; GO/PSF thé hién & bang 1va hinh 4.
Bang 1. B luu gilr clia cac mang PSF va GO/PSF

Mau Nongdd | Nongdd | DO luu
ban dau Co | saulocC | gitr (%)
(mg/ L) (mg/ L)
PSF 450,00 238,20 47,07
GO/PSF 450,00 178,26 60,39
— _
60
50
S
o 30 -
20 -
10 -
0 = T 1
PsE GO/ PSE

MAU MANG
Hinh 4. Bé luu gilt clia cdc mang PSF; GO/PSF

Cé thé thdy mang GO/ PSF c6 do luu gilt cao han
mang nén PSF, gap khodng 1,3 1an. Két qua nay hoan
toan phu hap v&i ndi dung thao luan & muc 3.1.3

3.2.2. Ndng sudt loc

Nghién ctru nay tién hanh khdo st ndng suat loc cua
cac mang théng qua lugng chét long (sau loc) qua
mang theo thdi gian, dong thai khdo sat hién tugng
tdc mang sau thdi gian t (v&i t thay déi tir 10 dén 90
phut). Két qua dugc trinh bay & hinh 5.

Két qua khdo st qué trinh tach loc dau tur nhi tudng
déu/ nuéc theo thai gian cho thdy rang mang ca mang
PSF va GO/ PSF c6 nang suét loc cao nhét sau 30 phut
tach loc va gidm dan déu cho dén 90 phut khao sat.
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Hinh 5. Nang sudt loc clia cac mang PSF va GO/PSF
theo thdi gian

So v&i mang PSF, mang GO/ PSF c6 nang suét loc va
dé luu gilt cao han mang PSF. DS luu gilt clia mang
GO/ PSF lén dén 60,40% trong khi dé mang PSF chi
dat 47,10%. Diéu nay co thé 1a do khi GO bién tinh lén
mang PSF lam téng tinh thdm nudc clia mang bdi xuat
hién nhiéu nhom chic chita oxi nhu hydroxyl (C-OH),
cac hgp chét chiia C-O va C=0 khac...Mat khac, theo
dong luc qué trinh chuyén khéi qua mang 1a nha su
chénh léch &p suét khi loc. Ca ché tach qua mang la co
ché sang loc. Theo ca ché nay, mang gitr lai nhiing
phan t&r dau co kich thudc I16n hon kich thudc 16 mang,
dau tich tu trén mang theo thdi gian loc lam gidm
nang suét loc cia mang. Trong khi dé nudc bi cudng
blc chuyén qua mang loc.

Nhu vay tUr cac két qua thdo luén cho théy viéc tao
mang trén cd s& graphen oxit trén nén polysulfone déa
lam tang tinh thdm nudc cla mang ché tao, tao thuan
lgi cho qua trinh tach loc d&u ti nhi tuong dau/ nudc.

Bén canh viéc khao sat nang suét tach loc va do luu
gitr cla mang, chdng téi con khao sat hé sé tac mang
bét thuan nghich déi véi mang GO/ PSF nham danh
gia kha ndng lam sach va phuc héi ndng suét loc cua
mang.

Hé s& tac mang béat thuan nghich FR, dugc xac dinh
dua vao dé thdm nudc qua mang trudc khi loc (Juo) va
sau khi loc (Jw) nhii tuong dau/ nudc.

FR =

w

x100

0 day Ju dugc xac dinh bing cach do thé tich nudc
tinh khiét van chuyén qua mang trong khoang thdi
gian t (t: 30 phut):

V

J -

= (L/m?.h)
w S)(t

V3V a thé tich nudc tinh khiét (L); S 1a dién tich bé
mat 1am viéc cia mang (m?).

Két qua khao sat hé s6 tdc mang bat thuan nghich FRy
dugc trinh bay & bang 2.
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Bang 2. Hé s& tdc mang bét thuan nghich

Jwo (L/m2.h) Jw (L/m2.h) FRw (%)

12,29 10,00 18,63

Hé s& tac mang bat thuén nghich FR. dat khoang
18,63%. Mang co gia tri FRy cang thap thi khd nang
chéng tdc mang cang cao.

4. Két luan

Ché tao thanh céng mang polysulfone (PSF) trén cg s&
graphen oxit theo phuong phap dao pha bdi cac ky
thuat spincoating, casting va electrospinning. Mang
PSF va GO/PSF ché tao theo phuong phép spincoating
cd mat dé 16 day dac hon vdi kich thudc tuong déi
déng déu.

Da khdo sét khd nang tach loc dau cla mang PSF va
GO/ PSF. Mang bién tinh GO ¢6 kha nang tach loc dau
tU nhil tudng dau/nudc t6t han mang khong bién tinh,
thé hién qua céc thong s6 nhu dé luu git va nang
suét loc. DO luu git clla mang GO/ PSF lén dén
60,40% trong khi dé mang PSF chi dat 47,10%. Viéc
bién tinh GO 1én mang PSF ngoai viéc tac dong dén
su thay d&i kich thudc 16, mat dé 16 trén bé mat mang
loc con cai thién dugc tinh va nudc, mét déc tinh can
thiét cho qué trinh ¢ng dung tach loc qua mang do do
tao thuan Igi cho qué trinh tach loc déau tir nhii tuong
dau/ nudc.

D3 tién hanh khao sat hé s tdc mang bat thuan
nghich d&i véi mang GO/ PSF nham dénh gia kha
nang lam sach va phuc héi nang suét loc clia mang.
Hé s& tdc mang bat thuan nghich FR, dat khoadng
18,63%.

L3I cdm on: Céng trinh nay dugc thuc hién trong
khuén khé deé tai Nafosted, mda sé: 104.06-2017.56.
Nhom tdc gia xin chdn thanh cam on su tai trg cua quy
Phdt trien khoa hoc va céng nghé quéc gia.
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