NGHIEN CUU

Lowin Bintk Nige 2020

PANH GIA KHA NANG KHANG KHUAN CUA MANG POLYPROPYLENE

PHU GRAPHENE OXIDE (PP/GO)

PHAM THI PHUONG DUYEN!, NGUYEN VAN PHUGC*

"Trung tam Cong nghé Sinh hoc TP. H6 Chi Minh
2Lién hiép cdc hoi Khoa hoc Ky thudt TP. H6 Chi Minh

Tom tdit

Mang Polypropylene (PP) dugc phii Graphene oxide (GO) nham ting khd ndng khdng khudn va gidm bdam
cdn trén bé mdt mang trong qud trinh loc nudc sinh hoat. GO dugc tong hop bang phuong phdp Hummers
cdi tién va phii lén mang PP da dugc xit ly bdng tia UV dé tang d¢ bam dinh. Két qud cho thdy, GO phén b6
dong déu trén bé mdt mang. Thik nghiém khdng khudn bang phuong phdp dia thach cho thdy mang PP/GO
tao viing tic ché ré rét véi duong kinh 15,0 mm déi vdi E. coli va 15,3 mm déi véi Salmonella sp., chiing minh
16p phiu GO ginip ting khd ndng logi bé vi khudn trong nudc va han ché hién tugng bam cdn trén bé mdt mang
mot cdch hiéu qud. Ddng chii y, hién tuong bam cdn (fouling) la nguyén nhan chinh lam gidm thong luong
va tudi tho ciia mang polymer trong xi ly nuiée [1] [2]. Két qua nghién citu nay cho thdy, mang PP/GO khéng
chi c6 khd ndang khdng khudn hiéu qud ma con cdi thién ré rét khd ndang chéng bam cdn sinh hoc, hiia hen
ting dung thuc tién cao trong loc nuéc quy mé ho gia dinh.
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Evaluating the antibacterial properties of polypropylene
membrane coated with graphene oxide (PP/GO)

Abstract

Polypropylene (PP) membranes are coated with graphene oxide (GO) to enhance antibacterial properties
and reduce surface scaling during domestic water filtration. GO is synthesized using an improved Hummers
method and coated onto the PP membrane, which has been treated with UV radiation to increase adhesion.
The results show that GO is evenly distributed across the membrane surface. Antibacterial testing using agar
plates showed that the PP/GO membrane created a distinct inhibition zone with a diameter of 15.0 mm for E.
coli and 15.3 mm for Salmonella sp., demonstrating that the GO coating effectively enhances bacterial removal
in water and reduces surface scaling. Notably, fouling is a major cause of reduced throughput and lifespan of
polymer membranes in water treatment. This research shows that PP/GO membranes not only have effective
antibacterial properties but also significantly improve biofilm resistance, promising high practical application

in household-scale water filtration.
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1. GIOI THIEU

Trong nhiing ndm gan day, nhiéu nghién ctiu trén
thé gidi da chiing minh hiéu qua ctia vatliéu graphene
oxide (GO) trong viéc tang kha ning khang khudn va
giam bam can sinh hoc trén bé mat mang loc nuéc
cho thdy, mang polymer phtt GO c¢6 kha nang han
ché biofouling va tang d6 ua nudc [3]. Cac nghién
ctiu khac nhu cia Mohammad Y. Ashfaq [4] va Liu
(2018) [5] ciing khang dinh ring l6p pht GO gitp uc
ché su phat trién cta vi sinh vét va duy tri hiéu suét
loc 6n dinh. Nhiing két qua nay tao nén tang viing
chic cho viéc ting dung mang PP/GO trong nghién
cutu hién tai.
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Mang polypropylene la mang phé bién dugc su
dung trong loc nudc cap cho sinh hoat mang lai hiéu
qua cao, tuy nhién mang PP dé bi bam cén trén bé mat
do cac vi khudn bam trén mang gy tat nghén va giam
hiéu suit loc. GO la vat liéu nano tién tién véSi nhiéu
uu diém vugt troi, khang khudn la mot trong nhiing
uu diém cta vat liéu nay, do d6 nhom nghién ctiu tién
hanh pht GO 1én mang PP bang phuong phap phu bé
mat nham tang cuong kha ning khang khuan va chong
hién tugng bam cdn trén bé mat mang do d6 tang tudi
tho cia mang.

Tt nhiing co s6 d6, nghién ctiu nay hudng téi tao mang
Polypropylene (PP) dugc xti ly tia UV va pht Graphene
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oxide (PP/GO) nhdam nang cao hiéu sudt
khti man, giam fouling va tiéu thu nang
lugng, md ra trién vong ting dung thuic
tién trong loc nudc quy mo ho gia dinh.

2. POI TUQONG VA PHUONG
PHAP NGHIEN CUU

2.1. Tong hgp Graphene oxide

GO dugc t6ng hgp theo phuong
phdp Hummers cai tién [3]. Cu thé
than chi dugc khudy trong hén hop
H,SO,:H3PO4 ty 1¢ 1:9 nhiét do trong
dung dich dugc duy tri trong khoang
0-5°C, sau d6 thém tu tit KMnO, va
tiép tuc phan ting dudi diéu kién kiém
soat nhiét do, khudy lién tuc 6h. Sau
khi phan ting hoan tat, hon hgp dugc
xu ly bang H,O, dé dung phan tng,
riia bang HCl loang va nudc cét cho
dén pH trung tinh. San phdm GO
dugc ly tam, sdy kho d€ st dung cho
cac thi nghiém tiép theo.

2.2. Phit mang

Mang PP thuong mai (d¢ day 50
pum) dugc xt ly tia UV & budc séng
365 nm, cudng do 1.8 mW/cm? trong
30 phut nham ting ning lugng bé
mdt va hinh thanh cac nhém oxy
hoat tinh (C=0, -OH) nhim ting
hiéu qua bam dinh. Sau xt ly, mang
dugc ngam trong dung dich GO 0,1%
trong 2 gi¢ & nhiét do phong d¢€ 16p
GO bam dong déu trén bé mat, sau
do sdy 6 60°C trong 12 gid d€ ¢6 dinh
cdu tric. Mang phu hoan thién (PP/
GO) dugc rtia nhe biang nudc cat dé
loai bo GO ty do va bao quan trong
diéu kién kho.

2.3. Ddnh gid khd ndng khdng
khudn bé mdt mang

Kha nang khdng khudn cta
mang dugc xac dinh doi v6i ching
vi khudn E.coli bang phuong phap
khuéch tan trén dia thach (agar
diffusion method). Mau mang
PP nguyén ban va mang PP phu
Graphene oxide (PP/GO) dugc cat
thanh cac dia tron duong kinh 5
mm, sau d6 dit truc tiép 1én bé mat
dia thach da dugc cdy déu vi khuén
E. coli, salmonella trong mdi trudng
dinh dudng LB.
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Chit trung hoa,
chét khir tring

Phén nhém

B2 trung hoa

Bé keo ty tao béng

Binh chira nude sach

Hinh 1. So do loc niiéc mdt cho sinh hoat ving dung mang PP/GO

Cac dia thach dugc u & 37°C trong 24 gid, sau d6 quan sat va do
duodng kinh ving tic ché vi khudn (inhibition zone) xung quanh mau
mang bang thudc kep ky thuat s6 (d6 chinh xdc 0,01 mm). Mau c6
duong kinh vung tic ché 16n hon thé hién hoat tinh khang khuén
manh hon.

2.4. Danh gia hiéu qud loc cia mang

Thi nghiém dugc tién hanh véi nudce gia dinh pha véi nong do vi sinh
106. Mau nudc dugc loc qua mang Polypropylene pht Graphene oxide
(PP/GO) trong diéu kién ap suit khi quyén, theo moé hinh loc trong luc.
Thong lugng nude dat 30 L-mKX*hX', cho thdy mang c¢6 kha ning thdm
nudce t6t nho 16p phta GO uva nudce. Kiém vi sinh bang phuong phap dia
thach theo TCVN 6187-2:2020 (ISO 9308-2:2012).

Quy trinh xt ly nudc séong thanh nudc sinh hoat gom céc budc
chinh nhu sau: Nudc thoé duge dan vao bé trung hoa, tai day b sung
chét trung hoa va khtt trung so bd d€ 6n dinh pH va giam vi sinh vat.
Sau d6, nudc chuyén sang bé keo tu - tao bong, noi chdm phén nhém
dé két dinh cac hat cdn nho thanh bong can 16n. Tiép theo, nudc chay
vao bé lang dé tach bong cdn ra khdi nude, phan bun ling dugc loai
bd dinh ky. Nudc trong tiép tuc qua hé thong loc thd, loc tinh va loc
PHGOM nhim loai bo can min va vi sinh. Cudi cling, nudc sach dugc
thu vao binh chia, sdn sang cung cip cho sinh hoat sau khi kiém tra dat
tiéu chudn chét lugng (Hinh 1).

U i dae il
1.00um

INT 5.0kV 5.2mm x50.0k LAO(UL)

(@) (b)
Hinh 2. Quan sdt bé mdt bang FESEM
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(b)

Hinh 3. Phé FTIR va UV-VIS cia GO

3. KET QUA BIEN LUAN

3.1. Tong hgp graphene oxide (Hinh 1)

Hinh 2, trinh bay anh FESEM cua mau Graphene
oxide (GO) t6ng hgp theo phuong phdp Hummers cai
tién. Quan sat & do phong dai 50.000x cho thdy, cac tim
GO moéng, c6 cdu truc dang 16p xép chong (lamellar
structure) va nép gdp uodn nhe, dic trung cho vét liéu
graphene da oxy hoéa. Hinh b cho thédy cac 16p GO ¢6
chiéu day nano-micromet, phan b6 khong dong déu,
mot s6 vung xuét hién cac nép gip va gd nhan do su boc
tach tiing phin trong qua trinh ria va siy. Trong khi do,
anh bén phai cho thdy cac tim GO mdng hon, chong xen
ké tao thanh cdu tric xép 16p song song, chiing t6 qua
trinh oxy hoa graphite da dién ra hoan toan, tao ra cac
tam graphene don hodc vail6p c6 d mong cao. Hinh thai
nay cho thdy, GO dugc tdng hgp thanh cong, c6 do boc
tach t6t va tinh dong nhat cao, thich hgp cho qua trinh
phtt mang Polypropylene (PP) nhidm tang d¢ ua nudc va
hiéu suat khtt muoi trong ting dung loc nuéc (Hinh 3).

Phé FTIR ctia mau Graphene oxide (GO) cho théy,
cac dinh dic trung tai 3437 cm™ (O-H), 1629 cm™

8.0mm x1.00k SE(M)

(C=0), 1213 cm™ (C-0O-C) va 598 cm™* (C-0), chting
to su hinh thanh thanh cong ctia cdc nhéom chitic oxy
hoéa trén bé mat GO. Su xuat hién dong thaoi ctia cac
nhom hydroxyl, carbonyl va epoxy xac nhan qua trinh
oxy hoa graphite dién ra hiéu qua, tao nén vat liéu GO
c6 do phén tan va hoat tinh bé mdt cao, thich hgp cho
pht 1én mang PP nhdm ting d6 ua nudc va kha ning
lién két bé mat.

Ph6 UV-Vis cia mau Graphene oxide (GO) thé
hién moét dinh hép thu manh tai khoang 230 nm,
tuong tng véi chuyén doi dién ti n->m* cta lién két
C=C trong khung sp® ctia graphene, cung véi vai hip
thu kéo dai khoang 300 nm do chuyén doi n>m* ctia
nhém C=0. Sy hién dién ctia hai dai hap thu ddc trung
nay khang dinh qud trinh oxy hoa graphite da dién ra
thanh cong, tao nén ciu tric GO c¢é chtia caic nhéom
chtic oxy hoa trén bé mat.

3.2. Két qua phu mang

Hinh 4 cho thdy, két qua anh FESEM cua mang
Polyropylene (PP) sau khi phtt Graphene oxide (GO).
O ca hai d phong dai, c6 thé quan sat o cic tim GO

100um

(b)

Hinh 4. Két qud quan sdt bé mat bang FESEM mang PP sau khi phit GO
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cac dudng dan van chuyén nudc,
trong khi van duy tri cdu trac
x0p cua PP. Két qua nay xac dinh
qua trinh pht GO lén mang PP
thanh cong, tao nén vat liéu lai
PP/GO c6 c4u truc 6n dinh va bé
mat hoat héa cao.

3.3. Ddnh gid khd ndng
khdng khudn bé mdt mang

Hinh 5 thé hién kha ning
khang khuédn cua mang PP phu
Graphene oxide (PP/GO) sau
khi loc nudc lg. Mang thé hién
vong tic ché ro rét xung quanh
mau do6i v6i ca hai ching vi
khuén: E.coli vong khang khuin
c6 dudng kinh 15,0 mm va
Salmonella sp 1a 15,3 mm (SD:
+0.21 mm). Két qua chiing minh

() (b)
Hinh 5. Két qud vong khdng khudn (a)-E.coli; (b)-Salmonella

phéan b6 khong dong déu, bam xen gitia cac sgi polymer cia mang PP. Mot
s6 vung thé€ hién GO pht bam chat va lan rong doc theo bé mit soi, chiing
to tuong tac lién két gitia nhom chiic oxy trén GO va bé mat PP da xti ly UV
la hiéu qua. Cac 16p GO mdng bao pht cuc bo gitp tang do ua nudc va tao

Bang 1. Cac chi tiéu nudc sau loc

ci:lgg:l Thong s Mau trudc loc Mang PP Mang PP-GO Q ((:%‘17(;’\11 l(l;il.llc:lzl((;]l;;l/lgpy"[')
Vat ly b6 duc 5.2 1.25 0.20NTU <2NTU
Mau sic 35 17 <15TCU
Mui, vi khong khong Ko Khéng c6 mui, vi la
pH 7.5 7.2 7.0 6.5-8.5
Héa hoc | Amoni (NH,*) 0.25 KPH KPH <0.3mg/L
(LOD 0.02 (LOD 0.02 mg/L)
mg/L)
Nitrat (NO5") 35 KPH KPH <50 mg/L
(LOD 0.5 mg/L) (LOD 0.5 mg/L)
Sat (Fe) 0.18 KPH KPH <0.3 mg/L
(LOD (LOD 0.01mg/L)
0.01mg/L)
Mangan (Mn) 0.01 KPH KPH <0.1 mg/L
(LOD 0.005 | (LOD 0.005 mg/L)
mg/L)
Asen (As) 0.005 KPH KPH <0.01 mg/L
(LOD 0.001 | (LOD 0.001 mg/L)
mg/L)
Chi (Pb) 0.004 KPH KPH <0.01 mg/L
(LOD 0.001 | (LOD 0.001 mg/L)
mg/L)
Téng chét ran 320 8 0 <1000 mg/L
hoa tan (TDS)
Vi sinh E. coli 1073 KPH KPH 0/100 mL
Coliform tong 10/2 KPH KPH 0/100 mL
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(a) - Mang PP-GO
Hinh 6. Anh SEM ctia mang PP-GO va mang PP doi chiing sau khi loc

rang tinh khang khuén ctia 16p phtt GO van dugc duy
tri sau qud trinh van hanh loc, nho su hién dién ctia cac
nhom oxy hoat tinh va canh saic GO c¢6 kha ning pha
vd mang t€ bao vi khuén. Diéu nay khing dinh tiém
ndng cua mang PP/GO trong viéc chéng bam bén sinh
hoc (biofouling) va kéo dai tudi tho mang trong ting
dung xti ly nudce cép cho sinh hoat.

3.4. Ddnh gid kha nang loc nudc ciia mang PP/GO

Két quéa 1danh gia kha nang loai bo vi khuén cua
mang PP/GO: Mau nudc sau khi loc qua mang PP/GO
cho thdy vi sinh vat hdu nhu khong phat hién dugc,
chiing t6 mang c6 kha nang khang khuén va loai bo vi
sinh hiéu qua. Véiluu lugng dat 30 L-m>-h"!, mang PP/
GO dap ting t6t nhu ciu loc nudc sinh hoat quy mo ho
gia dinh, dong thoi cho thdy tiém nang ting dung thuc
té cao trong xt ly nudc sach an toan.

Két qua xay dung mo6 hinh loc nudc mat: Nudc sau
xu ly cac chi tiéu déu dat theo QCVN 01-1:2018/BYT
(Bang 1).

Két qua quan sat hinh thai bé mét bang kinh hién vi
dién tt quét (SEM) cho thdy, bé mdt mang hoan toan
sach, khong xuat hién bat ky cdu triac hay d4u hiéu nao
cta su bam dinh vi sinh vat. Ngugc lai mang PP déi
chiing c6 vi sinh vat bam trén bé mat mang. Diéu nay
chiing té6 mang c6 kha nidng chong bam sinh hoc tét,
han ché su phat trién cua vi khuén va duy tri hiéu sudt
loc 6n dinh trong qua trinh van hanh (Hinh 6).

4. KET LUAN

Két qua nghién ctiu cho thay, mang PP/GO dugc
tong hgp bing phuong phap phu 16p graphene oxide
(GO) 1én bé mdt mang PP cho hiéu qua loc cao, véi
cac chi tiéu chat lugng nudc sau xt ly déu dat gidi han
cho phép theo QCVN 01-1:2018/BYT, chting té kha
ndng loai bo tap chit va dam bao an toan cho nudc
sinh hoat. Bén canh d6, mang PP/GO con thé hién tinh
khéng khudn vugt trdi so véi mang PP nguyén ban, véi
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(b) Mang PP déi chiing

duong kinh vong khang khuén dat 15-15.3 mm dé6i véi
hai chting E. coli va Salmonella, khéng dinh vai tro ctia
GO trong viéc tao ra cac phan ting oxy héa va pha vé
cdu tric mang t€ bao vi khuén. Hiéu sudt loc cia mang
PP-GO >98% vdi luu lugng 30 L-m™>-h! phu hgp véi
muc dich loc nuéc cho ho gia dinhm
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