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Tom tdt

Mang Polypropylene (PP) dugc phii Graphene oxide (GO) nham ting khd nding khdng khudn va gidm bdm
cdn trén bé mdt mang trong qud trinh loc nudc sinh hoat. GO dugc tong hgp bang phuong phdp Hummers
cdi tién va phi 1én mang PP da dugc xit ly bing tia UV d€ ting d¢ bam dinh. Két qua cho thdy, GO phan bé
dong déu trén bé mdt mang. Thit nghiém khdng khudn bing phuong phdp dia thach cho thdy mang PP/GO
tao ving vic ché ro rét vdi duong kinh 15,0 mm déi vdi E. coli va 15,3 mm déi vdi Salmonella sp., chiing minh
16p phit GO ginip ting kha néing logi bé vi khudn trong nudc va han ché hién tugng bdm cén trén bé mdt mang
mot cdch hiéu qud. Ddng chii ¥, hién tugng bdm cdn (fouling) la nguyén nhdn chinh lam gidm théng lugng
va tudi tho ciia mang polymer trong xit Iy nudc [1] [2]. Két quad nghién citu nay cho thdy, mang PP/GO khong
chi c6 khd ning khdng khudn hiéu qud ma con cdi thién ré rét khd ndng chong bdm cdn sinh hoc, hita hen
iing dung thiic tién cao trong loc nudc quy mé hé gia dinh.

Tii khéa: Graphene oxide, chong bam can , mang polypropylen, mang PP/GO.

Ngay nhdn bai: 15/12/2025; Ngay siia chiia: 14/1/2026; Ngay duyét ddang: 20/1/2026.

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 Salimonella 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. GIGI THIEU

Trong nhiing ndm gin day, nhiéu nghién cttu trén
thé giGi da ching minh hiéu qué ctia vt liéu graphene
oxide (GO) trong viéc ting kha ning khang khuan va
gidm bam cén sinh hoc trén bé mat mang loc nude
cho thdy, mang polymer pht GO c6 kha ning han
ché biofouling va ting d6 ua nudc [3]. Cic nghién
ctiu khac nhu ctia Mohammad Y. Ashfaq [4] va Liu
(2018) [5] cing khdng dinh rang 16p pht GO giup tic
ché sy phét trién ctia vi sinh vt va duy tri hiéu suit
loc 6n dinh. Nhiing két qué nay tao nén tdng viing
chic cho viéc ting dung mang PP/GO trong nghién
cutu hién tai.
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Mang polypropylene 1a mang phé bién dugc st
dung trong loc nudc cip cho sinh hoat mang lai hiéu
qua cao, tuy nhién mang PP dé bi bam can trén bé mit
do cac vi khuén bam trén mang gy tit nghén va giam
hiéu suat loc. GO Ia vat liéu nano tién tién véi nhiéu
vu diém vugt troi, khdng khudn 1a mét trong nhiing
uu diém cta vat liéu nay, do d6 nhom nghién ctu tién
hanh pha GO 1én mang PP bang phuong phép pht bé
mit nhim ting cudng kha nang khing khudn va chéng
hién tugng bam cén trén bé mit mang do d6 tang tudi
tho clia mang.

Tt nhiing co s& dd, nghién ctiu nay hudng téi tao mang
Polypropylene (PP) dugc xt Iy tia UV va pht Graphene
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oxide (PP/GO) nham néng cao hiéu suit
khti mdn, giam fouling va tiéu thu ning
lugng, md ra trién vong ting dung thuc
tién trong loc nuc quy mo ho gia dinh.

2. POI TUQNG VA PHUONG
PHAP NGHIEN CUU

2.1. Téng hgp Graphene oxide

GO dugc tng hgp theo phuong
phédp Hummers cdi tién [3]. Cu thé,
than chi dugc khudly trong hon hgp
H,S04:H3PO4 ty 1¢ 1:9 nhiét do trong
dung dich dugc duy tri trong khoang
0-5°C, sau do thém tu tit KMnO, va
tiép tuc phan ting dudi diéu kién kiém
soat nhiét do, khudy lién tuc 6h. Sau
khi phén tng hoan téit, hon hgp duge
xti ly bang H,0, dé dung phan ting,
rtia bang HCI loang va nudc cat cho
dén pH trung tinh. San phdm GO
dugc ly tAm, sy kho d€ st dung cho
cac thi nghiém tiép theo.

2.2. Phii mang

Mang PP thuong mai (do day 50
um) dugc xt ly tia UV & budc soéng
365 nm, cudng do 1.8 mW/cm? trong
30 phut nhim ting ning lugng bé
mdt va hinh thanh cdc nhom oxy
hoat tinh (C=0, -OH) nhdm ting
hiéu qua bam dinh. Sau x@ ly, mang
dugc ngam trong dung dich GO 0,1%
trong 2 gid ¢ nhiét do phong dé 16p
GO bam doéng déu trén bé mit, sau
d6 sy 6 60°C trong 12 gid dé€ c6 dinh
cdu trac. Mang pht hoan thién (PP/
GO) dugc rtia nhe bang nuéc cit dé
loai bo GO ty do va bao quan trong
diéu kién kho.

2.3. Ddnh gid khd ndng khdng
khudn bé mdt mang

Khd ning khang khu&n caa
mang dugc xac dinh doi véi ching
vi khuén E.coli bing phuong phap
khuéch tin trén dia thach (agar
diffusion method). Mau mang
PP nguyén ban va mang PP phu
Graphene oxide (PP/GO) dugc cét
thanh cdc dia tron duong kinh 5
mm, sau do6 dat tryc ti€p 1én bé mat
dia thach da dugc cdy déu vi khudn
E. coli, salmonella trong moéi trudng
dinh dudng LB.
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Binh chira mrée sach

Hinh 1. So do loc nudc mdt cho sinh hoat ting dung mang PP/GO

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

2.4. Ddnh gid hiéu quad loc cia mang

Thi nghiém dugc tién hanh véi nude gia dinh pha v6i ndng do vi sinh
106. Mau nudc dugc loc qua mang Polypropylene pha Graphene oxide
(PP/GO) trong diéu kién 4p suit khi quyén, theo mé hinh loc trong luc.
Thong lugng nude dat 30 L'm *h ', cho thiy mang c6 khé ning thAim
nude t6t nhd 16p phtt GO wa nude. Kiém vi sinh bang phuong phép dia
thach theo TCVN 6187-2:2020 (ISO 9308-2:2012).

Quy trinh x0 ly nudc sdng thanh nudc sinh hoat gdm cac budc
chinh nhu sau: Nudc thd duge dan vao bé trung hoa, tai day bd sung
chét trung hoa va khu trung so b d€ 6n dinh pH va gidm vi sinh vat.
Sau dé, nudc chuyén sang bé keo tu - tao bong, noi chdm phén nhom
dé két dinh céc hat cin nho thanh bong cin 16n. Tiép theo, nude chay
vao bé ling d€ tach bong cédn ra khoi nude, phan bun ling dugce loai
bd dinh ky. Nudc trong tiép tuc qua hé théng loc tho, loc tinh va loc
PHGOM nham loai bo cén min va vi sinh. Cudi cung, nudc sach duge
thu vao binh chia, sén sang cung cép cho sinh hoat sau khi kiém tra dat
tiéu chudn chat lugng (Hinh 1).

<50.0k LAO(UL)

INT 5.0kV 5.3mm 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 ctia GO

3. KET QUA BIEN LUAN

3.1. Tong hgp graphene oxide (Hinh 1)

Hinh 2, trinh bay anh FESEM ctia mau Graphene
oxide (GO) tong hgp theo phuong phdp Hummers cai
tién. Quan sat & dd phdéng dai 50.000x cho thdy, cic tim
GO mong, ¢ ciu truc dang 16p x€p chdng (lamellar
structure) va nép gdp udn nhe, dic trung cho vat liéu
graphene da oxy héa. Hinh b cho thay cac 16p GO co
chiéu day nano-micromet, phan bd khoéng dong déu,
mot s6 viing xudt hién cac nép gip va g nhin do su boc
tach tiing phan trong qua trinh rtia va siy. Trong khi do,
anh bén phai cho thdy cac tim GO mong hon, chong xen
keé tao thanh cu tric xép 16p song song, chling to6 qua
trinh oxy héa graphite da dién ra hoan toan, tao ra cac
tdm graphene don hodc vailép c6 dd mdng cao. Hinh thai
nay cho thdy, GO dugc tng hgp thanh cong, c6 do boc
tach tot va tinh dong nhét cao, thich hgp cho qua trinh
pht mang Polypropylene (PP) nham ting d6 va nudc va
hiéu sudt khtt mudi trong ting dung loc nude (Hinh 3).

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

(C=0), 1213 cm™ (C-0O-C) va 598 cm™ (C-0), chiing
to su hinh thanh thanh cong ctia cac nhém chiic oxy
héa trén bé mat GO. Sy xuat hién dong thoi cua cac
nhom hydroxyl, carbonyl va epoxy xac nhin qud trinh
oxy héa graphite dién ra hiéu qud, tao nén vat liéu GO
¢6 do phén tan va hoat tinh bé mdt cao, thich hgp cho
pht Ién mang PP nham ting d6 va nudc va kha ning
lién két bé mit.

Ph6 UV-Vis ctia mau Graphene oxide (GO) thé
hién mot dinh hép thu manh tai khoang 230 nm,
tuong ung véi chuyén doi dién ti n>m* cla lién két
C=C trong khung sp” ctia graphene, cling vdi vai hip
thu kéo dai khoang 300 nm do chuyén doi n>7* cla
nhém C=0. Sy hién dién ctia hai dai hap thu ddc trung
nay khéng dinh qud trinh oxy hda graphite da dién ra
thanh cong, tao nén ciu tric GO c6 chiia cac nhom
chtic oxy héa trén bé mt.

3.2. Két qud phit mang

Hinh 4 cho thay, két qua anh FESEM ctia mang
Polyropylene (PP) sau khi phtt Graphene oxide (GO).
O ca hai d phéng dai, c6 thé quan sat rd cac tim GO

(a)
Hinh 4. Két qud quan sdt bé mat bang FESEM mang PP sau khi phit GO
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(a) (b)
Hinh 5. Két qud vong khdng khudn (a)-E.coli; (b)-Salmonella

phan bé khong dong déu, bam xen gitta cac sgi polymer ctia mang PP. Mot
s6 vung thé hién GO pht bdm chit va lan rong doc theo bé mit sgi, chiing
to tuong tac lién két gitia nhém chuc oxy trén GO va bé mit PP da xu ly UV
la hiéu qua. Cac 16p GO mong bao pht cuc bo gitp ting dd va nude va tao

Bang 1. Cac chi tiéu nudc sau loc

NGHIEN CUU

cac dudng dan van chuyén nudc,
trong khi van duy tri cdu trac
x0p cua PP. Két qué nay xdc dinh
qué trinh pha GO 1én mang PP
thanh cdng, tao nén vat liéu lai
PP/GO cé ciu tric 6n dinh va bé
mat hoat hoa cao.

3.3. Ddnh gid kha ndng
khdng khudn bé mdt mang

Hinh 5 thé hién kha ning
khéng khudn ctia mang PP pht
Graphene oxide (PP/GO) sau
khi loc nuéc 1g. Mang thé hién
vong uc ché rd rét xung quanh
mau d6i v6i cd hai ching vi
khuén: E.coli vong khang khuén
c¢6 duong kinh 150 mm va
Salmonella sp 1a 15,3 mm (SD:
+0.21 mm). Két qua ching minh

cﬁ?zrél:l Thong s Mau trudc loc Mang PP Mang PP-GO «Q g{,‘ggﬁl}lcgglpsl;;%,r)
Vat Iy Do duc 5.2 1.25 0.20NTU <2NTU
Mau sic 35 17 <15TCU
Mui, vi khong khong Ko Khoéng c6 mui, vi la
pH 7.5 7.2 7.0 6.5-8.5
Hoéahoc | 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 <0.3mg/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)
Tong chat ran 320 8 0 <1000 mg/L
hoa tan (TDS)
Vi sinh E. coli 1073 KPH KPH 0/100 mL
Coliform téng 1072 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

rdng tinh khang khuén ctia 16p phtt GO van dugc duy
tri sau qua trinh vin hanh loc, nh¢ sy hién dién ctia cac
nhém oxy hoat tinh va canh sic GO c6 khé niang pha
vd mang t€ bao vi khudn. Diéu nay khiang dinh tiém
nang ctia mang PP/GO trong viéc chdng bam ban sinh
hoc (biofouling) va kéo dai tudi tho mang trong ting
dung xt Iy nuGe cdp cho sinh hoat.

3.4. Danh gid khd ndng loc nuéc ciia mang PP/GO

Két qua ldanh gid kha nang loai bo vi khudn cua
mang PP/GO: Mau nudc sau khi loc qua mang PP/GO
cho théy vi sinh vat hdu nhu khong phat hién dugc,
chiing t6 mang cé kha niang khang khuén va loai bo vi
sinh hiéu qua. Véiluu lugng dat 30 L-m™-h"!, mang PP/
GO dap tng t6t nhu ciu loc nudc sinh hoat quy mé ho
gia dinh, dong thoi cho thiy tiém ning Ging dung thuc
té cao trong xti ly nudc sach an toan.

Két qua x4y dung mo hinh loc nudc mat: Nude sau
xt ly cac chi tiéu déu dat theo QCVN 01-1:2018/BYT
(Bang 1).

Két qué quan sét hinh thai bé mét bing kinh hién vi
dién ti quét (SEM) cho thdy, bé mat mang hoan toan
sach, khong xuat hién bat ky ciu trac hay ddu hiéu nao
ctia sy bam dinh vi sinh vat. Ngugc lai mang PP d6i
chiing c6 vi sinh vit bam trén bé mit mang. Diéu nay
chiing t6 mang cé kha niang chéng bam sinh hoc tét,
han ché sy phét trién cta vi khuén va duy tri hiéu sudt
loc 8n dinh trong qud trinh van hanh (Hinh 6).

4. KET LUAN

Két qua nghién ctiu cho thdy, mang PP/GO dugc
tong hop bing phuong phap pht 16p graphene oxide
(GO) 1én bé mat mang PP cho hiéu qua loc cao, véi
cac chi tiéu chit lugng nudc sau xt ly déu dat gidi han
cho phép theo QCVN 01-1:2018/BY’T, chting t6 kha
ndng loai bo tap chit va dam bao an toan cho nuéc
sinh hoat. Bén canh d6, mang PP/GO con thé hién tinh
khang khuén vugt trdi so véi mang PP nguyén ban, véi
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(b) Mang PP do6i chiing

dudng kinh vong khéang khuén dat 15-15.3 mm d6i véi
hai chiing E. coli va Salmonella, khing dinh vai trd ctia
GO trong viéc tao ra cac phan ting oxy hoa va pha v&
cdu truc mang té bao vi khuén. Hiéu sufit loc ctia mang
PP-GO >98% vdi luu lugng 30 L-m>h™" phu hop véi
muc dich loc nude cho ho gia dinhm
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