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Abstract: In order to produce a hydrophobic material for oil removal from surface waters, in this
study, the reduced graphene oxide coated PU sponges (rGO@PU) were prepared by
ultrasonication of PU sponges with suspension of rGO in ethanol. The chemical structure of the
rGO coatings was investigated by X-ray diffraction and FT-IR spectroscopy methods. The surface
morphology of the obtained materials was also examined by SEM. The influence of the rGO
loadings and the number of coatings on the hydrophobicity of the materials was investigated. The
testing on the surface hydrophobicity indicated that the water drops remained on the surface of
rGO@PU for 4.5 - 5 hours. The results showed that the best hydrophobic sponge was obtained at
the rGO loading of 3 mg/mL and after three times of coatings. The water contact angle (WCA) of
the optimal rGO@PU was up to 119°. The kerosene oil absorption capacity of the rGO@PU in 5
minutes is 32.34 g/g. Besides, the oil-water separation ability of the material was also investigated
by passing the kerosene-water mixture through a filter funnel containing the synthesized porous
material rtGO@PU. The result indicated that the separation efficiency of the material was 85%.
The recycling test was conducted by squeezing the saturated absorbed sponges and applying the
desorbed sponges for the following cycle tests. After ten times of recycling, the amounts of
kerosene absorption on the rtGO@PU were maintained from 4.39 - 5.33 g, implying the excellent
recyclability of the material.
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Nghién ctru anh huong cua 16p phu graphene oxide dang khu
to1 tinh ki nude cua bé mat xop PU, img dung dé thu hoi dau
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Tém tit: Nhim tao ra vat lidu ki nudc, timg dung trong thu hdi dau loang trong méi trudng nude
mat, vat liéu x6p PU phu graphene oxide dang khir (rGO@PU) da duoc ché tao béng cach rung
siéu 4am x6p PU voi rGO trong ethanol. Cac phuong phap nhiéu xa tia X (XRD), pho hong ngoai
(FT-IR) duoc ding dé xac dinh cau truc cua cac vat liéu. Hinh thai bé mat vét liéu xp sau khi ché
tao da dugc khao sat bang phuong phap kinh hién vi dién tir quét (SEM). Anh hudéng cua ham
luong rGO trong ethanol va s6 lan phu t6i kha nang ki nude cua vat liéu dd duge khao sat. Két
qua thi nghiém danh gia tinh ki nu6e so bd cho thiy, thoi gian chéng thdm nuée ctua bé mat vat
liéu xép rGO@PU tur 4,5 dén 5 gio. Tu do két luan duogc ré’mg vat liéu rtGO@PU duogc ché tao &
diéu kién ham luong 3mg/mL va sb lan phii 1a 3 14n c6 kha nang chdng tham nudc tot nhit. Goc
tiép xuc nudc (WCA) cia bé mat vat lidu 1én dén 119°. Dung lugng hép thu dau kerosene cta vat
lidu x6p rtGO@PU duoc danh gia trong 5 phut 1a 32,34 g/g. Bén canh d6, kha nang tach dau - nuéc
cua vat lidu ciing dugc khao sat bang cach cho hén hop dau kerosene - nudc di qua phéu loc co
chura vat liéu xop rGO@PU di tong hop. Két qua cho thdy hiéu suat tich ciia qua trinh 1a 85%.
Kha nang tai sinh dugc thuc hién béng cach cho vit liéu xép hép thu dau, sau do ép co hoc 1ol lap
lai. Sau 10 chu ki cho thay luong dau ma vat lidu hap thu dugc trong khoang tir dén 4,39 - 5,33 g,
tir d6 thay rang vat liéu c6 kha nang tai sinh tot.

Twr khoa: Vat liéu ki nudce, hép thu dau, Graphene oxide dang kht, xép PU.

1. Mé dau

O nhidm dau tran trén bién 1a mot trong
nhitng van dé 6 nhiém can dugc dang quan tim
vi sy anh hudng truc tiép dén hé sinh thai bién
va dong vat co ngudn thie dn 1a dong vat thiy
sinh. Nguyén nhan gy nén su 6 nhiém dau hau
hét déu bat ngudn tir hoat dong khai thac dau
mo va hoat dong duong thuy trén dai duong,
déc biét la nhimg vu tai nan duong thuy gly
nén su c¢d tran dau. Dé co thé xur 1y su ¢b dau
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tran, c6 nhiéu phuong phap dugc sir dung nhu
phuong phap nhiét, vét ly, hoa hoc, sinh hoc,.

[1] Trong d6 phd bién nhit 1a st dung phu’O’ng
phap vat 1y 1a vat liéu hip thu dau. Mot sé vat
liéu hap thu dau da duogc nghién ctu la vét licu
hép thu thién nhién nhu xdp cellulose va vat
liéu nhan tao 1a x6p PE hay PP. Tuy nhién,
nhing vat liéu nay hap thu ca dau va nudc, gy
kho khin trong viéc tach diu/nudc trong nhitng
cong doan tiép theo. Trong nhitng nghién ciru
gan day, tir nhitng hiéu tung ki nuéc trong thuc
té nhu hi€u Umg 14 sen, cac nha khoa hoc da
nghién clru bién tinh bé mat vat lidu tir trang
thai thAm nuéc tré thanh trang thai ki nudc
(c6 gbc tiép xuc nude tir 90° dén 150°) cho dén
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siéu ki nude (goc tiép xtc nude tir 150° tr 16n)
bang cach ting d6 nham bé mit hodc lam giam
nang luong bé mit [2-4]. Cac vat liéu c6 bé mit
si€u ki nudc duoc bao cao la ¢c6 do chon loc cao
v6i dau va hiéu suit hap thu dau rat tot.

Xbp PU la vat liéu gia thanh ré va pho bién,
¢6 cau trac 16 xdp, khéi lwong nhe va co do bén
co hoc cao. Tuy nhién, Xép PU lai ¢6 tinh ua
nudc, vi vay dé ung dung trong xu ly dau tran,
can bién tinh bé mat xép tr trang thai tham
nudc tré thanh trang thai ki nude.

Mot sb nghién ctru di st dung graphene
oxit dang khu (rGO) dé tao bé mat ki nudc cho
cic loai x0p polymer thwong mai nhu
melamine, PU,... [8-11]. Graphene oxide dang
khir (rGO) thuong dugc ché tao tir graphite
thong qua qué trinh oxy hda va tach 16p thanh
ting 10p carbon 2D dé tao graphene oxide
(GO); GO sau d6 s€ dugc khir bot cac nhoém chire
¢6 chira oxy ua nudc di dé tao thanh graphene
oxide dang khtr [5]. Nho d6, rGO dé co6 thé phuc
héi lai nhitng tinh cht cia graphene, co cdu tric
tach 16p dac biét 1a tinh ki nude.

Trong nghién clru nay, chung toi tap trung
nghién ctru qui trinh pht rGO trén PU dé tao ra
bé mit xép ki nudc, c6 kha nang hép thu chon
loc dau.

2. Thuc nghiém
2.1. Héa chat, dung cu

Graphite 99%, NaNO3z 99%, KMnO, 99%,
acid ascorbic 99%, H,SO; 98%, H,O, 30%,
HCI 36%. Céc hoa chat déu la héa chét tinh
khiét duoc str dung trong phong thi nghiém, co
xuat xitr Trung Qudc. Xop poly urethane (PU)
thwong mai, san xuét tai Trung Qudc.

2.2. Tong hop vit liéu phi graphene oxide
(GO) va graphene oxide dang khit (rGO)

Graphene oxide duoc tong hop theo phuong
phap Hummer [6]. Lam lanh H,SOj rdi thém
graphite va NaNOs. Sau d6 thém tir tr KMnO4
trong vong 2 gio. Tiép theo thém 143 mL nudc
cit 2 1an va thém H,0,, dé ling qua dém rdi rira
bang HCl 5%, ly tam ldy chat ran cho dén khi
dung dich ¢6 do pH tir 5-6. Phan tan hon hop
roi say trong vong 12 gio.

Graphene oxide dang khur dugc tong hop
bang cach phan tan mot lugng GO trong nudc,
gia nhiét roi thém mot luong acid ascorbic gip
10 lan GO tinh theo kh01 lugng, duy tri trong
1 gio 16i loc lay chat rin vé trung tinh, khuéch
tan trong nudc roi say trong 12 gio.

2.3. Ché tao vit liéu xop rGO@PU

Rung siéu am mot lugng xéc dinh rGO
(1, 2, 3 mg/mL) trong ethanol voi ti 1€ xac dinh
10i cho x0p PU c¢6 kich thudc 2x2x2 cm da
duoc rira sach béng con tuyét doi, tiép tuc rung
sidu am roi dem say trong 12 gio ta thu dugc
cac vat liéu duoc ki hiéu la 1-rGO@PU,
2-rGO@PU, 3-rGO@PU. Tuong ty st dung ti
1€ rGO/ethanol t01 wu & trén, ché tao cac vat liéu
rGO@PU vdi sb 1an phu 13 1, 2, 3 theo qui trinh
nhu trén, ta thu duoc cac vat liéu duoc ki hiéu
la x-rGO@PU-1, x-rGO@PU-2, x-rGO@PU-3.
Ham luwong rGO phu trén vat li¢u dugc tinh
theo cong thtrc:

Mysp sau phit — Mxdp trude phi

Lwong rGO pht =

Mx6p truée phi

2.4. Khao sat cac ddac trung cdu tric vat liéu

Hinh thai bé mat vt lidu x6p dugc quan sat
bang kinh hién vi dién to quét (SEM)
TM4000Plus/Hitachi (Nhat Ban). C4u trac tinh
thé cua cac thanh phan trong mau duoc phan
tich bang may do nhidu xa tia X (XRD) Rigaku
MiniFlex 600 (Nhat Ban). Cac nhom chirc trén
bé mat vat litu duoc xac dinh st dung may
quang pho hong ngoai Fourier JASCO FTIR
4600 (Nhat Ban). Goc tiép xtic nude duge xac
dinh thong qua thiét bi SmartDrop WCA
(Femtofab Co. Ltd., Han Qudc).

2.5. Khao sat tinh ki nwoc cua vat liéu

Céac vt liéu sau khi ché tao s& dugc danh
gia so bo tinh ki nude bang cach nho giot nudc
1én bé mat vat liéu va tinh thoi gian cho dén khi
giot nudc bi thAm hat hoan toan. Thoi gian tu
luc nho giot nude 1€n toi khi giot nude bi thAm
hut hoan toan dugc st dung lam thude do tinh
ki nuéc cua vat liéu. Pdng thoi, tinh ki nudc
clia bé mit vat liéu x6p cling dugc danh gia
thong qua thong sb goc tiép xuc nudc (WCA).



66 N. H. Chi et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 40, No. 1 (2024) 63-70

2.6. Khdo sat kha ndng hap thu dau va kha
ndng tach dau/medc

Cho vat liéu x6p dd dugc xac dinh chinh
xac khdi luong vao kerosene, lic trong 5 phut
1oi xac dinh khdi luong cua vat liéu sau khi héip
thu dau. Dung lugng dau hip thu dugc (D)
duoc tinh theo cong thuc:

D= Mxdp sau hdp thu — Mx6p ban dau

Myxp ban dau

Dé khao sat kha niang phan tach dau/nudc,
cho mét hdn hop dau/nude véi ti 16 nhur nhau vé
thé tich qua phéu loc c¢6 chira x6p. Sau khi dau
dugc tham hat hoan toan, do thé tich hdn hop
dau/nude con lai ¢ trén xdp va xac dinh thé tich
dau con lai. Hiéu suit phan tach dau/nude (H)
duogc tinh theo cong thuc:

Vdﬁu ban dau — Vd”ﬁu con lai

H =

X 100%
Vd“au ban dau

2.7. Khao sat kha nang tai su dung cua vat liéu

Cho vat liéu xp di can trudc khdi lugng,
tha xp vao cdc chira dau kerosene va lic trong
khoang 5 phut, 1ay x6p ra va can khdi luong sau
khi d3 hap thu dau. Sau do6 ép co hoc dé loai bo
hét dau dugc luu trir trong xOp. Lap lai thi
nghiém hap thu dau theo quy trinh trén 10 1an va
tinh dung lwong dau hap thu dugc sau mdi lan.

3. Két qua va thao luan

3.1. Bdc trung cdu triic ciia 16p vat liéu phii

3.1.1. Gian d6 XRD

Theo nhu Hinh 1, graphite ban dau xuat
hién peak dac trung ¢ khoang 26° dic trung cho
ciu trac 16p cta mang tinh thé carbon. Di voi
graphene oxit duoc tong hop tir graphite co
peak dic trung dich chuyén vé vi tri goc 20
khoang 10°. Piéu nay ching to graphite di
duoc oxi hod hoan toan thanh GO. Gian dd
XRD cua rGO xuét hién peak dic trung tai goc
20 khoang 24°, diéu nay chimg t6 GO di duoc
khtr bét cac nhom chic chia oxy, cAu trac
graphene dugc khoi phuc tré lai. Pong thoi,
trén gian dd XRD cua rGO ciing khong xuét
hién lai peak dic trung cua graphite, tir d6 thay
rang cau trac 3D ciia graphite dd duoc tich ra
thanh ting 16p graphene 2D.

3.1.2. Pho FTIR

Tu Hinh 1 vé phé héng ngoai cua vat li€u
phu, phé IR cia GO thé hién rd su dao dong
cta lién két C — OH dic trung cta nhoém chirc
cacboxylic nim trong khoang tir 3400 cm™ dén
3500 cm, lien két C = O clia nhom chirc
cacboxylic & khoang 1750 cm™ , lién két C = C
trong 16p graphene nim & khoang 1550 cm™
dén 1750 cm™ va hai lién két C - O ciia nhom
epoxide ¢ trong khoang tir 1000 cm? dén
1400 cm*.
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Hinh 1. Gian d6 nhidu xa tia X (a) va phd FT-IR (b)
cua graphite, GO va rGO.

Déi v6i rGO, phd IR chi con cé hai peak,
cac peak ddc trung cua nhom chuc cacboxylic
da khong con, thé hién réng GO da duoc khur
gan nhu hoan toan, chi con nhom epoxide trén
bé mit graphene dung nhu mo ta clia graphene
oxide dang khur [7].
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3.2. Kha nang ki nuoc cua vat liéu

Két qua khao sat kha nang ki nudc cho thay
lwong rGO phit trén x0p co xu hudng ting khi
tang ti 16 rGO/ethanol ban dau va dat gia tri
lwong phii cao nhat 1a 21,1% & ti 16 3 mg/mL
(Hinh 2a). Pong thoi, két qua thir so bo cho
thiy thoi gian chéng thdm nudc cia vat liéu
cling tang khi ham luong rGO phu tang
(Hinh 2a). Do d6, ti 1é rGO/ethanol 3 mg/mL
dugc st dung cho khao sat tiép theo.
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Hinh 2. Anh huong cua ham luong rGO/ethanol (a)
va anh huong cua so lan phu (b) dén lwong rGO trén
x6p va kha nang chéng tham nudc cua vét liéu.

Két qua khao sat anh hudng cua sb 1an phu
cho thay luong rGO bam Ién tang dan theo s6
lan phu, cao nhét 1a gan 55% vdi s6 1an phi 1a 3
va thoi gian chéng thdm nuéc 1én dén 5 h. Két
qua trong Hinh 2b ciing cho thay, sau lan phu
thir hai, lugng rGO dugc giir lai trén xdp ting
manh khoang 20% so v&i lan thir nhat. Trong
khi do, khi tiép tuc phu lan thir ba, lugng rGO
dugc giit lai trén xOp chi tang thém khoang

10% so v&i lan thir hai. Diéu nay c6 thé duoc
giai thich do dén l1an phu thi ba, vat liéu rGO
c6 thé di gin nhu phu kin cac 16 xdp cua vat
liéu nén PU. Hon thé nita, vat liéu sau 3 lan phu
cling cho thy su cai thién rd rét vé thoi gian
chéng thim nudc so vai 1an thir nhat va lan thir
hai. Chinh vi vay, vat liéu 3-rGO@PU-3 vai
3 lan phu sé dugc Iya chon cho cac khao sat
tiép theo

Theo nhu Hinh 3 1a hinh anh chup bé mit
vét liéu bang kinh hién vi quét dién tir (SEM)
thdy rang su xuat hién ciia rGO bam lén khung
16 x6p PU, lugng rGO tang dan khi ham lugng
va s6 lan phu ting dan. Goc tiép xtic nude trén
bé mit xdp 3-rGO@PU-3 la 119°, nhu vay, bé
mit vat lidu xop da dat trang thai ki nuée. Vi
vay, x6p rGO@PU dugc phu véi ti 1é
rGO/ethanol 3 mg/mL va ba lan pha lién tiép s&
duogc st dung cho céc thi nghiém tiép theo.

3.3. Kha ndng hdp thu dau ciia vit liéu

Kha ning hap thu dau cua vat lidu duoc
khao sat trong thoi gian lic 1a 5 phiat. Dung
lugng hap thu dau dat 32,34 g/g. Két qua nay la
tuong dwong so v6i Cac c¢ong bd trude day vé
dung lugng hap thu dau cua cac vat liéu twong
tw [8-11]. Zhang va cong su (2020) da bao cao
dung luong hap thu dau may va mot sé dung
moi hiru co cua vat liéu melamine phu rGO va
hexadecyltrimethoxysilane (HDTMS/rGO-MF)
dat 8,79 - 20,85 g/g [9]. Dung lugng hap thu
dau boi tron cua vat liéu graphene/polyurethane
(GN@PU) sponge ciing dugc cong bd bai tac
gia Zhang va cong su (2017), dat 31 g/g [11].

Kha ning tach dau - nudc ciia rGO dugc
khao sat tryc quan khi cho miéng x6p vao hdn
hop dau (trong sudt) va nudc (nhudém bing
ethylene blue). Thi nghiém tuong tu duoc thuc
hién trén vat liéu x6p PU ban dau dé dbi chimg.
Két qua dugc thé hién nhu Hinh 4 thy rd duoc
vat liéu Xép PU thim ca dau va nudc (Hinh 4a,
4b, 4c). X6p PU thdm nuée da bi nhudom xanh,
khi ép co hoc thi xuét hién nuéc 13n dau duoc
ép ra (Hinh 4c). Nguoc lai, vat lidu xdp
rGO@PU, chi thim dau, khi ép co hoc thi
khong thay nudc nhuém xanh ép ra (Hinh 4d,
4e, 4f).
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urve [l HUS 15V, 88nio X100 BSE [

Hinh 3. Hinh‘ anh SEM bé mat vt liéu dugc phu theo ham lugng rGO/ethanol va sb 1an phu khac nhau
(a) PU ban dau (b) 1-rGO@PU (c) 2-rGO@PU (d) 3-rGO@PU (e) 3-rGO@PU-1 (f) 3-rGO@PU-2
(9) 3-rGO@PU-3 (h) Goc tiép xic nudc cua vt liéu 3-rGO@PU-3.

. =" B e | j ‘“

Hinh 4. Qua trinh thdm hut dau ra khoi hdn hop dau/nudce cua xdp PU va rGO@PU.

~ Khi cho hon hop d‘éu - nude qua phéu chira hén hop gitt dwoc & trén bé mat xp (Hinh 5).
x0p rGO@PU, phan dau trong hon hgp da dugc Hon nira, trang thai ki nudc cua vat licu x0p

tham hat gan nhu hoan toan va phan nudc trong ding nhu trang thai Cassie - Baxter (gilt lai



N. H. Chi et al. / VNU Journal of Science: Natural Sciences and Technology, Vol. 40, No. 1 (2024) 63-70 69

bong bong khi dé khong cho nudc tham xudng)
cling duoc quan sat thdy trong Hinh 5. Khi dé
hé loc trong 15 phut, dau dugc vat liéu thAm hat
s& chay xudng dudi binh non. Tir lugng nude
duoc gitr lai & trén xép tinh duge hiéu suat tach
cua vét liéu 1a 85%.

(a) (b) (©)

Hinh 5. Qué trinh khao sat phan tach dau/nudc.

3.4. Kha nang tai sinh

Sau 10 1an hép thu - ép co hoc, vat lidu xp
van duy tri dugc kha ning thAm hat dau (Hinh 6).
Khéi lugng dau hip thu 16n nhét trong khoang
thoi gian hip thu 1a 5 phit cua vat lidu tai 1an
thir nhat 1a 5,33 g. Sau 10 vong ti sinh, kha ning
hap thu dau cua vat liéu van dugc duy tri tot
(Hinh 6). Luong dau hip thu duoc trong cac lan
tai sinh thay doi khong dang ké so voi lan thir
nhét, nim trong khoang tir 4,39 g dén 5,33 g.
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Hinh 6. D4 thi biéu dién khoi luong trude - sau
khi hap thu cua vat liéu.

4. Két luan

Nghién ciru ndy di ché tao thanh cong vat
litu x6p ki nudc rGO@PU c6 goc tiép xtc
nudce 1a 119°. Pa nghién clru su anh hudng cua
noéng d6 rGO/ethanol ban dau dén luong rGO

phu trén xop PU va sy anh huéng cia sé lan
phu dén kha nang ki nudc cia vat ligu. Tu do,
v6i diéu kién ndng d6 rGO/ethanol 3 mg/mL va
s6 1an phu 3 s& cho ra dugc kha nang ki nuéc
tot nhat. Vat licu xdp rGO@PU c6 thoi gian
chéng thdm nudc 1én dén 5 gio, véi dung luong
hép thu dau dat 32,34 g/g va hiéu suit phan tach
dau/nudce 12 85%. Kha niang hap thu dau cua
rGO@PU dugc duy tri sau 10 chu ki tai sinh
bang cach ép co hoc.

Két qua cho thay tiém niang ung dung vat
liéu x0p rGO@PU xir 1y va thu hoi dau loang
trong moi trudng nudc mat.
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