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ABSTRACT

Graphene, a 2D nanomaterial, has been extensively studied and applied
in many applications including, but not limited to, energy storage,
environmental treatment, additives for paints, rubber, and composite,
sensors, and electronic devices. In this work, graphene-based sponge
was facilely fabricated by simply immersing melamine sponge into well -
dispersed graphene nanoplaletes solution. The prepared graphene
sponge revealed superhydrophobic and oleophillic properties in nature.
The graphene-based sponge showed remarkable adsorption
performance toward oils and organic solvents with the adsorption
capacity ranging from 40 to 70 folds of sponge’s weight. The sponge
also exhibited high recydability, which is considered as a promising

material for the practical application.

Gidi thiéu chung

Graphene la moétvat liéu donldp clia nhitng nguyén tur
cacbon dugc sap xép chat ché& trong mang tinh thé
hinh t6 ong 2 chiéu (2D). Graphene dugc cudn lai sé
tao nén dang thu hinh fullerene 0D, dugc quén lai sé
tao nén dang thu hinh cacbon nanotube 1D, hodc
dugc x€p chdng 1én nhau sé tao nén dang thu hinh
graphite 3D (Hinh 5) [1]. Mac dU chi m&i bat dau phat
trién t&r nam 2004, nhung vdi nhitng tinh chat uu viét
nhu da néu trén, vat liéu graphene da thu hit su quan
tdm clia nhiéu nha khoa hoc trén thé gidi va da dugc
Ung dung budc dau vao trong cac thiét bi cla nhiéu
finh vuc khac nhau nhu cdng nghé vi dién td, vat liéu
composite, cao su, myc in, cdm bién, tich trlr va
chuyén hda nang lugng... Nhiéu phuang phap da duac

strdung dé ché tao nano graphene nhu phuong phéap
boc tach hoa hoc, boc tach co hoc, phuang phép 1ang
dong bay hai vat ly hay hda hoc, phuong phép
hummer [2].

Vat liéu x6p graphene la vat liéu dua trén cg s tam
graphene 2D. Ching dugc hinh thanh dua trén viéc
x€p chéng cac tdm graphene theo cac hudng khac
nhau, tao nén cdu trdc graphene 3D vo dinh hinh,
hodc c6 thé dugc phu, bam dinh trén phan khung ciu
tao nén cac vat lieu dang x6p nhu PU foam, Niken
foam... [3]. Vi & dang cdu tric x6p nén cac mot sé tinh
chét clia graphene nhu dién tich bé mat, tinh chat dan
dién, dan nhiét... c6 thé bi gidm, tuy nhién khéng dang
k€. Nhung v&i d6 x8p cao, khdi lugng riéng thép, 16
x6p o kich thudc micromet cho phép cac ion co thé
hdp phu va giai hdp nén x&p graphene lai la vét liéu
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tiém nang 'ng dung trong vét liéu hap phy: day la mot
vat liéu day tiém nang trong viéc tach déau va dung
mdi hitu ¢ ra khodi nudc 6 nhiém [4-6].

Trong thai gian gan déy, nhitng nghién cru vé tinh ki
nudc ua dau cla vat liéu x6p 3D da thu hit nhiéu su
cht y vi khd nang Ung dung cao trong viéc hdp phu
dau va dung mdi hitu cg tir nudc. Mét phucong phap
dé dang dé thu dugc vt liéu nay la bién cac vat liéu
x6p bang vat liéu ki nudc nhu polydimethylsiloxan
(PDMS) [7], lauryl methacrylat, &ng nanocarbon (CNT),
va graphene khit oxit rGO.rGO 1a dan xudt clia vatliéu
graphene [8], vGi cac tinh chdt doc déo, nd co thé tao
ra bé mat siéu ki nudc va va dau bang cach thay déi
cau tric va hinh théi hoc cla miéng x&p. Bén canh do,
dé ciing cg hog, tinh én dinh nhiét cao, dac tinh siéu
nhe va chdng chay cling lam cho rGO trd thanh Ung
clr vién sang giad dé bién tinh vat liéu bot x8p. Vi du
nhém cac nha khoa hoc Zhu d3 ché tao x6p melamine
phi rGO bang cac ép/nhd x6p trong dung dich
graphene oxit va dun ndéng & 180 °C trong 6h [9].
Nhom Zhao et al. bdo cdo mét loai xEp b thé tai ché
bdng cach nhing x8p vao dung dich GO va NHs-
H20/C2HsOH trong 3h va sdy chan khong & 30°C
trong 24h. Tuy nhién, cac quy trinh bién tinh x6p bang
rGO va GO ¢6 nhugc diém la t6n thai gian va phic
tap, x6p sau ché tao cd dd n dinh kém, khéng phu
hop trong san xudt quy md cong nghiép. Vi vay can
tim ra mét phuong phép ché tao vat liéu
x6p/graphene co thé khac phuc cac vén dé trén, dap
Ung dugc khd nang san xudt hang loat cho cac Ung
dung quy mo Ién.

Trong nghién cu nay, nhdm nghién clfu da tién hanh
ché tao Graphene sponge bang phuong phap nhing
pht, dua vat liéu graphene nanoplatelets bam dinh
trén nén xép melamin, tao ra vat liéu mdi ¢ tinh ki
nudc va ta dau, co titm nang Ung dung Ién trong viéc
xr ly dauva dung moéi hitu co.

Thuc nghiém va phudng phap nghién ctu

Thuc nghiém

Hda chat

Graphene dugc mua ti cdng ty c§ phan cdng nghé
nano Ung dung, oleum SO3, Ethanol glycol C2H4(OH)2,
poly dimethyl siloxane (PDMS), dau xe may, dau dau,
dau DOP, va dau mazut, toluene, acetone, ethylene

glycol, vatliéu mut x6p.

Thuc nghiém ché tao tdm x6p graphene

Dau tién, cadc miéng x6p sé dugc lam sach bdng
acetone va nudc cét trong bé rung siéu am. Sau do
dem di sdy & 100°C trong 2h. Sau khi khd hoan toan,
cac miéng x6p nay sé dudc nhing trong dung dich
GNPs/ethanol réi dem rung siéu am trong 30 phtt,
ti€p dé cac miéng x6p dugc 18y ra réi dem sdy trong
2h. Qua trinh nhing phd dudc 1&p lai cho dén khi
GNPs dat ti [é 10% khoi lugng miéng x&p. Cudi cung
mau dudc nhing trong dung dich PDMS/xylene
(0,5mg/ml) r6i dem sdy kho trong 6h dé tao thanh Iép
két dinh cho graphene va miéng x6p.

Nghién ctru kha ndng hdp thu ddu va dung méi hitu co

Trong nghién cdu nay, khd nang hdp thu cla
graphene déi va&i mét sé loai dau va dung mdi hitu
@ bao gdbm: ethanol, acetone, ethylene glycol,
toluene, ddu DOP, dau diezel, dau mazut va dau xe
may dugc danh gia chi tiét. Sy hép phu dugc tién
hanh & nhiét d6 phong badng cach ngdm Graphene
sponge trong dung moi r6i ldy ra dem can. Khoi
lugng cla Graphene sponge dugc can trudc khi
kiém tra dé hdp phu. Sau khi hdp phu bdo hoa,
Graphene sponge dd dugc 18y ra ngay va can dé
xac dinh kndi lugng.

Bdnh gia kha ndng thu hoi va tdi s dung cta tdm
x0p graphene

Aceton va toluen dudc sif dung trong thi nghiém nay.
Su hép phu dugc thuc hién & nhiét dé phong bang
cach nhing Graphene sponge vao c6c cb chlra dung
dich aceton hoac toluen trong dén khi dat dung lugng
hdp phu bdo hoa. Khéi lugng cla Graphene sponge
dugccan trudc va sau khi kiém tra d6 hdp phu. Sau dé
Graphene sponge dé héap phu dugc lam khd & 100 °C
trong 4 gi¢t dé€ loai bd hoan toan cac dung méi hitu co.
Quaé trinh "hédp phu va téi ché" dugc ap lai trong 5 chu
ky.

K&t qua va thao luan

Graphene nanoplateletes anh trai, la chat bot mau xém
den, khdng con anh kim, co ti trong khéi nhd dat
khodng 0,015 g/ml. G hinh 1a, v&i d6 phan giai thap,
cdu tric cta GNPs ¢6 hinh dang nhan, gon séng vdéi
kich thudc ngang tir 10-50 um, diéu dé chiing to rang
GNPs chi gom vai I&p graphene. Hinh anh v&i dé phan
gidi cao, hinh 1b, cac I6p GNPs gan nhu trong suét déi
v3i chum electron, ching to rang GNPs gém dudi 40
don I8p graphene. Hinh anh TEM cling cho thdy tdm
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graphene tuong déi mong cd hinh dang nhan va ggn
séng nhu tdm lua (Hinh 2).

Hinh 1: Hinh anh SEM clia nano graphene dalép & dé
phan gidithap (a) va dé phangidi cao (b)

Hinh 2: Hinh anh TEM clia nano graphene dal&p

Dudi day la hinh anh quang hoc va &nh SEM cla vat
liéu Graphene sponge (hinh 3). Vat liéu nay c6 mau
den nham trén bé mat, graphene trong cau tric c6 dé
dong déu va bam dinh cao. Trén anh SEM véi dd phan
gidi 100 pm ta clng c& thé thdy dudc cac I6p
graphene bam trén bé mat cac sgixdp nay.

B N

Hinh 3. Hinh anh quang hoc (a) va anh SEM clia tdm
x&p graphene (b)

Vat liéu Graphene sponge cé tinh thdm udt tréi ngugc
hoan toan so vdi vat liéu x6p nguyén ban. Miéng x6p
nguyén ban la vat liéu ua nudc vai khd nang tham
nudc rat tét, vat liéu nay chim han dudi nudc, con vat
liéu Graphene sponge thi hoan toan khéng thdm nudc,
nSi han lén phia trén bé mat (hinh 4a). Khi ta nho
nhifng giot nudc Ién bé mat vat liéu x6p nguyén ban
thi nhitng hat nuéc nhanh chdng bi hdp phu (hinh 4b)

con khi nhd 1én trén bé mat Graphene sponge thi cac
hat nudc tao thanh hinh cau vdi goc tiép xic I6n (hinh
30), diéu nay chiing to vat liéu nay cd kha nang ky
nudc réat tot. Hinh 5 md ta hinh anh giot nudc trén bé
mat tdm graphene sponge, goc tiép xtc nudc do dac
dugc vao khodng 1550, cho thay ban chét siéu ki nudc
clia tdm graphene sponge.

Hinh 4: (a) So sanh khd nang thdm udt clia tém x6p
chira graphene vatdm x8p nguyén ban, (b-c) géc
thdm udt clia tdm x6p nguyén ban va Graphene
sponge

Hinh 5: Hinh anh giot nudc trén bé mat cla tém
graphene sponge

Hinh 6 miéu t& hinh anh quang hoc cda qué trinh hédp
phu hén hgp dau / nudc clia Graphene sponge. R
rang la Graphene sponge hdp phu rét hiéu qua dau xe
méy trong nudc. Khi Graphene sponge dugc dua vao
tiép xUc vdéi vét dau loang (mau nau) trong nudc,
lucgng dau nay dabi hdp phu hoan toan gan nhu ngay
lap tUc khi tiép xUc, lugng dau nay ¢ thé thu lai dudgc
bang cach vat ¢ hoc, Graphene sponge saudo co thé
dugc st dung cho lan hdp phu ké tiép. Diéu nay cho
thdy r® rang rang Graphene sponge c6 thé dugc su
dung nhu mot chat hdp phu cd chon loc dé loai bo
dau va dung moi htu ¢g khoi nudc.
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Hinh 6: Khd nang hap phu dé&u clia tdm x&p graphene.

D& chirng minh thém diéu nay, ching toi d& nghién
clfu khad ndng hédp phu clia Graphene sponge cho mét
s6 loai dau va dung mdi httu cg khac, bao goém dau
bom, dau diezel, ddu DOP, dau xe may, dau dau, dau
mazut, ethanol, toluen, acetone, va ethylene glycol.
Khd ndng hdp phu dugcxac dinh theo cong thuc sau:

Mp—y

e = — ©)

My

Trong dé gt la khd nang hép phu (g/g), mo la trong
luong cla Graphene sponge trudc khi hdp phu (g) va
mt la trong lugng cla Graphene sponge sau khi hép
phu.

Do thi dudi day la két qua do dung lugng hdp phu cla
Graphene sponge déivai mét sé loai dau va dung moi
htru cg (Hinh 7). K&t qua cho thdy Graphene sponge co
kha ndng hdp phu rét t6t, dung lugng hap phu dat tu
40 dén 70 lan khéi lugng mau vai thai gian hdp phu
gan nhu ngay lp tlc & nhiét d6 phong.

B&i vai cac Ung dung thuc té€ cla Graphene sponge
trong viéc loai bd dau va dung méi hitu cg, diéu quan
trong la danh gid kha nang tai ché cla Graphene
sponge va kha nang thu hoi cla dau hdp phu va dung
moéi hiftu co. Hinh 8 minh hoa viéc tai s dung
Graphene sponge dé hdp phu cac dung méi hitu co
nhu aceton va toluen lén dén 5 chu ky. Céc tém
Graphene sponge sau khi hdp phu sé dugc lam kho &
100 °C trong 4 gic va dugc st dung lai cho chu ky ké
tiép.

DOP oil

Motor oil

Toulen

Bean oil

Diezel

Ethyleneglycol

Acetone

Ethanol

0 2 40
q,©9)

Hinh 7: Khd nang hép phu d&u cla tdm x&p graphene
déivdicac loai dadu va dung moi & nhiét do phong
Sau 5 chu ki hdp phy, dung lugng hdp phu cla
Graphene sponge d&i vdi aceton va toluen gén nhu
khong thay ddi, con vai 2 loai dau la diezel va dau xe
may thi dung lugng hdp phu gidm di dang ké, nguyén
nhan nay la do khong thé loai bd hoan toan dau ra
khoi Graphene sponge bang phucng phép vat théng
thudng, dan dén gidm dung lugng hdp phu. Két qua
nay cho thdy Graphene sponge c6 dé bén cao trong
viéc xUf ly cac loai dung moi httu cg, con déi vdi cac
loai ddu déi vai viéc tach dau hoan toan ra khdi
Graphene sponge cé thé sit dung chung cat hoac
ngam trong dung moi hitu ca. Nghién cu dang dugc

tién hanh va sé cong bé trong thai gian tdi.
a

b

1 2 ] H 5 1 2 3 4 5
Nod oyde No of cycle

() (d)

1 2 3 4 S 1 2 3 4 s

No of cycle Noofcycle

Hinh 8: Khad nang téi ché cla tdm x6p vdi (a) axeton,
(b) Toluen, () Diezel, va (d) Dau déng o

K&t luan

Nghién cltu nay da ché tao thanh cbng vat liéu
graphene va dac biét da ché tao thanh cong bot x6p
graphene sponge vdi tinh chat ki nudc va ua dau, cai
thién kha nang hip phu so véi vat liéu x8p nguyén
ban. Graphene sponge thé hién kha nang hdp phu tét
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déi vai dau va cac dung moi hitu ¢g véi dung luong
hdp phu khoang 40 dén 70 lan trong lugng riéng, thoi
gian hadp phu nhanh ngay ngay & nhiét dé phong, cao
hon nhiéu so vd&i cac chat hdp phu hién nay. Ngoai ra
Graphene sponge khdng chi ¢6 kha nang hdp phu cao
déi vai dau va dung moi httu cd ma con c6 kha nang
tai ché va kha nang thu hoi t6t. Cac két qua nay cung
cdp cai nhin quan trong cho viéc si dung graphene
Ung dung cho viéc xtt ly nudc bi & nhiém chita dau va
dung moihitu co.
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