Journal of educational equipment: Applied research, Volume 2, Issue 303 (December 2023)
ISSN 1859 - 0810

Nghién ctru ché tao Graphene da 16p ing dung hap phu
dau va dung moi trong nuwdc
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Abstract: In this study, multilayer graphene (GNPs) was successfully prepared through direct chemical
exfoliation from natural graphite flakes. The characteristics of the GNPs were investigated using
scanning electron microscopy and XRD. The results showed that the GNPs had a low bulk density of
only 0.012 g mL-1, a C content of 99%, lateral diameters ranging from 6-16 um, and a thickness of less
than 15 nm. The absorption capacity of the GNPs for a range of oils and organic solvents including
pump oil, polydimethylsiloxane (PDMS) oil, dioctyl phthalates (DOP) oil, olive oil, bean oil, mazut oil,
xylene, ethanol, and ethylene glycol (EG) was evaluated. The effects of the absorption conditions such as
absorption time (sorption kinetics), temperature, and aging method (static, stirring, and ultrasonic) on
the absorption capability of the GNPs were also investigated. It was observed that the GNPs exhibited
extremely high absorption capacities for oils and organic solvents, up to 20-40 times their own weight after
Jjust 2 minutes of absorption at room temperature, which was significantly higher than many commercially

available absorbent materials.
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1. Pit vin dé

Dau thai va cht thai dung méi hitu co (DMHC), 1a
san phdm thai cua nhiéu nganh cong nghiép (CN) nhu
nhuya, dét, glay va bot gidy, mo va nganh son da tao ra
nhitng vn d& nghiém trong vé moi truong va sinh thai
[1-3]. Do d6, viéc phat trién cac phuong phap (PP) méi
dé xur 1y hiéu qua dau va DMHC trong nudc thai CN
1a v6 cung quan trong. C6 nhiéu PP khac xur ly khac
nhau. Bai bao ndy gi¢i thi¢u két qua nghién ctru vé
cac dic tinh hap thy dau va DMHC cua tdm graphene
(GNPs) duoc ché tao bang PP méi. Vi 9 loai dau va
DMHC thuong dugc su dung trong cac nganh CN,
bao gdm: ethanol, xylene, dau polydimethylsiloxane
(PDMS), diu dioctyl phthalates (DOP), ethylene
glycol (EG), ddu may bom, dau dau nanh, diu mazut
va dau 6liu di dugce thir nghiém trong nghién ctru nay.
Céc tac dong cua didu kién hip thy nhu nhiét do, thoi
gian va PP hdp thu (tinh va dong) déi véi kha ning
hap thu cua GNPs ciing da dugc nghién ciru. Nghién
clu cling nhim thuc hién dao tao theo dinh hudng ting
dung cua Truong Dai hoc Tai nguyén va Moi truong
Ha Nai.
2. N9¢i dung nghién ciru
2.1. Cdac PP xwr ly hi¢u qua diu va DMHC trong
nwdc thdi CN

C6 nhiéu PP xtr Iy hiéu qua dau va DMHC trong
nudc thai CN khac nhau nhu: su dung vat liu hép thu
[4,5], chat phan tan [6], d6t chay [7], phuc hdi sinh
hoc [8] va thu thap co hoc da dugc ap dung dé loai bo
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DMHC va dau tir nude thai. Mot vat lidu dé 1a 1 chat
hép phu tt can c6 kha nang hip thu cao, hiéu qua vé
chi phi, lya chon cao, mat do thép, than thién v&1 moi
truong va kha nang tai ché tot. Céac vat liéu cacbon
nhu than hoat tinh va bot nano dng cacbon 1a nhing
vt liéu hap thy, dugc sir dung rong rai nhat dé xu ly
dau va DMHC trong nuéc thai 6 nhiém. Tuy nhién, dé
tim ra mot PP don gian ma hiéu qua vé chi phi dé hap
thu DMHC va déu la van dé kho khan.

Trong vai nam gﬁn day, graphene, mot loai vat
lidu cacbon c6 cau trac hai chidu (2D), da thu hat sy
chu y 16n tr ca khoa hoc va CN nh¢ vao hang loat
ung dung rong trong linh vuc vat 1y, hoa hoc va k¥
thuat. Ba PP chu yéu dé san xuit graphene, bao gdm
badc tach co hoc, moc graphene theo quy trinh epitaxy
va giam graphene 0xit dua trén dung moéi. Graphene
¢6 nhiéu dic tinh vuot trdi nhu kha ning dan nhiét
va dién tuyét voi, dién tich bé mat 16n va cing vay
nén duoc tmg dung trong ché tao pin, pin mat troi
va cam bién. Hon nira, nho tinh ky nuéc va dién tich
bé mit cu thé 16n, graphene dugc coi la vat liéu trién
vong dé loai bo dau va DMHC tir nudc thai. Theo cac
bao cao gan ddy, di co nhiéu chét hip thy dua trén
graphene c6 kha nang loai bo dau va DMHC tir nuéc
thai. Trong mot s6 nghién ctru khac, graphene 6xit c6
cu trac x0p, hiéu qua va co thé tai ché da dugc thir
nghi¢m dé loai bo dau va DMHC tir nude thai. Hon
nira, graphene ciing c6 thé tao thanh hdn hop véi cac
vat liéu khac nhu kim loai, 6xit kim loai va polymer
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dé tao ra cac chat hép thu hi€u qua cho viéc loai bo
diu va DMHC tir nu6e thai. Tuy nhién, hau hét cac
chét hép thu dua trén graphene, dic biét vé kha nang
hap thu dau va dung mai, chi duoc san xuit & quy mo
phong thi nghiém. Hon nita, dic tinh hép thy dau va
dung moi cta graphene duoc san xuét thong qua tach
hoa hoc truc tiép tir than graphite tu nhién chua dugc
nghién ctru. Vi vdy, dé nghién ctru cac ing dung thuc
té cta n6 nhu mot chat hip thy thi diéu can thiét 1a
nghién ctru cac dic tinh hap thy dau va DMHC cua
tAm graphene duoc san xuat bang PP voi quy mo CN.
2.2. Nghién ciru ché tao graphene da Iop itng dung
hdp phu dau va dung moi trong nwéc

2.2.1. Thuc nghiém

a) Héa chat: Than graphite dugc mua tir
VNgraphene. Ethanol (C,H.OH), xylene (CH,),
ethylene glycol (EG), polyd1methyls1loxane (PDMYS),
dau 6liu, ddu dau nanh, ddu may bom, dau DOP va
dau mazut dugc mua tir Cong ty TNHH Van Minh,
Vi¢t Nam. Than graphite nhan dugc da dugc séy kho &
100°C trong 4 gio dé loai bo d6 Am tir bé mit. Cac chat
khac dugc st dung ngay sau khi nhén dugc.

b) Tong hop graphene da 16p: GNPs duoc tong
hop nhu sau: mot lugng nhét dinh cta cac méanh than
graphite dugc thém vao 240 mL axit sulfuric (98%)
trong mot binh phan Gmg 1000 mL va khudy trong
10 phut. Sau do, natri persulfat (Na,S,0;) duoc tir tur
thém vao hon hop phan tmg va tiép tuc khuay trong 3
i & nhiét do phong. San pham sau cting dugc loc ma
khong can lam ngudi bang cach sir dung bo loc thity
tinh nung chay. GNPs thu duoc dugce rira bang aceton
khan (3 1an x 30 mL) va 30 mL nudc dé loai bo bat ky
chét phan Gng con lai. Cudi cung, GNPs dugc séy 4}
60°C trong khong khi.

¢) Nghién ciru hdp phu dau va dung méi: Nghién
ctru nay sir dung 9 loai DMHC va dau khac nhau,
bao gém: ethanol, xylene, PDMS, EG, dau DOP, dau
méy bom, diu dau nanh, ddu mazut va dau 6liu. Cac
thtr nghiém hép thu theo 16 duogc thuc hién ¢ nhiét
do phong béng cach thém 0,03 g bot GNPs vao mét
cbe 50 mL chita 10 mL daw/DMHC. Khéi luong cua
GNPs dugc can trude cac thir nghiém hép thu. Sau 2
phiit hap thu ¢ nhiét d6 phong, GNPs da hap thu dugc
loai bo va can ngay 1ap thc.

222 Két qua va thao ludn

a) Tong hop graphene da Iop: Cac manh than
graphite thudng co ciu triic ngang day dic. GNPs ché
tao dugc mat do khdi thap 120,012 g.mL!, ham lugng
C 14 99%, dudng kinh ngang tir 6 dén 116 pm va do
day duéi 15 nm. Cau trac it trat tu hon ciia GNPs duoc
xac nhan thong qua hinh anh kinh hién vi dién tir quét
(SEM) (Hinh 2.1a). Tir anh SEM cho thdy, GNPs c6
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hinh dang nhau nat véi duong kinh ngang tir 10 dén
20pm va do day dudi 15 nm. Hinh 2.1b cho thy mau
XRD ctuia GNPs va than graphite ty nhién. Khong
giébng nhu than graphite, c6 dinh XRD tai 25-28°,
GNPs c6 dinh XRD rong tai 26,5° tuong (mg véi cau
tric it trat ty cua ching.

b)

Intensity (a.u.)

24 26 28 30 32 34
26()

Hinh 2.1: (a) Anh SEM, (b) ph(f XRD cua graphene
da lop GNPs.

Hinh 2.2a cho thiy hinh anh quang hoc cta qua
trinh hip thu voi hdn hop daw/nude trude va sau khi
thém GNPs. C6 thé quan st tir hinh anh ring GNPs
da hip thy hiéu qua ddu may bom tir nuéc. Khi GNPs
duogc thém vao hon hop dau may bom/nude, mau niu
ctia hdn hop nhanh chong va hoan toan bién mét chi
trong vai phut, cho thay dau may bom dé dugc hap thy
mét cach hiéu qua boi GNPs. Diéu nay cho thiy GNPs
¢6 tiém ning duoc sir dung lam chit hap thu chon loc
dé loai b6 DMHC va dau tir nuGe thai.

b) Kha néng hdp phu dau va dung méi

Dé chimg minh kha ning hap thu cia GNPs dbi
v6i DMHC va dau, kha ning hip thu (qe) cia GNPs
d6i voi mot sb loai dau va dung moéi nhat dinh bao
gdm dau may bom, dau polydimethylsiloxane, dau
DOP, dau dioctyl phthalate, ddu 6liu, dau d4u nanh,
dau mazut, xylene, ethanol va EG da dugc danh gia.
Kha nang héap thy duoc tinh theo cong thirc (1):

_m—m
0= M

Trong do: q, 1a nang lyc hap thu (g/g), m, 1a trong

luong ciia GNPs trude khi hap thu (g), va m, la trong

luong ctia GNPs sau khi hap thy.
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b) Pum
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Hinh 2.2: a) Hinh anh ciia hén hop dau nuée truée
va sau khi hap phu bang GNPs, va b) dung lwong hap
phu cia GNPs doi voi mét so loai dau va dung moi.
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Kha ning hip thy cia GNPs ddi v6i mot s6 loai
dau va DMHC duoc thé hién trong Hinh 2.2b. GNPs
cho thiy kha ning hip thu tir 21 dén 42 lan trong
luong ctia chinh ching chi sau 2 phat hap thu ¢ nhiét
d6 phong. Hon nita, cac DMHC dugc GNPs hép thu
c6 thé dé dang loai bé bang viéc dun noéng & 100°C,
va céc loai dau duge GNPs hap thu ¢6 thé loai bo bang
cach rira bang axétoén khan sau d6 dun néng & 100°C.
Diéu nay cho thdy GNPs c6 thé dugc st dung lai nhiéu
lan cho viéc hap thu cac DMHC va dau. Anh huong
ctia nhiét do 1én kha niang hap thu cia GNPs ciing da
duoc khao sat. Thuc nghiém tién hanh v6i dau mazut,
trong 2 phtit ¢ cac nhi¢t d6 khac nhau: 25, 45 va 60°C
(Hinh 2.3a). Kha nang hip thu ting dang ké tir khoang
21 g/g 6 25°C 1én khoang 57 g/g & 45°C. Tuy nhién,
viéc tang nhiét do 1én 60°C dan cho thay kha nang hap
thu (55 g/g) giam khong dang ké. Piéu nay cho thiy
rang 45°C 1a nhiét do toi wu cho qua trinh hap thu.
Tac dong cua khudy va siéu am ddi véi kha ning hap
thu cua GNPs ciing duoc khdo sat trong nghién ciru
ndy. Hinh 2.3b thé hién kha ning hip thu cia GNPs
d6i véi dau mazut & nhiét do phong, sau 2 phut dudi
3 diéu kién khac nhau: tinh, khudy va siéu am. Qua
trinh khuay va ldo hoa siéu 4m thiic ddy qua trinh hap
thy diu mazut 1én GNPs (Hinh 2. .3b). Qua trinh hap
thy nhanh nhét dugc quan sat & diéu kién gia toc bang
siéu &m. Tuy nhién, dudi 3 diéu kién nay thi su khac
biét trong kha nang hép thu 1a khong dang ké, cho thay
rang diéu kién tinh co thé dugc sir dung dé loai bo dau
va DMHC ttr nuéc thai.

Nhiét do (°C) Tinh  Khudy Siéuam

Hinh 2.3: (a) Anh huong ciia nhiét dé va (b) hdp phu 6 cac

dieu kién khac nhau (tinh, khudy co hoc, siéu am) dén kha
nang hap phu cua GNPs.

sé lan téi sinh

2
Sé lan téi sinh

Hinh 2.4: 56 lan tdi sinh ciia GNPs doi véi qud trinh
hap phu (a) ethanol va (b) xylene.
Trong nghién ciru tmg dung GNPs loai bo dau va
DMHC tr nudc thai, viéc danh gia kha nang tai st
dung va kha nang thu hoi ciia chling 1a can thiét. Hinh
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2.4 thé hién kha ning tai sir dung ctia GNPs trong viéc
hép thu etanol (Hinh 2.4a) va xylene (Hinh 2.4b) trong
5 chu ky. GNPs chi cho thay hiéu suat loai bo (it hon
4%) sau 5 chu ky giam khong dang ké, cho thdy kha
nang chiu lyc cao trong viéc hép thu dau va DMHC.
Céc dau va DMHC da bi hap thu trén GNPs dé dang
dugc thu hdi thong qua viée rira bang axéton khan va
dun nong.

3. Két Luan

Kha nang hip phu cua graphene da 16p GNPs ché
tao dugc thong qua qua trinh tdch hoa hoc cua than
graphite tu nhién ddi véi cac loai dau va DMHC khac
nhau da duogc nghién ctru thanh cong. Graphene da 16p
GNPs ché tao dugc c6 mat d6 khdi thap 0,012 g.mL",
ham luong C 1a 99%, dudng kinh ngang tir 6-16 pm,
va d6 day duéi 15 nm. GNPs cho thdy kha ning hap
phu ddu va DMHC rét tuyét voi, tc 1a tir 20-40 1an
trong lugng cta chiing chi sau 2 phut hép thu ¢ nhiét
d6 phong. GNPs da ché tao c6 kha ning hip thu cao
hon so véi cac chét hép thu thuong mai. Nhiét do va
diéu kién dong anh huong dang ké dén dac tinh hap
phu cia GNPs. GNPs ciing cho thdy dic tinh tai st
dung va kha nang thu hoi dang kinh ngac, vi GNPs di
hép thu dau ¢ thé duoc phuc hdi mét cach dé dang
bang PP co hoc va tai sir dung cho lan xir Iy dau tiép
theo. Két qua nghién ctru nay da chi ra mot PP tuyét
voi ding dé san xuat graphene da 16p GNPs tng dung
cho viéc xur ly tran dau, xtr Iy nuéc 6 nhidém dau va
DMHC rit hiéu qua.
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