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TOM TAT

Trong bai bao, vat liéu graphene da 16p dugc ché tao tit hgp chat graphite GIC (Graphite Intercalation
compound) trén hé thiét bi quy mo pilot, huéng t6i san xudt ban cong nghiép cung cap véi s6 lugng 16n. Cac
mau vt liéu da dugc ché tao bang phuong phap nung séc nhiét tit cac hat GIC c6 kich thuéc ban dau khac
nhau va ching dugc st dung d€ nghién cttu kha néng loai bo chat thai cong nghiép thong qua viéc danh gia
kha ndng hap phu chat mau xanh metylen va dau DO (Diesel Oil). Anh hudng cac diéu kién nhu khoi lugng
graphene, khoi lugng chét bi hip phu, thoi gian hap phu... ciing dugc khao sat. Két qua cho thdy véi cac loai
graphene da 16p khac nhau muic d¢ hap phu chat mau xanh metylen va ddu DO 1a khac nhau, két qua thu dugc
tot nhat véi mau ché tao ti cac hat GIC c6 kich thuée 180um va & nhiét d6 nung sé¢ nhiét 550°C.

Tu khoa: Graphene exfoliation, hdp phu, xanh methylene, ddu DO.
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1. M6 dau

Graphene v6i cic tinh chit dac biét ctia ciu truc
hai chiéu (2D) nhu: Tinh chat co hoc, tinh chit nhiét,
quang, dién, dién tich bé mdt riéng 16n..., nén ngay tu
khi dugc phat hién lan d4au vao nam 2004 cho t6i nay,
n6 da thu hut nhiéu sy quan tam, nghién ctiu trong
cac linh vuyc khac nhau [1-4]. Hién nay, graphene dugc
ché tao bang nhiéu phuong phdp khac nhau: Phuong
phép ling dong hoi héa hoc - CVD (Chemical Vapor
Deposition) thu dugc vat liéu graphene don 16p (bé day
0,35 nm) hodc vai I6p. Tuy nhién, phuong phap nay
bi han ché vé lugng vat liéu thu dugc va c6 gia thanh
cao. Bing cach khac, graphene c6 thé dugc boc tach tu
graphite véi s6 lugng 16n dudi dang graphene da 16p, 1a
loai vat liéu cdu tric 2D dang 14 c6 bé day nho hon 100
nm. Trong phuong phép nay, ngudi ta st dung loai hgp
chét graphite dugc xen chén bdi cac chat dé bay hoi (hat
GIC), tao luc déy khi nung s6¢ nhiét lam tach cac l6p ra
khoéi nhau. Viéc nung soc¢ nhiét thudng dugc thuc hién
trong 10 vi song hodc 16 cao tan. Phuong phap ding 1o
cao tan c6 uu diém 13 dé thuc hién va thuan tién cho
viéc tu dong hoa quy trinh san xuét trong cong nghiép.

Trong nganh céng nghiép, cac loai ddu mdy hay
thuéc nhuém dugc st dung kha rong rai, tuy nhién,

trong qua trinh st dung, phan chat thai ctia chung lai
tr¢ thanh nhiing tic nhan giy 6 nhiém ngudén nudc.
Vi vay, viéc xti ly nudc thai chiia cac cht 6 nhiém nay
la mdt yéu cau biic thiét d€ bao vé sinh vét s6ng trong
nudc, tranh pha hay canh quan, gép phan BVMT
song [5-6]. Trong s6 nhiéu phuong phap xu ly chat
thai, phuong phéap thu héi ching bing viéc stii dung
vat liéu hap phu cho thdy c6 tinh mdi, hiéu qua va cé
tinh kha thi cao, dac biét nhat 1a huéng st dung vat liéu
graphene dang thu dugc nhiéu sy quan tdm nghién ctiu
[7-8].

Bai bao trinh bay két qua nghién ctiu ché tao vat liéu
graphene da 16p bang phuong phap nung sdc nhiét, 1a
phuong phap cho phép san xudt vat liéu véi s6 lugng
16n. Ngoai ra, ting dung graphene da 16p trong viéc thu
hoi chat thai cong nghiép dugc ddnh gia qua viéc khao
sat kha nang ctia ching trong hip phu dau DO va chat
mau xanh methylene (MB).

2. Thyc nghiém

Graphen da 16p dugc ché tao tii hgp chat graphit
(GIC-graphite intercalation compound) va dugc thuc
hién trén mot hé thiét bi dugc nghién ciu, thiét ké va
ché tao tai Vién Vit ly, dua trén nguyén tac gia nhiét
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nhanh bang cich nung s6c nhiét. Buéng nung cta thiét
bi la 16 cao tan cam ting dién tii dang Ong, lam viéc &
ché d¢ lién tuc véi tan s6 dong dién trong khoang 100
KHz, vat liéu dau dugc dua vao phan gitia cia budng
nung d€ thuc hién phan ting. Hinh 1 mo6 ta so d6 cong
nghé va quy trinh ché tao dugc thuc hién trén hé thiét
bi néu trén, hé nay c6 thé ché tao dugc graphene da 16p
ti bot GIC véi cong sudt khoang 1 kg/ngay.
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A Hinh 1: So do khdi thiét bj ché tao graphene da I6p

Trong cac nghién ctiu trudc day cta nhéom [9-10],
graphene da 16p thu dugc sau khi nung s6c nhiét &
nhiét do 550°C co thé tich tang khoang 50-300 lan so
v6i thé tich ban dau caa bot GIC. Trong nghién ctu
nay, cac mau graphene da 16p dugc ché tao ti cac hat
GIC ¢6 kich thuéc nhu sau: 300 um, 180 pum, 100 um
va 80 um (tuong ting kich thuéc mesh 50, 80, 150 va
200 va dugc ki hiéu lan luot 1a: EG 50, EG 80, EG 150
va EG 200), buong nung soc nhiét dugc duy tri 6 nhiét
do 550°C, thoi gian luu cta vét liéu trong buéng nung
nho hon 5 giay.

Cdu trac tinh thé cta cic mau EG dugc do bang
phép bang phuong phap nhiéu xa tia X (XRD), thuc
hién trén may Panalytical Empyrean Instrument, tai
Dai hoc Khoa hoc tu nhién, Pai hoc Quéc gia Ha Noi.
Hinh thdi hoc ctia vt liéu dugc khéo sat bang kinh hién
vi dién tu quét (SEM) Hitachi S-4800, thuc hién do tai
Vién Khoa hoc Vit liéu, Vién Han 1am Khoa hoc va
Cong nghé Viét Nam (VAST). Dién tich bé mat riéng
dugc danh gia qua phuong phap do hdp phu - nha hap
phu N, (BET) trén mdy TriStar II Plus, tai Vién Héa
hoc - VAST.

Dbé xac dinh kha nang hdp phu dau diesel (DO), cac
phép do dugc tién hanh nhu sau: Can 1g mau EG bang
can phan tich chinh xac 4 s6 cho vao trong c6c dung
mau, 14y 200ml dau DO (tuong ting khdi lugng 165g)
dé tu tlt vao coc, d€ ngam trong 12 gio. Sau d6 dung
tui loc, tach bod dau DO thiia va thu ldy mau EG sau
khi da hép thu ddu. D€ mau trong vai loc 8 gi¢ réi tién
hanh can mau. Méi mau dugc do ldp lai 3 14n 14y gid tri
trung binh, trong lugng dau DO hdp thu bdi cac mau
EG dugc tinh dya trén sy thay déi trong lugng mau
trudc va sau qua trinh hép phu.

Tuong ty, khda nang hdp phu chit mau Xanh
Methyelen (MB), dugc thuc hién nhu sau: Can 0,3 g
mau EG, 14y 100 ml dung dich MB véi cac ndong d6 khac
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nhau: 10 pmol/ml, 20 umol/ml va 30 umol/ml, th&i gian
ngam hap phu theo dai: 0, 15, 30 va 45 phut. Viéc xac
dinh néng d¢ chat mau MB trudc va sau khi hip phu
bdi cac mau EG dugc thuc hién bang phuong phap so
mau. Do hip thu quang dugc xac dinh tai budc song
665 nm va thuc hién trén hé do UV-VIS Ocean Optics.

3. Két qua va thao ludn

3.1. Cdu triic, hinh thdi ciia cdc mau EG

Hinh 2 la gian d6 nhiéu xa tia X ctia cac mau EG,
c6 thé thdy tit ca cac mau déu cé dinh déc trung sac
nhon véi cuong dd6 manh tai géc nhiéu xa 26 quanh
26,4° (tuong ting v6i khodng cach 3,35A ctia mit tinh
thé& 002 ctia graphite). Ngoai dinh dic trung nay ra, con
thdy mot dinh m& rong véi cuc dai tai goc 22,8° tuong
ling v6i khoang cdch mit tinh thé 3,724, do bi gian ra
sau khi gay s6c nhiét, day dugc coi la dinh ddc trung
cho graphene da 16p. So sanh vé cuong do ctia hai dinh
nay, ching t6i nhan thdy c6 sy khac nhau gitia cic mau,
cuong do dinh ddc trung cho graphite 16n nhét thé hién
¢ mau EG 200 va EG 80, trong khi né kha thap dé6i véi
mau EG 150.
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A Hinh 2. Gidn dé nhiéu xa XRD ctia cdc mau: EG50, EG80,
EG150 va EG200

,  MauEG200 ,
A Hinh 3. Anh chup SEM ctia cdc mdu EG sau khi nung séc

nhiét 6 550°C



Bang 1. Thong s6 lién quan tGi cdc mau EG

Tén Mau EG50 | EG80 | EG EG
150 200
d (um) 300 180 100 80

Dién tich bé mat riéng | 36 32 22 20
(SSA) (m%/g)

Két qua chup anh SEM cuia cdc mau graphene
EG (Hinh 3), tuong tu trong bdo cdo [9-10], cic mau
graphene EG cho thdy cdu truc dang la mong, su tach
16p khé t6t. Anh SEM vé6i dd phéng 16n ctia mau EG50
cho thay bé day 14 graphen da 16p vao khoang 50 nm.

Két qua do dién tich bé mit riéng (BET) ctia cac
mau EG dugc thé€ hién trong Bang 1. Tu két qua nay
cho théy rdng véi cac hat GIC c¢6 kich thudc 16n hon sé
cho phép ché tao dugc cac graphen da 16p c6 dién tich
bé mat riéng 16n hon, hay ndi cach khac la tao ra cac la
c6 bé day mong hon.

3.2. Ddnh gid khd nang hdp phu ddu diesel (DO)

Céc mau EG dugc ngam trong dau DO, c¢6 thé thay
do cac mau graphen réit nhe, x6p nén khi cho vao dau
DO hay dung dich xanh Methylene, chtiing sé ndi lén
trén bé mat, tao ra su phén 16p trong qua trinh ngam
hép phu. Sau thoi gian ngam 12 gi®, quan sat thay su
phan tach kha ro6 rét gitia cic mau graphene va dau.
biéu nay cho théy su thuén lgi trong khi tach cac mau
ra khoi dau DO, day c6 thé coi 1a uu diém cua cdc mau
graphene da l6p da ché tao dugc.

Luong diu DO hip phu (gram)
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Miu EG

EG 50 EG 80 EG 150 EG 200

A Hinh 4. Mdu EG ngam trong ddu DO va gid tri ddu DO
dugc hdp phu béi 1 gram cdc mau EG

Hinh 4 cho thdy viéc ngdm graphene EG trong déu
DO va lugng dau DO dugc hip phu bdi 1g mau. G day
c6 thé nhan thay lugng ddu DO dugc hdp phu l6n nhat
tuong ting v6i mau EG 80 va nho nhat véi mau EG 200.
Viéc giam muc d6 hidp phu ddu do viéc giam dién tich
bé mit riéng ctia mau la mot két qua hoan toan dé hiéu
do bé mat 14 2D graphen c6 tinh than dau. Tuy nhién
khi so sanh két qua d6i véi 2 mau EG50 véi EG80 thi
ta khong thu dugc két qua theo quy luét nay ntia, diéu
nay chi c6 thé gidi thich dua trén kich thudc phén tu
ctia dau DO 16n hon nhiéu so véi kich thudc phan tu ni
to N, (sti dung trong phép do BET), vi vay, mic di mau
EG50 c6 dién tich bé mit riéng 16n hon mau EG80,
nhung nhiéu kha nang s6 lugng kich thudc 16 x6p du
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16n cho phép hép phu ddu DO & mau EG50 la it hon so
v6i & mau EG80.

3.3. Ddnh gid kha ndang hdp phu chdt mau Xanh
Methylen (MB)

Hinh 5 trinh bay két qua do kha nang hap phu MB
cua cdc mau EG50, EG80 va EG150 phu thudc vao thoi
gian va & cac nong do chit mau khac nhau: 10 pmol/L,
20 pmol/L va 30 pmol/L. Tl két qua nay, cho thdy cac
mau hép phu chit mau MB kh4 tét, t6t nhit v6i mau
EG150. Dé6i véi tat ca cac mau EG, khi st dung dung
dich loang (10 pmol/L), thi sau khoang thoi gian 15
phut gan nhu MB da bi hdp phu hoan toan va gan nhu
toan bo mau dung dich bi mat di. Déi véi dung dich
MB dic hon (30 pmol/L), mau EG80 va EG150 can
khoang 30 phut, trong khi mau EG50 can dén 45 phut
dé c6 thé quan sat dugc hiéu ting nhu trén.

A Hinh 5. Gid tri hdp phu cia dung dich Xanh Methylene
ting mau EG 50, EG80 va EG150 sau khodng thoi gian: 15
phut, 30 phiit va 45 phit

Cac mau EG thé hién kha niang hdp phu chit mau
MB rét khac biét so véi khi chung hdp phu dau DO.
Kha ning hdp phu MB khong tang theo d¢ 16n ctia dién
tich bé mat riéng ctia mau, so sanh gitta mau EG50 va
EG150 cho thdy mau EG150 tuy c6 dién tich bé mat
riéng nho hon nhung lai thé hién kha niang hdp phu
MB t6t hon. Su khac biét nay c6 thé dugc giai thich
nhu sau: Céc 14 nano graphene da 16p c6 cdu tric dang
phién 2D, v6i bé mét phién c6 tinh ky nudc, trong khi
dung dich MB dugc pha trong nuéc nén viéc hap phu
MB vao bé mat phién la khong uu tién so véi viéc hap
phu tai cac vi tri canh cta phién nano. Mt khac, néu
so sanh vé€ hinh dang cac phién nano ciia mau EG50 véi
mau EG150 c6 thé thdy ty 1¢é phan dién tich canh/dién
tich mat phién nano cta mau EG150 14 16n hon so véi
mau EG50, do n6 c¢6 duong kinh phién nho hon (100
pm so v6i 300 um - Bang 1) va bé day 16n hon.

4. Két luan

Tu két qua thuc nghiém, c6 thé nhén thdy rang cc
vat liéu graphene da 16p ché tao dugc c6 kha nang hép
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phu t6t d6i véi ca dau DO (dat 50g/g) va chat mau
Xanh methylene, tuy nhién, ban chét caa su hdp phu 2
chat nay la tuong do6i khac nhau do ddc tinh than nudc/
ky nudc ctia cac chat trong moi trudng hap phu. Daéi
véi viée thu hoi loai chit than dau (nhu dau DO) thi vi
tri uu tién cho hdp phu la tai bé mat la nano graphen,
trai lai d6i v6i chét than nudc thi vi tri hdp phu uu tién
hon la tai cac canh bién ctia 14 nano. Cac két qua tii thuc
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WASTE MATERIALS

ABSTRACT

ADSORPTION CAPACITY OF MULTI-LAYER GRAPHENE PREPARED
BY THERMAL SHOCK HEATING FOR REMOVAL OF INDUSTRIAL

Institute of Geophysics, Vietnam Academy of Science and Technology
Le Thi Thu Huong , Hoang Minh Hai, Nguyen Thanh Binh
Institute of Physics, Vietnam Academy of Science & Technology

In this paper, multi-layer graphene materials were fabricated from graphite GIC (Graphite Intercalation
compound) on a pilot equipment used for semi-industrial production of large quantities. All material samples
were prepared by thermal shock heating of GICs with different initial sizes and they were used to study the
abilitity to remove some industrial waste materials through assessing the adsorption capacity for methylene blue
and DO (Diesel Oil). Effect of conditions such as graphene sample weight, adsorbent mass, adsorption time,
etc. was also investigated. The results show that with different types of multi-layer graphene, the adsorption
levels of methylene blue and DO oil are different, the best results are obtained with samples made of GIC with
grain size of 180 um, and at heating temperature of 550°C

Key words: Graphene exfoliation, adsorption, methylene blue, diesel oil.
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