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Tom tit: Trong nghién cu nay, vat liéu graphene tim nano dwoc tong hop bang
phuong phép don gidn, hi¢u qua, nhanh chong, tiét kiem hda chat va thoi gian, theo
huéng tiép can “xanh” dé dinh huéng wng dung trong xur Iy moi truong. Két qua phan
tich FTIR x&c nhan sy hinh thanh cac nhém chuc va lién két trén bé mat cac tim
graphene. Dong thoi, hinh anh FESEM cho thay vat liéu thu duoc c6 khoang 10-40 16p
mong xép chong I&n nhau, nhin nheo véi cac nép udn va cudn dic trung cho graphene.
Trong khi d6, phan tich phd nhidu xa XRD thé hién cac dinh dic trung cho graphene
tam nano voi dinh nhidu xa cuong d6 manh 20 = 26,6°. Vat liéu graphene tam nano 1a
tién chat tiém ning (ng dung trong xu Iy méi trudng khi két hop véi céc vat liéu quang
xuc tac khac.

Tir khoa: Graphene tim nano; graphite ty nhién; xt Iy méi trudng.

1. Mé dau

Graphene di ndi 1én nhu mét vat lidu ky la caa thé ky 21 va thu hat duoc su ch y
ctia nhiéu nha khoa hoc trén toan thé giéi do céac dic tinh ciu trac, hoa 1y va co hoc khac
thuong cua nd. CAu triic hai chiéu két hop vai lién két n duoc sap xép thanh hinh luc giac
(tim phang) nén graphene s¢ hiru dién tich bé mit riéng 16n (2600 m?/g), tinh linh dong
(dign tur va 15 tréng) cua di¢n tich cao (2,3. 105cm?/V.s), do din dién cao 10* Q1s?, do
dan nhiét tét 3000W/mK, suat Young dat dén 1 TPa, 6 bén dat 130 Gpa [1]. Pic blet,
d6 truyén quang cua graphene rat cao (dat 97,7%), chi hap thu 2,3% éanh sang téi trén
maot pham vi dai budc song rong 300-2500nm véi mot [6p don, gidp no tré thanh vat ligu
tiém ning trong xir Iy moi truong ¢ ving anh sang kha kién dé lam sach dau tran, cac
chat hitu co kho phan huy va thudc nhuém thai ra tir nganh dét, giay, nhua, thuoc da,
duoc pham va céc nganh cdng nghiép khac. Graphene tim nano duoc coi 1a chat hap phu
tuyét voi dé xur Iy nudce thai chira thudce trir sau, dugc pham va chit mau nhu dimethoate
(DMT), chlorpyrifos (CPF), Endosulfan, Saphranin T, Tetracycline, Methylene Blue,
Rhodamine B [2]. Bong thoi, no ciing 1a vat liéu duoc wu tién lya chon dé két hop voi
cac vat liéu xuc tac quang tét nhu TiO2, CeO2, ZnO nhim khéic phuc rat hiéu qua hién
tugng tai két hop giira electron va 15 tréng quang sinh, nang cao hiéu qua sir dung ning
lwong mat troi dé xir ly cac chat hiru co doc hai trong méi truong [3].

Tuy nhién, viéc nghién ctru sdu hon va cac tng dung cua graphene da bi han ché
do qué trinh tong hop ton kém, khong c6 kha nang tao ra cac dung dich ddng nhat, day
chi phi 1én cao. Chinh diéu nay da dan dén nhiéu nghién ciru cb gang phét trién cac ky
thuat khac nhau dé tao ra graphene tadm nano. Phuong phap dugc sir dung nhiéu 1a boc
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tach co hoc c6 thé tao ra cac tAm graphene don c6 kich thuéc phang dén 10nm, nhung
san phém tao ra chét luong thap, it dong déu, do dan dién kém [4]. Mot phuong phap
khéc la Iang dong pha hoi (hoa hoc, nhi¢t hoa hoc, héa hoc téng cuong plasma) st dung
cac tam nén silicon cacbua (SiC), ddng (Cu) va Niken (Ni) & nhiét do cao dé tao cac 1op
graphene nhung rat ton thoi gian ma chi tao ra duoc luong nho graphene dan dén chi phi
I6n. Céch tiép can st dung graphene oxit (GO) lam méi trudng gilp cac tim graphene
phan tan 6n dinh trong dung moi tao ra luong graphene 16n hon, nhung lam giam dic
tinh di¢n do 16p lai héa sp® bi bop meéo [5]. Nhin chung, cac phuong phap ké trén chua
dap mg duoc yéu ciu san xuit sé lwong 16n graphene tdm nao, nhung dam bao chat
lwong va chi phi thip dé ung dung trong xtr Iy moéi truong. Gan déy, cac phuong phap
héa hoc w6t duoc chi y hon nhd sir dung cac axit H2SO4 hoic HNO3 béc tach dan céc
I6p graphene trong pha l6ng, két hop véi siéu &m hoic vi song dé 1am giam lyuc lién két
van der Waals gitra c4c 16p graphene. Két qua thu dugc cac 16p graphene phan tan tét, co
do dan dién cao va tiém nang san xuit véi sé luong l6n. St dung phuong phap nay véi
mubi ammonium persulfate ((NH4)2S20s) két hop axit H2SO4 va oleum (chaa SOs ty do
0-2%) ¢6 thé thu duoc céc 16p graphene co6 do day 10-35nm [6]. Trong khi d6, viéc tan
dung cac gbc oxi hoa ty do (SO47) duoc tao ra tir natri persulfate (sodium persulfate-
NazS20s), c6 thé ché tao duoc luong I6n graphne, céc 16p graphene tach ra thé hién do on
dinh phan tan va d6 dan dién dat yéu cau (> 240S.cm™), nhung thoi gian ché tao kéo dai
dén 48h [7]. Theo hudng nay, voi su didu chinh trong luong Na2S;0s két hop khuay va
loc ¢6 sir dung H2SOq, c6 thé thu duoc cac 16p graphene mot cach hiéu qua, dong thoi
tiét kiém duoc thoi gian va c¢d kha ning san xuét quy mé 16n [8]. Pay 1a cach tiép can ma
ching tdi st dung dé tong hop graphene tam nano cho nang suat cao dinh hudéng tng
dung trong xr Iy moi trudng.

Trong c6ng trinh nay, ching t6i dung hudng tiép can giam thiéu st dung lwong
axit H2SO4 va Na,S20g dé boc tach dan céc 16p graphene bang khudy tir két hop loc ria
nhiéu lan. Két qua thu duoc graphene tam nano, kich thudc khoang 10nm, dao dong 10-
40 16p mong xep Chong 1én nhau, nhin nheo vé&i c4c nép ubn va cudn dic trung cho
graphene. Vat liéu nay dinh huéng st dung xt ly cac chat mau Methylene Blue,
Rhodamine B trong linh vuc mdi truong.

2. Thuc nghiém
2.1. Hoa chat

Cac hoa chat dugc dung trong nghién ciu: Bot graphite dang vay ty nhién kich
thudc > 149 pm duoc cung cap boi Pressol Gmbh (Umkirch - Buc), Sodium Persulfate
Na,S:0s (Ajax Finechem), Sulfuric acid H.SOs 98,00% (AR Xilong, Trung Qudc),
Aceton (CH3)2CO (AR Xilong, Trung Quéc), Ethanol CoHsOH (AR Xilong, Trung
Qudéc) va nudc cat dé ion.

2.2. Phwong phdp tong hep graphene tém nano

Graphene tim nano duogc tong hop tir bot graphite ty nhién theo cach tiép can
dugc md ta trong tai liéu [8], [9], nhung giam st dung cac tién chat H2SO4 va NazS,0s.
Pau tién, 0,5g bot graphite ty nhién dwoc phan tan trong 40ml dung dich H2SO4 98% va
khuay déu trong 15 phut trong binh phan wng 250ml. Hon hop thu dugc thém 3g
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NazS20s va khudy lién tuc trong 3 gid & nhiét d6 phong. San pham duoc loc truc tiép
bang phéu loc thuy tinh thiéu két, dich loc tach ra c6 thé sir dung tiép dé bdc tach céc 16p
graphite (tai sir dung dé tiét kiém va giam chi phi). Chat rin graphene thu duoc tiép tuc
duoc rira biang 10ml dung dich aceton (3 1an) va nudc cat dé loai bo hoan toan H2SOq, roi
say kho & nhiét do 60°C trong tu thoang khi. Cudi cuing, san pham graphene tim nano
duoc phan tan trong dung dich nuéc hodc ethanol bang may rung siéu &m trong 10 phdt,
duoc dung dich graphene.

2.3. bac trung vat ligu

Phé hdng ngoai cua vat liéu graphite va graphene oxide ché tao dugc do bang
may quang pho hong ngoai bién doi Fourier FT-IR (Spectrum Two FT-IR DTGS, model
L.1600400, serial 102717), pham vi 400-4000cm™ tai Vién Hoa hoc, Vién Han 1am Khoa
hoc va Cong nghé Viét Nam. Hinh anh va cau trdc vat liéu dugc xac dinh bang phuong
phap hién vi dién tr quét xa truong (FESEM) trén thiét bj Hitachi S-4800 (Hitachi - Nhat
Ban) tai Vién Khoa hoc Vit liéu, Vién Han Iam Khoa hoc va Cong nghé Viét Nam.

3. Két qua nghién cieu
3.1. Phé héng ngoai bién d@éi Fourier (FTIR) ciia graphene tdém nano

Ph6 hong ngoai FT-IR duogc dung dé phén tich cac nhdm chiic ning co trong vat
lieu graphene tim nano ché tao duogc, ciing nhu so sanh véi vat liéu graphite ban dau, dé
xé&c nhan da ché tao thanh cong graphene tam nano. Phd hdng ngoai bién dbi Fourier (FT-
IR) cua bot graphite va vat liéu graphene tim nano ché tao duoc thé hién trong Hinh 1.
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Hinh 1: Phé hang ngogi bién doi Fourier (FT-IR)
cua bot graphite (a) va vat liéu graphene tam nano (b)
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Két qua cho thay, phd hdng ngoai caa graphite ¢ cac dai dic trung, dinh rong O-
H tai 3455,73 cm™ do nude xen vao va dinh C=C tai 1644,02 cm™ duoc gan cho céc dao
dong khung suon carbon cua cac ving graphite [10]. Tuy nhién, ddi voi phd FTIR caa
graphene tdm nano ché tao dugc, x4c nhan su xuat hién cac nhém chic chira oxi nhu
hydroxyl (-OH), epoxy (C-O) va cacboxylic (-COOH) sau khi oxy héa graphite. Cu thé,
dai hap thu & 1055,16cm™ dwgc gan cho nhdm C-O (epoxy), trong khi dai 1214,79cm™
thuong duoc cho 1a dao dong kéo dan C-OH va 3440,93cm™ dai dién cho dao dong kéo
dai caa O-H, dinh 2930,09cm™ thé hién cho sp® C-H [11]. Ngoai ra, dai hap thu
1638,66cm™ duoc quy cho C = O ¢ dang nguyén té cachonyl hoic axit cachoxylic; trong
khi cac dinh nam trong khoang 1500 -1600 cm™ dwoc nhan dinh 1a caa C=C (trén khung
sudn carbon) va cua nudce hap phu chong chap 1én nhau. Bong thoi, su bién mat cua dinh
khoang 1724,13cm™ dic trung cho nhom cacbonyl C=0, ¢6 thé duoc cho 1a do cac nhdm
aldehyde (-C-0), carboxyl (-COOH) hoic xeton (-C=0) xuét hién trén bé mit graphene
tam nano. Bén canh d6, mii hap thu nho tai 2350cm™ dic trung cho lién két cia CO2
dugc hinh thanh trong qua trinh siy mau dién ra & chan khong. Khi do FTIR néu qua
trinh xir Iy mau khdng c6 qué trinh loai bo CO; (degas) thi lién két nay van hinh thanh va
xuat hién trén phd FTIR [12].

3.2. Hinh thai cia vt liéu graphene tém nano

Sy hinh thanh vat liéu graphene tdm nano duogc xéac nhan bang kinh hién vi dién
tir quét xa truong FESEM, thé hién trong hinh 2. Hinh anh cho thiy, ban du graphite c6
cau tric cac 1op day, dang khéi, chua phéan 16p, duong kinh khoang 120-207um (Hinh
2a). Sau khi dugc boc tach, dic diém hinh thai cua vat liéu graphene tam nano thay doi
(Hinh 2b), ¢6 ciu tric 16p rd rét chong Ién nhau, nhin nheo véi cac nép udn va cudn dic
trung cho graphene. D¢ trong subt cua cac 1op véi chum dién tir, duong kinh bén tim
graphene khoang 3,7-15nm, c6 10-40 I6p mong xép chdng 1én nhau. Mit khac, o giita
céc 1op ¢6 nhiéu khoang trong, c6 thé do sy hip phu khi CO, hoic su xuat hién thém cac
nhém chic bé mat. Két qua nay cho thay vat liéu graphene tong hop duogc co dic diém
hinh thai tuong tu véi cac két qua cong bé trude do [8], [9].

i“'h 4’1?6/26&1 0
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Hinh 2: 4nh SEM vé hinh thai cia graphite tw nhién (a)
va vat li¢u graphene tam nano (b)
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3.3. Phéan tich phé nhiéu xg XRD ciia graphene tém nano

Gian d6 nhiéu xa tia X trong hinh 3 cho thay, mau graphite tu nhién c6 dinh nhiéu
Xa cuong do manh 20 = 26,6°, gan cho dinh dic trung ctia mit phang mang (002) giita
cac tam graphene trong cau trlc luc giac cua graphite, trong tng véi khoang cach dooz =
0,345nm gitra cac nguyén tir trong mang tinh thé graphite. Buong nén it nhidu va sat truc
toa do cho thiy do tinh khiét cao, xuét hién thém dinh 20 = 55°, trong tng véi mat phang
mang (004) da xac nhan manh mé su hinh thanh graphene tAm nano.
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Hinh 3: Gidn dé XRD vt liéu graphene tdm nano

4. Két luan

Trong nghién cau nay, bang phuong phap don gian, hiéu qua va nhanh, ching
t6i da tong hop graphene tam nano véi khoang 10-40 16p mong Xep chdng Ién nhau.
Phuong phap nay glup tiét kiem thoi gian va hda chat doc hai, c6 thé tai sir dung dung
moi dé bdc tach cac lop tur nguyén ligu graphite voi thiét bi khudy don gian & nhiét do
phong. San pham thu dugc 12 tién chat quan trong sir dung trong cac qua trinh tiép theo
dinh huéng xir Iy méi truong, gia d& cho céc vat lidu xuc tac quang phan hay cac chat
hitu co doc hai.
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SUMMARY

STUDY ON THE FABRICATION OF GRAPHENE NANOPLATELETS
MATERIAL FOR APPLIED ORIENTATION
IN ENVIRONMENTAL TREATMENT

Ho Dinh Quang @, Duong Thi Ngoc Hang @, Phan Thi Hai Yen @,
Tran Thi Ngoc Tu @, Nguyen Hoa Du @, Le The Tam @
! Institute of Biochemistry - Environment Technology, Vinh University
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In this study, graphene nanoplatelets material was synthesized by a simple,
effective, rapid method, saving chemicals and time as a “green” approach for application
orientation in environmental treatment. The FTIR analysis results confirmed that the
functional groups and bonds were formed on the surface of the graphene nanoplatelets.
Simultaneously, the FESEM images showed that the obtained material has about 10-40
thin layers stacked on top of each other, wrinkled with folds, and rolls typically for
graphene. Meanwhile, XRD diffraction spectrum analysis exhibits characteristic peaks
for graphene with a strong diffraction peak of 20 = 26.6°. Graphene nanoplatelets
material is a potential precursor for environmental treatment when combined with other
photocatalytic materials.

Keywords: Graphene nanoplatelets; graphite natural; environmental treatment.
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