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Tém tat - Vat liéu graphene da dwgc cong dong cac nha khoa hoc
quan tam dac biét t» hon maét thap ky qua nhd vao céc tinh chat wu
viét clia chiing. C6 nhiéu phwong phap khac nhau da dwoc st dung
dé téng hop loai vat liéu nay, trong dé phwong phap két tu hda hoc
trong pha hoi c6 wu diém I6n 1a tao ra lép graphene it bj sai héng
trong cAu tric. Do vay, & nghién ctvu nay, nhom tac gia da st dung
phwong phap két tu héa hoc trong pha hoi dé téng hop graphene da
I&p trén 1a ddng kim loai v&i nguén carbon dwoc st dung la dung
dich ethanol c6 néng dé khac nhau. San pham téng hop dwoc danh
gia chat lwong béng kinh hién vi dién t& quét (SEM), quang phd
Raman. Két qua thu dwgc cho thay ndng dd carbon trong méi truong
phan (rng anh huéng rét Ién khong chi dén chat lwgng sén pham
ma ca sb I6p graphene trong san phdm thu duoc.

T khéa - CVD; graphene; FLG; SEM; Raman

1. Gigi thiéu chung

Graphene 1a mot mat phang don 16p cua cac nguyeén tir
carbon gan véi nhau thdng qua lién két cong hda tri sp?
nhim tao thanh mot cau tric tinh thé hinh luc giac déu bén
viing véi cdu trdc hai chiéu [1]. Vat liéu graphene dwoc ché
tao thanh cong va cong bé dau tién bai nhém nghién ctu
cta Andre Geim tai Truong Dai hoc Manchester - Vuong
Quédc Anh vao nam 2004 [1]. Khi xem xét vé cac dic tinh,
vat ligu graphene c6 nhiéu tinh chét wu viét nhu do dan dién,
d6 dan nhiét tt [1-3], ‘nang lugng viing cam (bandgap) gan
bing zero [4], c6 d6 bén co hoc cao va la vat liéu trong sudt
[1-3]. Ngoal ra, graphene con 1 loai vat liéu mong nhat
trong tat ca céac loai vat liéu ma ching ta biét dén nay. Nho
c4c tinh chat noi troi ma loai vat liéu nay da dugc nghién
ctru wng dung vao nhiéu linh vuc khac nhau, dic biét cho
nganh dién ti nhu dién tir nano [5] va dién tu sinh hoc [6].
Tuy nhién Iinh vyc (ing dung con phu thudc vao chat lugng
cua graphene thu duge, thong thuong graphene co chat
lwong cao va it 16p s& duoc st dung dé ché tao cac linh kién
dién tir v6i kich thudc nanomet [7], ché tao vat liéu siéu dan
[8], str dung lam vat liéu luu trir hydro. V&i graphene c6
chat lugng thap hon, s6 16p nhiéu (da 16p) s& dugc sir dung
Iam chat mang cho x(c tac trong cac phan tang héa hoc [9]
hay dugc s dung nhu nhitng hop phan trong vat ligu
composite nham gia ting mot s6 tinh chat co 1y [10].

Cho dén nay da co rat nhiéu phuong phap khac nhau
nham ché tao hay tong hop vat liéu graphene nhu: Phuong
phép cit vi co (micromechanical cleavage) [1], phuong
phép boc tach hda hoc (chemical exfoliation) [11], phuong
phap béc tach biang cach st dung song siéu 4m tac dong 1én
graphite dwoc phan tin trong dung moéi nhu N-methyl-
pyrrolidone [7]. Nhitng phuong phap vira néu c6 dic diém
chung 1a st dung graphite 1am vat liéu ban du dé tao ra
san pham, nén duoc goi chung la qua trinh tir trén xubng

Abstract - Graphene material has attracted much attention from the
scientific community for over the last decade thanks to its novel
properties. Different methods have been used to synthesize this
material. Particularly, the chemical vapour deposition (CVD) method
has the great advantage of making the graphene layer has fewer
structural defects. Thus, in this study, the authors use chemical vapor
deposition (CVD) to synthesize multi- layer graphene on copper foils
using ethanol solution at different concentrations as carbon source.
The quality of the final products are characterised by several
techniques including scanning electron microscopy (SEM) and
Raman spectrum. The results show that the carbon concentrations
in the reaction medium affects not only the quality of the product but
also the number of graphene layers in the product.
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(top-down process). Clng véi qué trinh nay thi qua trinh tir
dudi 1én (bottom-up process) hay con goi phuong phap
epitaxy ciing dugc st dung phd bién trong téng hop
graphene. Ban chit ctia phuong phép epitaxy 1a tao mang
don tinh thé trén bé mat chat nén dugc chon.

Phuong phép epitaxy duoc mot s6 tAc gia sir dung ché tao
graphene trén chat nén 1a silicon carbua (SiC), khi nhiét di
I6n, do silic kém bén nhiét hon carbon nén ching s& thing hoa
trude, khi d6 cac nguyén tir carbon trén bé mat vat liéu s& phan
b lai va lién két véi nhau trong qua trinh graphite hoa dé tao
thanh I6p carbon mai. Khi khdng ché tét sy thang hoa cuassilic
thi qua trinh graphite hdéa s& tao thanh mot 16p carbon, dé
chinh 1a tim graphene [12]. Phuong phép epitaxy cling dugc
sir dung rong réi boi nhiéu nhém nghién ctru dé téng hop
graphene trén bé mat cua céc kim loai chuyén tiép nhu nicken,
dong bang phuong phéap két tu hda hoc trong pha hoi (CVD)
véi nguon carbon khac nhau [13-15]. O phuong phap CVD,
khi dung nhiét & phan hay ngudn carbon & nhiét do cao s&
tao ra duoc cac nguyén tir carbon. Cac nguyén tir carbon nay
c6 thé tham nhap vao sau bén trong dé kim loai, sau d6 khi
[am lanh véi mét tde d6 phu hop thi cac nguyén tir carbon s&
khuéch tan tro lai bé mat va lién két véi nhau dé hinh thanh
nén l6p graphene. Phuong phap nay ¢6 uu diém lon Ia tao ra
I6p graphene it bi sai hong trong cau tric. Trong thyc té, mdi
mot phuong phap tong hop déu c6 nhitng wu va nhugc diém
riéng, do d6 tuy thugc vao muc dich sir dung ma ngudi ta sé
lya chon phuong phap nham san xuét graphene phu hop véi
ng dung di dwoc xac dinh truéc. Trong thuc té, vat liu
graphene don 16p rat kho san xuat va thao tac, do d6 gia thanh
thuong rat cao. Bé khic phuc didu nay, cac nha khoa hoc da
nghién ciru san xuét va sir dung graphene da 16p (few layer
graphene - FLG). Cac két qua cong bd cho thiy khi s6 lop
graphene trong vat liéu dwoc khéng ché trong mét giGi han
nhat dinh thi c&c tinh chit wu viét cua graphene van duoc dam
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bao [2]. Viéc si dung FLG thay cho graphene don 16p sé& gilip
cho qué trinh ché tao va thao tic ching dwoc d& dang hon, do
do gid thanh s& thap hon. O nghién cau nay, nhém tac gia da
str dung phuong phap CVD dé tong hop graphene da lop trén
nén dong v6i nguon carbon la ethanol ¢6 nong d6 khac nhau.
San pham thu dwoc s& duoc danh gia dac trung bang mot sb
phuong phéap phén tich hoa 1y hién dai nhu chup anh bing
kinh hién vi dién tir quét (SEM) va do quang phd Raman nham
d4anh gia hinh thai bén ngoai ctia san pham va ciu tric tinh thé
cta mang ludi graphene.

2. Thuc nghiém
2.1. Nguyén vt ligu ban dau
Hoa chét va x(c tac: axit HCI ndng d¢ 36-38% (Xilong

chemical Co., Ltd, China), Acetone véi do tinh khict 99%
thé tich (buc Giang, Ha No¢i, Viét Nam), Ethanol véi do
tinh khict 99,7% the tich (buc Giang, H§1 Noi, Viét Nam),
la dong c6 d6 day 25 um véi @ tinh khiéet 99,98% (Sigma-
Aldrich Co., USA).
2.2. Qua trinh téng hep

_ La dong duoc cat voi kich thudc 10x10 mm? va rira sach
bé mat béng acetone roi say kho, dat nam ngang trén thuyen
st ¢ gitta 6ng quartz cd chiéu dai 1200 mm, duong kinh
45 mm da dugce dat trong 10 gia nhiét nhu trinh bay trén Hinh 1.

10 gia nhit
khi vio .
—

Hinh 1. So d@6 don gian thiét bj téng hop

Qué trinh téng hop duoc tién hanh nhu sau: truéc hét,
toan bo hé thng dugc dudi khdng khi bang dong khi
argonvéi luu lwong 200 ml/phat trong 60 phit @ loai bo
toan bo oxy trong hé thong. Tiép theo, hé théng thiét bi phan
tmg duoc gia nhiét bang dién thong qua bo diéu chinh véi
tc do gia nhiét 1a 10°C/phat dén nhiét d6 mong mudn
(900°C). Khi 10 dat dén nhiét do thi hdn hop khi Hz va Ar
duoc dua qua luu luong ké dé diéu chinh luu luong vai ty 1é
thich hop roi dan vao thiét bi tong hop dé thuc hién qué trinh
khir oxit dong nham chuyén oxit vé déng kim loai lam chat
x(c tac cho qué trinh tong hop. Sau qué trinh khir, dong khi
duoc cho suc qua binh dung ethanol cé néng d0 khac nhau
nham 16i cudn ethanol va hoi nudc vao trong thiét b tong
hop. Binh chira ethanol dugc st dung ¢ nghién cau nay la
binh hai ¢, mot c6 c6 éng dan nham dam bao cho hdn hop
khi duoc suc vao trong ethanol, ¢6 con lai dé dan hén hop
khi va hoi vao thiét bi tong hop. Sau thoi gian téng hop
(10 phat), nging cung Cap nguon carbon va tién hanh giam
nhiét do cua hé théng. Dé c6 thé kiém soat duoc toe do qua
trinh 1am lanh, nhém nghién ctu da tién hanh 1am lanh ca
bén trong (sir dung khi argon) va bén ngoai ng (dung khang
khi nén thoi qua), khi nhiét do cua hé thong vé dén nhiét do
phong ngirng 1am lanh va dua san phim ra ngoai.
2.3. Pdnh gid dic tinh ciia sdn pham

San pham thu dwoc da dugc phan tich biang anh SEM

tlm}'én §ir

.ﬁ

g quartz

trén thiét bi Jeol 6010LV nham xem xét hinh thai bé mat
cia san phiam. Quang phd Raman dugc do trén may
RENISHAW ¢ cuong d6 buac xa 532nm nhim danh gia
chat lwong cua san pham.

3. Két qua va thao luan
O nghién ctru nay, nhém tac gia da tién hanh tdng hop
03 mau ¢ nhiét ¢6 900°C trong thoi gian 10 phdt véi thanh
phan hdn hop khi, ndng d6 ethanol trong binh chira khac
nhau, cac mau dugc ky higu 1a M1, M2, M3 nhu trinh bay
trong Bang 1.
Bdng 1. CAc théng sé cua qué trinh téng hop

Ky hiéu mau
Didu kién i ML | Mz ) M3
Nbng d6 ethanol (% thé tich) 1 0,75 | 0,65
H2 (ml/phut) 20 20 20
Ar (ml/phit) 200 200 200

Dé danh gia tinh chét cia san pham thu dugc, truéc hét
nhém tac gia da tién hanh chup anh SEM cua cac mau, két
qua duoc trinh bay trén Hinh 2. Quan sat anh SEM thu
dugc cho thay, khi ndng d6 ciia ethanol dugc sir dung giam
tir 1 dén 0,65% thé tich thi bé mat cua san pham thu duoc
nhiam hon va giam dan cé&c hat carbon nam lai trén bé mat.

Hinh 2. Anh SEM ciia Id d‘ong va cac mau M1, M2, M3

Dé c6 thé khang dinh san pham thu dugc chinh la
graphene da 16p, nhdm nghién ciru da tién hanh phan tich
c4c mau bang quang pho Raman, két qua duoc trinh bay
trén Hinh 3.
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Hinh 3. Quang phé Raman ciia san pham
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Quang phd Raman 1a phuong phap phan tich duoc sir
dung rat pho bién trong d4nh gi4 chat lugng va dic trung
cua graphene hay graphene da 16p (FLG) [13-18]. Theo cac
két qua cong bd cho thay, trong do dich chuyén Raman tir
1200 dén 3000cm™ s& c¢6 03 pic dic trung d6i véi vat lidu
graphene, dinh D (¢ s6 s6ng 1350cm™), dinh G (& s6 song
1585cm), dinh 2D (¢ s6 song 2793cm't). Cac nghién ciu
da chi ra rang: Dinh D dic trung cho mirc d6 sai hong trong
cau trdc mang Iudi tinh thé, dinh G dic trung cho mirc do
tinh khiét va trat tu cua mang ludi cau tric trong mdi I6p
graphene, dinh 2D dic trung cho s 16p cua graphene
[15,16]. Tir két qua nghién ctu nay, cac nha khoa hoc da
sir dung ty 1é cuong d6 Ip/ls (vai Ipva lg 1a cuong do pic
tai dinh D va dinh G cua vat li¢u) dé danh gia chat lugng
hay mirc d6 khuyét tat trong mang ludi cdu tric cua
graphene, khi ty 1é ndy cang nho thi graphene muc do
khuyét tat cang nho va do tinh sach cua san pham cang cao.
Gia tri ty 1é cuong do lop/lg (Vi lap valg la cuong do pic
tai dinh 2D va dinh G cua vat li¢u) danh gia graphene don
I6p hay da 16p, khi gia tri nay cang cao thi s 16p graphene
trong san pham cang nho va nguoc lai.

Két qua tinh toan ty 1¢ cudng do lo/ls ciia cac miu tong
hop & nghién ciru nay va két qua caa cac nhém nghién ciu
khac dugc trinh bay trong Bang 2.

Bdng 2. Ty |¢ cuong d¢ Iollc ciia mét s6 két qud khac nhau

Tinh chat | Chét nén mang L o
. graphene hozc -:—y“so thTa' Iliﬁlf
Mau, T4c gia FLG orlc am «khao
M1 Cu 0,39 Két qua thu
M2 Cu 0,33 duoc & nghién
M3 Cu 0,29 cau nay
Ale>§andra va Thuy tinh 0,35-0,61 [18]
cong su
Dong va cong sy Cu 0,26 [16]
Li va cong su Cu 0,23; 0,26 [15]

Tir két qua ¢ Bang 2 cho thay khi giam nong d6 cua
ethanol trong binh chira hay nong do carbon trong moi
truong phan tng thi gia tri cua Ip/lg ciing giam di twong (thg
tir 0,39 dén 0,29. Véi két qua nay cho phép khing dinh lai
két qua vé do sach thu dwoc ¢ hinh anh SEM. So sénh gia tri
In/l thu dugc & nghién ciru nay véi cac két qua tir cac cong
bé khac cho thdy gid tri thu duoc & nghién cuu nay rat gan
v6i céc két qua cong bd khac nén c6 thé khing dinh mau thu
dugc c6 d6 sach tot va mue do sai hong trong cau trdc mang
ludi tinh thé nho hay san pham c6 chat luong cao.

Bang 3. Ty I¢ cuong dé 120/le ciia mét so két qua khac nhau

Tinh chat Ty sb lo/le -
Chit nén i Nhisy 16 Tai ligu tham
e at nén caa ; . . . ieu lop Khao
Mau, Tac gia graphene hoic FLG 1lsp 2 l6p 3 lop 4 16p (multilayer)
M1 Cu 0.24 Két qua thu
M2 Cu 0,39 duoc ¢ nghién
M3 Cu 0,49 clru nay
Li va cong su Cu 2,07 1,3 0,22 [15]
Dong va cong su Cu 2,2 1,17 0,41 [16]
Alexandra va cong su Thuy tinh 0,28 [18]
Nan va cong su - ‘ 0,53; 0,64 [19]

Tiép tuc tinh toén ty 1& cuong do lap/le cua cac mau
téng hop ¢ nghién cau nay va cua cac nhom nghién ciu
khéc, két qua duoc trinh bay trong Bang 3. Tir két qua dwoc
céng bd cua cac nhom nghién cau khac nhau cho thiy,
graphene don 16p ludn c6 ty sb I/l cao nhét, gié tri nay
giam rat nhanh khi s6 16p tang 1én. So sanh cac gia tri cua
ty s6 la/le thu dugc & nghién ciru ndy véi céc két qua cua
cac nhém nghién ciru khac, cho phép khang dinh san pham
duoc tong hop ¢ nghién ciru nay 1a graphene da 16p. Doi
Vi cac mau dugc tong hop & nghién ctru nay thi khi nong
d6 ethanol trong binh chira hay nong do carbon trong moi
truong phan tng giam thi ty s6 lopllg tang Ién, do d6 co thé
khing dinh s6 16p graphene trong san pham s& giam xudng.

4. Két luan

O nghién ciru nay, nhom tac gia da budc dau da xdy
dung thanh cong quy trinh téng hop graphene cho phép thu
dugc san pham graphene da 16p, véi chit lugng cao. Két
qua thu duoc ciing cho thiy ndéng do carbon trong mdi
truong phan tng anh huong rat lon dén khong chi chat
lugng san pham ma ca so lop graphene trong san pham.
Tuy nhién, dé c6 thé xac dinh dugc cu thé vé sb 16p trong

san pham thi can cé sir dung nhitng phan tich khac nhu kinh
hién vi dién tu truyén qua (TEM) hay kinh hién vi luc
nguyén tir (AFM). Ngoai ra, két qua nay di mo ra cho
nhém nghién ctru nhirng budc tiép theo vé kha ning nghién
ctru khao sat diéu kién tién hanh thi nghiém dé c6 thé khdng
ché duogc sb 16p graphene trong mdi san pham tdng hop.
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