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Tém tit. D6 8n dinh phén tan vat liéu graphen trong chét 1ong dong vai tro rat quan trong dé€ nang cao
hiéu qua ting dung trong nhiéu linh virc, nhw trong chat 1ong nano, vat liéu t6 hop, linh vuc y sinh, v.v.
Do kich thuéc ctia vat liéu graphen anh huong 16n dén sy phan tan va d6 on dinh ctia graphene, nén
ching t6i huwéng dén cach tiép can rat méi la st dung phuong phap nghién bi ning luong cao nham
giam kich thudc va tang dién tich bé mét riéng cho vt liéu graphen da 16p (GNPs). Cac phép do bé mat
(FE-SEM), quang pho Raman, phé6 héap thu hong ngoai FTIR, phép do dién tich bé maét riéng (BET) duoc
stt dung d€ danh gia cac dac tinh vat liéu, kha ndng phan tan va d6 6n dinh phan tan trong chit long
ctia vt liéu GNPs sau khi nghién. Két qua cho thay nghién bi ndng lwgng cao la phwong phap rat hiéu
qua d€ nang cao kha ning phan tan va d6 on dinh cua vat liéu GNPs trong chat long. Vat liéu GNPs
duoc nghién trong 5 gio ¢6 kich thude bé mat 218 nm; dién tich bé mat 1a 196,63 m?/g, tang 555% so véi
vat liéu graphen ban dau; do 6n dinh phén tan t6t nhét voi thé zeta do duoc 14 29,2 mV.
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Abstract. The dispersion stability of graphene in liquids plays a very important role in improving
application efficiency in many fields, such as in nanofluid, composite materials, and biomedical fields.
Because of the size of graphene materials greatly affects the dispersion and stability of graphene, we take
a new approach of using the high-energy ball grinding methods for reducing the size and increasing the
surface area of multi-layer graphene materials (GNPs). Surface measurements (FE-SEM), Raman
spectroscopy, FTIR infrared absorption spectra, BET (surface area) measurements were used to evaluate
the material properties, dispersion, and stability of GNPs in liquids. The results show that high-energy
ball milling is a very effective method to improve the dispersion and stability of GNPs in liquids.
Graphene materials milled during 5 hours has the size of GNPs of 218 nm, the surface area of 196.63 m?/g
—an increase of 555% compared with original graphene; GNPs have the best dispersion stability at a Zeta

potential of 29.2 mV.

Keywords: high-energy ball grinding, graphene, functionalization, dispersion, liquids

1 Mo dau

Graphen, do Geim va cong st kham pha vao
nam 2004, la mot dang thu hinh méi cua cacbon
ngoai cac dang da biét truéc dé6 nhu cacbon vo
dinh hinh, graphit, kim cuong, fullerent va 6ng
nano cacbon [1]. Trong cdu truc vat liéu graphen,
mdi nguyén tix cacbon tham gia lién két cong hod
tri véi ba nguyén tit cacbon khac hinh thanh nén
mang phéng hai chiéu véi cac 6 hinh luc giac [2] do
d6 mdi nguyeén tt cacbon trong mang con thira mot
electron. Cac electron nay chuyén dong tw do trong
mit phing graphen. Véi cau triic nhu thé, graphen
c6 nhiing tinh chat vat ly ddc biét di thuong.
Graphen 1a vat liéu bén nhat tieng c6 [3] véi suat
Young 1 TPa, sttc bén noi tai 130 GPa, v6 cung nhe
véi dién tich bé mat 16n 2630 m?/g va twong doi tro
vé mdt hoa hoc [4, 5]. Vat liéu graphen c6 do dan
nhiét 3000 W/mK, do dan dién 2000 S/cm, do
truyén qua 97,7%, d6 linh dong cua hat mang dién
cao 200.000 cm?/Vs [6-8]. Véi nhitng tinh chat do,
vat liéu graphen cé nhiéu tiém nang tng dung
trong ché tao thiét bi, linh kién dién t& nhu dién

cuc dan dién trong sudt, thiét bi luu trit ndng
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lwong, transitor hiéu tng truong, xdc tac quang va
cam bién. Ngoai ra, graphen con dugc tng dung
rong rdi trong cong nghé composite cting nhu ttng
dung trong chat long nano [9-13]. Trong thuc
nghiém nghién cttu &ng dung vat liéu graphen thi
d6 on dinh va kha ndng phan tan dong déu vat liéu
nay trong chat long déng vai tro hét stic quan
trong. D6 la yéu td chinh anh huong truc ti€p dén
chat luong cua cac linh kién va thiét bi dién t cling
nhu chat luong cua chat 1ong nano hodc kha nang
gia cueong trong linh viec composite [14, 15]. Tuy
nhién, do tinh chat tro vé mat héa hoc nén kha
nang phan tan vat liéu graphen vao chat 1ong con
mot s6 han ché. Bén canh d6, vat liéu graphen
thuong st dung trong nghién ctru ttng dung la vat
liéu graphen da 16p duoc tong hop véi s6 lugng
16n, vi vay kha nang phan tan vat liéu nay trong
chat long rat kém do kich thudc va d6 day cua vat
liéu graphen 16n. D€ giai quyét van dé nay, chung
toi huong dén cach ti€p can rat moi la st dung
phuong phap nghién bi nang lwong cao dé giam
kich thudc, d6 day va nang cao dién tich bé mat
riéng ctia vat liéu graphen da 16p nham nang cao

hiéu qua phan tan trong chat long. Trong bai bao
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Hinh 1. Hé nghién 8000D Mill/mixer va hé c&i 8004

tungsten carbide
nay, chiing toi trinh bay chi tiét nhiing két qua dat
duoc trong viéc st dung phuong phép nghién bi
nang luwong cao trén hé 8000D Mill/mixer va coi
8004 tungsten carbide d€ nang cao hiéu qua phan
tan vat liéu graphen da 16p (GNPs) trong nén chét
long.

2 Thuc nghiém

Vat liéu GNPs tong hop bang phuwong phép
boc tach plasma dwoc mua ttr ACS Materials véi do
tinh khiét >99%, chiéu day ~10 nm, duong kinh 2~5
um, khoi luvong riéng 2,3 g/cm? va dién tich bé mat
riéng 30 m?/g. Cac hdéa chat HNOs va H2S0: duoc
mua tit hang Merck & Co., Inc.

2.1  Thay ddi kich thudc GNPs véi hé nghién
bi nang lwong cao

Kich thudc vat liéu GNPs duwgc thay doi
bang phuong phéap nghién bi nang lugng cao véi

GNPs véi cac
Kich thuwéc khdc nhau

O : Nhém chirc -COOH

Nghién bi nang HNO,:H,S0,
lugng cao 1:3 (v/v)
5 gi&r, 70 °C

GNPs-COOH

hai kep d6i xting. Hé c8i 8004 tungsten carbide
(Hinh 1) v6i chiéu cao 5,72 cm, duwong kinh 6,35 cm,
dung tich nghién 3-10 cm?, cung vdi 2 bi nghién
tungsten carbide véi duong kinh 7 mm dwoc st
dung d€ nghién kho 2 g GNPs vdéi tdc d6 8000
vong/phut trong thoi gian Ian lwgtla 1 gio, 3 gio va
5 gio.

2.2 Bién tinh vat liéu GNPs véi nhém chixc

carboxyl

Vat liéu GNPs sau khi nghién duoc chic
nang héa nhém chtic carboxyl (-COOH) bang tac
nhan oxy héa manh (Hinh 2) qua cadc buéc nhuw sau:
Diau tién GNPs duoc xtt ly bang hén hop HNO:s va
H2S0s véi ti 1€ 1/3 theo thé tich ¢ 70 °C trong 5 gio
dé tao cdc nhdm chitc -COOH trén bé mat vat liéu
GNPs. Budc tiép theo la loc va riva dung dich thu
duoc bang nudc cat nhiéu Tan d€ loai bo hoan toan
luwong axit con lai sau phan tng. Cudi cung la loc
va sdy kho vat lidu GNPs da gan nhém chic
—-COOH (GNPs-COOH) 6 nhiét d6 phong.

2.3  Dac trung ky thuat

Chung t6i str dung kinh hién vi dién t&r quét
FESEM (Hitachi 54800, Japan) dé€ nghién ctru hinh
thai hoc bé mat vat liéu GNPs. Thiét bi Raman
Spectroscopy (LabRAM HR 800, HORIBA Jobin
Yvon - France) v6i nguon laser 532 duoc st dung
dénghién ctru ciu truc cua vat liéu GNPs. Bén canh
d6, chung t6i thuc hién cac phép do phd phan bo
kich thwdc va thé Zeta-size trén hé Malvern ZS

Nano S Analyzer, ph6 hap thu hong ngoai FTIR

GNPs-COOH

Huyén phu

Hinh 2. Minh hoa qu4 trinh bién tinh vét liéu GNPs v6i nhém chirc -COOH
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trén hé SHIMADZU IR Prestige21 Spectrometer,
va phuong phap dang nhiét hap phu va giai hap ni
to trén thiét bi Micromeritics TriStar 3.000 d€ xac

dinh dién tich bé mat riéng.

3 K&t qua va thao luan

3.1 Hinh thai hoc bé mat va cau tric nano cta
vat lieu GNPs

Déc trung hinh thai hoc bé mat ctua vat liéu
GNPs duoc nghién cttu bang kinh hién vi dién t
quét phat xa treong (FESEM). Két qua cho thay vat
liéu graphen ban dau c6 kich thudce tir 3 dén 5 um,
bé mit GNPs phang, c6 nhiéu nép gap va tao thanh
cum I6n (Hinh 3a). Kich thudc va bé mat vat liéu
GNPs thay d6i dang ké sau khi nghién voi hé
nghfén bi nang lwong cao 8000D Mill/mixer. Dwéi
tac dung ctia nhitng va cham mang nang luong cao
cuia hé bi trong qua trinh nghién, vat liéu GNPs bi
v0 ra thanh titng manh nho véi kich thwdce tir vai
chuc dén vai trdm nanomet. Hinh 3b, 3¢, 3d cho
thdy su thay d6i cua kich thudc cua vat liéu
graphen theo cac thoi gian nghién khac nhau; thoi
gian nghién cang lau kich thude vat liéu cang nho.
Cé thé thay bé mat vat liéu GNPs sau khi nghién 1
gio xudt hién nhiéu vét nit (Hinh 3b). Diéu nay
ching to tac dong co hoc trong qua trinh nghién bi
da tao ra cac vét nitt trén bé madt GNPs. Tuy nhién,
khoang thoi gian 1 gio chuwa du d€ cac vét nit trén
graphen bi dit gay hoan toan. Voi khoang thoi
gian nghién 16n hon thi kich thudc cua vat liéu
GNPs tiép tuc giam xudng (Hinh 3¢, 3d) va dat t6i
gia tri on dinh ¢ dai 100-800 nm sau 5 gio nghién.

D¢ danh gia su sai hong trong cau truc do
qua trinh nghién bi gay ra, chung t6i thuc hién
phép phan tich quang phé Raman d6i voi vat liéu
GNPs. Trén phd Raman xudt hién cac dinh déc
trung ctia vat liéu graphen nhu dinh G tai s6 song
1580 cm! dac trung cho cdu trac graphit; dinh 2D
0 s6 song 2679 cm-! ddc trung cho ciu truc lai hda
sp? cia GNPs; dinh D tai s6 song 1340 cm™! thé hién

su sai hong trong cdu trac mang cta vat liéu GNPs
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va s c6 mdt cua thanh phan tap chdt hodc cua
thanh phan cacbon vd dinh hinh [16-18]. Pho
Raman ¢ Hinh 4 cho thdy su thay d6i trong cau tric
cua vat liéu GNPs theo thoi gian nghién. Trén pho
cua vat liéu GNPs ban dau khong xuét hién dinh D
va do ban rong phd cua dinh 2D hep, ching to
GNPs ban dau khong bi bién doi vé cdu trac. Tuy
nhién, v6i vat liéu GNPs sau khi nghién, trén phd
Raman xudt hién dinh D véi cuong d6 dinh tang
dén theo thoi gian nghién. Diéu nay cho thay trong
cau truc cia GNPs xuét hién nhitng bién d6i va
nhiing bién d6i nay tang dan theo thoi gian nghién.
Nhitng bién ddi vé cdu tric nay thuc chét 1a su sai
hong mang do tac ddng co hoc gay ra. Day thuc ra
la mot diém thudn 1oi vi trong qua trinh bién tinh,
cdc nhém chtic c6 thé dé dang phan ting va lién két
v6i nhiing vi tri sai hong nay dé tao thanh vat liéu
GNPs bién tinh [19, 20].

Hinh 3. Hinh anh bé mét vat liéu GNPs vdi cac thoi
gian nghién khéac nhau: a) 0 gio, b) 1 gio, ¢) 3 gio,
d) 5 gio

G (1580
1s80) ww GNPs Nghién 1h

GNPs Nghién 3h
. GNPs Nghién 5h
GNPs

2D (2670)
D (1340)

Cuéng db (dvtd)

WMW

1 I L
1000 1500 2000 2500 3000

S8 séng (cm™?)

Hinh 4. Quang ph6 Raman cta vat liéu graphen da 16p
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3.2  DPic trung cia GNPs bién tinh nhém chixc
carboxyl

Dé tang hiéu qua phan tan vatliéu GNPs vao
chat 1éng, GNPs sau khi nghién véi cac thoi gian
khéc nhau dwoc gén thém nhém chitc -COOH.
Dudi tac dung ctia moi treong oxy hoa manh, cac
nhém chirc ~COOH tao céc lién két cdng hda tri voi
cac nguyeén tir cacbon trén bé mdt va tai bién vat
liéu GNPs. Phép do pho hdp thu hong ngoai (FTIR)
dwoc thiee hién dé€ xac dinh s ¢é mat ctia nhom
chitc -COOH (Hinh 5) trén bé mat ctia vat liéu
GNPs véi cac thoi gian nghién khac nhau. D&i véi
vat liéu GNPs da duogc chirc ndng hoda, trén pho
hong ngoai xudt hién rat rd cac dinh hap thuy, trong
dé dinh 3400 cm-! thé hién sy dao dong cua nhém
—-OH; dinh 1720 cm™! ddac trung cho dao dong cua
lién két C=0O cua nhém carboxyl; dinh hap thu tai
1630 cm! ddc trung cho lién két C=C; dinh tai 1365
cn! tuong ung véi lién két -OH ctia nhém
carboxyl, va dinh tai 1080 cm cho thdy suw xudt
hién lién két C-O [21-23]. D6i v6i GNPs khong
nghién thi cac dinh hép thu tai cac budc song ké
trén rat thap. Diéu d6 cho thdy hiéu qua bién tinh
s€ kém hon khi GNPs khong trai qua qua trinh
nghién bi nang luong cao. Biéu nay ciing cho thay
s phu hop khi so sanh v6i két qua do Raman &
trén, trong do trén bé mat vat liéu GNPs sau qua

trinh nghién nang luong cao xuat hién nhiéu hon

——— GNPs Nghign 1h

GNPs Nghién 3h
——— GNPs Nghi#n Sh
GNPs

Hé s6 truyén (%)

4000 3500 3000 2500 2000 1500 1000

S8 séng (cm)

Hinh 5. Phé hép thu hong ngoai FTIR ctia GNPs—
COOH
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nhitng vi tri sai hong ma tit d6 cdc nhdm chitc c6

thé dé dang lién két dé tao thanh vat liéu GNPs

bién tinh.

3.3 Danh gia su phan tan va d§ on dinh cta
vat liéu GNPs—COOH trong chat long

Vat liéeu GNPs-COOH v6i cac thoi gian
nghién khdc nhau duoc phan tan vao moéi treong
nude. DE khao sat sy phan tan va d6 6n dinh caa
vat liéu GNPs-COOH, chung t6i tién hanh xac
dinh kich thudc hat va thé zeta. Két qua phép do
kich thuéc hat (Hinh 6) cho thdy phd phan bg kich
thudce vat liéu GNPs sau khi nghién 1 gio nam
trong khoang 350-800 nm, trong d6 vat liéu GNPs
phan bd nhiéu nhat ¢ kich thudc 500 nm chiém hon
30% s6 luong GNPs. Khi tang thoi gian nghién vat
liéu GNPs Ién 3 gio va 5 gio, dinh pho phan bd kich
thude vat liéu GNPs dich chuyén vé phia kich
thudc bé hon va ban rong phé thu hep dan. D6 thi
phéan bd kich thudc vat liéu cho thay phéan 16n kich
thudc GNPs roi vao khoang 352 nm sau khi tang
thoi gian nghién 1én 3 gio. Khi thoi gian nghién
tang dén 5 gio thi sd hat GNPs voi kich thudc trén
500 nm giam dan, chi chiém dudi 2,5% s6 lugng
GNPs, vat liéu GNPs c6 kich thiedc khoang 218 nm
6 sO lugng 16n nhét chiém dén gan 15% so luong
GNPs. Két qua nay hoan toan phu hop véi kich
thwdc vat lieu GNPs da khao sat bang FESEM &

muc 3.1.
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GNPs Nghién 1h
GNPs Nghién 3h

30 - GNPs Nghién 5h

S6 lwgng (%)

0 200 400 600 800 1000

Kich thwéc vat liéu (nm)

Hinh 6. Bi€u d6 phan b6 kich thudc hat cta vat liéu
GNPs
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Do 6n dinh phan tan cta vat liéu GNPs duoc
danh gia thong qua phép do thé zeta. Phép do dua
trén gid tri do 16n cua thé zeta d€ xac dinh d6 6n
dinh cta vat liéu GNPs trong dung dich. Gia tri do
16n thé zeta nam trong khoang tir 0 d&én 15 mV,
huyén phu ¢ trang thai khong on dinh. Gid tri ti
15 dén 30 mV, huyén phu ¢ trang thai kha on dinh,
nhung vat liéu duogc phan tan bi léng xudng mot
phan nho. Vi gia tri tir 30 dén 45 mV, huyén phu
dat dén trang thai phan tan 6n dinh. Huyén phu &
trang thai phan tdn tot khi thé zeta nam trong
khoang 45-60 mV. Khi gia tri thé zeta trén 60 mV,
huyén phut duoc phan tan rat tot, ¢ d6 on dinh rat
cao [24, 25]. Trong nghién ctru nay, gia tri thé zeta
cua cac huyén phu chtra vat liéu GNPs voéi thoi
gian nghién khac nhau phan tan vao moi truong
nudc duoc thé hién ¢ Hinh 7. D6 thi cho thay gia
tri thé€ zeta tang dan theo thoi gian nghién twr 0,1
mV d6i vdi vat liéu GNPs ban dau dén 29,2 mV cho
mau GNPs nghién 5 gio. Gia tri thé zeta ctia cac
huyén phu ting 1én theo thoi gian nghién cua vat
liéu GNPs dwogc gidi thich do vat liéu GNPs ban
dau c6 kich thudce 16n, lién két hydro gitta cac
nhom chitc -COOH va dung mdi phan cye khong
du manh d€ phan tan vat liéu GNPs vao moi
treong chét long. Viéc giam kich thuwdce vat liéu
GNPs xudng dan dén dién tich bé mat vat liéu
GNPs tang lén. Hinh 7 chi ra réng, dién tich bé mat

28|
24|
20 |
5 ]
E 16 ~
s £
8 2Lk i
W [-+]
F<
=
8
. —@— Thézeta 60
—— BET
ol 430
1 1 1 L L L
[} 1 2 3 4 5

Thei gian nghién (h)

Hinh 7. Thé zeta va dién tich bé mit riéng ctia vat
liéu GNPs theo thoi gian nghién
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cua GNPs tang l1én dén 555% theo thoi gian nghién
ttr 30 m%/g d6i véi GNPs ban dau dén 196,63 m?/g
sau 5 gio nghién; bén canh do6, do6 thi cho thdy thé
zeta cta huyén phu tdng theo sy gia tdng cua dién
tich bé mat riéng. Day la két qua cua sy gia ting
dién tich bé mat dong nghia vdi s6 lwgng nhém
chitc -COOH lién két trén bé mait vat liéu GNPs
nhiéu hon dan dén s6 lwong lién két hydro gitta vat
liéu GNPs va dung mdi phan cuyee tang 1én, qua do
nang cao kha nang phéan tan ctia GNPs trong nén

chét long.

Nhitng két qua trén da cho thdy, bang
phuong phap nghién bi ndng luong cao, kich thude
cua vatliéu GNPs giam xudng, dién tich bé mat ctia
vat liéu tang 1én, dong thoi hiéu qua bién tinh vat
liéu GNPs duoc cai thién. Phwong phap nay giup
nang cao dang ké hiéu qua phan tan caa vat liéu
GNPs trong nén chat long va mo ra kha nang tng
dung t&t hon cua vét liéu GNPs trong nhiéu Iinh

virc.

4  Kétluan

Chuing t6i da thanh cong trong viéc stt dung
phuwong phap nghién bi nang luong cao d€ nang
cao hiéu qua phan tan cta vat liéu GNPs trong chat
long. Day 1a cach tiép can rat moi, giup giam kich
thudce ctia vat liéu GNPs, tang dién tich bé mat va
cai thién hiéu qua bién tinh vat liéu GNPs, qua do
nang cao hiéu qua phan tan cua vat liéu GNPs. Cu
thé vat liéu GNPs sau thoi gian nghién 5 gio ¢ kich
thudc trung binh giam xudng con 218 nm, dién tich
bé mat 1a 196,63 m?/g tang 555% so voi vat liéu
graphen ban dau, hiéu qua bién tinh véi nhém
chirc -COOH duwoc cai thién, sau khi bién tinh vt
liéu GNPs cho d6 6n dinh phan tan tot nhat voi thé
zeta do duoc la 29,2 mV. Cach ti€p can moéi nay
giup nang cao hiéu qua va kha ning tng dung cua
vat liéu GNPs trong nhiéu linh vuc nhu trong chat
long nano, vat liéu t6 hop, linh vuc y sinh, v.v. va
cac ing dung khac can dén su phan tan tot cua vat

liéu GNPs trong nén chét long.



Tap chi Khoa hoc Pai hoc Hué: Khoa hoc Tw nhién
Tap 128, S6 1C, 35-42,2019

pISSN 1859-1388
eISSN 2615-9678

Loi cam on

Tap thé tac gia xin cam on sy hd tro tai chinh

tir ti€u dy an FIRST ma s6 37/FIRST/1a/IMS va dé
tai VAST ma s6 VAST01.08/18-19.

10.

11.

Tai liéu tham khao

Novoselov KS, Geim AK, Morozov SV, Jiang D,
Katsnelson MI, Grigorieva IV, Dubonos SV, Firsov
AA. Two-dimensional gas of massless Dirac
fermions in graphene. Nature. 2005;438(7065):197-
200.

Castro Neto AH, Guinea F, Peres NMR, Novoselov
KS, Geim AK. The electronic properties of graphene.
Reviews of Modern Physics. 2009;81(1):109-162.

Lee C, Wei X, Kysar JW, Hone J. Measurement of the
Elastic Properties and Intrinsic Strength of
Monolayer Graphene. Science. 2008;321(5887):385-
388.

Ovid'’Ko IA. Mechanical properties of graphene.
Rev. Adv. Mater. Sci. 2013;34:1-11.

Dai JF, Wang GJ, Ma L, Wu CK. Surface properties
of graphene: Relationship to graphene-polymer
composites. Reviews on Advanced Materials

Science. 2015;40 60-71.

Kavitha MK, Jaiswal M. Graphene: A review of
optical properties and photonic applications. Asian
Journal of Physics. 2016;7:809-831

Vashist SK, Venkatesh AG. Advances in Graphene-
Based Sensors and Devices. Journal of Nanomedicine &
Nanotechnology. 2013;04(01).

Pop E, Varshney V, Roy AK. Thermal properties of
graphene: Fundamentals and applications. MRS
Bulletin. 2012;37(12):1273-1281.

Van Trinh P, Anh NN, Hong NT, Hong PN, Minh
PN, Thang BH. Experimental study on the thermal
conductivity of ethylene glycol-based nanofluid
containing Gr-CNT hybrid material. Journal of
Molecular Liquids. 2018;269:344-353.

Xu Z, Gao C. Graphene fiber: a new trend in carbon
fibers. Materials Today. 2015;18(9):480-492.

An Z, Compton OC, Putz KW, Brinson LC, Nguyen
ST. Bio-Inspired Borate Cross-Linking in Ultra-Stiff
Graphene Oxide Thin Films. Advanced Materials.
2011,;23(33):3842-3846

DOI: 10.26459/hueuni-jns.v128i1C.5294

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

DaS,Wang], Geng H, JiaS, Xu C, Li L, Shi P, Li G.
High adhesion transparent conducting films using
graphene oxide hybrid carbon nanotubes. Applied
Surface Science. 2017;392:1117-1125.

Saboori A, Dadkhah M, Fino P, Pavese M. An
Overview of Metal Matrix Nanocomposites Reinforced
with Graphene Nanoplatelets; Mechanical, Electrical
and Thermophysical Properties. Metals. 2018;8(6):423.

Sajibul AB, Nizam U, Ferdaushi AB, Maksudul I,
Sayed SH. A Review of Functionalized Graphene
properties and its application. International Journal
of Innovation and Scientific Research. 2015;
17(2):303-315.

Kuila T, Bose S, Hong CE, Uddin ME, Khanra P, Kim
NH, Lee JH. Preparation of functionalized
graphene/linear low density polyethylene composites
by a solution mixing method. Carbon. 2011;49(3):1033-
1037.

Reina A, Jia X, Ho ], Nezich D, Son H, Bulovic V,
Dresselhaus MS, Kong J. Large Area, Few-Layer
Graphene Films on Arbitrary Substrates by Chemical
Vapor Deposition. Nano Letters. 2009;9(1):30-35.

Nguyen VT, Le HD, Nguyen VC, Tam Ngo TT, Le
DQ, Nguyen XN, Phan NM. Synthesis of multi-layer
graphene films on copper tape by atmospheric
pressure vapor
Advances in Natural Sciences: Nanoscience and
Nanotechnology. 2013;4(3):035012.

chemical deposition method.

Dong X, Wang P, Fang W, SuC, Chen Y, Li L, Huang
W, Chen P. Growth of large-sized graphene thin-
films by liquid precursor-based chemical vapor
deposition under atmospheric pressure. Carbon.
2011;49(11):3672-3678.

Frank O, Mohr M, Maultzsch ], Thomsen C, Riaz I,
Jalil R, Novoselov KS, Tsoukleri G, Parthenios ],
Papagelis K, Kavan L, Galiotis C. Raman 2D-Band
Splitting in Graphene: Theory and Experiment. ACS
Nano. 2011;5(3):2231-2239.

Si C, Sun Z, Liu F. Strain engineering of graphene: a
review. Nanoscale. 2016;8(6):3207-3217.

Zhang ], ZouH, Qing Q, Yang Y, Li Q, Liu Z, Guo X,
Du Z. Effect of Chemical Oxidation on the Structure
of Single-Walled Carbon Nanotubes. The Journal of
Physical Chemistry B. 2003;107(16):3712-3718.

Jang ], Bae ], Yoon S. A study on the effect of surface
treatment of carbon nanotubes for liquid crystalline
epoxide—carbon nanotube composites. Journal of
Materials Chemistry. 2003;13(4):676-681.

41



Tran Vin Hau va CS.

23.

24.

42

Thang BH, Van Trinh P, Quang LD, Huong NT,
Khoi PH, Minh PN. Heat dissipation for the Intel
Core i5 processor using multiwalled carbon-
nanotube-based ethylene glycol. Journal of the
Korean Physical Society. 2014;65(3):312-316.

Ghadimi A, Saidur R, Metselaar H. A review of
nanofluid stability properties and characterization

25.

in stationary conditions. International Journal of
Heat and Mass Transfer. 2011;54(17-18):4051-4068.

Ivall J, Langlois-Rahme G, Coulombe S, Servio P.
Quantitative stability analyses of multiwall carbon
nanotube nanofluids following water/ice phase
change cycling. Nanotechnology. 2016;28(5):055702.



