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CHE TAO VAT LIEU GRAPHEN IT LOP TU GRAPHIT BANG
PHUONG PHAP SIEU AM MAT DO CONG SUAT LON
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Tém tit. Trong bai bdo nay, ching t6i trinh bay nhiing két qua dat dugc trong viéc sit dung
ky thuat siéu &m mat d6 cong sudt 16n dé€ ché tao vat liéu graphen it 16p tir nguén nguyén
liéu graphit. Thiét bi rung siéu am v6i mat d6 cong sudt 2 kW/lit duge sit dung d€ boc tach
vat liéu graphit cong nghiép (ttt mé Van Yén - Yén Bai) thanh vt liéu graphen trong moi
truong nude cét ¢d sy hd tro chat hoat ddng bé mat Tween 80 vdi thoi gian siéu am tir 1 dén
5 gio. Cac phép do FE-SEM, HR-TEM, Raman va ZetaSizer da cho thdy song siéu am mat do
cong sudt 1on mang lai hiéu qua cao trong viéc pha v luc lién két Van der Waals gitra cac
16p graphit d€ tach 16p tao thanh graphen véi d6 day khoang 3 nm, kich thude vay phan bo
cht yéu khoang 88-235 nm sau 5 gio siéu am. Nhiing két qua nay cho thdy phuwong phap
tach 16p trong chdt 1ong bang siéu am mat d6 cong sudt 1on 1a mot phuong phap hiéu qua,
than thién v6i méi treong va tiét kiém chi phi d€ thu dwgc vat liéu graphen chat luong cao
va it khiém khuyét.
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Abstract. In this paper, we present the results obtained by using high-power density
ultrasonic technique to fabricate low-layer graphene materials. An ultrasonic vibration
device with a power density of 2 kW/L is used to exfoliate graphite materials (from Van Yen
- Yen Bai mine) into graphene with the presence of Tween-80 in distilled water with a short
ultrasonication time from 1 hour to 5 hours. FE-SEM, HR-TEM, Raman, and ZetaSizer
measurements have shown that high power density ultrasound is highly effective in
breaking Van der Walls bonding forces and separating the graphite layer into graphene with
a thickness of about 3 nm, the flake size is mainly distributed around 88-235 nm after 5
hours of ultrasound. These results suggest that the liquid-phase exfoliation using the high
power density ultrasonication technique is an efficient, environmentally friendly, and cost-
effective method to obtain high-quality and low-defective graphene materials.

Keywords: graphene, graphite, ultrasonication, high power density
1 Mo dau

Trong thap ky gan day, graphen da thu huat sw chu y cua cac nha khoa hoc trong céc linh
viee khac nhau do tinh chat vat 1y va hoa hoc déc biét ctia nd. Véi cdu tric co ban 2D, cac 16p
graphen bao gom cac nguyén tir carbon duwoc sap x&p theo hinh luc gic trén mat phang, con
duoc goi 1a cau tric t6 ong [1]. Mbi nguyén tir dugc lién két véi ba nguyén tir carbon gan nhat
cua no bfing lién két cong hoa tri sigma (0) 6n dinh, tao thanh su xen ké cua cac trang théi sp,
twong tng voi trang thai lai sp2 Cac thu hinh khac cua carbon bao gom graphit ba chiéu (3D),
ong nano carbon mét chiéu (1D) va fullerene khong chiéu (0D). Graphen cudn sé tao thanh
fullerene 0D, c6 thé dugc boc d€ tao thanh dng nano carbon 1D hodc xép chong 1én nhau dé tao
ra graphit 3D [2].

Cé nhiéu ky thuat d€ tao ra vat liéu graphen, Chéng han nhu tach 16p trong pha long,
lang dong hoi héa hoc (CVD) va tang trudng biéu md... [3-5]. Trong s§ d6, tach 16p trong pha
long (LPE) la mot phuwong phap don gian c6 thé san xuat graphen voi s6 lugng 16n va chi phi
thap [6]. Nhiéu bién thé ctia LPE ton tai, Chéng han nhu siéu am truc tiép, tach 16p dya trén chat
&n dinh, tach 16p bang dung mdi ion, tach 16p dién hda, va tach 16p pha long,... [7]. Vé co ché, Li
va cong su [8] da néu ra ba giai doan cho qua trinh tach 16p: giai doan dau pha v cac manh 16n
va hinh thanh cac dai van trén bé mét vay, giai doan tiép theo la hinh thanh cac vét nit doc
theo cac vay noi trén va két hop véi su xen ké ctia dung moi lam bong troc cac dai graphit
mong, va giai doan thit ba la tach 16p graphit mong thanh graphen. Ngoai ra cac nghién cttu
cling chitng minh rang nhing yé&u t6 nhu kich thudc bé rung, chiéu cao ctia muc chat long c6
thé anh huong dén két qua bdc tach ché tao graphen do hiéu ng xam thuee va kich thudc bén
cuia cac vay co thé kiém soat duoc thdng qua qua trinh ly tam co kiém soat [9, 10].

LPE c6 thé duoc thuc hién theo quy trinh voi cac budc: dau tién phan tan graphit vao
dung moi, ti€p theo la rung siéu am, ly tdm va cudi cung 1a loc rtra [11, 12]. Viéc lya chon dung
moi la quan trong do n6 anh hudng dén nang luong bé mat dé€ tach 16p graphen. Tuy nhién,
mot s6 dung moi ¢d gia thanh cao, mét s6 dung mdi co thé can tro kha ndng mé rong cuia LPE,
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ngoai ra phwong phap nay chi ché tao duoc graphen ¢ nong do thap [13]. Mot phuwong phap dé
khac phuc van dé nay la st dung thém chat phu gia hodc chat hoat dong bé mat. Lotya va dong
nghiép [13] da cho thay viéc két hop chat hoat dong bé mdt trong quad trinh rung siéu am giup
tang nang sudt ché tao, sw On dinh ciing nhu chat lwong cta graphen. Cac dung mdi nhw
oligothiophene-terminated poly (ethylene glycol), Nmethyl-pyrrolidone va nhiéu dung méi
khac [14-16], da duoc sit dung d€ tang kha nang tach 16p graphen. Nhin chung, viéc stt dung
chdt hoat dong bé mat trong LPE da ching minh dwgc hiéu qua vé hiéu suat va chat luong
graphen. LPE ciing ¢6 thé dugc thuce hién chi véi cac dung moi nhu chloroform, 1-propanol va

organosilanes [17-19].

Bén canh d¢ viéc st dung nudc cat thay vi dung moi hitu co trong qua trinh bdc tach
graphit thanh graphen hién nay van chwa c6 nhiéu nghién ctru do phwong phéap nay doi hoi
phai stt dung thiét bi siéu &m mat d6 cong sudt 16n. Tuy nhién viéc st dung nudc thay vi dung
moi gitp tiét kiém chi phi vé nguyén vat liéu va la phwong phap ché tao graphen than thién véi
moi treong. Vi vay trong bai bao nay, chung toi trinh bay nhiing két qua dat duoc trong viéc st
dung thiét bi siéu am mat d§ cong suat 1on d€ tach 16p thanh cdng graphit trong nuwdc cat tao

thanh vat liéu graphen da 16p véi chét luong cao.

2 Quy trinh thi nghiém

Nguyeén liéu graphit dwoc sit dung trong nghién cttu duwoc khai thac ttt mo Yén Théi -
Vién Yén - Yén Bai do Cong ty Tap doan Graphit Viét Nam cung cdp v6i ham luong C 1a 96%.
Chét hoat dong bé mat Tween 80 duwoc mua tir Sigma-Aldrich. Thiét bi rung siéu am mat do
cong suét 16n do Trung tam Ung dung va Trién khai Cong nghé - Vién Khoa hoc Vat liéu thiét
ké va ché tao nhu hinh 1. Thiét bi siéu am bao gom 5 dau rung siéu am va 1 dau do voi tan sd 40
kHz, mdi dau cé cong sudt 40W duwoc ldp vao 6 mit ctia bé rung dung tich 120 ml. Dya trén
tong cong sudt va thé tich chung t6i tinh dwgc méat do cong sudt toi da cuia thiét bi la 2000W/l1it.

| 1.  Diurung
. Daudd
runy
8
S 2

graphit

Hinh 1. Minh hoa quy trinh tach 16p va thiét bi rung siéu am duoc thiét ké
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Qua trinh ché tao graphen tir graphit nhuw sau: Vat liéu graphit 0,25 g va 2 ml Tween 80
duoc phan tan déu trong 2 gio st dung mdy khuay tir véi téc d6 600 vong/phut. Hon hop nay
sau d6 duoc dua vao 50 ml nude cat va khudy déu trong 15 phut, sau d6 tién hanh xw ly siéu
am dung dich thu dwoc tir 1 dén 5 gio & mat do cong suat 2 kW/lit. Hon hgp sau khi rung duoc

quay ly tdm va loc rira bang nudc cat d€ thu dugc vat liéu graphen.

D¢ khao sat hinh thai hoc bé mat graphen, ching toi st dung kinh hién vi dién ti quét
phat xa truong (FESEM, S-4800 Hitachi) va kinh hién vi dién t& truyén qua (TEM, JEM1010
JEOL). Phéan bd kich thudc va thé Zeta ctia vat liéu graphen trong dung dich duoc xac dinh
bang thiét bi hat Nano ZS Zetasizer ctia Malvern. Quang phd Raman (LabRAM HR 800,

HORIBA Jobin Yvon) duoc stt dung dé€ nghién cttu cdu truc cua vat liéu graphen.

3 K&t qua va thio luan

3.1 Hinh thai bé mat

Hinh thai bé mat ctia vat liéu graphen duoc khao sat béng kinh hién vi dién t&r quét phat
xa truong. Hinh anh FESEM cua graphit ban dau (G0) cho thay graphit ban dau c6 dang phién,
d6 day khoang 40 nm, kich thudc vay trung binh khoang 5 um va thé hién sy két tu bé mat
(Hinh 2). Két qua FESEM cho thay hinh thai bé mat cua graphit da bi thay d6i dang ké sau khi
siéu am kéo dai, vdi kich thudc vay trung binh trd nén nho hon va dong déu hon khi thoi gian
siéu am tang l1én.

Vi thoi gian rung siéu am 1 gio (G1), qua trinh béc tach bat dau, bé mt graphit bi pha
v& va hinh thanh cac dai van gdp khac trén bé mat. Trong thoi gian siéu am 2 gio (G2) cho thay
hinh thanh qua trinh bong tach cac dai mong, tuy nhién thoi gian nay qua trinh béc tach khong
hoan toan ctia cac 16p graphen trén bé mat ctia graphit. Két qua FESEM thoi gian rung siéu am
3 gio (G3) cho thdy day la khoang thoi gian ma qua trinh béc tdch manh nhét. Véi thoi gian 4
gi0 (G4) qua trinh bdc tach cham hon va xudt hién cac 16p graphen. G5 cho thady graphen it 16p
sau 5 gio xtt ly siéu am véi bé mit nhin va dong déu. Diéu nay ching to rang thiét bi siéu am
cong suat cao la mot cong cu manh dé pha vo dugc luc lién két Vander Waals gitta cac 16p lién
ké trong graphit do tac ddng sw xam thuc &m thanh cta séng siéu am cdng sudt cao. Trong moi
treong chét 1ong song siéu am lam dung méi lic bi nén lai, ltc bi gian ra nhanh chéng tao ra
nhitng bot bong bong chan khong siéu nho, véi kich thude siéu nho nay nd cé thé xam nhap
vao gitta cac 16p graphit. Nang lwong nhiét duoc tao ra trong sudt qua trinh cung voi séng ép
va séng giam khién cac bot khi cong huong vo ra dan dén tang ap sudt lam tach cac 16p graphit
[22].
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Hinh 2. Két qua FESEM ctia graphit (G0) va graphen duoc rung siéu am voi cac thoi gian tir 1 dén gio
teong tng (G1, G2, G3, G4, G5) véi do phan giai khac nhau
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3.2  CAu trac graphen

Thay d6i cdu tric ctia graphit va graphen da duoc khao sét bang quang phd Raman. Phd
Raman cho thay su xudt hién cua cac dinh déc trung cta cdu truc graphen bao gom dinh G,
dinh 2D va dinh D xung quanh cac dai s6 séng lan luot la 1581 cm, 2702 cm!, 1343 ecm! duoc
gan cho cdu trac than chi, cdu trac lai hda sp? ctia graphen va cac khiém khuyét hodc su hién
dién ctia tap chét, cac bon v6 dinh hinh trong cdu trtic graphen [24, 25]. Hinh 3 cho thay rang
dinh 2D & s8 séng 2702 cm thay ddi tir bat d6i xting sang d6i xting trong thoi gian ngan siéu
am, diéu nay ching minh hiéu qua ctia qua trinh béc tach graphit trong pha long bang thiét bi

rung siéu am cong sudt cao.

Gr5 : : I/l,=0.8433 A

I/l,= 0.7094 ~

r3 I./l,= 0.6365 A
r2 Y A

e 1/,=03082 A |
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Hinh 3. Ph6 Raman cta graphit véi thoi gian rung siéu am khac nhau

Ngoai ra, ph6 Raman cho thay ciu trtc ctia graphit sau khi rung bi thay d6i va su gia
tang dang ké vé cuong do dinh D véi viéc tang thoi gian siéu am. Vi graphit ban dau, cuong
do dinh D nho, ty 1é cuong d6 In/Is tinh duoc la 0,1043. V6i thoi gian siéu am khac nhau tir 1
dén 5 gio ti 1é cuong do In/lc twong tng lan luot la 0,3062, 0,4003, 0,6365, 0,7094, 0,8433. Diéu
nay chting minh rang thoi gian ctia qud trinh siéu am st dung thiét bi rung siéu am cong suét
cao da co tac dong lén cau tric vay graphen. Vi vay, su gia tang rung siéu am dan dén cai thién

su phén tan va tach 16p graphen, dong thoi nd cling tao ra cac khuyét tat bo sung trong vat liéu.

3.3  Phan tich kha ning phan tin va d¢ 6n dinh

Sau khi siéu am tr 1 dén 5 gio, hon hop graphen phan tan trong nudc cit duwoc do dé
danh gia sy phan bg theo kich thudce cling nhuw kha nang phan tan on dinh. Hinh 4 cho thdy sw
phan bo kich thudc caa vat liéu vdi thoi gian siéu am khdac nhau (Grl, Gr2, Gr3, Gr4 va Gr5,
twong ung véi 1-5 gio). Két qua cho thdy su thay dodi trong thoi gian siéu am co tac ddng dén
kich thudc vay cta vat liéu graphen, kich thuéc cta vay graphen nho hon va toan bo chiéu rong
t61 da mot nira (FWHM) dan dan thu hep khi thoi gian siéu am tang lén. Sy phan b kich thude
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cua Grl, Gr2 cho thay xuat hién hai dai. Diéu nay thé hién véi thoi gian 1 gio, 2 gio siéu am thi

van c6 hién twong két tu hodc graphit chwa dwgc bdc tach hoan toan.

/A
7/

25 - . —=—Gr1
il —e—Gr2
[ | —e—Gr3
—v— Gr4
—&— Gr5

0 100 200 300 400 2000 4000 6000 8000 10000

Kich thuéc (nm)
Hinh 4. Phan b6 kich thude ctia graphen tai cac thoi gian rung siéu &m khac nhau

Véi thoi gian rung siéu am 1 gio, kich thudc cua Grl duoc phan b8 chu yéu trong hai
pham vi dai tir 192 nm dén 379 nm véi cuc dai & khoang 225 nm chiém 8% tong s6 va tir 2472
nm dén 6049 nm, cyc dai dat & khoang 2844 nm chiém 8,5% tdng s6. Khi thoi gian siéu am duoc
kéo dai dén hai gio, kich thudc da thay déi ro rang. Trong treong hop nay, kich thudce bé cua
Gr2 xuat hién ¢ khoang 183-379 nm, cuc dai ¢ khoang 225 nm chiém 18% tong s 16n hon so véi
Grl 10%. Phé kich thude 16n Gr2 phéan bd chu yéu khoang 2718-4659 nm va cuc dai dat &
khoang 3244 nm chiém 1,5% tong s6, giam so v6i Grl 7%. Kich thudc vat liéu giam nhanh
chéng khi thoi gian rung siéu am kéo dai dén ba gio, bang ching la Gr3 chi c6 mot dai kich
thude, FWHM thu hep va su gia tang nhanh chdéng cua dinh ph6 phan bé. Kich thudc Gr3 dao
dong khoang 145-329 nm, dat cuc dai khoang 192 nm chiém 24% tong s0, day la khoang thoi
gian ma qud trinh béc tach dién ra manh nhat. Qua trinh béc bat dau cham dan véi thoi gian 4
gi0, ph6 phan bo kich thudc Gr4 giam cham, FWHM thu hep hon, kich thudc dao dong khoang
102-238 nm, cuc dai khoang 133 chiéu 19% tong s6. Phd phan bd kich thudc Gr5 khoang 88-235
nm, dat ciee dai khoang 89 nm chiém 21% tong sd. Khi so sanh voi Gr4 két qua c6 thay doi kich
thude nhe, diéu nay thé hién qua trinh boc tach da bao hoa sau khi siéu am 5 gio.

Ti 1€ cac hat c6 kich thudc khoang 100-500 nm sau khi x@ 1y siéu am tir 1 dén 5 gio lan
luot 47,592%, 92,861 %, 98,836%, 99,254%, 100% (Hinh 5). Nhu vay, ti 1¢ kich thudc khoang 100-
500 nm tang 1én khi tdng thoi gian xtt ly siéu am va voi thoi gian 5 gio dat bao hoa c6 100% cac
vay graphen c6 mét trong phd 100-500 nm.
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Hinh 5. Két qua phan b8 pho kich thudc khoang 100-500 nm ctia graphen véi thoi gian siéu am khac nhau

Thé Zeta ctia cdc mau graphen duoc xac dinh dé danh gia kha nang phan tén 6n dinh cta
ching trong nudce cat. Nhuw da chiing minh trong Hinh 6, gia tri thé Zeta tang khi tang thoi gian
xtr ly siéu am, dat gid tuyét ddi toi da 30 mV sau 5 gio siéu am, dugc xac dinh la kha 6n dinh
[26]. Déc biét véi mau 5 gid siéu am, cac quan sat bang truc quan cho thdy mau van phan tén tot
sau it nhat 6 thang.

- 2.8 30.01
27.96 28.2 =

I

18.14

Thé zeta (mV)
> S

ey
o
1

T T T T T T
2 3 4 5
Théi gian (h)

Hinh 6. Phép do thé Zeta tai cac thoi gian siéu am khac nhau

34 Do day

Nhing két qua trén cho thay thoi gian 5 gio siéu am cho két qua véi kich thude, dd phan
tan va on dinh t6t nhat. Vi vay sau 5 gio siéu am, d¢ day duwoc xac dinh thong qua TEM (hinh
7). Két qua cho thay d6 day cua graphen thu duoc la xap xi 3,29 nm. Do khoang céach gitra 2 16p
graphen vao khoang 0,348 nm [23], két qua do cho thay s 16p cta vat liéu graphen la nho hon
10 16p va vat liéu thu dwoc 1a loai graphen it 16p.
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Hinh 7. TEM két qua cua graphen sau 5 gio siéu am

4  Kétluan

Trong bai bao nay, chung t6i da ché tao thanh cong vat liéu graphen tir nguyén liéu
graphit trong nén nudc cat bang cach st dung thiét bi rung siéu &m mat do cong sudt 16n 2
kW/lit. Két qua FESEM cho thdy kich thudc vay trung binh cua graphen giam xudng va su
dong nhét tang 1én khi tang thoi gian siéu am. Phé Raman cho thay ty 1&é cuong do Io/Ic tang
theo thoi gian siéu am, twong ting vdéi sy gia tang khiém khuyét graphen cung véi hiéu qua
tach 16p. Cac két qua phan bo kich thudce cho thay kich thudc vay phan bd chu yéu khoang 88-
235 nm sau 5 gio siéu am. Két qua khao sat thé Zeta ting v6i gid tri 30 mV cho thdy su 6n dinh
cua graphen sau 5 gio siéu am. Két qua do TEM cua vat liéu graphen sau rung 5 gio cho thay do
day graphen xap xi 3,29 nm tng véi s6 16p graphen nho hon 10 16p. Nhitng két qua nay cho
thay song siéu am tan sd cao la mot phuwong phap hiéu qua va than thién voi moi truong dé€ ché
tao graphen it 16p chat luong cao tir nguyén liéu graphit.
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