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TOM TAT

Phirong phdp béc tach graphite thanh graphene bang thiét b siéu am
mdt dg cong sudt I6n lién hodn véi tan s6 40 kHz va mat dg cong sudt
[én d@én 2,2 kW/l dwoc trinh bay trong bai viét. Graphene duoc ché tao
thanh cong tir graphite trong chat long la meée cat va Tween-80 voi
thoi gian khdo sat tiv 1 gio dén 5 gio siéu am. Két qua khdo sat hinh
thdi hoc bé mat FESEM va TEM cho thdy graphene thu dioc c6 su
dong déu va dg day khoang 9 nm. Két qua khdo sdt phé Raman c6 thdy
su xudt hién ciia cde dinh ddc trung ciua graphene ché tao duoc. Phén
tich ZetaSizer cho thdy graphene c¢6 phé phdn bé kich thuée tir 80 nm
dén 3 um véi cuee dai khodng 450 nm. Két qua phan tich EDX cho thdy,
sau thoi gian rung siéu am 5 gio, vat liéu graphene c6 cwong do dinh
(002) giam va do rong cua dinh (002) mo rong. Nhiing két qua ndy
da khéng dinh hiéu qua cia thiét bi siéu am lién hoan trong ché tao
vt liéu graphene tir nguyén liéu graphite.

Tir khéa: Boc tach, cong sudt Iom, graphene, graphite, siéu dm

ABSTRACT

In this paper, a method for exfoliating graphite into graphene using a
continuous high-power ultrasonic device with a frequency of 40 kHz
and a power density of up to 2.2 kW/l was presented. Graphene from
graphite in distilled water and Tween-80 after 1 - 5 hours of ultrasonic
treatment was fabricated successfully. FESEM and TEM surface
morphology surveys showed that the obtained graphene had
uniformity and a thickness of approximately 9 nm. Raman
spectroscopy results indicated the presence of characteristic peaks of
graphene. ZetaSizer analysis revealed that the graphene had a size
distribution ranging from 80 nm to 3 um, with a peak around 450 nm.
Energy-dispersive X-ray spectroscopy (EDX) analysis showed that
after 5 hours of sonication, the intensity of the (002) peak of the
graphene decreased and the width of the (002) peak broadened. These
results confirm the effectiveness of the continuous ultrasonic device in
fabricating graphene from graphite.

Keywords: Exfoliating, graphene, graphite, high power, ultrasonic
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1. GIOI THIEU

Graphene, mot vt liéu chu thanh tir mot 16p don
nguyén tur carbon sap xép trong cdu triic mang tinh
thé luc gi4c hai chiéu (2D), da thu hit sy cha y ¥y manh
mé cua cong dong khoa hoc va cong nghé ké tir khi
dugc kham pha vao ndm 2004 boi Geim and
Novoselov (2007). Dic diém ndi bét cia graphene
1a cau triic lyc giac phang, trong d6 mdi nguyén tir
carbon lién két v6i ba nguyén tir khac bang lién két
cong hoa tri sigma (o) bén viing, tao nén tinh chat
co hoc vuot troi va tinh tro vé mat hoa hoc
(Novoselov et al., 2005). Nho vao cac tinh chit doc
déo nay, graphene duge ky vong s€ mo ra nhing
g dung tién tién trong nhiéu linh vy, tir dién ti,
vat lidu siéu nhe, dén nang luong va y sinh hoc
(Wolf, 2014).

Tuy nhién, tng dung cua graphene dang phai d6i
mat voi nhitng thach thirc 16n, mot trong s do 1a bi
han ché trong san xuat quy mé 16n véi gia thanh ré
(Razaq et al., 2022). Do d0, can c¢6 nhitng cach tiép

can méi hiéu qua hon dé ché tao graphene s6 luong
l6n va gia thanh ha. Trong s6 do, phuong phap su
dung thiét bi siéu 4m mat do cong suat 16n dugc biét
dén nhu mot giai phap hi¢u qua va tiém ning
(Rickard et al., 2014). Rung si€éu &m mat do cong
suat 16n 1a ky thuét sir dung song 4m tan sd cao dé
tao ra rung dong co hoc trong moi trudng chét long
(Ensminger & Bond, 2024), tao ra hi¢u tUng
cavitation manh (Madaraboina et al., 2021). Hi€u
ung nay c6 kha nidng pha v& cic cum graphite 16n
thanh cum nho hon va béc tich nhitng cum nay dé
tao thanh cac 16p graphene mét cach hi¢u qua
(Anastasia et al., 2020).

Nghién ciru nay tap trung vao viéc ché tao vat
liéu graphene bang thict bi siéu am mat d§ cong suat
16n c6 thé hoat dong mot cach li€n tuc, nham nang
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cao hi€u qua san xuAt va cai thién cac tinh chét cua
graphene. Tinh chat ciia graphene ché tao dugc tir
graphite bang phwong phap siéu 4m dugc khao sat
va phén tich, dua ra nhitng danh gia vé cdu trac va
tinh chat cua vat lidu graphene ciing nhu hiéu qua
cua phuong phap siéu am lién hoan nay.

2. PHUONG PHAP NGHIEN CUU

2.1. Thiét bi rung siéu Am mat d cong suit

16m lién hoan

Thiét bi rung si€u am lién hoan mat 6 cong suit
16n dugc thiét ké dac biét dé boc tach graphite thanh
graphene theo co ché chat long co thé chay vao ra
lién tuc dé nang cao ning suat, ding séng siéu am
pha v& cac cum graphite va tach 16p graphite thanh
graphene. Thlet bi bao gom hai bé rung siéu am: bé
rung so cp va bé rung thir cap. Ca hai bé rung co
hinh ldng try tam giac lam tir thép khong gi deé mat
d6 cong suét siéu am ting dan & phia dau ra cia mdi
bé siéu 4m nhu Hinh 1. Bén trong cac bé rung, dau
rung siéu am dugc bd tri véi sb lugng 16n trén bé
mit hai canh ciia bé, cting v6i cac tim ngin hinh zic-
zag dé tang quang duong di cua chat 1ong trong bé
rung. Bé rung so cép co it dau rung siéu 4m hon, chu
yéu dé phan tan va boc tach so bo graphite, voi phan
kho béc tach duogc loai bo qua dau thai so cap o day
bé. Phan graphite con lai dugc chuyén sang bé rung
tha cap qua ong rung so cap hinh hop chir nhét, dugc
gin thém cac dau rung siéu am dé tiép tuc tac dong
va tao tién d& boc tach hiéu qua graphite thanh
graphene. Bé rung thir cap c6 s6 luong dau rung siéu
4m nhiéu hon, tao mat d6 cong suat 16n hon dé boc
tach graphite thanh graphene va loai bo phan
graphene chét luong thip qua dau thai thir cap.

Hinh 1. Ban vé thiét ké ciia thiét bi rung siéu Am mat d cong suit 16n lién hoan

Phan dau ra ctia bé rung thir cap 1a ong rung thr
cap, duge gan nhiéu dau rung siéu 4m dé tao mat do
cong suat 1on nhat, nham thu dugc graphene c6 chat
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lugng cao. Cac dAu rung siéu am duoc cép nguon tir
céc bd ngudn sidu am cong suat 100 W, tan s6 40
kHz va duogc tan nhiét boi cac quat tan nhi¢t xung
quanh. Thiét bi dugc dat trong budng cach am dé
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dam bao an toan cho ngudi van hanh. Véi thiét ké
nay, mat do cong sudt cta thiét bj co thé dat gia tri
16n nhét & dng rung thir cp, 1én dén 2,2 kW/1 dé boc
tach hi¢u qué graphite thanh graphene.
2.2. Quy trinh ché tao vat li¢u graphene
tir graphite

Nguyén li€u graphite sir dung trong nghién ctru
duoc khai thac tr mé Yén Thai - Van Yén - Yén Bai,
cung cap boi Cong ty Tap doan Graphit Viét Nam
v6i ham lugng carbon (C) dat 96%. Chét hoat dong
bé mit Tween-80 sir dung trong nghién ctru dugc
cung cip boi hing Sigma-Aldrich.

Qué trinh boc tach graphene tir graphite dé xuat
gom cac budc nhu sau: 25 g vat lidu graphite duoc
phén tan déu vao 200 ml Tween-80 bang may khuay
tir v6i toc do 600 vong/phit trong thoi gian 2 gid.
Hdn hop nay sau d6 dwoc dua vao 5000 ml nude cat
va khudy déu trong 15 phut. Sau d6, hdn hop dugc
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dua vao hé siéu am chay lién tuc tir bé rung so cap
dén bé rung thtr cap. Thoi gian chat 16ng trong hé
siéu am duoc khao sat 1an luot 1a 1 gio, 3 gio va 5
gid. Hon hop sau khi rung dugc quay ly tam, loc rira
béng nudc cat dén khi loai bo hét chat hoat dong bé
mat. Cudi cung, graphene am dugc siy kho & 60°C
dén khi kho hoan toan dé thu dugc vat lidu graphene.

Kinh hién vi dién tor quét phat xa trudng
(FESEM, S-4800 Hitachi) va kinh hién vi dién tir
truyén qua (TEM, JEM1010 JEOL) duoc st dung
dé khao sat hinh thai hoc bé mit cua graphene.
Quang phd Raman (LabRAM HR 800, HORIBA
Jobin Yvon) st dung nghién ciu ciu tric cua
graphene. Thiét bi LA-960 Zetasizer cia HORIBA
duoc su dung dé khao sat phan bd kich thude cua
vét graphene phan tan trong chat 1ong. Phép phan
tich XRD duoc thuc hién trén thiét bi ARL
EQUINOX 5000 ¢ Vién Khoa hoc Vit licu.

Hinh 2. Hinh anh thiét bi rung siéu Am mat d cong suit 16n lién hoan trong nghién ctru

Tween-80
Graphite -
Khuay 2 gio
Sav khé

Graphite xir Iy H,0 Chiit 1éng
bé mit Graphite

Siéu Am
5 gio

H,0

Y
Chiit 1ong

60°C

Ll tam + loc rira

Graphene

Hinh 3. Minh hoa quy trinh ché tao graphene tir graphite bing phwong phap siéu 4m

3. KET QUA VA THAO LUAN

Hinh thai bé mit cua vat lidu graphene duoc
khao sat bang thiét bi FESEM. Hinh 4a la anh
FESEM ciia graphite ban dau cho thiy graphite c6
dang phién, kich thu6c khoang 0,5 - 10 pm va thé
hién cau triic vay 16n. Két qua do FESEM cho thay
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hinh thai bé mit ciia graphite da bi thay d6i dang ké
sau qua trinh siéu am, vai kich thude vay va do day
trung binh trd nén nho hon va ddng déu hon khi thoi
gian si€u am tang 1én. V&i thoi gian rung siéu am 1
gio (Hinh 4b), qua trinh boc tich bat diu va bé mat
graphite bi pha v& dé hinh thanh cac 16p graphite
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duge tach ra. V6i thoi gian siéu &m 3 gio (Hinh 4c) luotla 1580 cm™, 2700 cm! va 1340 cm™! twong ing
cho thay cac 16p graphite d4 dugc boc tach thanh cac v6i cdu tric cua than chi, cau tric lai hoa sp? cua
16p graphene nhung do day tuong ddi 16n, trong graphen va céac khiém khuyét hodc sy hién dién cua
khoang 30 — 40 nm. Két qua FESEM sau 5 gid siéu tap chat, cac bon vo dinh hinh trong cdu triic graphen
am (Hinh 4d) cho thdy qua trinh phén tach dién ra (Malard et al., 2009). Ty 1¢ Ip/Ig clia mau graphene

manh mé va hiéu qud, cac 16p graphene c6 do day tang 1én ciing cho thiy da c6 su thay doi vé ciu tric
dudi 10 nm va kha dong déu, cho thay thoi gian 5 vat li€u graphite sau khi boc tach tao thanh graphene
gi0 siéu am 1a hi¢u qua toi uu. (Zhenhua et al., 2008).
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Hinh 4. Két qua FESEM ciia graphite (a) va Hinh 5. Pho Raman cua graphite va graphene
graphite sau khi dwgc rung siéu 4m véi cac thoi che tao duge

gian 1 gio' (b), 3 gio' (c) va S gio' (d) Hinh 6 trinh bay két qua khao sat kich thude

Su thay d6i vé cAu trac cia graphite sau khi boc phan tich bang Zeta Sizer cua vat liéu graphite yé
tach thanh graphene di dugc khdo sit bang quang graphene dugc ché tao. Két quejl cho thay graphite
ph6é Raman nhu Hinh 5. Phé Raman cho thiy sy chu yéu Phﬁn bo trong Ph'élm, vitr 0,2 pm dén 10
xuit hién ciia cac dinh dic trung cia cdu tric um, cuce dai khoéng 3 um chiém 7% tong so. Trong
graphene sau qua trinh boc tich bao gdm dinh G, khi do, vat liéu graphene C.é kich t.hu'érc nam trong
dinh 2D va dinh D xung quanh céc dai sd séng lan khoang 80 nm dén 3 um véi cuc dai khoang 450 nm

chiém 12,5% tong so.
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Hinh 6. Pho phén b6 theo kich thwéc ZetaSizer ciia graphite (a) va graphene ché tao dwoc (b)

Phan tich kich thudc hat bang ZetaSizer (Ban raphene ra khoi cau tric graphite, tao ra graphene
! g g grap e, 1 .

1) cho thay kich thu6c trung binh cta graphene sau 6 kich thude nho hon va phan bo dong déu hon.
khi xur ly bang thi€t bi siéu 4m mat do cong suat lon 2 s A 1 s L1 o X

lién hoin da gidm ding ké so v kich thude cga D 1A% G0 chinh xde va kha yang thuy®t phuc,
graphite ban dau. Cu the¢, tai ngudng kich thude hat phep ;(.) £ 'C, ‘,C ? .Ae & g
nhé hon hoic bang 10%, 50% va 90%, graphene lan thay doi trong cau truc cua vat liu graphene do qua
luot co kicﬁ thude truné binh 14 0.1 8’ um, 0,35 um trinh boc tach bang thiét bi siéu 4m mat do cong suat
va 0.7 um, trong khi graphite tuoné tmg | 2{ 0 ’5 6 um 16n lién hoan gay ra. Hinh 7 1a két qua cua phép do
1,47 pm va 3,45 um. Két qua ndy chimg t6 hicu qua ~ ~~RD cua vt liéu graphite va vat li¢u graphene. Két
clia song siéu &m trong viéc boc tach cic 16p qua cho thay sy xuat hién cua dinh nhieu xa (002)
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tai goc 20 = 26,370 va dinh nhiéu xa (004) tai goc
20 = 54,50. Khi thoi gian boc tach 1a 5 gio, két qua
XRD cho thay cuong do dinh (002) giam, dong thoi
ban rong phd cua dinh (002) duge mo rong, diéu nay
duoc giai thich do chidu day ciia vat lidu graphene
giam xudng. Két qua XRD cho thiy qué trinh boc
tach bang thiét bj siéu 4m mat do cong suat 1on lién
hoan da lam cho vat li¢u graphene boc tach thanh
c4c 16p mong hon ma khong gay anh huéng dang ké
dén cau triic vat lidu graphene.

C(002)

—— Graphite
—— Graphene

Intensity (a.u.)

C (004)

20 0 0
26 (Degree)

Hinh 7. Két qua XRD cia vt liéu graphite va
vat liéu graphene

Bang 1. Kich thwéc ZetaSizer cia graphite va

graphene nhé hon hodc bing 10%,
50%, 90%
Kich thwdc hat D10 D50 D90
(um)
Graphite 0,56 1,47 3,45
Graphene 0,18 0,35 0,7
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Phan tich hinh anh TEM cho thay graphite (Hinh
8a) co kich thudc 16n, day, khong dong déu va co xu
hudng tu thanh dam, trong khi graphene (Hinh 8b)
d3 dugc tach thanh cac tim mong, c6 kich thudc
ddng déu hon. Két qua anh chup mit cit cua
graphene (Hinh 8c) ciing cho thiy graphite di duoc
boc tach dé tao thanh graphene véi do day khoang 9
nm. Sy khac bi¢t 16 rét gitra hinh dnh TEM cua
graphite va graphene cho thdy qua trinh rung siéu
4m mat do cong suét 16n lién hoan thanh cong trong
viéc tach cac 16p cua graphene.

Tt ca két qua da cho thy thiét bj siéu 4m cong
suét cao 1a cong cu hidu qua trong viéc pha v luc
lién két Vander Waals giita cac 10p graphite do tac
dong cua song siéu am cong sudt cao. Trong moi
truong chit 16ng, song siéu am tao ra cac bong bong
chan khong siéu nho do su nén va gian nhanh chong
cua dung moi. Nang lugng nhiét phat sinh trong qua
trinh nay ciing véi séng ép va song giam khién cac
bong béng cong hudng v ra, lam ting ap sudt va
tach roi cac 16p graphite dé tao thanh graphene
(Xiaoguang et al., 2019).

Nho kich thuée hat nho din dén dién tich bé mat
riéng 16n, graphene dwoc xem 1a vat liéu tiém ning
cho ung dung gia cudng 16p pht ma dién va son bao
vé. Graphene so hitu nhidu tinh chét co 1y wu viét,
khi duoc gia cudng vao 16p phu s& gop phan cai
thién dang ké hiéu suat cua 16p nén.

Hinh 8. Két qua TEM anh chup mit ngang ciia graphite (a), anh chup mit ngang ciia graphene sau
rung siéu am 5 gio' (b) va anh chup mat cat ciia graphene sau rung siéu am 5 gio' (c)

4. KET LUAN

Vit liéu graphene dugc ché tao thanh cong tu
nguyén liéu graphite bing cach sir dung thiét bi siéu
am lién hoan mat d6 cong suit 16n dat 2,2 kW/I. Qua
khéo sat hinh thai hoc bé mit bing FESEM, kich
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thude vay trung binh va d6 day cua graphene giam
xuong theo thoi gian va dat t6i wu sau 5 giod siéu am.
Két qua TEM cho thiy graphene thu dugc c6 do day
9 nm sau 5 gio siéu 4m. Pho Raman ciing khing dinh
su xuat hién cac dinh dic trung cta graphene trong
ciu trc. Phan tich ZetaSizer cho thdy graphene c6
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phé phéan bé kich thudc tir 80 nm dén 3 pm véi cuc
dai khoang 450 nm chiém 12,5%. Két qua phan tich
EDX cho thiy cuong d6 dinh (002) cua graphene
gidam va do¢ rong dinh (002) mo rong sau 5 gio siéu
am. Nhiing két qua nay di khing dinh thiét bi siéu
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