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NGHIEN CUU CHE TAO VAT LIEU GRAPHEN TU GRAPHIT
BANG THIET BI RUNG SIEU AM MAT PQ CONG SUAT LON

NGUYEN HAI YEN O, MAI THI PHUONG ", TRAN VAN HAU @,
NGUYEN CAO KHANG ®, NGUYEN VIET DUNG , NGUYEN THI NGOC TU ),
AU THI HANG @, TO ANH BUC ®, PHAM VAN TRINH ¥, POAN BINH PHUGNG ",
PHAN NGOC MINH @, vU THI THU HA @, BUI HUNG THANG

1. GIOI THIEU

Cho dén nay, vat li¢u graphen da thu hut dugc sy quan tam cua nhiéu nha khoa
hoc trong nhiéu linh vuc khéic nhau do nhiing tinh chét vat ly, hoéa hoc dac biét uu
viét. Vi céu tric co ban 2D, mang graphen duogc tao thanh tir cac nguyén tir cacbon
sap x¢&p theo hinh lyc gidc trén mot mat phang va con duge goi 1a ciu tric td ong [1],
trong d6 mdi nguyén tir lién két boi ba nguyén tir cacbon gan nhit bang lién két
cong hoa tri sigma (o) bén vimng tao thanh su xen phu cta cac trang thai sp, tuong
(mg v6i trang thai lai hoa sp®. Viéc ché tao thanh cong vat lidu hai chiéu (2D)
graphen da bo sung day du hon vé cac dang thu hinh ton tai trude dé cua cacbon 1a
than chi ba chiéu (3D), dng nano cacbon mét chiéu (1D) va fulleren khong chiéu
(OD). Graphen dugc cudn tron lai s€ tao nén dang thu hinh fulleren 0D, duoc quén
lai s& tao nén dang thu hinh éng nano cacbon 1D, hodc dugc xép chdng 1én nhau s&
tao nén dang thu hinh graphit 3D.

C6 nhiéu phuong phap ché tao vat liéu graphen nhu phuong phap vt 1y,
phwong phap hoa hoc,...[2-4]. Trong s6 d6, phuong phép tach 16p graphit trong pha
long dé tao thanh graphen 1a phuong phap don gian, c6 thé san xuat graphen véi s6
lwong 16n tir vat liéu graphit voi chi phi thp [5]. Phuong phép nay co thé duoc thuc
hién bang k¥ thuat dién hoa boc tach dién cuc graphit ché tao thanh mang moéng
graphen phéan tan trong dung dich H,SOy, hén hop dung dich H,SO4 cé chua
graphen dugc loc va rua nhiéu 1an dé loai bo axit. Tuy nhién, phuong phap nay co
han ché 1a phai sir dung cac hoa chat khong than thién vé1 moi truong [6,7]. Piéu
nay doi hoi phai c6 cong doan tach ria phan axit trong qua trinh ché tao graphen.
Ngoai ra, ché tao graphen tir graphit trong pha 16ng c6 thé tién hanh dudi su tac
dong ctia dung moi 1én graphit. Phuong phap nay duoc thyc hién dau tién boi Y.
Hernandez véi quy trinh gom ba giai doan: phan tan graphit trong dung moi, tach
cac lop graphit thanh graphen, va lam sach graphen [7]. Viéc boc tach céac 16p
graphit thanh graphen doi hoi phai pha v luc lién két Vander Waals giira cac 16p
graphen lién ké trong graphit. Thiét bi rung siéu 4m cong suét cao dugc dung dé tach
16p graphit thanh graphen do tic dong ctia ning luong song siéu 4m tan sb cao. Hiéu
qua cta qua trinh tach 16p phu thudc phan 1on vao mat do cong suét siéu am, néu
mat do cong suét siéu Am 1on sé tao ra ap sudt manh 1am tang hiéu suét tach graphit
thanh graphen [8].

Hiéu qua cua qua trinh tach 16p phu thudc nhiéu vao mat do cong suét siéu am,
cu thé néu mat do cong suét siéu am 1on s& tao ra ap suat manh hon lam tang hiéu
qué qué trinh tach 16p graphit thanh graphen. Tuy nhién nhitng nghién ctru hién nay
chi dung lai v6i nhiing thiét bi siéu &m c¢6 san trén thi truong voi mat do cong suét
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vua phai, vi¢c sir dung nhiing thiét bi si€u am mat do cong suat 16n véi mat dd cong
suat cao hon so v6i cac céac thiét bi si€éu &m thuwong mai co6 san trén thi truong theo
thiét ke riéng van chua dugc thuc hién nghién cuu.

Trong bai bao nay, tap thé nghién ctru dé xuit phuong phap ché tao vat lidu
graphen tir nguyén liéu graphit bang cach tach 16p trong pha long sir dung chat hoat
dong bé mat Tween 80 va thiét bi rung siéu am mat dé cong suat 16n theo két ciu
dic biét do tap thé nghién ciru tu ché tao. Thiét bi rung siéu 4m mat do cong suat 1on
va quy trinh ché tao vat liéu graphen tir nguyén liéu graphit ciing da dugc Cuc S6
hitu tri tué chap nhan don ding ky sang ché theo sé don 1-2021-03258 ngiy
03/5/2021. Bai bao nay ciing trinh bay chi tiét vé nhitng két qua nghién ctru hoc
thuat dat duoc tir viéc phat trién ndi dung ding ky sang ché néu trén.

2. PHUONG PHAP NGHIEN CUU
2.1. Vit liéu va thiét bi

Vit liéu graphit st dung trong nghién ctru dugc khai thac tir mé Yén Thai -
Vin Yén - Yén Bai bdi Cong ty TNHH Tép doan Graphite Viét Nam vdi ham lugng
C dat 95%. Chat hoat dong bé mit Tween 80 duoc mua tir cong ty Sigma - Aldrich.
Chat 16ng str dung trong qué trinh boc tach graphit thanh graphen 1a nu6c cat. Thiét
bi rung siéu dm mat 6 cong suit 16n duoc thiét ké va ché tao tai Trung tam Ung
dung va Trién khai Cong ngh¢ - Vién Khoa hoc Vit li¢u nhu trén hinh 1.

Hiéu qua cta qua trinh tach 16p graphit thanh graphen phu thudc 16m vao méat do
cOng suat siéu am, trong d6 mat do cong suat si€u am duoc xac dinh theo cong thirc:

,02; (1)

Trong d6: P 14 tong cong suat siéu 4m (W);

V 1a thé tich cia bé rung siéu 4m (m’);

p 1a mat d6 cong suét siéu am (W/m?).

Hinh 1. Thiét ké va hinh anh thiét bj rung siéu 4m mat d6 cong suat 16n ché tao duoc
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Tap thé nghién ctru dé xudt thiét bi rung siéu 4m c6 mat do cong suét 16n nhat
trong d6 bé rung c6 dang 1ap phuong va c6 kich thude twong duong voi kich thude
ctia ddu rung, dong thoi s6 dau rung duoc bo tri voi s6 luong tbi da la 05 dau rung
do hang Leobot Electronics cung cap voi tan sb 40 kHz, cong suat 40W duoc lap
vao 05 mdt ctia bé rung lam tur thép c6 dang hinh khoi 18p phuong véi kich thude
mSj canh la 5 cm, twong Gmg vdi thé tich bé rung 1a 125 cm’ nhu trén hinh 1. Véi
thiét ké nay mat dd cong suat cta thict bi c6 the dat gia tri 16n nhat la:

_ P _ 200w
=1600 (W/lit) (2)
TV 0,250 1250t

2.2. Quy trinh tach 16p graphit

Quy trinh ché tao vat liéu graphen tir nguyén liéu graphit bang phuong phap
rung si€éu am mat d6 cong suat 16n bao gdm cac budc sau (hinh 2):

- Khuéy déu 0,25 mg graphit va 2 ml chat hoat dong bé mit Tween-80 bang
may khudy tir trong 2 gio, trong do chat hoat dong bé mit Tween-80 déng vai trd
giam stc cang bé mit giita chat 1ong nén véi cac 16p graphen dé nang cao hiéu qua
tach graphit thanh graphen.

Graphit
(0,25 mg)
+ Khugy tir | Dung dich Nuérc cat
(2 gi®) Graphit
Tween-80
(2 ml) Rung siéu am coéng
suat cao
(1-5|gio)

Loc rira v&i | Dung dich
nudc cat Graphen

Graphen

Hinh 2. Quy trinh ché tao graphen tir graphit bang phuong phap siéu 4m mat do
cong suat 16n
- Hon hop graphit/Tween-80 & trén dugc phan tan vao 50 ml nude cét, sau d6
tién hanh rung siéu am & méat d6 cong suat 16n trong thoi gian tur 1 dén 5 gio.
- ’H(:)n hop graghen thu duoc & budc trén sau do tiép tuc duogc loc rira voi
nudc cat va say kho deé thu dugc vat li¢u graphen sau qua trinh boc tach.
2.3. Pac trung ky thuat
Dé khao sat hinh thai hoc bé mit ciia graphen, ching t6i sir dung kinh hién vi
dién tr quét phat xa truong (FE-SEM, S-4800; Hitachi, Nhat Ban) va kinh hién vi
dién tl’I’ truyén qua (TEM, JEM-ZIOO Electron‘Microscope, JOEL, Nhat Ban). Pho
phan bo theo kich thudc va thé Zeta dugc do bang may phan tich Malvern ZS Nano

S. Thiét bi Raman Spectroscopy (LabRAM HR 800, HORIBA Jobin Yvon - Phap)
duoc st dung d€ nghién curu va danh gia cau truc cua vat li€u graphen.
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3. KET QUA VA THAO LUAN

Pac trung vé mit hinh thai hoc cua vt liéu dugc khao sat béng kinh hién vi
dién tir quét phat xa truong. Hinh anh SEM cuia graphit dugc thé hién trong hinh
3(a) cho thay graphit c6 kich thudc vay phan bd trong khoang tir 1,5 - 4 um. Két qua
SEM cua graphit sau qua trinh rung siéu am véi thoi gian tr 1 gio (hinh 3b), 2 gio
(hinh 3c), 3 gid (hinh 3d), 4 gio (hinh 3e) va 5 gid (hinh 3g) cho thiy kich thudc vay
ctia vat lidu graphit sau boc tich cang nho va ddng déu khi thoi gian siéu am ting.
Kich thudc trung binh cua graphit sau qué trinh boc tich do dugc tir anh SEM la
khoang 900 nm, 450 nm, 420 nm, 400 nm, 350 nm tuong Gng vadi thoi gian si€u dm
lan luot 1a 1 gio, 2 gio, 3 gio, 4 gio va 5 gio.

Hinh 3. Két qua SEM cua vt liéu graphit (a) va graphen duoc rung siéu am voi thoi
gian
1 gio (b), 2 gio (¢), 3 gio (d), 4 gio (e) va 5 gio (g)
Hiéu qua boc tach bang phuong phap siéu am dugc giai thich qua hién twong
trong mai truong chat 1ong song si€éu am lam dung moi luc bi nén lai, luc bi gian ra
nhanh chéng tao ra nhitng bot bong bong chan khong siéu nhd, véi kich thudce si€éu nhd
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nay no co thé x4m nhap vao giira cac 16p graphit [9, 10]. Nang luong nhiét dugc tao ra
trong subt qua trinh cung voi song €p va song giam khién cac bot khi cong hudng v ra
dan dén ting 4p suét lam tach cac 16p graphit dé tao thanh vt liéu graphen.

Vit liéu graphit sau khi rung siéu 4m & mat do cong suét 16n vé6i thoi gian tir 1
dén 5 gio duoc tiép tuc do phd phan bd theo kich thudc va thé Zeta dé danh gia su
phan tan va d6 6n dinh theo thoi gian rung siéu 4m. Hinh 4 cho thiy sy phan b kich
thudc cua vat liéu véi thoi gian siéu 4m khac nhau tir 1 gid dén 5 gid. Két qua do cho
thiy kich thudc trung binh cia vét lidu 1a 931 nm, 419 nm, 411 nm, 408 nm, 317 nm
tuong tng voi thoi gian siéu 4m lan luot la 1 gio, 2 gio, 3 gio, 4 gio va 5 gio. Nhiing
két qua nay cho thay sy phu hop vé kich thudc voi két qua khdo sat hinh thai hoc bé
mat qua anh SEM, dong thoi cho thay cac dinh cua pho kich thudc graphit dich
chuyén theo huéng kich thudc nho, va FWHM thu hep dan khi tang thoi gian siéu
am. Vi thoi gian siéu am 1a 5 gio, phd phan bd kich thudc dat dén gia tri toi uu va
nho nhat khong thé giam thém. Ngoai ra, sy phan bd kich thudc cta graphen voi thoi
gian siéu 4m 14 5 gid cho thdy graphen c6 su phén tan tt va on dinh trong nudc cat.
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Hinh 4. Két qua phan b kich thudc cta graphen vai thoi gian siéu am khac nhau
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Hinh 5. Ph6 Raman ciia graphit voi cac thoi gian siéu 4m khac nhau

Bang 1. Tuong quan giira thoi gian rung siéu 4m va sd 16p graphen

Thoi gian Lp/Ig Panh gia
Graphit 0,507 ba lop
1 gio 0,550 Palop
3 gio 0,579 it 16p (< 10 16p)
5 gid 0,581 it 16p (< 10 16p)

Su thay ddi cdu triic ctia vat liéu sau qua trinh béoc tich bang thiét bi rung siéu
am mat do cong suat 16n duoc khao sat bang thiét bi Raman Spectroscopy. Hinh 5
thé hién phd Raman cuia graphit voi cac thoi gian siéu 4m khac nhau, két qua cho
thdy da xuat hién cac dac diém dic trung ciia vat liéu graphen trong phd Raman. Vi
két qua phdé Raman cia graphit ban dau xuét hién dinh G & budc song 1579 cm™ va
dinh 2D & budc séng 2707 cm™ 1a dinh déc trung cho lién két sp” [11,12]. V&i thoi
gian siéu 4m 1 gio, 3 gid va 5 gio xuét hién dinh D thé hién khiém khuyét ctia vét
liéu. Ti 1€ cudng @6 dinh D véi dinh G (Ip/lg) lan luot 12 0,319; 0,387; 0,677 tuong
Ung thoi gian si€u am 1a 1 gio, 3 gio va 5 gio. Piéu  nay cho thay cuong d¢ dinh D
tang 1én theo thoi gian siéu am, cau tric graphit xuat hién nhleu khlem khuyét hon
do anh hudng cua sy tao khe ho am thanh cuia song siéu am tan sé cao. Ti 1é giira
cuong do dinh 2D véi dinh G (Ip/lg) thé hién s6 16p ciia graphen [13-15]. Ty 1¢
cuong d6 Lp/lg 1a 0,507 twong Gmg vé6i graphit ban dau, va lan lugt 1a 0,550; 0,579;
0,581 twong Gng véi graphen sau qua trinh rung si€u am 1 gio, 3 gio va 5 gid. Dua
trén ty 1& Lp/I ctia phd Raman, co thé két luan rang ty 18 Lp/I ting 1én theo thoi
gian siéu am, dong thoi vat liéu graphen thu duoc ¢6 sb 16p nho hon 10 ung véi thoi
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gian siéu 4m 1a 3 gio va 5 gio. Két qua nay cho thdy song siéu am tan sb cao khong
chi lam giam kich thudc trung binh ma con tidch 16p graphit tao thanh vat liéu
graphen it 16p voi chat lugng cao.

Hinh 6. Anh TEM cua vit liéu graphen sau khi duoc rung siéu 4m 5 gid

Hinh 6 13 két qua do anh TEM cua vat liéu graphen sau khi d duoc rung siéu
am trong thoi gian 5 gio, két qua cho thdy do day cua graphen thu duoc 1a khoang
3,28 nm. Do khoang cach giita 2 16p graphen vao khoang 0,345 nm, két qua do cho
théy sb 16p cua vat li¢u graphen 1a nhé hon 10 16p va vat li€u thu dugc 1a loai
graphen it 16p, phit hop vai két qua phan tich Raman nhu d3 thu dugc & trén.

4. KET LUAN

Tap thé tac gia da nghién ctru va che tao thanh cong vat liéu graphen tir graphit
bang thiét bi rung siéu am mat do cong suét 16n. Hinh thai hoc bé mit, dic trung cau
trac va kha nang phéan tan cua vat li¢u graphen da dugc nghién ctru boi cac phép do
SEM, TEM, ZetaSizer va Raman. Két qua SEM cho thay kich thudc vay cua vat liéu
graphit sau boc tach cang nho va dong déu khi thoi gian siéu am ting. Két qua
ZetaSizer cho thiy kich thudc trung binh cua vat liéu 1a 931 nm, 419 nm, 411 nm,
408 nm, 317 nm tuong ng voi thoi gian si€u &m lan luot 1a 1 gio, 2 gio, 3 gio, 4 gio
va 5 gio, phu hop voi két qua kich thudc thu duge tir anh SEM. Két qua do phd
Raman cho thay ty 1€ cuong do Ip/lg 1a 0,319; 0,387; 0,677 va ty 1¢ cuong do Lp/Ig 1a
0,550; 0,579; 0,581 twong g vai thoi gian siéu am lan lugt 13 1 gid, 3 gid va 5 gio, két
qua cho thdy vat lidu thu dugc voi thoi gian siéu am trén 3 gid 1a graphen it 16p voi
s6 16p nho hon 10. Két qua do TEM cho thay do day cta vat liéu graphen thu dugc
v6i thoi gian siéu 4m trén 3 gio 1a khoang 3,28nm tuong tmg véi s6 16p cua vat lidu
graphen khoang 9 16p, pht hop véi két qua phan tich Raman thu duogc. Nhitng két
qua ndy da cho thiy su hiéu qua ctia phuong phap siéu am mat do cong suit 16n dé
tach 16p graphit tao thanh vat liéu graphen voi hiéu qua cao, chat luong tot va than
thién v&i moi truong.

Loi cam on: Nghién ciru dwoc hé tro tai chinh tir B6 Cong thuong theo dé tai
ma sé PT. CNKK.QG.001/21 va Vién Han lam Khoa hoc va Cong nghé Viét Nam
theo dé tai md s6 UDPTCN.04/21-23.
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SUMMARY

PREPARATION OF GRAPHENE FROM GRAPHITE BY HIGH-POWERED
DENSITY ULTRASONIC VIBRATION DEVICE

This paper presents an environmentally friendly and efficient method to
prepare graphene from graphite, in there a high-powered ultrasonic vibration device
is used to separate graphite into graphene in a liquid. During exfoliation, ultrasonic
waves provide mechanical energy to break Vander Walls bonds in order to split
graphite layers into graphene. Graphene was prepared by the exfoliation of graphite
layers in distilled water with Tween 80 surfactant and then the solvent was vibrated
at high power for 1 to 5 hours. The obtained results show that high-frequency
ultrasound is a powerful tool to break Vander Waals bonding forces between
adjacent layers in graphite. The SEM and ZetaSizer distribution results show that
with the average size of 931 nm, 419 nm, 411 nm, 408 nm, 317 nm, the ultrasound
time is 1 hour, 2 hours, 3 hours, 4 hours, and 5 hours, respectively. The TEM and
Raman results show that the graphene material has a thickness of about 3 nm
corresponding to the number of layers less than 10 as low-layer graphene. These
results show that high-frequency ultrasonic waves not only reduce the average size,
but also separate graphite layers, forming graphene.

Keywords: Graphene, graphite, exfoliation, ultrasonics, high-powered density,
boc tach, siéu am, mdt do cong suat lon.
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