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TOM TAT

Mucin dan dién nén vat liéu graphen s& hitu nhiéu tinh ndng uu viét nhu do dan cao, nhe, bén trong
mdi truong do d6 nd c6 tiém nang thay thé cac dong muc in nén kim loai quy nhu vang, bac, trong cac
mach dién td, thiét bi cdm bién. Trong bdo cdo nay, ching toi nghién cu ché tao cac tm graphen dé
phan tan trong dung moi géc nudc tir nguyén liéu gidy graphit bang phuang phap bdc téch dién phan.
Cackeét qua nghién cttu hién vi dién td quét (SEM) va hién viluc nguyén ti (AFM) cho thdy cdc tdm graphen
trong mucin c6 bé rong khodng 1- 2um va bé day 5 - 7nm. Dung dich gom nudc va 1% khi lugng chat
hoat ddng bé mét Polyvinylpyrrolidone (PVP) dugc st dung lam dung méi cho muc in nén graphen ché
tao dugc, PVP ciing dong thoi dong vai trd la chat két dinh. Mgt hdn hgp dong nhat dang long sét dugc
tao thanh sau khodng 1 gi6 siéu dm két hgp cting khudy tron. Véi nong do ~60mg/ml, muc in graphen
ché tao dugc cd thé phan tan 6n dinh trong 2 thang. Muc in ¢6 do dan 2.10°S/cm, bdm dinh chat lén dé
mica va kinh. Ngoai ra, su thay doi d6 dan theo diéu kién x Iy nhiét (tir 100 - 400°C) ciing dugc kho sat.

Tirkhda: Mucin dan dién; vat liéu graphen; phdn tdn graphen; bdc tdch dién héa.

ABSTRACT

Conductive printing ink based on graphene nanomaterial possesses many outstanding features such
as high conductivity, light weight, and durability in the environment, therefore it has the potential to
replace precious metal-based inks such as gold and silver in electronic devices and sensors. In this report,
we fabricate graphene nanosheets from graphite paper by electrochemical exfoliation technique. The
results of scanning electron microscopy (SEM) and atomic force microscopy (AFM) show that the
graphene sheets in the ink have the area of 1- 2um and a thickness of 5 - 7nm. The solution consists of
water and 1% by weight of the surfactant Polyvinylpyrrolidone (PVP) used as a solvent for the graphene-
based ink, PVP acts as a binder as well. A homogenous viscous mixture is formed after 1 hour of
ultrasonication combined with stirring. With a concentration of ~60mg/ml, the fabricated graphene ink
can be dispersed stably for 2 months. The ink has a conductivity of 2.10°S/cm, strong adhesion to the
mica and glass. In addition, the dependent of the conductivity on the temperature treatment (from 100
t0 400°C) was also investigated.

Keywords: Conductive ink; graphene material; dispersion of graphene; electrochemical exfoliation.
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1. GIGI THIEU

Hién nay dang ndi Ién nhu cau ngay
cang tang vé céc thiét b dién ti nho gon,
mém déo c6 kha nang deo mac dugc véi
cac muc tiéu Ung dung lién quan dén
cham séc, theo déi suiic khde con ngudi hay
ché tao robot siéu nho [1, 2]. Gan day, céng
nghé ché tao mach dién t sir dung mucin
dan dién la moét ky thuat tuong déi méi so
vGi nhiing cong nghé truyén théng khac
[3, 4], n6 c6 thé dap ung dugc nhu cau
trong viéc ché tao cac thiét bi dién ti noi
trén. C6 thé nadi tinh uu viét dang ké nhat
cta ky thuat in muc dan dién so véi
phuong phap quang khac truyén théng la
né khéng yéu cau nhiing thiét bi dat do véi
nhiéu cong doan phuc tap nhu ma, tao
mat na, khdc an mon. Han nira, cdng nghé
nay con lam gidm dugc nhiing yéu t6 doc
hai dén stc khée con ngugi [1, 5]. VGi
nhing lgi thé do, con c6 nhiing nghién
clu, Ung dung muc in dan dién trong
nhiéu linh vuc cdng nghé khac nhu ché tao
vat liéu mém déo luu trit nang lugng [6],
ché& tao cdm bién [7], ang-ten [8]. Hién nay,
nhiing muc in nén tang hat kim loai nhu
vang, bac, déng van dang |a san phdm phé
bién trong thuang mai bagi kha nang dan
dién tot vén co cia kim loai [9]. Mac du vay,
nhiéu han ché c6 thé thay ré déi véi mucin
kim loai la nguyén liéu gia thanh cao,
khong bén hoa hoc, doc hai va thudng yéu
ciu nhiét d6 thiéu két I6n [10]. D& khic
phuc nhiing nhugc diém do, viéc phat
trién cac dang muc in nén vat liéu
nanocarbon, ddc biét la nén graphen dang
rat dugc quan tam. Graphen, vat liéu nano
thap chiéu nén carbon, s& hitu nhiing dac
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tinh méila, trong dé dang chu nhat la kha nang dan dién dac
biét cao 6 ~10°(S/cm), @& mém déo 1én, bén hoa hoc trong
cac moi trudng. Ché tao muc in graphen c6 thé tao ra cac
thiét bi dién t& phan giai I6n, hay cac cdm bién c6 d6 nhay
cao van con phai déi dién nhiéu thir thach [1]. Yéu cau can
ban dau tién d6 la graphen phai dugc phan tan tot dé dé
dang thiét k& cac mach dan c6 chat lugng déng nhat. Do s&
hiru dién tich bé mat I1én, nén dudi tac dong cda luc Van der
Waals cac tdm graphen chua bién tinh c6 xu hudng lién két
lai v&i nhau sau khi dugc phan tan trong dung mai, goi la su
can hoa. Hién tugng nay lai dién bién nhanh trong cac dung
moi théng dung nhu nudc, cdn, axeton, béi ¢ su khac biét
I6n gilta ndng lugng bé mat clia cadc dung méi nay véi nang
lugng bé mat cta graphen [11, 12].

Mot s6 nghién ciru cho biét cac dung moéi cé nang lugng
bé mat gan v6i nang lugng bé mat cia graphen
(~40mJ/cm?) nhu  N-methyl-2-pyrrolidone (NMP -
40mJ/cm?), N,N-dimethylformamide (DMF -37,1mJ/cm?),
hay Ethylene glycol (EG -47,3mJ/cm?) ciing giip cho
graphen dé phan tan 6n dinh v6i néng dé cao (~2mg/ml) [4,
13]. Tuy nhién DMF va NMP lai kha d6c hai, do d6 khong lgi
ich cho tiing dung thuc té va san xuat cong nghiép, trong khi
EG lai c6 nhiét d6 bay hoi cao. Mot hudng tiép can khac la
bién tinh bé mat graphen dé chung trd nén ua nudc hon tu
dé gitp dé phan tan trong dung méi nén tang nudc hon,
trong d6 ngudi ta cé thé 1dy nguyén liéu than chi oxit réi st
dung cac phuong phép béc tach nhu siéu am hay khuay
déng hoa & t6c dod cao dé thu dugc graphen 6xit [14, 15]. Cac
g6c oxit nhu hydroxyl, epoxy, carboxyl lién két cong hoa tri
V@i cdc nguyén ti carbon lam bién d&i tinh chat ly héa cua
graphen [16]. Nhuoc diém clia phuong phap nay la rat khé
c6 thé loai bd hoan toan cac gbc ua nudc dé (qué trinh khir)
ma khoéng gay ra nhiing vi tri khuyét tat trén mang tinh thé
graphen, ti @6 lam gidm di dac tinh ¢6 hitu ca n6 [17-19].

Dé san xuat graphen véi san lugng 18n, thi boc tach than
chitrong diéu kién uét (wet routes) doi hai quy trinh va thiét
bi ché tao don gian, dac biét phu hgp cho ché tao muc in
graphen nén tang nudc [4, 20, 21]. Trong cac phuang phéap
&m udt, dién héa bdc tach tr mét thanh/tdm than chi (v4i vai
tro la dién cuc duong) dugc chd y trong mdy nam gan day
bai hé thiét bi don gian, dé kiém soét, thuc hién trong moi
trudng ap suat khi quyén thong thudng, héa chat st dung
don gian, khéng doéc, téc déc nhanh véi hiéu suat cao, lai dé
nhan rong quy mo san xuat cong nghiép [22-24]. Trong bao
céo nay, chdng téi st dung phuong phap dién phan dé ché
tao graphen xuat phat tir nguyén liéu tdm gidy than chi véi
dung méi la dung dich mu6i (NH4),SO4theo ggi y ctia Khaled
Parvez va cong su [23]. Nh& viéc st dung dung méi cé pH
trung hoa, cac tam graphen chi bi oxy hda nhe, vira khéng
qua lam t8n hai dén dic tinh dién cta graphen va vira ciing
giup graphen ua nudc han, tir d6 dé phan tan vsi nong dé
cao theo yéu cau ctia myc in. D& tang su 6n dinh cho phan
tan graphen trong muc in, ching t6i s dung
Polyvinylpyrrolidone (PVP) la mot polymer hoa tan trong
nuéc, vira cé vai tro |a chat két dinh cho muc [én dé in. Qua
trinh xt ly nhiét dé cai thién d6 dan sé dugc khao sét.
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2. THUC NGHIEM
Toan b qua trinh ché tao mucin graphen tir nguyén liéu
than chi dugc mo ta trén so d6 hinh 1a. Cac cdng doan chinh
lan lugt gém co dién phan béc tach than chi, loc ria, siéu am,
chiét tach, thém phu gia, sdy, siéu am két hgp khuay.
(a)
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Hinh 1. (a) So d6 quy trinh ché tao mucin graphen; (b) So d6 hé dién hoa lam
truong nd than chi; () Hé loc hiit chan khéng tao gidy graphen dé xac dinh nong
d6 dung dich
2.1. Dién héa ché tao than chi truong né

Qua trinh dién hda lam truong nd than chi dugc thuc
hién & dién thé xap xi 10V. Trong suét qua trinh dién hoa,
than chi dang tam gidy (d6 day 0,5mm) c6 khéi lugng ~5g
dugc gan véi cuc duong (anode) clia nguén, con cuc am
(cathode) la dién cuc tro Pt. Ching t6i s dung mudi
(NH,4),SO,4 hoa tan trong nudc v6i ndbng do tir 0,5 mol/lit lam
dung dich dién ly (hinh 1b). Khi dugc nhing xuéng dung
dich dién ly, 14 than chibi an mon dan, cling ltc coc dién hoa
dugc nang cham Ién dé qua trinh phan ng béc tach khéng
bi gian doan. Khoadng cach gilta anode va cathode ctia hé la
5cm. Dong dién dao dong trong khoang 1,0 dén 1,2A.

2.2, Siéu am boéc tach va phan tan graphen

Qua trinh dién hoéa cho san pham la cdc manh than chi
truong nd, chung cé xu hudng néi lén bé mat dung dich dién
ly. Than chi truong n& dugc gom lai va loc rira it nhat 5 1an
bang phuong phap loc chan khéng dé loai bé hoan toan
mudi dién ly con du. Bé loc chan khong bao gém phéu, binh
loc, 6ng silicon - bam hat chan khéng (minh hoa trén hinh
1c). Mang loc PTFE (Polytetrafluoroethylen) c6 kich thudc
0,47um. Sau qua trinh loc rira, than chi truong né dugc khudy
nhe trong nudc cat trong 5 phut vai ty [& ~ 5mg/ml réi siéu
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am bang bé siéu dm vdi cong suat 300W trong 15 phut.
Dung dich graphen lic nay van tén tai moét lugng nhat dinh
b6t than chi chi du, c6 thé loai bd ching don gidn bang cach
dé yén lang dung dich graphen trong 2 ngay, sau dé chiét
gitt 1y phan dung dich phia trén (50%), hodc c6 thé tang téc
qua trinh lang cén bang ly tam dung dich véi téc dé 500
vong/phut trong 1 gid.

Néng do6 cta dung dich phén tan dugc xac dinh bang ky
thuat loc hut chan khong. Mét lugng khodng 40ml dung
dich graphen dugc dua vao phéu, sau d6 viéc bom huat chan
khong dugc thuc hién dén khi mang tu khé. Mang graphen
dugc tiép tuc sdy 6 80°C trong 10 gid roi dugc boc tach khoi
mang PTFE, ta c6 dugc gidy graphen. Néng d6 clia dung dich
phan tan dugc xac dinh bang ty s6 cta khéi lugng gidy va
thé tich ctia dung dich loc.

2.3. Ché tao muc in graphen

DPé c6 dugc muc ingraphen phu hgp cho tiing phuang
phap in, dung dich graphen dugc say kho bang ky thuat say
lanh. Tiép dén, bot graphen va 1% theo khéi lugng phu gia
dugc phai tron cling véi lugng dung moi nhu nudc, con theo
dung néng d6 tuong dng véi cac ky thuat va diéu kién in.
HAn hgp gébm dung moi, graphen, va phu gia dugc siéu am
nhe, va khudy ky trong khoéng 1 gig, ta thu dugc san pham
muc in cudi cing. Trong bai bao nay, muc dugc in bang ky
thuat vé phun, néng dé pht hgp la ~60mg/ml trong dung
moi nudc.

2.4. Cac ki thuat phan tich dac tinh

Pé quan sat kich thudc, hinh thai hoc va tinh chat dao
déng mang tinh thé cla cac tdm graphen, mot mang gém
rdi rac cac tdm graphen dugc chudn bi trén dé Si/SiO, bang
ky thuat nhung kéo. Mot dung dich graphen lodng
(~0,1mg/ml) véi dung méi ethanol dugc chudn bi cho qua
trinh pht mang. Bé Si/Si0, dugc nhing chim dudi bé mat
dung dich roi dugc kéo 1én khoi bé mat dung dich theo
huéng chéch 45°. D& chia graphen dugc dé tu kho trong
khéng khi, sau d6 dugc sdy nhe & 60 °C thém 30 phut dé loai
bd hoan toan dung moi du trén bé mat clia dé€. Tinh chat dao
déng mang tinh thé dugc khdo sat bang phé phat tan xa
Raman, nhan hiéu thiét bi: Dongwoo Optron, Ramboss-Star.
Hinh thai hoc clia cai tdm graphen dugc quan sat bang kinh
hién vi dién t&r quét (SEM: JEOL JSM-6500F). Thong tin vé bé
day cla tam graphen dugc khédo sat bang kinh hién vi luc
nguyén ti (AFM). D6 dan cia mang graphen dugc danh gia
bang hé 4 mai do (JANDEL ENGINEERING).

3. KET QUA VA THAO LUAN
3.1. Ché tao dung dich graphen

Trudc hét, khi dién thé 10V dugc ap vao trong dung dich
dién ly chia (NH4),S040,5M, dién cuc duong than chi bi dan
hoa tan tao thanh cadc manh than chi truang nd, ndi lén bé
mat dung dich. Sau khi than chi truong né dugc thu gom lai
thi viéc loc rira bang phuong phap loc chan khéng can thuc
hién nhiéu lan, it nhat 5 lan. Mot lugng nho muéi dién héa
con du lai sé anh hudng dang ké dén kha nang phan tan cta
dung dich graphen sau khi tién hanh siéu am bdc tach
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graphen trong dung méi nudc. Hinh 2a la dnh chup haidung
dich graphen trong dung méi nudc sau khi dugc siéu am
trong cling diéu kién sau dé dé trong vai gid, dung dich bén
trai chita graphen dugc 5 1an loc ria, con bén phai chi 1 lan
loc rdia. Bang mat thudng, ta dé thdy graphen (trong céc
nghiém bén tréi) dugc loc rira nhiéu lan phan tan tét, con
graphen dugc loc rira chi mét 1an thi dé bi céan hoa (c6c bén
phai). Nhu vay, cac ion mudi du lam thay déi dang ké tinh
chat cta dung moéi nudc trong viéc phan tan cac tdm
graphen, va do d6 can dugc c6 gang loai sach.

(b)

Hinh 2. (a) Dung dich graphen phan tan va khdng phan tan; (b) Gidy graphen
ché tao bang phuang phap loc chan khong

Cac bdo cao trudc day [25, 26] da chirarang, graphen ché
tao bang phuong phap dién hda c6 chira mot ty 1& nguyén
t6 Oxy, lién quan dén mot s6 géc nhom chiic ua nude. Bay la
nguyén nhan giai thich cho kha nang dé phan tan cua
graphen chung t6i ché tao dugc trong dung méi géc nudc.
Pén day, ching t6i c6 danh gid muic dé phan tan cla
graphen bang viéc xac dinh néng d6 ctia dung dich graphen
da néu phan trén. Sau khi dugc ly tam & téc d6 1500
vong/phut trong 1 gid dé loai bd hoan toan cac hat graphit
du, khoang 40ml dung dich graphen phia trén (supernatant)
dugc dua vao hé loc chan khéng. Tam gidy graphen sau khi
dugc sdy khé (hinh 2b) c6 khéi lugng ~65mg. Do d6, ndng
do dung dich graphen thu dugc la ~1,6mg/ml.

DPé quan sat hinh théi hoc cac tdm graphen, dung dich
graphen dugc sdy thiang hoa réi nghién thanh bot min. §
day, ky thuat sdy thang hoa gitp han ché viéc cac tap
graphen lai véi nhau dan t&i qua trinh béi lang
(sedimentation). Anh SEM chup cac tdm graphen trén hinh
3a cho thdy cac tam graphen c¢6 kich thudc trung binh tir 1 -
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2um, két qué nay phu hgp vdéi anh chup hién vi quang hoc
trén hinh 3b. Quan sat trén hinh 3c &nh kinh hién vi luc
nguyén ti& (AFM) cia mot manh graphen déc trung, ta thay
d6 day la ~6nm, do d6 s6 I6p tueng ting nho hon 10.

Phé tan xa Raman dugc s dung dé danh gia cac vi tri
khuyét tat trong mang tinh thé graphen. Hinh 3d 1a két qua
phé tan xa Raman cla cac tdm graphen nam trén dé SiO,/Si
nhu da thay & hinh 3b. Binh dao dong D (vi tri ~1350cm™) biéu
dién mode dao déng thé clia cac nguyén tr carbon sp? tai cac
vi tri khuyét tat nhu viing bién, cdc nhom chiic hoac cac vi tri
khuyét [27]. R6 rang cudng do dinh D nhé hon dang ké so véi
dinh G, tir d6 chi ra rang muic d6 khuyét tat trong mang tinh
thé ctia graphen la nhd. So vdi graphen oxit khir bang phucng
phap nhiét thi mdc d6 khuyét tat ché tao bang ky thuat dién
hoéa trong bao céo nay nhé hon dang ké [28], két qua nay cling
phu hgp véi mét s6 bao cao trude day [23, 25, 29]. Muc dé
khuyét tat nho 1a mot trong nhiing diéu kién quan trong dé
dat dugc dé dan dién cao ctia muc in graphen.
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Hinh 3. Hinh thai hoc va tinh chét dao ddng mang tinh thé: (a) anh SEM, (b)
anh hién vi quang hoc, (c) &nh hién vi luc nquyén t va (d) phd tén xa Raman clia
cactam graphen
3.2. Théng s8 co ban cia muc in graphen

Vé&inéng d6 >100mg/ml, sdn phdm graphen phan tan c6
dang bun sét nhu hinh 4a. Khi néng d6 cao nhu vay, bun
graphen cé d6 nhét cao (>10000cp), thich hop véi ky thuat
in luGi (screen printing) [30]. D& ¢4 thé in bdng mot s6 ky
thuat khac, chdng han nhuin phun, thi mucin can loang hon
(~60mg/ml), tuong Ung voi d6 nhét dugc giam xudng
~1000cp. Hinh 4b la anh chup ctia muc in graphen véi nbng
dé 60 mg/ml, muc lodng hon nén ¢é thé tao thanh vét chay
dai. D6 nhét xac dinh dugc khi ti 1é truot (shear rate) thap co
gia tri trung binh la 960cp. Khi ty 1é trugt tang dan (tuong
(ing v&i t8c d6 clia truc quay trong may do), muc in biéu hién
chat I6ng phi Niu-ton véi dé nhét gidm xudng ¢& 700cp khi
téc do quay dat 50 vong/phut. Vi ndong dé va do nhét trén
day, chang téi thiét ké dugc mot mach in sir dung ky thuat
vé phun, nhu trinh bay trén hinh 4d. Bé mat dugc in la lam
kinh va mica dugc dat ti€p xuc vdi dia gia nhiét (khoang 80
°C) dé diéu chinh t6c dé khé ciia muc in. Pau voi dun muc cé
nhiéu kich thudc khac nhau tir 0,16 dén 0,5mm dé tuy chinh
hinh théi hoc va cu truc cla I6p vat liéu. C6 thé quan sat
thay mach in kha manh, déng déu. Sau hai thang bao quan
G diéu kién théng thudng, ching t6i quan sat thady muc van
gitt dugc su déng nhat va mach in van dam bao dugc su
dong déu, khong biloang nhoe hay tdc muc.
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Hinh 4. (a) (b) va (d) lan lugt la anh chup ban graphen, muc in graphen va
mach in graphen bdng ky thudt phun vé; (c) d nhét ctia myc in theo toc d9 do
quay ctia truc do; (e) D9 dan cia mach in theo nhiét do nung

Cudi cung dé lam t6i da dd dan clia mach in, ching toi
tién hanh xt ly nhiét véi nhiét d6 tang dan dén 400°C, thai
gian duy tri nhiét d6 la 20 phut. Su phu thudc ctia d6 dan
dién cta mang mach in graphen vao nhiét do nung dugc
biéu dién trén biéu dé hinh 4e. Hién tugng d6 dan cia mang
graphen tang vot tu 700S/cm t&i 2000 S/cm tai gia tri nhiét
dé 250°C la do sy phan hay phu gia PVP. Gia tri d6 dan dat
cuyc dai khi nhiét d6 nung la 350°C. Tuy nhién, v&i nhiét do
nung trén 300°C, thi su lua chon cac loai dé€ bi han ché di
dang ké, dac biét 1a cac loai d€ géc nhua.

4, KET LUAN

Tém lai, ching t6i da ché tao muc in dan dién nén
graphen vai dung méi nudc, xuat phat tur nguyén liéu than
chibang phuong phap dién hoa, trong d6 st dung PVP déng
thai la chat hoat dong bé mat va chat két dinh. Qua trinh ché
tao dugc thuc hién bang cac cong cu don gian, dé diéu
chinh, c6 nguén nguyén liéu va céng doan ché tao chi phi
thap. Cac tam graphen ché tao dugc c6 kich thudc trung
binh ~1um va dé day 5 - 7nm. Véi néng d6 60mg/ml, dé
nhét trung binh cia muc in graphen ~900c¢p, phu hop véi ki
thuatin phun. Sau khix{ ly nhiét & > 250°C, d6 dan ctia mach
in graphen dat dugc ~2.103S/cm. Véi gia tri nay, muc in
graphen c¢6 tiém nang dugc ap dung dé ché tao cac mach
dién ti ing dung trong cac cdm bién mém déo, dé deo mac.
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