Nghién ciru khoa hoc cong nghé

UNG DUNG KY THUAT IN 3D PE CHE TAO PIEN CUC MANG MONG
TREN CO SO COMPOSITE GRAPHEN OXITE / POLYVINYL ANCOL
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Tém tit: Bai bao nay trink bay phwong phap ché tao muc in trén co so graphen
oxit/polyvinyl ancol va umg dung ky thudt in 3D dé ché tao dién cuc mang mong. Pdu tién,
gel graphen oxit (GO) dwoc tong hop bang phirong phdp Tour. Sau dé, gel GO dwge trén
hop véi dung dich polyvinyl alcohol (PVA) theo ti Ié thich hop dé tao thanh dung dich mirc
in. Bdc trung hinh thai hoc va thanh phan héa hoc ciia GO phan tich bang phwong phdp
hién vi dién tir quét (SEM), hién vi dién tir truyén qua (TEM), phé tin xa ndng lwong
(EDX). Muec in GO-PVA dwoc in trén dé graphit va xdc dinh cdc ddc trung dién héa bang
phwong phdp phan cuc vong da chu ky (CV) trong dung dich Ks[Fe(CN)e]/Ka[Fe(CN)e] 10
mM. Két qud nghién citu cho thdy, véi ham lwong PVA chiém 12% trong hon hop GO-
PVA thi hé composite bén nhdt va dién cuc ché tao dwge c6 hoat tinh dién héa tot nhat.

Tiwr khéa: In 3D; Pién cuc; Graphene oxit; Polyvinyl alcohol.
1. PAT VAN PE

Ké tir khi duoc phat hién vao nam 2004, graphene da thu hut dugc sy quan tim nghién ctru
ctia nhidu nha khoa hoc trén thé gidi. Cho dén nay, nhiéu cong bd chi ra rang, dién cuc trén co s¢
graphene 13 (mg vién tiém ning trong nhiéu tmg dung khac nhau nhu: transistor hiéu g trudng
(FET), t& bao pin mit troi, diot phat quang (LED), cam bién dién hoa, dc quy va siéu tu dién
[1],... V&i nhiing tinh chit vu viét clia graphene nhu: tro vé mat hoa hoc, do bén co hoc rt 16n,
do dan nhiét va dan dién cao, vat liéu ndy co trién vong tng dung cao, dic biét 1a trong linh vuc
dién hoa [2]. Hon nira, v6i kha nang téng hop lugng 16n tir graphit, vét liéu trén co s¢ graphen
tro nén hap din hon, htra hen tiém ning phat trién cac linh kién dién hoa hiéu ning cao véi gia
thanh hop ly.

Mang méng graphene thudong dugc tong hop tir dung dich va tao mang mong bang k¥ thuét
spin-coating, drop casting, Langmuir-Blodgett (LB), self-assembly. Trong nhimg nam gan day,
cong ngh¢ in 3D phat trién manh mé, giup cho viéc ché tao khudén mau chinh xéac va dé dang hon
rat nhiéu. Ung dung ciia cong ngh¢ in 3D dang phat trién rong rai tung ngay, tham nhép sau to1
moi linh vyc trong cudc song. Viéc ap dung ky thuét in 3D trong ché tao mang mong md ra mot
hudng nghién cru méi mé va day trién vong [3]. Bang k¥ thuat in 3D, cac mang mong co thé dé
dang kiém soét dugc chiéu day ciing nhu hinh dang ctia mang v&i do chinh xéac cao thong qua su
Kiém soat ciia may tinh.

Trong bai bao nay, ching t6i tong hop graphene oxit bang phuong phap héa hoc, sau do,
mang composite graphene oxit/polyvinyl alcohol dugc ché tao bang ky thuat in 3D.

2. THUC NGHIEM
2.1. Nguyén ligu va héa chit, thiét b

Nguyén liéu, héa chat: Bot Graphit (46 tinh khiét 95- 99%), H,SO, (98%), HsPO, (85%),
HNOs (63%), KMnO, (d6 tinh khiét 99%), PVA (M= 20.000), etanol (96%). Gidy graphite
thwong mai dugc mua tir hang Xiamen TOB New Energy Technology véi dién tr¢ khang dat 3
m€Q/cm?. Céc hoa chat va dung mdi duoc sir dung khong qua tinh ché.

Thiét bi: Anh hién vi dién tir quét (SEM) ctia vat liéu duoc phan tich trén thiét bi JEOL SM-
6510 LV (Nhat Ban). Chiéu day cua 16p muec in duge xac dinh bang phuong phap SEM vé&i mit

cit ciia dién cyc. Anh hién vi dién tir truyén qua (TEM) cua vat liéu dugc phan tich trén thiét bi
TEM Tecnai G2 20S-TWIN. Pho hong ngoai ctia cac miu duoc ghi trén quang phd ké hong
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ngoai bién d6i FTIR NEXUS 670 trong ving 4000-400 cm™, mau dugc ép vién rin voi KBr tai
Vién KV thuédt Nhiét doi, Vién Han lam Khoa hoc va Cong nghé Viét Nam. Phd EDX duoc do
trén may JSM 6610 LA, JEOL Nhat Ban tai Vién Hoa hoc-Vat liéu, Vién Khoa hoc va Cong
nghé quan su.

May in 3D 1a san pham nghién ciru ciia Vién Ky thuat nhiét doi, voi cac thong sO ky thuat:
Ving in 190 x 190 x 120 mm; Do phan giai chuyén dong cac truc: 0,01 mm; Nhiét d6 ban in:
nhiét d§ moi truong + 100 °C; Bg day 16p in 0,1 mm + 0.3 mm; Téc d¢ in: 1 + 20 mm/s; Myc in
long, dung tich <5 ml; Diéu khién bang may tinh qua phan mém diéu khién Repetier Host. Mau
in thiét k& 10 x 20 x 0,4 mm trén phan mém v& 3D (nhu SolidWorks), luu dudi dinh dang *.stl
va duoc chuyén sang G-code dugc tinh toan v6i phdn mém tinh todn ma G (nhu KISSlicer). Cac
thong s6 dé tinh toan co ban nhu sau: D day 16p in: 0,2 mm; P rong duong in: 0,4 mm; Do
phu: 100 %; Tbe @6 in: 1 mm/s; Nhiét d6 ban in: 80 °C. Tép tin chira ma G sau do dugc st dung
dé diéu khién mdy in dé in vat liéu 1én dé hinh thanh dién cuc.

Hoat tinh dién hoa cta dién cuc dugc ghi trén may do dién hdéa Biologic nhiéu kénh VSP
3000, Phap, tai Vién Ky thuat Nhiét d61, Vién Han 1am Khoa hoc va Cong nghé Viét Nam. Cac
dién cuc dugc danh gia hoat tinh dién hoa bang phuong phap phan cuc vong da chu ky (CV)
trong dung dich Ks[Fe(CN)e]/Ks[Fe(CN)s] 10 mM. Binh dién hoa st dung 1a binh ba dién cuc:
dién cuc 1am viée 1a dién cuc duge in 3D c6 dién tich bé mat 1 cm?, dién cuc so sanh 1a dién cuc
calomel bdo hoa (SCE) va dién cuc ddi 1a mot tim lué6i platin. Cac phép do dién héa dugce tién
hanh trén thiét bj do dién héa Biologic nhiéu kénh VSP 300. Céc thi nghiém dugc thyc hién ¢
nhiét d6 phong.

2.2. Quy trinh ché tao muc in trén co s GO/PVA

Lay chinh xac 90 ml H,SO4 va 10 ml HsPO, vao binh ciu, dit trén khay d4 1am lanh. Can 1
graphit va 6 g KMnO,. Cho graphit vao hdn hop axit, khudy nhe cho t6i khi graphit phan tan
déu, sau d6, lam lanh hdn hop béng nudc da sao cho nhiét d6 cia hé khong qua 10 °C. Khi nhiét
d6 ctia hé dat t6i 10 °C bt dau thém tir tir KMnO4 vao hdn hop, tiép tuc khudy thém 10 phat nita
dé dam bao hén hop graphit va KMnO4 phan tan déu. Pun néng hdn hgp & khoang nhiét do
70 °C+ 80 °C trong thoi gian 3 gio. Hon hop sau phan ung dugc lam ngudi téi nhiét do phong.
Thém 10 ml H,0, 10% va khudy tiép 15 phat dén khi dung dich c6 mau vang nau. Tiép tuc
khudy hdn hop thém 15 phut nira rdi pha lodng hdn hop bang nudc cét trong coc thé tich 2 lit.
Hdn hop dugc dem ly tdm nhiéu lan dé loai bo cac chat du sau phan (mg cho dén khi dung dich
dat méi truong trung tinh. Trong 3 1an rira cudi ciing, san phim va nudc duoc dua vao thiét bi
siéu 4m, siéu 4m trong vong 20 phit, sau d6, ly tim thu duoc san pham gel GO.

Hut chinh x4c 5 ml gel GO ndng d6 8 mg/ml vao cdc thuy tinh, khudy 15 phit trén bép khudy
tir voi toc do 200 vong/phit. Sau d6, siéu am tiép dung dich GO nay trong 5 phut nita dé dam
bao dung dich dong nhat. Thém vao dung dich gel GO mot lugng polyvinyl alcohol thich hop,
khudy déu hdn hop trong 10 phut r6i tiép tuc siéu 4m thém 5 phit nita dé dung dich phan tan déu
thu duoc muyc in ki hiéu 1a GO-PVA. Cac mau muc in duogc thay d6i ham luong PVA 1an luot 1a
0,4, 8,12, 16% va dugc ky hié¢u la GO, GO-PVA4, GO-PVA12, GO-PVALG.

2.3. Quy trinh ché tao dién cue

Cac mau muyc in dugc hat can than vao xi lanh dung tich 5 ml (tranh aé bot khi xuét hién
trong xilanh vi c6 thé gy tac myc trong khi in). Dé graphite dugc cat thanh tim véi kich thude
2.5 cm x 2.5 cm, ria sach bang nudc cat, sau do trang lai bang axeton, dé kho ty nhién. bé
graphit dugc gitr ¢6 dinh trén ban giit nhiét va duoc giit & nhiét do 80 °C trong sudt qua trinh in.
Mau dién cuc dugc thiét ké voi kich thude 1 cm x 2 cm. Qua trinh in 3D ché tao mang mong
dugc kiém soat chit ché théng qua phan mém Solidworks véi tbe dd in 2 mm/s; chidu day mdi
16p myc in 1a 0,2 mm; chiéu rong ciia moi dudng in 14 0,25 mm. Luong dung dich muc in dugc
kiém soat voi thé tich 0,08 ml/cm?2. Cac dién cuc duogc in mot 16p mong, sau do, dé khé ty nhién
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va 16p thir hai lai duoc in chong 1én 16p thir nhat. Qua trinh in ldp lai nhiéu lan cho dén khi dat
dugc d6 day 16p phu nhu mong mudn. Trong bai bao nay, ching toi tién hanh tao 16p mang
mong bang cach in 3 chu ky lién tiép cac mau muc in GO (8 mg/ml), GO-PVA4, GO-PVA12,
GO-PVAI16 duoc cac dién cuc GO, GO-PVA4, GO-PVA12, GO-PVAI6 tuong tmg. Cac miu
dién cuc sau khi in 3D duoc séy kho ¢ 100 °C trong 30 pht.

3. KET QUA VA THAO LUAN
3.1. Nghién ctru dic trung tinh chét ciia graphene oxit
Hinh thai cdu trac ciia bot graphit, gel GO, composit GO-PVA, dugc phan tich bang kinh hién

vi dién tir quet SEM. Chiéu day 16p myc in GO-PVA dugc xdc dinh bang phuong phap SEM véi
mat cat cua dién cuc. K&t qua thé hién trén hinh 1.

SR 20kV WD13mniISEH IMS-NKL 6,0kV 4. 2mm x20.0k SE(M) 2.00um

IMS-NKL 5.0kV 8.7mm x10.0k SE(M)

c

IMS-NKL 5.0kV 8.7mm x10.0k SE(M)

Hinh 1. Anh FE-SEM cuia (a): Graphit, (b): Graphen oxit, (c): Composite graphen oxit-polyvinyl
ancol, (d): Mt cat composite graphen oxit-polyvinyl ancol.

Két qua phan tich hinh thai cdu tréic trén hinh 1a va hinh 1b cho ta quan sat thdy qua trinh boc
tach hoa hoc graphit tao GO da dién ra thanh cong. Ban dau, graphit c6 cu tric dang l6p day va
chua thé thiy dwoc su phan 16p. Pic diém hinh thai hoc cua cua graphit da thay doi rd rét,
chuyén tir dang khdi day sang dang mang moéng, tao thanh 16p rd rét, & giita tao nhiéu khoang
tréng. Didu nay 1a do viéc hinh thanh thém cic nhém chirc & bé mat trén cau trac graphit dan dén
sw gidn nd va tach thanh cc 16p mong. Quan sat hinh Ic, co thé thiy voi composite GO-PVA,
PVA c¢6 cAu tric hat tron, phu kin bé mit dién cuc. Anh FE-SEM mit cit ctia mau dién cuc
composite GO-PVA cho thy chiéu day 16p muc in 3D khoang 3,59 pm.

Thanh phan pha tinh thé va ciu tric ctia cac mau graphit, GO tong hop duoc xac dinh bang
phuong phap nhiu xa tia X. Két qua duoc trinh bay & hinh 2.
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Hinh 2. Pho XRD ciia mau (a): Graphen oxit, (b): Graphit.

Gian d6 XRD ¢ hinh 2b cho thy, pic graphit ban dau c6 d¢ két tinh cao véi pic dic trung c6
cuong dod 16m va sic nét tai goc nhicu xa 20 = 25,9° khoang cach gifta cac 16p cacbon trong
graphit 1 0,35 nm. Sau khi bi oxy hoa, cudng dd pic dic trung cua graphit ¢ 26 = 25,9 da giam
di dang ké va thay vao d6 la sy xuat hién cua pic & goc 20 ="1 1,4° dac trung cho vat liél{ GO [5],
khoang cach gitra cac 16p cacbon da dugc nang lén dang ké tir 0,35 nm 1én 0,77 nm. O GO da
xdy ra qua trinh oxy hoa graphit tao ra cac nhom chirc chira oxy nhu -OH, -O-, -C=0 va -COOH
chén vao gitra cac 16p dan dén lam tang khoang cach giira cac 16p cacbon trong graphit.

Thanh phan hoa hoc ciia rr,15u composite GO-PVA dugce phan tich bang phuong phap phd ning
luong tan xa tia X (EDX). Két qua ¢ hinh 3 va bang 1 cho thay c6 2 peak nang luong chinh chira
cac nguyén t6 thanh phan C va O, trong d6, C chiém ti 1€ 57,36% va O chiém ti 1¢ 41,74%. Ngo‘éi
ra, mau vat liéu van con chira moét luong nho S va Cl chiém 0,40% va 0,50% tuong tng. Picu
nay c6 thé dugc giai thich trong qua trinh rira GO van con lugng vét axit H.SO4 va HCI.

Bing 1. Thanh phan héa hoc ciia mau composite graphen oxit - polyvinyl ancol.
Nguyén t6 C o) s | cl

% khoi lwong | 57,36 | 41,74 | 0,40 | 0,50

.
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Hinh 3. Phé nang liwong tan xa tia X ciia graphene oxit - polyvinyl ancol.
3.2. Khdo sat hoat tinh di¢én héa ciia dién cuwe

bién cuc GO duoc st dung k¥ thudt von-ampe vong trong dung dich
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Ks[Fe(CN)s)/Ks[Fe(CN)e] 10 mM. Piéu kién do CV trong khoang thé tir - 0.4 V t6i +0,1 V (theo
SCE) dé tranh qua trinh oxy hoéa khir nudc, toc d6 quét S0 mV/s trong 10 vong. Két qua thé hién
trén hinh 4.

2.0

<l|>mA

ASt+——rFF—7"—"+—7——7"—"—7—"+—
.06 -04 -02 00 0.2 0.4 0.6 0.8 1.0 1.2

Ewe/V

Hinh 4. Buong phdn cuc CV cia dién cuc graphene oxit trong dung dich
Ks[Fe(CN)s]/Ka[Fe(CN)e] 10 mM, toc do quét thé 50 mV/s.

O chu ky quét thé dau tién, xuat hién pic oxy héa cua GO ¢ 0,29 V, tuong mg vdi cudong do
dong oxy hoa dat 0,55 mA. Tlep tuc quét thé vong da chu ky dién cuc GO trong dung dich
Ks[Fe(CN)s]/Ks[Fe(CN)s] nhdn thdy cuong do dong oxy hoa ioxn lién tuc ting. O vong quét thir
hai, cudong do dong dién da ting tir 0,55 mA 1én 0,67 mA. Diéu nay chimg t6 mang GO di c6 su
trao doi dién tich giira dién cuc véi dung dich. O vong quét thir 10, cudng do dong dién dat 0,74
mA. Tuy nhién, cé thé thdy rang, dién cuc GO c6 dong khong 6n dinh, cuong d6 dong dién lién
tuc ting sau sau cac vong quét thé. Sau 10 vong quét thé, bang mét thuong c6 thé quan sat thdy
16p mang GO da bat dau bong khoi dé. Cuong do dong dién tang co thé 1a do mang GO di bong
khoi dé va cac dién tir din dién & vat liéu nén graphit da trao doi dién tir voi dung dich dién ly,
két qua 1a cuong do dong dién tang 1én. Do do, chiing t6i dinh hudéng sir dung thém polyvinyl
alcohol dé tang kha nang két dinh ciia GO véi vat liéu nén. Két qua khao sat hoat tinh dién hoa
cia dién cyc GO-PVAS dugc thé hién trén hinh 5.
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Hinh 5. Buong phdn cuc CV cua dién cuc GO-PVAS trong dung dich
Ks[Fe(CN)s]/Ka[Fe(CN)e] 10 mM, toc do quét the 50 mVis.
So sanh v6i mang GO thuan, khi c6 thém PVA, xuét hién pic oxy hoa ¢ 0,31 V tuong tmg vdi
cuong do dong dién dat 0,80 mA dong thoi dong dién cling nhanh 6n dinh hon. Quan sat ph6é CV
¢6 thé thay tir vong quét thé thr 2 cuong d6 dong dién da dat duoc su on dinh va gan nhu khong
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tang sau 10 vong quét thé. Sau 10 vong quét thé c6 thé quan sat thiy mang phiu GO-PVA khong
bj bong ra khoi dé. Pidu nay co thé giai thich do khi bd sung thém PVA, cac manh GO dugc két
dinh v&i vat liéu nén. Tuy nhién, PVA 14 polymer khong dan dién, nén cuong do dong dién thay
d6i khong dang ké.

Anh huéng ctia ham lugng PVA dén hoat tinh ciia dién cuc ciing dd nghién ctru. Két qua thé
hién trén hinh 6.
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Hinh 6. Durong phdn cuc CV cua dién cuc (a): GO-PVA4, (b): GO-PVAS, (¢):GO-PVA12,
(d): GO-PVA16 trong dung dich K3[Fe(CN)s]/Ka[Fe(CN)s] 10 mM, toc do quét thé 50 mV/s.

Quan sat duong phan cyc CV trén hinh 6 c6 thé nhan thay rang, khi ting ham lugng PVA thi
cuong d6 dong oxy héa ciing ting nhe. Khi ham lugng PVA dat 4%, pic oxy hoa xuit hién
khong 16 rang, tin hiéu dién héa cho thdy mang GO-PVA4 chua lién tuc. Khi ham lugng PVA
tang 1én 8% va 12 % thi pic oxy hoa xuét hién rd nét hon. Véi ham lugng PVA dat 8%, pic oxy
héa xuét hién & 0,31 V, cuong d6 dong tuong ung dat 0,80 mA. V4i ham luong PVA dat 12%,
pic oxy hoa xuét hién ¢ 0,31 V, cuong do dong dién dat 1,42 mA, khoang cach pic oxy hoa duoc
thu hep lai. Sau 10 chu ky quét thé, quan sat bang mat thuong c6 thé thiy mang GO-PVA12 van
bam dinh tot trén vat liéu nén, graphene oxit khong bi bong khoi dé. Tuy nhién, khi ham luong
PVA cao dén 16% thi pic oxy hoa xuét hién khong 15 nét. Diéu nay c6 thé giai thich do luong
PVA cao, s& han ché sy trao d6i dién tur cua dién cuc véi dung dich dién ly. Do do, trong cac
nghién ciru tiép theo, chung t6i lya chon ham Iugng PV A thich hop dé ché tao dién cuc 1a 12%.

4. KET LUAN

Bai bao nay trinh bay cac két qua budc dau tng dung k¥ thuat in 3D dé ché tao mang mong
dién cyc trén co sé composite graphen oxit. Bing phuong phap nay viéc gia cong, ché tao dién
cuc tré nén dé dang va thuan tién hon nhiéu so véi cac phuong phép truyén thdng. Chung t6i da
tong hop thanh cong graphene oxit tir bot graphit theo phuong phap héa hoc. Chung tdi cling sir
dung polyvinyl alcohol nhur 14 tac nhan két dinh giita graphen oxit v6i vat liéu nén. Két qua khao
sat hoat tinh dién hoa cta dién cuc ché tao duoc brfmg k¥ thuat von-ampe vong trong dung dich
Ks[Fe(CN)s]/Ks[Fe(CN)s] 10 mM cho thiy ham lugng polyvinyl alcohol dat 12% thi hoat tinh
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dién hoa t6t nhat. Sau 10 vong quét thé, mang mong graphene oxit-polyvinyl alcohol van bam
dinh t4t trén dé va khong bj bong vao dung dich dién ly. K§ thuét in 3D t0 ra c6 trién vong img
dung cao trong viéc gia cong, ché tao mang mong, diéu nay hét sirc co nghia trong viéc ché tao
dién cuc tng dung trong linh vuec tich trir nang lugng.
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ABSTRACT

APPLICATION OF 3D-PRINTING TECHNOLOGY TO CREATE THIN FILM ELECTRODES

BASE ON GRAPHENE OXIDE/POLYVINYL ALCOHOL COMPOSITE

This work presented a method to create graphen oxit/polyvinyl ancol inks and using 3D
printing technique to manufacture a thin film electrode. First, the gel graphene oxide
(GO) was synthesized by Tour’s method. After that, GO was mixed with polyvinyl alcohol
(VPA) with specific ratio to become direct inks. Second, the inks was printed on graphite
paper substrates by using direct ink writing. The morphology and component of chemical
elements were determined using Scanning Electron Microscope (SEM), Scanning
transmission electron microscopy (TEM), Energy-dispersive X-ray spectroscopy. As-
printed electrodes was calculated electrochemical parameters by using CV technical in
Ks[Fe(CN)s])/Ka[Fe(CN)s] solution. The results show that, with PVA occupied 12
percentage of weight, electrode has stability and electrochemical activity highest.

Keywords: 3D printing; Electrochemical activity; Graphene oxide; Polyvinyl alcohol.
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