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ABSTRACT

The purpose of this study was to prepare ZnO nanofibers based on
carbon with precursors of polyvinyl pyrrolidone (PVP) and zinc nitrate
(Zn(NO3)2) by an electrospinning method. The electrospinning
parameters of PVP/Zn(NOs); were investigated, including the
concentration of PVP, amount of Zn(NOs),, applied voltage, and flow
rate. The morphology of electrospun nanofibers was observed under a
scanning electron microscope (SEM). At the optimum condition, the
electrospun PVP/Zn(NQOg3), nanofibers were calcinated in nitrogen at
500°C for 1 hour to covert ZnO nanoparticles based on carbon fibers.
The morphology and size of ZnO nanoparticles based on carbon
nanofibers were determined by a transmission electron microscope
(TEM). The formation of ZnO crystals in the ZnO/carbon fibers was
determined by Fourier-transform infrared spectroscopy (FTIR) and X-
ray diffraction (XRD). Thus, ZnO nanoparticles based on carbon fibers
were succesfully prepared.

TOM TAT

Nghién cieu nay nham tong hop nano ZnO trén nén soi carbon tir tién
than soi nano PVP/Zn(NO3), bang phirong phdp quay dién héa. Cac yéu
16 anh huong dén qud trinh tao soi nano PVP/Zn(NOs); bdng
electrospinning di duwoc khao sat: nong dg polyvinyl pyrrolydone (PVP),
ham luong mudi Zn(NOs),, hiéu dién thé va luu lwong dong dung dich.
Tir @6, chon mdu soi phit hop thong qua quan sdt bang kinh hién vi dién
tir quét (SEM) va tién hanh nung soi trong diéu kién khi N» ¢ 500°C
trong 1 gio' tao hat nano ZnO trén nén soi carbon. Kinh hién vi dién tir
truyén qua (TEM) duogc sir dung dé xdc dinh hinh ddang va kich thuéce hat
nano ZnO trén nén sgi carbon. Sw ¢é mdt cia tinh thé ZnO trong. cdu
triic sgi carbon dwoc xdc dinh bang pho hong ngoai FT-IR va nhiéu xa
tia X (XRD). Vi vdy, nano ZnO trén nén sgi carbon da dwoc diéu ché
thanh cong.

Trich dan: Van Pham Pan Thiy, Pham Vin Toan, Dang Huynh Giao va Poan Vin Héng Thién, 2020. Tét}g
hop soi nano carbon/ZnO bang k¥ thuat quay dién hoéa. Tap chi Khoa hoc Truong Pai hoc Can

Tho. 56(3A): 1-8.
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1 GIOI THIEU

Trong nhidu nim gan ddy, soi nano carbon
(CNFs) da va dang duoc str dung rong rai nho kha
ning dan dién va van chuyén linh hoat cac electron
theo chiéu dai soi ciia n6 (Mu et al. 2011). Bén
canh do6, vat liéu nano ZnO ciing thu hut sy chu y
nghién cttu ciia nhiéu nha khoa hoc boi céc tinh
chat dic biét nhu tinh dj hudng vé dién va quang,
tinh di dong cua céc electron cao trong cdu triic
Waurtzite ctia nd (Park et al. 2009; Ren et al. 2009;
Mu et al. 2011). Véi d6 rong ving cam 3,37 eV va
ning luong lién két 16n 60 meV, ZnO tré thanh
mot trong nhitng vat lidu ddy hira hen c¢6 tmg dung
trong quang dién va xtc tic manh mé (Yi et al.
2005; Wu et al. 2008; Guo et al. 2010; Mu et al.
2011; Saidin et al. 2017). Nguoi ta da chimg minh
viée két hop mot oxit kim loai vao s¢i nano carbon
gitip ting cudng ciu tric va nang cao hiéu qua
trong xuc tac quang, pin mat trdi, cam bién khi hay
hép phu,...(Wu et al. 2008; Zhang et al. 2009; Guo
et al. 2010; Mu et al. 2011, Li et al. 2019). Do do,
viéc nghién ciru tong hop soi nano carbon/ZnO
kiém soat hinh thai va kich thuéc 1a cn thiét vi né
quyét dinh tinh chét cta vat lidu tao thanh.

Mot trong nhitng k¥ thuat tao thanh cong soi
nano carbon (CNFs) c6 tmg dung rong rai la ky
thuat electrospinning. Electrospinning 1a k¥ thuat
don gian st dung lyc dién truong dé kéo dung dich
polymer c6 do nhét nhit dinh thanh soi va linh
hoat diéu chinh cac yéu to anh huong (Greiner et
al. 2007; Sill et al. 2008; Bhardwaj et al. 2010;
Pascariu et al. 2019). Soi tao thanh tir k¥ thuét
electrospinning kiém soat dugc chiéu hudng soi va
duong kinh soi c6 thé giam t6i kich thudc nanomet
(Li et al. 2004; Sill and von Recum 2008; Ren et
al. 2009; Guo et al. 2010; Pakravan et al. 2011).
Ciu tao cua thiét bi electrospinning gém ba bd
phén chinh: nguén cung cép dién thé cao, b thu
soi va bom ong tiém. K¥ thuat nay sir dung hi¢u
dién thé mot chiéu trong khoang tir 5-30 kV. Ong
tiém chira dung dich polymer dugc gan c6 dinh véi
khoang cach phu hop tir ddu kim dén bo thu soi (Li
and Xia 2004). Cuc dwong ctia nguon dugc ndi véi
dau kim va dau trung tinh dwoc ndi voi tim nhom
dong vai trd 1a bd phan thu soi. Dong dung dich
polymer tai dau kim 6ng tiém s& chiu tac dung cua
ba lyc: luc dién truong, luc déy Coulomb cua cac
dién tich trong dong polymer, sirc cing bé mat. Két
qua tuong tac gilta cac lyc nay s€ hinh thanh nén
Taylor (Taylor cone). Non Taylor c6 tac dung 6n
dinh dong va tao soi polymer sau khi dung moi bay
hoi (Li and Xia 2004). Qua trinh electrospinning
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phu thudc vao cac yéu té chinh: lyc dién truong
(hi¢u dién the), luu luong dong dung dich, néng do
polymer, lugng muoi thém vao.

Nhiéu nghién ciru trudc day sir dung ky thuat
electrospinning tao thanh cong sgi nano bang viéc
két hop mot polymer vdi mot mudi, oxit kim loai
hay kim loai dé tang déc tinh soi cua vat li€u
composite (Wu et al. 2008; Park et al. 2009; Ren et
al. 2009; Guo et al. 2010; Mali et al. 2013; Saidin
et al. 2017; Li et al. 2019; Selvaraj et al. 2020). ba
s6 cac nghién ctru vé vét liéu nano ZnO thudng sir
dung polymer la PVP, polyvinyl alcohol (PVA)
hoidc polyacrylonitril (PAN) két hop véi mudi hiru
co kém acetate dé tao soi nano ZnO bang phwong
phap electrospinning va két hop nhiét phan dé tao
soi carbon/ZnO voi duong kinh trung binh khoang
180 - 200 nm (Wu et al. 2008; Guo et al. 2010;
Saidin et al. 2017). Trong nghién ctru nay, viéc két
hop PVP véi mubi Zn(NO3), dé tao sgi nano
PVP/Zn(NOs)s bang ky thuat electrospinning. Soi
nano PVP/Zn(NOs), s& dugc carbon hoda va xu 1y
nhiét trong diéu kién khi N3 tao hat ZnO trén nén
soi carbon. Nano ZnO trén nén soi carbon da duge
diéu ché thanh cong.

2 HOA CHAT VA PHUONG PHAP THI
NGHIEM

2.1 Héa chit

Polyvinyl pyrrolidone (PVP, My = 40 kDa)
dugc mua to cong ty Sigma Aldrich (MY).
Zincnitrat hexehydrat (Zn(NO3),.6.H20) va ethanol
(CoHsOH; 99,5%) ~mua tr cong ty Xilong
Scientific (Trung Quoc).

2.2 Phwong phap thi nghiém

2.2.1 Khao sdt cdc yéu anh huong dén qua
trinh tao soi PVP/Zn(NOs)2 bang phwong phap
quay dién hoa

Khao sdt anh hiéng ciia nong dg PVP

Hoa tan 30%, 40% va 50% (ndng d6 % khdi
lugng trén thé tich) PVP trong ethanol ¢ nhiét d
phong rdi khudy trong 30 phut dé tao thanh dung
dich PVP. Thém 0,2 g mubi Zn(NOs); vao dung
dich PVP va tiép tuc khudy trong 5 gio dé dung
dich dong nhét. Hon hop dung dich sau khi khudy
dugc dé yén trong 1 gid dé loai bo bot khi trude
khi tién hanh thi nghiém tao soi bang ky thuat
electrospinning. Cac yéu t6 khac cua ky thuét
electrospinning dugc giit ¢d dinh: luu lugng dung
dich polymer 1a 0,3 mL/h, hiéu dién thé giita hai
dién cuc la 16 kV, khoang cach 2 dién cuc 1a 12
cm.
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Khdao sdt anh hwong cia ham leong mudi
Zn(N03)2

Hoa tan PVP trong ethanol (ndng do phu hop
da khao sat) trong 30 phat tao thanh dung dich
PVP. Tiép do, ham luong mudi Zn(NOs), dugc
khéo sat 1an luot 12 0,2 g; 0,24 g; 0,28 g thém vao
dung dich PVP va khudy trong 5 gio & dung dich
ddng nhét. Hon hop dung dich sau khudy dé yén 1
gid dé loai bo bot khi. Cac yéu t6 cia qua trinh
electrospinning van dugc giit ¢b dinh voi luu lwong
dung dich polymer 14 0,3 mL/h, hiéu dién thé giita
hai dién cuc 1a 16 kV, khoang cach 2 dién cuc 1a
12 cm.

Khdo sat anh hwong cua hiéu dién thé (dién
truong)

Sau khi di xac dinh dugc yéu t& dung dich
thich hop cho tao sgi bing electrospinning, tién
hanh khao sat yéu t& vé thiét bi tao soi. Pién
truong voi cac gia tri 1 kV/em, 1,33 kV/cm va 1,67
kV/ecm duoc tao soi béng k¥ thuat electrospinning.
Luu lwong dung dich van gitra ¢6 dinh ¢ 0,3 mL/h.

Khdo sat anh huong cua luu luong dong dung
dich:

Luu luong dung dich véi cac gia tri 0,2 mL/h;
0,3 mL/h va 0,4 mL/h dugc st dung dé tao soi
bang ky thuét electrospinning. Céc yéu t6 anh
huéng khac duoc gitt ¢d dinh: hiéu dién thé giita
hai dién cuc 1a 16 kV, khoang cach 2 dién cuc la
12 cm.
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2.2.2 Diéu ché sgi nano carbon/ZnO bang
phwong phap carbon hoa va nhiét phan

Soi nano PVP/Zn(NOs); diéu ché ¢ diéu kién
thich hop duoc carbon hoéa va nhiét phan bing
nhiét dé tao nano ZnO trén nén soi carbon. Thiét b
nhiét phan Yamada Denki, Nhiat Ban (Model
VMF165) dugc st dung dudi diéu kién khi N, va
gia nhi¢t & 500°C trong 1 gio.

2.2.3  Phan tich tinh chat dac trung cua soi

Soi PVP/Zn(NO3), tao thanh bang phuong phap
electrospinning dwgc dem di phéan tich ddc tinh vé
hinh dang va kich thudc soi dudi kinh hién vi dién
tr quét (SEM, JSM 5500) dé chon diéu kién thich
hop. Thanh phan nhom chirc va lién két cta soi soi
PVP/Zn(NOs), va soi ZnO/carbon dugc xac dinh
bing phd hong ngoai (FT-IR, NICOLET 6700).
Vit liéu nano ZnO trén nén soi carbon tao thanh
sau khi nung tiép tuc tién hanh quan sat dudi anh
hién vi dién tir truyén qua (TEM, JEM 1400) dé
xac dinh dic tinh bén trong vat liéu. Phan tich
nhiéu xa tia X voi goc 20 tir 10° — 80° (XRD,
Burker D8 Advance, Cu Ko A = 0,15406 nm hoat
dong & 40 kV/40 mA) dé xac dinh ciu trac pha
cling nhu sy hinh thanh ZnO cua vt li€u sgi nano
carbon/ZnO.

3 KET QUA VA THAO LUAN

3.1 Ciac yéu to anh huong dén qua trinh tao
sgi PVP/ZNn(NO3)2

Anh huoéng ciia nong d6 PVP dén qua trinh
tao soi
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=

Hinh 1: Anh SEM ciia s¢i PVP/Zn(NOs)2 véi ndng dd PVP khac nhau: a) 30%; b) 40%; c) 50%

Hinh 1 1a anh SEM cta soi PVP/Zn(NO3), véi
ham lugng PVP khic nhau dugc diéu ché bing
phuong phép electrospinning. Khi ting dan nong
do PVP tir 30% dén 50%, duong kinh soi tao thanh
ciing tang theo va xudt hién cac lién két chéo tao
mang tai cac vi tri tiép xuc nhau. Pac biét, Hinh 1b
v6i ndng do PVP 40% da cho két qua tao soi kha
ddng déu voi duong kinh trung binh 1a 1,3 pm.

Ngoai ra, & ham luong PVP thip va cao cho sgi ¢6
xu huéng tao mang va nhiéu giot dinh trén soi.
Diéu d6 c6 thé giai thich do d6 nhét ctia dung dich
polymer c¢6 anh huong dén dudng kinh soi tao
thanh. O ndng do polymer thép, d6 nhét cua dung
dich thap va kha ning lién két yéu. Do dé, soi tao
thanh dé bi dirt quang va hat nho ciing duoc hinh
thanh. O ndng do polymer cao, do nhdt cia dung
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dich cao nén lam tang duc‘mg kinh soi V‘él tao soi co
duong kinh khong dong nhat. Vi vy, nong d6 PVP
duoc chon 1a 40% phu hop véi dung dich kéo soi.
0311 Anh hwong ciia ham lwong Zn(NO3),

deén qua trinh tao soi

Hinh 2 1a anh SEM cua s¢i PVP/Zn(NOs); véi
ham lugng muodi Zn(NOs), khac nhau duge dieu
ché bang phuong phap electrospinning. Khi tang
ham lugng mudi Zn(NO3); tir 0,2 g dén 0,28 g, soi
tao thanh cé duc‘mg kinh tang dan nhung bi bién
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dang vé hinh thai. Vi ham lugng mubi 0,2 g (Hinh
2a), soi thu duoc 1a kha rd nét va lién tuc. Khi tang
ham lugng mudi trong dung dich polymer, tinh
chat thay d6i din dén hinh thai soi ciing da thay
d6i. Trong nghién ciru nay, ham lugng mudi
Zn(NO3), tang thi kich thudc sg¢i ciing tang theo.
Vi vy, ham lugng 0,2 g mudi Zn(NO3), 1a tbt
nhit voi dung dich tao soi bang ky thuat
electrospinning.

Hinh 2: Anh SEM ciia sgi PVP/Zn(NOs)2 véi ham lweng mudi Zn(NOs). khic nhau: a) 0,2 g; b) 0,24 g;
¢)0,28¢

312 Anh huong ciia dién thé (dién truong)
deén qua trinh tao soi

Hinh 3 la anh SEM cua sgi PVP/Zn(NOs3), khi
thay d6i cac gia tri dién thé trong ky thuat
electrospinning. Khi ting dién thé (dién truong),
duong kinh soi thu dugc ¢6 xu hudng giam di, soi
bi dut giy va khong lién tuc. O Hinh 3b, dién thé

sir dung 1a 1,33 kV/cm, hinh théi soi dugc thé hién
1o rét c6 kich thuéc dong nhdt va dwudng kinh
trong dbi nho. Khi ting hiéu dién thé sir dung 1én,
lyc dién truong va luc Coulomb tang Ién lam soi bi
dut quang. Vi vay, dién thé sir dung 1a 1,33 kV/ecm
dugc chon dé khao sat anh hudng cua cac yéu tb
khéc nhau.

Hinh 3: Anh SEM ciia sgi PVP/Zn(NOs). véi higu dién thé thay déi: a) 1 kV/ecm; b) 1,33 kV/cm; ¢)
1,67 kV/cm

3.1.3  Anh hwéng ciia heu heong dong dung dich

Hinh 4 1a anh SEM cua soi PVP/Zn(NO3)2 véi
lvu lugng dong dung dich khac nhau duge didu ché
bang phuong phap electrospinning. Khi ting luu
lugng dong dung dich tir 0,2 - 0,4 mL/h, duong
kinh soi ciing ting 1én dang ké. Quan sat thy, soi
thu duoc & Hinh 4a va 4c¢ ¢6 su chénh Iéch kich
thude ro rét va soi khong déng déu. Pic biét, mau

soi & Hinh 4b cho théy s¢i lién tuc va duong kinh
s¢i trung binh vao khoang 1,3 pm dugc thu nhan.
Luu luong dong c¢6 anh hudng tryc dén sy hinh
thanh Taylor cone. Luu lugng dong nhd hodc cao
s€ tao Taylor cone khong 6n dinh 1am cho soi thu
dugc khong dong déu. Vi véy, luu luong dong
dung dich 0,3 mL/h la phu hop véi dung dich tao
s0i bang k¥ thuat electrospinning.
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Hinh 4: Anh SEM cuia s¢i PVP/Zn(NOs)2 véi lwu hrgng dong dung dich thay déi: a) 0,2 mL/h; b) 0,3
mL/h; c) 0,4 mL/h

Qua két qua khao sat cac yéu té anh huong dén
hinh thai sgi PVP/Zn(NOs), duoc diéu ché bang
phuong phap electrospinning, diéu kién thich hop
cho mdu soi PVP/Zn(NO3), phi hop nhit 1a: nong
d6 PVP 1a 40%, ham lugng mudi Zn(NO3), 12 0.2 g
ung véi 40% ham lugng polymer st dung, hi€u
dién thé 1a 1,33 kV/ecm va luu luong dong dung
dich twong rng 0,3 mL/h.

3.2 Dac tinh sgi nano carbon/ZnO

3.2.1 Hinh dang va kich thuoc sgi nano
carbon/ZnO

Hinh 5 13 anh TEM ctia nano ZnO trén nén soi
carbon dugc diéu ché bang phuong phap carbon
hoéa. Anh TEM cho thdy soi nano carbon c6 dang
6ng hinh tru dai véi duong kinh trung binh vao

-

K1[TEM]
JEM-1400 100

/ %10k 100%

khoang 120 nm. Céc hat nano ZnO phan tan khap
noi trén bé mit soi carbon vdi cac hinh thai 16n
nhoé khéc nhau, c6 duong kinh trung binh khoang
20 - 30 nm. Két qua nay tuong tw véi nghién ciru
trusc didy vé viéc tao soi bang ky thuat
electrospinning véi cac tién chat polymer PVP va
mudi zinc acetate. Soi tao thanh dugc carbon hoa &
520°C trong 1 gio cho sgi c6 duong kinh 180 nm
(Guo, et al. 2010). Hon nita, két qua ciing tuong
thich v6i nghién ctru trude day vé viée sir dung tién
chit PVA va zinc acetate. Puong kinh soi sgi sau
nung ¢ 700°C trong 6 gio 1a 232 nm (Ren, et al.
2009). Vi vay, sgi nano carbon/ZnO da duogc diéu
ché voi hinh dang va kich thudc tuong tu véi cac
nghién ctru trudce day.

Hinh 5: Anh TEM ciia nano ZnO trén nén sei carbon
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3.2.2 Lién két héa hoc va nhém chirc ciia soi

Lién két hoa hoc va nhom chirc dic trung cua
soi PVP/Zn(NOg3)2 va sgi carbon/ZnO dugc xac
dinh bang may quang phd hong ngoai FT-IR. Hinh
6 1a anh phd FT-IR cla sgi PVP/Zn(NOs); va sgi
nano carbon/ZnO. Cac nhém chuc dac trung C=0,
C-H, O-H, C-C, va Zn-O duoc hinh thanh. O Hinh
6A, dinh rong 3447 cm™ 1a dao dong dic trung cua
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nhém hydroxyl (-OH) do sy hap thy manh nudc va
ethanol cua PVP, dinh & 1657 cm™® tmg véi lién két
d6i phan cuc C=0. Ngoai ra, con cac dinh hip thu
ctia nhém céce lién két nhu C-N & 1291 cm?, CH2 &
khoang 654 cm™, & dao dong trong khoang tir
1380-1500 cm™ va 2924 cm? dic trung cho lién
két C-H ctia cac gdc (-CH- va -CH,-) (Vi et al.
2005; Wu et al. 2008; Zhang et al. 2009).

(b)

Transmittance (%)

C=0

T T T T T T T
4000 3500 3000 2500

T T T T T T T
2000 1500 1000 500

Wavenumbers (cm™)
Hinh 6: Phé FT-IR cia (a) sgi PVP/Zn(NOs)2; (b) sei nano carbon/ZnO

So v6i phdé Hinh 6A, phd IR cia soi sau khi
nung & 500°C c6 mot sé mili C-H, C-N bi dich
chuyén va yéu di hoac khong xuat hién. Dic biét,
néu & phd Hinh 6A ving hap thu tir 400-600 cm™
1a sy rung dong cua lién két Zn-O chua rd nét thi &
phé Hinh 6B cac mii dic trung cua dao dong ZnO
xudt hién ro rét va dinh hép thy manh & 460 cm™
va dao dong nay kéo dai & 670 cm™ (Yi et al. 2005;
Lu et al. 2006; Wu et al. 2008; Zhang et al. 2009).
Qua két qua do phd FT-IR cho thay su xuit hién
ciia thanh phan ZnO trong ciu triic sgi nano
carbon/ZnO.

3.2.3 Cdu tric pha va sy hinh thanh sgi nano
carbon/ZnO

Hinh 7 1a gian d6 nhidu xa tia X ctia nano ZnO
trén nén sQi carbon véi goc quét 26 tr 10° — 80°.

Gian dd cho théy kha 13 cac dinh nhibu xa dic
trung cho ban chat cua tinh thé ZnO thé hién kha
sic nét cac dinh nhidu xa tai goc 20 la 31,60°
34,18°; 36,08°;, 47,38°;, 56,48°;, 62,74°; 66,47°;
67,90°; 69,04°; 77,07° va 89,8°. Cac goc 20 tuong
mg v6i mat tinh thé (110), (002), (101), (102),
(110), (103), ( 200), (112), (201), (202) va (203)
clia cAu tric mang tinh thé bén vimg wurtzite. Dinh
nhidu xa & goc 20 1a 42° twong tng v6i mit tinh thé
(101) cua carbon. Cac dinh dac trung cua carbon
khong thé hién 1a do cac mili dic trung ctia ZnO
che phu. Tom lai, soi carbon/ZnO da duoc diéu ché
thanh cong bang k¥ thuat electrospinning két hop
v&i nhiét phan trong moi truong khi No.
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Hinh 7: Gian db nhiéu xa tia X cia s¢i nano carbon/ZnO sau nung 500°C dwdi diéu kién khi N>

4 KET LUAN

Soi PVP/Zn(NO3), dugc diéu ché thanh cong
bang phuong phép electrospinning véi cac yéu t6
anh huong da duoc khao sat. Diéu kién thich hop
dé tao soi bang ky thuat electrospinning 1 ndng do
PVP 40%, ham lugng mudi Zn(NOs3)2 12 0,2 g, hiéu
dién thé sir dung 1a 16 kV cing v6i luu luong dong
dung dich 1a 0,3 mL/h. S¢i nano carbon/ZnO dugc
thu nhan bang cach nhiét phan sgi PVP/Zn(NOs),
bang phuong phap nhiét phan 1 gid trong moi
truong khi Nz & 500°C. Két qua phén tich anh TEM
da cho théy su tao thanh cua cac hat nano ZnO véi
kich thude trung binh khoang 20 - 30 nm dinh trén
bé mit sgi carbon c¢6 dudng kinh trung binh 120
nm. Gian d6 nhidu xa tia X va ph6 hong ngoai FT-
IR da ching minh cu tric bén vimg Waurtzite ciia
ZnO trong soi nano carbon/ZnO. Vi vay, soi nano
carbon/ZnO di dugc didu ché thanh cong va s& rat
¢6 tiém nang Gmg dung trong thuc tién.
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Pé tai nay dugc tai trg boi Dy an Nang cép
Truong Pai hoc Can Tho VNI14-P6 bing ngudn
v6n vay ODA tir Chinh pha Nhat Ban. Mi s6 dé
tai: E6
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