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SUMMARY

RESEARCH ON SYNTHESIS OF PVDF/CNTs COMPOSITE
NANOMATERIALS USING ELECTROSPINNING METHOD

The nano composite of polyvinylidene fluoride doped with carbon nanotubes
(PVDF/CNTs) was successfully synthesized by using electrospinning method. Scanning
electron microscopy (SEM) characterization showed that the composite films were
composed by nano fibers (300-500nm) as the weight percentage of PVDF exceeded 16%
wt. The size of nano fibers appeared more uniformly when the PVDF concentrations
were less than 18% wt. According to the obtained results, synthesis processes were
considerably affected by temperature applied in post-heating treatments. X-ray
diffraction (XRD) analyses confirmed that CNTs introduces more [-phase in the
composite.

1. MO PAU

PVDF, Poly (vinylidene fluoride) (CH2-CF;), 1a mét loai polyme da dugc nghién
ctru trong hon bdn thap ky qua do tinh chit dan dién tdt, on dinh va bén trong cac moi
truong khac nhau. PVDF 14 mot polyme ban tinh thé, duoc tmg dung nhiéu trong cac
linh vuc nhu cam bién, thiét bi truyén dong, va bd cam bién nang luong [1]. PVDF ton
tai @ nam pha két tinh 13 o, B, v, S, €. Trong d6, ba pha B, y va & c6 ludng cuc vinh vién,
pha-B phan cyc cao hon so voi hai pha khac [2]. Pha-o khong phéan cuc 13 pha pho bién
nhét, con dinh huéng pha-p ctia PVDF c6 dic tinh sat dién dong thoi c6 tinh ap dién 16n
nhét, diéu nay lam cho pha-p duoc chi ¥, nghién ctru nhiéu nhat.
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Pha-p ctia PVDF ¢ tinh ap dién thuong dugc tao ra bang phuong phap phun tinh
dién trén co s¢ Su kéo cang co hoc va dit trong dién truong manh. Tuy nhién, khi sir
dung phuwong phap nay, ham lugng pha-p trong mang soi nano PVDF con thap, vi vay
dé 1am gia tang thanh phan pha-B va dong thai nang cao mat do dién tich bé mat cua soi
nano PVDF, mot lugng Cacbon nanotubes (CNTs) phu hop sé dugc pha tap thém vao
dung dich PVDF trudc khi thuc hién qua trinh phun tinh dién. Bai bao nay trinh bay cac
két qua nghién ctru ban dau vé mang composite PVDF/CNTs dugc ché tao bang phuong
phap phun tinh dién nhim hudng dén hoan thién phuong phap va mo rong kha ning ing
dung cua vat li¢u ché tao duoc.

2. THUC NGHIEM
2.2. Phwong phap phun tinh dién

Phun tinh di¢n (electrospinning) la mét ky thuat kéo sgi tir dung dich polyme hodc
polyme néng chay bang cach str dung luc tinh dién (dién trudng). Soi polyme thu duoc
c6 duong kinh rat nho (tir nanomet dén micromet) so voi qua trinh kéo soi thong
thuong.

So db nguyén 1y co ban ciia hé thiét bi phun tinh dién st dung trong nghién ctru
nay duoc thé hién trong hinh 1.

| KHOI CAO AP BOM TIEM DIEN

Hinh 1: Anh chup cdc b phdn cia thiét bi phun tinh dién

Hé thiét bi gém 3 khdi co ban nhu sau:

- Khéi cao dp: Pay 1a phan quan trong nhit cua thiét bi phun tinh dién. Trén co s
bd phan cao ap ciia may thu hinh, nhém nghién ctru di tu thiét ké ché tao bo ap thé cao
hoat dong trong khoang tir 0 + 30 kV

- Khéi cap nguyén liéu: Khéi cip nguyén liéu gdm co xylanh, éng tiém va kim
phun. Phan xylanh 14 quan trong nhat, no cho phép thay d6i chinh xac, on dinh toc do
phun dung dich. Trong thiét bi nay, xylanh dién ULIS P1B dugc sir dung voi kim phun
inox c6 duong kinh trong 14 0,5 mm va téc d6 phun thay d6i tir ImL/h dén 999 mL/h.

- Khéi thu: khéi thu duoc thiét ké dang truc quay véi tée do quay thay doi téi da
c6 thé dat dén 1500 vong/phut.
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2.3. Hoa chit va thiét bi, dung cu

Céc hoa chat chinh s dung trong nghién ciru gébm: polyme polyvinylidene
fluoride (PVDF), Cacbon nanotubes (CNTs) va dung moi Dimethylformamide (DMF)
ctia Merck (Drc), acetone ciia Daejung (> 99,5 %, Han Quéc).

- Bo thiét bi phun tinh dién tu ché (hinh 1), can phan tich, tu séy, méy khuéy tur
gia nhiét. Dung cu thiy tinh co ban cta phong thi nghiém.

- Kinh hién vi dién tir quét (SEM) S-4800 ctia hang Hitachi - Nhat Ban, thiét bi
phan tich phd nhiéu xa tia X (XRD) D8-Advance cua hing Bruker - CHLB Bric.

2.4. Tong hop vit li¢u nano compozit (PVDF-CNTYS)
2.4.1. Chudn bi méu

- Chuan bi dung méi 12 hén hop ciia dimethylformamide (DMF) va acetone (ti 1¢
1: 1 theo khéi lugng), khudy va siéu am trong thoi gian 30 phat dé thu dugec mot hon
hop ddng nhat.

- Chuén bi bot PVDF, CNTs, nghién min.

2.4.2. Quy trinh

Viéc khao sat nong d6 PVDF duoc thyc hién nhu sau: hoa tan bot PVDF trong
hdn hop dung moi DMF:Aceton (1:1) véi cac nong do khao sat theo khdi luong 1a 12,
14, 16, 18% (ki hiéu twong tng 1a P12, P14, P16, P18), hoa tan va khudy déu bang siéu
am trong thoi gian 2 gid & 65°C. Dung dich nay dugc nap vao bd phan phun cua thiét bi
phun tinh dién véi dién ap dit ¢ 16 kV. Tdc d6 phun duogc diéu chinh 13 1mL/h, khoang
cach tir dau phun dén bd thu 1a 12cm. Tat ca cac thi nghiém dugc thuc hién ¢ nhiét do
phong va d6 am mai truong xung quanh 13 tir 55% dén 70% d6 am twong ddi. Cac mang
PVDF thu duoc say kho ¢ nhiét d6 65°C. Viéc lya chon nong dd6 PVDF t6i wu duya trén
két qua chyp anh SEM cua vét li¢u thu dugc tuong ung.

Sau khi chon duoc néng dd PVDF ti wu, viéc khao sat néng do pha tap CNTs
duoc thuc hién véi cac ndng do theo khdi lwong 13 0; 0,1; 0,3; 0,5; 0,7; 0,9% (ki hiéu
tuong tng 1a CO, C1, C3, C5, C7, C9), khuéy, siéu am trong 3 gio> & 65°C. Cac budc
thyc hi¢n khac twong ty nhu khao sat néng dd PVDF néu trén dé thu duogc vat lidu
PVDF/CNTs t6i uu.

3. KET QUA VA THAO LUAN

Trén co s& khao sat ndng d6 PVDF (néu ¢ muc 2.4.2), két qua cho thdy ndng do
PVDF 16%wt tao ra mang PVDF t4i uu nhét, cling nhu pht hop véi kich thudc kim
phun va d6 nhoét ciia dung dich phun tinh dién. Do do, néng do PVDF 16%wt duoc lua
chon dé nghién ctru qua trinh pha tap CNTs vao vat li¢u.
3.1. Ciu triic, vi cdu triic va tinh chit sat dién ciia mang PVDF/CNTs

Két qua chup kinh hién vi dién tir quét (SEM) dé kiém tra hinh thai bé mat mang,
cling nhu sy phan bé kich thudc sgi va két qua phan tich nhidu xa tia X (XRD) cta
mang PVDF véi cac ndng d6 pha tap khac nhau cia CNTs duoc thé hién tuong tng &
hinh 2 va hinh 3.
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Hinh 2: Anh SEM va dwong phdn bé kich thuée soi cia mang PVDF 16 %wt
voi cac ti 1€ pha tap CNTs khac nhau (3, 5, 7, 9%wt)

a B
V|

- T e r e P16-C9

Intensity (a.u.) | |/
e NN P1B-CT
o /A P16- C5

—~ P16- C3

MM w
P16- C1
\\W P16- CO

12 16 20 24 28 32 36 40 44
20 (degree)

=

Hinh 3: Két qua phdn tich XRD ciia mang PVDF 16 %wt véi cdc
nong do pha tap CNTs khdc nhau (0-0,9%wt)

Nhu da néu, pha-p ciia mang PVDF 1a cdu triic phan cyuc, dong vai trd quan trong
dén tinh sat dién, hoa dién va ap dién cua vat liéu. Do d6, cac mang cé ty 1é pha-p cao
hon, thudng s& c6 phan tng ap dién manh hon. Co6 thé thiy, P16-C0 ¢ cac dinh dic
trung & 20 = 18.8°, 20.2° va 26.9°, twong g v&i dinh nhiéu xa (020),(110)va (021) cua
dang a. Theo chiéu ting ctia ham lugng CNTs, cudng do dinh dic trung cho pha B ting
va dat cuc dai tmg v6i mau P16-C5, sau d6 giam. Nghia 13, qué trinh pha tap CNTs lam
ting cuong pha-p trong vat lidu PVDF/CNTs va dat t6t nhat khi ndng d6 CNTs la
0,5%wt.

Anh huéng ctia ham lugng pha tap CNTs dén mang PVDF/CNTs c6 thé giai thich
do dudi tac dong cta dién truong ngoai, CNTs bi nhiém dién tao ra cac dién tich cam
ung trén bé mit soi, 1am tang cuong luc Coulomb, khi do, vat liéu PVDF/CNTs bi phan
cuc. Lyc nay lién két cac mit xich PVDF két tinh trén bé mat CNTs. Noi cach khac,
CNTs tré thanh tac nhan chuyén ddi céac vung vO dinh hinh cuc b thanh dang két tinh
v6i chu trac pha-p co cuc. Két qua 13, luong pha-p trong PVDF/CNTs tang 1én so v6i
PVDF nguyén chat. Tuy nhién, néu ndong 46 CNTs cao (trén 0,5%wt) s& khién cac dién
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tich cdm ng cuc bg trén bé mat CNTs truyén theo chiéu doc va bj trung hoa trong soi,

va do d6 lam giam tinh phan cuc cua vat liu [3, 4, 5].

Hinh 4 1 dang duong tré sit dién cua vat liéu PVDF va PVDF/CNTs. Day la

duong tré dién hinh cua vat liéu sit dién véi céc gia tri truong khang (Ec), phan cuc du

(Py) duoc néu trong bang 1.
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Hinh 4: Buong tré sat dién cua mang P16 (a), P16-C5 208 133

va P16-C5 (b)
Tir két qua do duong tré ciia mang PVDF cho thdy, viéc pha tap CNTs c6 thé lam

“mém” hoa vat li€u, phan cuc du P, tdng va ¢6 xu hudéng dé bao hoa do tinh dan dién

ctia nd, 1am ting chat luong ctia mang PVDF/CNTs.
4. KET LUAN

Nghién ctru da su dung phuong phdp phun tinh dién tao ra mang PVDF pha tap

vat liéu 6ng nano cacbon (CNTs). Két qua nghién ctru vi ciu tric cho thay, mang vat

liéu thu duoc cu thanh bdi cac soi co dudng kinh trung binh vao khoang 300-500 nm
khi néng d6 PVDF dat tir 16 %wt trd 1én. Bén canh d6, ham lugng CNTs ciing anh
huong dén sy hinh thanh cta pha-p trong vat liéu.
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