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TOM TAT

Nong dié dung dich polymer va cuomg dg dién dp trong qud trinh kéo soi tinh dién la hai
thong s6 quan trong anh huong dén hinh thai hoc cia mang xo nano. Trong bai béo nay, cdc tde
gia dd s dung dung dich PVA o cac H{:ing doe 3%, 5%, 7%, 10%, va 15% thue hién kéo soi tinh dién
& dién ap 18KV, va thuec hién kéo soi tinh dién vor cac cieong dé dién ap 1kV/iem, 1,5kV/iem, 1,8kV/
em, 2,3kV/em va 2,7kV/em cho dung dich PVA ¢6 ndng d 10% nhédm danh gia dnh hwéng cia nong
dci dung dich polymer va cuomg d dién dp dén hinh théi hoc ctia mang xo nano. Két qua chi ra rang,
néng dp dung dich PVA tang sé lam tang dwong kinh cua xo va lam giam s6 ' hat beads trong mang xo,
hinh dang hat beads chuyén tir dang dai sang dang hinh cau, con khi ting cwong dé dién dp, dzrﬂ'ng
kinh xo gidm, sé hat beads ting 1én, hink dang cua hat beads chuyén tir dang din sang dang cau.

Tw khéa: Cong nghé kéo soi tinh dién, Hﬁiﬂg do dung dich, cuong do dién ap, hinh thdi hoc
mang xo nano.

ABSTRACT

Polymer solution concentration and voltage density wn electrospinning process are two
important parameters which effect to morphology of nanoftbers membrane. In this paper, authors
have two experiments. The first experiment, PVA solution with concentration of 3%, 5%, 7%,
10%, 15% and 18% were used to do electrospinning with voltage 18kV. The second experiment,
10% concentration of PVA solution was used to do electrospmmning with different voltage densities
of I kViem, 1,5kV/em, 1,8kV7iem, 2, 3kViem and 2,7kViem. The results show that when solution
concentration increase, cansing the diameter of nanofiber mncrease, the number of heads decrease,
and the shape of beads changes from spindle-like into sphere. When increasing voltage density,
results 1 decreasing of nano fiber diameter, increasing number of beads, changing the shape of
beads from spindle-like into sphere.

Keywords: [lectrospinning, solution concentration, voltage density, morphologv of
nanofibers menbrane -
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1. GIOI THIEU

Cong nghé kéo soi tinh dicn
(Electmspmnmg) hién dang duoc rat nhiéu nha
khoa hoc trén thé gidi quan tdm nghién clru.
San pham cua cong nghé nay la mang xo nano,
n6 ¢6 nhiéu tng dung tiém nang trong nhiéu
linh virc khac nhau nhu: Trong linh vurc quan
sir, linh vuc y té, linh vuc cham soc stre khoe,
lam dep, linh vuc may mac...[1].

Trong céng nghé kéo soi tinh dién co
hai loai thiét bi tao mang xo nano, d6 14 thiét
bi dung kim va thiét bi dung truc. Do c¢6 thé
stt dung nhiéu loai nguyén liéu khic nhau, nén
thiét bi tao mang xo nano dung kim dugc su
dung nhiéu.

So dd nguyén ly cua thiét bi ding kim
nhu hinh 1.1:
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Hinl 1.1: Thiét bt kéo soi tinh dién dimmg kim

Dung dich Polymer (a) dugc chua trong
xylanh va duoe day ra dau kim béng pit tong
() vOI toe do phu hop. N;:__:ufjn dién cao thé (e)
duoce noi voi dau kim phun va mang tu (d). Von
dien ap phu hop, luc digén tich sé tac dong vao
a10t polymer o dau kim, tao thanh tia phun (b),
day dung dich polvmer tu tia phun dén mang
tu (d). Trong qua trinh @1 ti tia phun dén mang
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u, dung dich polymer dugc keo dai va bay hoi
va s& tao thanh cdc xo c6 kich thirde nano, tu lai
trén mang tu (d).

Trong qué trinh kéo sogi tinh dién, c6
nhiéu yéu t& 4nh hudng dén tinh chat va hinh
thai hoc ciia mang xo nano duoc tao ra, nhu anh
hudng cua cac thong s& cong nghé gdom: Pién
ap hay cudmg do dién ap, toc d6 phun polymer,
dudng kinh voi phun, déc tinh mﬁi trudng. ..
Hay nhu anh huong clia cac thong sb dung dich
polymer su dung o6m: Loai polymer, nong do
dung dich, d6 nhdt dung dich, strc cang bé mit,
toc d6 bay hoi cia dung méi,...

Trong cac yéu t6 anh huong dén tinh
chét va hinh thai hoc clia mang xo nano ké trén,
thi nong dd dung dich va cudng do dién 4p la
hai thong so rat quan trong. Co nhiéu céac cong
trinh nghién ctru danh gid anh hudng cua ha
théng sé nay dén tinh chat mang xo khi thue
hién kéo so1 tinh dién cho nhiéu loai polymer
khac nhau.

RAt nhiéu nghién ctru chi ra réng, dé
tao ra xo nano hay mang xo nano bang cong
nghé kéo soi tinh dién thi néng d6 dung dich
khéng thé nao qué thap. Bang cong nghé nay
néu dung dich c¢é nong @6 thap dung dich bao
gft‘:m cac hat beads va xo. Hinh dang cua cac hat
beads thay doi tir dang hinh cau sang dang hinh
bau duc va dudng kinh ctia xo nano sé tang khi
ting nong do dung dich [2- 6]. Mat khac, néu
néng do dung dich qua cao rat kho dé tao ra xo
vi d0 nhot cua dung dich cao. Néu tao ra xo
thi duong Kinh xo rat 16n. Do vay, can phai 101
uu héa noéng dé dung dich trong qua trinh kéo
so1 tinh dién [7]. Cac nha nghién ciru tim ra
moi quan hé gifta nong dé dung dich va duong
kinh cua xo theo do ting nong do thi duong
kinh ting. V¢ cudng do dicn ap. Reneker va cac
cong su [8] da chira rang. k héng ¢é nhiéu anh
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. hudmg ciia cudng d6 dién 4p dén dudmg kinh
xo khi thyc hién kéo sgi tinh dién cho dung
dich polyothylene oxide. Mot s& nha khoa hoc
lai chi ra 13: Néu dung dién 4p cao hon thi ¢6
1€ tao 12 dudng kinh xo 16m hon [9,10]. Mot
sd nha khoa hoc khéc lai chi ra ring khi ting
cuong 46 dién ap thi dudng kinh cua xo nano
lai gidm nhu [11,12].

Trong bai bao nay, cac tac gia s€ thuc
hién ddnh gid anh hudng cha ndéng &6 dung dich
PVA va cudng d6 dién ap trong qua trinh kéo
soi dén mot sb ddc tinh hinh théi hoc cia mang
xo nhu: Pudng kinh xo, 6 hat beads, kich
thude hat beads va hinh dang cua hat beads.

2. THUC NGHIEM
Nguyén liéu sir dung:

Nguyén li¢u sit dung 1a polymer PVA
Mowiol 8-88, khéi luong phan tir 67000 g/mol,
ngubn gdc tir Pic, & dang hat ran. Polymer
ndy duoc pha véi nudc cét, khudy déu bing
may khudy tir & nhiét d6 105°C trong khodng
thoi gian 4 gi®r dong hé, tao thanh dung dich
polymer ¢ nong dd 15%. Tir dung dich nay,
thire hién pha losng bing nudc cit tao thanh
cac dung dich ¢o nﬁng do 3%, 5%, 7%, 10%,
khudy déu trong 5 phat, va dé trong 24 gid dong
hf‘mg trude khi thuce hién kéo sg1 tinh dién.

Thiét bi sir dung:

Tac gia thuc hién tao mang xo nano
trén thiét bi NEU1 cua Trung Qudc & Vién
ITIMS, Trudng Pat hoc Bach Khoa Ha Noi.
St dung ngudn dién thuomg 220kV/60Hz.
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Dién 4p chuyén dbi dé kéo soi 1a dién cao thé
1 chidu, c6 dai dién 4ap tir 0 kV dén 50 kV.
Trong qua trinh tao mang xo nano, khoang
cach giita hai cuc duge giit ¢d dinh 13 10 cm
cho tit ci cac thi mAu.

Céc dung dich v&i néng @6 khac nhau
s€ duoc dem di thue hién tao mang xo trén thiét
b1 NEU1 vé1 cac cudng d6 dién ap khac nhau.
Bang dudi day chii gidi cdc mau mang xo nano
duoce tao ra.

Bang 2.1: Chii giGi kp hiéu mau:

.y en Nong do Dién ap

TT K}’mg::ll dunggdich kéo soi

(%) (kV/cm)
1 3-18kV 3 1,8
2 5-18kV 5 1,8
3 7-18kV 7 1,8
4 | 10-18kV 10 1,8
5 | 15-18kV 15 1,8

6 | 10-10kV 10 1

7 | 10-15kV 10 1,5
g8 | 10-23kV 10 2,3
9 | 10-27kV 10 2,7

Cac mang xo nano sau khi duge tao ra,
s¢ dugec dem d1 chup anh SEM vat d§ phong
dai 10.000 ian, bing may chup JEOL-JMS-
7600F tai Vién AIST, Truong Pai hoc Bach
Khoa Ha Noi.

T anh SEM cta cac mau da chup,
tac g1a thwe hién do duong kinh trung binh xo
trong mang xo clia cac mau duge do bing phan
mém Perfect Screeen Ruler,
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3. KET QUA VA BAN LUAN

3.1. Két qua do anh SEM cic mau

g. Anh SEM 10-15kv
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Hinh 3.1: Két qua chup anh SEM cac mau

SEM cac mang xo, tac gia

- Qua céc hinh anh SEM tir hinh 3.1 a, dén

hinh 3.1 e; Khi néng do

dung dich tang, so luong

hat beads giam. Di¢u nay duoc giai thich nhu sau:

Vol dién ap la 18 kV thi
cac dat phan tu polymer

lre dien tich tac dong vao
dn hon so voi luc it cua

cac phan dai phan tu. Kl
polymer PVA cang nho.

1 nong do cua dung dich
thi Tuce g (hen ket) cua

cac chudr phan tu cang nho, do chénh léch gitia luc
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dién truong va luc gitr phin tir cang 16m. Picu nay
gay ra su gian doan trong qua trinh tao xo nano,
nong do cang thap thi tan suat gian doan cang cao,
co hoi gy ra cac hat beads cang 16n, va diéu dd
dan dén so luong hat beads cang nhiéu khi nong do
cua dung dich polymer kco so1 cang nho.

- Qua cdc hinh anh nay, ta thay vai nong
do dung dich 15% thi dién ap kéo sor 18kV la phu
hop. 11 vol dicn ap nay. gfin nhu khong tao ra hat
beads nao.
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- Trén hinh 3.1 f, g, d: Thi v&i cuong
d6 dién ap 1 kV/cm (man 10-10kV), qué trinh
kéo so1 tinh dién chi tao ra xo, khong tao ra hat
beads, con v&i cudmg dd 1,5kV/em (méu 10-
15kV), va 1,8kV/cm (miu 10-18kV) thi mang
xo nano thu dugc ¢b ca xo va cac hat beads.

Véi cic mau tao ra hat beads (10-
15kV, va 10-18kV): Cuong 46 dién ap cang cao
thi s6 hrong hat beads cing nhiéu va hinh déng
cia hat beads chuyen tor hinh dang hinh thoi
dai, sang dang hinh cau.

- Y1 cac qua trinh kéo soi tinh dién ¢o
cuong dd dién ap cao hon: 2,3kV/emva 2,7 kV/
cm (mAu mang xo 10-23kV, va 10-27kV), thi ta
thiy sin phdm thu duge 13 cic mang ¢d dang
X0, chura thire sur la tap hop cua cac xo hoac cac
hat beads. Hinh dang thi giéng cac xo, nhung
¢6 kich thude to hon. Pay thuce su 12 san phdm
cta qua trinh tao ra mang xo, nhung dung moi
chua duoc bay hoi hoan toan trong qua trinh
kéo soi, do vy, khi cac polymer dugc kéo dén
vi tri cia mang thu thi nd van con mdt phan
dung méi. Piéu nay 1am cho thiét dién cua céc
xo khéng duge tron sau khi sdy va hinh thai hoc
cua mang xo ¢d dang nhu trén. Nguyén nhén
cua hién tugng nay duge giai thich nhur sau:
Néu cuong do di€én ap qua lon, khoang cach
giita hai cuc caa thiét bi tao so1 tinh dién nhd,
s& din t&i hién trong téng luc dién tich tac dung
vao cdc phan fir polymer [én, mang theo nhiéu
dung dich polymer ra khdi d¢au phun hon, hon
nita, toc dd cua dung dich polymer di chuyén
tlr tia phun dén mang thu nhanh hon, thol gian
dé cho dung mai bay hoi ngan hon, gay 1én hau
qua 13 cac xo nano khi dén mang thu van con
chita dung méi ¢ trong d6, lam bién dang thiét
dién cua xo sau khi duoce sdy khd nhur thé hién
trén hinh SEM hai mau 10-23kV va 10-27k V.

Vo1 nhan dmmh nhu trén. khi ting
cuong dd dién ap, can diéu chinh cu ly hat cuc
(kim phun va mang thu) cua thiét b kéo so
tinh dién mot cach hop ly. thi sé tao ra mang xo
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bao gbm c¢6 cac x¢ nano hodc bao gbm cac xo
nano va cic hat beads.

- V61 ndng d6 dung dich polymer PVA
10%, cu ly hai cyc dién 10cm thi cuong 49 dién
ap phii hgp dé tao ra méang xo chi bao s0m cac
xo nano la I kV/cm.

3.2. Két qua do dwong kinh xo nano

Véi anh SEM cac mau da chup, tac gia
thue hién do dudmng kinh xo nano bing phan
mém Perfect Ruler Screen. Do hai miu 10-
23kV va 10-27kV hinh déng xo khéng chuin,
nén tac gia khong thire hién do. Cac két qua do
duoc thé hién ¢ trong bang 3.2.

Bang 3.2: Gid tri trung binh duong kinh xo cée méu:

TT TEN MAU GIA TRI (am)
! 3-18kV 74.886
2 S5-18kV 81.033
3 7-18kV 81.279
4 10-18kV 101.876
5 15-18kV 139.205
6 10-10kV 114.593
7 10-15kV 106.376

Tir bang sb liéu trén, ta cd biéu dd thé
hién anh huéng cua néng d@d dung dich va cudng
do¢ dién ap dén dudng kinh xo nhu sau:

| Biéu d6 quan hé gitra dwong kinh va nong db |
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Dueng kinh xo jnm|
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Haong dé dung dich [
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Hink 32 B.éu do quan hé gita dirong kinh o va
nong do ding dich

e
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Quan hi gitra cudng ) didn dp va duimg kinh xo

05 0. a5 11 14 15 12 L9
Cuirng 3§ dién ap [kV/iem]

Hinh 3.3 Biéu dé quan hé gitta cuwong do dién ap
va diong kinh xo

Tir biéu db hinh 3.2 va hinh 3.3 tac gia
¢O nhén xét nhu sau:

Khi ndng d6 dung dich PVA ting 1én, thi
dudng kinh clia xo ting [én. D1éu nay cling dugc
cac c¢ong trinh nghién ciru trirde khang dinh.

Khi cuong dd dién dp ting, thi dudng
kinh xo tao tit dung dich polymer PVA giam
xudng. Diéu nay théng nhit véi két ludn cua
cac tac gia L Y, va Choktaweesap N [11,12].

4. KET LUAN

QQua cac két qua ¢ trén tac gia cé mot s6
cac ket luan nhu sau:

Nong do dung dich va cuong dd dién 4p
co anh huong dén hinh thar hoc cia mang xo
Nnario.

Néng do dung dich cang cao thi duong
kinh xo cang lon, cudong d6 dién 4p cang cao thi
duong kinh xo cang nho.

Khi ting nong do dung dich, s6 luong
hat beads giam xudng, hinh dang cta hat beads

chuyén tir dang dai sang dang hinh tron.

MO1 nong do dung dich s& co mot gia
tr1 cuong do dién ap phu hop dé chi tao thanh
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mang xo, khong tao ra hat beads. Vi dung dich
PVA 67000 g/mol: Dung dich ndng d6 10%, thi
cudmg do dién ap phu hop 13 10kV, dung dich
ndng d6 15%, thi dién 4p phu hdp la 18kV <
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