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Tom tit:

Sqi Polystyrene (PS) dugc ché tao béng phwong phap kéo s¢i ly tam (centrifugal spinning) - mot ky thuat ché tao
s¢i don gidn va hiéu qui, nang suét cao. Trong nghién ciru nay, sw Anh hwéng ciia nong do polymer, dung méi va toc
do ly tAm dén hinh dang va tinh chéit s¢i thu dwge da dwoc danh gia dua trén sw phan b mang soi va hinh thai caa
soi PS tao thanh, dwgc quan sat dwéi kinh hién vi dién tir quét (SEM). S¢i c6 cau tric dong nhit va nhé nhét, véi
dwong kinh trung binh 3,94 pm, dugc tao ra b%ng dung dich PS trong dung moi tetrahydrofuran (THF) véi ni“)ng
dd 22 wt%, dwéi toe dp quay 15.000 vong/phiit. Cac két qua cho thiy, kéo sgi ly tim 1a mot ki thuit higu qua dé ché
tao sg¢i tir dung dich polymer.

Tir khéa: nong do polymer, phwong phap centrifugal spinning, sgi polystyrene, toc d ly tim.
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Abstract:

Polystyrene (PS) fibers were fabricated with a novel centrifugal spinning method. The centrifugal spinning is a
facile and effective fiber fabrication technique with a high productivity. In this study, the influences of polymer
concentration, solvent, and rotational speed on the formation and morphology of PS fibers were evaluated using
scanning electron microscopy. The smoothest and smallest fibers, with an average diameter of 3.94 pum, were
generated using the PS/THF solution of 22 wt% under a rotational speed of 15,000 rpm. The results indicated that
centrifugal spinning is an effective technique to fabricate fibers from polymer solutions.
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Dit van de tetrahydrofuran (THF) va dimethylformamide (DMF) [1]. Nam 2012,

Polystyrene (PS) 1a mét polymer nhiét déo, ¢ kha néing hoa tan J. Lin Shang va cdc cong su tiep tuc nghién ctru ché tao thanh cong

trong nhiéu logi dung mdi khéc nhau. VGi wu diém do, PS 13 logi  ™ang vai khong dét ttrsoi PS trong hon hop dung mdi THF va DMF,

nhua duge lua chon nhiéu trong céc phuong phap ché tao vat liéu dua ra ing dung cy thé trong mang loc tach va hép thu dau [2]. Nhung
str dung dung dich polymer hoa tan. Nam 2003, K.H. Lee di nghién ~ clng chi ding lai ¢ nghién ctru phong thi nghiém do phwong phdp
ctru ché tao thanh cong soi PS béng phuong phap kéo sgi dién  Electrospinning bi han ché ung dung vi cn san xuit ¢ hiéu dién thé
truong (Elecstrospinning) tir dung dich PS hoa tan trong dung méi  cao, ning suat san xuat thap va bi gidi han loai dung méi hoa tan [3-5].
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Ciing v6i su phét trién cta khoa hoc, phuong phap kéo soi ly tim
(centrifugal spinning hodc forcespinning) duoc ra doi trén nguyén 1y
cua phuong phép kéo soi dua trén luc quay ly tdm, da va dang dugc
nghién ctu tng dung rAt nhidu trong linh vuc vai sgi. Higu qua tao soi
duoc ning cao do kha ning kiém soét qué trinh don gian hon, duoc toi
wu hoa, thay thé lyc dién truong bang luc ly tam [6]. Cong nghé kéo
soi ly tam duoc Tap doan Cong nghé FibeRio gidi thi€u trude cong
chiing vao thang 3/2010 véi tén goi la Forcespinning [7], stt dung luc
ly tam dé ché tao soi kich thudc nano-micromet. Phuong phap nay sau
d6 dugc dua vao st dung rong rai dé ché tao soi tir cac loai polymer
nhu polyamide [8], polycaprolactone [9], polyacrylonitrile [10], poly
(vinylidene fluoride) [11].

Trong qué trinh tao sgi biang phuwong phap kéo soi ly tam, rat
nhiéu yéu t6 anh huong dén tinh chét cia soi thanh pham nhu: nong
d9 dung dich, loai dung mdi sir dung, toc do ly tam... Pé dat duoc soi
¢ hinh dang, kich thudc va tinh chit mong mudn, céc yéu to néu trén
can phai dugc khao sat dé tim ra b thong s6 phu hop. Do d6, trong
nghién ctru ndy, chiing toi tap trung khao sw anh hudng cta céc yéu t
néu trén dén hinh dang va cu trac cua soi PS thu duoc, tir d6 dua ra
b0 thong s tdi wu dé ché tao sgi PS bang phuong phap kéo soi ly tam.

Thuc nghiém

Hoa chdt sir dung trong nghién ciru bao gom: polymer polystyrene
(M, =180.000 g/mol, Wako), dung moi dichloromethane (M =84,93
g/mol, d=1,33 g/ml, Sigma Aldrich), ethylacetate (M _=88,11 g/
mol, d=0,9 g/ml, Sigma Aldrich), tetrahydrofuran (M, =72,11 g/mol,
d=0,89 g/ml, Sigma Aldrich).

Thiét bi si dung dé ché tao gom. bo thiét bi kéo soi ly tam (hinh
1), can phan tich, tu se"iy, may khqu tir, mot sd dung cu thuy tinh co
ban cua phong thi nghié¢m.

Thiét bi phan tich, danh gid dwgc sir dung gom: kinh hién vi dién
tr quét (Scanning Electron Microscope - SEM) S4800 Hitachi dung
dé quan sat hinh dang, kich thudc soi tao thanh. Puong kinh sgi thu
dugc sau qua trinh kéo sgi ly tdm duogc xac dinh bang phan mém
Image-J.

Quy trinh ché tao:

Chuan bj dung dich polystyrene PS: PS duoc hoa tan trong céc
dung méi khac nhau la dichloromethane (DCM), ethylacetate (EA) va

tetrahydrofuran (THF) véi cdc nong do twong tmg 14 wt%, 18 wt%,
22 wt% theo khéi lrong PS. Cho PS vao cac dung méi voi nong do

Thiét bi bom (A)
P ) ’
| - Buong chnra dung
. dich polymer
Dung cu thu soi
Soi PS

Hinh 1. Mb ta so do qua trinh tao sgi bing thiét bj kéo sgi ly tam
(A) va anh thiét bj kéo sgi ly tam (B).

TAP CHI

HOA HOC

ONG NGHE I} Nam 62(1) 1.2020

Khoa hoc Ky thuat va Céng nghé n—

nhur trén trong céc lo thuy tinh ¢6 ndp van. Sau d6 sir dung may khudy
tlr d€ hoa tan PS ¢ nhi¢t d phong trong vong 24 gid dé PS hoa tan hét
trong cac dung moi tao dung dich dong nhat.

Tao soi PS bing phwong phap kéo soi ly tim thuc hién trén thiét
bi (hinh 1B): Dung dich PS hoa tan hoan toan dugc cho vao xylanh 10
ml va dat vao thiét bi bom. Sau khi tiém hét dung dich PS vao budng
quay ly tam, tién hanh qua trinh kéo soi ly tim. Cac miu si PS dugc
thu trén cac dung cu thu (cac try inox dugc dat xung quanh buéng
quay ly tdm, con goi 1a ban thu sgi).

Céc thong s6 duoce giit nguyén trong qué trinh phun tao soi bao
gém: khoang cach tir voi phun dén ban thu soi L=15 cm, toc do nhap
liéu v,=100 ml/h, nhiét d¢ thi nghiém 25°C va do 4m twong ddi cua
moi trudng 45-50%.

Két qua va thao luan

Anh huéng ciia nong dp PS dén hinh théi soi thu dwoc trong
cdc logi dung moi khdc nhau

Trong phan ny, sw anh huong cta nong do dung dich PS tuong
ung vo6i nhiing loai dung mdi khac nhau duge khao sat va danh gia.

Dung dich véi néng do6 PS 14 wt%, 18 wt% va 22 wt% duoc st dung
deé tao soi véi toc d ly tam 1a v =15.000 vong/phut.

Hinh 2, 3 va 4 trinh bay cac anh SEM cua nhiing mang soi PS thu
duoc tir dung dich PS hoa tan trong cac dung méi lan lugt DCM, EA,
THF tai cic ndng d6 twong tng 14 wt%, 18 wt% va 22 wt% theo khdi
luong PS. Két qua trén cac anh SEM cho thay, khi ting ndng do PS tir
14 wt% 1én 18 wt% va 22 wt%, hinh thai sgi PS tao thanh trong céac
dung moi khac nhau c6 sy khac nhau.

H|nh 2. Anh SEM clia mang sgi PS thu derc tur dung dlch PS 14
wt% hoa tan trong cac dung méi DCM (A), EA (B) va THF (C).

Hinh 3. Anh SEM ciia mang sgi PS thu dugc tir dung dich PS 18
wt% hoa tan trong ciac dung méi DCM (A), EA (B) va THF (C).

Hinh 4. Anh SEM clia mang sgi PS thu dugc tir dung dich PS 22
wt% hoa tan trong cac dung mdi DCM (A), EA (B) va THF (C).
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Cu thé, & ndng d6 PS 14 wt%, mang soi PS tao thanh tir dung moi
DCM thu duge két qua tt, trén mang s¢i khdng cd su xuat hién cua
hat nhu khi st dung dung méi EA va THF (hinh 2). Khi nong d6 dung
dich PS 14 18 wt%, mang soi tao thanh tir dung moi EA va THF van
con sy xuat hién ciia hat (hinh 3). Trong khi do tai néng do6 22 wt%
PS, mang sgi PS thu dugc 6 ca ba dung moi déu khong c6 sy Xuét hién
cua hat. Tuy nhién, mang soi PS thu duoc tir dung m6i DCM 1a khong
hoan chinh, soi bi bién dang (hinh 4).

Ba loai dung méi 1a DCM, EA va THF sur dung trong nghién ctru
c6 su khac nhau vé ap sudt bay hoi va toc d9 bay hoi. DCM 1a dung
méi ¢6 toe do bay hoi cao nhét, dung méi EA va THF ¢6 toc do bay
hoi thap hon. Do do, ¢6 thé thay rd két qua qué trinh tao soi tir dung
moi DCM & néng do PS 14 wt% da thu dugc mang soi hoan chinh
khong c6 sy xuat hién cta hat (hinh 2A), trong khi d6, voi dung moi
EA va THF, mang soi dat 6t chi voi nong do PS ¢ 22 wt% (hinh 4B,
4C) [12]. Két qua nay cho thiy, di véi dung méi bay hoi nhanh nhw
DCM 6 ndng d6 PS thap da thu duoc mang soi cho két qua tot.

C6 thé thdy, nong do toi wu tao soi cua dung méi DCM 1a 14
wt% (hinh 2A), cua EA va THF la 22 wt% (hinh 4B, 4C). Trong do
hinh thai sgi tao thanh tir dung mo6i EA ¢6 sy khac biét so voi dung
moi DCM va THF, soi ¢ ddy c6 hinh dang 1a dai ruy bang phing (flat
ribbon fibers), soi tao thanh co chu trac tuong tu dugc tim théy trong
nghién ctru ciia S. Koombhongse va cac cong su [13]. Piéu nay duoc
giai thich dua trén co ché tao soi trong qua trinh bay hoi giai doan sau
khi dong polymer dugc phun ra khoi dau kim dén dung cu thu. Theo
cac nghién ctru trude ddy, soi ¢o cu triic dai ruy bang phing duogc
hinh thanh khi st dung dung dich c6 d9 nhdt cao. D9 nhdt cao déy
nhanh qua trinh héa rdn bé mit soi, cung luc d6 dung mai thoat ra tai
dau kim gay ra hién tugng sup d6 mot phan (collapsed), theo nghién
ciru cia Koski va cac dong nghiép [14]. Khi dung méi di chuyén qua
dau kim phun, c6 xu hudng thodt ra khoi dong polymer nhung lugng
dung moi khong du anh hudng dén bé mat soi da 6n dinh trude do,
mot 161 rong bit du hinh thanh ma sau do sup 6 doc theo sgi dé tao
thanh dai ruy bang phang.

Anh huéng ciia téc dj ly tim dén hinh thdi va kich thwéc soi thu
dugc tir dung dich PS 22 wt% voi dung moi THF

Hinh 5 trinh bay anh SEM mang soi PS thu dugc ¢ nong do PS 22
wt% trong dung moi THF khi thay déi toe do ly tam, giir nguyén cac
thong s6 thi nghiém khac trong sudt qua trinh kéo soi ly tim. O toc do
ly tam 1a 9.000 vong/phut, mang soi PS thu dugc co sy xuét hién cta
hat. Khi tang toe d quay 1én 12.000 vong/phit va 15.000 vong/phut,
mang s¢i PS thu dugc khong co su xuét hién cua hat.

Hinh 5. Anh SEM ctia mang sgi PS thu dugc tir dung dich PS 22
wt% trong dung modi THF vdi téc do quay ly tam 9.000 vong/
phit (A), 12.000 vong/phit (B) va 15.000 vong/phiit (C).
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Vi toc do ly tam 1a 9.000 vong/phut, mang soi co su xuat hién
cua hat (hinh 5A), dleu nay gap phéi do lyc quay chua dii 16n dé qua
trinh quay tao soi toi wu. Khi toc do quay dat 12.000 Vong/phut luc
quay da du 16n dé qué trinh phun tao soi thu dugc két qua tot (hinh
5B). Két qua nay duoc giai thich duya trén sy anh huong ciia luc ly tim
trong sudt qué trinh phun tao soi [14, 15].

Bang 1 trinh bay két qua do dudng kinh trung binh cia soi thu
duoc & cac the do quay ly tam 9.000 vong/phit, 12.000 vong/phit va
15.000 vong/phut tng voi ndng do dung dich PS 22 wt% trong dung
moi THF.

Bang 1. Puding kinh sgi thu dugc ctia mau PS 22 wt% trong dung
mdi THF khi thay déi toc do Iy tam.

Méiu Tée dd quay (vong/phiit) Puwong kinh sgi (um)
PS-THF-9 9.000 1,82+1,28
PS-THF-12 12.000 4,25+2,85
PS-THF-15 15.000 3,94+2,40

Hinh 6 thé hién sy phan bd duong kinh soi ctia cic mang soi PS 22
wt% trong dung moi THF duoc ché tao ¢ cac toc do ly tam khac nhau.
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Hinh 6. Su phan bo dudng kinh sgi clia cic mang sgi PS 22 wt%
trong dung moi THF véi toc do ly tam 9.000 vong/phiit (A) PS-
THF-9, 12.000 vong/pht (B) PS-THF-12 va 15.000 vong/phut
(C) PS-THF-15.

Khi tbe do ly tam tang tir 12.000 vong/phut 1én 15.000 vong/phit,
mot lugng 16n sgi tao thanh co duong kinh phan bd trong khoang rong
tir 2 pm dén 5 pm. Tde do ly tam thap hon (tai 9.000 vong/phit), cac
soi thu duoc tap trung hon voi dudng kinh soi phan bd trong pham vi
hep tir 1 dén 2 pm (hinh 6). Khi téc do ly tam tang tir 9.000 vong/phiit
dén 15.000 vong/phut, duong kinh trung binh cua soi tang tir 1,82 pm
1én 3,94 pm. Nhu vay, khi tang tdc do ly tam, soi thu dugc c6 duong
kinh tang [15, 16]. Piéu ndy c6 thé giai thich dua trén tdc do hoa rén
ctia soi sau khi ra khoi dau kim dén dung cu thu. Khi toc do ly tim
tang, thoi gian sgi thye hién mot chu trinh tir luc ra khoi dAu kim dén
dung cy thu duge rat ngén, qua trinh hoa rén cta soi dién ra nhanh hon
dan dén soi thu duoc ¢6 kich thude 16n hon [17, 18].

Nhu vay, thong qua nghién ctru anh hudong cua loai dung moi,
ndng do PS trong dung moi va toe do ly tam, dé tai da thu duoc mang
soi PS c6 duong kinh soi trong ving submicromet (micromet) va
mang khéng con xuat hién hat trén do [15, 16]. Diéu kién t6i wu: ndng
do dung dich PS 22 wt% trong dung méi THE, toc d¢ ly tam 15.000
vong/phut.

Céc yéu t6 anh huong dén hinh thai va cdu tric soi PS nhu loai
dung moi, nong do PS va toc do ly tam da dugce nghién ctru. Dung
moi quyet dinh kha nang bay hoi trong qua trinh sgi ra khoi dau kim
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dén dung cu thu nén khi str dung loai dung mai c6 kha nang bay hoi
nhanh thi ndng d0 tao soi toi wu s& thip hon. Két qua nghién ctru cho
thay, véi toe do ly tam thép, luc quay khong di dé qué trinh phun soi
dat hiéu qué, do d6 can khao sat thém toc do ly tim cao hon 15.000
vong/phit dé danh gia rd hon vé sy anh hudng nay. Soi PS ¢ cdu tric
6n dinh, khong con sy xuat hién ciia hat da dugc ché tao bang phuong
phap kéo soi ly tam. Soi c6 dudng kinh phan bé trong khoang 1-5 pm
duoc tao thanh tir dung dich PS 22 wt% trong dung méi THF véi toe
do ly tam 1a 12.000-15.000 vong/phut. Ngoai ra, nhimg thay dbi vé
hinh thai va sy phan bd kich thu6c soi con chju anh hudng ciia nhidu
yéu t6 khac nhu: nhiét do moi truong, do am, khoang cach phun tao
$0i... vai su tac dong qua lai 1an nhau. Viéc nghién ctru t6 hop nhidu
yéu t6 anh huong nhu trén s& giai thich r6 hon méi twong quan gitra
phuong phép tao sgi va hi¢u qua tao sgi.

TAI LIEU THAM KHAO

[1] K.H. Lee, H.Y. Kim, H.J. Bang, Y.H. Jung, S.G. Lee (2003), “The change
of bead morphology formed on electrospun polystyrene fibers”, Polymer, 44(14),
pp.4029-4034.

[2]J. Lin Shang, B. Ding, J. Yang, J. Yu, S.S. Al-Deyab (2012), “Nanoporous
polystyrene fibers for oil spill cleanup”, Marine Pollution Bulletin, 64(2), pp.347-
352.

[3] E. Stojanovska, E. Canbay, E.S. Pampal, M.D. Calisir, O. Agma, Y. Polat
& A. Kilic (2016), “A review on non-electro nanofibre spinning techniques”, RSC
Advances, 6(87), pp.83783-83801.

[4] S. Padron, A. Fuentes, D. Caruntu, K. Lozano (2013), “Experimental
study of nanofiber production through forcespinning”, Journal of Applied
Physics, 113(2), pp.024318.

[5] K. Sarkar, C. Gomez, S. Zambrano, M. Ramirez, E. de Hoyos, H. Vasquez,
K. Lozano (2010), “Electrospinning to forcespinning™”, Materials Today, 13(11),
pp.12-14.

[6] Z.Liu,Y. Liu, Y. Ding, H. Li, H. Chen & W. Yang (2013), “Tug of war
effect in melt electrospinning”, Journal of Non-Newtonian Fluid Mechanics, 202,
pp.131-136.

[7]R. Knizek and D. Karhankova (2016), “Advantages of a new manufacturing
facility for the production of nanofiber”, World Academy of Science, Engineering
and Technology, International Journal of Chemical, Molecular, Nuclear, Materials
and Metallurgical Engineering, 10(4), pp.426-430.

TAP CHI

HOA HOC |/,
ONG NGHE I} Nam 62(1) 1.2020

Khoa hoc Ky thuat va Céng nghé

[8] A. Valipouri, S.A.H. Ravandi & A. Pishevar (2015), “Optimization
of the parameters involved in fabrication of solid state polymerized polyamide
(SSP PA66) nanofibers via an enhanced electro-centrifuge spinning”. Journal of
Industrial Textiles, 45(3), pp.368-386.

[9]N.E. Zander (2015), “Formation of melt and solution spun polycaprolactone
fibers by centrifugal spinning”, Journal of Applied Polymer Science, 132(2),
Doi: 10.1002/app.41269.

[10] V.A. Agubra, D. De la Garza, L. Gallegos & M. Alcoutlabi (2016),
“ForceSpinning of polyacrylonitrile for mass production of lithium ion battery
separators”, Journal of Applied Polymer Science, 133(1), p.133.

[11] B. Vazquez, H. Vasquez & K. Lozano (2012), “Preparation and
characterization of polyvinylidene fluoride nanofibrous membranes by
forcespinning™”, Polymer Engineering & Science, 52(10), pp.2260-2265.

[12] T. Jarusuwannapoom, W. Hongrojjanawiwat, S. Jitjaicham, L. Wannatong,
M. Nithitanakul, C. Pattamaprom, P. Supaphol (2005), “Effect of solvents on
electro-spinnability of polystyrene solutions and morphological appearance of
resulting electrospun polystyrene fibers”, European Polymer Journal, 41(3),
Pp.409-421.

[13] S. Koombhongse, W. Liu, D.H. Reneker (2001), “Flat polymer ribbons
and other shapes by electrospinning”, Journal of Polymer Science Part B: Polymer
Physics, 39(21), pp.2598-2606.

[14] A. Koski, K. Yim and S. Shivkumar (2004), “Effect of molecular weight
on fibrous PVA produced by electrospinning”, Materials Letters, 58(3-4), pp.493-
497.

[15] N. Obregon, V. Agubra, M. Pokhrel, H. Campos, D. Flores, D. De la
Garza, M. Alcoutlabi (2016), “Effect of polymer concentration, rotational speed,
and solvent mixture on fiber formation using forcespinning®”, Fibers, 4(2), pp.20.

[16] Y. Lu, Y. Li, S. Zhang, G. Xu, K. Fu, H. Lee, X. Zhang (2013),
“Parameter study and characterization for polyacrylonitrile nanofibers fabricated
via centrifugal spinning process”, European Polymer Journal, 49(12), pp.3834-
3845.

[17] X. Zhang & Y. Lu (2014), “Centrifugal spinning: an alternative approach
to fabricate nanofibers at high speed and low cost”, Polymer Reviews, 54(4),
pp.677-701.

[18] C.T. Casper, J.S. Stephens, N.G. Tassi, D.B. Chase & J.F. Rabolt (2004),
“Controlling surface morphology of electrospun polystyrene fibers: effect of
humidity and molecular weight in the electrospinning process”, Macromolecules,
37(2), pp.573-578.



