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Abstract: Poly(vinyl pivalate) (PVPi) was bulk polymerized to make poly(vinyl alcohol) (PVA) microfibrils to apply for
polymeric embolization coils replacing metalic coils. Then, syndiotactic PVA (s-PVA) microfibrils having number-aver-
age degree of polymerization of 1100 and s-diad content of 60.4% were prepared via saponification of the PVPi with no
separate spinning process. To make s-PVA microfibrils with radiopacity, zirconium dioxide (ZrO,) and barium sulfate
(BaS0O,) were added into s-PVA microfibrils during saponification. The computed tomography (CT) value indicating

radiopacity reached up to over 1000 when the amount of ZrO, and BaSO, were 12 and 6 wt%, respectively.

Keywords: s-PVA, microfibrils, radiopacity, bulk polymerization, embolic materials.
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2B {7 AAGEA o] HAEATH? w2 ol

&4 (syndiotacticityy2 ZH= PVPi2] H]F3= PVA no|3=
EE 72 P4 DHT F I3 wdujEge] w2 £

"To whom correspondence should be addressed.
E-mail: tachwanoh@ynu.ac.kr

563

oM EAH]E (poly(vinyl acetate, PVAc)2] B F3lol|A= vlo]
F2vHY Tz SHEA] 4SS B Y yEHYE
Joye FH 24E wujEAelzt & 4 Ut

olzigt &2 PVAS] wjuigAde] A 25 3
Bj3hA A JAdEo] WstEHA dAeheE Zo® g
ek AT vFslES E3HF PVAS] EAPASFE A}
S AR Wellshs 7EA]9] ol 2 (ester) w0l =
I FHEEE 23 240t 2 (pivaloyl) ZF°] OH
aFoRe] Wshks &, vl SUte A e
UefEe] HEAE A = JA gt PVAS] A A
F3E o] &3 nlo|aRT YL UnkAQl WAL A4l EX
el sl Bojx|= Aol ol HEe 7k A ol
Azdn?

g, PVA mlo| A2 9B 2 <l
3, Hskehd, ek gt welad

=

37



564 z89 -

rok

A8 -

< YERH, PVA 552 BARISMIE AU Q). whba
71% E4uE PVA % o] Ale ARAlIESe 549 &
ToA 2P} 7hsetth. g WARE g o] kA 2o
B2 AdstE A9 g oz AP A goz 94
3 5492 2= PVA HRE Axske Aol 7 A=
71

PAAge] X Fr|Eo] T FEEZ ol el Wi
79 dHe] ANE fEshs AYE o] ghds] 118
3 glew FAA NS 53 e 28] Frtst
3L Qict g3 AR = Elekr(titanium)2 B2 (tungsten)
T 2E5EL FEAAE FY FOE A|xst] o]AS
719 d3t Yol FJste] Xmate Aol BANE 487 2
71183 AAATE 9 AlsA] F2E- 5] FA7E do] AL
AL AAE o] g-gk AEE side] e sk Aot mEt
Al PVA mlo]A2T B 9]¢] EAINES Beksr|ol] Z4
gt AA AT S 7 ol BTl A =
7L Slo] @719 T4 AEE 93 w5 A=A A
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AEME. 92 d, 7r0, BaSO, > Al2rh-g =23
(Sigma-AldrichAFZ 55 -3t AR89, /ARl 2=
o}Z(azo)Al 7NAIACl 2,2-azobis(2,4-di-methylvaleronitrile)
(ADMVN)Z Y#-9] 915 (WakoAF2HE] -3i5te] Hghgol
23] AAFAA AHE-SHA T Tetrahydrofuran(THF), acetone,
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methanol, potassium hydroxide(KOH), dimethyl sulfoxide
(DMSO) 5] A2 Y4}ksl8H(Duksan Pure Chemical)® =
FE st ARt on 2 AT AMSH B2 25T
£ A3 O A|FEe o] A glo] agE
ARE-3H3I T

VPiel W3 Fgl 250 mL & 72| 4+ F&2=Fe VP
(150 mL)YE Y3 A4 7| Fetol|A wyksle] wkg-ol Zo] A
2o} FEE A A FH, /MAIAI] ADMVNE VPiell tis}ed
4x10™ mol/mold] 5= FH7lsta =251 50 °C7EA] wF
SIS REE &9 F &% AIZF TSI 4ozl PVPi
£ S/ oHllEel AT 3l E wHEste] e wEke
EES AASIL, o5 40°ColA XF A3 Table 1
o PVPi ¥aFT 278 YeRAA.

s-PVA OO 2O E&e| HZ. "Ml Fde 2 s
PVA wlo|AR2IHY S A|Ze}7] fl8) olilsiA|2xgat
AhHES 7z PVPioll Tlsked 3, 6, 9, 12 wi%eS E3HAIR1
% o= H|*3}5le] s-PVA mlolF2u B S A2t &
A, AaRdT, S (alkali) A8k B wmb)7E A
500 mL 2] ARt Zep2To A PVPi 2 g& Ad2olA]
W= S 200 pm & 3t THF 220 mLof| 350152, F7]¢]
ZHZr0O,, BaSO,)= F2oA I EE 200 rpm o2 3l
THF 5 mLol] W2 A A F71 YA} 24k & Alz=ghot,
PVPi7} THFe] ¢Hd &afj=™ Fhlslse F719AF w4k
S A7 X7 w0 Qo] 25 50 °C7h
A &9 F wsias 20% A E /M EE 78S A
A8 "ojrmg] 3 BEEAIZ] - REgEo] JISkEHA] s-PVA wE

Table 1. Conditions of Bulk Polymerization

Monomer VPi
Type of initiator ADMVN
Initiator concentration(mol/mol of VPi) 4x10™
Agitation speed(rpm) 100
Temperature(°C) 50
Table 2. Conditions of Saponification
Type of solvent THF
Concentration of 0.89

PVPi solution(g/dL)

Amounts of ZrO, and
BaSO, powder

0, 3, 6, 9 and 12 wt% of PVPi

Concentration of
alkali aq. solution

KOH(g/L) 200
MeOH/water(v/v) 7.21/1
Amount of alkali aq. solution 0.1 mL(v/v) of amount of THF

Temperature(°C) 50

Agitation speed(rpm) 200, 250, 300 and 350




WAPIEFI IS 7R il ERhEeEe

o|AZ v B o] AZHH, o5 TR 7)ol s 5
&2 S AIFARI AlFo] ¢EE s-PVA mlo| 2]
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A2 E DMSO-de9l =91 'H NMR(nuclear magnetic reso-
nance, FI-NMR-VNS300, Bruker Co., Germany)& ©]-8-3}¢]
30 °CellA S 33Tt

'H NMR Az2 UeRd PVAS] 9A58 48] HH 4.65
ppmellA FLME E]ol=7](mm), 4.43 ppmollA] EdulE
Egof=7](mr), 223 422 ppmol|A] WTPHlE Ejoj=7]
()2l A7} veptsd), 72 3Ee] |Ae e H 2 (5)

£ o]83je] wuiE”] $Fk(s-diad contentyS AT 118
s-diad content(%o) = (;:nJ;T+rl+/r2r)x 00 5)

PVA2] |3} (DS)= 1.35 ppmol A LElYE= CH, ¥=
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o] WA
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AzE ZoElE PVA vlo|AZmBEe] A7 9 THIE
£ #olstr] 18] FAPAE v 7 (field emission scanning
electron microscope(SEM), S-4100, Hitachi Co., Japan)2 A}
&oto] A EE e FYT T e iieE AFsiih

oIS 25w iR TS oluA] 4k XA
=7 7] (energy dispersive spectrometer(EDS), EX-250, Horiba
Co., Japan)g ©|-&3lo] ER1315 Tt

el PVA Aol 722 SAdaiAS fleiA B2t X-
Al 3] ™ (X-ray diffraction(XRD), MPD for bulk, PANalytical
Co., Netherlands) #2412 2183}, W9z wake] 30 ~
WS 205 10~80° WA= A3t S35t

F7194E g3 wdiel g PVA mlo|aA2u B e] g3
54 3AS S8l Al AFARE A (differential scanning
calorimetry(DSC), Diamond 100, PerkinElmer Co., Germany)
< o183, 2EH9E 40~260 °C, &&= 20 °C/min
2 HA715 tllx] S8s3t

WA B E 34 & CT(computed tomography, Somatom
Sensation 64, Siemens Co., Germany) %42 53| CT value

2 epiet.
21 9 EE

Figure 1> ¥a5do2 AZH PVPiY vF73t 348 5
slo] A|23 s-PVA wlo| A2 B 6002 10002] vl&=
#23k SEM o]u]x]olt},

HFslz A0 TS 200~350 rppmo-2 Yl &t L,
BE WSS 2704 A FEle] s-PVASE 45 F U
ot WS 300 ipm7Al= Rle| AR B Y] o] #
Aot wRkEETE 350 pmelAE APFAEES FAE 5 U=
AAEE dof di= FEY FHE 9 dF= g9 3

S veRfle] s]Hd FAdAd0] FA St o ArellA

Figure 1. SEM images of s-PVA microfibrils prepared by saponi-
fication for different agitation speeds (rpm): (a) 200; (b) 250; (c)
300; (d) 350 (magnification: x600 (left); <1000 (right)).
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PVAE M2 42 34 FUEE 24| o] PVPiOl &
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AL ARE] RS AR ot 4 Qi daky
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SN 5=
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m(4.22 ppm) ¥ =8| WA 747} 1.00, 3.37, 2.410]1%032, 4]
(5)E ol&at] w7 S Ak A3 60% o de
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Figure 2. '"H NMR spectrum of s-PVA microfibrils prepared by
saponification at an agitation speed of 250 rpm.
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Figure 3(a)2] AR 25F AR} Figure 3(b)e] 4kt
F Yol Ha F7-e 7Hz}t 240, 540 nmE S F 9o,
oI 23] YA 7} g AL R e s
O 4d3e ERISHATE olitsiA23E YAke] 749 dAk
ko] kgl vigl] AFel o 77ke- FEE Wil e
H FrhEe] S dRke] o] 93 el B-(rod) FEN
7t EAES] U= Hlo] FEAE A

Figures 49} 5= A&A¢] 7P 78 9% 250 rpm
9] s-PVA mRo|a 20| B Az WAPIERIAY F
719AR] ol ks 2w S| Fas delsl A=
3l s-PVA vlo|m g2y E ] FHFHES 6002+ 10009] Hi-&

Figure 3. SEM images of particles (magnification: x20000): (a) ZrO,;
(b) BaSO,.

Figure 4. SEM images of s-PVA microfibrils prepared with various
concentrations of ZrO,: (a) 3 wt%; (b) 6 wt%; (c) 9 wt%; (d) 12 wt%
(magnification: x600 (left); x1000 (right)).

Figure 5. SEM images of s-PVA microfibrils prepared with various
concentrations of BaSO,: (a) 3 wt%; (b) 6 wt%; (c) 9 wt%; (d) 12 wt%
(magnification: x600 (left); <1000 (right)).
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2 A Zolt). o iR 23F YAE gt s-PVA B}
olazvHY ] 4o AP it AAE TR
s-PVA mlo]A2m] B v]s)] U3t Fe2 FAEAT. o
2] Ha A7go] ¢ A3 BEFdd ES et s
PVA vlo]azu|HY o] A9 wie] ¥ A3 Feis e
o} F7147F 277F A0 Bgda BES FS- v)E) &
HollM lBd A A YHY ZAo] FAEx JFS 1)
e Aoz FH

s-PVA mlo|m 2y B o] tha el S 23k SEM o]m]%]|
£ Figure 60 YERlo™ & Fej= el o) 77he
Bl YeRNSIT). Figures 72+ 82 olAtsIR| 25153} &Fiknt
FS T/S s-PVA rlo|AZ9 B ] THAFEIE 5002 800
o] wj&2 #&A3 SEM ARlolth, F7| 427} Adf Ul
EABIAL S RN = Aen FII94Rte] o] &
7¥ghel mEt IRFEC] SEE @] BEE AT

A

Figure 6. SEM images of cross-section of s-PVA microfibrils (mag-
nification: (a) x500; (b) x8000).

Figure 7. SEM images of s-PVA microfibrils cross-section prepared
with various concentrations of ZrO,: (a) 3 wt%; (b) 6 wt%; (c) 9 wt%;
(d) 12 wt% (magnification: x500 (right); x8000 (right)).

Figure 8. SEM images of s-PVA microfibrils cross-section prepared
with various concentrations of BaSO,: (a) 3 wt%; (b) 6 wt%; (c)
9 wt%,; (d) 12 wt% (magnification: x500 (left); x8000 (right)).

nlo]AZ | H o] A% 567

A|ZE s-PVA vlo|A2 B o] oISt 2553} okt
Fo THEFS Felstr] 913 EDS #4] A= Table 39
LFERATE. 8k RS 98 29E % (sputtering)ell ©]
o TS A ¢S AIEE ARSI F1YAE ERst
A 2 whe| AR HH ] 79 Zro|u Bart EAIEHA] 3o
BE Bhpe} 4bka Aitve] AEHAL, TS RS
s-PVA mlo|ZzsHde] EDS #4143} PVPiel thale] F7]
AL Fdol FIgel met Adulgelx Fr1d=ke] A

Table 3. EDS Spectrum of s-PVA Microfibrils and s-PVA/
Inorganic Microfibrils

Particles Aglmi?(ﬁz:f Element = Weight%  Atomic%
Control 0 wt% CK 62.62 69.06
OK 37.38 30.94
Zr0, 3 wt% CK 59.30 66.72
OK 39.13 33.05
Zr L 1.57 0.23
6 wt% CK 59.42 68.41
OK 35.68 30.84
Zr L 4.90 0.74
9 wt% CK 63.38 73.28
OK 29.55 25.65
Zr L 7.08 1.08
12 wt% CK 60.48 71.60
OK 30.34 26.97
Zr L 9.18 1.43
BaSO, 3 wt% CK 63.62 70.87
OK 34.41 28.77
S K 0.51 0.21
Ba L 1.46 0.14
6 wt% CK 57.33 67.10
OK 36.09 31.71
SK 1.52 0.67
Ba L 5.06 0.52
9 wt% CK 57.01 68.16
OK 33.65 30.21
S K 1.90 0.85
Ba L 7.44 0.78
12 wt% CK 53.60 65.78
OK 35.03 32.27
SK 2.09 0.96
Ba L 9.29 1.00
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Figures 99} 10 A3 /do] 7P¢ 53t 2702 A=H
s-PVA mlo]a2 v H el o] 71| F71Y=E Hrtste] 7
7192ke] ghapd Al 2E s-PVA mlo]aZ 292 E o] XRD 3
BS Ueld Zlo|t}h, F)RE 95l YA S s-PVA
ulo|A2 v B ] 79 aiate] A4 R Qs 19.5%])
Al PVA 27 (101) 2] 54 337}t Yepdoh

Figure 9914 oi8iA| 25+ F714Ake] B35 A% 24
3} 28.2°9] (111)AF} 31.5°9] (111)ANA 7 F=8l5lA o
Jsirzage] 244 54 ¥37F YeRke™ ® Figure 1001
A grhakge] A4 B4 v3s 220320 AA (101), (111),

!

s ..-k...l —t \-J\ ..... M _.\_;&h._ﬁ.-'\hu‘wm;\___a_m..
S
g S
Z f
g PVA/ZrO,9 wi%
F=E et O, WP U VU N LU
PVA/Zr0,6 wi%
e . Ih—)kJ“——d-J\-—ar—-—.d\\._wmmu-_*‘_-,.___

M_g,-nn/b\'ﬁ-ﬂl.. . H -
10 20 30 40 50 60 70 80

20 (degree)

Figure 9. XRD patterns of PVA microfibrils, ZrO, and s-PVA/ZrO,
microfibrils with various concentrations of ZrO,.
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L.......A...hlnl IJ'l.._J.- Aottt Yo PR e o]
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5 [ A PVA/BaS0,6 wit%
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Figure 10. XRD patterns of BaSO, and s-PVA/ BaSO, microfibrils
with various concentrations of BaSO,.
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Figures 119} 12 F71997F 2 Al Z2E s-PVA 7o)

PVA
PVA/Zr0,3 wi%
=} ———
- B
af PVA/Zr0, 6 wt% RN Jo T
- !
e \\’-‘.}
PVA/Zr0, 9 wi% ey VAl
| ~.
PVAZIO, 12 wi% —_———
~ /7
N/
160 180 200 220 240 %0
Temperature(C)

Figure 11. DSC thermograms of s-PVA/ZrO, microfibrils with var-
ious concentrations of ZrO,.

PVA \/—__
"PVA/BaSO, 3 wt%
[=]
I N—— ——
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Figure 15. CT photography of s-PVA/BaSO, microfibrils with dif-
ferent concentrations of BaSOy: (a) 3 wt%; (b) 6 wt%; (c) 9 wt%;
(d) 12 wt%.
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