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Fabrication and Characteristics of Chelidonium majus Extracts Embedded
FElectrospun PVA Nanofiber
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Abstract

The purpose of this study was to determine whether addition of polyvinyl alcohol (PVA) to Chelidonium majus distilled
water and ethanol extract could produce hybrid nanofiber through electrospinning process. The electrospinning process
used PVA concentration at 12 wt%, voltage of 10 kV, and a tip to collector distance of 15 cm. Total polyphenol and
total flavonoid contents were measured in order to verify the antioxidant activity of Chelidonium majus extract. The morphology
of Chelidonium majus/PVA nanofibers produced through electrospinning was confirmed through scanning electron microscope
(SEM). Coupling between Chelidonium majus extract and PVA molecule was identified via fourier transform infrared
spectroscopy (FTIR), X-ray diffraction (XRD), and differential scanning calorimetry (DSC) analysis. Total polyphenol contents
of distilled water extract and ethanol extract were 38.4 mg/g and 60.58 mg/g, respectively. Total flavonoid contents of
distilled water extract and ethanol extract were 14.88 mg/g and 52.82 mg/g, respectively. The diameter of the PVA nanofiber
was about 250 nm. After Chelidonium majus extract was added, the diameter of nanofiber was increased to be over 400
nm. As the concentration of Chelidonium majus extract was increased, the diameter of Chelidonium majus/PVA nanofiberalso
was also increased. Without beads and incomplete spinning forms, the nanofibers were evenly spun. Hydrogen bond between
Chelidonium majus extract and PVA and subsequent reduction in the degree of crystallization, melting point, and thermal
capacity were confirmed by FT-IR, XRD, and DSC analysis. These results demonstrated that nanofiber could be produced
after molecular binding is completed.
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A28, B, FelETAd Tl 71sdE IRlshs TR
=) QJthNam & Lee, 2013; Sa et al., 2013; Kim
& Shin, 2010). ek AfAkeiolN A F2Ee| 28
g3t 5849 Fohsel] s Besl et o
7hsA Belofehs o ool pvaA 9w, Aol F%
Bo] olfo] /K5t ViRl Uhes), A5} 0 8% &
Aol Bgs 5 vl Rolzel 3§ A7} Aashh

el e AR o) AR E ALl
&= 7FHA A7l os] e B A= E F
AZXFHYE TEAAE A2 2 THH v8) YAt
o|=o] 7]5=a7|¢} o] 2 QIgH vhaAd, 24T 5
A& e 5 B S87FsAS 7R Adfoltk(Youn &
Lee, 2010; Lee et al., 2009a; Lee et al., 2009b). o]}
reatolze] Z1FE71E FAht BlAWAE Bhe s
Azok, Alte] HAFE e BxlEg 22 1S o)R7
A-8eh= 5 Y ool tdsiAl izt o] Foi#]
I glow, AwA =48I E]iete] AR A=
&AL ek o8-8 AFdEoelME T, A
8] AEAE ARESEe] AlA o g By, A
Aul 2o 985871719 FAEC ol&H A rh
(Shah et al., 2014; Sawicka & Gouma, 2006; Xie et al.,
2008). LhAdfre] Alze ik gL A A7ApE
ofle} AR} /7S £ stolBg= e
ATE WAL =l 53] AL mARA, W2
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A el dig Balo] SE ook A 471%
g9 B hedd Q7RE AL wsjold U
ARe oss Weleds A Sl gl 7]
Be 7zbRe AdslERe 235k polyvinyl
alcohol (PVA) &3 U= vh=+= A7 (Koosha et
al., 2015; Chauhan et al., 2014; Duan et al., 2006), A1}
5 ke 2 I EXSE PVAY E3ste] AduEA) u)
A58 2ERAY o]87s S Yo A7 (Kim &
Lee, 2015), AAgaEA] Zevls 632 Tl
Poly-3-hydroxybutyrate-co-3-hydroxyvalerate(PHBV)
WA Alxste] datds g1k A7(Kim et al,

2009) 5] AUt
o] 2 PN 4 Bok 5 Sl olvlEE
(Chelidonium majus)S GZZ2o)=9] 3 F72l =2l

%

ofehil e AARS T Qo] AAGH AR of
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g-o] 7}535HH(Choi & Lee, 2015), Bugatti, Han, Taborska
] ¢7to]] w=(Then et al., 2000) H71EZS 29, &
i, gulolels, YR, UEY ol BUE BaE T
Aoz Xl chelerythrine,
sanguinarine, berberine 52| G7l2o|= AHE-S ¥ sl
2Jo|(Gadzikowska & Grynkiewicz, 2001; Colombo &
Bosisio, 1996), eJeFEolQ]ell 7573 mI-8AlE 7ol -3-&
o] 7Fs8lcHJung et al., 2011; Woo et al., 1996).

N7EES oA AREShE oR&2lE Hlste
T8 W dsA B2 EetEeol=E ekl
dl(Jung et al., 2011) E2|ded St xol=s A
08 BE A8 Y HAE AEoA EAetH, vkt
TE 3 e R sl §akE 2t Zlo) Bl
o] JtH(Kéhkonen et al., 1999; Van Acker et al., 1996).
Zeulse e S SEEdE O FRe a0
A7F o, Aol ool Wl 7ek AUAEET
B 2225 A 5 A sk 25 shaL, Eejssol
A9 Froll FrHH &4 AHAaE Asfske adkel it
3285 gt (Papuc et al., 2012). SR o|=x= A&
Al WollA =g Alge] Aiz ZR8kL, 7ol F&
g wA = 7S she alsl 28 flelw dAt, &
oF, FHT SAJEE 5ol Harso] glo] 4ke dutEo g
I #ilo]l =l ItHHeim et al, 2002; Winkel-
Shirley, 2001; Zhishen, et al., 1999).
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w

E SEY FHSFE dH] 1:100.2 3l 100 Co

A 6027 23] FESIAL, dEe FEHoEE A
o x

ofel &, FRT
IKA®, Germany)Z o|&3}
180 pmo g, oghe FEEL 2% 60 T, &=
180 rpmo g 7AYEE § WF, 7xste] dojzl uy
5L AIAER ARESIRITHChoi & Lee, 2015).

ZA7HAL Al ARRE 18A= PVAE PVA217(degree
of hydrolysis=88%, degree of polymerization=1700)2
Kuraray Co. oA +3}e] AR5t

2. & 2= 22 { § E2lE0lE B2 5H

N7EE FEE = ZojdE IS Folin-DenisH
< W3sle] Z43+grHSwain & Hillis, 1959). o} 7)1 EZ
FEES 1 mgml 352 343 02 mLE £3 gy
Q2RACF 0.2 mLe} E8ate] 377 A4 vhEAZ]
%, 10% SRRFEF 3 mLE 71ete] Ejtakal HalellA
LARE 9R-EAIZITE RESAIZ] AlSE ARe] 7 HA1RA 88
EZAI(UV-VIS  Spectrophotometer, S-3100,  Shinco,
Korea)E ARg-3lo] 725 nmollr] SH =2 X390 &
Zg|ss e ehdiKSigma aldrich Co, USA)S =7
Frofl =] 31.25, 62.5, 125, 250 pg/mL S-Yo] == vt
ol EEFAHE o83t Feeltt. & EefEeol= 3
@2 Nieva Moreno®| W& WEste] ATt
2000). N71FE FEEE 80% olle-e
10 mg/mL =2 343 0.1 mLE 80% &3-S 04
mLo} E9 &, 10% ZAHFrlE &9 0.1 mLe} 1 M9
oM EAL ZHF & 0.1 mL, 18] 80% ollg-e 4.7 mL
& 7Fete] Eskar 404 1F vESAIFLE RESAIZL AlEE
2] 71334 B33 = A(UV-VIS Spectrophoto meter,
S-3100, Shinco, Korea)E ARS8t F4%= 410 nmojA]
At & EFopEeols FHRe A=AE(Sigma
aldrich Co, USA)S ZF=roll 3¢ 62.5, 125, 250, 500
ugmlL §do] HEE vhso] FF4E o]83sfe] T3t
At

(Moreno et al.,

b
S

3. YWAIZY H|z=ot M=

I

PVA ARge 2 S0l 12 wi%o] S| = 8sfst

(

I FRTE 1 HERE &S WNTE SR FE=
< 025,05, 1.5, 2.5 wt% THH|2, FEE57 Jee-S
1:99] Hl&2 g3lgt deke 552 0.1, 03, 05, 1, 2
wt% SR Frhsle] akel & 2231 A2lE 1ARE
Slal thA] S28] npksto] WARE- S Alzslolnt. Al
3k HhAlg- A o] M= H A (Viscometer, SV-10, A&D
Co. Ltd., Japan)E A8-3le] 4313}

4, TI|LAL

U682 Azstr] 9ste] 040 kvel g zdo)
7}s3F LAY FF7R|(DC High voltage power supply,
CPS-40K03, @)% 3}EMT, Korea)Z AR&-31] ofu] 2 3e
538 12 wt% PVA Ui -0 Feizt 12 Azd 10
kV A 3 #ALAZ|(Tip to collector distance, ©]3}
TCD) 15 cm 2702 A7|WA} 3hich

5. Ltz 7ol SESH(SEM)

AzE hedlfel BEAAT BEEds el
et FARAAREAR]Z(Cold  type
Scanning Electron Microscope, S-4800, Hitachi, Japan)Z
e B3 A7) WA el frel ERSAS 245
I, thelfe] AR FERARE oA B4 xg
2 (Image Processing and Analysis, ImageJ, NIH, USA)
= o83t A3t

Field Emission

6. LhrMR0| Mol B4 AHE(FTR)

Az Weadfro] PVASE o752 55 1 det
82 SI3k] 9lshel Lhetlfre) Eg kAL Heold &
F7|(FT-IR  Spectrophotometer, ALPHA-P, Bruker,
Germany)E o|-8-3te] ZAak3ct.

7. LhcA 90| X-ray 3/& ABE(XRD)

AzE i o] PVASL o) 71%E 559 F 24
R+ Az st mAle JFS Eelsl] flste] i
s XA 3EEXV|(High  Resolution
Diffractometer, Bruker AXS, Germany)E ARg-8lo] U=
A9 FHE A3t A FH1E Xray tubeE Cu

X-ray
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Ka& AFg3te] 40 kV, 40 mAe] Ao R FAFSFITH
Diffractogram-& 10-60°¢] ¥ 9]¢ 26= Stepsize 0.5°/sec
o) wz S4serh

9. Ltz 7ol EEH(DSC)

AzE Y=ol PVASL o71EFE 5= 1+ 947
= gRlskr]l  #fste]  EEA7](Thermal
TGA/DSC 1, Mettler-Toledo, Korea)E A-8-3}¢] =435}
At SAzAL ik Bl 4% 10 T

in. &% 25250 C7pA|e] d8=Fdsts SA4skrh

Analyzer,

/min.
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1. WP|EE FE=2| T E2=H T S22 0=

a2

NNFES SFHTe deheE 747 59 FEE
% ZehllEd F ZgEwolt e A AYE
<Table 1>of JePlrh S/ 328 & b &
2 384 mgg, dEE FEEY T Fode dEe
60.58 mg/go & SAHHII, THT FE= T TR
Lol= ke 14.88 mg/g, olEhe 2= £ ZElE-
o= o2 52.82 mg/go® SAEHIIT Y]] Ay
T-(Jung et al,, 2011)ollX = N7)EZ F2E] & Z2)¥
9] S 80T o] G5 &7 FF A 17.48 mg/g, 713t
AF F& A 72.84 mglg, 60T &g FF = Al
14.43 mg/g, & Ze}R o= Feke 80T o] I 357
= A 879 mg/g, 71t G5 5= Al 16.17 mg/g, 60°C
g &7 7= Al 15.69 mg/g = Ha1Eo|glo] & A
TAT] = Apol7t QAT o] 2L Aol F=
ol zpolint e} 2o Aol lof Alde] 9
o

of w2 A7 & Al 3, 270, o, e 5 74

il

¢

H,

o=

e ofk

FeFo] zfolof| oJsf F Zejuled & FelHico|E T
2pol7} B Ao = AR ETHChoi et al., 2008). 12
WNEE SHT F2E] T s T 82
20%0] & ZedlE B & ool RS
st degdrrel mawE] B ow) b 22 5U7
81.20+0.65 mg/gHth= vrout oA WA 2 o] L
7r%9] 34.60+0.54 mg/g Brhi= =7 JERdt) sk &
FefRwo|t ke 7P T2 7k 35£1.06 my/gh
= o ofy HAlR $HFo] &2 29 15.20+0.25
mg/ge} H]S=Et o 2 ulwA =e dheks JehfgIch
(Kim et al., 2004). Wby of7|$ZE 22829 Juis
Alzo Z83 7B FAAEE e vkaT, o5-87)
T 245 Tl E87FsdS 7Idisl B 5 dS Aol
At o).
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2. 07| SE/PVA AL M I Licd 7 HEY

N7 EZ/PVA e85 Al 2517 $8te] PVAS] 3%
TE 12 wi%= sto] FHlE AR of7|FE SRS
FZE L2 025, 05, 1.5, 2.5 wt% 2, ) 7|EZ o
e FZEo =u=01, 03,05, 1, 2 wi% 2 225t
29t 10 kV, HAAE 15 em 27 ol F
FUS FH A7EA STk WEE =
= Tdskar ARl HARE Fdse =4
< off AR o] o} Az | Adfre
2|77} BFHAS <Table 2>9} <Table 3> of] YehH]
2, A7MAL ® Ui f-o] SEM o|n]#|E [Figure 1]3}
[Figure2]ol b At

WNEE SFT F=E9 H7FFol 1.5 wth o3
o, dlehg FEE2] HA7FFe] 1 wt% oY wl H=r}t
solHE, ol WNEE ST FEES THTE 1
o] FAMIZ sMstaL, W7 FE e FEEL de
2 1:.99] FAHR 343k & AREsERl7] wiiel of7]F

(Table 1) Contents of total polyphenolic and flavonoid compounds in Chelidonium majus extracts,

Extracts Polyphenol(mg/g) Flavonoid(mg/g)
Distilled water extracts 38.40+3.30" 14.88+0.92
Ethanol extracts 60.58+10.95 52.82+1.23

1) meantSD
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(Table 2) Changes in viscosity and surface tension of PVA solution and nanofiber diameter according to the
concentration of Chelidonium majus distilled water extracts

Chelidonium majus conc.(wt%)

Viscosity (cP)

Diameter of nanofiber (nm)

0 1,040+40" 258.6+47.2
0.25 1,252+31 450.8+55.0
0.5 1,257+12 488.6+91.8
1.5 1,180+56 516.3+136.2
25 1,035+64 520.3+80.7

1) meantSD

(Table 3) Changes in viscosity and surface tension of PVA solution and nanofiber diameter according to the
concentration of Chelidonium majus distilled water extracts

Chelidonium majus conc. (Wt%)

Viscosity (cP)

Diameter of nanofiber (nm)

0 1,040+40" 258.6+47.2
0.1 1,378+29 434.5+114.5
0.3 1,326+17 448.1+55.4
0.5 1,442423 440.2+84.9

1 1,230+30 444.6+56.6

2 1,162+20 592.5+70.8

1) mean+SD

]

7} ofghLo]
Z7¥ete] PVAQ] w57} w|e? 7hA43te] WolA|= 73
o] glo] Yeh = o= AlmErt gk Alxd vieh
o] HAe FE FEEO] /A s ue
250 nm 7<= o]l o, W7 FE FEES] TREEA A
7d0] 400 nm o)Fe] g HoFn, vt SIS
2733 27 1+ AL F7vekoct
dvbH o g s1Rate) FEE9| ko]l UF oY St
H 2ol v1Z27F A7 AYG ZA7APE =A] ks QL
o], T olehE FEEY] A 1.5% = H7lelA
H| 27} AR 2.5% F5 37 el A7 AT 271
FITHKim et al., 2015). 22} o) 71EE FZE0] 3
Ui-216-¢] SEM o]m| x| 2 gelgird Az © v
= WNEE S/ T2 Tl 2.5 wt%, 7%
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3. 7| SE/PVA LirMRol Held &4 AHER

T FEEY WNFE e FE=
=G o FT-IR A9 EY Busle]
=743 A3}= [Figure 3]} [Figure 4]°ﬂ eI
PVAE &= WA Yl fro] FFiles OH7].4
21Z Z1%(stretching vibration)o]l ©]&+ %] =7} 3,323 cm’'
o4, CH¥] Bt E9%%5(asymmetric stretching)}
3 59 W (symmetric stretching)oll &J3F 3] =17} ZHzt
2,938 cm'# 2,912 cm’ oA, OH7|2) %175 (bending
vibration)?} CH,¢] A2 E£5% Zl5(wagging vibration)
o] 1,426 cm’'ol|*], PVAS] Ao lak CO2| 21&31%
(stretching vibration)oll 2]} 327} 1,091 cm” oA, PVA
o] HjAA A o3k OH719] 53 %& CO9 4l53lE
(stretching vibration)ol] €]k 3] =7} 1,026 cm™ o)A], CH,
o] F%§ 2%Fol 2% 937} 946 em’ o4, CH] 7}2&
=2 71%(rocking vibration)o] 846 cm' ol LERIT]. o]
+ PVA WARg-Ho] ZHgto] A= A7HAF 34 3hollA
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B S O A R Y |
10.0um

CNU 10.0kV 11.4mm x3.00k SE{U)

[Figure 1] SEM images of PVA nanofiber after adding Chelidonium majus distilled water extracts at different
concentrations, (a) 0 wt%, (b) 0.25 wt%, (c) 05 wit%, (d) 1.5 wt%, (e) 2.5 wt% (PVA solution concentration: 12 wt%,

Voltage: 10kV and TCD: 15 cm)
Thste] AR e folile oNV1EE F5E FRv)

271812 OH7|e] A1Z2% 23t 927} 3,323 cm’

AlzE =i f7h i) Wsl glo] SHdENeS B
2 oA 3287 em'2 WA} Yo £o g o539,

ZtHKim et al, 2008).
[Figure 3]9] I/1%E FF5 222S SrEe
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[Figure 2] SEM images of PVA nanofiber after adding Chelidonium majus ethanol extracts at different concentrations
(@ 0 wt%, (b) 0.1 wt%, (c) 0.3 wt%, (d) 0.5 wt%, (e) 1 wt%, (f) 2 wt% (PVA solution concentration: 12 wt%, Voltage:
10kV and TCD: 15 cm)

TFLAYE AS3Ee] vart o vk o R o]Fsh=
Y¢le]  wckMartinez-Camachoa, 2010; Kim et al.,
2013). o= PVAS} o 7|%EE 22 Eo| B} 7t 542

[Figure 4] = of71%F oghg F58 =7t 571
42 OH7|9| 21%31%0) 23k 927} 3,323 em' oA
3316 emi' 2 9|27} He S o)Fal gt Yo
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[Figure 3] FT-IR spectra of PVA nanofiber
after adding Chelidonium majus distilled water
extracts at different concentrations, (a) 0 wt%,

(b) 0.25 wt%, (c) 0.5 wt%, (d) 1.5 wt%, (e)
25 wit% (PVA solution concentration: 12 wt%,

Voltage: 10kV and TCD: 15 cm)

E7)
0 o
78
J »
=
s
LB . . [/\/\

mmmmmmmsw
Wavenurmber(ani))

[Figure 4] FT-IR spectra of PVA nanofiber
after adding Chelidonium majus ethanol
extracts at different concentrations, (a) 0
wt%, (b) 0.1 wt%, (c) 0.3 wt%, (d) 0.5 wt%,
(e) 1 wt%, (f) 2 wt% (PVA solution
concentration: 12 wt%, Voltage: 10kV and
TCD: 15 cm)

3. O§7|EEZ/PVA LI MS0| Xray 3|8 ABE

.I.

WEE SFT T WNETFE dEE FE==
232} A|z3 Yied-s- EHe] Xeray Diffractometer(XRD)
~oERS vlmeke] 93 A9HE [Figure 5]9} [Figure

T FRY] WA R B PVAS] 54 =37t 19° 2
Aol Yehd 218 gl 5= AL, WFEE FEE0
Fhgol S718% PVAS] 54937t 2Hast g ws)
sh= AS & 3t o= PVASL oWVEE F5= Aol
oM adeke] W, oF 24k 3 Agte] o|FA= A
ol olsf AAstol] 7]ofeh= PVAS] EAlkgo] &01E7]
ujFo]thKim & Yeum, 2011).

Qo 22 AIE2 PVA A0} W FE FE= A4
b FzAGe s F oWEE FEES FRE PVA
WAREH o] Eto] o] Foi Xl Adeellr WA H AL &

ol & 5 gl

[Figure 5] XRD patterns of PVA nanofiber after adding

Chelidonium majus distilled water extracts at different

concentrations, (a) 0 wt%, (b) 0.25 wt%, (c) 0.5 wi%,

(d) 1.5 wt%, (e) 2.5 wt% (PVA solution concentration:
12 wit%, Voltage: 10kV and TCD: 15 cm)
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[Figure 6] XRD patterns of PVA nanofiber after adding
Chelidonium majus ethanol extracts at different
concentrations, (a) 0 wt%, (b) 0.1 wt%, (c) 0.3 wit%, (d)
05 wt%, (e) 1 wt%, (f) 2 wt% (PVA solution
concentration: 12 wt%, Voltage: 10kV and TCD: 15 cm)

4. Of7|EZ/PVA LSO HEN

WNEE SHT F=ET WNETEE S F2E2
ZZy AzE Yde]l  AlREEAR I8 (Differential
scanning calorimetry, DSC)3l Z3}-= w]|ulsle] [Figure
7]#HFigure 8], <Table 4>} <Table 5>l z}zF YL
o}
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= ARRE WAl frefdel (T
9T, SEH(Tw)S 189.26T oLt W7EE 7
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o A2k AHAHm)o] a5k, of7)F
=2 ekl Alxgt Udfe oW7E
FHrEEA freldolees 50T
, 50-70°C ellXe] BeFge el
g S=Aelle 2 Abolrt glo F 24
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NEE FE2=2 FA4F 1t Aol o) Zol57] whEel
tl], o]’%e] DSC &4 Z3= XRD 4 2¥-= sukzls)
T+ 27 o]thJia et al., 2007).
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[Figure 7] DSC curves of PVA nanofiber after adding
Chelidonium majus distilled water extracts at different
concentrations, (a) 0 wt%, (b) 0.25 wt%, (c) 0.5 wi%,
(d) 1.5 wt%, (e) 2.5 wt% (PVA solution concentration:

12 wit%, Voltage: 10kV and TCD: 15 cm)
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[Figure 8] DSC curves of PVA nanofiber after adding
Chelidonium majus ethanol extracts at different
concentrations, (a) 0 wt%, (b) 0.1 wt%, (c) 0.3 wt%, (d)

05 wt%, (e) 1 wt%, () 2 wt% (PVA solution
concentration: 12 wt%, Voltage: 10kV and TCD: 15 cm)
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(Table 4) DSC data of PVA nanofiber prepared from Chelidonium majus distilled water extracts at different

concentrations
oy 7,(C) T(C) A (g
0 77.19 189.26 69.27
0.25 73.38 191.22 45.06
0.5 79.04 187.88 44.23
1.5 78.84 183.24 41.55
2.5 64.35 178.96 28.76

(Table 5) DSC data of PVA nanofiber prepared from Chelidonium majus ethanol extracts at different

concentrations
Ch elc’izz”(“v’;’t%”; s T,(C) Tu(C) AHn(J/g")
0 77.19 189.26 69.27
0.1 51.82 196.81 50.40
0.3 52.30 189.56 47.29
0.5 52.97 189.10 48.92
1 53.13 191.88 46.71
2 53.64 189.78 41.36

V. 2E
WNFES STt oeE F 7HA i sl =
sto] FEe] T Eeluls B T EetEeolE ARE =
gatal, FE3 oN71EE FE5S PVAS Artste] &3
ataL, A7EARE Sl AlzE of71FE/PVA vl fre
o} 54& B4ste] tat 22 &S A3k
L WEE S7F T2l & Eelvs 2 384
mg/g, HN71EFE S FEEo T EFelvw I
60.58 mg/ge g ZAHEUL, WFE THT FE=
% ZelRico|= SHFL 14.88 my/g, oN71HE deke >
80 T Evheol= SF 52.82 mggo g SAH3
ot
2. W7IFE/PVA Wil fo] AL WNEE FE=
o] H7FEA e49kS mWis 250 nm S5 0|3l o} of7%
E F2E0| A7EHA 2740l 400nm o)Fe = F7ts)
At WNFE FEE st 7S Az of

o

71EE/PVA Wl fre] AEe Sk oy Eekd
AR glol =2l HApt =k

3. FT-IR B4 o2 Ax¥ PVA Yieilf7t i ¥
3t glo] SENS Erlstlom, W EE FEE2
greFo] Z71erE OH719 A531% o ot o=} &2
FoA] Bk o7 oFdhE Zlo2 PVAS) of7|%E F
S5 B4 1 AT e] dod Ae 91 & S qUd)

4. XRD &4 A#}, Alzd Al PVAS] 54 7
A7} 19° ZA M YeRd 218 ER13 5 AL, N71F
E FEE o] 7185 PVAS] 549 a0} A
A Wslele A o & Siok

5. DSC 24 23, f7|EE F=E5 PVA Ik 42
S o= gk Aty 884, I8 s IRl
o] of7|EEPVA Wil 24
gore] Yot AxES gelsksich

ot dATE T3 WFE FEES PVAY Hrlst
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