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F7HEE AFBA &S Frlshv AT $EAAEE 24T AYA F4=HE Q3%
=E BNE 5 Aoy 2AAEY A & Al gl o8 ® B4 Ashe AR
A% LA FHo] RaEY WA= 71T Aol W] Hed, B3 L8R5} Yol
T VIELEE 82 e £AE AMEIEE W o2 XA el o3 EAE 2
371 98 A9 F7F, /14 € HE2E 2PE vHa, BEE FAAEo g EAe
AAse 48 3Nt EAYTIE 8 A%, 33, 2FEYE 4390, SEME o431
Had g BANY L, FEFTN 48 BGURE 28

ABSTRACT: Two types of polypropylene (PP) and Korean pine sawdust wood flour were
used as matrix and filler materials for wood/plastic composites. These composites were pre-
pared by melt-blending process in a single screw extruder. Maleic anhydride modified poly-
propylene (MAPP) was used as coupling agent. The WF (wood flour) was added up to maxi-
mum 50 wt% and the coupling agent was added up to 15 wt%. Without the coupling agent,
the tensile modulus was improved with increasing amount of WF, but the tensile strength
and the impact strength were decreased. The tensile strength could be improved by adding
the coupling agent, but the impact strength was not affected. The reduced properties were
caused by some defects formed from decomposition of the WF at the high processing temper-
ature. For solving this problem, the processing conditions such as temperature setting, com-
pounding route and pretreatment of WF were checked with two kinds of polyproplene which
have different level of melt index. To evaluate the properties, tensile, impact and flexural
properties were measured and the fracture surfaces of the composites were investigated by
SEM. Also, the effect of water absorption on the properties was evaluated.
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HEAAEE E&3] 93 da] 2olx 3le ¥
o 2= particleboardt} MDF (medium-density
fiberboard) & 84529} & AR #4& 3
A 2 AHg-3le] WA AFog 7 AFU
Az 43k Aotk ol¢} T2 WL AEF
Heol] Algte] A AFLol oz go] WEA =Ho
& F7tad FAE A §8EdE B
o] Bo] AT Ut FFEAY WA Fg2H
o] Agd dig 2oln Je BFoju o|E&U¢ETE
gaslozA Bdojy Folg EeiaHy E¥s=
g oA FHe Anig} & AR T oFHE vt
A9, &4& Yoy AlE BY F& °]8% vuF
gg Mg Ve d4A tdd FHe AFez ¢
E 7 Ao

G714 FA BA 30~40% 8 H71E BEA
(wood/plastic composites, WPC)2] e85 =
/1A% 2441, A3E 2g3 Ay E
dA el MYz Fo] adte E71ad 4 EEA
o gutgel A Yepdtin 2asla uhC &
H, 349 A 8549 E2kaE Alole] HAY
£ F7] 93] APAE maleated polypropylenes
H718AY Aol H3He maleated polypropylene
£ A FMgstezA B4 JAd E4E ta
Z7M2 F deod, o ¥2 B39 maleated
polypropylene= B8] 2=} dvix] F4=, 281
unnotched ZZAF vl$ A Aoz UiA
ATkt 2 ooz F Az AWM FPAje|7
AT A4 A%e FHEH A% B AP B
1E 1 JehS? w2, WPCe] 71413 BAdA 9%
BEE bk v $EAEE #24EA e A
" & m@sby] 918l HIPP (high impact polypropyl-
ene) & AMge A FARTE AT ATEH
7} g3 A Aok’

BA/E2E A Az Aol F AR
2o A3 s FL JELEY ¥ FHe B
3o} o)z A3 Ao dAo] Fad AU Hx
Jded £ A7 BHe oo} e SFEIE FH
o] 3o glod, i 713 EF £F Fo
shiel VT EEE ou@ Mz AXA g,

980

27 BE4 adz g3 £4 e Egagy &
il AFAA 2 E43l= ol FAHE £ At
o]& 93 vluy FAu Lo A = AN o
£4E7E ol&3d EBAE Azsded, #A
FEEEE ZF e £8x%7F 9& PP (polypro-
pylene) & A33t 423, A&7 22X 52
AN A B Frlsidoen, 949 e Fo=
A4S AR EY MRS FE2FozA B
o] & Te F Us 7 E AESY Byt

4 #H

M E. AR AMRE 5 ARE IAATEAA
AFE St T FE (FH1) S AM3IKen, 2
71+ 40~80 mesho]3, 105 Co] AFg EA 3
A7} o] HEAA Frgo] 3% ol AHlA A}
£33t A2 AME PP (F)R-30lA A4bst
£ €8x+ (MD) 7} 0.5 g/10 mingl B901T grade
¢} 3.5g/10min¢l H730F gradeE FY3ld A%
3. A¥¢Al= MAPP (maleic anhydride modi-
fied polypropylene) 24 Eastman Co.2] Epolene
E-43 grade& Al&-319 o}

2 Xl Y4 2Ade] FHAA BEg A
g grie A vgHdAN FANE g He=z 4
el AME BEe dme X E 3F ¥ A
A AMgEIl oY, 7HE F REEl J1RE A A
U ¥idg dodle Ul He 8RS &3
< A%E U] A I AeAEE
AAsle] BT Ao M E ©@3HE, ',
FF Fol FEHed, BEE FF5S WA vl
dA BFAZIY 3A0FL BY F FEAM A%
e 272 AR, A F o 10% 9 FARSE &
A & YAt g g§ FE2L dFE §3H
= B9 &3] B1, BAd Az iy gt
2EHY] T A BeVE R EA (EHHET,
AEA 2ad, £A4, fA)e] g2dohM 1y
NaOH £9 &M 1475t 89 F 29t 2E
A oz oHg 94, 10% CH,COOH &9, 94+
o ¢a AAsNY. AZR7} B¢ GFeA &
oA oF 30% 9] FARES A

@Y. 287 PP £EF2 304 D427
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& o] &3l HAAFETL PPe 713 25N &9
a7t daEez stgesd e FHA4E A
7] 98 &-§AF7t & F 79 PPE A3
t} 222 50 wt% 71X, MAPPE 15 wt% 744 3
71t dESA . AA T B 47 X
Hol i} 20wt% o] §Foz Az nH G
8-S AT E8A9 BAE vad

L4809 TAANA 7 BAVL He AL BE
9] 7] 297} of$- AA FX o gUF v-&2e
A5l oFrd= Folrth ol & N3] H3 =t
2B Q9 €8¢ H2EI &, BE 50wt% S
XEe Bdco "ilg npaHYog 3o, o] "l
o PP2] kg 2Asld 10 wt% oA 40 wt% 7HA<]
B2 A3t 139 &2 AZE AlEa B
A& vuEdt. o1FA A& FAE ¢
HFAzto] Aol E7E 7] B 5o
I Bl 37t Tl vebd ez 44

g2 AgE 2xxdLe AHeE A A5
o wat xojzt A=dl, £&AFVE & BIITE
AMS-3 A9+ 160~230 T2 HRslg e, &84
7} ¥& H730F¢] A$& 140~210 CE 4A3
At} (Table 1). £F, A5 T B ZHy|
Bu7t 27) g2 AEe] EFE] i 100g @
el Hagow roA FYIrh GEEES
45 rpmejghen, old mWg FAFAIZEE 2E0UTh
ztzie] Ed=E H3 HyE A F oA IF
BN AN F AIPE MBS AR

ABARR A] LE2AL BI01TT 200~240 T2
AA=e5, H730FE 160~210 c& AAREUT).
T3 AlEgal F¥de BY01TE 1000 psig}
1200 psi, H730F % 1200 psi® 1400 psi2 A A 3
o} agla Bge AREddlA oF 57t 7B FAT
(Table 2). 919} o] £ AY AR L=z
G-AtE 25 2R BiE sty HsjA PP
7} £¢ 715§ A9 2= H A dF3le 243
o Hg-3Hr}.

SMEY. ABE oM T2A17E o) BT F
EAH M) AMEIR Y AR AgE 1002 3o
HARH2XE AT Yol HAE AU
AR} AFTHAIE, QAP LS ASTM D 638
o ulg} ¢ A2 Y7} (LLoyd Instruments LR Series

el A22¢ A6E 19983 114

Table 1. Single Screw Extrusion Conditions

heater position B901T H730F
barrel 1 160 'C 140 C
barrel 2 180 160 ¢
barrel 3 200 C 180
die 230 ¢C 210 C

Table 2. Injection Molding Conditions

position B901T H730F
front 200 C 160 T

heater middle 220 C 180 C
nozzle 240 C 210 ¢

injection pressure 1000 psi 1200 psi

device pressure 1200 psi 1400 psi

materials testing machine)& o]&3l &Y
th. $47 == ASTM D 2569 g} 3391,
ZFE & FF3A=e= ASTM D 7909 we}l &
gatdct. Addd g e zAbe} BAEE
23y 918 5000u)-82] HAFAFEE 7 (SEM)
& AHg-EtA

dnt 3 g

Exj - #2IAE| SExH2| 0[S (Table 3). Euta e
2 ¥4 PP9 v]3L 0.9~0912 ¢eix Ut &
A BE7 PPE S-§8d98o oAkl
24 BA - EeaE B B0 @] FhE
FE u|FL FrhEh ol e Aab= A AL
H B9 H|Fo] PP Hl& =2 A 7|
£8AF7t ¥ BIOIT FA& A& A$E 717
2%l gornz ERo Ryt £4AFV 2
H730Fd wvjal o AsAzzA ol wg F39
#FT g1, gais vFo] e Aoz et
$H, Z2¥A7 A7HEAE dolls 8457 B
B901T A& AM:-% 35 B0 g el
BHo] BAUEs E4T T3 o] EolEo] Y]
Zo] 73k AR Yeldon &§AF7 5
H730F <] A $-olle TR0} 35Ul Ho & |
371 it

EEXIIt £2 PP JAIH &4 (Table 4). &
AA 2 71X A 77 HT730FQ ALE 712 L5271 v
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Table 3. Specific Gravity of WF/PP Composites

WF content
N) 10 20 30 40

BYOIT WF+PP 0501 0913 096 0964
MAPP(10wt%)+ WF+PP 092 094 10001 0.986
HI30F WF+PP 0911 094 10001 10003

MAPP(10wt%)+ WF+PP 0894 0935 0974 1.0007

Table 4. Mechanical Properties of WF/PP
(H730F) Composites as a Function of WF Content
at Different MAPP Concentrations

MAPP WF content (wt%)
property content
(Wt%) 0 10 20 30 40 50

6974 9742 11540 11594 17104 19794

;:\23:1135 5 - 11528 16016 18646 21945 25653
apy 10 - 11192 14009 17966 22103 25159
15 - 12078 13020 17283 22404 22729
wode 0 B9 2% 5% 50 240 U
rongth - 3041 3691 3697 3934 3918
apy 0 - W ne %8 085 09
15 - 3251 3358 549 3899 3748
0 - 9738 6614 4940 4462 3767
tensle 5 - 7457 6663 525 4796 4448
strain(%) 10 - 8669 6283 5578 4752 4103
15 - 8795 6638 5635 4567 4273
0 048 197 1418 10 924 70l
qongth 5 - 187 1741 1@ 1009 773
n 10 - 2169 1498 1439 1231 88l
(kJ/m®)
15 - 2200 1605 1L71 1046 764
ol 0 U8 2185 340 4954 53 5ol
ke 5 - %13 313 4697 669 7256
apy 0 - %% 206 4 7098 75l
15 - 2353 3242 4103 6240 6557
oo 0 19 18 1% 200 212 18
wongh 5019 20 2% 2w 2%
apy 0 - 1@ 218 250 268 256
15 - 187 207 222 274 250

2H @2 2ANN Efo] Jleied, 7H 227t
wolFoz Qs Fie| F3o} By ANE dH5
A &d + AN 224 Fig. 17 2914 & & 2
Kol AT H7HHA ¥ HE SE WPl
AATE A &L T8 AP EE L399
ot Fadhe FYE AT + AT oA =
ol ¥riHlezA BRAdd o8 @& F7t
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Figure 1. Tensile modulus of WF/PP composites asa
function of WF concentration at different MAPP con-
centration (H730F).
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Figure 2. Tensile strength of WF/PP composites as a
function of WF concentration at different MAPP con-
centration (H730F).

ke Aoz WdHAR, S8 PP Atolo] o3 A
@3 B Rz 2T IS d¥ez o
A3=7t Zad Aoz Alsgd. @4, AFAVE
H7vd Ade gAdgol A woldH A4
A= =¥ SF 3] V1wt 2A FuE e
A& 8AE = AU ol T A= AlEe Bd
H SEM ARHlez #% 4 Usiesl, MAPPr}
HotERA @2 SdddMe B4R B8 Uide
2| s E2Q] PP7} o3 2ol A& & 5 A
2t} (Fig. 3). 22y MAPP7} H7ld sidwdA
T HA UR EFE LAY 5 Asd o8 RAe

Polymer(Korea) Vol. 22, No. 6, November 1998



48E8WY 3Pz Axd SA/&Ee2Y 2@ 84

Figure 3. SEM micrograph of fracture surface of WF/
PP (30/70 wt%) composite (H730F, x 500).

Figure 4. SEM micrograph of fracture surface of WF/
PP(30/70 wt%) composite with addition of 5% MAPP
(H730F, x500).

MAPP7} A7tgo 2 B8} 29 ARAYY
o] Z=A Aoz dYPdct(Fig. 4). 2Jdex 2
=S IS 9 A=) FA BAge B
[on APHF LS EPo| gl uet ANFHoz
Za3iget. ¥4, AA L MAPPE 15 wt% 7
£lsled Btoy} Fig. 17 2914 £ F+ %ol
S5wit% ool xR o olde EARNE o
& 7 flong A FARS Swi% o3z A
3= Ao ulgz g Aojth

337 =E Fig. 544 € F UFol SR 33z
o] Figtel ule} AA oz Fadhs A& sl
At ©lAL 58 PPEAN 28457} B X
H730F A9 2A7%71 o Ax 3hty 94l
HAow gl M AFPKo| 71¥e] ¥4 F AlAd

&2 #4229 A6 19983 114
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Figure 5. Unnotched impact strength of WE/PP
composites as a function of WF concentration at differ-
ent MAPP concentration (H730F).

Ao Aol Fg dgoz B TF Bio|
o}F BE EUAol] Wi B HrizA 23
g Fole 27 71dE 5 jle Aoz A4
th 2% Z¥AQ MAPP7L A7ke ASd= 2 %
A% 7l wet FFB=s} 42t Fokshe A
£ Yene AT 1 J=7t BR 59l e
47 x ZAFd viF o $- ol AEAL £
WE FAAz] Y4 T BYS s g
I A

E8X|7) @2 PP 7AIE &4 (Table 5).
B901T 4X+= H730Fd] vla] Ad oz 7l2es
7t =k oA & A3 BEEo| RadeE ) A=
A, AR B AHAME ¥ Pyl T
A Jehde A #8dsidth. E4e H730F%) n}
A E DA AoEA e BS B 9ol
F71d wet AP Ul AR EE
Zaste ZA%e JehigAw, 2¥AA MAPPsL
5wi% 72 ¥7HE AT BATA] Yehix
21 o33 ZasHE AY¥uiA Y. ol d ¥
e e JHEeRY WE 5d 35 38 94
o2 Aztsy, Wy g o BFale] BYPAE
Az HM e HEeErt B2 FAE AgH ok
e Aokl ©i2A g2 ¢ 5 Ut 2EA%E £F
AA BARe] B8 d=Fe FUld wal 7Bas)
Koy BT #x] AA7t PE7} ¥rl=le] 247
=& ¥4A7 PPojez 3% PPQ H730F $x|&
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Table 5. Mechanical Properties of WF/PP
(B901T) Composites as a Function of WF Content
at Different MAPP Concentrations

MAPP WF content (wt%)
property  content
(Wt%) 0 10 20 30 40

tensile 0 8186 903.7 1166.8 1486.1 1559.0
modulus 1 - 8252 981.3 1161.3 13725
(MPa) 3 - 7814 8516 13011 14855
5 - 872.1 8904 1194.8 14108
tensile 0 2569 1761 21.88 2052 18.66
strength 1 - 2076 1994 1948 19.06
MP2) 3 - 2151 2164 2256 21.70
¢ 5 - 2181 2329 2370 2528
tensile 0 - 8508 6964 5.024 3842
strain 1 - 8786 6468 5410 4.031
%) 3 - 9624 7512 5008 3550
5 - 9.660 7.560 4.991 3.500
impact 0 7625 3784 2416 1734 1198
strength 1 - 2360 1852 1289 980
(k}/m?) 3 - 2542 1851 1298 1126
5 - 2560 1860 1302 11.50
flexural 0 1742 2088 3192 3064 3545
modulus 1 - 2387 2698 3350 3421
3 - 2262 2672 3171 4532

(MPa) 5 ) i ] ) _
flexural 0 150 146 165 168 160
strength 1 - 165 164 167 167
(MPa) 3 : 1;61 1:72 1;92 l_.97

AR 9B} 7t 22 g JHE
Compounding '%¢le| g (Table 6). rt2El 3
& o8 EYL ARHoE 28 Y2Y AHE 7}
Aoz Higel e HY 4 gloest wus
Aok 22U AL AFALNY F7HE 9nEp)

HE AL A& o PP Aol A,

& ¢ 2371 0 AdAe 2AHE FAA v
g Aoz AAHUTY. ARET Bt 18 429
AlEe] g B ABRE AZEEEHR A=
BF ALET Zo] 18] 4ET A vjg o ¢
;& B wEA Ak S AT 31
Jd w& e #Hz J% JdaHst ¥ ade A
4 ¢ F Ay od® EFAs e FHZE
A oS T35 9% F AT EAHer &
A AFE vis} Po| BA/EAEY ERA 9 A
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Table 6. Effect of Compounding Method on Me-
chanical Properties of WF/PP (B801T) Composites

WF content (wt%)

property  specmen 5o 3 4
tensile modulus  EI° 9037 11668 14861 1559.0
(MPa) E2® 8848 10787 12847 17172
tensile strength  E1 1761 2188 2052 1866
(MPa) E2 2122 1853 1890 16.94
impact strength  E1 ~ 37.84 2416 1734 1198
(kJ/m?) E2 2636 1943 1576 1102

¢ Extruded normally. ® Re-extruded from 50% master chip.

Table 7. Effect of Extrusion Temperature on the
Mechanical Properties of WF/PP (H730F) Compos-
ites

temperature (°C)
property 210 230 250
tensile modulus (MPa) 19794 19986 2111.9
tensile strength (MPa) 2486 2365 21.61
tensile strain (%) 3767 3631 3.222

impact strength (kJ/m? 7.01 107 839

Zd A 1 2o AL B B E JA =
Holi ol $l&) 71Fexr ¥ FelaES MA
Fof i A& 2u)gid.

YEREo| Y (Table 7). Yoz BRe
170 CHE E37} AFEnL g3A Aok oA
200 ¢7t ¥ EgtaHy rlEexdr EAHo=
g3, JAA BEA Aoz FHgsle 7]
¥o] AL ¥F FEo LA gES BE e
ARG 1A Eo) B EEA B sk sl A%
Fe xR 3lEE god). oHE Fesd wE
YL dolry] 9EA GEeE 2UE BEEY
G- AT 50wt% A - FekaE AH QFEA
7 $FE4E va FrEIY. dAEdEE i
NA AE8FE BA Yeon, dFAEE v
2 A2A 42¥+E 2 g JEETh wEd
2A7EE 20exq] 230 CAA 42 AJHo]
71 5L e JHRE Ao vehged ol 2

= 71EeRr} S8 get Fev) Reoldo =M
Hago]l BAE B0 YAHE v BE 9
PP = F7lsled 7|2 & dAF= 5 EAA
8 a7t 4387 v oz Aledc). o]aF Az}
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Table 8. Effect of Pre-treatment on Tensile
Strength of WF/PP (B301T) Composites (PP :
B901T, WF : 20 wt%, MAPP : 0 wt%)

Table 9. Effect of Water Absoption on the Me-
chanical Properties of WF/PP (H730F) Compos-
ites

. . hot-water . WF content/water content (wt%)
specimen  untreated alkali extracted Lo property  specimen 1, e 0710 30/1.5 40/3.5 50/4.7
tensile strength 21.88 1912 99,49 tensile modulus  dry 974.7 1154.0 1159.6 1710.4 1979.4
(MPa) : ' ‘ (MPa) wet 12360 11344 1728.6 15463 21366

EEA AGEdA e npirix 2 B4t 34 %%4 ¥
2 A3 A 2 Alol ¥
F ARey, 1o} Y BN 2O4E
M AT MR AFANe ddo) 3—&1&

Aoz wEdc)

Hxzle| P& (Table 8). E22 HAHa: &
IR F L= dH SN Aoz ALd= B
o] AEAF MHAEES AASA, AWM
AR 71xe] 4L HF JAsin o) e
Ao Bl ofs] LA W] FgE i
3] AY BEFHoz o]FoH) AHE ¥ ¥
Ae] E2& AN B84 JAF B4E vin
T An, IFAEs AT 340 MR g
e ZIAATY A oF Ao Mg Rl &
HASANE AlHo] HA WAs= ddo) HE F=
AAA Jebgth. E£F S8 0] 1 g
ade AHEg e AE A9 AR 22
FAll BAF =AY a7 Bgstn AR B
o &FEFLo] BojE0] 71F A BHEYe] UK F
7HEe 59 %oz AR A=rt A ZadKh
ety QaxFAde] X vj47x] AelgiiE B
o] AAegle 8 A ¥rhs ZES 92 F Utk

TEETO E FMES (Table 9). 4889
22 AzE Ex-Fz2d EPHE= e 52 B
A vEAM EFdH oz R tF Ago| 73}
t}. Ztzte] AlHE A2 712 2 e Bl A4
7 vjo]A &l SHE AdEjolA A|THEE e 4
2E AAT F A%3E 4309 F578S ANy
th. 10wt% 9] B&Eg HUs A9 A4 8d &
F 4%9] FEEFFEE HYoH, 50wt% 9 2
ANEL of 12%9 FEFFESS BAu. AN
A7 ZASE da ¥ FEEFEE JRE til,
10wt% o] &3 AJEe <f 3%, 50wt% o] 3¢
G 7% AEHT. FFEEE A 27)dE W

2ol A227 A63 19989 114

tensile strength  dry ~ 27.30 25.92 25.01 27.50 24.86

(MPa) wet 3182 2655 29.98 29.8]1 23.89
tensile dry 9738 6614 4940 4462 3767
strain (%) wet 8122 4617 5274 3967 2.490

w28 BRo o8 FAR FRFSV o|Folxm
olF WelAR Fiol FFH AMME Be A
o] 285E Aoz gtk $EEF e B
JESE Zs] A8 8YZ FFAZ APAR
WY B4 AzAED viE Prlsaed, AEA
Hol s HeAlBe] Aol sl g 2312
Rt Z7heke Aoz yehgth olze sio] By
ASl U¥E SsuA Beol Aesin, AaHe
2 AddAe) 71AH Ao F7telr| o
AmE B3/F82Y B9 FeER A%
A7 A9 gl o, ke RAS Aeta A
=9t

2 £

&7 PPE 39 BUAE 2542718 o8
st Azdn B4E Bristd o e AAE
. ZRATE BIHEHA g2 A, B8 Pol
F7HETE AV EL FIBIAT A=t B
AZEE A2 2A7E o A 9%
A= A F Ao A= A9 W3
7b Ao ole}t #S EAASE n7bEd W
Ao £l o Z@e] ddojetn Algdnt. &
3 88Xt Yol & IELEE AR s 7
A9} B4 oF AAnz 5d/EH2E S84
B M EEAFIH B FAE dslof 3
€ Aol w2A "k ZEA Aoz EAe
e SE3 PP 2¥EE F7MA 7143 84
o] Atd oz Ps Y EEAAL ofF FHe VA
# Belo FAclng A= YA E 7t

985



AR Fe7) - 8EY

A 28 Aoz AREY /HEE, § ¢V £
TR0l 423l wE Aste 3§ P
A FAL] Aol mE B §d fa9 2
2 £ o] Rajld ©bE BAAE 847 AF3NA F
A3t adiths 28 Atk B 99 47
2|2 BEg AN /M EE 328 doEN
7h3Al BEEdE Bz gl oy SARA 7 o
AHAY A BRG] #8FEo] FofE HF
Ao dHo] FrlE I BAE AFEHE F AT}
yUehdr} wEld AaxAdere] A H&E
Zrdohd Bdo] dAEe daA ¥vhs 2ES
Aot £ A7 FAHL I 7P ER
Z 39 s AU BEE oHF Hx ARA
%1, 7] B84 adz g8 #41 Ex HEsS
g sl ARz B8 o U &
3 viny FAuEo] HA =& A SFY
3712 383 2998 F ANeH, A=Ay F
AR Ak HE F Yoy 32U HH}E
B3 9% ¢ FF3EAL A NE + e
A2 AUtk gF A 2E £AY FHE OY
s3ln e £UFE F7NA AE5AR AESHS
gol AELAE oS FdA7Ie A7 AYEol ok
& 3ol

At 2: 2 ATE JISTY BAEHY Jle
AL AR (DAY ZAWA AYAIEE LT 2
224 e Aoz FYsINEE Lan old)
A= LT
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