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2 oF: E Aol A W YR BAAR FHAY FIAo| 943 Fel e ofmd ol
E $£AE A5 95t ZoAHZ Z8]-22 poly(tetramethylene adiphate glycol) (PTAd)2} =]
of g2 2|9l poly(tetramethylene ether glycol) (PTMG)E 4,4’-methylene diphenyl diisocyanate (MDI),
isophorone diisocyanate (IPDI), 1,4-butandiol (1,4-BD), 2-ydroxyethyl methacrylate (2-HEMA), dibutyl
amine (DBA)2} 317 Al-&5lo] Zejf-eek ofadyo|EL FHAgstglon, Hoa&s WEe E899
o ofa ool 94l - /IAA B4, HHE W 2L ARtk dHE oAt opa gy
o] 0] G| Mol Lt 70~-40 °C W9 SIEglom, PTAd depo] F7Hilel ube} e oL,
Bol e, JAE, H3e W WaHe| F/FIAL viE ARE, ek W 2RAHe Zasdch
FAE E2 e otad o] E= PTAdeF PTMG Hl&o] 5:5¢ w & Ay} 2345 Ye
At

Abstract: In this study, the polyurethane acrylates (PUA) resin with good adhesive and flexibility for adhesive
for shoes and clothing were synthesized using that poly(tetramethylene adiphate glycol) (PTAd),
poly(tetramethylene ether glycol) (PTMG) as polyester polyol and polyether polyol respectively, including
4,4’-methylene diphenyl diisocyanate (MDI), isophorone diisocyanate (IPDI), 1,4-butandiol (1,4-BD),
2-hydroxyethyl methacrylate (2-HEMA) and dibutyl amine (DBA). The effect of polyol blend in the
polyurethane acrylate on thermal and mechanical properties, adhesion strength and flexural strength were
studied. The glass transition temperature (T,) of PUA was confirmed in range of -70~-40 °C. In addition, the
glass transition temperature (T,), decomposition temperature (Tq), tensile strength adhesion strength and heat
resistance were increased as increasing of PTAd amount while the elongation, water resistance and flexural
properties were decreased. The synthesized polyurethane acrylate with 5:5 ratio of PTAd and PTMG indicated
the highest adhesion strength and flexural properties.

Keywords: Self-healing, Waterborne, Polyurethane, Polycarbonate, Polyether
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1. M &E

Z 7 &g H2A|(Polyurethane adhesive)= 1937
Otto BayerE 233t 35 Aat&ol s ¢4 2
gro] YA ol4 FHeTL Y LA HAER )
o) =S| (OME M3 9l B8} tioja Ao}
HolE ¥h-3-o &2 5ol A thefdt =2 AREE ol gt
o, 19409t ¥ H2A ALE AFCRE {7,
W, e, BehaE, AS, B4 W 2% 2gH] 59

H&fo] theFstA A-&= o] goh[1.2]. E2-ee J&
Ae dAdy 57] 43t H2HA, oldy &AF Hz2t
A @ gHE HAA Zo] ZA Qon Lo

SFA S UVASHY Eee-dlg H2A, &4
Z 2| o-d et H2HA|, hot-melt FH2FA| 2] 7ljEo] o] F

al
1'-'6]:

oo F4 A 2929 EAE 3 eleh =
of wet AyEo] &/4do] Eefty. & AFolM= &
28l 2 Z&2]&(polyether polyol)¥} E2]of|AH =2 &7
=& ARSI EEofEl2 HE&E A Wl o
271(-0)E 7= EE ol 77 ol e
£ Zde deES AMAAR st frAkEES RS
bl A& o Sk EFolH =4 Eel&ol = v
A F25 zt+= polypropylene glycol (PPG)2} 24 A4S
UEl = polytetramethylene glycol (PTMG)7} 714 o
o] AHR-HIL Sl PIMGE ¥u&® 3 E29-de2 4l
A4, Wote A, Wkl g, ASEA, WeFEd, 7
Ao] 94=3}1 TPU, Q1% 33, spandex fiber 5ol Al
I Qo EeolEl 24 &2 2 (polyether type polyol)
o 7Hd & Ao 2E A A Wl ollEH=7](-0-)
£ ot a4, =ol digt Aol Skt
W o] oFslix= ©o] Stk Eejo2H= 9
= i 284S 7HAAL e 24 Ulof oAEH =
71(-CO0-)= 73t A4 ez s 2F BAtE = Azt

o

UEtH EE] o H 24 &2l

T WrkeEsldel £A4 grke ©hadol lt3-6].
AR F718A 0 LA e Galieh &Y H2)
A7 71 wol AREE AL UARE FHZoll= A AlAA L
2 AT B A AHL 95 TAH wo] Azt
=y FHA 8-7]3}8E(Volatile Organic Compounds,
VOCs)9| AHE=Fe &0lal, §lE AHESHA] e X
AR ALA oty E g ofaE o] E(UV-
curable polyurethane acrylate, PUA) H2FA| 9] =97} =
7hskar QUe7]. E 9w ofad o] B9 V&4 A
& A ols FEAIF LR VOCsE WHEA] o &4
218k Al~glolw, UV 3tz QIgh of | #] 4|7} 2]
al, Aol Hro w Fot vl-go] KA FA|A I H,

SR -

=]

npe] 7ha/dol Fefjo] A3t Alaglof Hlsko] FHojut
th= ool Q7] di=olth8.9]. Ze] e ol
o|ES] EA o R, AVt R, AR, Bt
A A, WAdol 5k theket 24 Ad A4
$& G 4 otk ESF NHCO 4879 mitz A3t
4o] 94817 745k woto] B4 E| D], ST pigment
wettingAd, chemical resistance2 WEFH T} [10,11]. )]
T o2 ARG pAof vlsl e AHA] Aol dol
L dof o ZefjE 7= st w@hileo] laL, AR
of thet Aof 2= HFro] FFE Tt

2 Ao s Al 9 Y78 HRARA F2He
=4/ o] Hold J2AE wE7] f15to] ether7] 9
A5t EX-S 7} A= polyether polyol (polytetramethylene
cther glycol)¥} ester”] & 7435t E2h3-3 A4S 7=
polyester polyol (polytetramethylene adipate glycol)S =
&oto] AeJAd A3ty E9 S ok o] E(UV-
curable polyurethane acrylate, PUA) =X & A 51H5 2
v EAE PUA 7)0) TR, AH54, 7144 2
A4, A2, $94 5o S4E dobmale.

2.

I}

H
(=]

2.1. Xz

H o A= polyether polyol typeQl poly (tetra-
methylene ether)glycol (PTMG, Mw=2,000, Aldrich
Chemical.)@} polyester polyol type?l poly(tetramethylene
adipate) glycol (PTAd, Mw=2,000, Daewon Polymer.)<
AL EoA 0.1 mmHg 3}o]| 4] 80°C= 8A|7F &35}
o] AFE-3} 9Tt Isocyanate ®+= aromatic isocyanate?l
4,4’-methylene diphenyl diisocyanate (4,4’-MDI, Bayer
Material Science)®} aliphatic isocyanate?] isophorone
diisocyanate (IPDI, Aldrich)& A}-&3}% o, A& AR
Al 2= 1,4-butanediol (1,4-BD, Aldrich Chemical)2 A}
&tk SEEr]o] ofm™T|o =& f5HY
2-hydroxyethyl methacrylate (2-HEMA, SAMCHUN)=
ARG, HE 2HEoR WA SAAIY butyl
acrylate (BA, SAMCHUN)¢} o= ™ XA S8 47|
23] ==& A2l hydroquinone (HQ, Junsei Chemical)
= AHgstelnh E3E ¥k FAEH 2= dibutyl amine,
(DBA, Junsei Chemical)E AF&3}3131, 1|2 = dibutyl-
tindilaurate (DBTDL, Aldrich Chemical)S A}-&35} % T},
3] a1 FIRAIAZE bis(2, 4, 6-trimethylbenzoyl)-phenyl-
phosphineoxide (IRGACURES19)2, 43X A2 BYK-
17905, 94 & 73 A Z+= HDI-isocyanurate type®l
Desmodur N33002 A}-835}% ).

FHE 7 Aw Z23F F45, 20224
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2.2, AlS upH
PTAdS} PTMGE ©5 EE= 802 5§59 PUA
(Polyurethane acrylate)S t} ’8]-‘}‘12111 v &tH]| S Table
o tehick. wub), 98 W7bl, A #70)
A 2= 1000 ml 47+ ¥F-3-7]9] 0.1 mmHg 3} 4] 80°C
2 8AI7F g#EEH ZE]22 PTAd, PTMGS} t]o] 44|
olf|o] E ol MDI, IPDIS E 3t 3, 80°Co|| A 3027}
d LA EFsteh 2 & AT R/ St A Sl
DBTDLS MEKo] 10% 3| 43ko] 2ol & 34705
oF kS A H T} ¥H-2-E 2] NCO content= dibutylamine
back titration (DBA)H S E3] &¢lstsion, o]2%
NCO ol =2% w7zt A WeS 235t
prepolymerE ¢4 31 A th A% prepolymero] dropping
funnel & AH&3to] A& AAAIQ] 1,4-BD droppings}o]
AP QRS- AT ofn) A= 24 Sfet
hydroquinone©] 4% 3 74E BAS A =F T3,
DBAW L F3l o] &4 NCO ol =ad ufj7pA] vt
3},48}91@. Al Z % polyurethaneo]| o}=ZH7] =<
hydroquinone©| 4% 7% HEMAS 37}3}
P ¢ 9= AAE §l $4 542 DBAE &
2 3] NCO peakr} A2t shelshn ukg
FAS st olu DR TS 60%o] .

o NIO

r“ =

ftlo x0 _& flo olo
ol
[
= o

o\

2.3. 2M

S PUAS B4 W T2 BAS TR 9 gu
=7, FT-IR £3%7], thermogravimetric analysis (TGA),
differential scanning calorimetry (DSC)E £3f &<y
o} 2183 PUAY 7[A% 542 UTMZ Fa &ely
ATt

Zeode ofagaolse] 7 we wAY AR
o] 3+ SR = 3}o]5}7] £|3) Fourier transform infrared
spectrometer (FT-IR Series 6200, Jasco)S AR&-3} %)
KBR pelletl & o] &ato] olu] sl 9] 4000~400
em'o| A FALSSE 16, A EE 4 em' 2 Fho] A9
EGLS 24359t TGA E4-2 93] TA Instruments
(USA)ALS] Q-5000= o] &3tk A= 10 mge &Fv]
w Mol §ar Ao A FE 800°C7HA] 10°C/min= &

gl =

5
o
oot

CERORRCE

oty
oft
1l

Zol-e-dlek Ao g 139

o we A E4S shelely] 918 AREAL A
(Differential scanning calorimeter, Dupont instrument
M0d6-910)§— o]-&3tth A= 10 mgS AT ulw W
a1 =100°Col| A 200°C7}A] 1st rune A3l &

<, -100°C°ﬂ/\1 200°C7HA] 2nd= SA5HAH 52 &
= 10°C/minZ2 s} S35 0, T4k half-height
Wom =43

AAH B4 BAL 8 ARBE AV ASTM
D638¢f ufe} A|2F3} S © 1, Universal Testing Machine
(UTM, Series 3345Q3776)2 A}-38lo] 7=, A%
E1} 100% modulusE =33} th. Cross-head speed+
200 mm/min<] }_Zj.o_i sho] 2o A ZAstH o
33] &=A3slo] HAZHS Ut A= =L Asker type

£ ol&sto] S5tk AHE S0 Ed A9
Z%? A7FACHNAIA, 224, A3ADE S5t
mechanical stirrer=2 200 rpm S 2 5E27F wHl 3 Teflon
moldo] €A FAZ AEEI F ALH A7)
(Fusion systems corporation, series DRS/120)E ©]-&3}¢]
Aol 7 stE ik A 3HE AE-E 80°C 2ol A 64]
2t aging = Tt

e Ee ey HAH e Wardzhe
57 918l KS M 3725( 2HA1 9] v e A9
Z5to] Brhstoich WAABL 2 x 10 em A
298 AHE Age et Az s 42
1z ugof PUAE Z+ZF 50 um applicator= =
AL AR E ol&sto] AL A3t &
o] g 7ol fFzksto] Azt F 57H4 *c‘:‘
24X 7ko] At F 3314 &7 5o J:‘-Thue A om,
universial testing machine (UTM, Series 3345Q3776)<
ALg35te] AMe 28 S 24619 S 1 cross-head speed
+ 200 mm/min & = 3} *J%Oﬂ/\i skl W A

1
o

rsl OE: o
£

o
of N [t
o

oooﬂ
luOf+
o ol rlr e

O
i

HAe] A M3 F 24 2ke] A Bl Ao
19, 59 S A FE 5 A9l B 242t 35

Hrhek e

g go] PUAE Z+Z} 50 pum applicator2 I E3}AL
o]

& 2971 stolA s&5t B =(T)E S35 &5kl A4 Ast & 110°C 2
Table 1. Recipes for the synthesis of PUA.
Sample code | PTAd (g) | PTMG (g) | MDI (g) IPDI (g) | 1,4-BD (g) | HEMA (g) | DBA (g) PTAd:PTMG mol ratio
PUA-1 140 0 7 16 0.9 2.6 2.6 10:0
PUA-2 98 0.42 7 16 0.9 2.6 2.6 7:3
PUA-3 70 70 7 16 0.9 2.6 2.6 5:5
PUA-4 42 98 7 16 0.9 2.6 2.6 3:7
PUA-5 0 140 7 16 0.9 2.6 2.6 0:10
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140 o] 99 - up

mylol g 7)ol ¢rabste] Azt M2 5 24
Auar & s7ie] AEE 247 384 Sgste] Btk
Ao 70°C LEoA 8 cm HZ&F =0 450 g ==
gof "ojA = NS SATe=M Frhskch

ddE Z2 A"y 2545 SAE] Al ==
AlH-2 ASTM D6389] whet A &8l on 34 A
E7]% GOTECH(H|uHALS] GT-7071AS AH&-3Hic.
< SN MEs 8vhe] S5k AlH S crack JEE
}elstglct.

3.1. PUAQ| X EAM

StA % polyurethane acrylate (PUA)S] EA L2 E&
FT-IRE Foff gelstglon, 1 ARE Fig. 19 Yey
oth FT-IR £41 243}, PUAL 2270 cm™ FLof| 4] o] A&

(a)
polyol + isocyanate
g Prepolymer + 1,4-BD
Q
o y
g NCO-terminated PU + HEMA + DBA,
7]
=
o PUA
=
NCO
NH
CH
co
4000 3000 2000 1000
Wavenumbers (cm™)
(b)
Before curing
g
T
(]
c
©
=
=
2
© >
[ After curing “/Czc\\ //-f\
\ /
4000 3000 2000 1000

Wavenumbers (cm™)

Figure 1. FT-IR spectroscopies of (a) each synthesis step
including PUA and (b) before and after curing of PUA.

Aol E 337} YERUA] Qs A0 R Hof o)A
ofylo]EV} % WhSHE AS & 4 k. EoE S
E4 1]zl 3400 cm” FZoj A -NH 1] = 2800 ~2900
cm'o A C-Hol| 2|8t A1%21% 737} YebUaL, 1700
~1730 em™ Lo A C=09] EAT] =, 1600 cm™ H
oA C=C 13 & HO} polyurethane acrylate (PUA)7} &t
AAEE FAdd = Atk E3F curing A3} curing -2
FT-IR A7 1620~1680 cm™ FLo]A] YEL}E C=C
39| 2ol & HofFErt

32. PUAQ| X EX

PUAS] 94 54 ZaE Table 2, Fig. 20 YeEpi gl
o} DSC 5% A2 PTAIS PTMGE ©EO & A}
&3 FeeEe oA " o]lEY] T 2h2) 41°C,
-72°CRE YEom PTMG o] S71e= f21d
o2kt FAF HopAl= AitE Btk o= FHY
E8& & PTAd Z#&0°] PIMGE S e 24d=

a
(a) PUA-1
— — — PUA2
L
£
£
(]
s
=]
=}
c
|
-100 -50 0 50 100 150 200
Temperature (C)
(b) 100
PUA-1
PUA-2
PUA-3
80 PUA-4
PUA-5
S 60
=
K=
@
S 40
20 A
o . N N ========x
200 400 600 800

Temperature (C)

Figure 2. (a) TGA and (b) DSC curves of PUAs.
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Table 2. Thermal properties of PUAs.

Sample code T, °C) Tm (°C) AH (/g) T4 (°C)
PUA-1 -41 49 16 413
PUA-2 -45 18, 48 4,9 410
PUA-3 47 17, 48 7,5 407
PUA-4 -49 - - 406
PUA-5 -72 - - 385

e e, EAARETE 2 o] 71908 Aow wiks

o} E3, HwA Yo ZAHLS sl PTMGO] of g 2
717F 7 = A soft segment®] =4 TFAE Q18] hard
segment@}2] 4 7t F7hE o] e o] 2=k 2
AFE Qo TddEoh ESE §H 4
312 ootr 7] 93] TGAS =
7} PTAd o 2H| 2 £8] &8 o
Z8 9 gEt PTMG ojH 2
thE o 7 A}835fo] 3HA P Z7 o] ¢
U= AL solsty Ad °
o] o}A A o] 17}61-E]-L /\}*
WA & 4N A5 7}X]
o] wold g e EAE Aol

Hof ojg} Z-& AWt et A

O_L4
i
.
PUNOES
oo 1o
QL
A o 2 AT
Xy 2 ol
1y T Y o o O
Nlo = o @k R

e
rr >
30
32
T
o
fr

3.3. PUAQ| 7|HI™ EM

Table 39| PUAQ] 7| A2 &4 ZE velydch
Fig. 32 §/4 % Z-det o2 2 g o] E 9 poly(tetra-
methylene ether glycol) (PTMG)2] §teF H3lo u}E 7]
A% 24 Lebdl Axbolth. PTMGe] ghafo] F7bal
HA QA7 E2F 100% modulus= 48k B3-S U
ehiich ol ol AE B Belgolue] Eeago] o
H = 7|8k E et Hop 98 ¥7] 9 N-H7| 7} &
elof el 2o] A2 loh 4e o AUS sl sof
segment®@} hard segment 7] AF& ZHg-0] ] AR A X
of B4 Al 7ol Ze AT el7] wEolH12].
3 AE Fig 3014 UrEho] PTMGS] §Ho] 7}
HHA fgaEE S Hol=d ole F MY &4
=°] AA4E WA Aoz A0 #&

Table 3. Mechanical properties of PUAs.

2ol 71x% Ay gl ==

ol FYE AN A Feledw A ¢4 141
(a) 100 460
t 440
80
o + 420
§
2 60 g
E + 400 \g/
§ 2
j=2
- c
o 401 %0 o
3
e - 360
20 "
—8— Tensile strength (kgf/cm”) L 340
—O— Elongation (%)
0 v T T T T T 320
0 20 40 60 80 100 120
Poly(tetramethylene ether glycol) contents (%)
(b) 40 70
® 100% modulus
35 4 B Hardness (Shore A) [ 65
—~ I 60
g 30
S &
2 55 &
~ 254 o]
(22} L3
2 Ls0 2
3 —~
8 201 @)
£ .
N >
S 154 2z
- L 40
10 L35
5 T T T T T T 30
0 20 40 60 80 100 120

Poly(tetramethylene ether glycol) contetnts (%)

Figure 3. (a) Tensile strength and elongation according to
PTMG contents. (b) 100% modulus and hardness according to
PTMG contents.

PTMG®] §epo] Sojubma 2 4ol wobs] uj &
ofch. SHAIT AAEL whehe] A tehtt ol
24} b ol olel 2717k gobdel whet fedg =
e el dolet e,

3.4. PUAC| =t EM

Z e H2AL wettingXd, LEAO] T, B}

=, AZA Y] A3, 3ehAQl Tt L £ A
o Y # AAA, # EﬂEP Adtolv -dlof A
ot B4 AbE 1 AAF e mE =94 Tt &

Sample code

Tensile strength (kgf/mm?)

Elongation (%)

100% Modulus (kgf/mm?)

Hardness (Shore A)

PUA-1 8 + 4 343 10 34 413
PUA-2 64 £5 375+ 9 24 410
PUA-3 377 380 £ 11 16 407
PUA-4 35+ 6 427 £ 17 9.5 406
PUA-5 20 £ 3 440 + 13 6.4 385
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OEL

2 e wri-t}[13,14]. T4 E PUAS] A2+
Yshaa, A Az, Wene, Wanze
B7kshaT). Fig o)A FAE PUAS] el 2helat
B, T e date 44 el
{g== el PTMGQ]- PTAd Z£2|-& £ PTAd &g

s oA 57 ehle AT et
ol G4l AIAH BT, 24 BAolA Sl
91%o0] PTAd H2l22] of 28 271 PTMG &2/ 39
oHl 2Rl nEA AF 1he] A7 HEAEE 71K
3 glom], PTAd el o] whe whgloA of 282 o
Fol £ 7 2457 el o We 52432 WA
sto] Qlzwslut o 43t 714 AEAES 5] GE
ole} geteich dejx PUAS] WAAS Hobet Axt
2 % PTAd®] ol S/hatol weh v zperol
G 7S AFE et ol Belo| a2
£e] 891 PTAdZH Ee] o] 272l PTMGRth 243}
o2 7} ot A o] $4517] uhEoleH15]. T H
PUAS| e 422, Iday 028, Sday W2
2 vl A, YAPEL o8] PTAd 328 o
o] W= Helo] 94k A 1day Wy
SRS MY Wi 2 ol RolX ettt
ShARE Sday W4 H 2 S v Y-S ©) PTMG 2] &
o o] ol s HAYE rage] WA o}

&mg&mié

L

A g tehyich. ol EeoE|2 £¢291 PTMG
o) apol ot WA YrksEsI7t S5 R i
olet gergich

3.5. PUAQ| 2= M=

234 AE HE2 A V1A 24 o AFEEd
A5 FARHA A= Son, 234 Ald2 38
Zo e ofad g olE 29 fAT s &l
okh Ald OIEP Table 4o] PUA A E59 234 Al¥
< 83| =Y PYS of DFof crack =5 Y AT
ZooAHE %EI%OJ PTAdS} E2]oH 2 F2]&2l
PTMG % PTAd g&Fo] &2 PUA-13} PUA-29 A= =

Table 4. Flexural strength testing of PUA.

(a)8

O Adhesion strength

O Heat resistance 60

4.4 - 40

44 \:\
30

24

State Adhesion strength (kgf/2cm)

(Wwog ‘anuiwl) aoue}sisal Jea

- 20
2] \IL =
\‘D\
o
0 0
PUA-1 PUA-2 PUA-3 PUA-4 PUA-5
(b) 8
[ EE State Adhesion strength
M [ 1day Water resistance Adhesion strength
[ Sday Water resistance Adhesion strength
~ 6 —2
£
S 52
o
=
[
= 44
S 4 4.0
(=2
% —18
% 3030, 39 0.2
i ) —01,,57—=>02
[ 26 23 2424
$ 20719 =
o 2
o0 Ll
PUA-1 PUA-2 PUA-3 PUA-4 PUA-5

Figure 4. (a) State adhesion strength and heat resistance of
PUAs, and (b) water resistance strength of PUAs.

TEHAE 873 F ZH2 5 A
cracko] L& E Tl o= TAd sheFol &=
AA7F A E7) o ot gdstal d f-Agt 54 wfiol
t}. 5129k PTMG &HeFo) 27}54 [PUAS3, PUAS, PUASS
oAM= 2FHAEES 8T 514 L EA Aol crack
o] FAEX| QFFIL o]= d41,< A% o PTMG
EoEo] A7t HHAZEE AAZE o FEgYA]7] o
ol ol= A 7AH A ZAIet: U

Sample code PUA-1 PUA-2

PUA-3 PUA-4 PUA-5

Specimen {

Number Over 50,000 crack  Over 60,000 crack

80,000 No crack 80,000 No crack 80,000 No crack

FHaF gl e Ao3H A4, 20224



=
2 AFoA s AT 2 oRE HAAE ey
=340l —‘?—#I} Zo|g-get ol 2ol E £A & 9
AHE £7&9 poly(tetramethylene adipate glycol)
(PTAJ)L} o2 Z8]-292 poly(tetramethylene ether
glycol) (PTMG)E AR&sto] eHdstqint. A H &=
e ofadHolEw HAAR AMEHT] 98] &
A(BYK-1790), 7 3+A|(Desmodur N3300), %*7H/\] A
(Irgacure819) 59 H7MAI7F BHEEo AMEE A
IR, DSC, TGA, 7|A& B4, Azlg, 234 AdS x]
ool ohgat 2 2E2S 4tk 4 H PUAE IR
A A3 Beled oladdolEs BAHALS
o}k /\ ]TJ‘ :La—y z}rﬂLA—]Q PUA.,] DSC’Z;‘* 7:14, T A
-70 °C~ -40 °C HEZo|glon, PTAd &7 o]
S7Fekol weh Tg7b S7tshe 32 Uetldoh &=
3 TGAZH A3} 01]/\15 PTAd o] 7kl ujeh
q B3] Lxrt Z271E rolsr 2= Qi) s H
PUAS] 7] A2 HAL PTAd _-L_E]Q. ‘Gh'—/'lzo] =7}8ko]
w2} A7 E, 100% modulus, A== ZF715FA oL
Age gastant SAE PUAS 43 B AL
A 2E], I 2g oA PTAd Z8]2 o] =

Sbatol wheh WA o] eaaheck. ahA v 2
A= PTAd £ &S dtefo] Z7}ato] upgl 42y
o 9astAA N Agre] AdAE HAPEI B

A= erJr ?}“51 PUA9 =3 J:‘7}°ﬂ/\ﬂ‘“ PTMG

! of rur4

2

_1
d

o] MZ = ZIAT} z%xkaﬂ E—,— _?,_/}:6} Z,:X]—}f
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