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H]57] FAHNAD : non-aqueous dispersion) S8 ©]8sto] XA o} A& T FHA o F¥xEAd sl
ATskSith S8 A YA 1] SAE WHIsk] flsh PRI AR 20 wi%=E UEFR L *PYE NAD dHE
FAB] 21k 3 Bvlle] A EFH= A U Sull] v]Eo] 80 : 2091 o= YERITE NAD 7] A EE
WESAIZHERE ofuje} AAIA|S] & 9l wnk £5 5ol ol Jaks Wi 208 UERHTE B3 NAD 749 A 7]
9 2A T PYAIS &, ALY B Sl o8l FEE W AE sl Y] BT gRAE 2706
B Fdshd gule :L"%O] S7Yato] dAre] A717F AXA ‘?JZ} o] AStHER WAMEE &Aoo R BT
o7t e AoR FEFSL.

Optimum synthesis conditions were investigated for the non-aqueous dispersion (NAD) polymerization of environ-
mentally-friendly acrylic resin. The optimum amount of stabilizer was observed to be 20 wt% to prevent flocculation of the
synthesized polymer particles. The optimum ratio of aliphatic solvents to aromatic solvents turned out to be 80 to 20 in order
to obtain a stabilized NAD resins. The viscosity of NAD resins was affected not only by the reaction time but also by the
amount of initiator and the impeller rpm. Also, the particle size and the size distribution were influenced by the amount of
stabilizers and initiators. Since the stability of NAD resin was devastated by the increase in particle size when all the mono-
mers were fed at the beginning of polymerization, the monomers need to be put into the reactor step by step throughout
the entire polymerization process.
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1. M =2 o] 7k 1 Uk olHsh BAASA T I F shUEM A
ol &gt aEAe] A|FTt FHFe| B FEE vk gl

olgE FX|&= ofE] 714 olad BimE FFAAA A FEH=T) B2 S/ (aqueous) o= H]Al(non-aqueous) ® 5 2

WA o7 tga 22 5450 it odd FAE Alslstae UL} o] FollA FAlE W Al A, FEA o) AeA %

P4 o ARt HAlo] 2 HX] o3l Alsk A, Ul AES 73 ek 2eu B2 f7]80e] Fdno 2 vl o] &

, Uik, JigzkAd, dlesddol ofssiet sk AfA 84, S AL S T QlofA] Tk 4 Aol gulle] SR o W

3 Foll tigh A3do] qlom 714 Ao Fsstn s ol A& FOT giv) w3k T e ks FAERAM &2 S

% L5 7EFARE wWol ol&Hal vk 2 A FEg 2 wige] JEFE WobA Alofshr |7t olEe 52

FA Y] SR elE ol 77 Lo, EE 80 ARE- Tuk Ao QlojA EHE 7L itk AAF O R o] WHES

7] -r]C'HHb SAFH, 3ted 9 AT Tol ol o)k & TAL T AEE 2HskE FEAC IMAIE Hrtehes WHoR

o 175]'01] ARl 77184 2+ bezene, toluene, xylene 5= X85} N & AN 5A0] F7kE 7] wiizel] ARg-o] A|§HA ol). wgt

) ALGe &A7E & olFa et HZel t7]eqd 52 oheket f718uel vwal] BokS uf 2o of=Fo] 7] witel 5
2+ SO dste] FAHXSARI B8 Alx el dist A4 = A OA ] AHEE ASHA o] T 3-5].
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A Sl e e o] HEE WS FEg vk gtk ol
]—’F 19] 739 gul7} R stA o] HEE Thseh g Wk guf e
AHES HAskeka AWESElE o] gste WEke
A3 glrHe-15].

H]5=A] E-AHNAD: non-aqueous dispersion) % 5t
of ZEtheE AeME &5 Ak o] 2t ol
A7t dojuba] QP Al(stabilizer) 2 Z-8-dh= 1HZE 1EA 5
o &l AMEE BAsHHA T30l WA= Helxe fresd
I frAksiek

H AFelX = vl Elel ol niEAE
o A5 o7k WigEo] AlxE NADTA L] 4 ]
i3] skl 2 EAS ZHe NADTAIE A=
ato] APS FAsklth B9 2 AFelAE voc Txﬂ

Asto] WS {7189 oS Hustew Fol1 X]
H& & EEE ARSSIGITE A 19AE
Z3aL v WAl S E Fste] oAl -rx]% PIstes
stk SR ofaE A9 HA xS Fa A &
= MAAY] T, TAME Riew] Y= 5o Wt 3/3¥ NADF
A8 AZ} JAF 7] Foll F= Pkl disix A-skick
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2.1, Al

2 AFoX = AR A] styrene (SM : Showa Chemical), iso-bu-
tyl methacrylate (Iso-BMA : Wako Chemical), butyl methacrylate
(BMA : Junsei Chemical), methyl metharcylate (MMA : Acros Chemi-
cal), ethyl-acrylate (EAM : Junsei), 2-hydroxyethyl methacrylate (2-
HEMA : Junsei), 2-ethylhexylacrylate (2-EHA : Junsei), acrylic acid
(AA : Junsei) 5= FA| glo] AH-3I3ITE JNAAIZE t-butyl peroxy
2-ethylhexanoate (t-BPEH, Seki Arkema)E AM-31311. Smi2= AW
< 2w= Mineral Spirit (F=24), W& Eml2E Kocosol (SK
Corporation)s =3ato] ARE-313ITH

QrNI2l M=

NAD 7= 238l 5407k ePgAlel oJsl) #4rslo} Qi Fefol
B QPgAle] o] vl§ Fashl Btk o] WAl Fule] %4

k= ol3d FA|9) *g-UHJ Ade] XA A YA (steric
repulsion)®ll o3l FAbde] QPg3slE o] FA "k upebA AR
olgEe= FA= @%8 ol g ;A ¢} Msdo] glomA T £
Sl Hgdo] YEF wEojHof Fth & dAFtelxE BMA,
iso-BMA, 2-EHA, SM, AAS 15 : 35 :20 : 30 : 29| H]&= &3t
kAo JHAIA]l +-BPEHE AFE-3F] 100 Coll4] Mineral spirit2};
Kocosol 80 : 20°. & &353t SmllE ALg-3lo] A3kt A
Az Al ZieH o] B]E-2 NAD 74| AlZ Al9] Bem o] &S 11+
lo] Aslpt) A Ax 7= ?Z ]’ Al gjgo] #zkd 44 =
G2 E o] g3t WS 4WAIR Uro A 1e Aol M = £3 o
A S gl 37 F9le F 100 TR 255 221 29717 4%k
A7HA 3eAel] AXA DZFA G AAAE D AREEE DT
& Zlslaloir). Atg) 13171 H5te] AA7)F stollA] Addsisich

= HOL
G PPAY T2 BHE e 2 BAE AW 7, B

[ed

NMR 5743 Estol Fa3lsith, 225 9971 2 g% 8 mLe] 2=
gl S F, ALolA 150 mLo| slekge] AANZAT. 2

A3k okag 4 gyl AN AT 371
AE ARG e T A Axate] AAE A 1.2 g& A
om, CDCLE 42 AM&3to] 'H- g sl =3 Al

=
Z¥ oPgAle] EAFES GPCE ol&sto] SAskgltt

OIM M| 2HE{S| NADSK|Q| =

RPIAIE Azt ol o]F o]gate] ] Follx Fir e} A
NAD‘/[:X]E SIA] 0]_031:]. o}x% ;(-]]94. 2y ‘32_'%1—%_@ o]_Q_;‘)—].o:} Zf'sl- u}

571014 ARG B SEAIA NADFAE A2 aFleh Riem=
HEMA, MMA, EAM, SM< 15 : 23 : 45 : 179] ¥]&2 FYslich
Do) BlE-2 AFE NAD 419 f213d0]5(T,) 7t NAD 4]
o] A HgAl UnbE o R Afe Fo] FHEF SR o]t Tt
o T = A3l ojulm Al Az Aleh vy R Aav)RF
SlollA] &3 BulE ARSIl oH H A WA R F3F F3tell B
e} TMATAIE DA AA A3} sF3AtE 2vl 2= Mineral spirit
7} Kocosol 2 80 : 200 2 &3lslo] ALE35F9 1 HFS2 == 100 TR
skt

24. = &Y

A 25 Co Ferzeld AEE 30 mingk FAAZ1 §
Brookfield Programmable Digital Viscometer DV-11+Pro2] spindle 2,3
& ol g3told Z93gct.

2.5 ez 2

2 ATrellA Az A 9] YEF
(Malvern Instrument Ltd.)E ©]-8-3}¢7
E5E 250 rpm O Z S}l o)A

0 0T A8

=72 Mastersizer Microplus
FEA719] wwbEgx] o] whk
sk} A& Mineral

) H:‘
rultl (Y

IN-

X

(o=

spirit¥} Kocosol-= S
3. 2u A nE

3.1. OFYH(el &M Hul
301, wiEkEE9l F
QPYAL Al Al WEEZTA €] HES E(rpm) o] FE W] 9151
WS WSk 7| QPAIS AlZSHAaL 71 A S Table 1] U
ERATE s- 1358 53714 498 QP Al AAlE 02 3000 ©]3k)
ARER dojginh Ax AdE S & o 719 pmyAshs A
wof 2 dFE FA o A 0R Yt o] ks SEAE v
Ao gelzdto 7 S Bld7) wjiel Ao 7 Wk} webA

o 16 B—
£ IHEEEE 100 rpm 22 P73 sk TS ST

i

o] el

3.12. BESAIZE BeHOl EF U FAA7|9 HEF
AT = IAAIY FE=7F PEAIS] Sl = Gl s
ARE JPesla 1 é% Table 201 YERSITE s-49} -5+ ¥k

Azt HAstel| wt F3kE QP Alolt) s-4= WREAITES: 2, 3, 45HA o)
A1, 4, 6 ho & 3lo] s-1014 s-3 QPR AZA] 28 & Sl F3
AZ1 Zlolt), 1 Ax} A2l HE7) 15000 cPOZ - =4 Lsk
ok s-55 HREAIZRS 0.5, 3, 4 hOo & 3lo] A3S At 2o Hx
7} s-4BH T} Bh2 9500 cPE UFEFSITE o2l AHE Fall = |, vk
AlZro] oA pE QHgAS] EAlge] S78HE A & 5 AT
3717141 9] 43 A IS Mineral Spirit/ Kocosol &] H]-E-S 80 : 20
07 o] 2 A AN s-6& LvZ Mineral Spirit?HS A
g3to] AEe dafolry. 1 Ay dojxl FYAlE 10500 cP2] HE
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Table 1. Synthesis Results of Stabilizers as a Function of Stining
Speed

s-1 s-2 s-3
Stirring speed (rpm) 50 100 200
2nd 0.6 0.6 0.6
Initiator t-BPEH (g) 3rd 2 2 2
4th 2 2 2
Ist Heating
Reaction time (h) 2nd 12 12 12
3rd 2 2 2
4th 3 3 3
Stabilizer viscosity (cP) 2,700 2,300 2,800
Table 2. Synthesis Results of Stabilizers Depending on Various
Synthesis Conditions
s-4 s-5 -6 s-7 s-8
Solvent (Mineral spirit/Kocosol) | 8/2 8/2 10/0 8/2 8/2
n-BMA 15 15 15 15 15
iso-BMA 35 35 35 35 35
Monomer 2-EHA 18 18 18 18 18
(Wt%) SM 30 30 30 30 30
AA 2 2 2 - 2
MAA - - - 2 B
2nd 0.4 0.4 0.4 0.4 0.4
Initiator FBPEH 3rd 134 | 134 | 134 | 134 | 1.34
® 4th 134 | 134 | 134 | 134 | 1.34
Stirring speed (rpm) 100 100 100 100 100
Ist Heating
Reaction time (h) 2nd 1 12 12 172 12
3rd 4 3 3 3 3
4th 6 4 4 4 4
Stabilizer viscosity (cP) 15,000 | 9,500 | 10,500 | 8,900 | 2,600

£ HEhdo] s-591 & ApolE HolA]| gtk 578 BieH FiF ol
Ay Acrylic acid (AA)E Methacrylic acid (MAA)Z RSIA|A TAJsH
Aot 3 A} HEAL] = 8900 cPE UHSITH

s-1004 s- 7744 39l AXA R Es g S5 93
sHAl Aakst ol s8> AAE 3TAI2 miR| el A5}t Flo]
E} I Ade T AT ok BFEE S fulAls Ela A

5322600 PR S Uit o7l = I ZES FeiA vk
715 EYste AATE tHE BerEo] o AR REEE 3 £ wlA|
go g FQIEoR Q3 acid”|7}F d] 1HZE HX| X3 Wi
Ql Ao g FAHrt

SN B 2 Qo] A e £ 552 broadst Tol =17k Lk}

A TR QoleS & 5 YUTL EH FEA elSE A9

3 AR e AT F Ytk FFHoRE PAE o|aE
°]

- AN - olFF - AT
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Figure 1. '"H-NMR spectrum of stabilizer s-5 in CDCl.
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Figure 2. IR spectrum of stabilizer s-5S.

Hel 3o] ash bE AFESI] SM} ofTBAAL] HRm-BMA,
iso-BMA I 2-EHA)®] 7AH]= ofgfig} 22 A& o] gato] Anted
& ek

[p] : [m+nto] = {I(b)/5} : {I(a)2}
71, 1(b) B I(a)= 2+t “b” B “a” |o]=e] FEA|

°19} o] AXkst SM} et ZHEAIE Aol HIvlE
IS Y A9 & 1] 4 69l 2Ashe
Figure 20 YERA P A] s-59] IR AHERH A= o Fo]a
S0 Ugheon, 53] olmdAA L] AdollA] 7IQlshs dIAHE 54
o] Tl 1725 em ol SR U A g91E = 39l
Tt ﬂlzﬂ SHIAE GPCE TS 543 A7 3 awAlZ
32000, =522 120000 0% PDIZ} oF 3.791 Ao & Vebdth

46 : SARA
Zo% et

3.2. QXN 2EE{2] NADSK|Q| A

321 Wk £Eo] Fgk
SkollA 38 A Felld A= PGAIE ©18 ’8}0% NAD-
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Table 3. Synthesis Results of NAD Resins as a Function of Stirring
Speed
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Table 4. Synthesis Results of NAD Resins as a Function of Reaction
Time and Initiator Concentration

N-1 N-2 N-3 N-4 N-5 N-6 N-7
Stirring speed (rpm) 50 100 300 Solvent (Mineral spirit/Kocosol) 8/2 8/2 8/2 8/2
Type s-1 s-2 s-3 Type s-2 s-2 s-3 s-3
Stabilizer Amount (wt%) 20 20 20 Stabilizer Amount (wt%) 20 20 20 20
Viscosity (cP) 2,700 2,300 2,700 Viscosity (cP) 2,300 | 2,300 2,800 2,800
o 2nd 3.85 3.85 3.85 i 2nd 3.85 3.85 3.85 3.85
Initiator |t-BPEH (g) Initiator | t-BPEH (g)
4th 3.30 3.30 3.30 4th 3.30 3.30 5.30 5.30
Ist Heating Ist Heating
2nd 2 2 2 L 2nd 2 2 2 2
Reaction time (h) d 2 D 9 Reaction time () .4 12 12 12 12
4th 3 3 3 4th 45 6 45 6
NAD Viscosity (cP) 3200 1350 780 Pr})\i)l,:r]?ies Viscosity (cP) 1480 2100 1580 2500
Properties | Average particle |5 0.63 0.60
size (um)
Tk wHE $57F 100 rpm OO R o A% EHW A} A7)+
7] Walt glolAlE Zlom HAFUT o]F NADFA ] S
e 100 rpmell A ST BT NAD G4 1749 o)A ALeolA
WAEt e 39 e 37 So] dojuA] ghobA] JAte] Aol
| FAHE Aoz P
—— N1, N2, N-3
2500 t 322, BESAIZE 2 JHAIMI Sl sE HE}
) NADFA AZ Aol BEATE B ANAS SRl B B
£ 2000 | o] Ws}E Table 4°] UrE}LHa’iﬂr AL BF AE7E 2300004
¢ 2700 cP ARo]Ql A =& ARGSISITE N-49} N-5+= 525 SHdAl=
5 s ARE-3FIL N-197H N-3 E“éf\]ﬂ‘r Hlwate] REEAIZMS 4ThA A
71E2] 3 hold 72} 4591 6 ho 2 EeiA Axsich o A9} vk
ARIO) FAESE HEAL 7R e % 5 SITh N63 N7
1000 - HESAIZHS 712} 4.5, 6 hO.2 5T SAlo /MAIAE npx|ul TAle
72t 2 g4 T A7belolN AR ol 1 Ash WA Es
500 : ' : Sl AANARE A7EshE RESAIZEE S e E0 F T 5ab e

Velocity of impeller (rpm)
Figure 3. Viscosities of NAD resins depending on reactor rpm.

o] E4 A= Table 3o YERYSITE N-1014 N-37kA] oA = o,

WHHEET} 5—7}8‘011 upe} A48 NADFA 9] Hidx k=479 A%
7t fashs AE Uitk

Figure 3-> wHF 5o w2 29 A% W3S T80 Jehd
ZQld wRk £t SRk wiEl Aer) sk Ag yEs) &
T Utk w2 wnk ol Mt oA o)f AR %
o] AR Q& YAkl A7 7t AAWA FAARATAE YA UE
Holar gujF oz Fugo] 22 PAIZE QAF el EAlsEA &
u] ol Sl HFAISL Akt 2439 SR MR AdeAEs
&lo] HLI} LRt 2O FEkET Table 3614wyt iEOﬂ o
% 7712 B9 whk 571 100 rpme! 7399} 300 rpmQ! 7A-9-ol
T BT 0.6 pm JE2 A A=A whel wik &7t 50
pm&! ZA-F-elAE 10 pm ©)7Fe] & AR AAE e o2 st A}
52 wikg o wa) ke ekl o ujEel o7 nol
, AA] Yol AFFHLe} o] WWlEEr) 7haske) whel whe
F oA QJAke] Blgtel| 93t cluster’} AW Y] WjEQ Ao ¥

l

)

)

F

22 RAEE T/ & e
XA 7R AET) 57
o o8l T ZE(graft)iF-go
AZrE| et

A& & 5 gt WA F710]
A
<]

ek &% 12 A A

323, IFEE QHHA A B CHEAQl Y HH3}

QHIA| 9] FF-2F WG Al(monomer) 8] & WSIA|A NADTHAIE
AZ8R 1, 1 AFE Table 5ol YERASIEE N-83 N-9= 2
Table 39141 Table 4714|141 Q] A 243 FU3IA T g A1Z
THE PPAR WSAIA At PgAE N8 s-4, N-9+=
s-5% AHESIo] NADFH]E #1328kt Figure 4= FYAIS] Axo
& NADFA 9] AEmstE vepd A, ARE-E A1) gt
NADSA] A%7t vldsitis 2 #1e 4= Q3Ith N-10: N-9%}
TE PYAIE ARgskar, MAIAIY] s vl g FojA A|ZTF 21
o] N-105.t} A=7) 28] o)Ak 53k Z1o2 wol 7|AJA|e] oo 4
Toll S vA3 93-S FRISIGITh Table 594 & & 3l%ol
N-87 N-9+= F 74 Z2719] JAE 7= % BEE YR
FTHEIl BE HAAES dUGE o1FAN Al E3lle 2]
Fo] A=A QAREAE oo R s FAES bl
g ol gallEx] kol e F I gAY =g wel 1
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Table 5. Synthesis Results of NAD Resins Prepared from High
Viscosity Stabilizers

HE - A - o155 - 1A

d
fol

Table 6. Synthesis Results of NAD Resins as a Function of Stabilizer
Amount

N-8 N-9 N-10
Type s-4 s-5 s-5
Stabilizer Amount (Wt%) 20 20 20
Viscosity (cP) 15,000 9,500 9,500
2nd 3.85 3.85 1.93
Initiator | t-BPEH (g)
4th 3.30 3.30 1.65
1st Heating
. . 2nd 2 2 4
Reaction time (h)
3rd 12 12 12
4th 3 3 6
Viscosity (cP) 13500 9900 18500
NAD
Properties Aver.age particle 0.31/3.30 | 0.43/3.61 0.28
size (um) bimodal bimodal -
16000
14000 -
& —— N.2,N9 N8
& 12000
-
g
& 10000 -
g 8000 -
™
]
g 6000
7
8
§ 4000 |
»
2000 -
0

2300 9500 15000

Viscosity of Stabilizer (cP)

Figure 4. Viscosities of NAD resin as a function of stabilizer viscosity.

A RS e Aok 5, A DAl ek 1A
o] = QA ARl mEelo] AEEs aRAte = Y 396k
Foll & Wtk JAALY] FESVRE B ANTE T
AX FEE7 9] FoT B o] grizel oal Fiol A%t
A g} 53] &A@ 2ol @A} 39Ale A F]H L Af
AAE 28l AA Yl A vl FelEe] A
o Zolahs AAAE QS oA Y] 717t e AE
B3] T E weh AT Zlos AzbEn.

324, 20He Hlg ¥ MEN FelEF HE

A F7H A= 21 9] H]E(mineral spirit/kocosol)= 8/2% 3] NAD
TAE AZE O, Table 62 N-11-> £1]2] B]&-E 9/12 WAl
AX Az Zoltt. FAdE NAD 4]0 HEt ozt Yolx|= Ao
2 UebstEt) ole fulje] vlaAdo] FrkskAA A B0l FFE o]
Ueh = Aoz FdE itk B3 mineral spirit 100%E S 2 310
NADFA|E A|Fsto] Hok=t] Ao] ¥l o] A7 it

Ssst " 193 x4 =, 2008

N-11 | N-12 | N-13 | N-14
Solvent (Mineral spirit/Kocosol-100) |  9/1 8/2 8/2 8/2
Type s-5 s-5 s-5 s-5
Stabilizer Amount (wt%) 20 20 10 30
Viscosity (cP) 9,500 | 9,500 | 9,500 | 9,500
. 2nd 1.93 1.93 1.93 1.93
Initiator | t-BPEH (g)
4th 1.65 1.65 1.65 1.65
Ist Heating
. . 2nd 3 3 3 3
Reaction time (h)
3rd 12 12 12 12
4th 4 4 4 4
NAD Viscosity (c.P) 6800 | 8500 | 8900 | 7500
Properties Average particle 03 | 03 | 221 | 028
size (um)
20
—— 10% N-13
O 20% 12

18 | —v- 30%N14

ey
S
s 10} ;’\
g IR ¢
° "opomi'
>

or kooc
LN
0t mﬂﬁ' S FGTH—
0.01 0.1 1 10 100

Particle Diameter ()

Figure S. Particle size of NAD resin as a function of stabilizer amount.

o] Yojyitt. o]3& NADFA| 7} &Hl Foll FAto] & o] ¢lo}
Al A7) Ao 7 o] AXIT) Table 62] N-137 N-14= Py #)9] k&
N-129] 20 wt%ollA 10, 30 wt% = HAFsI] A5 A 23 Zoluh
Table 63} Figure 5914 £ wl, N-139] FH 5 221 ym A= &
A2 FAE AT o3 PgA9] ko] F-EalA NADYIARE S
3] A Bste] JANbEgof st ixlo] wate] o]Foj=|#] &
st A7 $HEo] Yehd AxtE Kol At} N-143= N-128} 8| ws}h
o =} A717}F ofzt FolA| Al §fAke] FUdo] FolAE Aol W
sk PG

325 HEH 27| £Ql2 HA
71 NADFA| Az Alells Sl s A whg 5 29715 4
Aol AAA A5 F93F1=1 Table 79] N-15°1A4 N-177k4]+=
Ao A2 2716 Fhstel S SIS N-150114 N-17
A= 2P 27] A9 10, 20, 100%E 8toiA Alzskolth =
o

7]
2r] FQ1g0] old® Husl QA A} A5 A &
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Table 7. Synthesis Results of NAD resin depending on Timing of
Monomer Input

N-15 N-16 N-17
Monomer input at 1st step 10 20 100
Type s-5 s-5 s-5
Stabilizer Amount (wt%) 20 20 20
Viscosity (cP) 9,500 9,500 9,500
2nd 1.93 1.93 1.93
Initiator  |t-BPEH (g)
4th 1.65 1.65 1.65
Ist Heating
Reaction 2nd 3 3 3
time (h) 3rd 12 12 12
4th 4 4 4
NAD Viscosity (cP) 9500 12500 15200
Properties | Average particle 0.28 0.29 1.05
size (um)
T ATk 53] 27160 100% 7Y Alell= dAA717F ARAEA 1=
A7 FoHle A & STk DA FAol gk St ¥
BE 2709 WA e F7he F8E] A, A Sen
well tigk EA Y] fAEE Tl "k Rl ST AL
el 4E 5= Al dolg F7MIZ wak opeh g Ae) FA
I 3t 8-S AT wEbA BAble] HEEe 28
o] Z7kulol AP YA A 57} g o AFHow

319
ojA= et AL SR Hi= Alew A7tk
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