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ABSTRACT :

The study is aimed at preparing poly vinyl alcohol (PVA) hydrogel by physical
techniques using freeze/thaw method and by chemical method via the addition of
cross linking agents, such as Glutaraldehyde (GLT) in different percentages of (1%)
and (3%) and boric acide (BA) with percentage of (0.5%) . we prepared of poly vinyl
alcohol and Chitosamine chloride (CsmCl) with different weight ratios . These
specimens are prepared in the shape of films .

Studies are made on swelling behavior for all prepared samples in different media
of PH (neutral , acidic and alkaline) , using Fourier Transform Infra Red (FTIR) in
order to investigate the linking between (PVA) and cross linking agents and the
blends .

From the test result , it is found that swelling percentage depends on cross linking

degree , whether it is physical or chemical ; all sample possess high swelling
percentage during the first 5 hours then settle at discrete percentage , which are
attributed to disentanglement of chains that are not involved in cross linking . The
freeze/thaw process leads to physical cross linking of polymer chains.
Results have proved that samples containing (1%GLT) and (0.5% BA) undergo
increase in their water absorption after freezing and thawing , while samples
containing (3%GLT) have undergone decrease in percentage . As to swelling ration in
alkaline medium increase , while the (PVA) sample retained their swelling percentage
in the acidic media , as in distilled water for samples containing (GLT) . As for
swelling behavior of blends , the swelling percentage is found to increase with
increase of (PVA) percentage , which may be attributed to increase water absorbing
(OH) in the blends .

The FTIR spectra for all samples before and after blending and treatment are found
to appear and disappear besides band shift at different location; this is attributed to
changes in conformation. The spectral intensity decreases with increasing (CsmCl)
percentage explained in view of when two polymers or more are blended , changes
occur in the characteristic  spectra as a result of reflection in the blend that are
prepared by physical mixing and chemical reaction .
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(8 (b)) ISl o Cpase LaS FLmY) a3 A1V aseatll Alee aay s wmalal) lapadll 4
5 (20%PVA/80%CSMCI) ¢ z3—aill (320%) ) (509%) (i 7 51 >l apill Cany
. (350%) wie 4l sal) & i 5 N5l e (8%PVA/20%CsmCl)

73—l (509%)—» Flii) iad J8 o A8 A IYI/a saaill A (@A ayy ol by adll 8
Culs (PVA) O il 73 sl 5 cadl) L Ll (8 (C)) JSll (4 ey LS (20%PVA/80%CsmC)
LaS 5 4131 aan ) s 2 sl A5l LYY A 2l 31 31 (250% , 180%6) (e o) i s A liie
el bl agle lae el caelall Tl 8 el Galiaial G o) Jaadl

—=— 10026PVA

—>— 0.52BA/PVA
—o0— 126GLT/PVA
—— 326GLT/PVA

100
Time(hr)

—o— 100%PVA
—— 0.5%BAPVA

—o— 1%GLT/PVA

—— 3%GLT/PVA

Time(hr)

(b)

—=— 10026PVA

—— 0.52%BAPVA

—o— 120GLT/PVA

—— 320GLT/PVA

100
Time(hr)

©
B3 \ali(c) paalali(h) slali(a) i (PVA/GLT) 3 (PVA/BA) Lidil $ i) cibsiaie Jiay (4) Sl

—=— PVVA(24 hr/24 Cycle)
—o— PVA(12 hr/20 Cycle)
—— PVVA(S5 hr/16 Cycle)

AN araail) &l ) 93 Ga (PVA) g aladl FULYI & sl G (5) JSad)
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—O— 10026PVA/F

—<>— 0.526BA/PVVA/F
—Oo— 126GLT/PVA/F
—— 320G LT/PVA/F

100
Time (hr)

—o— 1002%6PVA/F
—<— 0.526BA/PVA/F

—Oo— 126GLT/PVA/F

—=— 326GLT/PVA/F

100
Time (hrn)

(b)

PVA/F & crosslink/ F (sheet in Basic)

—=— 10026P\VA/F

—— 0.526BA/PVVA/F

—o— 126G LT/PVVA/F

—— 326G L T/PVVA/F

T
100
Time (hr)

—=— 10026PVA

—o— 8026PVA/2026CsmCl
—=— 6026PVA/4026CsmCl
—— 5026PVA5026CsmMClI
—x— 4026PVA/6026CsmCl
—+— 2026PVA/8026CsmCl

100
Time (hrn)

—=— 10026PVA

—o— 80%PVA/20%6CsmCl
—— 6026PVA/4026CsmCl
—e— 5026PVA/50%CsmCl
—X— 40%PVA/60%6CsmClI

—+— 2026PVA/8026CsmCl . !
80 100

Time (hr)

(b)
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—o0— 10026PVA

—o— 80%PVA/20%6CsmCl
—2— 6026PVA/40%6CsmCl
—— 50%6PVA/50%6CsmCI
—x— 40%PVA/60%6CsmCI
—+— 2026PVA/8026CsmCI

100

Time (hr)

—=— 10026P\VVA/F

—o— 8026PVA/2026Cs mMCI/F|

—a— 6026P\VA/4026CsMCI/F|
—e— 5026PVA/5026CsmCI/F|
—X— 4026 PVA/6026CsmMCI/F|
—+— 2026P\VA/8026CsmMCI/F|

100
Time (hr)

—o— 100206PVA/F

—o— 8026PVA/2026CsmCI/F
—a— 6026P\VA/4026CsmMCI/F
—e— 5026PVA/5026CsmCI/F
—>x— 4026PVA/6026CsmMCI/F
—+— 2026PVA/8026CsmMCI/F

100
Time (hr)

—o— 10026PVA/F

—o— 80%26PVA/2026CsmCI/F
—— 6026PVA/40%%6CsmCIl/F
—e— 5026PVA/50%CsmCI/F
—X— 40%6PVA/6026CsmCI/F
—+— 20%PVA/8026CsmCI/F

Time (hr)

)
. 3all(c) padali(b) sli(a) (& (PVA/CSMCI/F) bl ) cldata (8) JSil)

CFTIR  siusd e sadl el (ull) A ja

: 381 A Cilidey FTIR bkl e (PVA/ CsmCI) bida il 4y

Gl o Gl lae DAl jrcasidl (PVA) g (CSMCI) Jelii iul )al FTIR ikl caeadin
2 Aine 381 Galida s (PVA/CsmCI) 2234 5 (PVA) clia s, (CSMCI) 3 saaal aliaial)
sl Gam pya Hsela aad | (PVA) il Jpasll diid Joll FTIR <aladal JS oy (9) S
i a5 (OH-Stretching) (OH) s s el aaalas 33 e daali (3475.45 - 3566.04 cm™)
o sels JSE (s (Acetate group) Cuind) auebae 2345 (e daali (1182.28 cm'?) e
Abs (Alkyl group) SV asabaal (C-H) 3y aaai ) (535 (2815.88-2931.60 cm™) cxle
. [23-25] (C=0 Stretching) (C=0) a3 I 2523 (1569.95-1708.81 cm™) ¢ske o 32l
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tie dajs JSEN B 5l (80%PVA/20%CSMCI) Ll FTIR ik Laasf (9) JS2 g

Jeliidagm o jall b s j ollia o ia3ly 5 (CH,p-Bending) (CHo) o) sil (I 253 (1319.22cm™)
2,8 O giial) el asaladl 4 el el ) Jelii e aniis (Blend Crosslink) dauladl el
G a5 308l 8 (el Heday N (PVA) & J8 055 Al (Chitosan amine Chlorid Group)
. [25,26] Umesh and Ashok kumar , Chardy. T. ,P.Sharm, =%

ool alara 8 Cin )y Cgaa 1A (B0%PVA/A0%CSMCI) (I 5518 Cpaalas sl 58 5330l ) e
C-O )s (C-H Bending) sl (C-H) ¢! sl 4535 (912.27 cm?) 2ic sapaiaja Hseliaa
(CH,) 5al ¢l 51 455 (1317.29-1361.65 cmM™) sl aa 5a3s 2 3n ) sels o (Stretching
(CH2) 22345555 (3800-3600 cm™ ) 3ldaill aie o 3all 4 sliial caslall ekl (CH,-Bending)
. (Hydroxy! Stretching) (Hydroxyl) 2a<is

Cin ) asa s g bl aliee o jall aliee sliidl Jaadl (50%PVA/50%CSMCI) S 5 xie 5

5 wal ) Jial 5 (C-0) 5 mal 2343 4555 (1550-1610 cm™ ) (880-1000 cm™)  Gwaell xie o5l b
. (C=C) 8 el 3245 4« (CH,)
A2 (645-1389 CM™) sl anm bin p ha ) 5ol LaaSl (40%PVA/60%CSMCI) Ui 45
em™) 2l e s s eliidl g (CH2) 3 sl 15315 (C-0) 8l 33435 (C-H) 8 0¥ 51530
[25,26] Umesh and Ashok kumar T.Chardy ,P.Sharm 4 slale ae (385 124 5 (3400-3600
Ol sy Bla vie il dia ) @l (5 3ay s (CSMCI) A b ) e Ji 3080 () JanD5 Jla 61 e
s i A el Do Lal) 5 Ly gl 8 JasDlall (el A 5 paall oY) 8 il yus Caans ST
=5 (PVA)5 (CsmCl) uxle (Good immiscibility) Ll e Al ane ) cilbaadill
258 b siall (3 (AMINO) e Sl ja (e, il sall (e iin s paa eal sl 0585 Jaiaal
Esam , Mohamed 4 sls L ae (385 138 5 (PVA) & (Hydroxyl) dasS s nell aslaa s (CsmCI)
. [24] , Abdul Hamid

2 (PVA) J (FTIR) dibhl Je(GLT) 5 (BA) bl Jal g bzl il duul o

cM™) Clad) G saa o s sela Bad (PVA) ) (BA) sill pasla (50 (0.5%) 4dlual xi
o LI (C-H) 3 a1 205 (C-H) 3 -aY) ¢! 530 4055 ( 2800-3060 cm™) 5 (645-976
(CHp) 3 =¥l 3 3ial Cassr (3400-3600 cm™) 2l 5 ( 1550-1750 cm™) saall & o sl slidal
Gl Qs (5 5a05 (Hydroxyl group) JesS s juell aslas s yual s (C=0) 3V (o8 2045 as
. [26] (10) JSal & Sl
(PVA) Jelis o5 (10) JS& (3 FTIR bkl ) seks 23l (PVA) M (GLT) 0 (1%) 4dlal i
Labiall (e o jall any oLiia) Laadl LeS (OH) 4 s 303 el 5 J) 30 ade Liasy (GLT) e
Akt 5l 5 ) ey 55 (13400-3600 cm™)
Oaa Baadn oA el Lia ey, daadiall algall o s sels (GLT) o 8 3ab 30 e Jalall o
53 S aslae (B A sl o 3all L AEdY) (C-H) 5w 2343 dais (2850-3060 cm™) sl
s M adlal | ghlidl o2 & (PVA) pa g 481 e 0585 (1550-1750cm ™) 52l ges (C=0)
Laadis (3400-3600 cm™) saall 2ie (OH) 223 3138 o 5a J55 (GLT) 5 (PVA) <l (e
. GA.J\ (PVA) & LJ\AA ddaiadl) oda (paa e‘}aj\ Uany ¢&is)
aall e o jall (any 8 pLEA) Jaadlis (10) JSA 8 LeS (3%) I (GLT) A sbn ) e L
(s B a3 ek aadl LS (C-0) 5_al 234 5 (C-H) 5_eal o) 53l dasis (645-1000 cm™)
3400-3600 ) Aakiall o 3 cLiial ae AV (C-H) bl 22 daii ( 1550-1750 cm™) sl
- [23] 83 A5l LS (3409 cm™) e saal s dasa Hselas (om™?

: (PVA/CsmCI/F) 2idAI FTIR cish Ao 40391/ apaail) 4385 00 4 3

em™) Gl e i a5l LoD (PVA/F) g3 s iy 2 (11) JSall ) bl e
xall o o 5l 30l (B 50L) 3 95 ae (C=0) 3aY) 2335 (CH,) J) 5l e 4eali (1566.09
(3400-3600 cm™) csaall 3 (4 (Bl Lgie paiy s cliliall ddee 3ba ) 4ais (1550-1750 cm™)
i hsalecan jellia it LS Flladl jue (PVA)JL a0 e Lows J& 3l (OH) o_pal a0 dags
[23]d85D 8 s G Laali o ) ol 5
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2aaill) (B Aadleall 23ladll (ads Lad caglall 3005 2l j) a3l (80%PVA/20%CsmC|) LA die
Y @255 (CsmCl) 4 32030 O A s ellhg | Al CJLA.\M 2 el J8l s Lty (Y
(PVA) ¢l (Crosslink Interaction) <lbiall Jelas )l (Gel fraction) dall dpws (8 (=8l
. (CsmCl)

& Laelia) 5 (C-H) 3! ol sll A (645-9700m™) hbiall Gaa b o ja ) seks Liadf Jaadls
(C=0) 5Vl 22435 (CH,) 30 3) 585 (CH,) 3_0a¥) ¢! 5l 45 (1300-1380 cm™ ) shlbal)
s A bsaleCan yasas as. (3400-3600 cmt) ddlaidll 8 o el sliial LSS | gl e
[24] S A8l LU o 5all 18 e

& 325 (645-1000 cm™ ) saall (sania 3asaa o 3a ) seds 1aa3l (40%) N (CSMCI) A sl 3
(1300-1380 cm™) ddkaially o jall b cliidl (5. (C-O) 5 aa¥) 30y (C-H) ¥l ¢l 53
85 8 S (bl g o jall 1 g 3 da gale o Cin ) sa 5 ge . AW (CH,) 5! o) 5l Ay
. [24,23] <kl
laid) G oy ) sea JaaS (CsmCI) i 3305 51 (50%PVA/50%CsMCI) (A Al b 3l
&= (CH,) 23 425 (1300-1380  cm™) dikaiall 5 (C-H) 5 ¥ ¢ 53l daii (645-970 cm™?)
e AEAN) (C-H)  3ma¥) aaai ) 138 2523 (2800-3060 cm™) ddhiall & o jall alies cliia)
. (OH) 5ma¥) 2043 455 ( 3400-4600 cm) dikaiall b s30a a5k
(645-1000 cm™) dshiall b o yall saal cLiial Jaa3lid (40%PVA/60%CSMCI) J dwilly Ll
4545, (1300-1380 cm™) 52l (pan o 3al) eliidl 5 (C-0) sl 23435 (C-H) sl o1l ot
. Al 3 e a4 (2800-8060 cm™) sl die Buna a s ) el e (CHy) Bl 20a
(il o jall alane 3 1s gale (o j Ll =i (3400-3600 cm™)  @aill s sasl b o) e
. [24] 523

A5 (645-970 Cm) Aikiall G 20 05 545 (20%PVA/BO%CSMC) &350 Gt
&= (CHy) 5! ¢! 530l 4255 (1300-1380 cm?) shliall axy 4 ;Lm\j (C-H) 3_a¥! &) 53
o @ [EY3EEN & agilady) (CHZ) B! 20 dagh (2800 -3060 cm’ ) Cahlidl o (s-LuLA BN
O (3) dsaalls, [24]<liiall dlee 334 ) an (OH) 3_saY) 2243 425 (3400-3600 cm'™) - Aakaiall
kel Calisal (FTIR) bk o aaf

: (PVAIGLT/F) 5 (PVA/BA/F ) ada o A1)/ seaail) 485 450 4 5o
e il Les lia (BAIPVA/F) zilats (3las Lad 40001/ agantll 5805 aadls (12) Sl 4
o) (ANl (5 a5 (645-970 cm™) sl e p sl ey (o (alli Laadl 3 dallad)
san o ja selas . A9EI) (C-H) 50l 224 40 (2800-3060 cm'™) 3hlially (C-H) 3 ma)
(o 0ailiig o 5all g b mal s s Aaadle s (OH) 2245 A (3400-3600 cm'™) dakaid) a
[24] & 50583 Gl 323

dakhiall A saa s seh Badl G (1%GA/PVA) (Ao i3V aeaill 5l (12) Jsil) UH
(g 225 s (1550-1750 om ) Akl (5 (C-H) & rual) (3 )50 A0S (645-970 cm”)
(C-H) 3 o8 2ol sy (2800-3060 cm™)  dakaiall @ poall sy el 5 (C=0) 5_aY)
s )35 5 e (OH) 3_ma¥) 0 i (3400-3600 cm'™) Aikaiall o s Lyl oliial ae 238!
[24] Wiy o oal lse B el s

& ol any L) Jasdl G (3%GLT/PVA) (e I/ ypeadll Ll Lyl (12) IS8l o
3 O 5aY) Qe (1550-1610 cm'™) dikill s (C-0) 5 ma¥) 224 s ( 880-1000 cm™) Akaiall
5 el 20 s (1550-1750 em™) p3all pany & L) 5 (C=C) 5! 23415 (CHp) 5 paV)
B gl s a5 s g AEIY) 5 suaW) 20 a3 (12800-3060 cm™ ) Adkidl s (C=0)
[24] 5 55580 QLD @ sl 30 8 eaal 5 il o jall ) e
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LJaS) AN cilidag lidAl) (FTIR) cish cliua) 3o gal g3 Gan (3) Jsa

Polymer system C-H out Cc-0 CH, CH,wagging C=0 C-H Hydroxyl
phase Stretch Bending Cc=C Stretch Stretch 3400=
bending 880-1000 1300-1380 Stretch 1550-1750 aliphatic 3600
625-970 1550-1610 2800-3000

PVA 981.70 1560.95 1560.95 2815.88 3475.49
1634.81 2829.38 3481.27
1708.81 2031.60 3539.19
0.5%BA/ PVA 661.54 919.98
692.40 1652.88* 2864.00
77147 1710.74* 289110
825.48* 2898.81
919.98 2933.53*
1%GLT/ PVA 981.70* 1315.36 1558.38 1558.38 2804.31 3402.20
993.27 1371.20 1654.81* 2833.24* 3498.63*
1670.24 2879.52 3519.85
3%GLT/ PVA 918.05 918.05 1359.72 1564.16 1564.16* 2041.24 3409.91
1647.10* 2962.46
1660.60
1710.74 -
PVA(F) 1348.15 1566.09% 1566.09* 2800.45 3444.63
1662.52 2813.95
1710.74 2840.95
2879.52
2060.53
0.5%BA/ PVAI(F) 2810.09 3446.56
2010.38
1%GLT/ PVA . 1641.31 2813.95 3440.77
) . 1670.24 2852.52
1706.88* 2093.32
1716.53

3%GLT/ PVA(F)

20%CsmCl/ 989.41% 1319.22 1585.38* 1585.38* 2848.67 3454.27
80%PVA 1620.09* 2908 45* 3465.84
1708.81 2920.03 3583.49
2956.67
40%CsmCl/ 912.27 1317.29 1585.38 1585.38* 2839.02 3539.13*
60%PVA 1336.58 1614.31* 2854.45
1361.65 1708.81 2902.67*
50%CsmCl/ 912.27 1585.38 1585.38 2846.74
5006PVA 1614.31 2904.60
1708.81 2935.46*
60%CsmCl/ 889.12 1307.35 1585.38 1585.38 2854.45 3406.05
40%PVA 914.20 1328.86 1614.31 2958.60 3421.48
1708.81 2979.82 3465.84
80%CsmCl/ 912.27 1313.43 1585.38 1585.38 29043.17
2006PVA 1373.22 1614.31
20%CsmCl/ 663.47 914.20 1618.17* 2813.95* 3502.49
80%PVA 692.40 1708.81 2844.81 3546.85
G) 77147 2854.45
860.19% 2893.02
40%CsmCl/ 912.27 1352.01 1587.31 1587.31 2862.17* 3541.06*
60%PVA 993.27 1618.17 2945.10
G) 1710.74
50%CsmCl/ 655.75% 910.34 1365.31 1581.52% 1581.52* 2819.73 3488.99*%
5006PVA 815.83* 985.56 1612.38 3514.06
F 837.05 1710.74 3527.56
60%CsmCl/ 912.27 1583.45 1583.45 2821.66 3402.20
40%PVA 1616.24 2846.74 3533.35
G) 1710.74 2912.31
2941.24
80%CsmCl/ 912.27 . 1583.45 1583.45 2825.52
2006PVA 1616.24 2844.81
2889.17
(F) 2941.24
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SINGLE BONDS STRETCH | TRIFLE DOUBLE FINGERPRINT REGION
BONDS BONDS SEKELETAL VIBRATION

L s.co=+oa

- }’,rr‘,___

N e————r— A VI P s 5, A
v s e 1>
oA —weoT A T T T T —r TRV TS

S1_A il (PVA/CsmCI) Jaidad 4,33 duad 48Me G (9) JS&Y

7.00E+01

6.00E+01

5.00E+01

4.00E+01

3.00E+01

2.00E+01

1.00E+01

=+ 0.00E+00

3.90E+03 3.40E+03 2.90E+03 2.40E+03 1.90E+03 1.40E+03 9.00E+02 4.00E+02

Wave number(cm”-1)

3%GLT/PVA 1%GLT/PVA T%/0.5%BAPVA/F —— T%/100%PVA

7.00E+01

b 6.00E+01

b 5.00E+01

F 4.00E+01

F 3.00E+01

| \ : &«./\»WW

S SRS o S SRR P22

+ 0.00E+00
3.90E+03 3.40E+03 2.90E+03 2.40E+03 1.90E+03 1.40E+03

9.00E+02 4.00E+02
Wave number(cm~-1)
To/B0%PVA/F To6/6026PVA/F To6/5026PVA/F

TO0/A09%6PVAIF TOWZ0%PVAE  —— TOW10026PVA/F |

» Sl Calidiay 40391/ tanil) 4485 3ay(PVA/CSMCI/F) bl L3 daud A8de (11) JS&b)
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7.00E+01

F 6.00E+01

I 5.00E+01

F 4.00E+01

[ 3.00E+01

F 2.00E+01

[ 1.00E+01

245
— B — + 0.00E+00
3.90E+03 3.40E+03 2.90E+03 2.40E+03 1.90E+03 1.40E+03

Wave number(cm~-1)

—— TY/3%G LT/PVA/F TU/1%G LT/PVA/F TY/0.5%BA/PVA —— TO/100%PVA/F

day 5aS) i) Caliday SLLES Jal go aa (PVA) idAd LML) dpud dB3le (12) Jid)
R PRV RVPPRA > W

Conclusion «lalifiu)

@ALAU_ALAQ.EJ‘}{A‘QM.\M 3 guall CUMY\M&AMA\ ‘ud.n‘”mgi\ mand ) ) cilaad f‘M Y
(CsmCl) salal CL.q.u‘)!\ A abdal <) e S0 ?5 Al i 5 LAY s leas (CsmCI) (PVA)
AR E ) s A o die elally g3 L S Al

e e FLEY) o il ey LasbaS sl Lyl 3 LS o) g il s e LY A aia 2
(0.5%) 5 (GLT) ez S G (19% ,3%) bl Jal se Ll ilaall 5 2 (PVA)  lia
Clelull 4 Gabaiall 35 S 3ab ) Sllia 3l aues o Jan gl il clall 3 (BA) €l sl aala
B o Gl dey s &5 15V uedl)

Sy el slall b o LS FLil A e (PVA) ) ziles Jailad amalall sl 3 jeall e 3
s a3 gacldll hapaall 8 perll die, FLEBY) Lo g (iS5 (GLT) 5 (BA) Led ibaall z3Lal)
(3%G LT) CA)A.I Lﬁ C\A.u\ A 22 i (PVA) J C\s.u\

Lonall (ped Braall & Galiad 330 ) ) Aslad) aied Ay Y1 Jlayy A8l 3 gall o2a Aladin) m pall € 4
& (PVA) Caw‘y\ e madall lyadl) 4 V) cleladl b dle ! A il dale Jleaind
o (bl s il el ddle ] Ll cang o s i) 5 288N elaal) b (aiad A ol () zlaia¥) S 13 L
i el Jleniasd Juady | (1%GLT) Jidd (Says gaclill lyadl 8 e sl adall Jasdl)
3 gn Ledlanins) Sy . 400 gal) il 52 DU Lellemind 2ia¥ 4 shaasS ) e L oS Lz Jal s (0 AL s
Jrasall G yay alall G ey 5l O i) e i sl el 75 a5 Gsoall alall 358 2D
Aie L..sq.clﬁl\ Jslaall o gl A J8) 4l @-‘3‘ (PVA) Jariond el 33la 5 Lﬂ;'ﬂ\ Osball
. (BA) zilai alasind (Sad 2V 5yl @l idll Ll aaY) AL sl o il dalal)

B leda s lacliinlgaia Hoehhan, laaasdallad g LAl J8 -3l (FTIR) <bbY 4wl 5
A3 s a5 (CSMCI) A 3oa ) e Ja3 8250 o 5, JSill (& il I elld (5 a5 Ailina (3halia
Lol DAl (ulSal A 8 3l Calpdal ) (8 0l o Coand 3T 5 (0 el sy ol aie 4 ddda
axs(Highly  immscible) blal) e 2oLl ave ) cilaadlall sda jali | 4, bl cdleLal)
(AMINO) G il sa (e . i jall (il Aian 5 3 sl 5f (1585 Jatindl) (g5 (PVA) 5 (CsmC)
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