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## 4972554123 : MAJOR APPLIPED POLYMER SCIENCE AND TEXTILE TECHNOLOGY
KEY WORD: DEPOLYMERIZED / CHITOSAN / REACTIVE DYE / SODIUM NITRITE /
SURFACE TREATMENT

SERANEE SRISUK : SURFACE TREATMENT OF CHITOSAN COATED COTTON

FABRIC WITH SODIUM NITRITE TO ENHANCE REACTIVE DYEABILITY.

THESIS PRINCIPAL ADVISOR : ASSOC.PROF. KAWEE SRIKULKIT, Ph.D, 86 pp.

Sedium nitrite was employed for in-situ depolymerization of coated chitosan in order to
remove chitosan film from the fabric surface. aiming at solving the problems of surface dyeing and
fabric stiffness. Chitosan coated-cotion fabrics were prepared using pad-dry-cure method of which the
curing temperature of 150 € for 3 minutes was used. Following that, treatment of coated fabric with
sodium nitrite was performed using an exhaustion method at room temperature. The resultant treated
fabrics were dyed with a reactive dye and then subjected to testings including dyeability, color
strength, stiffness and color fastness properties.

The results showed that chitosan coated fabrics exhibited the highest %E value due to the
enhancing effect of chitesan amino groups. Whilst, sodium nitrite treated-chitosan fabrics exhibited a
relatively lower %E value, albiet more than %E value of untreated fabric, indicating chitosan was
partially removed. In comparision, the chitosan coated fabric’s color strength(K/S value which was
higher than K/S value of control fabric) was comparable to those of sodium nitrite treated fabric. The
improvement in K/S value was due to the availibity of chitosan amino groups which was capable of
reacting with reactive dyes. Other fabric properties were évaluated.  The results showed that
properties of sodium nitrite treated chitosan-coated fabrics including color fasiness properties (crocking
fastness and wash fastness) and fabric stiffness were found comparable to those of dyed untreated
fabric (commercial dyeing). The light fastness of chitosan coated fabrics was poorest. After treatment
with sodium nitrite, this property was improved. When considering the percent reduction of fading, this
value decreased with an increase in the concentration of sodium nitrite. These finding results led to
conclusion that problems of poorer fastness properties and stiffness arising from chitosan coating onto
cotton fabric were minimized by sodium nitrite treatment due to the removal of chitosan coated film
present on the fabric surface. The remaming chitosan on the fabric surface showed its ability of

enhancing reactive dyeability without causing interference to fabric’s fastness properties.
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#@5uonN Drimarene Red HF-2B Clariant Chemical
Tanaeusama (Na,SO,) Fluka, Switzerland
TRoumsueiua (Na,CO,) Fluka, Switzerland
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1. 1n509nd (Spectrophotometer, Macbeth color-EYE®7000)
A 9y = [
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(Dyeing machine, Labtec, NEWAVE LAB EQUIPMENTS.CO., LTD)
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4. 1A504 UV-VIS spectrophotomerter (SPECORD S 100, Standard lighting cabinet
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7. 1AT0INAADUANNAINUADNTIAY (AATCC Crockmeter, CM-1 , ATLAS
ELECTRIC DEVICES CO)
8. 1A5049111U8A (Padder, Labtec, NEWAVE LAB EQUIPMENTS.CO., LTD)
9. MFADYA
A Y
10. 1AT9LND
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- Yula 25,10, 5 uaz 1 Yaaans
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MANHIN N

@]']31\1!,!,'&1@\1Waﬂ'l’]‘llﬁ’]iﬂﬁﬂ‘ll@ﬂﬂ’]ﬁﬂﬂ“dﬁua uazﬂmuv’lﬂl’aﬁumﬁ
d’ Y 9 v oa 9 Aa a a
3197 0.1 waved laTasududu 1.5 %(wiv) tazraveamsUsuRIaIumalindusy
= a o o 1 = A Yy 9
ﬂWf’]ﬁﬂJﬂﬁllﬁl,“]fGD'u ABANNTINITOUDINITAATUE (%E) NaNUUUUUUD

Tsdeulu'lasd 71 5 nTunodas

%E

~q ¥ @ = @ 2 Y = @ =
ﬂTJ%‘VIGl“]f TIEAULRAT ITAURAT TEAULRAT JEAURAT

0.5 %o.w.f 1 %o.w.f 1.5 %o.w.f 2 %o.w.f

Y Ay 1A
di liinaeu la Taanu 82.61 82.98 81.34 79.10

9 A Aa
Auadour laTamiu 86.96 84.04 81.34 79.66
52821215 U5UAY 10 11N 87.23 84.95 83.21 81.36
528221 IUTUAD 20 117 85.42 84.62 82.35 80.34
528211215 UTURT 30 UIN 84.44 83.15 81.95 79.55

M5190 0.2 Haved In Taanududu 1.5 %(wiy) tagwavesmsil5Suidremaiindudy
= a 4 Y 1 =K A A Y 9
Anodes 15wd AaANNEIIIDVBIMIAATUT (%E) Nanududuve

Tadenlu'lasd 91 10 nSuaoans

%E

Hq 9 @ a @ = Y a @ 2
ﬂ]’gg‘yﬂﬂf JEAURAT TIEAURAT TEAURAT J¥AURAT

0.5%o0.w.f 1 %o.w.f 1.5 %o0.w.f 2 %o.w.f

thitlalnaen 1 Taan 82.61 82.98 81.34 79.10
fndevii laTaouy 86.96 84.04 81.34 79.66
szoznaIMIUIuRl 10 Wi 86.36 83.87 82.96 80.84
522AIMIUTURT 20 UIN 85.11 82.95 82.22 80.49

528211217515 UAD 30 UIN 84.78 80.22 82.22 79.66




5191 0.3 waves laTasnududu 1.5 %(wiv) tazravesmslSuiasemaindusy

= a o o 1 = A Yy 9
ﬂW'ﬂaLll@illﬁL“]fsb'u ABANNTINITOUDINITAATNE (%E) NaNUUNUUUD

Tmdeulu'lasd 71 15 nSudoans

%E
nzn 1y STAUMAD  TTAUMAT  JYAUMAT  sTAumAd
0.5 %o.w.f 1 %o.w.f 1.5 %o.w.f 2 %o.w.f
Y Ay 1A
din liinaeu la Taanu 82.61 82.98 81.34 79.10
9 A Aa
Auadour laTamu 86.96 84.04 81.34 79.66
5282112155 UAD 10 1IN 85.11 83.15 82.54 80.12
528211215 UAD 20 LN 84.09 80.90 82.17 79.41
5282121 5UTUAD 30 WIN 83.72 80.49 81.06 78.95

M5190 0.4 Haved laTaanuduau 2 %(w/iv) taznareImsJsuRIAIemMAnD U

a A P o = A Y Y
ﬂW@am@ﬁulﬁL“]f“D'u ﬂ@ﬂﬁ'ﬁJﬁ'ﬁﬂﬁﬂﬂl@ﬂﬂ'ﬁﬂﬂ“ﬁuﬁ (%E) NAaNUINUIUUD

Tmdoululasd 15 nFuneans

%E

Aeild SEALRAT  FYALMAT  JTAUMAT  STAUMAd

0.5 %o0.w.f 1 %o0.w.f 1.5 %o.w.f 2 %o.w.f
thitlanden lalaanu 82.61 82.98 81.34 79.10
fnaevin laTaau 87.23 84.04 81.20 80.11
52e2MIUTURT 10 IR 86.36 83.53 82.58 80.00
522N UTURT 20 IR 86.05 83.52 82.44 79.39
5282a1MIUSTURI 30 UIN 84.09 83.33 81.25 78.31




3191 0.5 waves la Taanududu 2 %(wi) tazravesmMsdsuAIA el UEY

= a o o 1 = ~ Yy 9
ﬂWﬂaLll@illﬁmﬁfu ABANNTINITOUDINITAATUE (%E) NaNUUNUUUD

Tadoulu'lasd 91 10 nSudoans

%E
nzn 1y STAUMAD  TTAUMAT  JYAUMAT  sTAumAd
0.5 %o.w.f 1 %o.w.f 1.5 %o.w.f 2 %o.w.f
Y Ay 1A
din liinaeu la Taanu 82.61 82.98 81.34 79.10
9 A Aa
Auadour laTamu 87.23 84.04 81.20 80.11
5282112155 UAD 10 1IN 85.37 83.53 82.58 79.64
528211215 UAD 20 LN 84.09 83.33 81.75 78.95
5282121 5UTUAD 30 WIN 84.09 83.13 80.47 78.70

M5190 0.6 Haved Ta Taanuduau 2 %(w/iv) LazHareImsJsIRIAIBMATND U

a A P 4F i = ~ A Y Y
ﬂW@am@ﬁulﬁL“]f“Ifu ﬂﬂﬂﬁ?ﬂﬁ?u’]iﬂﬂl@ﬂﬂ’]ﬁﬂﬂ“ﬁuﬁ (%E) NAaNUINUIUUD

Tamdonlulasd 115 nsunoans

%E

Aeild SEALRAT  FYALMAT  JTAUMAT  STAUMAd

0.5 %o0.w.f 1 %o0.w.f 1.5 %o.w.f 2 %o.w.f
thitlanden lalaanu 82.61 82.98 81.34 79.10
fnaevin laTaau 87.23 84.04 81.20 80.11
52e2MIUTURT 10 IR 85.00 83.53 81.89 79.76
522N UTURT 20 IR 83.33 82.76 81.30 78.79
5282a1MIUSTURI 30 UIN 82.93 82.14 80.49 77.25
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3190 0.7 waves laTasnududu 1.5 %(wiv) tazravesmslSuiasemaindusy

a I'd [} ] 1 H 4
Anoaos 19y AemaNUTUVIRK/S) nanudutued Tmaonlulasd

75 nfunoans

K/S

~q ¥ Y a @ 2 Y = @ =
ﬂTJ%‘VIGl“]f TEAURAT JEAURAT TEAULRAT JEAURAT

0.5 %o.w.f 1 %o.w.f 1.5 %o.w.f 2 %o.w.f

din liinaeu la Taanu 4.17 9.19 12.46 15.74

9 A Aa
Auadour laTamu 52 10.9 14.21 17.4
5282112155 UAD 10 1IN 5.09 9.99 14.08 17.4
528211215 UAD 20 LN 531 9.8 14.45 18.1
5282121 5UTUAD 30 WIN 5.08 10.21 14.35 17.88

M5190 0.8 Haved laTaanududu 1.5 %(wiv) tazravesmsilsuidremaiingudy

a 'l [ 1 [ H J
anoamos I5iwi  AemINNUALVIRK/S) Nanudutua Tnaenlulasd

7110 NSUADANT

K/S
Aeild SEALRAT  FYALMAT  JTAUMAT  STAUMAd
0.5 %o0.w.f 1 %o0.w.f 1.5 %o.w.f 2 %o.w.f
thitlanden lalaanu 417 9.19 12.46 15.74
Aunaeuid laTaau 52 10.9 1421 17.4
52e2MIUTURT 10 IR 4.99 9.46 14.03 17.13
522N UTURT 20 IR 5.03 9.99 13.90 16.87

528211217515 UAD 30 UIN 4.76 9.99 13.90 16.87
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m319h 0.9 waves laTaanududu 1.5 %(wiv) tazravesmslSuiasemaindusy
a I'd [} ] 1 H 4
Anoaos 19y AemaNUTUVIRK/S) nanudutued Tmaonlulasd

15 nSuaoans

K/S

~q ¥ Y a @ 2 Y = @ =
ﬂTJ%‘VIGl“]f TEAURAT JEAURAT TEAULRAT JEAURAT

0.5 %o.w.f 1 %o.w.f 1.5 %o.w.f 2 %o.w.f

din liinaeu la Taanu 4.17 9.19 12.46 15.74

9 A Aa
NHﬂﬁﬂ‘UW'}ulﬂI@“mu 2% 10.9 14.21 17.4
5282112155 UAD 10 1IN 3.97 10.08 13.43 16.74
528211215 UAD 20 LN 4.84 9.59 13.94 17.46
5282121 5UTUAD 30 WIN 4.54 9.64 14.17 16.62

M5190 n.10 waves laTagundndu 2 %(whiv) uazravesmslsuRIdIBmAInDUEY)
a Il o 1 [ § 4
Anoames 1515 ApAIANUTUVIR(K/S) Nanudutuee Tnaonlu lasd

75 nSunoans

K/S

Aq ¥ 19 = @ = [ = o =
RREALNG JeAUnAT JEAVRAT TTAURAT EAN I o

0.5 %o0.w.f 1 %o0.w.f 1.5 %o0.w.f 2 %o.w.f

thitlanden lalaanu 4.17 9.19 12.46 15.74
fnaevin laTaau 5.03 9.99 14.31 16.87
52e2MIUTURT 10 IR 5.03 10.18 14.26 17.81
522N UTURT 20 IR 5.02 9.71 14.12 17.53

528211217515 UAD 30 UIN 5.08 10.06 14.79 17.95
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ms19h n.11 waves laTaanudiudu 2 %(wiv) tazravesmsiSuAIdemaindusy

a 4 [} 1 1 H o
Anoaos 19 sFy  ApmANUTNUDIAEK/S) NanududuvodTsdey lulasd

7110 nSuA0aNS

K/S

~q ¥ Y a @ 2 Y = @ =
ﬂTJ%‘VIGl“]f TEAURAT JEAURAT TEAULRAT JEAURAT

0.5 %o.w.f 1 %o.w.f 1.5 %o.w.f 2 %o.w.f

din liinaeu la Taanu 4.17 9.19 12.46 15.74

9 A Aa
mmaaum”lﬂiwmu 5.03 9.99 14.31 16.87
5282112155 UAD 10 1IN 4.76 10.06 14.17 17.40
528211215 UAD 20 LN 5.09 10.16 14.40 17.95
5282121 5UTUAD 30 WIN 4.77 10.13 14.69 17.60

M1 n.12 waves laTagundndu 2 %(whi) uazravesmssuRIdImALInD Y
a Il o 1 [ § 4
Anoames 1515 ApAIANUTUVIR(K/S) Nanudutuee Tnaonlu lasd

115 nSuADANS

K/S

Aq ¥ 19 = @ = [ = o =
RREALNG JeAUnAT JEAVRAT TTAURAT EAN I o

0.5 %o0.w.f 1 %o0.w.f 1.5 %o0.w.f 2 %o.w.f

thitlanden lalaanu 4.17 9.19 12.46 15.74
fnaevin laTaau 5.03 9.99 14.31 16.87
52e2MIUTURT 10 IR 4.87 9.73 13.81 16.74
522N UTURT 20 IR 4.82 10.06 13.81 17.46

528211217515 UAD 30 UIN 4.6 9.87 13.85 17.4




74

MANUHIN U

@]'l'i"N!,Lﬁﬂ\iWﬁﬂﬁ‘l/lﬂﬁ’f)ﬂﬂ’ﬂﬂﬂi%@%}'lﬂ HAZANNAINUVDITADUE
a v ¥ A vy Y v
M990 V.1 HANINATDVANNATEA VRN 1A TA1ITUTY 1 %(w/v) ANMTUTUYD

Tsdeulu'lasdn s nsunoans

v v
ANUNTTANUDIN

~q ¥ Y a @ = Y = @ =
ﬂTJ%‘VIGl“]f TEAULRAT JEAURAT TEAULRAT JEAURAT

0.5 %o0.w.f 1 %o0.w.f 1.5 %o.w.f 2 %o.w.f

din liinaeu la Taanu 37.15 37.15 36.7 37.15
9 A a
Auadouna laTaoiu 107.78 117.07 116.11 119.95
5282102155 UAY 10 WD 90.71 87.52 87.52 89.9
5282112155 UAD 20 11N 82.89 83.65 82.14 81.38
528211215 UTUAD 30 119 79.9 79.9 79.9 77.7

a v 9y A y 9 Y 9
AN V.2 NafnﬁVI@ﬁ’E)‘Uﬂ’JHJﬂ’i%@N"’IJ’E)\‘]N”IVIllﬂTG]“]ﬂuL‘UﬂJGIJu 1 %(w/v) ANUUNVNUDI

Tmdeululasan 10 nfuneans

v v
AITUNTTANUDIN

Aq ¥ @ = @ = @ = @ =
ﬂTchVlﬁlGIf IEAURAT J¥AURAT ITAUIRAT JTAURAT

0.5 %o0.w.f 1 %o0.w.f 1.5 %o0.w.f 2 %o.w.f

thitliinden laTaanu 37.15 37.15 36.7 37.15

fndevin laTaouy 107.78 117.07 116.11 119.95
529219015 US VR 10 1IN 79.9 81.83 78.43 79.9
52a2MIUTURI 20 UIN 70.66 67.31 71.34 72.72

s2e2a1MIUTUAD 30 1N 62.79 64.7 66.65 64.7
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a v ¥ A v 9 Y v
M9 19N .3 Waﬂ’liﬂ@ﬁ'ﬁ]ﬂﬂﬂ’]ﬂﬂi3ﬂ'NGU@\‘]W'WIUlﬂIG]‘]f']uL"USJSUU 1 %(W/V) ANULUVVUVNUDI

Tdeulu'lasan 15 nfudoans

v 9
AIMUNTSANUBDINT

~q ¥ Y a @ 2 Y = @ =
ﬂTJ%‘VIGl“]f TEAULRAT JEAURAT TEAURAT JEAURAT

0.5 %o.w.f 1 %o.w.f 1.5 %o.w.f 2 %o.w.f

thitlinden'lnTaany 37.15 37.15 36.7 37.15

Aundevii laTaou 107.78 117.07 116.11 119.95
5282a1MIUSTURT 10 WIN 72.03 74.12 72.72 70.66
52921015 US VAT 20 WIN 66.65 66.65 64.7 64.7
52921015 US VAT 30 1IN 55.53 54.38 56.7 56.7

M99 V.4 HANINATOUANNNTEA VD IRN 19 Tas iU 1.5 %(w/v) ANV UTHUD

Tmdeululasan 5 niuneans

v v
AITUNISANUDIN

Aq ¥ [ = @ = [ = @ =
ﬂTchVISlGD' TEAURAN TITAURAT TEAURAT JTAURAT

0.5 %o0.w.f 1 %o.w.f 1.5 %o.w.f 2 %o.w.f

thitluinden laTaau 37.15 37.15 36.7 37.15
fndevii laTaau 159.54 163.08 159.54 161.9
529219015 US VA 10 1IN 143.67 144.77 141.28 142.58
5282MIUTURD 20 YN 131.97 130.94 133.01 130.94

528211217515 UAD 30 UIN 118.99 121.9 119.95 118.99
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AN V.5 HANINATDUANUNTZA1UDIFNN 1A TA T UTU 1.5 %(w/v) ANUTUTUUDA

Tadeulu'lasan 10 nSudoans

v v
AIMUNTSANUBDINT

~q ¥ Y a @ 2 Y = @ =
ﬂTJ%‘VIGl“]f TEAULRAT JEAURAT TEAURAT JEAURAT

0.5 %o.w.f 1 %o.w.f 1.5 %o.w.f 2 %o.w.f

thitlinden'lnTaany 37.15 37.15 36.7 37.15
Aundevii laTaou 159.54 163.08 159.54 161.9
5282a1MIUSTURT 10 WIN 127.88 128.9 126.87 128.9
52921015 US VAT 20 WIN 118.02 118.02 118.99 119.95
52921015 US VAT 30 1IN 107.78 108.69 111.43 110.51

M99 V.6 HANINATOUANNNTEA TV IRN 1 Tas iU 1.5 %(w/v) ANUTUTHUD

Tmdoululasan 15 nfunodans

v v
FITUNISANUDIN

Aq ¥ [ = @ = [ = @ =
ﬂTchVISlGD' TEAURAN TITAURAT TEAURAT JTAURAT

0.5 %o0.w.f 1 %o.w.f 1.5 %o.w.f 2 %o.w.f

thitluinden laTaau 37.15 37.15 36.7 37.15
fndevii laTaau 159.54 163.08 159.54 161.9
52e21MIUSVAD 10 WIR 122.89 122.89 121.9 123.87
5282MIUTURD 20 YN 112.36 111.43 112.36 113.29

528211217515 UAD 30 UIN 105.09 106.88 105.98 106.88




! ) ¥ A Y 9 )
M91990 V.7 HANINATDVANNATEA1VDIRN 1A TA TN 2 %(w/v) ANUTUTUVD

Tdeulu'lasan 5 nfunodns

v )
AIMUNTSANUBDINT

~q ¥ Y a @ 2 Y = @ =
ﬂTJ%‘VIGl“]f TEAULRAT JEAURAT TEAURAT JEAURAT

0.5 %o.w.f 1 %o.w.f 1.5 %o.w.f 2 %o.w.f

thitlinden'lnTaany 37.15 37.15 36.7 37.15
Aundevii laTaou 275.23 276.36 276.36 274.67
5282a1MIUSTURT 10 WIN 209.8 211.21 209.8 211.21
52221MIUSVAT 20 LIR 201.47 204.22 202.84 201.47
52921015 US VAT 30 1IN 192.02 192.02 193.35 192.02

M99 V.8 HANINATOUANNNITEA VD IRNN 19 TAs 1 TUIU 2 %(w/v) ANUTNTUYD

Tmdeululasan 10 nfunodns

v v
FITUNISANUDIN

Aq ¥ [ = @ = [ = @ =
ﬂTchVISlGD' TEAURAN TITAURAT TEAURAT JTAURAT

0.5 %o0.w.f 1 %o.w.f 1.5 %o.w.f 2 %o.w.f

thitluinden laTaau 37.15 37.15 36.7 37.15
fndevii laTaau 275.23 276.36 276.36 274.67
529219015 US VA 10 1IN 197.38 201.47 197.38 198.74
5282MIUTURD 20 YN 184.17 181.6 184.17 185.46

528211217515 UAD 30 UIN 172.79 174.03 175.28 172.79
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! ) ¥ A Y 9 )
M19199 V.9 HANINATDVANNATEA1VDIRN 1A TA TN 2 %(w/v) ANUTUTUVD

Tdeulu'lasan 15 nfudoans

v 9
AIMUNTSANUBDINT

~q ¥ Y a @ 2 Y = @ =
ﬂTJ%‘VIGl“]f TEAULRAT JEAURAT TEAURAT JEAURAT

0.5 %o.w.f 1 %o.w.f 1.5 %o.w.f 2 %o.w.f

thitlinden'lnTaany 37.15 37.15 36.7 37.15
Aundevii laTaou 275.23 276.36 276.36 274.67
5282a1MIUSTURT 10 WIN 180.32 181.6 180.32 181.6
52921015 US VAT 20 WIN 167.89 170.33 169.11 167.89
52921015 US VAT 30 1IN 158.37 160.72 159.54 157.2

d' A 9 9 aa A
139N V.10 HaN1INATDUANNAINUVBITADLLEN L!ﬁ%iﬂﬂﬁgﬂ’ﬂillélluﬁﬂlﬂaﬂullﬂ

AlaTasudutu 1 %(w/iv) 3ZaURAT 2 Y%owf

Fovazanuduanalasu

Azinle szezaINEslsy  szeznamsdsuy
A1 10 WA W1 30 U
thitldindeu'lnTasm 19.68 19.68
Fnauia la Taau 27.21 27.21
A1lSuragae NaNo, 5 g/l 26.97 23.41
A1SuRad28 NaNo, 10 g/l 26.22 23.12
A1l5uAIA28 NaNo, 15 g/l 23.95 21.12




A A Y} Y A (A
AT NN V.11 HANITNATDUANUAINUUDITADLLEA uaziaﬂazmmmuﬁmﬂaw"lﬂ

AlaTasnududu 2 %wiv) 52aURaa 2 %owf

Fosazanuduanalasu 'y

Aeild seoznaIMsdsy  szeznaimsdsy
W7 10 WA W1 30 U
thitliindelnTaanuy 19.68 19.68
fundound laTaau 30.70 30.70
A15uRade NaNO, 5 g/l 27.13 25.69
A1SuRIdI8 NaNo, 10 g/l 24.74 24.20
Al5uRIA28 NaNo, 15 g/l 24.30 22.74
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NANHIN A

AT NLEAINANITNATOUANNAINUVBITADNITHD
~ A v A Yy 9
M3 A1 HAMINATBUANNAINUYBITADMTHD N 1A Taa iy udy 1.5 %(w/v)

Yy 9 = J v 1A
mmmmumaﬂmmau‘lu%m 5 NIUNDAAT

ANUAINUADNTHD

[ = v = % = v =
TEAVNAT0.5 JeAUmATl TeAURATL.S TEAVNAT2

mazﬁi%’ %o0.w.f %o0.w.f %o0.w.f %o0.w.f

waesw  an  wasw  an  wasw  an wasu  an

a daew @@ naleuw @ aleu @  aleu

1 =

din limaou la Taau 45 45 45 45 45 45 4 4-5

g Teumslsuig 4 4-5 4 4 4 4 4 4

529AMNIUSUAY 10 I 45 4-5 4-5 4-5 4-5 4-5 4 4-5

52821 TUSTUAD 20 LN 4 4-5 4-5 4-5 4-5 4-5 4 4-5

528z UTUAD 30 11N 4 4-5 4-5 4 3-4 4 4 4

~ S o A Yy 9
AN A.2 NAaNTITNATDUANUAINUVDITADNITHN ﬂ“lﬂimmummlu 1.5 Y%(w/v)

Y Y = 4 v 1A
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