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PUAVOINIIN

. ATN 1 ATIN 2 A3 3 AunaY
WHNW
Petroleum Ink 17.84 17.90 17.79 17.84
Soy Ink 14.62 14.68 14.70 14.67
Nitrocellulose
18.26 18.28
Ink 18.32 18.29

¥ ' o 35 a o a ]
ﬂ]ﬁNﬁ .2 LlﬁﬂQﬂTﬂ]TJJﬂ1"11aﬂ%uﬂﬁﬂWNWUu‘W'ﬂ1ﬁﬂﬂ8@ﬂﬁﬂ181§%’ﬂﬂ%’)ﬂ1w

o a U A o A o o oA
Sample 3N 1 AIIN 2 A99N 3 33N 4 AN S AuRay SD.
BF/PI 1.57 1.55 1.49 1.45 .57 1.53 0.05
BE/SI 1.47 1.49 1.50 1.46 1.47 1.48 0.02
BEF/NI 2.00 2.07 2.05 1.97 2.09 2.04 0.05

. A a a 901 a Q'I
M19199 1.3 lLﬁﬂQﬂWﬂ’NNNHNT’UE]Q‘Hﬁﬂ‘ﬂ"lﬂlnﬁilaﬂn ﬁﬁﬂ%?ﬂu1nuﬂﬁlﬁﬁﬂ\1 e

= a 1 9 =
ﬁuﬂmﬂlluimmagiaﬁ 'Uuwa1ﬁﬂﬂﬂ@ﬂﬁa1ﬂulﬂﬂ'lﬂ°]f'lﬂ1w

Sample a¥ai 1 a¥afi 2 ataii 3 Anae
BE/PI 4.2 45 4.6 44
BF/SI 8.8 8.8 8.6 8.7
BE/NI 4.7 4.6 4.7 47
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MS1IN 4.1 uaaamnNurIIveInaaanInmwinuviaz luwuvnSeumeudasas Tudaau

Tudaau (mm)

Haau (mm)

Sample 2 4 2 4 o 2 g 2 4 2 4 4
FUN1 | ¥uN FUN3 | AURDY | YUNL | F¥UN2 | YUN3 | AuRDY

Bkj 0.06 0.06 0.06 0.06 0.08 0.08 0.09 0.083
BI/PI 0.06 0.06 0.07 0.06 0.06 0.07 0.08 0.070
BI/SI 0.07 0.08 0.08 0.08 0.09 0.10 0.09 0.093
L_l},F/NI 0.07 0.07 0.07 0.07 0.09 0.08 0.08 0.083

Y 0 . a aa o 1a { [
MIN 4.2 LAAIAIANUAIUNIULTIAY (Tensile strength) VoW a@nnwLWLaz T AL 7 1]

Haau
Tensile strength (MPa) Taidafin
A0814 (U2 MD U2 CD
Fuf 1 | Sufi2 | Suils | Awede | Fuit1 | sufi2 | Suits | Aunde

BI 9.7 9.7 9.8 9.73 8.89 8.88 8.91 8.89
BE/SI 10.14 10.11 10.11 10.12 9.2 9.21 9.16 9.19
BE/NI 11.37 11.35 11.34 11.35 9.95 9.9 9.93 9.93
BF/PI 10.07 10.1 10.09 10.09 8.94 8.99 9.07 9.00
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1Ta

4 . . a da o y o
M1 43 UAAIAIANUATUNIULTIAY (Tensile strength) Ypava1@AnRWLWLAL Tawuw

Aadu
Tensile strength (MPa) Hagu
A0E1 (U2 MD (U2 CD
Fui 1 | Funi2 | uiis | duede | Funi1 | Fuii2 | uis | Aunde
BF 7.47 7.48 7.42 7.46 7.78 7.83 7.71 771
BE/SI 8.03 8.08 8.15 8.09 8.64 8.64 8.59 8.62
BEF/NI 9.28 9.3 9.26 9.28 9.4 9.37 9.38 9.38
BEF/PI 9.77 9.75 9.73 9.75 8.77 8.78 8.71 8.75
M1ah 4.4 uanedsuAnstady veanamaanfiuWias I 7 ludaau
1osidudn150ada (%Elongation) liifs@u
A0814 (U2 MD U2 CD
Fu 1 | Fuii2 | Suis | aunde | suii1 | sui2 | suiis | euede
BF 335.5 3448 342.25 340.85 282.82 282.87 283 282.90
BF/SI 399.56 399.76 399.89 399.74 310 310.7 309 309.90
BEF/NI 464.2 464 464.31 464.17 373.89 373.45 372 373.11
BE/PI 399.07 399.3 399.22 399.20 299 299.81 301.1 299.97




~ ' P-4 A A dAa o ta JdAgq a
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AI0814

s o A W . a
SIGHMIERYELRIE (%Elongation) WA

LU MD U3 CD
%‘Hﬁ 1 %‘Nﬁ 2 “T;’uﬁ 3 ?hlﬂéﬂ ‘T;Iuﬁ 1 ‘T?Uﬂ 2 ‘T;'Ll‘ﬁ 3 ﬂ’%ﬂéﬂ
BF 209.91 210 207.9 209.27 220.4 221 220 220.47
BF/SI 231 231.25 233 23175 273.65 274 273 273.55
BEF/NI 309.63 310.8 309 309.81 308.2 308 308.15 308.12
BF/PI 324.37 324 324 324.12 269 269.1 268.3 268.80

MINN L6 HAAINIANUHUIVRINMAANTINHRIN TR0 Hrfinanndagaudasiia

N ludsduuazdadu

Tyidaau (mm)

Haau (mm)

Sample 2 4 2 . 2RE 2 £ 4 2 g i
FUN 1 ¥UN 2 FUN 3 AURAY ¥UN 1 FUN 2 FUN 3 ANURNAY

BF 0.06 0.06 0.06 0.060 0.08 0.09 0.09 0.087
BE/PV 0.06 0.07 0.06 0.063 0.07 0.07 0.08 0.073
BEF/SV 0.07 0.07 0.08 0.073 0.10 0.09 0.10 0.097
BEF/NV 0.07 0.07 0.07 0.070 0.09 0.08 0.09 0.087
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y U . a A 0 o =
3N 47 LEAIAIANNATUNMIUILTIAL (Tensile strength) YpaWaa@nndovias limany

Al
7 Tensile strength (MPa) Tiielaqn
A0014 U MD 117 CD
2 A 2 4 2 A4 A L4 24 24 A
FUN 1 YUN FUN 3 AURQY ¥UN 1 ¥UN 2 ¥UN 3 AUNQY
BF 9.66 9.59 9:72 9.66 8.92 8.94 8.92 8.93
BEF/SV 9.9 9.86 9.82 9.86 8.95 8.95 8.96 8.95
BE/NV 11.31 11.35 11.26 11.31 8.9 8.89 8.88 8.89
BE/PV 9.73 9.77 9.74 9.75 8.99 8.95 8.9 8.95

M919N 4.8 LAAIAIANUAIUNIULTIAG (Tensile strength) VoInma@nndounas luimaoy

fifadu
! Tensile strength (MPa) Haay
A1001 11U MD 117 CD
L 4 S A & 4 ' a o <& A S 4 ' a
yunl | Yun2 | ¥uN3 | Aunde | Fun1 | ¥un2 | ¥un3 | aunde
BF 7.45 7.43 7.40 7.43 7.67 7.67 7.67 7.67
BF/SV 7.70 7.73 7.75 7.73 8.00 8.02 8.03 8.02
BF/NV 9.15 9.11 9.07 9.11 9.16 9.17 9.17 9.17
BF/PV 9.45 9.42 9.40 9.42 8.76 8.76 8.75 8.76
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d o @ [ a
osIFuAMItnAI (%Elongation) 1Ay

A0 (142 MD 117 CD
Fuh 1 | Bui2 | Juits | Awede | dui1 | suii2 | suits | sunde
BF 331.26 | 331.38 | 3315 | 331.38 | 281.33 | 281.32 | 281.32 | 28132
BF/SV | 3622 | 36221 | 362.21 | 36221 | 287.25 | 287.23 | 287.2 | 287.23
BE/NV | 443.17 | 443.09 | 443 44309 | 360.7 | 360.68 | 360.65 | 360.68
BE/PV | 3443 | 34433 | 34437 | 344.33 270 | 269.97 | 26995 | 269.97
M54 .10 uaasaulediFudnsiad vommadniuadeuuas lindou Hidy
1o HUANIIART (%Elongation) Hafw
A0014 (U2 MD 1117 CD
Fui 1 | Juii2 | JuRs | swmde | suitl | Sud2 | Suds | sunde
BF 208.58 | 208.57 | 208.57 | 208.57 | 219.81 | 219.75 | 219.87 | 219.81
BE/SV | 205.10 | 205.15 | 205.19 | 205.15 | 231.00 | 231.02 | 23099 | 231.00
BE/NV | 279.03 | 279.05 | 279.07 | 279.05 | 301.49 | 301.53 | 301.45 | 301.49
BE/PV | 299.01 | 299.00 | 299.00 | 299.00 | 238.80 | 238.73 | 238.87 | 238.80
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Instrument.  NETZSCH DSC 204 F1  Fite: C \ngbwin\ta\dataS\1data_pae\Data\chayada'\Bio yes dd3
Project chayada Reference: Empty.0.000 mg ModelType of Meas.. DSC/Sample + Correction
Identity 1087 Material: HOPE Segments: n
Date/Time:  9/9/2011 10.03 47 AM Corr./Temp.Cal:  BL 380C 10C_m 29.06 2011.bd3/ Tcal 10C_m 23_06_20111d3 Crucible: Pan Al, pierced lid
Laboratory: STREC Sens File: Sens_HR10_23.06 2011.ed3 Atmosphere: N2, 30.0mUmin / N2, 70.0mUmin
Operator: sopa Range: 25/10.0(K/min)200 Corr/M.Range: 020/5000 pV
Sample: Bio .. 5910mg Sample Car/TC: DSC 204F 1 t-sensor / E
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Identity 1086 Material: HDPE Segments: 171
Date/Time 9/9/2011 927 11 AM Corr/Temp.Cal:  BL 380C 10C_m 29 06.2011 bd3 / Tcal 10C_m 23_06_20111d3 Crucible: Pan Al. pierced lid
Laboratory STREC Sens File: Sens_HR10_23.06 2011 ed3 Atmosphere: N2, 30.0mUmin / N2, 70 Oml/min
Operator- sopa Range: 25/10.0(K/min)/200 Corr/M.Range: 520/5000 pVv
Sample: Bio, 5010 mg Sample Car/TC: DSC 204F1 t-sensor / E
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Operator: sopa Range: 25/10 0(K/min)/200 Corr/M.Range: 02075000 Vv
Sample: BF/PI. 5760 mg Sample Car/TC: DSC 204F 1 t-sensor / €

" 1 a 1 = ~ da
31 0.3 warasAganaoumalvewaaAngesdats lanaTnmimdeudio N iyn

Uas@eou (BE/PV)



DSC AmwWimg)

00

02"

03

04

05

06

T exo

108

40 60 80 100

et S0 090A 65T Man,

Instrument
Project
Identity
Date/Tune
Laboratory
Operator
Sample

120 140
Temperature /°C

NETZSCHDSC 204 F1 File: C ‘ngbwin\ta\dataS\1data_pae'Cataichayada\i*s 171 50

chayada Reference: Empty 0 000 mg

1083 Material: HDPE

9782011 1122 13 AM CorrfTemp.Cal: 8L 380C 10C_m 2906 2011 bgld /
STREC Sens File: Sens_HR10_2306 2071 edl
sopa Range: 25/10 O{Kinin)/200

Sample Car/TC: DSC 204F 1 t-sensor / £

fwal 10C_m 23 06 2011143

160

Mode/Type of Meas ..

Segments.
Crucible:
Atmospherg .
Corr/M.Range

180

OSC / Sample + Correcton

11

Pan Al pierced Id

N2 30 Ombimin 7 N2 70 Smiimin
020/5000 pv

y 1 a 1 = d' da
7N 2.4 uaasaianaoumarvemaadndosaas ldnsnminmdeudleniisen

Uas@oundadu (BEPV fadn)



DSC /{mW/Img)

T exo
00§,
|

\_\I

01

03 V/ T
04!
054

-0.6

109

T \s v

40 60 80 100 120 140 160
Temperature /°C

Agmunstraicr 251109609 1514 Man

180

Instrument: NETZSCH DSC 204 F1  File: C \ngl \data5\1data_pae'Data\ y.dd3
Project: chayada Reference: Empty.0 000 mg Mode/Type of Meas.: DSC / Sample + Correction
Identity: 1090 Material: soy Segments: n
Date/Time:  9/9/2011 124 22 PM Corr/Temp.Cal: BL 380C 10C_m 29.06.2011.bd3 / Tcal 10C_m 23_06_2011 td3 Crucible: Pan Al pierced lid
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Sample: $0y. 6.300 mg Sample Car/TC: DSC 204F 1 t-sensor / E
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DSC /((mW/mg)
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Agmicasttatoc 2011.10-05 16 46 Man
Instrument: NETZSCH DSC 204 F1  File: C:\ngbwin\ta\dataS\1data_pae\D: 10 2011\Soy.dd3
Project: chayada Reference: Empty.0.000 mg ModelType of Meas.. DSC / Sample + Correction
Identity 1160 Material: polymer Segments: 1n
Date/Time 10/5/2011 3.5527 PM Corr/Temp.Cal: BL 380C 10C_m 29.06 2011.bd3/ Tcal 10C_m 23_06_20111d3 Crucible: Pan Al pierced lid
Laboratory  STREC Sens File: Sens_HR10_23 06 2011 ed3 Atmosphere: N2, 30 Oml/min / N2, 70 Oml/min
Opaerator phiyawan Range: 2510 O(K/min)1200 Corr/M.Range: 020/5000 pv
Sample Soy. 4 970 mg Sample Car/TC: DSC 204F 1 t-sensor / E
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lwmvwalzx 201108081512 Man
| Instrument NETZSCH DSC 204 F1  File: C\ngl 1data_pae\Data dd3
| Project: chayada Reference: Empty.0.000 mg Mode/Type of Meas.. DSC / Sample + Correction
‘ Identity: 1091 Material: HOPE Segments: n
! Date/Time:  9/9/2011 2 05:25 PM Corr/Temp.Cal: BL 380C 10C_m 29.06 2011.bd3/ Tcal 10C_m 23_06_2011.td3 Crucible: Pan Al pierced lid
| Laboratory: STREC Sens.File: Sens_HR10_23.06 2011 ed3 Atmosphere: N2, 30.0mVmun / N2, 70.0mbmin
Operator sopa Range: 25/10 0(K/min)/200 Corr/M.Range: 020/5000 pV
Sample Nitro. 5 710 mg Sample Car/TC: DSC 204F1 t-sensor / E
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DSC /(mW/mg)
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Agrunistiator 20111005 16 48 Man

instrument: NETZSCHDSC 204 F1 File: Cing 1data_pae\D: y .10.2011\Nitro dd3

Project chayada Reference: Empty,0.000 mg Mode/Type of Meas.. DSC / Sample + Correction
Identity: 1161 Material: polymer Segments: n

DatefTime 10/5/2011 4.27.56 PM CorrfTemp.Cal: BL 380C 10C_m 29.06.2011.bd3/ Tcal 10C_m 23_06_2011.1d3 Crucible: Pan Al, pierced hd

Laboratory: STREC Sens. File: Sens_HR10_23.06.2011.ed3 Atmosphere: N2. 30.0mVmin / N2, 70 OmUmin
Operator phiyawan Range: 25/10.0(K/min)/200 CorriM.Range: 020/5000 pvV

Sample Nitro, 4 320 mg Sample Car/TC: DSC 204F 1 t-sensor/ E
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GPC Report Vversion 1.02

“Tt Title =

Date/Time ©11/12/02 08:38:32
Method File . std. GMT
Data File : S$1.001
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| *** Ave. Molecular Weight(Total) ***

Number-A.M.W.(Mn) 20,019
Weight-A.M.W.(Mw) 36,199
Mw/Mn i 1.80821
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** Calibration Curve **
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GPC Report version 1.02

b e

S—
Date/Time :11/12/02 08:39:54
Method File  : std.GMT
Data File : $2.001

** Chromatogram **
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i Time(min)

|

|

"** Ave. Molecular Weight(Total) ***
Number-A.M.W.(Mn) 18,330

| Weight-A.M.W.(Mw) 35,298

! Mw/Mn : 1.92571

** Calibration Curve **
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= Title ***
Date/Time :11/12/02 08:45:32

Method File  :std. GMT
Data File : S§7.D01

** Chromatogram **

(%)
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Time(min)

. “** Ave. Molecular Weight(Total) ***

Number-A.M.W.(Mn) 20,238
‘ Weight-A.M.W.(Mw 37,954
| Mw/Mn : 1.87538
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** Calibration Curve **
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GPC Report version 1.02

** Title ***

Date/Time ©11/12/02 08:45:54

Method File :std.GMT
Data File - S8.D01

** Chromatogram **

(%)
1100

o N ;
S : NG
| : \
‘ 50 /, ................... \ %]
I : o
| -
TR I S 1/ T/
i :
0 ——=——— e e el = g
| !
= i T
i 9.5 10.0 10.5 11.0
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i
. *** Ave. Molecular Weight(Total) ***
' Number-A.M.W.(Mn) 20,060
Weight-A.M.W.(Mw 37,810
Mw/Mn : 1.88485
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“* Calibration Curve **
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GPC Report Version 1.02
- Title ***
Date/Time ©11/12/02 08:40:25
Method File  : std. GMT
Data File 1 §4.001
** Chromatogram **
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[*** Ave. Molecular Weight(Total) ***
Number-A.M.W.(Mn) 17,363
Weight-AM.W (Mw 35,114
Mw/Mn : 2.02239

117

** Calibration Curve **
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GPC Report version 1.02

== Title ***
Date/Time :11/12/02 08:40:09
Method File  : std. GMT
Data File : §3.D01

“* Chromatogram ** ** Calibration Curve **
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i “** Ave. Molecular Weight(Total) ***
i Number-A.M.W.(Mn) 17,209
i Weight-A M.W.(Mw) 34,737
Mw/Mn 2 2.01849
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GPC Report Vversion 1.02

o= Title ***
Date/Time 1 11/12/02 08:42:32

Method File  : std.GMT

Data File : S$6.001
** Chromatogram ** ** Calibration Curve **
(%)
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100+~ ¥ T T o )
i A .
l i i i f i i i i i
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""" Ave. Molecular Weight(Total) ***
! Number-A.M.W.(Mn) 16,226
Weight-A M.W.(Mw 30,949

Mw/Mn ; 1.90731
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GPC Report version 1.02

e Title ===
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Method File : std.GMT
Data File : §5.D01
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3. HANSNAGNLATDAUIENE ,

3.1 HamsAnmAuanTRYBIAU
Table 1 Properties of soil

Condition Organic matter (%) pH Moisture content{(%)
Before biodegradation test 12.83 5.03 7.30
After biodegradation test 3.78 5.08 14.31

A319% 1 UEAYIN AN organic matter aRAY AN moisture content LAY
W3 organic matter Tuiu gneinalagqaunidludubuineariusulaeenled wazti
uaz pH finswdsuutasifasunn

film

Biodegradable
film printed with
soy ink

Biodegradable
film printed with
petroleum ink

Fig.1 SEM micrographs {x1000) of fim surface before (left) and after {right) composting in soil
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Fig.3 Tone value increase or dot gain of soy ink
and petroleum ink printed on biodegredable fiim
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Fig.2 Tensile strength (left) and elongation (right) in MD and CD of the film sampls before (dark bar)
and after (light bar) composting in soil for 90 days
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Table 2 Optical densily and gloss of ink film

Sample Density SD Gloss Unit
Biodegradable film printed with soy ink 1.48 0.04 97
Biodegradable film printed with petroleum ink 1.35 0.05 6.4
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[1] "For your life and nature,” hitp//www.soyink.co.th/templates/natura_plazaa/videofullphp (2010)

[2] Walsh, LM. and J.D. Beaton, 1973. Soil testing and plant analysis. Revised edition. SSSA Inc..
Madison, Wisconsin. U.S.A. pp. 491

[3] ASTM, “D5988 - 03 Standard Test Methad for D ining Aerobic Biodegradation in Soil of Plastic
Materials or Residual Plastic Materials after Composting”™ Annual Book or ASTM Standards, American
Society for Testing and Materials, Vol. 08.03

{4) ASTM, “D882 - 10 Standard Test Method for Tensile Properties of Thin Plastic Sheeting” Annual
Book or ASTM Standards, American Society for Testing and Materials, Vol. 08.01
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