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Abstract

This research aimed to focus on the effect of contents and sizes of different neem wood
sawdust on properties of thermoplastic cassava starch (TPCS). The TPCS was compounded by an
internal mixer and molded by a compression molding machine. Then, the TPCS was modified by
neem wood sawdust with different ratios of 0 10 20 30% by the TPCS weight and different of
sizes, i.e. less than 50, 50-100, 100-200, and over 200 mesh. Different TPCS polymers were,
then, analysed for mechanical, physical, morphological, thermal, water uptake, functional groups
analysis and biodegradable properties. In addition, thermoplastic acetated cassava starch
(TPACS) was prepared and reinforced by different contents and sizes of neem wood sawdust in
order to compare with the TPCS reinforced sample. The results showed that the IR absorption
band of O-H stretching vibration shifted to the lower wavenumber, indicating of new hydrogen
bond formation. For tensile properties, it was found that the tensile properties was significantly
improved when either increased the contents or decreased the particle sizes of the sawdust.
However, increasing the humidity results in lower mechanical properties of different TPCS and
TPACS polymers. For morphology, the addition of sawdust into the TPCS and TPACS polymers
resulted in good distribution and phase compatibility. In addition, the TPACS polymers showed
higher water absorption than the TPCS polymers and water absorption decreased when the
sawdust contents increased. Moreover, the addition of sawdust caused no change in the
decomposition temperature of starch, but led to the improvement of thermal stability.
Furthermore, the tensile properties after soil burial test of the TPCS and TPACS polymers with
the addition of the sawdust was higher than those without the sawdust. Thus, the TPCS polymers

modified by neem wood sawdust with ratio of 30% by the TPCS weight and the size of
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100-200 mesh showed the best overall properties based on morphological properties, mechanical

properties, water absorption and thermal properties.
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(Japonica)
uila
L = 17 75 2,600 7.6 340 42
ualzvias
uilaaiuelSa 21 80 4,900 9.5 240

FEUWNE : B-Amylolysis = % mstoauilelng -amylase
DP = Degree of Polymerization
NC = Average Number of Chain

CL = Average Chain Length

) A A ' A A o 3 = Y}
Tnsaainvetozil Taaood luasazarslognalsgluuy As anyazilumnaginimu
(Helix) 1n8671na10@7 (Interrupted Helix) #3® 121140813'11i191294 (Random Coil) A431/7 2.4
! a a "o < { (3 ' L)
Tugsazarehguugiivies ozl ladeganyuziilundeniiuviondeiNaaien ualuarh
a a [} v 9 1 1 dy 9 a [
azaeuriaszi laded luanyuzdined1a liwizes uenvinillaseadvvesozii laady

da! LY 9y a d‘d %’ [ ] ] = 1
YuagNUIUIAYDY Tuananaly oz TaanNumiin luanasg 114549 6,500 D4 160,000 0¢ 11

[ ~ A & . [ a A A %’ o Y [ A

an¥LINAEIRNUI (Bouble Helixs) dauoz i lagniumiin Tuianaiiasnii 6,500 H30

[ = I Y ] [ = [ Y
H1NNI1 160,000 NIML'@Qﬁ!ﬂ‘l!iJ’JH@fJNUhJﬁ]'IﬁN LLﬁzfﬂmJ‘UNﬁﬁutﬁ%ﬁWﬂllﬂ
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o = a v ' '
MREINTU INALWAREIAT NQU'@EJ'NINL"I'TSQQ

(helix) (interrupted helix) (random coil)

JUN 2.4 anvaiznagIvesoziilaa [11]

[ a a

nyudiaesveelnsead e laanogiounuezi lammaiu naz ' lviu (Monoacyl

Y

Y
IS4 v

- U 3 [ { = <3 a H
lipid) Tudunanvouiiauileasz i 2.5 eziilaanmelumanildinsed luaamdaszaami

X @ @ T @ a a 3 1
g lviiu nazegirunvezil Tanfiuilundeag (Bouble helix)

15 nn
' Key:

% 2 : 2 2 2 2> ’ Xm{x Amylepectin. helix
I C OISy Hybrid amylose/
CD : : 6 -
T2 : :: : 2> I 9 \XXX\ amylopectin helix
‘ ‘ ‘ ‘ % nm V-amylose helix
: : : : : wwe  Free ipid
& | R C G O —~~——~ Free amylose

d' ) Y a d' (B (% a a @
11 2.5 npusaedlassaiwesllaaiegswnuozi lawniiu waz luiiu [11]

U

2.2.2.2 ezdlaminiiu
a a I a S a A U A d 9
@$11IaLWﬂ‘VIutﬂuwfﬂﬁluﬂilsﬁ\iﬂﬂ‘"@ﬂﬂgjﬂﬁ ﬁaumﬂmﬁumwmﬂgiﬂﬁ
A [ v 9 ) aa a 1 A g A A & a 4
!%ﬂﬂ@ﬂﬂu@?ﬂwuﬁzﬂQIﬂ“Bﬂﬂ“]ﬂJﬂ X-1,4 uazmumﬂummmmﬂuwaammﬂgiﬂﬁmﬂ
2’, =\ 1 1 = 1 d' 1 [} 9 [} aa a
au mm”mimaf]‘a (DP) EIQIHGB'N 10 99 60 YUY L%@Nﬁ@ﬂuﬂ?ﬂwu‘ﬁgﬂ@jﬂ“ﬁﬂﬂ%uﬂ oC-1,6

193519 2.6

U
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branch
H OHO /
|Glpha 1-6

7 O
alpha 1-4 alpha 1-4
H OH H OH H OH

5UN 2.6 Tassasezii Tamndiu [11]

o

1 d‘d an a = 1 1
nieng Inaniwuseng Inaanwiia oc-1,6 Vogilszunal 5% veslSumunvieng lna

F
Tuezii Tamniusianua vyuia luanavesozd lamniulunilingagastiavglia)szum 2

a3 o

9 1 a a 1 a =3 7 X

AU UIY azﬂamﬂ‘nuuumuﬂimaqaﬂizmm 1,000 mvesezilad Ao Uszua 107 D9
9 @ A o Ao o | a a A o Y 3 A A

10" aaau tazioas lumsauaam iwesnozil lamnnuianyue Inseasudunauiia

e laseadave9e i Tamnny LaadaIns 19 2.3

d‘ A Y a a
Q139N 2.3 auiane lasaadiavesesi lamnn [11]

unaanile SIEETRLY VA A8 U ANNEIAY 4817
oz Tam Tuana dumay | demas | meuonmas | dwnelu
NNU(%) nA8(DP) (CL) (NC) (ECL) 1mae (ICL)
uileenad 72 4,800 19 250 13 5
uiladnIna 72 8,200 22 370 15 6
udladnan 83
auAM
4,700 21 220 14 6
(Indica,IR36)
91114
12,800 19 670 13 5
(Japonica)
untien
18,500 18 1,000 12 5
(Waxy Rice)
udaiurlsq 79 9.800 24 410 15 8
uila
% o QU 83
udtlenad

N8 :DP = Degree of Polymerization
NC = Average Number of Chain

CL = Average Chain Length
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ECL = External Chain Length

ICL = Internal Chain Length

2.2.2.3 @900
% A A U 9 Y a o dyd %’ o
arsaananliesaiudoslunilsueaiia evddszneuifithminluwana
dosnitezd lamniu ualvaineziilaguazasaanarsluuilsanalilnssadsiaaionas
[ a a 1A A 3’, 1 dy @ FY F) 4] a A %,' a o
Auezi Tammnfiuualinedunii uennntarsdnareluuilednIsaausanadinGuny
loToau lduaernveziilas uatimdunsinninle ToAu (lodine Affinity) azAIANMTY

'
a =2

’é a Z; 1 a 1 1 1 a < [
VOIFUIIU (Blue Value) ANzl ladianInnN Ao 19l larnnny %QLLﬁﬂQiﬁ!ﬁH’NﬁTﬁ

v v
A

o 2 a 9 I o A ' = o Aa a ] a
@'Jﬂﬁ'NUNIﬂﬁ\‘]ﬁﬁ’]\‘]!ﬂuaﬂymgﬂQL%u!ﬂﬂjﬂﬂagmiaLWﬂﬂu LL@NﬂQVIﬂT?ﬂ?TﬂiNTmL!ﬁg

(J 2 [ 3 A
Iﬂiﬂﬁ%W\Wﬂ\‘]ﬁWi@]’)ﬂaNﬁu@Eﬁﬂ!ﬂLLﬁ%@]EJﬂTiLﬂ‘]J&ﬂEJ’JSUB\iﬁGF

2.2.3 mulsznovudugmeludiauile [11]

1 4 I~ ] [

aulsznevduanaludiauils el

1. aaudn W lsutlanuen 1da1auile (Particulate material) Taun Tasaun lauazaie

) IR A ' a9

HAZHTUT S BINNANTENUABNIZLIUMTHAALTI
1 A [ ¥ a [~ ' o ]

2. @unAanUNURDUNALTIN (Surface material) FIaMTAEANADDN 19 Iag @D
° 3 9 ' A g A &
Wanadiauile wu weueziiTawaraa
1 AAa (] < Y| Y o

3. drunanagnieluiiaudls (Internal components) eansnuenaon Ia lagn1siaie

diandle wu lusfulundlennsayity viwoamalundl uiudse vazarsdsznou

TuTasulunile

U A Aa 1 [ wa < Y A o o Yy 1 @
muﬂszﬂauauwuwamaaﬂymmazﬂmﬁuummmmmwic’n 2] ”lmm hhmu

Tusau 181 vazeanesa FalSmanuanaanulunilumazyiiaain1ingn 2.4
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{ J a 1
A15199 2.4 adszneuveauilartiaaiee [11]

wiauile ANVFU 65% | % lviu % T15au % 18 % Weanosa
RH, 20 °C
uiladniIna 13 0.6 0.35 0.1 0.015
udlaur$a 19 0.05 0.06 0.4 0.08
uileenad 14 0.8 0.4 0.15 0.06
uaiudnlenda 13 0.1 0.1 0.2 0.01
udlad Inamitien 13 0.2 0.25 0.07 0.007
udladavha 13 0.7 0.3 0.08 Tutisean
udat8n Tusean 0.8 0.45 0.5 0.1
uflaang Taifisnea 0.1 0.1 0.2 0.02
ufledaTna Pl
_ 13 0.4 LEERURRMY 0.2 0.07
ozl Tl
uaiuma it b .
13 Tydisrean 0.1 laitiseam
37897

2.2.4 Tassairamazmssanaailudanile (11]
{ a . < < 4
ulsnnulusssumasznueglugiveadanil (Granule) vinaian Taeiiionsing
o S A A Y F 4 = ad
anvagveadauilariianis AenaseganssANLLVFIINAT (317 2.7) nazuuud@anasou
i i ~ T & Y A 1 1% 1 1%

(Scanning Electron Microscope) (317 2.8) wudutiauilaiiviuia 31313 uagdnyazuanaiany

49! Y 1 9 g’;
Tvuegnuunasveailaiug

=

< I : a a
waudhiiTassas1ailunwan (Semi-Crystalline) Tao Tuanavesozii laduazoziila-

y ¥

a v A o < Y I 1 A g == . 1 [
mnnuziaiFesa lwdaniuilulassadansdrunitlunan (Crystalline) tazdiuodugu
A 1 1 g’/ a a v A (Z v =S
(Amorphous 139 Gel phase) @IMa18 1sduve sl IaNANUIzIAGTeI IuanbUEINTY)
9 ' . = ' a J Yy A g = ' o < 9
11718 (Double helices) Fau NN ulassaswnilunan drvedugivvoudanilsey
a 1 a a < @
Usznoumeluanavesezii laauazae Isevesezd lamniu Wanillidnuaus Tnsead

Y
AN 3 LUy IuegnuanuruiulumstaBssdrveundedy
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(n) uilsdngidn

(1) RASGIER

~ 1 I~} Y] a [ A 1 9 9 4
;::‘]J‘Vl 2.7 Gll‘LlW]!Lﬂ%g‘ﬂ‘i'l\‘lﬂl’é)\ililﬂllﬂ\i‘]fﬂﬂ@l"l\i”] DA DIAIYNADIYANTIAULUUTIIUAT

(Magvene 40 1917) [11]
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m uilaiudnlend @) uilean

Y @
() Uil Arrowrood () uilaiumea

@) udladinuu (Ackfruit) @) udlaihad

~ 1 3 i a 1 A 1 Y v 4 Aag ~
g‘]J‘ﬂ 2.8 "llu']ﬂllﬁ%gﬂﬂ\‘l"ll’ﬂﬂmﬂLHJ\?“]S‘L!@@ING]Lllf]ﬁ’ENﬂ’JflﬂﬁﬂQi}ﬁﬂiiﬁullﬂﬂﬁlﬁﬂﬁiﬂuﬂ

faguea (n)-() 1,000 1911 1AL () 3,000 N1 [11]

2.2.5 anvAvenila [11]

2.2.5.1 M3gAdU1 MInesmuazmsazae [11]

Y
Y = 3

A a 3 9 Yot Ay < 9 A a ¥
mamumaﬂuuﬂmazm% Qﬂlﬁ{]u'ﬂﬂﬂlﬂﬂllﬂﬂﬁ]gﬂﬂ“ﬁﬂu'lﬂlﬂﬂﬁ\iul‘]Jﬂ']fJGl@

a 1 .é’ < v ¥ Aa 4
ﬁﬂT’JzUiimﬂWﬁﬂlﬂﬂﬁ!i’N immﬂfmsa]aizw’mmmmumﬂclummﬁjqﬂumﬁmmmzmm%

90‘ d' =2 dy [ a dy [ v Y ] 4’
Tupsserms ﬂ’%mmumgﬂ@ﬂ«nmmuagﬂmmwﬂmmzmmwﬁwm uﬂamu”lmgm’e)

Q R

=

a a z v o o L4
maduganeldussermalnaszlinnudu 10 69 17% ulled Ina udlaiudulzvnas uflaiu
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v Y '
59 uazuilsdnInadramiien ansagaiin ldludlsuna 39.9, 42.9, 50.9 uaz 51.4 nfuao

Y
hminuilats 100 a5y Ay

i v
= T =) =

1 <3 ' o 1 3 a
e ludauileliogaronu 3 gluu Ae irluman i lugdnhidass Bound

L1l L1l

=

4 1 [ g
water) Hag i1 1u31U8a52 (Free water) Taslin1svunvuuilelduiuawdridu vazuiland
dy = [ (% %,’ 9 1 1 Y d’d dy 1 dy d' 1% %
AMWFY 8 D9 10% awsasunui lauiuniwdlanfanuduganii iiesanmsiunuves
3 o . a a4 < o oA ' 1 Y o q Iy ¢
inuny leasenganaisveudwmian 6 veang laauaazrtsvowdls ild ldaa 5y
Tulu'leasa [n(C H,,0.H,0)]

=

Y a [ ’.f Ao [ a a ¢ A =

uilsdulazaeluiiigamgiidinguwgiinain lud esnniinuse laTasiou

zé a 1 a Y d‘ 1 9 [ d' 1 [ 1 Id‘ a

Funavny laasenFavedTmanauiliiiedlndy nuronaoniey ualogurgivees
%’ Y A v ] a a a J W o

paviiuilunygan el lumsinanainlug wuse lalasnuazgnihaieTuana
%’ 9 @ Y] ] A A g a < Y, a @ o 9

youhazwvuiuny leasenganilusasy Wanilunanswesds Mldnisazaisni

A A d? A a 4 1 1 < 9
wila vazanulamvuy audamsdaszuunasinanlss (Birefringence) Tfiauilarzua
v Aa 1 @ a <

1 Tadediinanonsnodn tazanuaimisalunsazats Ao sHAU T AULTINT S
I 1 [~ A <3 { 1 (] o = %’

nazanyauzyadTunmehudanils udetlumelugianilen lilsars Tulawsa Usuani

Y [y Y (Y < 9
luensazaenils vazmsaauilasuilimand Jdunulunmsnesds yuasmsazarsveudauile

v a IS d‘ ' v
LL@']'GW6151!ﬂ%$3J§ﬂL!UUWLL@lﬂﬂNﬂu@fJﬂllﬂ

A g v P} ' Y oy a oy a o 1 9
maiwmmaauuﬂmiazmaumﬂq mmzﬂwzmﬂmiwmm uazmqmumamﬂwz

o w @ 9 I = A ¥ @ < Y A A dy
ﬁ$ﬁWEJ@fJﬂ‘JJ'Iﬂ'IﬁQfﬂﬁW’t’Nﬂ’Jﬂl@ﬂllﬂ\i‘ﬂgllﬁﬂﬂlﬂu‘ljiu'm3ﬁ§ﬂu1ﬁuﬂ‘u’0\1mﬂL!‘]JQ‘VI!,WWIJL!M'Iﬂ

! 4 < ( 1A 1
ngaomanihne i ldedeoase lui

2.2.52 msinaai sty [11]
Tmaqamami’ﬂqmzﬂauﬁaﬂwy:‘lamaﬂ@a (Hydroxyl groups) fﬁ?l&’)‘l‘!ll"lﬂ?}ﬂ
@ o wa ¥ . v A < [
Lﬂwﬂuﬁ’aawuﬁﬂﬂmmu ﬁﬁiJ‘]J@l‘;]ffJ‘Uu"l (Hydrophlllc) !,L@']Lﬁ’E)\‘lﬁ]"lﬂliJﬂ!,L‘ﬂ\‘i’f)Qalug‘]JﬂJﬂ\‘]
1 . o & v A v W 2, Y < 9 y Y o &
51NN (Micelles) ﬂ\ﬁ!ufﬂii]ﬂ!iﬂ\‘l@]’)’dﬂ‘]&lil!$‘Ll‘1/lﬂﬁlllﬂLL‘]JQfISﬂ"IEJGluuHEJu"lﬂEﬂﬂ ANUU
A QY 1 2 2 9 = ¥ oYY VA v v o
”lummzmmuﬂaagslumwummmwz@ﬂwmuazwmm%uaﬂ meaiwmmmuﬂu
¥ @ (Y < H o 1 3
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9 a A 2 2 A ? a A A ' EIE ), A
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o P A a 1 a A 4
15 ¥ U (Gelatinization) Qquuﬁfdﬁazmmimﬂﬂmmwﬁﬂﬁamw qmw@,mmmm”lum
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A v Y A [ A @ ~ dyl A A A A
BATININAIYATDIIAAITNUUA UNITITINYAUI ’qmwﬂnmimﬂaauuﬂmmmwuﬂ

QU

1 o 9

(Pasting Time) Havzuanaranuuilamazyiia udlaniniini wu uilaiudznda udladunss
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a

=\ a a o 1 a Y v A
wlguugiisuai lugainiguuginnuilesyiy
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[
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gaungiIdasazareiudlseaudalszana 65 °c @uuginuias swunuwiavewil) ey
Y 1 ~ <3 Y| Y [l <3 1 1 o < Y 1
ringszez 2 Wandlznesdiiedesiada suunszr e lugadae ludenilozeouneas
A o o AN = ¥ g a o o
ioaniniiusy laTasmugniiane wanilazgaduiudwuin wazmanisnesdanuuu
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nau'lu'ld Fendn msmanar lusdu daudldimsulasugdiuag Tnseadrauuviinans
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Jauaesziulnanlssld anuuiavesamsazareiutlazmuiuediasiaii ullshazare
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A199 laand

2.2.5.3 MINAIININIATY [11]

'
adn a

A 9 Yo 9 = 2 Y Y Y
wonilelasuanuiousudsgurginnanain lnssuudr lianuiou
' o Y < 9 ¥ al 3 = A v & A a
ae lvzinvidandlawesdunivausudgaiinesdaauitazuaneen luanavesozi lad
3 [ o Y A A ] VR~ a A 1
YUIAENIZNIZIANTZIBRRNN I INANINLAaAad Weollase gy Tuanaeziilaaney
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9 Idy Y 90’ 1 %} 9 = = = @ :g a Y]
Tassardnlnutiansoduines lulinmsgariudwisn Tanunianedanniu nadnyus
=\ Y a A = = d’dyl a A o . A
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MIAUAT (Setback) ipanaguugii laaslUBndnyuzmsGesdivesInssadwozmivun
49! a 3 A 1 ~ 2 A ' . o 3’.:
Yu Tuanadaszveaimegneluazgniuesnuiuenaa H3i38n71 Syneresis U510HMIANI

2 o ) N o ' = a A X o ~
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] Y 9
MY 100 D9 200 BATINSAUAIIZAARdLD Tanavedezl lade1vsedundiil lunism

v a AA o o Yo ? L oy v A = =
&]fﬁﬂguiaﬁﬂﬂu@jﬂaﬂll']aga']ﬂ]lﬂ@ﬂﬂi\iﬂﬂ\i@]@\ii%@ﬂiﬂﬁﬂ@‘ﬁﬂq 100 949 160 °C

Q

Y
(%3 Y v @

a a = o Y a A Y 1 a A o A o
pzdlammnnuazinamlinanisauaidosun asiuuiliuaazs siaeionsIMsAUAIN

! v Y 9 = A o A @ Y Ao A A (= a
UANANNU GI,HLUJQ“UTJIW@]!WHEl'Ji]311@@5’]ﬂ’]§ﬂu¢]'ﬁlflﬂllﬂﬂﬂﬁ1ﬂﬁﬂ L‘L!ﬂ\‘li]’lﬂthiJ'ﬂgllTaﬁ

Q

= A o

TundlednTwadramiion drusunilednyTnanazudleardezionsinmsaudargeniudlagdu

[ A A
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3.4 NIINATDUANTIANIY

3.4.1 auUANIIMEANIN (Physical properties)

3.4.1.1 ﬂ%ﬂﬂﬂ!ﬂﬁ@ﬂ“ﬁfﬂﬁ] (Water absorption)
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6 6.78 6.30 5.78 4.81 6.19 6.33 4.83
7 .32 7.20 6.50 543 6.63 6.78 5.53
8 8.80 7.88 7.47 6.06 7.08 7.69 6.22
9 9.72 8.55 8.19 6.69 7.52 8.14 6.68
12 10.27 10.13 9.39 8.15 8.84 9.27 8.29
13 10.82 10.24 9.44 8.36 8.84 9.28 8.52
14 11.19 10.36 9.62 8.57 9.07 9.50 8.75
15 11.37 10.58 9.73 8.78 9.51 9.72 8.98
16 11.74 10.81 10.12 8.99 9.95 9.73 8.98
19 12.47 11.48 10.84 9.62 10.39 10.18 9.67
20 12.66 11.71 10.84 9.83 10.39 10.18 9.90
21 12.84 11.93 10.84 9.83 10.61 10.40 10.13
22 13.02 12.16 11.08 10.04 10.61 10.63 10.13
23 13.21 12.16 11.08 10.04 10.84 10.63 10.36
24 13.21 12.16 11.08 10.04 10.84 10.63 10.36
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o v 3 &
UNNT 100% Tasl¥itnauves

73 43 o 1
aledrumihminmagadui (%)

i:;?) TPACS | TPACS+10% | TPACS+20% | TPACS+30% | TPACS+30% | TPACS+30% | TPACS+30%
(100-200 (100-200 (100-200 (<50 14%) (50-100 t1%) (>200 t4%)
1Y) 1Y) 1)
0 0 0 0 0 0 0 0
1 6.01 6.38 5.09 4.70 5.67 4.56 4.66
2 10.24 10.14 9.22 8.66 9.79 8.17 8.08
3 14.25 14.20 12.62 11.39 12.36 11.29 11.76
6 22.89 22.90 21.60 18.81 19.84 19.71 19.12
7 25.33 25.22 23.54 20.29 21.65 21.64 21.07
8 27.31 26.38 25.48 21.78 23.43 23.32 23.04
9 29.32 28.41 27.43 23.27 24.48 25.00 24.26
10 31.12 29.27 29.37 24.26 26.28 25.96 26.22
13 26.95 33.62 32.77 28.46 31.43 30.77 30.88
14 38.76 35.07 33.74 29.70 32.73 31.97 31.62
15 40.56 36.23 34.47 30.94 34.02 33.17 32.10
16 41.77 37.39 36.41 32.18 35.04 33.65 33.56
17 42.97 38.26 38.35 33.17 35.82 34.12 35.04
20 46.59 42.03 41.26 36.39 37.78 37.44 37.25
21 47.19 42.32 41.75 36.63 38.14 37.74 37.49
22 47.79 42.90 42.48 36.88 38.66 37.98 37.75
23 48.19 43.48 42.92 37.13 38.92 38.21 37.98
24 48.39 43.77 43.69 37.38 39.42 38.21 38.24
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NANUIN D
anvarIna

1%

ms1wmaasantinEnaves TPCS MhiladsulyumaziSulysanifaredassninliazian

v
=

Laudfianaves TPCS Nf3anat 10%, 20% taz 30% Jaaiiyiin vinanieg fu A

ANNBUTNINS 0%, 50% 1az 100%

Maximum load (N)
1599
993 <50 1% 50-100 1% 100-200 1% > 200 1%
Ranusudining 0%

0% 36.96 £1.58 36.96 £ 1.58 36.96 +1.58 36.96 +£1.58
10% 48.78 £ 1.07 54.03 £0.31 59.07 £7.64 58.01 £7.35
20% 104.82 + 2.80 118.54 = 6.05 134.60 = 5.77 120.74 + 7.80
30% 113.91 + 6.35 133.28 +5.07 14598 +4.48 136.14 +9.60

AanuFuding s0%
0% 3139+ 1.82 31.39£1.82 3139 +1.82 3139+ 1.82
10% 37.93 £4.64 e 52112 el ] 49.21 £6.07
20% 4452 +1.83 51.60 £ 0.98 63.30 £3.84 58.82 +1.81
30% 48.78 £ 3.73 52.63 +2.86 68.89 +3.30 59.92 +1.74

AAmandning 100%
0% 9.3340.50 9.33+0.50 9.33%0.50 9.33+0.50
10% 10.26 £0.62 11.61 £0.36 18.33+£2.93 13.05 £ 0.65
20% 19.43 £1.56 22.99 +3.88 35.18 £2.58 28.41+£5.22
30% 33264237 44.44 £3.95 61.40 = 0.95 55.33 +2.45
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Stress at maximum load (MPa)

ANUAY B JALTIAIGIA

ga9 <50 LNy 50-100 Ly 100-200 L% > 200 Y
AauFudning 0%
0% 2.74+0.13 2.74+£0.13 2.74+0.13 2.74+0.13
10% 3.46+0.22 3734028 4224028 4.17+0.28
20% 6.21+0.18 6.90+0.19 8.33+£0.42 7.45 £0.40
30% 6.23+0.18 7.24 +£0.49 8.81 £0.50 7.54+£0.24
AauFudning s0%
0% 2.44+0.12 2.44+0.12 2.44+0.12 244 4+0.12
10% 2.62+0.12 2.8940.15 3.73+0.36 3.40 4 0.08
20% 2.65+0.12 3.26+0.16 3.89+£0.20 3.53+0.31
30% 2.71+£0.17 3.28+0.16 428 +0.17 3.73£0.30
Hamuaudning 100%
0% 0.58 £ 0.04 0.58 £0.04 0.58 £0.04 0.58 £ 0.04
10% 0.73 % 0.02 0.91 % 0.07 124+0.16 1.1240.06
20% 1.42+£0.18 1.63+0.18 2.49+0.18 2.07+£0.27
30% 1.77+0.18 2.40+£0.20 3.65+0.12 3.32+0.20
Extension at maximum load (mm)
M3Aada
qns <50 Wy 50-100 1% 100-200 1% > 200 WY
RanuFudining 0%
0% 48.44 +3.34 48.44 +3.34 48.44 +3.34 48.44 +3.34
10% 36.96 £ 1.24 32.36 £1.92 26.42+1.34 29.35+1.56
20% 8.99 + 0.88 6.39 +0.47 4.5840.22 5.8+ 0.36
30% 428 +0.36 3.62+0.24 2.61 £0.56 298 +0.26
Aaududining s0%
0% 62.78 £3.04 62.78 £3.04 62.78 £3.04 62.78 +£3.04
10% 43.64 +3.02 36.04 £0.88 25.10£2.84 31.49+1.28
20% 12.94 +0.44 11.06 = 0.64 7.65+0.73 8.98 + 0.40
30% 8.98 £0.44 7.74 £ 0.40 6.01 £0.77 6.76 £0.79
famuAudining 100%
0% 72.90 + 2.66 72.90 + 2.66 72.90 +2.66 72.90 = 2.66
10% 45.77+0.75 3929 +£1.72 29.70 £1.91 33.26+1.19
20% 20.62 £0.92 18.14 £ 1.00 14.05 £ 1.63 15.59 £1.08
30% 11.09 £ 0.60 9.62 £ 0.34 8.84 £0.37 9.17 £ 0.60
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Strain at maximum load (%)

s 3 4 =K A =2
e FuamIaIn o YALUITIAIGIA

qas <50 Wy 50-100 1% 100-200 1% > 200 WY
RamuFudining 0%
0% 182.3 £6.19 182.3£6.19 182.3 £6.19 182.3£6.19
10% 145.51 £4.98 133.71 £2.37 109.18 +4.34 121.75+£2.90
20% 34.05+2.24 2328 +£1.34 17.84 £0.88 19.24 £1.63
30% 15.71 £1.61 12.33 £0.28 10.47 £1.49 11.40 £0.84
AanuFudning s0%
0% 24497 +11.62 24497 £11.62 24497 +11.62 24497 £11.62
10% 169.18 + 13.11 145.47 +2.91 125.47 +3.35 131.64 +5.90
20% 5124+ 1.62 46.44 +2.29 36.52+ 1.64 40.97 + 1.60
30% 33.58 £3.68 28.32+0.20 22.98 £0.20 27.87£0.20
Anududning 100%
0% 283.08 + 8.88 283.08 + 8.88 283.08 + 8.88 283.08 + 8.88
10% 173.28 £ 4.53 157.59 + 8.44 133.01 £ 2.58 140.09 £2.13
20% 79.3142.89 6526+ 1.78 5141 +4.03 59.41 + 3.96
30% 43.64 + 0.60 38.94 +£0.34 29.19 +£0.37 35.35+0.60
Young’s modulus (MPa)
yoa
qn3 <50 W% 50-100 1% 100-200 1% > 200 W%
fausudning 0%
0% 6.84 +£0.89 6.84 £0.89 6.84 +£0.89 6.84 +0.89
10% 5373 +8.47 55.07+4.47 78.18 % 13.60 60.97 + 10.64
20% 178.8 £11.08 21237 +11.22 294.32 + 9.88 246.14 +£13.03
30% 217.66 +23.3 250.22 £33.13 321.53 £29.81 292.77 +28.70
AAmuFuding s0%
0% 528+0.86 508+ 0.86 528+ 0.86 528+ 0.86
10% 30.96 £6.31 46.01 £3.23 66.26 + 8.89 57.74 £4.75
20% 69.73 £9.05 70.64 £12.71 74.59 £ 9.40 72.88 +£7.38
30% 125.31 £4.32 138.98 £ 7.63 182.97 £ 6.92 143.95 £ 3.55
AnnuFuduning 100%
0% 2.23 £0.09 2.23+£0.09 2.23 £0.09 2.23 +£0.09
10% 2.88+0.18 3.23+0.29 4.85+£0.50 3.25+0.20
20% 14.56 +3.71 17.99 +5.07 37.11 £4.76 24.98+5.19
30% 20.8 £2.94 3439 +5.10 69.28 £4.45 40.95 +4.90
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Hardness (Shore D)
ANULTANA

q03 <50 W% 50-100 3% 100-200 134% > 200 1%

fanusudning 0%
0% 282+2.10 28242.10 282+2.10 282+2.10
10% 36+ 1.82 38.5+1.08 43.7+2.06 3734283
20% 49.1+1.20 49.5+ 1.65 51.7+2.06 47.6+2.01
30% 552+1.55 593+ 1.64 60.1+2.81 56.7+2.79

fansudning s0%
0% 204 %135 204+ 135 204 =135 204+ 135
10% 30.6 = 2.41 3234195 33.8+1.75 30.9 = 1.45
20% 38.1£2.08 38.7+1.34 4294213 38.0+ 1.49
30% 48.4+2.18 50.1 £2.72 51.8+2.53 50.8£2.35

Ranusudning 100%
0% 10.3 % 1.95 103 +1.95 103+1.95 103+1.95
10% 15.8+1.83 16.1 £1.10 19.6+2.17 177+ 1.06
20% 22.0+1.49 22.8+3.05 27.7 £3.13 24.0+1.56
30% 358+ 1.91 36.1+ 1.03 36.7 +3.56 36.3+2.63

2 auiAFanaved TPACS NUTuaa199 1aun 10%, 20% taz 30% lagtiininivuia 100-

200 0% LAY YUIAAI AU TALA <50, 50-100, 100-200 1A >200 (¥ AT u1 30%Iay

¥ @ { ¥ v o d
HIHMUD ﬁﬂ'l’]‘ll%uﬁﬂwmﬁ 0%, 50% ttag 100%

Maximum load (N)
TERTR AT
qas ARG (%RH)
0%RH 50%RH 100%RH

TPACS 20.39 £3.10 13.36 £2.04 11.81+£2.71
+10% (100-200 L) 26.88 £4.67 20.17 +£2.47 16.55 £3.71
+20% (100-200 L4%) 42.76 £7.02 31.00 £5.02 23.32+£3.57
+30% (100-200 13/%) 91.34 +4.27 62.63 = 5.88 4020 +5.36
+30% (<50 LU%) 67.96 £ 6.77 37.18 £2.17 29.58 £4.20
+30% (50-100 14%) 69.84 +4.51 41.49+4.77 30.88 +4.45
+30% (>200 11%) 77.05 +3.98 62.64 + 1.69 38.38 4 0.90
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Stress at maximum load (MPa)

ANUAY B JALTIAIGIA

7 . -
ANVAUFUINT (%RH)

qns
0%RH 50%RH 100%RH
TPACS 2354059 147 +0.32 0.57+0.12
+10% (100-200 134%) 2.81+0.53 2.64 % 0.40 0.86 % 0.21
+20% (100-200 (1/%) 4374037 3.03 + 063 1300.15
+30% (100-200 £3/%) 539+ 0.63 3.94+0.61 2.14+0.16
+30% (<50 131%) 3.53+0.50 1.64+0.34 1.40 +0.30
+30% (50-100 14%) 3.60+0.29 276+ 0.58 1.74+0.28
+30% (>200 11%) 4.01+0.36 333+0.20 1.90 + 0.44
Extension at maximum load (mm)
RN
qns AAUFTNG (%RH)
0%RH 50%RH 100%RH
TPACS 57.34 4592 57.52 +6.04 72.34 +3.45
+10% (100-200 (34%) 27.27+3.53 28.87+5.37 29.59 + 4.44
+20% (100-200 134%) 11.67 4 5.49 14:67+4:17 18.07 % 3.80
+30% (100-200 134%) 4.14+0.52 4.18+1.30 6.27+228
+30% (<50 11%) 6.21%0.60 7.69 % 1.79 10.72 £ 1.85
+30% (50-100 13%) 6.09 % 1.47 6.48 +0.99 9.19 % 0.43
+30% (>200 11%) 4254242 634 %220 8.61 + 1.47
Strain at maximum load (%)
nlesiduamsnida a ganTIRIgage
qn3 AIANENTNG (%RH)
0%RH 50%RH 100%RH
TPACS 198.96 + 13.48 23227 +24.6 282.71 +4.33
+10% (100-200 13/%) 116.99 + 17.98 11137=11.1 135.47 £3.62
+20% (100-200 £3/%) 40.01+5.32 46.68 % 5.40 5144+ 13.82
+30% (100-200 £3/%) 14.53 £ 4.17 22.59+2.12 28.42 £ 6.03
+30% (<50 131%) 24.84+2.42 3078 £7.14 42.87+7.41
+30% (50-100 13%) 24.36+5.87 25.92+3.97 3678+ 1.72
+30% (>200 131%) 16.55 % 2.09 2538 +4.16 34.45 +£7.57
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Young’s modulus (MPa)
yoqae
qas AMIBUFNTNG (%RH)
0%RH 50%RH 100%RH
TPACS 4.81+0.47 2.96 +0.52 1.82£0.44
+10% (100-200 t4%) 48.79 + 5.54 23.41+537 9.53+1.84
+20% (100-200 L4%) 107.14 £ 8.74 53.31+£7.70 14.73 £0.23
+30% (100-200 13%) 240.67 £9.39 89.73 + 4.86 5525+ 8.88
+30% (<50 tN%) 142.22 +4.16 36.84 +£6.78 34.37+3.98
+30% (50-100 tN%) 157.07 £ 6.12 61.08 £5.08 48.58 £4.93
+30% (>200 LN%) 160.12 + 6.54 78.79 £ 8.95 52.22+£9.84
Hardness (Shore D)
ﬂ'ﬂil!,ﬂdj\iﬂﬂ
qns AMIAUFTNE (%RH)
0%RH 50%RH 100%RH

TPACS 13 4D 14.0 £ 1.82 11.2+1.23
+10% (100-200 13°%) 32.642.50 22.3+3.33 20.1 £1.20
+20% (100-200 s3%) 39.7+0.67 33.0+1.82 283+1.16
+30% (100-200 £3/%) 49.7 +1.58 4474134 38.8+£2.20
+30% (<50 11%) 43.0 £2.31 40.9 £ 1.60 3424262
+30% (50-100 t4%) 439+2.18 A 1P+ 390 36.8+1.32
+30% (>200 134%) 44.5+221 4224132 38.5+2.17
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NMANHIN N

auUaANMIoaale

wAa A v v o a 3| v d 4 a d
auummnanammwmmmil?hﬂu !‘I.I‘L!i%ﬂ%ﬂiﬂ 0,2 a4 ﬁ‘]JﬂTﬂ °ll?)Q!Tlﬁ]‘iiﬂ‘i/‘lﬁ"lﬁﬂﬂl!ﬂ%lﬂﬂiiu

a d a Y| v o (v v A A v
‘W'&ﬂﬁﬂﬂﬁﬂ"Ii‘lf!!@"‘lﬂ‘i’lﬂ‘ﬂ"lﬂ!!‘ijﬂﬂluﬁ1‘1J$1‘iﬁ\1 1uﬂ‘%u1muazmu1ﬂﬂ1aq mawnaaﬂmn"luazsm

(1) M5 AATIRIGIga nouLazHawiMIdeauYes TPCS wag TPACSTuIfSaiaz vu1aa199 o

detnnliazian
Maximum load (N)
139A9gER
qns szozna Tumsiladu
o dlani 2 dilanik 4dand

TPCS 34.82 + 437 1420+ 1.40 7.19 £ 0.45
TPCS + 10% (100-200 111%) 71.16 £0.61 17.49 = 0.54 13.95+1.28
TPCS +20% (100-200 1%) 168.88 £ 4.19 33.93 £3.21 28.41+2.76
TPCS +30% (100-200 111%) 23274387 39.88+6.14 36.49 £3.77
TPCS + 30% (<50 11%) 185.56 % 7.59 33.90 £ 1.77 31.71£2.19
TPCS + 30% (50-100 134%) 204.00 + 11.36 37.27£2.86 32,48 £2.04
TPCS + 30% (>200 14%) 212,70 + 11.44 37.32£1.25 34.29 + 4.46
TPACS 23.71+3.39 4254141 3.99 +0.46
TPACS + 10% (100-200 1/%) 29.28 +2.85 5.87+0.84 4.01+0.66
TPACS + 20% (100-200 134%) 4534£6.51 9.60 = 1.61 7.95+0.77
TPACS + 30% (100-200 13/%) 91.25+5.83 14.69 = 0.98 1397+ 1.67
TPACS +30% (<50 14%) 66.41 £6.17 1220 +1.18 8.69 + 1.26
TPACS + 30% (50-100 11%) 67.20 = 6.49 13.53 £ 4.38 10.61 +0.79
TPACS + 30% (>200 111%) 77.36 + 7.04 13.86 = 0.73 11.84+0.38
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(2) MINUAAINNUAY B YANTIAIGIGA NoULazHawiIMsHIauYea TPCS az TPACSTufSinaay

, 2 A ]
VUHIAN N GUENEllmeflinﬂvlllﬁgl,ﬂ']

Stress at maximum load (MPa)

ANUIAY B JALTIAIGIR

qn3 szaznalumsiladuy
0 dland 2 dlan 4dand
TPCS 3.95+0.16 0.81+0.13 0.46+0.17
TPCS + 10% (100-200 1) 7.22+0.23 0.94 £ 0.04 0.65 +£0.03
TPCS + 20% (100-200 13/%) 1095+ 1.02 1.57+0.17 136+0.15
TPCS + 30% (100-200 131%) 1388+ 1.14 1.88£0.13 1.60 +0.08
TPCS + 30% (<50 t4%) 9.82+£2.06 1.69 £1.77 1.46 £ 0.86
TPCS +30% (50-100 131%) 10.66 +0.12 1.71£0.14 1.88 £0.26
TPCS + 30% (>200 L1%) 13.53 +0.11 1.77£0.12 1.51£0.15
TPACS 2.35+0.59 0.17 +£0.04 0.16 +0.03
TPACS + 10% (100-200 13/%) 2.81+0.53 0.18 = 0.04 0.16 +0.07
TPACS + 20% (100-200 t4%) 4.37+0.37 0.45 £ 0.04 0.23 £0.03
TPACS +30% (100-200 LJ%) 4.89 £0.35 0.66 = 0.06 0.63+0.14
TPACS + 30% (<50 134%) 3274042 0.46 = 0.09 036+ 0.03
TPACS + 30% (50-100 13%) 3.81 £0.59 0.60 £ 0.05 0.44 +0.05
TPACS + 30% (>200 t4%) 3.94 +0.45 0.60 +0.18 0.50 0.03

(3) M3 auEAINIALEA AUAHaIIIMITaALYed TPCS Hag TPACS luf3inauazviianiag ves

Vavooin ez
Extension at maximum load (mm)
M3nada
qn3 szozna Tumsilidu

0 dlansd 2 il 4 dlansd
TPCS 37.27+4.58 12.21 £2.39 11.00 + 1.28
TPCS + 10% (100-200 t4%) 6.43 +1.65 11.70 £2.87 9.49 +2.42
TPCS + 20% (100-200 tN%) 2.78 £0.19 6.48 £2.03 5.64 +1.06
TPCS + 30% (100-200 (%) 1.89+0.18 4474032 4.06+0.25
TPCS + 30% (<50 t4%) 2.06£0.11 7.63 £2.49 7.27 £3.48
TPCS + 30% (50-100 t1%) 2.20+0.20 6.75 +£2.34 4.66 +0.87
TPCS + 30% (>200 (4%) 2.05+0.26 4.83+0.14 4.42+0.22
TPACS 56.48 £4.34 19.04 + 1.78 17.16 + 3.04
TPACS + 10% (100-200 L4%) 27.59 £3.89 18.85+1.23 1597 +£2.38
TPACS +20% (100-200 t4%) 12.43 £3.29 17.65 £2.96 1522 +£3.83
TPACS + 30% (100-200 L4%) 3.56 £ 0.89 12.87 £2.12 8.87+£2.23
TPACS + 30% (<50 (4%) 3.30+0.47 17.07 + 1.85 11.08 + 1.26
TPACS + 30% (50-100 t4%) 5.85+0.51 18.19 £2.32 12.38 £0.76
TPACS + 30% (>200 L%) 6.59 +£1.95 13.80 £2.48 14.65+3.14
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I 3 J 1 v o a
(4) asnudaalesiFudnisagn a gausIRegaga nourazawinsAsauves TPCS az TPACS 1u

\ 3 A )
YTnaazvuaaien velaeenn lazien

Strain at maximum load (%)

s J =2 A =2
1o FuUAMIAIEn 0l YALTIAIGITA

qn3 szaznalumsiladuy
0 dland 2 dlan 4dand

TPCS 151.09 +9.51 49.98 +7.93 44.00£5.11
TPCS + 10% (100-200 1) 33.72 +4.46 43.54+6.14 34.19+7.49
TPCS +20% (100-200 134%) 11.10+0.75 2391 +3.88 22.56 +4.25
TPCS + 30% (100-200 131%) 7.56+0.72 17.89 + 1.30 17.63 £ 2.11
TPCS + 30% (<50 t4%) 8.26 £0.46 30.54 +£9.67 23.43 +8.05
TPCS +30% (50-100 131%) 8.21 £0.81 27.01+9.37 18.65 +£3.48
TPCS + 30% (>200 L1%) 8.08 +1.08 18.65 +3.48 17.98 £1.18
TPACS 208.23 £17.27 82.22 +£4.07 48.94+5.10
TPACS + 10% (100-200 13/%) 117.77 + 4.88 76.44 £ 9.23 48.40 = 9.40
TPACS + 20% (100-200 t4%) 55.06 +1.89 72.37 +8.50 40.04 +3.46
TPACS +30% (100-200 134%) 13.194 1.89 51.48£7.52 27.71+3.58
TPACS + 30% (<50 134%) 26.34+7.79 70.62 + 11.82 36.62 + 7.85
TPACS + 30% (50-100 13%) 23.41 +£2.05 68.17 £ 6.53 35.48 £8.92
TPACS + 30% (>200 134%) 1424 £3.54 55.20+9.93 32.22+2.46

- 2 A = ' v o a
(5) @131\1&Lﬁﬂ\1!ﬂﬁ]ﬂ°ﬁu@ﬂ15@]\18@ ] ﬂﬂlli\iﬂﬂq\i’ajﬂ ﬂauuawmmmsﬂmumm TPCS 11ag TPACS 1u

Y v
WSnamazvinamen vesdasean liazian

Young’s modulus (MPa)
voae
q03 szgzalumsdedu

0 dand 2 dant 4 et

TPCS 5424127 3.77+0.12 1.76 £0.10

TPCS + 10% (100-200 L349%) 21.30+3.16 527+0.74 424 +£1.11
TPCS + 20% (100-200 11/%) 271.25£9.24 17.76 £3.16 14.71 £3.28
TPCS + 30% (100-200 L1%) 41435 +7.77 30.59 £2.80 249 +2.44
TPCS + 30% (<50 1%) 349,00 + 4.42 21.68 £2.78 16.10 + 1.67
TPCS +30% (50-100 t4%) 363.21+£9.57 2538+2.19 19.62 £ 1.06
TPCS + 30% (>200 t4%) 379.70 + 8.00 27.31+£1.22 21.72+1.76
TPACS 4.81+047 0.72+0.13 0.43£0.17

TPACS + 10% (100-200 t4%) 48.79 £5.54 0.79 +£0.23 0.76 +£0.27
TPACS + 20% (100-200 t4%) 107.14 + 8.74 1.66 +£0.19 1.37+£0.42
TPACS + 30% (100-200 13/%) 212.03 £4.80 570 £0.92 282+1.14
TPACS + 30% (<50 tN%) 100.10 + 6.85 3.37£0.99 1.39£0.18
TPACS + 30% (50-100 13/%) 131.11 £6.28 437132 1.58 £0.20
TPACS + 30% (>200 %) 158.58 = 7.05 4.47+0.40 1.73£0.15
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auaNMInNNIon

[ d a d Y| v o (Y]
1. !‘Vlf’)ﬁi?»ll!ﬂﬁu"llﬂ\‘]!‘ﬂﬂiiNWﬁRWIﬂﬁﬂ’li‘lﬁ%”lﬂ!l‘llﬂﬁluﬁ”lﬂgﬂﬁﬂ ( TPCS)

] F
(1.1)  woe$ luunsu TPCS f lifimsdfvilssauiiametiaesnn lifazien

TG /% DTG /(%/min)
100 TR . Iy
P~ e ] i e
et = 'z
e / F =2
= i
804 Peak 70.2 °C,~1.53 %/min ‘-\ i
Onset: 51.8°C \ | =
Mass Change: -8.75 % i £
Peak: 180.7°C/ -3.31 \ ; s
' .
80 Onset161.2°C ‘
Mass Change: -19.97 % i Onset: 306.9 °C L g
,‘ Mass Change: -64.22 %
i Peak: 320.7 °C, -17.78 %/min
i F-10
40 T |
| F-12
!
L-14
20 A
yp-18
: 11
[1] TPCS.ngb-st6 15 f
——— TG + L8 |
O TREA DTG |
100 200 300 400 500 |
Temperature /°C
Msin  2014-03-06 09:06 User. TG
nstrument : NETZSCH TG 205F3 File: C\NETZSCH\Proteus\datas\s7 O30\TPCS.ngbsts !
roject : u Sample : TPCS |Sample car.JTC : TG 209F3 standard/P ~ |Atmosphere: —/N2/N2
dentity :  57_030 Material : Sample mass : 7.2073 mg | Corrim. range : 800/2000 mg |
Jateftime :  2/27/2014 2:17:32 PM Correction file : of meas. : TG 1 |
-aboratory : KMITL ‘Tamp. calib. file : Cal 18-08-2011.ngb-tté |Segments : i ‘ |
dperator: . |Range: = 35M0.0(Kimin)/600 Worbeig:h P sAod % ) -~ S8 |
~ Created with NETZSCH Proteus software

v I
(12) mes luunsu TPCS Aimsdsviljaamniadstmosnin Tdazmnlualsum 10%

Tasriniin v1a 100-200 1349%

DTG /(%/min)

TG /%
100 A 7
]
4 P AT, "
r g = > ik > s
e N g
" g L2
| S Peak: 58.8 °C, -1.36 %fm}w\
| Onset: 49.0 °C
Mass Change: -6.45 % Peak: 363.0 °C. -1.40 %/min F-4
| Onset*: 360.9 °C
80 Rl s | Mass Change: -7.83 % -6
i Onset: 156.1 °C |
Mass Change: -24. 47 % '
: F-8
!
Onset 30220\
40 - MERSC F-10
Mass Change: -55.549 i
Peak 3231 °C, -13.62 %Y
1 F-12
20
F-14
[1] TPCS+10% Sawdust.ngb-st6 '\'\—* “i
— TG -16
—————— DTG
0+ ! : ;
100 200 300 400 500
Temperature /°C
Main  2014-03-06 09:11 User: TG
Instrument : NETZSCH TG 208F3 File : CNETZSCH\Proteus\data5\57_030\TPCS+10% Sawdust.ngb-sts | ]
Project : Sample : TPCS+10% sawdust Sample car/TC: TG 209F3 standard/P Atmosphera: /N2 /N2
Identity :  57_030 Material : |Sample mass : 4.5949 mg Corrim. range : 800/2000 mg
Date/time :  2/27/2014 4:06:47 PM |Correction file : | Modeitype of meas. : TG/Sample
Laboratory : KMITL Temp. calib. file : Cal 18-08-2011.ngb-tt6 Segments : "
Range : 35/10.0(Kimin)/600 Crucible : A1203

Operator :

Created with NETZSCH Proteus software
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4 ! [ a $ A =
(1.3) o3 luunsy TPCS NimsiUsviyeamniadretiaesnn ldazm lulSua 20%

Taeiviin via 100-200 1%

o, =
TG /% DTG /(%/min)
100 1 r,.,,J4"‘““"”"‘"‘“*‘J!PO
4
s /
™ /
Peak: 63.9 °C, -0.86 %/mkn \ . Peak: 364.0 °C, -2.19 %/min L o
80{ Onsetass-c \ = Onset*: 358.9 °C
Mass Change: -3.62 % \
Mass Change: -10.01 %
!
i F-4
Peak: 178.9 °C, -4.23 %/min |
60 Onset: 156.5 °C i
Mass Change: -22.55 %
| -6
|
!
|
40 Onset: 300 4 °¢ i -8
Mass Change: -56 5] % i
Peak: 323.4 °C, -12.89 %/min
i
20 | I -10
‘.‘ i
[1] TPCS+20% Sawdust.ngb-st6 \ / d L 12
— TG \ I B
ol F#F DTG ']
100 200 300 400 500
o
Main  2014-03.08 0918 User. TG Temperature I C
Instrument : NETZSCH TG 209F3 File : C:\NETZSCH\Proteus\data5\57_030\TPCS+20% Sawdust.ngb-st6
Project : Sample : TPCS+20% sawdust Sample car./TC : TG 209F3 standard/P Atmosphere :  —/ N2/ N2
Identity :  57_030 Material : 'Sample mass : 4.8800 mg Corrim. range : 800/2000 mg
Dateltime :  2/27/2014 5:41:34 PM Corraction file : Modeltype of meas. : TG/Sample
Laboratory : KMITL Temp. calib. file : Cal 18-08-2011.ngb-tt6 Segments : 1M
Operator : Range : 35/10.0(K/min)/600 Crucible : AR203

Created with NETZSCH Proteus software

4 . [ A 3 A =
(14)  mo7 lyunsy TPCS NMsUsviyeauiadredaesin ldazm luilSua 30%

Taenimiin vaa 100-200 1%

TG % DTG /[(%/min)
q Iy
100 oy 1 . i
RN e
~
90 L | 4
N, /
\ /' -2
801 Onsel: 480 ’
Mass Charge: -7.42 %
70 4 Peak: 59.5 °C, -1.52 %/min -4
Onset: 16312 7C set 252,83 °C
Wass Change:-19.03 % ange: -12.34 %
60 4 Peak: 185.4 °C, -3.38 %/min 8.0°C, 2,96 %/min 6
50 - |
Onset: 3014
40 4 Mass Change: -52.23 -8
Peak: 321.0°C, -12.31 l}’u/
30 -
--10
20 1
[1] TPCS+30%Saw100-200.ngb-st6
— TG 12
T ——— oG
100 200 300 400 500
Temperature /°C
Main 20140804 11:47  User TG
Instrument : NETZ5CH TG 209F3 File : CANETISCH\Proteusidatas'67_07MTPCS+30%Saw! 00-200.ngh- stb
Project : Calbration_2014 Sample : TPC5+30%Saw100-200 Sample car/TC: TG 209F3 standard/P Atmosphere: - /N2 /N2
Identity : 57 _079 Material : Calcium oxalate Sample mass : 8.5093 my Corr/m. range : 000/2000 my
Datetime :  B/27/2014 12:47:45 PM Correction file : Modeitype of meas. : TG/Sample
Laboratory : kKMITL Temp. calib. file : Cal 26-03-2014. ngb- 6 Segments : 11
Operator:  JN Range : 32/10.0(K/rninyB00 Crucihle : Al203

Created with NETZ SCH Proleus sotware
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4 ! [ a $ A =
(1.5) o3 luunsy TPCS Nimsisvlyeaniadretiaesnn Idazm lulSua 30%

4
Tagtmiin vuia < 50 1Y

|
‘ TG /1% DTG /(%/min)
| 1 00 1 m |
| |
wlo |
~N o AV_\,_,.___,‘_..,——.——-trduw-—r---v-‘vx |
Moy - # ‘
et % [ |
80 - : / L% |
w Peak: 64.7 °C, -1.18 %/mi\ g 7 |
| ¥ s ’
\ Onset 44770 \ £ Peak: 364.8 °C, -2.63 %/min ‘
; Mass Change: -5.28 % N 1‘. Onset 3573 °C i |
1 60 A Peak: 181.9 °C, -3.87 %/min ! Mass Change: -11.82 % |
Onset: 158.7 °C |
Mass Change: -21.48 % | -
|
!
40 4 |
i Y -8
Onset: 2996 °C| !
Mass Change: -53 97V '
Peak; 321.4 °C, -12.38 %min; L 10
v
20 1 4
|
i
Y “h-12
[1] TPCS+30% Sawdust _50.ngb-st6 !‘_ i
TG
(o, —— DTG
100 200 300 400 500 |
Temperature /°C |
Main  2014-03-06 09:24 User TG |
Instrument : NETZSCH TG 209F3 File : C:\NETZSCH\Proteus\datas\s7_030\TPCS+30% Sawdust_50.ngbsté I A B |
Praoject : Sample : TPCS+30%sawdust<50 Sample car./TC : TG 209F3 standard/P Atmosphere : -/ N2/N2 |
Identity : 57_030 Material : Sample mass : 6.0070 mg Corrim. range : 800/2000 mg |
 Dateltime :  2/28/2014 1:28:24 PM Correction file : Modeftype of meas. : TG/Sample |
'Laboratory : KMITL Temp. calib. file : Cal 18-08-2011.ngb-tt6 Segments : 17" |
Operator : Range : 35/10.0(K/min)/600 _Crucible : _Ai203 |

Created with NETZSCH Proteus software

4 ! [ a g =
(1.6)  tnos luunsy TPCS Nimsilivilgeanindediaesin ldazmlulSua 30%

Taeimiin ¥119 50-100 1349

TG /% DTG /[(%/min)
100 |
- : N A 4o
901 e s S
Y/
/ L2
801 J
e
70 A L -4
nset™ 351.5 °C
Mass nge:-15.57 %
60 |
8 °Ch3.09 %/min L6
50 4
-8
40 1 Mass Change: -51 .SP 9
Peak: 322.0°C, 13 28'1%/ i
30 1 . =10
20 | L-12
[1] TPCS+30%Sawdust. ngb-st6
— TG
4 1
107 -~ oTG !
100 200 300 400 500
Temperature /°C
Main 20140804 11:60 User TG
Instrument : NETZSCH TG 209F3 File : C:\WETZSCH\Proteusidatea's7_07MTPCS+30%Sawd ust ngb-sth
Project : Calibration_2014 Sample : TPCE+30%Sawdust Sample car./TC : TG 209F3 dard/P ph - N2 N2
Identity : 57 _073 Waterial : Calcium oxalate Sample mass : 83565 mg Cort/m. range : 00072000 my
Date/time :  B/25/2014 12:34:37 PM Correction file : Modeftype of meas. : TG/Sample
Laboratory : KMITL Temp. calib. file : Cal 25-03-2014.ngb-#6 Segments : m
Operator:  JN Range : 324 0.0(K/minyE00 Crucible: Al203

Craated with NETZ SCH Protews sctware
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4 ! [ a $ A =
(1.7) o3 luunsy TPCS Nimsisvlyeaniadretiaesnn ldazm lulSua 30%

4
Tag1miin vua >200 1Y

TG /% DTG /(%/min)
10—
i m
P\ et P e
\P‘ N
/
80 i
Peak: 65.3 °C, -0.76 %/min / ; Peak: 364.0 °C, -2.63 %/min -2
| Onset*: 48.4 °C \\ /’ * Onset*™: 357.8 °C
Mass Change: -3.29 % 4 Mass Change: -11.63 % 4
60 - Peak: 177.2 °C, -3.75 %/min i
| Onset: 155.5°C li i
| Mass Change: -21.57 % ‘ | - -6
!
40 I
\ | L
Onset: 298.1 'C\ 1 8
Mass Change: -54.93\%
204 \ ¢ --10
A 2
% i
1] TP 30% Sawdust _200. 1]
E_]__CS_+_ TGaw R - b Peak: 321.5 °C, -11.36 %/min L-12
AV 4 DTG
100 200 300 400 500
| Temperature /°C
| Main 2014-03-06 10:42 User TG
|Instrument : NETZSCH TG 200F3 File : C:\NETZSCH\Proteus\datab\s7_030\TPCS+30% Sawdust _200.ngb-st6 _ ¥
| Project : Sample : TPCS+30%sawdust>200 Sample car/TC : TG 209F3 standard/P Atmosphere : —/ N2 /N2
|identity :  57_030 Material : Sample mass : 5.0840 mg Corrim. range : 800/2000 mg
|Date/time : 2/28/2014 3:49:52 PM Correction file : Mode/type of meas. : TG/Sample |
| Laboratory : KMITL Temp. calib. file : Cal 18-08-2011.ngb-tt6 ts : 11
Operator : Range : 35/10.0(K/min)/600 Crucible : AI203 |
Created with NETZSCH Proteus software

d d a d U o LY
2. !‘Vlﬂiiﬂllﬂiumﬂﬂlﬂﬂ‘ﬂllwa]ﬁﬂﬂﬁﬂ]ﬁ‘lf!!?J"Tﬂﬂﬁ‘i]'lﬂl!?ﬂ\‘ﬁluﬁ’lﬂgﬂﬁﬁ (TPACS)

Y

14 ~ (P2 [y oA 9 A A Y
(2.1) o5 Tuunsu TPACS N lifimsdSuilssmuiadasudesainliazien
TG 1% DTG /(%/min)
100 +
mlo
\, W e 3 i
e N i L
80 - . N i
Onset: 5012°C \. f
Mass Change: -8 55 9% Onset: 158,52 ‘\. l' -4
Poak 76.9 °C, 1,32 symimtc oo chiandg -19.7 1% \ i
60 - Poald 173 7 °C, =2.68 %/min ; -6
|
! i
40 -
.10
L12
20
[1] 1.ngh-st6 F-14
— TG
N DTG
100 200 300 400 500

Temperature /°C
Main  2014-06-27 15:24 User TG

: METZSCHTG 209F3 File: CANETZSCHProteusidatas'a?_07641.ngb-s16

Sample car./TC:

TG 209F 3 standard/P

Atmosphere: - /N2/N2

Project : Calibration_2014 Sample : 1
Identity : 57 _076 Material : Calcium oxalate Sample mass : 7.0156 mg Corr/m. range : 8002000 mg
Datetime :  6/17/2014 1:05:25 PM Correction file : Modetype of meas.: TG/Sample
Laboratory : KMITL Temp. calib. file : Cal 26-03-2014.ngb-t5 Segments : m
Operator: JN Range : 32410.0(Kmin)&00 Crucible : Al2O3
Created with WETZ SCH Proteus software
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4 ! @ wa {4 =
(22)  mes luunsu TPACS AmsdSuljsauiadetiaesn ldaza ludSum

10% Iaguniin ¥ua 100-200 (4%

TG /% DTG /(%/min)
100
. SN ) JU
e W A ey i
90 q:
80 | Onset™d8.2 2
hWass Change: -9.11 %
70 Peak 664 °C, =142 %/min  Onset
Mass Chan F-4
60 -
-6
50 -
40 L8
30 -
H-10
20 1
[1] 2.ngh-st6
10, 4 — ——wrE r-12
T T T
100 200 300
Temperature /°C
Main  2014-08-04 11:24  User TG
Instrument : NETZSCH TG 209F3 File : CANETZSCHWProteus\datss a7 _07E. ngb-sth
Project : Calibration_2014 Sample : b2 Sample car. TC : TG 209F3 standard/P Atmosphere: - /h2JN2
\dentity :  57_076 Calcium oxalate Sample mass : £.9991 mg Corr/m. range : 0002000 mg
Dateftime :  6/18/2014 9:58:59 A Mode/type of meas.: TG/Sample
Laboratery : KMITL Temp. calib. file : Cal26-03-2014.ngb-t5 Segments : 1M
Operator:  JN Range : 3210.0(KAnin £00 Crucible : AZO3

Crested with NETZ SCH Frotels sofware

4 { [ A g =
(2.3) o7 luunsu TPACS NimsdSuilssaniiaaasiaesnn ldfazan lulS

20% JAUIMIA YA 100-200 (U

TG /% DTG (%/min)
100 | 0"
B ke alatal 0
'N.\_.\_.._. " Wile' o
=
4 N\ "
80 | \ )5 L2
Onseh 43 8 fC \ /
W
Wass Change: -8 97 % ]
Peak 57.8°C, -166 %/min -4
0 4 Onset: 196.0 AC
hass Change: -21.73 %
Peak 1762 °C, -3.36 %imin 5
40 A
Onset; 297.8 2% L8
Mass Change: -57 ii1 9 I h
Peak 320.1°C, -11.73 %/m\ |
20 4 L 10
[1] 3.ngb-st6
— TG "
N oTG r-12
100 200 300 400 500
Temperature /°C

Main 201405041130 User. TG

Instrument : NETZSCH TG 209F3 File : CAMETZSCH\Proteustdatsh'a? _07BY.ngb-sth

Project: Calibration_2014 Sample : Sample car/TC : TG 209F 3 standard/P Atmosphere: /N2 /N2
Identity : &7 076 Material : Calcium oxalate Sample mass : B.0315 mg Cor/m. range : 0002000 mg
Date/time :  5/18/2014 1:45:12 PM Correctionfile : Modetype of meas.: TG/Sample

Laboratory : KMITL Temp. calib. file : Cal26-03-2014.ngb-t15 Segments : 17

Operator: N Range : 32A0.0(Kfmin) £00 Crucible : Al203

Createct with NETZ SCH Prateus softwate
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4 ! @ wa {4 =
2.4) Mo luunsu TPACS AmsdSuljsauiiadetiaesnn ldaza ludSum

30% Tag1¥iin vu1a 100-200 1349%

TG /% DTG /(%/min)
4 1
.. i3 [ O
.~ e
90 | /
! 2
80 - /
Onsebaa g b " Onset® 3553 °C
- 0
701  Msss Changs: -9.73 % , ange A2
) Peak: 269.0 °C,%2.78 %/min
¢ 2189 | - -
Peak: 58.4 °C, -2 18 %/min Onset- Th1.5 7 ! 4
60 4
50 4
-6
40 ] Onset. 2067 2
Wass Change -49 50 %
30 1 Peak 2195 °C, -10 58 Yamiy g
20 4
[1]4 ngb-st6 L-10
10 e i
77777 DTG
100 200 300 400 500
Temperature /°C
Main  2014-08-04 11:32  User TG
Instrument : METZSCH TG 209F3 File : CANET Z5C H\Proteus\datas'67_076M ngh-st6
Project : Calibration_2014 Sample : 4 Sample car. TC : TG 209F3 standard/P Atmosphere: - /N2 /N2
Identity : 57 _076 Material : Calcium axalate Sample mass : B.3981 my Cort/m.range : 0002000 rog
Datetime : 61192014 3:55:01 Al Correction file : Modestype of meas.: TG/Zample

Laboratory : KMITL
Operator:  JN

Temp. calib. file : Cal 26-03-2014.ngb-t5
Range : 32A10.0(K/min)&00

Segments : 11
Crucible : Al203

Createc with NETZ SCTH Proteus soitware

& A

2.5 e luunsy TPACS WimsdSulysauiiadaeiiaesnn lifazianluaFua

4
30% Aol vin YUIA < 50 WY

TG /% DTG /[(%/min)
100 {4+ i
3 4 AV Y
A = = P e
[ % /
ol N\, .
N 2\ PR /
| hY ~ . X
7 \ / L2
80 1 Onset: 47 .5 7C A s
Mass Charnge: -7.74 % / \ a7 Onset™ 355.6 °C
707 Peak: 588 °C, -1.56 %/min 1 ange: -13 58 % 4
Onset: 164 .5 7C ) =
res , ] Pealc 361 °C, 3815 %/min
Mass Charige: -19.94 % i
60 1 . o |
Peak: 181.8 °C, -3.17 %/min \ l
' -6
50 ] W\
Onset: 2985 °F
40 ] Mass Change: 48138 nj
Peak 3182 °C, -10 92 Yo/my L -8
30 4
20 ] F-10
[1] 5 ngb-st6
— TG i
————— DTG
10 1 T T T T T
100 200 300 400 500
Temperature /°C
Main  2014-08-04 11:37  User TG
Instrument : NETZSCH TG 209F3 File: CANETZSCHWProteusidatad'67 0764 ngb-sth
Project : Calibration_2014 Sample : Sample car./TC : TG 208F 3 standardiP Atmosphere: - /N2 [ N2
Identity © 57 _076 Material : Calciurm oxalate Sample mass : B.9755 my Corr/m. range : 0002000 my
Datetime :  B5/13/2014 1:25:42 PM Correction file : Modeitype of meas.: TG/Sample
Laboratory : KMITL Temp. calib.file : Cal26-03-2014.ngb-t5 Segments : 11
Operator:  JN Range: 32/10.0(Kdmin)&00 Crugible : Al203

Crealed with NETZ SCH FProteus sotware
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4 ! @ wa {4 =
(2.6) Mo luunsu TPACS AmsdSuljsauiiadetiaesnn Idazm ludSum

30% Iag11¥iin YU 50-100 LU

TG /% DTG K%/min)
100
1
\
90 T , O
et RPN
80|}’ /
70 | /
/ Onset: 356.2°C
60 4 ange: -14.69 % L -4
Peak: 2623 °C~3 20 %/min
50 4
-6
40 1
Wass Change: -50 .02 %
30 1 : L8
Peak. 320.5 °C,-10.30 f/ulmwr} -
20 4 !
[1] 6.ngb-st6 L-10
10 1 = [1
fffff DTG
100 200 300 400 500
Temperature /°C
Wain  2014-08-04 1139 User. TG
Instrument : NETZSCH TG 209F3 File : CANETZSCH\Proteusidates's7_076'G. nob-s16
Project : Calibration_2014 Sample : [ Sample car/TC : TG 209F 3 standard/P Atmosphere: - /h2/N2
Identity : 57 076 Material : Calcium oxalate Sample mass : 6.5225 my Corr/m. range : 0002000 mg
Date/time :  6/20/2014 9:58:35 AM Correction file : Modetype of meas. : TG/Sample
Laboratery : KMITL Temp. calib. file : Cal28-03-2014.ngh-t Seqments : 11
Operator: N Range: 32A10.0{K/min) 800 Crucible : Al203

27  wmefluunsy TPACS AimsdSuilssauiiaieiiaesnin

30% IAguINIn YHIA > 200 1%

& A

Createc with NETZ STH Froteus software

T azanlualsuna

TG /% DTG /(“%/min)
100 | "
i e e S e R | 0
g0 I W /
v b
[
801  onmsetuoafc 2
Wass Change: -7.08 %
701 Peak 567°C, -1.30 %/min
ot™ 3556 °C -4
50 Mass Changk: -18.94 %
1 - 0
Peak: 180.2 °C, -2.97 %/min (g 1209 %
7.0°C, 22 83 %Wmin
50 4 -6
40 4 Peak: 3203 °C,
L8
30 4
20 4 L-10
[1] 7.ngb-5t6
— TG i
104 —— OTG i
100 200 300 400 500
Temperature /°C
Main 2014-08-04 11:44  User TG
Instrument : NETZSCH TG 209F3 File : CANETZSCH\Proteus\dat5'67_076\.ngh-sth
Project: Calibration_2014 Sample : 7 Sample car./TC : TG 209F3 standard/P [Atmosphere: - /N2/N2
Identity : 57 076 Material : Calcium oxalate Sample mass : 7.0434 mg Corr/m. range : 000/2000 mg
Dateftime :  B/20/2014 12:40:13 PM Correction file : Mode/type of meas.: TG/Sample
Laboratory : KMITL Temp. calib. file : Cal26-03-2014 ngb-tt6 Segments © mn
Operator:  JN Range : 3201 0.0(K/rin)B00 Crucible : Al203

Created with NETZ SCH Proteus software
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