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Special Project Effect of sawdust contents and particle sizes on properties of

thermoplastic arrowroot starch

Name Miss Pratana Komsai ID 53050264
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Miss Sunsanee Ketoum ID 53050360

Degree Bachelor of science

Program Industrial Chemistry

Academic Year 2013

Advisor Assoc.Prof.Dr.Jutarat ~ Prachayawarakorn

ABSTRACT

This research aimed to study and improve properties of biodegradable
polymer prepared from thermoplastic arrowroot starch by reinforcing with Makha
wood sawdust. Different sizes of sawdust i.e. more than 50 mesh, 50-100 mesh and less
than 100 mesh size, and amounts of sawdust i.e. 5, 10, 15 and 20% were used. The
thermoplastic starch was compounded by an internal mixer and molded by a
compression molding machine. It was found that the addition of sawdust were into the
thermoplastic arrowroot starch matrix caused sawdust surface wetting, showing good
phase compatibility between the thermoplastic starch and sawdust. For water
absorption, the result showed that the incorporation of sawdust led to the significant
decrease of water absorption of the thermoplastic arrowroot starch. Moreover, the
thermoplastic arrowroot starch modified by 20% sawdust with particle size less than
100 mesh presented the highest maximum load, stress at maximum load, Young’s
modulus and hardness. For thermal properties, it was found that thermoplastic
arrowroot starch modified by sawdust showed the improvement in thermal stability.
Moreover, the fastest biodegradability was found in the thermoplastic arrowroot starch

with 10% sawdust and particle size of more than 50 mesh. From this study, the greatest

III



overall properties were obtained from the thermoplastic arrowroot starch improved with

20% sawdust and particle size less than 100 mesh.,

Keywords : Thermoplastic starch, Arrowroot starch, Makha wood sawdust
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e ASTM D6400-99 - biodegradable plastic is a degradable plastic in which the
degradation results from the action of naturally occurring microorganisms such as
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e [SO 472:1998 — Biodegradable plastics are plastic designed to undergo a significant
change in its chemical structure under specific environmental conditions resulting in a
loss of some properties that may vary as measured by standard test methods appropriate
to the plastics and application in a period of time that determines its classification.

The change in chemical structure results from the action of naturally occurring
microorganisms.
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* BPS Japan (1994) - Biodegradable plastics are polymeric materials which are changed
into lower molecular weight compounds where at least one step in the degradation
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* DIN FNK103.2 (1993) — A plastic materials is called biodegradable if all its organic
compounds undergo a complete biodegradation process Environmental condition and
rates of biodegradation are to be determined by standardized test methods.
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2.6.3 msnudaveailagn (Retrogradation)[13]
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Upon cooling the hnear portion of
these molecules hne up  They reman
together due to H-bonding

This process remaves the waler
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crystalize togather This s called
retroqradation

Gwige
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granule  Above 1s a diagrarn of
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Hardwood &
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Identifiers

[UPAC name
CAS number
PubChem
ChemSpider
UNII

ChEBI

Properties

Molecular formula
Molar mass
Appearance

Odor

Density

Melting point

Solubility inwater

Solubility

MSDS

NFPA 704

:Magnesium octadecanoate
:557-04-0

LT

:10704 {CH}
:70097M6I30

‘CHEBI:9254

:‘Mg(C18H3502)2
:591.27 g/mol

:light white powder
:slight

:1.026 g/cmJ

:88.5°C, 362 K, 191 °F
:0.003 ¢/100 mL (15 °C)
:0.004 g/100 mL (25 °C)
: 0.008 g/100 mL (50 °C)

:negliglble in ether andalcoholslightly soluble in benzene

:External MSDS

Health

Fire

Reactivity

=

37



38

Flash point 250 °C

LD, > 1000 mg/kg (oral, rat)

~ =
UADIHENTIALTA [28]

3
|
£d
//”\"\‘ z‘fﬁ.n\f“""\,/ 'r\“-\.-/\“mw/x\'“«‘ﬂ"ﬂk\,mm O i
+
Ca*

- N b - - G P =, 3
e T T W N e Tl ™ i W i W o W O

O

Identifiers

CAS number :1592-23-0

Chemical Formula s Gy H,4Ca0,
Physical & Chemical Properties

Molecular weight : 607.03 g/mol

Appearance : Powder

Physical state : Solid

Color : White or Yellow

Odor : Fatty acid

Density : L.I12 g/crn3

Melting point :148°C (298.4°F)

Solubility : Very slightly soluble in cold water
Hazards

Health

Fire

NFPA 704
Reactivity 0

Personal E
Protection
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Flash point : Not available

LD > 10 g/kg (oral, rat)

50

¥

2.10 maé’m?ﬁugﬂwmaﬁn (Compression molding) [29]
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2.11 in5enannuviansenseawannely (Internal mixer) [30]
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N@fg]ﬁﬁ (Young’s modulus, E) = ( (F/A) / [(LrLy WLyl )
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4.2 é’mgmﬁnm (Morphology)
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4.3 aNUAMIMeMn
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(M) aulswseanlnasuveunes Tunara@nanssnlsulssdsdidosuuna >50 mesh

U511 20 %

s2.67

sz.0
S1.5
s1.0
50.3
50.0 .

ao.s

490 TN

AE.S A

48.0
a7.s
“47.0 |
465
46.0
as.s |

T 450
a5
48,0
43.5
a3.a
42.5
420
ar.s
“41.0 .
40.5
40,0
39.5 |
39.0
38.5 .

3IR.00 |

4000.0

3000

2000

cim-1

T1so0

1000

A400.0

(9) Bulsusnanasuveunes Tunaradnanssiidiullyadaeltosna 50-100 mesh

15 10%

39T
39

38 .
37
36
s .
34
33 .
3z
31
30 .
T 20

28

7. \

=z

\
za | \‘
z3
22
Z1 .

20

19.0
4000.0

3000

2000
cm-1

N
[l
Py |
N\ Joz‘a
/ \ /"N\"{ {l
AV \ i i E N }
e
bk | "
1153 'l\!
1oae
‘I“.‘S‘OO. lo.no

" a00.0
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= o =y dl- ar ¥ A
(v) Bussamalnasuveanes Tuwaadnamssnlsulsadwlinesva 50-100
YT 20 %

mesh

T
[
o
e

B
i
.
a
B
-
¢
e <:':“"'

a“%T

3
M
]
i
=

aoo0.0 3000 2000 ’ 1500 1000 400.0
em-

] ¥ o
(®) Budsusaaulnasuvounes Tuwaradnaniriliulysdelinosvuia <100 mesh
YSua 10%

47.47 _

e e \ /\V{\‘f\f'\ /
as.5 . Vi 1 X s

N f\
s 4 ake \ /

l
S L l
“44.0 |
“3.5 \/ ./’\2,‘\,\
as.0.4 i f/ ‘{
i / o U
20 [ wh
41.5 y

|'
| /’
2/ o

P ’
39.0 | aabis 1027
26T 38.5
38.0.
37.5 \

370
E \

36.0 H
e \ /
35.0
3Aa.5

34.0 |
33.5 3420
33,0
32.3
32.0
31.3
3.0
a0.%

BOOO o

4000.0 3000

TN 1500 1000 400.0
el
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(@) Bursusaanasuvesmes Tuwaadnanisfitsudyedtidosvuin <100 mesh

1Sura 20 %

*%T

a7

b T

35 .

33 |

32

3.

30

29

28

27 4

26

s
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22 .
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4000.0
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3000

2000

/ N A
; \,\/‘/ v \!
i {
1638 ! il l‘J\
1422 E o
|l555
Tisoo
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e )
400.0
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4.2 TUFIUINN

7 = 3y A 1 J d’
(M) dugmInevesUiaesvinaoynnteen 100 Wy Hui

SOy

EHT = 15,00 kV

Noise Reduction = Avg

=

W3

fn

el

VW 145

N

98



o = ¥ 4 j‘ 1=I
(V) ﬁmﬂ"lﬂ?ﬂEJW‘\J'EN%L%@USU‘H"]WE]HTH‘?]SO-100 WY Wun

200 pm WD = 16,6 mm EHT = 16.00 kV

Mag= 1456 X Nolse Reduction = Pixel Avg. Serial No. = EVO 10-16-71 Time :15:06.02

=

A1

|

[

3

VY 145 191

Date 4 Mar 2014

ZEISS |

99



) "{ Mag= 146X Noise Reduction = Pixel Avg. Serial No

1 ¥
M19190 VA1 L/D ratio YOIV ABLANLYUIADYNIA

= EVD 10-15-71 Time :1

100

VHINDUMNAVD IV 0

L/D ratio
o8N 31 100 mesh 2.88 +1.40
50-100 mesh 3.75 £2.06

11NN 50 mesh

5.74 £2.37
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:i d o & soJ o o ’r_: ] ) %’ &
A137149N f Lﬂﬂﬁl“ﬁu@uquﬂﬂ'l'iﬂﬂcﬁﬁur}‘lﬂﬂﬂ'ﬁ'ﬂﬂﬁﬂﬂ Tﬂﬂﬂﬁtt%@ﬂ%ﬂﬂ’lﬂﬁﬂ'ﬂm

4 o A 3 v o 7 o = 1 =
US?EJ’IﬂW@ﬂJmﬁﬂ’J'IﬂJ“EumJW%ﬁ 70-80% mﬂ\ulﬂﬂiINWﬁ1ﬁﬂﬂﬁﬂ1§°]fﬂ1ﬂLLﬂ\ﬂﬁT?U}UN@NW

¥
umslsulsaniadetihesnn lifuzan

‘g & o 3
WodkuaAnsgatU (%)

22“} TPAS | TPAS+10 | TPAS+20 | TPAS+10 | TPAS+20 | TPAS+10 | TPAS+20
% >50 %>50 | %50-100 | %50-100 | %<100 | % <100
mesh mesh mesh mesh mesh mesh

0 0 0 0 0 0 0 0

1 | 5.63 7.63 7.68 4.93 5.35 8.75 7.79
2 | 17.16 | 17.03 12.27 13.81 12.6 12.68 12.01
3 | 1881 | 20.11 15.27 16.63 15 15.38 14.16
4 | 2168 | 2091 17.39 18.87 16.59 17.16 16.66
5 | 238 | 2339 18.82 21 19.44 18.87 18.82
6 | 2342 | 25.14 20.39 23.03 20.76 20.66 20.08
7 | 2703 | 2582 22.55 23.68 22.86 22.74 22.03
8 | 27.88 | 2539 22.94 23,62 23.47 21.96 20.65
9 | 3193 | 3158 28.97 26.49 25.92 26.65 23

10 | 33.79 | 32.08 29.24 28.98 27.6 27.24 24.67

11 | 3491 | 3292 30.39 30.98 29,68 28.95 26.7

12 | 3698 | 3413 31.42 32.5 3115 29.98 27.98

13 | 3894 | 35.16 32.67 33.68 33.42 31.81 30.08

14 | 384 | 3729 33.48 34.11 33.66 32.92 29.97

15 | 4159 | 3795 33.66 35.4 34.69 33.72 31.03

16 | 4227 | 3841 34.35 36.09 35.09 33.47 32.5

17 | 4269 | 3743 3591 37.51 36.18 3421 32.98

18 | 43.58 | 3827 36.26 37.45 35.83 34.71 33.62

19 | 4261 | 388 36.2 37.77 36.3 36.26 34.87

20 | 4207 | 3873 35.79 37.96 36.25 36.82 35.17

21 | 4214 | 3958 3591 38.33 36.53 36.89 35.59

22 | 4275 | 39.58 36.09 38.64 59,1 37.51 35.53
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i 9 d'

o .y & & e & en gan @
U1 o ldnansgaduihndunnussemasusfa s uFuimg 70-80% ved
4 = 1 ~ @ Qs Y 4 1
mm‘luwmﬁﬂﬂﬁmi’mmmﬁﬂaﬁnmﬂuﬂwﬁmsﬂmﬂ;anmmﬁw%sﬁaﬂmn"lﬂmﬂﬂu

DATIAIUAE

8
USuaiden
YUIADYNIA dlani o Faniii 2 dlan¥ii 3

g 4
VDIVLRDY

0% (TPAS)

10%,
>50 mesh

20%,

>50 mesh
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10%,
50-100 mesh

20%,
50-100 mesh

10%,

<100 mesh

20%,

<100 mesh




4.4 aNUMTING

! =2 o 4:%} ﬂl. ' o
(M) MINUAAIAWTIPIFIFAN VLTI UUAZBYNIAYDIUT DA AU

IMANHIN 3

104

2 i =
Llﬁﬁﬂﬂgﬂq@(ﬂ“ﬂﬂﬂ)

AMDYAVUNINTIIU (SD)

>50 50-100 <100 >50 50-100 <100
gas

mesh mesh mesh mesh Mesh mesh
0% 20.74 20.74 20.74 0.12 0.12 0.12
5% 28.85 32.64 32.28 1.31 2.21 0.12
10% 41.26 52.06 60.23 3.14 3.81 0.41
15% 75.00 80.44 79.05 5.44 1.67 0.50
20% 86.13 115.06 130.16 2.98 4,19 0.20

() MIARINNUAY B gaussRgeganuliuiauazoynnvesliosn1sn iy

v = 1 =
AUIAY U PAUTIAIGITA(RURDY)

AUDEUVUNINTFIY (SD)

>50 50-100 <100 >50 50-100 <100
gng

mesh mesh mesh mesh mesh mesh
0% 1.14 1.14 1.14 2.22 2.22 2.22
5% 1.83 2.19 .01 0.08 0.16 1.59
10% 2.55 2.98 3.50 0.17 0.16 6.55
15% 4,34 4,75 4.36 0.34 0.11 5.94
20% 4.63 5.93 7.02 0.14 0.35 7.80
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1
&

£
(M) MmanuaasegdanulInaLazayMnveIliRaen1a9 Al

uogda(AIRdY) dandoanasg (SD)

>50 50-100 <100 >50 50-100 <100
qag

mesh mesh mesh mesh mesh mesh
0% 3.87 3.87 3.87 0.48 0.48 0.48
5% 15.61 16.09 14.07 1:73 2.02 2.78
10% 25.94 37.89 30.:57 1.99 4.38 8.88
15% 66.46 71.68 73.90 3.66 2.57 13.06
20% 102.22 152.58 200.93 12.94 13.41 18.35

s d o = - w 24
(1) G]'l‘i"lﬁllﬁﬂ\fllﬂ@iL"If‘u@lﬂ?'lmﬂiﬂﬂ ]} ?‘ﬂLLSQﬂ\fl'gﬁfﬁ]ﬂ‘]_lﬁﬂ'lmllﬁ%@lgﬂ'lﬂﬂmﬂmﬁE)fJ

A9 AU
wesisuannuedva@unii) duflsasunnsgiu (SD)

>50 50-100 <100 >50 50-100 <100

qns
mesh mesh mesh mesh mesh mesh
0% 138.56 138.56 138.56 7.42 7.42 7.42
5% 46.77 47.38 63.68 5.03 1.01 3.14
10% 28.91 20702 31.96 1.05 0.93 3.50
15% 17.10 18.03 2472 0.91 1.09 1.79
20% 12.44 14.54 15.34 0.39 0.682 1.37
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L
(3) M3NUAAINMITADON B JALTIAIGIFAN VIS I IEaYMAYE I HoEA197 FU

M3daoen aigagegaAIRY) daudosuasg (D)

>50 50-100 <100 >50 50-100 <100
qns

mesh mesh mesh mesh mesh mesh
0% 33.80 33.80 33.80 1.40 1.40 1.40
5% 12.45 11.72 15.60 1.12 0.53 0.94
10% 7.21 6.93 7.74 0.27 0.30 0.41
15% 4.55 4.62 5.83 0.33 0.27 0.49
20% 3.19 3.64 3.70 0.26 0.18 0.40

o ) Eg 3 o
(M) MIULAAIAIIUUVING ﬂUﬁNTmLLﬂ$@Hﬂ1ﬂW93WLﬁﬂﬂﬂ‘]\?‘]ﬂu

anuudenac@unde) drudlsauumasgii (Sp)

>50 50-100 <100 >50 50-100 <100
qas

mesh mesh mesh mesh mesh mesh
0% 6.8 6.8 9 0.27 0:27 0.71
5% 12.2 12.6 13.6 0.84 0.55 0.55
10% 18 18.2 21.8 0:71 0.55 0.84
15% 244 242 254 0.55 0.84 0.55
20% 29 26.2 31.6 0.84 0.84 0.55
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NMANUHIN 2

DTG /(%/min)

Man 201403051628 User TGO

TG %
100 +q\—<1
\ !‘1
\ Ik - . B 2]
r‘\ ‘Xr /‘,wa_”‘“m /.,\-J‘.f B i T AL B R N T
s -~ L Y ey 4
80 - ! S Mo\ N !
e | X ‘ N : =
Pealr\?—g F. -1 23 Yo \ ; : ,i
Onset 423 90 \\ \/ 3'
Mass Change -6 45 % \3 / | 4
60 A &\M / F p
Peak \ﬂ r';f:,ua 7% Wefmin M ’ -6
Oriset; 154 7/°C s
My i b
Mass Change 2% 1% % ! N
40 | el -2
9 f Onset 295.9 °C
l\_ i Mass Change: -65 48 %
|\ 2°0. <1229 %imin L
201 ¥, -12
(1] TPAS ngbsti 0 -14
04 === -OT6
100 200 300 400 500

Temperature /°C

ZECHProteus\dat 567 0INTPAS ngb-sth

Atmosphere: - /N2/ N2

Inswumen :
Project :
Identity : 57 033

Dateftime: 3472014123327 PM
Laboratory @ KMITL

NETZSCH TG 209F3 File: CWNETZ!

Sample :
Material :
Correction file :

Range :

TPAS

Temp, calib, file : Cal 18-08-2011.ngb-16

35/10 D(i<min) 600

TG 209F3 glandad/P
36144 my
TG/Sampk

14

A0

Sample car/TC
Sample mims :
Mode'type of meas. :
Segments ;

Crucible ;

Corfm, range ; 0002000 my

Croalond with NETZ SCH Protgus sotware]

Operatar

o a o 1 {1 o wa &
TGA uagDTG vounes lunamdnamsyanuilaieeienn lifimsUSullysauindaed

. i
Bewanliuza (USuaiihes 0%)
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TGA

TG /% DTG /(%/min)
100 4
\\
N /
N / 5
N, Af
N
80 Orsel: 45 S;i{: Onset: 297.7 °C
Mass Change. -5 96 % Mass C:Fange -5 40 9
Peak 667 °C. -1 20 vrnur: ; ; 3\;. 132 Stmin 11
L ) VR
F'\-.__._ /‘{/‘"’l"lw“\-\. }\ /,»-—-'“W'""-“'"‘"v'd'“'-"*"‘-"“-"'"—-"l""-"*"" O
~, J' LU
60 - N \
‘ I > Paak 550 -1.73 Sohnin
i ,. T AE 3 e~
i \\ Onset ez L.5
\ [ Foy Mass/znang{‘ma@%
40 - P 5 il R
Onget 163 9 °C . / >
Mass Change: -22.64 % \'. /’ M 10
/ N
f/', \\\“\
20 /
/ b1
s,
“\ w15
)
0 4
T T r T
200 300 400 500
T ature /°C
Main 201403051808 User TG SMmper ture
s trument : NETZSECH TS 209F3 File: ©WETZSCHProtsusidat67_033110% &0 mesh ngb- st
Project : Sample : 10%>50 mech Sample cor/TC; TG 209F3 stand ard/P Atmosphere: -/ K2/ N2
Idemity ; 57033 Material ; Sample mass : 6.5651 mg Corr/m, range : 0002000 mg
Date'time:  3/4/2014 10:07 42 AM Correction file ; Moadeitype of meas.: TG/Sample
Laboratory : [<MITL Temp. calib. file : €4l 18.03-201 1 ngb-16 Segments ; "
Operator : Range : 35/10 O(Kanin)B00 Crucible : ARCE
Croated with NETZ SCH Frofaus scaware|

s A P 9y VoA e way A4
UAgDTG voun o luwamadnamivanuilineedonnliuljsmnindvaiion

910 lduza1 USuIme 10% 4um >50 mesh
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TG /% DTG /(%/min)
!
\ : g
Vel At R e L Nt Pt 1
~ R
A /
/ N A
| N\, / VX ‘ ; L -2
80 Henge -6 2% % N ‘\ . i ak 3 . -1 64 Bofmin
14 f’;:(' X \ ! ! Qnsst 3572 °C
Peak §01°C 130 0%mn  \, \Qf ! Mass Charge: -7 68 % -
\F\‘ " T /
60 - S — {
Mass Qhange -2231 % -6
Qnsel 1578 °C /
y i
< ATE 7 00 -4 82 Siman / / L .8
40 - \
b
\\‘ [ '10
.
A2
20 b
N
N
igr-14
0 : : ; : --16
200 300 400 500
Temperature /°C
Main 201403051630 User. TO
nstrument: NETZECH TG 209F3 Fila: ©WETZSCHWPrtsusudats67_046110% 50.100 mesh nge-36
Project: Sample : 10% £0-100 roesh Sample carTC: TG 209F3 standardiP Atmos phere: - /N2/7N2
Kemity : &7 040 Material : Sample mass ¢ 4 5865 mg Corr/m. range : 0002000 mg
Datetime :  3/4/2014 222 41 PM Cotrection file : Modeaype of moas, : TGSample
Laboratory : |<MITL Temp, calib. fite: Cal 18.08. 2011 ngb- 16 Segments : 7
Operator : Range : 50,00/ minpe00 Crueible ; ARO3

Creaed with NETZ SCH Froteus §caware]

o a s Y 9 oA wmy A4
TGA uagDTG vounas lunaadnamsyanuilinoedonidivdysaniadntines

90l uza USuae 10% 411@ 50-100 mesh
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' ¥
TGA WagDTG vaunes luwaadnamiynnuilsiineionilsuljsanifdistidon

910 Iuea1 U518 10% YUe <100 mesh

TG /% DTG /(%/min)
100 4+ 1 "
n et A P e S
B . / 4
i \ L/‘ / /"F” e RETITTE
‘! ; Dpak 363 37 SeAmir |
80 - S / / Feaak 36 1 e )
. : Ineatt 58 & ¢
Pe:a&.\‘-‘f;? 7 -1 84 %/min / Oneet* 3588 °C
Yoo L Mass Zhange -8.74 %
Onset 45 3 /¢ ! ’ f g 4
Mass Change -3 54 % Iy / b, -
60 A i N
/ N
/ N\
onset 162 7°C : N\ 6
Mess Change -20 78 % i N
\
' \
40 [ \
[ / AN
[ 1 . W
/ ! /
P . Y
20 Onset 267 F et /
- naet 2043 °C
e S / . t-10
Mass Change -54 98'\% | Ny
R " N\\—\:‘
e TG
0 DTG Pagk 2191 J% =11 81 Tinin -12
100 200 300 400 500
) Temperature /°C
Main 201403051801 User. TG
Inslrument : NETZECH TG 209F3 Fila: ¢ WETISCHProteus\datiS'67 133v10%_100 mesh ngb-stb,
Project : Sample : 10%<100 mesh Sample car/TC ¢ TG 209F3 standardiP Atmosphere: - /KN2/N2
Identity : 67 033 Material : Sample mass @ 6 4376 mg Corr/m. range : DU02000 mg
Dareftime: 3/43/2014 1203 22 PM Correction file : Modeitype of meas.: TG/Samph
Laboratory : IKMITL Temp, calib, file : Cal18.03.2011 ngb-16 Segments : A
Operator : Range : 35710 O ¥/min)G00 Crucible : Al2C3
Croated wih NETZ SCH Froteus m:r:wafd
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TG /%

100 *-}_—4-\?:-::;-!
& Rl b Y

|, T
N L .
Yo \
T A\ N\
80 Foak. 3 9 °Cf-0.98 %inin ‘\ \
Onset A1 gec K .\_

/

Mass Change: -3 75 %

60 A

5
/ {
Mass Change: -22 58 9 .
40 A i

b
Onset 235/% G
Mass Chande -54 82 %

20 4

P
[ A
i |

Peak 2196 °C, -11 15 %kn

~

e e e s e At L s ]

248 96Anin
Onset 380.2°C
Mass =‘.‘h§ohge 1157 %

F X
b

DTG /%/min)
1O

L2

L4

\\ "

[1] 20%,_50 mesh ngb~-st6 W \
e P, P Mg s }
o] #15% mn oTG \Ez

u‘!l wll

100 200

Main 201403051814 Lser. TG

Temperature /°C

400 500

Ins trumiant ¢

NETZSCH TG 209F3 File: CWETZECHPstsusdatab67 13320% 50 mesh ngh-s6

Preject:

llentity : 57 033

Sample : 20%>50 mesh

Material ;

Sample car/TC ¢
Sample mass

TG 209F3 standard/P
49775 my

Dateftime:  3/3/2014 42315 PM Correction file: Modetype of meas, : TGSample
Laboratory : KMITL Temp. calib. file: Cal 18.08.2011 ngb- 6 Segments ; "
Operator Range : 351 0.0(K/min}B00 Crucible ; ALO3

Atmospleie: - /MN2Z/N2
Corr/m, range : 000/2000 my

Created with NETZ SCH Froteus scfware]

] ¥
TGA Ua¥DTG voumes lunmadnanisnaudlainedeniiulysauiadistides

910 liuea U500 20% Uu1@ >50 mesh



112

o
Main 201403051535 User. TG Temperature r'c

TG /% DTG A(%/min)
Bl — §
,in 1 i
¢ \\‘}/‘_‘.—:‘{m (\‘\,.._n.-.,--—-—'w'-—'—“.'\.r o T e 0
X \ ! ¥ K
80 A I ""F-Q\v " / \.\ j - -2
i Peak 350 °-ff L~ 180 min’y / L Bal, 262 4 h
Onset 42 °C : 7 Cneet” 359 1 °C
O s L 7 b -
Mesechangs. -5.92:% i, Mass Cl"éng\?. -10 53 % 4
60 b ‘ ! /1 \ | —6
{ ’
Onset 156 1 f¢ / /
Mass Changs 22 37 % ;. // \\\ -8
40 4 / ;
/ / N\ -10
Onset 264 ,f-t*cf ’ \
Mass Change. -5285 ¢ \ +12
20 4 Feak 3197 ° ™
I H-14
; [ . it
!Mﬂnzg%sg-mo r;esnwb-s(t- Y 16
ol -~~~ oT6
100 200 300 400 500

Ins Irument :

NETZSCH TG 200F3 Filat CWETZSCHProtsusidatd67_04020% 50-100 mesh ngb- 58

Project : Sample: 20% £0-100 rmesh Sample car./TC: TG 209F3 stangard/P Atmosphere: - fN2/N2
Klemity : 67 040 Material : Sample mass ; 43755 my Corr/m, range : 0002000 mg
Dateftime:  3/472014 423 48 PM Correction file : Maodetype of mams. : TGSample

Laboratory : KMITL Temp. calib. file : Cal 18.06.2011 ngh-#E Segments : il

Operator Rainge : 351 0.0/ min)s00 Crucible : ALO3

Createdwilh NETZ SCH Froteus schwaled

o = -4 9| 9/ 1 o N s g g d'l
TGA uagDTG vounes lunaadnamivanuilinaoienndiulssauiiadetines

0n lfuea USunae 20% Y119 50-100 mesh
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TG /% DTG /(%/min)
100 4 "\'i L
X il e AR T AR D
. Ty T !
S L // ey ;
e 7 N ARG 90°C, -2 12 %imin |
80 - Eoif \ e rsel 4864 4 2
Poaic 5843 °C /1 5T Suimin \ /! Onsel 356 5 °C
Cnsel 52 ;,a,;(n ; f Masi./.neﬂg‘a -9 63 4%
Mass Changs -6 85 % / / % F-4
/
60 ‘ / N\
i / B
] // -] L6
‘ AN
J e / N\
40 - 47 / R
A { / W -8
" oo™ 1% ko
Onset 208,3°C \\
Mass Chande: -63 \
20 4 ok 315870 108 =10
“‘{
[1] 20%_100 mesh.ngb-st6 1 12
s T (3 Lo
D, ™ o o DTG
100 200 300 400 500
= Temperature /°C
Main Z01403051821  User TG
strumant : NETZSCH TG 209F3 File: ©WETZECHProtsusidata5 7 13320% 100 mesh ngb-stb
Project: Sample : 20%<100 mesh Sample car./TC : TG 209F3 standard/P Atmosphere: - /N2/N2
ldemity : 67 033 Material : Sample mass : 57668 mg Cor/m. range : 8002000 mg
Dateftime: 34172014 32222 PM Correction file ; Madedype of meas. : TGSample
Laboratory : KMITL Temp, cadib. file: Cal 18082011 ngh-th Segments : "
Operator : Range ; 35N 0.0(KiminyB00 Crucible ALO3
Cregtad wilth NETZ SCH Froteus 6 cRwal

o = 4 9| 9/ 1 ci o s 9/ a:’lJ d‘l
TGA 1lagDTG ‘UENL‘V]EJ‘J'T&JWﬂ'Iﬁ'ﬂﬂﬁ@"]'lﬁ“lf‘i]'IﬂLL'JJ%‘WTJEﬂfJﬂJE)iJWIJSU‘}JEﬁﬁllllﬁﬂ’]tl’ﬂ!.ﬁﬁ]tl

210 1 uEA1 Y5019 20% YU <100 mesh
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MANHIN A

4.6 aNvAMIdosaaly

wa A £ 4 a T e [
audAFInavesunumes luwaradnamsvvninulaihamedenifimefudss

wa g/ dy 4 ' o ' 1 a ] a
auadiaesnn lifuga lusmaiumeqguasmnmsnageunmsdovaats Tnomsieau

=3 v gl’ A‘i 1 m
() FI1‘5']51LLﬁﬂQLLiﬁﬂdQﬂ’cjﬂﬂ‘]J‘lEﬂJ']mLLT;W@lgﬂ"Iﬂ“lli)\i‘l.llﬂ'ﬂtlﬂ']ﬂ"] 1

U3sRegegAEIRTY) danifoannanasgy (D)
gag =50 50-100 <100 >50 50-100 <100
mesh mesh mesh mesh mesh mesh

0% 1.13 1.13 1.13 0.21 0.21 0.21
10% a5 4.60 6.54 0.44 0.95 2.48
20% 5.43 2.43 10.58 1.03 0.19 4.00

] ) ¥ A 1 v
(1) MINARIANUUTUTI B JAuTIRegeganSinauazeyn1AvBIAnDuA1n AL

AT 2 9ANTIRIFITA (Aunde) ﬁautﬁmmummgm (SD)
aas >50 50-100 <100 >50 50-100 <100
mesh mesh mesh mesh mesh mesh

0% 0.05 0.05 0.05 0.01 0.01 0.01
10% 0.10 0.20 0.33 0.02 0.05 0.14
20% 0.21 0.08 0.45 0.04 0.01 0.19




o
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weRaT (AUNGY)

amdouuuNIAIgIUL (SD)

gag >50 50-100 <100 >50 50-100 <100

mesh mesh mesh mesh mesh mesh

0% 0.20 0.20 0.20 0.07 0.07 0.07

10% 0.61 0.67 1.36 0.36 0.13 0.43

20% 1.16 0.43 2.24 0.14 0.02 1.04
(4) MIUARINITUABDN iqmmaﬁqg&qﬂﬁ'uﬂ?mmsmzmgmﬂmaa%;?iauehmﬁ'u

- 2 i a
NTUADDN ?ﬂllﬁﬁﬂﬂg’ﬂ@fﬂ (A1nRaY)

AIMTBBUUNIANTIU (SD)

g >50 50-100 <100 >50 50-100 <100

mesh mesh mesh mesh mesh mesh
0% 8.93 8.93 8.93 1.78 1.78 1.78
10% 7.34 11.04 9.62 1.23 0.53 1.65
20% 7.01 5.90 9.72 1.04 0.71 0.77

g ¢ w g
(0 mausaadesiuannuaion o yaussRegegaiulSinauazoymavestides

AN

- ~ -~ ' =
Lﬂﬂil“ﬂuﬂﬂﬂmﬂiﬂﬂ 3l ?ﬂLLE\“Iﬂﬂ’Q’\‘)EI@ (ﬂ'ILTmEJ)

AUeAVUNINTIIY (SD)

qa9 >50 50-100 <100 >50 50-100 <100

mesh mesh mesh mesh mesh mesh
0% 35.70 35.70 35.70 7.11 7.1 7411
10% 29.36 44.17 38.48 4.92 2.14 6.6
20% 28.04 23.60 38.88 4,16 2.85 3.07




