Thermogravimetric Analysis
(TGA)

Jl

P

OlE &

0l

=
=

Instruments

Jo

X

> &8I0l CHol (Instrumentation)

> Hardware

> 2 & (calibration)

> &8 1A Ate(experimental considerations)
> EZ(applications)

TGA; % 1 © 2017 TAInstruments Korea— Waters LLC

RGN

http://wwnw.tainstruments.co.kr

1% — ZHI0ll CHatl

N

Instruments

> &0, Ml =&

> X2 (balance), Jt<E Z(furnace), & 1 &t J|(heat
exchanger)

> 2 25 B3

I Xl JtA(Purge gas)

> &3 J| =« (Baseline)

A& EH|(Sample preparation)2t = & St ™

1 & (pan selection)

> =4 & (Method)

> JIEF ALE

\%

\%

TGA; % i © 2017 TAlInstruments Korea— Waters LLC http:/fwww. tainstruments.co.kr TA

TGA: J|z9 =&

TGA: A8 ==X

> TGA(Thermogravimetric Analysis; 2= & 2 &)= =H
JIHE SHe S#AUAN 22 &4+2 NE2 St
OHgigs 2z

4
<

P oF
> Z

—

\ L M /
Gas out

‘ Al E(s.amplc)

X (balance)

/\\

TGA; 7% iR © 2017 TA Instruments Korea— Waters LLC hitp://www.tainstruments.co.kr 5 (T

> JI2X2Z 4=2~1200CHAM AlES 74
24 X

25 tHd= FAtote O

> 25 g2, &g, Z20(=2) Y S0l 28
20t = Ol At

/\\

) TA

TGA; J| & il % © 2017 TAlInstruments Korea— WatersLLC http://www.tainstruments.co.kr




TGAZ &4 Jisst A TGA; & B39 J| & (mechanism)
* 210X A (Thermal Stability) > S LA
_ e o = 20l (Decomposition); 3t Z& 0] Z20H A &2
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* [t E AlE2 7 & & =2(Composition) = S Y (Evaporation); D20l A A HAF0| 0t
_ = BHRGER ODIN SEUM(EL, 22LI0FS) AIZEIL
* W=E2l =20k BtS = = (Decomposition Kinetics) sl = Ao = )
* HIZ9| % H©IHEstimated Lifetime) = EZ(desorption)
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TGA Hardware

1. TA ; & X module
2. Hardware O| 5l
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JIE 2(furnace) Al

23 g4
(vertical)
TGA Q50/500, Discovery =g
TGA series I‘I !
23 24

(horizontal)
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Q Series TGA’s

TGAQ Al Z: =R SH/H8 A

I. Q50 & Q500

Q50

TGA; J| & il % © 2017 TAlInstruments Korea— WatersLLC http://www.tainstruments.co.kr

=4 Q50 Q500

A 8(low mass) JlE(=&) Jl2(==2)
gz .
EGA(Y%E JIAl 24) HEALSY S EH ARQE
e gy A2 ~1,000C | & ~1,000C

MFC ol e
Autosampler (A3) MELAFQE
D A= TGA (Hi-Res TGA™) (213) (B ARQF
Modulated TGA(MTGA™) A43) S EH ARQE

BXA3d =& (282) =
2 Jbs oA Jbs

PP LY ms ot '
Q 500 s oi% FT-IR 012 Obs EEPIS
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Discovery TGA(old); HI&(Specifications)

New DTGA Al X: =R SH/EE ALY

249 & ~1200°C
s2 2L ¥sd +1°C
(Isothermal Temperature Accuracy)
=& &Y & (Temperature Precision) +1°C
g & el 0.1 ~ 500°C/min (Linear)
>2000°C/min (Ballistic)
NE S 49 750 mg
A2 =g ¢35 82 (Dynamic Range) 100 mg
=¢ & =5 (weighing accuracy) +0.1%
=g 825 (Weighing Precision) +0.01%
2 & (Sensitivity) <0.1ug
CHAI2E & S (Short Term Noise) (rms) <0.03 ug
=¥ JIEN & d(Baseline Linearity) <1ug
(50 ~ 1000°C)
=& JI&EH 01 5(Drift) (50 ~ 1000°C) 10 ug
41'S olf & &= (Signal Resolution) 0.001 pg
TGA; J = W © 2017 TA Instruments Korea— Waters LLC http://www.tainstruments.co.kr (/—I:\\

=4 55 550 5500
gz A8 (Standard) JIR(AE) | D)
EGA(ZE JIAl 24) I EYALQY LB ALY Jl= (=A)
de~ de~ He~
EX g4 1,000C 1,000C 1,200C
MFC e = e
4 Gas Blending 2 & [al= AR ol
25 position Autosampler HEd ArSE Jle
D M= TGA (Hi-Res TGA™) - sen Apet ol=
Modulated TGA(MTGA™) - HE ALY ol
App-Style EIXI ATl =& o= ol o=
UE I BA MS oA Jts o1& Jbs oA s
s 0% FT-IR 012 IHs EEPI 012 IHs
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Discovery TGA; Al & (Specifications)

Discovery
Q50 Q500 (old)
sHFEEE +0.5% +0.5% +0.1%

Y IFLT +0.01% +0.01% | +0.01%
25 0.1 ug 0.1 ug <0.1pug
JIEE s 50 50 10
< < <
(Dynamic Drift)* Ha Ha Ha
=2 32 +0.1C +0.1C +0.1C

* Bl Ptpan2 2 50 —1000 °C, 20 °C/min scan S [ S&F 2t B3} /.‘\\
15 (,T
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[ seecification | Teass | TeAsso | TeAsso |

[ ERperatireiRange Ml Armbient to 1000°C  Ambient to 1000°C  Ambient to 1200°C

| Temperature Precision | £0.1°C £0.1°C £0.1°C

FEETRERaE R  o. o 100°Cimin 0.1 to 100°C/min 0.1 to 500°C/min

rEstRgRaE gt  >600°Cimin >600°C/min >1500°C/min

_ 1000°C to 50°C 1000°C to 50°C 1200°C to 35°C
<12 min <12 min <10 min

| sample Weight Capacity | 1000mg 1000mg 1000mg

| Dynamic Weighing Range | 1000mg 1000mg 1000mg

| Weighing Precision | 0.01% 0.01% 0.01%

_50 uTorr (EGA furnace) 50 pTorr (EGA furnace) 50 pTorr

[1] Without baseline subtraction

/.‘\\
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TGA; M 20| &=ol= YAl

TGA; M 20| &=ol= YAl

« M8; YE-7& &el(null-balance principle)2 &=
s A UMM Hol 222 Y
s QENM HAHULH TEot= 2o 20l XH0ID0F Al ;
HN2E S2iN 9802 3 2EE &

cHFOR OUF F= 0 ERE MR A0l B2
HSHol Hiel &t

cf. =2 MO Z R %0l S0 HotH ‘A2t

Kl ¢ (time delay)0l M2 4= S
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# & 3(photodiode)

[ Null-balance ¥4} ]

LERFTIIN L2 Y L0 =&

2. NSS ECH AR FAI0 =Ldl=
2ol 20 HHA

3. B2 B0 =Ll= K2 20| 201
NS ISEFVIARYOZTYS
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cf. time delayJl 9 20{<9}?
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o

& A0 2 53(Q50/500)

2 HA(
IR 22 [0l 2=(Infrared LED)

232l E & (Meter movement)

] arm)

S B(Tare pan)
AIZ Z& H(Sample platform)
& & % (Thermocouple)

AlZ ®i(Sample pan)
Ol 2 01 #22|(Fumnace assembly)
Xl 1%l %5 (Purge gas outlet)
JH& Dl (Heater)

bt

X 213 27 (Purge gas inlet)

A& 8 DH0(Sample pan holder)
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<O SH/FO EA0l JIERE
20 228 & AN &

FTC ; S &s
SE 0 W =F Jis
+ Hi-Res™, MTGA™0f 0| & \

cf. TCRIX= =8 Its8
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TGA Balance Housing

Hang down Wire & Loop

Balance
Purge

2 1z
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Techtips & & : https://www.voutube.com/watch?v=P10mQkkkauA

Kapton
Hang down
Loop

Sample
Hang down
Wire

22 (/TA
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TGA Furnaces

Q500/50 = JI2 2(standard furnace)

> HE & > EGAE &=
= ZE0 =S = 0l 2
= DA E(Hi-Res) 48 & = OtZE Q| A H(quartz)2;

Q Al2l=; 202 OILH H=2 £t
Discovery Al2I=; 122 =
Ol LK &2t - Q
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Balance purge

Sample
Thermocouple

1= Cocling
Jacket

Purge Gas In
AR lE wao| Mo
Heool 22 98| A o
— Sample Pan

* purge gaS7|' fl\_rg l:(l)}?:ét; %F_g Furnace
of gk glol Br8-E 1t purge Tube
gasE ugstr| 2lgt -
m—_'
P Heater
Circuit
7
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Q500/50 EGA ; Jtg=29| ¢t™

Heat Exchanger — & 4

| M2 2 purge gas flow

g0 ) AZE TC
(Quartz Liner)

Off-Gases  «——

Furnace Core
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> ‘2Ol eF 2Lt #2156t 2~ every 3 months

> Z0l HAXN; &8l AFH 201 S0 SLICH
ServiceJl ‘210 A&’ 8Lt ‘conditioner’

> M= LIA Q series S/IWWHI A “Control \ Prime

Exchanger” ==&
P/N 952377.901
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QP EME(Autosampler)

- &4 sequence HE J| st &M,
PE A2 2AND| IS
cQA2IE ;160 EE

48MMAN = JIs)
«DTGAAICIZ; 25 Ot E&F
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TGA/SDT Calibration

N

Instruments

TGA; Calibrations

SDT: Calibrations

> A (2 o9)
> 25 (2 29)
> N2 S (WS Toi22X R5H3)

cf. Q Al2l == MFC(mass flow controller)Jt
JIX RS HOE. HZAlOIDI calibration
I JALEZ N0l &€ 0l= 813,
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> TGA ; E2/beam B8
> DTA baseline &

» DSC heat flow & cell constant £ &

o

cC o
— T

0

1 &9z 2

cf. 28 &8, TAKorea SHIO| X2 ‘D2 & ->6t=20 NZE’
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2% Calibration: # 2l &

TGA; 2 23

o & XA (Paramagnetism), 2 At & (Ferromagnetism)
- a0 B2 = A= & E(have magnetic susceptibility)

e F 2l &%(Curie Point Temperature)
-SEO AL, BNE S &4dtsE 25 (offset point=

o)

Scte g LICH

Why?

» Vertical Balance Configuration - TGA 2050/2950/
Q series/Discovery series

HEE

[ |

AAAAAAA

=)
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Nickel ; T ture Calibrati E; SN =8 = US
ICKel ; Iemperature Calipration " ; = = =
Micked- Callraion
1015
100.40 )
for
Nickel Foil
100.35
Certified Reference Material Lot Namber CRM7-40211
Measurement Traceability 1010
100.20
Contiied Reference Materal = Nl i Alumel
Certified Carle Temperature: 3582 + 2.1 °C
— o,
. 157.00°C
g
z £ 1005
£ 10020 ]
z =
100.15
100.0 i
oo Nickel
368.80°C
100.08
995 T T T T
100.00 . . . . . 100 200 300 abo 500
330 a0 350 260 a0 380 390 Temperature (°C)
[ —— /\\ /\\
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SDT: #2223

> Horizontal Balance Configuration - SDT 2960 & Q600

Tare

/\\
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SDT: Curie Point £ 3
100.5
X4SED MBS0 20l= SDT 2960
saLa
100.0
_ / 350.47C
£ 995
E
=)
g 99.0
98.5 |
98.0 ‘ ‘ : :
0 100 200 300 400 500
Temperature ()
7
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Discovery/Q series — Curie Point Standards

Calcium Oxalate ; & =oll

100.6 - . " N
rpage | RSNt > 1sStep  CaC,0,H,0 (s) — CaC,0,(s) + H,0 (g)
S3G AT 00638 Calcium Oxalate Monohydrate Calcium Oxalate
100.4 748 “C Nickel
63% Ca 37%
£ ) > 2Md Step  CaC,0,(s) CaCO;(s) + CO (g)
% 100.2 Feh o =2 Cobalt; 1116 T Calcium Oxalate Calcium Carbonate
=
- > 39 Step CaCOs(s) CaO(s) + CO, (9)
1 Calcium Carbonate Calcium Oxide
ALIMAEL® 1 1 ki OO s iR Coap e, ST, N
39.8 - ' : ! EXR
200 400 B0 £an 1000 ‘demonstration’ SS 2. Verification, calibration 01 = 1% =X 22
Temperature (°C) Bt 91 MDH X O10F P (orN2purge & &#3)
« Ih& H=3| T2 M ~20mg run. Heating rate ¥ OF &
S E 0l kit2 Q600 SDTOH A = ALS & += ASLICL N28t air purge Z 0t CH2
7~ 7~
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Calcium Oxalate ; Bt5 & 4
&2 X2H0WA 88 8=
6
CaC204+H20 (s) > CaCO3 (s) > .
100 CaC204 (s) + H20 (g) €a0 (s) + CO2 (g) EXperlmental
§ o o
] Considerations
&1 CaC204 (5) > )
§ CaC03 (s) + CO (g) %’
£ Z
§ 60+ g
407 | m
. _ ‘ ‘ : ( TA
200 400 600 800 -
Temperature (°C) Ins o
/-'\\ nstruments
TGA; | & 1% © 2017 TAInstruments Korea— Waters LLC hitp:/lwww.tainstruments.co.kr 39 (T
. = . ==
TGA/SDT; Purge Gas & =4 A8 TGA; Purge Gas S8
=
* TGA !
> o 2Axs 284 JIH(N, S)2 M Z(balance)
Zo2 Woiof & GAS /2
X 90ml/min
> BIEH/2AL IME NBOIE2 Bo20 €2 Jts

* SDT
> SAUIE S HX JIHE L0/0F &
> S 8/2AHIIHE 2% portll N S JHsE

cf. 29602 =2ts

TGA; J| & il % © 2017 TAlInstruments Korea— WatersLLC http://www.tainstruments.co.kr

GAS 1/2
EGA
gz
=)
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TGA/SDT; Purge Gas S &

TGA: Q Al2| = Purge Gas ¢1 &

¢ Discovery TGA/ Q5000 IR
/Discovery 5500

10ml/min X 2

25ml/min Jtg 2

*SDT Q600/ 2960
100 - 200mL/min (could
go even higher)

*Q500/50/Discovery TGA 550/55

¢ Standard Furnace * EGA Furnace
100mL/min. total:
40mL/min. X 2
60mL/min. Jt 2

100mL/min. total:
10mL/min. X &
90mL/min. Ot 2

TGA; J| & il % © 2017 TAlInstruments Korea— WatersLLC hitp://www.tainstruments.co.kr

L
GAS 1/2
= gas 1 ; sample / balance I.
area 25 fea
= gas2;purgegas 7S oo, WL B T
BtZE M Lt, sample0il [rlr_if
S0ti=gasE HtE [ AFE . i
pu pu
=~ =~
43 (T TGA; Jl & & © 2017 TAlInstruments Korea - Waters LLC htp://www._tainstruments.co.kr 44 (

S 1 ["0ml/min

Al

.

1
> MFC 8l= &t
.
3
|

G.

1

1

Iy | l'

= gas 1 ; sample areaZ 2t (T |
S0{2tCh ;

= gas 2 ; balance areaZ 0t

S0{2tCh 3 e

> MFC /= &ty| J |-_. m 60ml/min

—

TGA/SDT; Purge Gas

HI &4 vs. &3} Purge Gas

*N,; Jt& LB K&,
* He ; baseline0l £ZJ| 120l AtE JtsS3tLL,
D20 JIg2 g2 220 2

[Ol7; E&8ES0] 0% ACH]

° Air; &3t tEHE/E QHE A A0S XHOI 20l
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COJ} CO2F A+at; oxalate C) E=Zof ISS Z X

s= S

4 140
Calcium Oxalate in Air
————_ Calcium Oxalate in Nitrogen
2] Simultaneous DSC-TGA
o4 T120
5 2|
% . < 11005
= —
° S
L >
© 80
o CaC204 -> \\ ;
T -8 €aCO03 + CO >
\
| In air ; 2C0+02 -> 200
-10 '
\ 60
\
-124 |
\
\
14 :

f - T 40
200 400 600 800 1000
Temperature (°C)

EBolp
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TGA/SDT; Baseline 1121 A&t

Q500 Baseline Performance

* TGA/SDT & i HA 0l baseline BZ2 2 =&

TGA; % 1 © 2017 TAlInstruments Korea— Waters LLC
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Spec 50pg
Drift ~19 pug

Weight ()

5 Q500, 20°C/min Ramp

WMWWM"
Zbﬁ 460 6‘60 S“DO 1000
Temperature (T)

/\\

48 TA
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TGA: Dynamic Baseline Performance

New DTGA 550: Baseline Performance
M Spec 258
[E—
Discovery TGA 550
Empty Pan Baseline @ 20°C/Min
Weight drift ~15pg
<15 1
o
1 ES B " - B = = 2 N
Tenatena 100
7
TGA; J1% @R © 2017 TAInstruments Korea— Waters LLC hitp:/fwww.ainstruments.co.kr 49 " T,

Discovery(Q5000 IR);

o run Wl g
20°C/min, & 2~1000°C
2+ Spec 10ug
¥
X <6 |8
=
4

Total drift of < 6 pg

200 400 600 800 1000
Temperature (T ) Universal V42D TA Instrumey
C1a
TGA; % 1 © 2017 TAInstruments Korea— Waters LLC hitp://www.tainstruments.co.kr 50 " TA

New DTGA5500: Baseline Performance

SDT Baseline Performance

Discovery TGA 5500
Empty Pan Baseline @ 20°C/min
Weight drift <2pg

Spec 10ug
2
o
z
B
5
S
o 100 200 200 400 500 600 700 800 a00 1000

Temperalure 1 {'C)

TGA; JIF MR © 2017 TAInstruments Korea— Waters LLC hitp://www.tainstruments.co.kr

20°C/min
104 Ramp

<401

4

200 40 600 800 1000 1200 1400 1600
Temperature (°C)

TGA; J| & i & © 2017 TAlInstruments Korea— WatersLLC http://www.tainstruments.co.kr

Universal V338 TA Instruments

= (1A

TGA/SDT: J| Z&(Baseline) #< 24

TGA; dl 2(level) D]

JI210t =01 "ol ota A

M0l DSCRCS S22l ML Mt T4
Hangdown wire / beam &HEH

wire ® 01 QO H2EHLICH
Hangdown tube &fEf

FHLE =0l 012 H US wire
e =8 &I

4 OlLI® ®o| s A=

c JI¥RO HAET

Ol&lst DIADN L™ Sak 2
HX JIM =&

T ZAE0 €etHR
=H BJ|9 58

A HHCHD offgas portOl JIDHOI HCHHE A 01 R

JtE=22 Jt2dlZ Hol
SOHIIEAl Eolo) =M R.

= (1A
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! & TGA - baseline drift

)

Weight (i

k=1 inelll 0l Xl= 9 & ‘UF s; 5
Purge Gas 7 &; Baseline0ll 0| X| = S4° 55
50
20| . oot ]
Fao
Q500 TGA w/ EGA Furnace @ 20 T /min — — j
104 o s w0l =
E 3
2 fwE Furnace
P z H
woe |8 g ol
s 3
2 F20 8
* Balance/Sample=60/40ml ; | 2 H 1 i
drift 71.63pg & 8 1 ]
1 1
o[ /‘ b
Lo
’ Balance Purge 10ml/min of He ]
T T T T 0
280 %0 N %0 1000
Temperature (T )
7~
TGA; J = W © 2017 TA Instruments Korea— Waters LLC http:/iwww.tainstruments.co.kr 55 T TGA; J = W © 2017 TA Instruments Korea— Waters LLC

Furnace

el

P s

http://wwnw.tainstruments.co.kr
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120 pg Calcium Oxalate

27ug Sodium Tartrate

100-

Weight (%)

Calcium Oxalate (120ug sample)
ST AL 15m1

12.32%
(0.01564mg)

TGA; % 1 © 2017 TAlInstruments Korea— Waters LLC

150 200 250
Temperature (°C)

http://www.tainstruments.co.kr
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Weight (%)

Sodium Tartrate water loss
literature value : 15.65%

EST AL 4m

15.56%
(0.004201mg)

TGA; % i © 2017 TAlInstruments Korea— Waters LLC

100 140 160 B

B
Temperature (°C)

http://www.tainstruments.co.kr
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TGA; A3 samplel| FEH SH A=

TGA

E0d =2 8RR 53

’
100.1 120
Discovery TGA . Discovery TGA
2.4 mg PET Bottle Polyolefin 4 5 o
; 100 Xpande
10°C/min
15 mg Scale a2ug
100.0 = S k 21
80 0.28%
g 62% Vi g o 0
= 0.2162 =
% 99.94 (0.005198 5
]
= = 40
99.84 ®
Baseline —
99.7 ; v v ; r : ; 20 . . . .
20 40 60 80 100 120 140 16 200 400 600 800

TGA; % 1 © 2017 TAlInstruments Korea— Waters LLC

Temperature (°C)
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Temperature (°C)

0 180
Universal V394 TA Instru

59 L
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TGA/SDT; Al& &HI51D|

TGA/SDT; Al& &HI (cont.)

[£=!
0

ERLECEEEEELEY

7 b > o
flo rlo Hu o

10

ot

x @

Jal

=2

2 10

o

Il
*auaa
aunaw

e A

t_m

=2+ 10~20mg (I 2 2), 50~100mg (3124 & & 2

222 TGA ¥ tHl= baseline driftJt;
+0.025mg (0.25%, 10mg sample)
- Q50/Q500 ; < 50ug , DTGA 55/550 ; <25 ug
- old Discovery TGA(Q5000IR), DTGA 5500 ; < 10ug
- Q600 ; ~70ug
=

TGA; J\ % 1 © 2017 TAInstruments Korea— Waters LLC http:/fwww. tainstruments.co.kr 61 T,

c JEJ LK E ol &S HHCZ AZEUE
o =& MHOICH W2 S B = tareStOl ALS
* NS E M HIE 0l 2 & ot B

* WH AIZ - hermeticpanlll 2122 2 F2

cWHY NS -Y Y H012 EH(S
=1=)

TGA; J| & il & © 2017 TAlInstruments Korea— WatersLLC http://wwnw.tainstruments.co.kr

A

o
o)
a
o
=3
I}
[4)]
o
o
=

=)

62 TA

Sample =HI|; TGA, pellet form

N2 prepurge ; onset, &2 & 4

fulo
0l0

A O
T AN

* Pellet sample ; pelletZt 2L T U

A B C D
RunI [A2 B4 C3 Di1]
Run IT [A4 Bi1 C2 D3]

pellet

Cutto
4 pieces 3;

For example, RunI; B4 C3

A2
T On TGA Pt pan

D1
: o
TGA; % 1 © 2017 TAlInstruments Korea— Waters LLC http:/fwww. tainstruments.co.kr 63 T,

120

100+ + t

Weight (%)

Prepurge ; 200ml/min.

Q500(standard fumace%g
, 13min
60+ Ramp rate ; 20 C/min

40

Deriv. Weight (%/°C)

05

200 400 600 800
Temperature (°C)

TGA; J| & i & © 2017 TAlInstruments Korea— WatersLLC http://www.tainstruments.co.kr

Universal V4 4A TA Insiruments

1000
=
PRGN

TGA ; 2 Xt 37| Al - NaCl ‘2|’ (decrepitation)

TGA/SDT: Al & i & &

006
100.0-
0.05
004 ~
99.54 Q
-~ B
S 003 =
= =
£ =}
= 2
3 990 002
= >
©
001 O
98.5
0.00
98.( -0.01
100 200 300 400 500 600

Temperature (°C)

RGEN

TGA; J| & il % © 2017 TAlInstruments Korea— WatersLLC http://www.tainstruments.co.kr

c WO DE R0 ARIIS)
>HA M
>CH240| ot

* Alumina (Ceramic)
>2AN WE/RI=
b =N =

* Aluminum (TGA) (13| 2)

e
> A2 25 #2901 52 (<600°C)

TGA; J| & il % © 2017 TAlInstruments Korea— WatersLLC http://www.tainstruments.co.kr
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TGA/SDT: Alg ® - R&1 37|

TGA; Alz ® - SEi/3D|

DTGA 550/50 & SDT Q600 (2960)
Q500/50(2950/2050)
® 40uL Platinum
* 50pL Platinum * 110pL Platinum
* 100uL Platinum
* 40pL Alumina
* 100uL Alumina * 90uL Alumina
* 250uL Alumina
* 500pL Alumina Note: 90puL Z=0|LJ}
DSC datalll= J+&
*100uL Aluminum E=

<
TGA; 7% iR © 2017 TA Instruments Korea— Waters LLC hitp://www.tainstruments.co.kr 67 (T

W 3(Platinum) Ceramic

Aluminum

\ / 100
500

Cf. Discovery TGA(Q5000IR) ; 22t [} S

(’
TGA; % 1 © 2017 TAInstruments Korea— Waters LLC http:/fwww. tainstruments.co.kr 68 _TA

Discovery Pan Types

Sealed Aluminum Pans

® Platinum (50 & 100 pL)

® Ceramic (250 uL)

Punched

¢ Ceramic (100 pL .
(100 uL) * Aluminum (80 pL)

Stainless steel bail

25 position tray for platinum and/or aluminum pans - Standard

<
TGA; 7% iR © 2017 TA Instruments Korea— Waters LLC hitp://www.tainstruments.co.kr 69 (T

o A

TGA; J| & i & © 2017 TAlInstruments Korea— WatersLLC http://www.tainstruments.co.kr

Sealed Aluminum Pans and Punching

b

TGA/SDT: Ale ® 3

1. Home Position

* 550 (41 &4 At2H) 5500 (I12)

2. Pre-Punching

e D= W2 MAIEZ IS (Aluminum2 £01)

s EXZ M UFHE SH IIEAI 2 =0t HE)

e JHE =0 & (DSC fiberglass brush; 52 ‘HE")

*SDT cup; HIE & &A1 0F ot =0, beam0il 22X
2ol e

3. Punching Sensor
sSHa
/\‘
TGA; % 1 © 2017 TAlInstruments Korea— Waters LLC http:/fwww. tainstruments.co.kr 71 T,

TGA; J\ % i © 2017 TAlInstruments Korea— Waters LLC http:/fwww. tainstruments.co.kr 72 _TA
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HEHOI AIE Y8 (method) HEEHOI AIE YH(cont.)
>N, HA N, B A0A 248 22 & ool &8 * Ramp and switch gas
ZIIE NHHOIOIER =2 KRELZ 10~152 &
Ch | ex.: Ramp 20°C/min. to 650°C
) ) Select gas: 2
* Ramp (heating) experiment: Ramp 20°C/min. to 1000°C
ex.: Ramp 20°C/min. to 800°C (carbon black content)
(Thermal Stability)
* Ramp (heating) and Isothermal Hold
ex.: Ramp 20°C/min. to 800°C
Iso 10 min.
73 (—r\ TGA; Jl = 1% © 2017 TAlInstruments Korea— Waters LLC hitp://www.tainstruments.co.kr 74 1?&,

hitp://www.tainstruments.co.kr

TGA; J\ % 1 © 2017 TAInstruments Korea— Waters LLC

TGA/SDT; &X A9 &4

TGA/SDT: scan AIO| 2] W2t WX

* heater, {2 S E, 2 X101 &XI(= 2021

§ TGA Standard/EGA JI& 2
* ‘air cool’S method end condition2 2 & & Xt =B 2 1] 5t
« EGA: 500°CTHX| 20| & S(012 0] o 5151 £ 20| dx) FEE LEth
ME 2= US), aircool2 IISZ It €3 HLE Z&l
XA 2F Jbsotih * NEE K= e = A8,
* Standard: Air cool2 tt2 &/ XICH JIE 2= Sl

Ct.

AR
o
=]
o

S o oF &
§SDT Q600 (2960)
* ‘air cool’S method end conditon2 2 & & e JIAE2 ZNE )| Kol = el A tableO]

e Fan2 Ht2 S&Y; 600°CHHAl L2t == air cool
&= Jlsol el HLU &8 /AXI HUALE Jts

7~ 7~
TGA; 7% iR © 2017 TA Instruments Korea— Waters LLC hitp://www.tainstruments.co.kr 75 (T TGA; 7% iR © 2017 TA Instruments Korea— Waters LLC hitp://www.tainstruments.co.kr 76 (TA
= =
FH-1T
> TGA; M8 X 28
> Zols e 2E
= S& Xl Y (Conventional)
g_o : :
12 - SE(Applications)
&
Instruments Y
TGA; J\ % i © 2017 TAlInstruments Korea— Waters LLC http:/fwww. tainstruments.co.kr 78 TA




HHE N ALE
(A8 s

ue
JA

\
TA

Instruments

TGA; |

R4! ‘X &(Fingerprint)’0| Ot

J

20
=2xo
CAE A

7

> =D
» Ramprate ; 1, 5, 10, 20 C/min..
» Purge gas ; N,, Air, He..

D ek /\\EE\ R

r

> ANE S

Z TGA data= ‘(Et

=
It curvefl DIXl= F&f

(o)
y LS e

g, 211,

TGA; J| & il & © 2017 TAlInstruments Korea— WatersLLC

http://wwnw.tainstruments.co.kr

/.‘\\

_TAl

ANz 3012 g&

g

&5; 50 24

Polystyrene 17.6 mg

100 Polystyrene 10.2 mg
Potens 5 mg
418.3°C Polystyrene 2.7 mg
4145°C M
80 \
413.0°C \
407.6°C /]f
. 60 /
H
g
= od
20
of 360 380 400 420 440
1(‘10 2(‘10 3(‘10 AbO 560 600

TGA; J| & il % © 2017 TAlInstruments Korea— WatersLLC

Temperature T )

http://www.tainstruments.co.kr

Universal V4.20 TA Instrumens|

w LA

At 300C; weight % detection limit 1%, 12|12 &

2 BS 55 1%/min0l 2t Ot E

[ | s0->301% T |__comment |

1C/min 1 min
20C/min 1/20 min (3 sec) 1/20(0.05)
Wt %
L S 20C/min
¥
1%/ 1/20%
1C/min

300

TGA; )| % WS © 2017 TAInstruments Korea— Waters LLC

301

hittp: /Wi, t@instrunssts ooy

Detection limit

not detectable

ot £t i S
H}»D ‘XID H ==
2 %02 O\EQEL
20 C/minll Al = BtS
Al ZO| L 0tLt XILOE
LEEHLIU =Dt

T

=T

g £59 HE

Il £ &; Onset2< 0| S

100+
371.4°C Foivsrene 1T imin
\ 401.5°C
80
A a1a5°C
. 60
§
£
5
2
40+
204
o4 350 400 450 500
1(‘10 2(‘10 3(‘10 460 560 600

TGA; J| & il % © 2017 TAlInstruments Korea— WatersLLC

Temperature ()

http://www.tainstruments.co.kr

Universal V4.20 TA Inslmmenlsl

25°C/min
5°Cimin
10°Cimin
20°Cimin
100
80
~
E
5
g
ES
20
o
400 450 500 550 600 650 700
Temperature (°C) Universal V3,74 TA Insirumonts
TGA; Jl = i % © 2017 TAlInstruments Korea— Waters LLC hitp://www. tainstruments.co.kr 84
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ag s

100

300 500

TGA; J\ % 1 © 2017 TAInstruments Korea— Waters LLC

hitp://www.tainstruments.co.kr

600
Temperature (C)

Universa! V3,84 TA Instruments

1l — BHA H(semi-crystalline) PE ® 229 §1 - Hl & &(amorphous) PMMA

Weight (%)

4.6mg; spread evenly
o 4.6mg; in tall S.S. pan (150 mg)

S.S. (stainless steel)

100 260

300 o 500
Temperature (')
(
85 T

Universa! V3.8A TA Instruments

TGA; % 1 © 2017 TAInstruments Korea— Waters LLC

http://wwnw.tainstruments.co.kr

RGN

° 2 2ol SENX 2= A2t
Ngo R 22X &1 -PET =0 Z t
25Crmin
5°C/min
10°C/min
419.58C  424.58TC w00l - . 20°Gimi
100 ‘ ' \ “
\
| ) \
\ \
. |
w0
\
] ! \
i | '
R el '
g g | i i
£ o0 - H| ™ A £ i l \
5 2.9 mg; HIEA PET 8 | \ \
2 R \
28 mg; BHZE PET | | \
; }
w] l |
o | | 3
i \
|
! | 4
204 o 1 \ L
T E % e %0 Py % ) R T " B
Temperature () Universa V268 Th nsumerts Time (mi) Universa V3.7A TA nsruments
(/\\
TGA; J = W © 2017 TA Instruments Korea— Waters LLC http:/iwww.tainstruments.co.kr 87 T TGA; J = W © 2017 TA Instruments Korea— Waters LLC http:/iwww.tainstruments.co.kr

Discovery (old & 5500) /Q5000 IR — 11 D} 2 TGA

S
TA

Discovery (old & 5500) /Q5000 IR — 11= D} & TGA
X% ; temperature X ; time
1004 120 4
& bt R P ene @ 40
] . | 3 .
60% polymer ainforced Polypropylens @ 40 /min
-
& 60q . g 804
"% 40°C/min 500 °C/min =4
5 =
0 R VU S S z 65y |
. > 404 |
207 40% calcium | :
carbonate 5 Re"ipfomea Palypropylens @ 500 /min
200 400 600 800 1000 0 5 10 15 20 25
Temperature (°C) sl VA h aens Time (min
TGA; J = WS © 2017 TA Instruments Korea— Waters LLC http://www.tainstruments.co.kr

RGN

TGA; J\ % i © 2017 TAlInstruments Korea— Waters LLC

http://www.tainstruments.co.kr
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\
- TA

HEXHQ SE

* HOtX & (Thermal Stability)

Instruments <)
TGA; % 1 © 2017 TAInstruments Korea— Waters LLC http:/fwww. tainstruments.co.kr 92 TA
. = D= = -
2ordd; AEN 3 8HAl; Block / comonomer
Method Log: 100 -
1009 1:Select gas: 1 - N2 S-aMS
1: Ramp 20.00 T /min to 650.00 T
PVC 2: Select gas: 2 - Air RANDOM
3: Ramp 20.00 T /min to 1000.00 T
s0- S - a MS BLOCK
- —FCH,CH-
PMMA’ X -
650.00 T
= %7 55.59% £ L
g PET > 50 P-aMS—*
o
= o PEEK i
LDPE Size : 8 mg
Prog : 6 C/min PS
Atm : 300 Pa vacuum
20 650.00C
14.32%
O L L L L I}
o 0 100 200 300 400 500
650.001
5.978% Temperature ()
E) 250 450 650 850 1050
Temperature (T ) Y A=Y
TGA; % 1 © 2017 TAlInstruments Korea— Waters LLC http:/fwww. tainstruments.co.kr 93 T, TGA; % i © 2017 TAlInstruments Korea— Waters LLC hitp:/iwww.tainstruments.co.kr 94 TA

ANz iy 23

EHH NY 5T -0.2% 8 =8N

104

=)
IN)
I

Weight (%)

o
S
I

T4 &S MOl S0l SIHTGA)

240.67C

‘L onset B

BECZ

', Curie Poi

nt

98

TGA; % 1 © 2017 TAlInstruments Korea— Waters LLC

T T T T T T
50 100 150 200 250 300
Temperature (TC!)

http://www.tainstruments.co.kr

T
350 400

RGEN

Sample: NaCl - 0.2% in H20
Size: 00mg
80-|
Method Log:
1: Ramp 5.00 *Cimin 10 80.00 °C
2 Isothermal for 120.00 min
3 Ramp 5.00 *Cimin t0 600,00 °C
4 End of method
60-1
2
5
]
=
401
201 o
P ~
4 Residue: N
( 02212% )
(0.21601 J
N ©260mg) |
50 100 150 200 250
Time (min) Universal V320 TA

TGA; J| & il % © 2017 TAlInstruments Korea— WatersLLC http://www.tainstruments.co.kr

S
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2oty

, =Zey 23

QoHH Y, Tty 2B

X% ; A2t

TGA; J\ % 1 © 2017 TAInstruments Korea— Waters LLC

80-]
99.88%
(51.76mg)
60-|
g
= . Explosive Material
o7 Size: 51.8240 mg
Balance Gas: Air 40.0 ml/min
Sample Gas: Air 60.0 ml/min
Method Log:
2ol 1: Ramp 3.00 T /min to 400.00 T
o
2 40 60 §0 150
Time (min)

hitp://www.tainstruments.co.kr

o (1A

X&; 2

100 b

Explosive Material
Size: 51.8240 mg
Balance Gas: Air 40.0 ml/min
Sample Gas: Air 60.0 ml/min

609 Method Log: 99.88%
1:Ramp 3.00 T /min to 400.00 T (51.76mg)
40|
20|
o 3
50 100 150 250 300 350

Temperature (T)

TGA; % 1 © 2017 TAInstruments Korea— Waters LLC

http://wwnw.tainstruments.co.kr

Al

~51.8mg
“7  3C/min

| Data Sampling
" every 0.5sec

TGA; % 1 © 2017 TAlInstruments Korea— Waters LLC

230 250 240
Temperature (T )

http://www.tainstruments.co.kr

w Tra

Deriv. Weight (%

100
25.18mg of an adhesive
1 @ 10°C/min
0]
§
40| 2 sampleO] TCLt
Lo HE AHER BR
20-|
0 100 200 300 400 500

Temperature (T )

TGA; J| & i & © 2017 TAlInstruments Korea— WatersLLC http://www.tainstruments.co.kr

0

|48t 210

Lo ~
2
°
=
z
s

Le 8

Fo

" \
80
60
=
40
20
o
160 260

TGA; % 1 © 2017 TAlInstruments Korea— Waters LLC

360 400 500
Temperature (T )

http://www.tainstruments.co.kr

101 ('I:\

/‘\

=N
100 L7 1A

o rersal Analysis 2000 - [3MTDI6
e Edt Rescde Goph Avlyee Toos view Macros Wndow Heb
= SRAVEEHUSILHEUERF LV YAC X 2BR
g =558
2001 2l
100 - — X | A2t x=0=2
I =7 22 KE
Signat [Weshi (%) =l Typer [Nomal = =0 02S M=
80+ ‘ Syt [oear vt 570 SR |
B — | .8
= $
X 604 =
< ‘ Syt [ites T e s 3 £
) 3
5 X
2 Tt z
40 -  Tenperatue (€] r1g
€ senat [Wegiea Sl e foma el a
Save Dotk | Conee Hep
20
L M
0 T T T T T
0 100 200 300 400 500 600
Temperature (°C) Universal V3.9A]
[
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B Ko S

Fled S2 8%;DrugA

120 3
1004
2
80 T
E —
o g
g e g
b= 2 z
E 0 §E wr1 2
) g =
E
= 8 %
z a
5
404 a
o
0] E2S NI TCE
AERSE 20l
0 T r T T -1
4 450 o 450 470 4

Temperature (T )

TGA; Jl = 1% © 2017 TAlInstruments Korea— Waters LLC hitp:/lwww. tainstruments.co.kr 103

Y
-y

Sample: Drug A
i Size: 22.5850mg
Heating Rate: 10°C/min

TGA; % 1 © 2017 TAInstruments Korea— Waters LLC

hitp://www.tainstruments.co.kr 104

S S8 88;DrugA, 1 2312

Cold/Allergy Tablet

4.946% =3
(0.7505mg) 2o
100 f
Fa
5
95+ £
g S EY e
= tz2 5
% ]
H =
904 H
5
a
Fo
857 | Sample: Drug A Monohydrate
Size: 15.1740mg
Heating Rate: 10°C/min
g ; T ;' ; 2
50 100 150 200 250 300
Temperature (°C) Uiversal V3.4 TA Instumer
: o
TGA; % 1 © 2017 TAlInstruments Korea— Waters LLC http:/fwww. tainstruments.co.kr 105 " T,

2.346% A= 5
(0.4338mg) =

—

1004

1.154%
(0.2134mg)

sy 2

Sample: Cold/Allergy Tablet
Size: 18.4890mg

704 Heating Rate: 10°C/min

Weight (%)
Deriv. Weight (%/min)

T T T 0
50 100 150 200 250 300

Temperature (°C)

Universal V3.4C TA Instuments

TGA; J| & i & © 2017 TAlInstruments Korea— WatersLLC http://www.tainstruments.co.kr

106 ('I::A

TGA-DSC; Kaolin Clay

DSC-TGA Sodium Tungstate

, wow042¢ Small Sample Size (3mg) and 10 €/min Heating Rate
Al2Si205(0H)4
120 10; 9
Al2Si205(0H)4 04
o > Al2Si207 + 2H20
(amorphous) 96
13.500/g 412.4J1g 7106
5 fio
s ] Sos 90 &
B < S S <
3 125.20/g ) Y F S 4108
= H g < s P
3 drying Al2Si207 > 1292.93T% = £ z )
2 Si3Al4012 + SiO2 2 029 100 =) & g
a o
784 —
13.96J/g = 00 5
- o}
3Si3A14012 > | a
] 54810 ¢ 2(3A1203 2 8i02) + 0.1 72
58i02
[-90
66-
- =2 Ha0 9S; 88 15|
4
200 400 600 800 1000 1200 1400 60 . . . 06
Temperature (T 200 200 600 800
(/\\ Temperature (°C)
TGA; Jl = 1 © 2017 TAlInstruments Korea— Waters LLC hitp://www.tainstruments.co.kr 107 " T, TGA; Jl = i % © 2017 TAlInstruments Korea— Waters LLC hitp://www.tainstruments.co.kr 108
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A H [e] .
& 4 3l(Dehydration)2 2= DSC-TGA ; & 1)(Gypsum
CaSO4 - 2(H20) > CaSO4-1/2(H20) - CaSO4
F100.3543 0
oons Ve
100 ;
/
-0.20 0.0355 _ / [os
L 1000843 3 [ a0 b lid s
~ 00265 so1oE i 203 pan with fids B
= B = «10C/min 5
3 o 0.2078% & ooz z £ o Lo 10§
[ (0.01795mg) 2 3 8 ol & \ T
T s Fo0.7548 = 8 v -
* 3 00175 n A i
2 5 i !
ros i i
b -
030 00115 = [ F-s
) [N
! VA
Fo9.4543 / \
00055 ! \
/ 1
/ \
L/ \
0.35 oo Seo 20
0 60 80 100 120 120 160 180 50 100 150 200 250 300
Temperature (T) Temperature (C )
(/.\'\ Y
TGA; J| = 1 & © 2017 TAlInstruments Korea— Waters LLC hitp://www.tainstruments.co.kr 109 " T, TGA; J| = & © 2017 TAlInstruments Korea— Waters LLC hitp://www.tainstruments.co.kr 110 " TA
- =2 = = = (=)
TGA-DSC Soda Ash COE SO HESEH E8Y
- e = o=z 18
Cf. 2 & PIgh= peak A XA ASHCZ SO LIH HFS Nacl powd
2 Heat of Fusion using Weight at Start of Integration Natl powder
‘/‘ CH& (Polymorphic) & &0l 468.7J/g 459.1J/g 459.2J)g  464.4J/g 459.8J/g L1e
100
,,,,,,,,,,,, ! o]
851.381
F1a
F-2
2 ——
0z — 13.27mg
%0 316.33T o 3 5 bz 5
2 7.949J/g 2 g S B
z :156‘5463;’2‘3 57)Jl S 43 = £
g - o 2 © ] 11.27m 2
2 350.90T % K £ N 9 9.379mg F1o =
g 4
-]
w0 01
47363°C B 7.628mg re
6 -8
300 350 400 450 500 550 600 5.994mg
4 Fe
o Heat of Fusion using Original Weight (13.26mg) =~ ™\
: 384.1J/ 324.7Jlg  266.9J/g 207.7J/g
200 400 600 800 1000 1200 00" 1 468.7Jig 9 B
Temperature () T2 40 60 80 100 120 140
Time (min)
(/—\'\ (/.\'\
TGA; J| = 1 & © 2017 TAInstruments Korea— Waters LLC hitp://www.tainstruments.co.kr 111 " T, TGA; J| = & © 2017 TAlInstruments Korea— Waters LLC hitp://www.tainstruments.co.kr 112 " TA

HEXHQ SE

Calcium Oxalate

* 4= Z4(Compositional Analysis)

TGA; J| & il % © 2017 TAlInstruments Korea— WatersLLC http://www.tainstruments.co.kr

113 (¢

CaC204:H20(s) >

CaC204 (s) + H20 (g) CaC204 (s) >
12.57% Water  CaCO3 (s) + CO (g)
(0.8753mg)
19.47% Carbon Monoxide
100-] (1.355mg)
CaCO3(s) > 4
N CaO (s) + CO2 (g)
30.07% Carbon Dioxide] £
= ¥ (2.093mg) f
H 2 &
5 S
2 2
60 H
8
i t0
7 Sample: CaOx
Size: 6.9610mg
Heating Rate: 10°C/min
;i ;i ;i T 2
200 400 600 800 1000

TGA; J\ % i © 2017 TAlInstruments Korea— Waters LLC

Temperature (°C) Uriversal V3.4A TA Insiruments

114 ('I::A

http://www.tainstruments.co.kr
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EVA Copolymer

ZE N N (filler); carbon black &5 PET

20
1004
16.87% Acetic Acid Carbon Black Filled PET
100- (3.240mg)
501 C/BJt L0t | [
4 SO
© gRe0
% Vinyl Acetate = % Acetic Acid * - [ IE=3 9
_ Molecular Weight(VA) / Molecular f "'l = ))} 2 - Lo ©
£ %1 Weight (AA) . L - £
b £ z
2 £ =3
2 ol [va g H
VA/nD— 16.87x (86.1/60.1) = 28 86.1 2 78 64% o
24.2% I 4011 (11.26mg) Fos 2
Image; Wikipedia EVA
204
Sample: EVA (25%) Size: 20 /\
o] | 19.2030mg Heating 00
. In N2
Rate: 10<C/min 20.00 T /min to 650.00 T 20.64%
Switch to Air _ . (2.957mg)
10 200 300 200 500 00 700 o Ramp 20.00 T /min to 1000.00 ©
Temperature (°C) Universal V3.38 TA Intruments s
260 b0 660 860 1000
Temperature (T )
: LA : A
TGA; J1% @R © 2017 TAInstruments Korea— Waters LLC hitp:/fwww.ainstruments.co.kr 115 T, TGA; % 1 © 2017 TAInstruments Korea— Waters LLC http:/fwww. tainstruments.co.kr 116 TA
Neat PET S&/HISA PETS Hlw
T 20 erer
1004
PET
F1s 80
80
60-] 85.65% Lio & = % 6.65% Carbon Black
g (16.01mg) S g
2 = £
= 5 5
2 407 78.64%
40 L £ 20.64%
s & (11.26mg) (2.957mg)
20
20
00 Method Log: i
In N2 13.99% 1: Ramp 20.00 C /min to 650.00 T 85.65% 13.99%
20.00 T /min to 650.00 T (2.614mg) 2: Select gas: 2 ) (16.01mg) (2.614mg)
Switch to Air : | 3:Ramp 20.00 T./min to 1000.00 T.
0+ Ramp 20.00 T /min to 1000.00 T
0.5 260 b0 660 860 1000
260 480 660 860 1000 Temperature (T )
Temperature (')
e 3
TGA; % 1 © 2017 TAlInstruments Korea— Waters LLC http:/fwww. tainstruments.co.kr 117 T, TGA; % i © 2017 TAlInstruments Korea— Waters LLC http:/fwww. tainstruments.co.kr 118 TA

74 4

M
Al

M
A

SBR(AE|3I-2EICI ol D)

N2

/* 0.5% VOLATILES

10 mg

100 T
80 - 31.0% Pa AIR
T \

-
4
w
[
E 60 [ |prog : 5°C/min 18.0% C
o
£
] 40
g 50.5% Si 02
20
0 I I I L L L L !

0 100 200 300 400 500
TEMPERATURE (C)

TGA; % 1 © 2017 TAlInstruments Korea— Waters LLC

http://www.tainstruments.co.kr

600 700 800

119 (4\\

100 1
4% Oil
75 50.4% Polymer
50 F~ Air

Wt (%)

0,
25 | Sample weight: 30 mg 36.2% Carbon Black

Program rate : 20 T/min
Atmosphere N2, Air 5% Inert Filler
0 T T T )

0 200 400 600 800 1,000
Temperature ( <C)
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SN &7 U2 A LA chart ol & YHE

2.0
100
\ r15
80 \
| g
g 60 | Switch to Air F 1.0 5
5 S
© >
2 40 £
a
20 7
24.96% Carbon Black + Ash
5.656
0 T T T T (5655m9) T T T T -0.5
0 200 400 600 800 1000

Temperature (C)

TGA; | & i1 © 2017 TAInstruments Korea— WatersLLC hitp:/lwww.tainstruments.co.kr 121 (T

Wit%
100 A Y Air or O2
=g
‘Wit% signal
B
N2 S¢2
o

(650TC) (900C) Temp.

« A ; volatiles(water, solvents...)

+ B ; mainbody thermal degradation (mostly polymer)
+ C; degraded or additive carbon(or Carbon black)

« D ; inorganics

TGA; % 1 © 2017 TAInstruments Korea— Waters LLC
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SN &7 U2 A LA chart ol & Y H (2)

Diesel Oil ; &8 x&A

§ Volatiles & fillers in polymer

[ at Q50/500 |
¢ Flow rate 200ml/min (N2)
Isothermal 15min

; Inert filler ¢ Flow rate 60ml/min
+ 1.  Ramp 20T/min to 650 C
2. Select gas 2(air)
- 3. Ramp 20 T/min to 900C
2
=
I
Qo
w
s 0| i Inert filler
100] ]

Polymer +
"Heavy" Ol ©
13

ol Inert filler
TEMPERATURE (<)

TGA; J| & il % © 2017 TAlInstruments Korea— WatersLLC http://www.tainstruments.co.kr
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20°C/min

Gas Switch to Air

6004
Method Log:
1: Select Gas: 1
2: Equilibrate at 50.00C
Mark end of cycle 0
4:Isothermal for 1.00 min
5: Mark end of cycle 0
6: Ramp 100.00C/minto 550.00°C
7: Mark end of cycle 0
8: Isothermal for 1.00 min
9: Mark end of cycle 0
10: Ramp 20.00C/min to 650.00°C
11: Select Gas: 2
12: Ramp 20.00C/min to 750.00°C
13: Mark end of cycle 0
14: Isothermal for 2.00 min
3 To %
Time (min)

100°C/min

400

Temperature ()

2004

: o
TGA; % i © 2017 TAlInstruments Korea— Waters LLC http:/fwww. tainstruments.co.kr 124 TA

HEXHQ S

IR furnace; &8 &4
100
100 0
600
804 5 & E
; T £
E oo g wotw 2
3 £ g
H o 3
i T
407 L P
A 200
i
- N .
5.865%
(0.7915mg) ~ 5.882%
(0.8831mg)
20
3 To T
Time (min)
: (G,
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* A3} OFE A (Oxidative Stability)
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43 OtE A ; Epoxy

&35 Ot Y M=24 IS

100 |
2 M2l Ml (Flame Retardant)
N = AE
9
%S Mol  Z&
£ 80|
[
I
% 70 Size: 20mg
2 Prog.: 10°C/min
Atm.:  Air
60 [
I I I |
0 200 400 600 800

TEMPERATURE (<)
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-« WEIGHT CHANGE ——+
S
|
|

[ (A N
~
(4]
TEMP (T)——

137
125

|
| ‘emperature
I Atmosphere: 0 10.05

0 10 20 30 40 50 60 70 80 90
TIME (min)

it anstruments cole 128 /1A

SDT: Calcium Oxalate (N2 Purge)

SDT: Calcium Oxalate (Air Purge)

0
F100
Fs0
Z o4
S =
H g  feo E
g 3 H
= —oza0 )
f20
B
260 b0 B o 1
Exo U Temperature (T') Universal V2.5H TA Instruments

TGA; 7% iR © 2017 TA Instruments Korea— Waters LLC hitp://www.tainstruments.co.kr 129 (T

Heat Flow (W/g)

_______ F100

[====--]Weight (%)

ExoUp

TGA; % i © 2017 TAlInstruments Korea— Waters LLC

0
200 400 600 800 1000

Universal V2.5H TA Instrumants

S
TA

Temperature (")

hitp://www.tainstruments.co.kr 130

HI&4d vs. &3l Purge Gas

SDT: HlZ E(amorphous) PET

COJ} CO2F A+at; oxalate C) E=Fof BISS F X

N Calcium Oxalate
Calcium Oxalate
2] Simultaneous DSC-TGA
o 11120
N N N 3
= S|~
\;/ . ‘j\: 10058
41 = <
H o =
[ [ =)
i 6y = o
© L 180 =
5] CaC204 -> 2
T -8 €aCO3 + CO F
o
104 In air ; 2C0+02 -> 2t
60
124
14 r == - T 40
200 400 600 800 1000
B0t

Temperature (°C)
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! 00
100+ —t
W e
80-|
75.72°C(1 =
) Los &
S . )
< 25467°C w2519 §
5 9 (21.06mg) 3
) [
- 5
Fos £
404 Sample: PET
Size: 25.5192mg
Heating Rate:
20°C/min F-08
20|
;i T T , T 1.0
100 200 300 400 500 600
EoUp Temperature (°C) Universal V3.28 TA Instruments

TGA; J\ % i © 2017 TAlInstruments Korea— Waters LLC
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\
- TA

Instruments

2 H TGA

ois e Ye

A

s IS K EHEE
- 2A; cycle timeO| 2 &
c Nz s EY
-2H; N2 s s B E§E0E

MO MOk HO X HO HUOHD MR

s HXl IS Ht2

-2H; 2E R A ISt E %28
* 22 &2 Hermetic Pan

-2H; 2E AR A ISt E %28

TGA; J| & il & © 2017 TAlInstruments Korea— WatersLLC http://wwnw.tainstruments.co.kr

1 & 20 CT/min ; curve Hl 1

HX JI & w2 e

100

Silly Putty 1.007
SP 20,006

Silly Putty

207 /min

[ ----- ] Deriv. Weight (%/ )

PET

80-|
g
5 60
2 —
= N,

“1 | =— Air

= N, w/ switch to air

http://www.tainstruments.co.kr
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200 60 660 860 1000
Temperature (T)
7~
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DSC Pinhole Pans: Gypsum
CaSO4 - 2(H20) > CaSO4-1/2(H20) -> CaSO4
1 2
| 14.90% ~
* (1.050mg) 0
S
By =
~ g5l i\ | 4.830% 5
S5 i $(0.3405mg) °
£ Standard I 13
k=) TGA Pan [ 2
3 o a\ i3
=2 75 { ! I a
[ A n
[ !
[ [ |
[ T |
654 oo Pin Hole o
fov DSC Pan
P
/ v/ \
;v RN
50 100 150 200 250
Temperature (°C)
7~
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5 o 5 5
Time (min) Universal V3.38 TA Inst

()""i\
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