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|5 QSeries - [Q500-1573 - TGA Q500@Mfz-tga]
<7 Control Experiments] Calibrate Tools _¥j Window Help

0600 INE|FT BEIBYw

wid KX | Runécomplete e 25.60°C

e Ty £ s 2

Method Time 0.00 min
Standasd Sequence Segment Time 0.00 min
: FrocedweSmnary, Remaining Run Time 0min
D q Mode TG4 1000 C] 2 Temperature 25.60 °C
Sequence No. 6 = Weight 25.7205 mg
/qHun 1 Test |Custom ~ B| & Weight percent. 100.00 %
7 R 2 Set Paint Temp 0.00°C
g Sample Information Heater Power 0,00 W
v Run3: Sampls N oL Balance Purge Flow 39,99 mL{min
= Rund: b LR | 3 Samnle Prrae Flam 5Q Qa ml {min b
Pan Type [Flatinum | # Funning Segment Description
1 4+ Equibrate at 50.00 °C
Pan No. 1 = 2 |7 Ramp 10.00 °C/min to 235.00 °C
3§~ Isothermal for 120.00 min

Comments |

Data File Name WQc-tealta\Data\ TG AZ01 310410430V 01-1.001 >
[~ Network Drive | 2

2.00~
1.80—
.60
5]
£
=1.40-
E
=
31 20
z120
Experiment 1.00-
i Centen P TR iR 1k 1k ik ik ik 1% 1k 1% zho
L5\ - 8 B - B - . o 5 2 X 4
{0 Platinum 01 5060 min Append | I Help Temperature ('C)
Ready TGA 1000 |Seg OinRun 4 [11:17:11
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4] QSeries - [Q500-1573 - TGA Q500@Mig-tza]

<. Control Experimental Calibrate Tools ¥iew Window Help - &8 %X
- = o
©c0000e IRE T HIRBHwL AFO
il | B | Fundcomplete Temp:25.60°C
Experiment : — Signal [ value -~
S | ] st | [ e r—
i G ISegment Time 0.00 min
EluceduteSwinary Remaining Run Time 0 min
- Mode 2 Temperature 25.60 °C
ENS No. & . eight 25,7205 mg
m;q;ir;ci ° Test | Custom ~| E| & eight percent. 100.00 %
Run2 [Set Point Temp 0.00°C
VRN Sample Information Heater Power 0.00W
v Run3 Sample N: 01-1 Balance Purge Flow 39.99 mL{min
=/ Rund: AL A | 2 b amnnle Buvae Flom £Q Qa ml {min o
Psn Type [Platinum ~] # Running Segment Des
qubiate o
Pan No. 1 = 2§ Ramp 10.00 *C/min to 235.00 °C
3§~ Isothermal for 120.00 min
Comments |
Data File Name WOc-tzaitalDatad TG AN201 3104043087 01-1.001 »
[~ Network Drive | 2
2.00+
1.80+
EUH:& :‘::I:L [ut
SFanlait <60
£
=1.40+
£
o
21.20—
1.004
T T AR R B
§ ¢ Platinum 01 6060 min ppend_| I Help Temperature (‘C)
Ready TGA 1000 [Seg 0mRun 4 [11:17:11
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434 QSeries - [Q500-1573 - TGA Q500@Mfg-tga]

<7 Control Experimentsl Calibrate Tools Yiew Window Help
0000 IRNE T HIRBYwX AFO
> - ] Run 4Complete Temp:25.60°C
xperiment = — Signal |Va(ue ~
s | ] o B 7]
N Sguence, Segment Time 0.00 min
Procedure Swnmsry Remaining Run Time 0 min
Mode 3 Temperature 25.60 °C
= | J © Weight 25,7205 mg
. Test Custom ~| El| € Weight percent. 100.00 %
j S”" ;j Set Point Temp 0.00 °C
e Sample Information Heater Power 0.00 W
v Run3 Sample 0L Balance Purge Flow 39,99 mL{min
' Fund: LA l 3 Samnle Durae Flm 5Q QQ mi imin o]
Pon Type [Platinum ~] 3 Funning Seament Descnption
1§+ Equiibrate at 50.00 °C
PanNo. 1 = 2 §7 Ramp 10.00 *C/min to 235.00 °C
2 1* Isothermal for 120.00 min
Cormments |
Data File Name WQc-tgaitaiDatel TG-A'201 31041043087 01-1.001
I~ Network Drive |
N 2.00~
SUAGER
=R EE %N 1.80+
160
o
£
=1.404
£
(=)
2 -
;1.20 |
= ‘Expe — 1.00-
g etn —— R Tl N Th T Tk 1k ke Tk ke ik zho
;):\f Platinum 01 6050 min Append - fely Temperature ('C)
Ready SISl | TGA 1000 |Seg OmmRun 4 |11:17:11
}
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JE] QSeries - [Q500-1573 - TGA Q500@Miz-tea]
| Control Experimental Calibrate Tools View Window Help

060G TIRE T EHIE

wll | B | Fundcomplete Temp25 go°C

il AFEO

- Signal [ value [~
Experiment Summary Procedure d‘t Notes " i
S ard S: Method Time 0.00 min
tand. Sisence Segment Time 0.00 min
Procedure Summary Remaining Run Time 0 min
Mode 2 Temperature 25.60 °C
S No.6 e Weight 25.7205 mg
;q;i:cf 4 ° Test [Custom ~| E| & \Weight percent. 100.00 %
R 2' Set Point Temp 0.00 °C
¥ Run2: Sample Information Heater Power 0.00 W
v Run3: Sample N 011 Balance Purge Flow 39,99 mLfmin
= Run4: AU I 3 Samnle Durae Flow 5 QQ mi fmin e
Pan Type [Platinum ~1 # | Running Segment Description
1§+ Equilibrate at 50.00 °C
Pan No. 1 = 2 |7 Ramp 10.00 *C/min to 235.00 °C
3§ Isothermal for 120.00 min
Comments |
Data File Name I\\Qc-lga\m\Dmn\TGA\ZU13‘04‘8430\YDI»l oot

[~ Network Drive |

200+
1580
160+
o
£
+ = T £
~T [ T g
21.20-
| Experiment 1.00+
g AT T S A e R e
¢ Platinum 01 £060min [CEmend_| el ) ’ ‘ ' " Temperature (C) » ‘ »

Ready
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434 QSeries - [Q500-1573 - TGA Q500@Mfg-tga]

<% Control Experimentsl Calibrate Tools ¥iew Window Help
0600 NRNE T HEIRBRYwi AFHO
2wl | B | RunéComplete Temp:25.60°C
— Signal | Value ~
S l Pmceﬂ“‘el [ NWSI Method Time 0.00 min
Segment Time 0.00 min
Procedure Swnmsry Remaining Run Time 0 min
Mode 3 Temperature 25.60 °C
| J © Weight 25,7205 mg
. Test Custom ~| El| € Weight percent. 100.00 %
j S”" ;j Set Point Temp 0.00 °C
e Sample Information Heater Power 0.00 W
v Run3 Sample 0L Balance Purge Flow 39,99 mL{min
' Fund: LA l 3 Samnle Durae Flm 5Q QQ mi fmin o]
Pan Type |P]aﬂnum LJ # Running Segment Description ]
1§t Equiibrate at 50.00 °C
Pan No. 1 = 2 |7 Ramp 10.00 *C/min to 235.00 °C
2 1* Isothermal for 120.00 min
Comments |
Data File Name WQc-teaita\Data\ TG AN201 31041043047 01-1.001 : ; u l I l I I I ary’
I~ NetworkDiive | \ P d
200+ N ’ &
Notes
160+
=
£
=1.40+
£
(=)
£1.20ﬁ
73 Experiment 1.00-
g ot T P o B e e T
§_¢ Platinum 1 6060min append | Help Temperature (:C)
Ready SISl | TGA 1000 |Seg OmmRun 4 |11:17:11
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435 QSeries - [Q500-1573 - TGA Q500@Mfz-tga]
<. Control Experimental Calibrate Tools View Window Help

06000 NRNE T HIRYw AFHO

wd | EX | FundComplete Temp:25.60°C
perime ‘ , [ signal [value &
el il Summary | Procedure I [@ wots Method Time 0.00min
iancars Seduence Segment Time 0.00 min
Birced e S iinars Remaining Run Time: 0 min
Mode 2 Temperature 25.60 °C
Sequence No. 6 Weight 25,7205 mg
 Runi: Test |Custom Weight percent. 100.00 %
7 R 21 Set Point Temp 0.00 °C
e Sample Information Heater Power 0.00 W
v Run3: Sample N 011 Balance Purge Flow 39,99 mLjmin
= Run4: AU I 3 Samnle Durae Flow 5 QQ mi fmin o]
Pan Type [Platinum ~] # Running Segment Des: |
1§+ Equilibrate at 50.00 °C
Pan No. 1 = 2 |7 Ramp 10.00 *C/min to 235.00 °C
3§ Isothermal for 120.00 min

Comments |

|\\Qc-tga\ﬁa\Dah\TGA\20 13404104 304Y01-1.001

2.00+

1.80—
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g g Experiment

g’:@; Calibration

140 150 160 1720 180 180 200
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TGA 1000 [Seg OinRun 4 [11:17:11
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43 QSeries - [Q500-1573 - TGA Q500@Mig-tga]

O T BEIBlel AEO

< Control Experimental Calibrate| iew Window Help
wid K | Runécomplete T2P25 52°C
xperiment
Standard Sequence 2004
— 1.90—
Sequence No. 6 |
v Runl:
v Run2 il
v Run3: Tl
= Rund:
1.704
1.60-
.50+
=
=
21,40
B
1304
1.20-
1104
1.00+
lfg.g\ Experiment
%,j2) Calibration 0.90
39 =
§ 7 Platinum
Ready

Temperature ('C)

| . TA Instroment Explorer

0.50 100 110 120 130 140 150 160 1.70 180 1.80 200

control 4.JPG - /) EEF.

Signal I Value
Method Time 0.00 min
Segment Time 0.00 min
Remaining Run Time: 0 min
Temperature 25.52°C
weight 25,7204 mg
‘Weight percent, 100.00 %
Set Point Temp 0.00°C
Heater Power 0.00 W
Balance Purge Flow 40,03 mL{min
Sample Purge Flow 60,00 mLfmin

# Running Segment Description

1§+ Equilibrate at 50.00 °C
2 §7 Ramp 10.00 “C/min to 235.00 °C
3§ Isothermal for 120.00 min

TGA 1000

Seg DinRun 4

11:20:00
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3: QSeries - [Q500-1573 - TGA Q500@Mfz-tga]
< Control Experimental C ols View Window Help

000G OCRE T HEIRYw AFHO

“n

47 wll | B | RunTComplete Temp:25 50°C

2.00~

1.90+

1.804

1.20+

1.104

0.90 100 110 1.20 130 140 150 160 170 1.80 150 200
Temperature (°C)
Ready TGA 1000 |Seg OinRun 4 [11:20:40
BT~ tFi20
s o = s - : : v % RmE
B HAVE ) TGAMRESIE opt [ BB T4 Instoument Explorer 1 control 5.JPG - R B 201356

T

= [ Signal [ Value I
lelgl Summary | Procedure | Notes | Method Tme 0.00 mn
Sequence Procedure Summary Segmert Time 0.00 rran
+ Run? o Remaining Run Time 0 rran
- el Mode IYGANXD c E I Temperature 2934°C
Weight 01048 mg
Test |Hano :J mI Weight percent 100,00 %
— n Set Pont Temp 000°C
Sample Information — SRS AR Heater Power 0.00W
SwglNane  [CacumOwive — REE
ParN 0 # | Running Segment Description |
SIS = 1 §7 Ramp 20,00 °C/min to 1000.00 °C

Comments I

S M’l E 4R T

I~ Archive Enable |

| Sl
™ Autosnalyze [ _'
=

200
1.80+
160+
o
40+
£1.20+
1.00+
2 08 s0 166 130 140 186 186 260
01 49,00 min. Agperd | | ! | e | ‘ ' Temperafure (°C) '
Ready NSRRI | 7GA 1000 %[ Seg OinRun 1 [11:06:00
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TA Instroment Explorer

Control Experimental Calibrate Tools ¥iew Window Help - &8 %X
= Tk €
0000 IRNE T HIRBYw AFEO
42 wll | B | Rundcomplete Temp:25 58°C
’EX eriment = — Signal |\Ialue ~
- D s Summery = | Procedure “_gi! N‘-““I Method Time 0.00 min
tandard Sequence Segment Time 0.00 min
Procedure Information Remaining Run Time: 0 min
Temperature 25.58 °C
B3 No. 6 Test [Custom - 51 Weight 25,7204 mg
T | o | r—
R 2' Notes Set Point Temp 0.00°C
VAR Heater Power 0.00 W
v Run3 Balance Purge Flow 39,97 mLjmin
/' Run4: Gamnle Puras Flos 5Q Q8 ml {min o
# Running Segment Description
Matid - 1§t Equilbrate at50.00 °C
N | SEdbc B 2 |7 Ramp 10.00 *C/min to 235,00 °C
¥ [SipmmDesipion | Rdvenced 3§ Isothemal for 120.00 min
1§+ Equilibrate 5t 50.00 °C
2 7 Remp 10.00 ‘Cimin to 600,00 °C _PostTest. |
2.00+
1.804
—1.60—
o
£
=1.40+
E
o
§1.20—
1.004
‘i,:ﬁ;c‘m’“ﬁ”n L o TN L o)
20 . 01 & ,WI Hel 08 100 110 120 130 140 150 160 170 180 180 200
S Platinum 5060 min. DD p Temperature (C)
Instrument status TGA 1000 [Seg OinRun 4 [11:1748

[T control 1 JPG - %

10

Signal [ Valus ]
Summary Procedure I Notes | Method Time 0.00 rrin
g Segment Time 0.00 rran
i~ Procedure Information Remaining Run Time 0 rman
= Temperature 27.23°C
Test [Custom ~ &= Weight 71.7221 mg
z2
Noss T ™=t N
Method Contents |
oy Segment list - »
':‘eﬂ'lodlE Name [Ramp O] B < 8F Jump
e = e §+ Equitbrate
% | od # Segment Descrption - 1+ Initial temperatuce
= 1 F Ramp 2000 *C/min to 500.00 *C R
LR e
2 1 1s0thermal
I Step
%] % Increment temperature
O Repeat
O Repeat untl
Abort next segment on limit
£ Samnlinn intarval o
< »
[ok ] cance | Heip |
g
=140
R=J
§’1 20
EFEA AT $|:r
E==o
1.00 HEn i 4mes
B0 — e e D e
: 080 100 120 140 160 180 200
01 4900 min Agpend | S | | Hep | Temperature (°C)
| TGA 1000 %[ Seg OInRun 1 [15:45:16

N
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43J QSeries - [Q500-1573 - TGA Q500@Mig-tga]
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[ 0Series - [0500-0014 - TGA Q500@Demo Lab]

TA Instroment Explorex

[ control 200G -

<7 Control Experimental Calibrate Tools View Window Help
= [ e
OQQQO BEE T EI BNl AEO
wil K | Fundcomplete Temp:25 57-C
:Experlment Signal | Value ~
T Summary | Method Time 0.00 min
Seduence Notes Segment Time 0.00 min
Remaining Run Time 0min
D¢ Operator [ Temperature 25.57 °C
Sequence No. 6 Ny Weight 25,7205 mg
 Rint: Extended Text ‘Weight percent. 100.00 %
Run2: Set Point Temp 0.00°C
5 R”"‘ : Heater Power 0.00 W
un-3: Balance Purge Flow 39,99 mLjmin
w/ Rund: Eéﬂ;ﬁ Samnle Buras Flam A0 N3 ml frin b
: FHESTGRRE T e D
Mass Flow Control Settings 1§+ Equiibrate 5t 50.00 °C
Balance #1 - Nitoogen Flow Rate |40 ‘mLdmin 2 [~ Ramp 10.00 "C/min to 235.00 °C
Sample 42 Air - Flow Rate 53 L imin 3§ Isothermal for 120,00 min
Auto Lnalyze
[~ A
|~ Start Remotely | ._I
[ =
2.00+
1.804
—1.60—
o
£
=1.40—
S =
2B,
Ty o0
;1.20
;1‘3 Experiment 1.00+
g Coprrop B T s ey ST RAET AARY aasy " aase
£ ¢ Platinum 01 5060 min Append | Help Temperature (‘C)
Instrument status [EETTOEN | TGA 1000 |Seg OinRun 4 |11:18:18
e

e e
T E¥E

@R

o)

2013/503

RIS

E Control  Experimental  Calibrate § Tools | Yiew ‘Window Help  Engineering
Py RT Flat ¥
> = Il I | User Preferences. .. nstrument Preference: ﬂ
A B | BES IR“n1'Stan( .
T ——— MFC Puge | LCD Signals | Touch Sereen | TG4 | Auts Sampler |
== Summary||
File Ukility. ..
Sequence — Procedy Instrument Setup. ..
+ Runi
- Mode Register as the Master Cantraller ;E Gas #1
Tieati Unregister Master Controller = =
Prink Setup. .. —]
[ Samplell  controller License... > Gas #2 INitrogen j
Sample | Instrument License. .. %
N r—— . "
Pan Mo. T = v jftop experiment when flow rate deviates fom the set value
Comments I
Data File Mame IE'\Dncuments and Settingshlewihdy Dncuments\ﬂy d
I~ Archive Enable | /
I Autoanalyzs I //
0k I Cancel Apply Help
Analysiz M acra I /
/ 1.80—
bﬁﬂ* S g =805
N S = /] EE-—A =3
GAS1/GAS2HYsRASTEIHE E 2
=140
=]
a i
;‘I 20
1.00—
el il 080
. N L L o oL oL |
ol R LE P _ = = I = = 080 100 120 140 160 180
F5 O mir DPEn Apply S R Temperature (°C)
Eetup Instrument Preferences

N
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ﬂ; QSeries - [Q500-1573 - TGA Q500@Mfz-tga]
<. Control Experimental Calibrate Tools ¥iew Window Help

0000 IBE T HIBHN@wL AMO

wil | B | Fundcomplete Temp:25.g0°C

Experiment
¥ Citical ¥ Waming M Status Month: [ 2011/05 ~| Sequence/Run [a1 ~| [a ~

Category: | ¥ Status ¥ Calibration ¥ Autosampler ¥ DataFile Acceptor ¥ Miscellaneous V' Power Supply ¥ Taring

Sequence No. 6 | Log Time l Run | Category | Description ~
v Runi: @ 03-May-201117:04:20 00-00  Autosampler Pan #1 unloaded
2 \i) 03-May-201117:01:47 0000 DFA SWFYBF325-SCHENGATAND atahT GAMta serviceh1573-05032011.002
@ 03-May-201117:01:47 0000 DFA Run 1 completed and saved.

\f) 03-May-2011 16:11:53 0000 Run Status Run 1 started.
&) 03May-2011 16:11:06  00-00  Autosampler  Pan #1 loaded
03-May-2011 16:08:00 0000  Tare Pan #1 tared {0-200mg -0.0236 ma}

A\ 03May-2011 16:05:28 0000 Autosampler  Instrument motion in progress. Cannot start new motion request. (508
@ 03-May-2011 16:04:24  00-00 Calibrate ‘Weight calibration complete and saved. 1000mg range.

®U3~May-2011 16:03:44 0000  Autosampler Pan #1 loaded
\i)U}MayQDH 16:0210 0000  Autosampler Pan #1 unloaded

(3)03May-2011 16:00:31 0000 Calibrate ‘weight calibration started. 1000mg range.

@) 03May-2011 155616 0000  Calibrate ‘weight calibration complete and saved. 200mg range.
‘é) 03-May-2011 155253 0000  Calibrate ‘Wweight calibration started. 200mg range.

‘;i) 03-May-2011 15:52:37 0000  Calibrate Auto zero of weight. (307)

&) 03May-2011 155158 0000 Autosampler  Pan #1 loaded

@ 03-May-201115:15:12 0000  Autosampler Pan #1 unloaded

8 03-May-201115:03:01  00-00  Miscellaneous Balance purge gas can not reach specified flow rate. (654) b
0 03-May-2011 15:08:24  00-00 Miscellaneous Sample purge gas can not reach specified flow rate. (656)

& 03-May-2011 15:05:06  00-00 Run Status Cannot air cool. Sample pan loaded. (604)

@ 03-May-2011 15:05:06  00-00  Miscellaneous  Instrument rebooted.

‘\;) 03-May-2011 14:56:20 00-00  Autosampler  Pan #1 unloaded

3 03May-2011 14:38:56 0000  DFA AWTYBF325-SCHENGATAND atahTGAMa serviceh1573-05032011.001
&) 03May-201114:3856 0000 DFA Run 1 completed and saved.

@ 03-May-201113:42.23 0000  Run Status Run 1 started.

@ 03-May-2011 13:40:29  00-00 Run Status Run 1 rejected.

'\i) 03-May-2011 13:35:29  00-00 Run Status Run 1 started.

| Experiment (3IN2 00 AN11 129490 ANON Avbanmebnr Do #1 lnaded b
] Asa heng hosts 30 of 30 entries
«,"39; Calibration
| P — Print... | Clear Log... Save Wiew Html Error Help.... | Help I Clase |
um
IS
R_]_I TGA 1000 | Seg OinRun 4 11:10:18
e wmo€ @O @2 E@ " truw

=
%

[0 sy ["[8) tnbox - {558 - Cheng, r ) TCASRESISE ot [ TA Instroment Esplozer | 1§ 12.0PG - /ha % 3 QSerie: I =) | 2@&;5;3
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ﬂ; Advantage Instrument Messages - Microsoft Internet Explorer provided by TA Instruments - Waters, LLC

@ ) @ | @] filediC Program%20Files!' TA %20Instruments' Thermal %20 Advantage/QseriesHelp/QInstEreQInstErr him# TG A _Messages htm ol [ *2(| X | | O 1 \ L~

¢ BEBE | <5 O YouTube - Broadeast Vourself [ Google 2] AiEF% O Vahoo! FE | FERERFAN *§ TUOER Omail £ | BUIRE| Facebook —FA.. g | BE £ -
& idvantage Instrument Messages -8 | o - R@EQ- X2ES- TEQ- @-

T 5 co G oo

»

i
(1 TGA Messages ~| Message 119
2" TGA Messages

7" Message 100

7 Message 101

7" Message 102

2" Message 103
7" Message 104 (

Heat exchanger, no flow. Run stopped.

d Problem:
7’ Message 105
2 Message 106 One of the following situations could be causing the message
7' Message 107
7 Message 108 P There is air in the water lines.
2" Message 109
7 Message 111 P The heat exchanger is not connected. is low on water. or is not functioning properly.

? Message 112
7 Message 113 Solution:

2" Message 114 _
2 Message 115 Try one or more of the following operations to solve the problem, then restart your experiment.

? Message 117

1. Restart the instrument. Select Control/Prime Exchanger to run the exchanger a few minutes to remove all of the air. Select STOP to halt operations when the air is
gone.

2. Connect the heat exchanger.

2] Message 191 3. Check the water level in the water reservoir bottle and fill to at least 2/3 full or below the upper hose fitting.
7 Message 192 4. Call TA Instruments for service.

7 Message 133

2" Message 195

2’ Status Message 601
7 Message 602

7" Message 603

7' Message 604

2" Message 605

2" Message 606

&5 9o € @

[ CProgamFilesTAL. | @ppt. | @B TA InstumentExplorer | 1 weS2JPG - /@ 5T QSeries - [Q500-1573 ... 1 nstrwment ...
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EERRAEMERE

IFor EGA furnace
190 ml/min %&+
10 ml/min K3

"IFor Q5000 furnace
1125 ml/min J& T
110 ml/min K3

TGARZIE#EERREA

EERIE
ASTM International Standard E2040 Standard Test Method for Mass Scale Calibration
of Thermogravimetric Analyzers
ASTM International Standard E617 Class 1 Tolerance (100 mg Mass)
OIML R111 Class E2 Tolerance (1 g Mass)
FEAERERE 100mg / 1000mg

Curie Point Transition Method

ASTM 1582 - Standard Practice for Calibration of Temperature Scale for
Thermogravimetry

13
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5 QSeries - [Q500-1573 - TGA Q500@Mizg-tga]

<+ Control Experimental Calibrate Tools View Window

000G TIRE T

—;.'f wj n ] Run 4; Complete Temp:25.60°C

Standard Sequence

Sequence No. 6

v Runl:

v Run2:

v Run3:
= Run4:

.7} Calibration

Summary I L:—f_' Proced\mel Lé), Notesl

Procedure Summary
Mode

Test

Sample Information
Sample Name

Pan Type
Pan No

Comments

Data File Name

[ Network Drive

[Evon a1
[vor-1

| Platinum ~|
i =

|\\Qc-tga\§a\Dam\TGA\20 13104104308701-1.001

wle

7 Platinum 01

Ready

% g9 €
[ow savsces

5060 min.

[ ToABESIE ppt [

Append I

Help

E TA Instroment Explorer

14

[ ermor 1.0PG - 1%

Signal | Value Rl
Method Time 0.00 min
Segment Time 0.00 min
Remaining Run Time 0 min
Temperature 25.60 °C
Weight 25.7205 mg
Weight percent, 100.00 %
Set Point Temp 0.00°C
Heater Power 0.00W
Balance Purge Flow 39.99 mLfmin
Samnle Pras Flom 5a aQ mi {min he
# Running Segment Description
1§+ Equilbrate at50.00 °C
2 [ Ramp 10.00 *C/min to 235.00 °C
3§ Isothermal for 120.00 min
2.00~
1.80+
—~1.60—+
o
£
Z1.404
£
o
£1.20—.
1.00+
o
080 100 110 120 130 140 150 160 170 180 180 200
Temperature ("C)
TGA 1000 | Seg OinRun 4 [11:17:11

Ry
v BHR
W 2013553

@



0600 NRNE ¥ HBIRBYw

) Q)

T

wi K@ | RunécClosing Temp24.02°C

[ TG AR ppt .

500-0022 - TGA Q500

[BB TA Instrument Explorer | 1§ control 6.08G - /R

35 QSeries - [Q500-1573 ..

-step 2 of 5

= I ..... | Signal | Yalue ol
ummary | =] Procedure | [ Notes Method Time 0.00 min
Standard Sequence Segment Time 0.00 min
Procedure Summsry Remaining Run Time 0 min
D § Mode |64 1000°C 2 Temperature 24,02 °C
=] Sequence No. 6 = We\ght 5.6874 mg
~ ' Runl: Test |Custom o 00001 %
j g:: g Sample Information
-+ Rund: Sample Newme Y012 Electronic Balance Tare .
Pan Type Platinum 1) Place an emphed pan, of the same type and size as the
sample, on the tare side of the balance.
Pan No. 4 2) Press Load Pan to load an empty sample pan onthe
. sample side of the balance and close the furnsc
OImets 3) Press Next to begin electronic tare
Data File Name  [WQec-teattal Load Pan
[ Network Drive Unlosd P
an
Cancel Help
. E
=)
Electronic Balance Tare |z«
LB Experiment 1.00-
Y N R Y S ) T T M T e ARt
A( Platinum 04 144 10min Append | Help Temperature ('C)
Ready TGA 1000 [Seg OinRun 4 (113536

B - EFus
% BHR
O 201355

N

— Zero 200 mg Range

1] Electronic tare complete. Press Next to begin zeroing

200mag range.

200mg 3 [E S

Next >

15




Q500-0022 - TGA Q500@Tga Mfg - Weight Calibration - step 2 of 5

Zeio 200 mg Range

+ 1) Electronic tare complete. Press Next to begin zeroing
200mg range.

2] W ait until the balance is stable.

Uncalibrated Weight 0.0058

Stable
g = 2 3 4 5 6 7 8 10
i. R v B B el B e e i B
Stability [ug/sec)
Standby W
ZOongEE%%Q < Back Accept > Cancel | Help

Q500-0022 - TGA Q500@Tga Mfg - Weight Calibration - step 3 of 5

Calibeate the 200 mg Range
1) Press Unload Pan to unload the sample pan.
2] Place a 100 mg class M weight in the sample pan.
3) Press Load Pan to load the sample pan.
4] Enter the exact mass of the standard [100.00 mg,

Load Pan
HHL100mehiEE Unload Pan
Next > Cancel Help

16



Q500-0022 - TGA Q500@Tga Mig - Weight Calibration - step 3 of 5

Calibtate the 200 mg Range

« 1) Press Unload Pan to unload the sample pan.

« 2) Place a 100 mg class M weight in the sample pan.

" 3) Press Load Pan to load the sample pan.

« 4) Enter the exact mass of the standard I mg.
5) Wait untd the balance is stable.

Uncalibrated Weight 938882 Stable

0 1 2 3 4 5 6 i 8 3 10

Stabdity (ug/sec)

200mg R E R I

< Back Accept > Cancel Help

Q500-0022 - TGA Q500@Tga Mig - Weight Calibration - step 4 of 5

Zero 1000 mg Range
1) Press Unload Pan to unioad the sample pan

2] Remove the weight from the sample pan.
3] Piess Load Pan to load the sample pan

1000mg & EFE
Load Pan
Unload Pan
Next > Cancel | Help
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Q500-0022 - TGA Q500@Tga Mig - Weight Calibration - step 5 of 5

— Cahbeste the 1000 mg Range
1) Press Unload Pan to unload the sample pan.
2] Flace a 1000 mg class M weight i the sample pan.
3) Press Load Pan to load the sample pan.
4) Enter the exact mass of the standard [100000 mg

EHI1000metEaE Load Pan

Unload Pan

Calbeate the 1000 mg Range

" 1) Press Unload Pan to unfoad the sample pan.

" 2] Fiace a 1000 mg class M weight in the sample pan.
« 3] Press Load Pan to load the sample pan
./4]Emeuheexadmassofthestandad|' » mg.

5) Wait until the balance is stable.
Uncalibrated Weight 9993854 Stable
TR L e B e T T T T
| | | | | | l 1 l 1 l 1 l | [ 1 l 1 l 1
Standby Stabilty [ug/sec)
1000mg & BRI
< Back Accept > Cancel | Help
T
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Q500-0022 - TGA Q500@Tga Mig

Weight calbration successfully completed!

FIESERK

Finish Help

0 RIE

- EERIRMT:

SRR AR R R E A R Y E (AR fE S BE 2 T 100°C -

[ErERE 100°C HEAG B

BRI EEREE - IIEEEEEL DL E4Y507C -
[EERELS0°C =4 B

P24 NICKEL

Equilibrate 250

Ramp 20°C /min to 400

- IEE AT 0 5HS0ERR  Temperature Table” e

- AR EE RS R EYETE R “Furnace Closed”  ° ia e TaAN EER4S
it ~ BT HEFERUBRENSE S HEETCGAR Y -

A SCHEY) RS EE T I N A AE

@
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Control  Experimental | Calibrate Tools  MWiew ‘Window Help  Engineering
J > m o~ II | Tare... Chrl+ T
= weight. ..
J “ % | ﬁ _I_F Platform. ..
- i Sighal | Walue I
‘jl E| u| Method Time 0100 rin
Sequence M‘ZED; ] ) Segment Time 0.00 min
== ample.. P 0 rmin
- : F!E: 5 MEC Balanc Temperature Table - Q500-0014 - TGA ) ,2751'8755’053 =
— Calibration Table 100.00 %
0.00°C
i Sample Information | Observed Temperature °C Correct Temperature *C 0.00"
Sample Mame IE
. [l Paint 1: |150.22 |154.1s eament Description |
antie ; 20,00 *C/min to 1000.00 °C
B I— Point2:  [35515 f38.28
Foint3  [0.00 f0.00
Drata File Mame IE
Foint4: [0.00 f0.00
™ Archive Enable I_
Foint: [0.00 0.0
™ Autoanalyze I—
Analysis b acio I_ Apply II Reset I Claze | Help
1.80+
_1.60—
g
=1.40-
=y
=
(] ]
s 1.20
1.00+
Bo|E=| & O &6
Iy I | N | B R A R
T+ 0.30 1.00 1.20 1.40 1.60 1.80 2.00
01 4900 misn Append Apply Cance] Help | Temperature (°C)

20

==l
=151 x|
=]l o
(> w20y EEE S HE B @ & F
J A | EH | Run istandby ToMP:31.24°C
Signal [ value |
= Frocedure |-=ana
Oj= Summary I Motes I Method Time 0.00 min
Seqguence Segment Time 0.00 rair
- ¢ Funl [ Frocedure Infarmation Remaining Run Time 0 rin
Test R - Temperature a4
[Rame | Wweight -0.1151 mg
Description  [This experiment is designed to heat the sample at a constant rate *#eight percent. 1UU-E!U S
|deal for determining thermal stability and composition over a broad Set Point Termp 0.00°C
temperature range.  The final temperature should not exceed E00°C Heater Power 0.00 %/
for alurinum pans and 1000°C for platinum or alumina and 1000°C far
platinum or alumina [ceramic)] pans.
# I Funning Segment Description I
— Method 1 1 F Famp 20.00 “C/min to 1000.00 °C
x|
i IZU.UU
Heating rate Method End Conditions
Final temperature |1 0o0.00 I Furnace: " Open and unload ™+ Clozed
¥ &ir Coal for |2D iy %
I~ Swichtogas2at  [E00.00 i
ok | Cancel | Help |
1.80
.60
=3}
=
S1.40-
=
] _
;1 20
1.00—
Bo|B=| & 086
T T T N [ N |
T +|B o1 : — — — — 080 100 120 140 160 180 200
2000 min open Lpply ArcE| el Temperature (*C)
Ready |TGa 1000 = [ Seg 0inRun 1 [09:42:32

@R
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N e

SR SR R R S R T I

P Qseries - [Q500-0014 - TGA Q500@Demo Lab]
E Contral  Experimental  Calibrate . ik i e ring — =1 =]
. RT Plot
J > - _— II I’ | @ User Preferences. ..
J A B | g5 I UM 1 gean Instrument Prefer 5'
Data Transfer... .
0| = Summary || 2 MFC Puige | LCD Signals | Touch Screen| TG4 Auto Sampler |
Sequence i Proced Instrument Setup... - I
- + Runi — Sequence Stop Option:
Made Register as the Master Contraller Acpr
Test Unregister Master Contraller 2 Dpen Fumacs and unload / ég i:}t% F%% %‘ﬁﬂ' EEIE %
Print Setup... " Leave fumnace closed
[~ Sample Contraller License. ., M |
Sample Instrument License. .. — Emor Handling
—
Pan M T — " Halt on erar
Comments I ¥ Recover on emor
Diata File M C:hDocuments and Settingshlewb 5
starie rame I ¥ Enatble autozampler (auto-advancing to the nest run)
I™ Archive Enatle |
I Autoanalyze I
Analysis Macro I Ok Cancel | ADDI}I I HB||:I
1.80—
180~
g
=140
=
=0
§ 1.20—
1.00—
Bo|E=| B QED
N A s B | |
T+ os0 100 120 140 160 180 200
01 4900 min Append | Bepl | | cencell | Heb | Temperature (°C)

Setup Instrument Preferences

JmERIE




L RIE

[ {sH A Universal Analysis 47T fEZE

I EIORE S E

[E#E  “Temperature Table’

102
100 ﬁ
95 . I
151.48°C
& Alumel
_—E, 965
[
=
94 |
92 H 357.59°C
Nickel
T 7T T T T
8] 50 100 150 200 250 300 350 400
Temperature (°C)
@A
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[ oseries - [Q500-0014 - TGA Q500@Demo Lab]

E Control  Experimental | ks T C i dglp  Engineering
T. Chrl+ T 7 — 1 =il 3
[ o~ g | i HEa @ &
I . === weight. ..
J “ % ﬁ E Platform. ..
= 0 o ature Table [ Value |
=] emperature Table.., e —— =
S == s - - ==g i
- .Eq;?;c? MFC Sample. .. — Temperature Table - Q500-0014 - TGA Q500@De %] fin
MFC Balance... 23°C
— Calibrati I 0841 g
= Calibration Table 00,00 %
- Observed Temperature *C Corect Temperature °C 0°C
— Sample Information —————————————— | 0
Sample Name [Calcium Oxalate Paint1:  [151.43 15418 |
= tioh
Pan Mo 1 =i |35?_59 |358.28 1000 o0 ¢
Comments I ID ] ID o0
D ata File Hame IC'\Dncuments and 54 IU.UU ID_DD
™ Archive Enable I ID'DD ID'DD
™ Autoanalyze I
Apply Rezet Cloge | Help
Snalysis bacio I /
1.80+
E=RNEIINIli===
iﬁi@ioﬁﬂ/mﬂx 1 60~
=
=1.40-
=y
=
o .
= 1.20
1.00+
B |E=| &
EI OB0= v v
Ll ’ﬁl o I - I I el I 0.30 1.00 1.20 1.40 1.60 1.80 2.00
01 #2800 min ppen Apply ance! elp Termperature (*C)

ERRAIRE ST




e

IERRNREER A LR AEEIR AR E RS FIR M.
(Powders best)

IEmEE
10-20mg %A KER 53 \E}EEE
50-100mg % FH S MR

URERITGABES LA EERF L (+/-0.025mg) ~ 2110mgHY
Bmm&Y0.25%

IR EEIANE T ARG ERE
I RERAIEHEFHE TR Z B E(Tare)
RS

RRER L - BRI EERRAT EETAL

0] A — {1 e B T e

JE] QSeries - [Q500-1573 - TGA Q500@Miz-tga]
| Control Experimental Calibrate Tools View Window Help

2 = [ sl
0000 IRNE T EHIRBYMwY2AFEO
47 wll | B | Fundcomplete Temp:25.60°C
[ . —— Signal [ value ~
o it Summary I I _n Procedure I I_djl Notes Method Time 0.00 min
Standard Sequence 5 % 5
Segment Time 0.00 min
o Procedure Summary Remaining Run Time 0 min
Mode [TGA 1000 C] LS Temperature 25.60 °C
Se uence No. 6 - Weight 25,7205 mg
=l {qﬂun1 Test |Custom ~ Bl Weight percent. 100.00 %
7 Run2 Set Paint Temp 0.00°C
! ¥ Sample Information Heater Power 0,00 W
¥ Run3: Sample N oL Balance Purge Flow 39,99 mL/min
= Rund: anpe e [¥01- Samnle Purae Flo 59,94 mi fmin e
Pan Type |PLaﬁnum L‘ # Running Segment Description
1§+ Equilbrate at 50.00 °C
Pan No. 1 _’::l 2 |7 Ramp 10.00 "C/min to 235.00 °C

3§ Isothemal for 120.00 min

Comments |

Data File Name |\\Qc-tga\m\Dam\TGA\ZD13VJ4VJ43|J\Y01»1 oot

i
I~ NetworkDrive | 2|

2,00~
1.80-
160
o
£
=1.40+
=
=)
@1 20
2120
ﬁﬁneﬁmﬂ 1.00—
s T T e R T
¢ Platinun 01 6060min [Ctopent_| Help : ¢ : 4 > Temperstue (0 : < : .
Resdy SOl | TGA 1000 [Seg OinRun 4 [11A7:01
s EE wo€ @3 EF 1117

T E2MH

"o mavsiE '@ ToamrE@ppt .. | B TA DustmentEsplorer | 1§ eror 1JPG - /NS 20134503
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This wizard helps you set up and start typical TGA expenments. Prior to using
this wizard, the TGA must be properly calibrated (Ses online help for addtional
information). Select the type of TGA experiment you want to perform

¢ Conventional TGA
These experiments measure the amount and rate of weight change in a
material as a function of temperature of 4ne.

High Resolution TGA' M (HiRes ™M 1GA)

These experiments employ special algorithms to precisely control heating.
thereby enhancing the resolution between closely - spaced weight changes.
However, sinca experimental imes are typically longer for Hi-Res expenment,
conventional TGA is recommended when evaluating & material for the first
time. [Note: The EGA (evolved gas analysis) fumace is not designed for
Hi-fes TGA studies. It can be used but the results may be compromised. ]

Modulated TGA ™M MTGATM )

These experiments provide additional information about decomposition and
volatilization processes, including continuous determination of activation
energy. verification of a single kinetic mechanism, and verfication of first order
reaction kinetics. [ Note: The EGA (evolved gas analysis) fumace is not
designed for modulated TGA studies. It can be used but the results may be
compromised. ]

l Next > l

Cancel Help

i —(E R TR
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QSeries - [Q500-0014 — =l x|
E Contral  Experimental  Calibrate  Tools  Wiew Window  Help  Engineering — |5' |5
i = = .
>m = 0D EHEE AW EE
F | B | Run 1:gtandby 15 26.21°C
Ol Conventional TGA Experiments [(500-0014 - TGA D500@Demo Lab] ﬂ
Sequence
= + Runil
Thiz wizard helps you zet up and start tppical TGA experiments. Prior o using
this wizard, the TGA must be properly calibrated [See online help for additional
information]. Select the type of TGA experiment you want to perform.
& TGA Ramp
k aterial iz heated at a constant rate. |deal for determining thermal stability and
composition over a broad temperature range.
 TGA Ramp with Gas Switch
M aterial is heated at a constant rate. automatically switching from ar inert to
a reactive gas at an elevated temperature provides additional composition
information.
© TGA Heat and Hald
M aterial iz heated rapidly to an elevated temperature and held. Uzeful for
azzessing thermal stability or rate of volatiles evalution.
= TGA Stepwize [sothermal
k aterial iz rapidly heated to and then held at a series of suces I higher
izothermal temperatures. Designed to quantify a series of known discrete
weight changes in the material. > EE?%-E}-‘ %A{F& {t’:}[{‘ﬁ%u
2t B AR IRITRRZE
< Back I Ne% I Cancel I Help I
BolE=| 2
+|+
Ready |TGA 1000 = [Seg OinRun 1 [15:33:07

@R




This expenment is designed to heat the sample at a constant rate. |deal for
determining thermal stability and composition over a broad temperature
tange. The final temperature should not exceed B00'C for aluminum pans

and 1000°C for platinum or alumina (ceramic) pans.

Enter the desired parameters: $/—\A-’E3A_’ %A /"‘ %ﬁ
Heating rate: W *C/min HU E\ n EP\ =

Final temperature: |1000 00 T

R

Advanced Parameters. ., I Post-Test Conditions. .. ]

<Back | New> | Cancel Help

i —(E R TR

This experiment is designed to heat the sample at a constant rate. [deal for
determining thermal stability and composition over & broad temperature

tange. The final temperature should not exceed B00'C for sluminum pans

and 1000°C for platinum or alumina (ceramic) pans
|
Enter the desired parameters: Data Samplng Interval: IO 50 sec/pt
Heating rate: |20 00 *C/min [:%
Final temperature: |1000 00 'C
I Cancsl Help ]

OK

I Advanced Parameters. . I Post-Test Conditions.. I

< Back I Next > | Cancel Help

26




[Experimental Parameters: TGA R

This expenment is designed to heat the sample at a constant rate. |deal for
determining thermal stability and composition over a broad temperature
range. The final temp xe should not d 600'C for aluminum pans

Enter the desired patameters:

and 1000°C for platinum or alumina (ceramic) pans.

Post Test Parameters S

Heating rate: Izg 00 *C/mn Method End Conditions

Final temperature: |mo() 00 C

Fumace: =

¥ Air Cool for l 20 [&m

Help

Advanced Pam(e(s‘..l I Post-Test Conditions...

< Back

I Next > I Cancel Help

i —(E R TR

Experimental Summary [Q500-0014 - TGA Q500@Demo Lab]

General

Location: Demo Lab
Made: TGA 1000 °C
Test: Ramp

Signal List
1. Temperature ('C)
2. Tune [min)
3. Weight (mg)

Method
Name: Ramp
Segrent List

Instrument: Q500-0014 - TGA Q500

Sample Name: Nickel & Alumel

4. Temperature Amplitude (*C)
5. Sample Purge Flow (mL/min)
6. Balance Purge Flow [mL/min)

A e L AAn an e

< Back

[ ndy | Cancel Hep |

)F iéé\ %ﬁ =1 ‘%EE I:IX
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Sample Information
Sample Name ICUJK

Comments I

Data File lC.\Documenls and Settings\lew\My Documents\( ﬂml

Pan No || _j;

Auto Analysis

[~ Autoanalyze I _I

| E2]

< Back I Next > l Cancel Help

LNt

L0l i — (Bl R EE T B

Sample Information Notes [Q500-0014 - TGA Q500@Demo Lab]

Notes

Operator ILEW

55;‘
Pan Type [PI.:llnum 3
lé4 Extended Text 3
!L

——e : Wi I A
[s't ":’_ :a':s Flow Conlrol:en:‘g: — » / 7% %ﬁ%*ﬁiﬁ/
L R alance [#7 Nitogen - i s
y ' ¥ \ 'J Sample lm Nitrogen vI Flow Rate |60 il ey _%i“%?\g E{ﬁﬁ
< Back Next > Cancel Help

@
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Puige Gas

v

Taing the Sample Pan & Loading the Sample

v

for all TGA experiments.

Tare

v

groove in the platform

Be sure that your purge gas(es) are connected and properly regulated. Purge Gas is required

Before the start of every TGA expenment you will need to tare an emply sample pan. This
ensures that the measured weight reflects only the sample. To tare. place a clean, emplty
sample pan onto the tay platform, and press the TARE button below.

Alfter tanng, load the sample into the pan. Ensure lhm s properly aligned with the

Higniie s

A

Append Run || Stat Run

kS

Finish I

Help I

5 QSeries - [Q500-1573 - TGA Q500@Mfg-tga]

i —(E S E R

r. TA Instroment Explorer

Control Experimental Calibrate Tools ¥iew Window Help
0000 IRNE T HIRBw AEO
- -1 } Run 4.Complete Temp:25 60°C
Summany | El Pmced\uel [@ wots
Do S | [ [ 1000 1
S o 28]y
j 2:: g: Sample Information
= Run 4 Sample Name [vo1-1
Pan Type [Platinum ~]
PanNo. 1 =
Comments |
Data File Name W0c-teaMtaiData\ TGAZ01 310410430V 01-1 001 _,]
I~ Network Drive | 2|
Experiment
\ﬁpﬁ‘rcﬁbnﬁnn
£ Platinam 01 6050min [append | Help
Ready

29

Signal [ value ~
Method Time 0.00 min
Segment Time 0.00 min
Remaining Run Time 0 min
Temperature 25.60 °C
weight 25,7205 mg
Weight percent. 100.00 %
Set Point Temp 0.00°C
Heater Power 0.00 W
Balance Purge Flow 39.99 mL{min
Samnle Puvae Flo 50 aq mi {min ¥
# Running Segment Description

1§+ Equilbrate at 50.00 '

2 [ Ramp 10.00 "C/min to 235.00 °C

3§ Isothermal for 120.00 min

2.00+

1.80+

1.00-

o
i
080 100 1310 120 130 140 150 160 1720 180 180 200
Temperature ('C)
inRun 4 [11:17:11

[T emor 1LIPG - h @R

TGA 1000 |Seg 0



TIMTERAE (M 2 7E)

453 QSeries - [Q500-1573 - TGA Q500@Miz-tga]

% ® g € @5

[0 st [ @ toamieslipptl. | BB TA bstuument Explorer

< Control Experiments] Calibrate Tools Yiew Window Help FQ %jj AN 1; @/—\/ %ﬁ!‘
= = = [=] =
ceeo0e nnNE T BI BRIl Al AL
: 2 KX | RunéComplete Tempi25 g0°C _
— Signal | value |~
Experlment Summary I a Pmcedluel [_l*’ NU"“I Method Time 0.00 min
Standard Sequence -
dard Seguent Seament Time 0.00 min
Procedure Summery Remaining Run Time 0 min
Mode TG4 1000 C) 2 Temperature 25.60 °C
Sequence No. 6 e ‘Weight 25,7205 mg
< Runt: Test |Custom ~| E| & Weight percent. 100.00 %
7 R 2' Set Paint Temp 0.00°C
e Sample Information Heater Power 0.00 W
v Run3 8 Balance Purge Flow 39,99 mL/min
w Runé: ample Name iYUl'l Samnle Durae Flm 5Q QQ mi fmin e
Pan Type ]P]aﬁnum ﬂ # | Running Segment Description
1§+ Equiibrate at 50.00 °C
Pan No. 1 = 2 [7 Ramp 10.00 “C/min to 235.00 °C
3§ 1sothermal for 120.00 min
Comments I
Data File Name WQc-teattaDatah TG A201 V0410430V 01-1 001 >
[~ Network Drive | P2
2.00+
1.80-
—1.60-
=
£
Z1.40+
&
g? 20+
Experiment 1.00-
X R s T e ik ik 1k ik Tk 1% ke 1k zho
‘\A( Platinum 01 50.60min Hely ) ) ) ) Terr;perature (’C) . ) ) i
Ready TGA 1000 [Seg OinRun 4 [1147:11

[T error 179G - /hai R

w BRI
2 BWiR

QSeries - [Q500-1573 .. B 20136508

SIMTERAR (R 5 )

B9 Universal Analy:
File:

Miew Marcros  indow  Help

_(&1x]

= W UM e & UL S e P EE X L B S VN AR e e A

FHRUEZ

Dpen Data File ﬂﬁl
Look in: | 3 TGA ~| «= &5 EF- ¥ Preview [ &litewt [ Quick open
TGAKIN. 00+ Fun 1 (0)
Instrument TGA Q50 %41 Build 141
Module TGA
Sample Calcium Oxalate
. Size 16.777 mg

tethod Ramp

TGAKIN, D02 Operator Louis ' aguespack.

TGAKIN.O03 Comment
Date 25-hay-2002
Tirme 08:13

File name: |Can= n8z80z2 0 Open |

Files of type: [ Files (=) = Cancel |

File path: CATAND st TG, Hee | [] |

TR Iristriieriis
Uniwersal Analysic 2000

30
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¥ Universal Analysis 201 3 — =] ]|

File Wiew Macros ‘Window Help

= W UM e & UL S e P EE X L B S VN AR e e A

Data File Information

File:
Mame:  CATANDataATEANCalx 052802001
Date: 28-Map-02 0813 Units |

tMadule type: sty Params |
’V TEa ‘ Drata Limits... |

Sample: ICaIcium Oxalate

Sizen |1 E.7770 mg
Operator: ILouis Waguespack

Method: — [Ramp

Comment: I

I~ Bestore analysis

&7

<< Previous | QK Same fus Cancel | Help |

15 Inistrignenis
Universal Analysis 2000

SIMTRR AR (R 5 R )

¥ Universal Analysis 201 . — =] =]
File Wiew Macros  Windo p

= WM e & - IS e 2 EE X L B 5 VN R e e A

HEFE signals

=

1
( Signat  [IEEETMG——— | o [Noma | ‘

Signal Selection

o
’7 Signal: IDeriv. “Wheight [%/min) ;I Type: IDerivative [tirne) 'I ‘

—C

’7 Signal: INUlUsed LI Type: INUrmaI 'I ‘

v
’7 Signal: INUlUsed LI Type: INUrmaI 'I ‘
= Time [min]

f* Temperature [*C]
" Signal: IWe|ghl[/] LI Type: INUrmaI 'I

ak. I Save | Default | Cancel | Help |
"

TX. /_ TTTTICTIG
(Uniiwe, ff Aniedysie 2000

@
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% Universal Analysis 2000
File Wiew Macros ‘Window Help

U UMNEE N ek iUl S e X BV S AN 2

2 Esignal BL

Units Selection x|
General
’7 Tirne: min = T emperature: I “C = I Frequency: Hz = ‘
DsC
’V Heat Flow: IW./g b I Heat Capacity: IJ./g./’C b I ‘
Microvalts: | W g - ‘
’7 Offset: I Mo offset = I ‘
D,
FMadulus: MPa - Compliance: Ium"2z’N 'l Yizcogity: IMPa"sec 'l
INJ’tex 'l Itexz’N 'l INz’tex"sec 'l
RT.
’V Coordinate: Ium 'I ‘
QK I Save Default Cancel | Help |

g T T T S
TA. Instrimmieriis
Universal, Analysis 2000

SIMTRR AR (R 5 R )
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’ Standby Run 1 37.95°C J

[] Q NX Calibration
=l

Auto Platform

I e
|

-

Auto Function Description
Counter-Clockwise Arrow AutoTGA Only: Moves the sample tray counter-clockwise one position.
Clockwise Arrow AutoTGA Only: Moves the sample tray clockwise one position.
[Auto Number] Displays the relative position of the tray. Used with the Counter-Clockwise and Clockwise

buttons to adjust the tray position.

Test Moves the sample tray the number of positions you selected and saves the information.

JEERR

PLATFORH CALIBRATION

e -

TEST SAVE
DISPLAY
e R

Key Name Description
ccw AutoTGA Only: Moves the sample tray counter-clockwise one position.
cw AutoTGA Only: Moves the sample tray clockwise one position.
[Number] Displays the relative position of the tray. Used with the CCW, CW. LEFT. and RIGHT keys to

adjust the tray position.

Left Moves the sample arm to the left one position.
Right Moves the sample arm to the right one position.
Test Verifies the calibration adjustment you have made.
Save Stores the calibration values.

Exit Leaves the tray calibration touch screen menu.
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Instrument temperature limits exceeded. Run terminated.

Problem:

One of the thermocouples in the i is ind a

|2 Message 67 p that is outside the instrument's operating limit
|?" Message 73
|2 Message 75

|2’ Message 78

The following signals are checked for each instrument:

2 M P DSC: Tzero temp °C. heater °C. flange P °C. heater tempi mV, Tzero mV

|7 Message 80

|2 Message 81 P DMA: Sample temperature °C

: :essage Z; P SDT: Sample and heater temperature °C

?’ Message

:7~ Message 97 P TGA: Sample and heater temperature °C

|2 Message 98 P TMA: Sample and heater temperature. °C

|7 Message 99

7 Message 601 Solution:

|2’ Message 603 .

7 Message 605 Try one or more of the following

|7 Message 606

|2 Message 674 1. Try running the sample in an inert atmosphere and/or to a lower temperature. If the sample starts to burn during an experiment, it can raise the temperature beyond the
|2 Message 675 limit.

Z ::essage :;3 2. DSC: Turn the RCS or LNCS on at least 20 minutes prior to starting the run

(4 lessage o - - "

7 Message 678 3. Check the thermocouples to make sure they are clean and that they are showing reasonable values on the RealTime Signal Display screen
|2 Message 679 4. Reset the saved instrument parameters.

7" Message 680
| @i Message 651 v|| Call TA Instruments for service, if the problem persists.
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?" Message 63 Problem:
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2" Message 67 The difference b the heater I ure th ple and the sample temperature thermocouple is too large.
7 Message 73 Solution:
7" Message 75
2" Message 78 Try one of the following procedures to solve the problem, depending on the instrument currently displaying the error. Then restart the experiment.
2" Message 80
? Message 81 1. Check the sample tt iple and replace if y. (DSC. TGA, TMA, SDT)

m:z:::: :é 2. Check the reference thermocouple continuity, it should be about 2 ohms. (SDT)

Message 57 3. Check the heater ther ple and replace if y (DSC. TGA)

Message 98 4. Clean the furnace housing. (TGA standard furnace, TMA, SDT)

M 99 2

ST 5. Call TA Instruments for service.
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Heat exchanger, no flow. Run stopped.

£ Problem:
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|7’ Message 106 One of the following situations could be causing the message
|2 Message 107
|2 Message 108 P There is air in the water lines
|2 Message 109
7 Message 111 P The heat exchanger is not connected. is low on water, or is not functioning properly.
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|2 Message 113 Solution:
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|7 Message 115 Try one or more of the following operations to solve the problem, then restart your experiment.
|2’ Message 117
|?] Message 118 1. Restart the instrument. Select Control/Prime Exchanger to run the exchanger a few minutes to remove all of the air. Select STOP to halt operations when the air is
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7 Message 190 2. Connect the heat exchanger.

|7 Message 191 3. Check the water level in the water reservoir bottle and fill to at least 2/3 full or below the upper hose fitting.
7 Message 152 4. Call TA Instruments for senvice.
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TGA 951 : JKEYERE, KFERIE

1, AUG 22 2003
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TGA Q500 : EEYERE, /KEFIF

TGA: Schematic Diagram

Photodiodes
Infrared LED

Meter movement

Balance arm

Tare pan

Sample platform

Thermocouple

Sample pan

Furnace assembly

Purge gas outlet

Heater

Elevator base

N

Purge gas inlet

Sample pan holder

R

53



Unique Gas Flow Design Benefits

There is a fresh, continuous,
horizontal sweep of purge gas
across the sample. This
provides better resolution of
transitions because of faster
burn-offs. Using designs where
the sample is in a sample cup
or in a furnace cup prevent a
fresh sweep of gas across the
sample. A stale pocket of gas
can form over the top of the
sample causing non-repeatable
decomposition profiles.

Light Source (not shown but
the light beam is hitting the

flag)

2. Flag (attached to the balance
arm frames)

3. Photodiodes (one of two is
barely visible behind the
flag)

4. Balance Arms
5. Meter Movement

6. Taunt Band location (not
visible




Dupont DSC 910 TGA 951 and 990 DSC / TGA System

- = —
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Reactive Gas Tubing and Inlet

PIAORE S SRR,
27 E R R

Dual-Balance

Mechanism

Photodiodes
and §gmors

Horizontal
Purge Gas flow

R;ntﬁue Purge Gas

- " Martt;777)errrxocouplr Beams
A;[e/l?%ﬁrmce Cups

TGA-HP50

Balance

56

Pressure Limit :
50 bar
High Vacuum :
1 x 10-6 torr
Temperature:
to800° C

G




Dynamic Vapor Sorption Q5000 SA

N
Dynamic Vapor Sorption VTI-SA*
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TGA General Considerations
(Experimental Effects)

TGA: What TGA Can Tell You

- Thermal Stability of Materials

- Oxidative Stability of Materials

- Composition of Multi-component Systems

- Estimated Lifetime of a Product

- Decomposition Kinetics of Materials

- The Effect of Reactive or Corrosive Atmospheres
on Materials

- Moisture and Volatiles Content of Materials

R
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TGA: Mechanisms of Weight Change in TGA

= Weight Loss:
= Decomposition: The breaking apart of chemical bonds.
= Evaporation: The loss of volatiles with elevated temperature.

= Reduction: Interaction of sample to a reducing atmosphere
(hydrogen, ammonia, etc).

= Desorption.

= Weight Gain:
= Oxidation: Interaction of the sample with an oxidizing atmosphere.
= Absorption.

All of these are kinetic processes (i.e. there is a rate at which they

occur).

TGA Curves are not ‘Fingerprint’ Curves

Because most events that occur in a TGA are kinetic in
nature (meaning they are dependent on absolute
temperature and time spent at that temperature), any
experimental parameter that can effect the reaction rate
will change the shape / transition temperatures of the
curve. These things include:

»Pan material type, shape and size.

= Ramp rate.

=Purge gas.

»Sample mass, volume/form and morphology.

18

N
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TGA: Q Series MFC and GSA

TGA: Sample Pans - Types/Sizes

Platinum Ceramic
—— N
Aluminum

ONB A

50 ub

100 pl
250 pL
500 L
Platinum and Aluminum pans

have attached wire bail.
Ceramic pans have

removable wire bail.

20

R
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Effect of Sample Size on Decomposition

Temperature of Polystyrene

Polystyrene 17.6 mg
Polystyrene 10.2 mg
Polystyrene 5.4 mg
41 8.300 Polystyrene 2.7 mg
414.5°C
80 i
413.0°C
407.6°C
~ 60+
98
=
Ry
(3]
= 40
20
— T T~ T T 1 " T T 1 T
o 360 380 400 420 440
o 100 " 200 © 300 400 " 500 600

Temperature i °C i Universal V43D TA Instruments

Effect of Heating Rate on Decomposition

Temperature of Polystyrene

Polystyrene 20°C/min
100 Polystyrene 10°C/min
Polystyrene 5°C/min
371.4°C Polystyrene 1°C/min
401.5°C
80
414.5°C
%431.2°C
<~ 60+
S
=
2
=
40
20
— T T T T T T T T
o 350 400 450 500
o 100 " 200 © 300 400 © 500 600

Temperature i°Ci Universal V42D TA Instruments
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Mass Effect — Semi-crystalline PE

120
436.28°C  457.57°C
1004 T TTE=
80+
—~ 604
£
5
() 1 0.492mg
= o4 48.422mg
20+
0
-20 T T T T T T T T T T T T T T T T T T T T T T T
0 100 200 300 400 500 600
Temperature (°C) Universal V3.8A TA Instrzgents

N

Pan Shape Effect - Amorphous PMMA

120

100; 365.01°C  369.13°C

80

60

1 4.6mg; spread evenly
40 4.6mg; in tall S.S. pan (150 mg)

Weight (%)

20

-20

v v v T v v v T v v v T v v v T v v
0 100 200 300 400 500

Temperature (°C) Universal V3.8A TA Instreypents

N
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Sample Morphology Effects — PET

120
419.58°C  424.58°C
100 - } |

80 -
g
5 60
g 2.9 mg; amorphous PET

2.8 mg; crystalline PET
40
20
0 T T T T T T T T T T T T T T T T T T T T T T T
0 100 200 300 400 500 600
Temperature (°C) Universal V3.8A TA InstrZBents

N

Shift in Onset with Ramp Rate

120
2.5°C/min
5°C/min
] 10°C/min
100 — — _,524.26°C _,563.82°C 20°C/min
80
—_ 60
S
=
(=]
K
= 404
20
0 _—
-20 T T T T T T T T T T T T T T T T T T T T T T T
400 450 500 550 600 650 700
Temperature (°C) Universal V3.7A TA Instiypents

N
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Time to Complete Degradation at Higher

Temperatures
10 ] 2.5°C/min
j 5°C/min
10°C/min
1 20°C/minj
100j\‘ \\ — .
) \
| : \
R N\
1L \
] ' \ \\ \
: \ \ \
s "1 | | \
E oLl | \
. ! \
= 40j ‘ g ‘\l \\
: ‘ \ \
] ) \ \ \
] ' ! i \
JU \_
-20 N
20 40 60 80 100 120 140 160 180
Time (min) Universal V3.7A TA Instrz\?ents

N

TGA Basic Applications

*Thermal Stability

*Compositional Analysis

*Oxidative Stability

N




*Thermal Stability

Thermal Stability of Polymers

Method Log:
1007 1:Select gas: 1 - N2
m 1: Ramp 20.00 °C/min to 650.00 °C
PVvC \ \ \ 2: Select gas: 2 - Air
\ \ \ 3: Ramp 20.00 °C/min to 1000.00 °C
80 ‘\ \ \\
1
PMMAf—/h El
| °
' 650.00°C
= %7 1 55.59%
S PET
=
f=)
=
. PEEK
LDPE
650.00°C
207 14.32%
“\
\
o- _
650.00°C
5.928%
50 250 ' 450 ' 650 ' :

T
850 1050

65
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Block versus Random Copolymers

Weight (%)

100 — S-0MS
RANDOM
S -o MS BLOCK
50 1 P-aMS—™

size: 8 mg

prog: 6°C /min

atm: 300 Pa S
vacuum

O | | | | |
0 100 200 300 400 500

Weight (%)

100

80

60

40

20

Temperature (C)
31

N

Decomposition of Epoxies Cured
at Different Temperatures

—| Prog: 10°C/min |

0
260 280 300 320 340 360 380 400 420 440
Temperature (C)

32

N
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Thermal Stability of an Explosive Material

100 — \
80
Explosive Material
Size: 51.8240 mg
Balance Gas: Air 40.0 ml/min
Sample Gas: Air 60.0 ml/min
__ %97 Method Log: 99.88%
S 1: Ramp 3.00 °C/min to 400.00 °C (51.76mg)
=
>
(]
=
40
20
OA

TGA of Drug A

100.05 012
010
10000 | 0.02602% Volatiles L
] \_Jﬁ (0005377 mg)
=005
99.95 i —
] =
- =
iy ~0.06 §
® . Sample: Drug A I &
= i =
L g9a0q Size: 22.5850mg =
= . o . L o
o T Heating Rate: 10°C/min x
§ ~0.04 .
=
- =
b o]}
]
99.85 L
1 -0.02
99,30 -
=000
9975 T T T T T T T T -00z2
20 40 1] a0 100 120 140 160 130 200
Temperature (00) Uk el W3AZE TA histrame
34
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TGA of Drug A Monohydrate

105 6
4.946% Decomposition
(0.7505mgq)
100 t

-4
/ e
95 E
< . 3
< Water weight loss =
= - 2 >
=) =
2 s
90 2
a

~0

85
{ Sample: Drug A Monohydrate
Size: 15.1740mg Heating
Rate: 10°C/min
80 T T T T T T T T T T T T T T T T T T T T T T T -2
0 50 100 150 200 250 300
Temperature (°C) Universal V3.4C3‘IéA Instruments

N

TGA of Drug A Microspheres

1m
Sample: Drug A Microspheres
Size: 14.2940mg Heating
Rate: 10°C/min
100 4 075
2.076% Volatiles =
99 -] (0.2058mg) E
ey &=
= =
= [l
o 2
E 2
95 025 2
i
[
Derivative Shows
Multiple Components
a7 1
95 T T T T T T T T -0.25
20 40 B0 aa 100 120 140 160 180 200
Temperature (00) Unke rzal w3 28 T2 trimest
36
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TGA Analysis of Cold/Allergy Tablet

()

2.346% "
oo r ! (0.4338mg _DE€COMPOSItion
r b [ / L
i
1.154% -12
(0.2134mgq) r
00 Volatiles 0
10
=)
£
< -8 &
S 80+ S
— ey
5 Sample: Cold/Allergy Tablet 2
2 Size: 18.4890mg Heating s S
Rate: 10°C/min 2
70 2
(a]
-4
60+
-2
50 T v T T T v T T v v T T v T v T T T v T T T v 0
0 50 100 150 200 250 300
Temperature (°C) Universal V3.4C TA Instruments
37

T

100 tresees
95
X o
= H
o) 3 &
() Z >
= = s |\
P
i1 b _
210 270 320 350 400
:;::,. e Temperature C _
fae”  HoCIC Cured at Different Temperatures
100 F
80
S
560— 200
125
—RE - >30T §’ o\ v
- . . 40 -
Td (BB | Mid: >325°C
High : >3407 20 [[Prog:_10¢/min]
260 280 300 320 340 360 380 400 420 440
Temperature (C)

T

69



Td of TGA - Modified IPC-TM-650 2.4.24.6

105
| Drying weigtt foss |t B
_ 288.70°C
100 - 98.00%
7 296.86°C
95.00%
— 95 7
X _
E
=
m -
; 90 -
Method Log:
1 1: Ramp 10.00 C/min to 150.00 C
7 2: Isothermal for 15.00 min
7 3: Mark end of cycle 1
85 - 4: Equilibrate at 50.00 C
4 5: Ramp 10.00 C/min to 800.00 C
1 6: Mark end of cycle 2
| 7: End of method
80 - - - . - - ‘ ‘ - - - . - - ;
0 200 400 600 800
Temperature {("C) Universal V4 3A

N

Modified IPC-TM-650 2.4.24.6—Moisture Content

Y-2
100.05 160
1 | Sample CCL
Size 25.000 mg r
0.1197% Moisture | 140
(0.02991mg)
100.00 - r
- 120
0
<3 - 100 o
: -
£ 99.95- 5
g I o
= -80 2
B i1
'_
- 60
99.90 r
L - 40
w985 —m 7+ I
0 5 10 15 20 25 30
Time {min) Universal V4.3A
TA
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Td of TGA - Modified IPC-TM-650 2.4.24.6—Td

105
1 |Sample CCL . = -
1 |Size F;5.000 mg |Eﬁﬁ£ﬁ$§%§ﬁ£ﬁ"]%|
1 289.29°C "
100 - 98.00%
] 297.25°C .
5 | 95.00% 7d,95%
=  95-
o 1
[ih}
=
= d
=
3 o0 _ Method Log:
= 1: Ramp 10.00 C/min to 150.00 C
1 2: Iscthermal for 15.00 min
1 3: Mark end of cycle 1
85 1 4: Equilibrate at 50.00 C
1 5: Ramp 10.00 C/min to 800.00 C
{ 6: Mark end of cycle 2
| 7: End of method
80 - - - . - ‘ : . : : : . : : -
0 200 400 600 800
Temperature ("C) Universal V4.3A

[J

*Compositional Analysis

N
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Calcium Oxalate

EVA Copolymer

12.57% Water
(0.8753mg)
19.47% Carbon Monoxide
100 — (1355mg)
\ f N
o0 30.07% Carbon Dioxide[ &
< (2.093mg) §
£ L2
= [}
2 =
60 é
[
[a)
W— Fo
40 -
Sample: CaOx Size:
6.9610mg Heating Rate:
10°C/min
20 T T T T T T T '2
0 200 400 600 800 1000
Temperature (°C) Universal V3.4A TA Instruments
43

N

1004 |

16.87% Acetic Acid

Weight (%)

% Vinyl Acetate = % Acetic Acid *
Molecular Weight(VA) / Molecular

Weight (AA)

=24.2%

VA% = 16.85(86.1/60.1)

| | Sample: EVA (25%) Size:
o4 | 19.2030mg Heating
1 | Rate: 10°C/min

F (3.240mg)

——
100

—
200 300

— 77—
400 500 600

Temperature (°C)

72

700
Universal V3.3B TA Instruments
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PET w/ Carbon Black Filler

1004 }
Carbon Black Filled PET \
|
\ H h ~1.5
80 | ow mucC
Carbon
\ Black was in 5
60 . t10 @
3 \ thissample? | | &
z S
= 1 s
< \
S | 78.64% E
EL (11.26mg) ros 8
[\
0.0
In N2
20.00 °C/min to 650.00 °C 20.64%
Switch to Air (2.957mgq)
o4 Ramp 20.00 °C/min to 1000.00 °C

2.0
100+ }
PET
L15
80
604 85.65% L0 ©
< (16.01mg) &
% =
E =)
3 S
= s
40 Los ©
a
20
0.0
In N2 13.99%
20.00 °C/min to 650.00 °C (2.614mg)
Switch to Air
04 Ramp 20.00 °C/min to 1000.00 °C
T T T T T T T T T T T T T T T T '05
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Comparison of Filled & Un-Filled PET

PET

100 | Filled PET

— %07 \ 6.65% Carbon Black
S
E !
k=2
Qo {
= 'i
407 |\ 78.64%
20.64%
\ (11.26mg) (2.957mg)
20
Method Log:
1 1: Ramp 20.00 °C/min to 650.00 °C 85.65% 13.99%
2: Select gas: 2 (16.01mg) (2.614mg)
o 3: Ramp 20.00 °C/min to 1000.00 °C

T T T T T T T T T T T T T

i T iii iii iii iii T mi 47

Composite Analysis

~——0.5% VOLATILES

50.5% Si0;

N, /
100 T
L 31.0% PTFE AIR
- 80
; |
8 size : 10 mg i
ﬁ 60 F |prog : 5°C 18.0% C
Q. {
|
T L
o 40
w
=

0 1 | 1 1 1 | 1 |
0 100 200 300 400 500 600 700 800
TEMPERATURE (C)

48

N
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Filled Polymer Analysis

100
T

Inert filler

WEIGHT (%)

Inert filler

o

100

©

0 Inert filler

TEMPERATURE ICI 49

(%) I

100
8.4% QOil
R 50.4% Polymer
50 F Air
0,
”5 | Sample weight: 30 mg 36.2% Carbon Black
Program rate : 20°C
Atmosphere : N2, Air 5% Inert Eiller
0 T T T T \
0 200 400 600 800 1,000
Temperature ('C)
50
N
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EPDM Rubber Analysis

— 1.5
I x
= -—10 2
= =]
5 -2
b .
= - 05 &
D
| a

— 0.0

-0.5

1000
Temperature (C)

100 1.0
80+ 8
| 2
“ 0.5 &
~ 60- ’ Rey
S || =
£ .\ =
s l' &
2 401 U | o
~—— | S 0.0 |
207 Nitrogen to l,
Oxygen Purge 5.046% Soot
(0.4840mg)
O T T T T T T T T T ‘05
0 200 400 600 800 1000
Temperature (°C) 52
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*Oxidative Stability

Oxidative Stability of Epoxy

100 [ - - =
‘ Without Flame Retardant
90 | / S N
With Flame
Retardant
S 80|
=
o
T
- 701 Sizee 20mg
S Prog.: 10°C/min
Atm.:  Air
60 [
| | | J
0 200 400 600 800
TEMPERATURE (°C)
54
TR
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Vegetable Oil Oxidative Stability

' Sample Size: 5.18 mg
I Temperature:  137°C
|
|

Atmosphere: 9 10,05

(‘I
57 MINUTES
FIRST DEVIATION

a1
o

- WEIGHT CHANGE
N
al

15
|
|
I Sl AU RS
\‘
()]
TEMP (C) —

| | | | | | | |
0O 10 20 30 40 50 60 70 80
TIME (Min.)

(o]
o

Advanced Applications

N
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Standard TGA

Means of Enhancing Resolution

* Slower Heating Rate

- longer runs.
* Reduced Sample Size

- detection of small weight losses compromised.
* Change Purge Gas

- not applicable in all cases.
* Pin-hole Hermetic Pans

- not applicable in all cases.

Hi-Res™ TGA - Alternate Methods

* Dynamic (Hi-Res) TGA

* Step - Wise Isothermal TGA

79
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Automated Stepwise Isothermal TGA (SWI)

= Heating stops (goes isothermal) when a certain rate of weight loss is
reached, then resumes after this rate falls below a second defined value

= Operator defines the values for the rate of weight loss
* Incorrect values can cause artifacts
= Correctly set up, can give excellent resolution, but takes quite a bit longer

Automated Stepwise Isothermal

* Advantages
» Sample held isothermal until transition completed -
thus excellent resolution of overlapping transitions
» Permits careful control of reaction environment
» Available on all TA Instruments TGA's
* Disadvantages
» Difficult method development. May require several
scans to optimize run conditions
» Inappropriate parameter choices may produce
artifacts
» Long run time
* Utility
» Routine Analysis of similar samples

R
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Typical SWI Thermal Method

1. Abort next segment if %/min > 5.0
2. Ramp 10°C/min to 1000°C

3. Abort next segment if %/min < 0.5
4.  Isothermal 1000 min

5. Repeat 1 until 1000°C

How to set Parameters for SWI

Silly Putty @ 10°C/min

— L™

1. Runsample @
10°C/min

T
N

2. Get peak value of
time based deriv

3. Use 1/10% of this
value for entrance
threshold

4. Use 1/10t of
entrance
threshold for exit
threshold e e s 100062

@R

Deriv. Weight (%/min)

81




SWI of Silly Putty

100

Silly Putty
80
— 60
S
5
(]
=
40

Method Log:
1: Abort next segment if %/min > 0.50
2: Ramp 20.00 °C/min to 1000.00 °C
3: Abort next segment if %/min < 0.05
20 4: Isothermal for 1000.00 min

5: Repeat segment 1 until 1000.00 °C

6
Silly Putty.001
100 . SP SW1.005
Silly Putty
801
SW120;0.5;0.05 r4
S
£
X
10°C/min =
—_ 60 'S';
g L3
z 2
2 ! =
7] \ =
2 l\ 3
1 —
40+ | r2 :
! I
! I
| —
|
1
I
- J [
20 AN \ oo
. ~r !
d v I
L Vo |
T N AN
b e = L RSN Sy |
0 . . - T . . . - . T . - - . . . -
0 200 400 600 800 1000
Temperature (°C)
64
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SWI - Effect of Entrance Threshold on

Transition Onset

110
= 100 £ ﬁ
[=)]
©
= 1%!min -+
% 90 7+ 3% /min
— |
—_ 4% /min
80 L 5% /min T
70 I I I |
300 350 400 450 500 550
Temperature (C)

SWI - Effect of Threshold Ratio on
Transition End

1%/min. Exit Threshold, x%/min. Entrance Threshold
50
40 - Exit/Ent.
S 30 - 1/ 20
> 2o - — 1/10
(D)
= ) 1/5
%) i L
9 10 l\ 1/2
1/1.71
0 —
-10 T T T
350 400 450 500 550

83



Poly(vinyl acetate) Comparison of Modes

11
T~ --- Conventional
% v [N, ... Dynamic '
- \\ ~ Stepwise i
S ! . Isothermal
% 50 ‘\\ \\ D
30] RCPA -
\\\ ~<
10 \\\\\\ B
-1 T T T
200 300 400 500 600
Temperature (°C)

Hi-Res™ TGA - What is Dynamic Hi-Res TGA?

Heating rate is continuously varied in
response to actual rate of weight loss

68
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Hi-Res™ TGA - Dynamic Rate Advantages

* Relatively simple to develop method

* Rapid survey over wide temperature range with
excellent resolution

* Need to know little/nothing about sample

* High resolution with equal/better productivity,
even on unknowns

Hi-Res™ TGA - Example of Dynamic Rate Method

1. Sensitivity 2.0
2. Ramp 50 C/min, Res. 5.0 to

50°C/min : Ramp rate
Res. 5.0 : Resolution setting (0 to + 8.0)
2.0 . Sensitivity setting (1.0 - 8.0)

. Final temperature

Note: In Hi-Res TGA, the ramp rate is
continuously changing — therefore, comparing
temperatures to standard runs is not possible.

70

R
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Bicarbonate Mixture - Conventional TGA at

20°C/min

110

100

Weight (%)
©

o

I

©
o
|

70

NAHCO3 )

("~ 7Y Deriv. Weight (%/min)

60

I o
13 minutes
150 200 250

Temperature ("C)

100

71

Bicarbonate Mixture - Conventional TGA at

o -
1'C/min
100 1.0
170 MINUTES L o8 <
90 %
N - 06 <
S 5
— ] | O
g) 80 , 0.4 ;
: / 2
/ -02 2
70 - / -
‘\_' :
=== - 0.0 i
60 T T T T T 02 =
50 100 150 200 250 300

Temperature ('C)

72
@R
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Bicarbonate Mixture Hi-Res™ TGA

Dvnamic Rate

Varying Resolution
Setting Mixture 50/50 KHCO,/NaHCQO, : Air Purge

110 0.8
, 9.5MINUTES g
100 - 0.6 §
3 £
< 9 Res.= 4 04 g
S =
.? >.
i - 0.2 §
2 80 0 8
707 ------ -~ - 0.0 I
60 T T T T T -02 *~

0 50 100 150 200 250 300
Temperature (‘C)

87

o h B
A 1°Cmin) T
~ 7{::-11155
'ial‘ﬂF
— 90 ] \\/ “‘1‘
cc \ A Y
E 3, 2 : lC _||1i1] .;
: g N Ramp
3 801 seng 817\ 8 N5\ 4\ 3 2\
g kS
A\
!
70 - |
5
60 | l l l I I I
50 75 100 125 150 175 200 os o5
Temperature (OC)
74
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Weight (%)

Acetaminophen Std TGA Vs. Hi-Res™

Comparison of Wt loss
100+
curves
\ Method Log:
80 /k 1: Hi-Res sensitivity 1.0
| [2: Ramp 50.00 °C/min, res 5.0 to 1000.00 °C
|
\
|
i
60 |
!
\v, Method Log:
! 1: Ramp 20.00 °C/min to 1000.00 °C
40+ k
t
|
|
20 \\
I
|
o L
0 200 400 &00 800

Temperature (°C)

1000

88

1007 Silly Putty
10°C/min L os
80 Hi-Res 50;5
o
S
-0.6 E;
= 60 ©
> (@]
< =
=
(] [}
= e
F0.4 |
40+ |
|
|
204 -0.2
EIN
//// \\\\\\//
S - ,
0 — T T T = = T ==—1 0.0
0 200 400 600 800 1000 76
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TGA
Decomposition Kinetics

Decomposition Kinetics Background

= Includes isothermal and constant heating rate methods.

= Constant heating rate method is the fastest and will be discussed here.

= Based on method of Flynn and Wall — Polymer Letters, 19, 323, (1966).
Requires collection of multiple curves at multiple heating rates.

= Ultimate benefit obtained in ‘Life-Time’ plots.

78

N
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TA Specialty Library -- TGA Kinetics

= Requires at least 3 TGA runs at different heating rates or 1 Modulated
TGA® run

= Calculates Activation energy & conversion curves
= Ultimate benefit is predictive curves “Lifetime Plots”

Kinetic Analysis

= The rate at which a kinetic process proceeds depends not only
on the temperature the specimen is at, but also the time it has
spent at that temperature.

= Typically kinetic analysis is concerned with obtaining
parameters such as activation energy (E,), reaction order (k),
etc. and/or with generating predictive curves.

80
@A
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Kinetic Analysis, con’t.

Activation energy (E,) can be defined as the minimum
amount of energy needed to initiate a chemical process.

Ea
State 1

State 2

With Modulated TGA, E_ can be
measured directly.

TGA Kinetics - Wire Insulation Thermal Stability

Wire Insulation Thermal
Stability

100

Conversion

<o}
(&}
I

size:
atm.:

WEIGHT LOSS (%)
o) ©
o o
I I

80

200 250 300 350 400 450 500
Temperature (C)

82
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TGA Kinetics - Heating Rate vs. Temperature

460 440 420 400 380 360

10 [
g 5: ®\ Conversion
<
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'<T: -
o
<
L

1[ .

1.4 1.5 1.6
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Activation Energy (E,) « Slope o

TGA Kinetics - Estimated Lifetime

TEMPERATURE (°C)
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Thermogravimetry Under Extreme
High Heating Rate Conditions

What Constitutes Extreme Conditions?

*High Heating Rates

=Kinetic Studies
=Sample Throughput

N
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Rapid Heating Thermal Analysis

= Gasification, combustion, and volatilization are complex
processes.

= Thermal treatments by different heating rates and
time/temperature relationships can result is different
chemical decomposition products.

= As an example, heating at a high rate can result in the
thermal degradation of component that would otherwise
volatilize at a slow heating rate.

= Rapid heating rates, as on the TA Instruments Discovery
TGA and pyrolysis GC/MS, provide powerful techniques
to investigate the time/temperature relationships

Discovery TGA & Q5000 IR

Innovative IR-Heating Furnace
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DTGA Ballistic Heating Performance

800 2000
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DTGA Heating Rate Comparison-Time
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Effect of Heating Rate on Decomposition

Temperature of Polystyrene

Polystyrene 20°C/min
100+ Polystyrene 10°C/min
Polystyrene 5°C/min
371.4°C Polystyrene 1°C/min
401.5°C
80+
414.5°C
k431 2°C
< 60+
S
<
A=y
=
40+
20+
T T T T
04 350 400 450 500
0 100 200 300 400 500 600

Temperature (°C) Universal V4.2D TA Instruments

N

Weight (%)

40

[PiaTEAd]

. RESIDUE
N
= N V.

T T T T T T T T T T T T T T T T T T T
0 200 400 600 800 1000
Temperature (°C) Universal V4.4A TA Instruments

20

N
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TGA: Quantitation of Copier Paper

HEATING BREAK PLATEAU RESIDUE
RATE weight % | weight% = weight %
°C/min

0.5 40.63 16.32 9.87

1 41.09 16.64 9.85
2.3 41.27 16.70 -

5 41.55 16.66 9.79
10 41.82 16.57 9.74
23 41.40 16.63 9.90
50 16.70 9.88
100 17.06 10.08
230 16.68 9.83
500 - 9.77

Equilibrate - 9.66

> 2300 °C/min

Average 41.29 16.66 9.84

STD DEV 0.41 0.19 0.11

TGA: Semi-Log Plot of Copier Paper

100 100
80 80
60 - 60
) S
= =
B=y R=y
= 2
40 40
204 20
Equilibrate
>2000 °C/min
6 Seconds 10 Minutes 16.7 Hours
0 —y —ry —————rry ———— ey ——ry ———1 0
0.01 0.1 1 10 100 1000 10000
° . i i Universal V4.4A TA Instruments
* No data at 1000 ‘C/min Time (min)
TA
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TGA: High Heating Rates of Copier Paper

Weight (%)

T T T T T T T T T T T T T
200 400 600 800
Temperature (°C) Universal V4.4A TA Instruments

N

Modulated TGA Technology

A New Approach for
Obtaining Kinetic Parameters

N
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Temperature Change in MDSC and MTGA

240 240

2304 230
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MTGA OF 60% EVAWITH LINEAR RAMP
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GENERAL THEORY OF MTGA

do, / dt = CdT/dt  + fit,T)
Rate of Zero Kinetic
Weight Loss Component

N

ARRHENIUS AND GENERAL RATE
EQUATIONS

da /dt= k(T) [f(a)] = Z [f(a)] eERD

Where: « = reaction fraction
do /dt  =rate of reaction
k(T) = rate constant at temperature T
T = absolute temperature
fla) = Kinetic expression
Z = pre-exponential factor
e = natural logarithm base
E = activation energy
R = gas constant

N
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KINETIC EXPRESSION RATIO

dC(l /dt=7 [ﬁiC{)l] e{-E.-"RT])
da, /dt =Z [fla), ] o(E/RT)

do, =[fla),] e FD
do, =[fla),] e™F)

Where: da; =rate of weight loss at temperature T,
do, = rate of weight loss at temperature T,
f{o;) = kinetic expression at the value of do;
flo,) = kinetic expression at the value of da.,

FACTOR JUMP EQUATION AT
CONSTANT CONVERSION

— R. Tl Tz 111((10:1 duz )

E
Tl -TE
Where: do, = rate of weight loss at temperature T,
da, =rate of weight loss at temperature T,
R = gas constant

N
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FOURIER TRANSFORMATION YIELDS

T, =T+A.
T, =T-A,

L=1n(da, /da, ). and

foy) = (o) = 10/ f(a, )/ f(ey)]=0

Where: T = average temperature
A = temperature (half) amplitude
L = (full) amplitude of

1n (rate of weight change)

MODULATED TGA EQUATION

_R(T*-AH)L
2A

E

Where: E = activation energy

= gas constant

= average temperature

= temperature (half) amplitude

= In (do, /do, ) = amplitude of
In (rate of weight change)

N
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FIRST ORDER PRE-EXPONENTIAL
FACTOR

InZ = 1n[da/(1-0)] + E/(RT)

Where: Z = pre-exponential factor
activation energy
gas constant
temperature

o = rate of weight

a4 =

loss
(1-a) = weight fraction

N

FAST FOURIER TRANSFORMATION

 Fast Fourier Transformation yields
continuous kinetic parameters

N
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Activation Energy (kJ/mol)

LINEAR HEATING PROFILE FOR
POLYTETRAFLUOROETHYLENE
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TGA: MTGA - Activation Energy for
Polytetrafluoroethylene

500
Temperature ("C)

1,000

800

600
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500
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Activation Energy (kJ/mol)

EVA(60%Vac)fiy 55 Fa; [ H-1E0 2 R

EFFECT OF TEMPERATURE ON
ACTIVATION ENERGY OF 60% EVA

120 400
TGA Modulated

100 o B

80 g

% §

= 40 250 3

20

200 |

O i
20 , 150

200 250 300 350 400 450

EFFECT OF CONVERSION ON
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350 + ——Poly (60% &thylene vinyl acetate)
1! —— Polystyrene
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QUASI-ISOTHERMAL MTGA OF PTFE

120 Trgrm 1.4
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MTGA OF 60% EVA WITH DYNAMIC

HEATING RATE

20 1.8
TGA Modulated J
100 = '_",fj E
(&) E
3 3
_ oo - 13 =
307 V-rv-.n.yﬁ-v.u-ﬂ'\ﬁ”'vﬁﬁ. E =
" 9400 2
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Time (min)

MTGA REPEATABILITY
POLY (60% ETHYLENE VINYL ACETATE)

108

Side Group Loss Backbone Decomposition
Activation Log Pre- Activation Log Pre-
Energy Exponential Energy Exponential
(kJ/mol) Factor (kJ/mal) Factor
(1/min) (1/min)
166.2 13.141 176.0 11.601
165.6 13.191 173.6 11.491
163.4 13.041 174.6 11.601
171.7 13.381 173.8 11.421
168.3 13.351 1751 11.541
163.9 12.951 170.2 11.141
mean 166.5 13.23 173.9 11.47
std. dev. 3.1 0.26 2.0 0.17
RSD 1.9% 2.0% 1.2% 1.2%
@R




MTGA KINETICS COMPARISON

Activation Energy Logarithm of Pre-
Exponential Factor
(kJ/mol) (1/min)
ASTM! MTGA ASTM! MTGA
E1641 2 E1641 2
Poly(ethylene) 190 190 12.9 12.8
Poly(tetrafluoroethylene) 316 341 19.1 211
Poly(styrene) 173 182 13.0 14.0
Poly(ethylene vinyl acetate) 183 167 14.5 13.2
289 174 204 11.5
Dicumyl Peroxide 104 101 12.0 11.8
1,3 Diphenylbutadiyne 81 99 8.1 10.4
Calcium Oxalate - H,O 17 121 13.8 13.5
Calcium Oxalate 207 194 14.0 12.2
Calcium Carbonate 210 188 10.5 8.7
'Repeatability RSD = 2.8% “Repeatability RSD =1.7%

MTGA EXPERIMENTAL CONDITIONS

* Period : > 200 seconds
(temperature range dependent)

« Amplitude : 4 -5° C
 Cycles Across Transition : > 5
Temperature Program

* [sothermal or
« Heating Rate : <2 ° C/min

N
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DETERMINATION OF FULL WIDTH
TEMPERATURE AT HALF HEIGHT

110 2.0

90

70 7

a0 7

Weight (%)

- 05

30 7

- 0.0
10 7

[ = TTDeriv. Weight (%/min)

-10 T T T T T 05
200 250 300 350 400 450 500

Temperature ('C)

BENEFITS OF MTGA METHOD

* SINGLE EXPERIMENT

* INCREASED PRODUCTIVITY

« MODELFREE

 EASY OF USE

« OBTAIN Z WITH ASSUMPTION OF 1st ORDER MODEL
« COMPLETE KINETIC INFORMATION

*E & ZAS A FUNCTION OF CONVERSION

* FOLLOW PROCESS CHANGES

N
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Evolved Gas Analysis

R

Why Use Evolved Gas Analysis?

* TGA measures weight changes (quantitative)

* Difficult to separate, identify, and quantify individual
degradation products (off-gases)

* Direct coupling to identification techniques (Mass Spec,
FTIR) reduces this problem

122

R
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TGA-EGA: Typical Applications

* Polymers (composition, hazard evaluation,
identification)

* Natural Products (contamination in soil, raw material
selection {coal, clays})

* Catalysts (product/by-product analysis, conversion
efficiency)

* Inorganics (reaction elucidation, stoichiometry,
pyrotechnics)

* Pharmaceuticals (stability, residual solvent, formulation)

123

Q50/Q500 EGA Furnace Schematic

1 Balance Purge

Quartz Liner Sample

Thermocouple

Sample
Pan

Off-Gases <—

T Purge Gas In

Low internal Volume/

/.
~15ml \

? M irnace Core

112
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Discovery TGA & TGA Q5000 IR
Sample pan Furnace Vertical Section
\ ‘ Silicon carbide absorber

\Heated EGA

adapter

/
/
n!

Lower heat shields—~ Y

|
1 '
ol

R
Discovery TGA Heated FTIR Adapter
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Mass-Spectrometry Benefits

* Additional information for the interpretation of the
reactions in the TGA results

* Sensitive method for the analysis of gaseous
reaction products

* Exact control of the furnace atmosphere before
starting and during the experiment

* | ocation of air leaks around the furnace

127

N

TGA-Mass Spectroscopy

Advantages:

= Higher sensitivity and wider dynamic range than FTIR
(1ppm vs. 10ppm).

= Measures non-IR absorbing gases.
= More rapid response.
Disadvantage:

= Cannot distinguish between isomers. (e.g. N, and CO)

128

N
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TGA-MS: System Schematic

Total Pressure Gauge

[F]
i erture
Detectors Fllam_rag i .
" Capillary
i T __
lon Current —| o
: Jurbo
Diaphragm b
Pump i
[ =]
Exhaust ‘ I ‘ ‘
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TGA - FTIR

FTIR (Fourier transformation infrared spectroscopy):

Advantages:
=*On-line measurement
=Hydrocarbons are easy to identify

Disadvantages:
=No detection of inert gases (no dipole moment)
=Detection of inorganic gases limited

130

N
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TGA-FTIR: System Schematic

TA Instruments Universal Analysis software supports the importation of
MS (trend analysis) and FTIR data (Gram-Schmidt and Chemigram
reconstructions), allowing TGA and EGA data to be displayed on a

common axis of temperature and/or time.

T

MS & FTIR Attached to Interface

116



TGA of Calcium Oxalate

Sample: Calcium Oxalate Monohydrate
Size: 17.6070 mg TGA
Method: RT-->1000°C @ 20°C/min
120 10
8
100
Fe
£
. 80 - :E
= =
= =
> g
= =
60 =
)
o
-2
40
S ——————
20 T T T T -2
o] 200 400 600 800 1000
Temperature (°C) Universal V2.7B TA Instruments
133
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TGA-MS Calcium Oxalate

TGA
derivative weight loss

800

Temperature (°C)

134
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Weight (%)

Sample: 583-35-E
Size: 19.6330 mg TGA
98 4
\‘\\‘
y |,
961 VAN
A\ \
A \ =
/4 3 i
/‘ V \ é
! A\ i
Gas switch fromN2 | g
\
. | \ \ L S
to 2% H2 in N2. o ' B
i \ i
/ gl
/,/ '\\ \\
921 / N e
- L J// \ \\\R—ko
90 T T T T T T T T T T T T T T T T -1
250 252 254 256 258 260 262 264 266
Time (min) Universal V2.7B TA Instruments

R

E’i [D1] Display Saved Values < 583-35e2.mdc >

e
E»DSJO" Current [A]
N2 Purge then Switch to 2% H2 in N2
ool Wi %“;m{ﬁ
During weight loss, a reaction
occurs between H2 in purge and

sample in which H20 and HO are
el ‘produced.

| Ti5423320s | [V 497223ED7
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Smoke Generation in Flame

Retarded Polymers (PVC)

100 T

80

60

. < Benzeneg

— — PVC N wn — ———— o "y,
O 40- A =1 -
> - PVC + MoO 3 = (78 amu
s 3
. 2.
(g- 20 T T T T < T T T T
:a 0 100 200 300 400 500 0 100 200 300 400 500
S Temperature (°C) Temperature (°C)

Benzene is a component of smoke. Much reduced in the flame retardent sample.

137
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Compositional Analysis by TGA-MS

1
1004 F | Sample: EVA (25%) .
o Size: 5.7390 mg
Loomaseiened Heating Rate: 20°C/min
0.1
1 9% VA =17.45(86.1/60.1) g
% VA = 25%
Hydrocarbon CxHy <
S m/e 56 Li’
£ 50 Acetic Acid -oo1 2
g i =
g m/e 60 g
S
27 T - 0.001
s —————— | g
\\
\
% VA= % Acetic Acid* \
0 | Molecular Wt (VA) / Molecular Wt (AA)
0 o 1(')0 o 2(|)0 o 3(|)0 o 4(I)O o 5(|)0 T 6(|)0 o 7000.0002L 138
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TA Instruments

The World Leader in

Thermal Analysis, Rheology,
and Microcalorimetry

www.tainstruments.com

Thank you for your attention!
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