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| QSeries - [Q500-1572 - TGA Q500@Mfe-tga]
i Control  Experimental Calibiste Tools_Yiew Window Help

XXX T BIBles AMO
4 ol || ] Fn 4 Complete Teme25.60°C

Fxperiment ; Signal [ value ~
e s
Seqmert Time 0.00 min
Erocedure Summeany Remaining Run Time 0min
Mode Temperature 25.60 °C
SequenceNo. 6 Weight 25,7205 mg
 Funi Test |Costom Waight percent. 100,00 %
Set Point Temp 0.00 °C
' Fun2 Sampls Information Heater Power 0,00 W _
+' Run3 Balance Purge Flow 39,99 mLfmin
- Fund; Sample Name [FO1-1 Samnle Prrae Flow 50 99 mi frin bl
Pan Type [Flatiorum = # | Running Segment Description

1§+ Equilibrate at 50.00 °C

PanNa 1 = 2 7 Ramp 10.00 °C/min to 235,00 °C

3§ Isothemal for 120,00 min

Comments |

Data File Naine ]\\Qc—tga\ba\Daba\TGA\QD13‘D4V3430\YU1—1 ool

[~ Metwork Dive |

2.00-~
1.604
—1.60
=]
=
=1.404
E
o
£1 20+
1.00+
al Caliniien T T T T o e T A
‘;—T? Platinum 071 5080 min Append ] =il i ]
L

Temperature (C)

Ready (SO | TG4 1000 |Seg OmBun 4 [11:17:11
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<% Control Experimental Calibrate  Tools  Fiew

Experiment
Standard Sequence

Experiment
47} Calibration
5 Plating
AT

Ready

o wll B | Rundcomplets Tempi2s 60°C

QSeries - [Q500-1573 - TGA Q500@Mfs-tga]

| Control Experimental Calibrate Tools  Fiew

POO0Oe NNE T HIBE

indow Help
©0000C BRNE T HIBlw AFE@
— signal [ value ~
Sty I | Pmceﬂ“’fel [lji Nﬂ‘esl sthad Time 0,00 i
Seqment Time: 0.00 min
Frocedure Summeary emaining Run Time 0 min
Made Temperature 25,60 °C
bwicight 25,7205 mg
Test hvicight percent. 100,00 %
Set Point Temp 0.00°C
Semple Information Heater Power 0.00 %
izlanice Purge Flow 39,99 mLimin
SE]TAD]E Heunz ‘YUI,I [=armnla B1ras Floaa 54 99 rl irin \',
Pan Type [Pl = # | Funning Segment Descrption
0
Pan o = 2 [ Ramp 10.00 "C/min to 23500 T
3§ Isothermal for 12000 min
Comments ‘
Data File Hame ]\\Qc-tga\m\Dafa\TGA\2D13‘ﬂ4\ﬂ43D\YDl-l 0ot / =1
[~ Network Diive | e
200+
~ 1,80
HIFRHGIE oo
=
£
=140
=
o
D1 o
21
1.00-
T T R T s e T Y T AT A AT Ay
01 sos0min Append D ; Help Temperature ('C)
C R 4 111701

Standard Sequence

Sequence Ho. 6
+ Funl:
 FunZ
+ Pun:

= Fund:

5| Experiment

447 Calibration

£ i
¢ Platmam

Ready

i@i = J Fiun 4Complete Temp:25 60°C

indow  Help
w il A @
- — Signal [ value =
Bllitey l a Pm“d“ml [lji Nnml Method Time 0,00 min
Segment Time 0.00 min
Frocedure Summary Remaining Run Time 0 min
Mode 2 Temperature 25,60 °C
= weight 25,7205 mg
Test |Custom ~| B|® weight percent, 100.00 %
Set Paint Temp 0.00°C
Sample Information. Heater Power 0.00 W
Balance Purgs Flov 39,59 mL{min
Sample Heme |YUI,1 Sarnnle Biwas Flaw 54 ad ml frain h.d
Pan Type [Plotinam =1 T | Aunning Segment Descnplion
1§+ Equilibrate at 50.00°C
Pan No 1 = 2 [ Ramp 10.00 “C/min to 235.00 °C
3 | Isothermal for 120,00 min
Comments |
Doata File Noune [ tealteDatah T A0 T F404 300 1-1 001
[~ Metwork Drive ‘
200
U ESER
= Q575 1.80
1604
=
£
—1.404
=
=3
T4 o
;T 20
1.00-
T e e e T
60,60 smin Append | Aty Tamperaturs (')
Tt 1000 | Seg OinRun 4 [11:7:11
| B 7
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QSeries - [500-1573 - TGA Q500 @Miz-tza]

QSeries - [Q500-1573 - TGA Q500@Mfs-tga]

5 Contiol Experimentsl Calibrate Tools Fisw Window Help _ & x
0000 NNE T EHIEBN@ELSE AE@
LB vl | Rundcomplete Tamr25.60°C
“Experiment Signal value ~
i AL Pmce‘iml @ NU‘ES} Methed Time 0.00 min
Seqment Time 0.00 min
Frocedure Summery Remaining Run Time 0 min
Mods Temperature 25.60 °C
Weight 25.7205 mg
Test wieight percent. 100,00 %
v 2”"; Set Pairtk Temp 0.00°C
¥ Bin Sample Information Heater Pawier 0.00 W
+ Run3: .- . — Balance Purge Flow 39.99 mLjmin
- Fun 4 A ‘ i Sarmnla Brirae Flan 53 99 ml fmin ]
i e [Plafimm | # | Running Segment Description
1§+ Equilibrate at 50.00 °C
Panllo 2 7 Ramp 10.00 "Cémir to 235.00 T
3§+ lsothermal for 120.00 min
Comimends ‘
DatuFile Nosis | ¥06-tgobe Do 1A G01 040430011001
[~ Network Drive |
200+
1.60-
160
5
Sia
oy 7 b=
Nj < =)
~ / 21 20
Experiment 1.004
S Goiberon T o A o e e
s i § : : y : i
¢ Platinum 01 s060min Append Help Temperature (')
Ready

) Control Experimental Calibrte Took Yiew Window Help
P0G TRE B i Pl XFRO
i@i = J Fiun 4Complete Temp:25 60°C
i - . — — Signal [ value ~
ettt Bllitey l a Pm“d“ml [lji Nnml Method Time 0,00 min
tandard Sequence -
St 1d Sequen Segment Time 0.00 min
Frocedure Summary Remaining Run Time 0 min
b 2 Temperature 25.60°C
5 o & = wieight 25,7205 mg
i Test Custm ~| El| € weight percent, 100.00 %
+ Aun Bl
R 2' Set Point Temp 0.00°C
W Sample Information Heater Pawer Q.00 w
+ Run3: s SO Balance Purge Flon 39,59 mL{min
- Aund: BUILLE T | 3 Samnla Biwne Flau £a 99 el frein ]
Pan Type [Plafim | # | Running Segment Deseription
1§+ Equilibrate at 50.00°C
Pan o 1 =] 2 |7 Ramp 1000 Téin b 235.00 °T
3 | Isothermal for 120,00 min
Comments |
DolsFile Name |06 teaWmiDatav TG A0 1 04 A 20 01-1 001 > :Su | | I | I I ary,
[~ Network Diive | > P d
200 N ) &
Notes
160
=
£
=1 40
2
=)
2120+
5| Experiment 1.004
g S B T e A ST aART AT AR
26 3
7 Platinam 1 B850 rn Append | Aty Temperature ('C)
Ready TG4 1000 | Seg DinFawn 4 11711
EB® -t
= g2



QSeries - [Q500-1573 - TGA

00 @Miz-tza]

QSeries - [Q500-1573 - TGA

500 @Miz-tza]

periments] Calibrate Tools ¥isw Window Help
060 IRE T HIBNw XM
% E | P Complete 15725 60°C
De o 3 I [.gia Signal Walus A
LS| Pmce‘iml NU‘ES} Method Time 0.00 min
Standard Sequence Segment Time 0.00 min
Frocedure Summeary Remaining Run Time 0 min
Mode Temperature 25.60 °C
Weight 25.7205 mg
Test Weight percent. 100,00 %
Set Point Temp 0.00°C
Sample Information - Heater Power 0.00 W L
Balance Purge Flow 39.99 mlimin
SEJTAD]E Heunz ‘YUI,I Samnls B1ras Floaa 54 99 rl irin b}
i [Plafimim = # | Running Seqment Description
1§+ Equilibrate at 50.00 °C
Pan No 2 [ Ramp 10,00 "T/min to 23500 T
3§+ lsothermal for 120,00 min
Comments
[P taataiDatal TG A0 FOAN4SOT T -1 DO >
2|
200
r==24
Hig
B=S QLN
A1, S JHE ,51 [
£
BATIE = e
E
o
} |l
;1 20
1.00+
7} Catibration T A A A
= oan0 100 110 120 130 140 150 160 170 180 180 200
4 7 Platinum 01 5060 mn Append Help Temperature (‘C)
Lol
Ready TGA 1000 |Seg DinRun 4 [11:17:11
| E® | EFiiay

2HH

<7 Contol Experimental Calibrats] s Window Hslp
cP0606 O P HIBH@wil AFEO
: wll B | AunéComplete TER:25.52°C
Experiment 2o0 S\grr\vald Yalue
.00~ Method Time 0.00 min
Standard Sequence Segment Time 0,00 min
Remaining Run Time 0 min
D q’ 1.90— Temperature 25,52 °C
e Bequeren o -5 weight 25,7204 mg
 Funi weight percent. 100,00 %
e Set Paintk Temp 0.00 °C
¥ i, 1.80— Heater Power 0.00 W
' Fun Bialance Purge Flow 40.03 mL{min
= Fun 4 Sample Purge Flow 60,00 mLjmin
1.70+
1.60+
ol .50+
% # | Running Segment Desoription
By a0 1§+ Equilirate at 50.00 °C
g 2 [~ Ramp 10.00 "T/min to 23500 T
3§+ lsothermal for 120,00 min
1.30+
1.204
1.0+
1.00+
I pn nrne—
040 1.00 110 120 130 1.40 1.50 160 1.70 1.80 1.80 2.00
Ternperature ()
T3A 1000 | Seg DinRun 4 [11:20:00
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Series - [Q500-1573 - TGA Q500 @Miz-tza]
< Control Experimentsl C

ol ¥iew Window Help

000G |ORE T HIBNw AFO

L& vl B | P omplete Temr25.50°C

2.00
180
1.80+

170+

0.90 Cam T 120 BT Cm TqEn 160 o T 'R T 200
Ternperature (')

TGAZR{FEREE M TEIRREA

Dlﬁ[ul : iPchodwﬂ Notes I :lcl:hod Time I ;:;rm l
Sequence Procedure Summary Segrent Time 0.00 fray
- ot a0 @ ondgfatin {00
! 01048
Test |Ramp == m:ﬁ petcent IU‘IDE]D‘:W
- — Set Point Temp 0o0*C
Sample Information e L Heater Power 0.00W
S ample Mame |Calcium Oxalate Pty A {0 [,
PanN 1 / # | Running Segment Desciiption ]
st =l 1§ Ramp 20,00 'C/min to 1000.00 C
Conmants I
D ata File Nams rC:\Dmri: and Settngs\lew\My Documents\Ouicks @"’L ﬁﬁ%ﬁﬁgﬁ%@?ﬁﬂfﬁm EFTSZ
I Acchive Enable [ =
= = l _l |
l N 2.00
1.80—
160+
I g
=140
;‘I 20=
1.00-
B a=| | 0.80-
1]+ ]@) T080 100 120 140 160 180 200
01 4900 min apperd | 2o | . | Heo | Temperature (°C)
Ready EEITl | 7GA 1000 Seg OinPun 1 [11:06:00
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Q500-1573 - TGA Q500 8Mfz-tzal

7 Contol Experimental Colibrte Tools Yiew Window Help
= e =
©®0000 NHNE T EHIBlwd AFO
taj =B IHU"4Enmplele Temp:25 58°C
= — signal [ walue ~
Swnmnary | | Prossdurs \Lﬂf Nﬂ“’-s\ Method Time 0,00 i
Seqgrment Time 0.00 min
Pt e A Remaining Run Time 0min
Temperature 25.55 °C
Test  [Custom -] H|& weight 25,7204 mg
! = —u wieight percent. 100,00 %
Nors Set Point Temp 0.00°C
Heater Power 0.00 W
Bialance Purge Flow 39,97 mLimin
Samrle B iras Flos 54 G ml imin et
# | Running Segment Deseription
Method 1 1t Equilibrate at 50,00 C
Neme | Editor 2 [ Ramp 10,00 "Cmin to 235.00 °C
T RS 3§ Isothermal for 12000 min
1§+ Equilibrate st 50.00 °C
2 |7 Ramp 1000 Cnin t0 600,00 °C _PodTest.. |
20
1,80
1,60
=
£
=1 40
k2
o
D1 o
Z120
1.00
B TR T T SRR ST MR T AT S S Eas T i
01 5060 min Append Help Temperature ('C)
TGA 1000 | Seg DinFun 4 111748

Signal [ value ]
Summary, Fiocedus ] Motas I Method Time 0,00 rran
: Segrerit Times 0,00 rrn
i~ Procedure Information Fiemmainirg Rur Time 0 riiey
Temperslure 27.23°C
Test [Custom =] M= w.lgp;t 71.7221 mg
wieight percent 10000z
o T L e
rMethod
Method Contents |
= _Segment ist = B
h:‘ntr'ndF Hame |—HemD O =) | < B Jump
o — {1+ Equilbrate
T od # Se:mntzﬁne;gﬂ;n — I Initisl tempersturs
T P amp 20, 'min ba I~ Rarp
B lsathermal
F 5tep
%1 = Incrament tempersiune
J Repeat
J Repeat uritd
§ Aboit next segment an lini
FFY S arnnlinn inderal as
| [« 3
| oe | Cancal | Help
g
=14
= 0
=5
i"l 20
=7 EAS ML =
E==o
100 S S ER L
1 e e
- 0.80 1.00 1.20 1.40 1.60 180 200
01 49 00 min Agpend ] I oYt l Help | Temperature ("C)
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Series - [Q500-1573 - TGA Q500 @Miz-tza]
<% Control Experimental Calibrate  Tools Fiew Window Help

TGAZRFRRRR/ MERA

= a TR -
00 NRE T BEIBlwL AF®
wldl  EX | Run#Complete Tempas 57°C
. — — Signal Walue ~
S““myl El P“’Wd““{ E_'ﬁ' NU"ESI Method Time 0.00 min
Hotes Seqment: Time 0.00 min
Remaining Run Time 0min
Operatox | Temperature 25.57 °C
o c— - S Weight 25,7205 mg
« Funi Extended Text Wieight percent. 100,00 %
¥ Rno Set Point Temp 0.00°C
= H“” S Heatsr Power 0,00 %
un 3: % Balance Purge Flow 39.99 mLjmin
- Run 4 gﬂgg‘ & Samnle Puirne Flon A0 113 il imin i
R E | Running Seqment Description
Mass Flow Cantrol Settngs 1§+ Equilibrate at 50.00 °C
Balence  [#1 - Nitmgen Flow Rate  [40 el e 2 ¥ Ramp 10,00 "C/min to 235.00 T
N Flow Rate [55 — 3§ Isothermal for 120,00 min
Auto Anslyze
[ Antoenalyze

[~ Steit Remately

200+
1.804
1 B0+

40—

ght (mg

1.204

Wei

1.00-

L —
080 1.00

BRI T R

01 5260 mn

Append

Hi

elp

Temperature ('C)

TGA 1000 |Seg OinRun 4 |11:168:18

I 0Series - [Q500-0014 - TGA Q500 ===l
Control  Experimental  Calibrate § Tools I Yiew Window Help Engineering ;Iilil
- TT Plot 3 o
- EH = Il I | User Preferences. .. Instrument Preferences il
A B | pE [Fn s _
Data Transfer... MFC Purge | LCD Signals | Touch Screenl TGA | Auto Samplerl |
| = Surnmary I 1 ) "
File: Litility. ..
Sequence — Procedy Instrument Setup...
+ Runl
- Made Register as the Master Contraller g Gias #1
Test Unregister Master Controller ;I =
Print Setup...
- Samplell  controller License .. , Gas H2 Nirogen [~
Sample | Instrument License. .. %
Pan Mo, N =] ¥ _#fop expeiment when flow rate deviates from the set value
Comments I
Diata File Mame IC.\DUcumenls and Settingshlewihiy Ducumenls\ﬂy
I~ Archive Enable | /
™ Autoanalyze | //
QK I Cancel Apply Help
Analysiz Macro I /
/ 1.80-
GAS1/GAS2H) MG TR =
S MHERHE L £, 40
=
=
§ 1.20+
1.00-
= [ Lo 0.80
B T 1 I Y [ R |
T+ o1 ] omend I T [ el I 080 100 120 140 160 180 200
£ 00 iz, ppen Apply ance elp Temperature (*C)
Betup Instrument Preferences
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QSeries - [Q500-1573 - TGA Q5008Mie-tza]
Control  Experimentsl Calibrat Tools View Window Help

w8 E | A dcomplete Temn25.80°C

0000 NEHE T HITEN@L AE@
W Citicsl W Waming ¥ Status Month: [2011/05 =] Sequence/Run [al  w| [a1 ~
Catsgory: | W Status W Calibration [V Autosampler W Data File Acceptor W Miscellaneous ¥ Power Supply [V Taring
Log Time | Fun_ | Category | Descrition [~
@DS-M ap-2011 17:0420 0000 Autosamplar Pan #1 unloaded
@D}May—?ﬂﬂ 17.01:47 0000 DFA M TTBF325-SCHEMGATAND atahTGANMa service1573-05032011.002
®U3—M ap-2011 17.01:47 0000 DFA Fun 1 completed and saved.
@DS-M ay-2011 16:11:59  00-00 Run Status Run 1 started
@D}M ay-2011 16:11:06 0000 Autosampler Pan #1 lnaded
@U}M ap-2011 16:02:00 0000 Tare Pan #1 tared {0-200mg -0.0238 mg}
A\ 03Map-2011 160528 0000 Autosampler  Instiument motion in progress. Cannok sttt new motion rsquest. (B06]
@DS-M ay-2011 16:04:24 0000 Calibrate Weight calibration complete and saved. 1000mg range.
®U3—M ap-2011 16:03:44 0000 Autosampler Pan #1 loaded
@DS-M ap-2011 16:0210 0000 Autosampler Pan #1 unloaded
@DS-M ay-2011 16:00:31 0000 Calibrate “wheight calibration started. 1000mg range.
®U3—M ap-2011 155616 0000 Calibrate Weight calibration complete and saved. 200mg range.
E)03May-2011 156253 0000 Calibrate “Wight calibration stated. 200mg range
(E)03May-2011 155237 0000 Calbrate Auts zera of weight. (307)
@U}M ap-2011 15:51:58 0000 Autosampler Pan #1 loaded
@DS-M ap-2011 151512 0000 Autosampler Pan #1 unloaded
€ 03Map-2011 150901 D00 Miscellaneous  Balance puige gas can not reach specified flow rate. (B54] &
003—M ap-2011 15:08:24 0000 Miscellaneous  Sample purge gas can not reach specified How rate. (E56]
M\ 03Map-2011 150506 0000 AunStstus  Cannot air ool Sample pan loaded. [504]
@DS-ME}J-ZDH 15:0506 0000 Miscellaneous  Instiument rebonted
@U}M ap-2011 14:56:20 0000 Autosampler Pan #1 unloaded
@DS-May-ZDﬂ 143856 0000 DF& SWATBF325-5CHEMGATAND atahT GAkta serviceh1573-05032011.007
@DS-M ay-2011 143856 00-00 DF& Run 1 completed and saved.
@U}M ap-2011 134229 0000 Run Status Run1 started.
@US-M ay-2011 13:40:29 0000 Aun Status RAun 1 rejected.
@DS-M ap-201113:3529 0000 Run Status Run 1 started
(34N e W11 12249 OAON hbecnenndoe Do BT laded e
L f32s-scheng hosts 30 of 30 entries
Prirt J Clear Log. Save “igw Himl Entor Help. Help Class
1000 |¥eg OinRun 4 11:10:18

|Ef@ " trum

S FRIRE

& hdvantage Instrument Messages

([} TGA Messages
|7 TGA Messages
|2 Message 100
|7 Message 101
|7 Message 102
|7 Message 103
|7 Message 104
|7 Message 105
|7 Message 106
|? Message 107
|7 Message 108
|7 Message 109
|7 Message 111
|7 Message 112
|7 Message 113
|7 Message 114
|7 Message 115
|7 Message 117
|7 Message 118
7 Message 118
Message 119
|7 Meseage 190
|7 Message 191
|? Message 192
|7 Message 193
|7 Message 135
|7 Status Message 601
|7 Message 602
|7 Message 603
|7 Message 604
|7 Message 605
|2 Message 606

< B YouTubs - Broadsast Yoursslt [ Google 8| SEHH O Vahoo! S | (SEREHFH

£

i~ B

ENDiEA Goail | ENIARE Fsbook —Z A £ HE B EECIES -

»

- @ER- ®EREQ- TAQ- @-

—
~| Message 119

Heat exchanger, no flow. Run stopped.

D ——

Problem:

Cne of the following situations could be causing the message
P There is air in the water lines
P The heat exchanger is not connected, is low on water. or is not functioning properly.

Solution: E

Try one or more of the following operations to solve the problem, then restart your experiment.

gone.
2. Connect the heat exchanger.
3. Check the water level in the water reservoir bottle and fill to at least 2/3 full or below the upper hose fitting.
4. Call TA Instruments for senice.

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

T RoboHelp &

T -

Instrument ...




= For EGA furnace
=00 ml/min J&+
=10 ml/min K2

= For Q5000 furnace
=25 ml/min J& 1
=10 ml/min K>

TGARIEER{FERMA

= L EiRIE
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)
FEHERERE 100mg / 1000mg

Curie Point Transition Method

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

o

-13-
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Electronic Balance Tare
200mg i [ 25
200mgfEEA EEHE
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QSeries - [Q500-1573 - TGA Q500 @Miz-tza]
i Contrl Experimental Calibrate Tools Fiew Window

©fP0600 DEE T E

Il wd xTe

!aj =B ] Fun 4complete TemP25_ 60°C

Standard Sequence

= Procedure Summary
)€ Mode
=] Sequence No. 6
+ Run1: et
; EE: g Sample Information
- Fun Sanple Nome
Pan Type
Pan No
Comiments
Data File Namne

[~ Network Drive

| Experiment

. Calibration

Summary I El Pmcedure} [ Nmes}

[T01-L
[Platinum Bal
L =

|\‘Qc—tga\ta\Dm\TGA\2El13‘04“]43[!\‘1[!1—1 i}

01 5060 min

I "
{7¢ Platinum

Append

Help

Ready

"B oA opt [

i n T4 Instrument Explover

-14 -

Signal I Walue A
Methad Time 0.00 min
Searment 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 Pawer 0.00 %
Bialarice Purge Flow 39,99 mLjmin
Samrle B iras Flos 54 48 ml imin et
# | Running Segment Description
1 4+ Equilibrate at 50.00 °C
2 [ Ramp 10.00 *C/min to 235.00 'C
3§+ lsothermal for 120,00 min
2.00+
1.604
1 G0
=
E
=1.404
=]
o
@1 5
;1 20
1.00+
L
080 100 110 120 130 140 160 16D 170 180 180 200
Temperature (C)
TGA 1000 Beg OinRun 4 |11:17:11
117

[ emror 1 PG - ks




[Experiment
Standard Sequence

ceo0o0e NRNE T HIBHw AMO

T -] | Fiun 4 Clasing Temp 24.02°C

=]l Sequence No B

+ Run1:
' RunZ
+ Fun3
= o Rund:

[~ Network Drive

— — Signal | Value -~
STy I | | Procedurs 1 [E motes 1 Method Time .00 min
Seament Time 0.00 min
Procedure Summary Remaining Run Time 0 min
Mode [TGA 1000 Temperature 24.02 °C
Weight 5.65874 ma
Test \c\m;.m = Weinht neran ] <,
Q500-1573 - TGA Q500 @Mfg-tga - Weight Calibration - step 1 of 5
Sample Information
Sample Noume Y012 Eleotronic Balnce Tare v
Pan Type Platinum 1) Place an emptisd. pan, of the sams type and size a3 the
sample, on the tare side of the balance
Pan Ho 4 2) Press Load Pan to lnad an empty sampls pan on the
sample side of th balance and closs the fumace
Cormiments
AMTEN B Hrees Mool bo i alos for o
Data File Naims Pc-teaita

Load Pan
Tnload Pan

[[i5] Espesiment
£ 7 Calibration
¢ Platinum

Ready

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

04 74470 min

Append | 1 Help

Zero 200 mg Range

200mg range.

Electronic Balance Tare |«

1) Electronic tare complete. Press Next to begin zeroing

200m g #3 [ Hir 25

Next >

0 ido ko 1B 1A 18 180 200

Temperature ("C)

-15-




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

Zero 200 mg Range

« 1) Electronic tare complete. Press Next to begin zeroing
range.
2] Wait until the balance is stable.

Uncalibrated Weight 0.0058

Stable

Stability [ug/sec)

200m g i [E] 57 2= Tl T Cancel | Heb

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

Calbrate 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
SHI100mehiAhE Unload Pan
Next > Cancel Help

-16 -



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 | mg.
5) Wait untd the balance is stable.

Uncalibrated Weight 93.9882 Stable
0 1 2 3 4 5 6 7 8 3 10
illlllllllllllllllll

Stabdity (ug/sec)

200m g #3471

<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 unload the sample pan

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

1000mg i 2 Fri 25
Load Pan
Undoad Pan
Next > Concel |  Hep
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Q500-0022 - TGA Q500@Tga Mig - Weight Calibration - step 5 of 5

Calibeate the 1000 mg Range
1) Press Unload Pan to unload the sample pan
2) Place a 1000 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 [1000.00 g

S A1000mefi i Load Pan
Unload Pan
Next > Cancel | Help

Calbeate the 1000 mg Range
« 1) Press Unload Pan to unioad the sample pan
« 2) Place a 1000 mg class M weight in the sample pan.
« 3) Press Load Pan to load the sample pan.
« 4) Enter the exact mass of the standadl’ mg.
5) Wait until the balance is stable.
Uncalibrated Weight 999.3854 Stable

0 1 2 3 4 5 6 7 8 9 10
*l 1 l 1 l L l | l 1 l | l 1
Stabilty (ug/sec)
1000mg#E B 1
< Back Accept > Cancel I Help
LN
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Q500-0022 - TGA Q500@Tga Mig

Weight calbration successfully completed!

FEIESE K

Finish Help

- EEnfRft
PRI IR R E AR E Y B RIS RS R 2 N 100°C -
JETSEE-100°C =tEIAEE
InEGE R B2 BB - InZEIEiERE L -#550°C -
[ETSEE+50°C =R BRIR T
S445  NICKEL
Equilibrate 250
Ramp 20°C /min to 400

- MOIEEERT 0 EmdeiElsE  ‘Temperature Table” o

- Fresd e B B RN “Furnace Closed”  © i& e THPI B BaAS
Wik ~ JE T BB R eGSR i HEFTGARLY -

- TSR RS R E R N OAE -
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QSeries - [Q500-0014 - TGA Q500 ==l
I= control Experimental | Calibrate Tools Wisw Window Help  Enginesting o = |
] = :
J>-="| Tare Cerl+ T y@
= weight. ..
J A % | ﬁ [ f Platform
= __  aa——— Sighal I W alue I
Olela] || e— o
Sequence M?;U; ] Segment Time 0.00 rnin
- ample. .. e 0 mi
= . e B Temperature Table - Q500-0014 - TGA Q) i 2685 T
-71.7603 mg
r— Calibration T able 100000'0'?:2
r— Sample Information —— Obszerved Temperature “C Corect Temperature °C 0.00%
Sampls Name IE
. o Paint 1: |150.22 |154.15 egment Description |
ante : 20.00 *C/min to 1000.00 °C
S I— Point2:  |355.15 [258.28
Point 3: |u.un |u.un
Data File Mame IE
Point 4: |u.un |u.un
I~ Aschive Enable | |
Point 5: |u.un |u.un
[~ Autoanalyze I—
Analysis b acro |_ Apply II Reset I Cloze | Help
1.80—
_1.60—
g
=1.40—
=
=
] .
z1.20
1.00—
B,_|g=| &
EI O'8O_I"I"I"I' | I |
+ |+ B ] 0.80 1.00 1.20 1.40 160 1.80 2.00
01 4200 min. Append Spply Cancel Hep | TemperEie CE)

[ Qseries - [Q500-001 _ =] x|
E Control  Experimental  Calibrate  Tools  Wiew Window Help  Enginesring — |ﬁ' |1|
— = =T
(> m =111 [E] 38| 9
| A | ES | Fun 1 standby T2 31.29°C
Sighal I W alue I
—~ [ — | SielEl
0 | Dl (=] Surimary  Procedus | Notes | Methad Time 0.00 min
Sequence . Segment Time 0.00 rnin
- - RBunil - Procedure Information Fiemaining Fun Time 0 min
Test [Framn = Temperature 31.24°C
wieight -0.1151 mg
Description | This experiment is designed to heat the sample at a constant rate. ‘wieight percent. 100-q0 %
|deal for determining thermal stability and composition over a broad Set Point Ternp 0.00°C
temperature range. T he final temperature should not excesd G00°C Heater Fower 0.00 %
for alurninum pans and 1000°C for platinum or alumina and 1000°C for
platiurn ar alurmina [ceramic) pans.
H | Funning Segment Description |
~ Method 1 T F Ramp 20.00 *C/min to 1000.00 °C
ot ==t poreert e i
i 20.00
ieEiE I Method End Conditions
Final temperature |1UDD.DD [ Furnace: " Open and unload ¥ Closed
¥ Air Cocl for |2D iy %
[~ Swichtogas2at  [500 00 i
QK I Cancel I Help I
FaTal
1.80—
_160—
=]
=
=1.40—
=
=
) _
g’l 20
1.00—
Bo|E=| & 050
e | | "0k o 120 ke iko o
48 00 s ppen = ancel lp Temperature (°C)
Ready | TGA 1000 [ Seg OinRun 1 [D9u42:32
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[P gseries - [Q500-0014 - TGA 9500@Demo Lab] ==
I control Experimental Calibrate v e ing == =]
. RT Plat
J ’ - - II I} |I: User Preferences.
J Y =5 | B IRun1:Slan nstrument Preferences ﬂ
Data Transfer. .. .
|]| g”‘l Hl Summary | Fifezti;?;'s = MFLC Purgel LCD Slgnalsl Touch Screenl TG&  Auta Sampler |
Sequence — Proced Instrument Setup... . I
-+ Aund — Sequence Stop Optiohs
Mode Register as thie Master Controller & OuenF d unload BB ,
u rer Master Controll + Open Funace and unloa :[_-l:l:. ﬁﬁﬁﬁ}jﬁ%
Test nregister Master Contraller / H% j‘ ==}
Print Setup. ..  Leave furnace closed
[ Sample Controller License. .. " |
Sample Insktrument License. .. — Errar Handling
—
Pan M 1 —=t " Halt on emor
Commerits I & Recover on eror
Data File M C:\Documents and S ettingsilewiib .
ata fie Hams I W Enahle autosampler [auto-advancing to the nest in)
I~ Archive Enable |
™ Autoanalyze I
Analysis Macro I oK Cancel | Apply I el
1.80+
B0
[=2)
£
=140+
=
[=2]
o a
z1.20
1.00-
o BE s 0.80
- | S |
T +|E 080 100 120 140 160 180 200
Append Appl | Cancel Hel
01 4900 min ppend | Zply ancel | op | Temperature (*C)
Setup Instrument Preferences

= {50 F SZ B R RS - I
]

B ERRIE




R ERIE

= (i F Universal Analysis 23 H7H& 2

ol 8:da ] T Alitica = |

= [al5E  ‘Temperature Table’

102
100 ﬂ
9g f 1
151.48°C
= Alumel
_—5., 96 +
17
=
94 |
92+ 357.59°C
Nickel
an T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0 S0 100 150 200 250 300 350 400
Temperature (°*C)
N
TA
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[ gseries - [Q500-0014 - TGA Q50
E Control  Experimental | 2 - = I Engineering — |5‘|1|
1 Z i \
[ | = S &
I~ —— e | weight. ..
J F 3 B | =5 E Platform...
= = [ Value |
| | D| = i Method Time 0.00 mirn
5 5 0 it
- g =l MFC Sample... | B [Temperature Table - 0500-0014 - TGA Q500@ X|fin
MFC Balance. .. 23°C
— i : | 0241 mg
= Calibration T able: 0000 %
- Obzerved Temperature *C Carrect Temperature "C 0-°C
— Sample Information ——————————————— 0w
Sample Name [Faleiom Dialate Paint1:  [151.48 15418 I
= tioh
Pan No. 1 = Pairt 2: |35?_59 |358.28 1000.00 °C
Comments I ID i ID o
Data File Mame IC.\DUcumenls and 54 IU.UU IU.UU
I~ Archive Enable | fo.00 fo.00
[~ Autoanalyze Ii/
I Apply I Fieset | Cloze | Help
Analpsis Macre e——
I /; T n=l=)
— 1.80~
I=NEIIN }—_EF
iﬁ@i@”ﬁmx =160~
=
=1.40—
=
=
5] .
g’l 20
1.00~
B, |G=| &
«=-E' 080— o o Lo
T8 080 100 120 140 180 180 200
01 #9200 min Append | Apply | Cance| | Help I Temperature (°C)

_ (&1

T oy
= o =0
= > -




" KR EER AR A EER AT B R EHR .
(Powders best)

"FRREE
10-20mg  #E A B
50-100mg & FH S5 FEEs R iy

= KA TCARSS 8B EEEFREE(+/-0.025me) ~ A110mgHy
BRE0.25%

" TR R SSGE TR R R R
" F—RERATE N PR TR F B F(Tare)
e SRS N ST

"GRG - B AR E BT EEITTL

e —(E R B B

| Contml Fperimental Calibrste Tools Wiew Window Halp

ooe@o @l% T HI BE e | &]

é'-"_ wj n IH 4 Complete Tomp25. 60°C

[~ Wetwork Drive |

wls

5 signal [ walue ~
Sty I |J Procedurs \ {'_gii Hotss \ Methad Time 0,00 i
Searment Time: 0.00 min
Procedure Summary Remaininy g Run Time 0min
Made G4 1000 T} 25,60 °C
{ S 25,7205 mg
Test Custom »| El| € 100,00 %
0.00 °C
Sample Information 0,00 %
39,99 mLjmin
Seunple Neme [v01-1 S0 a0 mi imin ]
Pan Type | Platinmn =] ing Ge:
1 4+ Equilibrate 150005
PanNo 1 = 2 ¥ Ramp 10.00 "C/min to 235.00 'C
3§+ lsothemal for 120,00 m
Comments ‘
Data File Name |\‘Qc—tga\m\Daba\TGA\QD13‘04“3430\‘101—1 no1

200

1,80
.1 B0~
=

=
=140+
E

o

£1.20-
5‘9 Experiment 1.00

fel Spaa
) Calibration

e e o N e e e

& o€ @ =

[ e

70 Platinum 01 5060 min Append I L Help
LY

080 100 1300 120 1300 140 1560 160 170 180 180 200
Termperature ("C)
Complsted [(cRTii] S eg OinRun 4 11 17:11

| T AieEE oot BB T Instoment Explorer |




QT A8 — 118 B B e

TGA Experimental Wizard [Q500-0014 - TGA Q5008 Demo Lab] x|

Thiz wizard helps you set up and start lppecal TGA expenments. Prion bo using
thiz wizard, the TGA must be properly calibrated [Ses onlire help for addsticonal
mnformation] Select the ype of TGA expenment you want to perform

= Conwentional TGA
These experniments measure the amount and rate of weight changs in a
material a5 a function of lemperature of 4ne.

 High Resalution TGATM [HiResTM TE4)
Thess experimants: emplop special algorithme to precizely control heating, ‘\;EE{'% %—%‘ ﬁ%ﬁ
theraby anhancing the rezolution batween clozely - spaced weight changes, z= =R/
However, since experimeantal times ane bppically longer for Hi-Re:  expenment,
conventional TGA is recommended when evaluating a matenal for the fist
time. [Mote: The EGA [evolved gas anslysis) hunace is not designed fos
Hi-Aes TEA studies. [tcan be used but the results may be compramised. |

" Modulated TGA ™™ MTEATH |
These experiments provide additional mformation about decomposition and
wvolatilization processes, inchluding comtinuous determination of activation
eneigy. verfication of a single kinetic mechanism. and verication of first order
eaction kinetics. [ Mote: The EGA [evalved gas analysis) fumace is nol
designed for modulasted TEA studies. It can be used but the results may be
compromised. ]

Mt > I Cancel Help I

QT A8 — 118 e B B e

D useries - [Q: 14- TGA em =18
E Contral  Experimental  Calibrate  Tools  View Window Help  Engineering = |ﬁ' |£
. = = ¥
[ m = 3@ | 9
I ‘ ES | Run 1'gtandby TemP 26.21°C
x
0| = =
Sequence
= + Runil
Thiz wizard helpz you set up and start typical TGA experiments.  Prior b using
thiz wizard. the TGA must be properly calibrated [See online help far additional
information). Select the tupe of TRA experiment vou want to perform.
& TGA Ramp
taternial is heated at a constant rate. Ideal 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 an inert b
a reactive gas at an elevated temperature provides additional composition
information.
" TGA Heat and Hold
b aterial is heated rapidly to an elevated temperature and held. Useful for
assessing thermal stability or rate of volatiles evolution.
" TGA Stepwize |sothermal
taternial is rapidly heated to and then held at a series of suco Iy higher
isothermal temperatures. Designed to quantify a series of known discrete
weight changes in the material. JEE == /I% [Q %Eﬁ”
= Hapr IR R
< Back I Ne% I Cancel I Help I
Bo|E=| B
T+
Ready TGA 1000 = [Seg OinRun 1 [15:33:07

N
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Thig expenrment it designad to heat the sample at a constant rate. [deal for
detarmining thermal stability and compozition over a broad temperatuee
range. The final temperature should not excesd B00°C for alurminum pans
and 1000°C fior platinumm or alumina [ceramic) pans.

Enter the desired parameters: $

Heating rate: |21:| 0 T/

Final termperatura; 100000 T

s

Advanced Parameters. ., | Pozt-Test Conditions... |

cBack |  Meas | Cancel | Hep |

This expesiment is designed to heat the sample at & constant rate. |desl for
detarrmaning thermal stability ard composition over & broad temperatise
range. The final temperature should not excesd BOO'C for sluminum pans

and 1000°C for platinuny or alumina [ceramic) pans
Advanced Parameters x|

Enter the desired parametens: Data Samplng Interval (0,50 sac/pt
Heating rate; Ipﬂ 00 “C/mnén D\E

Firval temper ature: |1|jc|t|.|jﬂ AF

oK | Cancel Help

I Advanced Patameters l Past-Test Conditions., |

¢Back | Nea> | Cancel Help




O A — i el B B

This expaniment iz designed to heat the samphs at s constant rate. |deal for
determining thermal stability and composition over & broad temperatuns
range. The final temperatuse should not excesd B00'C for aluminum pans
and 1000°C for platinum or alumina [ceramic) pans.

Erder tha desited parameters: x|

Heating rate: |2D.E[I “Cn Methed End Conditions
Fumace: & Cpep and Uy {1
Firial tesnper sture: 100000 o i

B &if Cool for |20

ok | Cancel | Help

Mv-ancadPemrmtus...| | Fost-Test Conditions. .. l

e——

< Back | Mesdt » I Cancel Help

T4 — i el B B

Experimental Summary [Q500-0014 - TGA Q500@&Demo Lab] x|

General
Instrament: QS00-0014 - TGA Q500
Location: Demo Lab
Mode: TGA 1000 °C
Test: Ramp
S ample Mame: Mickel & Slumel
Signal List:
1. Temperature (C)
2. Time [miry)
2 Weight [mg)
4. Temperature Smplitude [C) A
5 Sample Purge Flowe [ml/min)
& Balance Purge Flow [ml/min)

Method
Marme: Ramp

Segrient List -vI
Pl T AR 4 4 A e e

< Back | Nﬁ) I Cancal Help I




QT A8 — 118 B B e

Sample Information

Sample Name  [CaOx

Comments I

Data Fite |C:\Documents and Sellings\lew\My Documents\C (i

Pan No. 1 E.

Ao Anabiss

[T Auloanaze [ _I

<Back | Mewt> |  cCancel Help

QT A8 — 118 e B B e

Sample Information Notes [Q500-0014 - TGA DS00&Demo Lab] x|

Motes
- n—.‘ﬁﬁ Dperator ILEW

el

Pan Type | Piatirnam =i

Extended Tex

: . \ YT
Mass Flow Control Seltings / 1;% %%*ﬁiﬁ/

Balance Ilﬂ - Mitrogen Flowe Rate |40 il /mir E}A:
B e A
Sample W1 -Niogen =] FlowFiate [60 i S UMRH

< Back Mewt > Cancel Hep |
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Experimental Checklist [Q500-0014 - TGA Q500&Demo Lah] j]!

Purge Gaz

Be sure that your purge gatles) are connected and properly regulated. Purge Gas iz required
for all TGA exparineits.

T ating the: Sampls Pan & Loading the Sampls N
ER RS B
Before the start of eveny TGA expemment wou will need to tare an emply sample pan. This € = ,%EEHU*EE@
ensuies that the measured weight reflects only the sample. To tate. place a clean. emply — = —

sample pan onto the tray platform, and press the TARE bution below.

Tate |

( After tanng. load the samphs into the pan. Ensure Ihﬂani& propeily aligned with the
grooye in the platiorm.

Append Fun |I Staut Runl Finizh I o Help I

PRI E B

e —(E R B B

QSeries - [500-1573 - TGA Q500 @Miz-tza]

<7 Contol Esperimental Colibrate Tools Fiew Window Help
— & T €
c000e DRNE T EIEBHES AF@
L& wll B | Puntcomplete Temr25.60°C
Signal Walue ~
AL I Pmce‘iml [ NU‘ES} Method Time 0.00 min
Seqment: Time 0.00 min
Procedure Summary Remaining Run Time 0min
Mode Temperature 25.60 °C
o weight 257205 mg
 Funi Test Wieight percent. 100,00 %
Sy Set Point Temp 0.00°C
+ FunZ Sample Informetion Heater Power 0.00 %
+ Run3: S — Balance Purge Flow 39.99 mLymin
- Fund: AP e [T01- Samnle Prrne Flon 50 99 mi imin b
Fan e [Flatinam =1 # | Running Segment Dessription
1§+ Equilibrate at 50.00 °C
Pan o 1 = 2 | Ramp 10.00 *C/min to 235.00 'C
3§+ lsothermal for 120,00 min
Comments ‘
Dt File Neme [C2c-tealfer et TG G0 FOAASNE O1-1 0011 >
[~ Network Drive | 7
2.00-
1.60
:jﬁ — 1.60
=N e
= =]
TRl 2% b 2
E\
=)
gW 20
TEST IN
N 1 oo PFPROGRESS
Experiment
4 o
-,_U;J’Cahbmhnn DBD?\"“\""\""I""I""I“"I""\""\"“\""I""I
0 . o1 yﬁl Hel 080 100 1100 1.20 130 140 150 16D 170 180 180 20n
{7 ¢ Mlatinun 5060 mien e L Rl Temperature ("C)
TG4 1000 | Seg OinRun & [11:I7:11

BE - tFir
o 1B PEE
7
| T AieEE oot "B T Ins splorer s 7]




SITER RS (R 27~ i)

Series - [Q500-1573 - TGA Q500@Mfz tga]

% Universal Analysis 2000
Window  Help

File ‘iews Macros

BB T4 Instoument Es

o7 Contol  Experiments] Calibzate Tools Wiew Window Help F’,&%b ya \1( ﬁ/—, ,ﬁﬂ_ﬂ -8 x
: : : — A =
©cee0e nEE T HIPIwi A[FT ST
i | B | Pun fcomplete Temp25.60°C
Signal | valus A
Bz l £ Prooiue I - NUWS} Method Tme 0.00 min
Standard Sequence Seqment Time 0.00 min
Frocedure Summary Remaining Run Time 0 min
H e it 2 Temperature 25,60 °C
[ Mo & = Weight 25.7205 mg
;q;ir:f " Test ~| B| & Weight percent. 100,00 %
Run 2 L Set Point Temp 0.00 °C
W Saple Tnformation, Heater Pover 0.00
W Run3 s SO Balance Purge Flow 33,99 mL{min
= Run 4 BUILLE R | 3 Saranle Brrae Flan 52 94 el frnin b
Bt T [Platimarn = # | Running Seqment Description
1 bt Equiibrate at 50.00 °C
Pan Ho. 1 = 2 [ Ramp 10.00 "Cémin to 235.00 °C
3 L Isothermal for 120.00 min
Comments |
Deta File Nome [~ eattel Datal T X001 A0 3NFOL-1 0011 >
[~ Wetwork Drive | Z
2.00+
1.60-
—1.60-
=
£
=1.404
=
=
£1 20—
Experiment 1.00
£} Galibration L S . ——
—r 0.80 100 130 1200 130 140 150 160D 170 180 140 200
§ 7 Platinum 01 s0.60 mwn Append L Help Temperaturs ('C)
Lo
[Ready ZH| TG4 1000 |Seg OinRun 4 [1L17:11

oy = |

FUHUMEE S e IS I L B W S oADMY

P2

0Open Data File i B
Look in: [ 3 TGA [ Freview I Alltext [ GQuick open
s8] TeakIM. D04 Rur 1 (0] ]
MEga-gva, 001 HEZ:T;EFELGA Q50%4.1 Build 141
TGEA-Caox.001 Sample Calcium Oxalate
TGAKIN.0O01 Size 16.777 mg
Method Ramp
TGARIN, 002 Operator Louis " aguespack
TGAKIN.O03 Comment
Drate 28-k ap-2002
Time 08:13
File name:  [Calx 052602.001 Open |
Files of type: [l Files %) =1 Cancel |
File path: CATAND ata\T GA, Help | 1| |

1A Instriaieriis

Uniinsersal Analysis 2000

-30-
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SITER RS (R 27~ i)

B Universal Analysis 200( : — =]
File Wiew Macros ‘Window Help

= DM S & - SIS e e HE X L e 5 W N AR N e A ) 5

Data File Information x|
il : :
Mame:  CATANDatadT GASCaOx 052802001 [
Date 28-May-02 D813 Units |

tadule type: Insts Params... |
’7 TGA ‘ Drata Limits... |

—p
F

Sample: IEaIclum Oxalate

Size: 1B.7770 g

Operator: ILouis “Waguesspack

tdethod: IF!amp

Comment: |

I Restore analysis

&7

<< Previous | akK Same fs Cancel | Help |

[T S, s
1A Imstrurneriis
Uniinsersal Analysis 2000

SITER RS (R 27~ i)

¥ Universal Analysis 2Z00C =
File View Macros ‘Window Hel

UM &6\ =i IS S L BB W S A RE e [ Y

~SEE

28 sionals

signal Selection

|

1
’V Signal: [HEETAETNG | Toee [Noma =1 ‘

e
’7 Signal: IDenv wreight [Z/min) ;I Type: IDenvatlve [tirme] 'I ‘

-

Signal: INUlUsed LI Type: INUrmaI 'I ‘

rd;
’7 Signal: INotUsed LI Type: INormaI 'l ‘

s
= Time [min]
& Temperature [°C)

" Signal: IW’eight[Z] ;I Type: INormaI 'l

Ok I Save | Default | Cancel | Help |
_—

il T: T e oy
TA. Iristrurieriis
Uninsersal, Aralysis 2000




SITER RS (R 27~ i)

¥ Universal Analysis 2000 _ =151 =]

File Miew Macros ‘Window  Help

=DM &E & W - RIS e i HE T 5 S W N A RE N e A [ [

FefEsignal B

General

’V Time min - Temperature: |°c - Frequency Hz -
DS

’V Heat Flaw IW/g - Heat Capacity I.J/g/’E -

OT. ‘

Difference: I *C/mg i l Microvolts: I P Amg i l

TG.
“Weight:

Thisy

EHES
li|

’7 Offset: I Mo offset = l

Db,

’7 Maodulus: I MPa b I Compliance: I 28N b I Wiscosity: I MPazec b I
’ﬂﬂ-

Dimenzion:

Coordinate: m ‘
QK I Save Diefault Cancel | Help |
il T: g T T S
TR Iristrimineriis
Uniiwsersal, Aralsysis 2000

SITER RS (R 27~ i)

5 Universal Analysis 2000 - [Ca0Ox 052802.001]
[ Fil= Edit Rescale Graph  Analyze Tools View Macros  Window  Help == x|
= EHEE S %N - b il s &S e E L B v AR e e 2 ) B
Sa - lcium Oxalate TGA File: C:..\My DocumentsiQuickStart\Data\CaOx 052802.001
Y-1 \ Y-2
SEEpE s it 8
,  EEEATHY H A ,
100 -6
| | £
g 80 - 4 é
= ] I =
5 1 r =
= 60 - -2 =
] S
i | (]
40 -0
20 T T T T _2
0 200 400 600 800 1000
Temperature (°C) Universal V3.4C
[

N
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5 Universal Analysis 2000 - [Ca0Ox 052802.001] E — |ﬁ' |1|
4 File Edit Rescale Graph r " Taal Masjos window Help — =] ]
sEEASRAN L [ EHE LTV VAT LI =AW
Sample: Calcium T~ TGA File: C:.. Mew\My Documents\QuickStart\CaOx 052802.001
weight Loss Temp... Y-2
esidue. ..
120 Moty Ses > 8
b Integrate Peak > r
| eak Max... SEE g |
Zlgna:VIMax. o % ;‘F:
b Onset Poink. .. =, ~(‘§(\ [
1 00 N 23::.;; Integral... %i%{t B 6
1 Curve Walue Ak X... i
- Curve Walue AL Y... + —
Label Ak %, =
i ) | £
nalysis Range —~
;\é\ 80 I’\qﬂac:; Fene - 4 é
::" T Options. .. 0 E
=4 ] ! f =
‘D | L %
= 60 4 2 2
] -5
4 | O
40 | -0
20 T T T T -2
0 200 400 600 800 1000
Temperature (°C) Universal V3.4C

SITER RS (R 27~ i)

5 Universal Analysis 2000 - [Ca0Ox 052802.001] — |ﬁ' |1|

E File Edit Rescale Graph Analyze Tools VWiew Macros Window Help _|5|1|
FEHEASRA i@ BilSE S B EHEBRIEG Vv AN 220 B
Sample: Calcium Oxalate TGA File: C:.. Mew\My Documents\QuickStart\CaOx 052802.001
Y1 I - ot Y-2
N ~ /\ E=X
120 g BB AT R 8
100 /\ /\ <]
| R =
1 Y ES - E
5 807 EEGH | 4 2
= =g1— @
@ b =,
= Eﬁn?t?\mﬁ =
60 I Accept Limits 2 2
1 e 38
1 Cancel N
7 Paink 1 B
40 4 Paint 2 Lo
20 T T T T -2
0 200 400 600 800 1000
Temperature (°C) Universal V3.4C
X 239 ¥:100.0 |Enter weight change limits.,
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= QNX

’ Standby Run 1 37.95°C J

Calibration

-

}lﬁw

Auto Plaorm

’ —= — ——| fest 8
=] -, - s

Auto Function Description

Counter-Clockwise Arrow AutoTGA Only: Moves the sample tray counter-clockwise one position.

Clockwise Arrow

[Auto Number]

Test

" EEhN

Key Name

cCcw

cww

Mumber]

Right

Test

Save

Exit

AutoTGA Only. Moves the sample tray clockwise one position.

Displays the relative position of the tray. Used with the Counter-Clockwise and Clockwise
buttons to adjust the tray position.

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

PLATFORH CALIBRATION

. o
el | | 422 RIGHT

| staRT  sTOP cotrmeoL B DieEis

Description

AufoTGA Only: Moves the sample tray counterclockwise one position.

AufoTGA Only: Moves the sample tray clockwise one position.

Displays the relative position of the tray. Used with the CCW, CW, LEFT, and RIGHT keys to
adjust the tray position.

Moves the sample arm to the left one position.

Moves the sample arm to the right one position.

Verifies the calibration adjustment you have made.

Stores the calibration values.

Leaves the tray calibration touch screen menu.




Error 66 / Error 81

Error 119

TCGATHRE& R flSHE R BEMR A
HE#HAEgEREMEB R RE

TGAREHERR

Advantage [nstrument Messages - Microsoft Internet Explorer provided by TA Instruments - Waters, LLC

y v Ig_ file AT P ro gram %20Filest'T & %20 Instruments! Thermal %20 A dventa ge/seriesHelp/ QIneErQInsiErr him# TG4 _Messages him

(]S

¥ 4] (x| [P

i HONBE | o
-8

& Ldvantage Instroment Messages

D VouTnbe - Brosdesst Vouzselt [B] Google ) SEEH% @1 Yahoo!HEE 2 SEEEHRG O BUER Cmed £ BUBRE Faccbook —B L. g | HE g 85 i -

»

- @E®R- TEEE- TAEO- @-

E Index @@ Search

() General Instrument Messages & MGSSOQE 66
|7 What are General Instrument Mes:
|7 Message 10
7 Message 21
7 Message 60
|7 Message 62
7 Message 63
7 Message 86
|7 Message 67
7 Message 73
7 Message 75
7 Message 78
7 Message 80
|7 Message 81
7 Message 91
7 Message 36
7 Message 97
7 Message 98
7 Message 39
|7 Message 601
7 Message 603
7 Message 605
|7 Message 605
|7 Message 674
|7 Message 675 limit.
7 Message 675 2. DSG: Tumn the RCS or LNCS on at least 20 minutes prior to starting the run.
|7 Message 677
|7 Message 678

Instrument temperature limits exceeded. Run terminated.

Problem:

One of the thermocouples in the instrument is indicating a temperature that is outside the instrument's operating limit

The following signals are checked for each instrument:

P DSC: Tzero temperature °C. heater temperature °C, flange temperature °C, heater temperature mV, Tzero mV/
P DMA: Sample temperature °C

P SDT: Sample and heater temperature °C

P TGA: Sample and heater temperature *C

P TMA: Sample and heater temperature. °C

Solution:

Try one or more of the following:

|7 Message 679 4.
|7 Message 630
|7 Message 681

Reset the saved instrument parameters.

Call TA Instruments for service, if the problem persists.

%

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

3. Check the thermocouples to make sure they are clean and that they are showing reasonable values on the RealTime Signal Display screen.

ETETE— P o

[ZZETET RoboHelp &




TGAREHERR

/2 Advantage Instrument Messages - Microsoft Internet Explorer provided by TA Instruments - Waters, LLC

|[2]-

DI ENE

Bindex & search

([ General Instrument Messages

7" Message 10
7' Message 21
7 Message 60
7 Message 62
7" Message 63
7' Message 66
7 Message 67
7 Message 73
7" Message 75
7' Message 78
7 Message 80
7" Message 81
7" Message 91
7" Message 96
7 Message 57
7" Message 98
7" Message 99
7" Message 601
7 Message 603
7" Message 505
7" Message 508
7 Message 674
7 Message 675
7" Message 676
7" Message 677
7 Message 678
7 Message 673
7" Message 530
7" Message 681
7 Message 682

ilf”age 684 -

=

-~

7" What are General Instrument Mes:

[ B EFAIRE BRTRE)]

B Gooele

=TT RoboHelp &

ECTI——

Message 81

Bad temperature reading. Hardware error. Run terminated.

Problem:
The difference between the heater temperature thermocouple and the sample temperature thermocouple is too large.
Solution:

Try one of the following procedures to solve the problem. depending on the instrument currently displaying the error. Than restart the experiment.

_ Check the sample thermocouple and replace if necessary. (DSC, TGA, TMA, SDT)
_ Check the reference thermocouple continuity, it should be about 2 ohms. (SDT)
Check the heater thermocouple and replace if necessary (DSC, TGA)

_ Clean the furnace housing. (TGA standard furnace, TMA_ SDT)

. Call TA Instruments for service.

& Ldvantage Instroment Messages

arch

E Index @ se

|7 TGA Messages
|7 Message 100
7 Message 101
7 Message 102
|7’ Message 103
7 Message 104
7 Message 105
7 Message 106
7 Message 107
7 Message 108
7 Message 109
7 Message 111
|7 Message 112
7 Message 113
7 Message 114
7 Message 115
7 Message 117
7 Message 118
A e 118
|7 iessage 115
7 Message 120
7 Message 191
7 Message 192
|7 Message 193
7 Message 195
7 Status Message 501
|7 Message 602
7 Message 603
7 Message 604
|7’ Message 805
7 Message 606

T BERE | 5 D VouTube - Brosdosst Vourselt [B] Google | 83554 O Tahoo!HEE 2 BEEES

m..

»

T o

RoboHelp &

Message 119

Heat exchanger, no flow. Run stopped.

Problem:

One of the following situations could be causing the message.
P There is air in the water lines.
b The heat exchanger is not connected. is low on water, or is not functioning properly.

Solution:

Try one or more of the following operations to solve the problem, then restart your experiment.

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.

3. Check the water level in the water reservoir bottle and fill to at least 2/3 full or below the upper hose fitting.

4 Call TA Instruments for senice.
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TGA Q&A

S TGARIERIE Q & A

o
TA Taiwan #EBEA B

= JLEAERE:
R
= B 0972-633337
* E-mail AChang @tainstruments.com

= & HEE:
SRAm R
= . 0972-633336
* E-mail RChang@tainstruments.com

- B
- TEonTE

= % 0972-633338

* E-mail SCheng@tainstruments.com

o
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Thank You

TA Instruments

The World Leader in
Thermal Analysis, Rheology,
and Microcalorimetry

www.tainstruments.com
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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

T
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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

N
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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

N
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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
= EEANEEA 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)

G
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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-1] 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-
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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)
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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
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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)
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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

R

-01-



TGA Kinetics - Heating Rate vs. Temperature

460 440 420 400 380 360

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

1[ .

1.4 1.5 1.6
1000/T (K)
Activation Energy (E,) « Slope o

TGA Kinetics - Estimated Lifetime

TEMPERATURE (°C)
260 280 300 320 340 360
1000000 | | | ! ! a century
100000 | -1 decade
£ !
W 10000 [ Ty —
LL a)
4 L
a <
E 1000 -11 mo. s
< =
=
E) 1 week ﬂ
W 100 1
-1 day
10 | | | |
1.9 1.8 1.7 1.6 15
1000/T (K)
84

N
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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
Run #1 |
Run #2
Run #3 [
Run #4
600 — — 1500 g
e
£
e
= - @
e Equilibrate method 2
e H [}
S aoo- :n‘l segment is very L1000 E
g " repeatable and achieves v
£ . Z
kS :' 1‘ rates approaching z
i 2000°C/min in this n
i application !
200 - ! 5 I 500 —
Do
i
[
[
o
! i
[} |
I i
I} 4
) : - S ; o
(o] 2 4 6 8
Time (min)

DTGA Heating Rate Comparison-
femperature

20.92%
100
15
80 500°C/min _
| o
= e 2
i 4 E—
=
b
= B =]
5 60 g
7 i
= =
20°C/mi -
min g
40
1 r0.0
20
T s S T L
0 T — ——— 05
100 200 300 6500 700
Temperature (°C)

N
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DTGA Heating Rate Comparison-Time

120

100

20°C/min

W 500°C/min

|

80

g

b —3

£

=)

2
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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

ACTUAL MEASURED

- TEMPERATURE :
£ 220 L2205
g 2
: -
@ =]
[l o
=
CALCULATED AVERAGE
210 TEMPERATURE L 210
200 T T T T T T 200
38 30 40 41 42 43 44 45
Exo Up Time (min)

MTGA OF 60% EVAWITH LINEAR RAMP

120 2.5
TGA Modulated —
100 B £
2.0 S‘j
80 £
- 15 3§
,a =
E\/ 60 . 8
= -1.0 =
g 40 ;3
- 05 s
a
0 | B 00 i
-20 . . . . . . 05 -

150 200 250 300 350 400 450 500
Temperature (C)
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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

T
- 102 -



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

110

90

70

50

Weight (%)

30

10 7

10

400

TGA: MTGA - Activation Energy for
Polytetrafluoroethylene

500
Temperature ("C)

1,000

800

600

400

200

0

400

Temperature (C) é! ii

450

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

TGA Modulated

ACTIVATION ENERGY

<

Temperature (°C) s i |

100

350 + ——Poly (60% &thylene vinyl acetate)
1! —— Polystyrene
300 '-.\ —————— 1, 4-Diphenylbutadiyne
250 N
004 T T |~
150 ' —
100 e e
ﬁf} 1 I I |
0 20 40 60 80
Conversion 1 Weight (%) Conversion 0
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QUASI-ISOTHERMAL MTGA OF PTFE

120 Trgrm 1.4
odulated
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801 | ‘ 4710110 E
[ i S 2
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= | e sa20 2
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I I I
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0 50 100 150 200 250
Time (min)

N

- 107 -



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
:: B0 ‘J“V ’ E-J- g
= R _ e
z *""JﬂNMNM 'i ¢ [os E
@ - =
= 40 / :.“ﬁ ! TR T
;f }M&MW‘Q h‘.h EZDG . =
N % S -
C / \ \ - 03 @
/ .ﬂ'j ﬂ’h—f" T =
0 T,/ P | P
N '._.m E
-20 | T | T -0.2 .i.
0 50 100 150 200 250
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 ‘ ‘

129

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

N

TGA-MS Calcium Oxalate

TGA
derivative weight loss

800

Temperature (°C)

134

N
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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

136

R

-118 -



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

N

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

N
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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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	2- TGA機台的原理與應用
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