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Thermogravimetric Analysis 
(TGA)기초이론 & 응용

12.57% Water
(0.8753mg)

19.47% Carbon Monoxide
(1.355mg)

30.07% Carbon Dioxide
(2.093mg)
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목목목목차차차차
� 장비에대해 (Instrumentation)

� Hardware

� 보정(calibration)

� 실험고려사항(experimental considerations)

� 응용(applications)
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I부부부부 – 장비에장비에장비에장비에대해대해대해대해
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주제주제주제주제 – I부부부부
� 정의, 장비복습
� 저울(balance), 가열로(furnace), 열교환기(heat 

exchanger)

� 질량, 온도보정
� 퍼지가스(Purge gas)

� 측정기준선(Baseline)

� 시료준비(Sample preparation)와 적절한팬선택(pan selection)

� 분석방법(Method)

� 기타사항
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TGA: 기술의기술의기술의기술의본질본질본질본질
� TGA(Thermogravimetric Analysis; 열중량분석)는주변기체를통제한환경에서온도의함수로시료의중량과그변화율을관찰

5

저울저울저울저울(balance)

시료시료시료시료(sample)

Gas out

Gas in
furnace
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TGA: 사용사용사용사용주목적주목적주목적주목적
� 기본적으로상온~1200℃에서 시료의구성성분을결정하거나, 열적안정성을검사하는데사용
� 보통 열분해열분해열분해열분해, 산화산화산화산화, 용매용매용매용매(수분수분수분수분) 증발증발증발증발등에의한시료의중량변화를알아내는데사용

6
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TGA로로로로 분석분석분석분석가능한가능한가능한가능한것것것것
• 열안정성(Thermal Stability)

• 산화안정성(Oxidative Stability)

• 다성분시료의구성성분(Composition)

• 재료의열분해반응속도(Decomposition Kinetics)

• 제품의수명평가(Estimated Lifetime)

• 고온, 반응성/부식성환경이재질에미치는영향
• 재료의휘발성성분함량
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TGA; 중량중량중량중량변화의변화의변화의변화의기전기전기전기전(mechanism)

� 중량감소:
� 분해(Decomposition); 화학결합이끊어져작은분자가날아감
� 증발(Evaporation); 고온에서휘발성성분이날아감.

� 환원; 환원기체환경에서(수소, 암모니아등) 시료가환원되는경우
� 탈착(desorption)

� 중량증가:
� 산화; 시료가산화환경에서산소(또는질소)와결합
� 흡착이들은이들은이들은이들은모두모두모두모두반응반응반응반응속도론을속도론을속도론을속도론을적용할적용할적용할적용할수수수수있는있는있는있는과정임과정임과정임과정임
(만약일어난다면속도를측정가능함).

TGA Hardware

1. TA ; 현재현재현재현재module

2. Hardware 이해이해이해이해
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가열로가열로가열로가열로(furnace) 방식방식방식방식
TGA Q50/500, Discovery 

TGA series

SDT Q600 중력중력중력중력
중력중력중력중력수직수직수직수직방식방식방식방식

(vertical)

수평수평수평수평방식방식방식방식
(horizontal)
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Q Series TGA’s

Q 50 Q 500

I. Q50 & Q500
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TGA Q 시리즈시리즈시리즈시리즈: 주요주요주요주요특성특성특성특성/선택선택선택선택사양사양사양사양특성특성특성특성 Q50 Q500가열로가열로가열로가열로 소형소형소형소형(low mass) 기본(수직) 기본(수직)

EGA(방출방출방출방출기체기체기체기체분석분석분석분석) 선택사양 선택사양온도온도온도온도범위범위범위범위 실온 ~ 1,000℃ 실온 ~ 1,000℃
MFC 기본 기본

Autosampler (없음) 선택사양고해상도고해상도고해상도고해상도 TGA (Hi-Res TGA™) (없음) 선택사양
Modulated TGA(MTGA™) (없음) 선택사양터치스크린터치스크린터치스크린터치스크린조작조작조작조작 (없음) 기본방출방출방출방출기체기체기체기체분석분석분석분석가능가능가능가능여부여부여부여부 MS 연결가능 연결가능

FT-IR 연결가능 연결가능
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Discovery TGA(old); 제원제원제원제원(Specifications)온도온도온도온도범위범위범위범위 상온 ~ 1200°C등온온도정확성
(Isothermal Temperature Accuracy)

±1°C온도정밀도(Temperature Precision) ±1°C가열속도범위 0.1 ~ 500°C/min (Linear)

> 2000°C/min (Ballistic)시료중량범위 750 mg시료중량변화범위(Dynamic Range) 100 mg중량정확도(weighing accuracy) ±0.1%중량정밀도(Weighing Precision) ±0.01%감도(Sensitivity) < 0.1 µg단시간잡음(Short Term Noise) (rms) < 0.03 µg측정기준선선형성(Baseline Linearity)

(50 ~ 1000°C)

< 1 µg측정기준선이동(Drift) (50 ~ 1000°C) 10 µg신호해상도(Signal Resolution) 0.001 µg
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New DTGA 시리즈시리즈시리즈시리즈: 주요주요주요주요특성특성특성특성/선택선택선택선택사양사양사양사양특성특성특성특성 55 550 5500가열로가열로가열로가열로 소형소형소형소형 (Standard) 기본(수직) 기본(수직)

EGA(방출방출방출방출기체기체기체기체분석분석분석분석) 선택사양 선택사양 기본 (수직)온도온도온도온도범위범위범위범위 실온 ~ 

1,000℃ 실온 ~ 

1,000℃ 실온 ~ 

1,200℃
MFC 기본 기본 기본

4 Gas Blending 모듈모듈모듈모듈 선택사양 기본
25 position Autosampler - 선택사양 기본고해상도고해상도고해상도고해상도 TGA (Hi-Res TGA™) - 선택사양 기본
Modulated TGA(MTGA™) - 선택사양 기본
App-Style 터치스크린터치스크린터치스크린터치스크린조작조작조작조작 기본 기본 기본방출방출방출방출기체기체기체기체분석분석분석분석가능가능가능가능여부여부여부여부 MS 연결가능 연결가능 연결가능

FT-IR 연결가능 연결가능 연결가능
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TA Instruments TGA ; 성능성능성능성능
Q50 Q500

Discovery

(old)중량정확도 ± 0.5% ± 0.5% ± 0.1%중량정밀도 ± 0.01% ± 0.01% ± 0.01%감도 0.1 µg 0.1 µg < 0.1 µg기준선변동
(Dynamic Drift)*

< 50 µg < 50 µg < 10 µg온도정밀도 ± 0.1°C ± 0.1°C ± 0.1°C

* 빈 Pt pan으로 50 →1000 °C, 20 °C/min scan했을때중량값변화
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Discovery TGA; 제원제원제원제원(Specifications)

Specification TGA 55 TGA 550 TGA 5500

Temperature Range Ambient to 1000°C Ambient to 1000°C Ambient to 1200°C

Temperature Accuracy ±1°C ±1°C ±1°C

Temperature Precision ±0.1°C ±0.1°C ±0.1°C

Heating Rate (Linear) 0.1 to 100°C/min 0.1 to 100°C/min 0.1 to 500°C/min

Heating Rate (Ballistic) >600°C/min >600°C/min >1500°C/min

Furnace Cooling 

(Forced air/N2)

1000°C to 50°C 

<12 min

1000°C to 50°C 

<12 min

1200°C to 35°C 

<10 min

Sample Weight Capacity 1000mg 1000mg 1000mg

Dynamic Weighing Range 1000mg 1000mg 1000mg

Weighing Precision ±0.01% ±0.01% ±0.01%

Resolution 0.1 µg 0.1 µg <0.1 µg

Weight Baseline Drift[1]

Ambient to 1000°C
<25 µg <25 µg <10 µg

Vacuum 50 µTorr (EGA furnace) 50 µTorr (EGA furnace) 50 µTorr

[1]  Without baseline subtraction
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TGA; 저울이저울이저울이저울이작동하는작동하는작동하는작동하는방식방식방식방식
•저울; 영점-균형 원리(null-balance principle)로작동
•영점; 광센서에 빛이같은양도달
•영점에서벗어나면 도달하는 빛의양에 차이가발생 ; 전류를 흘려서영점으로 맞춰주도록 작동
•영점으로맞춰 주는데필요한전류의 양이중량변화에 비례함
cf. 순간적으로 너무많이 중량이변하면 ‘시간지연(time delay)이 생길수있음
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TGA; 저울이저울이저울이저울이작동하는작동하는작동하는작동하는방식방식방식방식광전극광전극광전극광전극(photodiode)

전류전류전류전류입력입력입력입력
1. 좌우좌우좌우좌우광전극에광전극에광전극에광전극에같은같은같은같은양의양의양의양의빛이빛이빛이빛이도달도달도달도달
2. 시료를시료를시료를시료를놓으면놓으면놓으면놓으면좌우좌우좌우좌우광전극에광전극에광전극에광전극에도달하는도달하는도달하는도달하는빛의빛의빛의빛의양이양이양이양이바뀜바뀜바뀜바뀜

복원복원복원복원전류전류전류전류;전류로전류로전류로전류로중량을중량을중량을중량을계산계산계산계산복원력복원력복원력복원력3. 좌우좌우좌우좌우광전극에광전극에광전극에광전극에도달하는도달하는도달하는도달하는빛의빛의빛의빛의양이양이양이양이같아같아같아같아지도록지도록지도록지도록전류를전류를전류를전류를주고주고주고주고전류양으로전류양으로전류양으로전류양으로중량을중량을중량을중량을결정결정결정결정[ Null-balance 방식방식방식방식 ]

cf. time delay가가가가왜왜왜왜일어날까일어날까일어날까일어날까?
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TGA; 구조구조구조구조도식도식도식도식

19

광센서(Photodiodes)

IR 발광 다이오드(Infrared LED) 움직임 조절(Meter movement)천평 팔(Balance arm) 영점 팬(Tare pan) 시료 올림대(Sample platform) 열전쌍(Thermocouple) 시료 팬(Sample pan) 가열로 어셈블리(Furnace assembly) 퍼지 기체출구(Purge gas outlet) 가열기(Heater) 바닥(Elevator base) 퍼지 기체입구(Purge gas inlet) 시료 팬고정대(Sample pan holder)
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온도온도온도온도제어와제어와제어와제어와측정측정측정측정(Q50/500)

20

•단일측정/제어방식이가열로를빠르게응답할수있게함
•시료와 TC가근접해있음; 정확한중량전이과정측정가능
• Hi-Res, MTGA에이상적
cf. TC 위치는조절가능함
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TGA Balance Housing

Balance 

Purge

Thermocouple
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Hang down Wire & Loop

Sample 

Hang down 

Wire

Kapton 

Hang down 

Loop

Techtips동영상 : https://www.youtube.com/watch?v=P1OmQkkkauA
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TGA Furnaces

� 표준노
� 질량이작음
� 고해상도(Hi-Res) 실험용
� Q 시리즈; 20분이내냉각
� Discovery 시리즈 ; 12분이내냉각 � EGA용노

� 질량이큼
� 안쪽이석영(quartz)임; 

EGA용으로는기체를흡착하면곤란함
� Q 시리즈; 냉각에 40분정도소요

DTGA ; better vacuum
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Q500/50 표준표준표준표준가열로가열로가열로가열로(standard furnace)Purge Gas InGas out Cooling Jacket
Heater Circuit

Sample Thermocouple Sample PanFurnace Tube
• 2중구조; 빠른온도응답이목적
•수직가열로방식이최상의정확도와감도를위해설계
• purge gas가수평방향; 중량에영향없이반응물과 purge 

gas를교환하기위함
Balance purge
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Q500/50 EGA ; 가열로의가열로의가열로의가열로의단면단면단면단면

25

석영피복
(Quartz Liner)

Off-Gases

저울쪽 purge gas flow시료 TC

Sample

Pan

Furnace Core

Purge Gas In내부부피가작음;  ~15ml
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Heat Exchanger – 청소청소청소청소
� ‘팡이’ 안꼈나확인하셔요~ every 3 months

� 팡이제거제; 장비사면같이들어옵니다.  

Service가 ‘넣고시작’ 함다.  ‘conditioner’

� 채우고나서 Q series S/W에서 “Control \ Prime 

Exchanger” 수행
26

P/N 952377.901
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오토샘플러오토샘플러오토샘플러오토샘플러(Autosampler)

27

•분석 sequence 편집기능과함께, 모든분석을완전히자동화
• Q 시리즈 ; 16개가표준

(48개까지도가능)

• DTGA 시리즈; 25 개가표준
•도중에멈추거나순서를교체가능
•한개도물론가능함 TGA/SDT Calibration
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TGA; Calibrations

�질량 (월단위)

�온도 (월단위)

�시료올림대 (팬을집어올리지못하면)

cf. Q 시리즈는 MFC(mass flow controller)가기체유량을제어함.  제조시이미 calibration 되어있으므로고객이손댈이유없음.
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SDT: Calibrations

� TGA ; 중량/beam 보정
� DTA baseline 보정
� DSC heat flow & cell constant 보정
� 온도보정
1개월단위로 권장
cf. 보정방법; TA Korea 홈페이지의 ‘고객지원’ -> ‘한국어 자료’



6

TGA ; 기초교육 ©  2017  TA Instruments Korea – Waters LLC http://www.tainstruments.co.kr

온도온도온도온도 Calibration: 퀴리점퀴리점퀴리점퀴리점
• 상자성(Paramagnetism), 강자성(Ferromagnetism) 

–자석에끌릴수있는성질(have magnetic susceptibility)

• 퀴리온도(Curie Point Temperature)

-물질이상자성, 강자성을상실하는온도(offset point로정의)

• 자석과, 퀴리온도가정밀하게측정된물질이필요
31

Why? 몰라도됩니다.
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TGA; 온도온도온도온도보정보정보정보정

32

자석자석자석자석시료 영점용팬가열로 자석에의해아래쪽으로 ‘끌림’

중량
% 온도Offset시료가자력을 상실하여자석이끌지못해중량감소

� Vertical Balance Configuration - TGA 2050/2950/          

Q series/Discovery series
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Nickel ; Temperature Calibration

33 TGA ; 기초교육 ©  2017  TA Instruments Korea – Waters LLC http://www.tainstruments.co.kr 34

표준표준표준표준; 동시에동시에동시에동시에돌릴돌릴돌릴돌릴수수수수있음있음있음있음
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Temperature (°C)

Alumel 

157.00°C

Nickel 

368.80°C
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SDT: 퀴리온도퀴리온도퀴리온도퀴리온도보정보정보정보정
� Horizontal Balance Configuration - SDT 2960 & Q600

35

자석자석자석자석
온도시료가열로 Tare

%
Offset자석에의해위쪽으로 ‘끌림’시료가자력을 상실하여자석이끌지못해중량상승
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SDT: Curie Point 보정보정보정보정
0 100 200 300 400 500

98.0

98.5

99.0

99.5

100.0

100.5

Temperature (캜캜캜캜 )

W
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h
t 
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)

Initial weight loss after
placement of magnet

Temperature 
calibration scan:
SDT 2960

359.47캜
℃℃℃℃

℃℃℃℃자석을자석을자석을자석을놓고놓고놓고놓고처음에처음에처음에처음에보이는보이는보이는보이는중량중량중량중량감소감소감소감소 SDT 2960
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Discovery/Q series – Curie Point Standards

물론물론물론물론이이이이 kit은은은은 Q600 SDT에서도에서도에서도에서도사용할사용할사용할사용할수수수수있습니다있습니다있습니다있습니다.

Cobalt; 1116℃
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Calcium Oxalate ; 열분해열분해열분해열분해
� 1st Step CaC2O4

•H2O (s) CaC2O4 (s) + H2O (g)

Calcium Oxalate Monohydrate Calcium Oxalate

� 2nd Step CaC2O4 (s) CaCO3 (s) + CO (g) 

Calcium Oxalate Calcium Carbonate

� 3rd Step CaCO3 (s) CaO (s) + CO2 (g)

Calcium Carbonate Calcium Oxide주의주의주의주의 ] 

• ‘demonstration’ 등급임.  Verification, calibration 어느것도되지않음
• 한번쓰면꼭막아보관 (or N2 purge 후잠금)

• 재현정확히되려면 ~20mg run.  Heating rate 맞춰야함
• N2와 air purge 결과가 다름다름다름다름
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Calcium Oxalate ; 반복반복반복반복재현성재현성재현성재현성동일동일동일동일조건에서조건에서조건에서조건에서 8회회회회반복반복반복반복
CaC2O4•H2O (s) �

CaC2O4 (s) + H2O (g)

CaC2O4 (s) �

CaCO3 (s) + CO (g)

CaCO3 (s) �

CaO (s) + CO2 (g) Experimental 
Considerations
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TGA/SDT; Purge Gas 조절조절조절조절준수사항준수사항준수사항준수사항
• TGA

� 항상건조한불활성기체(N2등)을저울(balance) 쪽으로넣어야함
� 반응성/부식성기체는시료/가열로쪽으로만투입가능
• SDT

� 항상항상항상항상비활성퍼지기체를넣어야함
� 반응성/부식성기체는외부 port에서투입가능함
cf. 2960은불가능

41 TGA ; 기초교육 ©  2017  TA Instruments Korea – Waters LLC http://www.tainstruments.co.kr 42

TGA; Purge Gas 흐름흐름흐름흐름
60ml/min

90ml/min

10ml/min40ml/min

표준 가열로 EGA 가열로GAS 1/2

GAS 1

GAS 1

GAS 1/2
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TGA/SDT; Purge Gas 유량유량유량유량
• Discovery TGA / Q5000 IR

/Discovery 5500

10ml/min 저울
25ml/min 가열로

•Q500/50/Discovery TGA 550/55

• Standard Furnace

100mL/min. total:

40mL/min. 저울
60mL/min. 가열로

•SDT Q600/ 2960
100 - 200mL/min (could 

go even higher) 

• EGA Furnace

100mL/min. total:

10mL/min. 저울
90mL/min. 가열로

43 TGA ; 기초교육 ©  2017  TA Instruments Korea – Waters LLC http://www.tainstruments.co.kr 44

TGA: Q 시리즈시리즈시리즈시리즈 Purge Gas 연결연결연결연결
� MFC 없는장비

� gas 1 ; sample area로만들어간다.

� gas 2 ; balance area로만들어간다.

� MFC 있는장비
� gas 1 ; sample / balance 

area 모두모두모두모두
� gas 2 ; purge gas 종류를바꿀때나, sample에통하는 gas를바꿀때사용 60ml/min

40ml/min

표준 가열로
GAS 1/2

GAS 1

TGA ; 기초교육 ©  2017  TA Instruments Korea – Waters LLC http://www.tainstruments.co.kr

TGA/SDT; Purge Gas

• N2 ; 가장일반적. 저렴.

• He ; baseline이 좋기때문에사용가능하나, 고온에서가열로열량부담이큼
[ 이유 ; 열전도율이매우크다 ]

• Air ; 산화안정성/열안정성사이의차이확인.

45 TGA ; 기초교육 ©  2017  TA Instruments Korea – Waters LLC http://www.tainstruments.co.kr 46
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Exo Up

비활성비활성비활성비활성 vs. 산화산화산화산화 Purge Gas

Simultaneous DSC-TGA

CO가 CO2로산화; oxalate의열분해반응을촉진
CaC2O4 -> 
CaCO3 + CO

In air ; 2CO+O2 -> 2CO2
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TGA/SDT; Baseline 고려고려고려고려사항사항사항사항
• TGA/SDT 상태점검에 baseline 점검은매우유용
• 소량의용매/흡착된물질의휘발, 또는작은양의열적으로안정된잔류물(e.g. talc) 측정에서중요한요소
• 깨끗하고, 미리중량을측정한팬을이용하여, 시료측정과같은조건에서 run

• 온도를 x축, 중량을 y 축으로 µg 단위로 plotting

47 TGA ; 기초교육 ©  2017  TA Instruments Korea – Waters LLC http://www.tainstruments.co.kr 48
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New DTGA 550: Baseline Performance

< 15 ㎍㎍㎍㎍Discovery TGA 550 

Empty Pan Baseline @ 20°C/Min
Weight drift ~15µg

Spec 25µg
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TGA: Dynamic Baseline Performance

Discovery(Q5000 IR);

run 네번
20°C/min, 실온~1000°C

Total drift of < 6 µg

< 6 ㎍㎍㎍㎍
℃

㎍ Spec 10ug
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New DTGA5500: Baseline Performance

㎍ Discovery TGA 5500 

Empty Pan Baseline @ 20°C/min
Weight drift <2µg

< 2 ㎍㎍㎍㎍Spec 10ug
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SDT Baseline Performance
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TGA/SDT: 기준선기준선기준선기준선(Baseline) 좌우좌우좌우좌우요소요소요소요소

53

• 기기가놓인바닥의 안정성
• Hangdown wire / beam 상태
• Hangdown tube 상태
• 수평잡기
• 가열로의청결도
• 퍼지기체유량
• 주변공기의흐름
주변에 DSC RCS 돌리거나 서랍조심
wire 휘어있으면 난감합니다휘거나 속에이물껴있음 wire를건드리죠수평아니면 팬이벽을건드립니다이상한 가스가나오면 중량감소반응이 바뀝니다중량감소율이 달라져요냄새난다고 offgas port에가까이 갖다대면 싫어요
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TGA; 레벨레벨레벨레벨(level) 맞추기맞추기맞추기맞추기
가열로의가운데로팬이들어가는지확인해주셔요.
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Purge Gas 유량유량유량유량; Baseline에에에에미치는미치는미치는미치는영향영향영향영향
26.87킽Q500 TGA w/ EGA Furnace @ 20캜 /min

Using Recommended Flowrates

Sample Purge 90ml/min of He

Balance Purge 90ml/min of He
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‘대류대류대류대류효과효과효과효과’; 수직수직수직수직노노노노 TGA – baseline drift

Furnace옆면옆면옆면옆면 Furnace옆면옆면옆면옆면
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120 µg Calcium Oxalate

12.32% 
(0.01564mg)

Calcium Oxalate (120µg sample)

Note total weight loss = 15µg !!!
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27µg Sodium Tartrate

15.56% 
(0.004201mg)

Sodium Tartrate water loss
literature value : 15.65%

Note : 4µg weight loss clearly detected !!!!
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총총총총중량중량중량중량감소감소감소감소 ; 4㎍㎍㎍㎍ !!!
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TGA; 소량소량소량소량 sample의의의의휘발성휘발성휘발성휘발성물질물질물질물질검출검출검출검출
0.2162% Volatiles
(0.005198mg)

2.4 mg PET
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Instrument: TGA Q5000 V1.20 Build 70

Universal V3.9A TA Instruments

2.4 mg PET Bottle

10°C/min

Discovery TGA

0.2162% Volatiles

(0.005198 mg)
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TGA; 불연성불연성불연성불연성물질물질물질물질함유량함유량함유량함유량측정측정측정측정
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• 팬팬팬팬위에위에위에위에올린올린올린올린시료의시료의시료의시료의표면적을표면적을표면적을표면적을극대화극대화극대화극대화 ; 중량전체 대비변화속도(wt%)는시료의 표면적에 의존. 높은재현성�모양을 비슷하게높은해상도�가급적 표면적을 넓게
• 시료중량; 10~20mg (대부분), 50~100mg (휘발성분 함량)

• 대부분의 TGA 장비는 baseline drift가; 

± 0.025mg (0.25%, 10mg sample)

- Q50/Q500 ; < 50㎍ , DTGA 55/550 ; <25 ㎍
- old Discovery TGA(Q5000IR), DTGA 5500 ; < 10㎍
- Q600 ; ~70µg

TGA/SDT; 시료시료시료시료준비하기준비하기준비하기준비하기

61

=부피동일, 표면적 2배
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TGA/SDT; 시료시료시료시료준비준비준비준비 (cont.)

• 정전기방지를위해황동핀셋으로시료를다룰것
• 측정때마다깨끗한팬을 tare하여사용
• 시료를팬바닥에균일하게배치
• 액체시료 - hermetic pan에핀홀을뚫은뚜껑을사용
• 팽창성시료 –양및높이를조절(특히 Q50/Q500에중요)

62
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Sample 준비준비준비준비; TGA, pellet form

A B C D

Cut to 
4 pieces

1
2
3
4

Run I 
Run II

[ A2      B4       C3      D1 ]
[ A4      B1       C2      D3 ]

pellet

* Pellet sample ; pellet간불균일도있을수있음
On TGA Pt pan

A2

For example, Run I ; C3
B4

D1
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N2 prepurge ; onset, 잔량잔량잔량잔량재현성재현성재현성재현성
Q500(standard furnace)
Prepurge ; 200ml/min, 13min

Ramp rate ; 20℃℃℃℃/min
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TGA ; 입자입자입자입자크기크기크기크기문제문제문제문제 - NaCl ‘굽기굽기굽기굽기’(decrepitation)

-0.01

0.00

0.01

0.02
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0.06
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. 
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/°
C
)

98.0
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99.0

99.5

100.0

W
e
ig
h
t 
(%

)

0 100 200 300 400 500 600

Temperature (°C)

 수분수분수분수분증발증발증발증발
(~1%)
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• 백금(거의 모든재료에사용가능)

�청소가 쉬움
�다공성이 아님
�거의모든금속과 합금형성(금속 재료는 곤란)

• Alumina (Ceramic)
�부식성 재료/무기물
�큰시료

• Aluminum (TGA) (1회용)

�저렴
�사용온도범위가 좁음 (≤600°C)

TGA/SDT: 시료시료시료시료팬팬팬팬선택선택선택선택
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TGA/SDT: 시료시료시료시료팬팬팬팬 – 유형과유형과유형과유형과크기크기크기크기

67

DTGA 550/50 & 

Q500/50(2950/2050)

• 50µL Platinum

• 100µL Platinum

• 100µL Alumina
• 250µL Alumina
• 500µL Alumina

• 100µL Aluminum

SDT Q600 (2960)

• 40µL Platinum

• 110µL Platinum

• 40µL Alumina

• 90µL Alumina

Note: 90µµµµL 알루미나가알루미나가알루미나가알루미나가
DSC data에는에는에는에는가장가장가장가장좋음좋음좋음좋음
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TGA; 시료시료시료시료팬팬팬팬 –형태형태형태형태/크기크기크기크기

68

Ceramic백금백금백금백금(Platinum)

Aluminum

50 µL

100 µL
100 µL

250 µL
500 µL

Pt/Al ; ‘손잡이’가 고정식임
Cf. Discovery TGA(Q5000IR) ; 약간약간약간약간다름다름다름다름
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Discovery Pan Types

69

Open

• Platinum (50 & 100 µL)

• Ceramic (250 µL) Sealed

Punched

• Aluminum (80 µL)

�Stainless steel bail

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

• Ceramic (100 µL)
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Sealed Aluminum Pans

70
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Sealed Aluminum Pans and Punching

71

1. Home Position

3. Punching

2. Pre-Punching

Force 

Sensor

Punch동영상
* 550 (선택사양) 5500 (기본)
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TGA/SDT: 시료시료시료시료팬팬팬팬청소청소청소청소

72

• 모든팬은재사용 가능(Aluminum은불가)

• 토치로팬앞뒤를 붉게가열(Al 팬은녹아버림)

• 재를긁어냄 (DSC fiberglass brush; 붉은 ‘연필’)

•SDT cup; 바닥도청소해야 하는데, beam에붙으면곤란하기 때문
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전형적인전형적인전형적인전형적인시험시험시험시험방법방법방법방법(method)

� cf. N2퍼지; N2환경에서분석할경우노안에잡힌공기를제거해야하므로높은유량으로 10~15분가량대기
• Ramp (heating) experiment:

ex.: Ramp 20°C/min. to 800°C

(Thermal Stability)

• Ramp (heating) and Isothermal Hold

ex.: Ramp 20°C/min. to 800°C

Iso 10 min.

73 TGA ; 기초교육 ©  2017  TA Instruments Korea – Waters LLC http://www.tainstruments.co.kr

전형적인전형적인전형적인전형적인시험시험시험시험방법방법방법방법(cont.)

• Ramp and switch gas

ex.: Ramp 20°C/min. to 650°C

Select gas: 2

Ramp 20°C/min. to 1000°C

(carbon black content)

74
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TGA/SDT: scan 사이의사이의사이의사이의냉각냉각냉각냉각과정과정과정과정

75

§§§§ TGA Standard/EGA 가열로가열로가열로가열로
• ‘air cool’을 method end condition으로선택
• EGA: 500°C까지냉각이된후(이렇게 안되면석영이깨질수있음), air cool은가열로가닫히거나 열린위치에서 모두가능하다.

• Standard: Air cool은바로되지만, 가열로는 열린상태여야 함
§§§§ SDT Q600 (2960)

• ‘air cool’을 method end condition으로선택
• Fan은바로움직임; 600°C까지내려간 후는 air cool 작동가능하며 열리거나 닫힌위치어디서나 가능
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TGA/SDT; 설치설치설치설치장소의장소의장소의장소의환경환경환경환경
• heater, 에어컨덕트, 강제배기장치(국소배기장치) 주변을피한다. 

• 서랍을자주여닫는실험대, 문옆을피한다.

• DSC RCS 옆은피한다. 

• 가장좋은결과를얻기위해서는대리석 table이좋음
76

II부부부부 – 응용응용응용응용(Applications)
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주제주제주제주제 – II부부부부
� TGA ; 전형적응용
� 분해능개선방법

� 통상적인방법(Conventional)
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일반적일반적일반적일반적고려고려고려고려 사항사항사항사항

(실험실험실험실험 효과효과효과효과)
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TGA ; IR식식식식 ‘지문지문지문지문(Fingerprint)’이이이이아님아님아님아님
�팬크기, 모양Z

� Ramp rate ; 1, 5, 10, 20℃/minZ.

� Purge gas ; N2, Air, HeZ.

�시료중량, 부피, 모양, 시료의구조Z

기본적으로 TGA data는 ‘(반응) 속도’ 측면이큼∵실험요소가 curve에미치는영향이 매우크기때문
그러니까그러니까그러니까그러니까대부분의대부분의대부분의대부분의경우에는경우에는경우에는경우에는TGA graph로로로로물질을물질을물질을물질을알아내겠다는알아내겠다는알아내겠다는알아내겠다는생각은생각은생각은생각은하지하지하지하지말아말아말아말아주십시오주십시오주십시오주십시오.
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시료시료시료시료크기의크기의크기의크기의영향영향영향영향
0
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W
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ig
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t 
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)

0 100 200 300 400 500 600

Temperature (캜 )

Polystyrene 17.6 mg
Polystyrene 10.2 mg
Polystyrene 5.4 mg
Polystyrene 2.7 mg

Universal V4.2D TA Instruments℃
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가열가열가열가열속도속도속도속도; 효과의효과의효과의효과의분석분석분석분석
300 ���� 301℃℃℃℃ 감량감량감량감량(%) comment

1℃/min 1 min 1 Detection limit

20℃/min 1/20 min (3 sec) 1/20(0.05) not detectable

82

At 300℃; weight % detection limit 1%,  그리고중량변화속도 1%/min이라가정
1%

300 301 T

Wt %

1/20%

1℃℃℃℃/min

20℃℃℃℃/min 가열속도가빠를수록반응시작은더높은온도쪽으로이동한다.

20℃/min에서는 반응시작이얼마나지나야나타나겠는가?
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가열가열가열가열속도의속도의속도의속도의영향영향영향영향
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Temperature (캜 )

Polystyrene 20캜 /min
Polystyrene 10캜 /min
Polystyrene 5캜 /min
Polystyrene 1캜 /min

Universal V4.2D TA Instruments℃
1 5 10 20

℃℃℃℃
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가열가열가열가열속도속도속도속도; Onset온도온도온도온도이동이동이동이동
524.26°C 563.82°C
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Universal V3.7A TA Instruments
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질량질량질량질량효과효과효과효과 – 반결정반결정반결정반결정(semi-crystalline) PE

436.28캜 457.57캜
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0 100 200 300 400 500 600

Temperature (캜 )

0.492mg
48.422mg

Universal V3.8A TA Instruments℃
℃ ℃
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팬팬팬팬모양의모양의모양의모양의효과효과효과효과 – 비정질비정질비정질비정질(amorphous) PMMA

365.01캜 369.13캜
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0 100 200 300 400 500

Temperature (캜 )

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

Universal V3.8A TA Instruments℃
℃ ℃

S.S. (stainless steel)
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시료의시료의시료의시료의내부내부내부내부구조구조구조구조효과효과효과효과 – PET 

419.58캜 424.58캜
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Temperature (캜 )

2.9 mg; amorphous PET
2.8 mg; crystalline PET

Universal V3.8A TA Instruments

2.9 mg; 비정질 PET

2.8 mg; 반결정 PET℃
℃ ℃
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열분해열분해열분해열분해종료까지종료까지종료까지종료까지걸리는걸리는걸리는걸리는시간시간시간시간
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2.5°C/min
5°C/min
10°C/min
20°C/minj

Universal V3.7A TA Instruments
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Discovery (old & 5500) /Q5000 IR – 고속고속고속고속가열가열가열가열 TGA

60.09% Polypropylene
(2.736mg)
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0 200 400 600 800 1000

Temperature (°C) Universal V3.9A TA Instruments

500 °C/min40°C/min

60% polymer

40% calcium 

carbonate

X축축축축 ; temperature
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Discovery (old & 5500) /Q5000 IR – 고속고속고속고속가열가열가열가열 TGA

X축축축축 ; time
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기본적기본적기본적기본적응용응용응용응용 분야분야분야분야

TGA ; 기초교육 ©  2017  TA Instruments Korea – Waters LLC http://www.tainstruments.co.kr

대표적인대표적인대표적인대표적인응용응용응용응용

92

•열안정성(Thermal Stability)

•성분분석(Compositional Analysis)

•산화안정성(Oxidative Stability)
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열안정성열안정성열안정성열안정성; 고분자고분자고분자고분자

93

Method Log: 
1:Select gas: 1 - N2
1: Ramp 20.00 캜 /m in to 650.00 캜
2: Select gas: 2 - Air
3: Ramp 20.00 캜 /m in to 1000.00 캜PVC

PMMA

PET

650.00캜
55.59%

650.00캜
5.928%

LDPE

PEEK

650.00캜
14.32%
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℃ ℃℃ ℃℃℃℃
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공중합체공중합체공중합체공중합체; Block / comonomer

94

0 100 200 300 400 500
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S - α MS

RANDOM

S - α MS BLOCK

P - α MS

PS

size: 8 mg
prog: 6캜 /min
atm: 300 Pa
             vacuum ℃℃℃℃℃℃℃℃ Size : 8 mg

Prog : 6 C/min

Atm : 300 Pa vacuum
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시료의시료의시료의시료의퀴리점퀴리점퀴리점퀴리점결정결정결정결정

95
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Initial weight gain after placement of magnet

240.67캜
Curie Point℃℃℃℃ ℃℃℃℃

‘뒷부분뒷부분뒷부분뒷부분’ onset을을을을표준으로표준으로표준으로표준으로함함함함
자석자석자석자석놓을놓을놓을놓을때에때에때에때에중량이중량이중량이중량이증가증가증가증가(TGA)
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불연성불연성불연성불연성잔량잔량잔량잔량측정측정측정측정 - 0.2% 염염염염수용액수용액수용액수용액
Residue:
0.2212%
(0.2160mg)

Method Log:
1: Ramp 5.00 °C/min to 90.00 °C
2: Isothermal for 120.00 min
3: Ramp 5.00 °C/min to 600.00 °C
4: End of method
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0 50 100 150 200 250

Time (min) Universal V3.2A TA Instruments

Sample: NaCl – 0.2% in H2O   

Size: 97.6300mg   
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열안정성열안정성열안정성열안정성; 폭발성폭발성폭발성폭발성물질물질물질물질
99.88%
(51 .76m g)

Exp los ive M ate ria l
S ize :  51.8240   m g
Ba lance G as: A ir 40.0  m l/m in
Sample  Gas: A ir  60 .0 m l/m in
Method  Log :
  1: Ram p 3.00  캜 /m in to  400 .00  캜
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열안정성열안정성열안정성열안정성; 폭발성폭발성폭발성폭발성물질물질물질물질
99.88%
(51.76mg)

Explosive  Material
S ize:  51.8240  m g
Balance Gas: A ir  40.0 m l/m in
Sample Gas: A ir 60.0  m l/m in
Method Log:
  1 : R amp 3.00 캜 /m in to  400.00 캜

0

20

40

60

80

100

W
e
ig
h
t 
(%

)

0 50 100 150 200 250 300 350 400

Temperature (캜 )℃
℃ ℃X축축축축 ; 온도온도온도온도
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Data Sampling 

every 0.5sec

~51.8mg

3C/min ℃
열안정성열안정성열안정성열안정성; 폭발성폭발성폭발성폭발성물질물질물질물질

TC
hangdown
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접착제접착제접착제접착제
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25.18mg of an adhesive 

@ 10°C/min보통 sample이 TC나노의벽을건드린경우 ℃
℃
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이상한이상한이상한이상한결과결과결과결과
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가열속도를보여주기위해시간을 x축으로놓고미분을선택
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가열가열가열가열속도의속도의속도의속도의변동변동변동변동
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휘발성휘발성휘발성휘발성물질물질물질물질함량함량함량함량; Drug A

Sample: Drug A                

Size: 22.5850mg          

Heating Rate: 10°C/min
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휘발성휘발성휘발성휘발성물질물질물질물질함량함량함량함량; Drug A, 1 수화물수화물수화물수화물
4.946%
(0.7505mg)
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Temperature (°C) Universal V3.4C TA Instruments

Sample: Drug A Monohydrate  

Size: 15.1740mg            

Heating Rate: 10°C/min

수분손실 열분해
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Cold/Allergy Tablet

1.154%
(0.2134mg)

2.346%
(0.4338mg)
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Sample: Cold/Allergy Tablet  

Size: 18.4890mg            

Heating Rate: 10°C/min

휘발성물질 열분해
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TGA-DSC; Kaolin Clay

1010.42캜
125.2J/g

548.10캜412.4J/g
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13.59J/g

1292.93캜
13.96J/g
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℃ ℃Al2Si2O5(OH)4

drying

Al2Si2O5(OH)4
�Al2Si2O7 + 2H2O

(amorphous)

Al2Si2O7  �
Si3Al4O12 + SiO2

3 Si3Al4O12 �
2 (3 Al2O3 · 2 SiO2) + 

5 SiO2
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DSC-TGA Sodium Tungstate

Small Sample Size (3mg) and 10°°°°C/min Heating Rate탈수화
중량변화가없음; 용융과정
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탈수화탈수화탈수화탈수화(Dehydration)의의의의감도감도감도감도
0.2078% 
(0.01795mg)

114.96캜1.094J/g
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DSC-TGA ; 석고석고석고석고(Gypsum)
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• Al2O3 pan with lids

• 10℃/min

CaSO4 · 2(H2O) � CaSO4 · 1/2(H2O) � CaSO4
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TGA-DSC Soda Ash

857.18캜
851.38캜
186.8J/g
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473.63캜314.87캜
16.62(24.57)J/g

350.90캜316.33캜7.949J/g

탈수화Cf. 열량변화는 peak의시작지점에서자동적으로중량으로나눠표준화다형(Polymorphic) 상전이용융
℃ ℃

℃℃℃℃ ℃ ℃
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다른다른다른다른중량으로중량으로중량으로중량으로표준화한표준화한표준화한표준화한용융열용융열용융열용융열
468.7J/g

13.27mg

459.1J/g

11.27mg

459.2J/g

9.379mg

464.4J/g

7.628mg

459.8J/g

5.994mg

468.7J/g 384.1J/g 324.7J/g 266.9J/g 207.7J/g

Heat of Fusion using Original Weight (13.26mg)

Heat of Fusion using Weight at Start of Integration
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대표적인대표적인대표적인대표적인응용응용응용응용
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•열안정성(Thermal Stability)

•성분분석(Compositional Analysis)

•산화안정성(Oxidative Stability)
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Calcium Oxalate

114

12.57% Water
(0.8753mg)

19.47% Carbon Monoxide
(1.355mg)

30.07% Carbon Dioxide
(2.093mg)
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Instrument: TGA Q50 V2.34 Build 127

Universal V3.4A TA Instruments

Sample: CaOx       

Size: 6.9610mg        

Heating Rate: 10°C/min

CaC2O4•H2O (s) �

CaC2O4 (s) + H2O (g) CaC2O4 (s) �

CaCO3 (s) + CO (g)

CaCO3 (s) �

CaO (s) + CO2 (g)
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EVA Copolymer

16.87% Acetic Acid
(3.240mg)
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% Vinyl Acetate = % Acetic Acid * 

Molecular Weight(VA) / Molecular 

Weight (AA)

VA% = 16.87× (86.1/60.1) = 

24.2%

Sample: EVA (25%)  Size: 

19.2030mg  Heating 

Rate: 10°C/min

28 86.1

Image; Wikipedia EVA
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충진재충진재충진재충진재(filler); carbon black 함유함유함유함유 PET

78.64%
(11.26mg)

20.64%
(2.957mg)

Carbon B lack F illed  PET

In N2
20.00 캜 /m in  to 650.00 캜
Switch to A ir
Ramp 20.00 캜 /m in  to  1000.00 캜
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C/B가얼마나함유되어있을까요?
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Neat PET

85.65%
(16.01mg)

13.99%
(2.614mg)

In N2
20.00 캜 /m in to  650.00 캜
Switch to  A ir
Ramp 20.00 캜 /m in to 1000.00 캜
PET
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충진충진충진충진/비충진비충진비충진비충진 PET의의의의비교비교비교비교
85.65%
(16.01m g)

13.99%
(2.614mg)

78.64%
(11.26mg)

20.64%
(2.957mg)

Method Log:
1: R amp 20.00 캜 /m in  to  650.00 캜
2: Se lect gas: 2
3: R amp 20.00 캜 /m in to  1000.00 캜

6.65%  Carbon B lack
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구성구성구성구성성분성분성분성분분석분석분석분석
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31.0% PTFE

18.0% C

50.5% Si 02

 size   :  10 mg 
 prog  :  5캜N2

0.5% VOLATILES

AIR

℃℃℃℃
℃oC/min
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SBR(스티렌스티렌스티렌스티렌-부타디엔부타디엔부타디엔부타디엔고무고무고무고무)

120

0 200 400 600 800 1,000
0

25

50

75

100

Temperature (°°°°C)

W
t
(%

)

8.4% Oil

50.4% Polymer

Air

36.2% Carbon Black

5% Inert Filler

Sample weight:  30 mg

Program rate   :  20°°°°C/min

Atmosphere    :  N  , Air2
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EPDM 고무고무고무고무분석분석분석분석
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Switch to Air

24.96% Carbon Black + Ash

(5.656mg) ℃℃℃℃
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충진재충진재충진재충진재함유함유함유함유고분자고분자고분자고분자; 일반적일반적일반적일반적 chart 해석해석해석해석방법방법방법방법
A

B

C

D

Air or O2투입
N2 투입

(650℃) (900℃)

Wt%

• A ; volatiles(water, solvents…)

• B ; mainbody thermal degradation (mostly polymer)

• C ; degraded or additive carbon(or Carbon black)

• D ; inorganics

Wt% signal

0

Temp.

100
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충진재충진재충진재충진재함유함유함유함유고분자고분자고분자고분자; 일반적일반적일반적일반적 chart 해석해석해석해석방법방법방법방법 (2)
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Polymer

Carbon Black

Air
(A)

Polymer

Carbon Black

Air
(B)

"Light" Oil

Polymer +

"Heavy" Oil

Carbon Black

Air
(C)

100

0

100

100

0

0

W
E
IG
H
T
 (
%
)

TEMPERATURE (°°°°C)

Inert filler

Inert filler

Inert filler

[ at Q50/500 ]
• Flow rate 200ml/min (N2)
• Isothermal 15min
• Flow rate 60ml/min
1. Ramp 20℃℃℃℃/min to 650℃℃℃℃
2. Select gas 2(air)
3. Ramp 20℃℃℃℃/min to 900℃℃℃℃§§§§ Volatiles & fillers in polymer
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Diesel Oil ; 실험실험실험실험조건조건조건조건
Method Log:

1: Select Gas: 1

2: Equilibrate at 50.00°C

3: Mark end of cycle 0

4: Isothermal for 1.00 min

5: Mark end of cycle 0

6: Ramp 100.00°C/min to 550.00°C

7: Mark end of cycle 0

8: Isothermal for 1.00 min

9: Mark end of cycle 0

10: Ramp 20.00°C/min to 650.00°C

11: Select Gas: 2

12: Ramp 20.00°C/min to 750.00°C

13: Mark end of cycle 0

14: Isothermal for 2.00 min
0
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800
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e
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캜)
0 5 10 15 20

Time (min)

Gas Switch to Air

100°C/min 

20°C/min 

550°C 

750°C 

50°C 
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5.882%
(0.8831mg)

5.865%
(0.7915mg)
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Sample1.001  04-012805-2 Run 1
Sample1.003  04-012805-2 Run 2

IR furnace; 실험실험실험실험재현성재현성재현성재현성
℃
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대표적인대표적인대표적인대표적인응용응용응용응용

126

•열안정성(Thermal Stability)

•성분분석(Compositional Analysis)

•산화안정성(Oxidative Stability)
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산화산화산화산화안정성안정성안정성안정성; Epoxy
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방염처리제(Flame Retardant)없는시료방염처리제포함
Size: 20 mg

Prog.: 10°C/min

Atm.: Air 
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산화산화산화산화안정성안정성안정성안정성; 식물성식물성식물성식물성기름기름기름기름
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Sample Size: 5.18 mg

Temperature: 137°C

Atmosphere: 0   2 0.05첫중량변동; 
O2 투입후 57분소요0 2
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SDT: Calcium Oxalate (N2 Purge)
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SDT: Calcium Oxalate (Air Purge)
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–––––––   Calcium Oxalate in Air
– – – –      Calcium Oxalate in Nitrogen

Exo Up

비활성비활성비활성비활성 vs. 산화산화산화산화 Purge Gas

Simultaneous DSC-TGA

CO가 CO2로산화; oxalate의열분해반응을촉진
CaC2O4 -> 
CaCO3 + CO

In air ; 2CO+O2 -> 2CO2
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SDT: 비결정비결정비결정비결정(amorphous) PET
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82.51%
(21.06mg)

75.72°C(I)

170.97°C

254.67°C
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Temperature (°C)Exo Up Universal V3.2B TA Instruments

Sample: PET          

Size: 25.5192mg      

Heating Rate: 

20°C/min
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TGA ; 분해능분해능분해능분해능
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일반일반일반일반 TGA

134

분해능분해능분해능분해능개선개선개선개선방법방법방법방법
• 가열속도를낮춤
• 시료양을줄임
• 퍼지기체를바꿈
• 핀홀을뚫은 Hermetic Pan

-문제; cycle time이길어짐
-문제; 작은중량변화를보기힘들어짐
-문제; 모든경우사용가능하지는않음
-문제; 모든경우사용가능하지는않음
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1 & 20°°°°C/min ; curve 비교비교비교비교
Silly Putty

20캜 /min
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Silly Putty 1.007
SP 20.006
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퍼지퍼지퍼지퍼지기체기체기체기체교환교환교환교환방법방법방법방법
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DSC Pinhole Pans:  Gypsum

137

14.90% 
(1.050mg)

4.830% 
(0.3405mg)

Standard
TGA Pan

Pin Hole
DSC Pan
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CaSO4 · 2(H2O) � CaSO4 · 1/2(H2O) � CaSO4


