
Applications Laboratory/DSC 204 F1 1 22.03.2006JB  

DSC 204 F1 Phoenix ®

Features and Capability

Leading Thermal Analysis.
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搜集物質的特性隨著溫度變化所相應的
函數關係的技術稱為“熱分析”.

溫度

性
質

熱 分 析
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熱分析技術

示差掃描量熱儀(Differential Scanning Calorimetry DSC)

示差熱分析儀(Differential Thermal Analysis,DTA)

熱重分析儀(Thermogravimetric Analysis,TGA)

高解析度熱分析儀(High-Resolution TGATM)

示差掃描量熱-熱重分析聯用(Simultaneous DSC-TGA)

熱機械分析儀(Thermomechanical Analysis TMA)

動態熱機械分析儀(Dynamic Mechanical Analysis DMA)

介電性質分析(Dielectric Analysis DEA)

微熱分析儀-原子力顯微鏡與熱分析技術聯用- uTA

(Micro TA - Atomic Force Microscope & TA)TM
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Thermal Analysis Techniques
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Classifications of Polymers
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重量(Weight)-TGA

尺度(Length)-TMA

熱流(Heat Flow)-DSC

模量(Modulus)-DMA

常用熱分析技術量測的物理特性
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DSC原理

在程式溫度（升／降／恒溫及其組合）過程中，測量樣品與參考物

之間的熱流差，以表徵所有與熱效應有關的物理變化和化學變化。

Differential Scanning Calorimeter
(示 差 掃 描 量 熱 儀)

(DSC)
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Applications of DSC
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The design principles of DSC
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Heat Flux DSC function principle

DSC signal (first order transition)
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DSC 204 F1 Phoenix®, Schematic Design
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Exchangeable DSC Sensor Types

newnew ττ––SensorSensor
--180 ... 700180 ... 700°°CC
shortshort responseresponse time time 

silversilver sensor sensor 

μμ––SensorSensor
--150 ... 400150 ... 400°°CC
high high sensitivitysensitivity
siliconsilicon sensorsensor



Applications Laboratory/DSC 204 F1 14 22.03.2006JB  

Power Compensation DSC function principle
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Protein Denaturation蛋白質變質測試
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TA 公司 - Tzero DSC Cell 構造
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Tzero Sensor Structure / Thermocouple Circuit

ΔT

ΔT0 T0 

Ts T0 Tr

(+) (+) (+)(-)

(-)(-)

TsConstantan Body

Chromel Wire

Chromel Area Detector

Constantan Wire

Chromel Wire

Base Surface

Thin Wall Tube

Sample Platform

Reference Platform
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DSC 204 F1 Phoenix®, Schematic Design

DSC 204 F1 PhoenixDSC 204 F1 Phoenix®®

DSC 204 F1 PhoenixDSC 204 F1 Phoenix®® -- ASCASC



Applications Laboratory/DSC 204 F1 19 22.03.2006JB  

DSC 204 F1 Auto Sampler
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DSC 204 F1 Phoenix®

Technical data
• Temperature range:        -180 ... 700°C

• Heating and cooling rates:         0.001 ... 100 K/min

• DSC detection limit: 0.1 µW (depending on the sensor type)

• Exchangeable sensors: fast τ-sensor, high sensitive µ-sensor

• Several cooling devices: compressed air (to RT)

Intracooler (-85 ... 600°C)

liquid nitrogen (-180 ... 700°C)

• Electronically controlled gas flow for purge and protective gases

• Specific heat measurements possible (software option)

• Advaced Software available: Thermokinetics®, Peak Separation, 
Purity Determination, ChemReo®, etc.

• Automatic Sample Changer (ASC) for 64 samples and all crucibles
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DSC 204 F1 Phoenix®

Liquid / gaseous nitrogen cooling
(LN2 / GN2)
-180 ... 700°C

Intra-Cooler
-85 ... 600°C

Compressed air cooling
RT ... 700°C

Quench Cooling Can

Already Prepared for Different Cooling Devices

Aluminium cooling body

Compressed air
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DSC 204 F1 Phoenix®, Intracooler 
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Netzsch DSC 的特點

* 德國精密工藝製造;
*. 隱藏式爐體設計,不受外界環境影響.
* 熱流靈敏度高, 0.1 uW
* 基線穩定性, 10 uW
* 配置8點溫度校正, 溫度準確性高, 正確性 +/- 0.1°C, 精確性 +/- 0.01°C

C6H12 ,  Hg,  KNO3,  In,  Bi,  CsCl,  Sn,  Zn
* 爐體可長時間於 600°C 恆溫
* 爐體氣密性和熱絕緣性佳
* 整體成形的輕質銀鑄造, 不容易腐蝕, 使用壽命長
* 三路氣體設計, 保護爐體, 污染清除容易, 使用方便(選件MFC,質量流量控制)
* 樣品自動進樣器(選配件)
*坩鍋多樣性: 固體, 液體, 高壓坩鍋, 等, 充分滿足需求
*因為污染清除容易, 爐體不會腐蝕, 維修成本低廉

*DSC F1 真空度高, 可以和 FTIR 或Mass 連用.
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DSC Calibration Curves
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DSC 溫度與熱焓的校正
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DSC 溫度與熱焓實際量測與理論值建檔
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DSC 溫度與熱焓的理論值
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BeFlat

40 60 80 100 120 140 160 180 200
Temperature /蚓

-1.0

-0.5

0.0

0.5

1.0

DSC /mW

2 K/min

2 K/min

5 K/min

5 K/min

10 K/min

10 K/min

20 K/min

cooling

heating

↓  exo
Baseline heating and cooling without BeFlat® correction

DSC 204 F1 Phoenix (Intracooler)
no sample
crucible: Al, pierced, empty
atmosphere: N2, 40 ml/min
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BeFlat

40 60 80 100 120 140 160 180 200
Temperature /蚓

-1.0

-0.5

0.0

0.5

1.0

DSC /mW

2 K/min

2 K/min

5 K/min

5 K/min

10 K/min

10 K/min

20 K/min

cooling

heating

↓  exo
Baseline heating and cooling without BeFlat® correction

DSC 204 F1 Phoenix (Intracooler)
no sample
crucible: Al, pierced, empty
atmosphere: N2, 40 ml/min

40 60 80 100 120 140 160 180 200
Temperature /蚓

-1.0

-0.5

0.0

0.5

1.0

DSC /mW
↓  exo

DSC 204 F1 Phoenix (Intracooler)
no sample
crucible: Al, pierced, empty
atmosphere: N2, 40 ml/min

Baseline heating and cooling with BeFlat® correction
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BeFlat (Styrene-Acrylonitrile, SAN)
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BeFlat (Polyetherimide, PEI)
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Application – HDPE-Packaging

HDPE = High-Density Polyethylene
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Application - HDPE

-150.0 -100.0 -50.0 0.0 50.0 100.0 150.0
Temperature /°C

-0.5

0

0.5

1

1.5

DSC /(mW/mg)

Sample: HDPE (Melting)

Somewhere here should be 
the glass transition

130.6 °C

-51.0 °C

37.9 °C

↓  exo DSC 200 F3 Maia
Sample masses: ~12 mg
Crucible: Al, closed
Atmosphere: N2, 20 ml/min
Heating rate: 20 K/min
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-150.0 -100.0 -50.0 0.0 50.0 100.0 150.0
Temperature /°C

-0.5

0

0.5

1

1.5

DSC /(mW/mg)

Sample: HDPE

130.6 °C

Onset:
Mid:
End:
Delta Cp*:

-131.5 °C
-119.9 °C
-108.2 °C

0.008 J/(g*K)

-51.0 °C

37.9 °C

↓  exo

lldpe-tg-f3-4.sd3 4-4/4 - DSC

-140.0-135.0 -130.0 -125.0 -120.0 -115.0 -110.0 -105.0 -100.0
Temperature /°C

-0.004

-0.002

0

0.002

0.004

0.006

0.008

DSC /(mW/mg)

Onset:
Mid:
End:
Delta Cp*:

-131.5 °C
-119.9 °C
-108.2 °C

0.008 J/(g*K)

↓  exo

DSC 200 F3 Maia
Sample masses: ~12 mg
Crucible: Al, closed
Atmosphere: N2, 20 ml/min
Heating rate: 20 K/min

Application - HDPE
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Application - HDPE

-140.0 -130.0 -120.0 -110.0 -100.0 -90.0
Temperature /°C

-0.025

-0.02

-0.015

-0.01

-0.005

0

0.005

0.01

0.015

DSC /(mW/mg)

HDPE (2 different samples)

Onset:
Mid:
End:
Delta Cp*:

-131.5 °C
-119.9 °C
-108.2 °C

0.008 J/(g*K)

Onset:
Mid:
End:
Delta Cp*:

-124.0 °C
-119.0 °C
-114.1 °C

0.010 J/(g*K)

↓ exo

DSC 200 F3 Maia
Sample masses: ~12 mg
Crucible: Al, closed
Atmosphere: N2, 20 ml/min
Heating rates: 20 and 10 K/min
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Application - HDPE

-160.0 -140.0 -120.0 -100.0 -80.0 -60.0
Temperature /°C

0.020

0.030

0.040

0.050

0.060

0.070

0.080

tan d

50.0

100.0

150.0

200.0

250.0

E' /MPa

3

4

5

6

7

8

9

10

E'' /MPa

E' (1.000 Hz)
tan d (1.000 Hz)

E'' (1.000 Hz)

Sample: HDPE
Test in Compression
(Same Batch as for the DSC-test)Peak: -123.9°C

Peak: -116.2°C

DMA 242 C 
Sample: HDPE granulate
Sample holder: Compression
Atmosphere: N2
Heating rate: 2 K/min
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Analysis of Tm–calculation of crystallinity
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Application – NR/SBR
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Application – NR/SBR

DSC 200 F3 Maia
Sample masses: 16.13 mg
Crucible: Al, pierced lid
Atmosphere: N2, 20 ml/min
Heating rate: 20 K/min

-80 -60 -40 -20 0 20
Temperature /°C

0.30

0.35

0.40

0.45

0.50

0.55

0.60

DSC /(mW/mg)

Sample: NR/SBR

1. Heating

2. Heating

Mid point:
Delta-Cp*:

-59 .1 °C
0 .13 J/(g*K)

Mid ponit:
Delta-Cp*:

-42 .8 °C
0 .03 J/(g*K)

Mid point:
Delta-Cp*:

-15 .5 °C
0 .02 J/(g*K)

Mid point:
Delta-Cp*:

-59 .1 °C
0 .13 J/(g*K)

Mid point:
Delta-Cp*:

-15 .4 °C
0 .03 J/(g*K)Mid Point:

Delta-Cp*:
-43 .0 °C

0.03 J/(g*K)

↓ exo

NR-Step

SBR-Step

Impurity
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Application – ABS

ABS = Acrylnitrile-Butadiene-Styrene-Terpolymer
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Application – ABS

DSC 200 F3 Maia
Sample masses: ~13.78 mg
Crucible: Al, pierced lid
Atmosphere: N2, 20 ml/min
Heating rate: 10 K/min

-100.0 -50.0 0.0 50.0 100.0 150.0
Temperature /°C

-0.05

0

0.05

0.10

0.15

0.20

DSC /(mW/mg)

Sample: ABS (Acrylnitrile-Butadiene-Styrene)

Onset:
Mid:
End:
Delta Cp*:

105.1 °C
109.6 °C
114.1 °C

0.276 J/(g*K)

Onset:
Mid:
End:
Delta Cp*:

121.1 °C
125.5 °C
129.9 °C

0.047 J/(g*K)

Onset:
Mid:
End:
Delta Cp*:

-84.8 °C
-80.2 °C
-75.7 °C

0.089 J/(g*K)

↓ exo

Polybutadiene step

Polystyrene step

Polyacyrlnitrile step
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PP = Poly-Propylene
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Application – PP

DSC 200 F3 Maia
Sample masses: 5.94 mg
Crucible: Al, pierced lid
Atmosphere: N2, 20 ml/min
Heating rate: 10 K/min

-50 0 50 100 150
Temperature /°C

-4

-3

-2

-1

0

1

2

DSC /(mW/mg)

1. Heating2. Heating

Cooling

Polypropylene (PP): Heating, Cooling, 2nd Heating

166 .1 °C

72 .92 J/g

105 .8 °C

-84 .16 J/g

163 .7 °C
Mid point:

Delta-Cp*:
-6.1 °C

0.10 J/(g*K)
84 .07 J/g

↓ exo

-25 -20 -15 -10 -5 0 5 10
Temperatur /°C

0.17

0.18

0.19

0.20

0.21

0.22

0.23

0.24

0.25

DSC /(mW/mg)

Mid point:
Delta-Cp*:

-6 .1 °C
0 .10 J/(g*K)

↓ exo
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PVC = Poly-Vinyl-Chloride 
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Application – PVC

DSC 200 F3 Maia
Sample masses: 9.07 mg
Crucible: Al, pierced lid
Atmosphere: N2, 20 ml/min
Heating rate: 20 K/min

60 80 100 120 140 160
Temperature /°C

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

DSC /(mW/mg)

Melting of crystalline contents

Glass transition

Onset:
Mid:
End:
Delta Cp*:

66.7 °C
73.7 °C
81.4 °C

0.26 J/(g*K)

0.78 J/g 151.2 °C

135.8 °C

↓  exo
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Application τ-Sensor: Separation of the
Components of a PE-Blend 
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20 40 60 80 100 120 140 160 180
Temperature /°C

0.0

0.5

1.0

1.5

2.0

2.5

3.0

DSC /(mW/mg)

1st heating

PE film 20 µm

2nd heating

107.6 °C
121.1 °C

113.4 °C

108.5 °C
117.8 °C

121.1 °C

114.0 °C:
119.9 °C:

123.3 J/g
88.2 %
97.7 %

↓  exo

041-0-06-16.sd3 6-6/6 - DSC

100 105 110 115 120 125 130 135 140
Temperature /°C

1.4

1.5

1.6

1.7

1.8

1.9

2.0

DSC /(mW/mg)

117.8 °C

121.1 °C

↓  exo

Application τ-Sensor: Separation of the
Components of a PE-Blend 

DSC 204 F1 Phoenix
sample: PE-Foil
sample mass: 1.020 mg
crucible: Al pierced lid
atmosphere: He, 40 ml/min
heating rate: 10 K/min
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LDPE-HDPE-PP

20 40 60 80 100 120 140 160 180 200
Temperature /蚓

0.2

0.4

0.6

0.8

1.0

1.2

DSC /(mW/mg)

sample 1
sample 2

40.1 蚓 :
111.7 蚓 :
189.9 蚓 :

98.2 J/g
0.0 %

23.4 %
100.0 %

169.0 蚓

103.0 蚓

40.0 蚓 :
110.5 蚓 :
139.8 蚓 :
190.0 蚓 :

124.4 J/g
0.0 %

19.0 %
54.1 %

100.0 %

168.4 蚓131.0 蚓

102.0 蚓

↓  exo second heating
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LDPE-HDPE-PP (Peak Separation)

NETZSCH Peak Separation      Project:  KEKUTEX

50 75 100 125 150 175
Temperature/°C

0.4

0.6

0.8

1.0

DSC/(mW/mg)

LDPE-HDPE-PP

22 - 28 - 50



Applications Laboratory/DSC 204 F1 50 22.03.2006JB  

DSC 不同配方及加工條件量測-Part 1
(First Heating Rate 10°C/min )
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DSC 不同配方及加工條件量測-Part 2
(First Cooling Rate 10°C/min )
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DSC 不同配方及加工條件量測-Part 3
(Second Heating Rate 10°C/min )
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以下的圖是PET以不同的冷卻速率做實驗再做第二次加熱的曲線,
紅色曲線(10°C/min cooling rate)為例,冷卻過程樣品會有結晶現象,再次加熱時就看不到再結晶現象,
靛藍色曲線(60°C/min cooling rate)為例,冷卻過程樣品由於冷卻速率太快沒有結晶現象,再次加熱時就看到再結晶現象,
其它的不同冷卻速率再次加熱後所得到不同的再次結晶熱.
至於貴司的樣品T-4在冷卻過程看不到(很小)冷卻結晶,可能10°C/min對此T-4的樣品冷卻速率太快,來不及結晶,
所以在第二次加熱時會看到再結晶現象.

DSC 不同配方及加工條件量測-Part 4
(結論說明 )
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冷却速率对 PET 结晶的影响



Applications Laboratory/DSC 204 F1 55 22.03.2006JB  

Tg of Polymers–history of heat process can alter Tg
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Analysis of Tm–effect of plasticizer
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Isothermal test for crystallinity
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Isothermal test for crystallinity
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動力學分析-- Isothermal Kinetics(Option)
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Application μ-Sensor: Denaturation of 
Proteine Solutions 



Applications Laboratory/DSC 204 F1 61 22.03.2006JB  

Application μ-Sensor: Denaturation of 
Proteine Solutions 

DSC 204 F1 Phoenix
sample: Proteine Solutions
sample mass: ~10 mg
crucible: Al closed lid
atmosphere: N2, 40 ml/min
heating rate: 10 K/min



Applications Laboratory/DSC 204 F1 62 22.03.2006JB  

Application – HDPE (O.I.T.-Tests)

The DSC 200 F3 Maia® allows determination of the oxidative 
induction time (O.I.T.) according to well-established standards 
(ASTM D 38 95, ASTM D 6186, EN 728 und ISO 11357-3).
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20 30 40 50 60 70
Time /min

0

50

100

150

200

250

Flow /(ml/min)

-1.0

-0.5

0.0

0.5

1.0

1.5

2.0

2.5

DSC /(mW/mg)

-50

0

50

100

150

200

Temp. /蚓

O2

N2

temperature

O.I.T.: 19.0 min

31.0 min

36.0 min

↓  exo

Oxidation Induction Time (O.I.T.)

DSC 204 F1 Phoenix
Polyolefine mixture
sample mass: 13.96 mg
crucibles: Al, open
atmosphere: N2, heating, 20 K/min
atmosphere: N2, 5 min isotherm, 210°C
atmosphere: O2, 60 min isotherm, 210°C
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20.0 30.0 40.0 50.0 60.0 70.0 80.0 90.0 100.0
Time /min

0.0

50.0

100.0

150.0

200.0

250.0

Flow /(ml/min)

-2.5

-2

-1.5

-1

-0.5

0

0.5

1

DSC /(mW /mg)

granulate material

pipe new

pipe old

oxygen

nitrogen

O.I.T .: 76.1 minO.I.T .: 54.5 min O.I.T .: 70.2 min

↓  exo

Oxidation Induction Time (O.I.T.) 
Application on a PE/PP-Pipe Material

DSC 204 F1 Phoenix
samples: PE/PP mixture
sample masses: 6.60 – 6.80 mg
crucibles: Al, open
atmosphere: N2, heating, 20 K/min
atmosphere: N2, 5 min isotherm, 210°C
atmosphere: O2, 60 min isotherm, 210°C
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Oxidative induction of PE
(To know the anti-oxidation capability)
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Wind power plants
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60 80 100 120 140 160 180 200 220
Temperature /蚓

-1.5

-1.0

-0.5

0.0

0.5

1.0

1.5

[3.2]
DSC /(mW/mg)

100 ppm Inhibitor
300 ppm Inhibitor

without Inhibitor

173.6 蚓

Area:
Peak*:
Onset:

-426.7 J/g
125.4 蚓
117.3 蚓

174.0 蚓

Area:
Peak*:
Onset:

-409.9 J/g
127.2 蚓
120.1 蚓

175.9 蚓

Area:
Peak*:
Onset:

-404.5 J/g
129.7 蚓
123.7 蚓

↓  exo

Curing of Polyester Resin

DSC 204 Phoenix
sample masses: 8.6 – 9.3 mg
crucibles: mid pressure /steel
atmosphere: N2, 20 ml/min
heating rate: 5 K/min
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100 120 140 160 180 200
Temperature /蚓

-2.5

-2.0

-1.5

-1.0

-0.5

0.0

0.5

[3.2]
DSC /(mW/mg)

5 K/min

2 K/min

1 K/min

Area:
Peak*:
Onset:

-410.9 J/g
127.2 蚓
120.1 蚓

Area:
Peak*:
Onset:

-405.9 J/g
104.1 蚓

99.0 蚓

Area:
Peak:
Onset:

-407.4 J/g
111.5 蚓
106.4 蚓

↓  exo

Curing of Polyester Resin

DSC 204 Phoenix
sample masses: 8.6 – 9.3 mg
crucibles: mid pressure /steel
Atmosphäre: N2, 20 ml/min
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Curing of Polyester Resin (Thermokinetics)

NETZSCH Thermokinetics       820-202-03

100 120 140 160 180 200
Temperature/°C

-2.5

-2.0

-1.5

-1.0

-0.5

0

Heat flow rate/(W/g)

exo

A B C D1 2 3

  5.0 K/min
  2.0 K/min
 1.00 K/min
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Fractional Reaction vs. Time       820-202-03

0 5 10 15 20 25 30
Time/min

0

20

40

60

80

100

Partial Area/%

100 °C

110 °C
120 °C
130 °C
140 °C
150 °C
160 °C

Curing of Polyester Resin (Predictions)

time at 130 °C degree of 
[min] curing [%]

2.5 15
3.3 45
5.0 75
8.0 85
15.5 90
66 95
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Thermal Analysis on Curing Monitoring of
Thermosetting Resins

熱分析儀技術在熱固型材料的應用
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Temperature ℃

H
ea

t F
lo

w
 (m

W
)

Tg

Tg

155.93℃

102.64℃
20.38J/g

Residual Cure

First

Second

100℃ 150℃ 250℃ 250℃

Thermoset: Comparison of First
and Second Heating Runs
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Thermoset:Isothermal Temp 170 Deg C
Different IsOthermal test results comparison
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Tg1/Tg2 試驗法



Applications Laboratory/DSC 204 F1 75 22.03.2006JB  

利用Tg1/Tg2的方式評價Epoxy是否完全固化?
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常用DSC決定熱固型(Thermoset)材料
是否固化完全(Full Curing)的方法 : Tg1/Tg2 試驗法

Step1 -以20OC/min 掃瞄求出 Tg1
Step2 -在一足夠高的溫度下 (如175 OC) 下烘烤 15min 以保證完全反應
Step3 -再次以 20OC/min 掃瞄求出 Tg2
最終比較 Tg1 及 Tg2 二者, 依據以下規律判斷固化程度:

IF   0 OC =< Tg2 - Tg1 =< 5 OC     表示反應完全
IF          Tg2 -Tg1 > 5 OC                表示反應不完全

IF          0 OC > Tg2 - Tg1               表示LED耐熱性不佳
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利用Tg1/Tg2的方式評價Epoxy是否完全固化?
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DSC: Determination of % Cure
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DSC: Determination of % Cure
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DSC: SAME BEKING TEMP. DIFFERENT FURANCE
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以DSC觀察矽膠封裝的行為
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Cross-linking upon heating



Applications Laboratory/DSC 204 F1 83 22.03.2006JB  

Cross-linking upon heating
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Degree of cross-linking
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Degree of cross-linking
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動力學分析-- Scanning Kinetics(Option)
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Application: Sorbitol
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-60 -40 -20 0 20 40 60 80
Temperature /蚓

0.0

0.1

0.2

0.3

0.4

0.5
[1.6]

DSC /(mW/mg)

Sorbitol 90%

Sorbitol 100%

Mid:
Delta Cp*:

-25.7 蚓
1.14 J/(g*K)

Mid:
Delta Cp*:

-1.8 蚓
1.13 J/(g*K)

↓  exo

DSC 204 Phoenix
sample masses: 10.94 / 25.42 mg
crucible: Al, pierced
atmosphere: N2, 40 ml/min
heating rate: 10 K/min

influence of the water content

Application: Sorbitol
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Determination of purity
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纯度对熔化的影响
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Van‘t Hoff 纯度计算
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Application: Melting/Solidifcation of AlSi-Alloys
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450.0 500.0 550.0 600.0 650.0
Temperature /蚓

0.5

1

1.5

2

2.5

3

3.5

4

DSC /(mW/mg)

aluminum alloy

first heating
second heating, after cooling with 200 K/min

third heating, after cooling with 150 K/min

fourth heating, after cooling with 100 K/min

fivth heating, after cooling with 50 K/min

Area:
Peak*:

420.1 J/g
584.8 蚓

618.3 蚓

Area:
Peak*:

426.7 J/g
585.2 蚓

619.6 蚓

Area:
Peak*:

426.5 J/g
586.3 蚓

620.3 蚓

Area:
Peak*:

426.2 J/g
587.2 蚓

620.8 蚓

Area:
Peak*:

425.1 J/g
588.3 蚓

621.1 蚓

↓  exo
DSC 204 F1 Phoenix
sample: aluminum alloy
sample mass: 23.52 mg
crucible: Pt + Al2O3, pierced lid
atmosphere: N2, 40 ml/min
heating rate: 10 K/min

Application: Melting/Solidifcation of AlSi-Alloys
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530.0 540.0 550.0 560.0 570.0 580.0 590.0
Temperature /蚓

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0.22

0.24

DSC /(mW /mg)

aluminum alloy

first heating
second heating, after cooling with 200 K/min

third heating, after cooling with 150 K/min

fourth heating, after cooling with  100 K/min

fivth heating, after cooling with 50 K/min

Area:
Peak*:

0.035 J/g
560.3 蚓

Area:
Peak*:

0.469 J/g
560.7 蚓

Area:
Peak*:

0.197 J/g
560.6 蚓

Area:
Peak*:

0.051 J/g
560.5 蚓

Area:
Peak*:

0.006 J/g
558.3 蚓

↓  exo

DSC 204 F1 Phoenix
sample: aluminum alloy
sample mass: 23.52 mg
crucible: Pt + Al2O3, pierced lid
atmosphere: N2, 40 ml/min
heating rate: 10 K/min

Application: Melting/Solidification of AlSi-Alloys



Applications Laboratory/DSC 204 F1 95 22.03.2006JB  

0
0,05

0,1
0,15

0,2
0,25

0,3
0,35

0,4
0,45

0,5

0 50 100 150 200 250

cooling rate (K/min)

En
th

al
py

 (J
/g

) Increasing enthalpy is an 
indicator for the
concentration of 
an additional phase
formed by quench cooling

Application: Melting/Solidification of AlSi-Alloys
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DSC 204 F1 – Temperature Modulation

Time /min



Applications Laboratory/DSC 204 F1 97 22.03.2006JB  

TM-DSC 的加熱曲線圖(循環的加熱/冷卻)
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傳統DSC的限制

*基線彎曲及斜率改變影響微弱轉移偵測

*無法同時得到解析度與靈敏度

*無法測量絕對熱流改變,只能得到總熱流

*無法分辨及分析重疊的轉移(如玻璃化轉移及焓緩和或應力鬆弛)
*無法測量恒溫時比熱(Cp)改變
*比熱(Cp)測試繁瑣
*基線彎曲及斜率改變影響微弱轉移偵測

*無法準確量測初始結晶度

*無法直接測量熱傳導係數
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TM-DSC 主要的好處

同時得到高靈敏度及高解析度.

絕對熱流的測量

直接比熱測量(改進傳統DSC繁瑣測量方式).

“擬恆溫”的條件下量測材料比熱的變化.

“擬恆溫”的條件下量測材料冷結晶之現象.

將複雜的相轉移現象分解為簡單易判斷的成份.

能夠決定材料之初始結晶度(ie.Initial Crystallinity).

消弭基線影響以取得微弱轉移溫度的測量.

解決傳統DSC所無法測試及解釋的現象

量測熱傳導率.
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◊1996, TA Instruments, Inc.

TM-DSC 如何不同於DSC ?

DSC                    TM-DSC                 COMMENTS*  

實驗參數需 線性升溫速率 線性升溫速率 TM-DSC的範圍由恆溫
要編輯那些?                              -10 oC/min

溫度的振盪幅度 範圍由+/-0.01-10oC/min
溫度的振盪周期 範圍由+/-0.01-10oC/min
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◊1996, TA Instruments, Inc.

TM-DSC 如何不同於DSC ?

DSC TM-DSC              COMMENTS

可獲得那些資訊? 總熱流 振盪熱流 兩者都包含了樣品在測
試其間所有發生的熱事
件資訊.

總熱流 在相同的平均加熱速率
MDSC 與DSC的總熱流
訊號是相同.

可逆熱流 屬於總熱流中的比熱成分

不逆熱流 屬於總熱流中的動力成分

比熱
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◊1996, TA Instruments, Inc.

瞬間熱流改變(DSC vs TM-DSC)

DSC
dQ/dt = Cp (β) + f (t,T)

where: dQ/dt = 總熱流
Cp = 比熱
T = 絕對溫度
Cp (β ) = 比熱成份
f (t,T) = 動力成份

TM-DSC
dQ/dt =  Cp (β + AT ω cosωt) + Ak(sin ωt) +f(T,t)

where (β + AT ω cosωt) = 測到的加熱速率 (dT/dt)
AK = 振幅對溫度振盪的動力成分回應
f (T,t) = 在沒有溫度振盪的情形下的動力成分回應



Applications Laboratory/DSC 204 F1 103 22.03.2006JB  
◊1996, TA Instruments, Inc.

時間(Time)
振盪熱流(Modulated Heat Flow)
振盪溫度(Modulated Temperature)

TM-DSC 訊號的計算

綜論 :
所有的TM-DSC之訊號是從以下三個基本量測訊號獲得的.
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TM-DSC -瞬間熱流改變

TM-DSC
dQ/dt =  Cp (β + AT ω cosωt) + Ak(sin ωt) +f(T,t)

=  Reversing heating flow + Nonreversing heat flow
玻璃轉移 焓松弛
熔點(some)                                       氣化,蒸發
比熱 冷結晶

裂解
固化或熟化
熔點(some)               

Where (β + AT ω cosωt) = 測到的加熱速率 (dT/dt)
AK = 振幅對溫度振盪的動力成分回應
f (T,t)= 在沒有溫度振盪的情形下的動力成分回應
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◊1996, TA Instruments, Inc.

TM-DSC 訊號 - 總熱流

總熱流是振盪熱流的平均值,這結果與傳統DSC在相同

平均升溫速率下的實驗值相同.

定義 : 樣品的所有熱事件的總和.

計算 : 利用傅利葉轉換的方法連續的將振盪熱流算出平
均值.
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◊1996, TA Instruments, Inc.

TM-DSC 訊號 - 可逆熱流(比熱成份)

可逆熱流是總熱流的比熱成份,將量測的比熱乘以平均
加熱速率計算而得.

可逆熱流 =  -Cp x平均加熱速率

計算的基礎

dQ/dt = Cpβ + f (T,t)

where dQ/dt = 總熱流

Cp  = Cp量測值

β = 平均加熱速率

Cpβ = 總熱流的比熱成份(可逆的)

f (T,t)  =總熱流的動力成份(不可逆的)
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◊1996, TA Instruments, Inc.

TM-DSC 訊號 - 不可逆熱流(動力成份)

不可逆熱流是總熱流的動力成份,係由總熱流扣除可
逆熱流計算而得.

不可逆熱流 = 總熱流 - 可逆熱流

計算的基礎

dQ/dt = Cpβ + f(T,t)

=   dQ/dt - Cpβ

where dQ/dt = 總熱流

Cp  = Cp量測值

β = 平均加熱速率

Cpβ = 總熱流的比熱成份(可逆的)

f (T,t)  =總熱流的動力成份(不可逆的)
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DSC 204 F1 – TM-DSC-Parameter Input
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TM-DSC -調制熱流及調制加熱速率
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DSC 204 F1 – TM-DSC - Result
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DSC 204 F1 – TM-DSC - PET
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Temperature Modulated Heat Flow
(調制式熱流)

Reversing Transitions
(可逆相轉移)

NonReversing Transitions)
(不可逆相轉移)

 Fourier Transform
(傅利葉轉換)

調制式熱流轉換原理
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◊1996, TA Instruments, Inc.

驟冷的PET - 初始結晶度用傳統DSC量測
熱
流

(W
/g

)

133.67oC

126.24oC
36.59J/g

239.26oC
50.77J/g

252.88oC

0.3 

0.1 

-0.1 

-0.3 

-0.5

溫度(oC)

初始結晶度是多少?

50 100 150 200 250 300

Standard DSC 
5oC/min 
He purge
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DSC 204 F1 – TM-DSC - PET

Temperature / °C
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成型後距注射點較遠處-TM-DSC量測初始結晶度
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成型後接近注射點處-TM-DSC量測初始結晶度
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DSC 204 F1 – TM-DSC - PS

Temperature / °C
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DSC 204 F1 – TM-DSC - PS

Temperature / °C
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DSC 204 F1 – TM-DSC – Curing of a Resin

Temperature / °C
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DSC 204 F1 – TM-DSC – Curing of a Resin

Temperature / °C
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DSC 204 F1 – TM-DSC – Post-Curing of an 
Epoxy Resin
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DSC 204 F1 – TM-DSC – Post-Curing of an 
Epoxy Resin
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DSC 204 F1 – TMDSC – Cp-Determination

Temperature / °C
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DSC 204 F1 – TMDSC – Cp-Determination

Temperature / °C
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傳 統 DSC 比 熱 測 定 方 法
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比熱測試 -- Cp
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Sapphire Cp test
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比熱係由振盪熱流的輻度除以振盪加熱速率的輻度而得.

定義 : 讓物質每增加1oC所需要的熱能.

計算 : 利用MDSC獲得比熱的基礎,可由檢視傳統DSC在若干不同加熱速
率實驗下計算比熱的經驗而得.

傳統DSC(在兩個不同加熱速率下)

Cp = KCp x第2加熱速率下的熱流值 - 第1加熱速率下的熱流值
第2加熱速率 - 第1加熱速率

=  mJ / oC

where :  KCp = 校正常數

◊1996, TA Instruments, Inc.

TM-DSC 訊號 - 比熱
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傳統 DSC 比熱測量圖譜
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調制式 TM-DSC 比熱測量圖譜
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TM-DSC vs. DSC 比熱測量比較
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TM-DSC 測出數據與文獻的比較:
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環氧樹脂在擬恆溫下的交聯

交聯反應熱　H
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W
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Isothermal 80oC 
helium purge 
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60 second period

DMA 1Hz的結果
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TM-DSC 在擬恆溫下冷結晶測量:
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PET焓鬆馳 - 傳統DSC之圖譜
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PET焓鬆馳-TM-DSC 計算出絕對焓鬆馳值之圖譜
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PET焓鬆馳-不同老化時間使用TM-DSC 測得之圖譜
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PET焓鬆馳-不同老化時間所計算出檢量線圖譜
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TM-DSC 靈敏度增加-微弱相轉移測試
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PET/ABS聚攙物 - 傳統DSC的作法

-0.2 

-0.3 

-0.4 

-0.5 

-0.6 
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-0.8

Temperature (oC)
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w
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/g
)

開模後第一次加熱

(稍挪動Y軸座標以避免重疊)
在以 10oC/min 冷卻後的第二次加熱

120.92oC
67.38oC

70.262oC (H)
235.36oC

111.82oC
9.016J/g

22.63J/g

249.75oC

9.22mg sample, nitrogen purge
10oC/minute heating rate
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TM-DSC - PET/ABS聚攙物
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The DSC 204 F1 Phoenix System

Flexible and robust  
Optimized gas flow and cooling systems

Proteus® Software with innovative features
Compliant with 21 CFR Part 11 (in 04/2006)


