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• Business Description: Manufacturing & Sales of Science Instruments

• Address: Headquarters ・ Tokyo Factory ・ Ｘ -ray research Lab
Matsubara-cho, 3-9-12 Akishima, Tokyo 196-8666

•
• Osaka Office & Factory
• Akaoji-cho 14-8, Takatsuki, Osaka 569-1146
•

◦ Yamanashi Factory
◦ Wakamiko 4495-8 Sutama-cho, Hokuto, Yamanashi 408-0112

• Representative: President & CEO Jun KAWAKAMI

• Founded: 6th December 1951

• Capital: 100 Million Japanese Yen

• Employees: Approx. 730 Employees (Approx. 1,400 Group Employees)

• Annual Sales: 37.4 Billion Japanese Yen (as of FY ending March 2016)

•

Rigaku Corporate Profile



Rigaku Analytical Technologies
XRD XRR SAXS XRF XRT & CT TA & EGA Raman
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Micro-area, micro-volume, ultra thin films, high resolution, sensitivity & throughput, complex info systems, in-situ, automation
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• Diffraction des rayons-X sur de
la poudre : structure ;
concentration ; taux de
cristallinité, etc…

• Géométrie qui permet de
maintenir l’échantillon à
l’horizontal

• Travail en atmosphère
contrôlée

• Permet de passer très
rapidement d’une application à
une autre (diffusion des
rayons-X, analyses combinées
en température, analyse de
couches minces, etc…
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DIFFRACTOMÈTRE POLYVALENT SMARTLAB



Applications of XRD
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Solid-form screening process
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Crystal polymorph 
Qualitative / quantitative 

Temperature / 
humidity change

Quantification of 
crystalline and amorphous 

phases

XRD and DSC are used as analytical methods
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DSC (Differential Scanning Calorimetry)
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■ DSC principle

SampleReference 

Thermocouple on the 
measurement sample 

side

Thermocouple on the 
reference sample side 

Thermal board

Time

Measurement sample 
temperature (Tr)

Reference sample temperature 
(Ts)

Electric furnace 
temperature (Th)

* Reference sample: A substance that does not change within the measurement temperature range

Endothermic

Exothermic

Exothermic

Endothermic Endothermic peak

Exothermic peak

Base line

DSC

Electric furnace



Application of DSC
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Exothermic

Endothermic

Peak top temperature

Extrapolation of
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Extrapolation of
End temperature

Peak area
|| 

Energy: J 
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Melting
Crystal phase transition 

Crystallization
Crystal phase transition

Glass transition



Exothermic

Endothermic

Broad peak

Small peak

• Interpretation of result is often difficult
• Difficult to interpret physical changes of the 

sample

Overlapped peak

• Extremely broad peaks and minute 
peaks may be overlooked

Crystal phase transition?

• Analysis of close reactions is difficult

Disadvantages of DSC 

Form II ? 
Form III ? 
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▪ Not enough information can be obtained by thermal 
analysis alone

▪ Results may differ depending on the potential of the 
analyzer

▪ Large quantity of sample is needed, and analysis factors 
(time and cost) are higher according to the type of 
analyzer

"XRD-DSC" attachment 
can measure XRD and DSC simultaneously

Individual application of XRD and DSC

How to increase 
the efficiency?

How to solve this problem?
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XRD-DSC

❑ Temperature range: RT to 350 ºC

- 40 to 350ºC (when using the                   

optional low-temperature bath 

circulator)

❑ Atmosphere: Air, Nitrogen 

❑ Humidity: RT 5%RH up to 60ºC 90%RH

❑ Heating/cooling: 0.5 to 10 ºC/min

❑ XRD: 1.5 to 60°/2 theta

❑ Scan speed: Maximum 100°/min 

Specifications



SIMULTANEOUS XRD AND DSC 
MEASUREMENT ATTACHMENT (XRD-DSC 
ATTACHMENT) 

Crystal structural changes and thermal reactions can be 

observed from one sample in a given atmosphere

★sample amount

★temp. range

★atmosphere

3 - 10 mg

RT - 350 ℃（-40 ℃ -*）

static air, inert gas, humid gas*

（- 60 ℃ 90%RH corresponding to 17.9 kPa ）

*…optional

reference sample

X-rays

SmartLab
X-ray Diffractometer

Unique to  
Rigaku

X-ray DSC
XRD-DSC attachment
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XRD-DSC

Sample chamber

reference sample

X-rays Detector

Sample pan: Aluminum sample pan 7 x 7 x 0.9 (0.3) mm
Sample amount: 3 - 10 mg
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XRD-DSC

Sample preparation

Powder

Gel, fat

Liquid
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XRD-DSC
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Simultaneous Analysis
is possible

X-ray diffraction profile

XRD-DSC Analysis

DSC curve : 
temperature/humidity

XRD-DSC
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Various analyses are possible

XRD-DSC Analysis Powder XRD Analysis

XRD-DSC

Crystal phase 
identification/ 
quantification

Cluster analysis
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Various analysis functions 

▪ Temperature (peak top, 
extrapolation temperature, Glass-
transition temperature)

▪ Area (energy)
▪ Time interval reading, etc.

Only DSC analysis 
is possible

111.53

-6.17J/g

XRD-DSC Analysis

XRD-DSC
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2 EXEMPLES

1. Tolbutamide

2. Lyophilisation d’une solution de d-MANNITOL

Autres notes d’applications disponibles sur demande
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2θ(°)

Endothermic Exothermic

Recrystallization： 78℃

Recrystallization： 30℃

Melting： 129℃

Type II： 30℃

Phase transition： 112℃

XRD-DSC measurement of Tolbutamide

X-ray diffraction profile DSC curve and temperature Heating / cooling 
measurement
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II型

2θ(°)

Form V

Form I

Form I

Form II

Form II

Powder XRD Analysis

XRD-DSC measurement of Tolbutamide

X-ray diffraction profile



Crystallization behavior change by contents and concentration. 

Development of the correct conditions can be difficult. 

FREEZE DRY CONDITION

Before 

Freeze drying

Freezing
Freezing of water and 
condensation of the  
solution

First drying
Sublimation of water

Second drying
Vaporization of water from 
solid  

What is the maximum
allowable temperature ？

Collapse

A good sample !!



DSC
XRD-DSC attachment

TTK600
High and low temp. 

attachment

★Temp. range ：-40～350 ℃
★Thermal reactions 

⇒ Crystallization

Glass transition; Tg’

★Temp. range : -190～600 ℃
★Vacuum

⇒ for freeze drying 

Structurals changes during the freezing and drying process
can be observed

XRD-DSC ATTACHMENT AND HIGH AND LOW TEMP. ATTACHMENT
SIMULATION OF THE FREEZE DRYING PROCESS



Crystal growth around thermal reaction points can be observed

THERMAL REACTION AND CRYSTAL 
GROWTH
COOLING AND HEATING OF 10WT% D-MANNITOL SOLUTION
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Crystal growth and phase transformation under vacuum 
Cooling and heating of 15wt% D-mannitol solution
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Crystal growth and transitions during the freeze drying process can be 
observed
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XRD-DSC attachment summary

✓ simultaneous XRD and DSC measurements 

under the same conditions

✓ easier characterization of the material

✓ small sample quantity 

✓ powder, gel and liquid samples

✓ reduction of measurement time and costs

✓ Compatible with humidity experiments
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A vous d’imaginer les expériences 
intéressantes pour vos applications et vos 
recherches



© 2022 RIGAKU CORPORATION. ALL RIGHTS RESERVED 32

XRD-DSC

Literature examples of using XRD-DSC attachment

A. Pettersen et al., CrystEngComm, 2020, 22, 7280-7289
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XRD-DSC

Literature examples of using XRD-DSC attachment

E. Yonemochi et al., Thermochimica Acta 2005, 432, 70-75 O. Zaliha et al., J. Oleo Sci., 2018, 1-8
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Thank you for your attention
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