
RWTH Aachen University



Mission

The properties of 

metallic materials are 

determined by its 

microstructure rather 

than by its overall 

chemical composition.

Materials Design by Microstructure Engineering:

Investigation of microstructure for understanding the 

macroscopic properties of materials to develop new 

materials with improved or novel properties



Personnel

Director: Prof. Dr. rer.nat. Günter Gottstein

Professors: Prof. Dr. rer.nat. G. Gottstein

Prof. Dr. rer. nat. W. Kaysser (GKSS)

Prof. Dr. rer.nat. D. Molodov

Associate Prof: Dr. rer. nat. Volker Mohles

Senior Engineer:Dr.-Ing. Annette Weiß

Scientific staff: 30

Non-scientific staff: 14

Student assistants: 13

Apprentices: 07



Equipment and Facilities

2 automated X-ray texture 

goniometers with  hot stage up to 

1000°C 

X-ray diffractometer with focussing 

capillary and area detector

Residual stress measurements

Analytical high resolution TEM with 

EDX and PEELS

Dedicated ultrafast high resolution 

FEG-SEM for EBSD/OIM

2 conventional SEM (equipped with 

EBSD and laser powered hot stage 

for in-situ-experiments)

grain boundary tacking system

Residual resistivity measurements



High accuracy orientation measurement

(XBSD, accuracy of 0.1°, in house

development)

Computer controlled mechanical testing

facilities (Zwick 1484 and Schenck PSB 

250 with high temperature high vacuum

chamber up to 1600°C and quenching

by cold helium)

Single-, Bi-, Tricrystal Growth Facilities

Metallography und image analysis

Workstations and access to

supercomputers

Machine Shop and Electronics Shop 

(electric discharge machining)

IMM - facilities



Interface Dynamics

Nanostructures

Texture

Crystal Plasticity

Simulation

IMM ïResearch Groups



Simulation

Textures

Deformation

Recrystallization 

Microstructure Evolution

Dislocation statics and dynamics

Precipitation

Through-Process Modelling

Research Group Simulation
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Fig. 2.51
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grain boundary misorientation



coating drying pyrolysis crystallization

superconductor

metal substrate

ceramic Interlayer



Interface Dynamics

Interface structure 

Interface dynamics

Thermodynamics of interfaces

Grain Boundary Motion 

Junction Motion

Artificial Interfaces

Interface Chemistry
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Research Group Interface Dynamics
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Crystal Plasticity 

Mechanical Properties   

Hardening Theory 

Dynamic Recrystallization 

Cyclic Plasticity 

Grain Boundary Mechanics
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Nanostructures

Characterization of 

intermetallic composites

Modelling and Simulation 

of thermomechanical 

processes in intermetallic 

composites 

Ultra fine grained 

materials           

ECAP-deformation

b

400µm

b

400µm400µm

dexperiment=98.7%  dsimulation=98.9%dexperiment=98.7%  dsimulation=98.9%dexperiment=99.6%  dsimulation=99.9%dexperiment=99.6%  dsimulation=99.9%

dsimulation =100%

dexperiment=100%

dsimulation =100%

dexperiment=100%

Research group Nanostructures



1. Single crystal Al2O3 fiber

(Saphikon)

2. Interlayer (BN, Cr2AlC or V2AlC)

3. NiAl matrix coating

1 2 3 4 5 6 7

4. MHC channel die

5. Al2O3-insulating layer

6. NiAl outer layer

7. Al2O3-pressure head

Fiber coating

(CVD, PVD)

Diffusion bonding

(1300 °C/40 MPa/1h

at 2Ĭ10-3 Pa)

NiAl composite

(40Ĭ7Ĭ4 mm3)

Materials and composite fabrication

Embedded casting in 

NiAl -alloy (NiAl -2.5Ta

-7.5Cr)



100 nm100 nm100 nm100 nm

Al2O3

NiAl

BN

AlN-sublayer

200 nm

NiAl-precipitate

Interfacial structure and chemistry: Al2O3/BN/NiAl -composite

As coated fiber As hot pressed composite As cast composite

NiAl

BN

Al 2O3

Amorphous layer

NiAl

Al 2O3

AlN

AlB 12

AlB 12

Chemical reaction between NiAl and BN at elevated temperatures:

Ni50Al 50 + 12BN Ni50Al37 + 12AlN + AlB12

As hot pressed: BN + AlN + AlB12 (at 1300 °C, BN  partly reacted)

As cast:         AlN +AlB12 (at about 1600 °C, BN  completely reacted)



Thermal compressive stress (TCS) along c-axis in fibers calculated by FEM:
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Axial comp. stress in NiAl/Al2O3

Axial comp. stress in NiAl/hBN/Al2O3

C-axial comp. strength of saphhire [22]

NiAl/Al 2O3, NiAl/hBN/Al 2O3, Vf = 30% NiAl/Al 2O3, Vf = 10% ~ 80%

TCS in fibers with BN-interlayer is obviously

lower than the one without BN and remains

invariably below the compressivestrength of

sapphire.

Influence of interfacial shearstrength

The TCS fibers without BN-interlayer

decreaseswith increasingVf. If Vf > 40%, the

thermalcompressivestressin the fiber becomes

lessthanthecompressivestrengthof sapphire.
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Microstructure evolution during ECAP deformation
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d=440 nm; 50% GWKG

Pure Cu


