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1. Introduction and overview 

Adolf Martens is considered together with personalities like Le 
Chatelier, Howe, Osmond, Roberts-Austen, Sorby, Stead and Tscher-
noff as one of the founders of metallography in the 19th cen­
tury (1). On occasion of the 75th anniversary of his death, a 
short portrayal of his life and work is presented. In addition to 
the retrospect, the present state of research on martensite with 
respect to the basic classes of materials - metals, ceramics and 
polymers - as well as the study on biological martensitic trans­
formations is illustrated in brief by some examples. 

Fig. 1 : 
Adolf Martens 
(1850-1914) 
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2. The life of Adolf Martens 

Adolf Martens, born March 6, 18S0 in the district of Mecklen­
burg, received an engineering education at the Royal "Gewerbe-
akademie" Berlin after a practical training at a machine factory, 
and joined in 1871 the engineering staff of the Royal Prussian 
Railways. There he worked in the fields of iron and steel struc­
tures and quality control of railway components. In 1880 he beca­
me an assistant to Professor Consentius at the Technische Hoch-
schule (TH) Berlin-Charlottenburg and was appointed in 1884 
Head of a small Mechanical-Technical Testing Institute at the TH. 
This institute merged with a Chemical-Technical Testing Institute 
and a Test Office for Civil Engineering Materials to form in 1904 
under the directorship of Adolf Martens the Royal Material Te­
sting Office - a predecessor institute of the present Federal In­
stitute for Materials Research and Testing (BAM). Adolf Martens 
was appointed Professor in 1889, Member of the Royal Academy of 
Sciences Berlin in 1904 and received a honorary doctor's degree 
from the Technische Hochschule Dresden in 1905. After a life full 
of scientific-technological work and the successful establishment 
of the Royal Materials Testing Office as one of the leading in­
stitutions of its kind worldwide, he died on July, 24, 1914 
(2, 3 ) . 

3. The work of Adolf Martens 

Adolf Martens was a strong personality with immense working and 
management capabilities, extreme broad technological interest, 
profound engineering skills and scientific creativity. Figure 1 
shows a photograph of him. In his early years, when he worked for 
the Royal Prussian Railways, he could perform his metallographic 
work only in his spare time at his own expense. For his studies, 
he developed by himself the experimental tools he needed, inclu­
ding an optical microscope with a new illumination technique, see 
Figure 2 (4). 

Fig. 2: Optical microscope, designed by Adolf Martens (1880) 



s 

A. Martens: 

l ' e b e r d i e m i k r o s k o p i s c h e 

l ' u t e r s u c h u n g des E i s e n s . 

Fig.3 Microstructural investigation of iron 
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B e c a u s e a t t h i s t i m e i t was v e r y d i f f i c u l t t o o b t a i n m i c r o -
p h o t o g r a p h s o f good q u a l i t y . M a r t e n s made v e r y a c c u r a t e d r a w i n g s 
o f t h e m i c r o s t r u c t u r e s w i t h t h e h e l p o f a s p e c i a l o p t i c a l p r i sm 
a t t a c h e d t o t h e m i c r o s c o p e . L a t e r , in c o l l a b o r a t i o n w i t h t h e 
C a r l Z e i s s e s t a b l i s h m e n t he d e s i g n e d "what was t o be t h e b e s t 
equ ipmen t f o r m e t a l l o g r a p h i c p h o t o m i c r o g r a p h y f o r s e v e r a l d e c a ­
d e s " ( 1 ) . 

He s t u d i e d f r a c t u r e d a s w e l l a s p o l i s h e d s u r f a c e s and d e v e l o p e d 
s p e c i a l e t c h i n g t e c h n i q u e s t o v i s u a l i z e s p e c i f i c m i c r o s t r u c t u r a l 
f e a t u r e s , s e e F i g u r e 3 . He c o m p i l e d t h e r e s u l t s o f h i s s t u d i e s 
m e t i c u l o u s l y in h i s t e c h n i c a l note b o o k s . F i g u r e 4 shows a page 
o f h i s n o t e b o o k s . 

In a d d i t i o n t o h i s m e t a l l o g r a p h i c s t u d i e s and t h e d e v e l o p m e n t o f 
t h e c o n n e c t e d a p p a r a t u s and t e c h n i q u e s , he d e s i g n e d i n s t r u m e n t s 
and t e c h n i q u e s f o r o t h e r a r e a s o f m a t e r i a l s r e s e a r c h and t e s t i n g , 
f o r e x a m p l e t h e M a r t e n s t e n s i l e t e s t e r ( 5 0 . 0 0 0 k g f ) , t h e M a r t e n s 
s c r a t c h h a r d n e s s t e s t e r and t h e M a r t e n s l u b r i c a n t o i l t e s t r i g , 
j u s t t o men t ion a few. 

Fig. 4: Microstructure of Spiegeleisen (etched details) 
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The accuracy of Martens' metallographic studies can be illustra­
ted in comparing his drawings (left) with contemporary micro­
graphs (right) of materials, similar to those ho studied. This 
is shown for the oxamples of a dendritic structure, Pig. 5, a 
fracture surfaco, Fig. 6, and an otchod microstructure, Fig. 7, 
(5, 6, 7 ) . 

Fig. 5 

Fig. 6 

Fig. 7 
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The research results and publications of Martens - which cannot 
be reviewed within the scope of this paper - received considera­
ble interest by his colleagues, so that Osmond termed the "mar­
tensitic" structure of steel after him (8). Although Adolf Mar­
tens published no own studies connected directly with the micro-
structural constituent of steel which bears his name, attention 
should be drawn to the microstructural drawing by Martens, shown 
in Figure 8. This drawing, which can be found in one of his pu­
blications (5), shows an impressive similarity to an essential 
feature of "martensite", namely the inhomogeneous shear pattern 
of internally slipped martensite plates, see Figure 11. 

Fig. 8: Microstructural drawings by Adolf Martens 

4. Research on martensite today 

Nowadays the term "martensite" is used in a wide context to apply 
to the products of transformations taking place in crystalline 
solids by coordinated displacements of atoms or molecules over 
distances smaller than interatomic distances in the parent phase. 
Martensitic transformations have been observed in all classes of 
materials - metals, ceramics, polymers - as well as in biological 
structures, as illustrated briefly in the following. 

4.1 Metals 

Historically, research on metals, mainly on steels, has led to 
the development of the phenomenological crystallography theory of 
the martensitic transformation. According to this theory there 
are three phenomenological steps describing the total transfor­
mation (9): 
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(i) The Bain distortion: E.C. Bain suggested in 1924 (10) that 
the austenite(parent phase)-martensite transformation could be 
explained by a diffusionless homogeneous upsetting of the 
parent fcc lattice into the required bcc (or bct) lattice, invol­
ving minimal atomic displacements, as shown schematically in Fi­
gure 9. It was subsequently justified mathematically that the 
particular correspondence between lattices envisioned by Bain in­
volves the smallest principal strains. 

(ii) Inhomogeneous shear: In conjunction with the Bain distor­
tion, a lattice invariant deformation, such as slip, twinning or 
faulting occurs. This secondary deformation provides the inva­
riant plane condition at the macroscopic scale and maintains a 
semicoherent glissile interface between the martensite and parent 
phase. 

(iii) The third step involved in the phenomenological crystallo­
graphy theory of the martensitic transformation is a rigid body 
rotation. 

The combined effect of the three operations (i), (ii), (iii) is 
equivalent to the experimentally observed shape deformation. 
There is no time sequence implied as to which occurs when. 

In addition to the geometric models, dislocation theories have 
been recently developed (11). According to these theories, mar­
tensitic transformations are defined as a subject of diffusion-
less/ displacive solid-state transformations in which the strain 
energy arising from a shear-dominant lattice distortion controls 
the kinetics and product morphology during transformation. The 
dislocation description allows the prediction of numerous inter-
facial properties, including the interfacial stress field, ener-
qy, stability and interfacial mobility. Application of the 
dislocation-based approach to the mechanism and kinetics of mar­
tensitic nucleation and growth has led to a reasonably quantita­
tive explanation of the essential features of martensitic trans­
formations. 

Fig. 9: Bain distortion in iron alloys 
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4 . 2 C e r a m i c s 

D i s p l a c i v e t r a n s f o r m a t i o n s i n v o l v i n g l a r g e c h a n g e s in volume o r 
c o o r d i n a t i o n number o c c u r i n c e r a m i c s a s w e l l a s in i n o r g a n i c 
compounds and m i n e r a l s ( 1 2 ) , s e e T a b l e 1 . 

Ceramics 
Boron n i t r i d e : BN 
Carbon: C 
Zirconia: ZrO2 

Inorganic Compounds 
Alkal i and ammonium hal ides; 
N i t r a t e s : RbNO3 

KN03 T1NO3, AgNO3 
Sulphides: MnS 

ZnS 
BaS 

Minerals 
Pyroxene chain s i l i c a t e s : 

E n s t a t i t e (MgSiO3) 
Wollastoni te (CaSi03) 
Ferrosilite (FeSiO 3) 

S i l i c a : 
Quartz 
Tridymite 
C r i s t o b a l i t e 

(wurtzite-type graphi te - type) 
(wurtzite- type = graphite) 
(tetragonal = monoclinic) 

( N a C l - c u b i e z CsCl-cubic) 
(NaCl-cubic rhombohedral 
CsCl-cubic 
(Orthorhombic rhombohedral) 
(zinc blende-type N a C l - c u b i c ) 
(wurtzite-type = NaCl-cubic) 
(zinc blende-type = w u r t z i t e - t y p e ) 
(NaCl-type = CsCl-type) 

(orthorhombic = m o n o c linic) 
(monoclinic = tr ic l in ic) 
(orthorhombic = monoclinic) 

(trigonal hexagonal) 
(hexagonal, wurtzite-related) 
(cubic = tetragonal, zinc blende-
related) * 

T h e t y p i c a l m a r t e n s i t e a p p e a r a n c e known from m e t a l s i s l i k e w i s e 
found f o r c e r t a i n t y p e s o f c e r a m i c s . F o r e x a m p l e , a c h a r a c t e r i ­
s t i c m a r t e n s i t i c m i c r o s t r u c t u r e d e v e l o p s by c o o l i n g a ZrO2-Sc2O3 
a l l o y from t h e h i g h - t e m p e r a t u r e c u b i c ( c ) p h a s e r e g i o n t o the 
B - p h a s e r e g i o n ( 1 3 ) , s e e F i g u r e 1 0 . The m i c r o s t r u c t u r e o f t h e 
B - p h a s e u s u a l l y h a s a " h e r r i n g - b o n e " s t r u c t u r e , l i k e l y t o be a 
f a v o u r a b l e o n e f o r m i n i m i z i n g t h e s t r a i n e n e r g y and i n t e r f a c i a l 
e n e r g y a s s o c i a t e d w i t h t h e c-B t r a n s f o r m a t i o n . 

I n b u l k s i n g l e c r y s t a l s o f z i r c o n i a ( Z r O 2 ) , t h e t e t r a g o n a l t o 
m o n o c l i n i c t r a n s f o r m a t i o n was e x p e r i m e n t a l l y and t h e o r e t i c a l l y 
p roven t o be m a r t e n s i t i c . 

By e x p l o i t i n g t h e m a r t e n s i t i c p h a s e t r a n s f o r m a t i o n o f d i s c r e t e 
z i r c o n i a p a r t i c l e s d i s p e r s e d w i t h i n c e r a m i c m a t r i c e s , t h e m e c h a ­
n i c a l p r o p e r t i e s o f b r i t t l e c e r a m i c s can be improved . The t o u g h e ­
n ing o r i g i n a t e s from t h e c r a c k s h i e l d i n g a s s o c i a t e d w i t h t h e v o ­
lume and s h a p e c h a n g e o f t h e m a r t e n s i t i c t r a n s f o r m a t i o n and r e d u ­
c e s t h e s t r e s s i n t e n s i t y a t t h e c r a c k t i p . T h i s t y p e o f e n e r g y 
d i s s i p a t i o n i s a n a l o g o u s t o t h a t a s s o c i a t e d w i t h c r a c k t i p p l a ­
s t i c i t y i n d u c t i l e m e t a l s . T h r e e b a s i c a l l y d i f f e r e n t c l a s s e s o f 
Z r O 2 - t o u g h e n e d c e r a m i c s h a v e been i d e n t i f i e d ( 1 4 ) : 
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(i) Partially-stabilized ZrO2 (PSZ), in which tetragonal Zr0 2 

particles are coherently precipitated within a cubic stabilized 
ZrO2 matrix (precipitation-toughened ceramics) 

(ii) Tetragonal ZrO2 polycryntalo (TZP) which consist predomi­
nantly of fine tetragonal ZrO2 matrix grains. These ceramics re­
present a very strong class of ceramic materials (bend strength 
> 2000 MPa) 

(iii) Zr02-toughened ceramics (ZTC), where tetragonal or monocli-
nic Zr(>2 particles are dispersed in ceramic materials such as 
Al2O3, nullite (3Al 2O3.2SiO 2, spinel (Mg Al2O4), etc. (disper­
sion-toughened ceramics). 

Fig. 10: Herring-bone structure of ZrO2-Sc2O3 (B -phase) 

4.3 Polymers 

In order to analyze the possibilities of polymorphism in poly­
mers, a survey of the shape changes that can be associated with 
diffusionless transformations is given in Figure 11 (15). 

1. Lattice variant deformation can be composed of 
(i) shear without change in volume 
(ii) volume change without shear. 

II. Lattice invariant deformation is always required, if the 
transformation takes place in the interior of the matrix 
phase 
(iii) plastic shear by slip or twinning 
(iv) elastic (not shown in Figure 11). 
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latticevariant invariant 

B 
Fig. 11 : Shape changes of diffusionless transformations 

Original shear plus 
volume 
change 
(steels) 

Pure shear 
(shape-
memory 

alloys) 

shear-free 
volume 
change 

(PTFE) 
Fig. 12 : Possibilities for lattice-variant deformations 

The principal cases of lattice variant shear are shown in 
Figure 12. An example for the general case in which shear and vo­
lume change occur simultaneously are iron-base alloys. The shape-
memory alloys based on the CsCl-structure (e.g. CuZn, NiTi) come 
closest to the case of pure shear without volume change. The po­
lymer PTFE is an example for the case in which the volume chan­
ges, but no shear can occur. Experiments have shown that the PTFE transforms by a special type of diffusionless transformation that 
takes place by a shear-free lattice variant volume change and 
lattice invariant elastic strain (15). 

From studies on other organic single crystals it was concluded 
that a critical resolved shear strain criterion determines which 
possible deformation or transformation mode occurs on application 
of unidirectional stress. The magnitude of the shear strain must 
be small since the configuration of tight fold geometry restricts 
the operation of large deformation modes. The transformation or 
deformation mechanism favoured la the one with the simplest shuf­
fles or displacements of molecular chains. For example, in single 
crystal films of polyethylene under directional tensile stress, 
the crystallography of the observed deformation modes indicated 
that twinning, repeated twinning and slip occured in connection 
with an orthorhombic to monoclinic transformation (12). 
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4.4 Biological martensitic transformations 

Recent research indicates that martensitic transformations are 
also well represented in biology (11). Figure 13 shows the exam­
ple of tail-sheath contraction in the T4 bacteriophage, a virus 
which infects E. Coli bacteria. The virus consists of a DNA-
filled icosahedral head or capsid attached to a tail assembly 
composed of a riqid tail-core, a cylindrical tail-sheath, and a 
baseplate assembly with six long and short tail fibers. The tail-
sheath is a metastable two-dimensional protein crystal closed to 
form a cylinder. When the tail fibers attach to the appropriate 
bacterial membrane, they distort the baseplate which, in turn, 
triggers a strain-induced single-interface martensitic transfor­
mation in the crystalline tail-sheath. The transformation shape 
strain produces a substantial contraction which drives the rigid 
tail-core through the bacterial membrane, injecting the virus DNA 
into the bacterium. 

Figure 14 depicts a coherency dislocation model of the martensitic 
interface transforming the protein crystal between the structures 
corresponding to the extended and contracted states. The helical 
nature of the cylindrical crystal provides a built-in pole mecha­
nism whereby only a fixed number of dislocations is necessary to 
spiral up the close-packed rows and completely transform the 
crystal. The transformation shape strain involves a shear greater 
than 100%, which not only shortens the sheath but also provides a 
large twist about the cylinder axis, thus helping the tail-core 
to "bore" through the bacterial cell wall. 

Fig. 13: Bacterial virus tail-sheath contraction 
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Fig. 14: Virus contraction by martensitic transformation 

5. Pinal remark 

The examples from the areas of metals, ceramics, polymers and 
biology indicate the impact of martensitic transformations not 
only for materials science and engineering but also for the con­
trol of motion and shape in living things. The Federal Institute 
for Materials Research and Testing (DAM) Berlin is proud that the 
name of Adolf Martens - one of the fathers of BAM - is connected 
with this important field of technology and science. This paper 
is dedicated to his memory. 
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