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The crystallography of the martensitic transformation in (225) steels is described by a combination of a 
(110}M <111)11 secondary shear and a twin shear on a ¡_112}M ( in > n  of the martensite lattice. It is shown 
that good agreement exists between the theory and the observations.

Die Kristallographie der Martensittransformation in (225) Stáhien
Es wird gezeigt, daB die Martensitumwandlung in (225) Stáhien durch eine inhomogene Scherung auf 
einem {110}M (111)M Schersystem und einem {112}M (111)M Zwillingssystem der Martensitphase in guter 
Übereinstimmung mit den Beobachtungen beschrieben werden kann.

In sp ite  of considerab le  e ffo rt it has not yet been pos- 
sib le  to p redíct the observed features of the (225) 
transform ation  in steels. W hereas the (259) habit can 
be exp la ined by an inhom ogeneous secondary shear 
on a ! 112} j i  plañe in the m artensitic  body centered 
phase, no s ing le  secondary shear can a c c o u n tfo rth e  
(225) habit. W echsler, Read and Lieberm ann *) d is- 
cussed the poss ib ility  that the change from the (259) 
to the (225) m artensite is due to a change from  a 
! 112}m to a (110}m secondary shear plañe. One of 
the habit plañe norm áis p í  they ca lcu la ted lies near 
the observed habit but s till 6 o outside of the scatter 
o f the experim enta lly  determ ined valúes. M oreover 
the p red ic ted  am ount of the m acroscopic shear 
m i «  0.28 is h igher than the observed m agnitude of 
0.21. In subsequent papers more com plex transfo r­
m ation m echanism s were d iscussed -) t o 5) and are 
reviewed by Dunne and W aym an6). However none of 
them is in agreem ent w ith the existing experim ental 
re su ltsG).
In th is  paper it w ill be shown that the crysta llography 
of the (225) m artensite can sa tis fac to rily  be explained 
on the basis of a secondary shear system of type 
{110}m < 1^ 1> m  as proposed by W echsler, Read and 
Lieberm ann ! ), if an add itiona l tw in shear on a {112}m 
< T T 1 > m ¡s taken into account.

Formulation of the theory
In the W echsler-L ieberm ann-R ead phenom enological 
th e o ry 7), the transform ation  is decom posed into a 
Bain d is to rtion , an inhom ogeneous deform ation and 
a rig id  rotation. In our model the inhom ogeneous de­
fo rm ation  is fu rthe r decom posed into two shears on 
d iffe ren t systems. We adopt the fo llow ing  sequence 
of opera tions: a) a homogeneous Bain d is to rtion  to a 
bcc s tructu re  w ith the same in te ra tom ic  d istance as 
the o rig ina l austen itic  fcc  phase, described by the 
m atrix  S i, b) a shear on a (110hi < 1 1 1 > m  system in 
the m artensite phase, denoted by Pi, c) an add itiona l 
inhom ogeneous tw in shear on a { 1 12 } j i < 11^ > m  
system, denoted by P«, d) a fina l hom ogeneous d is to r­
tion Ba to ad just to  the observed la ttice  parameters, 
e) a rig id  rota tion R. The to ta l shape deform ation 
therefore is given by the m atrix p roduct RB¿P¿PiBi. 
(A decom position  in to two shears firs t, fo llow ed by 
the Bain d is to rtion  and a rig id  rotation w ould have

been an equivalent possib ility .) The am ount g i of 
secondary shear on {1 1 0 } j[< m > M  is chosen as a 
param eter, and the am ount gL> of the ¡112 }m <1i:,> m  
tw in shear is ca lcu la ted from the cond ition  tha t an 
undistorted habit plañe exists. (gL> =  0 corresponds 
to a shear on { 11 0 } m < 111> m  only). In add ition  the 
habit plañe norm al p í, th e  am ount of m acroscopic 
shear m i and the d irection  d i  are ca lcu la ted as a 
function  of g i. Several com binations of shear variants 
have been considered but the only com bination that 
y ie lds results in agreem ent w ith the observations are 
the systems (011)m [111 ]m  and (121 )m  [111 ] m - (See 
fig. 1.) The num erica l ca lcu la tions were made using 
as input la ttice  param eters those fo r an Fe—7.9 Cr — 
1.1 C a lloy w hich was studied by Morton and Way- 
m a n 8) (a„ =  3.169Á, a =  2.860Á, c =  2.983A). The 
results show that so lu tions exist only if go is sm aller 
than 0.1286 and that fo r gL> < 0  the resulting m i is lar- 
ger than the m i fo r g* =  0.
The c rys ta llog raph ic  data were com puted fo r d iffe r­
ent valúes of g i as parameter, corresponding to g¿ 
between zero and 0.1286. In fig. 1 are shown the

Fig. 1 Stereographic projection showing the calculated 
habit plañe normal p í, the calculated and observed (+ )  
macroscopic shear directions d^. The Índex A and M re- 
fer to the fcc austenitic and the bcc martensitic lattice, 
respectlvely. The two shear systems are (011 )M [11 1]m 
and (12l)M [111]m- bY the numbers 1 to 4 are denoted 
the calculated valúes for g2 =  0; 0.0349; 0.0735 and 0.1286.
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habit plañe norm al p í and the m acroscop ic shear 
d irec tion  fo r g2 =  0; 0.0349; 0.0735 and 0.1286 
(denoted by num bers 1 to 4). In f ig .2  the p i  are 
com pared w ith  the experim ental results of Morton 
and Wayman fo r the Fe -  7.9 Cr — 1.1 C a llo y s 8). In 
fig . 3 the am ount of m acroscop ic shear m i and g i as 
a function  o f the tw in  shear g» is p lotted. In ta b le l 
are listed the pred ic tions fo r g¿ =  0; 0.0735; 0.1286 
and the experim enta lly  determ ined quantities.

Discussion
Figure 3 shows that the am ount of m acroscop ic shear 
can be reduced considerab ly by an add itiona l tw in

Fig. 3. The amount of macroscopic shear mi and of the 
Fig. 2. Calculated and observed habit planes p í .  (The no- shear gt on the (011)M plañe as a function of the twin
tation is the same as in fig. 1). shear g.,.

Table 1. Calculated and experimental transformation parameters

g?= 0.1286 g2= 0.0735 g->= o observed

Habit plañe pí

Macroscopic shear 
direction d i

9>

Orientation relationship: 
[ 1 0 0 ] a- * [ 1 0 1 ] m =

[010].w[010]M :

[ 0 0 1  ] a—  [ 1 0 1 ] m =

( 1 1 1 ) a— ( 1 1 0 ) m =

Angle between planes 
( 1 1 1 ) a and ( 1 1 0 ) m

Angle between directions 
[ 1 1 0 ] a  and [T1 1 ] m

Angle between directions 
[101]A and [00T]m

0.8986'\ , 0.8545', i 0.8177',
0.2891 0.3906 0.4734
0.3299-' A ' 0.3424/A \  0.3273/A

-0.3181', ¡ -0.4425 , , -0.5460 ,
0.8594 | 0.8486 0.8182

-0.40021'a ' -0.2900 i A ' -0.1799/A

0.1719 0.2003 0.2485

0.21049

0.9953, 
-0.0930 
-0.0279/A

0.2150

0.9959\ 
-0.0816 
-0.3800'A

0.0957 \ 
0.9882 
0.1194' A

0.0166. 
-0.1215 
0.9924/A

0.5826» 
0.5744 
0.5749/A

0.400

0.5816, 
0.5755 
0.5749 ' A

0.35»

Angle between directions 
[ 0 1 1 ] a  and [ H 1 ] m

3.10 2.10

6.30 7.30

1.80 2.70

0.22461

0.9964, 
-0.0702 
-0.0485/A

0.0858, / 0.0762,
0.9881 I 0.9877 I
0.1278-'A ' 0.1364/'A

0.0271, / 0.0384,
-0.1305 I -0.1395 I
0.9911 -'A ' 0.9895/' a

0.5809\ 
0.5765 
0.57461A

0.350

1,1°

8.30

3.70

0.850 \
0.387 
0.356 / A

-.0.72 
0.67

-0.02 /  A

0.183; 0.206; 
0.216; 0.254.

0.450

0.530

10.10

4.650
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shear, the reduction rate being largest fo r small g¿; 
g i is affected on ly little , ¡t varíes by about 7 % in the 
w hole range between 0 gL> ^  0.1286. The habit p la­
ñe norm al p í  moves 1 2 °  fo r the same varia tion ¡n g¿. 
The p í  fo r g2 =  0 lies outside the experim ental va­
lúes, as a lready shown by W echsler, Read and Lie- 
b e rm a n n '). The habit corresponding to the sm allest 
m i does not agree e ithe r w ith the observations. Best 
agreem ent w ith the observed p í is obta ined fo r an 
interm edíate g? near 0.0735. For th is  reason the cal- 
cu la tions were made also fo r th is  valué. The ca lcu- 
lated d i  lie s ligh tly  outside the experim enta l data. 
S ince the sca tte r of the measured d j i s  quite large, 
the devia tions are not considered serious. The meas­
ured m i sca tte r considerab ly but lie  w ith in  the range 
given by gL> =  0 and 0.1286, the average valué being 
consistent w ith gL> =  0.0735. The observed orienta tion 
re la tionshíp is in good agreem ent w ith the ca lcu la - 
tions fo r g* =  0, but the devia tions increase w ith ¡n- 
creasing tw in  shear. As has been pointed out by 
M orton and W aym an8), the (111)a plañe of the 
austenite phase nearest to  the habit plañe (522)a is 
transform ed into a (110)m plañe whose pole lies be­
tween (111)a and (522)a . This observation is in agree­
ment w ith the ca lcu la tions. A dd itiona l in form ation on 
the orien ta tion  of the observed tw in plañe variant 
w ith respect to  the habit plañe com es from  the stu- 
d ies of Jana and W aym an9). They made a trace  ana- 
lysis of the habit and the tw in plañe. In one case 
(the ir fig .10 ) the observed tw in plañe variant is the 
same as pred ic ted  by the present model. In the other 
case (the ir fig .8 ) tw o d iffe ren t habit plañe variants 
are consistent w ith the trace analysis, the (5S2)r  va­
riant w h ich  they p lo tted in the ir figu re  and a (225)F 
varian t w hich they do not mention. If the second 
cho ice  ¡s taken agreem ent w ith our p red ic tions is 
obtained.
Thus the con tribu tion  of the (12T)M tw in shear can 
exp la in  the observed habit o rien ta tion  p í .m i and to 
a lesser degree d ^ .b u t it fa ils  to account co rrectly  
fo r the orien ta tion  re la tionsh ip . This fa ilu re  and the 
good agreem ent fo r g¿ =  0 instead can be explained 
if the in ferna l s truc tu re  of the m artensite plates is 
taken into account: It has been observed by trans- 
m issíon e lectrón m icroscopy that the m artensite 
p lates conta in  tw ins on one side of the m artensite- 
austeníte in te rface  o n ly 8) 10). This im plies tha t a 
change in la ttice  o rien ta tion  exists between the 
tw inned and the untw inned región, provided the to ­
ta l tw in  shear is not taken up by shears on other 
systems. In the present model there is however no 
need fo r th is  to occur s ince the e lim ina tion  of the 
tw in shear requires on ly a small ad justm ent of g i in 
o rde r to conserve an undistorted habit plañe. The 
sharpest X-ray re flections are like ly  to  result from  the 
untw inned part, there fore  it is not surpris ing  tha t the 
m easured o rien ta tion  re la tionsh ip  agrees w ith the 
ca lcu la tions fo r g¿ =  0 and not fo r g¡> >  0.
A fu rthe r consequence of the com posite  m artensite 
s truc tu re  is tha t the habit planes on both sides of the 
píate should no longer be para lle l if both remained 
und istorted. The question arises why the measured 
habit p lanes are those correspond ing  to  an in te r­
m edíate g2 and not to gL> =  0. The fo llow ing  argum ent 
is presented w h ich  also serves to give a reason fo r

the existence of the com posite  martensite. It has 
been observed by transm ission e lectrón m icroscopy 
that in /?-copper-zinc the m artensitic  transform ation 
occurs in tw o s te p s 11), firs t by the grow th of thin 
p la te lets w hich subsequently th icken, both having 
the same (2 ,11 ,12 ) habit tha t is also observed fo r 
m artensite in bulk. There is considerab le  evidence that 
the m artensite in steels grows ¡n the same w a y 13). In 
the in itia l stage of the transform ation th in p late lets 
have been observed by transm ission e lectrón m icro ­
s c o p y 10). These p lates have the same (225) habit as 
the fu lly  grown th icke r plates. (The th in plates are 
associated w ith fau lts  on (111) planes w hich are 
thought to be the nucleation sites of the marten­
s ite 13).) In the th in  p late lets the surrounding m atrix 
exerts constra in ing fo rces w hich are reduced by 
lowering the am ount of m acroscop ic shear mi. But 
the in troduction  of tw ins increases the free energy of 
the martensite. Therefore gL> is determ ined by the 
d is to rtion  energy and the tota l tw in boundary energy 
and not by m i alone. For th is  reason the am ount of 
the tw in shear can be sm aller than 0.1286, which 
w ould be required if m i had the sm allest possib le 
valué. When the th in p late lets th icken during the 
second stage of the martensite grow th, the m atrix 
constra in ts become less im portant and by e lim ina t- 
ing the tw in in terfaces the driv ing  fo rcé  fo r the grow th 
can be increased since the free energy is lowered. 
A m artensite píate that stops grow ing a fte r it has 
reached a constant th ickness has its austenite-m ar- 
tensite in terfaces para lle l to the habit plañe of the 
in itia l tw inned platelet. If the e lim ina tion  of the tw in 
shear is not com pensated fo r by the small change in 
g i the resulting o rien ta tion  re la tionsh ip  may d iffe r 
from  tha t ca lcu la ted fo r gL> =  0. This e ffect may be 
responsib le fo r the sm all devia tions from  the obser­
ved valúes (see tab le  1).
In conclusión, it has been shown that the crysta llo - 
graphy of the (225) m artensite in steels can be ex­
p lained sa tis fac to rily  by a com posite  shear on a 
(011)m [i1í]jr and a (121)m [111]m system. The 
change from  a (259) to  a (225) m artensite is essen- 
tia lly  due to a change of the secondary shear plañe 
from  a {112}>r to  a í 110}m plañe. The add itiona l tw in 
shear serves only to reduce the amount of the ma­
croscop ic  shear.
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