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The cold rolllng texture of ‘bece steels usually shows a strong <110> flbre o
parallel rolllng-directlon (a-flbre) contaihing the* orlentatlons {0!1}<11o>gj
-{112}<110> and {111}<110> .and a <111> fibre parallel normal dlrectlon (7-],]
fibze) with {111}<110> and {111}<112> (6), (Flg L) T
During ¢old rolling typlcally”a strong a-flbre,'W1th a max1mum.at {001}<110>'
to {112}<119> develops, which, after prlmarifrecrystalllzatlon is Shlfted to

{111}<112>* This maXimum normally is explained by a- comblnatlon of ‘oriented -

nucleation and orlented growth of large'angle graln boundarles (6 15, 16) . The;

......

influence .of nucleation in the development of {111}<112>is’. based on- hlgh -
dlslocataon deu51ty,]h1gthaylor factor and’ 1nf1uenoe of: former graln bounda-
ries in. {111}<uvw> regions. (8 6, 2 15).eIn the case o} anneallng, an orientedj
nucleation can take place. . . o ' | ] 3
The: theory ‘of oriented growth descrlbes the second 1mportant mechanlsm 1n the
formation of recrystallazatlon textures (6, 4,7) . *mhe rotation relatlonshlp of
x359<110>. between the strong cold rolllng component {112}<110} ‘and the e
recrystalllzatlon component {111}<112> is quite close to the ideal: co1n01-“’
dence rotation of 27°<110> Whlch 1S'Well‘known for a thh@mohlllty and leads"
to a ve;? qulck#growth of - {111}6112> orlented nuclel into {112}<110> reglons.
The weak polnt 1n th;s argumentatlon 15 the devlatlon of 7“ from the 1dea1
co1nc1dence.e

The subjects of thlS 1nvest1gatlon,:however,;are Fe-Cr alloys 1n whlch the'

.....

wh;ch had.not yet been dlscussed properly 1n texture analys1s, seemed to grow“
into. the.strong {112}<llO> component and became the absolute maXLmum 1n the'
recrystalllzatlon texture.

AsS. the reason. for thlS orlented growth an: energy selectlve partlcle drag 1s
suggested. P » |
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;::Descrlhtlon#of_bcflTextures_ -

-Textures of bcc'metals are 1nvest1gated by measurlng pole flgures accordlng
to Bragg's law. A quantltatlve analys;s of‘pole. flgures taken from poly— o
~crystals leads to a ‘high. degree of - a**lgulty because of the superposltlon of

the considered types of poles. To receive a less ambiguous:description of

textures, the orientation dlstrlbutlon ‘function (ODF) . has to be’ calculated
from four different pole f;gures, -An orlentatlen then can be represented by .
the three eulerian. angles D149 and Poe Il;e submltted :anestlgatlon the ODF

is. calculated from four dlfferent pole flg:fes (110, 200 :1125.103) by the "
series expans;on method em ~—22) and is . representedhln the reduced euler;an

s
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- space (5)..The 1nformat1on of" this space can be compressed ‘into certaln'fiﬁ
orlentatlon flbres ‘where the. orlentatlonpden31ty 1s shown versus one eulerlan
angle whilst.in: the case:of a-,; y- and’n-flbre, the other angles remaln con-%
stant (6) (Flg,l) e&l;;i? ;ﬁﬁgfﬁﬂee O LT PR | SRR
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(1) a—flbre?f>vé?" {Ooifdm&w {112}<110> {111}<110}
(2)337*f1breeﬁ- {111}<110>, {111y<112>

(3) n-fibre . {001}<100> {011}<100> R - -
~ (4) PB-fibre.. .-...-{111} ND no statlc _flbre, K28 1s absc:Lssa but @ and (23

can vary according to maximum.
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' To'inveStigate thejinfigenqe_pf partic;eszn;;hegﬁobility_9;,gpiﬁcidence N
boundaries, two Fe-Cr alloys containing stable microcarbonitrides (samples B
and C) and one alloy without stable particles (samples A) were analyzed (Ta-
‘The particle size distribution was measured by TEM. = . .~ o
'All three alloys were cold rolled to 70%, 80% and 90%, and finally annealed

forﬂzoo;seconds”at 960°C.fﬂil'pfﬁééésin§”5ﬁ3pé7yérE'métallagraphically ana-
lyzed with a scanning electron microscope and the ODFs were determined by
measuring four incomplete pole figures in the back reflection mode with

MoK -rays to serve as input for the serious expansion method (3). IR
Since s is the distance between layer and sample center divided by the half
thickness, all samples were measured at §=0.0  (center), s=0.4, s=0.8 and
s=1.0 (surface). | D | | re | he
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In-Fiﬁéz,tnéﬁtgxtﬁféiaf:thé“3£arﬁin§fﬁatéfi§i2ih;théfhctjf@liéafaﬁdfannealeaf'-

stateqlaujhownﬂfdrfthé;Nbeallbyedfstéél;_ﬁﬁé“téxtureiis very_inhqmogegénus |

through the sample thickness. In the sample center (5=0) a typical "cold rol-
ling" texture with a {112}<110> peak has developed which is due to flat and -

strongly deformed grains which did not recrystallize during hot rolling. =

Closer to the surface (S>0.7) a typical surface shear texture with a maximum

-

at {011}<100> has developed due to the large grains, the strong pass se-
quence, and the friction between band surface and rolls (6,7).
ter 80% and-90% in

. . - - - - - N - ; . - - : _ %
- - . . "~ . 1 .

In Fig.3a the cold rolling texture of alloy A 1s shown after 80% and-30%
the sample center. With increasing rolling degree, strong maxima at {001}

<110> and {112}<110> on the a-fibre and a weaker peak at {111}<110> on 7=
fibre is built up. Figure 3b shows the well-known corresponding recrystalli-
zation textures with a strong peak at m{1l1}<112>.

‘Figure 4a shows the rolling texture, development of alloy C with Nb-carboni-

' trides after 70%, 80% and 90% in the center of the sample. Again a strong

a
. Eh . . . .

{112}<110> becomes the maximum of the cold rolling texture as also seen in
Fig.3a. The recrystallization texture, however, reveals a totally unusual
peak at ~{557}<583> (17,6). Al

shows a typical strong {112}<110> maximum in

" = . . I - S e . - .- I I .

o alloy B, which is a Ti-microalloyed steel,
$ he rolling texture (Fig.5a) and

‘after recrystallization this unusual peak at {557}<583>. In Fig.5b a clear

shifting from {111}<112> (70%) to {557}<583> (90%) is seen. =~~~

S 11c¢

In Fig.6a the weak rolling texture of alloy B due to the weak starting tex-
ture at the surface is shown. Because of the low {112}<110> component, there
is no {557}<583> but only {111}<112> to be found in the recrystallization
texture (Fig.6b). o ' T e
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In Fig.7a the texture development is shown through the sample thickness after

90% cold rolling, which reveals a strong {112}<110> in the céﬂter-an&fa#ﬁeak“

{001}<110> and {112}<110> at the surface. The inhomogeneity of the cold

1. . . & . Do :

rolled sample is due to. the inhomogeneity of the starting material (Fig.2) -
(6,7) . In Fig.7b just this center texture, with a {112}<110> peak, shows
{557}<583> after primary recrystallization, whereas the weaker surface tex-
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" piscussion

The "classical" recrystallization peak in Fig. 3b at {111}<112> can be
explained by a combination of oriented ‘nucleation of {111}<112> grains in
{111}<110> regions and a good growth relationship 30° around <111> (2,15),

whereas the textures shown in Figs.4,5,6 and 7 have to be discussed in de-

tails e
All measurements reveal two main tendeficies:

! -
b

. P .- . L . . . . - . ) _—
sald . - T . . - - P R,
- " AL

(1) A strong {112}<110> cold rolling texture léadé“tﬁ}é?{Sé?}g§§§§}m§gi@gﬁ;?'
" in the recrystallization texture in alloys with stable microcarbides.

 This relationship can be described by a 27°<110> rotation which is due -
'~ to a ¥19a coincidence boundary in bec.
- (2) 'A.strong-{112}{110?;r9111n99Cﬁmponentfin”aniillqyjwithout.stablejmicro*'

' carbides leads to a {111}<112> recrystallization peak.
This_béh&#idur-can*béféﬂplaiﬁedfby;selggtivg%gagtia;gﬂqgggihggggrging:tg Ze-
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where f is the dlspersed volume fractlonvof stable mlcrocarbonltrldes, r. the ;
‘average partlcle radius and y(g) the grain boundary energy- which is a func-
tion of 8 parameters (Table 2),(1,3,9). Ignorlng the minor . 1mportance of. the =
'utranslatlon ‘vector and spatlal pos1tlon, the grain boundary -energy- remalns i
-dependent of 3 misorientation parameters {(e.g. eulerian angles or axis and -
- ‘rotation. ‘angle) with. the rotat1onal matrix g (Fig. 3) ‘That means that the
| partlcle drag: durlng primary- recrystalllzatlon Fp-1is. proportlonal to the. . .
energy of the grain boundary whlch crosses a carbonltrlde 7(g) ThlS exPlalns_
the selectlve effect of Fp. . | - - |
On the other hand, the dr1v1ng force for“prlmary recrystalllzatlon 1s glven
by FR--l/ZGbELAp) where G is the shear modulus, b the Burgers vector and P
~the dlslocatlon dens1ty (Table 2) L -
fFe-Cr steels ‘show a. very’ strong: recovery before recrystalllzatlon whlch can
be seen in Flgs 9a and 9b. This lowers the. dlslocatlon denslty and- the drlv-'_
ing force of recrystalllzatlon. The' klnetlcs of recovery can'be descr1bed by .
a differential equation of the. first order: . dp/dt. = =k p which. leads to .
A(lnp) = -k(At), so that the lowered dislocation. den51ty at the beglnnlng of
primary recrystalllzatlon can be calculated. Comparlng the approx1mate values
- for Fp and Fy which are given in- Table 2, it is obvious that the: 27°<110> low
- energy boundary is not very much 1nf1uenoed.(Fh»anthm)), whereas non spe01al
- boundaries can be hindered by particles (Fp > FP('ym)) Applylng the mlnlmum
particle sizes, the drag forces can be estlmated evén much’ hlgher, so that
they reach the values of the dr1V1ng forces. Additional to the decrease of
the effective dr1v1ng force of prlmary recrystalllzatlon by partlcle drag,
the" actlvatlon energy of the grain boundary mobility is much hlgher in the
'case of’ non-spec1al graln boundarles, hence the veloclty, which is determlned
by dr1v1ng force mlnus drag force and moblllty, can'be strongly lowered.._

lIn the submltted paper a new 1mportant textural component {557}{583> ‘has been
found which develops durlng prlmary recrystalllzatlon of Fe-Cr alloys w1th
stable partlcles. :

fThls new orrentatlon was explalned by orlented growth whlch was caused by
[graln boundary energy selectlve part1cle drag. . o
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_ _ _ _ _ _ o - fibre :  <110> || rolling direction
I Alloys (weight %) J
Eamam——, ——— — —— ———= v -fibre: <111> | normal direction
I[Id-:ntificaticm Cr C N __Ti Hb W
. = | - fibre :  <100> ' irecti
A 17 0.06| 0.03] 0.01| 0.01] 0.07 7 | rolling direction
B 17 0.02| 0.01| 0.47 | 0.01 | 0.00 g -fibre: max. | ¢
|c 17 0.02 | ©0.02| o0.00| o0.64| 0.00 |
_ _ e o LT 2% 0
. . . ;J_-_./f (0ON00] (0001
Table 2: Datas for approximate calculation of selective ; = fi?""]nznﬁm "
particle drag for alloy B 0100 ~1 | G ffgfx?
(0N ¥00] —
i
BT _ " e : 4 )
|
“‘ a b f Y enin '"F"r-lgx =n I T
0.2866 nm 0.2482 nm 1.9-107 0.16 Jm* | 0.5 Jw® 1 Lo
] B T | |
Pn P H‘ G rr.-r j____________
=109 m? 0.28-10"% m? 0.032 g £1.7-10° Pa | 0.5-10% m e . xf;f?
Le 2o S — — .-~ (i
Felvewe | in)
| 7-10% Pa 0.4-10* Pa 0.1-10' Pa l
o L e ey Fig. 1
a axis length of bcc cell

reduced eulerian space with some

B = Burgers vector important fibres and orientations
£ = precipitated volume fraction of particles
Yoo = energy of 27¢ <110> Tl9%a grain boundary
Yone = energy of non-special grain boundary
o, = estimated dislocation density after cold
rolling
o = dislocation density after recovery
K = kinetic constant of recovery
G = Shear modulus
Ty = average particle radius
Fp = driving force of primary recrystallization
Fp = particle drag force
(001} {1i2) {111} {110} {111} {111} {001} (012} {011}
<110> <110> <110> <110>  <110> <i112> <100> <100><100>
' 1 =) < ' 1“ o alloy C hot rolled 5=0.0
f (q) @, = 0° f(g) 1 ¢ =557 flg) 7 @~ o alloy C hot rolled $=0.1
AE ' o § I ¥ a alloy C hot rolled 5=0.2
1 ¢E=db I - ¥%=d5 T . = p % alloy C hot rolled 5=0.3
‘0 f P - - v alloy C hot rolled $=0.4
‘"‘ x\ o alloy C hot rolled 5=0.5
15 &\ m 157 157 S§=10.8 v alloy C hot roiled 5=0.6
\G ] ] + alloy C hot rolled 5=0.7
§ y . + alloy C hot rolled 5=0.8
- - & alloy C hot rolled 5=0.9
a alloy C hot rolled 5=1.0

Fig. 2

alloy C, NbCHN particles
texture through thickness
hot rolled and annealed
starting material
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alloy B, TiCN particles
hardness versus annealing time
at 1233K after 80% cold rolling




