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Effect of deformation and heat-treatment on
grain boundary distribution character of cupronickel B10 alloy
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Abstract: The effects of cold rolling deformation and annealing on the grain boundary character distribution (GBCD)
during grain boundary engineering (GBE) treatment were investigated by electron backscatter diffraction (EBSD) in
cupronickel B10 alloy. The results show that the proportion of low-X CSL (Coincidence site lattice, 2<29) grain
boundaries increase to more than 75% by 7% cold rolling and subsequent annealing at 800 °C. In this case, the grain
boundary network (GBN) is featured by the formation of highly twinned large size grain-clusters produced by multiple
twinning during recrystallization. When the cold rolling deformation amount is less than 7%, the 800 C annealing can
not induce perfect recrystallization. The perfect recrystallization occurs when the deformation amount is more than 7%,
and the proportion of low-2 CSL grain boundaries and the average size of grain-clusters decrease with the increase of the
cold rolling reduction ratio.
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Table 1 Composition of investigated cupronickel B10 alloy

(mass fraction, %)

Ni Fe Mn C
10.4 1.73 0.68 0.027-0.014
Pb S P Zn Cu
<0.001 0.004 0.003 <0.01 Bal.
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Table 2 Thermal-mechanical treatments of specimens
Cold rolling/

Pre-treatment Y Annealing Sample
(V]
3 S1
5 S2
50% cold rolling+
7 (800 'C, 10 min)+  S3
(800 °C, 10 min)+
10 wQ S4
wQ
20 S5
50 S6
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Fig. 1 Optical metallographs of starting-state specimen of cupronickel B10 alloy (a), OIM map of different types of gain
boundaries (b), surface orientation distribution (IPF) map (c), (001) and (110) pole figures (d) (In Fig. 1(b), black lines denote
random boundaries, red lines denote 23 boundaries, blue lines denote 29 boundaries, green lines denote 227 boundaries, yellow lines

denote other low 2 boundaries, and gray lines denote X1 boundaries)
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Fig. 2 Grain boundary networks of specimens after thermal-mechanical treatments (Black lines denote random boundaries, red
lines denote 23 boundaries, blue lines denote 29 boundaries, green lines denote 227 boundaries, yellow lines denote other low X

boundaries and gray lines denote 21 boundaries): (a) S1; (b) S2; (c) S3; (d) S4; (e) S5; (f) S6
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Fig. 3 Orientations distributions of grains in grain-cluster M

described by inverse pole figure (IPF) color code in Fig. 2(c)

4(a) 7 A FE S S1~S6 AN [FIZRI AL Eb . ]
W, S2~S5 FEA K T LU HIAIC 2 CSL dn 7, B
TSP K 2 CSL AL LR, JEHERE b S3
[P 2 CSL & S LLfl 20 80%, X2 T HE M GBE
AR FECR s REAS ST R S6 HIME X CSL §h 7t bl 54h
ASFEMIEAM Y, BAHIEH] GBE B IRCER . K 4(b)
RN T3 e T VAN 7 VT VA7 G AN
B GBE AbBE I R b () AR AL 35 5K 2 CSL /i
FrELBI AR AL SIRAFERAHLE, ok R
HERL A% RO S 18 0, U Aok AR R
LR S S3 T SR A% RT3 2900 80 pm.

GBE AbH 5 FF S R A, S 1K)
L [ e T o P R A Y, K T
W R R i R 2E £ FE25 i (Multiple twinning)!™, &
UOBRET —AA 5. AR AR AT SRR
(75 5, R R B (Twin chain)!™, TR N i
R . HEAS RORL AR HH— AN T 45 i %l i 2 e
e TG, AR A% P9 PR R = A i AR T LR
EATTES SRIAG PR 45 S it A G 23" L DGR, A
T ARoRL A A AT S5 P A deokE 2 TR EAT 23" A i)

s A A I R k2B 22 AR i TE AR 23" (=1,
2,3, )AL, IXJE GBE AbBE R A LRI 2
CSL A RN . Kk, KRS “ B
23"(n=1,2,3, )X RMAREE” 5, PR PR
X CSL b el A 2x i B4 Y. GBE AbHiRLFE,
T AR SR (PR b A B AR O R P P 5 R A%
FEmB sy, AT AZ AR R AR 23 (RN, ks 4]
1 Rk, ANFI T B B A IR 2 CSL fb 9t
K, B GBE AbBH IS AR (R AR S, AL SRS FF i
S3~86 (11 X CSL i S LUl PR . A S1 AT S2 (1)

3 3 Pron ki g M A BEHLE I 8 AN FoREZ 8] I I % R

Table 3 Misorientations of eight randomly selected grains within grain-cluster M in Fig.3

Grain Misorientation
a b c d e f g h

a 3/0.1° 9/0.3° 81b/0.2° 27b/0.1° 27a/0.5° 27b/0.1° 9/0.1°
b 59.9°, [111] 3/0.3° 27b/0.1° 9/0.1° 9/0.5° 9/0.2° 3/0.4°
¢ 38.6° [011] 59.7° [111] 9/0.7° 3/0.2° 3/0.3° 3/0.7° 9/0.1°
d 54.3°, [322] 35.5° [120] 39.6° [101] 3/0.1° 27a/0.1° 27b/0.4°  81a/0.4°
e 35.5°, [021] 38.8°% [011] 59.8% [111] 59.9° [111] 9/0.1° 9/0.6° 27b/0.3°
f 31.1°, 101]  39.4°, [011] 59.7°, [111] 31.7°, [011] 38.8° [011] 9/0.3° 27b/0.3°
g 35.5°, [021] 39.1° [101] 59.3°% [111] 35.8° [021] 38.3° [011] 39.2° [011] 27a/0°
h 39.0°,[011] 59.6°, [111] 38.8°, [011] 39.3° [411] 35.1° [021] 35.7°% [201] 31.6° [101]

Note: 6 denotes misorientation angle; [hkl] denotes miller index of misorientation rotation axis; 2 denotes reciprocal density of
coinciding sites; A9 denotes deviation of experimentally measured misorientation from exact CSL misorientation; a and b from
27a, 27b and 81a, 81b mean two kinds of CSL with same lattice density and different misorientation.
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Fig. 4 Statistics of grain boundary character distribution:
(a) Proportion of different types of grain boundaries; (b) Mean

size of grains and grain-clusters in each sample

i, 235124 16.20 um A1 80.49 pum. XU, 7%A L
A G ARSI 40 N GBE AL BEIN (1) 40 3E AR T B R
A 2 CSL i S LuAg) 55 F it 1) ok 1 e~ 22) RS) D
SRS d 2 LI 05 (DId)? BE AR R,
Wikl s Prome PRk,  BEARSTI8 SRR T dohs A1 7T
B RGT ARl Im], BI4E S3 abik® i KAE, (H
T34 R R ST AR AR L ks [ #6738 RSF ARk
WEENFZ, FEEL S3 R dioRL B35 RO I 6 B 3
MRE R IR, SRR S3 B i LUK = CSL
R A B NI TTY ALl o B YN | 71— S U IO AN
HAFIF 314347 1) GBE AbHAR

80
125

= 70+
§\c 120
: 2
23 60F 15 %
4 & =
c = Q
= g =
22 110
gg 50+t
& -
- 15

40T

0 0

ST S2 s3 sS4 S5 S6
Sample

5 SAPERMAL X CSL & LB RI(D/dy 8

Fig. 5 Proportion of low-~ CSL boundary and value of (D/d)*

of each sample
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