50k F12l
2021 4 124

mRERMBSIRE

RARE METAL MATERIALS AND ENGINEERING

Vol.50, No.12
December 2021

KTEFR EBSD 775% Xt B fR4RAR AU BT 52

g 0, A& £ o
(1. ZNBE TR AMItEE A8l n TSR E R Em L85, Hil 22H 730050)
Q. BEVHILEEFHEFRE SRR, Hilb &5 737100)
(3. ZNBT Y AWFMEEITE, Hl A8 730900)

O A KB T BOF AT (EBSD) PR HR 6 AR AR AR FE 2R K 5 1) L B R B R RS BRI
B SR AE 23 A1 S B DU 2R AR EAT T RFIT, IF il SEM WERAR AR (MBI S . 45 SRR W . AR R BE B ORI 3
AT P A0 0N PO S5 il RO AR O LR A IR R, RO AR G AR I CE ORI a0 R SR I BRI 1), A R AR
A<001>HL [ s PURAHIIT, oK Ak Jt i B 80% LA b, BEAG YUA A BEAT , K/ &b 4 1) B 7E U RZ A [R) A 4 B 22
Sy BRUTBUZ REABMBL LLY3 X9, Y27 ZE@ Ao S, Y3 AR IL R 65%LL B RGO AR &
11 B R (K B R Z AR T AN ], 0 i R R T 42 O A KO T s, A8 Al AR I SR i 8RR 1 BB OF A%

SREERZY DA SR
KH2i7: EBSD; HEMFAR; MWL, WA, A
FEEDES: TG146.175 XEkFRIRAD: A

il
XEHS: 1002-185X(2021)12-4372-09

BRI R A EAL R, R (0 ) A P AT
T A 1 Ay ol (1 il e TR T2 N
D[RRI 5. 2 S AN S B 6 A B R A8 €
52 8% % FL AR S s 7 vkt e R AR AR ) T
2 R 1 PR, HIK AR T A R AR R
T B AR B0 90% LA 1. Al 8 JEURE LA T8 R T
T AW, HREE R A T ZEOR L 5
R EARTE, HRER CANE ] T8 A, g
FT I T AE 100 5 LB o et 5 < 5 v i IR 3 o 3
it 24 ILERJF 53 1T 9 P B AR S FL R P R TR S R I, K
I BRI ) B — SE B B, AR R 2 5 2 0 B
7P R, WA S R BE B o T LA A A AT v
HL T AR R AR 51 RS OV (1 3 2 ] il 3 e £ AL 572 il o3
7T T AT AR AR AT S v rR OGS F A AR ROV 2 £ 4 R
TC WSRO, PR T R RS AR 1) B0 4 R 45 A
WEFUIFA L, MBI, 52 IR T 00 T T R A Aok
KGR0 Xia 20O e fift A5 A AT %L R AR
IO AL 23 [ ) 2 PR REREAT T bE, L OARARARCAT LE
LA AR it R RS B8 /N 5 A LA A58 v R 5 P8 A 1 [
I, ARG, Al TR ARG R
FLARELH, TS 2 AL SRR T A T2 E L R
PALSE T YRR I ROU AL VR SR 0] 3L ) 2 1k

i HEA: 2020-12-05
EE&WE: SARHSAFHERE SR EES

REA BRI RE I, B DL T U0 (9 A KL ERAIE 50 5
A% KM U 1 B AT 9 (electron
backscattered diffraction, EBSD)$ A & 14 o 1 0 5k
BE P L RN SR T AR A R AR U A T
SRR YO TR R AR R, AT R] BASR EURE B} 1) oL T
SURSF R b AR I DA B i S S A B kUl i
X TRUE MR R K S5 T T, T R TR A
B ZE s ma AL, S8 IR R OM 4 2 T R
M T R B AR AR AL N B R T2
Alimadadi 25" WFE T 78 G 0 FURF IO AR DT
SR R 25 400 (e AR G B, JE i 2 ) pHL R RO
BFEAR<100>, <210>. <110>H1<211>H i ) 28,
A XRDEBSD &%} 4 AN [i] H Jr) £ 48 J2 ok MK 445 4
HEATWEIC, 152000 48 2 AR K s S R ga i, &
Az K Y S E I S T AR A T IR 3 A R
() 4l K i R o e e T L SR IR I

AHWFFEIE I KA EBSD J7 3k, R s ol
SE T R TR ARURE i 23 DX SRS W e 2% 1 s B i — A
TR KA 5 v PR AR AR A6 A K ) AT 1 A0 41 2R
GER, R RE S DX AT A I, 7 S — s HL T L e
SR it P O DSR4, AT AR Tl PR AR e R
BAE DR R (1 A K AR T R

TEERIAY: R, B, 1978 454, it #Hz, ZINBLTRZEMEERRES TRE2ERG ol 224 730050, HiE: 0931-2973939, E-mail:

xuyt@lut.edu.cn



512 3]

RIS KA EBSD J7 46T BUMRARAR 1 5%

* 4373 -

+

Catholyte

Anolyte
1-diaphragm bag; 2-starting sheet; Y

3-nickel sulfide anode; 4-cathode
chamber; 5-anode chamber

B Bl P AR H A e 5 R AR L 2R R
Fig.1 Schematic diagram of nickel sulfide anode diaphragm

electrolysis process
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Fig.4 SEM morphologies of cross section (a), area B (b) and area C (c) for electrodeposited nickel plate
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Fig.5 Grain morphology (a) and size distribution (b) of the electrolytic nickel
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Fig.6 IPF distribution maps of the electrolytic nickel: (a) partition L and (b) partition R
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Table 2 Main orientation changes in each area of the cross

section
Zone Change of orientation
L-1 <103>+<003>+<112>—<001>+<212>—<001>
L-2 <003>+<114>—><104>+<223>+<114>—-<001>
L-3 <104>—<104>+<003>+<313>—<001>
R-1 <001>—><103>+<212>—-<104>+<223>—<001>
R-2  <114>—<114>+<323>—-<104>+<003>+<213>—<001>

R-3 <001>—<003>+<102>—<104>+<003>—<001>




512 3]

BANFES: KHF EBSD J7v2i0] B AR ARAR IR 5T

“ 4377+

BAAEAS [ AR B ORR R I, E S8 SR AR R b )7 K A
b R A T RO . 2.1 AT g, DU
BB E SN, WA 2 e K, RS
RO A R AR I B S TE BOR F, t1 2.2 Al
A, BT R AR T O rp # B A R I0 H sm B B )
DR 22 A% A K T B 8 5 22 Dl KA 8 i P 2
B w N, ASTR] & S LB AR A E AR, L gy 3
AN DR /N A JE i T LA JE AR LR FEAN AR, T R 4
£ 5 S G 2 . TR R R B,
ZIN A B o LA 388 ) 5 A DX S B — AR, BT
DAk Py R RT3 OK, RN L R R 2, T
R I EFE T WM A A Kb A, e Kok iy b
I v o /DN A B S R A e R Bk BB 1 e B
ZIN AR B b AN R R A B ) 2 4 O o,
IS TLEE y BN 25 0 2 AR AE SR R P
Gb

7/=4TC(1—V)
A, GoHYIARRLE, v AL, b MAKEE, ¥
KRG A RS ERL IR T AL O IR IR R
RE o /N IR T R B A B 1) 2 48 KT K

Bl 8 2 L. R ¥4 FE i 25 f oA I . AE &
8a Hv, AH AL df R [A] (1 5 v 22 £ 5 BB WL R [R) B 1) 2 £
(1) 23 Al 26 e 8K, Hif i A A vl g0, AT Z HIER T
<001>FEALEC M, ST 2 Fhim EMLER. 18
2°~10°, 35°~42°, 57°~42°u B A, HHAR Stk a) i B 1r)
ZE AR AR B v, SLAR AR 59° 28 A0 A R A A #)
50%. /AR BEAR A T EAE PR 20~10°2 0], HBEFH X
) 22 A1 K, AHRE AT/ o /DN A E i 0 R (] B 1)
ZEMR, BRARETE S, A SREANERE, PTEL 2°0~15°70
Bl P 1R B o) 2 9 AR A0 28 3 9/ . AR 8b
2°~10°3 [l P & A H ) 2 1 53 AT 43 1L A5 35°~42°55 [H]
W, IR ZE AR TR AT AE<101>%h,  57°~42°0) ) % )
P AIE<II1>5 . B 8c Won T HLMRER AR M 7 43
AL E S BE(CSLY R A A . WTLAE Y3, Y9, Y27
di SO AR B, JLTP Y3 AR SAE LR R R IA
E|T 66.3%- 68.4%, X 5K 8b 145 K B —HUE
3 AR N ARL A <111>/60°HL [ L &R, Y9 fhAt
FIR<110>/38.94°, Y27a F7R<110>/31.58°, Y27b %
R<210>/35.42°, —fOAAY3 Y9, Y27 FHGAE
SR R A AR T o PR R R v O A A0 o R ]
A DL G — S D it T A A AR P, nT LA L
BT KRN A KIS I, R RSP R
T AL S5 5 . Humphreys A1 Ferry*M4% H! i fE & 11
B H R T i 2 B AR ) LR A AR 7
H AR e R e, [ A TR LR AR — Rl s e ) H

0(4-1no) (6<15°) 4

12(5) W«Bg a
50 3
28.5 5
25¢ 1(%.6 12.6 173 161 15;,2/D/L_3
ol v ——— 7, , ,
5 75F
2 s0f —=— HAGBs —o— LAGBs
o
19.2 18.9 20.2
=% 25 1159 1%4 D;Z,S D\ISD'I 02 |
o . —
100
’;g : —=— HAGBs —o— LAGBs
25F 132 145 164 159 139 151 168
L L v 7 7 o UL
0 ! L - L L L L
® &) ® @ ® ® @
[ P o |
N 388331 312359323
zﬁﬁﬂMﬂﬁﬁ“W4Qﬂwﬂﬁ

Percent/%
N
Wi

—=— HAGBs —°— LAGBs
50,
50 31.3

0
335
25 [10.4 166 174 147 15.4 105 22 234 197 262 2337 \z%;i/zn
\

OO 0 —0

—=— HAGBs ——— LAGBs
751 55
50F 33.5 36.>G<4UTALS
1 257 30.8 27,1 922 2% 0—~>0

21 253 2 g 2522l tee—
25 13DL1D5 154181 40 =57 41 75 o—" R

_ g—o0—0u

PEEEPEEPEPEEE

SNV SR AR A
Fig.7 Change in the ratio of high/low angle grain boundaries:

(a) partition L and (b) partition R
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Fig.8 Distribution of misorientation angle/axis and CSL grain
boundary of nickel deposits: (a) GB disorientation
distribution; (b) disorientation axis distribution; (c¢) CSL

boundary distribution

KSE R H AR BAT s PR IOR . B T IO,
St B A E %, RIS A H a7 A A
REREM KRS, R R B RERER, (22
ﬁ%m&%ﬁé%ﬁ,%m%%ﬁmm,AﬁéW%
B E BN T, PSR A RERUE A AR, X
P A T AR 77 JE 1R R e A o (R RS T ko

J7 IR 7AE A B A R 2R T _E T8 1 ok )
BRI, ) MR R A A U S R I A e B A IR B

Nickel Starting sheet Nickel b
deposits deposits
GD GD GD

Bl O b R A A ™ o e TR R A AR T
Fig.9 Growth model of electrodeposited nickel in industrial
electrolysis production: (a) grain formation model on
different surfaces of the substrate; (b) growth model of
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Research on Industrial Electrolytic Nickel Plate by Large Area EBSD Method

Xu Yangtao'*?, Liu Zhijian'?, Wang Chao'"
(1. State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metal,
Lanzhou University of Technology, Lanzhou 730050, China)
(2. State Key Laboratory for Comprehensive Utilization of Nickel and Cobalt Resources, Jinchang 737100, China)
(3. Baiyin Novel Materials Research Institute, Lanzhou University of Technology, Baiyin 730900, China)

Abstract: The crystal grain morphology and size, preferred orientation, and grain boundary feature distribution of the electrolytic nickel
plate in the growth direction were studied by large-area electron backscattered diffraction (EBSD) splicing technology, and the
microstructure of the nickel plate was observed by SEM. The results show that the nickel crystal grains change from small equiaxed crystal
grains to coarse columnar crystals with the size of micro-nano scale as the deposition progresses; the crystal orientation does not has a
strong preferred orientation at the beginning of the deposition, and finally changes to the <001> orientation. In the initial stage of
deposition, the large-angle grain boundaries account for more than 80%; as the deposition progresses, the proportions of large and small
grain boundaries vary in different positions of the deposition layer; a large number of adjacent grains in the nickel deposition layer are
separated by X3, ¥ 9, X 27 twin boundaries, and the X 3 grain boundary frequency reaches more than 65%. The nickel deposition layer
formed on the different surfaces of the starting sheet grows in different ways. The surface of the fine grains grows in the nucleation and
growth way, and the nickel atoms on the free-growing surface are directly incorporated into the crystal lattice without undergoing the
nucleation process.

Key words: EBSD; electrolytic nickel; microstructure; orientation evolution; grain boundary characteristic distribution
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