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Process of pulse electrodeposition of nanocrystalline
Nr Cr alloy from trivalent chromium bath
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Abstract: The technology of pulse electrodeposition of nanocrystalline NrCr alloy from trivalent chromium bath
was studied. The optimum bath and operating conditions were obtained. The influences of the composition of the
bath and the operating conditions on the thickness and the Cr contents of NrCr plating layer were investigated. By
SEM, EDS and XRD analyses, the morphology, microstructure and chemical composition were investigated. The
results show that both the thickness of Nt Cr plating layer and the contents of Cr have the maximum value under dif-
ferent concentration of complex agent, stabilizer, acetate and different temperature, current density, pH value,
ratio of occupation and empty to pulse frequency, and the thickness decreases with the increase of Cr content. The
thickness of the plating layer is above 10 Hm and the crystal of chromium deposits with no-crackle is nanocrystalline

when the content of Cr is 24% (mass fraction) .
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YU T E R A G A 1 de e PR v ek 25
) 7 | A B B2 v, F 2 R T AR AR
T RARFTE ARG R =M 12, B
WHECAR 7S A 8% LT R 8% M B A &R L EF
Sharif 2% DLEIE 4R HBC A7, KR =85 95 )
HPTIRS 2R R B2, SCHR[ 6] /£ DM F 5595
AR R PR TTRE R R, H200 8 A%
B RV A BTSSR E
MR B — kR, H=M8 NEEEEE
TRAERIRAREL, HE2 IERRE bE  BEHON 2 %
SR BT (Zn™ L Cu™ S) RS R M 1 R (— M
SULAMHCK) B G SRS 2K FiE a8 —
B /ANT 10% ) 25 1) @0 Rk e TR R R
WMACE S PEERLUD, SRR RS 40 801 5
TR IREN T RSO EE R K U 1
K T 2ZPUSER 28 b, BFST T A8 P 5
AR LS NeCr &40 )2 5 R &
M ALEE, o8 T ERTMIESR, UL 2|
WERERE  HLb CBESE R ERgK R
NrCr &% E .

1 S2Ig

1.1 MR S EkiRE IR

76 B AT 500 mL HL AR A A R AT Rk e Y AR S
5, FYECh SMC 30T B ko H s (A 51 g
BRI RABR AR, DA s Rk, 58t
KM, ARFEFR A 20 mm x 20 mm . iRFESC G4
UM BB e« AL 22 Bk, R 1E 5 4R
H KK YRR . &k TZSE08: CeCls
6H>0 0.6 mol/L, NiSO4 * 6H20 0.075 mol/ L, %%
A7 0.5 mol/L, FEF] 0.4 mol/L, CH;COONa
0.3 mol/L, H3BOs 45 ¢/L, NaCl 2 mol/L, Hi#
FES5SA/dm®, BEW pH M 1.0~ 2.0, BEMIRE N
25~ 35 °C, INH[A] 30~ 45 min, AN 90%, #elh]
P18 4 10 ms, WK%k 50 Hz .

1.2 $FEERMERKNE ST

KM KYKY ~ 2800 B4 o1 B0 W 48485 = TE 50

KRATOS XSAM ~ 800 % Hi - fg i 43 b7 4% )2 1 1k
RO KRG R, BEREEATHAR b= (ma-
m1)/(Sx Q. A my  ma 3R SERAT L S
WA R, g S MR TAEIAA, em?; Ph -
BECHEEZE, o/ cm’ . X CHI660B Hi b2 T

YEuh( b R A28 2 F]), £E 1 mol/ L ) H2S0.4
W+ 3. 5% NaCl AT 10% NaOH %58 1 H A
Hho e R i ot 2, Horp TAEHA S NrCr &
SR, FB AR KR, S LG O T AT
HoARHA .

2 FERE58

2.1 FEREASI NFCr EEBEERN T REER

A0

PEW AR NiSOs » 6H20 & A5 Ao e 7 M gk
FISEITIR X8 2 5 I e B BE R AR K . R
TRME AR R e AT R R, SR [ E
PR R A B A AR R — A A I, AR
NiSO4 * 6H OWRER, $E A K& T ES4
REFAAE, MHATHIT, HERWE 1 Pos . 76
P = s o B R BRI E e A T s &

M 1(a) AIE H, BEAE BB N R
I, PR G E AW, JFAE 0.3~ 0.6
mol/ L I 3G N2 18, & 4 4% 1 & b & v i
N R38N, JFaa I 2URI9R>, TAE 0.3~ 0.6
mol/ L I, &8 JLPFIRFEEAZR, HAEHN 12% . X2
T N B AL G 1F, 5 5 7E BT AR
MY, HHIKRER N, %248 8PE0S =
SURIBE D AR B S R AR D>, PR )R R b
2. TR SRR R EEBREM NrCr
BEE, ¢(Ni* )4 0.075~ 0.3 mol/ L NtE.

HIE 1(b) IIEH, BEESAFWRERIE N, &
Sk S AR RER 2 380, FFARLE 0. 5 mol/ L )
R B K , ARSE NP T 25 SRR, R
AR FERE 2yl o R R AT RE 2 BT B A 7f & —
FRESIR, STEEM AR E M, JUILE pH AR E M
FEEEH, B —FZTRREEH, © 5N
o AR AEE T, WO T G SEEE R
OH™ JER Cr(OH)s, &4 T Cr(OH)s 5 Cr(OH)s
Z MBI A TE SR ER A, ARF e’ 1)
AR L pTAR, (01545 2 2 FE AR 3 = 38 n; 1 4
WE KT 0.5Smol/L I, IF&AEN Cr" H£, &
BH AR BT A 5080 1) Cr™ 3 PR BEDRD, A4S
T ok /N FIPTRR T8 B IR I 1T J5 B Bt 2 gk /), PRt 4%
FIR B AEREN 0. 5 mol/ L .

B 1(c) FIAN, 5254 1R 8 A% BT
B e AR B B 3G i A n, 7€ 0. 4 mol/ L 143 531
R KA, ARSI A e IR E, WREES



016 & 7 W

HTER, &5 MK B ITRIAOK R NrCr S L8

* 1283 -
22
@ 2[® v
201
A
1
T 8 186 113
< 16} = — Cr content % Y g
% 4 — Thickness T B L 2
s 148 21 1 &
g 1 z 8 g
s 121 s 8 S
[ '_E — =
O Jijo &= © 1ol = — Cr content a
sl + — Thickness 19
o 6 6 L
4 ) 1 I 1 1 1 ! 1 i
0 02 0.4 0.6 0.8 1.0 03 0.4 0.5 0.6 0.7
Concentration of NiZ*/(mol-L™1) Concentration of complex agent/(mol-L™1)
22 12
22 112 @
20 111 21F 110
L 18f E ¥ B
2 1037 B F
€ 16+ 2 g 20F 18 £
=
3 lo 2 8 2
5 14t £ &5 =
= — Cr content | L = — Cr content
12 | 4+ — Thickness 8 19 4 — Thickness { °
10 i 17
It ! H 1 1 ]8 1 L 1 i 1
0.2 03 04 0.5 0.6 0.1 02 0.3 0.4 0.5
Concentration of stabilizer/(mol-L"1) Concentration of acetate/(mol-L~1)
1 B0 NiCr A <82 gy B 5 FE ) 5 0
Fig. 1 Influences of composition of bath on thickness and Cr concentration
(temperature 35 C, time 40 min)
(a) —Ni* concentration; (b) —Complex agent concentration; (¢) —Stabilizer concentration; (d) —Acetate concentration

TRRE TR, HIREEHTRER N =T
iR, FLBEILARE 3G N, BE A 22 b v RE AR 4 1T
B pH R, BATF e’ AN K
H, BER SR, RN E FE fE 5 5E W H
Cr’" FINI™ 24, BEEM " (N©° B FRSCE
Mk, AN BFHaENc™ B1rEL, $3
PR AR R ZE B gk D, TR ) 3 . 8K
Kok kI, MEEFHEN 0. 6 mol/ L I, HPL
DRI, BEEW SRR R, X ARl T
RO Rk R, 441 Crr RN 890, #iHT
SRR BOR PTAR B 2 Cr™ N2 kb I Bl

ME 1(d) RRIEH, KSR EZH 0. 1
mol/ L 3% 0. 3 mol/ L I, 5% 2 1 J5 88 45 b
g, MHWE KT 0.3 mol/L I, JEJF
kN ICIK RN X & & P S i I R
AR HIREE BT SRR N — JC/N o T 5 R AR,
REXH PR O’ B F HARAER, XK
pH HEGREMFEH. BLBRIBIKFER K, 5

Cr’" BN R AR VAR il B 7 Ik ),
YEN R FRICARR e VR o =, A AL A54% 2 2 8 4%
P IG IR, TN B4 B o7 RS W B /DN, I LA JBE 1) 4k 452
B, @ A4 H WG OR, W A SRR 1)
Cr’ N B FRE B E WD, HREBE S
(0. 6 mol/L) ¥ J& KF Ni¥* ¥ E (75 mmol/L),
Cr’* WD LG N IRE IR 2, (AR UTRUE
WGE gl >, JEE SRR B, TR ISR B R A T R
ik . B E/K SR AW 4 0. 3 mol/ L .

2.2 IZ3EFNCEREERD REERZNT

h TR A B R A iR
B SR TN pH 9% 2 I 52w, R H ] B v
HEAEAL T ZSH, LR — T 2S5 7%
(LS HE R ) I, R AL S HA TS R
FEA N H AT ST, Hai R K 2 s .
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Fig. 2 Influences of operating conditions on thickness and Cr contents

(temperature 35 C, time 40 min)
(a) —Current density; (b) —Rate between occupation and empty;

(¢) —Temperature; (d) —pH value; (e) —Pulse frequency

B/ 2(a) ATAN, BEAG RN, RN Ak . SR R, Y BRI 8 A/ dm?
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AL 238 5, (i U X N BT 15 i 5%
Cr™ KB %, HEPHMEEMXT WD, &ET
rer, () IS S B BT A 3 N, R R AR R R i /),
T 4 FE R 35 CIy, S AT SRS i, RS R
PSP R AR T pH (B 2R BT, BE 2R
WEME . A HBIEASEENEE AL TR
o, MEAET S, HEFNR 25~ 35 C,

HE 2(d) FTEH, FEEWER pH EAHEK,
J2 JEBEAS W o /DS, T B 2 A A T TR A
AN HJRFTTRE R T REE pH AR, ™ 5
PR R OH™ S Cr(OH)s, Cr(OH)s 5
Cr(OH) s 2 [ 4RSI A T BB M X &4, Efd
PSRRI E; Y pH KT 2.0 1, BT 3L%Y
Cr™ JRCHA R, T % B N L J6 2,
B2 R 1S A BT A . DR S B e e
# pH A4 1.0~ 1.5 AR .

H &l 2(e) FIE 2, H5)2 )5 I aaBE A 1K G K
MR, 4R A 50 H I, HEEFLS T &K
B ARSI ke, 8 R EETCDN; TS

THRAE 21% ~ 24% fe 74k, AR N L HL
JR AR B TR Faa 3, BAR — A A vy A 4
FEMIIS AR, AH—A & H B Bk ph ok B0 %2, el ik
PRHYUR R SR BE AT S0, — AN ko™= A2 1 W I v HL IR
EEAMTER S C W ITRANYEZ 5 R 1
I AR R ER R ORI, O 43 g SV FEAE e He
X, T G AN B R TTRR B RE R D,
R Ok F e os b, 082 0 S DR K, DLkt ik v A
AN S0 Hz,

2.3 NirCr 5287 SEM #1 EDS 7317
B AW AL T MAERE L ZSH T H R
Nt Cr 445 2T SEM J HLF e 1% ( EDS) 4347,

HEER K 3 A4 Fros . & 3 Al Rk g
Nt Cr GE&WE WA S FRE LMy, H
R BIRLAR /N T 100 nm( A AKSE) , ATREE BT
ZHR R A %A RRERISE, 18 G RN
JSCEEL I R 3, R el T b o I v R RAE
HLALSA A K, fE 4 ot At A T A 9% 2 0% L e
g, BTFREISE R W (K 4), Bk YT NeCr
EEWEE P S B EIL 24.017 6% (FLERE) .

G L L e o

Litm

3 NrCr&49)Z SEM %

Fig. 3 SEM image of Nt Cr plating alloy
Element Mass fraction/% Ni
Ni 75.9824
Cr 24.017 6
Cr

1 1
056 1.80 303 427 3551 675 799 922
ElkeV

4 NrCrH&W)Z1 EDS i
Fig. 4 EDS spectrum of NrCr plating alloy

2.4 NirCr &&ERMBLFERE

AR M L2454 T, KA NirCr &
GHE, WEEEEEEMPIFE AL d= (m-
mi1)/8 x @ 13N HFEE N 10. 12 Um . K 5 Fiox
HANE Nt Cr A 32 A RIS/ i gk
feigk . BB S aT 40, 76 1 mol/ L HaSO4 ¥R,
FI A 2 0 J B, LA AR, TAE 3. 5% NaCl %
IR, BB B o LR S AR
& . 7E 1 mol/L HaSO4 ¥ + 3. 5% NaCl ¥ ¥ Fl
10% NaOH #8irh, & 8|5 NirCr & 82
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Fig. 5 Polarization curves of Cr-Ni alloy with

different Cr content
(a) —1 mol/L H2S04 solution; (b) —3.5% NaCl solution;
(¢) —10% NaOH solution

1) =k TR N Cr & 4 I S5 A B R

fic 5 M &5 M CrCls * 6H20 0.6 mol/ L,
NiSOs * 6H20 75 mmol/L, %57 0.5 mol/L, &
FE70.4 mol/L, CH;COONa 0.3 mol/L, H3BO;
45 ¢/L, NaCl 2 mol/L, HLRZHE 5 A/dm’, pH =
1.5, BEWUIRE 25 C, BFIA) 30~ 45 min, =L
95% , i) 10 ms, #i% SOHz.

2) WA EMELE, HARMATRDEER . ik
MHYTRRITS NiCr & &4 2R H P2, 5 AR
NAK R FERAEEREC T & T ES 5T Rl
FEE KT 10 bm SR EIE 24% [ N Cr B4
B,

3) Bk TR N+ Cr A &85 4l B o & 1
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