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XRD Study on Cyanide—free Silver Plating Coating

CHENG Na, SUN Zhi, ZHAO Jianwei
(College of Materials and Textile Engineering, Jiaxing University, Jiaxing 314001, China)

Abstract: To meet the requirement of clean and safety production, the non-cyanide electroplating of
silver has been intensively studied recently. X-ray diffraction (XRD) technology is widely used to study
the crystal size and preferred orientation of the coating. In this paper, ZHL-02 new alkaline cyanide—
free silver plating solution was taken as the main research, and the effects of temperature, current
density and agitation mode on the crystallization state of the silver coatings were studied by XRD
technology. The diffraction patterns analysis showed that the peaks at about 38.7 ©, 44.8 °, 64.9 ° and
78.1 ° corresponding the silver facets of (111), (200), (220) and (311). The plating layer was more
condensed which was demonstrated by the positive shift of the diffraction peaks. The crystal particles in
15~20 nm were obtained by the theoretical fitting with the Scherrer equation.

Keywords: XRD; non—cyanide silver plating; diffraction peak; crystal

Tl WL R ik 1 ZUAR A, e 2 B T R B 1 BE

fiE=> . FALBER A LS RS C AR ZHGE , K8
BPER DA R S s ARRPERE T LS R R 40 (R S A e e BR ) 1 R

ZI TR RS AT SGRFIIRISERE Tl RIH]. ITAEk A R S B R Ia U1 ER TC

G UTRURIZ TP 2 Y LA B 5 R AU, B T 2R R SRR S A T

BRSSP DI SC . AR R A XL Z MR A SRR

7 i T 1% ) 2 )3 A TR, AT 5 BRI <53 Ja L JZ B8 AN [ i 0 JHG R 2 A A 8 e

51

i1

Wi HER: 2017-12-04 f&E BH: 2018-02-17



+ 42 Bec. 2018

Plating and Finishing

Vol. 40 No. 12 Serial No. 309

K, XRD AT LA 12 FFAF 5088 2 19 f R R
JEMPERE M AR R o WP R, Ca(111) fTE 1Y
P T A ERE AT LLIK B Cu(200) §4 1 (1 4 157, B
7 AR AR 5 A8 1) 4 R AR LA A v A AR T T
ok, ZFLR M H s WA R KR IR T R
UF R AR RS . 4 T B 2 A it T ) A 9 T LA
FIFH XRD £ AR 5280 H) FH XRD #F5% 2, 2-Bntk ]
AL B AR JZ 0 OR S R XRD R SR T R [R A
BLA R BCPE TE U AR A 5 ma . A XRD 54 T LA
e T A 2 45 R R SH RS | BB R T
JE R B AR AL

ERBE R AT R KBRS BTTR T 2 4%
PF AR R B2 R DL AT IR S R R R %
Yo FR A Rl A EC A, B 3 285 300 % 8 2 B 245
PRS0 3, R R AR A SR B 2
HREMAR ., AT CRER T EZHAR
TAE A & R4 )2, R XRD BRI 58 HL 4549
5 Z R IR Z R R

1 SCIGERSy

S v T B AR R X8 R Al A e o AT A
TR ) FH K A — UK B R e I H kK . ZHL-
02 JCFUHE AR > [ R L AR R AR A R
ANF . TAEW TP &4 143 o/L, BERALTE B4 4
I BhEs A7) SRR B AU IR R pH PS5
H pH 7E 10.2~10.7. 0.1 dm’ (9 850 - VE o 2 % 4
PF, I gt Bl -2 ph- 5532 ph S R Ab B . B 5 R
L3 AT AT AL B, 45 2R R 10~30 wm,

XRD-6000 #; AR ATHAL(H A, B ) . CuK §8
S G R 5 o /min, FHEEE A 2=10 ~80 °. f
T (B B o ]S A A RAS A

2dsin(0) = nA (1)

2 H#R5iTiE

21 FIRALEERIZHEERBIHPN

R b To e AR T 25 i & B R SRR AL Y
FURT 22 ARE SR AMIE B T3 1. Aurggpat
T 14N B FR B IRE B % B
PO AR R B AL

M ], R FH BAAR RS sh B B 31 07 =X, 24
T EE R 2.0 Aldm’ B, B 2 R EE A # 30 m, AP IAK
RS o WAERMT R TFHHE, 2R
JE 10 m B RO 2 B . ] W, BP9

94 HOT SO LA AR . X5 ZHL-02 T
LR AR BB A G
®1 FAZHL-02 TEHEHRMKEERIN

i /fc (A.jr/n L |kt /jm B
1 |30 0.6 BEFHiRE | 10 Pl
2 |33 3.3 P&l | 3 S
3 |35 0.4 BEFHE | 10 e
4 |35 1.0 BEFHE | 10 e
5 |40 0.4 e | 10 i
6 |40 1.0 Wit | 10 st
7 |40 1.6 FAtkEsh | 5 ese
8 | 40 2.0 WEFHEFE | 10 s
9 |40 2.0 sl | 30 st
10 | 40 2.2 sl | 5 s
11 | 45 0.4 EFHRE | 10 s
12 | 45 1.0 BEFHE | 10 s
13 | 45 1.6 W | 10 | KA, TOOEE
14 | 45 1.6 FAt RS sh | 5 pii

2.2 EEREEXHESXRD 75 BRI

BB T ) B J2 JRE B i 19 XRD I
S Hp R AT R HAS i H B[] 1) I v A B AN [ JE
FERIRES . TR B R A SCR A,

H = 0.0106X Jxtxn (2)

Hodr b o RE SR RE  wm TN R, A/dm®;
R ELEERE] s 5 A HLIRRIOR , R 9T R WX TC
PR T2 LR N 100 % FHFAEAS R A L 3T
W BER WM E A R (A EENE
JEE DN 0 58 A1) P R N A S e S g LA JR
JE R XS S 8 A5 240k B R A 245 Ak
TR PTG . — R P K

DA T FRATAT LA B A X T4 2 8
B, Cu ZEJRE AT ST AR # I . I 2R, i
FEEL E R AR Z AT R . XT3 pm (R
it o B BE I (4 (L1 1) A7 S Il AR S b ], o o PR 3%
W Cu(200) R 5FI4 R (111) 9 46 %, (220) 4 20 % .
ERETERE 1), (200) TSI (111 A9 2.4 45, M0
(220) 338 (111 A 5.31% . FERE 1(h) F 2485 21
JEREIR 5 pom B, i 6 S A9 7 S 0 I 8 55 T )2
Hor Cu(111) AT B W BE 21T UL, (200) A4 477 5 06t
T e AR EINE & T 15 R . R n
JEERE U3 Cu (111) 437 5 58 42 9 2k . (200) i
(220) B9 AT IR v LUE 51



2018 4F 12 A

BESHIR

9540 5B 12 WICRSE 300 8)) .« 43 -

30 40 50 60 70 80
2010

(b) 5 um(FEdh14)

30 40 50 60 70 80
20/0)

(a) 3 um(FEfE2)

Cu(220)

Ag
(220)

Cu(200)

30 40 50 60 70 80
2010

(¢) 10 pm(FEL8)
E1 AEEEEEX XRD B

23 ARIZE&GHEHH @A XRD G

K2 45 H T ZHL-02 T. 25 9 M R PR B Y
XRD A7 5 EIRE o i A 33 B it 9 SEE AR AE AR T o
BI7E 38.7 ©(260) Y Ag(111) If A AT 516 5 7E 44.8 ©
(20) BT H B Ag (200 ) T A9 77T 50 5 7F 64.9 ©(20) it
T B Ag(220) T A ATT S 068 s 75 78.1 ©(260) BHE H R
Ag(311) TP AT S0 . 455 2 2 08 T2 AN S8 I, WL
NP TR AT H% . D ZHL-02 T 244558 T
AERER

I/ (an.)
FRE / (an)

HREE / (a.u.)

20/(°) 26/(°)

El2 ZHL-02 TZ Z%5|# %8 XRD T8 Bl #

XF T 4 AR SR RO, AT AT S AR R R R
TARB PR RL . ARG X225 Bl AR
S B DT (R BEA 2, W A A REAR AT S o A
SR ST A TR B ST B TR RO 25 DR A

¥ A, AT AR T X T AR AR, A
B e )t A ST TR BT, 5 A T8 it A ST T =2 1] 114 B
Sk d o T P25 T T U Y B TR
FCAHBIATS SR AR o BT DL B — D I AR 2 R K 1
AT, BN 2dsing ., AR g e AT H IS Oy
Al 2R 1) A (BB, G R XA
d=— (3)
o, o S ST 5 b AR 1 RS R, T ke B LD A A
PR ST 1] 1Y) 5 4 5, B b U S Rk A A
Alf
A sinf
(g)zzhz+ls2+l2 (4)

X455 TR AR E8, 1 (110 T8, AT 5 A 32 0
3G I, BI R S BRI o R R
2 N BUR TR R B R R . R (4) it
R, 0,,=2.3201 A, A0 LE B H AR MR o=
2.3377 AP T 0.75 % AR BUS S T 2.24 %,

F 2L T AR IR ) 48 B0 -S4 A i
P R S hR W 2% . 4R B B 20 24 =5 T
FRUE(E 0.60 ~0.76 ©, FRHRE BZ T 2 45 1 B8 )2 3

®2 RERINMEHEHITHIECNS T

SiREIEArE
. PRUEVERL | k0L 2l
ERdT]
(265!;\“(1) (2&,11) (2§roa]7208mnd)

(111) 38.11731 | 38.72+0.10 0.60
(200) 44.27842 | 44.90£0.15 0.62
(220) 64.42738 | 65.1940.12 0.76
(311) 77.47454 | 78.09+0.13 0.62

335 AR ERE S I AT B o AR5
T 52 B KA FEAOSK R, 4 /8 B0t 1 20 B 0H f
THRUEAE , TR R Z T R A 1 RSO
Horp (111) . (200) . (220) AT (311) PYA™ & 1T 8 48 11
45 3 1) R 38.71+0.09 . 44.88+0.15.65.19+0.12 Fl1
78.08+0.13 VA, £~ i ] A ATT 5 WAL (1) A
YA 22 P30T, VA WA A6 AR SCIFFE O & N R E A1 T
XRD A IR B O 1 25 A, BV 2 1 B0
PEIX —FRIE L&A RER 2R R B



* 44 Bec. 2018

Plating and Finishing

Vol. 40 No. 12 Serial No. 309

*3 FMAZHL-02 TZHIEHEMBOITHIESL  20/(°)

Fra 0 1T 1 iy | ooy | 220 | (1)
| /°C|/(Adm ?) | pm

1 30 0.6 10 | 38.92 | 45.16 | 65.28 | 78.12
2 33 3.3 3 | 38.74 | 44.72 | 65.30 | 78.00
3 35 0.4 10 | 38.68 | 44.90 | 65.28 | 78.02
4 35 1.0 10 | 38.76 | 45.10 | 65.30 | 78.18
5 40 0.4 10 | 38.72 | 44.80 | 65.12 | 78.02
6 40 1.0 10 | 38.78 | 44.79 | 65.27 | 78.14
7 40 1.6 5 | 38.64 | 44.74 | 65.10 | 78.06
8 40 2.0 10 | 38.58 | 44.74 | 64.98 | 77.82
9 40 2.0 30 | 38.64 | 44.98 | 65.20 | 78.20
10 | 40 2.2 5 | 38.62 | 44.74 | 65.18 | 78.02
11 | 45 0.4 10 | 38.66 | 44.90 | 65.28 | 77.98
12 | 45 1.0 10 | 38.86 | 45.14 | 65.28 | 78.32
13 | 45 1.6 10 | 38.68 | 44.84 | 65.04 | 78.02
14 | 45 1.6 5 | 38.68 | 44.82 | 65.00 | 78.28
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s e WERL20 | BRI | 20 | AR
/() Gl $&/(°) | ~F/nm
(111) | 38.696 | 100 | 0.4405 | 19.6
40 °C (200) | 44.680 | 51.78 | 1.0523 | 8.15
0.4 A/dm*| (220) | 65.109 | 28.11 | 0.5705 | 16.5
(311) | 78.019 | 31.38 | 0.6543 | 15.7
(111) | 38.780 | 100 | 0.4311 | 20.0
40°C (200) | 44.793 | 31.72 | 0.7939 | 10.8
LOA/dm® | (220) | 65.270 | 45.46 | 0.5383 | 17.5
(311) | 78.142 | 35.66 | 0.7176 | 14.3
(111) | 38.557 | 100 | 0.5079 | 17.0
40 °C (200) | 44.550 | 33.85 | 0.9467 | 9.06
L6 A/dm? | (220) | 65.059 | 32.09 | 0.6543 | 14.4
(311) | 77.921 | 23.31 | 0.7006 | 14.7
40 °C (111) | 38.607 | 100 | 0.3156 | 27.3
20 A/t (200) | 44.702 | 39.30 | 0.5237 | 16.4
10 pm (3
%) (220) | 64.980 | 31.21 | 0.4437 | 21.2
(311) | 77.889 | 34.74 | 0.5278 | 19.4
40 °C (111) | 38.671 | 100 | 0.4549 | 18.9
2O A/t (200) | 44.696 | 36.30 | 0.9255 | 9.26
30 um ('
) (220) | 65.152 | 35.28 | 0.5689 | 16.6
(311) | 78.028 | 33.42 | 0.7780 | 13.1
(111) | 38.596 | 100 | 0.5223 | 16.5
40°C (200) | 44.562 | 28.53 | 0.9324 | 9.20
2.2A/dm*| (220) | 65.151 | 47.38 | 0.6378 | 14.8
(311) | 78.024 | 33.20 | 0.8887 | 11.5
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