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Palladium is one of the metals which provide the high corrosion
resistance and decorative appearace. For this reason, it is suitable to be used as
electroplating. Palladium plating solution can be prepared from the solution of
tetraammine palladium chloride salt in ammonium chloride solution. In this
research, the quantity of components in solution and condition for coating can be
examined using Hull Cell’s method. Form the resuits shown that, in order to
obtain the best Hull Cell’s plate, one litre of solution should contain 12 grams of
tetraammine palladium chloride salt and 60 grams of ammonium chloride. The
plating condition are controlled by used titanium as anode, with current density
between 2.5 - 0.05 amperes per decimeter square and pH of solution maintain at

8. It is also shown that, addition of pyridine 1.0 % by volume can improve

brightness of the specimen.

Preparation of Palladium Plating Solution

Mr. Thawatchai Puakwat

Miss Somtida Sangsuriyan

Dr. Orawon Chailaphakul

Chemistry

1996

Abstract
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2.3.6 d19angnTu (Wetting agent)
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2.4.1 ngumRisazillunsavazarsazamdanilail

y N da o o ava oy v
thenqulunguindunisspnniissaniivatesialifendudpH Afeawn1ld un

o o o X
arquatianfisnasiflunsarugasees EM. Wise and Vines figqutlesneussil

Pd (as chioride) 5291
HCI elsu pH idu 0105
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NH,CI 2-379/
Current density 5-10amp/sqft
feuUnnl 37-49°C

g ] 43 -~ 'Ju !JV 74
uﬂmmumm:ﬁwwmuﬂ?:mmammﬂgwm ua:mummms‘luﬁmwui«
!.’ o -44 o TR <t 4 < dg I «S ] o er
NG InsRiEnguiinsauisezin linaseuinaeuRTulasNunaun s gLIUWNATR
o Lo H o & ; - 4
Ny viraqURRIRENENAN muﬂiunﬁ‘hl“lummﬁumu QTRAIMUFANITAANFALIIN

v X e
nesndismulan

g = -~ 5
1inegueiia Acld Chioride AMagssaes Ronald . Morrissey figautlsznavissil

PdClI, 50 g/
NH,CI 30g/

HCI el pH 1T 0.1-0.5
Current density 0.1-1.0 Adm’

Anodes pure palladium

feuundl 40-50 °C

¥ L\t - .
tnenqualiall azlinmiSeturesinalalasieuilssinas 3% Tneesildn Current

efficiency 97% lugihinasiinasusaidetlunszansnsafial frdaalifndWasuse

2.4.2 nqunaatheuiflusisazarnuaaludnuasaled

-4m#1949 Yampolsky Lsznausag
[Pd(NH) Jct, B ,
NH,C 18 gA
NH,OH (25%) 55 g/
pH 8.5-9.5
Current density 10-20 amp/sq ft

Efficiency 98 %
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J a‘ 3 ]
Anodes Patladium(@Wunsnnndranodes 3 i)

QeunAa 15-25 °C

-gRrrasRonald J. Momissey Usznausoe

Palladium (as [Pd(NH,),]CL,) 10-15 g/l

NH,CI 60-90 g/l

NH,OH ewl#u pH Whilu 8.0-95
Current density 0.1-2.5 A/dm2
Anodes platinized
fEUnA 25-50 °C

1 } 4 v
TmeiAn pH AasaziANAdn 8 ins1z8 pH ANl 8 ez liiTueumues uienguatis
é’ o - 3 ] o - = & 4
TwmunzdmiunsqusesNufaunsgumasussiin Tufa i ansnsaafatitarquingu strog

[ o g
alkaline IngiaeALlsenausiail

Pd 21-25g/

KOH 75-255 ght
Current density 520 amp/sqft
Anodes stainless steel
qouunl 25-50 °C

¥ J o -~ c‘ 2 - ¢t
thanquiltinesgnaiuslag  momesiumazld  Wasudau(lugleasnssles)

Y - - 19 ' v o

0.5 g/ us=\ IndanlansenlasinerfupH Wetludhs 10-14 TaewusrazBhiagnquiteg

fnaIg
2.43 ngairmnuidsznaudaensasay

ANgAsEEY S.Wemick Usznaudas
Palladium (\ugiten Barium palladium nitrate) 1001
NaCl 30 g1
pH 5.5
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Current density 40-100 amp/sq ft
qeuuni 40-50 °C
Taemwidn 81 pH unnndn 8 ufetaueluswasnideu llararsnszane 1y

2.4.4 v Slumrsazats lulasd

- X
ANgRs1aY Yampolsky azdlavALlsznausil

PdCL, 2H,0 5-10 gl

NaNO, 15-20 g

NaCl 40-50 g/l

H,BO, 25-30 g/

Current density 1-10 amp/sq ft

pH 5.6-65

Efficiency 40-50 %

Anode Palladium:graphite=2:1
goumnil 50 °C

H oy v 3 ¥ o e o 2

tnequaiiatil H,B0, lu Buffer usithenquatiniigeklgsnsatinamlszgns |4l
- oy = - (] [} a J ) < - < ) 4
Aunsquilifsuscdiliiuunzunnsinangusesivu AeumesquluinezRussquRalfen

usseninsluresdsnesasaleasnas

245 thmyulavaaituluasn

Tae W.Keitel us2 H.E. Zschigner &ilsznaudiag

Pd ( Wgilane diamminonitrate) 219/
NH,NO, 80 g

NH,OH 10 g/

Current density 5-10 amp/sq ft

pH 7
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QEUnA 4355 °C
o v X de 4 -
TunsdinnugudiasnisuiBaiunn aziiaAtpH Tnaniedu wenludle aull pH 8-
¥ & o R
10 qauzesenguilfe avaasaliluanmeidunsiddlaviumsiandausiesuau

2/ - L4 ‘J J 1 4
158 wansiunulszim umwae‘lﬂﬁﬂmm:q:'lﬂmmammuﬁmu‘]ufau:ﬁuaqﬂﬁuum
2.4.6 umulauaailululash

Tn® Blum uaz Hogoboom Stlsznausas

Pd (lugilues diamminonitrite) 49/

Na,HPO, 100 oAt
(NH,),HPO, 20 g/l

Current density 2-4amp/sqft
feuundl NN

1 g = g t 74 ) J b Q’
Aaulftinenquatintiazfesguenilufiviesdey  uszYampolisky lsmasadiu
L, YT 5 . N
1Bununsaulatn 2.5 g FEahqultiuasincnugnadnsussquliivun 1.5 lupseu uss
o )
faquin 80-90avAaniEas axqulAuunia 7-8 lunseu

2.4.7 thmnulaus ¥ dTulalulasd

{me Ronald J. Morrissey Fldmulssnausiail

Pd(NH,),(NO,),) 10-15 g/l
H,NSO,NH, 100 g/l
NH,OH to pH 7.58.5
Current density 0.1-20 A/dm2
Anode platinized
qeuuni 25-35 °C

RNMANNGAFNENURAMIAENFANTTUET NUTMENqUANgASTaY

- - | X
Ronald J. Morrissey (iapssuasiiunssaauaselss) wnnzaunsslfluntsqusasiuniau
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5 12 40 10 - 1
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11 10 50 10 $ 05
12 10 60 9 - 0.5
13 10 80 9 ¢ 05
14 10 80 9 - 0.7
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17 12 70 8 - 0.5
18 12 70 8 - 03
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AANUIN A

ArdAtse Rl lunaaRaudianagling

AITHE3

210
%
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1 idRe
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1 AP NG
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1 Aerdin

1 a8 WA

3ums

1 grunAfIRe

1 grLnARATRS

1 gLNARIUAIRS

1 gounAnAtin

1 §ALNAAYR

39.37
3.937
0.3937
254
30.48

]

1]

= 1,550
= 15.4
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=9.29
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= 61.02
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=16.39
= 28.32
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AMMARUIN 3

¥ ' 8
dszAnimnasnszualifinefelunenguusazlszan

ey dseingnn (%)

Cadmium Cyanide 85-95
Chromium 12-16
Copper (Acid) 95-99
Copper (Cyanide) 30-60
Copper (Rochelle) 40-65
Gold 70-85
indium (Cyanide) 30-50
Indium (Sulphate) ! 70-90
fron 90-95
Lead 90 - 100
Nickel 94 -98
Siiver 100

Tin (Acid) 90-985
Tin (Stannate) 70-85
Rhodium 35-40
Zinc (Acid) 97-99

Zinc (Cyanide) 85-90
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MARUIN ]

ﬁ'neﬂﬂﬁﬂmnsﬁw‘%'é’ni'uﬁ'u{'amasg'm'lﬂmmu(ﬁzs%)s

Element Haft of Reduction EO,V
Ag  |Ag'+ e <==> Ag +2.00
Ag + & <==> AgV +0.799
Agrd + e <==> agd + Br +0.071
AgBrO3~lf re <==> Ag¥ + Bro, +0.55
AGCHO,¥ + & <=> Ag¥ + O, +0.64
pgcNd + e <==> agy + oN’ -0.04
AGCN), + & <==> Ag¥ + 20N’ -0.29
AGCN). + @ <===> Ag¥ + 3N’ 0.51
AgCNOwL + 6 <==> Ag‘l' + CNO +0.41
Ag,CO ¥ + 26 <==> g} + cO; +0.46
AGCOV + 26 <==> 2ag¥ + CO, +0.472
Agcid + e <==> agV + ol +0.224
AGCIO, ¥ + 26 <===> 2ag¥ + cr0 +0.447
AgFe(CN), ¥ + 48 <===> aagd +FecN), |  +0.194
Agd v o <= agl + 1 0.152
Ao, ¥ + & <==> Ag¥ + 10] +0.35
AgMoO, ¥ + 26 <==> 2ag¥ + Mo0,” +0.49
AgiNHY, ¥ + & <==> agd + 2nH, +0.373
Agnozl« v o <==> Ag¥ + NO, +0.59
AN,V + & <==> Ag¥ + N, 0.293
2Ago¥ +HO + 26 <==> 2AgO¥ +20H™|  +0.60
AgO" + 24" + & <==> 2ag" + H0 +2.1
A9203Jr +H,0 + 28 <===> 2AgOJv + 2HO +0.344
Agzosi + HO + 28 <> 2Ag0 ¥ +20H +0.74




Element Haft of Reduction Ev
Aa | AgE,0),° +e <==> AgV + 2507 +0.01
AgSO, ¥ + 26 <==> aagV + 50 +0.653
A A 36 <==> AV 166
AIO, +2H0+ 36 <==> AIV + 40H" 235
AOH),, + 36 <==> Al¥ + 30H" 231
AFS + 3 <===> AV + 6F 270
Au AL+ 28 <==> AU +1.41
A+ 30 <===> AuV +1.50
A e <==> aud +1.68
Auerz' re <==> au¥ + 28Br +0.96
AgBr, + 28 <===> AuBr, + 2Br +0.82
AuBr, + 3¢ <=—=> AuY  + aBr +0.87
Au(CN), + e <===> Au Vs 2N +0.61
AgClL, + e <=—==> AV + 20t +11.1
AuCl, + 2e <=—=> Aucgio + 2CI° +0.93
Al + 38 <==> Au' + 401 © +0.99
HALO, +H,0 +36 <===> Au¥ + 4OH’ +0.7
Au(SCN), + e <===> aud  + 280N +0.69
AU(SCN), + 2e <====> AU(SCN), b+ osen +0.64
AUSCN), + 30 <===> Aud + 4SCN’ +0.66
cr ol +e <==> ¢ -0.41
o + 30 <==> cri 0.74
o+ 26 <==> cr¥ -0.91
CrOH), ¥ + 36 <==> cry + 30H 1.3
CrOH), ¥ + 26 <==> cr¥ + 20H 1.4
Cr0, +2H,0 + 3e <=——=> cry + 4oH -1.2
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Element Haft of Reduction EV
cu |cu™ +2e <==> cu¥ +0.337
cu' +e <==> cu¥ +0.521
cu” +e <==> Cu +0.153
cu” +Br +e <==> CuBrv +0.64
o +0 +e <==> cucl¥ +0.54
™+ +e <==> cul¥ +0.86
Cu(CN), +e <=—==> cud + 20N -0.43
iy +e <==> cud + o +0.137
cud +e <= cud + 1’ 0.185
Cu(NHy,” + & <===> Cu(NH), + 2NH, -0.01
CuNHy,” + & <==> cud + 2NH, 0.12
CulNHY,2 + 26 <==> cud + 4anH, -0.07
2Cu(0H)2~lv +2¢ <===> Cu,0 d+ 200"+ H,0 -0.08
0u20~1« +H,0 +2e < > 2Cu¥ + 20H -0.36
CuOH), ¥ + 26 <==> cud + 20n° 0.22
cus ¥ +26 <==>cu¥d + 8 -0.70
cusd +26 <==>20u¥ + s -0.88
cuseN b + o <==>cu¥ + soN -0.27
Fe |Fe +e <=—==> Fe +0.770
Fe™ + 38 <==> Fe ¥ -0.036
Fo' + 2e < > FeV -0.044
Fe(CN), + & <===> Fe(CN), +0.356
FeCO, ¥ +20 <==> Fe¥ + CO,” -0.756
Fe(OH), ¥ + & <==> Fe(OH), ¥ + OH -0.56
Fe(OH)ziv + 26 <===> Fe¥ +20H" -0.877
FeO.” + 8H +36 <===> Fe +4H,0 >+1.9
Fe, + 8H +88 <===> Au¥ + 4HO -0.085




Element Haft of Reduction , EV
H 2H +2e <===> H, % 0.0000
H,T +2¢ <==> H" -2.25
2H,0 +2e <=—=> HzT + 20H° -0.828
HO, + 2H + 26 <==> 2H,0 +1.77
OH, +H,0 + 2e <===> 30H’ +0.88
Nl NP +20 <==> NI -0.23
NICN),” + o <===> NICN), + ON’ <-0.4
NiCO, ¥ + 26 <==> Ni{ +c0,” -0.45
NiOH), ¥ +20 <==> Ni{ + 20H° 0.72
NINHp,™ +2e <===> Ni¥ + 6NH, -0.49
NIO, ¥ +4H' + 26 <==> N" + 2H0 +1.68
NiO,b + 2H,0 +26 <==>Ni(OH),¥+ 200 |  +0.49
NIO,” + 8H + 26 <===> NI’ + 4H,0 >1.8
0 |0,0 +4H" + 46 <==> 2HO +1.229
0,1 +2H,0 + 4o <===> 40H +0.401
0,4 +2H + 28 <==> H,0, +0.682
H,0,+2H + 2¢ <===> 2H,0 +1.77
HO, +H0 +2e <===> 30H +0.88
0,1 +2H + 20 <==> 0,1 +H,O +2.07
0,1 +H0 + 20 <===> 0, +20H +1.24
Pd |pd" +26 <==> Pd¥ +0.987
PACL” +26 <==> Pd¥ + 4CI’ +0.623
PdCl, +2e <===> PdCi,” + 20’ +1.29
PdCI, +4e <===> pad + eal +0.96
PAOH), b +26 <==> Pd¥ + 20H +0.07
Pd(OH);L +20 <=—=> Pd(OH)ZJv + 20H +0.73
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Haft of Reduction Ev
PtoH), b +20 <==> Pty + 200" +0.15
Pt(OH)z‘L +2H " + 20 <=—=> Pti« + 2H,0 +0.98
Rh” +3¢ <===> Rh¥ +0.8
RhCl,” +2H" + 68 <===> Rh{ + 6cl’ +0.44
RhO,¥ +2e <=>2Rh¥ + 3HO +0.87
RhO, +4H " + 6Cl+ & <===> RhCl, + 2H,0 +1.4
RhC +2H' + & <===> Rn" + HO +1.40
RhCI,” +6H* + 26 <===> RhO" +3H,0 +1.46
T+ 26 <==> TV -1.63
TIo, ¥ +4H* + 46 <==> n ¥ + 21,0 0.86
TIO™ +2H" + 46 <==> Ti ¥ + H,0 -0.88
TIO” +2H  + & <==> T +H0 +0.1
T +20 <==> T -0.37

TF + 48 <==> T ¥ +6F"

-1.19
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