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Table. 5. Typical Components for Electroless Copper
Baths. '*¥

26°-70°C (79>158°F)
pH 9.0-13.0

=99 (199 33) 9] M44.

Temperature

Deposition in one hour

1-7.54m (0.04-0.3um)

metal salt(s)

Copper sulfate
Copper acetate
Copper carbonate
Copper formate

Copper nitrate

Reducing agent(s)

Formate
Formaldehyde

DMAB

Sodium hypophosphite

Hydrazine sulfate

Complexing agent(s)

{chelator)

Rochelle salt
EDTA

Ammonium hydroxide

Pyridium-3- sulfonic acid

Potassium tartrate

Stabilizer (s)

Thiodiglycolic acid
MBT

Thiourea

Cyanide

Vanadium oxide

pH adjustment

Hydrochloric acid
Sulfuric acid
Sodium hydroxide
Potassium hydroxide




156 ) =4

B A9

M43 1986

2
# A% Fo BAAE BT e ol 47
.

Cu**+HCHO+30H =HCOO™ +2H,0+Cu--1)
Cu,0+2HCHO+20H =2Cu+H,+2HCO0"
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Co? 2022 Co rerrrrrerriecisniacersnsnines gessas 1)
H,PO; +H,0=2H,PO; +2H" +2e +++eoererenees i2)

DA 2ng o8k
Co*+H,P0; +H,0= Co+H,PO; +2H" -+ (3)

Table. 6. Bath Composition and Deposition Rate of Electroless Cobalt Plating.

4 2 1 2 3 4 5 6 7
mol/ ¢ mol/§ mol/ ¢ mol/ mol/{ mol/ { mol/{
Az zyE 0.6 0.17 0.15 - ~ - -
34 ade - - - 0.07 0.08 0.1 0.08
apolol Al E & 0.26 0.25 0.1 0.2 0,2 0.2 0.2
FHAUYEEF 0.9 - - - 0.5 - 0.5
TAAYES - - 0.4 0.2 - 0.2 -
Bt ey - - - 0.6 0.6 - ~
ds%d=F 1.3 5 - - - - -
3 At - - - - - 0.5 0.5
. pH 8-10 8 -10 8-10 9 -10| 9-10 7 9
€ = (C) | 90-100 90~ 100 90 - 100 90 90 90 90
% = (u/hr) 5 10 7 15 16 10 15
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Table. 7. Composition of $n Plating Bath.

Components Concentration
Na, citrate-2H,0 0.34 mol/¢
Na, EDTA 0. 04mol/ ¢
SnCl, 0.04 mol/¢
TiCl; (HCI soln.) 0. 029mol/ ¢
Na acetate 0.12 mol/¢
Benzenesulfonic acid 0.32 g/¢
pH 8—9
Temperature 70—90°C
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Table. 8. Typical components for Electroless Gold

Baths!®*

Temperature 65°-88C (149-190°F )
pH 10.0-13.0
Deposition in one hour| 2-5um (0. 08-0. 2mil)
Metal salt(s) Gold cyanide
Gold chloride
Potassium aurate

DMAB
Sodium hypophosphite

Reducing agent(s)

Potassium borohydride
Potassium cyancborohydride
Complexing agent (s) Sodium phosphate
{chelator) Potassium citrate
Sodium borate
Potassium tartrate
EDTA

Alkali metal cyanide

Alkali hydrogen fluoride

Stabilizer(s)

Acetylacetone
pH adjustment Potassium hydroxide
Phosphoric acid

Sulfuric acid

comactsol ol A8Heh, S8 shehE & Zus
A& 37 wfpoll M4 2} solderability s 344
7171 g5l 2 goe mo| AlEsln ek
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Table. 9. Typical Components for Electroless Palladjum
Bo'hs(ss)

45°-70°C (113°-158°F)
pH 10.0-12. 0

2-5um (0. 08-0. 2 mil)
Palladium chloride
Palladium bromide
Sodium hypophosphite

Temperature

Deposition in one hour

Metal salt(s)

Reducing agent(s)
Hydrazine
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DMAB iii) Ni-W-P2

Triethylamine borane 3 4 4 4 79/¢
Complexing agent(s) Ammonia B AHANLE S 359,¢
(chelator) Methylamine FdAdES 159/¢
EDTA (ethylene dinitrilo wolol At e B 109/

tetraacetic acid) o = 95

Stabilizer (s) Thiocorganic compounds pH 9.8

Organic cyanides
Thiourea

Thiocyanates

pH adjustment Ammonium hydroxide
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Table. 10. Cross Cylinder Wear Test Program.”

Coating Coating Weight Loss(mg} | Weight Loss(mg) | Total
Stationary Rotated per 1000 Cycles [ per 1000 Cycles | Weight Loss
Cylinder Cylinder Rotated Stationary

None None 280. 40 120. 00 402. 40
None Chromium plate 0.40 4.50 4.90
None Electroless Nickel(EN 650C) 1.40 3.00 4. 40
None EN+SiC 0.12 0.31 0.48
None EN+ALO; 0.41 2.85 3.26
None EN+ALO,+CaF, 0.54 1.19 1.73
None EN+CaF, 0.61 0.72 1.33
None EN+SiC+HCaF, 0.36 1.66 2.02
None EN (550F) 7.45 3.85 11. 30
None EN+PTFE 18.75 1.45 21.20
Chromium plate Chromium plate 5. 80 0.92 6.72
EN (650F) EN (650F) 0.64 0.10 0.74
EN+SiC EN+SiC 0.08 0.02 0.10
EN+ALQ, EN+ALO, 0.11 0.03 0.14
EN+ALO,+ CaFEN+ALO,+CaF, 0.03 0.08 0.11
EN+CaF, EN+CaF, 0.00 0.08 0.08
EN+SiC+CaF, EN+SiC+CaF, 0.02 0.01 0.03
EN (550F) EN (550°F) 27.4 5.0 32.4
EN+PTFE EN+PTFE 30.6 2.9 33.5
D2 tool steel D2 tool steei 0.46 N/A N/A
Stellite 6B Stellite 6B 1.00 N/A N/A
Inconel 718 Inconel 718 9.44 N/A N/A

Test Parameters
15 b load

EN (550F) both couples-1000 Cycles

Heat treat condition :

100 rpm
10.000 cycles except .
No coating, Self mated -250 Cycles

EN-550F (288C) /1 hr. as indicated
EN-650F (343C) /2 hr. as indicated
EN+particles other then PTFE-650F (343C)/ 2hr.

PTFE both couples-1000 Cycles
19149 Roux "7} citrate®} ammonium iono] <43}
£ godold Aot gtol ol UFEFol  Thshol
E3E At zlofolaldel o3 Al ¥

dHel 82 1946117 194739 A. Brennerst G.

E.Riddelt™® o] 7ol g A7=Zo] F8 475

EN+PTFE 550F (260C) /2 hr.

AT A FE ATE T Aokl HEEFS
A48 AR AFEE] 100%F B3 =G
Azt ztobelatel) & Ydle) HUPE BAS
o} Hol Hjg "™ E 1950600 HSddct =19
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Table. 11. Pin and Plate Friction Test Program.’
Coating Coeff. of Sliding Friction Wear Track Condition

Pin Plate RT 500F (260C) RT {500F (260C)
None None 0.60 0. 42 3 3(300)
None Chromium 0.51 1
None EN 0.39 1
None EN+SiC 0.42 1
None EN+ALQO,+CaF, 0.34 0
None EN+SiC+CaF, 0.36 0
Chromium Chromium 0.47 0. 47 0 3(120)
EN Chromium 0.27 1
EN+SiC Chromium 0.36 1
EN+ALO, Chromium 0. 28 0 ,
EN EN 0. 36 0.35 0 3(28)
EN+SiC EN+SiC 0.46 0.51 2
EN+ALO; EN+ALO, 0. 32 0.32 0
EN+ALO,+CaF, EN+ALO;+CaF, 0.34 0
EN+SiC+CaF, EN+SiC+Cal, 0.33 1
Notes

1. Pin load=32 Ib(14. 54kg) o=polished

2 . Cyclic frequency=1/sec 1=increase in roughness 1—10micro-~inches

3. Friction date=average of 5 & 10min. values 2=increase in roughness 11-25micro-inches

4. Ranking system for wear track 3=increase in roughness greater than 25 micro~inches
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NiSO,+NaH,P0,+H,0=Ni+NaH,P0;+H,

Table. 12. Typical Components for Electroless Nickel Baths'*”

Acid Alkaline
Temperature 77-93C (170-200°F) 26-95TC (79-205°F)
pH 4.4-5.2 8.5-14.0
Deposition in one hour 12. 7-25. 44m (0. 5-1mil) 10-12. 7¢am (0. 4-0. 5mil)
Metal salt(s) Nickel sulfate Nickel sulfate

Nickel chloride

Nickel chloride

Reducing agent(s)

Sodium borohydride

Sodium hypophosphite
Dimethylamineborane (DM AB)
Hydrazine

Sodium borohydride
Sodium hypophosphite
DMAB., Hydrazine
Diethylamineborane (DEAB)

Complexing agent(s)

Citric acid

Citric acid

{Chelator) Sodium citrate Sodium citrate
Succinic acid Sodium acid
Proprionic acid Lactic acid
Glycolic acid Glycolic acid
Sodium acetate Sodium acetate
Sodium pyrophosphate
Stabilizer (s) Fluoride compounds Thiourea

Heavy metel salts

Thiourea

Thiooganic compounds (i. e.,
mercaptobenzothiazole, MBT)

Oxy anions (i. e., iodates)

Heavy metal salts
Thioorganic compounds
Triethnolamine
Thallium salts

Selenium salts

pH adjustment

Ammonium hydroxide

Sulfuric acid

Ammonium hydroxide
Sulfuric acid
Caustic soda
Sodium hydroxide
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NiSO,+3NaH,PO,+3H,0=Ni+3NaH,PO,+H,
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Table. 13. Composition and Operating Conditions of a
Typical Borohydride Reduced Electroless

Nickel Solution.
Nickel Chloride 20g/ 4
Sodium Borohydride 0.4g/ 2
Sodium Hydroxide 90g/¥
E thylenediamine, 98% 90g/ ¢
Thallium Sulfate 40mg/ §
pH 14
Temperature 95C
Plating Rate 15-20um /h
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b) heot-treated at 200°C for an hour.
c) heot-treated at 300C for an hour.
d) heat-treated ot 400 for an hour.
e) heat-treated at 600C for an hour.

Bong 7t gxol mzb 4o ¥ 24 == d M9} o] 400CAHN dAEF A7) AEgke} At
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Table. 16 Comparison of VHN in Principle Metals.

VHN

(load==25g)

Electroless Nickel ’— 1100

(heat treated)

Hard chrome — 1000

Hard facing alloy — 900

— 800
Martensite — 700
Tool steel(hardened) — 600
Electroless Nickel — 500

Stellite (as deposited)

Sorbite — 400

Tool steel{annealed)

9%P alloy electro-deposited Ni
(heat treated 4607C)
3%P alloy electro-deposited Ni
(heat treated 400TC)
Electroless plating(heat treated 400TC)
9%P alloy electro-deposited Ni
(heat treated 600TC)

99%P alloy electro-deposited Ni
(as deposited)

3%P alloy electro-deposited Ni
(as deposited)

Electroless plating(as deposited)

Electroless plating(heat treated 600T)
3%P alloy electro-deposited
(heat treated 600TC)

Duriton — 300
Monel metal
Cast iron, Ni resist — 200
Stainless steel
Nickel
Mild steel, Bronze — 100
Soft copper
Aluminum
i) = Fd4 2 oglont AUE MEFSE YAeE ol 44
FAN =Fo A-H71ed edge, screws HA  olch Fig.23& ‘1‘753“ 237 aEA7NEFY =
g P4e FAE =38 AL ArlEFAs 2 %"%”ﬂ% vrebd ﬁii 44 2o A% &
s2 2 3l

% £22E AL 4+ Uch
mould®) 734 A3 FAL 3%

E£3 die casting®
=g 3led ALE-3)

g
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Fig.22. Effect of Different 15 minutes Heat Treatments
on the Hardness and Wear Resistance of Boro-
hydride-reduced Electroless Nickel.'*”
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Fig. 23. Compoarison of Hard Chromium and Electroless Nickel Plating in the Threod Carners

a) Hord Chromium Plating
b) Electroless Nicke! Plating
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Table. 17. Examples of Electroless Nickel Applications for Corrosion Resistance.‘®V

Copting
Industry Part Basis material thickness

(mils)
Aircraft Clevis, lever 5334Alloy steel 0.5
Aircraft Drum shafts 245Aluminium 3.0
Aircraft Fitting 61S-T6 Aluminium 3.0
Aircraft Piston assembly 4130 Alloy steel 1.5
Aircraft Plunger 3312 Alloy steel 0.5
Aircraft Electric motor parts Carbon steel 0.5
Chemical Column support C-1141 Alloy steel 3.0
Chemical Filter Carbon steel 3.0
Chemical Valve 356-T6 Aluminium 3.0
Chemical Valve Carbon molybdenum, cast steel 5.0
Chemical Vessel Cast iron 5.0
Electronics Locating pin Hardened steel 0.2
Food processing Agitator blade Carbon steel 5.0
Food processing Centrifuge component Carbon steel 3.0
Food processing Drier manifold Cast iron 5.0
Food processing Filter Carbon steel 3.0
Food processing Heat exchanger Carbon steel 1.0
Food processing Pump Carbon steel 3.0
Tood processing Valves Cast iron 2.0,3.0
Instrument Gears Sintered iron 0.75
Liquefied petroleum Vlave discs Aluminium bronze 0.75
gas
Oil well Plunger 4130 Alloy steel 2.0
Paper Drum Cast iron 5.0
Printing Cylinder Cast iron 0.5
Printing Type beds Carbon steel 0.5
Soap Die parts v Carbon steel 2.0
Water softener Automatic valve Aluminium, brass, steel 0.5

components

General Chain belt parts Malleable iron 2.0
General Gas regulator parts Brass 1.0
General Instrument component Meehanite 5.0
General Steriliser shell Carbon steel 2.0
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General Tubes Stainless steels 3.0
General Valves Steel 1.0
General Valve Carbon steel 0.5
General Valve Cast steel 2.0

Table. 18. Corrosion Rate of Electroless Nickel Coatings in Various Environments.

(80)

) Temperature Corrosion Rate,4m/y
Environment
[§] Ni—104 %P Ni— 5 %B

Acetic Acid, Glacial 20 0.8 84
Acetone 20 0.08 Nil
Ammonia, 25% 20 16 40
Ammonium Nitrate, 20% 20 15 Very rapid
Ammonium Sulfate 20 3 3.5

Saturated
Benzene 20 Nil Nil
Carbon Tetrachloride 20 Nil Nil
Citric Acid, Saturated 20 7 42
Ethylene Glycol 20 0.6 0.2
Formic Acid, 88% 20 13 90
Phenol, 90% 20 0.2 Nil
Phosphoric Acid, 85% 20 3 Very rapid
Potassium Hydroxide, 50% 20 Nil Nil
Sodium Carbonate, 20 1 Nil

Saturated
Sodium Hydroxide, 45% 20 Nil Nil
Sodium Sulfate, 10% 20 0.8 11
Water, Distilled, 100 Nil Nil

N, Deaerated

i) WelkzAd %322 Ni-P, Ni- BF-As =23 #AAda2E

)

A 3o Fd Ax7 g1 B3 24
of ojall 4eds] Assinz aludiziel EHzlo
del Agsc 53 37 FFolds 47
319S A WA Helmgd S @A Fof
gtch, Table 19°%& A7]1Y4d, Ni-P, Ni-BF-A3
=37 AAagEsde WnlRA4 S vjag Roz
Ni-P, Ni-BEAH& =204 243 ulnr]e
AL 4 gl

air

=39 #elAd-g wlislwd Table20™ 7 7o}

v) Uy

Aetizdol] T o5 8 4¢ Y4He A
et I 4350 2 dgee
55000 psi®VP 2 A7l =9 o 2vlel] s|Hghch,
58 dFolEddol FAH YA=ZL uw Uz
HE 173ColA 1417 A2 deoz A o] ity
= Aoz deizgch
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Table. 19. Comparison of The Taber Abraser Resistance of Different Engineering Coatings.

(90)

Coating Heat Treatment Table Wear Index, MG/1000 Cycles(1)
Watts Nickel None 25
Electroless None 19
Ni—104%P

Electorless 400C /1hr 10
Ni—104-%P

Electroless None 9
Ni— 5 %B

Electroless 400°C /1hr 3
Ni—5 %B

Hard Chromium None 3

1) Taber Wear Index, CS-10 abraser wheels, 1000gram load, determined as average weight

loss per 1000 cycles for total test of 6000 cycles.

OO =

120,000

100, 000}

$0, 000}~

..60, 000

g in psi

40.000f

20,000

§ versus weight percent

phosphorus

0.018
0.01€6
0.014
0.0)2
0.010

0.008

o
4.0 5.0 6.0

7.0

9.006
8.0 9.0

wWeight percent phosphorus

Fig. 24. Effect of Phosphorus Content on Mechanical

Properties of As-plated Electroless Nickel

Alloys.'”

g in psi

Acid Alkaline
Sulfate Chloride
Bath Bath
A OA § versus weight percent
® OO o phosphorus
120, 000}~ AT
/ -~ -
{
{
100,000~ K )
H - -]
/ !
80,000}~ - /
e e & d L,
60,000 ~0.018
—10.016
L~
40,000 —10.014
=10.012
24,000 -10.010
-10.008
0.cce
4.0 5.0 6.0 7.0 8.0 9.0

Weight percent phosphorus

Fig. 25. Effect of Phosphours Content on M echanical

Properties of Electroless Nickel Alloys Depo-
sited from the Alkaline Chloride Bath and
Heat-Treated at 750C for 120min''®
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Table. 20. Comparison of the Properties of Borohydride and Hypophosphite Reduced Electroless Nickel and

Hard Chromium. *®

Expansion(22° ~100C)
Hm/m/C
Magnetic Properties

Tensile Strength, MPa
Ductility, % elongation
Modulus of Elasticity, GPa
Hardness, As-Deposited,
VHN 100
Hardness, heat Treated
(400C /1 hr), VHN 1o
Coefficient of Friction
vs. S teel(lubricated)
Wear Resistance, As-
Deposited, Taber,
mg/1000 cycles
Wear Resistance Heat
Treated(400C / 1hr), Taber,
mg/1000 cycles

Corrosion Resistance

Very weakly
ferro-magnetic
110
0.2
120
700

1200

Moderated

Non-magnetic
700
1.0
200
500
1100

0.12

18

Excellent

Borohydride Hypophosphite Hard
Property(1) Reduced Reduced Chromium
Deposits Deposits Deposits
Composition, 90Ni/5T1/5B 894-Ni/104-P 99Cr
Structure Partly Amorphous Crystalline
crystalline
Internal Stress, MPa 110 tensile 20 compressive 200 tensile
Density, g/ct 8.25 7.75 6.9—7.2
M elting point, C 1080 890 1610
Electrical Resistivity, 89 90 14—66
#0 —cm
Thermal Conductivity, —— 0. 08 0.67
W/ em—T
Coefficient of Thermal 12.1 12 6

Non-Magnetic
200
0.1

100—200
800—1000

0.16

2-3

Poor

(1) Properties are for coatings in the as-deposited condition,

unless noted.
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Table. 21. Comparative Estimated Costs for Deposition of 11b of Nickel.

2%

fixed costs electrolytic nickel electroless nickel
$40, 000 investment $3.00— 4.00 $3.00— 400
(amortized over 10 years)
labor costs 10. 00—12. 00 10. 00—12. 00
raw-material costs 1.50— 2.00 9.00—12.00
total cost $14.50—18.00 $22.00—28. 00




A =& (D

183

Table. 22. Present Markets for Electroless Nickel. Fig. 262 #d8) =23 4E25S 978 Hoz o
Aerospace % FF Fokel SEHL AUT & F Ut
Automotive 5% Fig. 27 & 65ft2] EF-5oll AbE-5= Aoz Wi
Electronic 95% & FAH =Fae] AMg-Eka ik
Food, Medical 5%

Machinery 10% de 2o AR

0il, Gas production 9%

Pumps, Valves 10% EAs 23S o] &t 2L Aol |u}e

Plastics 9% QAL FAAZ 4 AL H5Ae T FA

Printing 2% o= TZuuto] A4, g Edoz AlgEg]

Textile 29 et Aol Huto] EAL o] &= o] wol

Others 14% A glet B3 T8 =FE& 2449 753 o
: 254 £, 443, dotd 52 S4E ol

Table. 23. Growth Areas for Electroless Nickel®®

[ . Electronics
For solderability and corrosion resistance (connectors).
For wear resistance(rollers, trays).

4

)
)
3) Replacement for gold, silver, etc. (lead frame).
) Metalizing non-conductors {capacitors, resistors).
) Magnetic applications (memory discs).
II. Aircraft (Original Equipment and Overhaul Applications)

1) For corrosion resistance(stators, spacers).

2) For wear resistance (bearings, fuel lines),

3) For orazing(air seals).

4) For repair (heavy buildup).

. Power Generation

1) For corrosion resitance (turbine components, nuclear plants).

IV. Food and Medical Applications
1) Corrosion resistance (medical equipment, food processors).
2) Sanitary coatings (meat and candy processing) ..

V. Oil and Gas production
1) Corrosion resistance (tubes, pipes, valves, s parators).
2) Wear and abrasion resistance (valves).

V. Energy Conservation
1) Weight reduction (protecting light metals)

2) Friction reduction.
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Table. 24. Typical Applications of Borohydride-Reduced Electroless Nickel?”

Industry Type and Use of Parts Industry Type and Use of Parts
Aerospace | Hydraulic and fuel-line components Mining Hydraulic components for frame der-
and pressure tanks ricks, frame shields and other tim-
Automotive | Pad holders for disc brakes and bering and walling components ;con-
brake cylinders;synchromesh gears nectors and components for jetting
and lock components;piston rods, pumps
shock absorbers and steering assem-| Molding and| Molds and dies for plastics, con-
blies;mufflers, exhaust pipes and casting crete, glass and lens stamping;extru~
exhaust manifolds sion mold tubes and mold plates for
Chemical Valves, piping, connetors, immer- steel
siontubing, stirrers, extruders, Optical Parts for optical equipment and cam-
blenders, ventilators, granulators, era housings
grinding rolls and reaction vessels Pulp and Knife holder cover plates and abrad-
Electrical | Contacts, springs, magnets, contac- | paper ing plates for wood cutting and chop-
tor and relays, rotors for electric ping machines;fluted rolls, cutting
motors, solenoids and heating ele- blocks, knife carriers and glue ducks
ments for packaging equipment
Mechanical | Pistons and cylinders for electromag- | Textiles Combs, spools, nozzles, thread car-
equipment | nets;couplings and venturi tubes, riers, stretching pegs, spinning cable
valve parts;camshafts, gear wheels, feeds and parts for thread machines
filters and shafts;slotted screens; Weapons Barrels, lock components and break-
compressor, pump and turbine com- down frames for drop-barrel guns
ponets
&5k Eobrh Ausln ok A Pebrlez A AEAEFY ol o)4H E7) o] 14w
¥ ceramic, engineering plastic $°] 4o # o] 250} AEA}, ﬂx}"?‘ A4714 S
dAE 2T ool AN EFE WE 5 olgdHn ot
2 AU Aoz 47aeh oz sdolthps  Roz Fad £39 43453 2248 A
of e S £33 sotel ooy A5E o8 sl TP +9¢ dRon Atad B
S ol Jloise & 9 Jde 42453 o AR B ohdel £280) 45HelZ skl
F7HI7E B AdAEe Ud 9 zges og 5‘]"-}%4 f"é‘*‘i}% »’Jig of A} shod F4 3

EFee AYPIEIY, dokny Aoz o
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(A) PISTOM RING GROOVE (Bl nunﬂ-mrmnuim iC} PRESS {A) MILLING CUTTER (B) THREAD GUIDE (C} IMPELLER COMPRESSOR

CYLINDER (D) SHELL (£) COMPRESSION BLOWER ({F) COOLING COIL {1} MISCELLANEOLS GOODS (E} REACTING BATH (F} PLASTIC

(C) AUTOMOBILE RADIATOR (D} PLASTIC WORKI{IG TOOL {E) COMPRESSOR

CASING (F) PLATE CARRIER

Fig. 26. Practical Applications of Electroless Plating.
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Fig. 27. This 65-ft-long Fractionating Tower was Plated with 0.004 Inches of Electroless Nickel on

the inside Diameter.'*®
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