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Apply to the Pressure Vessels of Electroless Plating
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This paper presents the fundamentals and characteristics of electroless plating, as well as
its application to pressure vessels all of which will help to understand various technical
problems associated with electroless nickel plating and its application to pressure vessels.
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Table 1 Conditions for electroless nickel plating bath

R Type of bath

o | Acidic bath® | Acidic bk Ammonium. | Cavstic
Sulfuric acid (Nickel chloride)] 0.08 mol/e 0.1mol/¢ 0.1mol/e 0.1mol/¢
Sodium acetate - 0.2 — —
Lactic acid — - - -
Plopionic acid 0.3 - — —
Sodium citrate 0.03 0.05 0.2 0.2
Sodium hypophosgphite — 0.15 0.2 0.2
Boric acid — — -— 0.5
Ammonium sulfate (Chloride) — - 0.5 —
Thiourea 3~5 ppm — —

pH 4.5~5.5 5.0~5.5 |8~9(NH;OH)| 8~9(NaOH)
Temp. (°C) 90 %0 %0 %0

g2 x ﬁ%% Ni-P - EEOUEES =y 7 VD 520D

Table 2 Physical properties of electroless Ni-P film in
comparison with electro-nickel plating

Electroless Ni-P Electro Ni-P
Composition Ni 89~91 9%, P9~119; Ni 99.5%
Structure Non-crystalline Fine crystalline
Fusion point 890 °C 1450°C
Electrical resistance 60 pf2/cm Approx. 8.5 #2/em

Thermal conductivity
Expansion coefficient

0.010 5 cal/cm/sec/°C —
13X 10~%m/cm/°C —

Reflection factor 49~50 % -—
Specific gravity 7.9 7.7
Hardness As plated at 50050 Hvy | 150~250 Hv normal bath
After heat treatment "
7 at 102550 Hy 400~500 Hv gloss bath
Adhesion to iron 3 500~4 900 kg/cm?® 3500~4 200 kg/cm?

: 10~30 % normal bath,
Elongation 8~6% 5~15% gloss bath
Abrasion resistance 13.7 14.7
Stress Compression Tension

i il i i Disappears in thickess
Porosity Mil in thick of 0.005mm 0,005 mm
Magnetic factor 4.0% 37.5%
Homogeneous deposition +10 % max. Unfixed
Fine homogeneous deposition Good Bad unless additive is added

Plating rate Approx. 0.025 mm/h 0.025mm/h at 2A/dm?2
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Fable 3 Corrosion resistande of electroless nickel®’

Corrosive liquid - Temperature Immersion Aeration ):}5&) nﬁ?;’e;:f')‘y):a'r Corrosive Liquid Temperature Immersion Aeration ]igzﬁ, ﬁ?geg";:;r
“Kanigen,”™* a5 Deposited Petroleum, sour crude R T No 2 0.001
et e Rosin size : Concentrated 194F (90C) reflux T No 3 0.01
Acetylene bromide R T (b) No 3 No attack 50 percent 194F (90C) reflux T No 3 0.06
Amyl alcohol ‘R T No 24 No attack Sodium : Cyanide, 5 percent R T No 4 0.5
Benzole R T No 24 No attack Hydrosulfide, 40 percent R T Yes 20 Slight weight gain
Benzy! acetate R T No 24 No attack Hydroxide, 72 percent 240F (116C) reilux T No 16 0.07
Carbon disulfide R T No = 21 No attack Stearic acid 158 F (70C) T No 4 0.02
Carbon disulfide and water R T No ‘21 No attack Sulfuric acid : 1 percent R T No 4 1
Zobalt linoleate R T No 16 No attack 5 percent R T No 1 1
Slucose R T No 16 No attack Tall oil, crude R T No 12 0.03
([soamylocty! orthophosphate, 75 percent R T No 3 No attack Tall oil, refined R T No 32 0.02 .
Methyl alcohol R T No 24 No attack ‘Tanning solution (Koreon) R T No 3 0.05
Naphtha, odorless R T No 3 No attack Thionyl chloride, anhydrous R T No 3 0.03
Petroleum white oil R T No 3 No attack Urea, 25 percent R T Yes 16 0.05
Photographic : Developer R T No 4 No attack Urea, saturated R T Yes 16 0.05
‘Hypo’ solution R T No 4 No attack Water, chlorine: 5 ppm Cl, R T No 4 0.02
Refinery brine solution R T No 23 No attack 10 ppm Clg R T No 4 0.01
Sodium : Carbonate, 10 percent R T No 4 No attack Water, deionized . R T Yes 12 0.02
Hydroxide, 10 percent R T No 4 No attack Water, deionized 120F (49C) reflux T No 12 0.01 .
Bcetic acid, 5 percent R T No 4 0.8 Water, deionized 180F (82C) reflux T No - 12 Slight weight gain
Acetic acid, 5 percent R T Yes 4 6.0 Water, distilled R T No 4 0.03
Acetone R T No 16 0.003 Heat Treated at 1380F (750C)
8cetylene bromide, 1 percent water R T No 3 Slight weight gain _—
Ally] chloride R T No 24 0.0 Acetic acid : 5 percent R T  Yes 20 0.9
Aluminum sulfate, saturated R T No 4 0.3 10 percent R T No 16 0.2
Ammoniated ammonium : Nitrate R T No 16 0.3 10 percent R T Yes 8 1
) Nitrate vapor R T No 16 0.3 50 percent R T No 20 0.2
Smmonium : 50 percent R T Yes 8 2

Chloride saturated, 30 percet N R T No 16 0.2 glacial R T No 20 0.02

Hydroxide, 30 percent NHg R T No 4 2.8 glacial R T Yes 8 1.

Phosphate, 5 percent R T No 4 0.7 Ammoniated ammonium :

Sulfate, saturated R T No 20 0.05 Nitrate R T No 12 0.03

Sulfate, 5 percent R T Yes 8 1.2 Nitrate vapor R T No 16 0.3

Sulfite, saturated R T No 20 0.02 Ammonium : .

Thiocyanate R T No 20 0.2 Hydroxide, 30 percent NHg R T No 29 0.06
Amyl acetate R T No 24 0.002 Hydroxide, 30 percent NH3 R P> No 24 0.2
Amyl chloride R: T No 24 0.01 Nitrate, 63 percent R T No 28 0.1
Aniline hydrochloride, saturated R T No 16 0.5 Nitrate, 63 percent " R T No 24 0.01
3eer R T No 4 0.2 Sulfate, saturated R T Yes 20 0.02
3enzyl alcoho| R T No 28 0.004 Sulfate, 5 percent R T Yes 20 0.09
3enzyl chloride R T No 16 1 Beer R T No 4 0.008 |
3lack liquor skimmings R T No ‘12 0.01 Calcium chloride : 48.5 percent R T No 32 0.001
3oraxo, saturated R T No 32 0.1 48.5 percent R T Yes 20 0.01
3oric acid R T No 8 0.5 Ethylene glycol Standard corrosion test 3 0.03
Calcium chloride : 48.5 percent R T No 32 0.008 Formaldehyde : 37 percent R T No 28 0.007

48.5 percent R T Yes 32 0.04 37 percent R P} No 24 0.012
Carbon tetrachloride . R T No 32 0. 005 HCI solution: pH 1.5 R T Yes 8 3.
ety! alcohol, molten 160F T No 8 0.008 pH 2.0 R T Yes 8 0.6
Citric acid, 5 percent R T No 16 0.03 pH 2.5 R T Yes 12 0.6
Citric acid, 5 percent R T Yes 8 0.07 pH 3.0 R T Yes 12 0.2
Cresylic acid R T No 16 0.002 pH 3.5 R T Yes 32 0.09
Jetergent solution, 5 percent (Tide) R T No 4 0.04 pH 4.0 R T Yes 32 0.02
Jibuty! phthalate R T No 8 0. 006 Lactic acid : 45 percent R T No 32 0. 009
Jiphenyl, molten 160F T No 8 0. 009 45 percent R T Yes 16 0.8
Ithy! alcohol R T No 24 0.007 80 percent R T No 32 0.006
Fluorophosphoric acid R T No (12 days) 2, 80 percent R T Yes 16 0.2
Formaldehyde Y R T No 16 0.2 Phosphoric acid, 85 percent R T No 28 0.008
asoline R T No 4 0.02 Sodium : Hydrosulfide, 40 percent R T Yes 24 Slight weight gain
ACI solution : pH 1.5 R T No 4 1. v Hydroxide, 72 percent 240F (116C) reflux T No 24 0.4
pH 1.5 R T . Yes 4 5. Sulfuric acid: 1 percent R T Yes 8 2.
pH 2.0 R T No 4 0.9 5 percent R T No 16 0.4
pH 2.0 R T Yes 12 3. 5 percent R T Yes 4 2.
pH 2.5 R T No 4 0.3 Urea, 25 percent R T Yes 16 0.009
pH 3.0 R T No 4 0.1 Urea, saturated R T Yes 16 0.008
pH 3.5 R T No 4 0.07 Wine, sherry Refrigerated T No 32 0. 004
pH 3.5 R T Yes 4 0.4 Zinc ammonium chloride 230F (210C) reflux T No 4 2.
pH 4.0 R T No 4 0.05
pH 4.0 R T Yes 10 0.1 *Trademark, General American Transportation Corporation
‘nsectisol R T No 3 0. 008 (@ R, room temperature, 65 to 85 F (149 to 185 C)
_actic acid : 45 percent R T No 16 0.1 (b) T, total immersion.
45 percent R T Yes 4 2. (©) P, partial immersion.
80 percent R T No 32 0.05
80 percent R T Yes 8 0.7
_emon juice : Canned R T No 1 0.2

-+0.1 percent sodium benzoate R T Yes (23 days) 0.9
Jleic acid R T No 10 0.008
Jrange juice, canned R T No 4 0.01
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Table 4 Process and work procedures

Process

Work procedures and remarks

Surface preparation
(Polymerizing vessel)

Apply shot blast equivalent to SPC 5,
SSPC Standard.

Afterward, grind nozzle welds for finish.

Preparation for plating

Install operation pedestal, pumps and tanks.
Perform piping, insulating, electric and
scaffolding work.

Perform leak test by test run with water
followed by additional tightening, if
necessary.

Suspension of plating liquid and adjustment
of acid liquid.

Operation and heating
of boiler

Heat polymerizes vessel and plating basin
up to 80~90°C.

Washing with water

Carefully wash portions to be plated with
water.

If grease is found during washing operation,
add deoiling process to remove grease.

Acid treatment

Perform acid treatment at temperatures a
below 50°C at lower concentrations in a
short time.

Washing with water

Continue washing with water until acid
is completely removed, confirming with
PH test paper that acid is not present.

Plating

Perform plating for 2~3 hours per batch
by controlling temperatures at 80~95°C,
PH at 4.5~4.8 aand Ni concentration at
4.5~4.8g/1.

Wahing

Continue washing wath water until plating
liquid is completely removed, confirming
with color that liquid is not present.

Alkali treatment

Perform washing with low-concentration
alkali.

Washing with water

Drying

Dry with air (7 K air)

Inspection

Visually inspect internal surface through
nozzle.

Washing with water
of attached apparatuses
after diassembly

Wash plating apparatuses with nitric acid.
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Photo. 6 Status of electroless Ni-
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Capac1t3&\(/ig)reacter Namber of units | Date of delivery
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