Zinc-nickel Plating for
Propellant Actuated
Devices (PADs)

Harry L. Archer Jr.
harry.archer@navy.mil
Development Branch




Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display a currently valid OMB control number.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED
SEP 2004 N/A -
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

Zinc-Nickel Plating for Propellant Actuated Devices (PADS) £b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Naval Surface Warfare Center, Port Hueneme Division, 4363 Missile REPORT NUMBER
Way, Port Hueneme, CA 93043-4307

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’'S ACRONY M(S)

11. SPONSOR/MONITOR'S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release, distribution unlimited

13. SUPPLEMENTARY NOTES

Published in the Proceedings of the Forty Second Annual SAFE Association Symposium, Held in the Salt

L ake City, Utah, September 27-28, 2004. SAFE Association, Post Office Box 130, Creswell, OR 97426-0130.
http://www.safeassociation.org. , The original document contains color images.

14. ABSTRACT

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17.LIMITATION OF | 18 NUMBER | 19a NAME OF
ABSTRACT OF PAGES RESPONSIBLE PERSON
a. REPORT b. ABSTRACT c. THISPAGE SAR 34
unclassified unclassified unclassified

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



Background

° Corrosion protection is critical to long term ejection seat
reliability and operation

* Cadmium plating is used extensively in Propellant
Actuated Devices (PAD) items

Pros v

¢ Good corrosion protection
« Thin enough for threads

*  Good lubricity

ns |

¢ Cadmium plater pool is drying up
¢ EPA regulates cadmium in air

¢ Cadmium toxic, carcinogen




Objectives

- Find a non-proprietary replacement, low toxicity, plating
that provides corrosion protection > existing cadmium
plating.

« Evaluate our low VOC painting system on the
replacement coating.

» Assure that cadmium replacement doesn’t induce
hydrogen embrittlement.

»  Qualify the replacement system.
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Cadmium Replacement Selection

» Zn-Ni got favorable reviews in our
extensive literature search

- Japanese automakers use Zn-Ni as a
cadmium replacement

° Zn-Niis not a proprietary coating

Surface Wartare Center Division
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Overview

» Test results

* Process development
*  Example components
o ()n-going work

* Lessons learned
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15" Phase Test Panels: Cadmium

Y Polyurethane MIL-C-85285B (Low VOC palnt)
Epoxy MIL P 53030 (Low

)7

% Low VOC paint

{ Low VOC primer

Hex-Chromate Conversion 7 | Hex-Chromate Conversion

Cadmium Plate Y Cadmium Plate

// S S S Aé)/sw/el/

4130/ 4340 Steel



1%t Phase Test Panels: Zinc-Nickel

.

Teflon® wat based gel )

Nickel Strike

\
/
7 i san)]

{ Low VOC paint
| Low VOC primer

Hex-Chromate Conversion | | Phosphate Conversion
Zinc-High Nickel \( Zinc-Low Nickel
Nickel Strike J___Nickel Strike

V77777777 77

4130/ 4340 Steel 4130 Sjeel ,
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Cadmium REeplacement Test panel Test Matrix Overview.

Control ZFinge - Nicksl
N £\ Tasts Bara Cadmium Cadmium Unpaintgd PADS Fainted
= Metal Platead Plated | chromate Teflon
- ' (ol i Coatea
| Surface Warfare Center Division Fainted ':'II.EB o -8
' Each number represents (3) Test Panals
a Wﬂrking 3 ]
Proparties
“ l le st b Surface Sama Sams .
Appearance abowe 1] abowvel
° o Coating Sama Sama
M atnx | anchorage aboval aboval
q| #dbesion 2 3 4 5 5
drv tape
a Zdhesion 3 e
Wet Tape
F Water 3 e
Immarsion
Temparaturs - ‘
d Cycling < 3 4 5 3
h REain Test 1,1 2.2 3.3 4 4 5. & &, &
i Humidity Sama Sama Sama sams Samsa Sama
Test aboval aboval aboval | abovell |abovel| abovel
3 Balt Fog Samell same 1l SameT samall samell samell
Chip
C . 2 3.3 4 = i '
k Rasistance . * &, &
Bend Test [

0.389"

&

Hydrogen
Embrittle-
ment

x 3.547 x 0.035% 4340 stesl Btrip Configuration
Three test strips per Test Typs

11
Mot
Painted
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T est Matrix Legend

a MIL-PRF-81352B Section 3.6
° b MIL-PRF-81352B Section 4.5.2
* ¢ FED-STD-141C, Method 6304.1
* d ASTM D3359
¢ e FED-STD-141C, Method 6301.2
« £ FED-STD-141C, Method 6011
* g MIL-P-83126A, Section 4.4.2.13
°* h MIL-P-83126A, Section 4.4.2.14.1
° 1 ASTM D2247-99, and MIL-P-83126A4,

Section 4.4.2.14.2
J ASTM G85 ANNEX 5
¢+ k ASTM D3170
1 ASTM D522 or ASTM D4145

* m Use Dipsol Gumm Ventures test for
BS EN 2831: 1993

INDIAN HEAD
Surface Warfare Center Division



1t Phase Test Panels:
Environmental 4130 Steel

e 37 ey
o 7y
6”
% 1
_ Vv
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Results: 120 Day Salt Fog Test

Cadmium Plated per Zinc - 9% to 13%
MIL-STD-870, Type II, Nickel Plated per
_ Class 1 ASTM B841-94, Class 1
NAVSEA I —
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Results: 120 Day Salt Fog Test

, .

38

o = possible imperfections in coating

Cadmium Plated: Zinc - 5% to 7% Nickel per
MIL-STD-870, ASTM B841-94, Class 1\ Zinc
Type II, Class 1, Phosphate Conversion Coat

Standard Prime and Paint After Plating
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DIPSOL-GUMM Ventures
Hydrogen Embrittlement Testing

Test Panel
(1)

Hydrogen Embrittlement (%)= 100*(X0-X)/X0

* Test Panel Dimensions

10mm | - Thickness: 0.9%mm
* -~ .| Material: 4340 Steel
100mm

Xo: Standard unplated panel movement
before break
X: Plated panel movement before break

HE
| Sudace Warfare Center Division



2" Phase Hydrogen
Embrittlement Test Specimens

* 1% Phase no stress relief after machining
and heat treating

» 2" Phase stress relieved per ASTM B 849-
94 after heat treating

s
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Hydrogen Embrittlement %
Results

Control Cd Type | Zn-12%Ni1 | Zn-12%Ni1 | Zn-6%Ni
[1, CCC CCC PTFE
No Stress N/A 7% 16% 12% 6%
Reliet (9% max) | (5% max) | (5% max) | (5% max)

w/ Stress
Rehef

No Stress
Relief

<No Breakage =2

w/ Stress
Rehef

o
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Liner Bond In Tension (BIT)
Testing

*4340 Steel —
*MK 109, MK 79 e\
*CKU 5B/A A

MK 18/12 /
*CKU 5C/B

4340 Steel
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three (3)

CKU 5C & 5B/A liner 4340 Steel BIT pull test
temperature cycles from 165°F to -65°F @ 7 hr. intervals
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Descaling and Cleaning




SEA

i T —
AN HEAD

Surface Warfare Center Division

—>

Descale per
MIL-S-5002
Amendment 2

Ly
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B 322. Process
shall not release
ODS into
atmosphere

Descaling and Cleaning

Clean per ASTM

L

Rinse: Unit shall
pass ASTM F 22
water break test




Nickel Strike
v

Immediately apply .00005 to

Immediately deionized |-0001 Nickel-Phosphorus coating

water rinse without water
breaking on the surface

"|per ASTM B733-97 Type V, Class
one on all surfaces.

e

* Minimize oxidation after activating metal surface

77\ Minimize oxidation of nickel strike surface
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Immediately deionized Immediately

hd ® water Rinse without water —» ?ecélevi?/teezsiﬁ:;fan(i::ktec:
ln C l C e breaking on the surface (i.e., HCL solution)

v

Immediately Deionized Painted Immediately plate with 9% to 13%
water Rinse without water surface? Nickel and the remaining zinc per
breaking on the surface ) ASTM B841-94, Class One.

INDIAN HEAD
Surtace Warfare Center Division
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Trivalent Chromate Conversion

Coating

INDIAN HEAD
Surace Warfare Center Division
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Deionized
water Rinse

Yy

Stress Relieve Bake
per ASTM B 849 -
94 while minimizing
oxidation as much
as possible

»

Within three hours, conversion
coat with trivalent chromate
conversion coating (see navy
patent 6,527,841 / 6,663,700)

;1 ,
} ( Done )




Zinc Phosph,
Painted Sur

Immediately
activate surface to
receive zinc nickel
(i.e., HCL solution)

Immediately
deionized water
Rinse without
water breaking on
the surface

Painted
surface?

Yes
v
Immediately plate with 5% to Stress relieve bake per Conversion coat
7% Nickel and the remaining .| Deionized ASTM B 849 - 94 while| with zinc
zinc per ASTM B841-94, water rinse minimizing oxidation as phosphate per
Class One, Grade Two. much as possible ASTM D2092. A :
Coat appropriate
surface that require

Apply primer adhesion promoter: Iu;r;gﬁ&;,;gggxges

- - Mask Approved: 5% solution of threads, etc) with PTEE

Paint after Prime appropnate.surfgces per P appropriate Epoxylink™ JohnsonDiversey, resin per AMS 2515E.

MIL-DTL-85097 with primer peri« o . . < :

assembly? MIL-P-52020A(2) surface(s) Inc. or low toxicity adhesion AMS 2515E primer use
from paint promoter that won't blisters under and preparation Section

humidity 3.3.1 and Section 3.3.2

No Yes are only advisory or dry

. . Mask film lube as per SAE
Paint appropriate Ship to appropriate Paint appropriate AS1701C
surfaces per paint per Assemble —»| —» surfaces per paint per -b.‘m
MIL-PRF-85285 Assembler fsrgr:,‘;z(;i MIL-PRF-85285

INDIAN HEAD
Surtace Warfare Canter Division



Paint Adhesion Promoter

Must not contain hexavalent chrome.

Must promote adhesion between zinc-phosphate and paint
primer so that the paint won’t blister under humidity.

— JohnsonDiversey EpoxyLink® adhesion promoter has
been qualified by the US army for use on gun barrels.

Must not significantly reduce corrosion resistance of
unprimed/unpainted part.

470



Zn-Ni Process Summary

Strip or Machine part Pa;nt
: Prime
Embrittlement Relief Bake
Apply Primer Adhesion
Preserve for Shipping Pr on;oter
Lubri ; Lubricate and Mask as
ubricate ;s required Descale and Clean Required
5
Trivalent Chromate Zinc Phosphate
Conversion Coat Conversion Coat

Embrittlement Relief Bake Embrittlement Relief Bake

Painted
Surface?

Low Nickel Zinc Plate

Surface Warfare Canter Division
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Process Advantages

* Consistent part preparation

* Equivalent process for new or reworked parts
* Process different for painted parts

e

Surdace Wartare Center Division
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Test Underway

* Low toxicity paint adhesion promoter
*Quick primer application adhesion promoter
° Trivalent conversion coating salt fog testing

L

Surface Warfare Center Division




2"d Phase Testing Preliminary
Results 65 Days Salt Fog

12%Nickel

Nlckel Strike

[
[ o' ////J
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2"" Phase Preliminary Results
65 Days Salt Fog

( Low VOC paint -
{ Low VOC primer in 48 hrs
: ) Phosphate Conversion

| Zinc-5%Nickel

Nickel Strike

el 7 el )
= 4130 Steel
e ——
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2" Phase Preliminary Results
65 Days Salt Fog

{ Low VOC paint

{_Low VOC primer
| Tri-Chromate Conversion
1 [ Zinc — 5%-9% Nickel

- Nickel Strike

il s s




Lessons Learned

+ Preparation.

— Stress relieving before plating is vital to
preventing hydrogen embrittlement.

— Baking after zinc-nickel or cadmium plating
i1s not effective in removing hydrogen
embrittlement if there is no stress relieving
before plating.

« Cleaning.

— Stress relief oxide is effective in preventing
corrosion during temporary storage.

— Stress relief oxide is effectively removed using
a low toxicity descaler.

e

| Sudace Warfare Canter Divigion



Lessons Learned (Cont.)

* Nickel strike.

— Exposure to oxygen must be minimized to
assure good zinc-nickel adhesion.

* Conversion coating.

— Trivalent chromate conversion coating is a
viable low toxicity alternative to hexavalent
chromate conversion coating.

» Primer adhesion.

— A primer adhesion promoter or quick priming is
vital to prevent blistering on a zinc phosphate
conversion coat surface under high moisture.

— Important to select an adhesion promoter that
doesn’t significantly reduce zinc phosphate’s
corrosion protection.

478



Conclusion

« Upon successful completion of this test
program, we should have a qualified non-
proprietary replacement surface coating
system that doesn’t induce hydrogen
embrittlement for all of our PAD and
most of our CAD items.
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