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Background 

Pros 

Corrosion 
reliability 
C a d m i u m  plat ing 
Actuated Devices 

,/ 

protect ion is critical 
and  operat ion 

to long term ejection 

is used  extensively 
(PAD) i tems 

in Propellant  

Good corrosion protect ion 
Thin enough for th reads  
Good lubricity 

_ _  

o C a d m i u m  plater  pool is drying up 
o EPA regulates  c a d m i u m  in air 
~,~o C a d m i u m  toxic, carcinogen 

seat  



Objectives 

o Find a 
tha t  provides 
plating. 

o Evaluate  our 

non-propr ie ta ry  replacement ,  low toxicity, plating 
corrosion protect ion _> existing c a d m i u m  

low VOC paint ing system on the 
rep lacement  coating. 
Assure  tha t  c a d m i u m  rep lacement  
hydrogen embri t t lement .  
Qualify the rep lacement  system. 

doesn ' t  induce  



C a d m i u m  R e p l a c e m e n t  Se lec t ion 

@ 

@ 

@ 

Zn-Ni,got  favorable  reviews in our  
ex tens ive  l i t e r a tu re  s e a r c h  

J a p a n e s e  a u t o m a k e r s  u s e  Zn-Ni as  a 
c a d m i u m  repl~acement 

Zn-Ni is n o t  a p rop r i e t a ry  coa t ing  



O v e r v i e w  

o Test results 

~o Process d.evelopment 

Example components 

On-going work 

Lessons learned 



1 ~t Ph  as e Tes t  P a n  els: Ca dm iutn 

Polyurethane MIL -C-85285B (Low VOC paint 

/ 4130 Stee 
/ / / /  , 

Hex-Chromate Conversion 
Cadmium Plate 

Low VOC paint 
Low voc,,primer,, , 

Hex-Chromate Conversion 
Cadmium Plate 

413 0/4340 Steel 413 0 Steel 



• • • 

l ~t P h a s e  Test  P a n  els : Z in  c -Ntcke l  

Teflon® water based 
Zinc-Hi Nickel 
Nickel Strike 

gel ] 

4130/ 4340 Stee 

Hex-Chromate Conversion 
Zinc-High Nickel 
Nickel Strike 

Low VOC paint 
Low VOC primer 
Phosphate Conversion 
Zinc-Low Nickel 
Nickel Strike 

413 0/4340 Stee 413 0 Steel 



Surface Warfare Center Division 

T e s t  
Matr  
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Test Mat r ix  L e gen d 
a MIL-PRF 81352B Section 3.6 

b MIL-PRF-81352B Section 4.5.2 

0~ c FED-STD-141C, Method 6304.1 

ASTM D335 9 o d 

e FED-STD-141C, Method 6301.2 

f FED-STD-141C, Method 6011 

g MIL-P-8312 6A, Section 4.4.2.13 

h MIL-P- 8312 6A, Section 4.4.2.14.1 

i ASTM D2247-99, and MIL-P- 8312 6A, 

Section 4.4.2.14.2 

0i0~ j ASTM G85 ANNEX 5 

{~ k ASTM D3170 

0: 1 ASTM D522 or ASTM D4145 

m Use Dipsol Gumm Ventures test for 

BS EN 2831: 1993 



1st P h a s e  T e s t  P a n e  ls: 
E n v i r o n m e n t a l  4 1 3 0  S t e e l  

0 © 

6 
~ 



Results: 120 Day Salt Fog Test 

C a d m i u m  P l a t e d  per  
MIL-STD-870,  Type  II, 
Class  1 

Z i n c -  9% to 13% 
Nickel  P l a t ed  per  
ASTM B841-94 ,  Class  1 



Res ults: 120 Day Salt Fog Test 

C a d m i u m  Plated:  
MIL-STD-870, 
Type II, Class 1, 

Z i n c -  5% to 7% Nickel per  
ASTM B841-94,  Class 1\ Zinc 
P h o s p h a t e  Convers ion  Coat  

S t a n d a r d  Pr ime  and  Pa in t  After  P la t ing  
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DIPS OI~ G UMM Ve n t u  r e s  
H y d r o g e n  E m b r i t t l e m e n t  T e s t i n g  
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2 .  u P h a s e  H y d r o g e n  

E m  b t i t t le  tnen t Test  Sp e cim en s 

@ 

@ 

1 st Phase no stress relief after machining 
and heat treating 

2 nd Phase stress relieved per AS TM B 849- 
94 after heat treating 



Hydrogen Em b rittlem en t % 
Results 

No Stress 
Relief 

w/Stress 
Relief 

Control 

N/A 

Cd Type 
II, CCC 

7% 

(5% max) 

Zn-12%Ni 
CCC 

16% 

(5% max) 

Zn-12%Ni 
PTFE 

12% 

(5% max) 

Zn-6%Ni 

6% 

(5% max) 

(--No Breakage --) 
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w/Stress 

............................. i 
i::igii::i:: F: ................ 
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No Stress 

Relief 



Liner  B o n d  In Tens ion  (BIT) 
Te'sting t 

°4340  Steel 

• M K  1 0 9 ,  M K  ~ ~  . 

oCKU 5 B / A  

• M K  1 8 / 1 2  " ' 

• -CKU 5 C / B  

°4340 Steel 



CKU 5C & 5B/A liner 4340 Steel BIT pull test: three (3) 
temperature cycles from 165°F to-65°F @ 7 hr. intervals 
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Descalin g and Cleaning 



Descalin g and Cleaning 
Clean per ASTM 

per Rinse: Unit shall Descale B 322. Process 
- -~MIL-S-5002 shall not release pass ASTM F 22 

|Amendment 2 ODS into water break test 
atmosphere 



Nickel Strike 
Immediately deionized 
water rinse without water 
breaking on the surface • t  Immediately apply .00005 to 

.0001 Nickel-Phosphorus coating 
per ASTM B733-97 Type V, Class 
one on all surfaces, 

Activate surface to 
receive nickel (i.e., 
HCL solution) 

1 

Minimize oxidation after activating metal surface 
_ . . 

• • • • • • • 

Minimize oxidation of nickel strike surl~ace 
~:~:~%~:~:~:~:~:~:~*~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~:~ :~:~:::& ~::~:::::~#:,:::::~:::~:::~::~::::~,::~: :~=~:~ ::~.: ~.: ~ :.:.: :.~:::~.:~.;: :::.:: ......................................................... :,.: .:. : . , . : . :  ..................................... : . :  ...................................................... : .  . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  . . . .  



Zinc Nickel 
Immediately deionized 
water Rinse without water 
breaking on the surface 

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

Immediately Deionized 
water Rinse without water 
breaking on the surface 

Immediately plate with 9% to 13% 
Nickel and the remaining zinc per 
ASTM B841-94, Class One. 

• • : . • 



Trivalen t Chromate Conversion 
Coating Deionized 

water Rinse 

I 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) 

~Done  ~'~ 



Zinc Phosp, 
Painted 

Immediately 
deionized water 
Rinse without 

water breaking on 
the surface 

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

Yes 
V 

Immediately plate with 5% to 
7% Nickel and the remaining 

zinc per ASTM B841-94, 
Class One, Grade Two. 

Deionized 
water rinse 

Stress relieve bake per 
ASTM B 849- 94 while 
minimizing oxidation as 

much as possible 

Conversion coat 
with zinc 

phosphate per 
ASTM D2092. 

N 

Paint appropriate 
surfaces per paint per 

MIL-PRF-85285 

Prime appropriate surfaces per 
MIL-DTL-85097 with primer per 

MIL-P-52020A(2) ,1• 
Mask 

appropriate 
surface(s) 
from paint 

Mask 
_ _ ~  Ship t o ~  appropriate 

- ~ssembler~ "1 Assemble surface(s) 
from paint 

Apply primer adhesion promoter: I 
Approved: 5% solution of [ Epoxylink TM JohnsonDiversey, .. 

Inc. or low toxicity adhesion I" 
promoter that won't blisters under ] humidity 

t ~  Paint appropriate 
surfaces per paint per 

MIL-PRF-85285 
-- Oon© 

Coat appropriate 
surface that require 

lubricity (i.e., Iockwires 
or Iockwire grooves, 

threads, etc) with PTFE 
resin per AMS 2515E. 

AMS 2515E primer use 
and preparation Section 
3.3.1 and Section 3.3.2 
are only advisory or dry 

film lube as per SAE 
AS1701C 



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. 



Zn-Ni Proces s  S u m m a r y  

Lubricate as required 

Trivalent .Chromate 
Conversion Coat 

se 

"1 Strip or Machine part 

Preserve for Shipping 

Lubricate and Mask as 
Required 

i .... ======================================================= ..................... ~:`:`:~:`:;~:;:;:;:.:~:~:;:~:~:~:`~:~:;:~:~:~:~:;:~;:~:;:~;:;::~::~:::::::~:~`:~:~:~;:;:;:;~:;:~;:~:~:~:~ ............................... | 
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4, 

Paint 

Prime 

Apply Primer Adhesion 
Promoter 

Zinc Phosphate I 
Conversion Coat 

+ 

l 
Painted 

Surface? 



Process Advantages  

® 

Consistent part preparation 

Equivalent process for new or reworked parts 

Process different for painted parts 



Test Underway 

o Low toxicity paint adhesion promoter 

'~ Quick primer application adhesion promoter 

0~ Trivalent conversion coating salt fog testing 



2 ~ a Ph as e Test ing Pre l im in a ry 

Result,~¢ 65 Days  Sa, lt F o g  

Nickel Strike 

413 0/4340 Stee 



2 ~ a P h  as e P r e l i m  in a ry R es u Its 

65 D a y s  S a l t  F o g  

Low VOC paint 
• i i!ii~i~i~i!7i~iii~iii~ii~i~!iiii~i~i~i~i~i~ii~i!i::~i~i~iii~i~iiiiiiii!~!:::`::~::~::~::~i~i~i~i~i~i~iiii~i ::::~''~',ili~iiiiii~iiiiii',i'~i!iii ~,iiiiiiiiiii:,i',iii',i~:iiiii::ililiiii!!iiii! 

Low VOC prlmer{ili~~ ~8i ~s  
i!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!! ! 

Phosphate C0nversion 
Zinc- 5 %Nickel 
Nickel Strike 

413 0 Steel 



2" a Ph  as e P r e l i m  in a ry R es u Its 

65 D a y s  Sa l t  F o g  

~iiiiii~J~!~!!i~!Ji~iiiiiiiiiii;i!!!;!~a~~i~!!!!!!!~!;!!!!!!!!!!!!~!!!~!~!!~!~i~!!~!!!iiii~ 

Low VOC pa.~nt 
Low VOC primer 

P 

Trl-Chromate Conversion 
Z inc -  5%-9% Nickel 

Nickel Strike 

413 0 Steel 



L e s s o n s  L e a r n e d  

Preparation. 
Stress relieving before plating is vital to 
preventing hydrogen embritt lement.  
Baking after zinc-nickel or cadmium plating 
is n o t  effective in removing hydrogen 
embri t t lement  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. 



L e s s o  n s  L e a r n e d   Cont.  
o Nickel strike. 

Exposure  to oxygen m u s t  be minimized to 
a s s u r e  good zinc-nickel  adhes ion .  

Convers ion coating. 

Trivalent ch roma te  conversion coating is a 
viable low toxicity al ternat ive to hexavalent  
ch roma te  convers ion coating. 

Pr imer  adhes ion.  

A pr imer  adhes ion  promoter  or quick pr iming is 
vital to prevent  bl is tering on a zinc p h o s p h a t e  
conversion coat surface u n d e r  high mois ture .  

Impor t an t  to select an adhes ion  promoter  tha t  
doesn ' t  significantly reduce zinc phospha te ' s  
corrosion protect ion.  



C o n c l u s i o n  

@ Upon success fu l  comple t ion  of this  tes t  
program,, we shou ld  have a qualified non-  
p ropr ie ta ry  r e p l a c e m e n t  sur face  coat ing 
sys t em t h a t  doesn ' t  i nduce  hydrogen  
e m b r i t t l e m e n t  for all of our  PAD and  
too-st of our  CAD i tems.  



Acknowledgement 
~o John  Goodwin, NSWC 

@ 

Diane Sabal, N SWC 

Regis Conrad, Carderock  

Richard Y. Park, Carderock 

o Joseph  T. Menke, U.S. Army rock 

Wayne J. Powel, concurrent  
(CTC) (Formally of Polyplex) 

Susan  van Scoyoc (Brandick), 

Shawn Blough, CTC 

Jeff Adams, AMZ plating 

Crag 

island arsenal 

technologies corporation 

CTC 

Matzdorf, NAVAIR Patuxent river 


	MAIN MENU
	MAIN MENU

	01: 447
	02: 448
	03: 449
	04: 450
	05: 451
	06: 452
	07: 453
	08: 454
	09: 455
	10: 456
	11: 457
	12: 458
	13: 459
	14: 460
	15: 461
	16: 462
	17: 463
	18: 464
	19: 465
	20: 466
	21: 467
	22: 468
	23: 469
	24: 470
	25: 471
	26: 472
	27: 473
	28: 474
	29: 475
	30: 476
	31: 477
	32: 478
	33: 479
	34: 480
	a: 
	b: 
	c: 
	d: 
	e: 
	f: 
	g: 
	h: 
	i: 
	j: 
	k: 
	l: 


