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1. SCOPE: 

1.1 Purpose: 

This specification covers the engineering requirements for electrodeposition 
o f  a zinc-nickel alloy and the properties of the deposit. 

1.2 Application: 

This plating process has been used typically to provide corrosion resistance 
t o  steel parts which may operate up to 900 O F  (480 OC) (Type l)? or up to 
350 OF (177 "C) (Type 2), and requiring essential freedom from hydrogen 
embrittlement, but usage is not limited to such applications. 

C1 assi f i cati on : 1 . 3  

Plating covered by this specification is classified as follows: 

Type 1 - As-plated without supplementary treatment 
Type 2 - As-plated with supplementary chromate treatment 

1.3.1 Unless a specific type is specified, Type 1 shall be supplied. 

1 . 4  Safety - Hazardous Materials: 
While the materials, methods, applications, and processes described or 
referenced in this specification may involve the use of hazardous materials, 
this specification does not address the hazards which may be involved in such 
use. 
the safe and proper use o f  any hazardous materials and t o  take necessary 
precautionary measures to ensure the health and safety o f  all personnel 
i nvol ved. 

It is the sole responsibility of the user to ensure familiarity with 
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2. APPLICABLE DOCUMENTS: 

The following publications form a part o f  this specification to the extent 
specified herein. The latest issue of SAE publications shall apply. The 
applicable issue of other publications shall be the issue in effect on the 
date of the purchase order. 

2.1 SAE Pub1 ications: 

Available from SAE, 400 Commonwealth Drive, Warrendale, PA 15096-0001. 

AMS 2759 Heat Treatment, Steel Parts , General Requirements 

2.2 ASTM Publications: 

Available from ASTM, 1916 Race Street, Philadelphia, PA 19103-1187. 

ASTM B 117 Salt Spray (Fog) Testing 
ASTM 8 487 Measurement of Metal and Oxide Coating Thicknesses by 

Microscopical Examination of a Cross Section 
ASTM B 499 Measurement of Coating Thicknesses by the Magnetic Method: 

Nonmagnetic Coatings on Magnetic Basis Metals 
ASTM 8 504 Measurement o f  Thickness of Metallic Coatings by the Coulometric 

Method 
ASTM 8 568 Measurement of Coating Thickness by X-Ray Spectrometry 
ASTM E 290 Semi-Guided Bend Test for Ductility o f  Metallic Materials 
ASTM E 376 Measuring Coating Thickness by Magnetic-Field or Eddy-Current 

ASTM F 519 Mechanical Hydrogen Embrittlement Testing o f  Plating Processes and 
(El ectromagneti c) Test Methods 

Aircraft Maintenance Materi a1 s 

2.3 U.S. Government Publications: 

Available from Standardization Documents Order Desk, Building 4D, 700 Robbins 
Avenue, Philadelphia, PA 19111-5094. 

MIL-STD-2073-1 000 Materiel , Procedures for Development and Application of 
Packaging Requi rements 

3. TECHNICAL REQUIREMENTS: 

3.1 Preparation: 

3.1.1 All fabrication-type processes such as forming, machining, shot peening, 
heat treating, brazing, and welding shall be completed before parts are 
pl ated. 

3.1.2 
(R) 

Steel parts having hardness of 40 HRC or higher and which have been 
straightened, formed, or ground after heat treatment shall be suitably 
stress-relieved in accordance with AMS 2759 before cleaning for plating. 
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3.1.3 
( R )  

( R )  
3.1.4 

3.1.5 

3.1.6 
(R) 

Parts s h a l l  have c lean  s u r f a c e s  free of  water  break p r i o r  t o  immersion in . 

the p l a t i n g  so lu t ion .  

P a r t s  having hardness of  33 H R C  o r  h igher  and p a r t s  r o l l  th readed  a f t e r  
hea t  treatment s h a l l  not be c leaned  w i t h  i no rgan ic  a c i d s ,  such as 
hydrochlor ic  o r  s u l f u r i c ,  g r e a t e r  than 3% concen t r a t ion  by weight. 
Duration o f  c leaning  i n  weak ino rgan ic  a c i d s  (3% o r  l e s s  c o n c e n t r a t i o n )  
s h a l l  be l i m i t e d  t o  30 seconds o r  f i v e  seconds a f t e r  the onse t  o f  gass ing .  

E l e c t r i c a l  c o n t a c t s  between the parts and power source  shall be made t o  
ensure that  n e i t h e r  chemical o r  immersion d e p o s i t i o n  nor electrical  a rc ing  
o r  overhea t ing  will occur .  I f  p a r t s  a r e  t o  be p l a t e d  a l l  over, the 
loca t ion  o f  con tac t  p o i n t s  s h a l l  be opt iona l  unless s p e c i f i e d  o r  where 
agreed upon by purchaser  and vendor. 
p l a t e d  a l l  over ,  con tac t  p o i n t s  s h a l l  be l o c a t e d  i n  a r e a s  on which  p l a t i n g  
i s  not  r equ i r ed  o r  i s  o p t i o n a l .  

P r i o r  t o  depos i t i on  o f  t h e  zinc-nickel a l l o y ,  p a r t s  may be given an 
e l e c t r o d e p o s i t e d  nickel  str ike,  o r  may be d ry  o r  wet a b r a s i v e  b l a s t e d .  
Mechanical f i n i s h i n g  s h a l l  be completed p r i o r  t o  a p p l i c a t i o n  of  a nickel 
strike, and shal l  be accomplished i n  a manner t h a t  will no t  a f f e c t  the 
appearance o r  q u a l i t y  of  t h e  f i n i s h e d  p a r t .  

I f  p a r t s  a r e  not  r equ i r ed  t o  be 

3.2 Procedure : 

3.2.1 Zinc-Nickel Alloy P la t ing :  The z inc-nickel  a l l o y  p l a t e  s h a l l  be 
(R) e l e c t r o d e p o s i t e d  from a s u i t a b l e  e l e c t r o l y t e .  S t ress - reducing  agen t s  s h a l l  

not be used unless speci f i c a l  l y  au thor ized  by purchaser .  

3.2.2 The p l a t e d  p a r t s  shal l  be removed from the p l a t i n g  s o l u t i o n ,  thoroughly 
r i n s e d ,  and d r i e d .  

3.3 Post  Treatment: 

After p l a t i n g ,  r i n s i n g ,  and d ry ing ,  steel par t s  s h a l l  be pos t - t r ea t ed  a s  i n  
3.3.1, 3.3.2, 3.3.3, o r  3.3.4, as a p p l i c a b l e ,  w i t h  hea t ing  commencing wi th in  
f o u r  hours a f t e r  removal from p l a t i n g ,  un le s s  o the rwise  permi t ted  by 
purchaser ;  heating sha l l  be i n  a i r ,  p r e f e r a b l y  i n  a c i r c u l a t i n g - a i r  furnace. 

3.3.1 
(R) 

Spr ings  and o t h e r  p a r t s  having hardness  o f  45 HRC o r  h ighe r  s h a l l  be 
heated t o  450 OF & 15 (232 O C  5 8) and he ld  a t  temperature f o r  no t  l e s s  
than three hours ,  u n l  ess otherwi  se spec i  f i e d  by purchaser .  

3.3.2 Parts co ld  worked a f t e r  hea t - t rea tment ,  i nc lud ing  ro l l - th readed  parts;  
p a r t s  having hardness  of 33 HRC o r  h ighe r  but  less than 45 HRC: and s p r i n g s  
and other parts having hardness  o f  45 HRC o r  h ighe r  w h i c h  will be 
d e l e t e r i o u s l y  a f f e c t e d  by h e a t i n g  t o  450 O F  (232 OC) s h a l l  be hea ted  t o  
375 O f  15 (191 O C  5 8) and he ld  a t  t empera ture  f o r  no t  less than 
three hours. 
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3.3.3 P a r t s ,  i nc lud ing  carbur ized  p a r t s ,  w h i c h  will be d e l e t e r i o u s l y  a f f e c t e d  b y .  
( R )  hea t ing  t o  375 OF (191 OC) s h a l l  be heated t o  275 OF & 15 (135 OC 2 8) and 

held a t  hea t  f o r  not l e s s  than f i v e  hours.  

3.3.4 P a r t s  r e q u i r i n g  spec ia l  handl ing s h a l l  be pos t  t r e a t e d  as  s p e c i f i e d  by 
purchaser. 

3.3.5 Chromate Coating (Type 2 dnly) :  Following hydrogen relief a s  i n  3.3,  p a r t s  
(R) s h a l l  be placed i n  a chromating bath f o r  s u f f i c i e n t  time t o  d e p o s i t  

approximately 40 mg per square  f o o t  (430 mg/m') of  chromate, r i n s e d  i n  
water not  over  160 O F  (71 OC) f o r  1/2 t o  2 minutes,  and a i r  d r i e d .  

3 .4  Properties: 

Zinc-nickel a l l o y  p l a t e  s h a l l  conform t o  t h e  fol lowing requirements: 

3.4 .1  Composition: The zinc-nickel  a l l o y  p l a t e  s h a l l  contain 6 t o  20% nickel 
and t h e  ba lance  e s s e n t i a l l y  zinc, determined by a method agreed upon by 
purchaser  and vendor. 

pane l s  i n  accordance w i t h  ASTM B 487, ASTM B 499, ASTM 8 504, ASTM 6 568, 
ASTM E 376, o r  o t h e r  method acceptab le  t o  purchaser.  When both p a r t s  o r  

3.4.2 Thickness: Sha l l  be a s  fo l lows ,  determined on r e p r e s e n t a t i v e  parts o r  t e s t  
( R )  

specimens a r e  t e s t e d ,  the  thickness o f  p 

3 .4 .2 .1  Nickel S t r i k e :  When app l i ed ,  s h a l l  be 
(R) (1 .3  jm) t h i c k .  

3 . 4 . 2 . 2  Zinc-Nickel Alloy P la t e :  

3 .4 .2 .2 .1  P a r t s  Other Than Washers and P a r t s  W 
have t o t a l  p l a t e  t h i ckness  o f  0.0003 

a t i n g  on p a r t s  s h a l l  govern. 

not  less than 0,00005 inch 

thou t  External Threads: Sha l l  
t o  0.0007 inch (8 t o  18 pm). 

3 .4 .2 .2 .2  Washers and P a r t s  With  External Threads: Sha l l  have t o t a l  p l a t e  
t h i c k n e s s  of 0.0002 t o  0.0004 i n c h  ( 5  t o  10 p ) .  

3 .4 .2 .2 .3  Except f o r  ex te rna l  t h r e a d s ,  t h i c k n e s s  shall  be considered only where 
surfaces o f  parts can be touched by a sphere 0.75 inch (19 mm) i n  
d iameter .  No requirements  are e s t a b l i s h e d  f o r  minimum p l a t i n g  
t h i c k n e s s  on s u r f a c e s  o f  ho les ,  recesses, internal threads ,  c o n t a c t  
a r e a s  o f  p a r t s  p7ated a l l  over ,  and o t h e r  a r e a s  where a c o n t r o l l e d  
d e p o s i t  cannot  be obta ined  under normal p l a t i n g  condi t ions ,  bu t  such 
a r e a s  s h a l l  not be masked t o  prevent  p l a t ing .  

(R) 

3.4.3 Adhesion: 
(R) 

Specimens as  i n  4.3.3 shal l  not  show sepa ra t ion  o f  t h e  p l a t i n g  
from the b a s i s  metal, when examined a t  up t o  4X magnif ica t ion  a f te r  being 
bent  a t  room tempera ture ,  i n  accordance w i t h  ASTM E 290, through an angle  
of 180 degrees  around a d iameter  equal t o  the th i ckness  o f  the specimen. 
When a l a r g e r  bend r a t i o  i s  permit ted by the a p p l i c a b l e  base metal 
specification, requirement  of  the base metal s p e c i f i c a t i o n  s h a l l  apply.  
Formation of c r a c k s  which do n o t  result  i n  f l a k i n g  o r  b l i s t e r i n g  of  the 
p l a t i n g  i s  accep tab le .  
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3.4.4 Corrosion Resistance: Parts or representative specimens, plated to a , ’ 

(R) thickness of 0.0004 to 0.0007 inch (10 to 18 p )  shall show no visual 
evidence o f  corrosion of the basis metal in controlled thickness areas, 
determined by exposure for 500 hours to salt spray corrosion test conducted 
in accordance with ASTM 8 117. 

3.4.4.1 Type 2 parts shall show no evidence of zinc corrosion products after 
96 hours and no evidence of basis metal corrosion after 500 hours 
exposure to salt spray corrosion test in accordance with ASTM 8 117. 

(R) 

3.4.5 Hydrogen Embrittlement: The plating process shall be non-embrittl ing, 
(R) determined in accordance with ASTM F 591, Type la, lb, or IC. 

3.5 Quality: 

Plating, as received by purchaser, shall be smooth, continuous, adherent to 
the basis metal, and be essentially free from porosity, blisters, nodules, 
pits, and other imperfections detrimental to performance of the plating. 
Staining or discoloration is permissible. 

(R) 

3.5.1 Double plating and spotting-in after plating are not permitted. 

4. QUALITY ASSURANCE PROVISIONS: 

4.1 Responsibility for Inspection: 
(R) 

The processing vendor shall supply all samples for processor’s tests and 
shall be responsible for performing a1 1 required tests. Purchaser reserves 
the right to sample and to perform any confirmatory testing deemed necessary 
to ensure that processing conforms to the requirements of this specification. 

4.2 Classification o f  Tests: 

4.2.1 
(R) 

(.R 1 
4.2.2 

4.2.3 

Acceptance Tests: Tests for thickness (3.4.2.1 and 3.4.2.2) and quality 
(3.5) are acceptance tests and shall be performed to represent each lot. 

Periodic Tests: Tests for composition (3.4.1), adhesion (3.4.3), corrosion 
resistance (3.4.4 and 3.4.4.1) hydrogen embrittlement (3.4.5) , and tests of 
preparatory and pl ati ng sol uti ons to ensure that the deposited metal wi 1 1  
conform to specified requirements are periodic tests and shall be performed 
quarterly when the process is in use unless other frequency o f  testing is 
speci fi ed by purchaser. 

Preproduction Tests: Tests for all technical requirements are 
preproduction tests and shall be performed prior to or on the initial 
shipment of plated parts to a purchaser, when a change in material and/or 
processing requires reapproval as in 4.4.2, and when purchaser deems 
confirmatory testing to be required. 

4.2.3.1 For direct U.S. Military procurement, substantiating test data and, when 
requested, preproduction test material shall be submitted to the 
cognizant agency as directed by the procuring activity, contracting 
officer, or request for procurement. 

c 
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, *  4.3 Sampling and Testing: 

Shall be not  less than  4.3.1 and 4.3.2. A lo t  shall be all  parts of the same 
p a r t  number plated t o  the same range of plate thicknesses i n  the same set  o f  
solutions in no more than e ight  consecutive hours of operation, and presented 
for processor’s inspection a t  one time. 

(R) 

4.3.1 For Acceptance Tests : 

4.3.1.1 Thickness: Three pa r t s  o r  0.1% from each l o t ,  whichever i s  greater. 

4.3.1.2 Quality: 
(R) Table 1: 

Shall be in accordance w i t h  the sampling plan shown in 

TABLE 1 - Qual i ty  Sampl ing P1 an 

Number o f  Par ts  Number o f  Parts 
in Lot t o  be Sampled 

Up t o  40, incl A1 1 
Over 40 t o  110, incl 15 

Over 300 t o  500, incl 35 
Over 110 t o  300, incl 25 

Over 500 50 

4.3.2 
(R) 

For Periodic Tests and Preproduction Tests: 
by purchaser and vendor. Each sample submitted for composition (3.4.1), 
adhesion (3.4.3) , corrosion resistance (3.4.4 and 3.4.4.1) , and hydrogen 
embrittlement (3.4.5) shall consist o f  n o t  less t h a n  three specimens. 

Quarterly, or as  agreed upon 

4.3.3 When plated pa r t s  are of such configuration o r  size as t o  be not readily 
adaptable t o  the specified tes ts ,  separate tes t  specimens cleaned and 
plated w i t h  the par ts  they represent may be used. 
thickness tests, specimens shall be a strip o f  the same alloy as the par t s  
being plated, approximately 0.040 x 4 x 1 inch (1.02 x 100 x 25 m m ) .  
corrosion tes t s ,  specimens shall be the same size except a low-alloy o r  
carbon steel may be used. 

For adhesion and 

For 

4.4 Approval : 

4.4.1 
(R) 

The process and control procedures, a preproduction sample part, or 
both ,  whichever i s  specified, shall be approved by the cognizant 
engineering organization before production parts are supplied. 
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4.4.2 
( R )  

The s u p p l i e r  s h a l l  make no s i g n i f i c a n t  change in m a t e r i a l s ,  p rocesses ,  o r  
controls from those on which t h e  approval was based, un less  the change is  
approved by the cognizant  engineer ing o rgan iza t ion .  A s i g n i f i c a n t  change 
i s  one which ,  in the judgement o f  t h e  cognizant engineer ing o r g a n i z a t i o n ,  
could a f f e c t  the properties o r  performance of the p a r t s .  

4.5  Reports: 

The vendor of  p l a t ed  parts shall fu rn i sh  w i t h  each shipment a r e p o r t  s t a t i n g  
t h a t  t h e  p a r t s  have been processed and t e s t e d  in accordance w i t h  the 
requirements o f  this s p e c i f i c a t i o n  and t h a t  they conform t o  the  acceptance 
t e s t  requirements.  This  r e p o r t  s h a l l  include t h e  purchase order  number, l o t  
number, AMs 2417E, p a r t  number, and quan t i ty .  

( R )  

4.6 Resampling and Retes t ing :  

I f  any specimen used in  the above tests f a i l s  t o  meet the s p e c i f i e d  
requirements,  d i s p o s i t i o n  o f  the p a r t s  may be based on t h e  results o f  t e s t i n g  
t h r e e  add i t iona l  specimens f o r  each o r i g i n a l  nonconforming specimen. Except 
as s p e c i f i e d  in 4.6.1, f a i l u r e  o f  any retest specimen t o  meet the s p e c i f i e d  
requirements s h a l l  be cause f o r  rejection o f  the p a r t s  represented .  

4 . 6 . 1  I f  any p a r t  f a i l s  t o  meet t h e  s p e c i f i e d  requirements ,  e i t h e r  on the 
o r i g i n a l  sampling as  in  4.3 o r  upon resampling as  i n  4 .6 ,  t h e  p a r t s  i n  t h a t  
l o t  may be s t r i p p e d  by a method acceptab le  t o  purchaser  wh ich  does not  ~ 

roughen, p i t ,  or e m b r i t t l e  the basis metal ,  r e p l a t e d ,  pos t  t r e a t e d ,  and 
r e t e s t e d .  

5. PREPARATION FOR DELIVERY: 

5.1 Plated p a r t s  s h a l l  be handled and packaged t o  ensure t h a t  t he  requi red  
physical c h a r a c t e r i s t i c s  and p r o p e r t i e s  o f  t h e  p l a t e  a r e  preserved.  

5.2 Packages of p a r t s  s h a l l  be prepared f o r  shipment i n  accordance w i t h  
( R )  commercial p r a c t i c e  and in compliance w i t h  app l i cab le  r u l e s  and r e g u l a t i o n s  

pe r t a in ing  t o  the handl ing,  packaging, and t r a n s p o r t a t i o n  o f  t h e  p a r t s  t o  
ensure carrier acceptance and s a f e  d e l i v e r y .  

5.3 For d i r e c t  U.S. M i l i t a r y  procurement, packaging s h a l l  be i n  accordance w i t h  
( R )  MIL-STD-2073-1, Commercial Level,  unless Level A i s  s p e c i f i e d  in  the r eques t  

for procurement. 

6 .  ACKNOWLEDGMENT: 

A vendor s h a l l  mention t h i s  s p e c i f i c a t i o n  number and its rev i s ion  l e t t e r  i n  
a1 1 quota t ions  and when acknowl edging purchase o rde r s .  

7 .  REJECTIONS: 

Pa r t s  on which p l a t i n g  does not  conform t o  t h i s  s p e c i f i c a t i o n ,  o r  t o  
modif icat ions au thor ized  by purchaser ,  w i l l  be s u b j e c t  t o  r e j e c t i o n .  
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8. NOTES: 

8.1 Marginal Indicia: 

The (R) symbol i s  used to indicate technical changes from the previous issue 
of this specification. 

8.2 Dimensions in inch/pound units and the Fahrenheit temperatures are primary; 
dimensions in SI units and Celsius temperatures are shown as the approximate 
equivalents of the primary units and are presented only for information. 

For direct U.S. Military procurement, purchase documents should specify not 
less than the following: 

8.3 

Title, number, and date of this specification 
Plate thickness desired 
Quantity of parts to be plated 
Level A packaging, if required (See 5.3). 

8.4 Plating meeting the requirements of this specification has been classified 
under Federal Standardization Area Symbol "MFFP" . 

8.5 Key Words: 

PI a t i  ng , ri nc-ni ckel a1 1 oy , el ectrodeposi ted 

PREPARED UNDER THE JURISDICTION OF AMS COMMITTEE " L " .  


