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1 .  SCOPE: 

1 . 1  Purpose : This specification covers the engineering requirements for a 
diffused electrodeposit of cadmium Into an electrodeposit of nickel on 
carbon, low-alloy, and corrosion-resistant steels and the properties.of the 
diffused deposit. 

corrosion resistant steel parts which may operate in service up t o  900°F 
(482°C). This process i s  not suitable for use on parts of complex shape 
where minimum nickel plate thickness requirements cannot be met and on parts 
whose hardness or strength would be reduced below drawing or specification 
requirements by heating t o  640°F (338°C). 

1.2 Apollcation: Primarily t o  prevent corrosion of carbon, low-alloy, and 

1.3 Safetv - Hazardous Materials: Whlle 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. It i s  the sole responsibility of the 
user to ensure familiarity with the safe and proper use of any hazardous 
materials and t o  take necessary precautionary measures t o  ensure the health 
and safety of all personnel involved. 

1.3.1 Numerous scientific studies have determined that cadmium and hexavalent 
chromium present a health hazard t o  persons exposed t o  them. 

2. APPLICABLE DOCUMENTS: The following publications form a part o f  this 
specification t o  the extent specified herein. The applicable issue of 
referenced publications shall be the issue in effect on the date of the 

SAE Technical Board Rules provide that: "This report is published by SAE to advance the state of technical and engineering sciences. 
The use of this report is entirely voluntary, and its applicability and suitability for any particular use, including any patent infringement 
arising therefrom, is the sole responsibility of the user." 

SAE reviews each technical report at least every five years at which time it may be reaffirnied, revised, or cancelled. SAE invites your 
written comments and suggestions. 

Copyright 1990 Society of Automotive Engineers, Inc. 
All rights reserved. Printed in U.S.A. 
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AMs-2416 Revision G 

2.1 ASTM Pub l i ca t i ons :  Ava i l ab le  from ASTM, 1916 Race S t ree t ,  Ph i l ade lph ia ,  PA 
19103-1187. 

ASTM B 117 - S a l t  Spray (Fog) Tes t ing  
ASTM B 487 - Measurement o f  Metal and Oxide Coating Thicknesses by 

ASTM B 499 - Measurement o f  Coating Thicknesses by the Magnetic Method; 

ASTM B 504 - Measurement of  Thickness o f  M e t a l l i c  Coatings by the 

2 . 2  U.S. Government Pub l i c a t i o n s :  Ava i l ab le  from Standard iza t ion  Documents 

2 .2 .1  M i l i t a r y  Standards: 

Microscopical  Examination o f  a Cross Sect ion 

Nonmagnetic Coatings on Magnetic Basis Metals 

Coulometric Method 

Order Desk, B u i l d i n g  4D, 700 Robbins Avenue, Ph i lade lph ia ,  PA 19111-5094 

MIL-STD-794 - Par ts  and Equipment, Procedures for Packaging and Packing 

3. TECHNICAL REOUIREMENTS: 

3.1 Preparat ion:  

3.1.1 

3.1.2 Parts s h a l l  be w i t h i n  drawing dimension l i m i t s  a f t e r  p l a t i n g .  

A l l  forming, machining, heat t r e a t i n g ,  brazing, and welding s h a l l  be 
completed be fore  parts are p la ted .  

o f  

3 . 1 . 3  Parts having hardness higher than 40 HRC, or equ iva len t ,  and which have 
been ground a f t e r  heat treatment s h a l l  be s u i t a b l y  stress-re1 ieved before 
c lean ing  fo r  p l a t i n g .  Temperatures t o  which p a r t s  are heated s h a l l  be such 
t h a t  maximum s t r e s s  r e l i e f  i s  obtained w i thout  reducing hardness o f  p a r t s  
below drawing l i m i t s .  

3.1.4 Residual compressive stress- inducing operat ions,  such as shot peening, i f  
used, s h a l l  follow s t ress - re l i ev ing .  

3.1.5 Par ts  s h a l l  have chemical ly clean surfaces, prepared w i t h  minimum 
abrasion, erosion, or p i t t i n g ,  p r i o r  to  immersion i n  the  p l a t i n g  s o l u t i o n .  

3.1.5.1 Par ts  having hardness of  33 HRC or higher and p a r t s  r o l l  threaded a f t e r  
heat t reatment s h a l l  n o t  be cleaned w i t h  inorgan ic  acids such as 
hyd roch lo r i c  or s u l f u r i c ,  unless approved by purchaser. Cleaning o f  
o the r  p a r t s  w i t h  inorgan ic  acids i s  no t  p r o h i b i t e d  b u t  permission t o  use 
such method on a p a r t i c u l a r  p a r t  s h a l l  f i r s t  be obtained from 
purchaser. I n  e i t h e r  case, a momentary d i p  i n  a c i d  a f t e r  a l k a l i n e  
c lean ing  i s  permiss ib le .  
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AMs-2416 Revision G 

3.1.6 Electrical contacts between the parts and power source shall be made in 
such a manner as will ensure that neither chemical or immersion deposition 
nor electrical arcing or overheating will occur. 
plated all over, contact points shall be located where specified or where 
agreed upon by purchaser and vendor. If parts are not required to be 
plated all over, contact points shall be located in areas on which plating 
is not required or is optional. 

‘I 
If parts are to be 

3.2 Procedure: 

3.2.1 Nickel Plating: Nickel shall be electrodeposited from a sulfamate 
0 solution containing no addition agents which might have a detrimental 

effect on the properties of the plate or the basis metal; stress-reducing 
agents shall not be used unless authorized by purchaser. Other nickel 
plating solutions may be used when permitted by purchaser. The nickel 
shall be deposited directly on the basis metal without a preliminary 
strike or flash coating, except that on corrosion resistant steels or 
similarly passive materials a nickel strike i s  permissible. 

3.2.1.1 After being nickel plated, parts shall be thoroughly rinsed, neutralized 
in alkaline solution, rinsed, and transferred directly t o  the cadmium 
plating solution. Parts t o  be used for determining thickness of the 
nickel plate shall be rinsed after neutralization in alkaline solution 
and dried. Parts shall be reactivated and cadmium plated as soon as 
possible after determination of nickel plate thickness. 

3.2.1.2 Specimens to be used for determining stress in the nickel plate shall be 
processed in the same manner as specified for parts to be used for 
determining nickel plate thickness. 

3.2.2 Cad mium Plating: Cadmium shall be electrodeposited from a cadmium 
cyanide, cadmium fluoborate, cadmium sulfamate, cadmium sulfate, or 
cadmium-sul fate-f luoborate solution. The cadmium shall be deposited 
directly on the nickel plate. Extreme care shall be exercised t o  avoid 
deposition of cadmium on any area not previously covered by nickel. 
shall be thoroughly rinsed after plating to desired plate thickness. 

Parts 

3.2.3 Chromate Treatment: After rinsing following cadmium plating and without 
drying, parts may be treated by an approved chromate process which will 
prevent fingerprinting and staining. Parts shall then be thoroughly 
rinsed and dried. Parts which are not chromate treated shall be marked 
with a suitable dye which will change color during the diffusion treatment. 

3.2.4 Diffusion Treatment: Parts, after chromate treatment or dyeing, shall be 
heated in air, preferably in a circulating-air furnace, t o  630°F 
(332°C 6>, held at heat for not less than 30 minutes, and cooled in air. 

10 

3.3 ProPerties: The diffused nickel-cadmium shall conform t o  the following 
requi rements : 

3.3.1 Thickness: 

- 3 -  
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3.3.1.1 N icke l  P l a t e :  Sha l l ,  except as s p e c i f i e d  i n  3.3.1.1.1, be 
0.0002 - 0.0004 inch  (5 - 10 pm) t h i c k  on s i g n i f i c a n t  surfaces o f  
p a r t s  and n o t  less  than 0.00005 inch  (1.27 pm) t h i c k  on surfaces o f  
p a r t s  on which a c o n t r o l l e d  depos i t  cannot be maintained, such as holes,  
grooves, recesses, e t c ;  n i c k e l  p l a t e  th ickness grea ter  than 0.0004 inch  
(10 pm) w i l l  be permiss ib le  i n  h igh  cu r ren t  dens i t y  areas. 
Uncont ro l led  p l a t e  th ickness areas are de f ined as those areas which 
cannot be touched by a 0.75-inch (19-mm1 diameter sphere. Thickness o f  
n i c k e l  p l a t e  s h a l l  be determined, p r i o r  t o  cadmium p l a t i n g ,  i n  
accordance w i t h  ASTM B 487, ASTM B 499, ASTM B 504, or o the r  method 
acceptable to  purchaser on rep resen ta t i ve  p a r t s ,  or on t e s t  panels 
processed and p l a t e d  simultaneously w i t h  the p a r t s  or separately bu t  i n  
a s i m i  l a r  manner. 

3.3.1.1.1 I f  n i c k e l  p l a t e  th ickness g rea te r  than 0.0002 - 0.0004 inch  
(5 - 10 pm) i s  desired, such thickness may be spec i f ied  by t h i s  
s p e c i f i c a t i o n  number fo l l owed  by a dash and a number i n d i c a t i n g  the 
minimum n i c k e l  p l a t e  th ickness i n  ten-thousandths o f  an Inch; a 
to le rance o f  +0.0002 i nch  (5 pm) w i l l  be pe rm i t ted  when the minimum 
thickness i s  0.0003 inch  (7.6 pm) and +0.0003 inch  (7.6 pm) w i l l  be 
pe rm i t ted  when the minimum thickness i s  0.0004 i nch  (10 pm) or more. 
Thus, AMs-2416-3 i n d i c a t e s  n i c k e l  p l a t e  th ickness o f  0.0003 - 0.0005 
inch  (7.5 - 12.5 pm) and AMs-2416-5 i nd i ca tes  n i c k e l  p l a t e  th ickness 
o f  0.0005 - 0.0008 inch  (12.7 - 20 pm). 

3.3.1.2 Cad mium P la te :  Sha l l  be 0.0001 - 0.0003 inch  (2.5 - 7.6 pm) t h i c k .  
Routine de terminat ion  o f  cadmium p l a t e  th ickness i s  not requ i red ;  the 
process o f  p l a t i n g ,  however, s h a l l  be c o n t r o l l e d  t o  produce the 
s p e c i f i e d  th ickness. 

3.3.2 Heat Resistance : Representative p a r t s  or specimens as i n  4.3.3 s h a l l  show 
no cracks or b l i s t e r s  i n  the  p l a t e  a f t e r  being heated i n  a i r ,  p r e f e r a b l y  

The 
of  

i n  a c i r c u l a t i n g - a i r  furnace,’ as s p e c i f i e d  in-3.3.2.1 and 3.3.2.2. 
presence o f  weakly adhering products are acceptable. 
3.3.2.1 i s  requ i red  fo r  r o u t i n e  inspec t ion .  

Only the  t e s t  

Heat t o  700°F k 10 (371°C k 61, ho ld  a t  heat fo r  23 hours f 0.5, 
t r a n s f e r  w i thou t  i n t e n t i o n a l  coo l i ng  t o  a furnace a t  1000°F f 10 
(538°C f 61, ho ld  a t  heat for  60 minutes f 5, and cool t o  room 
temperature. 

0.25, 
t rans fer  w i thou t  i n t e n t i o n a l  coo l i nq  to  a furnace a t  1000°F + 10 

3.3.2.1 

3.3.2.2 Heat to  700°F f 10 (371°C +. 61, ho ld  a t  heat for  2 hours 
538°C 

- + 61, ho ld  a t  heat for 2 hours 5 0.i5, and c o o l  to  room temperature. 

3.3.3 Corrosion Resistance : Representative p a r t s  or specimens as i n  4.3.3 s h a l l  
show no v i s u a l  evidence o f  cor ros ion  of  the  bas is  metal a f t e r  being 
subjected for  n o t  less  than 96 hours to  continuous s a l t  spray cor ros ion  
t e s t  conducted i n  accordance w i t h  ASTM B 117. This requirement app l ies  to 
p a r t s  or specimens bo th  a f t e r  d i f f u s i o n  heat ing  as i n  3.2.4 and a f t e r  heat 
res i s tance  t e s t  o f  3.3.2.1. 

- 4 -  
 

Distributed under license from the IHS Archive
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 am
s2

41
6g

https://saenorm.com/api/?name=ef71b002de279ac80b8646d2711c303b


AMs-2416 Revision G 

3.3.4 Nickel  P l a t e  S t  ress :  Sha l l  be i n  the range o f  5000 p s i  (34 MPa) i n  
compression t o  15,000 p s i  (103 MPa) i n  tension, determined on specimens 
having n i c k e l  p l a t e  th ickness o f  0.0003 inch  (7 .6  pm) or greater ;  s t ress  
s h a l l  be ca l cu la ted  from s p i r a l  contractometer reading (Ref. 35th Annual 
Proceedings, American E lec t rop la te rs  Society ,  p.  53 - 89) or o the r  
inst rument  acceptable t o  purchaser. 

3.4 Oua l i t y :  

3.4.1 

3.4.2 

3.4.3 

Nickel  P la te :  Sha l l  be f i rmly and cont inuously  bonded t o  the bas is  metal 
and s h a l l  be smooth, un i fo rm i n  appearance on areas o f  equ iva len t  hardness 
and sur face f i n i s h ,  and f r e e  from f ros ty  areas, p i n  holes,  nodules, 
b l i s t e r s ,  and o the r  imper fect ions de t r imenta l  t o  performance o f  the  
p l a t e .  
vendor. 

Standards for  acceptance s h a l l  be as agreed upon by purchaser and 

Cadmium P la te :  Sha l l  be f i r m l y  and cont inuously  bonded t o  the  n i c k e l  
p l a t e  and s h a l l  be un i fo rm i n  appearance and f r e e  from p i n  holes,  
po ros i t y ,  b l i s t e r s ,  nodules, p i t s ,  and o the r  Imper fect lons de t r lmenta l  t o  
performance o f  the  p l a t e .  Standards f o r  acceptance s h a l l  be as agreed 
upon by purchaser and vendor. 

D i f f u s e d  Nickel-Cadmium P la te :  Shal l  have a smooth d u l l  matte f i n i s h ,  
s h a l l  be f r e e  from b a l l i n g  when examined under magn i f i ca t i on  up to  l ox ,  
and s h a l l  be smooth t o  the  touch. Color o f  chromate t r e a t e d  p a r t s  may 
vary from o l i v e  drab through gray to  b lack.  
any one p a r t  bu t  mot t led,  b lotched, or sharp ly  streaked areas are no t  
acceptable.  

Color need no t  be un i fo rm on 

Color o f  dye marking s h a l l  be c h a r a c t e r i s t i c  o f  the  dye used 

4. OUA LITY ASSUR ANCE PROVISIONS: 

4.1 Responsi b i  1 i t y  for  Inspec t  ion: The processing vendor s h a l l  supply a l l  
samples for vendor 's t e s t s  and s h a l l  be respons ib le  for per forming a l l  
r equ i red  t e s t s .  
con f i rmatory  t e s t i n g  deemed necessary t o  ensure t h a t  processing conforms t o  
the requirements o f  t h i s  s p e c i f i c a t i o n .  

0 
Purchaser reserves the  r i g h t  t o  sample and t o  per form any 

4.2 C l a s s i f i c a t i o n  o f  Tests: 

4.2.1 ACCeDtanCe Tests : T e s t s  for  th ickness (3.3.1) and q u a l i t y  (3.41 are 
acceptance t e s t s  and s h a l l  be performed t o  represent  each consecut ive 24 
hours of  opera t ion  o f  the same se t  o f  so lu t ions .  

4.2.2 Per iod i c  Tests: Tests for  heat res is tance (3.3.2),  cor ros ion  res is tance 
(3.3.31, and n i c k e l  p l a t e  s t ress  (3.3.4) and t e s t s  of c lean ing  and p l a t i n g  
so lu t i ons  t o  ensure t h a t  the  deposi ted metal w i l l  conform t o  the 
requirements o f  t h i s  s p e c i f i c a t i o n  are p e r i o d i c  t e s t s  and s h a l l  be 
performed a t  a frequency se lected by the vendor unless frequency of 
t e s t i n g  i s  s p e c i f i e d  by purchaser. 

- 5 -  
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AMS-2416 Revi sion G I 
4.2.3 Preproduct ion Tests : Tests for all technical requirements of this 

specification are preproduction tests and shall be performed prior t o  or 
on the initial shipment of plated parts t o  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. 

4.3 Samplinu and Testing: Shall be not less than the following: a lot shall be 
0 all parts o f  the same part number plated to the same specified thickness 

range, processed in a continuous operation or within a 24-hour period, and 
presented for vendor's inspection at one time: 

4.3.1 For Accepta nce Tests: 

4.3.1.1 Thickness: 
the same set of solutions, except as specified in 4.3.3. 

Three parts for each consecutive 24 hours o f  operation of 

4.3.1.2 Oualitv: As agreed upon by purchaser and vendor. 

4.3.2 For Periodic Tests and PreDroduction Tests: A s  agreed upon by purchaser 
and vendor. 

4.3.3 When plated parts are o f  such configuration or size as t o  be not readily 
0 adaptable to the specified tests, separate test specimens cleaned, plated, 

and dlffused with the parts represented may be used. 
and quality tests such specimens shall be annealed carbon or low-alloy 
steel panels 0.032 x 4 x 1 inch (0.81 x 102 x 25 mm) or bars approximately 
0.5 inch (13 mm) in diameter and 4 inches (102 mm) long. For corrosion 
and heat resistance tests, specimens shall be annealed carbon or low-alloy 
steel panels 0.062 - 0.125 inch (1.57 - 3.18 mm) in nominal thickness and 
not less than 4 inches (102 mm) by 3 inches 
(76 mm) wide. 

For the thickness 

4.4 Approval: 

4.4.1 Plated parts and, when specified, plating fixtures shall be approved by 
purchaser before parts for production use are supplied, unless such 
approval be waived by purchaser. Results of tests on production parts 
shall be essentially equivalent t o  those on the approved sample parts. 

4.4.2 Vendor shall use manufacturing procedures, processes, and methods of 
inspection on production parts which are essentially the same as those 
used on the approved sample parts. If necessary to make any change in 
type o f  equipment or in established composition limits and operating 
conditions o f  process solutions, vendor shall submit for reapproval of the 
process a statement of the proposed changes in processing and, when 
requested, sample plated parts and/or test panels. Production parts 
plated by the revised,procedure shall not be shipped prior t o  receipt of 
reapproval. 
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