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DEPARTMENT OF THE AIR FORCE

. Washington DC 20330

NICKEL PLATING, LCW EMBRITTLEMENT, ELECTRODEPOSITION
MIL-STD-868A(USAF)
1. This Military Stindard is approved for use by HQ AFrLC
CASO/LODS, Department of the Air Torce, and is available
for use by all Departments and Agencies cf the lepartment
of Defense.
2. 3eneficial comments (recommendatinns, additions, deletioc
and any pertinent data which may be of use in improving this
documant should be addressed to: HQ ArLC CASC/LODS, FTadsral
Canter, Battle Creek, MI 49013 by usZ tng the self addressed
S+andardization Dccument Improvement Proposal (Ferm DD1lu25)
aprearing at the end of this document or by letter.

“e

o]
(7]

~-

N~/




(N

Downloaded from http://www.everyspec.com

MIL-STD-868A(USAF)

Paragraph , ' Page

- .

e 4 scope s e e e s e+ ® s e s s e e © e s & e o e e o
2 Narumant+ta+inn

. &, »OCWlTil G v Uas . . . . . . . . . . . . . . . . . . .

ClassificatioN .« « o o « o o o o o o o o o o o o o
Classes e s s e s aie e e et e e e e e e e e

FF ¥+ w
[

.u02 ijes t e e e e e e e e e e e e e e e e e e e e
e BalDal.-Ralyl TNAANATTAIT AT M~

. KDILR&“L&U LUULUMNMLNLO . . . . Y . . . 0 . . . . . Y .

.1 Issues of documents | | |, . . . . . . s e e

.2 Other publications . . . .+« v & o « « « = e e s e s

.D?INITIONS................;.;;;
High strength steel . . . . . . . . . « o . ¢ .« .+ .
Material batch

N

. s s e s a4 s s e e s e s e s e e s
ATANT DA NDANTRADUTYM A
- uuuannu RLUYVLRLTILNL O . . - . . . . . . . . . . . . .
Materials and eguipment . . . . . . . ¢ ¢ ¢ ¢ 4 . .
.
1.1l Materials . . o . 0 0 0 0 d e e s e e e e e e e

.2 Equipment . . . . e h e e e e e e e e e e e e
Spaolfzcatlon QQ- N—290 e e e e e e e e e e e e e e

. e e e s e e e e e e e e e e e e e e e e e e
I oot amaaantTma~

. wilW . ygclld.lls - . . - . . . . . . . . . . . L[] . . . 3

. Embrittlement . . . . . . . . s s s s s s s s s s

. Reprocessing . . . . ¢ + ¢ ¢ 4 4 4 e e v e e e e e

Plating thickness . . « . « +v & 4 v « & v v v o . .
Type I plating . . .+ « ¢ ¢ ¢ 4 & o o o o o o o o o
Type II platinng . + ¢ o v o o o o o o o o o o « o .

NN OONDFEEFEFEEEEFEFFEOWDONRONR
. . “
o-au:om\lcan WA e

.10 Reclaimed materials . . . . . . 4 4 4 e e e e e e
. DETAILED REQUIREMENTS . . . . . . &+ ¢ o « v v o & « .
.1l General notes . . . . . ¢ i 44 4 e e e e e e e w .
+1.1 Prior to plating . . . . ¢« . . . ¢ ¢ 4 0 e . e .
<102 Baking o v v 6 v 0 v e e e e e e e e e e e e e e
1 M Cememe ma P —
o ke 9 QLrages Ol de‘LS . . . . . . . . . . . . . . . . .
3.1.4 Handling of parts . . . . . .+ . . v 0 e e e 0.

Racking e o s s s e e 4 6 e s e e e e e e e e e
Plating procedure . . . . ¢ . ¢ ¢ 4 4 4 4 4 e e e
Method

.
o w;m
OO ANUNUOANUMUOMANUVF FEFFEFFFSESFEEFODWWWRNRMODNRNDNDRNR R R

5.1

5.1

5.2

5.3 I o e e e e e e e s e e e e e e e e e
S.3.1 Step No. 1 v v v v v i h e e e e e e e e e e e e
5.3.2 Step No. 2 . . . . . . . . . ¢ o < & & o+ . o e .
5.3.3 Step No. 3 v v v v v vt e e e e e e e e e e e e
S.3.4 Step No. M . . . . . 4 i i i e e e e e e e e e e
5.3.%.1 Solution number 1 . . . . . . . 4 ¢ ¢ ¢ e 4 o .
5.3.8.2 Solution number 2 . . ¢ . 4 4 v 4 e e e e e .
S.3.5 Step No.o 5 o . 0 L0 o 0w s el e e e e e e e
$.3.6 Step No. 6 . . . .+ . & .+ 4 4 e 4 aaeesaa. o
5.3.7 Step No. 7 . . ¢ v v v v v v e e e e e e e e e
5.8 Method 2 . v & v v 4 v e e e e e e e e e e e e e e
S5.4.1 Ster Now 1 v v v v v e e e e e e e e e e e e e

8



Downloaded from http://www.everyspec.com

.1 Analysis report . . .« ¢ ¢ o o o e e
cess control embrittlement acceptance

MIL-STD-868A(USAF)

CONTENTS (CON'T)
Paragraph
S.4.2 Step No. 2 & & & ¢ o o s o e e e e e e
S.4.3 Step No. 3-e = v o o o o s o e e 0 .o
S.4.4% Step No. & o & & 6 o 0 e e e e e e e
S.4.5 Step No. 5 .+ « o « ¢ o o o o o o o o
S.4.58 Step No. B . « ¢ ¢ o ¢ o e e e 0w e
S5.4.7 Step No. 7 . & o ¢+ o 0 e e e e e e e
5.4,8 Step Wo. 8 .+ ¢+ s o e e e s e e e e .
5.4.9 Step No. F .« 4 o e e e e e e e e e
§.8.10 Step No. 10 . o .+ o 4 0 e e e e e
S.4,11 Step No. Ll o ¢ o v o e e e e e e e e
5.5 InspecTioNl . & + o . 4 e e e e e e e e e
§.6 Process CORELOLS . ¢ ¢ ¢ s e e e e e e
5.7 Qualification emDriE:l ent test . . . .
5.7
5.3
5.8

oc
.1 Hydrogen detection imstrument testiag

iv

. .
test

Page

O NN 1 IO DTOAOTOODOD

o/

N



./

Downloaded from http://www.everyspec.com

NICKEL PLATING, LOW EMBRITTLEMENT
ELECTRODEPOSITION
l. SCOPE
1.1 Scope. This standard covers the process and materials
3 a_ s - . - .
required for the electrodeposition of nickel on high strength
steel substrates. Subsequent heat treating techniques needed

to insure low embrittlement of steel are also described.

1.2 Documentation. This standard meets and exceeds the require-
ments of QQ-N-290 and should be used when plating in acccrdance .
with QQ-N-29C¢ is a requirement.

1.3 Purpose. Electrodeposited nickel is used for wear resistance,
corrosion resistance, heat resistance and as an undercoat for
precious metals.,

1.4 Classific

b

tion

l.4.1 Classes. Nickel plating covered by this standard will be
of the engineering class only.

l.4.2 Types. Nickel plating covered by this standard shall be
of the following types:
$ a. Type I - Plated to specified dimensions

b. Type II - Processed to specified dimensions after plating

2, . REFERENCED DOCUMENTS

2.1 ISsues of document . The followﬁng documents of the issues

in effect on date of Invitation for bids or request for
proposal, form a part of this standard to the extent specified
herein. '
SPECIFICATIONS .
Federal
0-N-335 ' Nickel Salt, Electroplating
QQ-N-290 Nickel Plating (Electrodeposited)
Military
—ely
MIL-S-13165 Shot Peening of Metal Parts
MIL-R-818u41 Rotary Flap Peening of Metal Parts

[
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ducts

Pro

Chemical

Barrett
or approved equal.

g SN,

C-N-335.
Q-N-3358.,

Sulfamate Nicklie Plating
Baltimore, Maryland,

Nickel Chloride,
Nickel Sulfate,

b.
c.
d.
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4.1.2 Egquipment

a. Power source. Either generated or rectified D.C. Current
may be used. Ripple value shall not exceed 10 percent as
measured by dividing the Root Mean Square of the A.C. Voltage
component by the D.C. Voltage. This can best be measured by

tt At .
+h
using an R.M.S.A.C. Voltage Meter and dividing this value by the

D.C. Voltage. These measurements are to be taken across the
ancde and cathode bus at the tank.

b. Tanks. Tanks should be resistant to the operating tem-
perature and the chemical environment. Tanks in which any
electrolytic action takes place must be free of short circuits.

¢. Temperature control.. Plating tanks to be operated at
temperatures other than room mperature shall be ecuipped with
automatic temperature iﬁéicafiﬁg and regulating devices.

d. Instrumentation. An ammeter shall be placed in series
with the plating tank cathode. The ammeter shall have sufficient
shunts and switches to provide a full-scale reading equai to the
maximum capacity of the power source and an accuracy of I 10

ine maaceuwnrad
=P A5 mcasurlrsd

nercent of the current be

AR SRR I wisT ww L .

e. Blast equipment. A blast cabinet shall be located near
the plating line. The size of the cabinet shall be adequate to

enclose the parts to be plated. Air lines shall be suitably
trapped and filtered to prevent in 1-process contaminatiorn of the
parts to be cleaned.

f. Bake oven. An oven capable of baking parts at 191 ?
lu4ec (375. T 25°F) shall be located near the plating line. The
size of the oven shall be adequate to enclcse the parts to be
plated. The oven shall be equipped with temperature indicating,
recording and regulating devices.

4.2 gSpecification QQ-N-290. The requirements of QQ-N-230 shall
be complied with on all parts, in ccnjunction with those specified
in this standard. If there is a conflict between the two docu-
ments, the requirements of this standard shall govern,

4.3 Finish. The plated part shall have a finish that is smooth,
continuous, homogeneous, adherent, and free from pits, blisters,
nodules and any other indications cf harmful defects.

L.4 "Shot peening. All parts shall be shot peened in accordance
with MIL-S-13165 or MIL-R-81841 unless otherwise specified.

“.5 Embrittlement. Qualification test specimens and process
control test specimens shall be subjected to a sustained load
Test at 75% of the ultimate notched tensile strength. The

3
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specimens shall endure this sustained load for 290 hours miniamum
without failing or cracking.
b.5 Reprocessx_g Parts rejected for defective plating, requir-
ing stripping and replating, shall include all af the preplating
steps of this standard. Parts shall be stripped in accordance
with MIL-STD-871.
4.7 Plating thicka ness. The plating thickpness shall be as peci-
£iad on the engineering drawing or other appilcable dlipectives.
Sxcept when otuerw.se specifiad, the minimum thickness shall be
3.05am (0.002 inch) and the maximum thickness 9.2am (0.008 inch)
on the finisned parts.
4.3 Tec2 I slaviaz. Tfor Type I plating, the Ite:d shall Be nlated
=0 ths dimenston and surface finisn specified on tnhe drawing. Tha
supfaca finish of the item Sefore plating shall be agual €o or
~a==ar =San the raquired finish after plating. Tyde I platiag wmay
5= busfad ¢r Lappad-after plazing if dimensicnal tslerances and
sur-facs conditicns camnot b3 controlled in the plarting operatiamn.
4,3 Tyne II platiag. ©Tor Type II plating a minimua of C¢.%3anm
£0.002 inca) mo-e nickel than dasired shall be deposited (per
sunface). Ths axcess shall be ground off to give the fimal-
iimension and surface finisn desired. The ninimunm <thickness Tor
Tyza II shall De J0.05nmm (2.662 inch) on <he Ffinished part. Stea2l
sarts aeat treatad to 1240 YPa (112 kg/mm?) (180,207 psi} shall ba
grognd in accordance with MIL-STD-865.
4,15 ?eciai.ed ma*arials. Reclaimed materials shall be utilized
s the maximum extent possible with the quality limits vrequired by
~his document and to fulfill compliance with the Rescurce Coassar-
sation/Recavery Act of 1976 (public law 34-538C davted 21 Oct 78).
5. DETAILZD REQUI RE?Eﬁ”S
3.1 General nates
5.1.. Prior to plating. Except for finish grinding operations,
all machining, corming, welding and shot neening shall be com-
pleted prior tc plating.

2 Baking. Parts shall be baked for stress relief before plat-

22y Four nours minimum at 131 f 1uecC (375 ! 25°F). Shot peen-

snall e performed before plating and after stress relieving.
§.1.3 Storage of carts. Storage of parts betwaen stress relief
and zleaning shall te ~controlled to prevent contact with watar or
other corrosive materials. Parts shall be stored to permit fres
sirculation of air around parts.

3

.i.4% Handling of parts. After the parts have been cleaned, they
shall be handled in such a manner (white gloves, ete) that will
assure a minimum of contaminationm.

4
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2l 7

5.1.5 Masking. Sections or areas of a part that are not to be

plated shall be masked off. Plug and masking materials that do

not contaminate the plating solution shall be used. MaSKlng
= -~ -

ste -and A~

pr P

L =1 PNy Py | at -t o véen - +in~
T WA LU P 6 *‘s.

shall be performed at the most conve

rf

a
en

e 0
"

5.1.6 Racking. Sufficient contact area and pressure shall be
provided to carry the current without overheating. Racking
should be performed at the most convenient step prior to plating.

5.2 Plating procedure. The preferred method of cleaning is by
dry blasting (Method 1),Other methods such as (Method 2) that can
be demonstrated to be nonembrittling (5.7) can be used
with the approval of the procuring activity.
5.2 Method 1. The nickel plating procedure shall be as
described Delow:
£.3.1 Step le. 1. Parts shall be vapor degreased.
.5,3.2 Step ¥No. Parts shall be dry blasted using €C-180 grit
aluminum oxide ( 12 05), silicon dioxide (Si0y) or garnet per
#¥IL-STD-1504, -‘apsed time between completion of cleaning and
the next step shall not exceed sixty minutes.
5.3.3 Sten No. 3. Rinse parts in cocld water (optional).
5.2,4 Step No. 4. Nickel pla*te at 3.2 tec 5.4 A/dm< {30 <o
50A/5t2) to tae required thickness. Nickel plate in either cf
the following solutions:
S.3.4.1 Solution number 1l:

a. Nickel Sulfate 300-380 g/1 (40-u8 oz/gal)

b. liickel Chloride 30-60 g/L {(4-8 oz/gal)

¢. Boric Acid 30-48 g/l (4-8 cz/gal)

d. ©pH 1.35-4.5

e. Temperature 46-6C°C (115-1%3°T)
§.3.4,2 Solution number 2:

.
.

a. MNickel Sulfamate 323 g/1 (43 oz/gal) Make up

b. Nickel Metal 50-30 g/1 (8-12 oz/gal)
ec. Boric Acid 22.5-41.2 g/1 (3-5.5 oz/gal)
d. »pH 3-5
e. Temperature 38-60°C (100-140°F)
S

AN ® e ameoe
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"5.3.5 Step No., 5. Rinse all parts in cold water.

5.3.6 Step No. 8. Rinse parts in hot water ‘and blow dry

with compressed air. Elapsed time between completion of plating
and start of baking, Step No 7, shall not exceed four hours.
5.3.7 Step No. 7. Bake all parts heat treated above 1240 MPa
(1304000 psi) after plating for twenty-three hours minimum, at
191 T 1uec (275 * 25°r).

5.% Yathod 2, The nicknal plating procedure shall te as descr
below:

S.4.1

w

tap No. 1. Parts shall be vapor degreased.

S ————————

S.4.,2 Step No. 2. Parts shall be dry blasted using 80-130 grit

< . ————————— - \ a2 - @ . s s o S s oA AY
aluminum oxide (A4l203), silicon dioxide (Si02), or garnet per
MIL-STD-150%4,

S.4.3 Step No. 3. Parts shall be vapor degreased.

ollowing solution at

2]

S5.4,4 Step No., %, Anodic etch in the
3 to 6 volts for ninety seconds:

a. Sodium Hydroxide 3.8-11.,2 g/l (0.5-1.5 oz/gal)
b. Sodium Phosphate 30-90 g/l (4,0-12.0 oz/gal)
c. Sodium Carbonate 7.5-45 g/l (1.0-6.0 oz/gal)

d. Temperature 52-58°C (125-13S°F)

.
« S XL

5.4 nse all parts in cold water.

5.4,6 Step No. 6. Acid dip in S to 10 percent sulfuric acid
room temperature for fifteen to thirty seconds.
7 Rinse parts in cold water

-
) el .

S.4.8 Step No. 8. Nickel plate in nickel plating solution
(5.3.4) to required thickness.

3 Step Ne. 3. Rinse

parts in cold water.
——————————

S5.4.10 Stem No. l0. Rinse parts in hot water and blow dry

i>d

with compressed air, elapsed time between completion of plating

and start of baking, Step No. 11, shall not exceed four hours.

5,4,11 Step No. l1ll. Bake all parts heat treatad above 12u04Pa

(180,000 psi) after plating for twenty-three hours minimum, at
191 F 1uec (37s5f2s9orF).

o

N
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5.5 Inspection. Inspectlon shall be in accordance with the
production control inspection and tests in QQ-N-290 and this
standard.

rols Solutions and equipment used in the
hall be checked periodically and maintained in
accordance with the requirements of this process standard,

o
e

5.7 Qualification embrittlement test. The processor shall
demonstrate his ability fo provide nickel plating which meets
the requirements of (4.5) of this standard as follows:

a. TFour round notched 4340 steel specimens from four
separate heats, heat treated to a tensile strength of 1791 to

1329 MPa (260,000 to 280 »000 psi) shall be prepared. The
configuration shall be zﬁ accordance with Figure 8 of ASTM
Standard £3 for round specimens. Specimens shall have a 6§90
degree V-notch located approximately at the center of the gauge.

length. The cross section area at the root of the V-notch
shall be approximately equal to half the area of the full cross
section area of the specimen's reduced section The V-notch
shall have a 0.254% I 0.013mm (0.010 * 0.0005 inch) »adius of
curvature at the Hase of the notch,

b. During plating the specimens shall be mounted sym-
metrically on a rack by themselves All areas of the rack
except the contact area shall be co th a suitable
maskant. An ammeter having a sens £
better shall be connected betwe en
cathcde. The specimens will be p

inc

to a mznlmum of 0.05mm (0.002

0.5 amperes

pecimen rack and the

lated at 5A/dm2 (45 ampere/ft2)
h) thickness. The specimens
o it
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Ucon successful completion of the static load test, ocne
notched tensile specimens shall be sectioned across the
arallel tc the
a
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ysis report. A complete analysis report of the plating
be submitted to the procuring activity with the
on

n tests.
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S.8 Process control embrittlement acceptance test. The process
control emsritilement acceptance test shall be as follcows:

7
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i

er 5.7.b in conjunction with the platlng of
specimens shall be subjected to a sustained load

N\
ndard specimens of the type noted in (5.7.a) )
P

4 hours minimum and shall meet the

the material for two hundred
requirements of L.S. Failure of any one of these specimens
shall constitute failure of the test and productlon shall cease

until the bath is requailified. Acceptance of items completad
after the last successfully completed acceptance test shaLl be
withheld until the extent and cuase of failure have been-. ,

e s mrm oA

Qeterm;ued.

b. The test for embrittlement shall be conducted as ‘often
as deemed necessary with a maximum interval of every thirty
at o

days. If the embrittlement test has not baen performed
irtvy days precegdinz the processxng of a. material batch
s

5.8.1 Hydrogen detection instrument testing. Hydrogen detection
J_nstrument tesfiﬁg can be nced for the DI‘OCQSS Contr°1 testing
with the approval of the procuring activity.

5.9 Caution. The procedures specified herein utilize mavterials

1isted in Department of Labor (DOL) Occupational Safety and -

Health Standards as "Toxic and Hazardous Substances. Personnel

exposure to these materials must be limited to those values

specified in 29 CFR 1910.1000. ss
iy
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Air Force - 99 Air Force - 99
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