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PROCESS - PLATING - CRACK-FREE CHROMIUM, CF-500,
ERHASICAL AND CHEMICAL PROPERTIES, EVALUATION OF

PURPOSE!

Conventional chromium electroplates as applied to meet Speci-
fication QQ-C-320 has no salt spray test requirements. 'This
48 because conventional chromium plate, sometimes called
engineering chromium or industrial hard chromium cohtains,
microcracks. These microcracks allow corrosive medla to
penetrate the plating to basis metal causing corrosion.
Because thé electroplate and basis metal are dissimilar metals
the steel basis metal used in most applications becbmes ancdic
with an inereased corrosion rate,

Crack-free 500 (CF-500) chromium is a, new development by Mctal
and Thermit Corporation reported to contain certain stress
relief additives which allbws chromium to be electrodeposited
in a crack free condition. The CF-500 im also reported to be
softer, more ductile and more adherent., The purpose of this
teut‘%u to determine the properties of CF-500 chromium,

SUMMARY 1
)

* Crack-free -500 chromium ang conventional chromium plated 41130
' and Thermold A steecl, a H-ll type steel similar to Vascojet 1000,
test specimens were plated and compared in various tests. The
tests were (1) crack detection, (2) visual observations, (3)
adhesion, (U4) hardness, (5) salt spray accelerated corrosion
teats, ) .sustained load tests and (T) effeocts or arious bake-
out congditions on hydrogen content in;plated Thermold A utecl,

. :
The two types of chromium were comparable in apraarance aad
adhesion but CF-500 chromium was slightly harder and consider-
ably more eorrosion reesistant in salt spray tests, It wac

also deterniined that incregsing the hydrogen relief. bake-out
conditions produced adequate sustained load strength of CF-500
chromium plated high heat treat steel, Hydrogen analysis test
results on specimens with one or more.unplated edges shoved the
hydrogen content was reduced by increasing the bake-out time
and temperature. Adequate hydrogen embrittlement relief vas
obtained by baking at 5000F for 23 hours.
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.PROOESS <= PLATING - CRACK-FREE CHROMIUM, CF-500,

OBJECT:

. PHYSICAL AND CHEMICAL PROPERTIES, EVALUATION OF

1, To investigate the chemical and physical properties
of CF-500 chromium elactroplates as compared with
coﬁvontional chromium eleoctroplates, n

' '
. 2. " To _investigate the extent of hydrogen embrittle-
* meAt ovcurring and methods of, hydrogen relief for
chromium plated high heat treat nyool. '

SPECIMENS, MATERIALS AND EQUIFPMENT{

I,

Specinéns
<

Fway
I anBRE A

Use

+

~

¥

v,
Sourca

. A.

B,
) .,

e
D,
E,

P,

A" O

Item -

2 pleces of L4130
Steel 040" x 1"

x 5"

2 pleces of 4130
st;ﬁl Jouo" x 1"
,t ] l
6 pleces of 4130
steql 040" x 1M
5"

2 pleces of 4130
steel 040" x 1"

x 5%

basis metal for
crack deteotion
tent

. basis metal for
, Visual observa-
, tion )

. basis metal for
. bend adhesion

basis metal for
hardness test

28 pileces of 4130 ‘basis metal for

steel 040" x 1
x 5" ,

salt spray tects

2 pleces Thermold basis metal for

1"
ﬁw':'S* 055" x

L)

¥ o

L
3
4+

Btandard tensile

apecimen

Bethlehem Steel Co.
Bethlehem, Pa,

Bethlehom Steel Co,
Bethlehem, Pa.

+ ;Bathlehem Steel Co,
Bethlehem, Pa.

Bethlehem Steel Co.
Bethlehem, Pa,

Bethlehem Stecel Co.
Bethlehem, Pa.

¥

Universal-Cyclons Steel
Company

Titusville and

Bridgeville, Pa,
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Item Use Source

'95 L4 pleces of

Therwold A sgeel
.0 x 1,25
8"

H. 3 pleces Thermold
A steesl ,055" x

. '25“ x 6"

basis metal for
notched tensile
and sustained load
test specimens,

basis metal speci-
men . for hydrogen
pick-up determina-
tions

Universal-Cyclops ...
Steel Company
Titusville and

" Bridgeville, Pa,

Universal-Cyclops
Steel Company

Titusville and

Bridgeville, Pa,

‘II. Materisls: _
" A. 125 pounds of ingredient for Metal & Thermit Corp.
Crack-~{ree 500 Crack-{ree -500 Rahway, N, J,
Chromium chromium plating
B, 100 pounds of ingredient for 53 ° Mutual Chromium Chem.
Chromic Acid oz/gal conven- Baltimore, Md.
Flake , tional chromium
B plating solution ,
c. 100 poﬁhds of apodic alect?o- OakitoiProducta, Ine,
Oakite 190 cleaner prior to 52 H. Rectoxr St.
plating . New York 6, N. Y,
IIX. Equipment: , i
‘ - . -
A, vapor degreaser preplate cleaning manufactured by
of all basis metal Dept, 36
B. eleetroplating anodic cleaning, manufagtured by
test fixture XJ- plckling and’ toocling department
91602 plating of specdi- '
mens
c. Baﬁsoh- & Lomb visual examination W, H, Curtin Co,
sterioscopio of specimens, P.0O. Box 5301
midroscope . . Dallas, Texas
D, #salt spray test porosity (ua;b | Industrial Pump &
cabinet type C-Al spray) tests Filter Mfg. o.,
) Chicago, Ill.
E. Tukon hardness hardness tests of Wilson Mechanical
teater with electroplates Instrunents
Knoop Indenter " Bridgeport, Conn,
o] B i 8
‘1 i r\ Y e
. T 3 .
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- . 1
‘/
Item C /| R Use.ca o Source
' F. Research Metallo- examination of  Bausche¢ & Lomb Co.,
graph specimens for Rochester, N. Y.
microcracks :

@. 60,000 pound tensile tests Baldwin Lima Hamilton
Baldwin univer- ' Company ...
sal test machine ' Waltham, Mass,
with nfloroformer , ,

. - extensometer and ) .
MA:-1 atress strain
regorder _ . .

H. 12,000 pound sustained load . Arcweld M{g. Company
Aroweld oreep- . teats Grove City, Pa.
rupture machine

I. 375-1000°F draft  application of ' Blue M. Elactric Co.
oven - " various bake=out Blue Island, Ill,

S conditions \
. K
Je vaSuum hydrogen aialyuia of speci~ National Research Couxp.
determinator mens for hydrogen Newton Highland 61,
C cpntent :Mass,
| ' Y
K. out-off saw cutting specimens reclsion Scientilic
) ‘. ) after sustained ompany ,,
load tests Chiocago, Ill. ’
PROCEDURES )
1Y s
I. Applicatiaon procedures for conventiopal chromium and Crack-
free 500 ohromium test {inishes to 4130 and Thermold A stecl,
Ty

All basis metal specimens were wiped with cheesucloth

molistened with methyl ethyl ketone, .They were then vapor

degreased in trichloroethylene, Spegimens were anodic

cleaned in Oakite 190, (6.08/gal), 160-180°F at 6 volts for

3 minutes, Thermold A steel specimens were made the

anode firat in the ohromiEm plating solution for one minute

“at 6 velts and then quickly switched, over to cathodic arranpge-
ment for chromium plate, . Specimens of 4130 steel were piclled

in 6 nogsal hydrochloric adid at room temperature for approxi-

mately.two minutes just prior to plating. ' - 1 -
, { g . v
' z
K “
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The conventional chromium bath used was made up of 53

oz/gal. chromic acid flake and 0,53 oz/gal, sulfuric acid

catalyst, The operating temperature was 130°F Z5°F

while the plating current was 2 amps/square inch, Crack-

free 500 chromium plating was performed according to

vendor instructions as follows!

A, The concentration of CF-500 material was 44 oz/gal
and the operating temperature was 150°F t2°F, :

- B, Plating ourrent density was 2 amps/square inch,

C, The new solution was dummied with copper cathode at
6 volts for 4 hours, ’

D, Ordinary chromium plating anodes of tin-lead alloy
were used and the solution was contained in glass,

II. Test-Procedures N
oo
k|

A, Visual Inspsction

1
r

o B ¥ L

During preparation of specimens for salt spray, crack
detection, sustained load, hardness eto., the various
‘specimens were examined for pits, biisters, excessive
.edge build-up and other possible imperfections,

i . B,* +Adhesion ' )

{ %eoim&na were bent repeatedly through an angle of
O°F on a diameter equal to the thickness of the
. secimen until (racture of the basis metal, The
.fracture area was then examined at 7X magnifiocation
fior evidence of poon adhesion, s Any peel or flaking
from the basis metal was arbitrarily consideyed a,
failure. Plate thickness was 2 mils.

c. Poro;ity . ‘
r « , o

Specimens were c‘xpoaed to 20% dalt spray as described
in Federal Test Method Standard 151, Method 811, until
failure or completion of a 250 jhour test, The first
appearance of rust was considered a failure, ,

D. }fardncu v 1

Hardness tests were conducted on a Wilson-Tukon
hardness tester using a Knoop indenter. The ,load was
100 grams and the lens was 450 ,with s factor fof ,1662..

1 ' |
! 1 1 L "
4
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The tests were conducted on a 3 mil plating applied
to 4130 steel. Specimens were sawed, mounted and
tested in a position perpendicular to saw direction
so that indenter impinged only into the chromium.

E. Crack Detection

A specimen of 4130 steel was plated with conventional

chromium while another was plated with Crack-free..500

chromium. Both were plated with .002" thickness

chromium., The specimens were then examined on a

metallograph. at various magnifications; however, a

. . magnification of 250 X was best suited for wrack
degection. : :

- ”

F. Sustained Load lests

In order to arrive at a 90% ultimate load for actual
sugtained load tests standard sheet tensile specimens,
taken in the longitudinal dinectgpn, were fabricated

. acgording to drawing FTJ-10940-8, Standard notoched
sheet tensile specimens, also taken in the longitudi-~
nal direction, were fabriocated as shown in drawing
FTJ-10940-20,¢ After fabrication specimens were heat
treated as roliowa:

" ] }
1l.- Preheat to 1450°F - hold for 30 minutes (argon
atmosphere) :

. ) H §
! *+ "2, Heat to 1850°F - hold for 1 hour (argon atmospherc)
'3.% Air cool ‘ : . ﬁ

"%, . Double temper at 1025°F for 2 hours (aﬁkon atnos-
phﬂre) .

. ] 14
Thq tenslle tests foxr both nqtched and unngtched
specimens were conducted in a 60,000 pound Baldwin
universal test machine, A microformer extqnsomater
and a MA-1 stress-strain recarder were used to obtain
the yield strensth by the 0,2% offset method on the
ungotohed specimens., Ninety percont of the averapge
notched tensilé specimen value was used as load fov
sustained load, tests.

. : } ,
Specimens for sustained load Nere additional notched
tensile speciméns,f&brieated,'heuﬁ treated, sanded,
polished, plated and baked as shown in Table IV.
Sustained load tests ‘were rum on an Arcweld 12,000

pound creep-rupture machine uhtil failure or comple-
'tion of 1000 hour test,

*See supplonontnl‘Sheﬁt -1 A " :
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After sustained load tests the notched area was
removed with an alundum water cooled cut off saw.
The areas removed were ,055" x 0,25" x 0,25".
Specimens were then thoroughly cleaned in acetone, -
dried and analyzed in the vacuum hydrogen analyzer,
A few additlonal specimens were examined on the
outer edge as shown in Table IV,

0. Hydrogen pick-up determinations*.

, Three strips approximately 6" long x 1/4" wide of

™~ ! .055" Thermold A materlal were sheared out of sheet

' . stock. One strip was used as unplated control, one

, 8trip was plated with .002" conventional chromium

and the remaining_strip was plated with .002" of

Crack-free 500 chromium; The etripa were identified

and sheared into pleces 1/4" x 1/4" x ,040", Speci-

mens were baked out as groups at various conditions

‘off time and temperature shown in Table V. Hydrogen
content of specimens after various treatments was detep-
mined on a N.R.C, vacuum hydrcgen determin%tor

aocording to procedures described in FZM-1776,
procedure 3,560, ; , 2
1 b 3 !
RESULTS: 4 9

Pigurs 1 is a photomicrograph at 250 X magnification of Crack-
free-500 chromium and conventional chromium., Table I presents
data for visual observations, adhesion and hardness tests.
Salt bpray test data are shown in Table II while Table III and
IV contain results of tensile, sustaiped load and hydrogen
content of sustained load tests. Effects uf varlous bake-out
conditiggp on hydrogen content are lhgwn in Table V,

Ed

L)

DISCUSSION: 3

: ‘ a g
Upon examination of Figure.l it is evident that Crack-frece-500
chromium oan be deposited in the crack-fres state. Table I
data shows ,the two materials to be compavrable except in hard-
ness with drack-free 500 chromium being somewhat hapder. Salt
Spray test data from Table II is conclusive that Crack-free-500
48 oonsiderably more resistant to corrosion, For instance
003" conventional chromium failed 48 hours salt spray while
the same thickness Crack-{tree- 500 chromium passed 250 hours
without any basis steel corrosion, This is also further proof
that the Crack-free-500 is.orack-free,

* f

*See Bﬁpplpnontal shoit s§2
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Sustained load test data in Table IV shows first that 375°F
for 23 hours bake-out of Crack-free.500 1s not sufficlent
hydrogen relief since all spacimens falled the 1000 hour
test. With more bake out, for instance 500°F for 2 hours,
adequate sustained load strength was obtained. Data for
‘conventional chromium sustained load tests agrees with
published data which indicates 375°F for 23 hours is an
adequate bake-out condition, This data therefore 1is good
control data, It is also obvious, generally speaking, that
the analyzed hydrogen content is less at more elevated con-
ditions of temperature and time, Some difficulties wére
encountered in the hydrogen determination tests. During
cut-off operations with the alundum wheel visible oxidation
occurred dn the specimens even though they were cut under
water, For this reason it was decided to conduct additional
teasts for hydrogen determinations with emphasis on eliminat-
ing the ocut-off heating problem., Thin strips of metal were
plated and small specimens were then sheared off for varilous
’ bake-out conditions and subsequent hydregen analysis, By
examining ;data from these tests reported in Table V i¢ is
obvious that the hydrogen content is reduced by increasiug
the bake‘gut time and temperature. :
r ! ' - t :
CONCLUSIONS: . 3 1 1 -

: L r "
The ochemlgal and physical prgperties, hydrogen embrittlement
effects and methods of hydrogen embrittlement relief for
Crack-free 500 were inveatigated. The following conclusions
are madet- v i -

»

1. GQF-500 chromium is drack free. 1

' : 2 »
2, C®-500 chromium plafed steel iy more resistant to
corrosion than conventional chgomium plated sgteel,

3. éF-SQO chromium is domparable go convontionai .
chromium in appearance and adhqsion but 1s slightly
harder than conventfonal chromjum plate. £

i a
4, &doq te hydrogén e‘brittlemené relief can be
qbtalned from CE-500 by increasing bake out time
&4nd temperature.to 5000F for 23 hours.

v 1 ) O ;
n g 3 E
[ { . i 1 . F ‘
, i J ’

. ' | 3 !

{ i A N

. 1 1 ;
s 3 ! r
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Hydrogen Determination, Reference Page T, Paragraph G

Hydrogen content of the metal was determined by the hot
& - vacuum extrastion method. A Hational Research Corporation
~——"]  Vacuum Determinator, Model 91T, was used.

Mctal samples were placed in a molybdenum crucible and heated
by an induction furnace., At elevated temperatures the sample
releases the contained hydrogen which is pumped into a measured !
volume. The change in pressure of the measured volume is indi-
cated ty a ‘Mcleod gauge, The hydrogen content in parts per

‘ million is

*

culculatcd as follows: N
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