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PROCESS - PLAT.TG - CRACK-FIREE CHROMIUM. CF-500,
PHYSICAL AND CEM1ICAL PROPERTIES. EVALUATION OF

PURPOSE:

Conventional chromium electroplates as applied to meet Speci-
fication QQ-C-320 has no salt spray test requirements. -This
is because conventional chromium plate, sometimes called
engineering chromium or inaustrial hard chromium c6htains
microcracks. These microcracks allow corrosive media to
penetrate the plating to basis metal causing corroslon.
Because thd electroplate and basis metal are dissimilar metals
the steel basis metal iased" in most aplplications becbmes anoQic
with an increased corrosion rate,

Crack-free 500 (C0-500) chromium is a new development by Metal
and Thermit Corporation reported to cbntain certain stress
relief additives which allbws chromium to be electrodeposited
in a crack free condition. The OF-500 is also reported to be
softer, more ductile and more adherent. The purpose of this
test is to determine the properties of 0F-500 chromium.

SUMMARY:

Crack-free 500 chromium an• conventional chromium plated 41130
and Thermold A steel, a H-1l type stcpl similar to Vasoojet i00Q,
test specimens were plated and compared in various tests. The
tests were (1) crack detection, (2) visual ob3ervations, (3)
adhesion, (4) hardness, (5) salt spray accelerated corrosion
tests, .,) sustained load tests and (7) effects orA farious baka-
out conoitions on hydrogen content inmplated Thermold A Lteel.

The two types of chromium were comparable in aprearance aad
adhesiop but OF-500 chromium was slightly harder and connider-
ably moe Corrosion reelstInt in saltispray tests. It was
also degerained that incre sing the hydrogen relief, bake-out
conditions produced adequate sustainel load strength of CF-500
chromima plated high heat treat steel. Hydrogen analysis test
results on speclmens wLth one or more unplated edges showed the
hydrogen content was reduced by increasing the bake-out time
and temperature. Adequate hydrogen embrittlement relief waa
obtained by baking at 5000P for 23 hours.
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OBJECTi

14 To investigate the chemical and physical properties
of CF-500 chromium electroplates as compared #ith
coiventional chromium eleatroplates.

2 To investigate the extent of hydrogen embritttle-
2 me t oocurring and methods ot hydrogen relief for

chromium plated high heat treat steel.

SPECIMENS, MATERIALS AND §QUIPME NT4

Z. Speoiin~ns-

Item - Use Source

A. 2 pieces of 4130 basis metal for Bethlehem Steel Co.
steel o040" x i" crack detectibn Bethlehem, Pa.
x 5" test

B. 2 pieces of 11130 basis mett•l for Bethlehom Steel Co.
steel .040" x i, ,visual oboerva- Bethlehem, Pa.", " , t1 ion

0, 6 pieoes of 41130 , basis metal for .. Bethlehem Steel Co,
stedl .040" x i" bend adhesion Bethlehem, Pa.

D, pieces of 4130 basis metal for Bethlehem Stoel Co.
steel .040" x 1" hardness test Bethlehem, Pa.

E. 28 pieoes of 41V0 basis metal for Bethlehem Steel Co.
steel ioO4" x 1 salt spray teats Bethlehem, Pa.
x5'

74 9 pieoes Thermold basis metal for Universal-Cyclops Stool
A steel 6055" x btandard tensile Company
Ifl X 87 specimen Titusville and

Bridgeville, Pa.

UTILITY REPORT SHEE FWP 1072-1-S4
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Item Use Source

G. 114 pieces of basis metal for Univercal-Cyclops
Thermold A steel notched tensile Steel Company

•055" x 1.25" and sustained load Titusville andX8" test specimens. Bridgeville, Pa,

H. 3 pieces Thermold basis metal speci- Universal-Cyclops
A steel .055" x men. for hydrogen Steel Company
•.25" x 6" pick-up determina- Titusville and

tions Bridgeville, Pa,

II. Materitist

A. 125 pounds of ingredient for Metal & Thermit Corp.
Crack-free 500 Crack-free 500 Rahway, N. J.
Chromium chromium plating

B. 100 pounds of ingredient for 53 Mutual Chromium Chem.
ChfomVo Acid oZ/gal conven- Baltimore, Md,
Flake, tional chromium

plating solution
0. 100 pounds of apodic electro- Oakite Products, Inc.

Oakite 190 cleaner prior to 52 H. Rector St.
plating F New York 6, N. Y.

III. Equipmenti I,

A. vapor degreaser preplate cleaning manufactured by
of all basis metal Dept, 36

B. ele~troplating anodic cleaning, manufactured by
test fixture XJ- pickling and tooling department
91602 plating of sjeoi-

mens

0. Baosch & Lomb visual examioation W, Ho Ourtin Co,
stqriosoopio ot specimens, P.O. Box 53011
mi6roeoope . Dallas, Texas

D, 8alt bpray test porosity (salt Induntrial Pump &
cabinet type C-Al spray) tests Filter Mfg. Po.,

- Chicago, Ill.

E, Tukon hardness hardness tests of Wilson ?Iechanical
tester with eleotroplates Instrutnento
Knoop indenter Bridgeport, Conn.

I 
1m
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"" P. Research Metallo- examination of Bauscht. & Lomb Co.,
graph speolmens for Rochester, N. Y.

microcracks

G. 60,000 pound tensile tests Baldwin Lima Hamilton
Baldwin univer- Company'
sal test machine Waltham, Mass.
with *oroformer
extens.ometer and
MAil a'tress strain
reoorder

H. 12,000 pound sustained load Aroweld Mfg. Company
Aroweld creep- tests Grove City, Pa.
rupture machine

I. 375-1000*1 draft application of Blue N. Electric Co.
oven - various bakez-out Blue Island, Ill.

,onditions ,
C

J. vacuum hydrogen aialysis of speoi- National Research Co&vp.
determinator mens for hydrogen Newton Highland 61,

cpntent Mass.

X. out-off saw cutting specimens jrecisaon Scionti~ioafter sustained uompany.load tests Chicago, Ill.

PROCEDURESi

Is Applicatitn procedures for conventioval chromium and Crack-
free 500 chromium test finishes to 4130 and Thermold A steol.

All basis metal specimens were wiped with cheesecloth
moistened •with methyl ethyl ketone, :They were theni vapor
degreaied in trichloroethtlene. Spepimens were anodic
cleaned in Oakite 190, (6;os/pl), 160-180'F at 6 volts for
3 minutes. Thermold A steel specimens were made the ,
anode firqt in the chromium plating solution for one minute
at 6 veltq and then quickly switched, over to cathodic arrange-
ment for chromium plate. Specimens of 4130 steel were pickled
in 6 uoml hydroohlorio abid at room tempeoature for approxi-
matel• two minutes just prior to plating,

4"
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* The conventional chromium bath used was made up of 53
oz/gal. chromic acid flake and o.53 oz/gal, sulfuric acid
catalyst. The operating temperature was 13A0F -50F
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 ±-2 Fj

B, Plating current density was 2 amps/square inch.

C. The new solution was dummied with copper cathode at
"6 volts ror 4 hdurs;

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

II, Test Procedures

A, Visual Inspection • r

During preparation of specimens for salt spray, crack
detection, sustained load, hardness eto., the various
specimens were examined for pits, blisters, excessive

Sedge build-up and other possible imperfections.

B, .Adhesion

3pecimens were bent repeatedly through an angle of
M8O'F on a diameter equal to the thickness of the
s&cimen until fracture of the basis metal. The

.fracture area was then examined at 7X magnification
Ppr Ividence of poog adhesion.:s Any peel or flaking
4rom the basis r•etal was arbitrarily considered a.
failure. Plate thickness was 2 mils,

C, Porosity

Specimens were exposed to 20% 4alt spray as described
in Federal Test oethod Standar4 l5l, Method All, until
failure or completion of a 250 our test. The first
appearance of runt was considered a tailure.

D, hardness

Hardness tests were conducted on a Wilson-Tukon
hardness tester poing a Knoop indenter, The .load was
100 pans and the lens wis .4•o iOwitkh a f actorýof ,.1662,.

UTILITY 411"'t SHt1ET ' ( De m t
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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.

9. 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"1 thickness
chromium. The specimens were then examined on a
metallograph. at various magnifications; however, a
",mainification of 250 X was best suited for •crack

,do ection.

F. Sustained Load rests

In order to arrive at a 90% ultimate load for actual
suqtained load toeats standartA sheet tensile specimens,
taken in the longitudinal dimectSon, were fabricated
aetording to drawing FTJ-10940-8. Standard notched
sheet tensile specimens, also taken in the longitudi-
nal direction, wore fabricated as shown in drawing
FTM-10940-20.' After fabrication specimens were heat
treated as follows:

1.1 Preheat to llS50*F - hold for 30 minutes (argon
atmosphere)

"2. Heat to 1850"i- hold for' I hour (argo? atmsphere)

'3.~ Air cool

"Double temper at 1025"1 for 2 hours (argon atmos-photo).

Thl tensile tests for both nctched and unnqtched
spgcimena were, conducted in a 60,000 pound Baldwin
universal test machine. A microformer extqnsomater
and a MA-l stress-strain recorder were used to obtain
the yield strength by the 0.2$ offset method on the
un~otohed specimens, Ninety poruint of the average
notched tensili specimen value was used as load for
sustained load tests.

t , I

Specimens for sustained load ýere additional notched
tensile specimins, fabricated, heat treated, sanded,
polished, plated and baked as: shown in Taboe IV.
Sustained load'tests were rurr on an Arcweld 12,000
pound creep-rupture machine uhtil failure br comple-
tion of 1000 hour test.

*See Supplemental Sheet S-1 "

WiLITY REPORT SHUT FOPo,072-S-5' ~FWP 1072-8-5ai
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After sustained load tests the notched area was
removed with an alundum water cooled out 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 additional 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
S' 15" Thermold A material were sheared out ,of sheet

stock. One strip was used as unplated control, one
strip was plated with .002" conventional chromium
anid the remaining strip was plated with .002" of
Crack-free 500 chromium, The strips were identified
and sheared into pieces 1/4" x /411" x .040". Speci-
mens were baked out as groups at various conditions
'of time and temperature shown in Table V. iHydrogen
cointent of specimens after various treatmepts was deter-
miped on a N.R.C. vacuum hydrogen determinator
acaording to procedures described in FZM-1776,
procedure 3.590. •

RESULTS:

Figure 1 is a photomicrograph at 250 X magnification of Crack-
free-500 chromium and conventional chromium. Table I p.enents
data for visual observations, adhesion and hardnesstests.
Salt bpray test data at'e shown in Table II while Table III and
IV contain results of tensile, sustained load and hydrogen
content of sustained load tests. Effects uf various bake-out
conditions on hydrogen content are shown in Table V..he
DISCUSSIQNt

Upon examination of Figure1 it is evident that Oraok-froe-,500
chromium oren be deposited In the crack-free state - r Table I
data shows the two materials to be coMparable except in hard-
Pess with drack-free 500 caromium beipg somewhat harder. Salt
spray test,,data from Table, II is conclusive that Crack-free-500
is considerably more resistant to corrosion. For instance
.003" conventional chromium failed 48 hours salt spray while
the same thickness Crack-free- 500 chromium passed 250 hours
without anX basis steel coprosion6 Toil is also further proof
that the C'ack-free-500 is-orack-freer

*3See sppleseatal Sheet S32

UTnLI1Y REPORT SHEET DprM~l
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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 is not sufficient
hydrogen relief since all specimens failed the 1000 hour
test. With more bake out, for instance 500OF 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 is 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 wore
encountered in the hydrogen determination tests. During
cut-off operations with the alundum wheel visible oxidation
occurred on the specimenE evon though they were out under
water. For this reason it was decided to conduct additional
tests for hydrogen determinations with emphasis on eliminat-
ing the out-off heating problem. Thin strips of metal were
plated and small specimens were then sheared off for various
bake-out oond~tions and subsqquent hydrogen analysis. By
examiningAdat4 from these teqts reported in Table V it is
obvious that the hydrogel coqtent is reouced by increasiag
the bake 'ut time and temperature.

CONCLUSIONS: ,
L I r

The ohemial and physical properties, hydrogen embrittlement
effects aqd methods of hydrogen embrittlement relief for
Qraok-free-50 were inveqtigated. The tollowing conclusions
are madba-

1. OF-5b0 chromium is qrack free..

2. 0C-500 chromium plaied steel 11 more resistant to
corrosion than conventional chiomium plated Iteel,

3. qF-500 ohromium is oomparable to conventional
chromium in appearance and adhqsion but is slightly
hardir than conventional chrom4um plate.

4. 4deqnate hydrogen eqbrittlemeni relief can be
qbtained from CP,-5O0 by increasing bake out time

,nd temperature. to 500OF for 23 hours.

3
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Hydrogen Determination, Rererence Page 7, Paragraph 0

Hydrogen content of the metal was determined by the hot
.- vacuum extrastion method. A National Research Corporation

•-- Vacuum Determinator, M.odel 917., was used.

Metal samples were placed in a molybdenum crucible and heated
by an induction furnace. At elevated temperatures the sample
releases the contained hydrogrn which to pumped into a measured
volume. The change in pressure of the measured volme tos indi-
cated * ajXcleod gauge, The bydrogen content in pýarts per
million is calculated as follows:

* - t - S

(He ppm) (0.10811. Volume Constant)(Vol e)( Preasur ,Micronný
(Weignt or Capple, Urams)

It

I ".
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