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Prieritys Var Department 2B
Title of Projecfs "Evaluatior of Principel Factors for Obtaining Ductile
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Contractors Battelle Memorial Institute

Hot-Hard Chromium Electroplate for Cannon."”

Authors: Hsrry F. Ross, William C. Schickner, Cloyd A. Snavely, and
Charles L., Faust.

Objectt To establish fundamental information leading to the development
of an erosion-resistant chromium or chromium alloy electrovlate for

lining gun tubes.

Supmarys hesults of experiments are reported dealing with physicel charac-
teristics of chromium electroplate and with new electrolytes for the electro-
tisn of chromium, The new electrolytes fall in the three classes:
fused salt baths, aqueous baths, and organic type baths. The new informa-
#ion serves as the basis for discussion of the possibilities for producing

a hot-hard electrocoating for cannon. -
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Gonelusions

~Experimental data show that nitriding or boronizing of chromium
plate is not a praoticable method for counteracting the softening normally
occurring when the plate is heated above the recrystallization temperature.
A considerable amount of work with various electrolytes has not indicated
a method for producing ductile chromium plate. Ths best possibilities for
a hot-hard and ductile electroplate appear to lie in the alloy plating

field;

Report Period

Thie report covers the period from September 19, 1947, to

September 1, 1948.
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FINAL TECHNICAL REPORT
? H'ﬁ F"‘\_ ~
on L Y T MTED
EVALUATION OF PRINCIPAL FACTORS

FOR OBTAINING DUCTILE. HOT-HARD
CHROMIUM ELECTROPLATE FOh CANNON*

by

Harry F. Ross, William C. Schickner,
Cloyd A. Snavely, and Charles L. Faust

@
SCOPE OF WQRK ’
The work herein reported fmlls under the following general . ”". ‘]
headings: ;j.;:j
;i“i"q
1. An evaluation of the known factors governing the ductility fﬂjgf
and hot-hard properties of electrodeposited chromium mstal. ":‘if;*

2. A study of the cathode film constituents and their effect

on film pH during chromium plating.

3. A survey of the posgibilities for improving the hot hardness ‘;‘if‘d
of substantislly stress-free, low-contraciion chromium plate as by deposi-

tion of chromium alloy, or by speclal hardening treatments.

ratdAane Adrantad tnwerd Aaovralnanment Af en imnroavad
b A DA VaTiiw WMas VW VYWWm T ITWwe ™ myrTawiuwiss we —pr—— - _
chromium plating process to produce ductile chromium plate,
* The experimental data obtained in this work are recorded in Laboratory e
Record Books No. 2988, pages 72-100, and Li>, 3561, pages 1-87. S
-6~ '.,
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NTR TION

The work reported herein is divided into two mein phases. In
the first phase the studies were related to the physical characteristies
of chromium plate. The information thus gained was used as the basis
for the second phase of the work which involved attempts to produce

chromium plate with improved physical oproperties,

EVALUATIO FAGTORS
DUCT, D - *OPERTIES OF
LECTRODEPQOSIT OMIUM_MET

The factors governing the physical characteristics of chromium
plate were discussed in some detail in the final report on a previous
contract(l). The conclusions dravm therein were based on limited experi-
mental data. In the present work, new data were obtained which are be-
lieved to provide positive support for the earlier conclusions. In
addition, new information was gained which was not predicted by the
earlier work.

The known factors relating to the hardness end ductility of

plata may ba listad ss follows:

(1) Final report submitted July 28, 1947, by Battells Memorial Institute

under Army Craaznze Centract ¥W33-019 0=2-5257,
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Grain size

Internal stress

Occluded hydrogen

Dispersed oxide
Metallographic studies of the structures of “as plated" and annealed
chromium plates revealed the annealing effects i1llustrated in Figures
1, 2, and 3. Recrystallization and grain growth did not take pluce &t
300°C., yeot are clearly evident after trsatment at 500°C. The occcurrence
of recrystallization and grain growth a: treatment temperatures between
300°G. and 500°C. is thus established as an observed fact instced of a
postuleted theoretical deduction from other facts. Additional informa-
tion relevant to these conclusions, but not essentiaml to their formu-
lation, is reported in Appendix 1.

Other experiments indicated that the oxide particlss in chromium
plete, vhich are visible under the microscope, remain essentially un-
changed as to position during annealing treatments. There is a tendency
toward breakup of the oxide films into spheroidized particles. However,
no evidence was found that these particles migrate to the grain bound-
aries during anneaeling. Therefore, it is concluded that these visibla
oxides play little or no part in the annealing process. Photomicro-
graphs illustrating these remarks are shown in Appendix II.

With this new information availeble, the pc--1u!~ lactors caus-

ing hardness and ductility characteristics of chromiu. wers re-
inspected.
-8~
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Grain Size

The extremely fine-grained nature of "as plated" chromium and
the recrystallized structure of plates, softened by mnnealing, are be-
lieved to constitute conclusive evidence that the hardness of the plates
is directly relaeted to the grain size. The softening on annealing cen
be followed (through metallographic examination of structures) as e
definite correlation between extent of recrystallization and resulting

grain size and the hardness.
t tre

Internal stress in chromium plate has nct been studied so
thoroughly as cther factors. It is lnown that "as plated" chromium con-
teins high internal stress which is relieved during annealing. The
slight softening on heating hard plate to 300°C. mey be explained as a
result of relief of internal stress. X-ray photograms do not reveal
this change 1n stress condition, since the fine-grained character of
the plate produces diffuse lines before and after stress relief. It is
certain that stress relief precedes recrystallization and, therefore,

the temperature renge for stress relief is fairly well established as

being around 300°C.




» A

Ogeluded Hydrogen

Previous work(l) has shown that the removal of occluded hydrogen
does not appear to correlate in any way with the softening of chromium
plate on heating. No additionel work was done during the present con-

tract period which would amplify the previous information.

Dispersed Oxide

The evidence now avalleble indicates that the oxide in hard
chromium plate is a result of the conditions cauvsing hardness, rather
than being itself the cause of the hardness. The lack of ductility
in hard chromium plate, or in annealsd chromium plate, is ascribed in
the first case to the oxide films in the plate, and in the latter case
to the spheroidized oxide particles which are lined up in the positions
formerly occupied by the hydrated oxide films from which they are
derived.

CT S1LICS O

STATUS QF VORK ON PHYSICAL
. ST G ¥ Ci i H

The information relating to the phyveicel propsrties of chro-
mium plate produced by presently known methods is believed to be
sufficiently well developed to allow intelligent engineering application

of the plate. OSuch applications would relate to low losds and moderate

temperaturas,




These factors show why conventional chromium plete cannot be
expected to give the desired improvement in the tube life for hyper-
velocity firing and for large bore cannon. It is clear that the
character of the chromlum plaote must be changed. Subsequent plating
studies were undertaken toward improvemants in the ductility of

chromiur plate.

STUDY OF CATHODE FILM CONSTITUENTS
AND THEIR EFFECT N FILM pH

A considerable emount of work directed toward the study of
cathode film constituents was reported previously(l). In that work
the cathode film materisl studlied was prepared synthetically. In the
present studies, attempts were made to obtain cuthode £ilm samples dur-
ing actuel plating operations. A hollow and porous nickel ~athode was
used and materiel was drawn from the hollow portion of the cesthode
while the outside was being chrowium plated. By this method it was
possible to obtain samples of solution drawn through the plating 2one.
The samples contained aos much as 20 per cent of the chromium concentra- ' ‘ N
tion in tne partially reduced state (Cr+3), vhereas the bath contalned o : -

o small frection of 1 per cent of the contained chromium as Cr*3, The R

pH of the samples was approximetely 0.4 pH unit higher than that of the - i.,'.

bath proper.




These experiments did not furnish the type of final information

desired, but did provide evidence in confirmation of the cathode film

i theory previously advanced(l). The work was discontinued because there
wes no better sampling method available. The results of other experiments

carried on during the project have indicated thst no further work along

—Aaa

this line was justified during this progrem. Lo

L
a ® |
. !
SURVEY OF THE IBILITICS ROVING
THE HOT- F oMIUM P
’ S
Hot hardness of chromium plate might be achieved by alloying, or T

by a conversion treatment such as nitriding or boronizing. Alloy plating
ii experiments ere described in a later rection. Boronizing and aitriding ;-__:;;;
" trectments ¢n chromium plate were carried out under supposedly optimum

conditions. In both cases, the results were negative, indicating a dif-
i‘ fusion r.te too slow for practical operstion within allowable temperature RN
ji ranges for gun tubes. .
oy Boronizing BRI
l‘;' .

The boronizing method consisted of passing hydrogen gus contain-
ing boron trichloride vapor over heated, chromium-plated specimens. Boron

vwas deposited on the chromium surfaces and the specimens were then held

e
at elevated temperature for short-time diffuslon treatments. Details of R
. e

-12-
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time cnd temperature for plating and diffusion are given in Table 1,

Further details regarding the plating method are available in the

i literature(?),
Metallographic examination of the boron plated specimens re-
vealsd no evidence of interdiffusion between the boron and chromium.

It was concluded that the diffusion treatments were not sufficiently long

,
t
{

.en.
®

to allow a significant amount of penetration. No prolonged diffusion

treatments were undertaeken because of the deleterlous effect a prolonged

» high-temperature treatment would have on the gun tube material, %*f.;*;
s Nitriding
i Initial nitriding tests were cerried out in a muffle furnace, i ;_

chromiun plated specimens receiving the treatment at the same time a

- group of steel specimens were being nitrided. The nitriding temperature

hi was 510°C.j; the time 48 hoursj; and the degree of ammonia dissociation

was maintained at 30 per cent. These specimens were examined under the

metallograph and hardness measurements were made with the Tukon tester.

There was no evidence of a nitrided layer, though the steel samples

-v......' - .

treated at the same time had satisfactorily hardened surfaces.

.
.
3
.-
’
I
4

(2) Parraveno, N., and Mazzetti, C., Rec. trav. chim. 42, 821 (1923);

CuAc lz, 3651 (1923)‘

-13-
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Navw nitriding experiments were then conducted in a tube furnace,
the temperatures being raised to 900°C. The treatment time was 24 hours.
Metallographic examination revealed a layer at the surface which was ad-
Judged to be chromium nitride.

Two layers were found at the interface between chromium plate
end the stesl basis. The layer in immediate contact with the steel
appeared to consist of an iron-chromium diffusion alloy a&s shown by
previous work, The layer between this end the chromium appeared tc be
chromium nitride.,

The chromium nitride phase, CrpN, had Jeen previously identified
by X-ray tests on chromium plate samples heated in air for prolonged
periods at 1100°C. Figure 4 presents X-rey diffraction data for those
tests. The photomicrographa in Appendix II show the structure of the

nitride layers formed. The similarity in appearance and structure of

the layers found in the nitriding experiments and those in the air-heating

experiments left no doubt as to their similarity in composition. There-
fore, no X-ray tests were made on the nitrided samples.

These teets snow that the nitriding of chromium plate occurs
only at high temperatures, 1000°C. or higher being required to attain
significant rates. Ordinary gun steels cannot tolerate long treatments
at this temperature. However, the nitride coeting is hard, and with &

ductile backing might be of use in applicatiorns other than gun tubes.

-1~
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It was shown that the nitride layer ends in a sharp interface S

at the unaffected chromiuwm. This does not allow for a gradual change

i from the hardness of the nitride to the hoped-for ductility of under-
lying chromium. Therefors, no further work elong these  ines appears

to be justified.

- : ;
& Y
S H_FOR VED MIUM PLATING PROCESS -

The teats described in the preceding sections and in reports of  ‘;"n:§

- - v
P. earlier work(l) have clearly shown that ductility and hot hardness may . . 9

not be expected from conventional chromium plate. The lack of ductility

. e
' .
, e
. -‘ A

is ascribed to the oxide films aistributed through the plate, and, in

turn, these films are related to the deposition and decomposition of ?_~.."-
chromium hydride during the plating operation. Therefore, means were -
. sought to obtain a chromium plate which is deposited as body-centered, fi .....
-. cubic chromium metel and not as a chromium hydride. Fused-selt baths ::.;i!:j
g or nonaqueous organic baths contain no hydrogen ion as such, and, there- -;Afffi
: fore, bathsg of these types ware studied with the hope of developing an ;3?;
?; inproved pleting process. . .9
;;: The experimental work reported in Appendix III is belleved to
:?? cover the most obvious possibilities for improving the chromium plating
?" process. The alloy plating field was largely avoided because of the i.sﬂ"f
i time limitations of the contract period. The time available was mainly ’{}f:{
.:._
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devoted to study of pure chromium plating baths with the idea of finish-
ing this work during the exiasting contract period. The alloy plating
work was set aside for later consideration in caese the earlier efforts
were not successful.,

All of the efforts to improve the chromium plating process wers
unsuccessful. Thick deposits from fused salt baths were invarisbly
powdery or granular. No way has been devised to obtain buildup of co-

herent ductile chromiun metal.

STATUS OF WORK

The new informatlon cited in the preceding sections shows that
es~deposited chromium from the chronic acid bath cannot be expected to
have either ductility or het hardness. Also, extensive studles of alter-
nate types of baths have not developed a means of producing a ductile
plate nor have nitriding and boronizing tests indicsted a practical
method for inducing hot hsrdness in chromium plate;.

These results ghow ceuse for the poor performance of chromium
plate in extreme conditions of gun tube service but do not offer means T
for improving the performance. It is now clear that the desired improved -
ductility and hot hardness must be sought in chromium rich elloys. A
nuzber of such alloys show promise, and ths high chromium-iron alloys

are particulaerly interesting. Favorable results have been reported for

-16~




studies with breech liners of forged chromium~iron allcy. Electrodeposi-
tion of such alloys would allow protection of the entire gun tube. Recen.
work(3) indicates strong possibilities for successful deposition of high
chromiumn-iron alloys., Combinations of chromium end the various refractory

metals are other alloys which appear to be worthy of study.

“3) Pilot-Flant Production of Electrolytic Chromium, Lloyd, Rosenbaum,

Homme, end Davis, Jour. Electrochem. Soc. 94, 122 (1948).
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APPENDIX 1

This section of the report presents Figures 6, 7, and 8, which
show additional date on recrystallization of conventional herd chromium

plate at elevated temperatures.

! AR
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APPENDIX II

This section of the report presents Figures 9 end 10, which

show the change in "oxide inclusion" when conventional hurd chromium

plate is heated.

-19-
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PEE S

AEPENDIX IT]

This section of the report contains the sssential data and
results of plating experiments to explore the possibilities for an

improved chromium plating procesas,

-20-
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Appsratus

Electrolysis of fused salt baths and organic chemical baths was
carried out in vertical muffle electrically heated furnaces. Temperaturss
ware controlled by recorder controllers in some cases and by manual ad-
Justment of variable transformers in other cases. Temperatures of low-
temperature baths were read on thermometers immersed in the baths. The
temperatures of high-temperature baths were read from recorder-controller
charts. Lost of the baths were contained in glass beaksrs except for a
few cases where refractory crucibles were required,

Aquecus baths were electrolyzed in glass beakers with electrical

immersion heaters controlled by thermoregulators.

In some experiments, alternating current was superimposed on
the direct plating current. The circuit used for this purpose is illus-
trated in Figure 5, In other experiments, a high-frequency magnetostric-
tive vibrator was used to mechenically vibrate cathodes. The frequency

was 9000 cycles per second, and the amplitude was about 0,001 inch. For

low-frequency vibration, a Traynor magnetic vibrator was used. This type

cf squipmert is used commercially &s a feeding device for granular ;;;f”ﬁ;‘

materials, 3
For most of the following work, sheet metal cathodes one inch ,fr :fj

squars were used. Vhen cuthodes were spun or vibrated, wire or rod

material was used.




Experimental Procedures

Table 2 outlines the experimental data obtained, The following
notes, titled according to bath type, extend the informaiion avallable

in the table.

4, Fused Salt Baths.

1. Chloride Baths. Of the ten bath compositions tried in this
classification, a coherent deposit was obtained from only one (Bath No, 8
in Table 2). The other baths yielded powders cr no deposit at all. The
plates from Bath No. 8, while coherent, were so poor in physical properties
that no further work with the bath was considered. It is likely that the

deposits contained much aluminum,

2, Cyanide Baths. The three bathsinvestigated under this classi-
fication (Baths No. 11, 12, and 13) gave either no deposit or only a trace
of chromium powder. At high current densities, metallic sodium was liber-

ated and rose to the bath surface.

3. Thiocyenate Bath. The only bath tried in this category ?"'.hl.
(No. 14) yielded only a light powder deposit on the cathode in 30 minutes

of electrolysis. The bath was tried because its operating temperature is

low compared to the cyanide baths. Y




4+ Fused Baths of Mixed Salts. In this classification are
chlor’dz-type baths used in an attempt to plate chromium-tungsten alloy,
and a mixed cyanide~chloride bath for deposition of chromium alonse.
None of these btaths yielded a promising deposit. Powder deposits were
produced in all cases, sometimes underlaid with a coherent flash of

chromium.

B. Orggnic Type Baths.

1. Urea Baths. Baths formulatid with urea, ammoniuz chloride,
snd chromic chloride were reported to have produced chromium pletes in
an English laboratory. The baths are fused and operated ~t temperatures
from 300 to 400°F.

In the present work, flash plates with a metallic appearance
were obtained from these electrolytes. Prolonged electrolysis did not
significantly increase the thickness of the plates, which were very thin
in most cases, and, when thickness was obtained, an organic compound
appearad to be deposited with, or instead of, the metal. A :zarnauba wax
layer was pilaced on the surfuce of Bath No. 21 in ths hepe of exeluding
air. However, the deposits were not ocenefited.

An alloy plating attempt was made (Bath No. 28) by a‘ding ferrous
bromide to the urea type bath. Agein an organic comoound was deposited,
but this time some free iron wee found in the depcsit. In a few experi-

ments, some chromium was elvo found in the deposits, but in all ceses the

-23-




emount of chromium was under one psr cent. One experiment yielded a

deposit which was 91.5 per cent iron.

2. Formamide Baths. The use of formamide typme baths to obtain
chromium plates is reported in the literature(4). The baths are satur-
ated with HC1l by bubbling anhydrous HCl through them before the electro-
lysis is begun.

In the present work, the HCl gas was bubbled through the baths
for 2 hours before electrolysis and the gas flow was continued during
electrolysis. As indicated in Table 2 (Bath No. 29), no satisfactory
chromiun deposits were obtained. Attempts to build up the plate always

resulted in a powdery deposit of metel.

3. Quaternary Ammonjium Compound Baths. Of the two quaternary
corpounds tried in experimental chromium plating baths, one produced
strictly flash plates (Baths No, 30 to 33) and the other, black non-
conducting cathode films or no plate of any kind (Bath No. 34). The
two compounds were, respectively, tetraethanol ammonium hydroxide and
ethyl pyridiniun bromids.

An effort was made to formulate a bath of chromic chloride-ethyl

pyridinjum bromide in the same molar concentrations as those used by a

(4) Blue cnd kiathers, Trans, Electrochem Soc. §3, 231 (1933).




previous 1nvestigator(5) to deposit aluminum from ¢ bath of aluminum
chloride-ethyl pyridinium bromide. Unlike the aluminum buth, this one

at two moles of chromic chloride per mole of ethyl pyridinium bromide

was found to be solid up to decomposition temperatures. VWhsn lower

concentrations of chromic chloride were used in order to obtain a melt,

the bath showed poor conductivity and gave black deposits.
Flash plates were obtained when a bath containing 10 grams of
enhydrous chromic chloride in 100 grams of tetraethanol ammonium hydroxide

ves electrolyzed.

4. Grignerd Reagent Baths. For the preparation of the one bath
in this classification, an excess of magnesium was reccted with bromo
benzene *‘n esnhydrous ether. The product ir ether solution was removed
from the megnesium and reacted vwith the approximate stoichlometric weight

of chrouic cliloride for the reactions

5 (OMg Br + 4 Cr Cl3 —= (3,5 Cr Br + 2 ¥g Clp + 3 Cr Gl + 2 Mg Br, S

The resulting mixture hsd high electrical resistivity ond tended to solid-
ify. No plate resulted winen electrolysis was attempted. . o
Though the result wes unfavorable in this experiment, experi-

mentation on Grignard repogents for chromium end chromium alloy plating

should be investigatad further. : é,

(5) Weir, The Electrodeposition of Metels in Fused Quaternary Ammonium
Salts, Master's Thesis, Rice Institute (1942).
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; 5. Other Organic Baths. A flash plate was obtained from a melt
ii of tris (hydroxymethyl) aminomethane with anhydrcus chromic chloride.
; From baths with anhydrous chromic chloride and thiourea dark, nonconducting
. cathode films resulted. .
ous Bathg.
A ' o

1. Chromic Acid Baths. Experiments with conventioral chromic
acid baths were conducted to test two variations from standard piating

conditions; extreme vibration, and reduced pressurs. The rod cathodes

> :

- were vibruted st 9000 cycles per second with a magnetcstrictive type AONCRESEN
- high-frequency apparatus, and at 60 cycles per second with a magnetic

- vibrator. The deposits appeared to bLe affected by the high-freguency

F

a

vibration, in that oxide films were shorter than normal in the micro-

structure. However, the deposits tended to spall from the basis metal,

so the work was discontinued. The 60-cycle vibraticn had little or no

L
-t
-

effect on the structure of the plates.
Plating at reduced pressure was suggested by a recently reported

(6)

research ‘, which reported that the efficiency of cyanide copper plating
was greatly improved by reduced pressure on the bath surface. One exper-

iment with a standard chromic acid bath at a temperature of 85°F., and a

(6) The Effect of Pressure on Current Efficiency of Copper Electrodeposi- e
tion from Cyanide Solutione, peper *to be presented before October, :

1948, meeting of Electrochemical Society and subsequently published

by that Society.
-26-
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pressure of approximately 10 mm. of Hg gave a cathode efficiency of approx- ® |

imately 22 per cent. Attempts to plate at more elevated temperatures re- ;fg};ili

quired apparatus changes which were not yet successfully completed at the L

‘ close of the contract period. It is not possible tc say that the prelim- %‘-‘ ;~"'.
inary indications of increased efficiency are correct until more data are

available.

2, Fluoborate Baths. An alloy of chromium-iron was deposited
from a fluoborate bath (Baths No. 48 to 54) which wes made up with one
volume each of chromic fluobcrate and ferrous fluoborate concentrates S
(assay approximately 45 per cent metal fluoborate) slong with two volumes
of water. The most favorable operating cathode current density was 288

amperes per square foot. The temperature of the Latli varied from 85 to S

[} I
o)

120°F, The deposit was improved by the addition of 0.20 cc. quinoline
to 1060 cc. of bath, a plate of lighter color being produced.

i When the plate was examined by X-ray diffraction methods, a .
diffuse iron pattern was obtaired. Chemical analysia showed that the
plate centained 3 to 5 per cent chromium. Aside from the chromium con-
tent being less than desired, the plate was spongy end cculd easily be
scraped from the cithode. The replacement of quinoline with glue (Baths

No. 55 and 56) yielded a solid, homogeneous plate which was very brittle.

. 3. Other Aqueous Baths, None of the three baths listed showed - .-
any promise.

= HFR: WCS:CAS: CLF/ jd1 ERB
: October 22, 1948
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FIGURE 1.

FIGURE 2.

FIGURE 3.

TABLE 1.

FIGURE 4.
FIGURE 5.
FIGURE 6.

FIGURE 7.

FIGURE 8.
FIGURE 9.

FIGURE 10.

TABLE 2,

ZNREX OF FIGURES AND TARLED

CROSS-SECTIONAL VIEW OF HARD CHROMIUM PLATE IN THE "AS-
PLATED" CONDITION.

CROSS-SECTIONAL VIEW OF HARD CHROMIUM PLATE AFTER 22-HOUR
TREATMENT AT 300°C.

CROSS~-SECTIONAL VIEW OF HARD CHROMIUM PLATE AFTER 12-HOUR
TREATMENT AT 500°C.

DATA FOR BORON FLATING TESTS.
GRAPHICAL REPRESENTATION OF X-RAY DIFFRACTION DATA.
CIRCUIT FOR SUFERIMPOSING 60-CYCLE A.C. ON D.C.

CROSS-SECTIONAL VIEwW OF BARD CHROMIUM PLATE AFTER 12-HOUR
TREATMENT HAS COMPLETELY RECRYSTALLIZED THE PLATE.

CROSS-SECTIONAL VIEW OF HARD CHROMIUM PLATE AFTER 12-HOUR
TREATMENT AT 900°C.

HARD CHROMIUM ANNEALED AT 1100°C. FOR 12 LOURS.

CROSS-SECTIONAL VIEW OF HARD CHROMIUM PLATE ANNEALED AT
1100°C, FOR 60 HOURS.

SAME PLATE SHOWN IN FIGURE 9. VIEW SHOWN IS AT BOUNDARY
BETWEEN RECRYSTALLIZED CHROMIUM PLATE (LOWER LEFT) AND
CHROMTIM NITRIDE {UPPER RIGHT).

SUMMARY OF PLATING EXPERIMENTS, . e
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HCl etch

Figure 1.

54493
300X

Cross-sectional view of hard chromium plate in
the "as-plated" condition, Verticel lines are
inclusion-filled cracks. Horizontal lines

are unexplaired striations within the plale.
Figures at right-hand margin are Knoop
hardness numters for the locatione shown,
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HCl etch 54495
300X

Figure 2., Cross-secticnsl view of hard chromium plate
after 22-hour treatment at 300°C, Striaticns
are still visible though the etch did not
bring them out so strongly as in the "as~plated"
sample of Figure 1. No evidence of re-
crystallized grains is visitle, Figures at
right-hand margin are Knoop hardness numbers
for the locations shown.




HCl etch 54496
3C0X

Figure 3. Cross-sectional view of hard chromium plate
after 12-hour treatment at 500°C. Re-
crystallized grains are plainly visible as
the white elongated areas set in the darker
background, Note that the striatiorns are
still faintly visible end that some of the
recrystallized grains reach through several
layers of striaticns. Figures at right-hand
margin are Knoop hardness numters for the
locations shown.,
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TABLE 1, DATA FOR BORON PLATING TESTS

Plating Diffusion Y
Plating T, Time Diffusion T, Time : »
Sample No. °C. (Min.) °C. (Min.)

3561-44 800 5 800 20 AR
3561-4B 1000 5 1000 5 -
3561-4C 1200 5 - -

Notes Boron deposited by bubbling Hy through BCl, at =-22°C., T _
then directing it over the heated specimen”to be DRI
plated. T
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HC1 etch 54497

Figure 6. Cross-sectional view of hard chromium plate
after 12-hour treatment at 700°C. The heat
treatment has completely recrystellized the
plate. Figures in right-hand margin are
Xnoop hardness numters for lccations shown,
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Nenmem s 2 Aawmd ard +# harnd o
UIC35-580C0ithnaLr vislw i nara coare

um pla
after 12-hour treaztment at G00°C. Little
or no change from the structure of Figure 6
(700°C. annealing) has occurred. Note that
an alloy layer has formed between the steel
basis metal and the chromium plate. Figures
in right-hand margin are Knoop hardness
numbers for the locations shown,
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- Racrystallized
chromium

= CopN

- Je - Cr alloy

2

Steel basis
metal

1
R}

HCL etech 54499
200X

Figure 8. Hard chromiur annealed at 11C00°C. for 12
houre. Crains have now bzccpe neurly
ai-axed. inclusiors are clearly shown
%0 te Lo ordyinal positions with nn svidence
of migration into grein boundaries. Note
the nitride penetrution elong the large
vertical croeck in the plate.
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As polished 54502
75X
Figure 9. Cross-sectional view of hard shromium plate

annccled at 1100¢C, for €0 hours. The
separate layers shown &re, from the bottom

ups steel basis metal, ircn-cnromium diffusion
layer, chromiur nitride layer, recrystullized
coromiun plate, and chromiw: nitride. The
chromiu nitride layer surrcurds the re~
crystallized chremiuws plate on gll sides.
Figures in right-tand marglrn are Knoop
hurdness numbers far successive layers.
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As polished

Figure 10.

50X

Same plate shown in Figure 9. View shown
is gt boundary between recrystallized
chromium plate (lower left) and chromium
nitride (upper right). Hote that major
portion of oxide particies are globules
strung out in lires, indicating that they
are prcbably dehydrated inclusion films.
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REPRODUCED AT GOVERNMENT £ XPENSE

TABLE 2. SUHMMARY OF PLATING EXPERIMENTS

o L Bath o
ath Amt, Amt, Amt.
No. Material (Gms,) Material (Gms. ) Cr Source (Gms.)

FUSED SALT BATHS
Chioride Baths

i KCH 137 Lich 113 Crlig 3
L] . » i

2. . ; Cr(Bf“)a# . }
L )

3. KCl 137 LicH 113 Creh, 2.5

4. ’ ¥7 . 65 Crcty, 15

5. nall 200 Licy 200 Cre, 10

6. NaOH 280 KaCl 88 Crp0, 228

7. AT, 234 ¢ NaCi+ 3 ; CrCly 3

KC) 28

5. * 230 nal) 8o * 0
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Anode o o _D_ey_o_s.lt o
“aterial Amount Type N Raagrks
I - o - - E»J
R vraphite Some Mostly povwder 3 Vo!tg AC svperimposed :'_-.
' . . Dense powder . . . . s
I * . Powder ¥ . . . -
. Heavy * $pinning rod cathode e
e
* Some . . . . _.]1
i * Heavy Powder Slowly turning rod cathode '
* Some . . . 'y ‘e :
. Smal) Powder :'.:]
. y ‘ Coarss Powder o
~ * ¢ Cocherent Powder Spinning rod cathode [J'
L |
vard Carbon None .eu Temsarature too low 1
- “itto ' .-- s
i =
_. . None --- Bath mushy e
% ) ' .-- Cathode corroded; 3 volts AC seperimposed '::j
S on 0C L
. . L3 - - ° _.:_:
- a - cee ° “.
I - L] V F
. .- 3 Yolts AC svperimposed on DC b
A - SO"\U POI’JOF » . ] [] [ L] :
'_.- ‘ard Carbon * Coherent Plate
- Ditto <001 inch . .
'_ » " . . b'
! . Flash Flash _
. " Some Coherent Plate .
.- . Flash Flash 3 Volte AC superimposed on DC

-

o -

3 4
. .
v
- .
v -
- -
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REPRODUCED AT GOVERNMENT EXPENSE

Deposit

Anode .
Material Amount
oraphite Some

L] L]

. L]

i Heavy

" Some

° Haavy

. Some

* Small

a [ ]

L ] L]
Hard Carbon None

Ditto *

L ] L ]
- L]
. None
L L ]
* -
L] L]
* Some
Hard Carbon .
Ditto .001 {nch
* Flash
* Some
. Flash

Mostly powder
Dense powder
Powder

Sowder

Powder
woarse Powder
Cohereant Powder

Powder

Coherent Plate

Flash
Coherent Mlate
Flaah

Remarks

3 Vaolts AC superimposed

‘ - L] [ ]

Spinning rod cathode

Slowly turning rod cathode

Spinning rod cathode

Temperatura too low

Bath mushy
Cathode corroded; 3 volts AC superimpos’
on 0C

[ ]

[ ]

3 Volts AC svoeriaposed on BC

3 Volte AC superimposed on 0C
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REPRODUCED AT GOVERNMENT EXPENSE

TABLE 2. (CONTINHUED)

e el Batn .
jath Art, Amt. Aat.,
10 Material (Gms.) Material (Gms. ) Cr Source (Gms.)
FUSED SALT BATHS (COWTINUED)
Chloride Baths (Continued)
3 acy 240 NaC) 120 CrClyg 1
1J. A|C|3 280 MaCl 120 Cr(i\3 10
Cyanide Baths
b NaCN 172 KCN 93 Crp04 32.2
12. - - * 100 ° 12
13. NaCn 150 KCH 130 CrCly 10
Thiocyanate Baths
14, KCNS 100 KOH 100 Cr203 100
Nixed Salt Baths
- . ( 1
HE A|v|3 280 NaC) 120 L CPC|3 50
{ NagW0 - 2H,0 100 !
6. . . NaCl 120 Crety 25 .
Na,W0_ -2H,0 N0 |
. 2 [} 2 J
;7( » [] [ ] [ ] [ ] ] ) ;,1
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109

o
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25

Teryp,
(°fF.)

940

o
o
(=4

Amp./
Fe.l

N s U
. . .
o F - W

[t

o

166

6y

186

36

21

Time
(Min.)

30

120

120

30

120

720

60

30

30

no

60

Yol tage

o R - -
- P

o

ho?

2.3

Cathode
Metal

Copper

lron

Nickel

Copper

Nickel

Copper

Anode ]
Materlal Amount
Hard Caroon None
Ditto Flash

L] L

. L ]

L] L ]
Chromium Heavy

. Some

L] »
Graphite None

» .

» L]
Chromium Some
Graphite Small
Tungsten Jonme

. Heavy

.




Arode
Material

ard Caroon
Jitte

Chroxium

yraphite

Chrosium

z7aph.te

Tungsten

Amount

None
Flash

Heavy

Some

None

Some

Small

Some

Heavy

REPRCDUCED AT GOVERNMENT EXPENSE

_Devosit

CTyee

Flash

Powder

Powder

Powder

Powder

Slight Flash

PP Y S

Y

Remarksy

CrC|3 settied out
-

Some péwoor deposl ted
L] ] [ )

Soma Inscluble CrCls, Cathode
Yibrated at 60 cycles por second

-

lron cathode corroded in bath
Soms sodium was libersted
Cathode corvoded away

Yigorous reaction on mixing
3 Volts AC superimposed

Cathode corroded away at bath surface in
a longer run

Cathode vidrated st 860 cyclaes
per second

3 Volte AC superimposed
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