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. 1 -

This invention relates to methods of electrode-
positing chromium in which the conditions of
deposition are so correlated and controlled as to
give g chromium plate which is predisposed to
the formation of fissure net-works and which up-
on etching give mud-crack type surfaces having
plateau areas which do not exceed a desired size;
said surfaces being particularly suited after me-

chanieal finishing to frictional contact with other

~ surfaces.

It i1s desirable in some applications of chro-

mium to parts subject to frictional wearing-effects
to avoid any tendency of the contacting parts
to seize, scuff, or score, especially in apparatus
werkmg under . heavy loads at high speeds, such
as rotary seals, compressors, internal combus-
tion engines, etc. It hag heretofore been pro-
posed to pit or indent the surface of chromium
electrodepomts to avoid such tendency to se1ze
scuff or score.

We have discovered that by using the usual com-
mercial current densities and anysuitable chemical
or electrochemical method of etching, mud-crack

producing types of chromium plate are obtained

by correlating composition of the chromium plat.-

ing bath with temperature of the bath and main-

taining these correlated conditions during the
plating operations.

The accompanying drawing is a graph show-

ing the correlations of bath composition ratios,
temperatures, and average sizes of fissure net-
work after etching under conditions hereinafter
specified. -

The compositions of our chrommm platmg
baths should be maintained so that the ratios of
grams per liter of chromic acid (CrO3) to grams
- per liter of total catalyst acid radicals expressed
as sulphate (SO4) are from 50 over 1 to 150 over
1. Thick electrodeposits of chromium on the or-
der of three to fifteen thousandths of an inch are
ordinarily used. To produce chromium electro-
deposits predisposed to the formation of fissure

net-works and which upon etching give mud-

crack type chromium surfaces bath temperatures
from about 120° F. (49° ) to 160° ¥, (71° C.)

with baths having the aforementioned ratios have

been used. In practice, a bath temperature with. |

in said limits is selected and maintained.
Suitable cathode current densities for bath
~ temperatures from 120° F, to 160° F, are in the
' range 1 to 12 amperes per square inch, the higher
current densities being used at the hlgher tem-
peratures. Lower and higher current densities
may be used, but with lower current densities
the current efficiences and rate of plating are

(CL 204—35)

- eXample,

. 2 _
lower, and with higher current densities there is
the likelihood of treeing.

Compared with a bath maintained at a chronnc
acid-catalyst acid radical ratio of 100 over 1,
temperature and current density being the same,
a bath maintained at a higher ratio, 125 over 1 for
will produce a chromium electrode-
posit predisposed to the production, upon etching

- under the same conditions within limits herein-
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perature increases.

after set forth, of mud-crack type chromium sur-
faces of larger plateau size than the first. Con-
versely baths maintained at a ratio less than 100
over .1, all other conditions remammg the same,
will reeult in smaller plateau sizes. .

For baths having low ratios, there Is a mini-
mum temperature within the range 120° F. to
160° F. below which mud-crack type chromium
surfaces capable of being mechanically finished
to produce average plateau sizes of the order of
1/64’’ diameter cannot be practically obtained.
Thus, for a bath having a ratio of 100 over 1,
for example, operated at temperatures substan-
tially below 130° F., mud-crack type chromium
surfaces capable of being mechanically finished
to produce average plateau sizes of the order of
{/64’’ diameter will not be produced. Moreover,
when such a bath is operated at temperatures
higher than 130° F., but below 160° F,, mud-crack
type chromium deposits will be produced having
plateau areas which increase in size as the tem-
For baths having ratios
higher than 100 over 1 but less than 150 over 1
temperatures lower than 130° F. can be used to
obtain satisfactory mud-crack type chromium
surfaces. With the lower ratios, the higher
temperatures are preferred, and for the lower
temperatures the higher ratios are preferred:
with the higher ratios, both the lower and higher
temperatures may be used, but for a particular
size of plateau, they must be correlated keeping
all other conditions constant. For a given tem-
perature, the plateau size increases with the in-
crease in ratio, and for a given ratio, the plateau
size Increases with increase in temperature.
Change in temperature has a greater relative ef-
fect on change in size of plateau than change in
ratio,

The etchmg to develop the net-works of fis-

sures in the predisposed chromium electrodeposit

may be done in any suitable manner. It may be
done electrochemically, with the article connect--
ed as the cathode, or chemically and electrochem-
ically combined, or chemica,lly, as discovered by

“Webersinn (set forth in application Sr No.

010,210) : or anodlca,lly, or otherwise. -
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The formation of the net-works of fissures may
be carried out electrolytically by immersing the
. chromium deposit as s cathode in a suitable solu-
tion. Solutions of oxalic acid, sulphuric and
chromic acids, sulphuric acid, phosphoric aciq,
hydrochloric acid, citric acid, ferric sulphate, are
examples of those which have been used. Many
other electrolytic solutions of acids and salts
which have a low pH may be used. Warm or hot
solutions are used, the activity thereof increas-
~ ing with increase of temperature.

- of these solutions also affects their activity. With
the article having the predisposed chromium elec-
trodeposit thereon, immersed in the electrolytic
sofution, and connected as a cathode, a current
of proper density is passed for the necessary
length of time to give the desired plateau size and
fissure depth. Very high current densities may
prevent the formation of the net-works of fis-
- sures; current densities of ¥4 to 3 amperes per
square inch are generally satisfactory for cath-
odic etching., Short time efching results in shal-
low fissures; prolonged etching resuits in eXces-
sive removal of chromium and subdivision of
plateaus which on subsequent mechamcal ﬂnish-
ing tend to crumbie.

The formation of the net-works of fissures may
be carried out electrolytically and chemically in
combination, whereby the chromium electro-
deposit is acted on while it is cathodic during the
passage of an electric current of proper density
for a few minutes in a suitable electrolyte, after
which the treatment is continued by chemical ac-
tion in the same or another bath without current.
This may be carried out in a succession of cycles
if desired. Affer the chromium has been acti-
vated by the cathodic action which takes place
during the passage of the current, evolution of
hydrogen continues after the current has been
stopped. The electrolytic solution may be one of
those described above. The degree of etching
has a similar effect to that described above. -

The formation of the net-work of fissures may
be carried out chemically by immersing the
chromium electrodeposit in a solution which at-
tacks chromium. Examples of such solutions are
hydrochloric acid or warm sulphuric acid. In
many cases the chromium electrodeposit must be
activated before the attack begins: this activa-
tion may be conveniently accomplished by elec-
- trolyzing the chromium cathodically. With acti-

vation, solutions such as described above for
electrolytic etching can be used for chemical
etching, and the degree of etching has a similar
effect to that described above.
-+ - The progress of the formation of the fissure
net~work in the course of etching can be observed
visually, by removing the artmle from time to
" time and examining it. |

It is g characteristic of the predisposed chro-
mium electrodeposits produced in accordance
with this invention that, when subjected to etch-
ing of the character described herein, the at-
tack thereon occurs at lines in the electrodeposit,
and is largely confined to lines provided the etch-
ing is not too prolonged, thus developing fissure
net-works of a nature which give mud-crack type

chromium surfaces which retain their mud-crack

type characteristics after mechanical finishing.

Fissure net-works having deep and narrow fis-
sures with relatively large size plateaus are ad-
vantageous since there is less crumbling of the
“.chromium in subsequent mechanical finishing
- operations, less of the chromium need be removed
in these mechanical finishing operations to ob-
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tain the desired smoothness on the surface bf' the

" plateaus, and from this it follows that to obtain
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the same thickness of chromium with a mud-
crack type surface on a finished article less chro-
mium need be deposited than where the nature

of the fissure net-works is such as to require con-

siderable removal of chromium in the mechani--
cal finishing operation to obtain the desired
smoothness of the surface.

'On cylinder bores of high output internal com-
bustion engines, it has been found that a mud-
crack type chromium surface having plateaus
one-sixty-fourth to one-thirty-second of an inch
in diameter are especially advantageous. The
present invention enables mud-crack type chro- .
mium surfaces with plateaus of such size, and of
other sizes, {0 be readily and reproducibly ob-
tained, in conjunction with suitable etching

‘treatments, such for example as those described

In the aforesaid Webersinn application.

- Specific examples of practices in which the
present invention is utilized follow:

EXAMPLE I
Chromium electrodeposition

Bath: |

-Chromic acid (CrO3) e g./1.. 250

Sulphate (SO4) oo g./I__ 2.50

(No other catalyst radicals present.)

Ratio - e 100/1

Temperature oo e °F__140

Current Density

Eiching

Bath: -

‘Phospheric acid oo g./1.- 290
Potassium dichromate o ___.. g./1__ 10
Trivalent chromium (added as pot.

chrome alum) oo ____ o .___g/l.. 2
emperature oo e °F_.160

Cathodic treatment {for 15 min.)
amps. per. sq. in... 5“

Result

‘Mud-crack type surface with average plafeau
size approximately 14o’’ diameter.

ExXAMPLE 1T

Chromium electrodeposition

Bath and plating condltmns same as Example T,
except ratio 115/1.

Etching
Same as Example I. |
Result

Mud-crack type surface with average plateau

- size approximately 1454’/ diameter.

70

ExaMpPLE ITI

Chromium electrodeposition

Bath and plating same as Example I, except

‘ratio 1235/1.

Etching

Same as 'Exa.mple I.
Result

Mud- crack type surface w:lth average plateau
size approximately 14o’’ diameter.
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- ExampLE IV
Chromium electrodeposition
Bath: Same as Example I (ratio 100/1),

Temperature — o °P__150
Current density —.._._____ amps. per. sq. in._4.5
' | Eiching
Same as Example TI.
Result

Mud-crack surface with average plateau size
approximately 145»’’. | -

EXA_MPLEL \Y% |
| Chromium electrodeposition |
Bath: Same as Example I, except ratio 75/1.

Temperature o “F__. 155
Current density —-._______amps. per. sd. in-_ 4.5
Etchz'ng. | .
- Same as Example I.
. Result
Mud-crack type surface with average pl'a.teau

size approximately 149’ diameter.

The chromium electrodeposits were in each ex-
‘ample from five to six thousandths of an inch
thick. | | |

The correlation between chromic acid-catalyst

acid radical ratio, temperature of the plating bath

~and average plateau size to be produced in the
chromium electrodeposit for the degree of etch-
ing given above, is shown by the accompanying
graph. For example, if it be desired to obtain a
one-sixty-fourth of an inch average diameter of

plateau, the ordinate extending from the one-

sixty-fourth mark on the horizontal line of the
graph (axis of abscissas) intersects all five ratio

curves, and the temperature for each ratio is
found by the abscissa which extends to the vertical
line on the graph (axis of ordinates) from the

points of intersection of the ordinate at the one-
sixty-fourth mark with each of the ratio curves.
The abscissas from each of these points of inter-
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mium. electrodeposited as herein stated to devel-
op a fissure net-work with plateaus therein of a
particular average diameter, ranging from eight
thousandths of an inch upward, to which said
chromium electrodeposit is predisposed by the

‘correlated temperature and CrOs to SO« ratio at

which it is electrodeposited, and mechanically
finishing the firm plateaus to produce a smooth

 bearing surface with said fissure net-work re-

10

maining therein, the correlated conditions of
temperature and CrOs; to SO« ratio for electrode-
vesiting the chromium: being further defined as
follows: CrOs to SO4 ratio 75 to 1 and tempera-

. ture 148° F. for plateaus of eight thousandths of
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an inch average diameter, and progressively high-

er temperatures at said 75 to 1 ratio for pro-
gressively larger average diameter plateaus: CrO; -
to S04 ratio 100 to 1 and temperature 132° ¥ for
plateaus of eight thousandths of an inch average

-diameter, and progressively higher temperatures

at said 100 to 1 ratio for progressively larger av-
erage diameter plateaus; CrOs to SO« ratio 115 to
1 and temperature 129° F. for plateaus of eight
thousandths of an inch average diameter, and

progressively higher temperatures at said 115 to . °

~ 1 ratio for progressively larger average diameter

plateaus; CrOz to SO4 ratio 125 to 1 and temper-
ature 126° F., for plateaus of eight thousandths of

- an ineh average diameter, and progressively high-

30

er temperatures at said 125 to 1 ratio for pro-

gressively larger average diameter plateaus: CrOz
to SO ratio 150 to 1 and temperature 123° P, for
plateaus of eight thousandths of an inch average

- diameter, and progressively higher temperatures

40

section give the temperatures as follows: ratio 75 - |
' . chrome alum at a temperature of 160° F,, in

over 1, approximately 156° F.; ratio 100 over 1 ap-

proximately 143° F.; ratio 115 over 1, approxi-
mately 137° P.; ratio 125 over 1, approximately

132° F.; and ratio 150 over 1, approximately 127°

F. With this knowledge as a guide the plater is

enabled to base his choice of a correlated ratio

and temperature of plating bath and a degree of
etching equivalent to that given above for a given
average plateau size. | | |
'This application is a continuation in part of our
application No. 510,970, filed November 19, 1943.
What is claimed is: | | .
1. A method of producing articles having chro-

mium electrodeposits thereon with a fissure net-

work therein and firm plateau areas within said
fissure net-work having a minimum average di-
ameter of eight thousandths of an inch, for sus-
taining the frictional load of moving parts bear-
ing on said plateaus, comprising electrodepositing
the chromium from a chromic acid bath to a min-
imum thickness of one thousandth of an inch, at

the usual commercial current densities for the

bath temperature at which the plating is done,
within the range 1 to 12 amperes per square inch,

under correlated conditions of temperature and

ratio of CrOs3 to SO« related to a particular aver-
age diameter plateau, within a temperature range
of 120° F. and 160° F. and a CrOsz to SO ratio
range of 75 to 1 and 150 to 1, etching the chro-

Go

at said 150 to 1 ratio for progressively larger aver-
age diameter plateaus; and CrOs to SO: ratio
values intermediate to those stated above being
correlated to temperature values intermediate to
those which correspond to the stated ratio values.

2. A method of producing articles according to
claim 1, wherein the fissure net-work produced
by the etching is of the character obtained by
etching the aforesaid chromium electrodeposit in
an etching solution consisting of 290 g./1. phos-
phoric acid, 10 g./1. potassium dichromate and 2
g./l. trivalent chromium added as Dotassium

which solution the chromium electrodeposit is

connected as a cathode and current passed there-

to for 15 minutes at a cathode current
one-half ampere per square inch. =~ .

3. A method of producing articles having chro-
mium electrodeposits thereon with a fissure net-
work therein and firm areas within said fissure
net-work having an average diameter of two hun-
dredths of an inch for sustaining the frictional
load of moving parts bearing on said plateaus,
comprising electrodepositing the chromium from
a chromic acid bath to 2 minimum thickness of
one thousandth of an inch at the usual commer-
cial current densities for the bath temperature at
which the plating is done, within the range 1 to
12 amperes per square inch, under correlated con-

density of

~ditlons of temperature and ratio of CrO; to SO«

related to said average plateau diameter, etching
the chromjum electrodeposited as herein stated to
develop a fissure net-work with plateaus therein

of said average diameter of two hundredths of an
inch to which it is predisposed, and mechanically
finishing the firm plateaus to produce a smooth
bearing surface with said fissure net-work re-
maining therein, the correlated conditions of tem-
berature and CrOs: to SOs ratio for electrodepos-
iting the chromium being defined in the following
table, the values of temperature and ratio inter-
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mediate to those tabulated being obtained by in- ' - |
terpolation: | UNITED STATES PATENTS
— — - — ' Number Name | Date
Ratlo CrOs to SO | Tﬁiﬂuﬁr’ 1,802,463 FinR - Apr, 28, 1931
' - - @ 6 2048578  Van der Horst ———___ July 21, 1936
— T ) o g 2,314,604 Van der Horst o - Mar. 23, 1943
11 5} T e | 157 2,412,608 Van der Horst —-.-——_- Dec, 17, 1946
e mm—m—oe————— 146 , .o
188 0 10T I 1 OTHER REFERENCES
125 40 1 eccccCicmmmemasam e a———- S :][.gg 10
10080 - e o mmeemme e cee oo oo | Transactions of the Electrochemical Society,
- | _ , vol. 53 (1928), Grant, pages 509-519,
4, A method of producing articles according to Transactions of the Electrochemical Society,
claim 3 wherein said correlated CrOs to SOs ratlo 41 54 (1928) . Baker et al., pages 337-345. |
 and temperature values are between 100 to 1 and Transactions of the Electrochemical Society,

125 to 1 ratios and approximately 146° F. and 136° 15 vol. 80 (1941), Dubpernell, page 289. |
F. tgmperatures._ | Transactions of the Electrochemica_l Society,

THEODORE H, WEBERSINN. vol. 80 (1941), Dubpernell, page 595.

JACOB HYNER. ~ Proceedings American Electroplaters Society,
| - | 1944, pages 19-52 and pages 136-148.
REFERENCES CITED 20 steel, vol. 114, June 19, 1944, pages 82, 83, 156,

.The' following references are of record in the 158, 159, 160,
file of this patent: |
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