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Contractor: Battelle liemorial Institute

Agency: Office, Chief of Ordnance, ORDTR =~ Cannon
Ordnance District: Cleveland, Ohio

Contract Number: DA=33=019=0RD=9 W. A. L, File No. 691.1/25-23

0.0, Project Number: TR3-3003B

Prioritys War Department 2B
Title of Project: "A Research Investigation of Possibilities for Obtain-

ing Hot~Hard Electrodeposited Chromium or Chromium-Base Alloys for
Cannon,"
Authors: J. Edwin Bride, Cloyd A. Snavely, and Charle.s L. Faust
Object: To investigate possibilities for an erosion-resistant chromiunm
~or chromium-alloy electroplate for lining gun tubes.
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S_gmm_ia_rlnhﬁ'l‘he 94 per cent chromium = 6 per cent iron alloy plate 0,003
inch thick has been successfully applied to the bore surface of 12-inch
sections of lO-mm. pun tubes, Though adhesion was generally good, as
indicated by resistance to peeling upon sawing, there was some indication,
by metallographic examination, of need for further improvement. Attain-

ing good adhesion is no problem when plating flat panels, So, the.
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gi.nt;erna]. moving=anode system will be studied further, The process for

alloy plating the bore surface has been simplified by modification,

Conclusions

Changes now being studied in the anode system are expected to
be successful for showing the technique to be used in applying the 94
chromium = 6 iron alloy plate to full-length 4O-mm, gun tubes, As soon
as the method is ready, full-length LO-mm, tubes will be plated elsewhere
and used in firing tests.

Since plating can now be done without a diaphragm, prospects
are much better for applying the 94 chromium - 6 iron alloy plate to

the caliber-,60 erosion-gage weapon, Tests with it could give pre-
liminary evaluation of the new alloy plate.

Report Period

This report covers the period from February 10, 1950, to
September 1, 1950,
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INTERIM TECHNICAL REPORT

on ?
A RESEARCH INVESTIGATION OF POSSIBILITIES
FOR CBTAINING HOT-HARD ELECTRODEPOSITED
CHROMIUM OR CHROMIUL-BASE ALLOYS FOR CANNON
by
J. Edwin Bride, Cloyd A. Snavely, and Charles L. Faust

September 1, 1950

INTRODUCTION

The development of a process for plating chromium=-iron alloy was
carried out in a previous Army Ordnance contract*, A 94 per cent chro-
mium - 6 per cent iron allcy plate exhibited hot hardness considerably
superior to conventional chromium plate, In addition, the rate of depo-
sition and current efficiency for chromium-iron alloy plating were superior,
Limited tests were made om the application of the plate to the bore sur-
faces of tubes. However, the major portion of the work related to the
development of the plating process,

The present effort relates mainly to developing the special
technique required to plate the chromium=iron alloy on the bore surfaces
of long tubes. The O-mm. cannon has been selected for firing tests to

* Contract W33-019-ORD-6397. Results are reported in the "Final Techni-
cal Report on A Research Investigation of Possibilities for Obtaining
Hot-Hard Electrodeposited Chromium or Chromium-Base Alloys for Cannon',
Battelle llemorial Institute, November 15, 1949. °
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plating process are too great to allow plating of an entire gun tube at

compare the alloy plate with conventional chromium pl?e : : ‘y y '_9 ;

guns, At the present time, the current-density requ

one time. Therefore, a moving anode must be used, similar to the prac-
tice with conventional chromium plating. The main difficulty in applying
the alloy plate inside tubes with a moving anode has appeared as peeled
or poorly adherent plate at regions receiving the plate in the latter

stages of the plating run,

« /CONFIDENTIAL
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EXFERIMENTAL WORK*

lethod of Attack

A pilot=scale plating unit was constructed for plating the bore
surfaces of tubes up to 18 inches long. This unit was used to test the
plating process with a moving anode, Insoluble anodes were used with
diaphragms, and soluble anodes were used without diaphragms. Continued
difficulty with these anode systems led to development of an improved
plating method, employing an insoluble moving anode without a diaphragnm.
This method appears very promising at the present time, though experience
with it has been insufficient to allow definite conclusions.

AgEratus

The pilot-scale plating unit is shown in the photograph of
Figure 1 and the schematic drawing of Figure 2. Most of the work with
the unit has been on 1-1/2-inch-bore steel tubing, The tubing is pre-
pared for plating in separate electropolishing, electrocleaning, and
acid-dipping facilities, then placed in the plating unit for plating.

The apparatus illustrated in Figure 2 is for a diaphragm-type
anode arrangement wherein both catholyte and anolyte are continuously

* Experimental data obtained in this work are recorded in Laboratory

Record Books Nos. 4662, pages 67-100; and 5389, pages 1~53.




circulated. The anode assembly is moved downward thm%?y
plated during the plating operation., Catholyte ﬁ% /r’;v from the
16~1iter catholyte reservoir into the bottom of the tube., The catholyte
level inside the tube is lowered with the anode so that the finished plate
is not exposed to solvent action of the catholyte., Suction tubes attached
at the top of the anode assembly and passing through a sigmamotor pump
return the catholyte to the reservoir.

The anolyte flow through the anode assembly is maintained by a
sigmamotor pump which pumps anolyte out of the assembly. This produces
a negative pressure inside the diaphrarme. Thus, there is a tendency for
catholyte to seep through the diaphragm into the anolyte, but no anolyte
flows into the catholyte. When no diaphragm is used, the anolyte circu-
lating system is simply disconnected,

The speed of lowering the anode assembly is adjusted by inter-
changeable pinions of various sizes in the lowering mechanism, The
actual lowering is done by a motor-driven rack-and-pinion arrangement.

Figure 3 is an illustration of a diaphragn-type anode assembly.
Figure L shows various types of anode arrangements used during the work,
The arrangement on the left has a hollow lead anode inside a ceramic-tube
diaphragm. This anode was water cooled. Second from the left shows a
hollow magnesium anode, cut away to show the water cooling chamber. The
center anode is the type detailed in Figure 3. Fourth from the left is




tube being plated. At the right is shown the most successful anode as-

sembly used thus far., The anode itself is a two-inch length of lead
rod. The four rubber tubes serve to remove electrolyte which flows up
to the top of the anode. The Lucite cylinder serves as a centering guide.

SUMMARY CF ESSENTIAL EXPERIMENTAL OBSERVATIONS

The essential experimental data are recorded in Tables 1 to 3.
The following discussion summarizes the pertinent aspects of groups of
individual plating experiments.

Specimens L662-69A to L4662-75A (Table 1)

These tests were performed in a 1~-liter glass cell, using a _99 per
cent lead - 1 per cent silver anode with a porous diaphragm. The specimens
were prepared primarily for metallographic study of deposits made from the
"high throwing power bath".* The tests showed that, to obtain a sound de=-
posit, the temperature of the bath must be about 120°F, and the pH must be
in the range from 1.8 to 2,0,

Pilot~Cell Tests L662-80A to 4662-87A (Table 1)

These experiments were performed to study the effect of the

variables that would be encountered in plating a steel tube of approxi-

* The "high throwing power bath"® was described
report, page 18,

77
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mately the same diameter as a [0-mm, gun tub
at the left in Figure 4. The 99 per cent lead - 1 per cent silver alloy
was cast around a brass tube, the center of which was cooled with cir-
culating tap water. A porous diaphragm was positioned around the anode
to keep the anolyte from contaminating the catholyte. A small tube in-
serted in the space between the outside of the anode and inside of the
diaphragm was attached to an aspirator, The purpose of this was to con=-
tinuously draw off a small quantity of anolyte, thereby creating a nega-
tive pressure inside the diaphragm., The small amount of catholyte seeping
through the diaphragm was the only assurance at this time that hexavalent
chromium ion was not passing out through the diaphragm. This anode as-
sembly was bulky and difficult to kedep in repair, However, a considerable
number of tests were carried out which gave valuable information relating
to the type of pump to use, amount of heat transfer to be considered when
operating at high current densities, rate of anode travel, and pH control.
Poor adhesion of the chromium-iron alloy deposit to the tube bore surface,
whether it be brass, steel, or electropolished steel, was encountered in
the first series of tests with this anods, lany changes were subsequently
made in anode design, cathode flow, pH control, rate of anode travel, and
other plating conditions in an effort to find a solution to the adherence
problem,

A magnesium anode assembly (shown in Figure L), made of Dow Pure
Star magnesium bar stock of l-inch diameter with a 1/2-inch hole drilled




in the center for circulation of coo.
anode and did not require a diaphragm. Several fairly good deposits were
made in 1-l/2-inch-diameter steel tubes 6 inches long, but the chemical
action of the bath on the magnesium was excessive. This caused an in-
creased concentration of magnesium armonium sulfate in the bath which
precipitated as a thin film on the inside surface of the tube, For

these o reasons, mainly, the use of magnesium anodes was discontinued.

Pilot-Cell Tests L662-954 to 5389-1B (Table 2)

These experiments were performed with a lL=-inch-long lead-tube
anode enclosed by a porcus diaphragm, as shown in Figure 4 and also in
cross section in Figure 3. Anolyte was circulated in a closed system
and cooled as required. By installing a sigmamotor pump on the outlet
tube of the anode assembly, a negative pressure of from 1 to 3 inches
of mercury could be maintained inside the diaphragm. This was necessary
mainly for preventing hexavalent ion and oxygen, the anode products, from
seeping through the diaphragm and contaminating the catholyte. Uniformly
good adhesion of the alloy deposit still was not obtained with this im-
proved anode, However, plating variables could now be controlled within
close enough linits that a 12-inch section of YO-mm, gun tube was selected
for several tests. The composition of the 16-liter pilot-cell bath at the
start of Test 4662-95A corresponded to the "high throwing power bath".
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Just prior to Test 46G2-99A, the bath composition whd ‘JJLJ&A,‘ id l;un{ RRRRENY
in Table 1, to a chromium ammonium sulfate content of 500 g./l. Subse-

quent tests cave no improvement in plate adhiersnce.

Pilot~Cell Tests 5389-2A to 5389~17A (Table 2 //WEN."M

At the start of this series of tests, the concentration of the

pilot=cell bath was adjusted to the "Standard Formulation Bath"#* composi-
tion plus 50 g./1. ammonium sulfate to help increase throwing power. The
12-inch section of LO-mm, gun tube was stripped and plated several tinmes,
but, in all cases, the deposit was not suitably adherent to the electro-
polished steel bore surface. At this time, it appeared that the catholyte
was attacking the bore surface and perhaps leaving a smutty residue that
interfered with good adhesion. 1In an effort to prevent the formation of
smut, 3.0 go/le of an organic pickling inhibitor was added to the plating
solution after bealker tests showed that some protection could be expected
from such an addition. Pilot~cell tests showed that a small amount of
the organic inhibitor migrated to the cathode, forming a film there which
caused very poor adhesion of the alloy deposit, An activated-charcoal
treatment at 170°F, was used to remove the organic inhibitor from the
plating solution. At the same time, ammonium persulfate was added to
facilitate removal of reduced sulfur compounds in the bath by filtration.

As described in the report dated November 15, 1949.

b M erstrer
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Test 5389-134, which followed the bath treatment, was the first tube to G-

be plated in which the alloy deposit was firmly adherent for the full
length of the bore surface, fl‘his test showed that success is possible
if all conditions are properly adjusted., The 12«=inch saction of 4O-mm,
gun tube used in previous tests was plated again, and this time (5389-
14C) the lower half of the bore surface received a deposit with good
appearance and excellent adherence., The improvement in adherence at
this time could not be traced directly to any one factor, but it was
suspected that the ammonium persulfate might have influenced the chemi-
cal action on the steel bore surface as the catholyte flowed up through
it.

Test 5389-16A, using an 18-inch-length tube, yielded a poorly
adherent plate at the top of the tube where the catholyte flow rate was
known to have been slow. A higher rate of catholyte flow during the
remainder of the test gave a very good appearing deposit with excellent

adhesion.

Pilot~Cell Tests 53689-17A to —2LA (Table 2)

In this series of tests, a running log of the rate of catholyte
flow and negative pressure in the anode system indicated that poor ad-
hesion could result from a catholyte flow below 500 ml,/min., It was

also shown that a break in the negative pressure on the anode assembly

Mﬂﬁég T s ey
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could seriously affect plating conditions and result in poor adherence.
A new pump was designed and built to allow a wider range of catholyte flow
under controllable conditions. The pump was designed at Battelle. How=-
ever, its principle of operation is similar to that of & pump described

in a recent publication¥, // "/, : x‘ LL

Pllot-Cell Tests 5389=30A to =384 (Table 3)
This series of tests showed that increased catholyte flow gave

slightly better deposits but did not overcome the poor adhesion problem.
It was noted in Tests 4389-174 to =24A that the anode negative pressure
decreased as the anode was lowered into the tube being plateds To con-
trol this variable, several plating tests were carried out (5389=3LA to
=38A) in which the anode was held stationary and the tube was moved
slowly upward during the plating operation, A good appearing, adherent
deposit was produced this way, but not until additional ammonium per-
sulfate had been added to the pilot=cell bath,

Pillot-Cell Tests 5389-39A to -l2A (Table 3)

These tests were performed with a 3/L~inch-diameter lead-tube anode
7 inches long without the usual porous diaphragm, as shown in Figure U,

extreme right., The hexavalent chromium formed as an anode product in the

* Glenn, E. K., Jre., and Hackerman, Norman, "Positive Displacement Pump

for Corrosive Fluids", Rev. Sci. Inst., 21, 148 (1950).
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pilot=cell bath was indirectly reduced with 30 per tent m'drofgen peroxide.
The initial deposit, full length of the anode, was good in most cases, but,
as soon as the anode moved down farther into the tube, the deposit blistered
and peeled from the tube surface, An addition of sodium sulfite to the

bath seemed to improved the adherence of the alloy plate. For this reason,
the use of hydrogen peroxide to remove hexavalent chromium was temporarily
discontinued in favor of reduction by sodium sulfite.

Pilot~Cell Tests 5389-50A to =50B (Table 3)

These two tests showed that the use of sodium sulfite for complete
reduction of hexavalent chromium ion is not practical. A 1lé~liter bath
normally requires only 3.2 grams NapSOy or 6.l grams NayS804+7H20 for
successful operation, provided the anolyte is kept separated from the
catholyte. A one-hour plating test similar to either 5389-50A or -50B
will require approximately 100 grams Na2803o7}{20 to maintain complete
reduction of the hexavalent chromium ion produced at the anode to the
trivalent state. It is likely that, with this method of reduction, the
plating bath would soon be contaminated with excessive amounts of sulfur
compounds,

Specimen and Short~Tube Tests 5389=51A to =52D (Table 3)

This series of tests was designed to isolate the variable or com=
bination of variables that was most likely to be causing the poor ad-

25- I LY s -

iR
//( W z’/zxx/f/f///



' ONHDEH%E LLLLLL | RESTRICTIR |

.//W“#«W/ ~scale arrangement of the pilot cell.
Flat l-inch by 6=inch panels or short 3-inch or L=inch lengths of 1-1/2~
inch-diameter steel tube were used as cathodes, Results indicated that
good adhesion could be expected from either an anode without a diaphragn
or one with a diaphragm, provided a current density of approximately
40O amp,/sq. ft. is maintained and sufficient space exists between the
diaphragm and cathode to permit easy escape of gas, By using a 1/4=-inch
by 1/8=inch by l-inch lead strip as a moving anode, without a diaphragm,
good adherence could be duplicated on either flat panels or the short
tubes,

Pilot=Cell Tests 5389-52E to 5389-52G (Table 3)

Using the information gained in the above tests, a 3/16-inch by
2-inch lead-tubing anode was substituted for the 3/L=-inch by 7=-inch anode
on the pilot cell. A 4O-mm. by 12-inch electropolished gun tube was
plated at 40O amp./sq. ft. with a catholyte flow of 1700 ml./min, The
deposit was blistered and pee?.ed the full length of the tube, The tube
had been thoroughly degreased, electrocleaned, and given a short hydro-
chloric acid dip prior to plating, Good adhesion was not attained on the
first j0-mm, gun-tube section until it had been stripped and plated four
times, This indicated a possible benefit from a severe etch. This was
done on Test 5389~52F, and the deposit showed good adherence to the elec-
tropolished bore surface. The top and bottom "thief sections" (added

=16~
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of tube) used in this test had a slightly larger bord’ CHEWthe ’ﬁ'ﬁ“-f‘i‘if

gun tubej consequently, the plate at the top and bottom of the gun tube

leﬁgt

was of inferior quality. This was corrected in Test 5389-52G by using
3-inch-long sections of a LO-mm, gun tube for the top and bottom "thief".
Samples of this gun tube were given to representatives of Watertown
Arsenal and Watervliet Arsenal. The plating results were good and in-

dicated that a successful method was near,

SUMMARY OF THE BEST PLATING PROCEDURE TO DATE

The "Standard Bath Formulation'* has been modified to give in-
creased throwing power and less pitting. The formulation recommended at
present is as follows:

mnium mdrOXida (28’) 90sev B0 000000000 ROOYS 60 m./lc
NH),OH

Chromium Ammnium Sulflte 0000000000000 0000000000 700 g./l.
Crg(SOh)3(NHh)goSOh-2hH20

Ferrous mnium Sulf‘te 0600800090000 000 00000000000 1305 80/10
FeS0j,~(NH), ),80;,+6H,0

m@esj.um Sulrat‘ 0 0000000000000 0000080 0000000000000 20.0 go/lo
MgSOh'?HaO

Ammonium Sulfata 000000 00000000 080000000 CPCIOIOIIOIOERITIOEITIE 5000 go/lo
(Nﬂh)zsoh

Sodium Sulfite (Stock solution containing 0,005
co/nl.) 5000000000000 0000000000008 50 ml./l.

= The "Standard Bath Formulation" vas described in the November 15, i9h9,

report, page 10.
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The rbcomended procedure of making up the bath still follows the
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detailed instructions previously reportedi,
In the plating of steel tubes of 1,5-inch inside diameter, it is
recommended that plating variables be maintained within the following limits:

Electrolyte Flow 1 to 2 liters/min,
Cathode Current Density 375 to LOO amp./sq. ft.
PH (at 1L5°F.) 1.k to 1.7
Temperature of Bath 140° to 150°F.

Anode Construction

3/16~ to 1/2=inch copper rod, 2 to 7 inches long, coated with
0,015-inch thickness of 90 per cent Pb - 10 per cent Sn electroplate.
Reduction of Hexavalent Chromium in Bath

Reduction of hexavalent chromium is accomplished indirectly by
oxidizing the Cr+*6 to perchromate with 30 per cent hydrogen peroxide. On
standing, the perchromate decomposes to form Cr+3,

Rate of Deposition

A flat steel cathode, inserted in a Lucite "picture-frame" fixture
with 1 square inch of the cathode exposed, will receive 9 per cent Cr -
6 per cent Fe alloy deposit at a rate of approximately 0,010 inch per hour
when a cathode current density of LOO amp,/sq.ft. is applied in a still

* Surface active agent manufactured by E, I. du Pont de Nemours & Co.,

Wilmington, Delaware,
#* op, eit.




plating opéra on.” ‘A comparable rate of deposition has not been ob-
tained in tube plating up to this time, Tests are in progress to show

the effect of catholyte flow on rate of deposition of the alloy.

Adherence of Alloy Deposit

The adhe?ence of the alloy deposit on flat cathodes of brass,
low-carbon steel, or stainless steel has been generally very good and
easy to obtain by using customary precleanipg treatments.,

In tube plating with a moving anode, the initial deposit of ap=-
proximately the same length as the anode has shown good adherence to the
steel bore surface. As the anode c~ves down the inside of the tube, the
adherence is less satisfactory thus far, This situation will receive
further study.

JEB:CAS :CLF/JH
October 10, 1950
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CUTAWAY 40-MM
GUN TUBE IN
PLATING POSITION

X3217 72726
Figure 1, Photograph of pilot unit for plating gun-tube sections.
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A.Catholyte sucked up tube B. Anolyte recirculoted
by sigmo pump ond then by sigmo.-p#.m 1
into 16-hiter gloss tank FAA
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5. Rubber stopper A\ 3 Ny C
' ‘ ' > Rl C. Small amount
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D. Catholyte gravity flow
from 16-liter cell

FIGURE 3. INSOLUBLE ANODE ASSEMBLY WITH
DIAPHRAGM
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Figure 4. Various types of anode assemblies used in plating tests.
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REPRODUCED AT GOV ERNMENT EXPENSE

e
TABLE 1, DETAILS OF PLATING TESTS
Time Cathode C, D,
Test No. Bath No. (Hours) Cathode Material (Amp./Sq.Ft.) pH

Bath Compositions 300 g./1. Cr(S04)3(iH;)250,°24H20, 5.0 g./1. Pe
(rn14§2304. 1500-m], volume.

4662 L1, 694 2=1/2 Brass strip, 1 sq.in, plated 14 2.3 Pb-1% Ag wit
=74\ i ¥ Ditto " 1.8
_."5A n 3 L] n 2.0

Bath Compositions 700 g./1. Cr (soé),(w,.)zso‘-zulzo, 13.5 g.A. P

NapS03. 16=Iiter ¥olume.

4662801 80A -=  Steel tube, 1-1/2" I,D, 300 1.0 Pb-1% Ag wit
-80B i - Ditte " 1.0 Magnesium an
-80C " -— Brass strip, 1 sq.in. plated " 1.0 Pb=1% Ag witl
-30D L - Ditto i 1.6
-814 " ~  Steel tube, 2-3/4" I1.D, " 1.5 Cooled Pb-1%
=324 u - Ditto : 350 1.5 Water-cooled
857 " - L " 1.5
-374 it oo w " 1.5
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REPRODUCED AT GOVERNMENT ExpENS

Iigm RESTRICIE 1 FT177
Type Anode Deseription of Depos Im ‘“’&‘&H

3, (1) 250,640, 10 g./1. Mg50,+THy0, 0.1 g./1. NazS0O3, 50 g./1,

b diaphragm Cross section shows nodular deposit Temp. 108-110°F,
Jitto Sound structure at 250X Temp. raised to 118°F,
i Ditto Shows that "high throwing

power bath" must be oper:
ted at 118-120°F, and at
pH 1.8-2.0 to get sound

structure

4 dinphrogn Poor deposit, blistered -—

e Ditto -
' _;diaphragm . 1-1. bath from 16-1. -80/
i -1 !
[‘, Ditto Good appearing deposit 16-1. bath adjusted to
{": node vith diaphragm Thin, cenisr partion blistered Filtering of eathelyte

’2 essused flow te be retarde

vgnesium anode 4" long Top and bottom good plate, ocenter blistered TFilter removed, tube cool
on 0.D, by water spray

"Ditto 7" of tubs plated, 3 small spots blistered Spray mechanism for tube
improved
" Plate badly pesled More precaution used in

cleaning tube, but
magnesiun ssmenium sulfat
deposited on tube
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REPRODUCED AT GOVERNMENT EXPENSE

TABLE 2.  DETAILS OF PLATING TESTS finee
e S T TR T = S
Cathode
Curront ot
Time Density Flovw
Test No. Bath No, (Hours) Cathode Material (Amp./3q.F¢.) (M1./Min.) pi

94A Bath’Cmpoaition: 300 g./1. 02(80@3(m{6)280&2m“§0 5.0 g./1. FeSO,(

Anolyte Stock Salution: 50 g. 2)25 ficient Hy50, added
4662950 " —  Steel tube, 1-1/2" I,D.x12" long 275 - 16
958 n -— Ditte " - 15
974 " 1-1/2 " N5 .- 1.6 |
)78 " " n 155 - 1,6

Additions to Bath 94A to Make Following Compositiens
500 8-/1. Cr2(304)3( ‘)2804 2/Hp0, 8.3 8./1. FﬁO‘(l

-994 n 1-1/2 Steel tube, 1-1/2" I.D.x12" leng 255 - 1.3 1
-1004 ° n Ditto " - 1.3
5389=14 n 1 " 315 - 1.7 1
_1B n 1 7" 250 e 1‘7

Additions to Bath to Meke tho Followin? Compositiont
700 g./1. Cra(S0y) 3(MHy)2 24020, 13.5 g./1. " oS0, (M,

<27 " -— 40-mm, gun~tube seotiom 12" long 400 - 10 1
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Jothode Anolyte

haeront  Catholyte Conditiocns Negutive  Anolyte

) m_,itj Flov Temp. Pressure Temp,
./3g.F6.) (M. AMin.) pit (°F.) Typs Anode (Inch of Hg) (°F.) Desoer

$0 0240150, 5.0 g./1. T'en0, (11,)250, 630, 10 g./1. MgSOz,-,{KzO, 5 g./1. (H;)250,, 1.0 g./1. N
piJ) bl 4 4 4
18 sufficient Hzﬂ), addéd to moke pH 1.5 at 120°F.

275 - 1.6 128 4" long lead tube with diaphregm  Slight 13  Good
one @&
g - 1% L Ditto None L Depor
as Te
315 - 1.6 130 " Slight 130  Nonec
tered
155 bt 1o6 " it " e 'Ory
. a fer

11 asitions
)30," 24120, 8.3 g./1. FeS0,(1l;)280,-6Ha0, 10 g./1. MgS0,*XH20, 50 g. /1. (MH;)280,, 1.12 g./1.
bo255 — 1.3 10 4" long lead tube with diaphragm  Slight 140 Dop:l
] spoti
g i - 1.3 " Ditto " " Depo
g bett
315 - 1.7 u " " U8  Good
for
plat
250 . 1.7 " " n L] Depo

). positions
2124120, 13.5 £./1. FeS0,(MH;)S0,%6H20, 10 g./1. MgS0,*XHa0, 50 g./1. (MH;)280;, 1.12 g./1. N
i 400 - 1.0 150 4" long lead take with diaphvagn Positive 180 E;ﬁ
; =L

\
-2

24975



REPRODUCED AT GOVERNMENT EXPENSE

..,

Anolyte

Nogitive  Anolyte TT1TT1TIR )
i e i ITYRESTRICTED T '
(Incih of Hg) (°F.) Description of Depcsit Remarks

0 ge/le (H)250,, 1.0 g./1. NepSO3¢7H0. 16-1iter-volume bath. R
ivr..*r«. Slight 136 Good adherence except Best test so far with 1-1/2"
ons small spot diameter steel tube
ﬁ lione L] Deposit not as good Probably due to slight posi-~
i as Test =954 tive anolyte pressure
¥
i S5light 130 Noncontinuous, blis- -
; tered in spots
;"‘ " =  Very good except for  Approximately 6" length of /

a fev smll areas tube plated

i

50 3./1. (Wi)280;, 1.12 g./1. NaySO4+7H0. 16-1iter volume,

{
K
4
4

Lgn Slight 140  Depocit peeled in Cooling water on tube
spots vardied

” m " Deposit slightly 32 g. NepSO3°7Hy0 added to
better than -99A 16-1, bath

t " 8 Good adhesion except No eooling of steel tube
i for last portion
plated

" i Deposit blistered Bath filiered after this
test

> . /1. (1H,)280,, 1.12 g./1. NapS03°THy0. 16-liter volume.,

i;n Positive 180 Deposit badly Removal of gas from anolyte
blistered end oompartaent not fast enough, S
peoled eausing build-up of positive B
s pressure

/szz“mmmm"“ Y .



REPRODUCED AT'GOVERNMENY EXPENSE

TABLE 2,  CONTINUED

Cathode
Current \
Time Density o
Test No. Bath No. (Hours) Cathode Material (Amp./Sq.Ft.) (M./Min,)
5389-2B 94 —  i0emn. gun-tube section 12" long N5 -
3
# -3 n - Ditto " -
Bath Additionss 3.0 g./1. Kleanright Inhibitor added to Bath 94!
=104 L - Tube, 1-1/2" I.D.x12" long 400 -—
~10B " - Ditto 315 -
=100 n 1 /2 " 400 i
-10C " — 4P-mn,x12" gun=tube section " -

Bath Treatment: Hected to 170°F, 1 g./l. astivated charecoal and
No. 12 WVhatman filter paper. Specific gravity a
inhibitor added prior to Test 5389-10A,

- TERATRL RO S SN LR e T a

§ =134 4 —  Steel tube, 1-1/2" I,D.x12" leng 400 =
!

; -138 " S—-— Ditte " o
{

{

f s " - " R0 -—
{

i

% - -



REPRODUCED AT GOVERNMENT §XPENSE

iy Cr%

5 to G .itions Negntive Anolyte
] Temp. Pressure Temp, "
p11.) pit (°F.) Type Anode (Inoh of Hg) (°F.) Desaription of Deposit
1.3 150 4" long lead tube with diaphregm  Slight 140  Deposit badly peeled  Same
Test
for «
1.3 o Ditto o n Ditto
pIe
. 1.3 - i - —~  Very poor adhesion larg:
on s
assol
eeso!
ourre
1.3 - L - - Ditto
1.3 - " — == ]
103 o~ " - — " sam
5389«

B e e
= oz -l seeee 4

. end 0.5 g./1. ammonium persulfate stirred in. Let stand at 170°F, for 24 hours. Bath filtered throug
Loy adJusted to 1.22 with temperature lowstted to 1LL0°F. This treatment used to remove the orgmmiec
i 1.6 143 4" long lead tube with diaphragm - ==  Very good deposit with Peor
v only slight blistering eause
; lower
i
b 1.6 Ditto = —~  Deposit better than  Desig
f: =13 ehang
B : in e
aeas
1.6 a - ~=  Blistered spots vhere Anode
anode stepped '
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% ~
g aolylo \
W iagntive Anolyte ;
{ “raspure Tenp,
Tush of Hg)  (°F,) Desoription of Deposit Remarie
Slipht 1/0 Deposit badly peeled  Saws gun~tube liner as for -
Tost A, Stripped in IHCl
for «2B and -3.°
1! "t Ditto . -——
— ==  Very poor adhesiom Larger diameter tubing used

on suction side of anode
sgsembly to carry away ex-
sosoive gas caused by high
ourrent density

it L)

i — = u Same tube used ss in Test
] 5389=2A

and at 170°F, for 24 hours, Bath filSered through
This treatment uwsed to remove the organiec

— ==  Very good deposit with Poor adhesion thought to be O T e el e L
only slight blistering caused by Imcite spacer on ' =
lower portion of diaphragm

— — Deposit better than Design of anode spaeer
«13 changed so that turbulence
‘ in catholyte flow was de-
creased.
- =  DBlistered spots whers Anode moved up and down
anode stopped nanmually inside tube to give

£lash plate. Then anode
started at top and lowered
mechanieally

/ immggﬂﬁﬁmrrmi i

ST S N e
3
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REPRODUCE D ATOHA

| PADBLE 2, L g =
Cathodo
Current mmmm
Tant Density Flow /
Test No. Dath lo. (Hour:) Cathode Materinl (Amp, /Sq.Ft.) (ML./Min,) pH
5389-14B 94\ = Steel tube, 1-1/2" I.D.x12" long 320 - 1.6
=140 " - /0=-om.x12" gun-tube section 400 -~ 1.6
Bath Additions 10 g./1. ammonium persulfate.
-16A " 1-1/2  5teel tube, 1-1/2" I,D.x18" long R0 - 1.7
! =174 L 1-1/2 Ditto L - 1.7
: 21 Start " " 525 -—
P 1/4 " . 490 -
: 1/2 n 150-320 550 -
-23B " Start " 300 - -
. 1/‘ ] ] 20 =
-23C " Start oo 20 635 -
1/2 " " " -
3/4, " 400 590 -
23D " Start " 360 490 1.7
1/4 b " 30 -
1/2 L " = =
3/4 " " 490 =
i 1 = 0 580 -
1-1/4 " 360 570 -
1.1/2 " " " 2.1
P~

e



NEPRODUCED AT GOVERNMENT FXPENSE

O
g
P
B tn———

77 EI:
Anolyte s
Negative  Anolyte !

Tow Temp. I'ressure Temp,
e pi (°F) Tyme Anodo (Inch of Hg) (°F.) Desoription of Deposit
e 1.6 143 4" long lcad tube with dinphragn - - Top and bottom good,
. middle area blistered
= 1.6 143 Ditto -— - Lower half very good, S
top half poor b §
- 1.7 " " - 80-120 Top 2" blistered, rest C
of tube very good ;
- 1.7 " L -~ L Blistered deposit all 1
the way down tube g
n
p §
425 - " " 2,0 15
/90 -— ] R -1,8 100
50 = " 0.8 to =1.5 120 Poor adherence, de-  /
- posit blistered h
e — 146 N "106 -
A20 - n z -1,6 115 Ditto
& — i " =1.9 118
= - n " 0 n .,
190 -— " n 1.4 " Poor adherence of 1
deposit of steel
.90 1.7 120 " -1.9 120
; <20 Pl i n _1.8 " 1
. x
—— L. n n .108 .
50 - n n ..1.8 "
30 o n " -1.8 "
270 - n " -1.8 .
K 2.1 " L «1.8 " Deposit nonadherent
r: ? f’:") ’2) o ’

S



{ph of Hg)

e o o ————

n Lyt
7] Livo
T os0urag

Annlyte
Tenp,
(°F.)

HERODUCED AT GOVIHNMI NT FXPENSE

Desoription of Deposit

—van

b 2.0

-1,8

o =145

~1.6
-1.6

80-120

115
100
120

Top and bottom good,
middle area blistered

Lover half very goed,
top half poor

Top 2" blistered, rest

of tubo very good

Blistersd deposit all
the way down tube

Poor udherence, de-
posit blistered

Ditto

Poor adherence of
deposit of steel

Deposit nonadherent

Same gun-tube sestion used
in Test 5389-10C

Catholyte flow very slow at
start of test., Might account

for blistering

16-11ter bath raised 6" to
got increased gravity flow
necessary when using 18"
long tubes.

Leak in anolyte circuit
hose

Ditto

Pinhole in anolyte tube
repaired.
Test stopped

leak in anolyte eirouit
repaired

1'.
LI

= -v
™~

ot "

&



AT GOVERNMENT EXPENSE

Anolyte // /
Cathol nd i bions Negative Anolyte

Flov Temp. Pressure Temp.

. (10, /tdn.) pH  (°F.) Type Anode . (Inch of Hg) (°F.) Desoription of
820 1.5 U6 4" long lead tube with diaphragm = =1.85 120
3 520 -— i Ditto -1.90 s ¢
330 -— " " -l.4 118

4,00 -— ) " - t Top of tube go

bottom nonadhe

B

>eme

i1

i e



% REPRODUCED AT GOVERNMENT EXPENSE
14' ."\\_A 'l
i ——
?w-u " S
Anolyte (o
Negatlve Anolyte
Preasure Tomp.
(Inch of Hg) (°F.) Desoription of Deposit Remarks
- ite e
o Laphragm -1.35 120 :
"1 .80 lm ‘ : Y {
-1.4 118 baerstin
| - i Top of tube good, Catholyte flow greater than
, bottom nonndherent 500 ml./min., apparently noe-
’ essary for good adhesion of
: deposit to tube. Capacity
} of Sigmomotor pump insuf-
ficient to acoomplish tuis.
i
P ——— e~ - .- F e -~ ]
/

i
i
i
b

ey

A 2L iy o



TABLE 3.

REPRODUCED PN

DETAILS OF PLATING TESTS

f

Test No, Bath No,

Timo

(Hours)

Cathode Matorial

Cathode
Current  _Cathalyt
Nensity Flow

(Amp./5q.Ft,) (M./Min.

Bath Treatment and Additionss

Present volume of Bath 94A 10 liters, 6
and 2 g./1. ammonium persulfate added a
liters of mew bath of the following com
20 g,/1. MgS0;*TH0, 0.15 g./A. NaySO
of bath lowered to 140°F, pH &djustea

5380-304  94A 1/2 Steel tubs, 1-1/2" I,D.x18" long 400 900
-30B " 1-1/2 Ditto " 1000
=314 ] 3 1" n "
~32A 1 2«1 /2 ] 320 900
" n 1/4 n " "

2 1;1; " " "
~354 n 1-1/2 n 320 1000
~37A L 1-1/2 . U " 1100
Bath Additions: 10 g./1. ammenium persulfate.
=381 " 1-1/2 Steel tube, 1-1/2" I,D,x18" long " 1000
B



catholyte Conditions
Flow 'I,'cmp’
+1./Min.) pd  (°F.) Type Anode Desoription of Deposit Rem

" iters, 6 liters having been used up as anolyte in preceding tests. 2 g./1. activated oharcoal
- ndéel and stirred into the 10~liter bath. Temperature of bath raised to 170°P, To this, 6
cving composition was addeds 700 g./l. 01‘2(504)}(1\11{ )2°24H,0, 13.5 g./1. FeS0 (NHL) 0 '6‘1%0,
- 1809, Bath filtered through No. 12 paper. opecific gravity adjusted to 1,26 m{ﬁem ure
cijusted to lebe

900 1.4 140 4" lead tube with diaphragm Initial deposit good Failure of 81
hose stopped
1000 1.4 U Ditto Good appearing, ad- Deposit showe
herent deposit from above tr
0 1.4 0 " | Top good, middle Tube plated f
badly blistercd, then double p
bottom showed fair
adhesion
900 — " n Vory good plate at top, Anode travel
blistered at bottem
" -— n . - Anede station
0 -— i Ly VYery good deposit Tube drained
Plate first 4
takea into s¢
posit on inve
very geod,
1000 _— - n Tube badly blistered Anode held st
raised at rat
| 1100 — - " Deposit good at start. Tube given se
] Progressively vorse as Anode Neld st
!' test oontimued, raised same a
; _
;
1000 16 ~- 5 Good appearing, ad- Amode statiox
herent deposit raised. Ammon
;j treatment appa
ble for good &

N m



REPRODUCED AT GOVERNMENT EXPENSE

Desceription of Deposit Rouarks

nreceding tests. 2 g./1. activated sharcoal
centure of bath raised to 170°F, To this, 6 . g

Evlﬁ{/)‘?'zl.ﬂzo 13.5 g./1. FeS0,(NH,)»S0 H-I%SN e : b s
1 seffic m-av:{ty adjusted o 1%26.4 isanéem r

BEm Initial deposit good Failure of Bigmamotor-pump
hose stopped test

Good appearing, ad- Deposit showed improvement
herent deposit from above treatment

Top good, middle Tube plated full length, it 3 e G
badly blistered, then double plated A R b SR B

: botton showed fair | /
adhesion .

i Vory good plate at top, Anode travel 4.6 in./hr.
blistered at bottom

§ - Anede stationary during test
i Vory good deposit Tube draired and inverted.
; Plate first deposited was

taken into solution. De-
posit on inverted section
very good.

Tube badly blistered Anode held statismary., Tube
raised at rate of 1 in./6 min.

PR o o0

Depoeit good at stari. Tube given severe HC1l etch.
Progressively worse as Anode Meld stationary. Tube
test contimued. raised same as for Test =354,

Good appearing, ad- Anode stationary. Tube

horent deposit reised. Ammonium persulfate ; o S et SRR R 1
treatment apparently responsi- TR PSRN O
ble for good adhesiom.
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TABLE 3.  CONTINUED
Cathode
Current kw
Time Densi o
Test No. Bath No. (Hours) Cathode Material (Amp./Sq (/. Mn,)
5389394  O4A 1 Steel tube, 1-1/2" I.D.x1® lemg 300 1700
_/‘m " n Ditto n [ ]
—41A n 1.1/2 ] " "
-‘ZA ] 1 ] n ]
g_
: e S 7 . " "
440 ] 1 /2 " ] "
=504 " 1 " " 2000
_m n 1 " 2” L ]
~51A " 1/4 1% x 6* x 0.012" steel strip 300 500
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REPRODUCED AT GOVERNMENT EXPENSE

"

N,

Cathol Conditions

Flow Tamp,
(M./Min.) pH (°F.) Type Anode Description of Depesit
1700 — = Llead tube, 3/4" diam.x7". No Tep 8" of deposit good,
diaphraga used, rest blistered
" - 142 Ditto Ditto !
{
" —— " L n
n - " Top 8" fair deposit
blistered
n — " A" lead tube with diaphragm Deposit blistered in !
wsual area right after '
bottem of anode mowed )
to a lower position in |
stcel tube
" - " Ditto Good deposit with geod
adhesion |
|
1
k
2000 — = Lead tube, 3/4" diam.x7". No  Blistered spot on tube ]
diaphragn used. ocorresponded to the t
electrical commostion h
¢ frem top of tube
i -_— - " : Blistered areca 9 frem A
top of tube correspoad- o
ing to the elestrieal e
eseonneetion 9" frem top v
s
500 1.6 13 1/4" x 1/8" x 2" lead strip Blistered area om A
with diaphragm. Imecite eathode corresposding o
: spacer at bottom. to area adjacent teo A
i lover tip of anode d
i L
b
A
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REPRODUCED AT GOVEHNMENT EXPENSE

Description of Deposit

Remarks

Top 8" of deposit good,
rest blistered

Ditto

Top 8" fair deposit
blistered

Deposit blistered in
usual area right after
bottam of anode moved
to a lower position in
steel tube

Good deposit with gaod
adhesion

Blistered spot on tube
corresponded to the
elestrical connection
6" from top of tube

Blistered area 9" from
top of tube correspond-
ing to the electrical

connection 9" from top

Blistered area on
cathode corresponding
to area adjacent to
lower tip of anode

5 g./1. ammonium porsulfate
added to bath

At end of test, 5.0 g. Nap303°
TH20 added to bat.h and circu-
1ated in eatholyte system for
15 min,

Use of 30% for iniirect *
redustion héxavalent chro-
miun ion temporarily discon-
tinued in favor of reduction

by sodium sulfite

100 g. Ma2S0y° 7H20 required
to oonu.nuously reduce the
hemawalont chromium formed

Approximately the same quantity
of NapSOy° THyO required for
eontimwous reduction of hexa-
valent chromium. Use of
sodiwm sulfite discontinued.

Apparatus used was smzll-soale ]
arraagement of pilot oell. t :
Anode travel approx. 1'/6 min. '
doveward into 1-1/2" diam.

Imcite tube, Catholyte flow

by gravity into bottom of cell.
_Removed by sign punp

Lss . ..

T v T S S SV S G g SR Y 4% G RSTLI I /RS ST IR LRSI R S T e UL TR -
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TABLE 3.  CONTINUED
Cathode
Current gﬁnm
Time Density o
Test No, Bath No, (Hours) Cathode Material (Amp./Sq.Ft.) (ML./Min.)
5389~518  94A 1/4 1" x 6" x 0.012" steel strip 4% %00
-51C n 1/4 Ditte " .
«~51D " 1 /4 n n n
=51E n 1-1/2 Steel tube, 1-1/2" I.D.x18" long n 1700
524\ " 1/4 1" x 6" x 0,012" steel strip 300 500
=528 " 1/4 Ditto 400 "
~52C " 1/4 Steel tube, 1-1/2" I.D.x3" leng 300 .
~52D " 1/4 Steel tube, 141/2" I.D.x4i* leng " .
=52E n 2 O-em. x 12" gun tube 400 1700

>
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g REPRODUCED AT GOVERNMENT EXPENSE

l e 3
} ..
1' et ——————— _::&-—-—-u
f Lo -
t . ‘ q-‘ - ; F »
Catholyte Conditions \“ {II Im
Flow Temp.
i0../Min,) pH  (°F,) Type Anode Description of Deposit Rems
500 1.6 143  1/4" x 1/8" x 2" lead strip Adherenoce of deposit at Use of highe
; vith diaphragm. Imeite critical area improved density redu
i spacer at bottem.
i 1.6 "  Lucite spacer removed Deposit improved. Very >
i good with exoeption of
? a few smll pits,
" 1.6 i Ditto Very good appearing de- 0,5 g./l. Duj
1 posit. Small pits agent added |
i elininated. ting.
1.6 " 4" lead tube with diaphragm Initial deposit full Results from
length of anode good. tests eould |
Blistered as anode applied to p!
started to travel same results
dovowanrd,
1.6 " 1/4" x 1/8" x 1/2" lead strip, Good appearing deposit liote short-L
no diaphragm more area fo
1.6 " 1/4" x 1/8" x 1" lead strip, Ditto D:
no diaphragm
1.6 ] Ditto ' " Small-seale
steel tube &
smll seale
pamsls.
1.6 ' " » D
1.4 142 3/16" x 2" lead tubing Blistered deposit full Gun tube ele
length of tube given a 1igh
eteh, Depos
' . | examination,
arnd given & |
diluted HC1.
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REPRODUCED AT GOVERNMENT EXPENSE

Deseription of Deposit Remarks

Adherence of deposit at Use of higher cathode current
critical area improved density reduced blistered area

Deposit improwved,

Very -—

good with exoeption of

a few smll pits,

Very good appsaring de-= 0.5 g./l. Duponol M.E. wetting

posit, OSmall pits
eliminated,

agent added to eliminate pit-
ting.

Initial deposit full Results from above small-seale
length of anode good. teats ocould mot be directly

Bliastered as anode
started to trawel
downward.

applied to pllot cell with
same results,

Good appearing deposit llote short-lehgth anode., Also

Ditto

more area for gassing
Ditito

Small-seale tast in 1-1/2° diem,
steol tube in agreement vith
small seale tests using flat
panels.

Ditto

Blistered deposit full Gun tube elestrosleaned and them

length of tube

given a light hyirochloric aeid
oetch, Deposit stripped after

examination. Tuba pumice serubbed | .

‘nd ‘1'.1! a z‘ﬂino ‘m h om=- |0
diluted HC1.
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REPRODUECED AT HOVERNMENT RXPENSE

-
PABLE 3.  CONTINUED
. Cathode
Current w
Time Density o™
Test No. Bath No. (Hours) Cathode Material (Amp./5q.Ft.) (M0./Mn)
5389-52F  94A 2 O-am. x 12" gun tube 400 1700
-52G n 2.1/2 Ditto " "
|
i R e P S e e SOl
(
{
{
¥
:
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’ l “ : REPRODUCED AT GOVERNMENT EXPENSE

¥ Flow Temp.
Pt.) (M./Mn) pi (°F.) Type Auode Description of Depesit

1700 1.4 12 3/16" x 2" lead tubing - Very geed appeariag de- Appm
pesit. Adherense alse steel
vy good. ssver

: adhe
each
posif
to W

b 1.4 " Ditto Best deposit so far This
obtained on any tube SaVe(

/y (;
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REPRODUCED AT GOVEHNMENT EXPENSE
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Bescription of Deposit Remaxks
- ‘/‘.
Very good appeering de- Apparently the electropolished A PES] : .
nposit. Adherenee also steel gum-tube bore must be '
vory good. severely eteshed to obtain good
adhesion. 3" length sawed from
each end of this tube and de-
posit stripped. These sections
to be used as an upper and lower
thief for the next test.
Best deposit so far This 40-mm. gun-tube section
obtained on any tube saved in half lengthwise for _
ingpection. One of the half i I Rl tal s o 1 T
sections was eut in two at ' /
Watervliet Arsenal. One see- ’

tion remmins at Watervliet. e
The second seetion was examined

at Watertown Arsenal., Plate was

intaot after saving.
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