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A 

0.0. Project Ntunbert   TR3-3003B 

Priorityi   War Department 2B 

Title of Project:   "A Research Investigation of Possibilities for Obtain- 

ing Hotr-Hard Electrodeposited Chromium or Chromium-Base Alloys for 

Cannon.*' 

Authors:    J, Edwin Bride, Cloyd A. Snavely, and Charles L. Faust 

Object:    To investigate possibilities for an erosion-resistant chromlun 

or chromium-alloy electroplate for lining gun tubes. 

^   The Summary:   The 9li 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 iiO-mm. cun 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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■Si internal moving-anode system will be studied further*   The process for 

alloy plating the bore surface has been simplified by modification, 

eliminating the porous diaphragm that was previously 

Conclusions 

Changes now being studied in the anode system are expected to 

be successful for showing the technique to be used in applying the 9k 

chromium - 6 iron alloy plate to full-length UO-mm« gun tubes.   As soon 

as the method is ready, full-lencth UO-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 9h chromiuin - 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 HEFORT 

on 

A RESEARCH INVESTIOATION OF POSSIBILITIES 
FOR QBTAININO HOT-HARD ELECTRODEPOSITED 

CHROMIUM OR GHROMIUM-fiASE ALLOYS FOR CANNON 

by 

J. Edtirin Bride, Cloyd A. Snavely, and Charles L« Faust 

September 1, 1950 

INTRODUCTIOM 

The development of a process for plating chromium-iron alloy was 

carried out in a previous Amor Ordnance contract^.   A 9h per cent chro- 

mium - 6 per cent iron alley plate exhibited hot hardness considerably 

superior to conventional chromium plate.   In addition» the rats of depo- 

sition and current efficiency for chromium-iron alloy plating were superior. 

Limited tests were made on 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 UO-mm. cannon has been selected for firing tests to 

*   Contract W33-019-0HD-63S7.    Results are reported in the "Final Techni- 
cal Report on A Research Imrastication of Possibilities for Obtaining 
Hot-Hard Electrodeposited Chromium or Chromium-Base Alloys for Cannon", 
Battelle Ifemorial Institute, November 15, 19h9» 
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compare the alloy plate with conventional chromium plate vmm 77r//// 
irements for the alloy-     r/^>Vv guns.   At the present time, the current-density requirements for the alloy- 

plating process are too great to allow plating of an entire gun tube at 

one tine.   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. 

-6-   / 
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EXHSRIMENTAL YK)RK» 

Ifethod 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 diaphragm. 

This method appears very promising at the present time, though experience 

with it has been insufficient to allow definite conclusions. 

Apparatus 

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. 1*662, pages 67-100j and 5389« pages 1-53* 
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circulated.   The anode assembly is moved doimtmrd throui 

plated during the plating operation.   Catholyte fi«M l^r'gravlfy from the 

16-liter 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 

aigmaraotor pump which pumps anolyte out of the assembly.   This produces 

a negative pressure inside the diaphraga«   Thus, there is a tendency for 

catholyte to seep throuch 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 dons by a motor-driven rack-and-pinion arrangement. 

Figure 3 is an illustration of a diaphragm-type anode assembly. 

Figure li 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 

mmQmm 
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a solid lead anode with braided-wire current lQlwyyWff,^^^^T;»^>Ti:,c vsa^.Z 

Lucite spiders at the top and bottom served to center the anode in the 

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. 

SmSkKf CF ESSENTIAL EXPERDENTAL OESERVATIOMS 

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 Ii662-6<?A to U662-7SA (Table 1) 

These tests were performed in a 1-liter glass cell, using a 99 per 

cent lead - 1 per cent silver anode vrith 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 120eF. and the pH must be 

in the range from 1.8 to 2.0. 

Pilot-Cell Tests U662-80A to U662-87A (Table 1) 

These experiments were performed to study the effect of the 

variables that would be encountered in plating a steel tube of approxi- 
i   ■  ii   «p^w^H^ 

report,'page 18.   //^/y////WA^MWh P 
'^ * The «high throwing power bath" was described in the November 15. 19U5 

■    "  m 
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mately the same diameter as a bO-am. QUXI tut 

at the left in Ficure h»    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 diaphragn 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 

hromium ion was not passing out through the diaphragm.    This anode as- 

sembly was bulky and difficult to kefep 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 

operatinc at hi^h 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 aaodo,   IJany 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 h), made of Dow Pure 

Star magnesium bar stock of 1-inch diameter with a 1/2-inch hole drilled 
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in the center for circulation of coollw^ 

anode and did not require a diaphragm*   Several fairly good deposits were 

made in 1-1/2-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 ammonium sulfate in the bath which 

precipitated as a thin film on the inside surface of the tube*   For 

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

Pilot-Cell Tests 1*662-95/1 to g389-3B (Table 2) 

These experiments were performed with a li-inch-long lead-tube 

anode enclosed by a porous diaphragm, as shown in Figure k 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 mercuxy 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 limits that a 12-inch section of liO-mm. gun tube was selected 

for several tests.   The composition of the 16-llter pilot-cell bath at the 

start of Test U662-9SA corresponded to the "high throwing power bath". 

-11- 
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Just prior to Test Ii662-99A, tlie bath composition 

in Table 1, to a chromium ammonium sulfate content of 500 g.A»   Subse- 

quent tests save no improvement in plate adherence. 

Pilot-Cen Tests 5389-2A to 5389"17A (Table 2j/^ 

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 SO g./l. ammonium sulfate to help increase throwing power.   The 

12-inch section   of UO-mm. gun tube was stripped and plated several times, 

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.    In an effort to prevent the formation of 

smut, 3.0 g.A» of an organic picklinc inhibitor was added to the plating 

solution after beaker 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 170CF. 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, 19h9» 
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Test 53Ö9-13A, which followed the bath treatment, was the first tube to 

be plated in which the alloy deposit was firmly adherent for the full 

length of the bore surface.   This test showed that success is possible 

if all conditions are properly adjusted.   The 12-inch section of iiO-mm, 

gun tube used in previous tests was plated again« and this tine (£389- 

lliC) 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 directQy to any one factor, but it was 

suspected that the amnonium persulfate might have influenced the chemi- 

cal action on the steel bore surface as the catholyte flowed up through 

it. 

Test 5309-16A, 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. 

Pllofr-Cell Tests 5389-17A to -2l|A (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 fron a catholyte flow below $00 ml./min.    It was 

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

7111^iinmmmrrrT 



could seriously affect plating conditions and result in poor adherence. 

A new pump was designed and built to allow a wider ranee of catholyte flow 

under controllable conditions.   The pump was designed at Battelle.   How- 

ever, its principle of operation is similar to that of 6 pump described 

in a recent publication*. ////////O {/^'m k 

Pilofr-Cell Tests $389-3CiA to -38A (Table 3) 

This series of tests showed that increased catholyte flow cave 

slightly better deposits but did not overcome the poor adhesion problem. 

It was noted in Tests U389-17A to -21iA that the anode negative pressure 

decreased as the anode was lowered into the tube being plated«   To con- 

trol this variable, several plating tests were carried out (5389-3^ 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 aamonium per- 

sulfate had been added to the pilot-cell bath. 

Pilot-Cell Tests g389-39A to -h2A (Table 3) 

These tests were performed with a 3A-inch-diaineter 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 

Qlenn, E. E., Jr., and Hackerman, Norman, "Positive Displacement Pump 
for Corrosive Fluids", Rev, Sei. Inst.,21, U^O (1950). 

-li*- 
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pilot-cell bath urns indirectly reduced with 30 per cent hydrogen peroxide. 

The initial deposit« full length of the anode« was good in moat 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 «as temporarily 

discontinued in favor of reduction by sodium sulfite. 

Pilot-Cell Tests S$9~5Qk to ^QB (Table 3) 

These two tests showed that the use of sodium sulfite for complete 

reduction of hexavalent chromium ion is not practical.   A 16-liter bath 

normally requires only 3.2 grains NagSC^ or 6.1; grams W^SCyT^O for 

successful operation« provided the anolyte is kept separated from the 

catholyte.   A one-hour plating test similar to either 5389-504 or -£0B 

will require approximately 100 grams ^SO^TH^O 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 J>389-5lA to -f>2D (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- 

-15- ■ fIRWj^pfT.r 
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Wtä&di&&www*4tfa~&sdX<ä arrangement of the pilot cell. 

Flat 1-inch ty 6-inch panels or short 3-inch or U-inch lengths of 1-1/2- 

inch-dianeter steel tube vrere used as cathodes,   Results indicated that 

good adhesion could be expected from either an anode without a diaphragm 

or one with a diaphragm, provided a current density of approximately 

UOO amp./sq, ft. is maintained and sufficient space exists between the 

diaphragm and cathode to permit easy escape of gas«   By using a l/U-inch 

by l/8-inch by 1-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 5389-52Q (Table 3) 

Using the information gained in the above tests, a 3/l6-inch by 

2-inch lead-tubing anode was substituted for the 3A"inch by 7-inch anode 

on the pilot cell.   A liO-nm. by 12-inch electropolished gun tube was 

plated at UOO amp./sq. ft. with a catholyte flow of 1700 ml./min.   The 

deposit was blistered and peeled the full length of the tube.   The tube 

had boon thoroughly degreased, electrodeaned, and given a short hydro- 

chloric acid dip prior to plating.   Good adhesion was not attained on the 

first liO-nm. gun-tube section until it had been stripped and plated four 

tines.   This indicated a possible benefit from a severe etch.   This was 

done on Test &89-52F, and the deposit showed good adherence to the elec- 

tropolished bore surface.   The top and bottom "thief sections" (added 

-16- 
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lengths of tube) used in this test had a slightly larger bor£rIBBinfclpp y^ 

gun tube; consequently» the plate at the top and bottom of the gun tube 

was  of inferior quality.   This was corrected in Test 5389-520 by using 

3-inch-long sections of a liQ-ram. gun tube for the top and bottom "thief". 

Samples of this gun tube were given to representatives of Watertovm 

Arsenal and V/atervliet Arsenal.   The plating results were good and in- 

dicated that a successful method was near. 

SUlflJURY CF THE BEST HATING 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 followst 

Ammonium Hydroxide (28^)  60    nl./l. 
NH^OH 

Chromium Ammonium Sulfate  700     g./l. 
Cr2(S0^)3(NH2i)2 »SO^^^O 

Ferrous Ammonium Sulfate  13.5 g.A» 
FeSO^CNH^SO^.öl^O 

Magnesium Sulfate  20.0 g./l. 
MgS0^7H20 

Ammonium Sulfate   50.0 g./l. 
(NHU)2S0U 

Sodium Sulfite (Stock solution containing 0.005 
g./nl.)  50 ml./L« 

HagSO« 

The "Standard Bath Fomulation" ;vas described in the November 15, 19U9, 
report, page 10. 
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The r&comraended procedure of making up the bath 8 till follows the 

detailed instructions previously reported**. 

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 UOO amp./sq. ft. 

pH (at 1U50F.) 1.1* to 1.7 

Temperature of Bath IliO* to 150*F. 

Anode Construction 

3A6- 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 ohromium is accomplished indirectly by 

oxidizing the Cr+6 to perohromate 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 9h 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 U00 amp./sq.ft. is applied in a still 

*   Surface active agent manufactured by E. I. du Font de Nemours & Co., 
Wilmington, Delaware. 

**   op, cit. 
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plating operation.   A comparable rate of deposition has not been ob- 

tained in tube plating up to this tine.   Tests are in progress to show 

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

Adherence of Alloy Deposit 

The adherence of the alloy deposit on flat cathodes of brass, 

low-carbon steel, or stainless steel lias been generally very good and 

easy to obtain ty using customazy precleaning treataents. 

In tube plating with a noving 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 r^ves down the inside of the tube, the 

adherence is less satisfactory thus far.   This situation will receive 

further study. 

JEBtCAS:CIF/jH 
October 10, 1950 
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CUTAWAY 40-MM 
ÖUN TUBE IN 
PLATING POSITION 

r 
X3217 72726 

Figure 1.   Photograph of pilot unit for plating gun-tub« aectiona. 
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Steam 

Catholyte 
reservoir 

Bore surface of 
tube being plated 

A Pinch clamp for catholyte ^ 
flow rate  adjustment 

Pinch clamp 

Water -H 
jacket 

Drain      for 
cooling 

Anolyte 
reservoir 

FIGURE  2.    SCHEMATIC    DRAWING  OF   PILOT-SCALE 
PLATING   UNIT 
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A Cotholyte sucked up tube B.  Anolyte recirculated 
by sigma pump and then 
into  16-liter glass   tank 

Anolyte recircul 
by sigma ^^rTn71^i^^ 

i. Rubber tubing 

2. F me-Dorosity 
aiundtm diaphragm 
thimble 

3   Area of tube 
being plated 

4 40-mm gun f jbe 
section 

5  Rubber stopper 

-10   10 Glass tubing 

9 Amber  tubing 

8. Lead tubing 
anode 

7. Lucite spacer 

\\s 6 Glass  tubing 
7 

C. Small   amount 
of catholyte 
drawn    through 

alundum diaphragm 

D   Catholyte   gravity flow 
from   16-liter cell 

FIGURE   3.   INSOLUBLE    ANODE    ASSEMBLY  WITH 
DIAPHRAGM 

I IN I PrffrHJ] 

• V.   '   l L-Xi-CXl 

0-16404 
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Figure U.  Various types of anode assemblies used in plating tests. 
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HFPRODOCf 0 AT OOVERNMEWT tXPfHSC 

I TABLE 3.  DETAILS OF PLATING TESTS 

Tine 
Teat No. Bath No. (Hours) Cathode Material 

Cathode C. D. 
(Amp./Sq.Pt.)  pH 

466Z-69A 

-75A 

4662-30A 

-80B 

-80C 

-30D 

-SIA 

-82A 

-85A 

-87A 

I 

69A 

Bath CoBpoeitloni 300 g.A. C^SO^hfNH^SC^a^fc0! 5.0 f./l. Pi 
(IIH/)2S0^.    1500HII1. volufl». 

2-1/2      Braas atrip, I oq.In.  plated 1U 2.3   Pb-lJ{ Ag wit 

" Ditto " 1.8 

3 " " 2.0 

Bath Conpofltlont 700 g./l. Cr2(S0/)1(NH,)2S0I«24H20, 13.5 f.A. P 
NssSOi. 16-lito? Tolume. # HisSO) 

80A — Steel tube, l-l/2n I.D. 

" — Ditto 

" — Brass strip, 1 oq.ln. plated 

" — Ditto 

" — Steel tube, 2-3AB I.D. 

" — Ditto 

300 

n 

350 

1.0 Fb-1* Ag wit 

1.0 Migneelvi am 

1.0   Fb-1* Ag vdtl 

1.6 

1.5   Cooled Pb-1^ 

1.5   Water-cooled 

1.5 

1.5 

1      0 

z. 
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REPRODUCED AT GÖVSRNMENT EXW?NSE 

Type A.noda Description of Depof Ip2IiaiJJCiairl^iiT 
p^(NHji)2G0/f'6H20, 10 g./l. Mß30^.7H20, 0,1 g./l. Na2S03, 50 g./l. 

diaphragm 

Ditto 

Cross section shows nodular deposit 

Sound structure at 250X 

Ditto 

Temp. 10S-110eP. 

Temp, raised to 1180F. 

Shows that "high throvini 
power bath" nuet be oper« 
ted at 118-U0*F. and at 
pH 1.8-2.0 to get sound 
structure 

'QO/Jjm^^O^QlzO,  70 g./l. (NH^jSO^ 10 g.A. H^O^XHJJO, 0.32 g.A. 

diaphragm 

tie 

11 diaphraga 

Ditto 

Poor deposit, blistered 

Ditto 

Good appearing deposit I I 
Is 
I \g -.-.node v/ith diaphraga   Thin, oen «r portion blistered 

1-1. bath frea 16-1. -60/1 
bath 

16-1. bath adjusted to 
1.5 pH 

Filtering of eathel^e 
eaused flow to be retard« 

ignasiu» anode A"  long Top and bottom good plate, center blistered Filter reaoved, tube cool 
on 0.0. by water spray 

Ditto 7" of tube plated, 3 eaall spots blistered     Spray aeohanisa for tube 
iaprored 

Plate badly peeled Mare precaution used in 
cleaning tube, but 
aagneslua s—nlnsi pulfat 
deposited en tube 

- z-tf is 
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RFPRODUCFD At IflOVlnNMENT PXPfNSC 

Rppnwi ■i^'r pjt1 PJI in 

TABLE 2.      DETAILS OF PMTINO TESTS I 

=S3: 

Time 
Test No. Bath No. (Hours) Cathode Material 

Cathode 
CiuTont (fathojbrtf Cond^t 
Densitj Flow               1 

(Anp./Sq.Ft.) (Ml.Mu.) pH      ( 

94A 

A66ß^5A it 

-95B n 

-97A it 

-97B II 

Bath CoBpoaltloot   300 g.A. Cx^(S0/)3(NH/)2S0A,2^H20» 5.0 f.A. PeS0/( 
Anolyte Stock Solution!    50 g./l.  (mi^)2S04 with sufficient ^30^ added 

—        Steel tube, 1-1/2" I.D.xl2" long 275 

Ditto 

-        1.6 

-        1.5 

1-1/2 315 

155 

1.6    : 

"**— ^L M ^J 

-99A 

Additions to Bath 94A to Make Following Coaposltient 
500 g./l. 0^(30^3(^)230^-2^20, S.3 g./l. FaSO^l 

1-1/2     Steel tube, 1-1/4« I.D.xW long 255 1.3    2 

-100A Ditto —        1.3 

i  5389-1A 315 —      1.7     1 

-IB 250 -        1.7 

-2A 

Additions to Bath to Make the Following CoHpositiom 
700 g.A. 0x2(30^)3(101^)2'2^0, 13.5 ß.A.    dS04(l«4 

— -40-nm. gun-tube seotlon 12" long 400 1.0     1 

-7- 

i 
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HFPRODUCEO AT GOV^.-i(i!\r.m EXPENSE 

Cathode 
feurront Catholytt) QonditlonH 

punaity Plow                Temp. 
,/3q.Pt.) (Ml.AliQ.)   P»      (0P.) Type Anode 

Anolyte 
Negatlrs Anol/te 
Pressure Tonp. 

(Inch of Hß) (»F.)     Deoer 

mvrWhO, 5.0 g./l. FGS0/(MH.)2S0/»6H20, 10 g.A. MgS0^«ai20, 50 g.A. {%)2S04» i»0 K«A. N 
K:lth sufficient Il^ijiJ^ added to inake pH 1.5 at 120^. 

27<; 75 

315 

155 

1.6 128 A" long lead tobe with dlajiurapi Slight 

1.5 " Ditto None 

1.6 130 " Slight 

1.6  "            " H 

136 Good 
one a 

H Depoi 
a« Tc 

130 Nonce 
tered 

— ▼ery 
a fe\ 

i;>>0^'24H20, 8.3 g./l. PaS0^(llH^)2S0^-6H20> 10 g./l. M^0^XH20f 50 g.A. (»i^
30^» I*12 g»A. 

I  255 

315 

250 

1.3  UO  4n long lead tab« with dlaphrag*  Slight 

1.3  " Ditto " 

1,7  UD ,, " 

—   1.7 

UD Depoi 
spot 

n Depoi 
bett 

U8 Good 
for 
plat 

N Depo 

fc poaitiont 
|; r.^AHao, 13.5 g.A. Peso^{NH4)280^20, 10 g.A. M^O^-^O, 50 g.A. {mj&o^, 1.12 g.A. K 

400 —        1.0     150     A* long XMA täte «1th dUqptoag»    Positiv» 180      Oepc 
bill 
pee] 

^1> 
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Anolyta 
NogutiTB Anolyto 
Treaaure Temp. 

(Inch of Hg) (0F.) 

'lyMnnitStWCTßdtn???) 
Ooocrlptlon of Deposit Remarks 

TO g./l.  (Mll^gSO^, 1,0 g./l. Na2S03»71120.    l6-liter--voluine bath. 

Slight 136  Good adherence except  Beet test so far with l-l/S" 
one small epot diameter steel tube 

Hone it Deposit not as good 
as Test -95A 

Probably due to slight poei- 
tiv» anolyte pressure 

Slight 130 Noncontinuous, blis- 
tered In spots 

- 

Very good except for 
a few small areas 

Approximately 6" length of 
tube plated 

£■;    fr,,.,' t ffi ,v  ■■ 

I 50 g.A.  iTMj¥)2
S0/¥' 

1*12 Z'/1' NSJSOJ'THJO,    16-11 ter Yolune 

Slight HO       Deposit peeled in 
spots 

" Deposit slightly 
better than -^SA 

Cooling water on tube 
rarled 

32 g. Na2S03,7H20 added to 
16-1. bath 

H3       Good adhesion except       No cooling of steel tube 
for last portion 
plated 

Deposit blistered Bath filtered after this 
test 

b • /I.  (NH^O^, 1.12 g./l. N^CynfcO.   16-Uter Tolune. 

m-%     Positive 180 Deposit badly 
blistered and 
peeled 

Removal of gas from anolyte 
oompartment not fast enoo^i, 
oaueing build^ip of positiv« 
pressure 

TUT 
mKnacrarr^'T 

(s :i ' ■ •• - 

?^^ 



REPRODUÖCb ÄrttOVERNMEWt tXJ»6N8E 

rm^^^^^m 

TABLE 2,  CONTIWUED 

Time 
Test No. Bath No. (Hours) Cathode Mttarlal 

Cathods 
Currant patholyt« 
Density    flow 

(Anp./Sq.Ft.) (Ml./Mln.) 

5389-5B        9-^ 

-3A. 

-10A 

— 4D-iaa. gun-tubs ssetlon 12" long        315 — 

— Ditto                                       " — 

Bath Additlonst    3.0 g.A. Klsanrlght Inhibitor added to Bath 9U 

— Tobe, 1-1/2" I.D.X12" long ^00 — 

\ -10B i» 

i 

i 
-IOC it 

-IOC ii 

r 

?, 
3 
1 

-13& !1 

1/2 

Ditto 

u 

315 

400 

—        40Hn.xl2" gun-tube section 

Bath Treatnenti Heated to 1700F. 1 g./l. aetlrated oharooal and 
No. 22 Whataan filter paper. Specific grarlty s 
inhibitor added prior to Tsst $389-10&. 

—        Steel tube, 1-1/2« I.D.xl2M long        400 — 

-13B Ditto 

-14A 320 

-7a- 

/V3 
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Ml PMOnUCPO AT r.OVrRNW NT I VPFNSr 
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MMM s^. 

M Temp. 
'In.)   pll      (0F.) Typo Anode 

Anolyt« 
Negative Anolyte 
Presffttra Temp« 

(Inch of Hg)      {"?.)     Deaorlption of Deposit 

1.3     150     A" Ions l'-ild tubo with diaphragm        Sllgbt 

1.3 

9/A. 

1.3  — 

Ditto 

UP      Deposit bedljr peeled 

Ditto 

—      Very poor adbeaioa 

3« 
Test 
for • 

Larg< 
on ai 

oeeoi 
eum 

i     1 .3 

1     1 
1 

.3 

.3 

Ditto 

— " — — «1 Sane 
5389- 

f.. and 0.3 g.A« ammonium porsulfate stirred In.   Let stand at 17D*F. for 24. hours.   Bath filtered throug 
hby adjusted to 1.22 with temperature Imntad to 140*7.   This treatment used to remove the oorpmie 

1.6     lO     A" long lead tube with dlaphraffi 

1.6  " 

1.6 

Ditto 

Very good deposit with P« 
only sll#t bllsterlsg «aus« 

lower 

Deposit better than   Deslg 
-1% shanc 

in m 

Blistered spots «hos«     Anode 
anode stepped 

imm 

■id'b 
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w^^^^v ^p 

mmM 
[Xnoli of Hg)      (0F.)     Deooi-lption of Dopooit Remartai 

;// 

 -V 

\ 

ilißht 1/4D      Deposit badlj peeled 

Ditto 

—      Very pooi* adheeloo 

Ditto 

ii 

ii 

Saus gun-tube liner ea for 
Test -2A. Stripped In IIC1 
for -%2D and -3A.' 

Larger diaaeter tubing used 
on suction side of anode 
esseiably to carry away ex- 
oesolve gaa oaubed by high 
ourrent deneity 

r.ane tube used as in Teat 
5389-2A 

.and at 170»F, for ZU hours. Bath filtered through 
This treatment used to remove the organic 

../ „  ,...,,M,T,j;:.";. ■ ,. v>\ 

Very good deposit with 
only slight blietering 

Deposit better than 
-13A 

Blistorod spots where 
anode »topped 

Poor adhesion thought to be 
caused by Laclte spacer on 
lower portion of diaphrapi 

Design of anode spaeer 
changed so that turbulenoe 
in eatholyte flow was de- 
creased. 

Anode moved up and down 
■aaaally inside tube to give 
flash plate. Then anode 
started at top and levered 
aeobanirtUy. 

< 
^> f \  ^ 



TADU': ::.      iJüllTIUUliü 

Tont 
Tost No.   Bath Ho,    (liours) Cathode H&tarlal 

Cathorlo 
Current        MuM* JBJft 
Density Flow 

(Amp./^q.Ft.)  (Kl./mn.)  pH 

-uo 

5389-14D       9^ — nteel tube, 1-1/2" I.D.xl2n long 320 

/«O-cun.xUS" gun-tube section 4190 

- 1.6 

- 1.6 

-16.\ 

Bath Additlont    10 g./l. anmonlun peraulf ite. 

l-l/Z     Steel tube, 1-1/2" I.D.xlS" long        320 — 1.7 

-.17A 1-1/2 Ditto —        1.7 

-23A. Start 

1/2 150>320 

525 — 
490 — 
550 -- 

-23B 

-23C 

Start 
l/l 

Start 
1/2 

3A 

n 
n 

300 
H 

320 
■ 

400 

620 — 

635 - 
N mm 

590 - 

-23D Start 
1A 

1/2 
3A 

1 
1-1/i 
1-1/2 

N 

n 

• 
n 
m 
n 
n 

380 i90 
N 320 

■ ^m 

n 490 
390 5M 
310 
N 

570 
n 

1.7 

2.1 

-7W- 

/^'3 



Bfiolyb'; Cor.flitlqt]^ 
^low Tomp. 
./Kin.)  pll      (0F,) 

MI cnomirFn AT oovrfUNMi NT r xPFNsr 
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—77 

Type Anodo 

ilnolyte 
Nogablv« Anolyto 
Prossuro Tomp. 

(Inch of Hg) ("F.)      DasorlptloD of Oapotlt 

1.6     1/3     4" lontj loid tube vdth dliphragm 

1.6     U3 Ditto 

— Top and bottom good» 
middle areu blistered 

— Lower half very good,     Si 
top half poor 1 

•«5 
/,90 
?50 

620 

635 
ii 

«590 

1.7 

1.7 

30-120 

UJ6 
it 

:ßo 1.7 120 
'■10. —~ II 

'+90 z it 

n 

■"30 — n 
570 

?.1 
n 
it 

tl 

It 

tt 

II 

It 

It 

If 

-2.0 
-1.8 

-0.8 to -1.5 

115 
100 

-1.6 
-1.6 115 

-1.9 
0 

118 
it 

-1.4 

•1.9 12 
•1.8 it 

■1.8 it 

•1.8 it 

•1.8 n 

•1.8 n 

1.8 n 

Top 2" bllatered, rest C 
of tube very good     ■ 

f 

Blistered deposit all     1 
tlio way down tube g 

■ 
1 

Poor adherence, de- 
poelt blistered 

Ditto 

Poor adherence of 
deposit of steel 

1 
b 

I 
i 
1 

Deposit nonadherent 

m'' 



m I'lioniirrn AT novi MNMI NI I x»»rNsr 
ipiwuFMji'n imj jmmiw*v*m in 

noXyto 
:.; ritivo 
rossuro 
icii or Hg) 

'vnolyto 
Xenp. 
(«P.) 

A'l' 

Desorlptlon of O«po«lt Remrk« 

Top and bottom good, 
middle area bllsttrod — 

Lover half very good, Same gun-tub« »eotlon uaed 
top half ixjor in Toat 5389-lflC 

B0-.120     Top 2" bliatared, rest 
of tubo voi*y good 

" Blistered deposit aU 
the way doun tube 

^.0 115 
»1.8 100 
to -1.5      320 

-1.6 
-1.6 

-1.9 
0 

-1.9 
-1.3 

-1.8 
-1.8 
-1.8 
-1.8 
-1.8 

115 

118 
ii 

120 
ti 

II 

n 
n 
n 

i'oor adherence, de- 
posit blistered 

Ditto 

Poor adherence of 
deposit of staal 

Cntholyte flow very alow at 
•tart of test.    Might aooount 
for blistering 

16-llter bath raised 6" to 
get increased gravity flow 
neoessazy when using 18" 
long tubes. 

Leak in anolyte circuit 
hose 

Ditto 

Pinholo in anolyte tube 
repaired« 
Test stopped 

Leak in anolyta oiroult 
repaired 

Deposit nonedheront 

Wm 

i'73 

 \ 

,■<> ',''■};-. ■     ,}U 



RfcPROOUCfD AT GOVEHNMSNT EXPENSE 
r^^^ 

C.?!jioIy-be Coii'l' Lions 
Flow Tonp. 

(MI./Mln.)   pH      (»F.) Type Anode 

i Anol/ta 
Negative Anolyte 
Pressure Temp. 

(Inch of Hg)      (op.)      DoaorlpUon of 

530 
520 
330 
^00 

1,5     H6     ^,, long lead tube with diaphragm 
—       " Ditto 

-1.85 uo 
-1.80 -x» 
-1.4 118 

mm ti Top of tube go 
bottom nonadho 

/ft ^Lff"- 

it 
,** 



RFPRODUCEO AT GOVfcRNWIENT EXPENSE 

Xuolytcs 
Negative 
Pressuro 

(Inch of Hg) 

Anolytc 
Temp. 
(0P.) 

i lapiii'agm -1.85 
-1.80 
-1.4 

120 
130 
118 

Deocrlptlon of Deposit Ronmrki 

Top of tube good, 
bottom uouadhoront 

Catholyte flow greater than 
500 nl./mln. apparently noo- 
©saary for good adhesion of 
deposit to tube. Capacity 
of Signamotor pump insuf- 
ficient to aooomplish this. 

\ - 

I! 
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REPROOUCeb1 

TABUS 3.     DETAIL OF PUTING TESTS 

Xiao 
Toat No.    Beth Ho,    (Hours) Cathode Material 

Cathode 
Current Cithfltrl 
Density     Flow 

(Amp./feq.Ft.) (Ml,/Min. 

Bath Treatioant and Additional Present volvuno of Bath «MA 10 liters, 6 
and 2 g«A. aamonlua persulfate added a; 
liters of new bath of the following com 
20 g.A. MfißO^'THaO, 0.15 g.A. Na2S03. 
of bath lowered to 14D0P, pH adjusted 

5389-3aA       94A 

-3QB 

1/2     Steel tube, 1-1/2" I.D.xlB"  long 400 
« 

1-1/0 Ditto " 

900 

1000 

-31A 

-32/V 2-1/2 320 900 

-3M l/U 
1/H 

ii 

ti 
N 

n 

-35A 

-37A 

1-1/2 

1-1/2 . 

320 1000 

1100 

-38A 

Bath Additional    30 g.A» amuolvm. persulfate. 

1-1/2      Steel tube, 1-1/2" I.D.xl8»  long 1000 

/ //.? 'S 



MtPRODOCED AT GOVERNMENT EXPENSE 

atho^Lyt^ Gonlltlqns 
Flow Temp. 

1(1./Min.)     pH      (0F.) Type Anode Description of Deposit Ron 

bora, 6 liters having been usod up as anolyte In preceding teats.    2 g.A. activated charcoal 
added and stirrod  into the 10-liter bath.    Temperature of bath raised to 170•F,    To this, 6 

■ composition was addedi    700 g.A. CrgCSO^oCNH^p'a^O, 13.5 g.A. FeSO/CNH^oSOi'tejO 
)er.    Specific gravity adjusted to 1.126.    Temperatuj !a?S0«.    Bath filtered through No. L2 paper. 

■ £ i 
ure 

.justea to l.A, 

900 

1000 

l.A     U0     I" lead tube with diaphragn 

1.4 Ditto 

Initial deposit good 

Good appearing, ad* 
herent deposit 

Failure of SI 
hose stopped 

Deposit show* 
from above tr 

l.A Top good, middle 
badly blistered, 
bottom showed fair 
adhesion 

Tube plated f 
then double p 

900 Vory good plate at top, 
blistered at bottom 

Anode travel 

it 

Tory good deposit 
Aaede station 
Tube drained 
Plate first d 
takes into sc 
poeit on inve 
very good. 

1000 Tube badly blistered Anode held si 
raised at rat 

1100 Deposit good at start. 
Progressively worse as 
tost continued. 

Tube given M 
Anode leid si 
raised same s 

1000 1.4    — Good appearing, ad- 
herent deposit 

Anode static« 
raised. Amnot 
treatasnt appe 
ble for good a 

/ 

TTTUTlTOfll 



REPRODUCED AT GOVERNMENT EXPENSE 

f 

Descriptioo of Deposit Rouarlai 

ir;. preceding toott,   2 g.A. »ctiTated oharcoal 
.;;nrature of bath raised to 170oF,   To thl», 6 

tft jcxfio i^avity adjustod oo 17126.   Twaperature 
■:üi^r ■ 'v- ,■■1.'V^^^1^,, i'itv^i'''■,'^!''^'!: 

a$a Initial deposit good 

Good appearing, ad- 
herent deposit 

Top good, middle 
badly blistered, 
bottom showed fair 
adhesion 

Failure of Slginaaotor-pum|i 
boss stopped test 

Deposit shov/ed ijqroTemont 
frot above treatoent 

Tube plated full length, 
then double plated 

Very good plate at top, Anode trarel 4.6 in.Ar. 
blistered at bottom 

if.".. ' l;&.k ,¥■.>■..■.«■ jf 

Very good deposit 

Tube badly blistered 

Anode stationary during test 
Tube drained and inverted. 
Plate first deposited vaa 
taken Into solution. De- 
posit on inverted sootion 
very good. 

Anode held stationary. Tube 
raised at rate of 1 in./6 Bin. 

Deposit good at start. Tube given severe HC1 etch. 
Progressively worse as Anode Meld stationary. Tube 
test continued.      raised sane as for Test -35A. 

Good appearing, ad- 
herent deposit 

Anode stationary. Tube 
raised. Aeaonlusi persulfate 
treatuent apparently responsi- 
ble for good adhesion. 

nnnwpHwnnyrn 

j^.i 'A 

• " ■ ■,,'. ■.'-' ■ ''-''■■ (*' '** 
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RrpRODurFO^Tl^RNMär^^wiSe 

T&BIE 3.      CONTINUED 

Test No.   Bath No.    (Uoun) Cathode Ifctorlal 

Cathode 
Current    Cntholrtt 
Denöity     Um 

(Amp,/Sq.Ft.) (HL./mn,] 

5389-391      9«A Stool tube, l-a^n I.D.xU" lang 300 1100 

-APA. Ditto 

-41A 

-42A 

1-1/2 

1 

ft 

n 

-HUA 1/i 

-^uc i/fe 

-5QA 2000 

-JOB 210 

-51A lA     l" x 6* z 0.012« a tool atrip 300 500 

/ ^"3 



REPRODUCED AT GOVERNMEWT EXPENSE 

«.thodo 
i rent Catttolyte Condltlona 

feusity How Teaap. 
L/Sq.n.) (Hl./Mln.) pH  ("P.) Type Anode Desorlpilon of Deposit 

300 

•If» 

300 

1700 

-     U2 

Lead tube, 3An dlui.x7N. Ro 
dlaptamgn need. 

Ditto 

i" lead tube with dlaphrag» 

Ditto 

2000 —       — Lead tube, 3A" diaa.zT". 
diaphraga ueed. 

500   1.6  U3  1/4" x l/i8» x 2" lead strip 
with dlaphrapi. Lnelte 
spacer at bottoa. 

Top 9" of deposit good» 
rest blistered 

Ditto 

Top 8" flair depoelt 
blistered 

Deposit blistered la 
usual area right after 
bottoa of anode asead 
to a lower position In 
steel tuba 

Good dspsslt with good 
adhesion 

No   Blistered spot on tube 
sorrespondsd to tea 
eleotrlcal soaaestlea 
6" fvm top of tube 

Blistered area 9* trm 
top of tube oorrospoad- 
Ing to the elestrlaal 
eenneetlon 9" frea top 

Blistered area oa 
eatbode oorrespoaiing 
to area adjaoent to 
lower tip of anode 

A 

« 
i 
s 

A 
a 
A 
d 
L 

B 

H tß 
ß I, 



REPRODUCED AT ÜOVEHNMENT EXPENSE 

. j ?w/iiriHa(HiiTTnTT 
Dasorlpilon of Deposit 

Top 8" of deposit good, 
rest blistered 

Ditto 

■ < ;■ ■••'' 

5 f«A* a«umiuia persulfato 
ad(M to bath 

^:..-,-'.-;;;;ii^%iw'iO)rV'-v 

Top 8" fair depoait 
bllstared 

Depoait blistered In 
usual area right after 
botton of anode moved 
to a lower position in 
steel tube 

At end of tost, 5.0 g, IJö^Cy 
7H2O added to bath and circu- 
lated in catholyte system for 
15 min. 

Good deposit with good 
adhesion 

Blistered spot on tube 
corresponded to the 
electrical oonneotion 
6" froa top of tube 

BUstared area 9" fro« 
top of tab« correspond- 
ing to the electrical 
connection 9N from top 

Bl is tared area on 
cathode oorrespondlng 
to area adjacent to 
lower tip of anode 

Use of 30% ILjOg for Indlraot 
reduction or hexavalent chro- 
mium ion temporarily discon- 
tinued im favor of reduction 
Igr sodium eulf its 

100 g.a^jSCyTIfcO required 
to oootinuoualy reduoe the 
hemwalant ehranium forxaad 

Approximately the same quantity 
of m^Oj'T^Q required for 
eontinuous reduction of hexa- 
valent ohromium.    Uta af 
sodimm sulfite diecontinoad, 

Apparatma used was small-soale 
arrauf—i'nt of pilot cell. 
Anoda traval appiroK. l*/6 min, 
dovmard into l-l/2n diaa. 
Lmclta tuba.   Catholyte flou 
by gravity into bottom of cell. 
Removed by sigma pump. 

.:>'*.■ sgyi ;,:,^,
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TABUS 3.      COOTIMÜED 

Tint 
Teat No,   Bath No.    (Hours) Cathode Mttarial 

Cathode 
Current 
Deneity      nov 

(Aap.^q.Ft.) (Ml./kln.) 

5389-^lB      94A lA     1" x 6" x 0.012" steel strip UO »0 

-510 1/4 Ditte 

-5ID lA 

-51E l-l/Z     Steel tobe, 1-1/2" I.D.xlB" long " 1700 

-52A lA  1" x 6" x 0.012" steel strip      300 

-52B iA Ditto 400 

-52C lA    Steel tobe, 1-1/2" I.D.z3" long 300 

-52D        " 

-52E        » 

lA     Steel tube, l^An I.D.x4N long " 

2 40-iM. x 12" gun tube 400 1700 

/f]3> 
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'. 
REPROOUOTO AT GOVERNMENT EXPENSE 

v. 

HV 
J^"' ■■•'• 

CnrAolyte Conditlom 
Flow Temp. 

IG../1'lin.)    pH      (0F.) 

^numm 
Type Anode Deaorlption of Deposit 

goo 

1 x'TOO 

500 

1700 

1.6     U3     1/4" x 1/8" x 2" lead «trip 
with diaphragm.    Laelte 
■pacer at bottoa. 

1.6 

1.6 

1.6  " 

1.6  " 

1.6   " 

Lue.ite spaoer remored 

Ditto 

1.6  "   4" lead tube with dlaphraga 

1/4" x l/«rt x 1/2*  lead strip, 
no diaphragn 

1/4" x 1/8" x 1" lead etrip, 
no diaphrag» 

Ditto 

1.6   " • 

1.4  U2  3/16" x 2" lead tablng 

Adherenee of deposit at Use of highei 
critical area luprofed  deoaity redu< 

Deposit improvod. Very 
good with exoeption of 
a few saall pits. 

Very good appearing de- 0.5 g.A. Duj 
posit. Saall pits agent added i 
eliaiaated. ting. 

Results traa 
tests sould \ 
applied to p! 

Initial deposit füll 
length of aaode good. 
Blistered as anode 
started to travel 
downward. 

Good appearing deposit  Note sbort-li 
fOJ 

Ditto D; 

steel tube ii 

Blistered deposit fall 
length of tube 

Qua tubs ele 
giwna ligh 
etch. Depos 
exaninatioo. 
and given a '< 
diluted HC1. 

^^3 
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Ht PRODUCED AT GOVERNMENT EXPENSE 

Description of Deposit Riaarka 

Adheronce of deposit at   Use of higher cathode current 
critic il area inprovod     density reduced blistered area 

■ .-^ '.-'.ii::, ■•i-rirr:'
,yf,S'i.''\ 

Deposit iiiipn>ved. Very 
good with exoeption of 
a fow small pits. 

Very good appearing de- 
posit. Small pits 
eliminated. 

Initial deposit full 
length of anode good. 
Blistered as anode 
started to travel 
downward. 

Good appearing deposit 

Ditto 

Blistered deposit full 
length of tube 

0.5 g.A. Duponol M.S. vetting 
agent added to eliminate pit- 
ting. 

Results firoift above small-eoele 
tests oould pot be direotly 
applied to pilot oell with 
saae resolts. 

Uote short-lepgth anode.   Also 
for gassing 

Ditto 

SmnllHWsU test in Ul/f disa. 
steel tube in agreeaent with 
snail seale teats nsiag flat 
panel«. 

Ditto 

Gun tube eleetrooleaned end then 
given a light hTdrochlorie meld 
otoh. Deposit stripped after 
exaaination. Tuba poalo« 
and given a 2<«in. etoh la un- 
diluted HC1. 

VS« ;^i,^;^i'"A  ^»  .;;•.'■■. 
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Ri pRomict D At tJOVlRNMiirr PXI^NSE 

TABLE 3.      CONTIHOED 

Cathode 
Gurrent ^iilbALl 

Tine                                                                    D«Mltj Tlmi 
T«tt No.   Bath No.    (Hours) Cathodo Äterlal (Up.^q.Ft.) da./tea] 

5389-52F       94^ 2 4D-«m. x L2" fun tube 400 1900 

-520        " 2-1/2 Ditto 

v 



RFMRODUCEO AT GOVERNMENT EXPENSE 

y Flow Tenp. 
>t.)    (ta./kln)    pH    {•?.) Type Auode OMerlpt4.cn of Depwlt 

1700       1.4   U2     3A6n x 2" load tubing 

1.4     " Ditto 

Tor/ good oppoorlag do- ippoi 
IMolt. Adherenoe aloo otoo] 

good. ootoi 
•Ahm 

Boot dopoolt so fhr 
obtained on any tubo 

itessa 

7°^ ■i3 
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REPRODUCED AT GOVtHNMENT EXPENSE 
>■ «"i wTwrt »—n «-T •r- ■-/-.- -»-n- -rji wn-w;^, 

Description of Deposit 

Vory good Appoarlae de- 
noeit. AdherenM also 
wry good. 

Apparently UM eleetropollshsd 
steel gun-tobe bore nust be 
severely etched to obtain good 
adhesion. T  length sawed fron 
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 
obtained on any tube 

This ^OHSS. gun-tube section 
saved in half lengthwise for 
inspeotion. One of the half 
sections «as cut in two at 
Uatervliet Arsenal. One 
tlon reaalas at Watenrllet, 
The seeend section was 
at Uatertown Arsenal, Plate 
intact after sawing. 

-. ''.     :■'.i:;- ■•... 
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