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SUMMARY 

In view of some of the outstanding properties of chromium, considerable effort 
ha:: been made in recent years to pr�pare the high-purity metal in ductile farm. The 
obj�·ct of this inve.stigs.tion was to obtain such metal by electrolyds of chromic 
acid solutions and to determine �he conditions that yield optimwn results. The ap� 
paratus is described, as well as the parameters that received consideration. Ion­
exchan�� resins were employed to remove cation impurities trom the electrolyte. 
Tensile specimens prepared from the electrodeposits by arc meltin�, press forging, 
swaging, and drawin� were ductlle at roOll\ temperature. 

INTRODUCTION 

Metallic chromium displays an �xceptionally high resistance to corrosion, oxi­
dation, and wear at elevated temperatures. Although thes� properties are utilized to 
some extent when chromium is alloyed with other metals, such as in stainless �teela, 
hir,,h-chromium alloys and pure chromium :tre not employed as en:_;inee.ing rnnterials be­
c.:iuse of a serious lack uf ductility and impact resistance llt room temperature. Be­
cause hi�h-chromiurn alloys appear promising as refractory meLais for applications 
such as in gas turbines, much interest has been shown recently in the prL'paratiun of 
uniformly ductile chromium and in determining which factors contribute to itg 
brittleness. 

This investigation was made as part of a Larger study in the search iur room 
temperaturP. ductile chromium and high chromium alloys. Of the varioub n,-.!thods for 
preparinr metallic chromium, electrolysis of chromic acid solutions was chn�en £or 
this investigation because oE the relativ� esse with which metallic impurities could 
be eliminated. It was known that as-deposited electrolytic chromil.Dll showed little 
tendency toward ductility, but it offered an excellent source of high-purity material 
for further purification by hydrogen treatment to eliminate residual amounts of o��­
�en, nitrogen, sulfur, and carbon. It was also used to a lar�c extent in a study of 
the phy$ic;.l properties of iron-chromium all,,ys. Det,,i ls of these secondary studies 
have been r�ported separately and are not included in this report (1,2 13,4).l/ 

The deposition of chromium from aqueous chromic-acid solutions daces from 1926, 
when Fink (5) correlated the factors that govern successful depo�ition. His bath 
was used primarily for decorativ� chromium plating; however, in 1927 Adcock (i) used 
thl� bath for preparing massive electrodeposit�. In 1948 Brenner, Burkhead, and 
Jenning1; (l) studied the properties of chromium plates deposited under a wide variety 
of plating conditions. They <letermined that the oxygen content of the deposits was 
governed chiedy ·uy the bath temperatur<.:. and c.,iuld be lowered significantly by op�r­
atin� n��r the boiling point. Later, Greenaway(�) employed a chromic-acid electro­
lyte at high te.mperature and high current density in preparation of thick deposits 
of low-oxy�en chromiUITI for use in physical tests. 

}__/ Underlined numbers in parenthi·:;es refl'r to references in the bibliography at the 
end of this report. 
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Recently (1
1

9,10) it has been shown that chromium, if pure enough, will exhibit 
some degree of ductility at room temperature. These investigations have shown that, 
after chromium has been rendered ductile, subsequent heating in oxygen had little 
effe ct on ductility, while heating in nitrogen at temperatures as low as 650 ° C. 
makes the specimens completely brittle. Although this evidence might be construed as 
obviating the need for producing low-oxygen metal, the only room-temperature ductile 
chromium prepared thus far has been of low oxygen content. 

One of the purposes of this investigation was to prepare quantities of chromium 
for use in further hydrogen treatment studies, but it was also aimed at correlating 
the variables that affect the purity of the electrodeposit primarily with respect 
to oxygen and nitrogen. The mechanism of the electrode reactions in the chromic-acid 
bath as used in this study has been the subject of many investigations, and their ar­
guments have been summ..arized by Sully (.g). No effort was made in this investigation 
to study this aspect of chromium electrodeposition. Instead, those factors were in­
vestigated which contribute to the efficient preparation of large quantities of 
massive deposits, 

EXPERIMENTAL PROCEDURE AND DISCUSSION OF RESULTS 

As this project developed over a period exceeding 2 years, many improvements 
were made in the operating procedure, and the equipment underwent several expansions. 
The first experimental run produced 5.5 grams of chromium, whereas some of the later 
runs yielded deposits weighing as high as 2,500 grams. A complete description will 
be given of the more recent equipment and procedure, since details of each modifica­
tions would have little additional value. 

I 

The most re cent cell, which was used for many runs, is shown in figure 1. A 

I steel shell 18 inches in diameter, 16 inches in height and 1/8 inch in wall thickness 
was lined with an unplasticized polyvinyl chloride liner that had a wall thickness 
of 1/8 inch. Preliminary work was carried out in pyrex containers, and a few runs 
were made in a steel cell lined with a heat-fusible rack coating designated by the 
manufacturer only as "pC-11", but the most satisfactory results were obtained with 
an unplasticized polyvinyl liner. The capacity of the cell was 42 liters. A 
1-inch-thick micarta cover over the cell supported a condenser for cell fumes and 
also supported the cathode, The condenser consisted of 3 pyrex tubes 1 inch in 
diameter, all held inside of a 4-inch-diarneter pyrex tube through which cooling wa-
ter was circulated. The 1-inch tubes were loosely packed with s crap tantalum sheet 
to aid in condensing the chromic-acid vapors that were carried by escaping hydrogen 
and oxygen produced at the electrodes. Volatilization losses of chromic acid thus 
were eliminated almost entirely. 

Direct current for the cell was supplied by a 4,000-ampere Henson-Van Winkle­
Munning selenium rectifier. 

The cathode was an aluminum pipe 6 inches in diameter, extending to within l 
inch from the bottom of the cell, An aluminum bus bar (6 inches by 6 inches by 1/2 
inch) was welded to the pipe for connection to the power source. To insure adher­
ence of the chromium deposit to the aluminum, the cathode was roughened by sand­
blasting before each run, and, to facilitate removal of the deposit, the cathode was 
s cored into 1-inch squares, Since the throwing power of chromic-acid electrolytes 
is low, a thinner deposit was obtained along the score marks, and the deposit could 
be removed from the cathode by a sharp blow with a hBllllller. 

Lead tubing 3/4 inch in diameter and 1/4 inch in wall thickness was formed intu 
a 16-inch-diameter coil and used as an anode. The flow of cooling water through the I 
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I figure l. - Electrolytic: cell. 

---------------- - -
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anode for heat dissipation was regulated by a Powers regulator, the thermostatic 
bulb of which dipped into the electrolyte. A lead sheath around the bulb protected 
it from attack by the chromic acid. The regulator was adjusted to maintain the tem­
perature of the electrolyte at 85 ° ± 4 ° C. during operation. Maximum anode life was 
360 hours as a result of the formation of lead chromate at the anode surface which 
subsequently flaked off. 

The electrolyte contained 250 grams of chromic acid anhydride and 2.5 grams of 
sulfate ion (as sulfuric acid) per liter. Thia composition was maintained within 10 
percent by checking the specific gravity of the electrolyte at least twice a day and 
adjusting the concentration of the feed solution accordingly. Sulfate analyses were 
made once a week. 

An 8-liter bottle above the cell was used to supply chromic acid feed solution 
and to maintain the electrolyte in the cell at a constant level. Two pyrex tubes 
connecting the cell with the feed solution were arranged in such a manner that, as 
the level of the electrolyte dropped, air was admitted to the feed bottle, permit­
ting the solution to flow into the cell. 

Each run was continued 72 hours, after which the cathode was withdrawn and the 
deposit removed. The solid deposit was built up to a thickness of 1/16 to 3/32 inch 
in 72 hours. In addition, a large portion of the deposit was in the form of "tree­
like" growths or dendrites. Since electrolysis for longer periods produced a higher 
ratio of dendrites to solid deposit (which waa a disadvantage because of the higher 
oxygen content), it was of interest to ex.amine the conditions that would produce a 
minimum amount of dendrites. During the first part of the project, the cathode cur­
rent density was maintained at 1,100 amperes per square foot; later it was reduced 
to 800 and finally for the last 7 runs to 750 amperes per square foot. The effect 
of current density on the average ratio of solid deposit to dendrites is shown in 
table 1. 

TABLE 1. - Average ratio of solid deposit to dendrites as a 
function of cathode current density 

Current density, 
amp./ft. 2 

1,100 •..........•.... 
800 .•.•....•.....•. 
750 .. ....•..•.•.... 

Operating time, 
hours 
1,224 

984 
504 

Ratio, solid 
deposit to dendrites 

0.71 
1.11 
2.06 

To detennine the ratio of solid deposit to dendrites as a fW1ction of time, one 
96-hour run was made at a cathode current density of 800 amperes per square foot, in 
which the cathode was withdrawn after 48 hours and replaced with a second cathode 
for the last half of the experiment, The ratio of total solid deposit to total den­
drites was increased to 2.44; however, since the thinner deposits obtained in 48 
hours were extremely difficult to remove from the cathodes, additional runs under 
these conditions were not advisable. 

Cathode current efficiencies were usually 8 - 9 percent, but on a few runs 
showed variations from 2 to 12  percent. 

Most of the dendrites broke off from the cathode during operation and dropped 
to the bottom of the cell, where they became mixed with lead chromate that flaked 

I 

I 

off from the anode. Some lead chromate was also found on the surface of the solid 

I 
deposit, This contamination was removed best by washing the deposit with nitric 
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acid, follow ed by washing with distilll'd waler until the washings were neutral. 
Table 2 shows a typical analysis of an arc-melted sample ot chromium that could be 
deposit ed consist ent ly. In many runs J much purer depo sit was obtained containing 
as !<11,1 as 40 p.p.m. of r)xygen in some instanc es and only trace s of copper and 
rnagn�sium. 

TABLE 2. - Tyµical anGlysis of chromium cathode deposit 

Alur.,inum .......•............. _ •...... _ 
Copper , . . . •  _ . . .  a • • • • •  _ • •  GI . . .. . .. .  � • • • • • •  

Iron .......... , ..•....... _ ... _ ... _ .... . 
Silicon .... , ......................... . 
Nitrogen .••.•.•....................... 
Oxygen: 

Solid deposit ..•.•. _ ••••..... ....... 
DL:ndri tes .....•• , , .•..•....•..... , .. 

H dro en . , ........•..•.•.........•.... 

Percent 
0.001 - 0.01 

.001 

. 001 - . 01 

. 001 - .Ol 
Less than 0.002 

0.01:. - 0.02 
.08 .09 
.0005 - 0.001 

5 

In the above table nitro�en, oxygen, and hydrogen values were obtained by vac­
uum fusion analy sis. The metallic constituents were detennined spectro�raphically; 
howev er, it should be pointed out that th e method was qualitativ e and the numvrical 
values are listed only to show an approximat e ran;: e. The as-deposited metal befor e 
arc m elting wa s fuund to contain tlti high �s 0.09 percent hydrogen. The low nitrogen 
content was of special interest in vi ew o( th e d elet erious ef(ect uf nitrogen on 
ductility (1 19 1 11). 

Photomicrographs o[ solid deposics and dendrites shown in fi);ur e 2 further in­
dicate the higher oxygen content of the dendrite s. 

To d etermine whether the de11dricea were inherently hi�her in oxy�en or if o-icy­
g en was picked up in tr eatm ent aft er d epoaition, three samples from on e run were 
given different treatn,ents as follows: 

(l) Dendrites were taken from the cathode and washed with boiling water. 

(2) Dendrit es were hand picked from the bo ttom of the cell, r,iven one short 
washing with nitric acid, then washP.d with boiling water. 

(3) A r egular sampl e from the bottom of the cell was leached thoroughlv with 
two portions of nitric acid, then washed with boilin� water. 

Vacuum fusion analyses of the three samples indicated the following oxygen 
content: 

Sample 

1 
2 
3 

�en, e__.p.m. 

355 
S10 

1,250 

It appears frum thes e results that treatru�nt with nitric acid to re.mov e lead 
chromate increases th e oxygen content uf d endrites, however, in spite of siroilar 
•,itric acid treatment of the solid deposit, its o-icygen content rarely was above 200 
p .p .m. 
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Figure 2. - Pho tom i crogrophs of ore-melted, os,,ca st chromium electro-deposits, chromi c-ocid 
electrolytic etch. (o) Solid deposit, lOOX, 40 p.p.m. oxygen. (b) Dendrites, lOOX, 

I 600 p.p.m. oxygen. (c) Solid deposit, 500X, 135 p.p.m. oxygen. (d) Dendrites, 
SOOX, 730 p.p. m. oxygen. 
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Puri fica tion o f  chromic acid so lut ions  by ion-exchange res i n s  was firs t re­
po rted by Co s ta (12 )  in 1 9 50 .  Since t hen considerable work has been done on the 
removal o t  cationlmp uri tie s as  well  as  recovery o f  va luable chromates from rinse 
wat ers  wi th ion -exchange  res ins �) , and such trea tmen t has become accep ted 
p r actice in many pla t i n;_: p lan t s . A aul fona ted po lys tyrene resin is general ly used 
for removal o f  fo reign c a t io ns .  

'l\.ro c at i on exchang e r es ins wer e tes t ed to determine the ex ten t to which they 
would be oxidized by chr omic ac i d. Ti,,,en ty-gram samp les of res in  were p laced in 
tes t tube s rind trea ted with 25  ml. o f  ch romi c  acid solut ion in varying concentra­
tiuns , After 24 hours t he chromic acid s o lutions were decanted and ana lyzed for 
tr ivalen t ch romiUlJI. Table 3 shows the res u l ts of thes e tes t s . Bo th res ins were of 
t h e  sul fonat�<l  po lys t yr ene type avai lable  commercially. 

TABLE J .  - Oxida tion of res i n  samples with  chromic acid 

Cr03 concen tr a t ion , 
grams per li ter 

1 7 .J 
2 00 
22 5 
2 50  
275 
JOO 

c r +++c oncentra t io n  a f ter  
24  hou r s ,  grams per l i t er 

Resin A Res in B 
0. )6 5 , 13 
. 7 1  6 . 7 7 
. 91 S. 2 1 
. 78  9 . SJ 

1.24 11 , 6 7  
1 ,  7 5  14. 79 
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To p r even t  a bui ldup o f  impu r i t i e s  Ln th� e lec t r o ly te i t  was pasaed through a 
bed of cation-exchange resi n  a fter e ach 7 2 -hou r run .  Thi a  resin was des ignated as 
res in A in table 3 .  The colt.nDn i s  sho wn  in  figure 3 .  The resin wa s cont aine d  in a 
pyre..x p i pe 4 inches i n  diame ter with a res in-bed depth of 30 inches. After th e 42  
li ters of  electroly te was passed th ro ugh the c o lumn , t he resin wa s regene rated with 
12 l it e rs of 10-percent su lfuri c  acid. A samp le o f  the regenerating acid  fr001 one 
o f  the run s , a f ter paasinw through the re sin , was evapora ted to dryn es s  and igni t ed. 
A qu a l i t a t ive apec tro g raphic analys i s  of this material fo l l ows : 

A luminum .. • • . . •  
Copper .. • . • . . . .  
Chromium , , • •• •  , 
Iron .. . , , • • • • . •  
Nick e l  , . . .. , . . •  
Si  lie on • •. •• • • •  
T in  • . • • . •  , • • • • •  

Perc ent 
l - 5 

0. 1 - 1 
Over 10 
1 - 5 

1 - S 
0 . 1  - l 

. l - 1 

Near the end o f  the projec t a third  resin waa obtained and evaluated by the 
s ame techn ique as described above for res ins A and B. No tr iva len t cbromil.llll was 
found in any o f  th e chromic-acid solutions a fter s tan ding in con tact wi th the re.s in 
for 24 hour s ,  indicat ing it to be high ly res i s tan t to oxida tion . One r es in h.as been 
r epor ted to be s table  in solutions con taining 400 grams per li ter of Cr(½ (Q) ; how­
ever , a ttempts to obta in thi s material on the market wer e not successful during the 
course of t he pro j ect . 

Since chromiuro o f  excep tional  pur i ty was obtai n ed in thi s work ,  i t  was of in ­
te res t  to  compare some of  i ts  p roperties with  chromium t hat  was puri fied by  hydrogen 
reduction. 
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F i gure 3. - I on-exchange column. I 



I 

I 

I 

9 

Solid deposit from 2 of the run s  totaling 1 , 900 grams , was crushed to minus-8-
mesh , pres sed in to two 1 by l by  10-inch bars , and sintered in stagn ant hydrogen at 
1,200 ° C .  for 8 hours , The bars were con sumable -arc-me l ted into 2-inch-diamete r 
ingo ts , p re s s - forged in air to approximate ly 1-inch diame ter , scalped, and then 
she ath swaged to 1/4-inch diameter r ods, The rods were reduced 4 7  pe rce n t  f u rther 
by drawing through tungsten carbide die s at 400 ° C. Two ten sile specimens  we re pre­
pared f rom e ac h  ingot , Table 4 shows the re sult s  of ten sile test s  and analyse s of 
the tensi le specimens .  

TABLE 4 .  - Re sul ts of tensi le test s ,  25 ° C .  

Ana lysis , p.p. m .  Ult , tensi l e  E longation, 
Spec i.men Vacuum fu sion Wet s tre ss, percent 

Ingot No. No. 0 H N N 1 000 p , s . 1. in 1 in. 
SA8826 • • • • • • • •  It ti 1 245 6.7 so 40 68.6 10 

2 68.6  lti  
SA9050 • • • • • ■ I I • e 1 80 10 50 60 7 1 . 0  5 

2 69 . 8  0 

The se r esults indica te that , at  least in the cas e of the fir st ingot, ductility 
was  achieved af ter the deposits ha.B been consoli da ted and worked to wire. Further 
evidence of room-tempe rat ure ductili ty is shown by the  fact that wire specimens from 
both ingots  could be reverse -bent by hand repeated ly without frac ture. Poorer duc­
tility in the specimens from the second ingot might be  exp lained by the incre ase of 
nitrogen con ten t  ove r  the original e lectrodeposit , This increase may possi b ly have 
come about in the sintering and/or arc-me l ting s tep s , F igure 4 show s ,  from right to 
left, e lectrodeposit , p re s sed bar, arc-me lted ingot , and cold ductile wire . 

C ONCLUSI ONS 

This  inve s t igation has d emonstrated that chromium p repared by electrodeposition 
from chr omic - acid so lution s i s  pure enough for fabrication in to cold ductile shape s 
without furthe r purification. Nitrogen, which is  cur ren t ly considered to be the 
gre atest sing le imp urity affectin g  ducti lity , was he ld consistently below 20  p .p , m ., 
the lowe st de tectable amount ,  By proper con trol of operatirig conditions the depos ­
i t s  contained in the range of 100 p.p .m. oxygen. The use of ion-exchange re sins for 
purifying the chromic -acid electroly te waa found to be effective in r e.moving a ll  bu t 
t race amounts of  some of the me ta llic con taminant s .  

E lectrode position i s  a direct ,  effective me thod of preparing high-purity chro­
mium. Al though the current  efficiency of thi s  process  is  low comp are d w i th that ob­
t ained in present-day el ectrome tall urgical practice, i t  appears much simp le r  than 
the more conunon technique for p repar ing high-puri ty chr omium, which involve s reduc­
ing the re sidual impuritie s in commercial  grade s of c hr omium with extr emely p ure 
hydrogen . 
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F i gure 4. - Samp l e s  of el ect rodepos i t, pressed bar, a rc- mel t ed ingo t ,  ond co l d  
duct i l e  w i re. 
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