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Geuther (Leibig's Ann. 99, 314, (18566)) electrolysed solu-
tions of chromic acid and noted that the formation of electrolytic
ochromium is acocompanied by the evolution of hydrogen at the cathode
and of oxygen at the anode. Geuther stated that, “the smount of
metal deposited stands in direct relation to the hydrogen deficiency”.
Buff (Leib. Ann. 1, 101, (1857)) repeated Geuther's work and reports
that the results of Geuther are unreliable.

The electrolysis of chromio acid solutions containing
various addition agents offers several problems for further investi-
gation. There is produced during electrolysis of such solutions
various substences and changes. For example, there is formed
chromium, hydrogen, and trivalent chramium (probsbly some di-valent
chromium) at the cathode. Oxygen is evolved and chromium in the
lower states of valence is oxidized at the anode. Heat effects are
also produced upon the mssage of the current,

It is the object of this work to study quantitatively some
of these effects. An attempt has been made to sccount for the total
reduction taking place at the cathode and to determine with the aid
of Faraday's laws of oleotrélysis if all such changes are accounted
for. Three changes are assumed to take place, namely, the electrolytic
deposition of metallic ohromium, the evolution of hydrogen, and the
reduction of chramium in the ohramate-ion to trivalent chromiunm.

The work of the Buresu of Standards indicates that the current effi-
cienoy of the bath employed for the formation of electrolytic chromium
is sbout twelve per cent.. Obviously this is very low for practical
purposes. Other solutions do not offer much greater yields of

chranium. Two lines of approach are offered for improving this
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efficiency. One is to alter the composition of the bath; for example,
by changing the oconoentration of the solution or by the addition of
various other substances which would effect the decomposition poten-
tial of chraomic acid, or fhe over-voltage of chramium and hydrogen.
The second line of approach is the study of such physical factors

a8 changes in current density, temperature, eto. This investigation
was undertaken from the second viewpoint.

The main points of investigation are as follows:

1. The percentage of the current used for the reduction of
gix valent ochramium to the lower valent chromium, if any reduction
takes place.

2. The percentage of the current used in depositing chroamium
on the cathode,

3. The percentage of the current used for liberating the
hydrogen gas at the cathode,

4, The effect of the temperature changes upon the current
efficiency of the chramium deposit, and the color of deposit.

6. The effect of ourrent density upon the nature of the
deposit of chromium,

In general the chramic acid solution contained about 2850
grams of chromic acid per liter of solution. Various addition agents
were added, but in general the same type of bath was used throughout
the investigation. The record of the composition of the bath was care-
fully made and referred to as used. A steel anode was used. The
vessel oontaining the electrolyte had a capacity of about one liter.
A small porous cup was used for the anolyte. The hydrogen was collect-
ed under an inverted short stem funnel and led into a 600 cc. flask as

described later,
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The Analytical Method

The analytiocal work involved the determination of three valent
chromium in the presence of six valent chromium. Several methods were
tried. The most successful one was the iodine titration method which
is described here. The three valent chromium is oxidized to six valent
chromium by sodium peroxide, and then reduced by potassium iodide,
whereupon the free iodine is titrated with a standard solution of sodium
thiosulphate,

Proocedure: Transfer with a 5 co. pipett a sample of chramic
acid into a 500 cc. graduated flask and dilute it up to the 500 co. mark.
Draw out three portions of 25 cc. each. This contains one-fourth of a
co. of original solution. Acidify each with five co. concentrated hydro-
chloric acid and dilute it up to about 100 cc. Add 10 occ. of 20% potas-
sium iodide, Shake and titrate with 0.1N sodium thiosulphate until the
color changes from yellow to sea green. Add 6§ cc. of 10% fresh starch
solution and cautiously titrate again with sodium thiosulphate until
the sharp light green end point appears.

Formulas:

2 HCr Oy ¢ 6 KI + 12 H)O — 6KCl ¢ 2CrClg ¢ 8H30 + 3I,

- NaSy0p ¢ Ip — NayS,0g ¢ 2Nal

Caloulations:

Since 1 oc. 0.1N sodium thiosulphate is equivalent to
0.,001733 grams of chromium, then 0.,001733 x cc. of sodium thiosulphate
used .x 4 equals to grams of chromium per co. of original solution.
Divide the number of grams of chramic acid by 52% to get the metallic

chromium in terms of chromic acid in grams per occ.
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Analysis of Trivalent Chromium.

Dilute 6 co. original solution to 500 co. Analyze for six
valence chramiuwm by previous method. Pipett out three portions of the
diluted solution previously analyzed for six valent chromium into an
erlenmeyer flask. To these three portions of diluted ssmple add two
grans of sodium peroxide and gently heat for a few minutes until the
excess sodium peroxide is decouposed. The trivalence chromium present
in the solution is oxidized into the six valence state. Acidify the
solution with oconcentrated hydrochloric acid and add 6 ec. in excess.
Analyze again for the total chromium present in the six valence state
by the method of the preceding paragrah.

Treat the result as in the preceding paragraph,.

Total chromium minus the six valent chromium equals the three
valent chromium present in the solutiom.

There were quite a number of trivalence chramium salts analyszed.
The only one which contained a definite amount of water of hydration was
chromium sulphate,

Analysis of chromium sulphate:

Cry (804)3.51'120 Vieight taken Tieight found
2
1 0.1195 g. 0.1042 g..
2 0.1018 " 0.1012

The determination of trivalence chramium in the presence of

six valent chromium,

Sample 1. Vieight taken Veight found
K Cro, 0.2125 g. 0.2121 g.
Cry(S04) 3.5 Hy0 0.1025 " 0.1024 *






Sample 2. Vieight taken Veight found

Crp(S04)3 SH,O 0.1692 * 0.1609 "






The Electrolysis of the Solutionms.
A steel anode was used., A porous cup separated the anolyte
from the ocatholyte.
The cathode was made of a sheet copper held by a copper wire
sealed into a glass tube as shown in Fig, I. It was bent in such a
shape as to readily go under the funnel. Vhen the current is passing,
the chramium is deposited on the copper electrode and the hydrogen gas

liberated is lead by the funnel into the flask, as shown in Fig. I.

Procedure

Before each run the cathode eleotrode is cleaned, dried, and
weighed after it is cooled to room temperature. It is then inserted
under the short funnel., Fill the flask A with the chromium solutiom,
olose the stop cock B, and use the finger to stop the outlet C., Quiokly
invert the flask over the tip of the inverted funnel in the vessel D,
Fill up the vessel D with chromic acid solution until the funnel is
immersed in the solution.

Exsmine the circuit before closing the switch. Be sure to
close the stop cock B and let it remain closed until the current is on.
élou the oircuit and let the current flow a minute or so until the gas
liberated forces the level of the solution down to 20-30 ocm. Then gently
open the stop coock B and adjust to an appropriate point so that the
solution can not flow back into the flask A from the gas delivery tube,
Open the oirocuit when the solution in the flask A is displaced by hydro-
gen gas to the caldberated points X and Y on the tube. Note the time
required for liberation of the hydrogen gas. Find the amount of the

hydrogen gas liberated and the weight of chromium deposited on the
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copper electrode. Calculated by Faraday's Law, the amount of the current
used. The temperature of the vessel D can be controlled by surrounding
it with a large vessel filled with water and ioce. For higher tempera-
tures a micro-burner was used,

The study of the change taking place in the solution when
current passed,

Data for bath No. 03: All results are in grams per liter.

Data Cr. as CrOg Cr203 Cry0g in terms of
metallic C,
Aug. 6, 1928 243,23 g. 5.439 g. 2.828 g.
Aug. 17, 1926 236.34 g. 13.467 g. 7.003 g.
Aug. 18, 1926 256,27 geo 9,799 ge. 65.091 g.
Sept. 6, 1926 288.87 g. 14,89 g. 7.6395 ge
Oct. 9, 1826 254.6 g. 42.86 g. 22.18 g.
Oct. 18, 1926 265.28 g 15,337 g 7.994 g.
Nov. 7, 1926 277.06 ge. 38.2 g 19.8 g.

The analysis of trivalent ohromium of same solution when the

current is passed at an average of 110 ampere minutes on each rum.

20 L, Tank Cr as CrOg

q‘r

Change Cr,0, to Cr.

20 2%

1 221.4 g, 4.252 g. 2,211 2.
2 " 5.115 go 2.659 g.
3 » [ ] [ ]

4 » 6.82 Be 3.546 8o
5 » 5.115 ge. 2.659 g.
6 " 6.82 g. 3.646 g,
7 " 8.82 g. 3.546 g.






17 L, Tank (Solution prepared by Professor D. T. Ewing, Dec. 20, 1926.)
In this table below are recorded the resulis of ten consec-
utive runs without changing the solution 500 co. of solution from 17 L.

tank was taken.

No, of Run Date Cr03 Cry0z Cr203 in terms of Cr.
1 12/22, 1926 226.75 g. 5.115 g. 2.659 g.
2. ] ] " »

3 . 248.489 g. . "

4 12/23, 1926 245.29 g. " "

6 " 247.22 g. " "

6 12/27,19268 278.2 g. " "

7 " 319.942 g. 6.82 g. 3.456 g.
8 . 317.935 g. " "

9 12/30,1926 341.87 g. " "

10 " 319.942 g. " "

The following data shows the effect of changing various fac-

tors on ocurrent efficiency, eto.






Data of 20 liter tank: (Solution prepared by Dr. D. T. Ewing)

Cc. D.

16.66

20.0

26,33

33.33

Anp,

2.5

3.0

3.0

3.6

4.0

Time
kin,

61.5
61.0
61.5
40.0
39.7
39.4
33.6
3533
33.0
28.0

28.5

39,17
39.0

31.3

26.6
26,0
21.00
21.17

Ampere Volt
Min't.,
128,76 5
127.6 6.5
128,76 5.3
120.0 5.7
119.0 "
118.0 "
117.0 6.5
116.5 "
116.6 7.0
112.0 7.7
14,0 7.0
112.0 7.6
97.85 5.0
97.6 6.2
95.9 6.5
. 6.0
92,76 6.8
92,0 6.6
84.0 7.6
84.68 7.2

See graphs on next

Grams

oocH,

Depst. Gas

«206

<1971
«1993
.1868
~1878
«1810
.1806
.1814
«1763
.1783
.1821

1776

.0879
.0873
.0891
0834
0854
0836
-0648

«0667

page.

-9-

563

I%on

Cre.

29,66
28.71
28.73
28.91
29,6

29.07
28.66
28.89
28.35
29.56
29.66

29.43

16.67
16.17
17.41
16,93
17.09
16,9

12.19

12,21

I%on
H.Gas

58.47
59.3
58.47
62.76
63.6
63.8
64.2
64.6
65.1
67.24
66,08

67.24

76.92
77.04
80.1
82.7
81,2
82.76
88.86

89.01

Temp.
co-

20=-21

21,

21-22

20-2

29-30

29

31-32
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Data of 17 liter steel tank,

(Both of Jan. 20, 1927.)

C. Do Amp. Ampere Volt Grams CCH I %on I % on Temp, Time
Uin's Deptt Gas Cr. H. Gas C°  Min,
13.35 2.0 118.0 6.0 .1624 633 26.1 63.82 20.21 59,0
. w " " .,1668 ™ 26,27 63,82 20-22 "
20,00 3.00 123,0 7.0 .1850 " 27.96 @ 62.24 " 4,0
. *  123.76 6.6 .1809 ™ 27.99 62,31 20-21 41,2
23.35 3.6 122.6 7.7 .1965 " 29,61  61.49 20-226 356.0
" " 126,0 7.6 .2017 " 29.45 59.76 20-21 36,0
26,66 4.0 136.0 7.6 .2309 " 31.63  55.38 " 34,0
™ ® 126,00 7.8 .2110 " 31,23 69.77 20-22 31,6
33.33 6.0 132,56 9.0 .2345 ™ 32.53 56,83 20-21 26.5
" " 127.6 9.2 .2228 ™ 32.46 59.04 20.21,6 25.5
13.33 2.6 114,34 4,7 .1282 553 20.8 65.83 27-29 67.17
" " 116.0 " 1279 ™ 20,62 66.48 . 57.6
20,00 3.0 105.0 6.3 .1218 ™ 21.7 71.72 28 36.0
" "  104.0 5.2 .1204 " 21,5 72.42 30.0 34,66
23.3%5 3.6 113.76 6.5 L1304 " 21,2 66.24 " 32.6
» " 112,0 " L1260 ™ 20.97 67.24 " 32.0
26,66 4.0 112.0 7.5 .1261 " 20,92 67.284 30-32 28,0
" " 108,0 7.2 L1267 " 21,07 69,73 * 27.0
33.35 5.0 100.856 8,2 1233 ™ 22,70 T4.7 30. 20,17
. " 100,00 7.6 .1192 " 22,13 75,3  30-31 20,
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Conoclusions

1, Whether or not the reduction of six valent chramium to
trivalent ohromium takes place in the chromium bath is entirely de-
pendent upon the content of the bath.

2. The best ourrent density of the bath is 20-30 amperes
per square deoimeter,

3. The ocurrent efficiency of chromium deposit is inversely
proportional to the temperature, while the current efficiency of the
hydrogen is directly proportional to th; temperature.

4, At higher temperatures, the color of the deposit is
brighter than it is at lower temperatures.

6. The current efficiency is lower.thnn Faraday's laws de-
mands The graph shows that the space betwsen the curves for current
eofficiency of chromium deposit and that for the current efficiency of
hydrogen liberated is the amount of current not accounted for.

A lead peroxide anode has been tried in place of steel.

The results by analysis show that the concentration of the cathode
solution decreases with each run, while the concentration of the anode
portion is inoreased. This decrease of concentration meahs a decrease
in the smount of chromium deposit. A study of the formation of the
perchromic acid formed should be made,

The use of the above desoribed apparatus is advisable only
for the study of solutions with a temperature within two degrees of
28° ¢, due to the changes caused by radistion losses.

A new design is proposed. Preliminary experiments show

very good results are obtained with it. (See figure 2.)
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Procedure for operation of the espparatus shown in figure 2.

Assenble the apparatus as shown in diagram. A solution of
known density is placed in the flask S. The tube R is rubber, so the
flask S can be raised or lowered., Gas flask A is surrounded by another
flask which is filled with water for regulaeting the temperature of the
gas in the flask A, The tube on the meter scale is for evaluating
the atmospherio pressure of the solution,.

Fill the vessel D with chromic acid solution to above the
top of the funnel. Close the stop cock F and open the step' cocke E
snd B, Raise the flask S to foroce the solution toward the top of the
flo..ak A, Now close the stop cock B and open the stop cock F, draw
up the solution from the vessel D to the top of the tube. The stop
cook is closed again and the flaek S raised until the flask A is filled.
Close the stop cooksA and F. Open the stop cock F. Close the circuit
now and let the gas form to replace the solution in the tube to F. Then
open the cock B, sdjust to a point so the solution will not siphon baok.
When the hydrogen is liberated in the flask to the calibrated point I,
the ocurrent is broken. Get the solution level on the meter scale M
and the atmospheric pressure on the point N. Take the difference on
the scale reading and multiply by the density of the solution in the
flask S. Divide by the density of merocury to get the decrease in
pressure of the gas in the flask. Atmospheric pressure minus this
decrease in pressure is the pressure of the gas in the flask.

The following data is typical of the results obtained from

the above proocedure.
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Amp. Time
Min,

2.0 60-40
*  680-52
3.0 42-48

" 42-45

Tenmp.
Cso

20-21

Gas
GG

528
529

Granms
Depﬂt °

«1786
<1797
«2137

«2134

I%on
Cr.

27.38
27.41
31.03

31,01

IXof
H. gas

59.43
69.14
56,39

56.47

Ampéro X
Minutes

121.4
121.8
128.3

128.26

The desoribed method, as shown by the sbove date, may obvious-

ly be used for other oases where greater acouracy is desired than may

be obtained when the original spparatus is employed.
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