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1.

Chromium is electrodeposited from baths containing
chromic acid and small amounts of sulphate or hydrofluorosilic
aclid and a variable concentration of trli valent chromium. The
latter is derived from the partial reduction of the chromic
acid. When Faraday made his famouns investigation on the
electrolysis of aqueous solutions, he and his contemporaries
did not fail to notice that complications will often arise,
not only at the anode, but also - and perhaps more commonly -
on the cathode. These pursly chemical complications are
caused by side reactions, due to the new products formed on
the electrodes and the changes which occur in the compositicn
of the solution in the immediate neighborhood of the cathodse
under the influence of the current,

Liebrisch(l) states that these chemical reactions
can arise in two ways: first, the electrolyte may react with
the metel of the cathode, even when no current is flowing, or
second, - and this §s the more important case - the pH value
of the solution may increase near the cathode owing to
passage of current, thus producing complexes of a colloidal
character in the solution, which are catephoretically
éonducted to the cathode., The increased hydroxyl ion con-
centration can give rise to the formation, on the surface of
the cathode, of basic salts or hydroxides of the metal, An
increase of polarisation follows in consequence of an
increased transfer resistance, together with a larger con-
sumption of energy for cleaning the cathode by chemical reduction

or mechanical removal of the products by the hydrogen bubbles
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2,

leaving the surface, All of the above effects have a direct
influence on the form of the metallic deposits. Since the
current efficiency of the process for the electrodeposition
of chromium depends on the metallic deposit all veariables
effecting the current efficiency are of impbrtance. The
effects of such factors as current density, temperature, and
doncentration on the current efficlency have been studied for
the sulphate bath by D. T. Ewing, J. O. Hardesty and Te Hsia
Koa(a). The effect of the same variasbles of current density,
temperature and concentration for hydrofluosilic acid baths
on the current efficiency is reported in the following work.
APPARATUS AND MATERIALS.

The apparatus with the exception of some changes is
the same as that used by J. C. Hardesty(Z}.

Diagram 1 shows the apparatus used. A porous cup (J)
separated the anolyte from the catholyte., Sheet lead
(10 x 17.5 cm.) bent to fit the cup loosely was used for the
enodle, The cathode (L) was a steel plate, (.1 sq. ft.) copper
and nickel plated with a mirror finish, The plate 1s fastened
by means of a small bolt to a heavy copper holder ( 1 cm. wide )
which is insulated with an acid resisting lacquer. The holder
is bent in a V-shape to keep the plate under the funnel (K).
In series with the chromic acid cell is a carbon resistance (R),
30 ampere ameter (A), a copper coulometer (H), a switch (T) and
the connection to 15 volt D. C. line. Across the cell is a 30

vole voltmeter ( ).

The solutions of varying concentrations consisted of
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'Ce pe commercial chromic anhydride and hydrofluosilicic acid
(29.8%).

Constant temperature was maintained within .5° ¢
of each determination during the experiment. The cell was
partially immersed in a sixteen gallon aquarium of water. The
temperature was raised by means of a resistance heating coil,
and lowered by a copper cooling plate.

The flask (A) has a calibrated capacity of 537.35
cubic centimeters, This capacity includes both.tubes, (x) and
(y) to the marks indicated by (0) on the drawing. Stopcocks,
(B), (F) and (E) are of pyrex. The manometer (mn) is attached
to the leveling tube (S). The jar, (Z), surrounding flask (4)
is a constant temperatufe bath so arranged to determine the
temperature of the collected gase.

The coulometer consisted of a four liter jar with a
copper cathode (36 x 18 cm.) hanging between two copper anodes.
The coulometer solution is composed of 1000 parts by weight
of water, 150 parts of copper sulphate, 50 parts of concentra-
ted sulfuric acid and 50 parts of alcohol.

EXPERIMENTAL PRCCEDURE,

While procuring data for this report 222 determinatiocns
have been made, All of this data has been recorded, but some
has been discarded as unreliable because of temperature
changes during the determination., OCther data will not be
used because i1t has no direct bearing on the principles

to be discussed.

Since the accuracy of the determinations depended
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on the method of weighing special emphasis has been put on
the preparation and cleaning of the cathodes, The steel plates
were copper and nickel plated, polished and buffed to a
mirror like finish, Xach plate was electrocleaned in an
alkaline cleaner, rinsed and examined for water breaks,
The plate is then rinsed in hot distilled water and dried
at 110° C, and weighed. The copper coulometer plate is
rinsed in hot distilled water, dried at llOo and weighed.,

The time for each determination is determined by
means of a stopwatch.

Amounts of current are regulated approiimately
by the use of the variable resistance and the ammeter,

After the cathode 1is introduced into the solution
the gas collecting funnel is placed over the former., By
lowering the leveling bulb the plating solution is drawn
into tube (x). Adjusting stopcocks and raising the leveling
bulb all of the air in (A) is displaced by water. As soon
as the current is paased this water will be displaced by
hydrogen evolved at the cathode. when the hydrogen reaches
the graduation mark at (Q) the circuit is broken. The
manometer stopcock is then opened and by means of the
leveling bulb the exact difference of manometer readings 1s
determined.

This difference in mancmeter levels, read in
millimeters, divided by the density of mercury is the
deviation from atmospheric pressures. The cathode and the

copper coulometer plate are removed and rinsed in hot



LSOS/ WY

00f C/T OST ST 09F .§4/ Qfr SV oo/ SL @ JE
o

\a
~

Q
9

N
N

Q
Q
< .

A
Pz
- — %\q\\ d .
200 i | Lt | K
ou..Q\\\.lILo\\W o\\ M\

9
Q

Q
Q

O\
QsOﬂ;\t’,llbn \A&K

a___
2,00 2 o

N
~N

o

ANFHNS S 7 LNTOY. T

>
S
~

/ — %1%

D0/~ DI SuVS oN0O
ANIUNOSHD

S TIINT/ O/ ASLT INTSHE 2D
L 7 Hardo |




LSO/ Y

_ O0F a7 09T OPT orZ LI 08/ Oy Or OB/ 9o/ o8 09 oF 0T
Rt I— T
“9 =0 57 | \ﬁ\g _
— # +2 - QZ 70.!‘71.°|o |l:.|h1 \ | o,
e o O— o - T
Ay - |
2 .Q\/O;/AID o n
_ b |
-t . N - _ o7
_r ’ * —~OF
| | |
_ ! \0\
W-.0 T o - o
<, * R o) o
,,,, \\_ ot U\ | 09
|
7 \L\ O\Q i
W, 08— | - - o/
.“Q\Qh.‘ o O\R\\O\ | "
L Yy |W "o o "= ﬁ —08
0o -20> sLowy OMOD
| ANVWOYHI ¢+ N TIO YTAH —196
5O |
I ONTI NS AT ANIS YD I ” o7
. | | !
L 77 HIVYI | I S

STIONFII/S ST %



LSO Ty

00f o0& 09Z 0T 0TrZ o00T O8/ o9/ O¥/ ots o0/ th o9 or or
>3 < o/
\‘Q
74 o —

YO =,0F hd or
og
or
os

.\um\ “o Q-“po 0 M 99

¥ 5h O —— 5] S —

——
Hoop Qet— LY.
P—

_ o

_ o8
/- ey
o= 919 cuvd -an03 oF
VTVNOTAH + MWANOYHI

1 2,

fo
N 2T SLT LNTH™ND
T HIVY9

4
’

SZIONTIND1 /7 2



LA OS gy

oo%. o8t oo_ﬂ P, 0rz 00T o8/ o9/ OF 0OV @0/ 08 09 o 0%
O
v9- QQ‘ M\ ),
YD = ,S5P —— e
\b IQQH. A
+ or
! :
} # QM.
; oy
w os
*H - .08 O 1‘!“ —— ) 09
—— W -_,0860 oL
I 8
/- %oy
o€ - 079 s1vW Ivor 96
NI DOYTAH *WOMOYHD L
/

x0

TTVONFI ST LNITHYND
Al HIV YO

SPIINFI12/7,7 Y



;N

PR
<



L w8T 09T opr OTT 00F 08/ 09/

LA OSSNy

oy/ oT/ oo/ o8 o9 oy o
| _ \G —
] \..V “‘ . TO\O
: ary 1 - - \
ﬂ oS m/&fwy & = —© o/
&
Pt g
V"
\ 1@ by
p oS
I ;=
. Fv \nx 9
L :eh\OTlm\‘\LWR\\A o — P
L _w-,08 o | — /d o1
W -,0p “
1 g
T — —
1 = Ysy _ ,
ot — 45 SiuVe w07 !
NIQOYTAH + WNIWNOYHI
50 or
CHIINHINSLT ANTYINO

A HIvYO

STIONIFI9/ 47 %






o
VOt T ANTYNO

\\.\.W\.\m\h\‘

oof our g9y Srr oot $L/s as$r ST/ 000/ K74 oS ¥4

£C
ags
- T Vi
0%
6 2/
(r-08) ,06%
(1-00N oca £
i Y = oA
(1-007) o ST
(1-00/) - 0¢ \ f y14
. AV om0 P .
\1\.~.\\4\Q Q\\w r \““

71 v

1224
J

LAV A 2/ 777



.
©

Tinp
I37U80 41T TJIN
£ex3
TTnp

TTup
Tinp
TTnp
Ttap
UOT308UUOCD 3s500T
e
e
TTnp
Tinp
Tnp
TTnp

1YS1Iq

TTnp
I3qUad ‘aydraq
I TaIq
£3a3

£Bas
s32ps ‘qy3Ttaq
£val
Keas
KBag

SHIBWoY

¥1°6

g5 2T
9°GT
00°4T

0G°GT
TS*VvT
3e°TT
T3°6

o/ Lous
=19TJJ° ap

[@XorX® XNeor)

e o o
2 NN
00 W

30°¥2

80°¥%9
T°0G
0°0¢G

6°13
8° 1S
6°1S
0°Ldb

0°20T
¢*3¢1
8°ou

0°%0T

0 L0%

9°683

G*801

8°G9
6GT
94T
¢\LH
26T
pS1
GoT
10T

0 ,02
T°cst
G°84T
0°00%2
G821
0°433
9°1IgT
g°¢ot
0°G6

0 508

(T - oo1) Za1enm

of KousoTt
-ot3ye %y

*33 °be

9°0T11
1°86
7°031
0°33

G*6¥T
G°4L5

2*60T
0°00T
9°931
8°G3T
8°83T
2°83T
8931
S*°GTT

4°801

9°w0T
0°sc1
LOLTT

8°6¥vT
T°c1t
9°TeT
6°373

- %015

1°¢Ly
0°8LY
0°157
0°¥3v

62 °8LY
8°G8Y
1IT°e87y
8% *93¥

G°*LoY
0°34¥y
T°4L97
0°?8¥%
0°86%
1°847¥

8°Go¥

eT°ssd
o°*¢ced
9°¥8¥

0°3L¥
G°8LY
0°3LY
0T*4Lo¥

*utpm *dury pe308TTOO

NH.H 00

G372 b

I

6T1¥0°
y0c0°*
01¢0°*

3060°
8TL0°
88%0°
G080°
geTT’
¢90T"*
040T*
860T*
8480°
ze80°

4L2S0°

¥640°
gott*
¢3TT*

60TT*
830T*
90890°
8.480°

*sode(
*Ip JO

3

4T
o1
ST
14t

¢
818
¥3
]
et
3T
11
0T

88

AN 10O

.OZ
edxq



7e

juang ‘3yItaq
QU3 TT®0%3
qQUSTT90¥8
14dtaq

LRISRS L]

1. taq

A5 1aq

TTnp

TInp

1U3t1aq
I33usd ‘quanq
pauang
s=28pa ‘aydtaq
pauang
SI9UJ00 ‘qy3Ttaq
143 taq
LUERS |
pauwrng
SI3UI00 ‘9i[TJq
1Q SJ3uI00 ‘quUITaq
§q SJIdUJ00 ‘quiTaq
pauIng
sIsux09 ‘qu3Taq
1uItaq
1yd 1Iq
1y3Taq
1Y Taq
TTnp
TTnp
£8I3

SYIBWIY

GG°*8
TO*0T
76°6
e6°4
09°4
98°¢
3g8°¢e
66°
80°T

¢, £ount
-0T1JJ3 I0

4°*09
1°9¢6
ARSI
G°09
2°09
e
Sh 747
G*07
9°9¢

¢/ Kousy
-9TJJ? 9y

0G3
8661
0°3203
G°LeT
y°19T
9°80T
G°80T
0°G¢
4° P8

0 .08
LT3
66T

¥oT
83T
10T

0793
9¢3

63T

0°%6T
9°1ST
0°Tet
3°00T
9°T0T
°cd
8°0¥%
6°85

*3J °*bo
mmsd

3 12T
8°331
3231
3°0et
9°431
ANAAN
SRA AN
T°e81
8°¢8T

9°06
3°T0T
$°98

G*2

AR Nt

6*83T
8°43T
8°GTT

3°LTT
6°33T
T°33T
S°PTT
9°GTT
3°0TT
S°80T
2°%0T

6°2cy
3°vLy
8*CLY
8*oLY
3°oLY
AR YA
6°SLY
S 4°17
8°¢8¥

1°28%
0°08%

0°08%
L°CLY
e°LY

9°LLY
3°LLY
8°¥LY

S*vLY
3°2L¥
8°3LY
T°CLy
@°3LY
T°347
3°3L¥
geey

*utrr *duv  ps309TTO0
S 00

4L94L0O°
TouO*
T990°
1260°
9360°
31z0°
7020°
1t10°*
40TO*

6c®0°
6090°

¥2%0°
¥930°
9030°

6960°
3L60°
OCGTT®

wit
evL0°
T%u0°
g2%0°
84%0°

“To°
8310°
¢Tz0°®

*sodsg
*ID JO

24
T4

04
69
89

83
L3
93

63
¥3
e3
33
13
03
6T
8T

Ooz
*3  *dxm



8.

JUITT30%3 LL®G 30°*6Q €331 G*T0T 0°*ve¥y 8T20° 19

1ydtaq 6°L L9°3¢ 0°¢o 9°aG13 3°8LY 0230° 09

Ui taq 8°1T 30°69 G*%9 g*¥03 OR At374 3nT0* 863G

JU9TTedX3 L°TT 2°69 3°¥9 9°6¥3 T°L49Y egTo"’ L9

quaTI9ed¥d 04°6 83°LL 0°923 3°G6 0°94% LBH0° 99

JUaTI8oXd ¢6°6 8°34 0°022 7°96 8% °*987% 9TG0* G9

qurng ‘4y3dtaq 2L 0°G4 333 7°'98 v°8LY 3Gg0° Y4

143 1Iq 89°C 9°19 2T 0°%1T 1°08% 8130° cL

11sodsp x5 JO -—- -—-- --- --- --- -—- S

91sodap *ad Jo -——- -—- -—- -— -——- -——- 3

11sodsp a5 jo ——- --- --- --- --- --- (0]

Fupresd AATSS90%3 --- --- -——- -—- -——- -—- 6
1uanq

§I3UJ00 ‘3UsTaq 0é°*s 8°1S 00¢ 8°T9T c*¥8y 26G0° =57
quang

sI3UI00 ‘3ydTaq  e6°8 c°18 0% 9°49T 2°¥8¥ 06G0° LY

1yIJraq G6°4L 8°*3G g¥%3 3°¢9T 8°08% 19%0° 9v

14ITaq vo°8 2°3243 9cg L°P9T 0°*18¥y 3sp0° 574

UO0T3905UUOD 3S00T - - - -——- -——— ——— b

1qdtaq G2°9 57 9032 3°esl e°28Y 9820° 9574

p:mqnp ALY v°og T°09T 8°3LS T°GLY £630° g 4

JYsTaIq vo°y 8°93 0°4ST G*2L% 3°9LY 1830° 187

TTop 90°3 8°L3 - 3°90T 3°*T¥3 G*aLY T420° (0374

TTnp 08°3 3°83 9°T0T 0°0%2 e°3LYy £9¢0°* 8T

0 509 |

U= T30X%? 03°86 43°89 4072 L°66 1°¢8% 22%0° ¥9

FUSTT90°53 90°8 4°99 2N L*°E6 v°eced ¢ee0° 9

juang ‘quITIq L°0T g*0Q g%3 G631 c°e8y g340° 82

S NIBWsy of fousT of Loustr 33 °ug/ *utm *dury ps3393TT00 *sodaq *ON

-01JJe XD -9o13J° %W *duy 311 00 *ap Jo *9 edxW



9.

QUSTTP072
QUSTT90XD
QuU9TI80%3

Tinp

quang ‘qyoTaq

1uanqg
£T13431Ts ‘auitaq
AY3TT20X%D
QUITT99X?3

Luang
AT3431Ts ‘qudtaq
qQUaT 2019
QUaTT90X3

np
TTnp
TP
TTop
Tinp
TTnp
Tnp

u3sg 48N
1Yo To0X0

S)IBWway

37°6 --- G°L0% 0°15T 923397 8LY0°
1°6 0°G3 002 T°%vT greLy YLY0°
6°8 0°L¥ $ST 0°%¥HT 0° YL 1s%0°
L*8 0°¥4 S4 6°36 9°z8% £c60°
0 008
6L°G 3°GL 0°253 0°68 0°ce¥ 6L30°
y2°8 L°9L 0°%032 ¥°68 1°641 co%0°
01°8 0°Ys 0°38T 7°G6 2°eLy c0%0°
756 e g S v 0°16 T*69% PLYO°
€6°02 0°6S 003 ARE A 0°SL¥ cyeo*
6L°8 0°64 33T 2°c¥T1 0°9LY 84%0°
€6°9 L°84 04 1°c8 8*CLY g120°
0 5%
2°sT 6°89 0°9%3 v°96 0°08% G640°
6°GT 1°64 L0Z 9°G6 9°18¥ 8180°
L°%T 8°84 $81 L*G6 T°6LY 6540°
S4L°GT 6°CL S LY 9°L6 0°08% c080°
0L ¥T 8°C4 9°¢3T T°06 S°eLY 0340°
T°91 8° T4 66 c°v6 T°9LY $240°
96 0°4Lé 0°84 0°06 G*28% c9%0°
(T - oot) 9I1e3y - ox0 0 b3
95°4 L9°3% 0°%3T G°20T g o8¥ 8eg0*
of Roust % Lousy eqy ebe/ *ut *du¥ pe3ogTTod  *sodaq
-0TJJo I0 =91JJ® °H * dury °H 90 I Jo °*B

83T
L31
931
G631

¥3T

231
331
BT

031
6TT
81T

41T
o1l
STt
71T
g1t
31T
11T

2

*oN
oguﬂm



10,

QU3 TT20X
qua T[20%9
QU TT20%3
QUITT90YD
QuUaT 1299013

qQUSTT20X%5
juang
S38p3 ‘qUuTJIq
quanq
s93p3 ‘quJTaq
QUSTI20793
QUETIP0%d
QUITT20X3

pity
AT3u21Ts ‘guanq
qQUaTT99%3

QUL TT20v72
QUaTT90X3
IYSTIq

TTnp

quang ‘quITIq
quanqg

£T3431Ts ‘3ustaq

SMIBWIY

LN ]

N O M 0D
(@ JAV AV (5Tl
—~ A

69T

9°GT
A AN
B8°aTl
8°3T

0°4T
6°9T
0°91
3°CT
34T
23T

3°v1

2°0T

¢; foust
-=91339 40

9°29 5032
§+39 851
¢*Go 931
8°09 coT
8°09 23
0 .03
L°69 19T
1°%9 502
0°29 662
1°G9 g3T
0°L9 ot
0°G9 8
(T - 03) Yx1dy
v*5L KL
veCL 002
S* 14 25T
5°89 T
9°¢. 00T
2°%9 9L
0 0¥
0° T4 oL
7°GL 622

/ . *He
of hocwﬁ 1J °*b/

-0TJJ9 °. sdnrr

0°T9
G°90T

G°34LT

G3°66

3°¢coT
T°¢0T

.
QOO

Yo A0 IES ¢ O SN AV]
o o
NABO A

0°46
V36

8°8LY
0°38%

*UTM °*QUY Po393T[00

>

I 990

2260Q°
LGLO®
0340°
T520°
8190°

4880°
0G60°

0€80°
L8L0°
3G40°
44L90°

2ye0°’
0¥s0°*
4380°
L180°
3880°
6L490°

9%40°

¢Tco*

*sodaQ
I) Jo

44"
Al

3v1
Wl
0v1

8%1
IAAN

oV T
62T
89T
L%

92T
Slond
721

29T

3¢T
1eT

02T
63T
.oz

dxx



11,

11s0483D
93007 ‘quiitaq
913049
9S00T ‘qUiTJq
1T50.8D
93007 ‘1qysTaq
QUSTI290X3
QU TT 9079
QU9 T [90%3
1Ts0d3p
95007 ‘a2yTaq
11S049D
950071 ‘aydraq
qQUITT90%9
1U3T[990%3
quUaT (907
S TIq

qUSTT20%3
QUaTT20X9
1UST[90:/9
1UST[20XD
AUSTTS0¥Xo
QUsTT20Yd

QUaTT90Y3

S¥IvWey

3L°3T
€3°GT

06°6
92°T1
0:°6

23°S
0°*6

2°31
96°CT
98°3T

73

33°8

T°4T
G9°4T
T°9%T
e8 vl
9°v1
SY/RRS

L°VT

o/, Loust

-0TJJ2 a0

2°G9
349

v°68
B8°LS
7°GS
2°19

¥°04

4°99
T°G9
3°29
8°¥%9
0°69

8°04
0°69
2°69
0°44
AN
9°69

2°e9

¢, Lougt
-91J3® "H

g¥va
Y13

0°29T
9°c¥H T
0¢c0T
0°64

403
04T
8eT
40T

0°068
0°903
0°6ST
9°63T
0°96
S*¥%6

0,07

6S3

"33 b/

* curr

0°%0T 8° vav
8°20T 6°1e¥
9°50T g*neY
4°811 5*L8%
0°821 0°28%
9°31T 2°8LY
8¢ S PLP
¥°00T 2G4y
L°¥6 S*Su¥
2°L0T 0°24¥
0°%0T 0°24¥
9°G6 6°89%

9°46 8°6LY
3°40T 6°LLY
1°66 0°64¥
S*%0T 0°Gi¥
8°96 3°9LY
3°50T 9° VLY
0°e0t 0°LLY

*utry *du¥ pos302TT00
3y o0

yTLO®
1880°

3390°
L334T
6290°
6v20°

T4%0°

L920°
393T°*
¥vL0°
8690°
93%0°

6580°
gToT*
G4840°
veo*
3940°
26v0°

9680°

*sods(g
I0 Jo

*3

09T
6ot

LA°AY
291
301
19T

09T

6GT
85T
48T
9ST
GCT

7ST
est
361
16T
0S1
67T

AN

*ON
‘dxm



12,

1USTT 207D

QuUoTT990%3
prfo:m
935007 ‘41~ Taq
11sodsp
25007 ‘24yZTaq
11s0ds
93001 ‘3 TJq
11049

97007 ‘3u-Taq

Pﬂmorw
00T ‘9{'TIq

1150d9D
95007 ‘4. TIq

115043D
95007 ‘U< TdQq
UOT SOL.I0D
9pOUB SATSS90:9
QUSTT20¥%9d

11s0d8p 395007
9T1s0dap 39£00T7
1150L3P 9S00T
971s0dsD 9S00T
4TSs0dap 95007
quIng
s=8p>3 ‘jqyuiitaq

£ JIews:y

< O
(o '®]
.
O O~

o
O

L
D

96°3

! £ouat
-01JJ® JID

[avaNerY
uw)

v

o

-
O

(o8}

[Sp]

.
9
[1e]

o~

(AV]
(o2}
o

(o8]

L]
o2
e}

—~
—
1
a

*« o o o

— [ON PRI SNTe}
W DO OO (@]

< {9202 T IAVIIAY]

{D

nodmww cA

20T
A

Gg°0cl

8°84
3°L0T
AN NY

8°¢eT

O B O <M O
L]
WO W OW
WO A

~ AAAA

(00}

.
©
e}

*utn °Cu

rES

0°3LY
G 2LV

o°cey
6°eEP
0° 087y
0°28¥

8°LBY
1°06%
R SITh4

0°18¥

Ad 4O
.
0 AN O

Qe oOom

<H H PP A

2V

L
e8]
o

271709
Nm 20

0z%0*
°Tvo°*

2LS0°

23%0°

30¢co*

£830°

GTe0°
3920°
y180°
63G0°
gey0°

8830°

*socaQ
ID Jo

84T
LLT

941
SuLT
74T
gLt

34T
Tt
04T
89T
821

49T

*ON

. QA\
X






13.

quIng ‘aylitaq
quang

SJI9UI00 ‘4. Taq
fuang

SI2uJ00 ‘quTTIaq

QUBTTS0 9

QU2 TT2079

11 3[T20 '

juang ‘qystaq
quIng

SI3UJI0D ‘3ycTaq

1ISTT20°19

o) & E-F e-)

QUDSTT90%2

34~ Tag

ruang ‘3yiTaq
quang

SIsuI00 ‘qifraq

QU S[I99%9

QU TT307I2

QUST 2079

Y- Taq

QU TT90¥%9
1 T20L39
93007 ‘27itaq
1T50LaD
95007 ‘aystaq

G4l 3°C% vs3 %23t
rARAt 3° 13 403 2 vt
T°TT 835 43T 0°83T
20°9 2°as 9631 2°G63T
0°2 L°%3 301 0°43T
¥3°3 1°393 08 3°9TT
G°*sT 0°13 0=a 0°v-1
T°ot G°13 703 2371
3°2T 5°¢S G632 7931
3°3 6°T1S 3°63 3°02T
4°0T 3°18 G°60T 0°3:1
22°3 72°03 ¥°v3 2°22T
0 oSV
7°33 6°8Y G643 6°421
9°6T1 8°8¥ 0Tz 0°42T
4°21 L°6% 4ST peont
25T 2°0¢ Q% 9*ezl
4011 2°13 10T 9°02T
ST°TT 56°0% §°¥3 024t
(T - 00T) vom = =0ap
9V Y 0°3 3°Sy 2°L0T
Ga°g v°89 vas 0°T0T
28 0°04 003 0°c
of fouat ¢/ Lount *3J °DC *urTT Qv
-0TJ39 a0 -0°1JJd 31 *dur

(9}

L]
30]
-
<#

(@]

.
)
-
ISU

.

OO 4O
L]
AWK O

(€]

-0~ O
S P <

(e8]

.
&)
[
<!

0°Tiy
334
A VAY
0°Tiy

$

T°Tady
0°vL¥
6°2LY
0°* T4y
0°vL¥

3°2LY

0°0CL7
1°847

6°LLY

093027100
°H 09

*ID Jo

TLoT®

15¢5 A I
2231
g0TT*
7280°
2080

0v¥0°

*sods(g

o2

[Te]
(@]
wl

«H
W

N O OO0 O

O HWM
o2
A~ — Ol W2 Gd W

< W0 O - O
(NI N N

AN
98T

GeT

edxw



soTep 2s00T ‘43Ttaq 0581 Gy S5 3 9°5aT 0°2g 368T° 33
80130 8Y00T ‘47Taq 21cT 2y ey Teo0T 0°15% 64L3T° 12
« SOusD 22007 ‘4L 1aq T9°2T 6°37% 003 0°8GT c*Ce7 Z311° 02
—~ 1T¢00E3D
suo0T ‘aySTaq 09°TT 857 o{ah 6°54T 8°LLY y60T* 613
JuU2TT2073 g0°g 0°%2 90T $°66T 0°8LY 0480° 813
JU3T30d Slohd 0°81 2°16 8°VLE 6°LLY 6060 LT3
o oy
1T30293D ©
ofooa, ‘i Tag 6°LT 1°°% 953 v°66 g°2¢y LYHT 912
1TS0. 3P
95007 ‘3uitaq T°°T Shdet 303 §°ICT T°28% 271 a1z
11S003D
92007 ‘1yiTan 77T & 1¥ Z03 Z°6CT 0°6L¥ 3T’ AR
1UsT 951D 70T L0V 0T G*O4LT 0°se® CsE0° 13
JUDTT07 0°¢ ceae 0Tt 6°v03 7 1P 01g0* 213
JUSTTO0¥3 02°% 6°3273 *1e 2°903 0°'TEY 74G0° T12
S &7
usTI909 CY L g°ov ert $eocT 1°1e7 ceeo’ 013
1T50U8D
9senT ‘qUTTdy 0 °e1 7°G¥ 20 3°e4T *3Ed VLOT® 603
U= oo 0°2 L°C2 90T 2683 0°o0e¥ T970° 803
3T 042D
95001 ‘3y~Taq 721 R 74 Q03 c*eTT 3T LEYD 34L0T° 403
JUSTI908  9z°¥ L 18 THT 2°012 €°6LY 0Ts0* 902
03
(T Y ¥or - Sog
SN U9 ¢l foust ¢ :oer 33 Lo/ *utr:t cdury D9102TT00 *s 0501 soir

-0TJI5 J0 =-90TI3® °I * durv °1 o0 *ap Jo *9  odxv



15.

DISCUSSICN.

In this investigation determinations were
made for the following concentrations of Cro3 and stiF6
respectively 100 parts to 1 part, 50 to 1, 30 to 1 and 20
to 1. 250 g. of CrO:3 were dissolved in 1 liter of water,
The range of current densities considered was from 75 amps.
per sq. ft, to 250 amps. per sq. ft, The temperatures for
each concentration were 40°C, 45°¢ and SOOC. Che general
determination for the effect of a temperature change from
20°C to 60°C with the concentration of 100 parts Cr0z to
1l part of HZSiF6 has been made.

In order to understand some of the facts brought
out by the experimentael procedure one of the theories of
chromium deposition from a chromic acid - sulphate bath will
be given.

Sargent(s) recognized a number of important
variable factors namely, that the cathode film is only
slightly acid at high current densities, that reduction of
chromic acid at high current densities must occur through
the medium of the chromic - chromous couple, that sulphate
is necessary for metal deposition, and that pure chromic
acid can be reduced at low but not at high current densities,
The latter factor was attributed to a colloidal layer which
was designated as non-permeable, though Sargent tacitly
assumed it to be permeable to hydrogen ions. The mechanism
of the action of sulphate has not been set forth, Kasper(4)

advances the following theory. Deposition of bright chromium
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depends upon maintaining in the cathode film a definite
hydrogen ion concentration., <'his must be sufficiently low to
permit metal deposition and yet sufficiently high to prevent
hydrolysis and thus yield oxide-free deposits. At low
current densities direct reduction of hexavalent or tri-
valent chromium undoubtedly occurs. At high current densities,
which require cathode potentials sufficient to liberate
hydrogen gas, the conditions are vastly different. OCn
acccunt of the high migration velocity of the hydrogen ion
in the cathode film, the latter becomes relatively alkaline.
If the hydrogen ion concentration drops, a basic electro-
positive dispersoid of Cr(OH)3 * Cr(cH)Cr0, exists., In
the ebsence of the sulphate ion the dispersold migrates to
the cathode and covers it with a colloidal layer which
prevents reduction of the constituents except hydrogen to
which 1t 1s permeable, The action of the sulphate is to
decrease the electrophoretic velocity of the colloid by
adsorption; which causes a reduction of the positive charge
and prevents the formetion of a dense, adherent colloidal
layer. Cther ions can reach the cathode and be reduced,
Liebreich(l) has advanced a theory which is identical
with the latter. He has investigated the effects of acids on
the colloid film surrounding the cathode. ''he nature of the
deposit depends largely on the degree of solubility of the
film, He states that it is important that by a certain
degree of solubility, the film should form and dissélve
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continually, maintaining a certain definite thickness,

This follows from the fact that in cases where, at ordinary
temperatures greylsh deposits are obtained, bright deposits
are obtained at higher temperatures (300, 40° or SOOC).

This form of deposit, again is confined to certain limits of
current density.

Miller(s) discusses the above named film formation
in relation to current densities. According to his determinaticn
the continual formation of the film is effected by the
concentration of the SCO4 icn. WWith an increase of the
concentration the film formation slows down hence a lowering
in current density.

The above fact will explain the lowering in efficiency
of the sulphate bath investigated in this work. 7Table (6)
eand graph (6) show the decrease in efficiency with increase of
sulphate from the ratio - 100 parts CrO3 %o 1 part S04 = to
the ratio of 50 parts Cr0Oz to 1 part S04 The temperature
effects shown in the graph were explained by D. T. Ewing,

J. 0. Hardesty and Te Hsia Kao.(z)

From the data obtained in this work 1t can be
concluded that the effect of stiFs is the same as the SO4
for chromic acid bath of the same composition.,

The following effects of the chromic acid bath
with hydrofluosilicic acid ere the same as that of the
sulphate bath,

l. A decrease of current efficiency with an

increase of temperaturse.
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2, A decrease of current efficiency with an
increase of HZSiFG'

3¢ A low efficiency at a low current density with
a relatively sharp rise in efficiency at a higher current
density. A leveling off of the efficiency curve at higher

current densities.

From these facts it may be concluded that the
previously stated theories hold true also for chromic acid
solution with hydrofluosilicic acid although the magnitude
of effect of varylng factors gives relatively different

results,
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