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A Study on Electrolysis of Tungstate

Part 1. Behavior of Acidified Aqueous Solution of Tungstate
through Electrolysis

Shigeharu Funamoro
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Table 1 Stability of Aqueous Solution of Sodium-tungstate in various pH
Concentra-
7 tion L Mol L Mol 1 Mol
pH 100 10
Remains transparent,
Remains transparent, Remains transparent, colorless for at least
Q 7 colorless for at least colorless for at least 3weeks. After anight

3 Weeks.

3 weeks.

6  (ditto) (ditto)

5 (ditto) (ditto)

4 (ditto) (ditto)

3 (ditto) (ditto)

2 (ditto) (ditto)
After about 6 hrs, white

precipitate appears. (ditto)

deposits colorless
crystal.

(ditto) After 2 days
deposits colorless
crystal.

(ditto) After 4 days
deposits colorless
crystal.

(ditto) After a week
deposits colorless
crystal.

Remains transparent,
slightly yellowish
green solution for at
least 3 weeks.

(ditto)
(ditto)

Hl% 1/100 Mol, 1/10 Mol, 1 Mol ®» 3fFEDERE D Na,
WO 7kA#% 50 cec 581z, 6N. HC! 2 T LEEHL T4
e U e B P D AT B b D AT IR AR L

~

pH7(P.R) pH 6 (M.R.) pH5(B,C.G.) pH4 (B.P.B.)
pH3 (B.P.B.) pH2(T.B) pH1(CR.) kit L 174,
Fx 10cc 5L HRBECHDEY, RSB ES T
EEE 3T OB T2 B8 LIt D TH %,

3) B R T 1/10 Mol Na,WO, sk <% pH1 7
b PH7 hlc o TERRM, Wb FfimoiTH
3 E SR L 2EO 0T DERE O Tungsten 7K
YAWi% standard & U, 4 DLMEO T CEBMA R LRI,
Gf, FHEROERREE%Y Fig. 1—Table 2, Fig.2—
Table3, Fig. 3—Table 41777,
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Table 2

Results of Electrolysing 1/10 Mol Sodium Tungstate Solution
acidified to various pH with HCy (Fig. 1)
Electrolysing condition: Dc=4A/dm?2, Pt-Cu electrodes

Room temperature, Aparatus shown in Fig. 1

pH Behavior of Bath

7 Abcut 5 mins. later, a blue substance appears on the cathode surface and
gradually diffuses all over the cathode tube. About 20 mins. later, its color
changes to that of 295 C,SO4, but soon afterwards it fades away rapidly to
slight blue. In one hr. it becomes quite transparent.

6 As soon as the circuit is closed, a blue substance appears on the cathode sur-
face and diffuses all over the cathode tube. The color gradually deepens in
one hr. When the electrodes are taken out after one hour of electrolysis, the
solution electrolysed returns to its original state in 5 hrs.

5 (The same condition applies here as mentioned in the case of pH6)
The color deepens in 10 mins. In 12 hrs., Thowever, the solution electrolysed
for one hour returns to its original tsate.

4 (The same condition applies here as mentioned in the case of pH 6)
The color deepens in 7 mins. In 26 hrs, the solution electrolysed for one hour
returns to its original state.

3 (The same condition applies here as mentioned in the case of pH 6)
The color deepens in 5 mins. In 27 hrs, the solution electrolysed for one hour
returns to its original state.

2 (The same condition applies here as mentioned in the case of pH 6)
The color deepens in 5 mins. In 40 hrs., the solution electrolysed for one hour
returns to its original state.

1 (The same condition applies here as mentioned in the casse of pH 6)
The color deepens in 5 mins. The colored substance fades away in 50 hrs. and
produces white or vellow precipitate at the bottom of the U tube.

MR BT 5, BRERORIMIREL AV AMc, FHOREYY ) B OLEO DV E ¥
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Table 3
Results of Electrolysing 1/10 Mol Sodium Tungstate
Solution Acidified to Various pH with HCI
Electrolysing Conditions: Dc=4 A/dm?, Pt-Cu electrodes

Room temperature, Apparatus: See Fig.2

pH : Behavior of Bath

7 A current, colorless and containing bubbles, such as is shown in Fig. 2 presents
itself. There is an ozonic odor on the side of the anode.
ditto

As soon as electrolysis begins, a substance slightly blue appears on the surface
of the cathode on the side opposite to the anode, but soon the color fades
away, and in 10 mins. the solution becomes similar to that of pH 7.

4 As soon as electrolysis begins, the outer side space of the cathode is tinged
with a gradually deepening blue color, until it becomes bright blue in 5 mins.
10 mins. later, the color begins to fades away and after 15 mins., only a cur-
rent similar to that of pH 7 keeps going. There is a chloric odor on the side
of the anode.

3 As soon as electrolysis begins, the outer side space of the cathode turns blue,
and after three mins., the color is dark blue such as is observed in the case of
pH4; 20 mins. later, the color begins to fades away and after about 30 mins.,
only a current similar to that of pH 7 keeps going; a strong chloric odor rises
on the side of the anode.

2 As soon as electrolysis begins, the outer side space of the cathode turns blue,
and after 3 mins., there also appears a slight blue on the surface of the cathode
facing the anode; the color reaches the anode, spreading along the surface of
the solution. But soon the color disappears and 30 mins. later, a current similar
to that of pH 7 can be seen and a strong chloric odor rises on the side of the
anode.

1 As soon as electrolysis begins, a blue color appears on both surfaces of the
cathode, and after one min. the color looks like 295 C,SOs along the surface
of the solution between the electrodes ; the outer side space of the cathode
turns dark blue. But soon the color fades away, and 5 mins. later, a blue col-
or sppears only on both surfaces of the cathode. 35 mins. later, only a cur-
rent similar to that of pH 7 can be seen and a chloric odor is remarkable on
the side of the ancde.
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Table 4

Results of Electrolysing 1/10 Mol Sodium Tungstate
Solution Acidified to Various pH with HCI
Electrolysing conditions: Dc=2 A/dm2, Pt-Cu electrodes

Room temperature, Apparatus: See Fig. 3

pH

Behavior of Bath

10 mins. after electrolysis begins, a blue substance appears near the upper end
of the cathode, and only the outer side space of the cathode is tinged with a
deepening blue. After 30 mins. the color remains similar to that of 595 CuSOs ;
after about 40 mins. the blue color begins to move along the surface towards
the anode ; one hr. later the space above the lower end level of the cathode
is tinged wilth a color similar to that of 29C,SOs. When the electrodes are
taken out after one hour's electrolysis, the color gradually fades away till the
solution tums to the original state in one hour.

As soon as electrolysis begins, a blue substance appears on the both side surface
of the cathode. The color of the outer side space of the cathode gradually
deepens till it becomes dark blue in 25 mins. The blue on the side facing the
anode begins to move towards the anode in not less than 4 mins., and 25 mins.
later it remains bright blue. The space above the lower end level of the cathode
is tinged slightly with blue in about one hour. when the electrodes are taken
out after one hour's electrolysis, the color gradually fades away till the solu-
tion returns to the original state in 5 hrs.

As soon as electrolysis begins, a blue substance that has appeared on the both
surfaces of the cathode diffuses in both directions and gradually deepens in

- color. At first, the outer side space of the cathode is deeper, but in one hour

every part of the solution is unanimously of a deep blue color. The space
below the lower end level of the cathode, however, remains almost colorless
during the first 40 mins. when the electrodes are taken out after one hour’s
electrolysis, the color grndually fades away till the solution returns to the ori-
ginal state in about 10 hra.

As soon as electrolysis begins, a blue substance that has appeared on the both
surfaces of the cathode diffuses in both directions and gradually deepens in
color. At first the color in the onter side space of the cathode is deeper, but
in one hour fhe whole of the solution is unanimously deep blue similar to that
in the case of pH 5. The space below the lower end level of the cathode beg-
ins to color about 30 mins. later. When the electrodes are taken out after one
hour’s electrolysis, the color gradually fades away till the solution turns to the
original state in about 15 hrs.

(ditto) The whole of the solution becomes dark blue after 30 mins. After one
hour's electrolysis, the solution returns to the original state in about 20 hrs,

(ditto) The whole of the solution becomes dark blue after 20 mins. After one
hour’s electroysis, the solution returns to the original state in about 30 hrs.

(ditto) The whole of the solution becomes dark blue after 15 mins. After one
hour’s electrolysis, the solution returns to the original state in about 36 hrs.




156

Ry ATy OBMBOSICETIHE £ 13

Note :

1. A piece of perchment paper attached to the test tube is used to screen the
anode. ' )

chamber, and a chloric odor is remarkable.

2. A deposit white or yellow color is produced in great quantities in the anode

3. The blue substance diffuses with the current shown in Fig. 3.
4. The coloring of the space below the lower end level of the cathode begins on
the side of the anode firsf.

Table 5

Changes that Occur during Electrolysing 1/10 Mol Na;WOQ4 Solution

Adjusted to pH 3 with Various Acids

. Electrolysing |10 mius. after |One hour after | When concentrated
Acids used . . after an hour’s products
conditions electrolysis electrolysis electrolysis
HCl1 room tempera- | blue through- | blue through- | dark blue—blue colorless
: ture, out out —light blue— needle-shaped
14V - 2A/dms colorless crystal
H,;S0, ditto ditto ditto ditto colorless
plate-shaped
crystal
HNO3 ditto ditto ditto ditto colorless
needle-shaped
crystal
H3PO, ditto light blue dark blue dark blue—blue jelly-like
throughout throughout —reddish purple | green
substance
CH3COOH | no change no change
90°C light blue slightly blue—light-purpl—| jelly-like
14V - 5A/dm; throughout dark blue colorless—light- yellowish
yellow substance
(COOH); | rooom tempera-| no change no change
ture,
14V - 2A/dm,
90°C faint blue light blue light blue—color- | jelly-like
14V - 5A/dmg, throughout throughout less—light yellow | white
substance
Note:

1. The greater the density of current is, the sooner the blue substance appears.
2. The greater the concentration of NasWOQ; is, the sooner the blue snbstance appears
and the deeper its color is.

Zn—HCI, TiCl3) wI>THE LA L, BRREE I 3ZESTTHIh TR, ¥
7 A7 v BRYE D ERIB I A Bhy Wolfram Bronze & LCHWOLRTWA Z & HEHMDEY Th
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TERROMHE RS 5,

2) WEMALIRI o bOBORIE, BRC NaoWi:04 BNEETHEDEELTIV, &
NOVEBEZTHDTEH LMD, BBRAICIISUR H X ABTLRA R ENSE TH D, Wolfram
Bronze WM LI DML L1-d D L E 2 bhb, Wolfram Bronze D, 4« Da3A
DHDEHINT O DEF%LEHETHE, Table 6 DEH TH D, BWHICHD b Na.0.-12WO0;
DHOETFD WO; 28 WO, Fik WO:—»WO0: DOHBTYCE CRBILIN, KB X CILEkE
LR T 2 D2 gHm0 0; CIDTHUBILIN TIORIFECEHTHHDLEX BN,

BB/ R THT 5 DTS CRERE D Table 6
= 2 A
W B, D ABRC Lo TELIAEH & 4 > Wolfran Pronze 1> O 2HE
YR T ORI R L B b L AT & 1t # X | 0%
(ke By = 3 - Na;W505
SRIERICH T BB O b s, OB nactmvon | 199
3) HCI BimoNwEMT, BEcsmbh | Nay W20 o
e e e . S B (Na;O 2WOs; WO;) :
TEENRAEICILN VAT, ZBLIARLETH :
. I Nas W50
B0, BHBEICA Ut Cl BNEHRICET - &, # B B (2NayO 4WOs WOs) | 192
Z DERACER O BB £ U 1B TLERN % H e A Na; o Wi303s 19.1
) # & B (5Na,0 8WO0; 3W0, WO) | %"
OBTAHZ LIt EBbhs, Uy A

D D> CHFERER S L NEL bR, o o B EEROSIENBERCEE ST RS,
4) HNO; MBI oWTH 3) LEBEDOZ L NEL BbRD, Hb

2HNO;Z2HtT+ 2NO;~
| {

£ 2NG+o,
2N32+H20= 2HNO;+20

5) Na,WO, 3 E¥W L A THRT S L Fhh Tk b, "W EEERRIEY Y &R Clhd TRET
- B0, BWRICRTIEHIRL OBENTRELRY, LORCHERLI Na;WO; 2MEHITET

ERTILELDOND,

6) H.SO,, HsPOu DFaE, BB RO HICAAEORRLAINE X i\ LREES
PR RLRS DL Bbha,

D IRHERROBORELBEL CELN 00, H,SO: % pH BRERCMEAL RO
LA, BEREHFEALRLTELVERYHE TS iz, W 23 Cr, Mo Z0@HHRFORE
Chh, Lo HERMREBORTENNTIERC & LEVENS L, % CHERECHE ET
L5 CBREDN D,

IV %5 =

PEREDHE T LT W OB, TRXCT7TAIIVBORTHFLATEY, FRThHE, HET
REBELYEZ DTS, KEEHHLD W OTHILT UARTEECIEW X 5 REISE%Y 51
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bo XL CEHEIBEEEL THEE»S W 2B T52 v BRE L, LTBRERZOLOK
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b X2, BlAEERTIBRSCHAECIEN 5, RLEBA AT 25 EMERORICERL
POWEMBEAL T D L, BLLATNLE TR AT S,

3) Pt—Pt Eflix i\, BELERL CERLCROFARRLERE UL, BIKBCBE
L, PH BEEAL BT X > TR deiidar R o2, Zhbom H.SOs & Av7icd Ol

b & BRI AR E A R T
4) pH HIECHEMEREL A5 L, BMARECR UL L, 90°C TErCEEHEE
£7 5,
5) DIEONRKEBCET 2EEMEL, NasWO, KIEEABEANM: T L 72 % 4 U 1 Para-
Sodium tungstate OBTAERIEEL b b,
AREEEB AIHIc D, EEX AT ARG AL OV K B R S BIS AT SR DY)
BEEEDLY, ¥FARORBICEEFTKBRAEEOHG Y LEFTEL, EHOBYERDLTIOTH
o (NEPZR) ‘
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Summary

According to the reports ever made, the electrolysis of tungstate has hitherto
been conducted unvariably in the alkaline bath. However, not only the
results thus gained is far from satisfactory, but it seems to me that the elect-
rolysis of tungsten in the solution is next to impossible. Accordingly, inten-
ding to electro-deposit tungsten in the bath of acidified aqueous solution of
tungstate, the writer first studied the bath itself.

1) Though it is generally reported that the acidified aqueous solution of
sodium tungstate is unstable, stability to such an extent as not to produce
deposition in the mineral-acidified bath can be maintained by adjusting properly
the concentration of the tungstate aqueous solution and its pH.

2) When electrolysis is conducted in the stable hydrochloric-acidified bath
mentioned above, a blue substance is produced on the surface of the cathode.
If the anode is screened, ;the substance diffuses easily all over the bath and
the color deepens according to the length of time of electrolysis, Moreover,
when electrodes are taken out and the bath is kept in the air, its color fades
away gradually and returns to the original state. On the other hand, if the
anode is not screened, the behavior is similar to the case of screened anode,
except that the blue substance diffuses only over the space between the cathode
and the wall of the vessel on the outer side of the cathode, and that the color
fades away and returns to the original state as soon as the electrodes are remo-
ved.

3) If the blue substance produced when electrolysis is conducted with
~electrodes, both of Pt, and with the anode acreened is condensed, its color fades
away gradually, and finally different substances are obtained depending on the
kinds of acid used in the adjustment of pH. Among them, the one produced
by sulphuric acid shows an obvious distinction from the others.

4) In case organic acid is used to adjust pH, no change is observed in the
bath at the room temperature, but a slightly blue substance appears at 90°C.

5) It is considered that the above mentioned blue substance that appeares
on the surface of the cathode is a reducing product from para-sodium-tungstate
that has been produced by slightly acidifying the sodium tungstate solution,




