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This is an invention By KUPPUSWAMY VENUGOPALAN,
Scdentiat, VEERARAGHAVAN ARAVAMUTHAN, ;clontiit and
HANDADY VENKATAKRISHNA UDUPA, Oirsotor, MOMAMMED
KAMALUDEEN, Senidr Scientific Assistant and NEDUMARARM
GOPALAN RANGANATHAN, Junior Scinntific Assistent, all
of the Centrel Elnctrochonﬁbal Ressarch Institute,
Karaikudi-623006, Tamil Nadu, India.

This invention relstes to improvements innor

relating to the production of electrolytic manganese

matal.

Hitherte manganese metal has been produced either
by alumino thermic reduction of pure manganese oxides
orf by alectrolyeis of sanganese chlor ide/menganase

sulphate solutions.

The first procedurs involves the production of
aluminium metal by fused salt electrolysis and subse-
quently ite use for the production of massive manganese

setal., The slectrolysis of manganss® chloride/manganese
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sulphate solutions have about S0 per cent current

ef ficiency. The current densitiea employed are of the
order of sbout 0.04-0,06 A/sq.cm of cathods area.

Not only large sized cells are necessary but slso the
manganese metal obtained'by aqueous tltctrolyal; has
to be melted carefully in gryot'to'obtain manganess

metal in a compadt form,

To obviate the difficulties or for effecting
.ipprovements in the said processes, the preduction of
massive manganase metal in.one stage directly by Pused

salt slaectrolysis has been successfully carried out.

Thus, the object of the invention is to have a
compact one stage fused electrolysis process to abtain

e stable and pure material for use in many applications.

The process, in brief, consists in the electrolysis
of manganess oxides(manganess ors)ifn.stable f&uoﬂ
fluoride mixtures of alkali and alkaline earth fluu-
ridee along wvith manganese fluoride in retie rnngtag
fron 131 Upto S31 at 1200 C-1300 C employing otiplte
rod anode and mild steel cathode uith caustic ourront
density of 2 to 2,5 A/cn for the production of

agnganese metal which settles at the bottow.
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Examelli 1

€lectzolyte:

Feed material:

Temperature of
electrolysiss -

Quantity of metasl
obtaineds

Composition of the
metal ontaineds

Cell voltage and
amp §

Current efficienty}

Electrolyte:

fesdnaterials

1.npocatd!o of
electrolyeisns

Quantity of metal
gbtaineds

Composition of the
metsl obtaeineds

Cell voltege snd
smpel

Current efficiencys

Electrolyte

Feed materialt :

Calcium fluoride and manganese
fluorjide in the ratio 111

0.75 kg of pure manganese dioxide
obtained by tha decamposition of
pure manganess carbonate

1200°C-1250%¢

250 grame

Mangansse 3 99,3 %

"Silicon rest

5.2V; 200 amp.

- 25%

EXAWLE 2

Calcium flueride and mangsness

" Pluoride in the vatio 219

2 kg of -900 mesh mangahess
ore containing 48% manganesse
metal - as such(i.e.un-
treated ore)

1200°¢c-1300"¢C
900 grems
Panganese 1 ook
Iton 1§ 17%

5.5 to 6; 400-450 A

34%

EXAMLE 3

Calcium fluoride and mangenase
flupride in the ratio 381

2.5 kg of =300 wash menguhess
ote containing 48% ncnq.n-.:h
metal, p-tticlly reduced wuil

ch“COd °

,/—l\ -



Temperature of 1200;1300°C.-

dlectrolysis:

Quantity of metal 1200 ot
obtaineds orans
Composition of the Manganese: 74,72
met al tobtained Irog H 76
Cell voltage and . 6.8V; 600 A.

amperage:

Curient efficiency 52’

Advant ages of this invention are @

1.

2,

3.

By this process, the metal can be obtained in the

molten form and it is very easy to handle the metal
vithout oxidation since it is obtained in a massive
form under the protective layer of the electrolyte.

This is an one stages process., This avoids bensfi-
ciation of the ore such as reduction, leaching

of the ore etc and it is pOsQiblo to produce man-
ganese metal in massive form from manganese ors by
directly Peeding the said ore at - 100 mesh size onto
the molten bath of fluorspar and manganese fluoride
at any ratio between 1 fluorspar to 1 manganese
fluoride to 1 manganese fluoride to § fluergppar.

This process avoide the intermediate steps of either
production of aluminium metal as in the conventional
alumino thermic process, OfF melting of slectrolytic
mangasnese metal obtained through intermediate pro-

duction of very pure chloride/sulphate of manganese,.

By this process, it is possible to operate the cell
at highar cathodic current densities, say, the order
of 2 to 2.5 A/cn2 as opposed to 0.06 A/cm in
aqueous electrolysis.

Dated this 26th day of Dec. 1978.

Sd/-

S. Kumar,
Astt. Patents Officer,
Council of Scientific
&4 Industrial Ressarch
111 Floor, CSIR Complex
NPL Campus, Library Road,
S — Pysa, Neu Delhi 110012,
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TilE FATENTS ACT. UM

COMPLETE SPROIFICATION
( Section—10)

*Inprcvéd process for the proauction ox mAnKAN e

metal by electrolysis”.

OOUNGIL OF SCIENTIPIC AND INDUSTRIAL RESRARCH, Rafi
Marg, Sew "Dolh1.~110001, India, an Indian registered
body incorporated under the Registration of Societies
Mgt (Act XXX of 1880).

The following specification particularly describes and ascertains the sature of this invention
‘and the mannes in which it is 1o be performed :—
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Ttis invention is related to the production of
magsive mangaese metal by electrolysis needed by jivun
and steel industries.as well as the non-feryous metall:rgicel
industries,
Hitherto manganese metal has been produced either
by alurino-tharmic reduction of pure manganese oxides or
by electrolysis of manganese chloride/manganese sulphate
soluticns.
1t-e dravbacks of the hitherto knoun processes ars 3
(a) Tre manganese metal obtained by aquaeous electrolysis

will be in fFlaky form which is highly gsusceptible to
oxidation, ' ' '

(b) Further the aqueous process involves the pretreatment
of ores Like charcoal reduction at higher temperature,
atid leaching etc.

(c) 1te operation of the aquaeous electrolytic cell uith
a low cathodic current density of 0.04-0.06 A/cm
rnecessitates a large size cell.

§d) Ir the alumina-thermic process, an external reductant
like aldminium (560 kg of aluminium for one ten of
menganesa~reported value) is required.
1r aqueous electrolysis, not only large sized cells

ar® necessary but also the manganese metal obtainud_haa

to be melted carefully in order to obtain manganese metal

in a cumpact form,

In alumino-thermic process also, the manganese matal
obtained is not completely free from aluminium. To obviate

the dirficultieas, afFecting impiuvemants in tha geid process,

—_e -
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the preoducticn of massive mangansse metal in one stage
diractly by fused salt electrolysis has been corried out,
The main object of the invention i to dﬁvelop a
process for the prcduction.of manganesd uetslxiﬁ a massive
form by a single stage slectrolytic process directly from

mangenese are/oxides.

1t is made possible to produce mangensse metal in
wassive form by the slectrolysis of manganes~ ora/oxide
_using s molten bath containing mixture of fluersper and

manganese fluoride in:rutic ranging fram 111 ta Jit,

The elcctseiysia-nf manganess ors/oxide in steble
fused fluaride mixtuse of alkaline ssrth Pluoride (celcium
fluoride) along uith margsnese fluoride in the ratie iuhging
from 1:1 to 331 at 1209 € amploying grephite rod anede ‘and
-ild steel cathndt vith nnodic and cethodic current dovieity
af 510 and 2-:.! Alu will Twsult in the praoductien af
'nu&sivc ﬂnnganeol which settles at the Bettem. Thus,

a high cathedic curtent density ef 2-2.8 ﬁf'nz cen be
maintained in fused salt slectrolysis ee vewpared ts
.04 l/ca2 in agueous slectrolysis,

The pressnt invention sceerdingly provides an isgroved
process for the p:cducticn of manganess setal by slectrolysis
of manganass oxids in a ctablc wolten bath ceaprinxng
'-lkalinc aarth fivoride in an ul.ctrcirtic cell comprising
s refrectory lined mild atoel vessel Pitted with a mile stegl

‘__ﬁa—.
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plate cathode and e grephits rod ancde, the inter-
electrode distance baing maintained at 3.8 to S cam at a
tempereture range of 1200%¢ to 1ll0.c, the manganess metal
being obtained in a massive form, i.e. compect form and

not in Plaky form at the bottom of the cell over the cathade,

The sdvantages of the process of the invention nri
thst the metel can be obtained in the molten ferm and it is
very eesy to handle the metal uithout oxidation since it is
obtained in a masaive form under the protective laysr

of the electrolyte.

This is a one-stage process. This avoids beneficiation
of the ora such as reduction, leaching of the ore or like
pre-treatments; and it is possible to produce manganese astal
in messive form from nanganbao ore by directly feeding the
aaid ore at -100 mesh size onto the molten bath of fluorspar
and manganese flouride at any ratio between 1 fluorspar to

1 mangsnese fluoride to 1 manganese fluor ide to 3 fluvespar.

This process aveids the intermediate steps of sither
product ion af aluminium usfal as do.the conventional alumino-
thermic process or melting of electrolytic manganese mstal
obtained through intermediate ptoduqtion of very pure

chloride/sulphate of manganhese.

furthermore, by this process, it is possible to operate
the cell at higher current dengities, ssy, the
order of 2 to 2,5 A/cmz. as opposed to 0.04 A/cm 4in

amqieous alectrolysis.
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Tha present invention accordingly consista of a
s1e sta;e procsss for the production of metallic mshpansse
in a compact foum both from manganese oxi&c pres and
manganese oxide concantraetes by an inprhv.d fused salt
alectroiysis procﬁdure wherein suitable mixtures of
calcium and mangasnese Pluorides are employed to obtain
passive mangangse at the cathdde in a molten atats with
almultanaous evalution of oxygen at the anode carbon.

This one stage process is in contact to the production of
pure manganese chloride or manganese sulphate solution
fiom the ore in a number of sYages, electrolysing the

sslt solutions employing very low current densitiss with
very high inventories duas to gquipmant and space. This
procedure is also more ecenomical compared to the alumino-
thermic teduction of manganese Qxide to ;btain massive
mangansse metal.

The process ie Purther described with reference to
the accompanying drauwings. Figure 1 shous an electrolytic
cell according to tﬁls invention for the production of
manganese metal by electrolysis. The cell congists of
a refractfory i;nod metal cell(1) which has a mild steel
plate cathode(3) at its bottom and a graphite rod asnode(4).
Tha electrolytic bath camprises malten mass of calcium
fluoride (7) and manganesea fluoride (6) to which is sdded
as cell feed manganese oxide of manganese ore as a
powder (5, The manganese metal formed collects at the

bottom o! the ceil(8) and carbon dioxide or carbon apssxide
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fosmesd escapes at (2). The electrode distance is adjusted
b.‘”..n 3.l qnd S cm at $he current density of the
cothede adjusted at 2 to 2.5 A/cm” and that ef the

ansde at 9-10 A/cnz. The refractory llnlngauo.d for

the aild stesl electrolytic eell preferably congista of

sagres ite bricks.

The Lnuention is further illustrated by the

follouing examples

EAMIPAE 1

Ciestrolyte I

Foud materisl 3

Sempaesturs of siestrolysiss

oxsicontaining

Calcium fluotide and
manganese flouride in the
ratio 119

0.75 &g of puse wmenganese
dioxide ebtained by the
decomposition af pure
manganese carbenate

Tespetaturs of slestrelysiss  1200-1258°C
Swent ity of metsl sbtaineds = 250 grems
Conpooltion uf the metel = ansse 1 99,38
ot akned ¢ S Silicon 1 fiest
Cell veltape ind anp 'y 5,2V § 200 amp
Cuzsont efficienty } 25%
| |
Ciseke: g Calcium fluoride snd
o plyt._ mangensse fleuride in the
ratio 211
Fesd material ] 2 kg of =100 sesh mangansse

sshganses
content s swch (i.e, untr-otoq
ore)

1296°-1300°C
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Guantity of ﬁetal obtained s 900 grams
Composition of Bhe metal Mancanese s BOX
obtained: Iron t 17%

Silicon t Rast
Cell voltage and amp H 5.5-6; 450 A
Current efficiency ] 34%

EXAMPLE 3

Electrolyte $  Calcium fluoride and

manganess fluoride
in the ration 3¢

Feed material H 2,5 kg of -100 mash
manganese ore cantaining
48% nang-nnin conbeit
partially reduced uwith
charcoal

Temperature of eleGtrolysis 3 1200-1250°C
Quantity of metsl sbtained ! 1200 grams

Composition of the metal $ Manganese: OB. 1%

obtained: Iron T 11.708%
silicen 1 1.420%

Cell voltage and amp : 6.8V; 660 A

Current efficliency 3 52%

W CLAIN

e l'hﬂ improved process for ths production of mahganuse

Qetal by electrulysis of manganess oxide in a stab}e
molten bath consisting of alkal{pe earth fluoride in an
slectrolytic cell comprising a refractory linad mild ateai
vessel fittod with a mild oteal.platc cathode and a
graphite rod anode, tha inter-clestrode distance ucing

maintained at 5,8 to 5 cm at a tmeperatyre range n!
-\ -
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1200-125305 the manganess metal being obtained in a

massive "orm at the bottom of the cell over the cathode.

Process as claimed !« claim 1 vherein the electrojyte
used comprises calcium fluoride and manganese fluoride
in the rotio of 131 to 331 and menganese oxide in the

form of -100 mesh pyrelusite(masnganese ore) is used

as cell fesed.

3. Procass as clalised in claims 1 and 2 wherein the
slectrolysis is carried out at a bath temperaturs of

o .
1200 ¢ yith cathodic and anodic current dansities af
2.2.5 and 9-10 A/cm’ ragpectively.

4., improved process for the production of mangasnese
metal by electrojysis of manganese oxide substantially

ss herein described and illustrated.

Dated this 11th day of September, 1979

Sd/-

( l.ﬂ.si ?A?ng 6
Scientis aten
COUNCIL OF SCIENTIFBC & INDUSTRIAL RESEARCH
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