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The investigation leading to the invention is briefly
recounted here. Lead dioxide is deposited on graphite
rod using a bath containing lead nifrate and copper
nitrate. The cylindrical rod containing an adherent
deposit of lead dioxide is vsed as one electrode with a
platinum gauze as the other electrode surrounding the
same in the A. C. electrolysis of 5% per cent. sulphuric
acid containing manganese stipkaote in solution. It is
observed that the surface of lead dloxide 15 redueed 1o
lead metal and manganous sulphate s oxidised to
manganic sulphate at the platioum electrode. This
indicated that rectification of A. C. took place and the
D. C. component brought about the ahove electrolytic
oxidation of manganous sulphate,

In subsequent experiments, it was observed that the
lead dioxide surface could be reduced to lead metal in
sulphuric acid of above 40 per cenf. sirengih by pass-
ing A. C. as above.

The lead dioxide was deposited on z rotating eylin-
drieal graphite rod and an adberent deposit free from
porosity was obtained. On keeping a lead foil on the
deposit and pressing  the same by means of copper
sheets kept on either side and connecting the copper
strips and the graphite core to the fwo A. C. terminaly
respectively 1t was found that rectification of A, C
took place.

In further experiments carried out, it has been
ohserved that contact on lead dionide can be made by
pressing such mieal foils ag alumitium, copper and {in
ete, as above and reclificatien of A. C. okiained,

Similariy, rectification was observed to be better in
the rase of the rod whose lead dioxide surface had
been earlier reduced to metallic lead as stated above,
The contacts as well as rectification were found to be
tetter this way.

The rectification oblained was examined by photo-
graphing the wave form of the oulput by means of an
oscilloscope,

Lead dioxide was then deposited on nickel sheet and
the rectification brought about hy sueh a deposit was
also examined, Rectification obtawned while reducing
the lead dioxide surfare In 55 per cenl. sulphuric acid
was also exarnined. Afier the surface was reduced to
retollic lead, contact was made as descvibed earlier
and the reectification was observed to be better.

Lead dioxide could be deposited on tantalum also
and the deposit irdicated rectifying action here also
on electrolyzing with A, C. in 55 per cent. sulphuric
acid, the surface of lead dioxide was reduced to metal-
lie lead almost readily,

Similarly 1t was found possible to obtzin a deposit
on stainlesg stee? which could also be given the above
treatment so as to be used in rectifiers.

It hag further been observed {iat lead dioxide form-
ed electrolytically by anodic oxidation of lead metal
could be successfully used for rectiflers by making
contact on the lead dioxide by means of various metal
foils described earlier.

ExpERIMENT 1.

Lead dioxide was deposited on a 1 om diamefer gra-
phite rod rotating at 1006 rpm. 50 as to obtamn an
adherent and smooth deposit free from pinholes ete
A lead foil was wrapped round the same and pressed
by means of fwo copper strips kept an either side and
& G-clamp, This was included in the A. C. circuit,
graphite forming one electrode and the chpper strip the
oiher electrodg, Good rectification was observed.

EXprERIMENT 2.

The above rod was kept verticslly in the céntre of
a 10 ce beaker and surrounded by a platinum gauze
electrode 55 Pee cent. sulphurie acid was taken as
elevirolyte and graphite ond puaaunun are coanected
to the terminals, aad A. €. of 0.3 amp. was pessed, the
suiface of lead dioxide was reduced io metallic lead
Rectification obtained wilh this system was observed
to be sightly betfer tiian in Expermment 1.

EXPERIMENT 3.

The graphite rod with a deposit fo lead dioxide
whose surface has been reduced to metailic lead as in
Experiment 2, was faken and a lead foil wound on the
lead surface and pressed by G-clamp keeping copper
strips as in Experiment ¥, The rectification obtained
was found to be much better than in Bxperiment 1.

Similar experimentz as aliove were carrmed out hy
depositing lead dioxide m nickel sheet. Similar results
were obtained

The deposit obtained on tanlalum  also rectified
A, Coto DG

EXPERIMENT %.

Lead dioxide was formed on lead sheet using it as
anode in 2 bath containing ammonium sulphate 135 g/}
and sulphuric acid 5 g/l and a trace of nitric aeid at
room temperature for sufficent fime (nearly 24 hours)
to givg 8 layer on which a counter electrode {foils of
tead, -aluminium, cepper and 1in) was applied. The
lead and the counter elecirode connected fo A. C. ter-
minals  respectively indicated rectification of same to
D C.

Preparation of rectifier—(a) Graphite and stainless
steel discs of 2 em diameter and the former of 0.5 em
thick and the latter 1/18” thick, were thoroughly eclean-
ed, degreased and washed. In the case of graphite disc,
lead dioxide was depasited from the nitrate bath con-
taining 380 g/1 lead nitrate and 18 g/l copper nitrate
In the case of stainless steel and other metals, lead
dioxide was deposited from a lead sulphamate bath
containing 207 g/i lead. After a deposit of shout 1 mm
thick was formed on the dises, they wére removed and
then thoroughly washend

The mses were tnen irmmiersad 16 55 per cent. suls
pruric arid with the mraphile wemiing as on ierminal
for A. C. A plalinum eavre eevtrode surrounded the
dizc and served as the otnel electrode. A. C. of 0.3
amp, wad passed for 5 to 10 minutes when the surface
of lead dioxide was reduced fo metallic lead, The
discs were removed, washed thoroughly and dried.
Lead foils are kept on either side of the discg and press.
ed by keeping copper sirips and using a G-clamp
Such units have been used to give single phase halfs
wave rectification as well as full-wave rectification by
hridge connection.

(b) A lead dise one inch in diameter witk 2 }*
hole in the centre wag oxidized for nearly 24 hours as
in Experiment 4. It was thoroughly washed and dried
Two lead foils were kept on either side and pressed
together by copper discs which were connected to one
terminal. "Lead formed the other lead A. C. output
Irom 0-12 volt fransiormer was connected o the two
terminals of the rectifier., A direet current nof 02 to 0.3
ampere could be drawn through the same continuously

The above experimentt are an indication of the
possibility of using lead dioxide as a semiconductor. for
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rectification of A. C. to D. C. The rectification is better
when the electrolytically deposifed lead dioxice sur-
face is reduced to metallle lead and then used in ihe
preparation of dry rectifiers. The technique adopted
for metallising the contact on the semiconductor, lead
dinxide iz un que and ncovel.

The following are among the noteworthy features
of this invention :

(1} A process wherein lead dioxide electrolytically
deposited on graphite, nickzel, wickel plaied cogper, ian-
talum, stainless steel and monel or electrolytically form-
ed on lead by anodic oxidation of lead meial can be
used as a semiconductior in recufiers.

(2y Lead dicxide ig deposied -fromr 2 bath contain-
ing soluble salt of lead such as nitrate, perchiorate,
chlorate, aceiate and sulphamate t¢ obtawn an adherent
deposit of the same, frec from pinholes and imperfec-
tions,

{3) Lead dioxide is formed on lead by anedic exi-
dation of lead.

{4) The surface of lead djoxide deposited as in (2)
iz reduced to metallic lead by using it as one electrode
In strong scid, preferably in suiphuric acid of strength
above 40 per cent. with another electrode, preferably
platinum, and passing A. C, for etectrolysis

(53 A process as in (2) which could be directly nsed
as an elacirolytic rectifier.

{6) Contact on electro-deposited lead dioxide is
made by keeping a lead [oil and pressing the same
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(7) Contact on electro-deposited lead dioxide ls
made by keeping such rmetal foils as that of alumi-
nium, copper, sitver and tin ete. and pressing the same
to serve as the other terminal.

(8) A process as in (4) whereby the metallic lead
produced on lead dioxide surface favours formation of
good contact on lead dioxide.

(3} A process as in (3) wherein contact on lead
dioxide electrolytically formed on lead iz made by
mesns of metal foils as those of lead, aluminium, silver
and tin.

10. A process wherein graphile, stainless steel,
pickel, nickel plated copper tantalum, monel, etc, act
as one electrgde and lead on lead dioxide, or other
meial contacts on lead dioxide as hereinbefore des-
eribed act as the other electrode in the construction of
rectifiers.

The invention includes within its scope a process
wherein rectifiers are produced In gubstantially the
same way as hersinbefore described.

R. BHASKAR PAI,
Patents Officer,

COUNCIL, OF SCIENTIFIC & INDUSTRIAL
RESEARCH.

Duoted this 8th day of December 1958,

COMPLETE SPECIFICATION.

IMPROVEMENTS IN OR RELATING TO LEAD DIOXIDE SEMICONDUCTORS IN
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COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH, OLp Miir Roap, NEw DELHI-), INmA ax lFeedy
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The following specification partrcularly describes and ascertafns the nature of this invention and
the manntr in which it is to be performed.

THIS 1S AN INVLNTION By HANDADY VENKATAKRISHNA UDUPA, orF CENTRAL ELECTROCHEMICAL RESEARCH
IwertryTE, KARATKUDI, MADRAS, INDIA, AN INDIan CITIZ2EN.

This inventien relates to nprovements in or relating
to lead disxide semi-condwitor Hr the preparation of
rectifiers.

Existing literature does noi provide zdequi‘s infor-
mation concerning the use of lead dicx.de sens-rimaque-
tor in the preparation of rectifiors.

The object of the present invenlion is to Gevelop a
process which will enable the use of Iead dioxide as a
semi-corducior in both electrolytic and dry rectifiers.

The invented process for the preparation of rectifiers
by applying a counter-electrode on lead dioxide semi-
conductor 1s characterised in that lead dioxide is electro-
Iytically deposied on a metallic or graphite base or
lead dioxide [s electrolytical’y formed on lead metal.

Lead dioxide roguired for the purpose 15 produced
(a) either by arodic deposition of same from 2 solution
containing solub'e salts of lead or by (k) elecirolyiically
forming the same hy the anodic oxidation of metallic
fead.

In the preparation of dry rectifiers, lead dioxide is
deposited , on graphite. staiuless steel,  tantalum, hita-
niurn, nickel or nickel-plated metals as basis materials
which themselves act as one of the leads of the rectifier.
The rounter-electrode on lead dioxide is applied by any
of the usual procedures (i) b§ metal foils bemng pressed
on the same (i) or by spraying metals on the same or
(iif) by reducing the svrtace of lead dioxide to metallic
lead . "

In the process where lead metal is oxidized to lead
digxide, lead metal, the b#tis material itself acts as one
terminal of ha rectiscr. The counter elecirede in this
case is apain =pplied by ener of the first two proce-
~dures suggested above.

In the case i wiirn leadsdioxide anemeally deposit-
ed as above .§ used 18 an e'rotrolytie reciifier, the elec-
trolyte used is sulphuric acid of strength more than 40
per cent. The hasis material on which lead dioxide is

depuosited acig as one terminal. An insoluble anode such
as of platinum surrounding the former act as the other
terminal, su phuric acid of suitable strength being the
ewlroivie, not touching the bhasis materinl, Wiwn the
two ierrminais ave connecled to a source of A. C. the
surface ¢f lead dioxide is reduced to metallic jead and
rectifcalion is observed, This technigue alsoc serves as
the procedure (iii) enumersted sbove ior preparing the
counter-elecirgde in the preparation of dry rectifiers,

When lead dioxide is used as elecirolytic re-tifier, it
15 possible to bring about the oxidation of marganous
and cercus sulphates, ete., to mangapic and ceric sul-
phates respeclively in solution in the acid wused as
elecirolyte,

A series of examples are glven below describing the
manner of performing the various steps involved in the
praporation of rectifiers and the diiferent ways in which
this can be done.

EXPERIMENT 1.
Use of electrolutically deposited lead dinxide.

Lead dioxide was deposited on a 1 ¢m diameter gra-
phiie 10d rotating at 1000 r.p.m. so as to obtain an adher-
sut and smooth deposit free from pinholes, ete. A lead
foil was wrapped round the same and pressed by means
of two copper strips kept on either side and a G-clamp.
This was included in the A, C. circuit, grapniie forming
on terminal and the copper strip the other. w0l rsgin-
fication was abserved. Similarly, by spraring alumi-
=mum metal on the lrad dioxide and using §*. gave recti-
Eeation of A. C. w0 D. C.

EXPERIMENT 2.
Riggtrolytic Rectifior

The above rod was kept vertleally in the cenire of
& 100 cc beaker and surrounded by a platioum geuge
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electrode. 35 Per cent. sulphuric acid was taken as elee-
trolyle and graphite and platinum are connecied to the
terminals, and A. C. of 0.3 amp. was passed, the surface
of lead dioxide was reduced to metallic lea®t. Rectificas
tion obitzined wilth this system was ahserved to ha
slightly better than in Experiment 1.

ExPERIMERT 3.

The graphite red with a deposit of lead diexide
whose suriace hag been reduced io metallic lead as in
Experiment 2, was taken and a lead foil wound on the
lead surface and pressed by G-clamp keeping copper
strips  as in Experiment 1. 'The rectification obtained
was found to be much better than in Experiment 1.

Experimenis carried out as above by depositing lead
dioxide on mnickel sheet and nickel plsted copper and
aluminium discs gave similar resulis.

The lead dioxide deposit obtained on tantalum and
titanium alse recrified A, C. 1o D. C. when counter elec-
irodes were applied on the deposit.

ExpERIMENT 4.
Use of electrolytically formed lead dioxide.

Lead dioxide was formed on lead sheet using it as
anode in a bath containing ammoniun sulphate 135 g/1
and sulphuric acid 45 g/1 and a trace of nitric acid at
room temperature for sufficlent time (nearly 24 hours)
tc give a layer on which a counter electrode (foils of
silver, aluminium, copper and tin) was applied. The
lead and the counter electrode connected to A, C. ter-
mipals respectively indicated rectification of same to
D C

Preparation of dry rectifier.—(a) Graphite and sfain-
legs steel dives of 2 em diameter and the former of 0.5
em thick and the latter 1/16” thick, were thoroughly
cleaned, degraased and washed. In the case of graphite
dis¢, lead dioxide was deposited from the nitrate bath
containing 380 g/1 lead mnitrate and 18 £/1 copper
nitrate. In the case of stminless stee] nickel plated and
other metals, lead dioxide was deposited from a lead
sulphate bath containing 207 g/1 lead. After a deposit
of about 0.5 to 1 mm thick was formed on the dises,
they were removed and then thoroughly washed.

The dises were then immersed in 53 per cent. sul-
phuric acid with the graphite serving as one termmal
for A, C. A platinpum gavze electrode gurrounded the
disc and served ag the other electrods, A, C. of 0.3 amp.
was passed for 5 to 10 minutes whan the surface of lead
diozide wag reduced to metallic ead. The discs were
removed, washed thoroughly and dried. Lead foils are
kept on egither side of the discs and pressed by keeping
copper strips- and using a C-clamp. Such units have
been used to give single phase half-wave reclificntion as
well as fullwave rectification by oridge conneclion

(b)Y A lead dlgc one inch in diameter with a }* hole
in the cenire was oxidized for nealy 24 hours acs in
Experiment 4. It was thoroughly washed and drind.
Two tin foils were kept on either side and pressed tage-
ther by copper disce which were cannecigd to one ter-
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minal. Tead formed the ofther lead. A. €. ouiput from
C-12 volt transformer was connectzd {o the tweo termi-
nals of the rectifier. A direct curreni of 0.2 to 0.3
ampere could be drawn through the same continucusly.

The ahave experiments are an indication of the pos
sibility of using lead dioxide as a semi-conducter for
rectification of A. C. to D, €. The rectiiication is better
when the electrolytically deposited lead digzide surface
is reduced to metallic lead and then used in the pre-
paration of dry rectifiers. The technigue adopted for
metallising the contact on the semi-conductor, lead di-
oxide is unique and novel.

We claim:

1. A process #$or the preparation of rectifiers by
applying a counter-electrode on lead dioxide semi-con-
ductor wherein lead dioxide is electrolytically deposited
on 8 metallic or graphite base or lead dioxide is elee-
troiytically formed on lead metal.

2. A process as claimed in Claim 1 wherein lead
dioxide is electrolytically deposited on graphite, nickel,
nickel plated metals, titanium, tantalum, stainless cteel
ar morel,

3. A process as claimed in Claim 1 wherein lead
dioxide is electrolytically formed on lead by ancdic
oxidation of lead metal

4. A proeess as claimed in Claim 2 wherein iead di-
oxide is deposited from a bath containing soluble salt
of lead such as nitrate, perchlorate, chlorate, aceiate
and/or sulphamate fo obtain an adherent deposit of
the same, free from pinhoies and imperfections.

8. A proceeg as clalmed in Clilm 1 or 2 wherein the
surface of lead dioxide deposited is reduced to metslliic
lead by using it ac one electrode in strong acid, prefer-
ably in sulphuric acid of strenglh above 40 per cent with
another electrode, preferably platinum, and passing A
C. for elecirolysis, so that by electrolytic rectification
metallic lead formed serves as a counter-electrode.

6. A process as claimed in any of the preceding
claims wherein the counter-electrode is applied on
eleciro-deposited and/or electrolytically formed) lead
dioxide by keeping metal foils on the lead diozide and
pressing the same or by sprayisg metzals on the lead
dinxide,

7. A pracess as claimed in Claim 6 wherein metal
fuils of lead, aluminium, copper, silver or tin are used.

8. A provess for the preparation of rectifiers subston-
tially as hereinbefore described.

9, Rertifiers vsing lead dioxide as 2 semi-coanductor
whenever prepared according to a process substantially
as hereinbefors described '

R. BHASKAR PAL
Patents Officer,
COUNCIL OF SCIENTIFIC AND INDUSTRIAL
RESEARCH.

Dated this Tth day of September 1959,



