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PROVISIONAL

The following specification describes the nature of this invention :

This invention relates to improvement in of relating to
the electro-galvanization of steel wires of different gauges for
use as fencing wire, telegraph wire and for making wire
ropes and other commercial products.

Hitherto it has been proposed to electro-gaivanize steel
wires by using stationary electrolyte with or without stirring,
or circulating the electrolyte in horizontal cells. Special
addition agents are incorporated in the bath in order to ob-
tain a satisfactory coating, Current densities normally em-
ployed are of the range 25 to 200 amp/dm?®.

This is open to the objection that very high current
densities could not be employed, the thickness of the deposit
is not uniform throughout ; and the reguirement of the floor
space for the unit is very jarge. Addition agents, if incor-
porated, arz to be closely controlled within certain limits
and in that case electrolyte purification is an additional
operation.

The object of this invention s to obviate these disads-
vantages by employving fluidized bed technique wherein the
steel wires which are to be galvanized are moved through a
bed of inert particles fluidized by the flowing electrolyte as
well as by employing forced circulation of the electrolyte in
a vertical cylindrical column.

To these ends, the invention broadly consists in the elec-
tro-deposition of zinc from an aqueous bath of zinc sulphate
(300 10 450 2/1) and sulphuric acid (25 to 100 g/1), on to
moving steel wires, the electrolyte being kept under forced
circulation or 2 fluidized bed of inert silica sand, quartz or
glass beads of suitable particle size being maintained by the
electrolyte, The above said process of electrogalvanization
is carried out in a vertical cylindrical column-cum eleciso-
lyzer wherein the steel wire (cathode) which has undergone
alkali and acid treziment is kept moving at desired speeds
between 5 and 75 m/mt. The movement of the wires could
be either in the vertical direction in the case of a deep cylin-
drical column or serpentine in shallow cylindrical columa.
The electrical connection to the cathode {moving wire) is
given at multi poinfs. The anodes, zinc or lead-silver alloy,
are placed in position facing the moving cathode wires.
Maximum cathode current densities 300 and 500 amp/dm?
are entployed in forced circulation and fluidized bed systems
respectively,  The temperature is maintained at desired
values between 30 and 65°C.  While using insolubie anodes,
the replenishment of zinc in the bath is done by passing (he
weak electrolyie through a celumn packed with sceaps, bars,
strips or plates of zine, In order to prevenr excessive elee-
trolyte spray during pilating operation, heavy frothing is
maintained on the top of the galvanizing column by adding
small amounts of a mixture of silicic and cresylic acid 1o
the electroivte,

The following typical examples are given to illustiate

the invention :

Example EA

ELECTROGALVANIZATION OF STEEL WIRE IN AN
INERT FLUIDIZED BED

Details of the finidizing co-
lumn-cum-galvanizer
Fluidized material and ave-
rage particle diameter
Electroivte

Linear velocity of electrolyie
based on empty cross-section
of the column

Electrolyte temperature
Anode

Cathode

Speed of tha wire

Current passed

Cathode current density

Cell voitage

Duration of the experimen-
tal run

Weight of zinc deposited
Cathode current efficiency
Thickness of the deposit
Nature of the deposit

: Cylindrical PVC  column
(10 cm dia x 40cm height)

: Silica sand of average par-
ticle dia 0.3%0 mm

: Aguecus solution of zinc
sulphate (404 g/1) and sul-
pburic acid (60 gf1)

1 L0l cmfsec.

: 4545°C

: Lead-silver alloy

: Moving steel wire (22 Swg)
: 13.2 mfmt

: 42 amps

: 500 amp/dm® .

: 132 10 13 6 voits

: 40 minutes

: 33.55g.

1 97.8%

: 4 25 micron

: Bright, smooth, uniform and
very adherent.

. Example 1B

ELECTROGALVANIZATION OF STEEL WIRE WITH
FORCED CIRCULATION OF ELECTROLYTE

Dietails of the column-cum-
galvanizer
Electrolvie

Linear vetocity of electroiyic
Etectrolytt temperalure
Anode

Cathode

Speed of the wire

Current passed

Cathodé curremt density
Cell voliage )
Duration of experimental run
Weight of zine deposited
Cathode current efficiency
Thickness of the deposit

Price : Rs. Two Oniy.

: Cylindrical PYC colomn (10
cm diax<40cm ht.}

. Agueous solution of ziac
sulphate (404 g/1} and sul-
phuric acid (60 gf1}

1 404 cmfsec,

1 d045°C

: Lead-silver alioy

: Moving steel wire {22 Swg)

T 83 mimi . -

D25 amps

: 300 amp/dm*

L 0.6—7.1 volts

1 40 minutes

: 1993 ¢,

;979

: 4.0 micren
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Nature of the deposit

: Bright,
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smooth, upiform

and very-adhereni

Electrolyte

: Aqueous selution of zinc
sulphate (394 'g/1) and sul-

Example 11A

FLECTROGALVANIZATION OF STEEL WIRE IN AN
INERT FLUIDIZED BED

phuric acid (54 g/1)

Detaiis of the =ﬂuidizing Co-
jump-cum-galvanizer
Fluidized material and ave-
rage particle diametcr
Electrolyte

: Cylindrical -

{10cm dia < 40cm heighe)

: Silica sand ol average par-

ticle diamerer : 0,296 mm

t Aqueous solution of zine

sulphate (394 g/1) and sul-
phuric acid (54 gfi}

PVC column’

Linear velocity of electrolyte : (.81 cmfsec.

based gn emply cross section

of the column

Electrolyte temperature 1 45435°C

Anode : Zine ]
Cathode : Moving steel wire (24 Swgb
Speed of the wire 1 9.2 mimt

Curient passed 1 345 amps

Cathode current density : 500 amp/dm?

Cell volitage 1 7.5 to 7.8 volis

Duration of the experimen- : 30 mts.

tal run _

Weight of zine deposited 2037 g

Cathode current efficiency r 96 8%

Thickness of the deposit : 6 micron

Nature of the deposit : Bright, smooth, uniform

ang very adherent
Example IIB

ELECTROGALYANIZATION OF STEEL WIRE WITH
FORCED CIRCULATION OF ELECTROLYTE

Details of the column-cum- : Cylindrical PVC column
galvanizer {10cm dia, < 40cm ht)

Linear velocity of eleciro- : 4 cmisec.

Iyte S

Electrolyte temperature 1 40+5°C

Anode Loazime -

Cathode ) : Moving steel wire (24 SWG)
Speed of the wire 1 5.45 m/mt

Current passed 1 21 amps

1300 amp/dm®
3.4 to 4 volts

Cathode current density
Cellt voliage

e e

- Duyration of the _experimen- : 30 mts,
“labrun '
Weight of zinc deposited - : 12.46 g.
" Cattiode current efficiency @ 97%
Thickness of the deposit : 6.2 micron

Y Bright, smooth uniform and
very adherent

The following are among the main advantages of the
invention ]

{1} By emploving the above said techniques along with.
the composition and other operating conditions of the bath
mentioned in the examples, current dessities of 300 to 300
amp/dm? could bg employed.

{2} These prozesses of deposition avoid the use of
special addition agent which are costly.

(3) The coatings of zinc obtained by the aforesaid
methods are bright, smooth and uniform and very adherent
to the base metal and these gaivanized wires are suitable for
use as fencing wire, telegraph wire ete., and for making wire
ropes and other commercial products.,

{(4) The floor space requirement is considerably redu-
ced due to the use of verticai columns instead of long hori-
zonial galvanjzers.

Natuee of the deposit

Dated this 4th day of November, 1970

COMPLETE

The foilowing specr‘ﬁcafim_t particutarly describes and asceriaing the nature of this inveniion and the manner in which it is
to be performed :

This invention relates 1o IMPROVEMENTS IN OR
RELATING TO THE ELECTROGALVANIZATION OF
STEEL WIRES IN AN INERT FLUIDMZED BED AND
IN ELECTROLYTE UNDER FORCED CIRCULA-
TION.

This invention relates more particularly to improvements
in or refaring to the electro-galvanization of steel wires of
different gavges for vse as fencing wire, tetesraph wire and
for making wire ropes and other commescial products,

Hitherio it has been proposed to electro-galvanize steel
wlres by using stationary electrolyte with-or without stirring,
or C|rs.ulatmg the elec tro]yte in horizontal celis. Special

addition agents are incorporated in the bath in ocder to ob- -

tain a satisfactory coating. Current densities normally em-
ployed are of the range of 25 to 200 amp/dm?.

These are opzn to the objection that vary high current
densities could not be employved, the thickness of the deposit
is not uniform throughout ; and the requirement of the floor
space for the unif is very large. Additional agents, if incoy-
porated, are to be closely controlled within certain limits
and in that case electrolyte purification is an additional ope-
ration.

The main object of this invention is to get bright uni-
form and adherent deposit of zine at very high current den-
sities on moving wires of steel for use as fencing wire, tele-
graph wire and for making wire ropes and other commercial
products.

The new principte uaderlying the invention is the em-
ployment of finidized bed technigue as well as forced circu-
lation of electrofyte wherein the moving steel wire ts sur-
rounded by a bed of inert particles fluidized by an acid type

electrolyte kept under normal speed of circulation for fluje

dized bed or under very high speed of forced circulation
without fluidized bed.

The zine deposited as described above is bright in ap-
pearance and was contituous and uniform throughout as it
could withstand, without failure, a number of immersions

varving from 3 to 3 in saturated copper sulphate solution

(360 g of CuS3J,.5H,O in one litre of distilled water),
depending on the mass of zine deposned per unit area {40
to 250 gim?*). The zinc coating is also adherent to the basis

steel wire as ths coating showed no sign of peeling or cracks
'when it is wound round a cylindrical mandrel s0 as to form
‘ten_close spirals, the dlameter of the mandrel being depend-
‘ent on the diameter of the' wire {the ratio betwesn the cha-

meter of mandrel and of the wire varies from 2 to 6).

According to the present invention there is provided a
process for the electrodeposition of :inc from an agqueouvs
bath of zinc sulphate {302 10 430 2/1} and suiphuric acid {25
10 100 gf1), on to moving sleel wires, the electrolyte being
kept under forced circulation or a fluidized bed of inert par-
tictes being maintained by the electrolvte, the wire being
moved at desired values between § and 75 m/mi, the cathe-
dic current density being maintained at a value of 300 to 500
ampfdm? and the temperature of the electrolyte being main-
tainad ac 30-65°C.

The present invention consiitutes an inprovement in
the process of coating of zinc from an aqueous bath of zinc
sulphate {300 to 450 2/1) and suiphuric acid (25 to 100 g/},
onto moving steel wires, the electrolyte being kept under
forced circuiation or a fluidized bed of inertsilica sand,
guartz or glass beads of suitable particle size being main-
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1ained by the electrolyte. The above said process of electro-
galvanization is carried out in a vertical cylindrical column-
cum-electroiyzer wherein the steel wire {cathode) which has
undergone acid treatinent is kept moving at desired speeds
between 3 and 75 m/mt. The movement of the wires couid be
either in the vertical direction in the case of a deep cylindri-
cal column or serpentine in shallow c¢ylindrical column. The
electrical connection to the cathode {moving wire) is given at
multi points. The anedes, zinc or lead-silver alloy (1% silver)
are placed in position facing the moving cathode wires.
Maximum cathode current densities 300 and 500 amp/dm?®
are employed in forced circulation and fluidized bed systems
respectively. The temperature is maintained ai desired
vilues between 30 and 65°C. While using insolable anodes,
the replenishment of zinc in the bath is done by passing the
weak electrolyte through a column packed with scraps, bars,
strips or plates of zinc, In order to prevent excessive elec-
trolyte spray during plating operation, heavy frothing is
maintained on the top of the galvanizing columin by adding
smali amounts of a mixture of silicic and cresylic acid to
the electrolyte. Due to the employment of high current den-
sities, the production capacity increased and the production
cost is reduced.

Another novel feature of the invention is the use of
vertical cylindrical fluidizing column-cum-galvanizer instead
of the conventional horizontal rectangular galvanizer which
is quite long and occupies much larger space.

The flow sheet of the process is given in Fig, 1 of the |

accompanying drawings. The uncoiled (1} wire is pickled
in hydrochloric acid (2), rinsed with water {3}, etched ano-
dically (4) in sulpburic acid and again rinsed with water (3).
This pretreated wire is taken through the vertical galvanizer
(6) when it gets coated with zinc. This galvanized wire leav-
ing to column is rinsed with water (7) and dipped in chro-
mate solution (8), if required, water rinsed (9}, air dried
{1G) and coiled {11}. Either forced circulation of electrolyte
or fluidized bed is maintained inside the galvanizer. The
replenishment of the electrolyte (while wusing insoluble
anode} is done by passing the depleted electrolyie through
the column (12) packed with :inc plates or scraps. The
electrolyte received in the circulation tank (13) is circulated
by means of the circulating pump (14).

EXAMPLES :
Example I A

ELECTROGALVANIZATION OF STEEL WIRE IN AN
INERT FLUIDIZED BED
¢t Cylindricat PVC  column
(10 cm dia <40cm height)

. Silica sand of average par-
ticle dia 0.390 mm

: Aqueous solution of zinc
sulphate (404 gfl1) and sul-
phuric acid (60 g/1)

Details of fluidizing
column-cum-galvanizer

Fluidized material and ave-
rage particle diameter

Electroivte

Linear velocity of electrolyte
based on empty cross-section

of the columan, : 1,01 ¢m{sec.

Electrolyte temperature L 45-4-5°C

Anode : Lead-silver alloy .. .
Cathode 1 Moving steel wire (22 SWG)
Speed of the wire : 13.2 mfmat

Current passed : 42 amps

: 500 amp/dm?
: 132 t0 136 volts

Cathode current density

Cell voltage

Duration of the experimen- : 40 minutes
tal run

Weight of zinc deposited 1 33.55z.
Cathode current efficiency 1 97.8%
Thickness of the deposit + 4,25 micron

: Bright, smooth, uniform and

Nature of the deposit
very adherent,

Example I B

ELECTROGALVANIZATION OF STEEL WIRE WITH
FORCED CIRCULATION OF ELECTROLYTE

+ Cylindrical PVC column (10
cm dia X 40cm ht.)

¢ Aqueous solution of zinc
suiphate (404 gf1) and sul-
phuric acid {60 g/1}

: 404 cmfsec,

: 404-5°C

Details of ihe coluran-curm-
galvanizer

FElectrolyte

Linear velocity of electrolyte
Electrolyte temperature

Anode : Lead-silver alloy

Cathode : Moving slee] wire {22 SWG)
Speed of the wire : 83 mimt

Current passed ¢ 25 amps

Cathode current density : 300 amp/dm?

Cell voltage P 6.6-—7.1 volts

Duration of experimental run : 40 minutes

Weight of zine deposited 1 1993 g,

Cathodic current density L 97,

Thickness of the deposit 1 4.0 micron

Nature of the deposit : Bright, smooth, uniform

and very adherent

Example II A

ELECTROGALVANIZATION OF STEEL WIRE IN AN
INERT FLUIDIZED BED

: Cylindrical PVC column
(H0cm dia X< 40cm height)

: Silica sand of average par-
ticle diameter : 0.296

: Agueous solution of zing
sulphate (394 g/1) and sul-
phuric acid {54 g/1}

Details of the fluidizing
column-cum-galvanizer
Fluidized material and ave-
rage particle diameter
Electrolyte

Linear velocity of electrolyte : 0.81 cm/sec.

based on empiy cross section

of the column

Electroiyte temperature : 45-4-5°C

Anode » Zine

Cathode : Moving steel wire (24 SWG)
Speed of the wire 1 9.2 mfmt

Current passed t 3.5 amps

Cathode current density 1 500 ampfdm?

Cell voitage : 7.5 t0 7.8 volis

Duration of the experimen- : 30 mts.

tal cun

Weight of zinc deposited 12037 2.

Cathode carrent efficiency : 96.8%

Thickness of the deposit 1 6 micron

Nature of the deposit ¢ Bright, smooth, uniform

and very adherent
Example II B

ELECTROGALVANIZATION OF STEEL WIRE WITH
FORCED CIRCULATION OF ELECTROLYTE

Details of the columm-cum-~ : Cylindrical PVC column
galvanizer (10cm dia. > 40cm ht.)
Electrolyte t Aqueous solution of zing

sulphate (394 g/1) and sul-
phuric acid (54 g{l)

]Linear velocity of electro- : 4 cmfsec.
yte

Electrolyte temperature : H4-5°C
Anode : zine
Cathode : Moving steel wire (24 SWG)
Speed of the wire : 5.45 mimt
Current passed + 21 amps
Cathode cucrent density : 300 amp/dm?®
Cell voleage : 34 t04 volis
Duration of the experimen- : 30 mts.

tal run

Weight of zine deposited 1246 g,
Cathode current efficiency T 979%,
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1 6.2 micron

: Bright, smooth, uniform and
very adherent

Thickness of the deposit
Nature of the deposit

The advantages of the invention are:

(13 By employing the above said techniques along with
the composition and other operating conditions of the bath
mentioned in the examples, current densities of 300 1o 500
amp/dm? ¢could be employed.

(2) These processes of deposition avoid the use of
special addition agent which are costly.

{3} The coaiings of zinc obtained by the aforesaid
methods are bright, smooth and uniform and very adherent
to the base metal and these galvanized wires are suitable for
use as fencing wire, telegraph wire etc., and for making wire
ropes and other commercial products.

{4) The floor space requirement is considerably redu-
ced due to the use of vertical columns instead of long hori-
zontal galvanizers.

Summarising, ihe present invention affords a convenient
method for obtaining bright, uniform and adherent deposit
of zinc from acid type baths at very high current densities
on moving wires of steel. This does not involve the use of
addition agent. The effect may be attributed to the intense
turbulence and interfacial agitation created by the finid
under forced circulation or fluidized bed.

WE CLAIM
(1) A process for the electrode position of zinc [rom an

CAPITAL OFFSET PRINTERS, DELHL

agueons bath of zinc sulphate (300 to 430 gf1) and sulphuric
acid (25 o 100 g/1), on io moving steel wires, the electro-
lyte being kept under forced circulation or a fluidized bed of
inert particles being maintained by the electrolyte, the wire
being moved at desired values between 5 and 75 m/mt, the
cathodic current density being maintained at a value of 300
to 500 amp/dm?® and the temperature of the electrolyte being
maintained at 30-65°C.

(2) A process as claimed in claim (1) wherein the elec-
trode position of zinc is carried out in the ¢lectrolyte under
forced circulation or in the presence of a finidized bed of
inert particles like silica sand, quartz or glassbeads, fluidized
by the flowing electrolyte.

(3) A process as claimed in claim 1 or 2 wherein the
galvanization operation is carried out in a vertical cylindri-
cal columm,

{4) A process as claimed in the preceding ¢laims where-
by bright, uniform and adherent deposit of zinc on steel
wires is obtained.

{5) A process for the electrogalvanization of moving
steel wires, substantially as described hereinbefore in the
examples and Fig. 1.

Dated this 15th day of July, 1971.
8d.
(R. Bhaskar Pai)

PATENTS OFFICER
Council of Scientific and Idustrial Research.
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