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b M,;tles o~c steel wire (tyre-bead
w1re§,needle and pin-clip W1re gnd cvcle-spoke wire)
and wire producta are given a thln coatlng of tin or.its
alloys llkc conper~-tin simoly by immersing the

eoils or w1re products in a water. solutlon of platlng
¥ ey salts. No rectifier or electric current is rpquired-
g,‘ doo Ihrsﬁdéposits obtained by glgg&;glgss method,also

known as immersion tinning or cementation process,

on steel wires are used mainly for bright metallic
‘surface, bétter'adhesion to rubher and as good :
drawing lubricants, These coated steel wires are also
‘an essential pre-requ1°1to for subsequent elnctroplatln
5proreases. Adthough the ﬁep051ts are normally thin,

Thev 5fllqﬁd¥P severial important industrial applica-"
tinns, Ualike most deposits produced by immersion,
“tin deposits are decidely adherent and bright,with

.sore degree of resistance to corrosion of steel wires.

The aﬁvaﬂta~<s of immersion tinning are 51mpllclt
less canital expenditure fo“ equ1oment fast actlwn
1! the ability to deposit tin in recesses. The . o
yrocess is especially useful for tinaing such articles S
sASafety pins,which oring ts their design, might pose -
é@?iou Tproblnms in normal electroplating processes.
«Most of the immersion processes have had llttle
theoret*cal study, Some of the steel wire products
= - ~thus coated are pnins,pacer clips,buttons, safqiy
N : ?,plns halrpins,dress snap fasteness,small ele ctric
NG : ‘:and electronic parts. Important industrial uses are
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the"liquor=finish " (copper~tin alloy deposit) on steel h\“
w1resl,tyre~head wires and bright wires, Thﬁbugh immersion

plating of tin is an old art and several commercial

processes are currently avallable, relatively little is

published on all aspects in one-places The literature

on this topic up to 1967 has been coveredz. Immersion

plating of tin and its alloys on various substrates ks
like copper,alunminium,lead etc.has been communicated
K.

from this Laboratory”, The number of recipes appearing
in the literature are quite large. Most of thé‘work,
is, however,covered by patents, This paper brings the
developments concerning steel wire and wire products
uptodate in the field, ' The obJective is to introduce
the subject and provide a " commercial need"for the
process. All standard texts include information on
various aspects of immersion tinning and formulae for

a
practical Operatlonszid ~14 A,
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PRINCIPALES AND MECHANISHM.

Immersion plating is the deposition of a
metallic coating on a metallic substrate by chemical
replacement from a solution of a salt of the coating
metal, This is achieved by the simple immersion of
the object to be plated in the platfng solution, 'Yhen
the object is dipned into the solution,some of the
basis =metal is dissolved in the plating solution while
an equivalent amount of metal ions from the bath is
plated out onto the basis metal. This happens under
the influence of the potential that exists between
the metal ions in the solution ani the immersed metal
objects An external votential or electric current or

a rectifier is not zrequired . For example,if a piece

of steel wire is immersed in a stannous chloeride
solution,some of the iron from the wire will go into
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solution while an equivalent amount of tin ions
from the solution will deposit on the steel wire:

Fe+SnClé ineC12+ Sn

The above is basically an electrochemical reaction

involving the transfer of electrons from iron

(baser metal,FemmeFet2428 =n—0,44 volts) to

tin ions (nobler metal, Sn=——————3u 'Sn+2+2e,- 0,12V
v‘.—-—.c--

volts) and the exchange mechanism can be represented

as

r

Fe ¥ g ( anodic)

sn*¥+ 2 e > Sn (Cathodic)

Only very thin deposits are normally obtained,since
the reaction ceases when the basis metal has been
completely covered with the deposit., Beside the
thinness of the deposits,it is obvious that every
metal cannot be plated simply by dipping, as the
metal being plated must be nobler than the metallic
object being plated.s Thus steel may be plated

with gold,silver copper or tin,but not with zinc,

Immersion plating is different from
"autocatalytic plating " of metals like copper or
nickel where reduction of metal ions to metals
is brought out with a chemical reducing agent
like formaldehyde or sodium hypophosphite. It also
differs from "contact" plating in not requiring
a galvanic couple (e.g.with aluminium or zine) to
generate an internal flow of electrons. The reducing
agent is the substrate metal itslef,

Although the coatings produced by immersion
tinning are hormaliy very thin,they are highly uniform,
very fime=-grained and bright., Unlike other deposits,
like thatof copper on iron,produced by immersion,
the tin deposits are very adherent. This is partly
because of tin ion concentration in almost all the
formulations used and partly because of less difference
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in potentials between tin and steel, Hence the rate \ :

of'deposition is élow and treeing is effectively
prevented, The production of dense,impervious
deposits is aided by the relatively high overvoltage
of hydrogen on Fip?e_

THE PROCESS -~

DESIGN AND E QUIPMENT

It is pOSSible to deposit tin or its alloys in
recesses and on all types of complex or sharp shapes,
including the inside of tubings,where electroplating
is fraught with difficulty., Steel wires can be
immersion tinned in the forxm of coils or in-line coated
in a single strand or multiplicity of wires in

parallel through the cell. In the former case,the
coating cannot be uniform jwhile in the letter case

it would be more acceptable and uniform, Care
should be exercised in steel selection,as different

steels Teact differently with some recipes. The

smoothest and brightest finish comes when the
starting wire is also very smooth and bright,

No special plant an?d machinery is required,
On'y two vats are basically neededl§,A rubber=-lined
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steel tank may be useld for lazge operatians an
earthen-ware crack is satisfactory for small operations,
0
+yglass,

.Others mention tan%s of enamelled iron
PVC,rolyethylene,polypropylene,and hot water or steam
jackets,hot plate,quartz and tantalum heaters

[

for heating purpose.

PRETRBATMEIT
Articles for simple immersion
be thoroughly and systematically.cleaned,
preparation will vary.'Normally degreasing in
alkaline solutions and etching with acid is the
only pretreatment, Thorough rinsing before and

tinning must
Surface

Contd,. «(5)



-5_‘

and after tinning is an important step.

IMA=RSION TINMING

Table~I gives details of some typical immersion
tinning processes whi~h are used in tinning steel wires.
There are more patents,but details are lackin§2?-28

Several additions have been employed in the immersion
tinming bath to obtain benéficial effects like better adhesion,
brightaess and control of thickness of tin deposits :

(i) INORGANIC : The main raw materials for one processid
are sodium fluoride,antimony trioxide in addition to stannous
chloride,thiourea and a surface active agent.

ii) ORGANIZ : Two solutions claim tinning of steel to
render it solderable and use sulphamic acid or sodium
bisulfate and a polyethylene oxide,produciag a coating of
0.0025 mm thick in 5 minutes2’ A complexing agent like
citric acid or boric acid is added alongwith an enhancing

agent like qlutaric acid, guccinic acid, bl/collc acid
into the imersion bath solutions of PO):er nickel and tin
to produce a brass-like finish on st@elqo. Addition

1snq chain aliphatls amia~ is disecoiosed in 3 nrocess
for sroducing 'li juor finish' on steel?®l, A recent

natent was granted for a smooth even tin coating from
hath containiag 15=30 g/1 soluble stanious salt,25-50 m/1
of mineral acid, 0.1-10 g/1 wetting agent and 15=20 g/1
0f two sulfur containing compounids,one selected from :ithiols,
thio derivative of alkyl glycols,thioamine acids a-~d the
other from alkali mstal sulnhides,thiocyanates and
dithionates32,

70 'ERCI AL PRICESSES

fany proprietary formulations are currently available
in the market for imersion tinning and 1lijuor finish on steel

wires,

Contdo o (6)
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TABLE-1 ¢ TYPICAL LWWERSIGH TIEITIG Fi: CESSES FOii STEEL (!INES

S1 Temp. Immersion It
Mo, Composition, in® time in
e minutes, Remaris. ‘ van
l.i.5tannous sulphate=0.75-2,25g/1 80°-boiling. 5=20 © For white " liquoxr finish" on steel wires .
ii,5ulphuric acid - 5-15 g/l : Jul
ii. Stannous sulphate =7.5 g/l Variations in colour produced by varying
con )nr(l[)sulphatn the coporr content; “the higher the copper,
hydrated g/l 20° a few minutes.the zedder the depo it,Used as drawing
Sulphuric acid Pon)-lO JO g/1 ' lubricant and ecorative finish
2, Stannous sulnhate =71.2 1 and
Copoer (II) bulpgate 59/ Suit:ble for highly finished iron or steel,
hydrated -60.0 g/1 Regn . as also husket plating of screws,nails drax
Sulphuric acid(Con) =19 ml/1 and tacks. "
3. Stannous chloride~ 3.75 g/1 Boiling 2-5 hours, ork is placed in iron baskets and senarat fini
Cream of tartar - 90 g/1 ‘with thin qhepts of perforated tin, Actuall .«
- a contast process Lor
4. Stannous chloride-15 g/1 a few
An~onium alum -20 q/1 a0° minutes. -
o 145t - :
% 1 ’oggzzusuf;iggjte 11.56 g/l pH 1.3 ,co0ating weiqht depends on imnersi
(monohydratp) 8.3 g/1 5 time,bath fo'p.,solutlon concentration
Sodium biqulphat° -14 9 g/l 60 S and acidity.
Golatin powder -3
>ulpnurdcar1d(6ﬁ Be? 24 6.1 g/1 an.d 1
o ; . :
ii,3tannous sulphate- 11.6 g/1 49 =2 pH 0,5,% :t;m wel-;htd4 gl/mz::'lrassy r o
: ating with very good adherence on col \v S
Conner sulphate hydratal-10.6 g/l cogvlkig eXy 19 1lreg
Gluggmlc acid= 0.9 g/l rolled st~al wire. .
111,Stannous sulphate~1.8 g/l pH L3 co-tiny weight 4 o/n%; hrassy coati imer
Con 'or sulphate with qood sdherence on cold rolled stenl s
hydrated - 15,7 g/1 5 ‘ i
Glycine - 1,0 g/1 33 - :
6.  Stannous sulohite =13 g/l o
Nick i =207 . e ' . . Oc¢ an:
Tgigziiiuézgéte -%03/2/1 1-5 hours. Suitablz «von for cast iron articles '
Wickel chloride - 30 g/1 cn3atin
“lacconol !IR ° 5
(Yletting agent) -1 g/l 65 CoAt1 9
7. Stannous chloride .= 1.5 g/1
Potssh alum
(Ka£(50,)2=12 H,0 - 30 g/1 Bolling. - - -
S ++ayus chloride =15-2) f_x,"iv .
Lo -1 acetata ~ 3-15% g/1 L7 2 g
Thisursa - 50-99 /1 = For immer-ion plating.-of tin-lead alloys
‘mmoniun chloride = 45-65 g/l : deoe t’1P fa
Anmonium thiocyanate = 40-60 g/l = S
Hydrochloric acid = 15-20 ml/l = - : Pie T -
9. Stannous chloxide - HXg/X 150 a/<] ALl the coronnants are powdered and mixed e 2
Anzonium sulphate - 150 g/kg intimately. The powder is rubbed ith a W‘t,~ﬁ11 3
laqnesium powder = 30 g/bg cloth on t!» surface to he tinned. il
Poxdered chalk - 670 g/kg = - h i %
A a1 p
10, “tannous chloride~ - 5 g/1 Other oraanic acids may be used in place ¢ € 2
Thiourea = 80 q/1 citric aci®, "l - .
Citirzacid - 16 g/1 - - Loses ¢
11. Stanaous chloride - 0,629 g/1 For getting a2 matt uhxte deposit on izrnn
Anvonium sulphate = 5 g/l and steel articles.
Al um - 15 g/1 Boiling. -
12, Egazﬂeusuiu;Z:;te - 10 g/1 pH 0,5 to 6. 'lell adherent bronze anating
pPer sulp ' ‘e d 1 g
(5 2atod) - 7,15 g/l 250 3md 1 to 2 AL thick on dej-eased iron and The
steel wire.
Es2eTohs - 0.85-1 g/1 N 5 <4
Sulphuric acid ~(5.G.)1.84 =~ 2,5-6¢g/1 Nilonagl
13, Stanyous chloride = 3.75 g/l Addition of 1 drop of sulphuric acid $
Aluminium sulphate =15 g/l hastens b Aspositisn. ! DUbllSh

Cream of Tartar

- 15 g/1 Boiling.

30=45



Some of them are :
(i) cupzrodine 35N by Anchem Products, Ingc. , 1ISA

{(ii)Cuprobond 100 and Straw-lacquered Finish by
Pyrene Lt-d.,U.K,

(i1 ) Alstan and Related Processes by W& T chemicals,
e, L3 A

(iv) Electroless Tin Plating Bath by Mational

Aeronautical Lo\bora’cor‘;f,Bangalore,Inr,lia\'15

(v)  FElectroless Tin M:-1010 by Circuit Services,
Minneapolis,U.3. A.

RO3T TREATE T

Followiny xxaaxtna treatment in the tinning hath,

steel wire and wire products are thoroughly rinsed in

clean cold water and dried with the aid of hot water. The
brightness on the latter may be increased by tumbling for

a few minutes in saw ‘lust,wheat bran or fine masle saw dust,
after which they are tuhbled in a barrel without any polishir
aqent6, or leather scrans,~hiting or other polishing aqentsz
% should be alegye dlvah vl olm wraiion @iy
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APRLIT AT TS

Immersion tinning of steel wires and wire products is
of significant industrial imoportance. It is extensively use
to provide a bright surface 'aving better sol-erability,

Tin or copper-tin coatings act as excellent drawing lubrica

and offer consi“erable corraosion resistance.

As mentioned earlirr,large quantitites of wire produc
such as pins,thimbles, eyelets,copner-coated steel dress ping
and snap fasten=rs,paper clinsybuttons, small electrical
parts, as also halr pias,baoks,safsty piﬂs,nUﬁs an’. RZRXRAWS

. b ’ e 2,6,7p10ﬂl2,
screws etc. are coated with tin by the immersiod ™ \Hrdchssds,
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Tt is customiry to tin cycle-snoke wire (bright but not gal-
vanized ) ant also the strings for musical instruments like
quitars and banjos.

Liquor Finishing is normally a copser-tin alloy deposit
and anplied to steel wires basically for three purjosestas a
draving lubricantfor needle wire,pin=clip wire,as a decorative

finish for hairpins,clins,staple nins and on tyre-~head wires
9,34

>
for increased adhesion with rubber™? "

FUTURE TIEENDS

There have been marked developments in imrersion tinning
and tin alloy “eposits on stesl wires. A large variety of steel
wires and wire products have been coated with tin simply by

imiersion,

In future,the variety of commercial finishes and areas
of applications will grow, The search for even thicker
caatings on all tynes of wires,including stainlsss steel,will

cratinue and open new vistas for tinned wirss,

Tt 53¢ conelided thit the eurreat ! potktantial usas of
iarsion nlatl wr are abound with success whan one has all
the facts at one's disnnsal, It is hopesd that the prosent
pader will induce many peonls to benefit by these proven
tr=haijues and the “uture developm=nts will e “izected towards
new tyones of baths so that imisrsion tinnina can come fairly

rlose to electrotinning.
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