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¢ THE TRECHNICAL EVOLUTION OF TIW PLATE

Tin plate, a basic conventional material in canning, was of such
nature as to give many processors the pessihiiity to grow from workshop
practice up to th::- industrial stage. Conventional docs in no way nean
"antiquated” and tin plate technolewy bhas made an exiensive headiay since
the end of the lest Vorld war.

Such advancement had e duval pwrpose 3 the improvement, on one hand,

ol production techaics and media towards yield increases and subrequent cost

lovering, and, on the other hand ihe siwltaneous enhanecaent oi tin plate
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qualitics.

Vitnout delving to. auchk into -tuils, a» ~nalysis of this »volution

is offcred herecunder.

, As a rominder is tc be remembered that tin plate is a flat product,
in cut length or irip foim, «f scft or extra-soft steel with a coat of

corzuercinlly pure tin. Vithin an unexpensive product it combines the mechanic-

al sirength and formabilit,; o steel with the cerrosion resistance, solderab-

ility and fince appearance of tinm.

Tin plate resilts froa the rclling down of stecl into sirip to ile

spocified thirkness and its subscquent coating with pure tin either by hot-

dipping or clectrolytic plating.

IHE STEFL BAS.

It is the constituent te be described firsv.

Priof to the last World war steel war exclusively nade from the
conversion of lignid iron (Basic Beasener t Thuaes steel) or frem scrap
(Openhearth).

The 0.1l process is still responsible for o very important proportion
of stcel production, but new steel making proccdures havg been developped since
then to directly transforn liquid iren inte stecl, amongst which t

1= The improved baosic Thomas stcelinking process, where through oxygen

enrichening of the converter blast it is nossible to produce a steel featwring

characteristies quitc clese to those of O.i, steels,
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2 - The L.D, (LIZZ-DONAU) process, en Austrian development, featuring a

down blast through the converter nose inside g stationary vessel.

- The L)/AC #nd O,L,P, precesses, developed by the French ‘Iron and Steel .

Research Institute, yvherein the exveen blast is combined with lime injection

and wiereby it is possible to cxiond to the L.D. stvel making process the

conversion of iron with high phcspherous contents,

4 = ©  The ialdo process, of Swedish origin, to which éonac in France has

extonsively contributed ind in which the cenverter is o revolving and tilting
vossel with a downvard oxygen blast and lime additions tihrough tho top.
The prccess is very adequate for the treatment cf liquid iron with

high phosphiorous contents,

ALl cbove steclmuking proccsses feature recarkably suitable flexibility
to periit tho conversion of seraps and ores in reascnable proportions. They
elso nnke it possible to produce when necessary sicels with low nitrogen and
phosphorus contonts showing execllent dc.oraation aptitude and nechanical prop-
‘ortios. Vith such stocls it is possible 4o sinultoneously reach a corrosion
resistance cepacity, until now only obtaiiable in O.ii. stocls. That is the case,
for instance, of the "L" stcels (P L_ 0,015 %) and iR steols P/ 0.020 %).

Hovever it elso happens that the requircnent nay call for a mta.l
shewing a pronounced rigidity, such s for becr cans or ocarbonated beverages .
containors which aro to withstand hoavy pressures vhern pasteurized.

This purpose is obtained by adding phospiiorous to the steel. It increcs-
es the required stecl hardness necessary for the lacquered beer cans. In the
case of corbdnated bo vo rage cansy contents of which ere nere aggressive,
the additive is then nitrogen instend of phosphuroun; it is g nitriding.

Tapping procodure hes zlso been subnitted to sone modifications.
Rirming stecl heats » in which inclusions scgrogate heavily upon pouring,

are nore and nore tecned into hot-top noulds yiclding a moro'huomnm rotal
and avoiding blistors.

An other procewure towvards the clininction of the detrinental incidence

of the rirsiing action consists in contolling tic ingot peuring through alwidiniwm
odditives into the ladale irnediately when tepping. ‘

Rimning is then reduced or stopped.

This is how seni-killed or fully killed steels are produced. The opere

ation is none the less costly on account of the inportant discard to apply cs
o result of the extensive shrinkage (pipe) produced.




ROLLING OPERATTONS

Dlack plate wns feormerly rolled on pack mills, now an obsolete proced-

ure for practical reasons.

Yicldd oz Jov indeed and phosphorous cnd silicen additives to-the
stcel to provent stickers vere detrimental tcrard tinplate adequate resistance
to oxidation.

Ingots aro to-day rolled down into slabs, the hoad of vhich, corrosp-
onding to the ingot top, being adequately cropped. Tiwy arc then scarfed before
boing finally rehestou and hot reduced inte o hotstrip in thickness ranges
oa. 2 nillimotres in : tendon hot nill,

Tlot rollodstrips wnderge thon a rochaniccl descaling and an ceid
pickling prior te hoing cilod, rccoiled ond cold-reduced in reversing or five
five stand tanden ccld nills,

Tho ppacess, lnovn as "cold relling" (ov cold-reducing), preduces in
tiw tin plate caugo range o vory flat product in uniforn thiclknoss vith o
sneoth appearance.

AN FALING
This oporaticn ains ot dissipating the rolling atressos cstablished
:ﬁbnquantly tc the cold reduction. It is porforied after the elinination, in

o cleaning line, of the vcla ¢il loft over on the strip after cold roduction.

Most of the tiiie the heat trcatmont consists in o "box-arhoulinc"
which hos sone short coaings in itself : inpossibility te apply temperaturcs
above 690° C (1274° F), hoterogzeneity of reerystallization in the steol betwoen
innor and outer soction.a' of the coil cnd above 1;11 the required treatront cyele
tying up tho pi.cduct for clumost O days.

This typ: of troatucont has beon sonowhat i.mroved by ncking use of o
protoctive atrosphore, tho !IN.., so as to provent any surfaec oxydation and on
the gthor hand by using annealing ‘bescs incorporating an integrated vontilet-
jon syston to help shorten the cooling cycle.

In o nore recent process, the continucus annccling, the strip travels

through an cmnealing furnace incorporating prior to the delivery end o cocling
equipnont, all of which working witiin o protcctive HXX otrmosphere. 1t is possible

thet way te got o hoticr hent dietrilution, o laster und aorc even heat dissip-
ation, than vhon oporoting on coils. Superficial hardnoss clsc remains the sanc
fron strip odge to conter aroa, e performance uuch nore difficult to got with

*box cmnoaling®.




-4 -

The continuous anncaling permite te reach very quickly up te
700° C (1292° F) which helps the recrystaliization and its even progression
within the Tull stri) widtl. Iu this type of eycle, ccil irsmobilization is

considercbly shortencd.

With sucl: o process it is finally possible to cblain on sirips so
treated o very high tenwer, cclled Universal tciper "TU", nost generally
roaching values up tc Te5e, without having to »csort to o pmodification of the

stoel analysis.

IN=-PASS.
The coanlex purposc of the skin-possing is dual,

It oins first at restering a certain hardness to the mott.l which has

' lost an inportant part of it through the onncaling. It helps prevent rfiubing”
when forming the can cylindrical bo dy by restoring wnifom dofornation whon
it cones to cxceed yicld point vnlues.

The socond purposc is tc impart to the product o surfoce finish ond
produce an cdoqu-te stendard of flatness. '

This tenper rolling is o sort of dry rolling on o spociel twe stand
tanders mill involving rn impcertant reel tension control hetweon the two stands.

Strip clongation subsequontly to such processing is ca. 1 1/2 % and
the strip shovs then tho required superficial hordness ox Mtenpor”.

This type of i1l generclly involves smooth groﬁnd rolls in the oxit
ltand, capoble ¢f iaparting te the sirip o bright sturface f£inish.

' . Fer cortoin purposes hovevor theso rolls ney, instcod of boing moth,
either be shct Llasted or roughencd by special grinding in ordor tc inmpart to
the product difiercni surfacc appearancos.

Such surf-ce finishos correapotﬂ tc dofinite cndmos. .

NE-F1.I80
Tin plete with such o finish shows 1 nicroscopical fine scored oppear~
ance though remcining still bright. It is possible with thot type of rell grind-
ing to give the plctos an adequate standard of flotness and its surface is mueh
loss sonsitive to surrave scratchos upon can proceasing. -

QL\ER FI..18i
The rolls cre rough ground and it is possible to produce, alter the

nelting of tlc clectrolytic tin deposit, o rultitude of tiny bright faocots.

It is ainly on acccunt of its ornanental appearance that this type
of tin plate is nede use of in "de luxo" packing, therefore in linited quant-
ities.
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Por this purrcsc rolls are ground suocther than for the silver Tinish
and the wmmelted olecirelytic tin deposit it of a semi-lusirouws wat. That type
of tin plate dvcs nel solder adequately and its end use is therefore nainly fur

crown bottle cap {~lricatien,

DOUBLE _REDLCI1G: (uR

When temper-rclling, it is possible to proceed te an cotual rerolling

with paln cil to produce a nev preduct called "dcuble reduction" tin plote,
which does net roguire any further skin pass, Plotc thickness is then in the
eag 0.5 to 0.17 w/m tidcluess ( ,005006" to .006693"). Terper on the other
hand renains high, in the Rockvell 30 T superficial hardness runge velue of

73 )3,

" With that tyne of plate it 1is possible, afic: nedification of the ean
processing lincs, to ncaufceture centeiners os strong os thosc nede of the
conventional .22 to 24 m/u: (.N0B661" to .009449") thick plaies, tho reduction

in gouge boing balonced by the hardness increasc.,

"DR" is also applied cn standord gouges, such s .25 to .27 n/m
(.009843" to ,01063") cifording high strength packing media for industrial
products.

It hes jimvover the disadvantage of being o "fibreus" material, clong
the relling dircetion, and it thorofore requires spocicl) arrangnents when
‘being processed. '

G
The old "het dip" tinning process, whereby the black plate was iuwmerrcd
in a molted tin Lot .i:lls pregroesively into obf:olasgonce tc the profit of the
eloctrolytic ti-niny which har soae tdventagos s '
‘= Contimous tinning ci the steol strip .
« Impertant savings through .ccurate control o . uniform tin deposit on cach
side of the platc ond consequontly decisively lighter thon what offers hot
'dippirg for the #anc type -oi‘ protcetion.
= Possibility to di tccentiate the woight of the tin deposit on each sido,
en other cost scver. | )
-~ Pasgivotion cnplied ct the ultin:;tc steaoe of the clectrolytic timding,
imparting an oxccllent resisicnece copocity agrirst oxidaticn when stored
and against sulfuravien.
= Evontual production cf tin platc in coil fera and not cxclusively in

cutlengths,
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There are three tvpes cf electrolytic tinning lines 3
H = The acid horizentzl line, or "Halogen" tvpe.
- The acid vertical linz, or "iforrcston” type.

« Tho alkaline type.

1 The "Porrastan” type is the acst widely used cne in Suropo and nore
particularly so in Tranco.

*

: Tho "Porrastan® clectrolytic tiunirg lino :ny be divided into {
' sevoral soctions according to the type of eporation nyplied.

Sigslinesnb i s R R R T

‘ - The entry soeticn wharo the coils aro weélded togethor toils to
ends in order to cnsurc o ccntinuous pay=off foed to 1ho succossive prososs-
ing soctions i | ,
- The socticn for the preparction of the surface, whore clnaning,
pickling, rinsing and brushing arc perfcmed. '
~ The tinning sceticn. .
. = The finishing scction, whore nolting, peassivotion and oiling cre
porfornoed. .
- Tho rocoiling er the lh;oartné socticn.

Thesc types of 1ines arc boing perpetuclly modificd in order teo
"improve on tho one hand production yiclds ond siszo eapacity,'uﬂ, on the
othor hard on cceount of improve.onts fraa roscarch and triale.

It shall nov bo dwelt oxtonsively on tho liiw ontry sido, its
wodifications peraining purely of o gonoral onginceing natuve.

; licdifications nade vitiin tie surface proparatién secticr. have

'l ) pormittod f:prevosents cf surlace appoarances, vhoreby it has boon possidle,
a'.toncs.t cthor things, to dovelop nin type tin rlate vith the help of HNX gos
in tho annccling iurncces. The bohaviour of this type of tin i»lcto as to
corrcsion froz acid boverages such «s grapefruit juico hos boon nctably
irproved. C

Tho "K" type tin ploto aust couply satisfoetorily with the four
. following tosts 3
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"« "Alloy tin couplo" or AIC test, bosed on the corrorion ecouple arising

Troa the reaction between tin and the tin=iron alloy. The test eomsists in

measuring the currcent between o tin elcetrode and the tinedireuw alloy.

o The "Iron Soluticn Volue" or JS8V test, It is the spount of iron which

dissolves through the tin and tin-iron alloy layer cver a deterinined

surfoce,

e The "Pickle Lag" test consists in measuring the time lag occuring prier

10 hydrogon cnissien off o tin plate sanple caiplotely stripped of ity tin

coat, whon dipped in &n ceid soluticn. Its purpose is to gouge cortain
suwrface ehurechteristics of the steel hase.

s The "Tin Crystal Sizc¢" test, which establishes the sizes of the tin
cryﬂnls in the tin coat.

Dovolopuonts applied in the tinning scction of the lino odm ot
improving the quality sinultancously with the preduction yiclds. Production
of tin plate vith dirtorentiated tin cont weight on both sides is now
standoxd practice.

The modificutions applied to the delivery ond of the line those
last years have made it possible to inprove certain charnctoristies of
tho tin plote. ) '

MELTLG

The process conasista in {mrea,sing the toriperature of tho tin
layer by induciion hoating, by electric resistonce, rndiated or high
!regnemy heating up tc its melting point. Electric resistance and induction
hooting are apnlied in certain lines in France, oither separatcly or in
eenbinution,

Tho atrip is irmodiutely quenched thoreafter Ly iirwrsion into
a watear lonk whore tomporuﬁn'o is adoquatcly controlled in proportion with -
the type of tin coat weight »nreces sed.

The c:ﬁorntion is to restore suporficial brighiness to the tin

deposit and sinultancously spark off the fomatien of tin-ivon alloy.

It ie thwough the improvements made vpen this alloy thot "K" type

tin plate production has been obtainuble, since ioruerly it wves only

possible on hot dipped plotes on which it was spontenoous, '




-8 -

To restore such an rlloy after slectrolytic tinning weos therefore
a necossity on accow’ of its threefcld acticen
. Iproved bonding betucen the steol base and tin.
. Iaprovenent of the soldernbility, especiolly for high speed oporatiom.
. Its very inportant action tewards tin plate corrcsion resistance cgainst

certain packed products.

It is stondard practice to restoro tin surface brightness by
welting, but, for certain cnd-uses for vhich a sctin finish is roquired,
the block plate bose swiace j= slightly roughened vhen relled ond surfzce
tin uelting is not applied, it is the mot fimish. Vilhcut tho nbove basu
plate preparction ~néd subscquent nelting the resulting product is a tin
plate with an uraclied coat and shoving o diffcrent aspoet. Finally, with
o sore accontuated suriice roughness (threugh rolling) thc base plato, plw
o subscquent tin layer oelting, o silver finish is cbtoined. These dilterent
surfacc oppearances hove clready heen nentioned previously.hercabove.

EASSIVARING

'Mttmcoasixw, paranount as to what concerns tin plate superficiel
comdition, resistance to uxidaticn, to corrosion and sulfuration frem
cortain cannod preducts strongly contributes to adequate onanel adherence
and lecquor sprinkling capacity, directly influcnces tin plote behoviour,
particularly as tc whot concorns lacquering and scldering and the norehous-
ing 1ifo of the tin cans. |

I§ consists in the croaticn on the thin laycr of o in and chrems
oxide filn as ouch stable as peossible at room and toking teaperaturcs.

Such passivation filn hovovor must not be too atable in cxder not
to interfore with an adequate soldering.

Passivating is oither o purely chouienl process vhich consists in
iemeorsing, the strip in o chronic scid or ehreuiun bicarcmate solution
followed by a subscquent rinsing cnd drying, or an electrochenical process.

Tho second typc results fron the cathodic reduction in o dichrocate
selwtion bath of the oxide layer grown after nelting.
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Loborztory rescarches have shown that these two prssivating
procosses creatc cxide layers of different naturc and with different
charaeteristics. Thicker, iore porous and less sicble under heat in tie
olectrochcuical one.

The latter offers & very suitable protection against sulphide
discoloration, thanks to the cxistoncoe of uetallic clweew besides the
oxides. ' |

0iling censists in cevering the passivated layer with a thin
eottomsced cil or di~octyl sebacate oil filn in the properiion of 0,20
gromes por sq. ncter of actual arca, operation being nade by sproying or
electrostatic deposit. | '

“fhe opornticn cust be carefully controlled so that the cil filn
is of such thicincss as to provent surface scratches during ssanmufacture
and oxidation during varehousing, but slso in ¢ such thin filn as to pemit
lsequoring ond printing vithout the production of thin zpots and unlacquerod
arcas.

At this stage, the #in plate strip nay cither bo coiled wp or
sheared into cutlongths, deponding upon the types of samufacturing proccdures
eonterploted.

Whon nanufocturing -requires $in plate in ewtlength fom, it is
sutomatically asrorted ccording te gouges, couzputad, stackcd on pallets
after uﬂ;tg cut dofoetive or pinheled plates.

Whon the oanufacturing procedure iequires tin plate in coil form,
it is ’n'-iblo by using the same scrt of gauging and dotection equipment
to, fleg ou tho defoctive somes which cannct be discardod in the course
of the nill cperatioms.

21X PREE ST (TPB)

As a recction against the high cost of tin and its eventunl world
shortage, os so oftcn publicized, Europecn nills, and nwore particularly
the Pronch ones, hove made rescarches ond doveloped, these for last yoars,
4in plate with ligiter and lighter tin dcposits.
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They have recently gene some further by acquiring the nccessary
equipnent for the application of difierent npatents they bought, from the
Jaranese mere porticularly, relating tc the preductica of tin free stcels
with the help of a chrone clleying cr a chrematizing process, both being
tinally very sinmilar.

French and Buropcan nills are right now in the position to supply
$this type of prcduct whilst carrying cn researches to further improve 108
quolity and productiom, though they are not the originators.

US10;!
As o econclusion to this very shetehy report thers is the firnm

opinion thot the extensive developments nede wntil ndw in tin plate technol-
ogy, and consequontly in it: quality, are just ome stop im its ndvancoment.

As ;xlmdy stressed cut proviously, rescarch laboratories and
oan ma ke rs in their pornanent tnd close co~oporaticn for the development
of tin plete wore indecd the advancouent faoctors of the sicultancous growth

of the packing industiry.












