-"'f'hﬁklﬁg t he can body.

,,Thvs |m/ent|on relates toia car oay drawn fr-om- a;m-~t4~?pl ate and #snetirod
e, FOr many yéars white firuits and products
cont ai ni ng tomatto or tonm uce | beeh pacﬁed rh cans made from5
uncoated -tinplate. The canﬁfhavefa body c% mpri gma ----- *cyllndrlcal si de
~wal | which Tncludes a'longit, it/ silde ™ ~Rekiand. danlend (called the
‘makers end) attached t-o on“ end of t e -si-de wakd ...by.. a doubl e seam the
conbi nati on of si de wal.= al!l'"bei.ng..cal.l ed ap open top can. The
10 open top can is fill.ed mnth p sed by doubl e seani ng a .second
can end (called-the packer's end) onto the other end of the side wall,

and thermal |y prpcessed t sterilige.the contents Juring thernal
processing and RIS TRYenBionrEla L3 & ¢8R B0ay drawn %rom

tinplate and a- method of making the can body.

For many years white fruits and products contalnlng

tomato or tomato sauce have been packed in cans made from

wn

uncoated tinplate. The cans have a body comprising a
cylindrical side wall which includes a longitudinal side
seam and can end (called the makers end) attached 'to one
end of the side wall by a double seam, the combination of
side wall and end wall being called an open top can. The
10 open top can is filled with product, closed by double
seaming a second can end (called the packer's end) onto
the other end of the side wall, and thermally processed to
sterilise the contents. During thermal processing and
subsequent storage the product takes up a certain amount
- 15 of the tincoating so preserving the organoleptic and
visual properties of the product by minimising oxidation
of the product. | |
Japanese Patent Publication Laid Open No 52-37170
discussgs attempts to locally lac¢quer the interior of tin
20 plate can bodies to achieve a controlled area of tin
available to the product and observes that this
arrangement is not satisfactory. The specification
describes can bodies made'from tin free steel sheet
laminated to a film of polymeric material which has a band
25 of vapour deposited tin on the film so that the interior
surface of the éan body presents a controlled amount of
tin (the vapour dEOOblted band) to the product whilst the
rest of the 1nterna1 surface of the the can body is
protected by polymerlc film, Whilst this prior art can
30 achieves control of the amount of tin presented to the
product the cans are_expensive to make because they
require vapour deposition of tin on a film and lamination
of the film to a tinplate before manufacture of the can
body comprising a.tubular side wall closed at both ends by

35 an end wall fixed by a double seam.



subsequent ‘storage the product takes up a certain anount 15 of the
t|nCoat|ng so preserving. the organol eptic and V|sual properties of the
product by m ni m sing oxidation of the product. Japanese

Pat ent Publication Laid Open No 52-37170 discusses attenpts to locally,
| acquer the'interior of tin 20 plate can bodies to achieve a controlled
area of tin. available to the produ&- and observes that this - arrangenent .
is not satisfactory. The specification® describes can bodies nmade from
tin free steel sheet | am nated to a filmof polyneric material which has

a band 25 of vaptRirecfess tadd then PoiesERd flﬂ"m"stdqnhalt“qlh’@q nt eri or

surface ofy the GRS SIS Nt P ot Halifg ATRWHERL1led timdurthe vapour
deposi ted b%gﬁz to the product whi t the rest of the internal surface

of the tRf kpderiheL& 4 m Wil st this prior

art can 3fy achi e\mmé cdf cxffhet tuacpwimmtofofvatpdnrprdegmmeﬂotmdrme pr oduct
the cans are. e sive Ke ecause t hey require vapour deposition of .
tin on a.*?W*ﬂ)gz I*?ﬁ%ﬂﬁﬁ%ﬁt 8 the filmto a tinpl ate before manufacture

of the Ta bodyn campraonsiaeg anatammmdtmu:i@mmelttrdd)sten agrth ileoteh aends by 35
an_end wall, Thdfft My WU H SBAB rate of tin transfer into the

product.

4) avoidance of the side seam and one double seam

associated with the traditional can body. - '

10 Accordingly in a first aspect this invention
provides a can body drawn from a tinplate to comprise an
end wall and ‘an integral side wall which extends from the
‘periphery of the end wall to a terminal portion defining a
mouth of the body, characterised in that, a margin of

15 organic coating material, such as a lgcéue: or coating,
extends fromlthe terminal portion along the interior
surface of the. side wall for an axial distance less than
the length of the side wall, and the rest of the side wall
has an exposed tin surface. | ' '

20 The benefits arising from this container body are a
seamless body that can be relied upon not to leak, and
that presents a calculated amount of tin to the preduct.

The organic coating material maybe chosen from a
_.group consisting of epoxy phenolic lacquer, ebox& amine

25 lacquer, acrylic resin lacquer, epoxy polyester lacquer,
and vinyl lacquer with or without a pigment.

However, several probleﬁs arise from the
deformation occuring during deep drawing and/or wall
ironing of can bodies. Whilst a can may be drawn from a

30 precoated tinplate blank, the incorrect choice of too
1érge a grain size of the steel substrate of the tinplate
will give rise, during drawing, to surface disturbance

called the "orange peel effect” at risk of disruption of a



-2t 7 Obj ectives of the present invention include 1)
prOV|S|on of a can body having a controll ed anount of tin available to a

‘ product packed therein. 2) avoi dance of the expense of vapour
deposition.and | am nat ed polyneric film 5 3) an econom cal nass
production rnethod to achieve a can body giving a reliabte rate of tin
transfer into the pr oduct . 4) -3~ avoi dance of the side seam and one
double seam associated with the traditional can body. 10

Accordingly in a first aspect this invention rOV|des %_can body drawn
from a t|ﬂ5¢%§%l%%dc6ﬂ$Fi§% AR lagRePhiat? SFRC L si de wal | which

extends frepsthgre HErtREEBYalk.t heyeich 1By lateam dﬁvm ngd Posidgre defining
a drawing operation would be made from a tinplate having a
‘grain size finer than 3000 grains/mm2, a surface roughness
5 between 12 and 25 micro inch CLA; and a weight of tin in a
range between 3 to 10 grams/mm2. A differentially coated
tinplate may be used if desired preferably with the
heavier tin weight inside the can.
Deeper drawn articles made by redrawing a shallow
10 uncoated cup may suffer extensive unacceptable localised
redistribution of the tincoating.,K Severe wall ironing
' reductions of side wall thickness thin the tin at risk of
exposing tin iron alloy present on flow brightened
‘tinplates, on steel of a non-flow-brightened tinplate.
15 In a second embodiment of the drawn c¢an the side
'wall has been passed through at least two drawing dies,
and the tinplate from which the can was drawn had a grain
size finer than 4000 grains per square millimetre, a
surface roughness between 12 and .25 microinches CLA, and
20 an initial tin Qeight greater than 5,6 grams/mm2 that
becomes the iqterior surface of the can body. The last
die may, if desired, be of a shape td-impose an ironing
reduction of Ehe order of 10% so the side wall becoﬁes
thinner than the end wall. The organic coating is chosen
25 from epoxy phenolic lacquer or epoxy based lacquer.

In a third embodiment of the drawn can the side
wall has been passed through at least two drawing dies and.
at least one wall ironing die so that the side wall-is
thinner than the end wall, and the tinplate from which the

30 can was drawn had a grain size finer than 20,000 grains/
mm2, and a weight of tin greater than 10 grams/m2.
Preferably, the organic coating on these wall ironed cans
is an epoxy phenolic lacquer. '



mouf h *of the body, characterised in that, a margin of 15 organic coating
‘mat ert'al , such as a | acquer or coating, extends fromthe term nal
portion along the interior surface of the side wall for an axial
distance less than - the length of the side wall, and the rest of the side
wal | * has an exposed tin surface. 20 The benefits arising from
this contai ner body are a seanl esg-body that can be relied upon not to

| eak, and that presents a cal cul ated anount of tin to the product. The
organi c coating material maybe chosen froma group consisting of epoxy
phenol i ¢ | acquer Inepoggcaninespest| &bdgeinvaBEYPNcOFRYEfeFagqiieEho8poxy

pol yéster 'eaﬁg%% a_d33%aviayl » a9q@%m\ﬂftt1hp§?atw bouheaspPbgEEBE : -
However, several roblenB arise from:t formation .occuri-ng during deep

drawi ng and/ or wall cuttdpigng BiaéénfBQGléSShe?ﬁ|P§tté”85ﬁtﬁay be drawn .

froma 30 precoatoed dirBpliage thkabBkankheol HC@ﬁbeﬁthhql aga ehdateall large a
grain si t eel subgtrat tinplate ve r|§e during

f the A
dr awi ng? FB%SGPféE g atuss ﬁcga?lo@ﬁ%ﬁgglpﬁefr8waﬁ88m%85F8éFF¥cP ri sk

of disruptheneafl wall and an integral side wall extending from the
periphery of the end wall to a terminal portion defining a
mouth of the can body, characterised in that,
c) - an organic coating is applied to a margin of

10 the interior surface of the side wall to extend from the
terminal portion along the interior surface of the side
wall for a distance less than the length of the side wall,
and the rest of the side wall and the end wall have
exposed tin surfaces.

15 The organic coating materlal may be applied as an
annulus to the sheet of tlnplate before cutting the blank
in step (a). Alternatlvely the organic coating material
may be applied as a spray delivered from a nozzle and
directed onto the side wall made in step (b).

20 Preferably the organic coating material is chosen
from epoxy phenolic lacquer, epoxy amine lacquef, acrylic
lacquer, epoxy ester lacquer, or vinyl lacquer. When
drawing a can body in a Single die or redrawing in a -

- second die from prelacquered tinplate it is preferable

25 that the tinplate has a grain size finer than 3000
grains/mmz. It is also desirable that the tinplate has a
surface roughness between 12 microinches CLA and 25
microinches CLA. In order that sufficient tin is
available to confer organoleptic advantage it is

30 preferable that the tinplate has a weight of tin coating
greater than 5.6 grams/m2.
In an alternative redrawing method, after step (b),
the drawn can body is mounted on a'punch and pushed
through a redrawing die whiéh makes with the punch a



3=~ 7 preapplied coating or |acquer to expose the netal substrat e of

* 'the brank. Typically a can drawn in a single drawi ng operation would be
made-froma tinplate having a grain size finer than 3000 grains/m®, a
surface roughness 5 between 12 and 25 micro inch CLA, and a weight of tin
in a range between 3 to 10 grans/mierr]. A differentially coated
tinplate may be used if desired preferably with the heavier tin weight
i nside the can. ' Deeper drawn articles nade by redrawi ng a shal | ow

10 uncoated cup may suffer extensive unacceptable |ocalised _
redi st ri Bikgaange tfRakiskc ddhahghe ddvigknags 10 g nkin PlabcEPons of

si de wal ltHdd ckessiddlivainet ithatdddwik @fp is exdDsted ihnaisgacat! oy
[l ol at e and thickadht *Tta shts SHSamEnt Q19 the Gr WiFFEaredne Srde
wal | has ircetorpassisht htoudpBt d@asing wathBid Noagli £sspray from a
"5 nozzle directed onto the redrawn side wall as the can body
is rotated. An epoxy phenolic lacquer or epoxy based
lacquer may be used, Similar'tinplates may be used for
redrawn cans as are used for drawn cans, but with a final
grain size finer than 4000 grains/mm2. More tin weight
10 may be needed if the sidewall is ironed.

In an alternative method the drawn can body is
redrawn to a reduced diameter and increased side wall
height of substantially equal thickness to that of the end
wall, and thereafter the redrawn side wall is passed

15 through at least one ironing ring to thin and elongate the
side wall while the end wall thickness remains
substantially'unaltered. .

Preferébly the coating material is applied as a

spray from a nozzle directed onto the ironed side wall
20 while the can body is rotated. A suitable coating

material is an epoxy phenolic lacquer which is stoved at

200°C for 2 minutes. _

Preferably the tinplate for this ironed can body
has a grain size finer than 20,000 grains/mmz, a surface

25 roughness offthe order of 35 micréinches CLA, and a weight
" of tin coating between 10 and 15 grams/mz. If desired the
tinplate is a differentially. coated tinplate such as
D2.8/15, and the heavier 15 gram/m2 coating is on the
interior surface of the finished can.
30 It is possible to estimate the tin coating weight
required by means of the formula:- -

TR(2H+R) (1-1/100)



and “the tirplate fromwhich the can was drawn had a grain si ze fiﬁer.

. “than*4000 grains per square mllinetre, a surface roughness between 12

.-

and 25 mcroinches CLA, and 20 an initial tin weight greater than 5.6
grams/ mferr] that beconmes the interior surface of the can body. The
last * die‘may, if desired, be of a shape to inpose an ironing

reduction of the order of 10% so theb-side wall becones t hi nner than the
end wall. The organic coating is chosen 25 from epoxy phenolic |acquer or
epoxy based Iacquer In a third enbodi nent, of the drawn can the
si de vend *k%b?hba%s@%l PaFOUGH! dihe edsle (NAd Tdrdnise “GiSeS dind. at

| east one wall "ironing die so that the side wall is t hi nner than the end
wal |, and the tinplate fromwhich the 30 can was drawn had a-grain size
finer than 20,000 grains/ nn{%Yr] and a ight of tin greater than 10
granms/nferr]. - g Prefbra y"rTmrtﬁcﬁnnc eoai ng on these -wall ironed cans

s an &poxy phenol i.c }acq SfRT(1- 1/100)

i

where T the tin coating in_grams/m2 of the as received
tinplate; _

I = the ironing reduction employed (%);
10 V = the weight in gramé of product in the can whose

_ diameter is 2R;
H = the extent (height in .mm) of the bare tin margin;
C = the chosen level in ppm of tin pickup.
" The invention is particularly useful for the

15 packing and storage of tomato based products. '

Various embodiments will now be described by way of
example and with reference to the accompanying drawings in
which:- ) )

"“'Fig.la is a sectioned side view of a fragment of

20 matt tinplaﬁe; ‘

Fig.lb is a sectioned side view of a fragment of
flow brightened tinplate;

Fig.2a is a surface roughness trace of the large
 grain size tinplate of Fig.la;

25 Fig.2b is a surface roughness trace of the tinplate.
of Fig.la after drawing and redrawing to become a side
wall of‘a can, |

Fig.2c is a surface roughness trace of the tinplate
of Fig.la after draw1ng and redrawing through a punch/dle

30 gap to achieve a small degree of ironing reduction in wall'
thlckness

" Fig.3a is a surface roughness trace of the fine
grain size tinplate of Fig.lb;

Fig.3b is a surface roughness trace of the tinplate

35 of Fig.1lb after'drawing and redrawing to become the side

wall of a can;



;4 . In a second aspect this invention prOV|des a met hod of

naklng a drawn can body fromtinplate by the steps of: a) cutting
a blank froma sheet of tinplate; 0) drawing the blank to a cup
having an end wall 5 and an integral side wal | extending fromthe

peri phery of the end wall and an integral side wall extending fromthe
periphery of the end wall to a terni?nal portion defining a nmout h of the
can body, characterised in that, c) an organic coating . s applied

to a margin of 10 the interior surface of the side wall to extend fromthe
term nal portiofiigl-88gishe suréprer reyghaessotrage sifddhe tigmlater a

di stance 'fefrigng%natflaarl e@gmnef ahBersh¥gwaly and :@a@tahﬁnrgest of the side

wal I and the have osed tin surfaces. -The organic
coati ng #ﬁf@#ﬂélanﬂyn§é/§ﬁﬁlﬂé8 9 aﬁhlevénﬁuP@§1ﬂoQﬂﬂi%ﬂuﬁﬁ of tinplate

before cq&bhaggtggdhhaa5n inl BhSERRekd). Alternatively the organic coating
mat er i o nozzlef%nd '

TR 8, o S0, 8 e aRaPRREL e e T
first method in which a orecoatgd blank is drawn to a
shallow can; _ }

Fig.5 is a diagrammatic sketch of the steps of a
second method in which a plain tinplate blank is drawn in

10 a first die and redrawn and irbned in a second die.

Fig.6 is a diagrammatic sketch of the steps of a
third method in which - a plain tinplate blank is drawn in a
first die, redrawn in a second die, and then subjected to
severe multiple wall ironing.

15 Fig.7 is a sectioned side view of the can made by
the steps shown in Fig.6. '

Fig.8a is graphs of actual tin content of pasta in
tomato sauce. plotted agéinst time of storage at ambient
temperature in drawn and ironed containers having a range

20 of heights of exposed tin on the side wall, plotted

- against fully laquered control cans made by double
seamlng. ' '

Fig.8b is a like graph to Fig.8a on increased scale

~$howing iron pickup levels v time.

25 Fig.9%a is a graph of actual tin content of pasta in
tomato sauce plotted agaihSt time of storage at ambient
temperature in chromate washed and nonchromate washed
drawn and ironed cans plotted against control cans made by
double seaming.

30 Fig.9b is a like graph to Fig.9%a on an increased
scale showing iron pickup levels against time for chromate
-washed and non-chromate washed cans.

Fig.l0a is a graph of actual tin content of
spaghetti hoops in tomato sauce plotted agéinst time of



-

20 - Preferably the organic coating material is chosen - fron1epdxy

phendl i c | acquer, epoxy am ne | acquer, acrylic | acquer, epoxy ester
| acquer, or vinyl |acquer. Wen drawing a can body in a single die or

" redrawing in a second die fromprelacquered tinplate it is preferable 25

that the tinplate has a grain size finer than 3000 grains/m2. It is

al so desirable that the tinplate h&s a surface roughness between 12

m croi nches CLA and 25 m croi nches CLA. In order that sufficient tinis
avai l able to confer organoleptic advantage it is 30 preferable that the

ti npl at es hasage watghnbdént | hewpara mgre igreanerdiadwyh and pramednierr].

In an alf?&ﬂ%&ﬂ@ éﬁérﬁ%ﬂgbﬁﬁﬁ\%‘me@m?ﬁpf&?@ kdlative 1§ &rawn can body
i's mounted on punch ushed hrough a redraw ng die mhlch makes
with thec%@hﬁglacans made y double :eamlng

Fig.1l0b is a like graph to Fig.l0a arising from

5 storage at 37°C.

Fig.lla is a graph of .actual tin content in baked
beans in tomato sauce plotted against time of storage at
ambient temperature in drawn and ironed cans made from
matt-tinplate,'flow brightened tinplate, relative to

10 control cans;

_ Fig.llb is a like graph on enlarged scale showing
iron pickup levels against time; _

Fig.12 is a graph of iron exposure against % wall
ironing reduction; and

15 Fig.1l3 is a graph of actual tin content in spagetti
hoops in tomato sauce plotted against time to indicate
'rate of tin pickup.

In order to manufacture cans according to this
invention it is necessary to:- .

20 (a) select appropriate tinplate to permit deep
drawing to a hollow article but which minimises roughening
of the cup wall;

(B) . select appropriate lacguers or coatings that.
"will adhere to the drawn side wall surface of cans

25 produced; | |

(C) select a manufacturing procedure éppropriate
to the size of can produced; and |

(D) to perform tests to make sure the cans
actually release appropriéte'amount of tin into product

30 packed 'in the can. '

These matters are discussed in this order with

reference to the drawings:



cleagance snaller than the thickness.of the tin plate so that the side
“wal | "of the drawn cup is reduced in dianeter- and thickness, and the side
wall length is increased. It is convenient to apply coating material as a
spray froma 5 nozzle directed onto the redrawn side wall as the can body
is rotated. ‘An epoxy phenolic |acquer or epoxy based | acquer may be used.
‘Simlar tinplates may be used for -9redrawn cans as are used for drawn
cans, but with a final grain si.ze finer than 4000 grains/mR2. Mre tin
meight 10 may be needed if the sidewall is ironed. In an

al t er nat i(ae netﬁ@@ECWéOQrQWnT@HHLBEGy is redrawn to a reduced di aneter

~and i nor eased sigdg yal knoysn@liglkaRh 1481437 dekit 1eAURK rbRRkaess o that

of the end wal 17, 3 therea ter the redfawn sid passed 15
t hr ough anaqte&étnpéﬁée. MonisRg calagdt Getcmuﬁeaﬁaee|tdﬁg&1a§etrhéa> 18i d8 wal |

whil e th%h%n%sw@llbcttmo@hae%a 'E:%%'J.E‘_Sion o%Ul%%ba%llalehy slﬂ.&@lt gbad.
Pr ef er m% t he coati as a 85 rom nozzl e
d

ter p
di rect Ed Xt-he 1 |r§ﬂ§d ewéFFegO rPé FR@DEéﬁeﬁo oPgatElat ed. A
SU|tabIegcaahsn@xtemﬂuaglah asdameemdby nhémokmcrh@mquealwhdchhes stoved at

rolling direction "R".
-The surface of the steel matrix is not smooth
because the mill rolls impose their surface finish on the
10 steel as shown in Fig.2a. A range of surface roughness is
available from the rolling mills ranging typically from 8
microinch CLA to lOO'microinch cLa.
In Fig.la the tin layer "a" can be seen to
approximately follow the steel surface. A thin oxide
15 layer "c" will develop on the tin layer and the mills
usually cover this with a protective film such as dioctyl
sebacate (not shown in Fig.l) before sale. '
Fig.l shows a tinplate characterised by the
following parameters:-
20 Grain size 2500-3500 grains/square mm
' ‘Surface roughness 35 microinch CLA
Tensile strength 320-380 N/mm?2
Tin weight 10- ng/m2
Steel of 'this type is used to make cans by blanklng
25 a disc, drawing a cup from the disc, redrawing the drawn
cup, and then wall ironing the redrawn cup. The surface
roughness of 35 microinch is chosen to provide surface
contours to hold lubricant and the plate thickness and tin
"weight are chosen so that after an appropriate wall .
30 ironing reduction a tin coating of at least about 6
grams/m2 will remain.on the side wall. Fig.2c shows the
roughness of the side wall after partial or slight wall
ironing:'the flattened peaks, created by ironing, are
clearly visible and illustrate the risk of iron exposure.



ZOD[ePr]C f-or 2 m nutes. Preferably the tinplate for this ironed
‘can Body has a grain size finer than 20,000 grains/mmferr],. a surface: 25
roughness of the order of 35 microinches CLA and a wei ght of tin coating

between 10 and 15 grans/nferr]. |f desired the tinplate is a
differential'ly coated tinplate such as D2. 8/ 15, and t.he heavier 15
gramnferr] coating is on the | reri or surface of the finished can. 30
It is possible to estimate the tin coating wei ght required by nmeans of
t he formul a: - T = cv

[err] R(2H+R) ( 1- [¥i0Q)b shows dlagramatlcally a section through a
flow brightened tinplate (FB), so called because the
electro plated tin layer has been melted to create a
visually bright finish on the outer layer of tin. A layer

5 of an intermetallic compound (d) of tin and iron joins the
outer tin layer to the rolled steel inside. As in Fig.la,
an oxide layer covers the exterior surface of the tin
layer. This thin oxide layer may be modified by a
passivatioh treatment such as a chromate treatment.

10 As depicted iﬁ Fig.lb the parameters characterising
this flow. brightened tinplate are:-
Grain size: 40,000-50,000 g/mm2
Surface roughness: 35 micro inch CLA
UTS 370-430 N/mm?
15 Tin weight: 10-15 g/m2
This steel is used to make cans by blanking a dlsc,
drawing a cup from the disc and if required redrawing the

- drawn cup to reduced overall diameter and increased
height. This steel is also used to produce DWL cans but

20 since finer grain size leads to less surface roughening
during drawing, the final thickness of the can body tin
.coating is more uniform and steel exposure is reduced.
In comparison with cans produced from steel as depicted in
la when steel as depicted in lb is used, the same can

25 characteristics re steel exposure can be achieved from a
lower plate tin coating. The lower tin weight of 8
grams/m2 is tolerable because little disruptive ironing
forces are applied to the tinplate surface. This flow
brightened smooth finish (12 micro inch) is satisfactory

- 30 for deep drawing but a rougher finish will assist

lubrication of deeper cups and cans during wall ironing,
say 35 microinch CLA, although a lower roughness is
preferred for drawn or redrawn cans. |



(-6-'; and the height H of bare tin the side wall is expressed: [err]
where T = the tin coating in granms/nferr] of the as received '

tinpl ate; ' | = the ironing reduction enployed (% ; 10 V = the
wei ght ,in granms of product in the can whose : di aneter is 2R

H = the extént (height in nm of the bare tin margin; C =the
chosen level in ppmof tin pickup-ll- The invention is particularly
useful for the 15 packing and storage of tomato based products.

Various enbodi nents will- now be descri bed by way of exanple and with

reference to th®uwdoansantrag tdoaniafgshen periphery of a blank in a
drawing die compressive hoop strains develop to compress

the steel so that large grain size steels develop surface
roughening called the orange peel effect. The surface
| 5 roughness of the side wall developed during redrawing is
" shown in Fig.2b. '

Fig.3a shows the surface of a fine grain size
tinplate (eg. 12 micro inch CLA) before drawing or
ironing. Fig.3b shows that much less roughening arises

10 during drawing of a cup than arose on Fig.2b. Fig.3c
serves to show the flattening effect of wall ironing.

Coatings and lacquers are known which can be
applied to tin plate before drawing to cup shaped articles
and their adhesion permits manufacture of quite deep cups

15 before the roughening disrupts them but wall ironing puts
such coatings at greater risk of disruption.

Lacquer continqity can be improved by use of a
steel grain size greater than 4000'grains/mm2 as is
discussed in GB 1575204 to which the reader is directed

20 for fuller description.

For our purposes it is concluded that steel
behaviour limits the use of preapplied lacquer or coatings
to articles which are drawn to cups not exceeding a depth

- to diameter ratio of 1.5 to 1. For greater depths of cup
25 formed-by'deep drawing or wall ironing of drawn cups our
lacquered side wall margin is best achieved by redrawing
or wall ironing the plain tinplate.and then applying a
suitable lacquer.
(B) SELECTION OF LACQUERS AND COATINGS
30 . If a precoated tinplate blank is to be used it is
preferable that the tinplate surface is passivated-by.
immersion.in a sodium dichromate solution, before
subjection to drawing and redrawing operations. This sdrt
.of chromate treatment improveé the retention or continuity

35 of lacquer film during the drawing operations.



 Whi ch: - | Fig.la is a sectioned side view of a fragrrent of 20 matt

tlinate Fig.lb is a sectioned side view of a fragnent of flow
bri ghtened tinpl ate; "Fig.2a is a surface roughness trace of the
large , grain size tinplate of Fig.la; 25 ~ Fig.2b is a surface
roughness ttace of the tinplate of Fig.la after drawing and redrawing to
becone a side wall of a can. . -12- Fig.2c is a surface roughness
trace of the tinplate of Fig.la after drawi ng and redraw ng through a
punch/die 30 gap to achieve a snall degree of ironing reduction in wall

t hi ckness. 1f thy gizwliagen isurtioade rdragihesedranie afd twael¥ i ne

grain sizg 4Jopl at c{:fre@eg\éeb’or absence 8- agngx%n?at?é” dAE ypughess trace
of the tinplate 35 of I'b after éﬁawnn redrawi ng to becone the side
wal | of Aa¥ar is less meortant because e severe redraw1ng and

wall ironing operations will disturb it. The presence of
5 a chromate passivation layer on the base may slow down .
take up of tin into product.
Lacquers suitable for application to tlnplate
before deep drawing include epoxy amino resin varnishes,
~ epoxyesters , and epoxy phenolic lacquers. These lacquers.
10 are applied to tinplate sheets by the usual roller coating
apparatus and stoved before use. Lacquers and coatings
suitable for spraying onto the side wall of drawn redrawn
or wall ‘ironed cans include vinyl lacquers, vinyl
orgahosols, epoxy amine which are adjusted to the required
15 viscosity for dccurate ‘spraying onto each can: the word
"lacquer" 1nd1cat1ng generally unplgmented material and
the word "coating” indicating pigmented materials.
In a preferred embodiment the necessary firm
adherence of the lacquer margin to the tinplate is
20 achieved by an epoxy phenolic lacquer formulation adjusted'
to the desired viscosity and stoved for 2 minutes at
200°C.
(c) SELECTION OF MANUFACTURING PROCESS
Fig.4a shows a tragment of a sheet of tinplate 1 to
25 which has been applied an annulus of lacquer 2. The
' periphery of the annulus defines the.perimeter of .a blank
3 of a size to. form the shallow cup shown in Fig.4c.
Typically the blank has a thickness T in the range between
0.004" (0.lmm) and 0.009" (0.22mm) typically 0.17mm. This
30 method of forming a can comprises the steps of stencil
coating a sheet of tinplate with an array of annulii of
lacquer, stoving the tinplate sheets to dry the lacquer,
stamping out the blanks of thickness "T" shown in Fig.4b
and drawing.each blank to a cup 4 such that the annulus of



_,-7-". Fig.3c is a surface roughness trace of the tinplate of
"Fig.3b after drawi ng and redraw ng and redrawi ng t hrough a punch/di e gap

to achieve a small degree of ironing reduction in thickness; 5
Fig.4 is a diagranmatic sketch of the steps of a first nethod in which a
precoated blank is drawn to a shall ow can; Fig.5is a

di agrammati c .sketch of the steps of-B- second nmet hod in which a plain
tinplate blank is drawn in 10 a first die and redrawn and ironed in a
second di e. Fig.6 is a diagrammatic sketch of the steps of a
t hird netlesdiver viloows @ plaioin | hppfatkadduak o thawnteripr first die,

redr awn 'éld%uﬁaﬁlclo%zdﬂaece o ¢ r@&él’@daﬁcééadcérp beér?Vﬁf eFfB“'éd pI @h‘@' !

i roning. 15 is a sectioned side view of the can mmde by the .

st eps shdgfEhior F'Yagl]6gj of the tigplaty ¢up giHiphs ©1e &% RI2%9%h content. of

pasta i Ncondition and a lower, unlacquered, part of the side wall
5 is not significantly different. Both side wall 6 and end
wall 7 are substantially of thickness  “"T", but the side
wall surface has been compressed in the hoop direction.
Any disturbance of the upper part of tﬁe side wall metal,
. by the act of drawing, is covered by the 1acquer'margin so
10 that the available tin, presented'to a product packed in
the cup, is defined by the bare tin surface area presented
to the product. .
We have observed that the tin on matt tin plates
surfaces tends to go into solution in the product more
15 rapidly than does flow brightened tin so for cans made by
this method a flow brightened tinplate is preferred.” A
typical tinplate specification for this shallow drawn can
is:—
Graln size: 4000 grains/mm2 minimum
20 : Surface foughnéss: 12 to 25 microinch CLA
Tin weight: greater than 5.6 g/m?
Suitable lacquers include- epoxy phenolic lacquers and
epoxy based lacquers or coatings.
'~ Fig.5a shows a fragment 10 of a sheet of tinplate
25 after blanking out of the circular blank 11 shown in side
view in Fig.5b. The blank has a thickness "T" typically
in a range 0.004" to 0.009" (0.10mm to 0.22mm). The blank
is drawn to a cup 12 shown in Fig.5c to have a side wall
13 of thickness "T*" substantially equal to the thickness
30 of the blank and to the thickness of the end wall 14.

' The taller cup/can 15 shown in Fig.5d has been
redrawn by pushing, with a punch, the cup of Fig.5c
through a die that makes with the punch a clearance less
than the metal thickness "T" so that the cup of Fig.5c has



tomato sauce plotted against tine of storage at anbi ent

tamaauueln

"dr awn and ironed containers having a range 20 of heights of exposed tin on
the side wall, plotted against fully |aquered control cans nade by double
~Fig.8b is a like graph to Fig.8a on increased scale

seamni ng

showi ng iron pickup levels v tine. 25
content of pasta in

anbi ent

tenperature in chromate washed and nonchromate washed

Fig.9a is a graph of actual tin
tomat o saucejplotted against tinme of storage at

dr awn

and ironed cans plotted against control cans made- by doubl e seam ng. 30
Fig.9b i oded i klyaphid Q)dar@lﬂadl&n@teirnarnea%%&ed isrcaieeigﬂmwangai ron

pi ckup | eé/eeéuceaagal nst,_.tine for

cans.

“hoops in

10

15

20

shed t% d chré).mat e washed

Y. tltb‘é“'ﬁ%ess g?r (?f"ai(}t ¢ A con en“te % 'spaghet ti

typiet a0l Jgya Usset weteot t0ad 0ageli reeid 10i. 108 8f (0 09mm to 9. 20mm) .
This redrawing process in which the wall thickness is only

slightly reduced, .is sometimes called "partial wall

ironing™ (PWI) because only a modest per cent reduction of

wall thickness is imposed.

The dashed line "RD" indicates the shortage in
height of cup that would have been achieved by redrawing
with a punch/die clearance greéter that T so the height
advantage of about 10% available by a reduction in wall
thickness of about 10% would not be achieved. However,
this ironing force does abrade the tin surface of the side
wall. ‘Fig.2c shows the surface finish of the side wall of
the can of Fig.5d. It will be noticed that the roughness
peaks of the internal surface of the can are flat topped
which indicates that some of the tin layer has been moved

into the troughs and steel exposure is a serious risk,

particularly towards the top of the can.

In order to repair this surface damage a lacquer is

sprayed from a nozzle 17 to cover the more severely worked

upper margin of the side wall. The axial extent of the

-lacquer margin 18 is chosen to control the area of tin

- exposed on the interior of the rest of the side wall and

25

30

the bottom wall’ and also to protect the worked surface of
the side wall.

A feature of the partial wall ironing process is
that a smaller blank diameter is needed than would be
required in a draw/redraw process to achieve the same
height of can but the PWI side wall will suffer more cold
work'giving a risk of electrode potential difference
between end wall and side wall.

A typical tin plate specification for these

partially wall ironed cans is:-



‘-8- - storage at anbi ent tenperature I n cans drawn and ironed frommatt
and flom/brlghtened tinplate relative to a control cans nade by doubl e
seadn ng. Fig.10b is a like graph to Fig.10a arising from 5
storage at 37[err]C Fig.1lla is a graph of actual tin content in
baked bedns in tomato sauce plotted against tinme of storage at

anbi ent tenperature in drawn and i+pBed cans nade from matt tinplate,
flow brightened tinplate, relative to 10 control cans; Fig.llb is
a like graph on enl arged scal e show ng i ron pickup |levels against tineg;
Fig.12 is a graﬁhamh siee:egpestiee agannsooubgahhns/mm?onlng reduction; and

15 0. 180 8aRe0EBRANALS 20! Y3l Ll D5CRRLEBS LN ERATCL LT hoops i

t omat 0. sauce pIo agarn ate rate of tin. pickup.
In order to nanmﬁacwangh§angraaéerdthgnté fhgém< jnvention it is necessary

tP B Suitable spray lacquers include epoxy phenolic or.
5 epoxf amino lacquers‘which are formulated to a suitable
viscosity and applied by spraying onto the can interior.
The cans are then stoved for 2 minutes at 200°C.
Fig.6a shows a tinplate blank 20 of diameter
Iapproximately 6 inches (150 mm) of thickness T (0.012";

10 0.305 mm) which is drawn, redrawn and wall ironed by
reduction of 57% to make a can body 73mm diameter by 110mm
tall. .

Fig.6b shows a cup 21 that is drawn from the blank
in a first press tool to a diameter 100 mm by a height of

15 approximately 30mm, while maintaining the side wall 22
substantially at a thickness T equal to that of the blank
and bottom of the cup.

Fig.6c shows a redrawn cup 23 formed in a second
press tool to a diameter 73 mm by'about 50 mm tall

20 sidewall 24 while maintaining the side wall thickness T

' substantially equal to the thickness of the bottom wall
25. | |
The redrawn cup of Fig.6c is pushed by a punch
-through a series of two wall ironing rings to make a can

.25 26. . Bach ring makes with the punch, a clearance less than
the. redrawn cup side wall thickness T. Typically side
wall reductions are:-

At the first ring 35%, at the second ring 33% to
make a total reduction of 57%. As can best be seen in

30 Fig.7, the ironed side wall 27, of thickness "t", is about
half the original blank thickness T, ie. 0.005" (0.13
mm): therefore the ironed side wall 27 is about 117mm tall
to allow for trimming to final height. '



20 7 2 (A sel ect appropriate tinplate to pernmit deep drawing to a

‘hol I ow article but which mninises roughening of the cup wall;

(B). select appropriate |acquers or coatings that will adhere to th
drawn side wall surface of cans 25 produced; (O select a
manuf act uri ng procedure appropriate to the size of can produced; and

(D) to performtests to nmake sure;ghe cans actually rel ease appropriate
anount of tin into product 30 packed in the can. These matters
are discussed in this order with reference to the draw ngs:

-9- " At the end of the stroke, a profiled end of the

wall ironing punch cooperates with a profiled bottom tool
to shape a flat central panel 28 and annular expansion -
rings 29 in the bottom wall of the wall ironed can body.

5 In Fig.6d a nozzle 30 is shown during spraying of a
lacquer onto the interior surface of wall ironed can which
is rotated to progressively present the side wall to the

. spray. The deposit of lacquer 31 is confined to a margin
eitending from the rim of the can to about half way down
10 the side wall. The axial extent of the lacquer margin was
chosen in view of tin pickup in products packed and stored
with various lengths of lacguer margin we tried, as will
be discussed later.
Accurate location of the margin is achieved by use
15 of appropriate viscosity of the lacquer sprayed and choice
£ lacquer such as epoxy phenoiic lacguers. After
spraying, the cans are stoved to dry the lacquer. Typical
stoving is at 200°C for 2 minutes. '
Figs.6a to 64 are diagrammatic and presented to
20 illustrate the steps in this drawing, redraﬁing and wall
ironing and spraying method. Fig.7 shows a life size
cross section of the 73mm diameter x 110mm tall can used
for storage tests with a variety of products.
In Fig.7 the can 40 comprises a bottom wall 41 of
25 thickness T and a side wall 42 of lesser thickness t
upstanding from the periphery of the bottom wall. The
bottom wall compriseé a flat central panel 43, concentric
annular expansion beads 44 éurrounding the central panel,
and a stand bead 45 surrounding the ‘expansion beads. The
30 éide wall 42 éxtends upwardly from the bottom wall to an
outwardly directed flange 46 which defines the mouth of
the can body. The flange and a short length of side wall .
is thicker than the rest of the side wall in order to |
better facilitate double seaming of a can end shown above
35 the can.



(A" SELECTION OF TI NPLATE Fig.la shows diagramatically a _
section through a matt tinplate M so called because the tin layer (a) is
in - the as electroplated condition on the rolled steel (b) S matrix. In -
Fig.la the steel matrix conprises el ongated grains extending in a

direction left to right called the roll'ing direction "R". The -
surface of the steel matrix is not sypoth because t he niII rolls inpose
their surface finish on the 10 steel as shown in Fig.2a. A range of surface
roughness is -avai l able fromthe rolling mlls ranging typically from8

i crgl nch CLA t orH&Ocwi ekt rtﬁé\téif_Alrjof the caanththgt;Haléd&s tidtd aye(rj " ?5
can be se pro ol pw t st.eel. surface n .oxi de

| ayer " ts?/ﬁltﬁ”cfé“ve'lp é"h{mcfg '?/*?‘?1 ?h‘i)ﬁ‘e agarﬂj HERRTTS “hsauaﬁrl] %over this
with a prmmxted/earimhmsuth afS sidetwdll mstedaicelk £ (not shovvn in Fig.l)

bef ore sal e. ig FJégthle Sfagglt%at"l}]nlgl ?'59642%0%{ a%fﬁe)rirﬁg o t he

foll owi ng paranﬁ%ers grains square nmm
Sur f aced rengffares soBstme cean rettends from the flande efat rhaidi E820- 380 N e

Tin weighiedPe 39¢ {8 "dide wall so covering the most ‘severely
deformed metal of the side wall.
The rest of the interior surface of the side wall
presents, to a product packed in the can body, a surface
10 somewhat smoothed by ironing (See Fig.2¢c) which may have
an electro potential somewhat different from the less

severely worked tin coating on the interior of the bottom

wall.
The tinplate spécifiéation for this can is:— _
15 Flow brightened D15/2.8, the heavier tin coating
EL5 to be on the inside of the can B
Grain size-.in excess of 20,000
' Surface roughness: 35 microinch CLA
UTS: 370-430 N/mm2
20 The lacquer specification was an epoxy phenolic

lacquer and the stoving program was 200°C for 2 minutes.

The advantages of using this drawn and wall ironed
can for packing foods are:-

a) a seamless can body is achieved from a

25 relatively small area of tinplate blank.

b) the margin of lacquer applied to the side
wall not only protects the most severely worked areas of
the side wall but also serves to control the aréa of
tinplate presented to the product.

30 c) the controlled area of tin presented to the
product can ensure that the ultimate amount of tin taken

up by the product is limited to a chosen value.



Steel -of this type is used to nake cans by blanking 25 a disc, drawing a
cup from t he di sc, redraw ng the drawn cup, and then wall |roning t he
redrawn cup. The surface - roughness of 35 microinch’is chosen to provide
surface, contours to hold |ubricant and the plate thickness and tin

wei ght are chosen so that after an appropriate wall 30 ironing reduction a
tin coating of at |least about 6 -8ans/nferr] will remain on the side
wal | . Fig.2c shows the roughness of the side wall after partial or
slight wall ironing: the flattened peaks, created by ironing, are
clearly vP%ible BNGKi TE8EErate the risk of iron exposure.

- 10- cEhpbQiSHOYE EhaUSRABE | SRbIY 8n SPEL DNwebeoaghwa
and wall ironed from a matt tinplate. Further can bodles
of the shape shown in Fig.? were drawn from flow
brightened tinplate. ‘

5 Control can bodies were made from flow-brightened
tinplate to comprise a cylindrical side wall having a side
seam, and a can end attached to the side wall by a double
seam. _ a

A guantity of each sort of body was packed with a
10 prodﬁct and each can was closed by a can end by double
seaming. All the cans were subjected to the usual thermal.

. process appropriate to the product. ' '

Some of the cans of each sort were stored at
ambient temperatﬁre and others were stored at 37°C.

15 First test cans were opéned‘after about one month,
second test cans were opened after about 3 months and
‘third test cans were opened after aboﬁt six months. 1In
each test the\tin content of the product ip the can was

measured. The "3 piece” side seamed cans have been used

20 for many years in the trade énd represent a behaviour
known to be satisfactory, so that in the graphs which
follow, the behaviour of the wall ironed cans is compared
with the behaviour of the can used in the trade, namely
the flow brightened "3 piece" cans. . '

. 25 Fig.8a shows graphs of actual tin plckup against
time in weeks derived from examination of pasta in tomato
sauce after storage in the wall ironed and "3 piece"
control cans at ambient temperature. The test cans were
drawn and wall ironed from a temper 2 .(T2) batch annealed

30 (BA) tinplate having a matt electrolytically deposited tin
coating of 13.8 g/m2 and a surface roughness of 35
microinches CLA (35M). The test cans and lacquered

control cans were all closed with lacquered can ends,



-

A I‘o'w.-,;br-i ghtened tinplate (FB),- so call ed because the el ectro pl atedtin

| ayer has been nelted to create a visually bright finish on the outer

| ayer of tin. A layer 5 of an internetallic conmpound (d) of tin and iron
joins the outer tin layer to the rolled steel inside. As in Fig.la, an
oxi de | ayer ‘covers:the exterior surface of the tin | ayer. This thin
oxide |layer may be nodified by a _jgassivation treatnent such as a

" chromate treatnment. 10 As depicted in Fig.lb .the paraneters

characteri sing this flow brightened tinplate are: - Grain size:
40, 000- 5@,i98Q 8@/,m8sr 9a and 9b sho‘Surpfiaﬂe upOlfgimes:she 3odyi and ioneh CLA

. UTS 370-43Q hV Ti 5 o Thi
|s“3?e8 el onﬁ:rolbfatgll alnk1<n V\g)ll p ]foro:}n sg.cfg %eralll and IS

st eel ELans rawi ng-a cup fromthe
di sc andinftegequli mede edr aliend-este cansdr awn cup to reduced overall dianeter

and i ncreased Lheehgal*ntm pgg t(ﬁed h iR A e [dh Prodga WV cans but 20
S

since finer grain size ess surface rougheni ng during draw ng,

the fi Radenpitendhe dlrelmé: @Efn ey tiim surfaag ikpfweenmbhe PRittOFm and

steel expgsWhl Nad@RMChrgin |alhd3QifH@fm%¥§;xV&1t hefitso tioRduc @d f rom st eel
as depicted in l.a when steel as geplc | b i.s used, the sanme can 25
char act eFFefPde o £1& SMPSFANSIHF ko’ﬁfjm evréﬂ""\‘trec?mtz?

unlacquered wall length of 70 mm which, on these 110 mm
tall cans, implies a lacquer margin extending 40 mm from

10 the mouth of the can, down the interior surface of the
side wall.

The graph denoted "C" relates to tin picked up from
the interior surface of the control cans having a
cylinarical'body closed at both ends by a can end attached

15 to the body by a double seam. It will be noticed that the
tin pickup shown in graphs 7 and C are satisfactorily
similar. X

The graphs marked 4 and 23, indicating bare side
wall margins of 40mm and 25mm height, serve to show that
" 20 greater heights of lacquer margin do indeed reduce the
amount of tin available for pickup. |
-The graph denoted FL shows that a complete lacquer’
coating in the interior surface of the can substantially
" prevents pickup of tin.,

25 In Fig.8b shows that the pickup of iron from the
wall ironed tinplate remained insignificant for the graphs
denoted 4, 2% and the control cans "C". However, the
graph 7 shows a surprising increase in iron pickup after
45 weeks. This rise in iron content in the pasta-is

30 believed to have been due to exposure of damage to the tin
coating, arising at the more se&erely ironed side wall
material. It is interesting to note that the fully

lacquered cans also give rise to pickup of iron.



lower plate tin coating. The lower tin weight of 8 granms/nferr] is

tol erabl e because little disruptive ironing forces are applied to the

tinplate surface. This flow bri ghtened snooth finish (12 micro inch) is

satisfactory 30 for deep drawi ng but a rougher finish will assi st

| ubrication of deeper cups and cans during wall ironing, say 35

~mcroinch CLA, although a Iomer rou%ﬂness S preferred for drawn or
redrawn cans. _ ring contraction of the periphery of a

blank in a drawing die conpreSS|ve hoop strains devel op to conpress t he

steel so that | afgem OF 8hd). $d ZhSiH8! e deyed s uEkace  roughening call ed
t he orange peel effect The surface
A margin of lacquer does limit the amount of
~tin available. ,
b) The bare tinplate of the side wall must not be
5 overworked particularly in the upper part of the sidewall.

After wall ironing, it is usual to wash the cans to
remove press tool lubricant from the surfaces of the cans.
The washing apparatus is sometimes used to apply a
chromate treatment to the cans to repassivate the

10 tin layer. |
Fig.9a shows results of actual tin pickup with time
at ambient storage tempe:ature.for wall ironed cans made.
 from the same tinplate as used to.- arrive at the graphs of
Fig.8a except that some of the cans tests had been
15 subjected to the chromate treatment and some had not." all
the test cans had a 40mm bare annulus of tin on the side
wall, the rest of the side wall being lacquered.
In Fig.9a the cans subjected to chromate treatment
. gave rise to graph CR; the cans without chromate treatment
20 gave rise to graph NCR. It will be noticed that the
non—ch;omated cans gave rise to greater tin pickup during
the first sixty weeks of storage. This observation '
- suggests that a non-chromated tin surface is marginally
"advantagous in giving a preservative effect earlier in the
25 storage period.

Fig.9b shows actual iron pickup against time for
the same sort of cans as were used to obtain Fig.%a. 1In
Fig.9b the graph denotedaNCR shows that the cans which had
not had a chromate wash gave rise to a substantially

30 steady and quite limited iron pickup for the whole storage
period of 110 weeks. In contrast the graph denoted CR
shows that after about 45 weeks the cans which had been.
chromate washed gave rise to a sudden and seriously
increased rate of iron pickup.



'p roughness of the side wall devel oped during redrawing is shown in
. Fig. 2b. Fi g. 3a shows the surface of a fine grain size tinplate
(eg: 12 micro inch CLA) before draw ng or i roning. Fig.3b shows that nuch
| ess roughening arises 10 during drawing of.- a cup than arose on Fig. 2b.
Fig.3c ser'ves.-to show the flattening effect of wall ironing.
Coati ngs '‘and | acquers are known whigh-can be applied to tin plate before
drawi ng. to cup shaped articles and their adhesion permts manufacture of
quite deep cups 15 before the roughening disrupts thembut wall ironing
puts such coaFirbgsFagsgpaaned sbsweobodbindpttbat for this Lacquer

conti nui-t n Loprqoved b f | gr r than
4000 gralégﬁgﬁép magg 2 ggls 5§§§ l%Gﬁ31§%§285 to wﬁgcﬁgﬁhe%?ggder i's
di rect ed gbatohatel het besOrsprented to a chrpgatguWagtr jesasmenti.s

concluded that sgggl 10a agbax ewaphsﬁbksauaeauselgf pRERAPPIHIRE teacquer or-
coati ngs to articles whi are drawn_tQ cups not excgedln%ﬁg depth to

di anet eP RERABSEF Stoxagg PerFSP §Péaﬁéﬂldéﬁpﬁ§doFa€§pm? deep
drawi ng oeivwphhter, oahagwefl1dr1awaeauaaneumade IFeomuar €dosi the iwhltlenesdr gi n i s

best achi ved b g or roni.ng the plain tlnplate and then
appl yi ng 1?%? Pgwlggadgﬂ acque% margin. = 3-ple
control cans and fully lacquered DWI cans were used for

comparison. All the cans were packed with spaghetti hoops
10 in tomato sauce, closed with lacquered can ends and some
stored at ambient temperature, ana others at 37°C.

In Fig.1l0a it is apparent from graph M that the : .
wall ironed cans made from matt tinplate gave higher.
initial values of tin pickup at the end of one month than

15 aid the cans drawn and ironed from a flow brightened
tinplate, see graph FB.. After one month of storage graphs
M and Fé indicate that the difference -in tin pickup is
subsﬁantially maintained. Graph C shows that the
"3-piece™ control cans gave tin pickup values between
20 those of the matt and flow brightened cans. . The lacquered
- cans did not release tin significantly.

Fig.1l0b was obtained using the same sort of cans
and spaghetti product as used to obtain Fig.l10a, and the
pickup of tin is plotted against the storage period, at

25 37°C.' Fig.1l0b graph M shows that the wall ironed cans
made from matt tinplate give rise to consistently higher
values of tin pickup throughout the storage period but
these tin pickup values are not significantly different
from values of tin pickup from the control cans at 12

30 weeks and 24 weeks tests. The tin plckup from wall ironed
cans made from flow brlghtened tinplate was substantially
the same as pickup from the control cans after the 12
weeks of storage so use of a flow brightened tinplate may
be preferred for this product. From these results we



'i(B)Ti;SELECT[CN'CF LACQUERS AND COATI NGS 30 If a precoated tinplate

blank is to be used it is preferable that the tinplate surface is

passi vat ed by i mMersion in a sodiumdichromate sol ution, before ,
subj ectijon to drawing and redraw ng operations. This sort. of chromate
treatment inproves the retention or continuity 35 of lacquer filmduring
the draw ng operations: 29~ -12- -

If the tinplate is to be drawn, redrawn and wal | i roned, the presence or
absence of a chromate passivation | ayer is |less inportant because the

severe re v qgk atht mld tinliatesoRaKal k988 Wol hoestruplid tinThe

PT esgnce poifckup5 ghé:nhrghrgatfelo%a Srli\{g%ttle?\gdl %%%rtr% tcg%stza% irg?\y 1‘?1' ow down
turn give more rapid tin pickup than the flow brighténed
wall ironed cans: and benefit must be judged against risk

5 of iron pickup. ' .

' Fig.lla shows graphs.of actual tin pickup against
storage period for wall ironed cans made from'temper 4
(T4) continuously annealed (CA) steel in the 35 microinch
CLA roughness some of which were made of matt tin plate

10 and some of which were made from flow brightened tinplate.
Both these variants were of tin weight 12 g[mz. A lacquer
margin 60 mm high was applied to the upper part of the-
interior of the side wall as shown in Fig.7. The ironed
cans, and 3-plece control cans having plain interiors,

15 were packéd with baked beanS'in a tomato sauce and closed
with plain can ends. '

In Fig.lla, graph M shows that the cans produced
from matt tinplate gave marginally higher tin pickup than
the control cans which gave conéistently higher tin.pickﬁp '

20 ‘than the cans made from flow brightened tin plate. The’
substantially lower tin pickup values in Fig.lla than in.
Fig.l0a can be explained by the fact that the baked bean
product waslless aggressive than the spaghetti-péck but

" the relative performance of the ironed matt tinplate

25 surfaces, ironed flow,brightengd tinplate surfaces and
unworked tinplate of the control cans remains similar.

ﬁowever.Fig.llb, obtained from iron pickup tests on
the same sort of cans as used to.obtain Eig.lla, shows
that the less aggressive baked bean product gave rise to

30 little iron pickup in all the cans tested.

Fig.1l2 is a graph showing iron exposure arising at
various % irohihg reductions on a differential tinplate of
tin weight D2.24/3.36. The iron exposufe was measured on
the interior surface of the ironed cans that had the



take pup of tin into product. Lacquers suitable for application to
tinplate before deep draw ng include epoxy ami no resin varnishes,
epoxyesters , and epoxy phenolic |acquers. These |lacquers 10 are applied
to tinp) ate sheets by the usual roller coating - apparatus and stoved

bef ore use. lacquers and coati ngs suitable for spraying onto the side

wal | of drawn redrawn or wall irqgfg_cans i ncl ude vinyl lacquers, vinyl

or ganosol s, epoxy am ne which are adjusted to t he required 15 viscosity for
accurate spraying onto each can: ‘the word "l acquer” indicating generally
unpi gmentigd qwederd &g ad‘ﬂnz cddtei PTSE "COAL | h'i 1 Wi GAld N ddgnEnt ed

mat eri al s. preferred enbodi nent the necessary firm

adher enc@®a¥ed R0 I’e(b‘qtu’éfl n"h’r'blcl"P"’t"o”l‘-ﬁe tthaerIaa‘i% thinnen a8 by an epoxy
phenol|céxyguﬁﬂtdcnganﬁﬁlaﬁhfauenﬁégtul dit tgie-Kigs] riarbyisa6sd tho and

PrOCESs ahdw it fF athr%'hczaoo‘l%”‘¥gr%gﬁ?erﬁr(°c§¥°rt’s9@51 %q%ﬁﬁ%’“%@qgmz?e
whi ch fﬁa@%eailamﬁomxhginreﬁmﬂm.of Gwac duerg e r nﬁregln palamrdn;ed)f t he
annul us dgf rherér {te&ﬁg Salh %F‘hlk r%aozfe n]iquﬂc tl[/ih e, shal | ow
cup shown Inwu? Ically t an I’IESS e range
bet ween can . ﬂlmmh?ﬂi U@owlqlwozmthq/mm lehlelfhhﬂae Thi's
part of a drawn and ironed can.
From purely geometric conSLderatlons the follow1ng
10 formulae show the relationship between:
T the tincoating in grams/m2 of the as-received
tinpléte;
I the ironing reduction employed (%);
V the weight in grams of product in the can whose .
15 ' diameter is 2R; | |
H is the .extent (height in mm) of the base tin
margin and C is the chosen level in ppm of tin
pickup. ‘ '
Useful forms of the equation are:-

N |
=
-]
]
= .

I
]
~
[
o
(=)

T = "—"7777TTTmTmTITTT grams /mé
TR(2H+R) (1-1I/100)

TR(2H+R) (1-1/100)

e s -  — ———— ———y— ———



30 frethod of forni ng a can conprises the steps of stencil coating a

sheet of tinplate with an array of annulii of | acquer, stoving the
tinplate sheets to dry the |acquer, stanpi ng out the blanks of thickness
"T" shown in Fig.4b and drawi ng each bI ank to a cup 4 such that the
annul us of ' -13-. | acquer forns a

margi.n 5 of lacquer on the interior 4 sidewal | surface 6 of each cup as can
been in Fig.4c. The bottom wal | . ~245f the tinplate cup is in the as

- pl ated condit i on and a |l ower, unI acquered, part of ‘the side wall . 5 is
not si gni fﬁ@ I.qe | gn qﬂg svald dLare
subst ant |’1frhc iﬁégs@s t%aq é:\ﬁg é]%l 1 suorface haas be%n

Conpressgpqe(rqq% %dﬂmq,q@@qms of tin coatmg on the exposed
area of the can body side wall.

Conbpquencea of selectlng a max1mum tin p1ckup in
5 the product are:-

(a) -the product will be protected by pickup of the
chosen amount of tin but, once taken up further protection
ceases, _ _

| (b) when all the tin provided has been picked up
10 by the product there is a risk that exposure of iron to
the product will be followed by corrosion of the iron
Substrate of the tinplate and evolution of gas in the can
(eg. hydrogen swelling). '
Therefore, the useful life of the can is governed
15 by the time to removal of the selected amount of tin.

By way of example, Fig.l1l3 shows graphically the
amount of tin picked up by spaghetti hoops in tomato sauce
over a period of 24 weeks from "UT" cans 73 rm diameter by
115 mm tall made by drawing and a 57% wall ironing

20 reduction, similar to that shown in Fig.7 but having a
range of heights H of bare tin on the interior.of the side
wall. These cans were made from temper 4 continuously
annealed, differentially coated tinplate with a 15 g/m2

' coating inside and 2.8 g/m2 outside. ' The cans were closed

25 with lacqueréd_can ends. _

In Fig.13, it can be seen that the actual tin
pickup graph, denoted 4, 5, 6, 7, 8 corresponding to
heights H (shown in heavy lines) approximate to straight
lines, denoted R4, R5, R6, R7, R8 (shown dashed) which

30 permit reading off at the left of the graphs at zero time
a tin pickup value for the amount of tin taken up during
thermal processing at the packing factory. Measuremént of
the slope R of each straight line R4 etc gives a gradient
indicative of rate of tin pickup in the product. So a

simplified, but useful, prediction of time to removal of



Ahw'@isturbance of the upper part of the side val | nmet al , by the act of
drawing, is covered by the lacquer margin so 10 that the available tin,

presented to a product packed in the cup, is defined by the bare tin
surface, area presented to the product. : - W have observed that
the tin on nmatt tin plates surfaces tends to go into solution in the

product nore 15 rapidly than does flgﬁlbrightened tin so for cans nade by
this nmethod a flow brightened tinplate is preferred. A typical tinplate
specification for this shall ow drawn can I s - Grain size: 4000

grains/ gr%[lef rtl_hé“@i %&aég%e% o?n%l%lr;g tvéﬁyghngﬁre;ghgggzgfngcrm nch CLA

Tin wei great er | acquers 1 ntl ude epoxy
phenol i ¢ ¢tEeserer Bimht caneb@xqabegbdt¢écéu@msa@reqéatiﬂgs : Fi g. 5a
shows a fragnment 10 of a sheet of tinplate 25 after bl anking ‘out of the
circular blank 11 shown in side view in Fig.5b. The blank has a

t hi ckness "T" typically in a Fafigh ©.®94" to 0.009" (0.10nmto 0.22m).
The bl apnk is drawn to a cup 12 shown in Fig.5c to have a side wall 13

of thickness "T" subst ntlall equgl to the thickness 30 of the blank and
to the thickness"BFETht tRd WAl PLIAY The taller cup/can 15 shown
in Fig.5d has been = X is the amount of tin picked up (ppm) during

thermal processing; and
't is the storage time in weeks
10 Table 1 was prepared using the data of Fig.1l3 and
the above equation. Having regard for the fact that
varying wall ironing reductions will vafy the amount of
tin on the side Qéll, or a range of tin coatings may be
chosen, values of tin weight 5.76 g/m2, 6.11 g/m2 and 6.36
15 g/mz-are tabulated to show the effect of original side
"wall tin weight before filling and processing of the
product., -

Assuming -a maximum tin pickup value of 200ppm is
chosen, table 1 shows thét the cans having a bare tin

20 margin 40 mm tall will deliver 181 ppm in 51 weeks, so
there is risk of premature iron pickup if the side wall
tin coating is 5.76 g/m? or less after this period of
time. However, if the side wall has a 6.36 g/m2 tin
coating these cans having a 40mm bare tin margin will ‘take

25 58 weeks to deliver 200ppm of tin into the product.

In contrast the table also shows that this arbitary
limit of 200 ppm pickup of tin can be substantially
achieved with a 80 mm bare margin of tin in 26 weeks, but
the time to complete removal of tin on the side wall will

30 still be 50 weeks but by which time the tin picked up will
be over 300ppm. | '

From the forgoing it will be understood that the
tin coating weight in the body side,wall and the height of
the base tin margin are chosen to satisfy shelf life and

35 tin pickup requirements. '



[edfamn by pushing, with a punch, the cup of Fig.5c t hrough a die that

. makes with the punch a clearance |ess than the netal thickness "T" so
t hat- the cup of Fig.5c has ' -14-
been reduced in overall dianmeter increased in height, and reduced in
thi ckness of " sidewall 16 to a thickness "t", typi cal l y between 0.0035"

and 0.008" (0.09mmto 0.20mMm. This redrawi ng process in which the wal
thickness is only 5 slightly reduced, is sonetines called "partial wall
ironing" (PW) because only a nodest per cent reduction of wal | thickness
I S i nposed. The dashed-line "RD' indicates the shortage in

hei ght of cup that woul d have been achi eved by redraw ng

Egé ga g}a '%9 QAR ga& % X
gg% gtﬂ gs | &%s gm g?{ % .
88 1z | & | .

E@% - g@ gw g@ gs % 2

TIME TO REACH A
200 ppm LIMIT CF
TIN IN PROOOCT (WES)

38

a

3

3l

%

CRIGINAL, SIDE WALL TIN

4.4 + 2,72 (vks)
5.5 _+'3.43 (wks)
6.1 + 4.5 (wks)
%7+ 4.02 (viks)

5.1 + 4.43 (wks)

TIN PICKP

AVERAGE TIME (wks) TO DETINNING
CF SITE WALLS

T=K+Rt

TRELE 1 - Prediction to time of tin retol and irn pickp in product

HEIGHT CF
EXROSED TIN (N | ECURTION -
SITE WL (rm)

40

50

&0

v

&0




13

10"with a punch/die clearance greater that T so the height advant age of
about 10% available by a reduction in wall . thickness of about 10% woul d
not be achi eved. However, . this ironing force does abrade the tin surface
~of the side wall. Fig.2c shows the surface finish of the side wall of 15 -
t he: céﬁ‘BT“F““%d—~—+%—Mkl be noticed that the roughness ° peaks of the

|nternal ﬂﬂ”mgm an are flap7topped whi ch indicates that sone of
the tinfl J"ﬂmﬁved into the troughs and steel exposure is a
serious riskK, particarly towards the top of the can. 20 I n order
to repair thls surface damage a | acquer is. sprayed froma nozzle 17 to
cover thqbggiﬁgseverely worked  ~ upper margin of the side wall. The axial
~extent of- | acquer margin 18 is chosen to control the area of tin

exposed on the interior of the rest of the side wall and 25 the bottom
wal | and also to protect the worked surface of the side wall. A

feature of the parti al |1 _ironi rocess that a smaller blank
di aneter s need%dc?ﬁahggﬁuﬁﬂaﬁé ?g°$eﬁuF988&Pﬁe tﬂr&ﬂPPéa?SMFBrSBQSS to
achi eve t£1 Bagkd 3&n hengégrai G&ﬂebﬂhllhehE’Wu axdenwal Erwinl kheuf fer nore

cold wor k %pVIn a rtﬁe gnde E%rgde pgggagpgb EggrﬁpggfanQ%mgen end

wal | and BFH trn p e~ speci ion for these
mouth of the bodyl characterlsed in that, a margin of

5 organic coating materlal, such as a lacquer or coating, -
extends from the terminal portlon along the interior
surface of the side wall for an axial distance less than
the length of the side wall, and the rest of the side wall
has an!exposed tin surface. “

10 2. A can body according to claim 1 wherein the organic
coating material is chosen from a group consisting of
epoxy'phenolic lacquer, epoxy amine lacquer, acrylic resin
‘lacguer, epoxy polyester lacquer, and vinyl lacquer, with
or without a pigment. . '

15 3. A can body according to claim 1 or claim 2 wherein
the tinplate has a grain size finer than 3000 grains/mmz.
4. "A can body according to claim 3 wherein the
tinplate has a surface roughness between 12 microinches
CLA and 25 micfoinches CLA.

20 5. A can body accérding to claim 4 wherein the
tinplate has a tin weight between 3 grams per square metre
and 10 grams per square metre.

6. A can body according to claim 5 wherein the
tinplate is a differentially coated tinplate and the

25 heavier tin coating is on the interior surface of the can
body.

7. A can body accordlng to claim 6 wherein thi ole
differential tinplate is D15/2.8, the 15 gram/mm heav1er
tin coating being on the interior surface of the can.



partially wall ironed cans is:- -15--
Grain size: greater than 4000 grains/mmferr] Sur f ace roughness:

12 to 25 gingngn,CLA—«»—~ﬂ Tin weight: greater than 5.6 g/nferr]
Sui tabl.e spra '{““ude epoxy phenolic or 5 epoxy amno |acquers
whi ch are fﬂ‘i‘“ﬁﬁi\%ﬂm itable viscosity and applied by spraying onto
the can inteW CoL ¢ang are thggggtoved for. 2 mnutes at 200[err]C.
Fi g. 6a shows a tinplate blank 20 of dianmeter approximately 6 inches (150
mm) of thickness T (0.012"; 10 0.305 mm) which is drawn, redrawn and wal |

ironed by, reguehhOBo@y 2% EQiAGKEcaAcEaImbodynédaimdipgeteachy 110mm:
wall has been passed through at least two drawing dies,
and the tinplate from.which the can was drawn had a grain
size finer than 4000 grains/mmz, a surface roughness
S between 12 and 25 microinches CLA, and an initial tin

weight greater'than”S.G gram/mm2 that becomes Lhe-interior
surface of the can body. -
9. A can body according to claim 1 wherein the organic
coating is chosen from epoxy phenolic lacquer or epoxy

10 based lacquer. '
10. _ A can body according to claim 1 wherein the side
wall has been passed through at least two drawing dies and
at least one wall ironing die 5o that the sida wall is |
thinner than the end wall, and the tinplate from which the

:LS can was drawn had a grain size finer than 20,000
grains/mmz.
11. A can body according to claim 10 wherein the
organic coating is an epoxy phenolic iacquer.
12. A can body according to any preceding claim wherein

20 the extent (H) of the base tin, as measured from the can

_bottom to lacquer margin along the sidewall, is expressed

by the formula:-

25 H =

(S e

TTRT(1-1/100)

where R is thée radius of the side wall in mm
is the weight of product in the can in gm

v

30 T is the weight of tin coaing in g/m2
I is the % ironing reduction

C

is the chosen level of tin pickup limit in ppm
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Fig.6b shows a cup 21 that is drawn fromthe bl ank

in a

ess tool to a dianeter 100 mnm by a height of 15 approxi mately 30mm

substantially at a thickness T equal

tarmng—theside—watl _
8Lpt gﬂmfmmmmm f)tngm ° p£ ggscggol to a di arrgltng%SPr?nmﬁya.

mm tall “20"si Yevhl I* 24 mhng mai ntai ni ng the side wall thickness
ially equal to the thickness of the bottom wall 25.
awn cup of Fig.6c is pushed by a punch through a series of two

T

wal | iromsng ri agmetthodalo® makihg22 dfawnEaah bbdg fesastwhpbatBe punch, a
§¥I%ﬁs t.han the redrawn cup side wall thickness T. Typically

cl ear anc
si de

- second r

30 Fig.7,
ori gi nal

si de wal

10

20

30

Feg&gploﬁs are: - : At the first ring 35% at the

ing 33%(0 culgiegaat bilankr édomt Roshett58% tAsptahebest be seen in
the 'Q%96d6§5@§n@akhe2§188§ Eg k%ﬁﬁshablng'ﬁeagﬁﬂtwa hal f the

bl ank thickness T,
pnd7 ang igkegrall Bifet ypll extgn

the end wall to a termlnal portion defining a mouth of the
can body, characterlsed in that,

(c) an organic coating is applied to a margin of
the interior surface of the side wall to extend from the
termlnal portion along the interior surface of the side
wall for a distance less than the length of the side wall,
and the rest of the side wall and the end wall have
exposed tin surfaces. ' '

14. A method of making a drawn can body according to

- claim 13 wherein the organic coating material is applied

as an annulus to the sheet of tinplate before cutting the
olank in step (a).

15. A method of making a drawn can body accordlng to
claim 13 wherein the organic coatlng material is applied
as a spray delivered from a nozzle and directed onto the
side wall made in step (b). '

1l6. A method of making a drawn can body according to
claim 13 wherein the organic coatihg'material is chosen
from epoxy phenolic 1acquer) epoky amine lacquer, acrylic
lacquer, epoxy ester lacquer, or vinyl lacquer.

17. A method of-makihg a drawn can body according to
claim 14 wherein the tinplate has a grain size finer than
3000 grains/mmZ,

18. A method according to claim 17 wherein the tinplate
has a surface roughness between 12 microinches CLA and 25
microinches CLA.

19. A wmethod accordihg to claim 18 wherein the tinplate

has a weight of tin coating greater than 5.6 grams/m2.

nnL refore the ironed
ipgwirer thenBeriPharyi Al hei ght .



f-163;' At the end of the stroke, a profiled end of e wall
I roni ng punch cooperates with a profiled botton1too 0 e a flat
central panel 28.and annul ar expansi on “ wal | of the

wal | ironed can body. 5 : In Fig.6d a no « duri ng
sprayi ng of "a | acquer onto the interior surf I"‘I I roned can which
Is rotated to progreSS|ver present-johe side walfl to the spray. The
deposit of lacquer 31 is confined to a margin extending fromthe rimof
the can to about half way down 10 the si.de wall. The axial extent of the

| acquer rmr.gi N VSethsdesRbrding e @fldim Y8 ckigre in prafiuet ssip@p:ked and

i scussed T e v | e WHRe LT a5 AW cvea by
use through a redrawing die which makes with the punch a
clearance smaller than the thickness of the tin plate so
5 that the side wall of the drawn cup is reduced in diameter
and thickness, and the side wall length is increased.
21. A method according to ¢laim 15 or claim 20 wherein
the coating material is applied as a spray from a nozzle
directed onto the redrawn side wall as the can bbdy is
10 rotated.
22. A method according to claim 20 or claim 21 wherein
the coating material is chosen from epoxy phenolic lacquer
_or epoxy lacquer.
23. A method according to claim 22 wherein the lacquer
15 is stoved at 200°C for 2 minutes.
24. A method according*to claim 20 wherein the.tinplate
is prelacguered and has a grain size finer than 4000
grains/mmz, a surface roughness between 12 and 25
microinches, and a weight of tin greater than 5.6
20 grams/m2.
25, A method according to claim 13 wherein, after step
(b), the drawn can body is redrawn to a reduced diameter
an increased side wall height of substantially equal
thickness to that of the end wall, and thereafter the
25 redrawn side wall is passed through at least one ifbning
ring to thin and elongate the side wall while the end wall
thickness remains substantially unaltered.
26. A method according to claim 25 wherein the coating
material is'applied as-a spray from a nozzle directed onto
30 the ironed side wall while the can body is rotated.
27. © A method according to claim 26 wherein the coating
material is an epoxy phenolic lacquer.
28. A method according to claim 27 wherein the epoxy
phenolic ‘lacquer is stoved at 200°C for 2 minutes.



.15 of sappropriate viscosity of the | acquer. sprayed and choi ce of | acquer
", such as epoxy phenolic |acquers. After spraying, the cans are stoved to

dry the | acquer. Typi cal stoving is at 200[-er+}CHfor—2 mnutes.

Figs.6a.to 6d are diagrammatic and presented to steps in
this drawi ng, redrawi ng and wal | i roni ng and ,m“m"mul@!!ﬂmfﬁ g.7
shows a life size Cross section(ﬁ3fhe 73mm di*angt ek xm can
used for storage tests with a variety of products.. In Fig.7

the can 40 conprises a bottomwall 41 of 25 thi ckness T and-a side wall 42

of | esser 28hi cknesmetthod l&%&io&lﬂildlﬂ o] Qmahhe ztaerwrmesﬁh afhd ha atiem wal | .
The bohton1ma|| ris t centr panel £oncentric annul ar
expansi on B&ads 944! é’ug ?’ﬁ‘& rhr &F@ms mndyq & SUfRFDead 45
sur r oundi mgutghmaesmpwf&m loeaitda:. omess?)ﬁ)m:‘drdﬂnmiés 4.6 ta0% wasyhd y from
t he -bot t ogewqlsl, %aq:gnaj b%.ﬁ)@aeﬂd'% dlnrde Ian 46 whi ch defines the

mout h of the can ang l'engt h of side wall i's
t hi cker 5t B8n t he Ar éstthefd tamrostlddelg/vaid q]mm @ vihereirbatticert ifgdidtiet at e

doubl e seagi Bgaqf fa redt i¥1d yS RN AP Vi 32 'St as D2.8/15, and
the heavier 15 gram/m2 coating is on the interior surface
of the finished can. .
31.. A drawn can substantlally as hereinbefore described

10 with reference to Fig.4c, Fig.5d, Fig.6d or Fig.7 of the

accompanying drawings. . _
32. A method of making a drawn can substantially as
herein described with reference to Fig.4, Fig.5, Fig.6 or
any one of the examples.



17 The thicker netal T of the can bottom blends into t he

thinner netal of the side wall thickness 't in a short t apered annul us 47
of side wall material. In Fig.7 the |l acquer nmargin 48 on the
interior 5 surface of the can extends fromthe flange for half the

length of the side wall so covering the nost severely def ormed netal of
the side wall. The rest of e interior surface of the side wal
presents, to a product packed in the t@an body, a surface 10 sonewhat

snoot hed by ironing (See Fig.2c) which may have an electro potenti al
somewhat different fromthe |ess severely worked tin coating on the
interior of the bottom wal | . - The tinplate specification for
this can is:- 15 . Flow braght@de R AR I8, the heavier tin coating

"CONTAINERS"

A can body (40) drawn from a tinplate to comprise
an end wall (41) and an integral side wall (42) which
extends from the periphery of the'end wall to a terminal
portion defining a mouth, has a margin (48) of céating

n

material, such as expoxy phenolic lacquer, applied only to
an upper portion of the interior surface of the side wall
(42) leaving the interior tin surface of the rest of the
side wall and end wall (41) ekposed. The side wall may be
wall ironed from selected grade of tinplate. The
10 advantages arising are protection of cold worked side wall
material and control of the ammount of tin available to be
picked up by a product in-the can. _

Various methods are described for making the cans
such as deep drawing and alternatively wall ironing.

Figure 7



E15stqQ be on the inside of the can Grain size in excess of 20,000

Sur face roughness: 35 m croinch CLA UTS: 370-430 Nmm2 20
The ] acquer specification was an epoxy phenolic | acquer and the stoving
program.was 200[err]C for 2 m nutes. The advantages of using this
drawn and wal'l ironed can for pac&i gg foods are:- T a) a
seanl ess can body is achieved froma é relatively small area of tinplate
bl ank. " b) the margin of lacquer applied to the side wall not
only protects the nost severely worked areas of th i SO

ed

serves to control the area of  tinplate presented to the &ﬁgs%%nke}ﬁc

c) the controlled ar ea'pf -tin presented to the pr.o I : t hat
the ultimte anount ofﬁ' .Jﬁj up by the product is l‘{iﬂmﬂ“ﬁl‘é‘mho’sen

val ue.

stligtneing nunls

7 L27A




-18% 5 D) PACK TESTS - Can bodi es of‘TThapeﬁ‘rewn—r—n F| g. 7

were drawn and wall ironed froma matt tinplateThis $hértHaes..cR0,00dI es

t he shape shown in Fig.7 were drawn fromflow br|

Control ,can bodies were nmade from fl bri ghtened mﬂu’ﬂﬁ,gonprl se a
cyli ndri caI 5| de waII having a side seam and a dto the
side wal | seam A quantity of each sort of body was
packed W|th ﬁ duct and each can was cl osed by a can end by double
seani ng.

/%oWJB#Gﬁ}E% E A' ﬁoddmres@es process
appropri ate to the PRODUCED Icppgcgﬁsf_&@ch sort were
stored at anbi ent tenperature an ot ers vvere stored at 37[err]C. 15

First test cans were opened after about one nonth, ' second test cans were

opened after{@;}»out @myﬂbyMopMmHﬂrgest cans were opened after about .
si X nonth est the tin coptent of the product in the can was

(C) PW.L. CAN WAL

SAMPLE: GRAIN COUNT ~ 2800 GRAINS/ mm?2
TRACE MAGNIFICATIONS. 01t 100

© VERTICAL  2000x



neasur.ed. The "3 piece" side seamed cans have been_used 20 for many years

in the trade and represent a behavi our known to be satisfactory;; so that
“in the graphs which . follow, the behaviour of t tHasBeanlmﬁlaceans S
conpared -with the behavi our of the can used in . the
fl ow brightened "3 piece" cans. 25 3/13 Fig.8a sh Mﬁct ual tin
pi ckup agai nst timeyd n weeks derived from exam nat | on 0 ain tomato
sauce after stor@ahe wal | ironed and 3 p| ece control cans at
anbi ent tenperat uge ns : |roned froma
tenper 2 (T2) batch ann@é’(’%@@% qﬁ"’w
electrolytically deposﬂ?e 50 8 B’fE Q‘?@ §R§C§§$¢'~§ce
roughness of 35 m croi nches CLA (35M). The test cans and Iacquered

control cans were all closed with |acquered can ends.

(Q) oriGINAL UNDEFORMED PLATE.

[ b) 2//x400 DRD CAN WALL

\W"“WWVT‘-V%N Mrv""‘m""”\w“\f‘“wm

/ C) P.WL."CAN WALL

SAMPLE : GRAIN COUNT ~ 40 T0 50 x 103 GRAINS/mm?Z
TRACE MAGNIFICATIONS

HORIZONTAL |/ 00 x
VERTICAL 2000 x



-~

: -19*' "~ Figs.8a, 8b, 9a and 9b show pick up fromthe body and one end of

each control can, but pickup fromside wall and. integral base of the test
cans. At the right of each graph in Fig.8a, a figure 5 denotes
‘"t he helght of bare tin surface betweeyyighe bottom of the |acquer margin
and the integral can bottom For exanple, the uppernDst gr aph ed 7
relates to an unlacquered wall Iength of 70 nm whi ch, ese 1l0amm
tall cans, inplies a | acquer margin extendi ng 40 0-@&€K t h. of
the can, down the interior surface of the - side swﬂ e graph
denoted "C' relates to tin picked up from t he |nte m\ t he
control cans having a cyllndrlcal body cl osed at b y a can end
attached 15 to the body le seam I't will |ced that the

tin pickup shown in gra hT£;7 C are satisfactorlly simlar. ,

The graphs marked 4 and err], |nd|cat|ng bare si de wal | margins of

40mm and 25nm hei g
margi n do i ndeed r¢

Fy 4ap.

s T v,
il emadonedadn ijrlf/////[//J/r//L VAV Ay, |
3 1 ‘

Figdec. .




The=graph denoted FL shows that: a conpl et e | acquer ____coating in the
~interior surface of the can substantially prevents pi c?“p‘of‘—tﬁ“r——ZS

In Fi.g.8b shows that the pickup of iron fromthe . \WhisShdef1RQ8E. ‘ﬂ
remai neq insignificant for the graph55 gdenoted 4, 2[ Lﬁﬁ% urol

cans "C'. However, the graph 7 shoms a surpr|5|ng

pi ckup after 45 meeks ThIS rise in iron content i

bel i eved to have b exposure of danmage to the t|n coatlng,
arising at the nDra\;ég i roned side wall material. It is
|nterest|ng to note t the fully Iacquergd cans also give rise to

pi ckup of iron. - 20-




From ki.gs. 8a and 8b we concl ude t hat a) A margin of |acquer does

.limt the anmount of tin avail abl e. ' b) The bare tinplate of the
side.wal | nust not be 5 overworked particularly in the upper part of the
si dewal L.. ) After wall ironin is usual to wash the cans to
renmove press-tool |ubricant fron1the‘gGPfaces of the cans. The washi ng
apparatus i s sonetines uSed to apply a -.chromate treatnent to the cans to
repassivate the 10 ti Fig.9a shows results of actual tin
pickup with time at\a |en€?storage tenperature for wall ironed cans nade
fromthe sane tinplate gsJused to arrive at the graphs & Fig.8a except
that sonme of the cans tgkts had been 15 subjectéd to thé chromate treatnent
and sone had not. us of tin on
‘'t he side wal |, the rgst of the side wall being | acquered. In

Fig.9a the cans subjected to chromate treatnent égave rise to graph CR;
the cans wi thout chromate treatnent 20 gave rise graph NCR It wll be
noticed that the non- ghrou -
during the first sixty—wele

that a non-chromate ur
preservative eff ect@n@

of storage Thi s obs
‘*ce is marginally ad
-t he
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.25 -st Qrage peri od. Fi g.9b shows actual iron pickup against tine
for the sane sort of cans as were used to obtain Fig.%9a. In Fig.9b the
graph denoted NCR shows that the cans which had . not had a chromate wash
gave rise to a substantially 30 steady and quite linited iron pickup for

t he whol e st orage period of 110 weeks. In contrast the graph denoted CR
shows that after about 45 weeks the €&Fs which had been chronmate washed
gave rise to a sudden and seriously i ncreased rate of iron pickup.

-21- From Fi gs. 9a and 9b we conclude that, for this

pasta/tomato sauce product it is preferable to use cahs—
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.that. have not been subjected to a chromate wash treatnent.

. 'shows graphs of actual tin pickup plotted 5 agai nst- storagmmsﬁkuﬂg ol III
i roned, cans nade from matt tinplate, and wall ironed ca ea“ﬂ
flow bri,ghtened tinplate, both having a 60mm | acquer nar

control cans‘and fully |acquered DW8/Mans were used for

the cans were Lt h sp i auce, closed mnth

| acquer ed can Egm-ome ’B'%]’g 2”76@23?3 éé:t Wét ure, and others at
37[err]C. In Fi g. 106284, 36M, 431Bg/anf, BT bbAGENDBSM that the  wal |

I roned cans n#gg {+ep—ratt—tinpl f tin

pi ckup at the end of one nonth than 15 did the cans drawn and iron¢d froma
flom/brlghtenﬁgo tinplate, see graph FB. After one nonth of storage

gr aphs FB i hdi cate that the difference i pAGH-—PI

substanti al i ht af ned. Graph C shows that thg

gave tin pi dﬁxhaluas bet ween 20 those of tbheAAm
cans. The ﬁacquernd cans did not rel easg n significant
Fig.10b ma%g s ped| usi ng the sane sort cans and spaghett| pr oduct
as used to-gbtainjFig. 10a, and the up of tinis plotted agaijnst the
st or age pemloqazy._ZJ 37[err] L1384 graph M shows that the walll ironed
cans rrada.:f rom pat | i [ -

150

nol cans
L orlghtened

o
100 |- 2
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. . . L FL

-
1 — 1 P 1 [ 1 i | ] 1
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val ties. of tin pickup throughout the storage period but t gse'ti n pickup—.
-values are not significantly different from val ues of tf enfRepizted he
control- cans at’ 12 30 weeks and 24 weeks tests. The tin pJ :
ironed . cans made fromflow bri ghtgmed tinplate was su

) Mt he
sanme as pickup fromthe control cans after the 12 weeks of storage So
use of a flow bri n I nplate ma " be preferr for this product.
From t hese resul { E gd PASTA INTOMATO SABCE'AMS?ENf -22P
concl ude that mat ™1 npl ates gpgg, 35893 /m?,efrapﬁda ENBS pi ckup than the

flow brightenedyggntrol cans. which in urn give more rapid tin pickup
than the flow bppdht gned - - -

0
. 10

I

—_— 4

S383338

rrryr1r1rrrryrqruru1r1m 16 1.

0

 ACTUAL TIN PICKYP LEVELS (ppm)
888
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3
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wald - ironed cans: and benefit nust be judged against risKsRe@fsbLOR. Pi ckup.
_Fig.11a shows graphs of actual tin pickup against st orj: ?qA/a-I'I

i roned cans nade fromtenper 4 (T4) continuously anne mm’m} " in '
the 35 microinch CLA roughness sone of which were nad | at e

10 and some of which were nade fromf!L )/vliri ghtened tinpl ate. Bot h t hese
variants were of A«d.n 'E?t 12 g/ rr[err?. | acquer margi n 60 mm hi gh was
applied to the 3% of SPRAGHETTV rW@OPSIN GOMATE SAE. wal | as shown in
Fig.7. The irone cans, and 3-pi eceAwH,PI cans having plain
interiors, 15 wgge cked with baked beans I'n a tomato sauce and cl osed
with plain canO% S. _ In Fig.1lla, graph M shows that E#;Le,{) En‘s

pr oduced fr tt} tinplate gave marginally higher tin pick n
the control ca i ¢h gave consistently higher tin pickup 20 than fhe cans

made from fl ow M@lghtlened tin plate. The substantially | ower tipn pickup
than in -~ Fig.10a can be expl ained by t fact that the

val ues in Fig. 1lha,
baked bean p%‘go uct| was | ess aggressive than t pack but
the relative 204 meince of the ironed matt ti i yoned
fl ow brightengd/ggbpljate surfaces and pnt r ol
cans renains ‘&% ar ' Howev, -pi ckup
tests on %
N 140+
x /2 )
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.the wsane sort of cans as used to obtain Fig.1lla, shows Tlnséhré

. aggreSS|ve baked bean product gave rise to 30 little iro
‘cans_t est ed. Fig.12 is a graph showing iron exam
various .9 ironing reductions on a differential tinplate ,
D2. 24/ 3. 36. The iron exposure was neddiidd on the interio surface of
the ironed cans th 2the ' - -23-
initial 2.24 g/n? &Lg &)f tlggg/\thﬁ;tMﬂblgAm@-phMaENrbased on initial
tin coatings that are/ thinner than we to use to achieve useful tin
pi ckup, they s W to show thd’ﬂMhéSMé?g EE A RAM EYPSpor tional to the
degree 5 of wal _[Q I'ng reductron. Qur Tacquer margin is appligghs
it
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to tuhQ margl n of ironed side wall nearest the nmouth of the can and so
lm nimse iron pickup at the nost vul nerable part ‘of a drawn and ironed

“‘can. From purely geonetric considerations the follow ng 10

f or mil ae show the rel ationship between: T tT‘Wﬂwl n
grans/nferr] ‘of the as-received 12713 tinplate; TblssheetHa the Ttoning
reducti on enpl oyed (9 ; : V the weight in gra placﬁdt he
can whose 15 di aneter is 2R His t in

m) of the base tin mar gi n andCisthec ppmof
ti.n pi ckup. ‘Useful forns of the equation are:- [err]

80

|
70

l
24

% IRON EXPOSURE ON INTERNAL SURFACE AREA ( MIDWAY UP SIDEWALL)

% IRONING REDUCTION VERSUS % IRON EXPOSURE ON THE INTERNAL SURFACE AREA
LOW'D 2.24/3-36 TINCOATING.
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The rel ati onship assunes that the shelf

‘governed by the thickness of tin coating on the exposed
Consequences of sel ecting amg)ghmméﬂwlwp in

body.si de wal | .
~ 5 the pr.oduct are

of the
ceases,

.- (a) the product wll

~followed by corrosion of the iron substreg.p"JJ f the tinplate and
Therefore,
of the

evolution of g
Lif

t he usef ul

sel ect ed anount
graphi cahl y the

sauce
tall
shown i
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-range of heights H of bare tin on the interior of the side wall.gJhose
cans were nade from tenper 4 continuously anneal ed, differentially coated
ti'nplate with a 15 g/ nf coating inside and 2.8 g/ n2 outside. The cans
were closed 25 with | acquered can ends. In Fig.13, it can be seen

that th T lal_tin pi ckup graph, denoted 4, 5, 6, 7, 8 corresponding to
hei ght' s MQ“gﬂm' SHFW? | i nes) approximate to straight | i nes, denoted
R4, R5, —R7 EgT(knfhr dashed) which 30 permt reading off at the l|eft
of "t he rapaﬁhgp zﬁr tfi e a tin pickup value for the amount of tin taken
up durihg e 9%rccessing at the packing factory. Measurenent of

t he sl ope of each straijght line R4/Ec gives a gradient i ndi cative of

product. So‘a sinplified, but useful,
val of

rate off tin pickup int
predi ctT i




- 25- all the tin exposed on the side wall, or reaching of a Pth%T

li.mt can be calculated froman equati on: BEPLACENHQTFSH:E K

EI'.'I

+ Rt 5 where T is tin pickup Fhe-—a et of
tin picked up (ppm during thermal gr gbﬂg 1%%9 !
t“is the storage tine in weeks 10 Tabl e 1 was re § thel
data of Fig.13 and t he above equat|0f Havi ng regarid. for t he fact #hat

varying wal | iggni ngqareductions wll the anount tin on the siide
wal |, or a raf;Q in coatlngs may be chosen, val —-wei-ght -

5.76 g/ n2, 6. 11 how t he effect
of original side ﬁg Z % §§§§§SI ng of the
product . AssSu Oppnti s

chosen, table 1 shows that the cans haV|ng a bare tin
a ORIGINAL UNDEFORMED PLATE.

NA! e — O O O s . Vs LY
b 201 x 400 DRD. CAN WALL
o ) A A\
A \ i \l 1
V

[T LTV T A

\/

A BW.I. CAN WALL

"”W. A‘V" W "VV\MUVHWV ""lW‘l\ ?v"\(wv\

SAMPLE: GRAIN cvuug 2800 GRAING/mmZ
TRACE MAGNIFICATIONS. 0 it 100

VERTICAL ~ 2000x




20 margin 40 mmtall will deliver 181 ppmin 51 wes
of premature iron pickup if the side wall tin cd
'ess after this period of time. However, if the
g/n2 tin coating these cans -having.a 40mm bare
58 weeks to deliver 200ppmof tin into the product.
the table al so shows that this arbitar limt of
can be substantlally achi eved Wlt:Hé 80 nm bare

TR PRI MBI SRR or "

sijdé~wal T has al}6.l36

tifn g@rgugmal t gke 25

I n cantjr ast

weeks, but . -t to conplete renmoval of tin o
still be 50 wee ﬁay which tinme the tin picked
300ppm

- off tin
margin of tin in 346
the side walT wll 30
up will be over

WMIES‘S%{S th -t
coating weight in the @pd(yA QQDHPOB%“%Z,{;BI RNAE %%awm pppbgsgmeetl n "

margin are chosen to satisfy shelf [1fe and 35t|n
- 26 -

Q  ORIGINAL UNDEFORMED PLATE.

pi ckup requirenents.

b 2//x400 DRD CAN WALL

b i A AT S AP W P W T S VR A v

C  PWI CAN WALL

SAMPLE : GRAIN COUNT ~ 40 T0 50 x 103 GRAINS /mm?

TRACE MAGNIFICATIONS

HORIZONTAL 100 x
VERTICAL 2000 x



[err] ~ CLAI MS: - 1. A can body drawn froma tinplate
to conprise an end wall and an integral side wall which extends fromthe
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peri phery of the end wall to a termnal portion defining a nmout h of the
body, characterised in that, a margin of 5 organic coating material, such
as a lacquer or coating, -extends fromthe term nal QELKQ? 1810

interior surface of the side wall for an axial dist NadHEET he
l.ength of the side wall, and the rest of the side wal has an expospdj tin
surface. 10 2. A can body according to claim1 whereir2gxUP199aNni £
coating material is chosen froma gr@maconsisting of | {epoxy phenolif

| acquer, epoxy am ne |lacquer, acrylic resin | acquer pOXy potyest

| acquer, and vinyl |acquer, wth or without a pigmept. 15 3. A can
body according to j . claim2 wherein the tinplate has a grarn
size finer than 300 ains/mg. . 4. A cAR body accordlng to claim3
wherein the ti nplate-has a-surface roughneSs betwese ol-nches

CLA and 25 mi croi
wherein the t

and 10 grans per § p ding to claiyim5
wherein the ti i

heavier tin coatijng i

on-the interior surface of the can body.
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A can body according to claim6 wherein the

7.
Is D15/2.8, the 15 gram nmmierr] heavi er tin coati
interior surface of the can. 8

claiml1l wherein the side wall has been passed thro
drawi ng di es, and the tinplate fromswhich the can

size finer than 4000 grains/mjerr], a surface rough
25 m croinches CLA and an initial tin wei ght grea
t hat becones the interior surface of tﬂf can body.
according to claim .1 wherein the orgaﬁ{c

F\ig. éa.

differenti al
ng being on the

] act

Laan

tinplate

A can body accordi-ng to
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coating is chosen from epoxy phenolic |acquer or epoxy 10 based

acquer.

10. A can body according to claiml1 wherein the side  wall has been

passed t hrough at | east two drawi ng di es and at | east one wall

i roni ng

die so that the side wall is thinner than the end wall, and the tinplate
fromwhich the 15 can was drawn had a grain size finer than 20, 000
grains/mierr]. 11. A can body according to claim 10 wherein the

organi c coating is an epoxy phenolic | acquer. 12. A can body
to any preceding clai mwherein 20 thgextent (H) . of-t

accordi ng
as

he-basetin,—
measured fromthe can bottomto acquer nargl REPb@@EMﬁ@ﬂESHEE@ |, is

expressed by the fornula:- [err] R-Ts—the-Tadru

side wall in mm V is the wei ght of produ t]i in
Tis the weight of tin coaing in g/nferr] Qé%§%6

bf t he
gm 30
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| is the %ironing reduction
limt

Cis the chosen | evel

of tin pickup

In ppm - 29- 13. A
met hod of making a drawn can body fromtinpl ate by the _steps of- -
(a) cutting a blank froma sheet of tinplate; (quﬂqﬂgﬂﬂngNquﬂﬁgr
btank to a cup having an end wall 5 and an integral side H—ext-enth
fromthe periphery of the end wall to a termi nal portipn

nmout h of the

coating is a

ACTUAL IRON PICKUP LEVELS (ppm)

can body, characterlsed i n.that,
pplied to a margin of 3the interior surface

FaRE |

of _the side
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wal |
of the side wall

for a distance less than the |length of the side
and the end wall
- met hod of nmaking a drawn can body according to 15 clain

organi c coating materi al

coating materi al
directed onto the

is applied
tinplate before cutting the
maki ng a drawn can body accordi
is applied 20
side wal |

have

RERACEMERD STy

exposed tin suy

wherel n the
as an annulus tojthe shexG 1996
blank in step (a). 15.. A et hod of
ng to claim 13 wherein tthe—etgamT

as a spray delivered froma nozzle and

made 19v18tep (b). 16. A et hod of

maki ng a drawn can body according to claim 13 wherein the organic
coating material | PASID PPROAMATONSAVIE < AMBIENMET , epoxy am ne
| acquer, acrylic 25 quer 07]] gl | acquer. 17.
A et hod of makin drawn can%gg}f@r%ﬂf% ?rg*&rc |Bm 14 wherein the
tinplate has a gr {?_ 'ge Tiner than 3000 grains/mjerr]. 18 A
nmet hod accordi ng Ll al m 17 wherein the tinplate 3 a surfa&e
roughness bet ween . m p£roi nches CLA and 25 m cy/oe es A+ 19.
met hod accordi M@ t@p¢ al m 18 wherein the tinplat has a wel Y of tin
coating greater g:h%g 5. p grans/nferr].
x B
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Y 10t
o 20+
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- 30- 20.

the drawn can body is mounted on a punch and pushed

A nmet hod according to claim13 wherein, after step (b),

t hr

Ll
Na bl

die which nakes with the punch a clearance smaller tha RE !
the tin plate so 5 that the side wall of the drawn cup { s reduced I n
di anet er and thickness, and the side wall length is incyefasod AUG2H96
met hod according to claim15 or claim 20 wherein t he. coptjng material ijs
applied as a spray froma nozzle diriszzg_onto t he redr pwp—s+dge—watt+—as
the can body is 10,Lpta . 22. hod according fo claim20 or
claim 21 wherein- :Egb} t i NGPAGNETTIaHODRS ¢ TOMATO SAWCEDPTXY phenolic
| acquer or epoxy cquer. AMBIENT
a0
280r- é6cms.
260 -
2401
720t
—5\200-
§ 180+
N
qQ 60
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& 10F
X oot
N
R Ur
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20+ I . FULLY LAC.
0 S S S S S S S S T
0 4 8 2 6 20 274 28

STORAGE PERIOD IN WEEKS.

o 2-Piecematt. + 2-Piece bright o 3-Piece control.

Fig. 10b.  spgueTrr Hoors m romaro sace
20 ELEVATED(37¢)

ACTUAL TIN PICKUP (ppm).

1.

o883 SSSSIINEEY

2
STORAGE PERIOD IN WEEKS.

6 20

a 2-Piecematt + 2- Piece bright.

9 3-Piece control.




23. A met hod according to claim 22 wherein the | acquer

15 is stoved at

200[err]C for 2 m nutes. 24, A nmet hod accordi ng[ err ]t
wherein the tinplate is prelacquered and has a grain si DM@HEET
4000 grains/mferr], a surface roughness between 12 and} 2b6
m-croi nches, and a weight of tin greater than 5.6 20 grams| nf e@q AUG 19925.
A net hod according to claim 13 wherein, after step (b),| the drawn can
body is redrawn to a reduced dianmeteryj ign increased side| watt—terghtr—of
substantial l'y equal th| ckness to that of the end waII nd thereafter
the 25 redrawn si defi pas y roning ring to
~thin and el ongate @ wal Isﬁf f@ga%‘ wal I |ckness remai ns
substantial ly unal tered 26. 745A3wuggjjm€fﬁr+d?mgjfwﬁ| aim 25 wherein
the coating rgt— TS appfTedas a spray froma nozzle dai rb?ﬁli d onto
30 the ironed siWWaII while the can body is rotated. met hod
according to claiff@j26 Wwherein the coating material is an epoxy henol i c
| acquer. 28. ’70A thod according to claim27 wherein the epoxy"
phenolic | acqu‘g :sﬂgved at 200[err]C for 2 m nutes.
140—

i

g 20

Y ot

q /00

S 90

S As

S 0+

Lo

3 b

S a0t

¥ o

204
IO- 1 : 1 | 1 1 1
" 20 0 7,

STORAGE PERIOD IN WEEKS.

o T4CA Mol finish. + TACA Bright finish. ¢ 3-Prece conlrol.

Fzg /. b. 88's IN TOMATO SAUCE - AMBIENT

TACA, 35M, 12g/m?, ET+ PLAIN ENDS

:)
8
17

5
4

—_ =

ACTUAL IRON PICKUPLEVELS((ppm).

S
| B T S S S S A B B Y N N B

O =)W H N IO

1 1 1 1 1 'l

0 20 40
STORAGE PERIOD IN WEEKS.

60

o 74CA Maitfinish. +T4CA Bright finish ¢ 3-Prece conlrol.




- -31- 29. A nmet hod accordi ng to claim25 wherein the tinplate has
a grain size finer than 20,000 grains/mijerr], a surface roughness of
the order of 35 mcroinches CLA, and a wei ght of tin coating between 10

and 15 gramnferr]. 5 30. A nmet hod according to
tinplate is a differentially coated tinplate su
heavier 15 graminferr] coating is on the interior
fini shed can. 31. A drawn can sq@g& ntially a
10 with reference to Fig.4c, Fig.5d, g-6d or Fig
dr awi ngs. 32. A met hod of making a drawn can s
described with reference to Fig.4, Fig.5 Fig.6 or
exanpl es. ' _
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