G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

DISCLAIMER

This document has been produced without formal United Nations editing. The designations
employed and the presentation of the material in this document do not imply the expression of any
opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development
Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or
degree of development. Designations such as “developed”, “industrialized” and “developing” are
intended for statistical convenience and do not necessarily express a judgment about the stage
reached by a particular country or area in the development process. Mention of firm names or
commercial products does not constitute an endorsement by UNIDO.

FAIR USE POLICY
Any part of this publication may be quoted and referenced for educational and research purposes
without additional permission from UNIDO. However, those who make use of quoting and
referencing this publication are requested to follow the Fair Use Policy of giving due credit to
UNIDO.
CONTACT

Please contact publications@unido.org for further information concerning UNIDO publications.

For more information about UNIDO, please visit us at www.unido.org

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria

Tel: (+43-1) 26026-0 * www.unido.org * unido@unido.org


mailto:publications@unido.org
http://www.unido.org/

Distr.
LINITED

ID/wWa.73/2 ,
20 July 1970 !

ORIGINAL: ENGCLISH

Seminar on Tin Plate Production
' Santiago, Chile, 9 = 13 November 1970

Oerd Habenicht
General Manager
Research and Development
Schmalbach=lubeca~Werxe A.G.
Braunschweig
Federal Republic of Germany

1/ The views and opinions expressed in this paper are those of the author
and do not necessarily reflect the views of the secretariat of UNIDO,
This document has been reproduced without formal editing.

1d.70-4058




We regret that some of the pages in the microfichs
copy of this report may not be up to the proper

legibility standards, even though the best possible
copy was used for preparing the master fiche.




Y ARa1

Contentsys

SEe
1. Introduotion B |
2, Present situation and properties of 5

chromium-plated sheets

2,1 Production of material S
2,2 Surface 7
2,3 Corrosion resistance 9
2.4 Behaviour of ?P8 materials towards lacquers 11

2,5 Conversion of Tr8 Plate to containers 14
3. TP8 material in contact with products 17
3¢1 The legal situation 18 i
3.2 Product performance 21
32,1 Poods 2s

Nou-food packages

Eoonomical oonsiderations

Prospects




Introduction

(1) It 1s public property that tinplate - in the beginning hot-
dipped tinplate, later electrolytic tinplate - has been used as
food and non-food packaging material for more than 150 years and,
Judging from the billions of cans and containers, tinplate has
proved its universal usability, Even though the tinplate
production methods have changed over the decades, the combi=
nation steel + tin is, now as before, one of the most suitable
material combinations offering an optimum solution with regard
to the strength of the container, based on the properties of the
steel, and with regard to the protection of the product and
against exterior influences, based on the properties of the tin,
For more than 10C years, when talking about tinplate, one knew
only of hot-dipped tinplate, The hotdipped tinplate is in little
use today. Hot-dipped tinplate is used only where electrolytiec
tinplate has not made its way yet for various reasons, The main
characteristic of hot-dipped finplate is that it is covered with
an extremely high amount of tin, Further, the tin coating weight
fluctuates heavily, The former can production methods, with the
exception of the lap-seam soldering - which have been replaced
by modern procedures today - embodied rractically no problems




which influenced the can quality due to this heavy fluctuation
in tin coating, Improvement of the procedure made it possible

= even though not to the exactness aa reached with the electro-
lytic tinning procedures of today -~ to effect a more even
tinning, The major disadvantage ot the hot-dipped tinplate was,
contingent upon the procedure, that a larger quantity ot tin
was used for the intended purpose in can production than actual-
ly required for the majority of packages. Since, in addition,
tin is a relative costly material, it is not surprising that,

in the course of time, one thought up a procedure to reach,
with similar good properties, more even and thinner surface
coatings, which answer the exact purpose. The principal objezt
was to reduce the tin coating weights, A decisive advancement
was made in 1930 - 1935, when the first electrolytic tinplate
was produced, The o0ld method of dipping the plate into the tin
and subsequent squeezing of the surplus tin was replaced by a
new method utilizing electro-chemical laws, according to which

a known quantity of current separates an equivalent quantity of
metal, This method, based practically exclusively on the factors
current density, time, concentration and temperature of respec-
tive tinning baths, made it possible to produce surface coatings
which showed a high degree of evenness and the thickness of
which could be controlled according to specification, Much has
been written about this procedure, and it is not the object of
this report to repeat information which is public property.
Development continued, There was paraliel development of can
production machinery. Both made it possible to produce cans of
electrolytic tinplate, without that the container resistance
toward the product changed considerably as compared to hot-
dipped tinplate. An important factor in this development was,
without doubt, the parallel development of suitable organic
surface coatings - lacquers offering with the tinplate a maximum
of protection against corrosion., Statistics show that the average
tin coating weight per nz,-neasured on both sides, was reduced
from 25 - 25 &/m” 0 5 - 10 g/n° during the last decades. O the
average, only 20 -~ 30 % of the earlier tin coating weight is
used today for food can production,




(2) It is not surprising that thie trend caused investigations

to dertermine whether it would not be possible to replace tin

by some other coating material, Another factor in favor of

such investigations is that world politics make tin more and
more a subject of strategic and political considerations, It goep
without saying that one tried to find ways and means to produce
food packages without this metal successfully used for 150 years.

(3) A material, which has been in parallel use with tinplate,

is regular blackplate without surface treatment, as produced

by the rolling mills., This material which was used in 1940 - 1945
for the production of three-part welded food cans is used today
for non-food containers. This material has the disadvantage that
it has low resistance to corrosion, in particular to atmospherie
corrosion. \then coated with lacquers specially developed for

the intended purpose, however, the material comes up to expec-
tations.

(4) Por years, investigations have been conducted with regard to
the production of the material and the suitability of the
material after corresponding surface treatment to g€ive the plate
a better resistance to corrosion., Above all, phosphate-carbonate
treatments were used which were carried out in alkaline agents,
These methods and material, however, did not push through as of
this day. There were no optimum results with regard to lacquer
adhesion and product suitability,

(5) In the beginning of the sixties, a worldwide development

was started in Japan with the object to proauce a material which,
on one side, did not require tin as surface coating material

and, on the other side, did not have the disadvantages of regular
Plate and the dieadvantages 0f the other surface post-treatment
methods mentioned., After systematic investigatione it was decided
to use chromium as surface coating material making use of the
extensive world-wide experience in the field of electro-chemistry
and, in particular, electrolytic separation of chromium in "true"
chromium-plating processes,

(6) It was not possivle to employ "true"” chromium-plating
proceseee for the intended purpoee, ae it is difficult to com-




bine metallic ohromium with the basic blackplate without
providing corresponding intermediate layers, In addition, they
would not provide a surface, which would meet the mechanical
stress of deformation and profiling because of the brittleness.
On the other hand, it had to be tried to control the thickness
of the surface coating, giving consideration to universal
usability, in such a way to make an economical production of
the material for packaging purposes possible, The essential
progress today is that the surface coating is not limited to
metallic chromium only, but includes suitable combinations

of metallic and oxide chromium. This method is, in prineiple,
the method which made its world-wide success from Japan,

(7) As always with new cevelopments, which have been solved
"on principle", additional work began concentrating on the
production of other surtace coatings, lention is made, in
particular, of the use of aluminium, both plated and vacuum
coated. The packaging industry, however, das not able to make
use of the latter procedure umtil ihis date because ot tech-
nical problems ana quesiions of econouy,

(8) The present report will concentrate, therefore, on the
properties and applicability of the so-called chromium-plated
plates which, as mentioned before, deviate in surface struoture
depending on production process used, but which, in principle,
have similar properties., It is object of this report to point
out the present state of the art and which main points must
find consideration in evaluating the usability of these materi-
als for the various purposes, This covers food as well non-
food containers,

(9) In the foreground is the main question which prerequisites
must exist to produce packages from this material, how suoh
containers are to be treated and, finally, which features are
to be expected on principle, Special value is being attached
to point out cases of distinot differences in the usadility
as compared to coaventional containers of tinned material,

The author is trying to treat the subject as detailed as
possible. It must be pointed out, however, that enormous




development work continues in this field, so that it is
extremely difficult to keep up with the most current state
of development,

(10) To make sure that the following relates to that material
which is generally known under "chromium~plated blackplate",
here is a brief definition of the term, Today, chromium-plated
blackplate is a material, which is led in coil form through
cleaning baths and surface treatment baths and which, after
running through these devices, has u surface coating of varying
composition of metallic and oxide chromium and phosphates,
depending upon the procedure. The basic blackplate is, with
regard to its technologicail properties, identical with the
material which is used for the proauction of tinplate, llost ot
the various materials on the market because of their different
construction of equipment, show certain differences in the
surface, These differences are, however, not so serious that
one could not speak all in all, for the purpose of this report,
of one material with regard to the properties in processing
and with regard to the performance of finished containers,

TFS (Tin Free Steel) in this report is a material which, in
international terms, i3 CCO (Chromium-Chromium~0Oxide) or CPT
(ghromium-ghosphate-greatment). The deposition on the surface
is done both in cathodic and anodic-cathodic manner,

Present situation and properties of chromium-plated sheets

Production of material

(11) The basic set-up of all chromium-plating lines is the same
and is, in principle, the same as of electrolytic tinning lines,

The set-up is as follows:

~ Coil feeding

(12) The electrolytic chromium-plating is done in a
continunus device, An endless coil must be used, as a
constant speed must be maintained in the surface
treatment section, Two uncoilers are required, the end
of the first coil to be automatically welded to the
second coil, A twinshear with subsequent welding machine




is used for this, In additvion, there is the so-callied
loop pit or loop tower, from whioh the surface treatment
seotion is fed with coil during standstill tor the
welding process, Subsequently, the coil edges are triumed,

Pretreatment section

(13) Prior to the surface treatment, the coil surface
must te freed from oil and dirt partioles, This is done
in the de-greaaigg section. For better results, the
"Mittelleiter-Verfahren" is used, The coil is led
through an electrolytic bath (2 -3 % silicate solu~
tion) between cathodic and anodic electrodes arranged
in series, The hydrogen, which is released, blows off
the oil particles,

(14) After de-greasing, the coil is running through a
brushing machine. With the addition of water, the coil
surface is brushed before the coil moves into the rickling
bath. The pickling is done at room temperature in hydro-
ohloric acid without current (just dipped). The pickling
is necessary to remove, on one part, the residues from
de-greasing and to etch, on the other hand, the steel
surface for the surface treatment process, After pickling
the coil is thoroughly cleaned in a rinsing and brushing
device,

Surface treatment

(15) Here electrolytic depcsiting takes place on the
surfaoe,

Post-treatment

(16) To begin with, the coil runs through a rinsing
devioe to catch the acid and, after that, through a
drying device, The last step is that the surfaoe is
greased with diootyl sebacate - mostly by electrostatioal
Reans, The greasing weight is exiremely low, It ranges
from 10 - 15 ug/nz_for both sidese® The stations required
for tinning, as for instanoe flow-melting, quenching,




cleaning and Passivation, are not required,

- Grading and shearing section

(17) Depending upon the type of installation the ocoil

ie reeled and, if desired by the customer, cut to

sheets on a special inspection and cutting device or,

with elower moving devices, is graded directly in line

and distributed. With the "in line" opsration, the

sheet ie running again through a loop pit and, there- |
after, through the inspection section with pinhole ,
detector and thickness measuring device, They are then @
aligned in a leveiler and, thereafter, cut into the
format ordered, At the end of the instailation is the
stacking devicde for the cut and graded sheets, It need
nct be mentioned that the material may come in coil form,
tco,

2,2 rface

(18) Since the eseential difference of this material ae compared
to tinned material is the surface and not the basic material
used, it seems expedient to treat this peint first,

(19) The total surface coating on the blackplate which, ae
mentioned before, was applied electrolytically, has a thicknees
of approx. 0,0% p (1 micron = 1/1000 mm),

(20) It must be mentioned that the chromium-plated materiale
have, on principle, a different appearance than the tinned
sheets with their very ehiny surface, Depending upon quality

and production method, the visual appearance ranges between bdlue
&rey, shiny grey, brown grey and silvery grey surface. The
appearance of the eurface is dependent upon roughnese of the
stesl eurface and, eseentially, on the varying portion of
metallic as compared to oxidie chromium as well as the poseible
presence of phosphates,

(21) At the beginning of the developments, the differenne between
qualities was, in general, dependent upon their portion of
metallic as compared to oxidio chromium, It ie important to




note that the surface thickness as compared to electrolytic
tinplate of the tin coating weight of 0,25 1bs/b.b. (5.6 g/m?)
is essentially lower and is within the range of approx. 1/10
of this thickness.

(22) The essential requirements to be met by such a surface
are optimum corrosion resistance, minimum nuuber of pores,
§004 mechanical deformability and very good lacquer adhesion,
Purther, the efficiency of the production must be optimum,

The ourrent effieiency for separating cnromium is essentially
lower than for separating tin, due to the uncontrolled side
reactions, in particular the undesirable release of hydrogen,
0 that it was not possible to reach, at the beginning, the
same line speed as reached with tinning, m oraer to increase
the line speed it was necessary to criange from originally
high chromium coating weights to lower ores, as this reduced
the depositing tiwme, To obtain arn optimum of properties, the
first production processes were devided into two steps, In the
first step, the metallio chromium was geparated electrolytical-
ly, in the second step, wnich may be parailei or "in line",

it was passivated in corresponding solutions, This passivation
process produces an oxide coating on the metallie chromium,
The true improvements made were that the electrolytic deposi=
tion process permitted an esserntial increase of lirne speed by
corresponding bath composition and coritrol of *he current
density. Line speeds of 450 m/min (approx, 1500 feet/min) are
presently being ovtained,

(23) Analysis of tne surface coatings deposited on the steel
surface is done with most mcdern physical-ciiemical methods
“oday, tha Xeray Srecirozcopy and e.eotrons team aeflection
ovutranking electro-chemical methods o putentigl measuring,
-n addition, optical evaluation o!f the surrace is done by
electron microscopes, [he rortion of chromium oxide versus

chromium metal,formed during the cnemical process, varies
exiremely with the batn composition, this is the real know-
how for the production ot such material, 1t is ifurtuer ot
esssential importance whether the curomium deposliion comes




2,3

from alkaline or aoidic solutirns. Prom the above mentioned
anulysis it was found that the main oomponents
present on the surface are:

Cr - Cr203 - Cr304 - Oro(oH) - Or((!'l)3 x3 320 - Orx(PO‘)’

(24) Generally speaking, the surface coating has an amorphous
structure which has a speoifioc weight of approx. 2,1 - 2,2 s/cn’.
The composition of a hydrated ohromium oxide coating is close
to the formula cr(OH)3 x 3 H,0 and the oontent of elementa
chromium in this oxide ooating is between 0,20 - 0.55 mg/dm®,
These surfaoce coatings offer an excellent basis for good
corrosion resistance and lacque: adhesion , Both points will

be covered by this report later. Tests conducted during the
last years showed that this surface, with regard to further
aging, is extremely stable and superior to tinned material in
this respect. Lacquer adhesion and corrosion resistance toward
atmospheric influences are maintained over a long period of
storage under normal conditions,

(25) The liability to aging of the surface is examined, in
addition to using other methods, by testing the influence of
increased temperatures upon the surface appearance, Temperature
application of 250 % (480 %°p) for approx., 12 minutes upon the
plain surface should not lead to brown-yellow coloring of the
heated sample,

Corrosion resistance

(26) A common means for testing the corrosion resistance is
the salt spray test, The samples to be tested are placed in a
closed chamber and diluted NaCl solution is sprayed into the
chamber, The time until rusting ocours, i,e, until brown-
reddish iron oxides are formed through the chromium-plated
surface, is the measure for corrosion resistance, This test
is carried out with both non-deformed and deformed components
in order to asseas the effect of mechanical streas on the
surface finish,
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(27) Another testing metiod is the iron solution test, It

is a valuable aid for quantitative assessment of the iron
porosity, especially for determining the most favourable
formulation of the CCO layers. Flat samples are used at first
for the test which are subsequently deformed to an increasing
extent, in order to determine a possible increase of iron
pores,

(28) We know from test results with plain stock that the
corrosion resistance depends to an essential degree on the
portion of oxide chromium, the proportion between corrosion
resistance and oxide chromium content being directly linear,
A8, on the other hand, other material properties such as
iacquer adhesion and deformability decrease with an excessive
oxide layer, it will be recessary to find an optimum here,
For one of the common material typee, a chromium oxide layer
of approx, 0,03 - 0,2 mg per dm2, calculated as metallic
chromium, has been determined as an optimum coating weight,

(29) The essential advantage of TFC materials over conventional
dlackplate-ven disregarding the major influence of +he manu-
facturing process, is their considerably better corrosion
resistance during storage., As mentioned already, the surface

is so stable that the normal atmospheric components like oxigen,
water vapour and carbon dioxide do practically not change the
surface. It is directly comparable with electrolytic timplate,
if the influence of the storage on the lacquer adhesion proper
is disregarded. Lacquer adhesion of electrolytic tinplate de-
creases more rapidly with storage than that of TFS plate,
because the electrochemical situation is basically different,
The use of TFS for the manufacture of bottom ends for beer and
beverage cans, for which elcctrolyt ¢ tinplate with a tin
coating weight of 5,6 g/m had been used previously, showed
that the performance of these two surface types is quite com-
parable,

(30) Now, this material offers a substantial advantage over
conventional tinplate, because it may be transported over
long disiances, even in comparatively unfavourable climates,




without becoming unserviceable,

(31) As already mentioned, the TPS surface is liable to
scratching. Under the aspect of potential corrosion this
means that, contrary to tinplate, any scratch in the TPS
surface finish will, with utmost probability, make that area
sensitive to rust or corrosion. The performance of a CCO

or CPT finish differs definitely from that of a tin coating,
The first category provides an inactivation of the steel
plate, with as little porosity as possible; like a lacquer film,
they impart a "passive protection to corrosion", Tin or
aluminium coatings, on the other hand, provide an "active
protection to corrosion", because they "co-react" in the
corrosion mechanism as sacrificial anodes,

2.4 Behaviour of TPS materials towards lacquers

(32) The first test samples which were produced several years
ago showed already that chromium-plated materials have a
better adhesion rfor the lacquer types used 1n the packaging
industry than tinplate. The main reason should be sought in the
principally different polar forces, which have a substantially
more positive eftect on the lacquer adhesion with chromium-
plated material than with other surfaces., It is generally
assumed today that the strength of the hydrogen bond between
the polar zones ot the surface and the individual groups

of organic coatings is the main fuctor in this positive
performance,

(33) Betore going into detail with regara to lacquer adnesion,

it should be mentioned that chromjum~plated stock which is

plain on either side can hardly be converted because of its
surtace structiure, which is much harier tnun that ot a tin
couving, This harder surface is nighly sensitive to scratching,
and with the present state of the art, rlain materials may not be
used, or in accurately defined exceptional cases only, for
instance with heavy surface greasing, or with a small contact
area of the deforming tools with the plate surface,

(34) The amount of chromium oxide i3 not only decisive for the
corrosion strength but also for the lacquer adhesion, Too
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thin or too thick chromium oxide layere reduce the laoquer
adhesion, An optimum is reached with a coating of approx.
0,2 = 0,5 m,g/dm2, again with reference to a common CCO type,

(3%) An essential advantage, which should be mentioned in the
discuesion of coating problems, is the elimination of the
so-called sulphur staining with TPFS plate, which is a

familiar phenomenon with tin-coated surfaces. During steri-
lization of protein-containing, sulphur-separating products,
tin-coated cans produce blue-black marbling stains conaisting
mainly of compounds of tin and erganic sulphur compositions,

As this intermediate layer is formed between lacquer film and
metallic tin during sterilization, lacquer adhesion may possibly
be reduced and the coating film may be removed, This phenomenon
has not been observed with coated TFS plate up to now,

(36) Whereas specially developed deep-drawing lacquers must be
used for the manufacture of drawn electrolytic tinplate cans,
one may assume that normal lacquers without special deep-
drawing properties may bte used on TFS plate for the manufacture
of deep-drawn containers because of the excellent adhesion
propertiee of TFS. If the same lacquer qualities are used on
electrolytic and TPS plate, TFS is superior to conventional
tinplate, Cans of identical specifications made of tinplate
and TFS plate for comparison proved, that the tinplate cans
showed heavier porosity and lacquer removal in the areas which
had been subjected to mechanical stress., This refers more or
less to all lacquer types used in container manufacture, moet
of which are epicote-phenolic-resin-based modifications, It
should be mentioned that the lacquer adhesion is considerably
reduced by fingerprints on the plain TFS surface caused by
manual feeding of individual sheets into coaters and printing
machines, It will, therefore, be reasonable to convert TPS
plate on fully automatic equipment in order to eliminate this
shortcoming,

(37) The excellent lacquer adhesion of TPS was one of the
reasone for its application in crown cork manufacture, lacquer
adhesion is of vital importance for thie product. The subject




will be discussed later on., It was further observsd during
seaming of top and bottom snds of TPS Plate that damage to
the coating film by seaming rolls is consideradbly lasss with
TP8 plate than with conventional tinplate, a true advantage
offered by TPS,

(38) Ths sxcsllsnt lacquer adhseion ie further proved by the
mesthods commonly used for the determination of the lacquer
film wesight. Lacquer rsmoval by electrochemical treatment in
soda solution, which is applied for removing the coating film
from tinplate substance, is not suitable for TPS materiale,
The same refere to the so-called Scotch tape test which is
used for lacquer adhesion teeting, Even if the coating film

is cut cross-wiee, it is hardly possible to remove the coating
from the surfacs. To eummarize, one can say that TFS offers
dsfinite advantagee over tin-coated material wherever a stock
with outstanding lacquer adhesion is nesdsd for special appli-
cations,

(39) In dsvsloping new coating eyetems for this new material,
which does not have the bright surface of electroliytic tinplats,
it was tried to impart a favourable effect to ths appearance
of the finished coating. In this connection, special develop-
ments ehculd be msntioned which use polymerization compounds
with a etrong gold coloration effect for improving the appear-
ancs of the TPS surface. It was turthermore necessary with
pigmented coatings, for instance white coatings for stamped
components, to achisve an even better coverage with lowest
poesibls dry coating weights. Non-pigmented coatings which
impart an appearance to TPS plats which is similar or nearly
comparabls to coated tinplate havs not appeared up to now,
and the dsvelopment over the past few Years showsd that there
is no aotual demand for such ooatings. A comparison of one
lacquer type on these two different subetrates makee obvious
that coating wasights must bds highsr for TPS beoause ol its
darker surface, if ths eame optioal effect is to be achievsd
as with tin-coated material. Similar consideratione as thoes
mentioned in connection with outside whits coating apply to
printing. To achievs a similar optical eftect, mors printing
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ink will be required. Especially in case oif white printing

inks, sometimes additional passes through the printing press
will be required in order to get a similar appearance., A colour-
less prime coat and other printing processes, e,g, dry offset
printing, lend themselves to improve the overall result,

(40) An essential advantage of TFS over tin-coated surfaces
is its suitability for much higher lacquer baking temperatures,
It will be generally known that the melting point of tin at
232 % (450 OF) 1imits the baking temperature, which results
in relatively long baking times of 10 - 12 minutes for
polymerizing lacquers, Baking of coatings on TFS substance
may be handled by the high-temperature-short-time principle
- provided that adequate equipment is available - i,6, few
seconds at temperatures of approximately 350 % (660 °F).
The length of drying ovens may therefore be considerably
reduced,

2,5 Conversion of TFS plate to containers

(41) The conventional body manufacturing process by soldering
is no longer applicable for chromium=plated materials, As a
consequence, TFS was used in its initial stage of intro-
duction for those items which did not require a body joining
process, This referas particularly to bottle closures, for
instance crown corks, and containers or container components
which are seamless, such as drawn cans and top and bottom
ends for cans, Drawn cans were mainly used for fish products,
Corresponding storage tests were carried out before,

(42) In order to find applications for this new material in
cases where bodies need a rigid Joint such as a lap or lock
and lap seam, research work was done to adapt bonding methods
already used in the rackaging industry - welding, gluing,
lock-seaming and cementing with side seam cements - for this
material. The problems involved in welding of TFS on conven-
tional machinery by normal methods, which are cauged by its
particular rface characteristics, have not been definitely
cleared awa: for commercial production, at least the plate
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cannot be converted in the condition &8 supplied, If, how-
ever, the chromium/ohromium oxide or phosphate layer

is removed from those areas whioh are to be welded - a mechani-
cal prccess, either milling or brushing - welding of 7TP8
containers on high-speed equipment is no longer considered

48 a technical problem. Problems are caused, on the one hand,
by the detrimental effect of surface components or the electrode
material and, on the other hand, from the resulting none-uniform
contact between electrode and weld 8eam, A compromise is there-
fore made for the time being. As already indicated, the plate
is weldable if the surface finish is removed, Normal blackplate
is then available which may be welded on conventional equipment,
With aggressive products or such products which are sensitive
to iron pick-up, for instance beer, however, the side seam

is the critical area of a container, and the protective
function of the original surface finish as well as its excellent
lacquer adhesion property are deliberately abandoned by edge
cleaning, The new problem resulting now is an efficient
ooverage of the side seam. Methods commonly used today are the
conventional spray-coating process as well as new methods, such
as powder side striping,

(43) Apart from welding, other methods such as gluing or
looking and cementing lend themselves for rigid bonding,
Adhesives for can bodies were successfully developed during
the past years, they are nainly based on nylon compounds,
Cans with glued lap seams are commercially used for beer. The
adhesives used withstand beer pasteurization temperatures
without any hagard of micro-leakage in the seam, The glued
oan is manufactured on similar equipment as that known as
"bodymakers" for the manufacture of lock-and-lap seamed ocans,
The nylon strip required for the bonding process is either
extruded onto the blank or applied in-line in the bodymaker,
Heat treatment and immediately following quick cooling - to
warrant the required production speeds - give the container
adequate seanm strength, Contrary to the welding process, the
surface finish need not be removed for this method, it is




rather required as a lacquer adhesion substrate for the

TFS - lacquer - adhesive - system, Up to now, no adhesive
materials are available for the manufacture of round food

can bodies which would withstand sterilization temperatures
above 100 °Cc (212 °F) for more than one hour, For this field,
welding is still the only suitable bonding process, Apart

from this gluing process, the conventional sealing of locke-
seamed cans with side seam cements is 8till used, This process
is applicable to 7TFS, tinplate or untreated blackplate without
any limitation. Finaily, it 1s mentioned once more that
soldering of containers made of TFS plate is not yet possible
with the required high production speeds, and it seems doubte
ful that this process will ever assume practical importance,

(44) In connection with the use of this new material, consi-
derations were repeatedly made as to what extent the very

hard surface layer would cause increased wear of cutting tools,
¢.£. in stamping and slitting, compared with the previous tin
coatings, Thorough investigations of this subject showed that
the cutting tools are worn earlier, but no case has come to
notice where, 1or this very reason, the use of TPS material

was exciuded, because tooling custs were too high and production
econony was detrimentally aftfected, Tools gubject to special
wear would be, for instance, slitters, scroll snears, and die
rings in the press tool,

(45) It should be mentioned Lere that whenever the manufucture
of drawn cans is discussed, the conventional drawing process
is considered only, which 18 coumon for the manufacture of
cans with a maximum diameter : height ratio or 1 : 1

- depending on number of uraws -, Tre modern wall=-ironing
method is not suitable for chromium-plated materials today,
because the CCO or CPT layer does not flow and, on the other
hand, the "lubricating effect" of tin is 8till a decisive
factor in the application of this method for tinplate,
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TPS material in oontact with products

(46) In the discussion of the performanoe of chromium-plated
materials in contact with products we must consider that this
material is regarded as a potential packaging material like-
wise for foods and non-foods and is even used for these pure
poses t0 some extent, The following basic deliberations apply
to both product categories, the lack of tin being the essential
factor,

(47) The tin which is available on tinplate is not only a
prerequisite for soldering but is also a protection against
corrosion, It is generally known that tin is a so-called
amphotere element - it forms salts with acids and stannates
with alkalis, In the use of tin-coated plate, this amphotere
behaviour has pros and cons, No doubt, one advantage is the
electrochemical element iron/tin, which developes according
to product conditions and which, under the influence of
potential polarization phenomena, permits the production of a
technically safe package for most products under the aspects
of corrosion performance,

(48) If tinfree steel is used, due consideration should be
given to the non-presence of tin, As tin reacts with alkaline
products to stannates, tin may, in case of damage to the
inside can coating, be dissolved and the coating may delaminate,
With highly aggressive, especially alkaline, but also acidic
products, this results in extensive lacquer removal, This
problem of lacquer removal by underfilm corrosion must not bte
expected with chromium-plated materiais, As, firstly, the
lacquer adhesion is outstanding and, secondly, no component
exists between coating and substance which is undermined and
may then cause lacquer removal, tinfree steel is clearly
superior to tin-coated material, especially for alkaline
products. This was the very reason why the first application
of this material was in the field of detergents which are
highly alkaline, With regard to a potential use of chromium-
pPlated material for food products, the same considerations
apply as for non-foods. The corrosion behaviour of the
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container in contact with the produot may be different to
that of tinplate containers. i negative phenomenon was
sometimes observed with acidic products - evolution of
hydrogen resulting in flippers. This may be explained as
fcllows:

(49) As no tin is available, any attack by the acid in case
of damage to the coating is directed onto the substrate, i,e,
steel, s0 that the familiar metal-acid reaction takes place
forming iron compounds and hydrogen, 7This problem might be
excluded if poreless coutings could be produced. \/ith a
normal roller coating Process, hLowever, this cannot be warranted
with 100 % safety, therefore the use of chromium-plated
material for acidic products is extremely limited, Storage
tests with low acid products (pH = 5 -« 6) showed that TPS
compared with tinplate cans tend to a higher release of iron,
This problem must rnot be serious in any case, but it should
be considered in packaging tests, Orgaroleptic and dis-
ooloration tests shnuld bhe included,

(50) An outstanding feature is the excellent appearance
of a TPS can, compared with a tinplate can, when emptied
after extended storage, for example with fish preserves,
Pormation of black zones in connection with corrosion
reactions does not ococur with T¥s oans,

The legal situation

(51) In the consideration of aprlications of chromium-plated
Baterials for food packaging, relevant regulations under the
food law naturally rank foremost, layers of various chromium
oompounds are applied to the surface of the metal strip, so
that, theoretically, there is a possibility that chromium
oompounds may migrate into the product, ¥ith regard to toxi-
oity, however, chromium compounde are only mentioned where
they are hexavalent, i,e, chromium in the hexavalent oxidation
stage, The high toxicity originates from +he very strong
oxidation power of this ion, One shiould consider at first,
therefore, which oxidation stages of chroxzium, either
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Ght‘llﬂlllx or ohroniul'l. actually exist on the plate

surface as a result of the production process. The Retallic and
trivalent chromiusm cannot be dissolved as hexavalent chromium
under the conditions Prevailing during preservation and
sterilisation, because the oxidation potentials of prac-
tically all products are insufficient to induce this oxidation
process. On the contrary, one may assume that potentially
existing hexavalent chromium will in any case be reduced to
trivalent chromium by the reducing components available in

any food product, As a matter of fact, many food products
originally contain traces of chromium in an order which may
substantially exceed that which may be expected for a potential
migration of chromium from the pPackaging container,

(52) Purthermore, the fact should be considered that a great
number of containers are in daily use in households and
industry which are manufactured of steel-chromium alloys

and which serve for preparation and storage of foods,

Up to now, problems of this kind have never ocourred,
Moiover, the coating, which i» necessary for the container
Ranufacture, virtually excludes any contact between container
Baterial and product,

(53) with respect to a potential migration of chromiua
into the product through possidbly existing pores or
soratches in the lacquer film, the packaging manufacturer
will be responsibdle for proving the extent of potential
chromiua pick-up by the product, Storage tests have
already provided ample results in this respeot, The
following table lists the Rost important test results

for various products and storage periods:
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3.2

Pxeduet performence

(54) It ie common practice to make storage tests with new
materials for packaging purposee in order to test their
euitability for the products to be packed, Test packs wers
etored of much more different products than are actually
introduced on the market., The great number of tested

products provided a general survey of the product performance
in these containers. One could anticipate for these storage
tests that different main applications would develop in the
various countries, In the first instance, those products
were tested which were packed in containers which could
¢asily and without much technical effort be made of TPS
instead of electrolytic tinplate, for instance drawn cans for
fish products. In the second place then, those containers
were considered for which new manufacturing processes had to
be developed for the application of TPS materials, so as to

opesn up new markete for these materials, for instance beer
and beverage cans,

(55) Por a comparieon with tinplate, the following consider-
ations will be applicable in respect of the various products:

- (56) Use of tinplate coated on both sides:
In this cane, principally, TPS plate coated on both
sides may bde used, provided that compatibility tests
have proven its suitability for the respective product,
Examples: Drawn cans, top and bottom ends for cans,
bottle closures,

= (57) Use of tinplate, inside coated, outside plains
In view of the problems involved in the conversion
of this specification, an outside coating is recommended
for TPS (eensitivity to eurface scratches). In caeee
where a higher tin coating weight ie specified for the
outside in order to reduoce outside corrosion, TP8
coated on both sides may be used without economic
loee,




= (58) Use of tinplats, insids plain, outside coated:
Similar oonsidsrations as abdovs apply. The manufacturs
of theee componente of TPS requires an inside coating
88 well, If no mechanioal damage to the inside eurfacs
during manufacture were to be expected, insids plain
78 naterial might principally bs used for packing of
non-aggreesivs products, for instance oil, fat, dry

5 products, ete. At any rate, care muet be taken that

ths cane be stored before filling in an atmosphere whioch

i exoludee atmospherioc corrosion, Moreover, no residual

§ humidity must remain in the closed oan, a factor whioh

; should be born in mind in the cheioe of products to be

packed. This requirement is established on account of
§ ths expoeed weld seam, which is that portion of the
§ container that is most liable to corrosion,

? = (59) Uee of tinplate, plain on either side:

| In thie case, the plate should be ooated on both eides,
%00, or at least on one side, as pointed out abovs,
Whether the use of TPS material coated on sither side
will be economical, depends on the tin ooating weight,
as will be dealt with in detail later on in connection
with economical problems., Calculations will have to bde
made in each individual case,

= (60) Use of untreated blackplate:
Despite 1ts higher price, the use of TPS materials will

) principally be recommended vherevsr etorage conditions
g BAY cauee extensive problems with regard tec rueting
: of untreated blackplate., This appliee in particular to
those countriee with humid climatee and high temperatures
which enhanoe rusting of blackplate. Teets with certain
778 materiale showsd that they may bs etored over
ssveral monthe without Tueting bscause of their stadi-
lising surfaoe finieh,
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(61) In this connection, reference ehould be made to
new coating methode which are etill in the development stage.
For instanoe, they offer a poseibility of coating untreated
blackplate coils and of curing the lacquer by electron beams
already in the rolling mill. This could mean that the preeent
distinctive advantage of TPS might not predominate ae much

in the future as a result of the development of more
economical coating procedures,

Poods
Meat products:

(62) Results on hand ehow that all-TPS cans (two-piese, drawn
cans, coated on either side) are principally suitable for
packing of meats and that no serious corrosion must be
expected during etorage. TFS is superior over tinecoated
material inaemuch as the organic sulphur compounde developing
during eterilisation do not react with the surface to so-
called "marbling staine”, 8o that the lacquer adhesion ie

not jeopardized., Tests carried out so far include products
like potted meat, various types of sausage, beef, hash,

otew, etc, With epiced sausages, elimination of damaged
oocatinge ie of vital importance in order to avoid contact
between product and iron,

Yegetables:

(63) These products, for instance beans, peas, carrots, are
ourrently packed in 3-piece cans, therefore TFS will be
ooneidered for top and bottom ends only. If the plate ie
coated on both sidee, normal storage periode without
serioue problems may be expected also in this case. With
reference to the packing of muehroome, asparagus and celery,
no basic reeulte are available for inside coated tinplate
bodies. Theee three producte are representative of a great
number of producte for which a light colour of the canned
produot is desirable, They are packed in plain tinplate
oans today, because the tin hae a reduoing effeot upon the
respeotive coloure, eo that the product colour turns lighter.
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(64) Under the food laws of various countries tin pick-up
limits have been established, which are in force or will
become effective shortly, The use of inside coated cans will
be prerequisite under such regulations, and the appearance
of the canned product will also play a part,

(65) When switching to inside coated cans, the possibility

of undesirable black discoloration as a result of the reaction
of, for instance, tannic acid compounds in asparagus with

iron from the packaging material should not be overlooked,

In any case, where TFS will be used as top and bottom end
material for a fully inside coated can, storage tests and pos-
8ibly also coating tests should be carried out,

Fruit products:

(66) Fruit products generally have a low pH, is indicated,

TFS behaves quite different towards acidic products than
tinplate because of its different electrochemical performance,
With the present state of the art, TFS cannot sately be used
for these products unless an adequate inside coating provides
a reliable coverage of TFS against the product. The normal
roller coating does not generally provide a film free from
pores and scratches, however, therefore a subsequent spray-
coating of top or bottom ends or of the entire can must be
recommended, Storage tests were made for peaches, plums, pine-
apples, apples and apple sauce, oranges and gooseberries as
well as dark coloured fruit like cherries, strawberries and
currants. In all cases where corrosion occurred, damage of

the coating from the conversion process was found to be the
cause, It is important to note that - except for the dark
coloured products, which are never packed in cans with plain
bodies - the corrosion phenomena were contingent upon the

use of either fully inside coated cans or cans with plain
bodies, In the latter case, corrosion at the TPS top and
bottom ends were not as serious as with plain cans,




(67) In thie oase, the product type 1is deoisivs, Two=pisce
oans are extansively ueed for fish producte, therefore
all-TPS cans are considered as an alternative to tinplate,
No problems e¢hould bde expected for all fieh product typee
which are topped with oil, for instance, sardinss, tuna
fish, herring. These produots are already packed in TPS cans
%0 a large sxtent,

(68) Apart from thess fish-in-oil products, there is still

& great varisty of formulae which ie much more aggressivs,

for inetancs fish in tomato, mustard, horee-radish, bdeer sauce
or the like, TPS was commercially adopted for these producte
during the past few Ysars as well, The essential prerequisite
is that the inside coating is adaptsd to the product toc be
pPacked and to the respsctive TPS material, in order to aveid
the formation of pores and scraiches in the coating film during
drawing to the largest poseidls extent,

(69) The abovs products are sterilized goods. Semi-prescervee
whioch contain a very large portion of acetic acid, oitric
acid or salt and preservatives, are not yet packed in TPS oans
because of the low resietance of TPS to high acid, corrosive
produots,

Soupe:

(70) Soupe are also Packed in 3-pieos ocans, A replacement

of top and bYottom ends by 78 is principally possible and has
been affectsd for some products. TPS is commercially used

s top and bottom end etook - in connection with a plain
tinplate body - for mushroom and creme of tomato soup,

Other eoup recipes will oertainly be changed to this can
specification without causing serious prodlems.

() bever: 83

(71) Thie 1e the field where TPS - both CP? and COO - made a
trus inroed during the past 2 - 3 years when the technological
pProbleas in can manufacture had been solved, Ons may say that




tin-coated material must still bs used today where tin is

required ae a body eoldering msans on account of the

production conditions. In all other oasee where the cans are
¢ither weldsd or lap-glued, tin will not be required for the
entire can any more. The bottem end is also made of TPS
material. The respective top ends are generally made of
aluminium which fulfile two functions:

1. The euitadbility of this matsrial for the manufacture of
sasy-opening ends, i,e, ends which may bs cpsned without
any tool;

2, anodic protection offered by aluminium against potential
iron pick-up of beer from the other can material,

(72) According to information circuliated during the past few
months, it is intended to replace CCO and CP? material -
after the respective equipment for the manufacture of tinfres
eteel cans has become available - by a blackplate which is
either "ae rolled" or provided with a "paesivatiocn layer",
At the present time, this process cannot be considered ae
finished and matured.

(73) Since iren pick=-up Plays an extremely impertant part
with regard to canned dbeer quality, all cans are inside spray-
coated in addition to the roller coating and the side etriping,
This procedure is not particularly neoeseary for TPS material,
it was previouely employed for tinplate cane ae well., Thus

it is poeeible to pack also comparatively acidic carbonated
beverages with down to pH 3 in TPS cans. Thie is not contra-
diotory to what was said bdefore - that acidioc products oannot
be packed in TPS - for two reasons: the additional inside
spray-ooating covers practically all pores and thus eliminatss
the contact between product and mstal and, seoccnd, the cans
are not sterilieed, so that potential corrosion reactions are
eliminated, as these oocur mainly with higher temperatures,

Other foods:

(74) A further appliocation for TPS plate is the Packing of dry
produots, for instanoe cans for coffee, biscuits, nutse, sweets,
etc. It ie principally suitable for all thoes containere which




were previously look-and-lap-seamed or welded, Compatibility
may be considered as warranted with adequate inside coating,

Non-food packages

(75) Where TPS is to be employed for non-food packages, the
essential factors are tne contiainer manufacturing procedure
and economics rather than the product to be packed. In general,
one may say that TPS is suitable as an alternative to tinplate
under technical aspects, if the respective pPackage can be
produced on existing equipment, This reters in particular to
products of the chemical and technical industry, especially
oils, lubricants, varnish, solvent-based paints and similar
products. TPS may even be used in rlain condition if the
manufacturing process permits eiirination of scratching,

If cans or packages with welded bodies are required, the pro-
tective surface finish must be removed for welding and side-
striping be applied afterwards in order to avoid corrosion

by atmospheric influences on ‘he outside and by the product
on the inside, TPS is superior to tinplate for technical
products such as water-based raints and varnishes, As these
are highly alkaline in general, thre undesired reaction with
the tin surface of tinplate which may even result in lacquer
removal over large areas is eliminated. TPS means technical
progress for these products.

(76) The available test results for TFS may thus be
summarisged:
- Coated TPS: Por water-based dispersion paints, offering
advantages over coated tinplate,
= Plain T8 : Por such products which contain so-called
tin solvents, i,e., which cause early
detinning. Purthermore, solvent-based paints
and varnishes, alkaline soaps, detergents,
solvent-based glues, No water-based productal
The use of plain material, however, is based
on the assumption that containers without
surface damage are produced,




4,

(77) TP8 should not be used as a non-food package for
acidic products, for instance paint remover, hardsning
agents for two-component systems consisting of anorganio
and organic acids and similar products,

(78) TPS has found a wide field of application for battery
shell manufacture, it is used on commercial scale hers,
Outside printing and coating will, however, depend on the
surface structure, In cases where tin is used as a "silver
colour"” in decorations, TPFS materials change the situation
basically,.

(79) TPS will gain importance ghortly for the manufacture of
aerosol cans, because some aeroscl formulae still cause
corrosion problems with %inplate cans. Highly alkaline
products, such as oven cleaner, might taxe the lead here,

Economical consiierations

(80) The economic factor is of decisive importance in using

TPS in place of tinned material in the packaging industry,

It is aspumed that the basic material accounts for 50 - 80%

of the sales price of the container, depending upon container
specification., Therefore, the question of costs of the material
used is of great significance, The material cost shars in the
sales price is, of course, higher for an unprinted, unlacquered
container than for a container treated outside and inside,

with multi-colour print and special lacquers, as this is the
case for beer and beverage cans,

(81) It is not the object of this report to compare costs
between the various types of material as these comparisons
vary considerably in the various countries, Within the scope
of this report it is, however, necessary to point out the
basic economical points:

(82) TPS is produced or. similar installations as electrolytiec
tinplate. The basic material for the production of electrolytioc
tinplate and for TPS is practically the same. It is w soft
steel, low in carbon, in form of a blackplate coil, apprex,
0,15 = 0,49 mm thick. This blackplate coii is ted into the
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linee, An electrolytio process separates the metallic tin

or, in case of P8, the chromium compounde. The pPre-treataents
~ de-greaeing, ¢cleaning and Pickling of the coil -~ are
essentially the same for both, The difference begine with

the depositing process on the surfaoe coating. In place of

& tinning bath, baths of different compoeition are ueed,

based on chromic acid or alkali chromates. A big coet factor
is the current required for the separation procees. Ae you
know, the current effioiency +tor tinning is good; the current
effietency. ior chromium-plating, in particular of higher
thickness, isa consideradly lower. In addition, the electrolytic
tin separating process is followed by a flow-melting procese,
This brings about the shine, on one hand, and the formation
of 1ron-tin-alloy layer on the other, This last procese is not
necesssary in chromium-plating. Because of the low current
efficienoy in chromium-plating, it may De necessary tc limit
the maximuw line speed accerdingly,

(83) It is mainly the energy utilizatien and, poesibly, the
line epeed which must be taken into consideration in a
calculation, The essential advantage of chromiume-plated
material production is that one is independent of tin which
ie costly and subject to extreme price fluctuatione,

(84) Roughly 8peaking, the caleulation should, in any caee,
include the line coste, so that the general price etructure
ef TPS is between untreated blackplate, and tinning of

5.6 ¢/i2 (0.25 1bs./b,b,), which is the lowest tinning used,
The end price of T8 between these two pointe is dependent
upon several technical, eoonomioal and price-political
factore,

Proggoetg

(85) On principle, TPS material will oontinue to make headway
in the future, regardless whether tinned material ie availabdle
or not, i,e. regardlese whether the coets will sewing in favour
or in unfavour of the tinplate. As meniioned in thie report,
T78 has a numbder of true advantages, which must be utilised,




(86) In the foreseeable future, the use of TPS will extend
in such areas in which individual components are produced,
®.8. crown corks and other bottle closures, In addition,

TPS will be used for two-pieoce cans, as these do not require
the latest welding and gluing devices, Parallel to this,

it is to be expected that tor and bottom ends of three-piece
cans will be made of TPS in case of product compatibility,
All-TPS cans for sterilized food, require high-speed welding
devioes or the development of sterilization-proof glues,
Doth require great technical efforts and large investments,
80 that an expansion of TPS into this area is not foreseen
in the near future,

(87) TPS, the new material, is in a very advanced state of
development, but we have a long way to go until we can speak
of a uniform material with optimum features with regard to
economy in production and with regard to its use in the
paokaging industry, Practically all countries, which produoce
this material, are engaged in extremely intensive development
work, As of this date, it is not possible to refer to a
universal material, It is, for instance, possible to refer
worid-wide to tinplate of the specification 11,2 g/m2

tin coating weight (0,50 1bs/b,b.) with corresponding
Passivation, as for instance No, 511, and we have a material,
the product compatibility of which is known to large extent,
We have a long way to 80 yet to reach this point with TPS,

. .

(88) Ve must assume today that practically each rolling mil}l
is working on its own development, If it is 10 referred to

& universal material in the future - and this is to be
endeavoured - it will be necessary to develop a quaiity whioh
is universally usable and which need not to be tested indi-
vidually for each product to be packed, As long as each
produot requires its particular TPS, there are oertainly
limits to the universal use of TPS in the future, This is
partioularly true for countries, which do not have their own
produotion plants, and which have to f£ill their naterial
demand by imports. These imports - which are very likely
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t0 come from various countries - would be material of
deviating specifications and would have to be tested
Mividully with regard to the lacquers to be used and
with regard to the products to be packed, It should be
the definite ain of all parties concerned with the
production ana with the processing of this naterial

to work out an 180 recommendation for this naterial,

&8 has bdeen done for tinplate, so that, one of these days,
there are clear opocitioa;‘ionn and generally valid data on
the perforamance of this naterial,
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