CHAPTER II

THEORY
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In the field of m

developed. They are use o*0nfain a wide variety of products such as beverages,

of metal containers have been

foods, aerosol products

containers have many advafitdges’ betause of thei | igidity and high thermal

resistance. They can#WwithStand foutside side pressure and high temperature.
Nowadays, materials agftinplaté j-aluminum have become universally adopted for
the manufacture of contaifiers'@ an ends for foods and beverages as detailed below.

Tinplate is the oldest mai important material for metal

Js low-carbon steel coated \&h tin by hot dipping or
electrodepositi ﬁ ting géhérally to protect the base steels from rust,
corrosion andﬁ ﬂ eﬁ‘ﬂ ﬂ ﬂn% gq mn applications of tinplate
due largely to several qualities of this material, such as mechanical strength and

rsistaite 0o oilion A6 i, shd b § itBtdnd the xemes

of tempgrature (47, 48).

containers. Tinplate

2.1.2 Aluminum

Aluminum was used for packaging of fish, milk, meat, and vegetables. Its
widespread adoption in packaging came when techniques for rolling and decorating

thin aluminum foils were perfected. Now aluminum is widely used for beers and
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carbonated beverages. The advantages of aluminum as a food packaging material are

as follows:

1. No taste and odor: Aluminum can be used fbr the most sensitive product such as
beer.

2. No sulfide staining: Aluminum does not produce sulfide staining caused by sulfur
containing food products.

3. Workability: Aluminum requires less strength for draw or draw and ironing

operations.

N ‘ /
On the other hand, the m&m
e —

/ r chloride-containing products is

. . = _’ .
the main disadvantage W. In ene@m has excellent resistance to
a wide range of corrosive ‘ \Ngk‘of the food is low, they react

with aluminum. Additio
the case of foods with aci

coated to prevent con

Can manufacturing prgs:essiqs
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Open-to or three-piece cans, consist of the can body and two end pieces. They

are m n ally applied to
w{'t] fr?et'rﬁl lly applied t

the stﬁ surfaces%ﬁrﬁﬁoﬁiﬁjjpp ie e:i Q:tgjunsported to the
fabrication process. The first stage is cutting the tinplate that cured with protective
coating and then bent into cylinders. Next, the overlapped edges are welded or
cemented, then sprayed with coating called a “side seam stripe” to protect exposed
metal along the seam. For ends forming, they are stamped out of the metal sheets. The
cylinders are flanged in preparation for the attachment of ends, and are narrowed
down to reduce the size of the ends, which reduces the amount of material used to

make the ends. Finally, one end, top or bottom is seamed on the body.
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2.2.2 Two-Piece Cans

Two-piece cans are made by forming a cup shaped container with one piece of
aluminum or steel and then attached an end to it. Two-piece cans (a seamless body
and an end) are manufactured either as draw and wall ironing (DWI or DI) or drawn
and redrawn (DRD). After the process, various coatings are applied and cured. These

processes are described below.

The DWI process prag er'wallthan the DRD process and is used to
produce aluminum cans g eﬁe the gas pressure are added to
support the cans. DRD™ icke nd ithstand the vacuum in the
container

In the DWI pr: i into a shallow cup. Then,
it is forced to reduce > wall and increase the can height about three
times to the required ba : sion remains unchanged, as
illustrated in Figure 2.1. T ied by spraying. The thickness of
the coating depends on the ag the contents such as cans that contain
very aggressive progll'gts may g or use a second coating
The number of spra v dtcrial: aluminum or steel
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Figure 2.1. Operation sequence in manufacturing Draw and Wall Ironing cans (DWI).
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2. DRD Cans (Draw and Redraw Cans)

DRD produced from a single pressing operation. The initial stages are similar
to the DWI process, but instead of ironing to reduce the wall thickness, metal is
moved from the base of container to the wall by decreasing the diameter. Hence, the
wall and base thickness as well as the surface area are identical to the original blank,
as opposed to the DWI cans of which the wall thickness is much lower than the base

thickness. A typical DRD process is shown in Figure 2.2. '

Figure 2.2. Operation d Redraw cans (DRD)
The DRD cans are 1 led sheets requiring no coating repair
after the can is formed. This m@ff 3 e since it is cheaper to apply lacquer

onto sheet than to fg}hed cans. The tw 7 i aftiminum DRD cans are used

a, salmon, and snack.

Additionally, they axgalso used fo 00d produ& such as car wax and shoe
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Modiﬁcytion of the DWI and DRD process is called draw thin redraw (DTR).
First, Qaﬁ-%ma m m %ﬁc’u} ’a %g ’l}nﬂ tE] can diameter is
reduced’and height is increased during the first drawing operation, while maintaining
the thickness of the can. Finally, the diameter is further reduced and height is
increased to can size during the second redraw operation. The side wall of the finished
can is about 15% thinner than the original metal and thinner than the bottom. The wall
thinning is performed by stretch forming during drawing, to protect the organic

coating. The DTR process is shown in Figure 2.3
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Figure 2.3. The Draw Thin Redraw (DTR) process.

2.2.3 Easy-Open @‘U///é"

The ends are stam om 1npl@at have generally been coated

on both sides: interior coaii ptinting on exterior, After stamping, the ends are

scored in an oval can a 5 at o form ar “easy open” end. Because of
these steps are perform | has been coated, the coating may be
damaged. Repair coatings@ ofe ied a sse steps to restore the coatings. There
are two main types of th€ easy-0f ‘ -

a) With pouring aperturs (, used \for dispensing liquids (beverages,

oils, etc.)

J 3
Interio ﬂz‘fﬁ:ﬁnﬁ ﬁWeﬂgﬁr rrosion by the contents
and to protect@': ts ! Bei ﬁ inated b ﬁsied metal from the can
(51). In addition, pigmented interiér coatings may be applied teimprove the visual

appea@qcﬁfﬁl; i o drfbs pucpost o digh coding s to orm o

barrier between the can and its contents. Moreover, they are used for the prevention of
organoleptic changes which might occur as a result of the dissolution of the metals
from the container into food. Furthermore, it prevents the discoloration of food and to
avoid the discoloration of the internal surface of cans, especially with foods that are
rich in sulfur such as fish, meat, and certain vegetables. In general, coatings must be
resistant to chemicals, flexibility, and adhesion to the metal surface. Moreover,

coatings are applied before to fabrication processes, such as coatings for ends and 2-
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piece draw and redraw cans must be able to withstand the heat during pasteurization
processes. Metal deformation with the disruption of the surface can happen in the
DWI operation, such container must be recoated the internal surface afier fabrication.
If lacquers are damaged during container manufacture, they will not give complete
protection to the can. Therefore, post-fabrication repair of lacquering is very

important.

Metal cans are used in a wide variety of products. The formulation of the

internal coating depends on the c\ ‘
the metal), the nature of thei& tents:
—

contents are different aw

S —
porfant, Wd shelf life of canned foods
(50). Internal coatings \ non-food coatings due to the

differences in properti
unique requirements of
coatings are availabl€.

“acrylics, epoxy-phenoli

used for fruit cans. The advap;g_?ggﬁqﬂg COT sin

resistance to fruit e@s., However, they lack resis

as green beans, butte

zinc oxide are incorpesa

¢ o o/ |
Phenolics: T% u\EJaQ Mmemlxm ﬁtm%gltia}a}@nol with formaldehyde

as shown in Figure 2.4. The feaction under alkaline copdition with excess
formaﬁlﬂ&q:@ﬁrﬂn@m u:%g}n’tgnw i&,)’qnﬁn%latic ring of the
phenolig. The ratio of reactants may vary, producing resols (also called one-stage
phenolics), and novolacs (also called two-stage phenolics). These materials are found
widely used because of their good chemical resistance and resistance to sulfide
staining. However, their weakness requires very careful control at high temperatures
190-195 °C. Moreover, they have low resistance to cracking under bending (low
flexibility). Hence, their use is limited to three-piece bodies and ends. More often,

they are used in combination with epoxy-phenolic coatings.
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Acrylics: The most common usage of acrylics is the manufacture of pigmented and
decorative coatings where high temperature resistance is required. As for phenolics,

they are often used in combination as epoxy-acrylics.

OH

alkalme o

HOHZC HOHZC CHZOH HOHZC CHzOH
condmons
mixed substituted phenols
Figure 2.4. The reaction o de to create phenolic lacquers
s .

Epoxies and epqu-phenollcs. E 0Xy as BADGE, bisphenol-A-

diglycidyl ether, shsation reaction between

epichlorohydrin and !b pheno' A, stantﬂ acids, and have good heat
resistance and flexibilitys In,addition, they ate also coated with zinc oxide or metallic

aluminium poﬂ 1 b prbveht Wi Hai ‘ﬁaéﬂoﬂn’%ﬂ‘gm certain vegetables.

Moreover, the)ﬁ'lusually used in cognblnatlon with epoxy-acryhcs, epoxy-amides, or
mos PS5 G0 RIS [P ey s i
an excellent lacquer that has good adhesion properties of epoxy resin and with high

chemical and heat resistance properties of phenolic resin.

Vinyls (Organosol, PVC): The monomers are vinyl chloride and vinyl acetate as
shown in Figure 2.5. The adhesion of coatings may be improved by co-polymerizing
with small percentages of maleic anhydride. Vinyl resins may also be blended with
other resin groups such as epoxies, phenolics and alkyds. These coatings show good

adhesion and flexibility. Their flexibility allows them to be used for can ends as well



19

as drawn cans. Moreover, they are resistant to acid but their main disadvantage is their

high sensitivity to high temperature used in heat sterilization. The vinyl products are

completely absent of taste and are suitable for beer and soft drink.

cl
H.
c—C=cn, + HzC—CH B {-c—m——c—c# g=L_C2_g ‘
200 °C [ In

O—OAC O—OAC O—O0Ac

Vinyl chloride ~ Vinyl acetate ~ Poly(vinyl chlonde-co—vmyl acetate) Thermal degradation

Organosol Resins Product
Figure 2.5. The reaction of v@%l acetate to synthesize vinyl
lacquers. —
As explained / cans and easy-open ends
requires coatings of hi 1bilitys si applied before shaping the
cans or lids. This is i Nt Feas ' - the. selection of organosol coatings

regardless of their poo ence, in order to establish the
suitability of a coating fi it is necessary to know their
corrosion characteristics, pr and the processing of food cans
The analysm:ff can coaf] gs from coatings into foods
attracts great attentiorgafier BAD! angxpected amount in canned

food. Therefore, greaﬂ attention: 0 tlﬁ study of BADGE and the

occurrence of BADGE i ip-can lacquers and &l anned foods (7).

ﬂ‘lJEJ'WlEJWﬁWEﬂﬂ‘ﬁ

2.4 BADGEY

2,2- Bﬂ ﬁﬂﬁﬂﬂﬁﬂ&ﬁj Q, ZLEJ ::-tlaﬁ EJ Bisphenol-A-

diglycidyl ether (BADGE), C1H2404, (CAS No. 1675-543) is commonly used as a
bifunctional monomer or cross-linker in epoxy-base coatings and very widely used in
food cans a coating of the internal surfaces. The epoxy polymers are obtained by the

reaction of bisphenol A and epichlorohydrin as shown in Figure 2.6.
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H
—O -@—m ¢ c—m c CH2—> Hzc—-c c—o@- —@—o— : c—CHz

Epichlorohydri
Bisphenol A pichlorohydrin BADGE

¢

0 CH, OH O
/\_ H | Hy | H; H, Ho  /\
H,0—0—C>0 c 0—C—C—C—0 c 0—C—C—=CH,
H | H H
CH3 :

Blsphenol A type polymer

Figure 2.6. . nol A type resin.

The varying de s.on the reaction condition and
the mole ratio of the r
BADGE, tri-BADGE

the technical synthesis.

reaction products such as di-

ADGE occur as by-products in

2.5 Reaction products

Many studies have showed the E is not the only compound released

from can coating, bu[tﬁhers aré many re o GE as well.
\ . -

2.5.1 Hydroly‘fﬁ

It was Fﬁ’ﬁj flj fﬁﬂi ﬁﬁféﬁwrﬂ%@s of BADGE is likely

to occur. As expected, BADGE is sensmve to hydroly81s in contact with aqueous

foodst ﬁ ﬁ Wv‘tgmlﬁr BADGE under
migratio condition such as ay at 40 atlon mono- and di-

hydrolysis products (BADGE.H,O and BADGE.2H,0, respectively) occurred by
opening one and two epoxide rings. These investigations found that BADGE was
completely hydrolyzed in all three aqueous food simulants after 10 days at 40 °C. A
kinetic study revealed the approximate half-lives of BADGE in aqueous food

simulants under the 10 days at 40 °C as shown in Table 2.1.
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Table 2.1. Hydrolysis of BADGE in aqueous food simulants at 40 °C. (53)

Food Simulant Half-life time (days)
Distilled water s
3% (w/v) Acetic acid 0.15
15% (v/v) Ethanol 1.4

2.5.2 Chlorohydroxy Products

“ V
When BADGE is uséd-as th ca@hydrochloric acid that formed by

the degradation of polyvifiyl"chloride™ pase lacquers, the epoxy groups of

BADGE react with hydrggil acid prid help stabilize the polymer as shown in
Figure 2.7. The chlorohyg T} ! E.HC 1 and BADGE.2HCI) are the

potential carcinogens foug e .-_;_, gy to chloro rpanedlols.

H il il 2
HL——C—C~—C — L — - c==C + HCl

Cl Cl Cl

poly (vinyl chloride) (PV ’ -' i3 ohalogenation of PVC at high temperatures

BADGE.HCI

Figure 2.7. Degradation of PVC at curing temperature (A) and BADGE reacts with
HCl results in BADGE.HCI (B).
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In addition, BADGE.HCI can be further hydrolyzed in aqueous-based foods.

The result derivative is BADGE.HCI.H,0. Overall reaction products of BADGE are
illustrated in Figure 2.8.

BADGE N

ll/ T

BADGE.H,0

;/Hc.

O OH
OH

C/T\ o N W,
H : f ‘ \\\\\ BADGE.2H,0
Figure 2.8. Bisphenol-A=di yc1 ylether(BADGE) and its reaction products.

_:P“.‘.I‘

2.5.3 Oligomers (54 ,-;..'-'»_",, ,.:,_ju! ‘s

The leglslatl as i*'

can coatlngs consists of

ers and trimers form of BAD and bisphenol A occurred

a1 imﬁ‘mm::::: e
asmmmmeum'mma g

Components migrate from epoxy coatings may react with solvents (alcohols

ohgomers too. The d

such as butanol, butoxyethanol, and methoxypropanol) or formaldehyde forming

dioxolanes. The structures of the side reaction products are illustrated in Figure 2.9.
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Butoxyethanol

Figure 2.9. Some chemical stiuetti res of Bisphenol A type substances related to

can coatings.

e

2.6 BFDGE m m

¢ a v

Bis[4-@yyy§(y%ﬂlﬁj nlgl;w §J ’lif;l\ejol-F-diglycidyl ether
(BFDGE) 0 ti m i ﬁ i tﬁ a post of legal
limitsﬁx ﬁiﬁgﬁﬁ mﬁ Yiz]c Z] gj:or scavenging
hydrochloric acid released from PVC during heat curing. BFDGE obtained by the
reaction of bisphenol F and epichlorohydrin. Bisphenol F is produced by the reaction
of phenol and formaldehyde, which attacks the phenol at the ortho- and para- sites.
With this effect, three isomers of the bisphenol F are formed: o,0-, o,p-, and p,p-.
Subsequently, BFDGE occurs ih three isomers as shown in Figure 2.10. Since the

ortho-position is less reactive than para-, the o,0- isomer is the least abundant

component.
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O

0,0-BFDGE o,p-BFDGE
(')>/\O/\<(l)
p,p-BFDGE

Figure 2.10. Chemical struc

In the same Ways - of |bisphenol=A nd epichlorohydrin produces

BADGE polymer as s \\Q\:\S omers (dimer, trimer, etc.). But

because the steric effe \\\\

phenol A, epichlorohydrin can only

.
P/
attack at p,p-position r
Because technical E [ ! -: \ Sually the mixtures of the 2-ring
isomers and compounds afid mic ré pheno ies rings, they are called Novolacs,
which includes bisphenol ' : d. Novolacs are complex mixtures of

components with varying nuribé ings and positional isomers. For

. o D ———

example, the struc

Figure 2.11.
‘a
Epoxy vﬁcz iN?n mnm formed by reaction of
novolac and epighlorohydrin in t e way as the synthesis of BADGE. One out of
o o1 i) Ui N I 1
reacting ;‘l s yield oligomets; esul n BADGE." Se’there are large

numbers of isomers. Thus, the complexity of the migration caused by NOGE is

further increased.
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‘a\ e out of 7 isomers
of 3-ring NOGE

Figure 2.11. Structurges o

of 7 isahigrs-otf 3 NOG!

v RY |

ds.with 3-ring and one out

.II
|
W

The reaction prodb;?t; of BFDGE ca& further react with water and chloride

o N AT e e
RN TUNRINY Y
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