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INTRODUCTION

F P inplate isa nonhomogencous material with a strati-
F fied structure, basically consisting of a thinsheet of
varbom stecl coated with pure tivvon both faces and
usually lacquercd. Despite the Tnereasing vse of vew al-
ternuative materials such as alumainin and cheomate sleed
sheet in the carming industry, tinplate continues to be
used in more than 8% of cases,

In order Lo stabilize the tinplate surface it s important
to apply a passbvation weatment dueing its manufaciue-
ing and before lacquering, 'The general pugpose of the
prassivation lreatmend is: {a) to prevenl tn oxide growth
om the swface, as excessive oxide can produce discolora-
tion ducing prolonged stovage and in stoving operations
asauciated with lacquering and printing, especially in the
curing of the lacquer; {b) to prevent the appeatance of
sulfide staining by sulfur contained in certain canned
foods; (o} to improve lacguer adhesion to the metal sub-
strate; and {d) to improve corrosion resistance afler lac-
quering.’

Chromivm salts are oue of the most effective agquems
corrosion indubitors for lnplate, However, 10 has been
rocogiized that chromium is highly foxie, For mstance,
oral ingestion of one to lwo grams of chromic acid causes
blaod disorders, fver damage, and kidney Lailure® The
concentration tevels of chromivm allowed in the work-
place are becoming reglated by authorifies, and wsers of
chromium containing materials are being warned of the
possible health risks, Several options have been consid-
cred: Tr{WT) reductiony to CrifIT, which is T thmes less
loxic; elimination of chromium containing waste; and
ptilization of chrommim alternatives such as molybdates,
vanadates, rave earth metal salts, ete. Yot, at the prescnt
time, this metal conlimies to be a problem,

In a recent paper it has been found that the adhesive
properties of lacguer codtings based on epoxyphenolic
resing applicd on timplate improve with the metalhic chro-
miwrn (CrM) content and worsen as (he lotal chromium
(COV) conlent increases, with an importand vale being
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Tz'npium specimens for food can applications,
passivated by cathodic treatment in a sodium
dichromate solution, were studied. Three cxperi-
mental methods: coulownelric, spectrophotmetric,
and atomic aksorption spectrophotometry (AAS),
wrere wsed fo quantify the chroniun: content i the
passive coting as total chromium, metadlic chro-
wrinm, and chromigm oxide. Movphologicat and
chemicel analyses wsing scarmng eleclron -
croscopy (SEM) and energy dispersive X-vay
(L DX Y were peyfovined. The studyy was completed
by conducting X-ray photoclectron spectroscopy
{XPS) experiments in order to elucidate the pas-
stve layer chenrical corposition,

played byt Cr/ CeT relationship, where CrQ, s chro-
s exide content.® A linear relationship was oblained
betwaen adhesion measured as T-peel slrength and the
different species of chromiam present in lhe passive layer:

Adheuion = Cebd + 1C0, T (L}

In accordance with equation (1), the factors controlling
adhesion are e and the CrO, fCrT velalionship, Lac-
quer detachment ook place due ro the fracturing of the
Crl), layer botween the n surface and the chromitun
surface layer® From a practical viewpoint, the canning
industry is innecd of few studies e establish the compo-
sition and structure of the passive laver formed on a
tinplale surface,

The wim of this paper is to charactenize the passive
laver frmed by dl:u'omium passivalion freatment on
tinplate for food can applications and compare il with
unpassivated finplate. The experimenial techmigues used
wora coulometric, spectropholomoeley, diphenyfcarbazide
{130C), atomic absorplion spectraphotomedsy {AAS), sean-
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ning clectron microscopy (SEM), energy disporsive X-ray
{EDX), and X-ray photoelectron spectroseo Py (XS0

EXPERIMENTAL

Tinplate (T 2.8/2.8} with a tin coating of 2.8 2/ m” an cach
face was passivated ina marmfacturing line using a code
H1 possivation treatment: cathodic troatment in a so-
dium dichromate solution. Tinplates labcled A and B
were tested. For com parative [puTposes, dan unpassivated
tinplate was also analyzod.
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The CrT content in the passive layer on timplate A was
delermined using a coulometric method 57 A current den-
ity &, 6F B WA [ oon? was applied anodically tothe SpReCieT
in a phosphate buffer salution at piH 74 200l of 8 o2,
sodium diliydrogen phosphate dilydrale [NaHa#0, 21L,0),
and B00 mL of 9.5 g/L disodium hydrogen phosphate an-
bydeous [Na-I POy, and, using equatinn {23, the CrT way
dotrminged:

T=(}.Lx1><t

Ruwlo © (21

where f is lhe lme for detirming (difference between teand
t.] (see Figure La).

Vhe CrM comtent in tinplate A was determined afler
washing the spedimens in a boiling 1.0 M sodium hydrox-
tde [INaOH] solulion [or one minule. The analysis was
carvied out using a cotdometric method. & current den-
sity, L of B0 uAoem? was applied in a B g!lL of
NaHzPOwZHAO test solution, which was brought o pH

Figiure 3— 5o Micrograhs for possieorhed
inpicite A: (a) secandary slactrons, )]
backscottered aleoirons (el Fe Fe-rmoooing,
cind {of) cross-aecion,




5.0by adding NaOH,® and, using equalion (2), the CeM
was delermined, where fis the differere butwesn tramd ¢,
{sex: Figure 1B}

The amount of Cri, in tinprlate A corresponds 1o the
difference bebweon CrT and U, since CeT = Crh + 50,

'he spectrophotometric method was used o doler-
ming the CiT content in tinplate BB, with a lower CrT
conlenl than tinplate & and for this reason the coulometric
method canmot be used. DPC [CiHsNITHRCOMNHL H.
was used o perform absorbance measurements, using a
HACH model 3R /3000 spectrophotomoter. T, ietre 2 shows
that the absarbance measured at a wavelenpgth value of
360 T s propoctional to the CrT content i the: range
from0 pe /100 ml. to 100 pa f 100 mLA

At the same lime, and for comparalive porposes, the
CrT content of linplates A and B was also determined
using the stamped-out circular method. Tinplale speci-
nens of 31 mm diameter (163 cm® surface area)
predegreased with acetone wene used. The dhromium was
extracted from passive coatings using 1 ml, of &0 N
hydrochloric [TTC)] acid solution, heated al 300°C for )
sot. The extracted chromium was an alyzed by AASusing
a UNICAM 2100 unit with a 5 cm burmer with optical
Pass, and a ndtrogen pxide acetvlene [0/ C:H:] Name
ata wavelength valuce of 357.9 nm.

Takle 1 —Chromium Conbent in he Possiva Cocting, as Tolal
Chromium (33T, Metolic Chromium {SiM), and Chromilurm
Qlde (Crly) Using Coufomekic Method Minplate A and
Spechophotomettic Method {Tinplate B)

Chromlurn Cordenf, mg/fm®

Tinpkde T (=7 Crd,
A e 250 1.57 4.23
B o 1./0 — —

Tabls 2—Chromium Content In the Passive Caagting, as Tabal
Chiornium, using Atomic Absorption Spectrophotomehy
Mathodo
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Morphological and chemical characterization were
performed by SEN and KX, using a TR, JSM 35C unil
with a Nuran Vovager spectrometer for EDX measyre-
inents. The specimens were analyzed affer clemni g with
ethanod, using secomdary and backscattening electron
images and an X-ray map (Fe Eu). Anacceleration voltage
ol T0EV wanselocted to Increase sen sitvily at the coating
surtace. For tnplale cross-wection obseevations 2 Phili s
XI-FEG scanning electrom microscope with EDX detector
wis Uliliced.

XPS analysis was performed to characterize the pas-
sive films formed. | he spectra were obtained ulilizing a
Y microtech model MT 500 electrom spoclrometer, uxing
an Mg Ko anode X-ray source (hv=1253.6 eV J with a
primary beam enevgy of 15 ke and an electron current of
20 mA. The pressure in the analysis chamber was main-
lained at 1310 * Tore lhroughout the measurements. The
regioms of inlerest were O 1g, Cr 2p, and Sn 3y, The
instrirmentalion was calibrated pariodically using Ag Sds.»
(368.3eViand Au 4f (84,0 eV} subwtrates, The concentra-
tion of each clomenl was estimated by measuring the
respective peak area in the high resolution spectrum and

Figure 5—SEM micrographs for Dassivertoo
Hnplafa B (o) secondary electrons, (b)
Lockicaitersy slectrons, {C) Fe Kemaooing.
and (o crass-soction,
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using elemental sensitivily Lactors. spectral analysis was
performed using peak fitting with Gaussivn-Lorentzian
peak shape and Shide v types hackeround subbraction.

XPS in conjunction with Ar'-ion sprullering was used
to chatacterize the clement com position uf the surface as a
fimection of deplh, Successive spmabbriges were carried ot
up o 60 sec with a primary boam energy of 5 LY and an
inn intensity of T0mA.

RESULTS AND DISCUSSION

Titble 1 showes dhromium content in the passive coating, as
Crl, €M, and Cridh, for the bwo types of passivated
tnplates sludied, tinplates A and B Fach wahae 15 the
average of five tests. Similar resulls were viclded using
coulometric and AAS melhods (see Table 2. Tor passi-
vated tinplate 4, he CrQ, content corresponds to the
difference belween CrT and Crhd. The L}, s the amnount
of Crz0s and hypothelical Cridy, belween which the coulon
metric method cavmot disling ish (as can be seen below,
when using the XIS methed, CrOy was not vbrerved), It
should be said that fuor passivatied Hnplate 13 the Orkd

OH-M

Unpzesivated

Ho

Rinding Enargy. ey

|| Agure 6—High resoluiion XBs soscfra fov O Ts J
for unpasshviated finpicte ond trmsteatad tn-
ates A andd B,
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contenl is al the detesmination threshold of the coulomet-
ric method and for this reason this method was nol used.

Figure 3 shows four SEM Inicrographs for passivated
tinplate Az (a) secondary electroms, (b baclscattered eloo
Lrons, {¢] Te-mapping, and (d} cross-seclion. In eoneral,
SLM results prosent a compacl passive laver, some jron-
rich and tin-rich zones can be observed {see Figure 3a)
Thus, carclul observalion of the SEM results shows that
the surface presents a striated shuclure, which is more
evident i the observation of baclscaliering electrons {Fie-
wre 3b) and un the Fe-mapping micrograph. The cross-
scclion micrograph (Figure 3d) presents a umiform tin
layer,

Fiyun: dshows, as an oxample, a ty pical TDX spectrum
for Anplale A. The specliuim was abitained from an iron-
rich {(dark) zone of the specimen (sew Figure 3a), The signal
elements ave tin and irom.

Fignre 5 shows [owr SEM micrographs for passivated
Armyplale B: {a) secondary electrons, (b haclscattored clec-
Lrons, {e) Te-mapping, and (d] cross-seclion, As in lin plale
A (Figure 3), some irow-rtch and {in-rich wones can be
obmerved on the passivaled surface.

Figire 6 shones high resolubion O s XPS speclra [or
wpassivated tinplate and passivaled lnplates A and B,
Tn gemeral, the three types of Unplate surfaces studied
present similar fealures. A decomvolution of the sprctra
shows lhree components: ut =530 eV binding cncegy (BE),
corresponding to oxygen inmetal lic oxides [O-M]: at 531.5
eV BE, avmresponding to melallic hyrdroxides [07 1-M] and
C=0) from surface contamination; and at 3330 oV BE
cotresponding, lowaler [ET.00),

Figure 7 shows Cr 2p core level XPS results for passi-
vated tinplates A and B, Two wide compoments can be
abserved: at 376.5 ¢ BE, corvesponding to Or(| 1 -oxide,

CriCHI,

Tinplate A

Tinplata &

S8R0 ah5 a0 a7 EEi] 585
Binding Erergy, av

L Flpure 7—Righ resolution XFS specto for Cr o |
for grassivared Bnnioivs A ond B,




as (s, and al 577.3 eV BL corres pending to Cr(IT)-
bydroxide, as Ce{OT T, The Cr{VT) oxide [Cr0x], which
presenis a peak located al 5801 oV BE, cannot be nbserved
inthe lwo passivated linplates A and 2 siwdied {Figrun: 71,
Furthermume, XS results do not show s metallic chro-
mium (CrM or Cr¥) peal at 3743 0V BL, previously found
vsing coulomeleie methads fvee Toble 1). This discrepancy
retween the surface analysis lechmigque (XPS) and coulo-
metric methods may indicate that Cr is foand deoper in
the: passive laver than is anal y7ed by XPS mothod (-2-3
Lk

Firure 8 shows curve fitting of the high resolution XPS
spectra Lor Sn 3ds; core lovel for the unpassivated (inplate
and passivated linplates A and B, [t s pussible o distin-
Sudsh a peak Iocated at 4858 oV BE, cortesponding ky Hin
oxides, and an insurgence at 4845 eV BE due i mglallic
tin (50"). Tin has a large difference in BE between ity
melallic state (Snfyand ils oxides: Sn0 and Sl inthe 5o
s core gegion, bul anly a small difference in 131 be-
tween 500 and SnOs. Thus, high-resolulion XPS mea-
suremients donol permmit a distincton between Sni0z and
sn0 oxide furms because both have very similar BT: 486,64
eV and 486.9 eV, respectively. 10

Tosludy the depth profile of the cutermest [ vors of the
three Lypes of linplates tesled, Ar—ion sputtering wis
performed for up ta il sec. Figere 9 shows eedides, hydrox-

Fassivated Tinplate for Food Can Applications

idey, and water components in the O Ts peak versus spat-
tering time. The main fealure observed in all the speci-
mens s a decreass in ydroxides and am increase in oxide
compounds with spultering fime, su ggesling a stralified
struclure where hydroxides are localed ex ternally and
oxides internally,

Fizures 10 and 11 show that ihe hvdroxide is CriOH]s,
while the oxides are a mix of Crald, 500, andf ar S,
Cigizre 10 shows a big dillerence in chromium oontent
belween passivated tnplates A and B. n linplate A, not
omly is the total chromiam content higher, but the hydrox-
ide laver ix also hicker: aflor 60 sec of At*-ion sputtering
there is a significant hvdroxide si ymal, while in tinplate B
the hydroxides almaost disappear after 30 sec of Ar'-jon
sputtering. Consislently, the tn confend in tmplate B iy
higher (Figun: 11) than i tinplate A, 1gure 1T alse shows
that in tinplale B, tin is mamly an oxide (SnO and/ or
5nCh) while in tinplale A around half of (he tin is in the
onetallic state (S, omparing the resulls for tinplates A
and B (Fumre 1), the ameunt of tin oxides derrrases us the
chremium content in the passive layer incroases. T he ligh
linoxide coment may be attributed to th ¢ short sputtering
time: (60 sec) and Lhe superlicial character of the X1S
methad (-2-3 ), Finally, in the unpassivated tinplate,
the oxide layer is very hin and alter 60 voc of Ar-ion
sputtering the main component is S,
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CONCLUSIONS

The chromium content i the passive Js ver lor linplate A
was 2.5 mg/ m?of CrT, 127 mg / m2of CTM, and 4.23 g/
ol O, O tinplate B it was imly possilble to determine
the CT' comtont: 1570 g/ m2 These resulls wore simifaT
for the throe experimental metheds used; coulometry, spec-
trophotometry, and afomic abscrption spechaphutometry.

The SEM results show a striaked structure whero some
iron-rich and lin-rich zones can be obserived,

The XS results shon thatmetallic oxides, hydrowides,
ard adsorbed water wete present on the surface, Chre
mium was in the lorm of oxide as CraCh and hydroxide
[Cr(OH):]. Hexavalent chwvrnivm, Cr(W 1, was not observed
n the XPS spectra and neither was mctallic chromivm,
(Cr'). This discrepaney among the coulometry, spoctro-
rhotometry, and AAS results was athilnted to the Super-
ficial character of the X5 techmigue. Metallic fin and Hn
oxides S0 and {or Sns werg obscrved. Depth profile
results performed using Ar -ions puttering for up Lo 60 sec
showr a slralified struciure of passivated timplates A and B
with the hydroxides Tncated externally and oxides inter-
nally. n wnpassivated tinplate afler 60 sec of Ar--iom
sputtering the main componen! is metallic tin,
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