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Effect of Preheating Treatment on the Surface Film and
Wettability of the Tinplate
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ABSTRACT: The work aims to improve the adaptability performance between tinplate and lacquers and study the effect of
preheating treatment for eliminating eye holes on the surface film and wettability of tinplate. Chronopotentiometric method,
X-ray photoelectron spectroscopy, thermogravimetric differential thermal test and surface contact angle analysis were used to
evaluate the changes in the passivation film and oxidation film on tinplate surface before and after preheating treatment and the
wettability performance was analyzed by surface energy. After preheating treatment at 120 ‘C for different time, the chromium
content in the passivation film increased from 4.30 pg/em’® to 5.16 pg/em? and the ratio of Cr(OH)/Cr,0; decreased
significantly, leading to that the electroactive Cr,O; produced by dehydration and condensation of Cr(OH); was detected. The
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oxide film content was reduced from above 1.5 mC/cm? to about 0.6 mC/cm?, with composition further oxidized to SnO,, which

could not be reduced by cathode, thus reducing the content of oxidation film that could be detected. Meanwhile, the water

contact angle quickly decreased from 86° to about 65°, and the surface energy value increased from 37.5 mN/m to 50 mN/m,

which indicated that the surface wettability was greatly improved for water and other polar mediums by preheating treatment.

The preheating treatment before tinplate coating changes the composition and content ratio of passivation film and oxidation film

on tinplate surface, reduces the water contact angle, improves the surface energy and enhances adaptation range for lacquers, which

is conductive to the stable spread of lacquers and provides a technical direction for controlling eye holes on tinplate.

KEY WORDS: preheating treatment; tinplate; surface film; passivation film; wettability; contact angle

VAR, HEBI Rk & R g ngn
B OHRE SR IERM RSP Sol-gel MREEAHILE AL [
PRVRARL VIR A T2 N BT, BB AR AL T L
SR TR , B A A AR TR A BE A T2
WAWFFETM Biermann!" A hlifbiEH Cr(OH); Al
CryO; Frim 285, R WIEREMERMRANE,
Melvin! 1 T 488 R 1 0y AL 2, 2%
BB LS B Sy R AL, JFHERR T RLRE B2 X v i B
ST . Nabeta" 8 1 TEM BF5% T 9845 Mo
SRR A R, JF MR T HE B s m) i, 2R
AN A3 Y 1 A B B rL 3 R, T 9 R Al R
B, BRARBES AT K AR b, 0 i v U e v
P AT UL, > AR S0 1] 5 S B A e T R o
WK IE7iR AL

SR AR FLIZ BRI 25 1 MG 55 — 2 b Il 2
PR TR RS SR AT R (<5 s) A
R 8 7= A B FLAR BB , LR PR AR v M, AR
[T SN R3S S % AT S [ S R = B2 BT
PEUT R DL R v B A DU FC R 2 S0, sk
X, ENEKTTSRAT 120~180 CHIALIEEESMR, fiE
B E AR R R AL R A R R TR B AR 3 T
P, (FL T4 AT AR 925 e 2 8 00 A 2 T )2 &5+
P BE BT 78 508 14 A 22 D0 o SCH R 5 S 4 0 A
A AR 2 &5 B AL AR AR B AT T oA, 558 T R TE IR
PEARAL, T T AL X B AR R T R R R, A B AR
I AR B 4 L) R T 2 R B, B AT
8 8 A T O T AT VA M ) R R A A B

1 {5

AEVE S 0.2 mm A9 Tl T4 8584k , XLk
BRI RN 2.8 g/m?, RABAM MBI T2, B
WHEN 1 Adm®, BN 3 s, Hifkih 25 g/L
Na,CrO,4 (45 °C ), pH 4.2,

K B IR CHIT60E HiAk2F T AR vl gk i 7401k
JEAR SR, AR A pH=7.4 IR SHEMREL AW
AR SR H R AR RN R s AR — AR R, R
FA b e A3 95 X B A ARURE Bt I 25 A /em® B4 P F
i, A 2 A B Bl R S O AR A LT, AR

Q=znF (z=3) A, RS BEERE 8 & it

B M 3R T FH ARG SR 36 ok T 7R =4 LI
J8 (STP-10A/12V-S ), 7E 10 g/L i Na,CO; %,
BB AGAREVE M BARE , DL 1.0 A/dm?® 1) HiL 3 %5 B
LR 60 s, IR MAMY) .

K SEE Y HLE 20 7] PHI 5700 Y6 LT BETE X
X B8 B % TR 2 A R AT XSS O HL T B
( X-ray photoelectron spectroscopy, XPS ) 43#7. i
XPS Peak B %] 7% g $1 44 14K F Gauss/Lorentz J7 &
Ie/NEIJ7 2 Shirley W KIS, XF Cr2d #1 Sn3p #E47
WG, MBBTTREI S i

K FHAE [ 5 B -3 ful A DU 72 . DSA25S X858
BARFE AT K F CHoLy P AR J5T 179 426 fi £ 00 2,
MR 20 °C, Rl . FimRE DL ORI
PEFR 1A -

2 #R5HE

2.1 W XTSE SR IR L AR B9 2

B AR B B A3 1 hy 0 0 B 2 T 2 11 R A, L
WK REFR, HE Cr,05 AofLEEERT, H
Cr(OH); JLiEMi i, I A s R MEE G — ik T
PR R RGN 2RI JG e am i T2 ks A A
T ARCHELELT 120 CHMAT BB MRS 10.20 min
14) 2 T At AR S A o e e il 2, S5 SRR 1, anfEl

1.6
14} ta
12F
1.0F
% 0.8}
8 0.6 ICr,O5¢----—>~-- Cr(OH),
s 04}
<
5 0.2r
oL
-02}
-04}

—0.6 L
-50 0

— Unheated
—— Heating 10 min
—— Heating 20 min

50 100 150 200 250 300 350
Time/s
P BB ML I T 2 T % T R 7 il 2
Fig.1 Chronopotentiometric curve of Cr content analysis in
tinplate before and after heating treatment
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Fig.2 Effect of preheating treatment for 10 min at 120 ‘C on Cr2p XPS curves and fitted results of passivation film: a) 1# before
preheating treatment; b) 1# after preheating treatment; c) 2# before preheating treatment; d) 2# after preheating treatment
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Tab.1 Composition and atomic percentage of passivation
films after preheating treatment for 10 min at 120 C

at.%
Sample CI(OH)3 Cr203 CI'(OH)3/CI’203
14 Unheated 74.41 15.63 4.761
Heat treatment  43.73 39.59 1.105
o4 Unheated 54.06 35.12 1.539
Heat treatment  31.77 53.79 0.591
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Fig.3 Effect of different treatment modes on Sn3d peaks XPS curves and fitted results of oxidation film after reflowing: a) untreated;
b) cathodic reduction; ¢) preheating treatment for 30 min at 120 °C; d) preheating treatment for 30 min at 120 ‘C+cathodic reduction
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Tab.2 Composition and atomic percentage of tinplate

surface and oxidization film under different treatments
at.%

Treatment condition

after reflowing Sn - Sn0115 800155 Sn0s

Untreated 10.05 — 89.95 —
Cathodic reduction 13.53  86.47 — —
120 ‘C heating 30 min 8.37 — —  91.63
120 C heating 30 min+  7.52 — — 92.48

cathodic reduction
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Fig.5 Effect of preheating treatment on contact angle of the tinplate surface: a) unheated; b) preheating treatment for 20 min at

120 °C; c) preheating treatment for 40 min at 120 C
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Tab.3 Effect of preheating treatment at 120 °C on surface
energy value of tinplate

mN/m
Program 0 min Smin 20 min 40 min
Surface free energy  37.5 38.0 44.0 50.0
Dispersive part 343 33.5 38.0 40
Polar part 3.2 4.5 6.0 9.8

AR 2y BE A @ BRI PR R (e, i
OWRK 5 BEH#EATIHRP VLI, M5 1 B8 M 32 1
RESE N, LA AR AR X ook e i 5K I S bt v il v 2L
IrHIELERRE YR, B T BB ARG TR I AE
Jio Xtk BRI AT LAVEAS S AR I R ITREVE L, M
URORHAE I S, FEMlAE sk I ESE R ikS
PEBIR IS RO, B AR TV RS it e 4 FL TR] s ) AR

3 it

1) BERE B R v, B S T e A R 4 Ak
WA W&, HALIE R Cr(OH); misr & Al K
Hi A E Cr05, AALMET SnO #F — b S Ak A i
Snozo

2) BB RALIRAR TOK R R A, PR
PR AR R T REAEL, R A RS o M B, s 1 X



a9k 12

UM A T 2 95 A A 1 152 AR A 9 52 - 161 -

VRBHS I3 AR 38 23 O AR AR E

3 ) U I B 95 Al TOUARL s Ak B A T B AR

PRI L0 H ), 58 1 58 MO0 ol 2 i ke g 1 e
TR, A T URRR AR E R, Sy BB R R BT
et se it T HART 1

S E k-

(1]

(2]

[4]

(5]

(8]

NINCEVIC A, PEZZANI A, SQUITIERI G. Characterisa-
tion of different types of lacquers used in food packaging:
Lacquer adhesion tests[J]. Acta alimentaria, 2007, 36(1):
27-37.

PORER, ke, R, S ABETHR R R E
IR NR I 22 PERE R SE R [T]. A5 PREE T2, 2018,
15(2): 19-23.

JIA Cai-xia, LIANG Lu-zhong, WANG Qi, et al. Effects
of environment temperature rising process on thermody-
namic performance of normal temperature curing epoxy
resin[J]. Equipment environmental engineering, 2018, 15(2):
19-23.

ALVAREZ D, COLLAZO A, PEREZ C. Characterization
of hybrid sol-gel coatings applied over tinplate[J]. Portu-
galiae electrochimica acta, 2013, 31(5): 265-276.
GERVASI C A, PALACIOS P A, ALVAREZ PE, et al. Ele-
ctronic structure of tin passive films and its influence on
the corrosion of the base metal[J]. Industrial and engine-
ering chemistry research, 2013, 52(26): 9115-9120.
KUNST S R, BELTRAMI L V R, CARDOSO HR P, et al.
UV curing paint on hybrid films modified with plasticizer
diisodecyl adipate applied on tinplate: The effects of cur-
ing temperature and the double layer[J]. Industrial and eng-
ineering chemistry research, 2014, 53(49): 19216-19227.
FRAGNI R, ZURLINI C, MONTANARI A, et al. Adhe-
sion improvement of the UV lacquers for food cans by
applying a post-curing current treatment[J]. Progress in
organic coatings, 2006, 55(3): 254-261.

Bk, 27, BIER, . BB IR B s
F11%) XPS 43#HT[I]. AHEMREDT, 2011, 44(2): 64-66.

ZENG Lin, LI Ning, LI De-yu, et al. Effect of passivation
film of tinplates on adhesion of lacquer studied by X-ray
photoelectron spectroscopy[J]. Materials protection, 2011,
44(2): 64-66.

PARAMONOV V, FILATOVA N. Passivation of electro-
lytical tin-plate in trivalent chromium solutions[J]. Protec-
tion of metals, 2004, 40(3): 271-274.

CASTRILLO L, GARCIA M, VALDES P, et al. Lacquer
adhesion on tinplate: passivation treatment and foodstuffs
influence[C]// Proceedings of the 15th International Corro-
sion Congress. Granada: Spain, 2002: 22-27.

BASTIDAS I, CABANES J, CATALA R. Effect of passi-
vation treatment and storing on adhesion and protective
properties of lacquered tinplate cans[J]. Journal of coat-
ings technology, 1997, 69(7): 67-71.

YFANTIS D, YFANTIS A, TZALAS B, et al. A new,
chrome-free passivation method of tinplate used in the
canning industry[J]. Corrosion, 2000, 56(7): 700-708.
BIERMANN M, SANDENBERGH R, MOLTKE T V.
Characteristics and lacquer adhesion on dip and CDC

[14]

[16]

[17]

[18]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

chromium passivated tinplate[J]. Corrosion science, 2006,
48(10): 2925-2936.

MELVIN C, JEWELL E, MIEDEMA ], et al. Identifying
interlayer surface adhesion failure mechanisms in tinplate
packaging steels[J]. Packaging technology and science,
2019, 32(7): 345-355.

NABETA Y, SAITOH Y, SAWADA S, et al. Growth law
of the oxide film formed on the tin plated contact surface
and its contact resistance characteristic[C]/ Proceedings
of the 55th IEEE Holm Conference on Electrical Con-
tacts. Canada: [s. 1.], 2009: 176-181.

BIAR. BT 20 P B B R i JR A A S A D). R
i 5594, 2019, 38(1): 29-31.

LI Xu-dong. Effect of passivation process on surface wet-
tability of tinplate[J]. Electroplating and finishing, 2019,
38(1): 29-31.

BARILLI F, FRAGNI R, GELATT S, et al. Study on the
adhesion of different types of lacquers used in food pac-
kaging[J]. Progress in organic coatings, 2003, 46(2): 91-96.
228, FEHE, WRAUH. SRR MR IR PR R R FC DR BT
YRR m]. B4R, 2014, 36(6): 45-48.

LAN lJian, TANG Chao, CHEN Cheng-zeng. Analysis on
the causes of the smudge defect for tinplate surface and
their effect on the fishing properties[J]. Shanghai metals,
2014, 36(6): 45-48.

WA ) 7 i U A AL BB S BT[] A LR
#, 2016(2): 30-32.

XIE Zhi-gang. Analysis on coating shrinkage cavity defects
of tinplate products at meigang[J]. Baosteel Meishan,
2016(2): 30-32.

R, BRitE . PEBIARAR FLBR G R A S Az (0], A
LLIRHE, 2014(5): 47-49.

WU Lei, CHEN Hai-fei. Cause and control of shrinkage
defect of tinplate[J]. Baosteel Meishan, 2014(5): 47-49.
PRSI OTF T, SRR R M. LR dEat i
45 iR, 1989: 93-95.

International tin research Institute. Guide to tinplate[M].
ZHOU Qi-liang translated. Beijing: Metallurgical Industry
Press, 1989: 93-95.

BIERMANN M C. A critical assessment of the current
understanding of chromium passivation treatments in tin-
plate[D]. Pretoria: University of Pretoria, 2007.
NAKAKOII H. Development of the Sn-Cr double coated
steel sheet for welded cans[J]. Iron steel inst Japan kei-
danren kaikan, 1986, 72(5): S444.

NAKAYAMA S, SUGIHARA T, MATSUMOTO J, et al.
Chemical state analysis of tin oxide films by voltammetric
reduction[J]. Journal of the electrochemical society, 2011,
158(10): C341-C345.

TAKANO H, WATANABE T. Effect of passivation treat-
ment on lacquer adhesion of tinplate[C]// Second Inter-
national Tinplate Conference. London: [s. n.], 1980: 422-433.
GINES M, BENITEZ G, EGLI W, et al. Tinplate wetta-
bility by organic coatings[C]// 15th IAS Rolling Confer-
ence. San Nicolas Buenos: [s. n.], 2004: 411-415.
SCHOFF C K. Wettability phenomena and coatings[M].
US: Modern approaches to wettability, 1992: 375-395.
ZHUY Q, YUC X, LIY, et al. Research on the changes
in wettability of rice (Oryza sativa.) leaf surfaces at
different development stages using the OWRK method[J].
Pest management science, 2014, 70(3): 462-469.



