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Influence of Reverse Electrolysis on Lacquer Adhesivity of
Tin Free Steel
Hajime OGATA, Kyoko HAMAHARA, Hideo KOBAYASHI,
Toshio IcHIDA and Toshio IRIE
Synopsis :

The application of anodic (reverse) electrolysis to the 2 step process of tin free steel has brought the im-
provement of lacquer adhesivity during retort treatment. This new process consists of chromium plating,
reverse electrolysis and chemical treatment.

It was found that the reduction of anions (sulfate ions, fluoride ions) and the uniform thickness of the Cr—
oxide layer of tin free steel were necessary to good lacquer adhesivity. The steel after the chromium plating

has a Cr-oxide layer with a lot of anions and uneven thickness. The reverse electrolysis removes the upper
anion rich part of the Cr—oxide layer. Furthermore the chemical treatment in a CrO, bath without anion
addition forms a uniform Cr-oxide layer with less anions providing good lacuer adhesivity.
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Fig. 1. Reverse electrolysis process.
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Table 1. Characteristics of tin free steels
produced by 2 step process.

Amount of

?ﬁth 'forl anion by xps | Uniformity Resistant time

cf er[mca of Cr-oxide to retort
€atment S/Cr | F/Cr |film thickness |treatment (min)

CrOs- H,80, | 0.075 { 0.02 good 60

CrOyNa,SiFg | 0.010 | 0.22 good 120

CrO,4 0.023 | 0.10 poor 30

Cr0O,;-H,80, %, CrO;-Na,SiFg 15, & 5\ ix GO, 13
PCRBAET S 2 LI E ) RBEED 7 v 2 KRS
B (r 3 A V) LICBEORERE LTV b
F LM A Table 1 wwiRd. » 3 » A i CrO,p-
Na,SiFs % A& CrO;-H,SO, % Fiv e
BACHE LTV v b AEESR DI k7
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BRI LTS oKXW v b v Al 2 58
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r A KN LHBHECERET S LY, IHIRLDHRIT
BED D IIKBEL ZIZRAULREITHHORIL,
BBBERIhL LD 3 TOLREL, 7 r 2 KLY
BB b 2 - ACLTLEIORDTHASH LE
z2bhb. Linl, SOROEENFHBBOLR I D
BINEF DTS, R BRI THY, TOEX
WIS RRWEE L DRA. 7 I e CrO,
BErRCREZ v 2 KB EE~OGREBIE, 5HoF%
DIEWED T 1B D, it v b v PAEKE 2> TE
 feote. 7 v ZKFBBCYHBITIEANE—TL2E% X
SHEBLTHS &ALV ABEECEETCHS
B, 3 AR CrO; ik AV Ie Ak o
BB S DT v b v RSB DD
DEELLNS. WHEBE, SOoRKKEODOXHEIT =
* VORI, OBEZOH L7 w AKABIL
YRBEHR CEEER v bV P AEERE R &
NTEDEEZ BRI
3.2 FEROBEREZGOEE

7 r ADDEHRPRPREHRMULNERELIZ v
ABDOENTERNT E, L LENT 5 & EH TR
LED 7 v 2 KFBILHF~OBF 7 =+ v OIAT
RBIFONT, ToHGnTeby I hANEE LT
v v FAEEDT Shic TFS olExEEEThHS &
Eah, BERTHHEXHEE L.
CrO;-Na,SiFe-H,80, 8¢ 7 r & HOXH, A
PeHEMRL, IDREER, SOoRCAEDRIOPHEY
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Fig. 2. Effect of electricity quantity of reverse
electrolysis on retort resistance.
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BT 5 Lt vt v s B8Rz mEL, 2
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“>¢-. Fig. 311, wEMEOESEY 1C/dm? —E& L
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Fig. 3. Effect of current density of reverse
electrolysis on retort resistance.
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Table 2. Influence of conditions for reverse electrolysis on Cr-oxide film characteristics

and retort resistance.

Condition After reverse electrolysis After chemical treatment
of reverse
electrolysis Amount of anion Cr in Uniformity of Resistant time
by XPS Cr-oxide Cr-oxide film to retort
thickness treatment (min)
(A/dm?) (C/dm?) S/Cr F/Cr (mg/m?)
— — 0.041 0.22 5.2 ) poor 30
2 1 0.030 0.20 4.2 fair 990
5 13 0.014 0.12 3.2 good over 240
10 10 0.008 0.10 1.8 fair over 240

Table 3. Influence of solution for reverse electrolysis on decrease of anions in Cr-oxide film and on

retort resistance.

After reverse electrolysis After chemical treatment
Solution for %mg{uPné of anion Cr in Resistant time to
reverse electrolysis* y Cr-oxide retort treatment
S/Cr F/Cr (mg/m?) (min)

NaOH 0. 2 mol/, 40°C 0.008 0.14 2.1 : over 240
Na;CO;30. 2 mol/ [, 40°C 0.009 0.16 2.4 over 240

Na,SO, 0.2 mol/{, 40°C 0.037 0. 15 2.6 30

H3;S0,4 0.2 mol/{, 40°C 0.038 0.16 2.3 30

(*) Condition of reverse electrolysis: 5 A/dm?, 1 C/dm?

BLERUCTHAN, BRBELEL 5 LW v
oL ALEMZ RILEL, 5A/dm2 [ ko BREE T
FEECEN IS D E DT

D XS CHBBOBMESEMENM v b v b AFBIC K
ESEETIHRRETANL DI, 7 v 200, %
OO R D BEEGCHYEMBEL i onwT 7 e 4
KABREHER L OERMCBRET HHEBIB L S OFEOE
PRELI. CofER%Y Table 2 i, 7, WE
f@%, I AR L% TFS ofif v b 4+ ALEE S 5
GRS, Table 205, fif v b4 P AEMERT SR
TWHOLMEMBEORE S/Cr I, F/Cr taih& <L,
Thb b BERBRCHRBESL S ORL DL, oz e
LKL ELVINGETH S & L avbhotk. &
DU B L HER S/Cr I F/Cr Homi,
RBRIR 5 OHRIL 7 v 2 KB LY B O FEEE T <
HAETHIRWC MBIV ERDLT =F vOBHEYH 2
Bb¥n L, 7e KR LHBOBRCAHREL TR
BEDEEL B, THROWTIRETLEETS. F
7z, Table 2 BB 10 A/dm?, 10 C/dm? o
BA, I AMBED 7 v A KB B O E 2 —
AP LE BRI b TR v v b UEEER T
WBDIE, T TR 7 v AKFIER LR 15~20 mg /m?
(7 = 2AE) L THRHFETHZEEBRLTED, K
BT XD m AKX EL 10~15mg/m? (7

v AMAHE) LA LPBRVCBRTCITORE—ThHBH &
DEERLBLRD.
3-3 FEROBBMFOEE

3:-3-1 7=FvopH

BB E LT 7 v 250 BN D B #H
LcBAED v+ v 4B #:% Table 3 i@ x3. 0.2
mol/l Na,SO,, 0.1mol/l H,SO, XBW D L 5 ik
B2SBCEUHEMBE OB v v o B
k7o a3, NaOH, Na,CO; KB D X 5 R % &
FRVGCHACIEM L bov b ERZ A HELL. B
BBIZADBERYFHOIA AV ThiEN D, WEMBMNE
R IR R C B % MR~ BEKW a5 & Z0
L5THH . LIenioC, BREHCHEBEYS < F
ETHE, TOBEKIWILRE| DO - D HBBoREL
AtaLisy, Byt AEERHE IR DD
ChH5. - Table 3 & CrO,-Na,SiFe-H,80, %
DEMBEHT 7 e 2dDOF L #%, Na,SO,, H,S0,,
NaOH ¥ XL 08 Na,CO; KW R CHBEM L 1eiiiko &
HEZRFETSH 7 v A KFBEYE L RBRS 05 D0HK
OEEFNIHELSAT. ohit, REBE2S EVE
R CHBERT S L 7 v KB P OTREBE, 5
ORNBAITHH, HBRY %S SRBRFT CHER
T5 &7 v A KB OHBBITRAS L TE BT,
MEEDOE 2 ETH LT 5.
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HAECEEATEOE, LRI ELl b7 =4O
BEAE 2 WE, 7 =4 vORERPBRETCIIRL, Fh
DT =4 vEELBFURBO 7 v 2 KR IHE
B X 0 ISRT Dbl B AESR EE L BN
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TH%. Fig. 43 CrO,-Na,SiFs-H,SO, %o EEIC
Cr3+ % 0,1, 2,3, 4 510 5g/l IHMLLBEUE
By LCAV, Crev BEAR v b o b B 5 2
LEBEY RN LDOCTHS. HBMOBMELE 2 5A/
dmz, 1C/dm? DAz Cr3+ BRI b Bt v
bU BT SR TR L L, BREBEIMEL
1 A/dm?, 1 C/dm? DEMEETHER LT OB ET
vk, Crdt S ESEPCHEELRTIER v b AL
BT ShTwahs, G+ i lg/l D ERET S E
it v b v PALERME AL | E Lot

COERBERIKD L ICBRTE S, FiBRD X
BB L O THRBBRSSOENBST IO, Fhb
DT =+ VuELEFLRBO 7 v 2 KR CY DY ERHE
IO THEREINS D EELORS. 7 v AKH
B IBET ARSI 7 v 285 6ffi 7 = AAD
BILRETHY,

Cr(OH) ;(film) —— Crs+ (soln) + 3¢ +---+ee-- @®
LEINBTHAHDH. i, WERKH Cr3* 23FEE

b=

[]

£ over

§ 240 ADA—O0—Q=—=Q=—Q—0

£ 210F Reverse electrolysis
2 2

QJ%L
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L -
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% 30 D\ o N\ e [\ e,

® o ] ] ] ] ] 1

[r14 0 | 2 3 4 5

Cr3+(g/l)

Fig. 4. Effect of concentration of Cr3+ in
reverse electrolysis bath on retort resistance.
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v s KB B ET 5 RGO & B ERE o Cre+
M Crér ABLIhBRIGOPRE 5. £2C, KGO
BEE@ XD dAXBEENLNETHOC, EERE
ETRBIVEVCERETS. £535L, MERKD
i Cre+ T HAHECHMEEREE CRRIEOR S
HioABEECREET, uRHERPo Cr3+ 5 Crer
~OBALRICO BB EIGD KF A% LD B THAH 5.
—%, WEBEP C3* BEELEVWEBECIRRIG®
e, LA > UEREREE CH o Th RIGOLE
TORBEER EZL, 7w AKFEMLYO BRGNS B
5. ¥f, MERBEOHECIIRIGORT TIXGEE
HEBESZENTETRIEOOBEEZ TEMRY, HE
e Cr3* AL TWTh, 7 » AKNBRELHE
DIEMBPRE DD ELHEIRS.
34 EE/OLOBME

MEMEC RS ARG, R0 ERKHo Cre+
DRELRIGE 7 v 2 KFBBLH B O R IEIT Tl <
SB7 v AOBMBILLERIVES. Fig. 5 1HEM
DESEY 1C/dm? —FL LCEREEY 1, 2,5 %
JOV10 A/dm? L2 BRI ER CERTISE Y
v ADENED X STEILT HNERANICIOTHS.
BREBEN 1A/dm? LEWEAECRERZ » 206K
RERITEWE, BREELELRBICLEXVRE Y
r AOYEBETHML, BREE 10A/dm? TREXORE
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Fig. 5. Effect of current density of reverse
electrolysis on decrease of metallic chromium,
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Fig. 6. Shift of Ol's peak by reverse electrolysis
(XPS).

i3 6mg/m? CELI. ZOMBEMROBREBE L BRES
B7 v sBOBRE, BREEELM VL ORI
BFLLTEY, £87 v 20BBAH LV L s
FTHRREEEZRLTCWS. flxiE, BALESREY v &
BHEBLUTO6iz e a, HAELSflize 2:/icbDT
e, 7w AKMBMEWEIEE 7y, HiE BB
B EIND Lok fEtd Hh%. Fig. 6 117w 4
HO X EYBBEOEKTE XPS CHIE L TE SR
Ols ¥—2Th%. 7/rsrdboXB00Eed 1 —
1% 531.4eV ThH B, MEMECIL 530.1eV Loy
FF VAN T P LTS, S hEeMERC Lo B
EREE INIcldEEL B EHTES. L, b
V= F7 4 VADEEILA - AMEENE L, NEIXA+
VRADERTHH E VI MEVEE 2D L&, UEMC
XoT Ols =23+ VHAl~Ny7 b F5D1E4—1
HBEDEWEBIBBREIN T+ V EAEHOHNE
MNEEMCHNICEIEBEL D ENTES. MBI LD
T7 v AKNBIEHEP BT HECSEREE 2B &
BB AT ST 5 X E L v, BERC X
SR v AEREG VNV AR S X EEBRT 50
T/, 7=2*vuEFUEE 7 v 2 KB LD
WRTHHEMEME LB 7 v 20\ BT DM BN
PECL T/t E UBRUEBEEE 2 bh s, 4
WTBE57, 7radoZ2E0) vAEbic X 5%
BB TH v r v P UEEAE RS S S 5FEIR
DEXFETRHTHLIDEEZ DR S.
3.5 sOoLskKMBLHEDOELH—K
KFEEMETIERL U TFS Offif U b v b QLB M: 5 SF4f

=240} A O A @AW\
1
210} /
180} !
]
150} /
{
i2zof O ¢
A

o o O
O O O
T T T

P

i 1 1

10 20 30

cO
1y

Resistant time to retort treatment
(min)

Cr in Cr=-oxide (mg/m?)

O Reverse electrolysis 5 A/dm2, 1 C/dm?
A Reverse electrolysis 10 A/dm?, 10 C/dm?
X No reverse electrolysis

Fig. 7. Influence of amount of chromium oxide
on retort resistance.

TOHARIL 7 v 2 KB EA 15~20 mg/m? (7
mAE) LB X5 1 AR THRE L T,
Fig. 7 X EMEThHIicWEE, 5A/dm?, 1 C/dm? o
HEMETOHE, L 10A/dm?, 10C/dm2 D
BREYITOLEECR VT, BOKD 7 v AKFER{LY
B% 4~34mg/m? (7 v 2H) OHEPCE X T L b
L ENED X ST BRI RTH S, W
B ITHICEE L7 v A KHEBMtE 03 5
Fhit v b A IEE B D7, 5 A/dm?, 1C/
dm? OMBEHIT S &, 7 v AKNER(LYESS 10 mg/
m? (7w AHE) X H Do it Lo ov b AR E R
L2y, 10mg/m? L) ikt v b 4 b AU IEE
Bh T, SHICEVGEER (10 A/dm?, 10 G/dm?)
HITORBAERE, 7 v AKMER{bYE Y 15 mg/m? [
EThhigity v vt BB RIFTHBH, TR LD
Piel b EMv b A P RBHEIETF L. 20k
YWEMOBEWIE U TR/ v b v+ AIEMAE D D
WChBEils 7 v AKFBICYEOR/NEI B 5B,
7 v AKFBILYBOELDH—M I L 2 THEIh
%. Table 2 W/RLAX 512, 5A/dm2, 1 C/dm? s
BRFEEELICBAIL Y $ HARBRE IO THTERD 7
v LKA EHR Licdk ED 7 v AKXk LY ED
BEZi3¥—Th B0k LT, B sy 10 A/dm?,
10 C/d?m DBAwityr I 7 VBB 7 v AKFEE L
YRBDELNPLRRE—E e, 7 v skFELHED
BEahH—le B 10 mg/m? ¢4 +oie At i E
LT SR v b v FLEEZRTH, PRELBR
B—oF AT L) 34w 15mg/m? ) LD 27 v 4
KA T E BBLER oL ity b A
HIMETTHDTHA 5. UEBUEIL 7 » 2 KA
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- 7mADOEH, BAOKETY vARKL, BHBR

25 24p BH0F, BIO 7w AKFEBHKED By F~k

8¢ (Table 4). Vv A4 LZEBED 7 » 2o XHICH
58 MWMWMM\MWMWmW\ HARBECHAEL, FEOMMBL HOREEATS.
g Vv Akt 2 3, 4 OIEKHEE, $o%, KIVs=

(a) (b (e) AOKHEB LR D B WA LT ore. U v AME

Eﬁ; 2:'!:::1 l::\rll;:ls[:el;::actiglysis of 5A/dm?, 1G/dm? #%, CrO; T I P AUBERBEL, 7 r» s KNERL
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Fig. 8. Cr distribution in Cr-oxide film before
chemical treatment by EPMA.
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Fig. 9. Change of Cr-oxide film structure by
reverse electrolysis (schematic diagram).

Table 4. Influence of rinsing after chromium plating on decrease of anions in Cr-oxide film
and on retort resistance and uniformity of Cr-oxide film.

After rinsing After chemical treatment
No. Condition of rinsing Amount of Cr in Resistant time to Uniformity
anion by XPS Cr«)xidf retort treatment of
Solution Temp. Time S/Cr F/Cr (mg/m?) (min) Cr-oxide film

1 Water 15°C 5 sec 0.042 0.22 5.2 30 poor
2 Water 90°C 5 sec 0.030 0.20 4.0 0 good
3 Water 90°C 10 min 0.018 0.12 3.3 over 240 good
4 7.5 N NaOH 105°C 10 min Trace Trace Trace over 240 good
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