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Deterioration Behavior of Colouring Solution for Stainless Steel

Synopsis :

Tomoo TAKAHARI and Susumu OHTSUKA

Colouring solution (composed with CrOs : 250g/1 and H,SO, : 500g/1) used to colouring method for stain-
less steels that was developed at Birmingham research institute of International Nlckel Corp. is deterio-
rated according to increase of amounts of colouring treatments.

Deteriorated colouring solution caused troubles of elongation of colouring time e.g. falldown of production
efficiency and missing clarity of coloured films So, deterioration behavior and restoration method of colour-
ing ability of the colouring solution were studied. The results are as follows ;

(1) Deterioration was caused by comsuptions of chromic and sulfuric acid that were main components of

the colouring solution.

(2) And more than 12 g/l of chromium (ITI) ion, the colouring solution deteriorated the colouring times

delayed.

(3) Colouring times turned back to the former level when amounts of comsumed chromic and sulfuric
acids were added into the deteriorated colouring solution.

(4) But the colouring times were not recovered for the solutions contained with inore than 12 g/1 chro-
mium (III) ions even if chromic and sulfuric acids were added.
Key words : stainless steel; colouring solution ; chromic acid; sulfuric acid; metal ions ; colouring time;

deterioration ; recovery.
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2. BERHEOBE

Fig. 1 {2 INCO »#E®B 702 2R$V7 27~
L 2 S % BEAR TS, 70~80°C 1T hnZk L 72k 7 O ARR
(250 g/1) L BRAR (500 g/1) OAERICEIET 5. EEH
aab*%,ﬁ,ﬁ w, RREOMIHET S, ML
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* AR ST v 5 —

T1{% (Analysis Research Lab., Nippon Steel Corp., 1618 Ida Nakahara ku Kawasaki 211)

*2 I H ABS(BR)EHM B =3+~ ¥ — (Materials Research Lab.- I, Nippon Steel Corp.)
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P Coloured
Alkaline i—-(Rinse)*‘MRins e Hardening | —(Rinse—Dry)— Stainless
Clean Steel

Alkaline Cr0s 250 971 CrOs 2509/|
Cleaner H2S0s 50091 HsPOs 2.59/1
80~90°C | 70- 80°C R.T.
immersion Immersion Cathodic Electroleysis

0.2~ 0.7 A/dm? x I0min
Fig. 1. Flow diagram for colouring on stainless

steel (INCO’s method).
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Fig. 2. Colouring apparatus.
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FEEMTHHRT v LA (S) CHEL, HEiE
DEBBE*HESERESRER L L CEMELEHIE
¥ 5L, Fig. 3 OBM-BHMESEONE. BFEEM
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REGHEBEBEYH V5.

Fig. 3 DA * EMAEM & XU, HBEABAERT.
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A : Inflection potential
B— A : Colouring potential difference

Fig. 3. Relationship between electrode potential
and immersion time.
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2R EB/SD. OXIL, HRLIZATF VL AR T BE
L, FHYRAT YLV AMERGRICERL, #Kks 0
Ll (250 g/1) & 0 ARE (2.5g/1) OKEES THER
FEAREMR LT .

3. EEBRBREREE

T. E Evans H70BEIc Ly, FogBEiE s ol
19.6 wt% #% 11.7wt%, = v 7V 2.1wt% B X FEK
&2 5~10wt% OFMED 5pm < S50 2 ¥R VERIDOBEE
EPOBREINTVAIENHBHLTYWS, $hbb,
K JiE, (Cr, Fe),05¢ (Fe, Ni)O-XH,0 DM TH 5.
FEIEBERILILE (£10~20nm) T, £&&Kih
OLILDEIE IR 25% £ K&, ML ZTAEESIC
MBS A, ERBRBEMEIT)CLICXY, ZoRVE
o b L, EFLERMED ZWIHEBEREEEZETLHL I
vy '

B, thBErTHEETHY, €8/ KESRT
OO E, BE/ZXAEORFEOTHIZLD
THBIDE, REFEL 251242 T, &, F, £,
BEBLUBYE - 280EE LR sET 5.

T. E.Evans 5703, HfgErsgilEchsr o L &,
AT v U AEM RN L 7oK 2 0 L8 & BB O KB TR
CRIET AL, HEEBMESHENT S0 C, ERX
7YV ASROEENRREERNICEBL T A L,
ROZECHEEEFHELREL V5. :

FOEEOILOEKERT b, B/ SBEFET
B, A7 LRSI (1) OBRBRIEC X 0 ERT 5.
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M—'MZ++ze": ....................................... (1)
SITHEBLEEEAA Y M7 [2 o4 (10D), $k(1I1),
=y v (ID 1R & D, fLoBEOE~EiTh 5.

—77, FLOROEFETIZ(1 ) DRI A G2 72
Fie(2)5B &, Br7usB/+ o208 Lahcron
(III) AEHT 5. ‘

Cr,0,2~ +14H* +6e—2Cr®" +7H,0 -+ (2)
775U, BREEE ZAMOERI, oL BT
TRBINVEZVOTILOROHOBERE TE pH 27K
&<y, (3)DRILHBES

HCrO,” + 7TH" + 3e—=Cr®" + 4 H,0 -+ovvvee (3)

i, FOEE/ AGCRTRECEBEAA Y M2 &
sas (1) 44 »OKMBUSHB Y, BEEIEK
T5.

pMZt + ¢Cr3* + yH,0 — MpCrqO, + 27H™

(zp+3¢=27)

LA L, ZORICHEETE, FaihoBRiEE O
EDHIBHBII OV TCHHBELHBE 2 ST »
7.

4. EREBHIUVHE
4.1 e

Table 1 (Z/RT B ONHERESIMA B 27 L 28
W (SUS304) % M L 7. <Fikid 50 X 50 X 0.4 mm
L7,

4-2 %#%E

EmiE BIAEDOT T AP CTiFo7:. Th% Fig 2
R LK 9, RERES (TC), B (M), b—
y— (H) 2ftlE L - HBAKE AN, SREERE%
75°C &L, REEBE £0.05°CUHNICAB LI L
7=.

BAEE (V) (CRBLERE R-10 B Az, SR
EfE INCO o~ = 2 7LV, BE2BENEE
B E RV
4-3 FHLEBRABEE

K 7 O L8 250 g/1 & BEEE-500 g/1 D K E IS
Table 1 DHEED X5 >~ L ZBWW % BM L CH{LERTE
E L7, ZhHiz T E Evans 65MoEAFIGICLD,
ATV VABIROBENBYITHLVIFEICH LD
Twah, LEL, £FETL2EEA+ L OEEYALGEE
2, ROFA A U BEBREFAREZROEK 7 O 285K

BEKEHICRmU TER L 7. N :
(1)zwa (II) 44 >~ ;582 7 4 [Cry (SOy);]
DERED /P E V72012, KBk g 4 [Cr (OH)s] %
FHRRATRICBBL, (R LCRmL 7.
(2)8k (III) A4 > ; sk L/-EoK 2 O ABE-AEEK
B2 O ABEDEBALH L LTEIC 2o, 8 (II) A+
YRBEEL TV R, 2070k R ERE, 8
b kETRILL, & (III) £+ > & LTHRML 2.
(3)=vy o n (II) 44> ;8= 7V [NiSO,]
B EmML 7.
4-4 BOBRMMFE
(1)K 0 LF; FBE 10ml 2 &0, KT 250
ml (ZAF, 20 10ml Z5HL, LT JISG121771981 1D
LTz o n (VD) #FEL CrOs ICHE L 72,
(2)FEE'?; FRB 10ml £ A X 75231080, X
T 100ml CHRL, Zhbd s 5m 245, Zn-EDTA
% [ZnO (4g/1) + EDTA-2Na #& (16.5g/1)] 10ml %
Mmix <k (M) A +>%~wAxFr 7L, 1 NAKEELS
MUY ARERECEMEBE L, pH4.5 128175
ERYHEE | RKBEL-E o B2 PN 5010E
L7-& (Vyml) & L7
B ERE AR T T 220658 L - EBETOEK 2
OLABREY FERO(1)oFETHITL, XXAromEE
L CHAE L TV S IRER IR % K 72,
49 {N-f-Vy—0.01 [CrO3] Vs}

H,SO0,4 (g/h) =

TIT, N;KEBELF b Y 2 BHBROBERE, f;
FOBEWONME, Vs HRLL-ABBHPICELI NS
ELWDORE, [CrOs] ; K7 o ABEE (g/1)

(3)7uvan () 414 ;EF@BH 10ml &0, K
T 200ml WA, TrESTFT A UME LTEBS
MEHR» BT 5. LKL KRGS L, 25% MEEKB®ICH
L, KT 200ml (AR BHEHEEEER L BET v
Ty ARERM. LT JISGI2177198 [c# L TEE L /2.

(4)8k (II) BEX=vrn (II) 14 ; HRBEK
10ml 2 &0, 10% KEE{L+ b Y v 2w %Mz T pH
8.5 & L7.

HEU-LEE2BL, EEZER 10ml (2BHE. DT
RS ECLD, MBI 707045
B L CER L.

Table 1. Chemical components of sample.

Element Cc - Si Mn P » S

Cr Ni Mo Cu Al N

wit% 0.063 0.50 0.85 0.030 0.005

18.16 8.67 0.12 0.13 0.01 0.048
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Fig. 3 k7R L 72 BA - 5 I U8 00 3 € AL £ 4 5 mV
(F) LU 19mV () IC2s s TORMEED
BOOBMECBILEEREHE L. 2250, HAK
DHALDBEILL D, F—0FGEMAECEHOEDL S
ZENEZ LN, EBEILEZ, BRTbOTIEEN
PhLEETHD/. 2o :

5. ;;& s R

51 BBEENHILEBERIT L ARRESROBE

Al 3 DEFRKISGICE B AT ¥ L AFROERR % #
B3 478, Table 1 @ SUS304 3ELESliAT % 75°C I
gk L - AR REL, SEMNICERREEL 2.
F DR Table 2 Z/R_RLAEHIE, F F, & &
ﬁ@té@Lﬁ&&th%ﬁuLﬁwtié<&&:
LEEPDT,

HoTC, KEOZEOUHEETO THEABEEMEVIAA
PARREEAERRICEBT A:012, 43120702 TH
WL HLFCBEEHAY, X7 VLV AEMOBHEL, &
BRI B LI UECROMREILOBBR LR 208K
B Fig 4R LAEDIC, BREDE LAHIEIEER
BEEEC 2L 2D,

thG%@ﬁ*OﬁﬂbiUﬂmﬁﬂA@L&ﬁL

Table 2. Weight loss of stainless steel sheet on
one side by the colouring reaction.

Colouring . 2 —
potential (mV) Hue Weight loss (g/m°) X
5 Blue 0.23 0.27 0.25 0.25
11 . Gold 0.74 0.74 0.74 0.74
16 ' Red 1.26 1.22 1.24
19 Purple | 1.32 1.30 1.32 131
21 Green 1.69 1.78 [ 1.74
T 1 -
~50r b
S L
] L
et
ol .
iy M
£
o
£
5
o
°
o o 4
1 1

0 10 -20 30
Weight loss (g/ )

Flg 4. Relationship between colourmg time and
weight loss.

7mran (VD) BE% 4-4 OFFEICI>THH LI
EZ%, Fig. 5 IR LALIIC, ERASTHHAINA6D
FEASHRBEICHAIL TR LTWA Z Ehbho .

¥/, LESGEERBERTOEEA A /E’i’éﬂﬁtf’
Z %, Fig. 6 DB/ EL R,

LLED#ERELG, %ﬁﬁ@%ﬁ&ummanAMb;
UTREIRIE B L, HEEBA 4+ oL <, %é
RSB RAIETHDHE L AHRL. -
5-2 BGEEICELITHREORE

5-2:1 K7 U ALBRBEOR ‘

9, FREEBHICBIEZTEK/ D ABEREOLE Y
FB oI, Hilk% 521g/l L —EE L, AL 0L
B % 180~270g/l £ %A XS IZHML BB E 0L
D, 75°C I mE L CEBBMERANL. ZoBE,
Fig. 7 \OR L7z & 912, 8|AK 2 0 ABBE AT 5 12

280 T - —1 560
E szo<
c 2
o c
= 480 §
< o
v 4440 2
c @
:
S {400 ©
<

5 ‘Q
180 } 360 T

0 10 20 30

Weight loss (9/1)

Fig. 5. Effect of weight loss for components of
colouring solution.

32

28

24

Metallic ion concentration (9/1)
=

weight loss (g/ )

Fig. 6. Relationship between metallic ions concen-

tration in colouring solution and welght loss of
SUS304 sheet.
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HOTHEBEMRIEL 2D I bho. EKr oL
Bt 250 g/1 A5 247.5¢g/1 T 7 b H 0.025 mol/1 A
ThHE, HEEMIE 3.3% B kol :

5:2-2 TRERIBEE DR : .

AR OLBRIRES 257/l L —EL LT, HEERE
% 450~550g/1 & BIL X ¢ EBILICO VT, 5-2-1
LFERRICHEIE L, Fig. 8 2187:. Zhidh b, GEEREpEEH
BAYTHE, KoL ERCEGHMIIES 25
edbhrolz. WEE500g/1 A5 495g/l, TRbbL
0.05 mol/1 WA ¥ % L EMEFM X 3.9% K< kD7,
DEO#ERP S, EEEHOERIITT—-ELT L
MEEOFHE S D LBELVBEORIERS L, HFOKE
DHEAANDEBLKRE N L2sbrDoT.

5-3 BEHNBCSLEITHRERRBIAORE

5:3:1 zruoa (III) 14 ViBEOEE
RETHEEA A v OBFRIFERIITT2EELLON
Ao, K 0 LEE 250 g/1-HEEE 500 g/1 D KBEIIZ,
4:3 (1) T~z an (1) 14 % 0~30g/1 &
AHETHEMLE, CoRFBEREHVTATF VLA

100 -

50

Colouring time (X10Zsec.)

H;50, 521 9/1

1 L N . N N
160 180 200 220 240 260 280

Cr0O3 concentration (9/1)

Fig. 7. Effect of CrO3 concentrations for colour-
ing time.
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=10 | T
- F - 3
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E S 0.
2
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CrO3 257 9/t
1 R .
400 450 500 550

H,50, concentration ( 9/1)

Fig. 8.

Effect of H,SO, concentration for colour-
ing time.- Co :

BREABEEL 5mV (F) BXU19mV () IEHE
T5ETORMEHRAN:. ZO8E, Fig. 9 IRLX
Sz an (III) 4425 12¢/1 £ TREBERME
bLFELLLELLZVWD, 12g/1 0 EICRBE T TA
(II) £ # YREICHBIL TEL R BT LA b7
5:3:2 ZOMOXGELEEA A4 ViREOEE

= (II) 44 Y220 THEEIL, 0g/1 25,
EOEEBBORENOHEEFCBICETINTVLIBE
3g/1 L% &) IChEBE= v 7 v (NiSO,) %L 7z
BRIV TR, FARE~OEB I 2ho7.
HFLBEFOKA + ik, BILAICHALE Y 0 ABRICK
DTEHILE N 3flie LTHEEL TS, oo, &%
(III) 44 > % 0~20g/1 ¥ CEE*EZ TR,
FRRICE B ICGT 2B 2o LarL, 8
(D) 1A VigEVPEL kAL, ERLLAEOEHR
ML, BREFUL I ESFRBHIZAONATEY,
KIESOVEE I L TEE DL LHEL TV,
g () 14>, COBRLILEFERBNLILDFEHNK
ND—DOThhb.

~

T
S
3 12+
R
: 10 . __—O'
reen -
o P - o
£ 8to-mmmmm o0 1
o
c
2 S—O__O_/O
2
e
8 4 F Blue
[} 10 20 30

Cr3* concentration (9/1)

Fig. 9. Effect of Cr (III) ion concentrations in the
solution for colouring times.

-Q
o

Blue

v
o
T

no added

[T
Ty

Colouring time (X102 sec.)
o

1

R 6 20 36
Cr3* concentration (9/.1)

Fig. 10. Restration of colouring ability by addi-

tion of chromic and sulfuric acids into the deterio-

rated colouring solution. i !
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5-4 BEEHEEOLZHOBBRODE

EOULICE DT, BOTHER S W/ o0& B AT
UBDTHNIE, ZORPFITEKS O L L HEERE
WRTAHILICky, FERHEETIR23TTHA.

INEHHT A, 4-3 TH~NLLILERTIC,
ARLTVAREKS 0 AL LUHKERREY 444 DH
B XS THHTL, ZogsfifaL-ERE>< D, A
7 U AN R RIE L CE R Z RN o

FALEREA~OZBHEOMWIGIE, B 7 0 L8RB XU
B2 g, BRoOKSEAEBSE T LEEBRELC
RYHETIT27. Z0E% Fig 10 IR,

Fig. 10 ICi3ME A L 2 WA 2 L%, H1k
MOFBBEEFAUBBECTLI CICXY, SR
BT BB ND I EdfEPDI. Zhhb,
HREoLbix, Ero BB X UORESFERERTHS
SEEERALL. LaL, ST dagathoso
H(IID) A4 >H812g/1 LAEIZR B &, Fig. 9 & EHE
BEBIBEHEALTL LEVITE RO/

6. £ =

HFEBPWEHTORT v L AR O %G G DRET I,
Fig. 3 /R LB -RHMARICK VLT H I L
HTELH., 07, Fig 11 IR LHEOHLER
Wk THB L L & OBM-FR RO LB LT

-150
-170 4

&

w

>

-

E —190} ¢

]

c

4

& -210- z

B 1
-2304+——7—T——r—1T——T—"—717
0 2 4 6 ® 10 12
Immersion time (min.)
Components of solutions @/

No. cett Fed* Ni2* CrO3 H2S0;4
1 0 0 0 257 521
2 4.5 3.2 0.4 249 500
3 10 7.1 0.9 239 475
4 25 17.9 2.3 211 406

Fig.,11. Effect of Cr (III) ion concentrations for
potential time curves. :

7-.

ZO#ER% Fig. 11 IR, Thprs, HBREoHLIC
Jo U CEMAEMICEET 2REM B 25 L 3T, &
BB KIS 575, HORROBILOBEI PO
MAITTRT LI, PRORECEEICE, FRENE
DEEMEE, TabbEMEALBEOMBOARH /S <
B ENDbRPDI.

T. E. Evans 5791%, 27 ¥ L AR % n#k L 7 K
70 LEE-REEAHICIRET A LEHICESMEE 2D,
PRRM I b & D HHFET ABILESERL, 2T 3
Wl RZZXICTHEBDBEBRPBE L LT
32

Fig 11 o Lon@Akiiz, chonnicd>T
HELbDTHY, 200 DBRBHEEL, MELEKY
OLBOBHML CAERLAE S 0 ABRIBESEAYT5 &
B A, Thbb Evans 5O BEEO KGR (1)
DEEHFEL BDTHAHH, LK (2) & (3) o
HELENS-HIZ, Fig. 7 8L U Fig. 8 D& BEERH
BEL Z2b0EEZONL. EMEEMFERBO
AL O THRICRABEREFAL DI, BAkI O L
B, thEE, s v (IID), $ (III) 44 ViBERERL
Eomro< 0, BMSEMICSIITTHELHAL.
ZORER, EAK 7 O ABRIZEIRE 500 g/1 47T T 192~
306g/1 F CREA*ZA X TCOEMUABMIIENL Z2HD
7z, BRERGIBES TS L EMBNEBNIIKDEICRD
A5, K2 T L8 300 g/1 £FTF T, 400~525¢/1 &%
LT HOERMAEMIE 10mV BEEOHEABIT L
i CchHor. T8k (III) 44> Fig 12 1IRL7

=190 4

-1904
. cro
o
" [ ]
>
>
13
~ =200
[
c
¢
=]
a
e —2101
°
5
L
z Fedt
= ¢

-220

[} 10 20 30 40

cr3t,  pedt (9/1)

Fig. 12. Relationship between Cr (III) and Fe (III)
ions concentrations and inflection potentials.
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L ICRE T EEMSAEME, KVEI oL,
0~20g/1 (K27 0 LB 300 g/1, AR 500 ¢g/1 —%E)
LT 10mV BENEFTHoL. sas (1) A
i, E|AK7 O LEE WEBEBEEZ-FICL, 0~25
g/l E B LS BB AE T &, Bl REMIIFEEE
BRI EOHIEICEBIT L. 208, Fig 11 0&f-
B g o £ bid, b oRRE R LIS, 7
OA(Il) 44> DHEENKELSEETLILPFbID
72. Lo L, ZHEEMSLVBEICZOTHERBRDS
ILOBREDO/NEVIFERECRBILTLIE 2D L
RS 7%\, Fig. 11 o1 & 2R3+ KL, 70
L () A4 D0 EMABMIEIXDEIZR S5,
BOHEE VR, FHMEBENUEOHBEODED IZ
EAYEDO WD, EEBEREEI25% V. Fig
10 OBEF RN LCHEE, BK2 0 LABRLBERORE
BUHRELFELTHY, FOLOIEBERE—FEL
BOoTWwWhLEZOLNS,

LaL, Zuoa (III) 12g/1 P EIZ% A & Fig. 11 @
B 4 1R L2k )8, BfAEMLREO KON X
WHL e, ERBEBMNENS5mV IFHET S I TCORE
BRI LD EC 2 S, BHAEMD, Fig 1212450
BEICEENELL BDOTWE, BF6HL, Evans 6
DORIEBR (2) & (3) OREEEDIKET S 7 0 4 (1)
A4 Ikl s nb-DEHEESNRS.

7. #& |

25 LA EEKRY O LB (250g/1) EEREE
(500 g/1) OMABBRICBREL CEBRTLHEOELEK
DEHLBRIZ DWW TR L7,

FORR, BREBISOUVLDIER, HRKBICLDT
2T vV ARSART A L ICXAHEBOEREE, &

Ko 2 BIBRLTERL-Es7Q LB+ 270
L () A1 A Y~NBLENHEBEB SN -OTHBH I L
Hhhrot. BHABERTHA L, BL L5 % /R
LT, AIMOBREICRTILICLY, HEEEEITAE
LI EIWKDRERR L.
ERBEPICKFITLELEBAA DI B, 704
(II) A 4 vH»EL LTCEHEBRBHOERICEETLIL
Abdor. rus (1) 44 ik 12¢/1 LAT
HhiE, FEFICHEHE L -BE#R T LI DL
THHETEHNTEDD, 12g/1 LETEEGRRMIT
~NRES L, T

B, AREEBITTHICH0, HHEAREEE)K
B ONREF - RBIUEEERIHH L T 2n
fo. BILERLETET.
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