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The Effect of Additive Agents on Color Controlling of Coloring Stainless Steel

B. H. Hwang, J. M. Yoon and H. H. Park

Dept. of Metallurgical Engineering, Chonbuk National University, Chonju 561-756, Korea

The effects of additives in coloring solution on the film of color stainless steel
were studied by means of Multi Spectro Colored Meter and potentiodynamic method
‘in solution containing chromic and sulfuric-acid. MnSO, * 4~ 5H;0, CuSO, * SH,0
and (NH,)¢Mo,, * 4H,0 were used additive agents. STS 304 and STS 316L stainless
steel were colored blue, gold and green according as the immersion time increases.
Mn present in coloring solution enhances STS 304 and STS 316L stainless steels
colored rapidly and brightly. All additive agents showed the improvement of corro-
sion resistance after hardening treatment. Especially, Mo-containing additive agent
was more effective on the controlling of color and improving of corrosion

resistance in hardening treatment.

Keywords : additive agents, STS coloring, corrosion resistance, hardening treatment, color-

ing solution.
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£ Aded A" AlHEe e AHUolEA 24
Qe 27 F, STS 3049} STS 316L 7oz 33
£4& Table 13} Zon, AJFHO 2 A}&3}7]4
$A 10X10x1(t) mmE HFGE F GF} oy
€ 1:1(vol%)2 E¢F AN g5 A3
A, drbA= #200074x] 9} AlLOgd o A
At g AAE o

A dage] 718 &24& CrO; 250 g/l
s} HSO, 500g/I(¥31.84)s] Egfoz L58
85CZ {A5r] st P& AlgsQod,
Ao Fol AAY AlHe Azt Aol WA
s UERe FFxPZoz 3 AHY-AAEH
A(EG & Giit : Model 273A)E o] &3l A 319y
o £ Mn, Cu, Mo 719259 438 n#s
7] 9 4 2 AeAE Al /]2 §246) MnSO,
- 4~5H,0, CuSO,-5H,0 3 (NH,)¢Moy, - 4H,0
g 10g/l1 H71E £9& Axdo Agddn. &
SR AHAA FFL WFHE ALdge
o, $322E F4ANE 2HAAAZL AL
o &% 45T, AFYUE 3A/dmP M A& 108
b oystAd. ¥E, AMAIHe My, FYE o
WAy Z4e MSCMMEA (SuGa Test Instru-
ments Co. Ltd., MSC-1S-2B), tx & #¥4 (SuGa

Table 1. Chemical composition of used stainless
steel

(wt %)
Chemical
\Composition| C Si Mn P S Cr Ni Mo Fe
Sample
STS 304  0.08 1.00 2.00 0.04 0.0318.74 8.97 0.25 bal.

STS 3161 0.03 1.00 2.00 0.045 0.03 17.0012.00 2.50 bal.

Test Instruments Co. Ltd., UGV-5DP) ¥ AZR=
ZRZA(EG & G, Model 273A)& o] &35te] o3
ahel ot
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Fig. 1& 7]88 249 CrO; 250 g/ls+ H,SO,
500 g/18-Holl A A 7k wg& STS 304, STS
316LA el A9gtat AMdztE Jeld a2y
o 38 F HAH As N AAEE Yehd A
o2 HHAIZte] Aol uhel A9 gol AEsta
A Azs AN Y B4 M2 FAHE Ae
g+ Atk F, AFES A99HE 7)1EU 0mVa
g W, 6~8mVelds HA, 11~14mVoA
= B4, 19~21mViM e sdog Mzr ¥
HAdon, ol MR 5V KA1 AFFAAE B
o F3 Yrh

H, dzAo] ZHA B o, AHAL w
& Mol Wevl STS 316Lo] STS 3044 u]sj
How, 53 gAY A$E vas By, F4
A9 gte] STS 304, STS 316Le] zzt 11~
14mV, 10~12mV2A FASY FA4e F3 8
= FFAAZ Eo] STS 316Lo] STS 3040] Hl&)
Y @A FHEHALE g9 £ U =9,
STS 316Le] STS 304 Xt} 2 4A Y= A9gt
o] #(noble)dtx, Walsl= FAALYY 7127 g
o] &talAl YelvE R STS 316Lo] STS 304
Hoh 4 gdo] 438t HE Ni, Mo 4 REL &
o] {37l WEog Ag€o waly JHAzt
A mE Mz g A¥s AuE uFo B 9,
STS 316Lo] STS 304 ®r} MzA o] HeA &z
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Fig. 1. Potential vs immersion time curves of col-

ored STS 304 and STS 316L by immersion method.

g wopret 24 o)F WAy wME Helg
Aoz @ordd.

3.2 Hotdjof] mpE M= 3l Melps

Fig. 2~4= #Z%A Mn, Cu, Mo #7194 59
e LFsy] A8 712 &2 MnSO, - 4~
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& 10g/1 H71d &A1 doja Aaz A A
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Me 77z, 39 -179mVeld, STS 316LAlM =
172, 291 -177mVy & vepdoh o]e 3 Axe
718 &4 oA Fig. 1o a4 AAHA
STS 3049 S ¥AAIZ 170%, I -148mV,
STS 316Le] A9 A 257%, 3¢ -131mV
of vjms & o, 2 A Ho] A3 dHHY
i A9 g4 Bl(base)d] LS HAFEUY £33
2 sfAl Z7|l = STS 316Le] STS 304 xRt}
AstE ot Mol zaigeo uwabr STS 3047}
o AStAl uetden, A o] F RE & STS
316L, STS 304 =5 Y32 7ARFT FMo| el
t}. o]& B. E. Wilde "'V} dxAmoA 5
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Fig. 2. Influence of added Mn for colored poten-
tial of STS 304 and STS 316L.
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Fig. 3. Influence of added Cu for colored potential
of STS 304 and STS 316L.

Fig. 3& 718 &%44 CuSO,-5H,0& 10g/1
H7tE dol A FA Azt wrE& STS 304, STS
316LAI g d9gtd AW E Yehd 9o
th 712 8241 ul@rA 2 STS 3048 24 J)
Ad AE JFoE 6~8mVIlNE A 11~
M4mViME F4, 19~21 mVIAl A s =0 e}
ek EE, STS 316Lo A& 4~6mVell A= A,
10~12mVe| M= BN, 22~24 mVo| A= o]
A=A 4, 23 A H M= 316Lo) A F
Al Zte]l 261%e] A9 gte] -135mVE STS 3049
e A AARE JEpoY FHA o) A
of miz} w)d HegE wolxm glow, STS 316L9)
M Feo| A42s Wi, & MAe o A
o] Hth 2y A F CuSO, H7HA
% Ao MNAEFAE Ao #FHA Fged,
ol FHAM LY Fo HriE CuSO47t F-FH 3t
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Fig. 4. Influence of added Mo for colored poten-

tial of STS 304 and STS 316L.
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Fig. 45 7|8 &xzAd (NH{ )Moy - 4H,0E
10g/l 713t §Hol A AH A7t up& STS 304,
STS 316LAIHS] Wzt FA4WEs Yed 1
Hdolh. AFHAZ wWE Ao WIHE B,
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23] AT AA%E 2ok 53 A sjA 27
o= STS 316Lo] AR, A QA g A(STS
3169) A% : WA 275%, A% -133mV)E
2ol wet STS 30471 of ASA Jehtow, o
& E7HAlel vls] FA wrgAlzie] dm MY W
e 72V E &9EY HE S & F Aok o=,
A Al H7tE (NH)Mo0,7F 2H| A 27
9 REH3 AFLEE HAZ=EN Y5
=g s AT BAEE 3 Ao s
' AWoz AgHH, od¥ adE Ay
Mog& $#3tA 942 STS 304o14 X3 el
th. et o g HUAlY Hls] Moo H7MAl 2

7

Table 2. Results of color analysis for colored specimens
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Table 2= 2zt Az A] gz F4 A)A
¢] Mz &, Huntere] 3}4& o]&3led MSCMAY
A2 23% Mo datad CIE A L, a, b
B gAE FYAR FUEE 233 Aot
od7]A ML a/b, HEE (a’-bHioz Y
WY, ¥E% L2, Y3& JEE Yeldoh

el Al STS 3040 A H7tAle] dge A
B, Aty oz e A9 g3y Ay
Mn#7tell A L 1394 30.30.%, a: 2.00]4 0.7
2 bx 102014 21.28 7zt ¥ssig. &H, A
242 AE=[(4L)*+(da)*+(4b)?]"& o] &8l
718 &AM e ZAMAeA] MnE Al A
o)A A He MzatE H@E BY, JE=22.02 7|
2 S Bt Mn H7HA] S99 Mol B
& ¢ 4 vk olE, 328 AFABAGA o]
AFsA Tl Al Hrt® MnSO,7F 2H QA
el BAHAM FFLHAE 7158 NIEEE
A gyl gz Algdc

@3, STS 316Lo M &, Cus H7}A] 7|2 &%
A Bt} #Beo] 13944 1528 Z7letE FAL
B35, STS 3049 M9} o] A e]A] Mn
H7 7 g HUMARY L 9844 1178, a:
0.114 0.9% b 1494 412 ztz} Wasgqo
o, Aztes JE=342 F& 89 Ayt e
th =3 A elA STS 304d M H7lAlel 33
< AHEA, MnH 74 JE7} 2002 ©& H7H4)
vl we F49 Mz yelue whg,
Mo 712 &%49 FAAelA B ol

Cu

304 316L
Add. Coloring Add. Hardening Add. Coloring Add. Hardening
Gloss White Red Yellow Gloss White Red Yellow Gloss White Red Yellow Gloss White Red Yellow

(L) (@) () (L) () (b L) (@) @ (L) (a) (b)
No Add 230.0 13,5 2.0 10.2 2300 135 20 102 1391 9.8 0.1 14 1391 98 01 14
CulOg/1 2278 134 0.8 9.9 1759 25.1 4.5 2.1 1528 7.9 03 1.0 1545 119 03 05
Mn 10g/1213.3 303 0.7 21.1 206.1 23.3 3.9 3.4 1300 11.7 09 4.1 147.0 107 07 14
Mo 10 g/1 191.3 20.7 -0.73 14.47 2056 249 15 7.6 123.3 83 05 05 1469 79 0.2 0.03
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Fig. 5,62 A4x2)A, 7|& 2474 7|1 &%
Ao MnSO, - 4~5H,0, CuSO, - 5H,0 2@ (NH,)
Moy, - 4H,0& 10g/1 H7tg &doAl Lol
STS 304 % STS 316Le] FMAHE F29] 10%
NaCl 8@ ZFo| A 05mV/secd FAEEZ
-600 mVel Al 100 mV 7R FAMSIHA ozl &=
B354 Haol|rh 7|E &xAd v dod Cug
H7rslel e AS STS 3040 AM = Ag/AgCl A=)
B] ¢ -480 mV, STS 316LdlA £ -520 mVoj| A <t
A8 H5d Hde] FHHALEE & F Ak o
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Fig. 5. Comparision of anodic polarization curves
of STS 304 ( at Gold) in 10wt% NaCl solution at
298K after coloring.
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Fig. 6. Comparision of anodic polarization curves
of STS 316L (at Gold) in 10wt% NaCl solution at
298K after coloring with different additives.

218 A= LR.Schartfstein'®F9] A2 7ol A
B R ZN49 Zo Hrid CuSOt E5H3E
ZA07)E g & Rl A3, adald Ft
Az Cug AHSE A$e FAe YgAole] a5
' a3z goy YaAdE A 74 e
goEo. aziv Mndt MoE H/tEEE A,
STS 304 ¥ STS 316L R5 7|2 &xA4d v)3
232 WAAdel Haste Aol BRHE, o
T 32% A AFsH Rl AMA H7tE MnSO,
7} 2HdEl 2o FFEME VM&Ee A=
A zgstr] g 20|t #H Moo AeE /b
N2z $'0e AugerBFE4 AndA B ¥, o
8 JA FaxYzA Mozl A 25
B3 FREHA @7 o2 Alsdch

Fig. 7, 8& A=Al Al Fig. 5, 63 Y =73
ol dojxl STS 304 3 STS 316L2] FHAlH|
& 5 EFF4e Aol STS 304 ¢ STS
316L =% 7]& &x2A4d Hs Cu, Mn, MoE
g A 7 WA E Yellh ol 34
el g HAIYY Fig. 5, 67 Hlud o, WA
o] A3 MAEHALTE & F Ak 53] A4
glAl 718 &4 wE yalge] Heigd Mo
9 A9E 7B &x4d bl&] 4AH FF5H I
o] FPEASE ¢ & Uk ol F3HH A
B A ged AAH A o FEd 7
o] &¢lo] S UY Mot Mo st B & ¥ A&
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Fig. 7. Comparision of anodic polarization curves
of STS 304 (at Gold) in 10wt% NaCl solution at
298K after coloring and hardening with different
additives.
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Fig. 8. Comparision of anodic polarization curves
of STS 316L (at Gold) in 10wt% NaCl solution at

298K after after coloring and hardening with dif-

ferent additives.

, B4 BYNE AAGT C- oled EQE
A stmzA Ao APyl o L 4F
@ F5d el ¥40¢ Ay dErez A}
EEEY
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STS 304 ¢ STS 310L H g 27e] Ay
o 2 Az old FH S5H& nFs 9,
CrO; 250 g/19} H,S0, 500¢g/1& 718 &zxA4 o2
gtef, 2 g Aaxe]a] Mn, Cu € Mo 4 &
€ MnSO, - 4~5H,0, CuSO, - 5SH,0 2 (NH,)Mo,,
-4H,0 e 2 10g/1 H71d SdolA 4P 4
Ag Ao g 2o 288 49t

1. STS 304 2 STS 310LAIA HAFH Aol we}
Hzs AN F4 589 M2 Fa5deq, 3
A ANHe] AYE OmVE 59& o STS 3049
Me HYe ¥ gt AV 6~8mV(HA), 11~
14 mV(E4), 19~21mV(54) olged, STS
316Lol M= 4~6mV(H ), 10~12mV(E4), 22
~24mV(54) oAt

2. 24 PA H7A Mne HMARLE 9EF
A Fdstn B A MY & F UM
oo, Mo &Moo HQ3 whgAIzto] Zo] Mz
Aojol ARAY Aoz woHh

3. FAAHAA Ao v HAA Q] Fg
STS 3044 zMxe|Al Felo] Frld #e& F

-

A, ZeAe A B F4& B v, STS 316L
dMe AdHA B 24, FsxaA Beo)
718 S49& 9

4. 28 2 AukxelA] STS 304 ¥ STS 316L
o] FMAHe] ¥ 10% NaCl Sgio] o &
AAEE A, A4 A] FobE Cus WAAEE
Z71A171 Wb Mns} Mo WA & A3IA Ao
W, st e Aldls 2E H A WaAo] 3
A B2 HAA4 R MoE ALY A, 34 9
A el ofs qzAlolrt shedtan WA
Y Aoz @

7

2 A7y AEg s A TAY 2 A
ANEATF 2 AQe] oa o] FARH, ol
ZAHE =Yu

Appendix
MSCMAM T EX 2| U Hunter AX}4

1931d A 27 ¢ 93] (Commission International
de 1 Eclaiase)”} A% CIE®ale] &% 3994 7
(R : 700 nm), # (G : 700 nm), H6(B : 700 nm)&
Adegstey 2 249 @ ZE A& ved Ao
2A, 29 A-1dl4 HFH a=0, b=0¢ 23 Ho =
4’4 49 & vl avt (+H)E K, (=)A #%, bt
(H)9E &, (—)A H#EE Jehio, 442 a/b,

Fig. A-1. Schematic diagram of MSCM system.
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A=e@-b)Y2, WrEs L Jga 433 JE=
Uepdi ot

zh gol wE MAgusie oegd Zown, oy
A 22l AEE [(4L)%4(da)*+ (4b)?]' /2o,

#f 0« L — 100 B
# -50 < a — +50 7K
# -50 « b — +50 &
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