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FHEAAY 71 RollH U AgEolL 67h 2B T PN F oY AT 5 gl WAl
ol= itk A AAH O A} Aol A §57] AAE o] 67 ABAHG] t A AANLE BIRE BE Ao
9] glo] 28 Zlolck. olol wleh Az FAolA] W] Ao B, 37 AL WO She AEE
spjolA] o] 1 A2l g Aelth wheb] & FAeA 67h Amulo]= oAl 918 s mgel vie 34 L
& 93 WA AR 9 W AR 37 2ESTRE 2olele] 7149l 37k Awvlol= ST gAe el
Feiaaat s

Hexavalent chromium passivation, as very effective anti-corrosion method, can not be used in the field of surface treatment
for metal, any more. Throughout the world, this regulations which was applied to automotive industries will be extended
to all industries including electronics industries in the near future. Therefore a new anti-corrosion method should be estab-
lished without delay, and trivalent chromium passivation as an alternatives replace the hexavalent chromium passivation for
the time being. This paper gives an overview of the currently available trivalent chromium passivation processes, and then
it attempts to give an insight to develop a more effective trivalent chromium conversion coating process for possible sub-
stitution of the hexavalent chromium passivation process.

Keywords: chromate conversion coating, trivalent chromium, hexavalent chromium
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Table 1. Surface Tretment for Various Parts of Automobiles

o

o] e}

Surface Treatment Process

Application

—_

A7)l EFH(AR M) E)

BE UE 5

2 oA FAFAE sHIA (T EA ) EE, IYZH
3 A7)0l FFEFH(ARHOIE) horn
4 A71otA- v FaEg(TA R OIE) A
5 uAUZ ofd - A FEEw(ARHIE) UARE
6 2% (AR E) Hyo]ld FH
7 FH(A R0l E) 2dEY F
8 TG A7)otd EF AR o) E) EERERS
9 AFEAE ELFuE BT 2 AdgAR AR 0 E) Q 2ty vlEe)
10 STl F 2 (&0l E) sloly] AE
11 A B 59 HAHEB(HERR ¢ AFAAERE, A2T0E)
12 Zn-rich primer
13 Qi Tuke] WA Z 0| E)
H,0 Chromate zinc surface
N/ ¥
pH

Zinc

— ZIn* + 2¢
— Fe

Zn/Zn* : Zn
Fe/Fe** : Fe* + 2e

Figure 1. Corrosion mechanism of Zinc plating on the iron[13].
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HAE AL A e BAEe] Witk JeEE A Soie
e ofd =T W A E BEE] % 227t Fash A2
Ho|E M= olefst 52O R ofdET el F-5E(passivation)T]
uto] FPEA FA sh= wAAE] FHolrH13].
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el A5 g EAIR14]914 e 100~240 h AWCE Ty
o] ofd =g Uk A 1] Aol tfste] 7~8 h Wl ATiA|
Faht), 3 g2vo|E vk wesiAl WA v)ute] kA edar
=] Uad Sdel® e Ao LIttt ofd g dist
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, vkl okdttelslixg, el AFET Tl o277k o]
o} Akt W Fgo] de] AgE7]e o] =tk

o]t o] f & ofAdEFo] Azmo|E ute ule- Fashe, th
©] Table 1:= AFgAp-Eol @A) ARSH AL Q= 67} gl ot A=
mlo]E A2l 5 dEAQ BAEE vER ok

25k M17 3 ® 5=, 2006

diffusion passivation
layer solution

Figure 2. pH-value increase in front of a zinc layer in a passiva-
tion solution.
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olAET 9o A=mo|E Tk Ao st FEst vhg wWiFE
THEAE SUAT 671 ATl 28t A2 ro|ES] 4§ ok
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HjAolt), ofAL T AES AFAE SigHE W Aol e 9 g
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Aol FdHe] 371 AFe] i, o] 37k AFFASHE Cr(OH); 3
TEAHCros)0] Adato] H3sh Agel)yde] = o] ofdxd
of P, PAJH o] Iute] BAL I AE ] FIHE(CO; -
Cr0s - nH,O)E A7t o] ¥-g-& WAZ o= vehid o3 2tk

(1) oFAgsl
Zn + H,SO; — H,(2H) Q)
Zn + 2HNO; — Zn(NOs), + Hy(2H) Q)

(ii) 67} AEo] 37} AEoz 3k
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blue chromate layer

zinc

Figure 3. 40,000X magnification of bright zinc plated and trivalent
blue chomated steel. Blue chromate layer thickness = 60 nm
(Ref.;Peter Hiilser, Manuscript of the presentation on the MKS-
Meeting in Dortmund Manual (1999)).

HzCr207 + 3H — CI‘(OH)3 + HzCI‘O4 (3)
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— Cr,05 * CrOs » nH,O
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Table 2. Various Hexavalent Chromates and its Contents of Six-
valent Chromium

Chromate Haxavalent chromium (ug/cmz)
Transparent / Blue 0.1
Yellow 10
Olive 15
Black 15

) VDA-AK Chrom VI-Ersatz 2001. 7. 24
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Table 3. Classification of Hexavalent Chromates for Zinc Plating
Kind of Chromating Color Condition & Objective for Use
Blue Chromating Bright bluish white ARG v AE T, WS auA] e e v
Yellow Chromating Bright iridescent wellow UadS FA
Black Chromating Black Ujalde] Eom, A BEE wol o]gxw ApFEHOIE o] gk
Olive Chromating Olive color 7HEsk 52 SAoA AMgEE K 219 AE T uldde] 7 Erk

Table 4. Composition of Bath for Chromating by Hexavalent Chromium

comp. (g/L) A5 A IE A A5 = IEEGE ZFEEEN T
CrO; 150~200 10 150~200 40~45
Na,Cr,07 5~10 20~25
H,SO4 (mL/L) 0.3~0.7 2~5 5 10~15 5~15
Na,SO4 20~30 40~45
HNO; (mL/L) 2~4 20~30 30~40 10~20
CH3;COOH (mL/L) 1~2 10~20 10~20
(COOH)22H,0 20
(NHa),SiFs 1~2
AgNO; 0.5~1.5
other additives very small

J. Korean Ind. Eng. Chem., Vol. 17, No. 5, 2006



436 FAE=Ke) 9

o] e}

Table 5. Anticorrosion According to Drying Condition of Chromate Film (Hr)

Kind of Chromating 25 C 60 C 80 C 150 C 200 C
Blue Chromating 72 72 48 24 18
Yellow Chromating 168 144 72 24 24
Black Chromating 240 192 96 18 12
Olive Chromating 432 360 288 18 12

) AEUR: AFEFAIPKS D 9502),

AZAIZE 10 min, A% 20 C, 7322

= 60 C

Table 6. Corrosion Resistant According to Color of Film Obtained from the Chromating

Cr in film (mg/dmz)

Salt Spray Test (KS D 9502)

Thickness of Film Color (;{IC) tzi (\erD Hexavalent Cr Blac(l}(]r;{ ust White Rust (hr)

5 o@AxA 2.6 0.99 48~96 72~120

Thick = A 23 0.79 72~96 120~ 168

2 2 1.8 0.61 72~96 120~168

3 A A 1.6 0.42 72~96 120~168

S R 1.6 - 48~72 120~ 168

Thin R 1.5 - 48~72 120~ 168

92 S 13 - 48~72 72~96

Table 7. Properties of Chormate Film Obtained from Various Chromates

Classification Cr(VI)2 Film Thickness Start Corrosion
(ng/em’) (nm) (hr)
Yellow 5~15 250~500 200~300
Sixvalent Chromating Olive 20~50 1000~1500 400~500
Black 10~50 250~1000 150~300
Trivalent Chromating Blue < 0.02 25~80 20~40
AmrlolEel G403} FAl) A7) olek, SUEE fA T <@F- A - Aolo]= ole] 9 - Al Az olel g Aeiw
Aol glom, FA42] A FAINA, QA HEA, gAY Fo] 9] Al AHEE 67F A5 ARMOIE &8 2HAAES vt
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Table 8. Alternatives for Hexavalnet Chromium Free Surface
Treatment

Main Component & Structures

Trivalent Chromate Sole Film

Trivalent Chromat + Organic (or Inorganic) Coating

Metalic Salt Film like Chromate

Metalic Salt Film like Chromate +Organic (or Inorganic) Coating

Organic (or Inorganic) Sole Coating

AN AW N =

Organic Inhibitor Film

She Sol8 golo] WjEth 34 AWCE 0.5%)S EFH §o0
= BYAY sk 2

T £ Yotk
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Table 9. Properties of Trivalent Chromate Conversion Coating
Classification Kind Color Corrosion Protection
White Transparent Bright < Hexavalent Chromate

Bright Chromate

White blue Bluish white < Hexavalent Chromate
Coloring Yellow Iridescent yellow << Hexavalent Chromate
Chromate Black Gray, Blackish Olive <<< Hexavalent Chromate
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AR 7 718 qkgola AAHQ Foltk F T EAsok 3f
= ot

Crt + A8 + Zn(eFAEFA)

— CoOx(E8499 94) + Zn” (84) )

=, 8719 wkgel <5 8442 o' 7t Abshikgel] <8 zn Eut
floll =892 Cn0sE FAsH shz Zloltt 12w 24 T 4t
SHAI7E Aok sk 1 AksHAlE ol FEje *Pol A7l 8k

Fl

o] AbE: pH ZAAZA | T FAlel FAsPA Bk ojule] pH
95 280l A LAY (el SIS Bato] )

3t pH B oI AT, S S0l 89 el YU Y

4.1.2. IAA S0l o5t B
oli= Z4719] Atslel ol&l A7 Huhs WS W B 3 =744
Ql B899 uhg A7 Aotk olgfdt HAS sy

1= 2 0
A QLA ShgEe] Azrlol Y gl 2o BT So

/-]

o} 2E]a ofge o] A a9l FAske 2 Al B8
3 e FIT F e FEH0RE THE F v 98 WA 23
715 Aoltk 11 T8 &0l 378 & = o] ol St E

ojm 1 glel& vkt o] S5¢o] ARE  ich

AE 5o ofAe] A

Zn*" + (H,POs) — Zn(HoPOs) (6)
Azt o= o] o] FAHH o]i= FgAdoltt. 1l oojA the
AR B84 Qlarde] g

Zn(HoPOs)y — Zn3(POs)2 @

918} ol Z84 dAkedo] Fof F7HAQl Huks AgFto ey of
A=TAL] WA3E FA8] TR T Sl Hkte] AAJEE 3otk

olgfgt wjeke] P4 AR E Folln} ofdo] Ty F&20 X
, TANOE ofdFEuEH I 1 AW ) 8B A7)

1
o] EARQI wko] PAJg fITH Ax HA 7H‘?=}% A= otAETE
uk G4 w7 disk A4l L3tk A= 37 2E
of ojst FZwo]ES] vl o st P8711b A3 deA QA
ANt 671 Az Ho]EL] urg Aol tisk RESV] = 37F A R0 E
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olAEFE A 37} ARYO|E wHARY|E 439

o] WA FE olsfiel=d FEE TAMr) E & S Zojuh

67} ARHO|EE AFESIE 37} ARHo|EolE, FRHo|E g
Zol oldEF EAZF =Ed FdolA 1 3 v Ao a7
Ho]|E gallo] o}l o= Aot}

K,
Zn(OFAEFA) + 2H' " (F8%) + H, ®

12|30 Figure 20 UERA Hlgl o], ofdE g FolA] Ak ARE
Qlal] el 4% pH %M 7P A71A . zau 67} A=

O|E fMe] A9 HbgyE o) oo 7)Aol o4 67} A=
o] o] 37} ABo| 2o T ;ﬁ%ﬁ} EE 37 AFE AMEshe AS
olef et AR A EA] g Flo|tk

mCr® + pZn(eFA=FA) + qH,

—K o mer e (8 + H )

123 FZH) 37F Aol v 2vHA19) vk AE7E FeEc)
WA, 371 FFo)0] enl9le] Eefl gt Z@}HPA’] dofutar s
A7 olxHw EAE oldxF THO HAEO] pHEE 712 <lE)
FFolxo] AFGAatslER FAHNESo] MaFH

k
Cr’" + 3(OH) = Cr(OH); | (10)
)3 T FRNESe] JE e Fok ool W AR HO|E g
o $012 BE 67F AF2 o]o] N ol EAlH: A 671

', o, zn*, OH, A)
(11

Cr(OH); + Zn*" + A" + Cr* —

ki, ks > ko = Cr(lll) F7H= wl§- 2 559

67} AZ o] Eef| st FFElF|ute] gPAJo] 37} AF0]
[FoiAH g2t 67) B2 @A T3l Hofshrhs w2 o
2 ZngL golty JyEE ARHo|E & = CyVI)/Crll) v
F& Wl Feshe olzlo] FAH uhel Eujgshd 546 3
Z F e QAP E SR e B AlRH:

83 AfREtaa) i 371 ARMelEY] A% 67 A W3
AP ¢k @A 37F AFE o] &vte] AR, 67} AZH|0]
E9 FeHglels g2, 37F 37 FeE S AEA S
= 67t Aol 3 371 AFoleS AY i 65A] =2 w9l
# A= JAsch

]

Cr(NO;3); + 6H,0 — Cr(H20)6(NO3)3 (12)
123 FAT pHAke] Aol 13 olALALe] 37} AF AL
AAEo] ek FAaA e,

. Ky ,
Cr*(complex) + 3(OHY ks Cr(OH); | + complex (13)
Cr(OH); + complex + Zn™" + A”
— (cr, complex-+, 7n*", OH, Al (14)

67} AZro| Q] A F-gejulute] FAdnke-o HraAl=
7} ﬂ%"hw{hﬂ‘”l Aol ey 371 Ao Ee| gle]

FEEvee] g SrdeAs Zskae] kgolth TerR
1 #ABRE0] IRk tiddks] o gt ARgelt) 2A|ghzo]

=21
75 ol ull$- oF3F ZA 3 (very weak complex)©]oIA] WES-] &
[e}

SO 13, k7h e wEe REeEhe vk ok A EL

711 st o] FAFAS Bk W AAsE] RahEA 3

OB ke Fo FEA REeste] ARk 2, ol vl e

g o)7) W] Wgo] FEHSA 13, ko7t S =3 gk
=

zHlolE Hute] A& fleire FAskE
(complex)°] ERTU= Zsta EsHEH TR kst Zlo]ojo} it
FE5E3k 39S S5 &4 %E%— b= eSS
A gtk o] A 67F AR E FEHstehs el 37} Azvo]
EQ AT, B 78 Tl JOH A Al WA gk 2w
B2 gyl Ao 5AE 2hs 37 ARM0lE AAlE T
s7] A= 2shAle] AR F A AEo] wle- Fasit)

42. 37t A2HO|E MZE T 3T SIS U WS

421, A% 2 1 slEE

37k azeolE AxE A8 b e 2 37k a8
Zolu} e} Aelgo Axge] AFS HEae] oW B
£ a8o] BAsH: 39 2F sheshth 28230412 Azl 174
Az W faw, A T Aa(53] A A% FuE A4
of ge] #ArEjo] glrk. ) At U sk AEAT0%7F 2
o] Hrl, o] i3t Akl sl vhdel 2 BFS wHET 7
£ 9] SE Whehd 49| AR 5 4 e el 2

& A%} A2 FEoR A% Yol 10~26%0Itk AF FFE 7|
w4, ARFEA WP, 5524071 Zé~ Are R ] 290 AEda
= 3 FH0 7 nlf 2 w1903 C)F #2642 Ty
7HHL) 0158 B 3PatolL} ofA|EAt] 3| o ¢date] =
F Wk ok, 27} Ag0] BAEI, AT EASHE A9 WA
37} AFew Abshen) 1311,} A FEdEel 252 oleo®
EASL QOB S AFE 37t ARMo| B AR e A
o2 A wgE Aol AFsEel ¥ nigrsith

AFL 2~671A 9] v ASPYEE 7H o Slvkar €A 9l
ok s 7 AnkA A= 37k9} 6711tk 67} chromium @] 38}
] BEAL, B3] 20| E(Cr0s) ©]&9] 7%, molybdenum (VI)ZH
tungsten (VI)¥} o= A% v]alt). apAwk A3t 671 A159] S0
22 molybdenum (VI)©|1} tungsten (VI)2] 502l e} o] 3
S1% polymerizations ©]F#] ko, o5 JHut Futel 252
oltt. AslTt 6o® FEAlsh: 7P Fed sk A8t
(VIX(CrOs* ) FAFAHVI(Cr0")o] St o5 ¥4 o=
ZQ3 IS "t ¢ 2xeltl JEFIQ A3k *Ef(NaZCrO4)-"L’]-
FTAFIHEFNaCRO) 71 74, 54 2] 9l o9 &
AZA A Zujs 2oltk Z2 W skx] AdA o T 885 Al
g whe, olF M T% 2 A E(VI)(Cros)elth
ﬁ}*&@rﬂi = AFAtelehal sk AR EH(VDS SaFAh

& WHAIA oAl AR A4 aAE F% 27

ol mEE MM NskEh AEARS T2 AE Sl 2elw,
AlRb el AR E 2900 5 Ze A2 f1=d3 A4
SHAl RESSEAE, AEAk 8902 FF 7180 AghE = s

ZHsh= w2240
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440 A5l

T SR qbdst AEsieEe] | Qe Alsr 39 e
AzFArkglazelsta s b Al SH()(Cr0) o, FaFARY
EES &4 3 24 slolA shis) BEs 224 2dold gkg
2 gg] A}k 7v] 13(Guignet’s green : A& I¥)o|2ta LelA
UE AR E] FakE2 el yddel 2e e ) ARgEth

upgbr] 3719 AFEgHEe] 371 ARHOES 93 7P nigrA g
shgtEely ol dAlS] MHATERAY 671 SFERT 1711 g
6712 SHES 37kE SHAAIAA AHEshe Hijte] 9ol webiE
7P v d e 371 Ao ] A% W] & % itk 67}
AEHTES 37F AF3EE] Sk YHES A TRl
e} the 2r2s).

(1) Tron(II)
Cr0/ + 6F’" + 14H" — 2Cr" + 6Fe”" + TH,0
(2) Iodide
CnO~ + 61 + 14H — 2Cr*" + 3L + 7TH,0
(3) Hydrogen sulphide
Cr,07 + 3H,S + 8H — 2Cr" + 3S + 7TH,0
(4) Sulphur dioxide
Cr,07 + 380, + SH" — 2Cr’" + 3HSO4 + H,0
(5) Ethanol (on warming)
Cr,07 + 3C,H;OH + 8H' — 2Cr’" + 3CH;CHO + 7H,0
(6) Formaldehyde (on warming)
Cr,0;7" + 3HCHO + 8H" — 2Cr’" + 3HCOOH + 4H,0
(7) Zinc metal (or, better, Devarda's alloy)
Cr,0 + 3Zn + 14H" — 2Cr"" + 3Zn™ + 7H,0
2CrOs” + 3Zn + 40H + 8H,0 — 2Cr(OH)y + 3Zn(OH)s~
(8) Sodium dithionitet= X718~ A = dzba] g-odlof A w2 A
W8-Sk
Cr,07 + S0, + 8H — 2HSO, + 2Cr" + 3H,0
2Cr0,> + 35,045 + 40H + 2H,0 — 2Cr(OH)s +6S05~
(9) Sodium hypophosphite : T At G- = vEgsht &2
FAo M= HHEEHA] gt

2Cr07 + 2H,POy + 16H — 4Cr™ + 3H,POs + 8H,0

422. 37t 38 24 L gt

37F AFL vkt oo wxkel ¥ ek, SEEdoR B
24391 g HalE-S FAslth 98] :31E 0], Cr(H0),
2 e W2 &3lEy go] REpdolt) AL chloropenta- aquo-
chromium (IM)¥} 22 HE A9 w0t} 371 38 3FTES F
T T MNES I oY oldAE Zeth e REpdelE €9,
Cr(H,0)sCly)°]H, the dh= 52([Cr(H,0)sCl]CL, - Hy0)o . 37k
A% e w9 ookt tekst A8 yERdch B2 A9 ols
< 37} THESL fARE AL vEeRdT26]. 74 IE(1) 223t
5o ALy} ow m=Ao] E3(CrFs, %, mp. 1100 C; CrCl.
22 mp. 1150 C; CrBrs, o172 54, mp. 1130 C; Crls,
AR, w2, FAA) F42 EAR: A5 As, Eoll &
=2 Tk akdT FAkddo] ofd FrElE e Eol gallEc
abelEe faEx] okor, FalEd Bl o3 wallwEch

37} AETES Mo R 37 ARo|EL] ARE {ME 3
7t 2% SgEe] 3ol gt AEst olsl|rt HgZlolt dAA
aeA Qe 37F AFsRES] WS o 2tk

0lo

(

25k M17 3 ® 5=, 2006

(1) FEYolsre] gl 34 - =maeflA 34 - Tk 2] Cr(OH)s <+
FER FAEE FAES AR AdEelA dEYolrt w
Tl HH3] mom, B% - Bl chromium ammineS
A3t} o] chromium ammines 292 320]™, ammonia”}
Holx|m &3 =] Cr(OH): F3FE= thA] X HTh o] JHE
& 21 ARHERE S8R o, Abel] ol gsjdTt.

Q) FABMEE £9 92 Cr(OH); 35 IS doxint &
ABPEE fdo] Fgor FQHW, HAE S
Cr(OH), ©ol&°o= gadrt. §A& 7 AREs
Cr(OH); F3l=2 thA] Fdd).

() FIIEH 42 Cr(OH); T3S XA
Cr’* + 3HS + 3H,0 — Cr(OH); - aq + 3H.S

4 e F5 sk 89 £ IsUEE, IS, so-
dium hypobromitel} A+ Bi= 72| 89 %2] potassium per-
oxodisulphate®} 72 AFS}Al= chromate ©]2S FAJ3Hch
20" + 3H,0; + 100H — 2Cr0s” + 8H0
2Cr"" + 3BrO” + 100H — 2CrO4” + 3Br + 5H,0
20" + 38,08 + TH0 — Cr0;” + 6HSOs + 8H'

20" + 38,08 + 160H — 2CrOs” + 6S0;” +8H,0
A g-H A peroxodisulphate2}o] WHe-2 FHu|RA] 4gFe] 2
o]o] H7le|ojolgt slt} 22 peroxodisulphate] &3l 2717
2bshe 31, o]l 371 AFS ARSIt
2Ag" + S,08 — 2AgY + 25045
20" + 6Ag™ + TH,O — CrO7 + 6Ag" + 14H
PAE 67F A7 MRS Aje] ga 1% 4 glom, I
| e AbsiAlE o 2o] EsiEv2T).
@D hypobromite ; Akl oJgt AHIstE 73
Br + BrO" + 2H" — H,0 + Bn
73/ Bro+ sulphosalicylic acidit phenolS 718to] |
Ay,
@ hydrogen peroxide : potassium nitrites 4 7}3F & 71435}
AA
@ peroxodisulphate : 14 #|A

(5) Disodium DCTA (1,2-diaminocyclohexane-N,N,N',N"-tetra-ace-
tate) 2 AR A EE 37F A8 §90pH 3)°] Hrlsta
5 mint ol #S Hepo Rl deEe] AYEH
[28,29]. 67} FF-2 WH-3FA] 9oL, cobalt, nickel, copperi
AFeE Ad-8 YEeRdT), U polyaminocarboylic acidE=

AFSHAl W8-S} 30).

)

423. 67+ AE 0|22 =ol

Az 37} ARo]E &4 of| 67} TE2] EA= 38EA] 9=
ok E3 671 AFOEZRE 37F AFOES] FANSS T 67F A=
=z G2HolES Axds 5 Ao 3 = AgagelA 67
o] EAle HAshe vl S fshs 71Ee] o529 Ejle g
o3t tha 67F 272 EAE IRlshs F2 ks AllEelth

(1) sym-Diphenylcarbazide : 7FAFg-HellA Htals YepATH3],
32]. 67} AEo] 37} AE o7 A% 11, iphenylcarbazide: §-
A2] - diphenylcarbazone ©. & Attt} AJ4J¥  diphenylcarba
zone<> 37} AEY B9 getas st 32).
chloride, perchloratel} acetate®} 752 0]&0] FHFOZ =X



O

NH-NH-C¢Hs /NH-NH-CGHS

oO—C O:C\
NH-NH-CgH5 N=N-CgHs
0] (i)

3hA, 3}3HE2 benzene©|Y chloroform¥} 72> 2 #X| A f-u
F24 4 31t32,33]. Tron(Ill), mercury(Ill), gole(Ill), mo-
lybdate, vanadate”} -A}g A& vepdt. 21k 671 A3}
2-& AbgiAlel QEl] A o] st

<AFEH> FE SAbE Edehs AlPEel AlxeA] 28y
2] 252 1%9] diphenylcarbazide alcohol 42 3t Bl-& 7|3t
o} BepAS ol chromate”} E=A131H= Zlolc), &l

AL 0.5 pgoltk

Hu

(2) Chromotropic acid : (1:2) phosphoric acid®l|*] Z-A-uE7Fa 0] )
S WTH34.35]. &1 7Fsd Cr HAZ 2.5 pgelth
(3) Benzidine[36], o-dianisidine[37], 2,7-diaminodiphenylene ox-

ide[38]¢F £ WS o5 FEA2 quinonoidE AtshE
t}. copper(1l), gold(Ill), hexacyanoferrate(Il), nitrite 2} 2> AF
SHEE FARHA A-ssith
<AUPH> plateo] 3F W20 AP NI} acetic acid®l o-dia-
nisidineE Q1 10% &4 3 W&& ity FE42 vd
chromate”} =A5H= Zlolt). &l 753k Cr HAZ2 0.5 ng
o]t

(4) Dichromate+= chromate9}i= 2] g oA 7kp23l] Hof 4

Zol&S At
Cr,07 + H,0 — 2CrO/% + 2H"

Dichromate 2] &A= FAE 4ol F3 A 4= gt
WA $40)22 jodide$} iodate ] WHE-S i
A7, o= AAFo R HES ARESte] #RlE 4= Qi
<AEHH>, g o] A& oLt AR gt QYA AlFeH
LA & 5%2] jodide/iodate & 3 W&} Zolk T oW
WHEPAA 3 HF2-9] starch §912 Z7}3It) dichromate”} &4
3k 5 min oJulel] FEA 0] YERdTH
el 7kse HA : KoCr07 30 pg (1 mg2] KoCrO, 7t EA1E
m)[39].

(5) 739 nickel 3 &Nl =] dimethylglyoximes 37}5hd
nickel dimethylglyoximate2] E¢Hd3t F o] dojdth, JAE
S AAsIL ANl chromateE %7184, chromatei= dichro-
mate$h= B FA0lES ARSI

2Cr0 + H' — Crn0” +H,0

weba] 48] pH7} AF53Ekal Bl B nickel dimethylglyox-
imate”} A TH40]. Dichromate™= WH3-3F%] 9k=ti41].
<AEYR> AL 3 BeS AxSAY uA AR YAt
S AbgEtE B2 chromate®] EA1E YERAITE 250 parts
=2 A=

9] potassium dichromate % 1 part®] potassium chromates %
& % ek

AT S 31387 371 A=dolE W]« 441

rhu

5.4
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o
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oX
o
inj
o
o
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Jpx

2
o,

T Ue AEE Hel & Zloltk o et BES A AAIH
ol o] A HellA g2 AkgInte] At o9 A = glon ol
o o] gtk f-ule] # ASlS AEEdE Zlojgke A
g Aok 1 o] $i7l= v BA 67 A8
& Wik Amet 27 les 2 HH Avs 713d 7 Sl

TR oA flis el AES S Holh HAE A4
Aaks Slelir e 671 AzMo| L] 54& £dehA ek el
ot 67F AT FRAbA ¢kom 67F AF] sl BHE 4 A
37h ARl E AN ZEude] HdE vhaof & Hlolt
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