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Rapid Detection of Aluminium, Titanium, and Copper in Stainless
Steels with the Electrographic Method

Tomoo TAKAHARIL, Yoshihiro YAMAMOTO, and Koichiro YAMAGIWA

Synopsis:

The methods of the rapid detection of aluminium, titanium, and copper which were contained in small
amounts in stainless steels were studied with the electrographic technique. Eriochrome Cyanine R for
aluminium, Chromotropic acid disodium salt for titanium, and 4-(2-Pyridylazo)-resorcinol (PAR) for
copper were employed because of the stability of these complexes in acid and their clear coloration.
Barium chloride and EDTA solution were added into acetic acid solution of Eriochrome Cyanine R and
hydrochloric acid was added into the Chromotropic acid solution and PAR solution to obtain a high current
density and adjust the acidity. Optimum concentrations of the above solutions and conditions of elec—
trolysis for detection of the above elements were given.

The proposed procedure was as follows; The filter paper was soaked in the above solution and then
put on the polished surface of the stainless steel sample which was connected with an anode. The electric
current was introduced through the filter paper.

The mark of vivid red purple color for aluminium and copper, reddish brown for titanium were directly
printed on the filter papers impregnated with above organic reagent solutions.

The limits of detection might be 0.1% for aluminium and titanium and 0.7%, for copper.

By this proposed method, reliable and rapid detection of these elements could be done without skilled
workers at the factory.
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Fig. 1. Method of electrographic analysis and its
electric circuit.
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Table 1. The solutions and electrolytic conditions
for detection of Al Ti and Cu by the
recommended method.

Element | Solution component | Electrolytic condition
Al Eriochromecyanine R 0.3 A/cm?
062, 15 se.

Acetic acid 2.1N
EDTA 0.04M
BaCl, 1.0%

Ti Chromotropic acid 0.15A/cm?
(2Na) 0.5% 20 sec
HCl 1.0N

Cu PAR 0.0159% 0.08 A/cm?
HCl 1.0N 5sec
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Table 2. Chemical components of the samlpes.

Element]
3 Al I Ti | Cu c Si Mn P s Ni Cr | Mo | etc
Kind

505 [ o.009] 0.003] 0.01 ] 0.040] 0.6 [ 1.64 [ 0.026] 0.010] 9.30] 18.10
3a> | 0-005 0.008 0.18 [ 0.050] 0.70 | 1.67 [ 0.027] 0.014] 1348 16.35] 2.1
SUS
355 | 0-005] 0.008f 0.21 | 0.025] 0.46 [ 1.5 [ 0.010] 0.007 14.66] 18.16] 3.12
> [o.0130.43] 0.03] 0.050] 0.58 [ 1.71 | 0.020] 0.009] 11.19] 17.40
3US .
B 0.09 | 0.061] 0.43 ] 1.65 | 0.020] 0.009] 12.0d 17.50] oo
2> ] o.20]0.002 0.038] 0.68 | 0.31 [ 0.020] 0.006 13.85
ae [o.00 0.047] 0.65 | 0.43 | 0.024] 0.005 13.30)
305 To-c0a] 0.002] 0.03 0.069] 0.57 [ 0.44 | 0.024] 0.008] 16.2
DIN No. -
PR 0.4 0.046] 0.51 | 1.58 | 0.01g] 0.008] 12.69] 16.95] 2.13
YUS 274 2.09 | 0.06 0.81 [ 1.25 | 0.027] 0.006] 6.70] 17.50]
YUS 110 0.71 ] 0.052] 3.54 [ v.67 | v.013] 0.008] 13.3] 16.14

YUS means the kind of stainless steels in Nippon Stecl Carp.
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Fig. 2. Effect of pH for Eriochromecyanine R-
aluminium complex solution,
Wave length : 540nm

Table 3. The colours of stainless steels by CH,
COOH or HCI solutions of Eriochrome-
cyanine R.

Kind
sus | sus | sus | sus
h 405 | 410 | 130 | 304 Al Fe | Cr

- | @y- | @n-

blue blue blue yellow

0.43N | "3pg | 3pB | 3PB | 2.5Y

CH 4/5 4/5 4/5 | 7.5/6
-

COoH @ | @)= |- b e ] my-
purple | purple | purple | white | purple | lilac orange

3.05N | B%Re [ 7.5p | 7.5 | sYR | 6RP | 7.5P | 9YR
39 | s;o | s/ | 9g0.5 |asi3s] s | 8.5s5

lilac lilac litac yellow
0.30N 5°5p | 7.5p | 7.5P | 2.5V
s | s | ars | 85

e | oo |,
purple ue ue yellow
HCI 0.60N 7.5P 6PB

6PB
6/2 3.5/13 | 3.5/13 | 7.5/6

v)- [ - W)- |o- W)r- | (vpr- | dD)-
purple | viotet | violet | yellow | purple | blue purple
6P 9PB 9PB 2.5Y IRP 6PB 7.5P
3.5/12.5; 3.5/13 | 3.5/13 | 7.5/6 4/13 | 3.5/13 | 4.5/5

1.50N

(by; bright, (dk); dark, (dl); dull, (dp); deep, (1); light, (p); pale, (5);
strong, (v); vivid. bl; blue, b; brownish, g; greenish, gy; grayish, o; orange,
ol; olive, pi; pinkish, pr; purplish, r; red or reddish, y; yellow or yellowish.

L 3.05N, ¥ 0.3N, 0.6N & 1.5N, 7%Es 2.0N,
DAEE 5.4N, it 2.0N O&KBWIC = )42 0 n
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Table 4. Effect of added BaCl, solution.

\\\\\\lffi\\ sus | sus | sus | sus
BaCl, soin 205 | 410 | 430 | 304
R Were | B2
purple | lilac purple | lilac
0.02% 7.5P | 7.5 | 7.5P | 7.5P
s/9 | a5 | 62 | ‘a2

(b)-l (dl)'l P{"k il

purple | purple | pin yac

0.109, 7.5P 7.5P | 7.5RP| 7.5P
5/9 | 4.5/5 | 7.5/4 | 7/5

The compositions of the solutions are as follows;
Eriochromecyanine R 0.029, Acetic acid 1.8N
and Barium chloride.

12

(m?)

BaCl,

0 4 8 |12 16 20
EDTA (m])

Fig. 3. Optimum region of components of solutions
for detection of aluminium.
Base solution : Eriochromecyanine R 0.06%
Acetic acid 2.IN
Numbers in the graph are corresponded to
the solution numbers in Table 5.
x2bihn. Table 4 R LM TR, SUS 405
& SUS 410 H X Of SUS 430 mie4ic jIREoBL &
EOTWIER WD FRE BB Thxdo7. Zh
BERG THLHEPPYETHLDEZZLNIOTEN
RVWARWT B, EDTA 2L e o s, o=
& & BIRB OB L D7,

T, H{box) v adr EDTA OiREX VWA 5L
PRI Y FH o a7 = REBIBRE AW CENE
DEEREL LS, REEHEMRERAZ kDA 2o
L EOHRARE 2.2 THEL TR D, L ORRE % Fig.
St RPOHFSIHAIGTH5BREAVIZEEDE
MEDOEE% Table 5 wiR¥. Fig. 31, 3.5N Eifg
30m/ izxVF s wnr7=0R (1%) 54K 3ml &
ALY 9 & (10%) W : EDTA (0.3M) iBW4 TR
LT, 30mi L LB 20 TRLAE. 20k X,
3.5N EFER Sml finzx 2%#k T, SUS 405 - SUS
410 LRFEUCE Sl D HBINTERL LS. L
L, BBREHANCDOTH, HLDEEIT, 10sec
BRETHERC» DL, BNt LTEBLLE
BOETHHI Uil 5isuv.

414 RBEERFEOBRT

T =T AR3EMEL DBIEE TN TV ED,
EWERBE CREMMEBZEECS Lo Tk &,
TN T LREEME &L SUS 405 & URER
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Table 5. The colours of stainless steels by the
solutions of several components.

Soln.| SUS SUS SuUs SUS SUS SuUs SUS | pemark

No. 405 410 430 304 316 317L 321
(V)f-l dp)- | y- . L (s) - (b])lg- (s(?))'-
urple | orange | pin pink pink yellow [ r
PR [P | Por | Por [ P7r | Tioy | 7R A
4/13 5/10 7.5/7 7.5/7 6/11 8.5/9 4/10
o- y= (p)- (p)- (b) - y-
9 rose yellow | pink vellow | vellow | yellow | pink o
IR 2Y 10R 5.5Y 5.5Y 5.5Y 7R

5.5/11 { 8/14 7.5/7 9/3 9/3 8.5/9 | 7.5/7

)y- | By~ |o- (p)- (p)- (p)- | (b)g-
3 pink pink yellow 1 vellow | yellow | yellow | yellow A

7R 2.5Y 5.5Y 5.5Y 5.5Y 10Y
6/11 6/11 8.5/9 9/3 9/3 9/3 8.5/9

Wyr- fy- | @p)e | (O)r (bl)l- (bye- (gdp)y'-
urple | pin orange | orange | vellow | yellow | r

4 PSS [ Por | TR | TTor | Gsy | Tloy | 7R o
4713 | 7.5/7 | 4.5010 |6.5/11 | 8.5/9 | 8.5/9 | 4/10

@r- |pi- | @- | @y- | ®e- | g | @n-
5 purple | beige rose rose vellow | yellow | rose A
IRP 5YR IR IR 10Y 9Y IR
4/13 7.5/2 | 5.5/6 | 5.5/6 { 8.5/9 8/13 5.5/6
(@lyr- | (dI)- (r- ()r- (b)- ol- (dl)-
6 purple | yellow | brown | brown | yellow | yellow | rose o

7.5RP | 5.5Y 10R 10R 5.5Y 10Y IR
4.5/6 7/5 5.5/6 { 5.5/6 9/6 6.5/10 | 5.5/6

@hr- | y- | Hr- § Hr- | (B)- | o Ir-
7 purple | orange | brown | brown | yellow | yellow | brown o
7.5RP 9YR 10R 10R 5.5Y 10Y, I0R

4.5/6 8/9 5.5/6 5.5/6 9/6 6.5/10 | 5.5/6

{(V)r- o-
8 purple | rose rose rose rose yellow | rose o
IRP IR IR iR 1R 10y IR
4/13 15.5/11 | 5.5/11 | 5.5/11 | 5.5/11 [ 6.5/10 | 5.5/11
dhyr- | (Hr- (dly- (dny- (dh- | o- (dly-
9 purple | brown | rose rose rose yellow | rose o

I0R 1R IR IR IR
4.5/6 | 5.5/6 | 5.5/6 | 5.5/6 | 5.5/6 | 6.5/10 | 5.5/6

) r (- | P pr- (I)“- (dp)y-| (v) o
purple purpie Tose rosec yellow green purp <
0 [ 5Re | 6P |7.58p [7.5RP | 5.5y | "5GY | IRP *
4/13 13.5/12.5[ 5.5/10 | 5.5/10 9/6 5/8 4/13
(vyr- @pypr-| - | @)- (dp)pr-
1" purple | rose red brown | rose o red A
IRP IR IR I0R IR IR
4/13 { 5.5/11 | 3/10 5.5/6 | 5.5/6 3/10
(V- [ (r- | (@)- | @dk)- | (v)- (dh)-
12 purple | brown | rose rose pink green rose o
IRP 10R 7R 4R 4R 4 7R
4/13 5.5/6 | 5.5/6 5/6 7.5/7 15.5/10.5] 5.5/6
Wr- | @y~ | @n- | @p- | Mg | w-
13 purple | rose rose purple | pink yellow | purple A
1IRP IR IR 7.5P 4R 10Y 6P

4/13 5.5/6 | 5.5/6 | 2.4/8 | 7.5/7 | 8.5/9 [3.5/12.5

The colour numbers are corresponded to the modifiecd Munsell system.
Remarks show the degree which we can identify SUS 405 from the other
kinds of stainless steels. The order is O>A> X.

4R Y. ZOET, FLENDFHEI FE BRSO ik
Tdhsd. Thhp SUS 405 % tho fifEr HHEE TS
+5I1ctE, 10~20sec [, 0.1~0.4 mA/cm? REDE
BaRRTULEDD B Ebrork.

4.1.5 7= sBHBHROLTEE

YA s any 7= REERIBHITHERIL ) U K IEH
Bz 5 s, BEOEHEENY v ADOREM»ELS. L
) Y ARRELEBRER L WEENL/-OTR, 7
WEIzZvakEFTSH SUS 405 +, &% Licw SUS
410 &3, EhicEBELLy, HNTHZLRTE R
ot ZoBHPIBKRICE, BN o AR BT
BB ERBICADTWSB Z &, EDTA ZEmMLTW3

0.5

§ 0.4} x \\o
E \\
> 03
S 02F x
5
5 Ot X X -
Q

0 1 1 1 1

o] 5 10 15 20 25

Electrolytic time (sec)

Fig. 4. Relation between current density and
electrolytic time for detection of alumi-
nium.

ML, FOMKB VA nr T =R, HEKIC
{Fbhi-ik o OffER & EDTA, XXUNY DAL X
PHEBRINTWE EF bR, LB LN Y o
LABEEICEEBED T &Y, ZOLEBARRER VT
SUS 405 L fhodfHBAHFNTE DL Z & HHETES.
Lard, ZOLERHKEIEET, 30 HiR#ETH P
7= ne T2 ENTE .

4-1-6 7z =7 LOBREIRA
KERICHWAAT LV LAWEDO TV =9 LEFHE
¥, SUS 405 #% 0.295, SUS 321 25 0.013% <, %
D HkE 0.003~0.005% TidH%. Table 5iRLAcL S
i, SUS 321 w7 =9 LB EFEINTVWSH BH
PHFITHZ LEHE LV RIBIRE & LTRABDIREH
54T, SUS 405 o7 v =2 & SAEDO¥S, Tt
bbb 019 BETHLEEZIOLNRD. '
4.2 FarOIERHE

4-2-1 F 4 OREHHMKOKRS

SRS D 55, BAREBRCHAVWLNE T2 DF
EREL LT, @ELKE, Feo, et b7
B, D7 UFEINAZLREDRHBY. TDOL, @
Ep{b/kFEiE 1.5~3.5N OEk#EEET, F w3 pH
4.3~9.6 T, ¥/, UFLFEY A 2T IN EESR
B CF & v L REREADEEERLELD. LirL, W
THRHABOERECIIE LT WHEHETHE 20, #
FEREECEREY L HZE X TRIPLIRT L. 0%
b e — FEEN, JEEREAMETIE 470nm [ RBIGE E &
L OoRBEOHEELZLELS. ZOEKICRT 5 pPHOE
Why LLREEZAD, PH 2.5 LT CRBRIFKETDH
57, PH BREL LB EHE/ELAD, Zbic pH 1]
DIEE45E @EEEL o/, BXHEATIL LY
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Table 6. Colours of stainless steels by the solutions
* of several amounts of chromotropic acid
and HCI,
soln) DIN'| 5us | sus | sus | sus | sus | sus | sus
No.| e | 3o | 304 | 316 | 3171 | 347 | 405 | 430 [Remark
My- | (Dy- | (Dy- (d dP) y-l )y~ | d j’) y-] (V)y-
green green reen res Teen res srecn
! v %oy |%ey | - R | 7R | Sy | X
5.5/11.5/6.5/11.56.5/11.5) 4710 6.5/11.5 4/10 [6:5/11.5)
(dp)y-1 (dp)y-{ (dp)- | (dp)y-| (dp)y- dp)y-| (dp)-
g |sgreen [green | green | green |red — red green x
10GY | 10GY | 5¢ | 10GY | 7R 7R 5G
3/4 3/¢ | 3.5/7 | 3/4 | 410 4710 | 3.5/7
r- r- )y~ [ gy-ol- | b- Wy~ | (y- | (y-
3 brown | brown | green | green | gold green | green | green o
10R | WR |“9GY |“sGY | 9YR | “9GY | 9G¥ | 9GY
3/5 35 [6.5/11.5] 3/3 | 5.5/8 (6.5/11.56.5/11.56.5/11.5
r- T (v)y- | gy-ol- | b- My- | (Dy- | (v)y-
4 brown | brown { green | green | gold green | green | green o
10R | 10R | SGY [ 5GY | 9YR | 9GY | 9GY | sGv
3/5 35 {5.5/10.9 33 | 5.5/8 [6.5/11.506.5/11.56.5/11.
r- - W)y- | gy-ol- | b- My- | 0y- | y-
5 bréwn | brown | green | green | gold green | green | green Ie)
I0R | 10R | SGY | SGY | 9YR | 9GY | 9GY | eGgY
3/5 3/5 [6.5/11.5] 3/3 | 5.5/8 [6.5/11.506.5/11.56.5/11.5
el (y= |gymal- | b= | (@)~ | @p)- | (@p)-
Town rown reen reen go! green reen reen
& ] %R | ok | %Gy |%cv |%vr | 556 |Sse |5 o
3/5 3/5 [6.5/10.5] 3/3 | 5.5/8 | 3.5/7 | 3.5/7 | 3.5/7
- - (v)y- | gy-ol- b-ld My= [ (y= | (W)y-
rown rown reen gftt" gO green reen green
7[R | x| Bscv | %6y | Svk Gy y | ©
3/5 3/5 [6.5/11.5] 373 | 5.5/8 16.5/11.5l6.5/11.5/6.5/11.5)
- l';- (v)y- | gy-ol- b‘ld Why- | (Dy- | (Iy-
rown rown reen gl’CCl’l go green green reen
8 [Por [ lox | %scv | Sov | Sivr | %ov | %oy | oy o
35 | 35 [6.5/10.5] 3/3 | 5.5/8 [6.5/11.56.5/11.56.5/11.5
8y~ gy~ V)y- dp)y-} (My- | (Dy- | (vy-
g olive olive green _ red green green green %
56Y | 5GY | 9GY 7R | 9cY | 9GY | sGy
3/3 3/3 6.5/11.5 4/10 6.5/11.56.5/11.5/6.5/11.5
L- L- (dp)- | gy-ol- (dp)- | (dp)- | (dp)-
Town rown reen reen reen reen reen
0 PR R | 556 |56y | — | %5e | 55a | o I
3/5 35 | 3.5/7 | 33 3.5/7 | 3.5/7 | 3.5/7
(dp)y- (g‘g) y-1 (My- | gy-ol- (dp)- | (dp)- | (dp)-
] l l’Cd T gfﬂﬂ“ gf!!l’l - green green EYCCI'\ X
7R 7R Y | sGY 5G 5G 5G
4/10 | 4/10 $.5/11.5] 33 3.5/7 | 8.577 | 3.577
gy-ol- | gy-ol- | (dp)- (dp)- | (dp)~ | (dp)~
reen green T reen reen reen
2|88y | %oy [ | - S R R X
3/3 3/3 | 3577 3.5/7 | 3.5/7 | 3.5/7
gy-ol- | gy-ol- [ (dp)~ { gy-ol- (dp)~ | (dp)- | (dp)-
green reen reen green reen reen reen
18 1856y | %oy |%5a [y | — |55e %o | e ®
3/3 33 | 3.5/7 | 33 3.5/7 | 3.5/7 | 3.5/7
1.O
— x
X 08F1] T
o -
‘s 06}
o
X 8
o )
g 0430 7 3
g 4
2 S
o 0.2}
£ xg x
© %12 2
o ol L 1 1 1
O 04 08 12 1.6 20 24
HCL (N)

Fig. 5. Optimum region of components of solutions
for detection of titanium,
Numbers in the graph are corresponded to
solution number in Table 6.
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~2RBETHEETEZ L h otk
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Fig. 6. Relation between current density and
electrolytic time for detection of titanium.

BE2 L, KB TELr otk HicERENIXL,
BERMADEVECLATIE, EERECER TS,
D7z, 10sec LAFTHH$5iciE, 150mA/cm? Bl ED
BMEENLETHS.

4-2.3 F 2 RBBHORE

BRI Licy o bo— FERERIE, 91 7B
THF 2 OBHEARECH D/ 2o € bo—FED
BB EATH 50, Fig. 5 OREHKEFTHh
W, FRRICIFAZELEEELALRIEI DMLV, 1 H
ARIEREZIRATED LERELET S X 5Tk 505
FEDEEBOHFIIC K EL TR TR DL
4-2-4 F & OWRHIRE

BEBRTI, F4o% 0.4~0.5% SAKAT L LR
MERRCRT L. COLEDEADBRI,2S 0.1%
BETCLIHFSEHEIcCESL D EELILNS. LL,
0.04% OF % & &%r SUS 304 #HWTEREES
Lichs, &< EB6Llkrolk.

4.3 SAOIEBKHE

4-3-1 SHOFEEBBHIROKGT
SADBIENRELSITITIL, STFAVSFF AT EE
FhYDA, FHUMUEE, PAR L EB—RRICHW
LT 39, PARDANOFEIFRC I o o DERK
ok, fHEOEENE L ERNTIRI D
PAR 11, EBRMCHEZERRERFEOFL— bED
< B, AT, ERATR, B FER YL, TN,
& JKER, = Hr, =viov, B $A HEEEEF
UL FRERFEOUEBELELSD. ZD5h, A7 VAH
IR EENRTWBHDE, & v Hr, = oD
HTHB. &3 pH 8.0~9.3 TIEL kLT > 55
MR TSRS h, Ao RpEE L Skh,o
2. RUACEIC= vy VvHEBETHELE<ERLE:
2. ALK, EBREHNSTL L, BRIREZHAEGT S
7o, BEEMAZLZ LT L. T, EEE, ik,

Table 7. The colours of stainless steecl§ by the
solutions of several components.

.| vus | sus | osus [ sus | sus | sus .
Noo | 23x | 304 | 316 | 3; | 347 | 430 |Remark

(Mgy- 1 (p)- | (pbl- | (p)- | (p)bI- | (p)-
1 purple | green | green | green | green | green .
7.5P 5G SBG G 5BG 5G -~
6/2 8/3 8/1.5 8/3 8/1.5 8/3

(d)r- ol- (b)-
purple | lilac yellow | purple | lilac lilac
7.5RP | 7.5p [ 1oy [ 7.5p | 759 | 7.5 | ¥
4.5/6 7/5 6.3/10 5/9 /5 7/5

~

(v)r- (- | (s)-

q | purple [ lilac purple | violet
IRP | 72.5p | IRP | 9PB - - %
413 | 15 | 413 | 4.509
(dl)rl— i (p)bl- | (p)- (p)- (p)-
purple | lilac green | green | green | green
4 laske | 75 | osee | Psa | %56 | ¥se A

4.5/6 | /5 | 8/1.5 | 8/3 8/3 8/3
(v)r- | (1)- (p)bl- | (p)- | (p)bl-| (pP)-

purple | green | green | green reen | green
5 [Nk [ %56 %G | ¥se | %sBe ; ©
413 | 75 | 8/1.5 | 873 | 8/1s | 83

(V- | (- (vig- | (p)- (d)bl-] (s)-
6 | purple | green vellow | green | green | green o

6RP 5G 9y 3G 5BG 5G
4/13.5 7/5 B/13 8/3 5/4 6/8

(dp)r- | (p)- (Mg- | (p)- (p)- (dp)-
7 purple | green yellow | green lilac green o
7.5RP 5G 9Y 5G 7.5P 5G

3/9 8/3 8/13 8/3 8/2 3.5/7

(dp)r- | (p)- V- | (p)- (p)- (b)g-
8 purple | green purple | green litac yellow A

7.5RP 5G IRP 5G 7.5P 10Y
3/9 8/13 4/13 8/3 8/2 8.5/9

(V)-I (s)- (s)- (s)- (s}~ (s)-
purple | green | green | green | green | green

9 | 6p 5G 5G 5G 5G | s5G o
3.5/12.5 6/8 | 6/8 | 6/8 | 6/8 | &8

M- 1 P)- | My- | @dk)y-[ ()~ | (s)-
10 violet green green green green green o

9PB 5 4GY | 10GY | " 5G 5G
4.5/9 (8.5/1.5| 7/12 | 3/4 8/3 6/8

(s)- (P)y- 1 (v)g- | (dk)y-| (d)bl-| (v)g-
1 | vielet | green | yellow | green | green | yellow A
9PB 5GY 9Y 10GY SBG 2Y
3.5/13 |8.5/1.5] 8/13 | 3/4 5/4 8/13
(s)- (P)- | (dk)y-| (s)~ (p)-
12 | violet | leal green | green | green | green

9PB 5GY 5G 10GY 5G 5G
4.5/9 6/4 8/1.5 3/4 8/3 18.5/1.5

(§)l- Wy- | (dk)y- [ (5)- (d)bl-} (dl)bl-
P violet green reen green green reen

3 9es | %cy | foay | %56 | %se | %o *
3.5/13 | 8.5/5 3/4 6/8 6/8 6/8

(s)- (s)- (s)- (s)- (s)- (s)-

14 green green green green green green X
5G 5G 5G 5G 5G 5G

6/8 6/8 6/8 6/8 6/8 6/8

D AME, THEE, EFEEO%& 4 0.2N, 1.0N,2.0N DiFik
i PAR % 0.02% L7525 X S5ifmUciBiigs v
2.2 OB ECTHEIN 2% &L YUS27TA o 2403k
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DI ORECORERSHAKIC D Sbit DD T

DLToOSEBCIREEBREZ AVvwb o i Lic. PAR I
BB ORERZ WA WA L E AR E FICGEIAEE
T, BBRiCEESE Lcsific ¢, 40~100mA/cm? DT
fiia Ssec B Licé EDOEMBOEMIKER Table 7
s, e Fig. 7 REEREAEPAZ RY. 2h
»HIREET IN BE, PAR 11 0.02% LITAHOMKE
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Fig. 7. Optimum region of components of solu-
tions for detection of copper.
‘Numbers in the graph are corresponded
to solution number in Table 7.
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Fig. 8. Relation between current density and
electrolytic time for detection of copper.

Table 8. Detection limit of copper.

YUS YUS SUs* | suUS SUS SUS SuUS

Rind | 9730 | 110 317L | 316 304 321 430

Cu(%)| 2.09 | 0.71 | 0.21 | 0.18 | 0.04 [ 0.03 [ 0.03
(dpyr- | (Mr= | (g~ | (V- [ M- | O~ | dp)-

1 purple | purple | yellow | yellow | green green | green
colour] 7 5RP | 6RP 9Y 5Y 5G 5G 5G
3/9 4/13.5 | 8/13 | 8/13.5 7/5 7/5 3.5/7

* The colour of SUS 317L were turned vivid greenish yellow to
lilac (7.5P 7/5) after a while.
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o3, e E® bo— FEEERETRE AV, Rk LT,
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D, F2.-20% bo—7F EBHEKOKEE OB ETH
M PR L BN AR TE . #RE, PAR IRESANR
v, 0.03~0.1 A/cm? OEHSE 10sec il
L X b, PAR - KO RECDHMEZERIESZ
ENCEN. INHLOTLFEOHMBIRRE, 7ri=va
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NOEEERVIIBRE BoctaR kb, HE
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