( ) ppmM

Percheron®

271 531
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2 2
(
)
(
...... )
30 A.J.Bedrosian
ppm
2 3 4
6 7
( 8
H. W. Radmacher®
47 50
( ) (
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19 2

( ) Table 2
1 Table 2 2

Table2 1 Quality of Imported Zirconium Oxide

Loss on Ignition: 0.51%
Sulfate on Ash: 0.86%
Moisture: 0.05%
_— Total Metal: 99.6%
@ Particle Size: Approx. 95% —325 Mesh
Approx. 5% 325 Mesh
2 Table 2 2 Impurity Content in PPM
Indicated as the Ratio to Zirconium Metal Conten;
Element Content Element Content
® Al 90 Mo <10
B <1 Na 12
Cd <1 Ni - 20
Co <5 P <20
Cr ‘10 Pb 5
Cu <25 Si 960
Fe 360 Ti 37
Hf 55 \Y 5
Li <1 w <50
( Mg 100 Zn <50
150ppm 250ppm Mn <10 RE <15

D.M.Mortimore™®
ppm ASTM?® 5



JIs®
JIS
@
(@)
(©)
4
@
@
JIS
Table 2 3

Table 2 3 Apparatus

Shimadzu Plane Grating Emission Spectrograph
GE - 340,Grating : 1200groves ,/mm, SOOOA& Blaze,
48 A /mn( Ist order ) Shimadzu ARL Modular
Source Unit , 280000:

DCA and ADCA, 220V, 5, 10, 15, 20, 25, 30A
Microphotometer : Shimadzu A~ 7 ,Log Con -
verter, LC -501

Mixer : Spex mixer mill , 8000

Sample Stand: Shimadzu ARL, 121000

1.2ppm
98 )0.1g
100ml Iml Hf848u g
)
HSG P2
Kodak SA 1( D 19 20 4

18 1978

10g ami
110 20
900 2
30
458.2ppm 5
2 1 05 025
0.125g
01 15 175 1.875g
29

4582 2291 1145 573 28.6ppm

900 2

10g
imi

(Table
2 4

Table 2 4 Wave Length of Spectral Line Pairs

Hf Zr
(a) 2641.41 () 2665.18 (I
(b) 2773.36 (I 2783.56 (I
(c) 2820.22 (™ 2819.29 (ID
(d) ” ,, 2820.59 (-
(e) v Y 2823.00 (-)*

* These lines are deleted from the MIT Table.

Mortimore % (d)
() Kall° (d ©
(b) * 300 500ppm

@ JIS® (d)



(d)
Fig. 2 1
Hf2, 820. 0A
(T=6.2%)
7r2,820.59A
(T=23.8%)

== == ==—~ Back ground
(T=52%)

Fig.2 1 Typical spectrum Hf 229ppm

D.M.Mortimore 2
1 1

Kall JIS  Mortimore

D.M.Mortimore
600 mm

)
Kall
Table 2 5
JIS
(I tcurve)
2 3
229ppm 2
1
I t Fig. 2 2
3.0{ Optical
density
HI 2,820.22A
2.0 A P A, PSP, «‘-../._ e
Zr 2,820.59A
1.04
10 40 70 100 130
sec
Fig. 2 2 | tcurves
2 3 29
1g 1g
30
()
50mg
30
4mm 20u
20A
60 50
3
D 19 (20 )
4
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Table 25 Experimental Condition
Author
Condition Mortimore Oda Kall JIS Temma
Excitation dcarc 230V,
30A 9A 30A 20A 20A
Analytical gap 3 mm 6 mm 2 mm 4 mm 4 mm
Slit 20 ~ 15 u 20 M 20 H 20 “
Prearc 20 sec 5 sec 30 sec 60 sec 60 sec
Exposure 30 sec 40 sec 50 sec 40 sec 50 sec
Filter 4 steps 3 steps 4 steps 3 steps 3 steps
9863 - 9863 -
ultraviolet ultraviolet
Spectrograph W osworth Qualts Evert Evert Evert
Grating 600,/ mm 600,/ mm 600/ mm 1200,/ mm
Order 3rd ’ 3rd 1st 1st
Hf2820.22
Zr282059( ) ( )
s B
ratio
1.44
(ppm)
1. 21
3 Fig. 2 3 1.0
0. 84
0. 6
91ppm 109
1mI(Hf:848u g) 0.4
176ppm
3 170ppm 93 o .
115ppm ( 10 50 100 H.?f)gpm
) 12
8.3 Fig. 2 3 Working curve

4 Table 2 6



( )
Table 2 6 Analytical results
ppm country ppm country ( )
91(88) USA 63 France
86(82) ” 55 ”
72(57) ” 130 v ( )
52 ” 1.15% USA
70 ” 1.6% ”
98 France 1.2% ”
60 2 0.6% ”
( ) from exporter’s certificate (Table 3 1)
60
61
62
(
) ASTM  ® o
100ppm ( )
Dagnal %
( )
2.5ppm 10 Pevtsov
58 59
ASTM®®
Table 3 1 Typical components of magnesia clinker
Origin Components ‘
MgO CaO Si0;  Fe0s Al 0,4 B0,
04 7 7 i 7 (ppm)
Natural magnesia 89.93 2.62 4,51 1.20 0.41 40
(North Korea) ) o ' . '
Natural magnesia 95.20 2.28 1.52 006  0.09 15
(Greece)
Sea water magnesia o) 4o 19 387 0.7 1.83 3000
(Japan)  (A)
Sea water magnesia g9 50 o9 0.08 010  0.32 600

(Japan) B)

66
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67

Table 3 2

Table 3 2 Spectral lines nearby the Boron’s

Table 2 3 2496.778 line
Wave length Intenzity  Wave length  Intessity
200 & {are | W (e
Zr D 2485, 547 z B (D 28,778 300
Fa Min. s 1D Fe 24496, 041 i |
Fe 2486371 4D Fu (Il 2497, 717 i
Fe 2485 &3 30 B () 2487.733 500
( Fe (1) 24&7.04 25 Fe {[[l 2457, B20 1%
HSG P») Zr (I 2457 288 20 Cr I 245,844 20
Fe (1] 2487, 367 [ Cr (11 200,671 &

Zr i b L ) 4 Cr 202531 1oR
Cr 2406.300  125R Lr (Ml 2304.014 10
Fu 2406.553 40

From “MIT Wave Length Tables™

200 2 2497.733
100ppm 2496.778
2496.991
2496.778 2497.733 2 1 3
2
2500
ASTM 2634.78 2500.671
2647.29 2499.844
% % 2500
62 0 " 2487.288
50 100ppm
(
) (Is lcr le lz) 1
, 1
01 (
) 1

15



— 0
o~ <+ &
100 m L8 N
W o
0 o =
vwow_ﬁ
— PEDEIPC I
R oB 0%
N Enl i
g | = g
501 ~
I~ ™~
Lg: m

Fe2, 487. 367
Fe2, 496. 991

B2,497.733

Cr2,499. 844

Fig.3 1

Cr2, 500. 671

0 . . . AL
2,486 2,487 2,488 2,497

\
2,498 2,500 2,501
Waue length

Fig. 3.1 Typical spectral profile

S N
100ppm
0.2g
0.59

72
Feldman™ Brandenstein ©
1

0.25 0.75

1.59

100ppm

( )

1
(I t curve)
Table 3

10

3 Experimental conditions

Excitation source
Current
Analytical gap
Preburning time
Exposure time
Atmosphere

Stit width
Photo plate
Developer

Analytical line pairs {

dc arc

20A

4 mm

30 sec

30 sec

air

164

Kodak SA—1

Kodak DC-19(20C, 4 min )

B : 2496.778A
Cr: 2500.671 A
B : 2496.778 A
Zr : 2487.288A

60

4.449g
2.0g
0.08ml
110
500ppm

ml 2.0g

30 90

200ml

0.08
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200 100 80 40 20 10ppm
>
200 110 1.6-‘@
1 L=
2
12[22
22
1.0
0.8/
36 0.6
2.0g 0.4
0.2g 0.59 0.2}
1.59
30 70 20 50 100 200 500
B.0; ppm
2.0g 39 Fig. 3 2 Working Curves
29 29 Internal Standard o K2Cr207 ZrOz
( )
50mg Table3 3
10
JIS” 100ppm 100ppm
8
Table3 4
(ppm) ( )
(Fig.3 2) 100ppm
3 (sample No.5 8)
5 30
5
Table 3 5
Table 3 4 Determination of boron (as B20s3) (ppm) in magnesia clinker
Origin Magnﬁsite Sea water
Sample No® "1 2 3 4 5 6 7 8
Present method*:k
K.Cr,0, 40 13 23 19 3100 1200 940 425
Zr0, 33 17 21 - 3000 - 1000 380
Gakushin method ™ 20 20 20 - 3000 - - -

1 North Korea, 2 Greece,3 USSR,4 Australia,5 8 Japan
Internal standard substance, Mean velues of 3 times.
Determined in Shin Nihon Chemicals Ind.Corp.
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( )
Table 3 5 Reproducibility (ppm)
Trial No. 1 2 3 4 5 x C.V.@)
Internal K,Cr,0; 41 51 51 52 52 49.4 8.5
Standard ZI‘Oz 64 62 56 66 68 63.2 6.5
C.V. Coefficient of variation
40 60ppm 7 i
85 6.5
Table3 1
40ppm
300
3000ppm Table 2 3
Stalwood
(Fig. 8 1 )
( 5
)1.0g
1l
iml 694u g
Lignite Brown coal
HSG P2
0.03 140
30 1.0g9 5
(x 1/10) 17.4
7 34.8 138.8 347 694ppm
140 30
73 74
75
200

140 30
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20A
2500 3100 It
MIT
3039.064 1 41
11
10
I t
Table 4 | Experimental conditions
Sample type 200 mesh powder
Analytical line Ge 3039 .064A
Internal line Zr 3036 .393108
3039.064 _ Zr 3036 .503A
3036.393 3036.503 Electrodes Anode : 6.2 mm¢, crate dia.
4.6mm ¢ , depth 4,0mm
Cathode: 6.2mm¢, length 30mm,
30° cone
Out put voltage 220 V
de arc current 20 A
Slit width 20
Arc gap 3 mm
Pre arc 10 sec
Exposure time 80 sec
Step filter 4,20,100% trancemittance
Grating order Second
Atmosphere Argon gas, 1 liter per min
1 , 15
1 5
4 3
S N 1.0g
1.59 1g
59
30 (
100ppm 10g 4 5 (50mg )
10 15 20 4 6
30A
(I t Curves) 2 7
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( )
JIs¥ Table 4 2 Reproducibility, Ge (ppm)
Taken  Found Average Diff. C.V.()

347 345 310 352 +5 7
325 390
(PPM) « ) 360400
Fig.4 1 350 340
355 345

139 140 155 141 +2 8
130 160
A 145 140

2 ] 140 135
/ 125 140
. / Table 4 3 Analytical results ppm

Sample Present method Polarographic
A -1 45 44
/‘ A -2 130 148
a4 A -3 500 420
3 A -4 300 252
: o —— A -5 150 45
Ga B -1 6 5
Cc -1 30 19
Fig. 4 1 Working curve C -2 10 2
Sample A:Australian lignite, B: Russian lignite,
C: Domestic brown coal
20 700ppm
@ 05
140ppm 350ppm 0.05sM EDTA )
Table 4 2 7
8
Table 4 3
78 80
29
Sg 82
900 2
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“ 1000” (
100mg )
6.2mm
¢ () 4mm 4.5mm (
) 90
Kodak SA 1( D 19, 20
4 F 5)
ICI
83
500ppm
HSG P2
84
85
Chernova® (
)
Chernova 400 “ 1000”
450 100
1 9
2879.9 2882.9
88
7A 50 8 ( )
15 Chernova®
( ) 400 450
380 390 5 7
340 360 5 7
Table2 3 8
228ppm (
) 3 (380 390 5 7
* 1000” ) 5 7
50g 60mg 100ml 230 226 232ppm

(Table 5.2)



2598.062
( )

2877.965

2877.436

2594.423

2582.487  2582.440

2583.225
2598.662
2608.640
Fig. 5.1
Fig.5 2

TR ) A g oz
b 3 ﬁ ? -

B oces = L I I

3E
HHE 8
AaF F

TilZ; 55 156
T
[ia
fila

‘Wawn lergih

Fig.5 1 Spectral Profile
Sample Polyester fiber(imported), Sb content
200ppm

2608.640 2608.558

15

0.2

0.1 /

10 20 30 40 50 60

Discharging time, sec
Fig. 5 2 Intensity discharging time curves
— o —Znl2608.640 ,— e —Sbl

2598.062
5 3
1 05 1 2
1 1
510 15A
15A
3 4 5mm
3mm
30 60 90
90°
Fig.5 2
10
30
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Table 5 1 Experimental conditions

Smurce conditions | Escliatlen ssirca 1 de owrc
500mg Curren + 154
Preh=rming tims ; lmes
50mg SpacLrographic ¢ Anslytical gas + ¥
“ ” pond|tkons Zli width T 20w
X g 1000" 100 x Bup Filtnr D g, ML OEOE
g 50ml Aimasshers s alr
105 20
380 390 40 400ppm
5 7 500ppm
1 1
1 1
30 200ppm
Table 5 2
500 4 7
mg 50mg
“ 1000" 100g
50ml Table 5 2 Recovery
Takat, Foured, 5h pom . C.¥.
Tabla 5 1 Hh D r——— %
¥ 1f1 180 375 M1 1@ 190 1T 180 G.5
27 B0 LW 1T N 1@ 1B 1E W 19
57 0 ML gES SIS 206 130 2 7.2
JIS = 35 2Em 20 p4 W 218 4.4
ppm Fig.
53
3 Table5 3
84
| 2 g
E El3
B Z RE
E lﬂ'|r\-i
4 ==
14 i Table 5 3 Analytical results of practical samples
Sample Frasnt smethed Pelarvgraphic
1 Zh, oom Sh, mpm
1 240 o]
2 it e
T Tin i W 100 3 = o
Cossmatraicn ul Gh in pul yuilat [ar, i Each value is the mean value of 3 trials.

Samplel:Polyester chip imported, 2:Polyester
Fig. 5 3 Working curve fiber imported, 3:Polyester fiber domestic
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( )
2535.604
Ahrens * 2553.28
2 3
( )
109
Table 2 3
200
JIS HSG P»
(H 2501) (H 2244) NBS (
(Z3264) ASTM 15.0 01 )
( 12.8 01 )
8
JIS 89 91
1 40
o2 P20s 29
0.2 (1+1) 100ml
25mi
400
30
2.0g (1+1)
93
2535.65
2441.637 , 5 , 10 30

2535.65
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2400 6 1 6 2)
S N
100
(
MIT )1 1
2
Table 6 1 Examination of spectro additives
Additive Stability  Stability *
cmp:mlr‘fd of arc of sample BG /N
BaF, G G G 15.0
NaF G G G 14.0
2535.65 Na:COs w G B 3.8
NaNO, W G B 3.2
NaCl w G B 3.2
3 w . 5
2553.28 2554.93 KNO W g Boas
CaCO, w Wk * B 4.7
K.CO, w w¥ * B 45
0.05 0.15
S N values of the spectral lines(Jes  Ja), P12534.01
2534.01 overflow, G:good, B:bad, W:Worse, BG:Background
0.2
Table 6 2 Effect of mixture rate of BaF: &
Graphite
2534.336 J— -
Eals Stabdlary Swbd | Fivy Hark- .
MIT 2534.416 Craphiin of ars of sscools  AEound E/ME
[ | & LF 'H 150
2534.01 12 ' G G 15
2534.336 10 1:1 G G ¥ Li.1
1 04 S N values of the spectral lines(Jsc/Ja), P12534.01
G:good
9
10
( )
5
S N
1 1 2 10 15 20 25A
(Table 20A

Fig. 6 1 20A



[

T _
fd R L.l I
i 4
1.0
T
05 Ji 0
]
20 4o Bl T soe
Fig. 6 1 Spectral intensity time curves Fig. 6 2 Graphite electrodes(mm)
P:2534.01 , Cr:2534.336 , Zr 2554.31
Sampls Iz
+HHG, (1411
| Solwiion  100ml
t L dry
F'q:-'.II:IEI.' — .lhﬂ-l.l'l c_ ! ]
(Table 6 3) Ka |:;|.= [ T T ——— .2 q
Fig. 6 2 b rlmhllu Nwd-ur 1. -1 3
H'.l::rq' .'Id_mr-rﬁ.ll « ¥ min
Exitasion

L}
Dard room working

6 4 Fending of mmoiral pairs
( 0.59) Fig. 6 3 Scheme of analysis
0.2g9 0.79
1.4g 2 7
30 ( ) JIS™
(50mg ) 6 6
Fig. 6 3
() ( )
Table 6 3 Experimental conditions Fig. 6 4
Spifee cofditicis Excitation myarca de mrz
Currert A
Pru=buraing fimm 5O mmc
& peatragsanhie
condbiions Armlyiical gan Emm
Espaiura Limi 13 g
Slin widih 15 &
Guep Illnes 4,20, 0% 2 40

Arpaphers wie
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-
a
B
&
5
53
=
£
=
E ]
|
i u
1+
1 10 1 F %
Fig. 6 4 Working curve
a | . P ®EM.0A
|- t i . r—— —
Rt e Crzsad, 18, Table
7 1
NBC ( 15 )
Table 6 4 1 40 (
Table6 )
5 3.6
10 Table 7 1 Typical component of Zinc dross, (%)
Elememt  Domesie draas Imipcerind dross
In Af -7 T
Table 6 4 Recovery Fe LE—4.B Lo —E.2
- Al —G.B Oud —0.7
[ % Fh ~3.8 10 =20
—— e % Fromraan "-"' '?_' Cd 01,037 =10 £ . b
- . En -l & . (g e 15
MBE, P D15 0% 146 152 L&B 4.6 1.4 - -
L& 145 115 Cu .1 0. 06 .17
Table 6 5 Accuracy
Taken. P % Fomd *, P % [INiL
0.0 0.8 q
4.5 4.5 ]
.2 0.3 i JIs®
1k & L +1.8
5.8 .0 +i.E
*Each value is average of 10 trials.
ASTME
12.8 6 12.5 400

400
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Gabler” 1 1 2
15A 1 1000ppm
2712.49
Table2 3
2788.105
2660.39 2873.32
2 3
0.5
0.5g9 1+2 20ml ( )

10 15 20 25A
10ml 5ml 10A

200 30
— &
5
1.5 © Al
/-——o/ \

Lot 7N Fe Nl .

0.5} «— Pb \ .
./\;<\ —

Fig. 7 1 1 tcurves
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Table 7 2 Experimental conditions

Source conditions Excitaion Source dc arc
Current 10A
Pre-burning time 0 sec
Spectrographic conditions Analytical gap 4 mm
Exposure time 30 sec
Slit  width 20 #
Step filter 4,20, 100%
Atmosphere air
Electrodes C.f. Fig. 6-2
0.59
7 3
059 7 3
1
1 2
( 50mg) 7 2
2 7
JIs¥
Fig.7 2
0.02 20 0.05 1.0

18 1978
Fb

15} &

2
10t

z
- -

=

2

Al
L R S T T
| LERLEA
———
In | TLTLTABA

0.1 1.0 10mg
Fig. 7 2 Analytical curves

5 Table 7

10
Table 7 4
10

Table 7 3 Analytical results of iron, aluminum

and lead in Zinc dross

Swmale Fe, % Al . ® B, %

" Ma. Es AA ES CA ES A A
1 1.40 1.41 .87 0. T 0.0E 0.10
4 1.0E 2.20 .02 aL0E 0.7 0-7
4 1.58 1-85 2.35 ] 0.21 0.24
[] 3.55‘ 2.88 l:.lll'-lt 2,105 1. 5% 1.40
5 218 197 218 1 .08 010

Sample:1 3 imported. 4 and 5 domestic,
ES Present method, AA:Atomic absorption spectrophotometry,
CA Chemical analysis(volumetric), Mean value of 10 trials

Table 7 4 Repeatability

Fe. & Al. & o, %
335 .45 L3042 0-1% 0.19
38 R0 .02 E02 .10 a.1%
3,40 2.05 1.98 Z.47 Q.10 G0
1.} 2,50 .47 22T 0.80 f.0%
2.5 1.%5 1,81 2,17 0.8 098
W pan value 2,02 1158 [,i181
C. W. ey a-T8 6,12

C.V.:Coefficient of variation(%)



Ceramic colors)
Overglaze colors
Underglaze colors

Color base;

flux

Auxiliary agent
dilution agent

Table
8 1
Petalite
0.1
05 3
% 101
Table 8 1
Cerawir ender Caler # iy TR 1.1 ™ = ] H By
domchk Emrey H-380 O+ = B0 2B 4444+ £33 kb b e
' WM G+ 44 RID LI 4F+F FEE ot St= -
- D-pEm &+ + - BiD i f+E++ =4 +4 & ) &
Marison Mapes F-5E00 F o - B0 2B +#4F 4t ++ #=+= +
) r r o+ t & BI1s 0 4ttt At A A4S i
Bliriee ASEl O 4 + Blh 20 bbb ddd FF Ft +
Hlaresa
' HE[®0% F 4+ ++ 006 4.5 p=dd bdb bd 4kt +
Hiarihum Piua
T-a5.80 ¥V 4 b s A.0 pE4E L4 EE b -
3515 L 44 g 2.0 +FtE EdE b4 b4 5

23

Table2 3
Stallwood jet(Fig. 8 1)
Table 8 2

L

Fig.8 1 Stallwood Jet

Graphite electrode(Cathode)
(Anode)

Qualz glass cover

Argon gas

e K L Ca ',“'__!' Ba 52 B1 I= Od fu Er
++ o % 4 - 4 &= b -

+4+ - i + K + 4

++ g ; - - H

++ F £+ _ oL

j - L - - 1 3

-+ + - - - - "

| =+
H W
'
i
¥
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Table 8 2 Reagentsand samples

2675.95 3280.683
Hadguniz
Srardird base sowder © Mixvers of PO, Silics sand
delipdrated Boras, Snilly, Hanlin

af Pelalite
I'nnes slandaid eomedi. ' 0L KaCeDe, Zrely, Cad, Swd, Table 8 4
Szacira] boffers © MaF, BaFa. NaCl NaN3u, K.C06,
Calfa, Cal0,, KCI, KNOs Graphite

gowder - Hitpehi HSG-F 2 Table 8 4 Analytical line pairs and interfering
Famples lines( )
Blirem prodegts ©produses of Josesh Emery, Morissn - Escitatian
Mavar, Blyite and Harghow (180 Elemenis 'Wave-lergih [ntaraliy Potaszial (o]
du [ 375 45 2E0H 4,63
¥ [ 375 #72 E o
¥ [ 2675 M 12 =
v [ ). 45 100 .72
5n IR, M 100 485
Duffendack  ® Ag [ 30, 483 200601 378
. Bin 33/0. TEA 5o 5.91
Nachtrieb @ Cu 3280, 435 1= o
( v TR M8 20 -
Fh [ 3&Th a3 112 .
) v [ 321z 341 1R .41
104 T
(Ve)
Table8 3 Au 12675.95 A [250R) { Ag 13280, 6834 (2000K)
Vo I266L. 4234 (1oop |V T332 3814 (1006)
600 1 Fig.8 2
Fig. 8 3 Fig. 8 2
9
(8 3
Table 8 3 Preparation of Standard base 0.1 1
powder )
Phi} 2.0x ok 3
Dubydeatad barax 1.8 18
Enolin 4.0 40
Snilx 2 I 112 15A
Silice sard 2.0 - 0A
100 1% 1 1l

—snin [ Misar mill, 30ams)
—heat [in Electrlo formace, abeut GOOT) Table 8 5
—tzruxh —*powder  [Mizar mill |




25

( )
2, BRI 2,675 ” 2, 650
'L. T . } -
¥ | LLAET .
LB Vogaan [ 1oVIOE .2-5";['-”:3 g e, 308
o VL g e L AL (1508
|LBBLETE LB L e A (oom) | 267100 My gr) 143
Y (5 VIi4) | ! Vi, 0 s (100)
! |1 SLETSTVE (6 ) ol — =
LLEELONVI () |1 SRV (6) {1 5 i)
| 2,677.19v1 {3) i
C L BT A0V (70 L2, 663 186Fh {300
Fig 8 2 Analytical line pairs( ), Au/V
X, 280 rn 20 3, 205
L] u L 1 LI | L] I T T
A oyt P 1A i
P orn iR by T E
‘I E ! j 5113?9.345 ! ! ! :': L-].!U-E'-.hz'l'frlllil,'l -?.;[Elil:a:;-l:%lﬂg_l
TR vz +pa b s moov () i I 1%
- B T i L1 710 ' -
i i : Y &gl (2, 006R) ! i i 8R4I 1) i j v ian)
oORBLIS ) BInEis) g
- . [ I e
| L4 ag saylf |/ in . I |’||]| [5:':'
{ ChsaY () W amme it | |l
L3, B3, 311N (35) La R R
' L 1, b5, 53
. - ) NI (3
Fig 8 3 Analytical line pairs( ), Ag/V
Table 8 5 Examination of spectral buffers
;'mdq._ Cordition  Corditien  S/N I-'ﬁ|l.l'l-|-: a
+grapalis of {lamm ol sample P Ax
(123 WTiA 3L
-l-l:-;d.'.'lill'\-'!l w W M NI
aruphrin anly W w M gl?
Hal s W G B0 . )
Ko & W G 5.7 27 Fig. 8 4 .
sl s B B iod 2.5
CalClia 2} E T.@ E.E
BaF = o G W5 1
EF: E E ?Ll:ﬁ ;1'.:' Strasheim  '®
Ml G G 8.2 7.2 11
ECI G G 1.1, 7.0
e — 106
o deide Rel0I%,  AgiLOW

G lgaed , B Dtad , W sarm

(1V/min)
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- l ‘ ‘ l ‘
Ag ‘ ‘ A  V ‘ ' ‘
3,280 3 902 Ag by 2,675 2,660  Au Y
50F T
| ~JLA Il JUR
Air Ar Air Ar
8 4 Influence of SiO and effect of ventirating gas
A without SiO2, Ar 1liter/min, Au 0.1%, Ag:1.0%
d (1)Au 2, 675.954
(2)V  2,661.423A
(3)Ag 3,280.683A
(4)V  3,202.381A
2.0  (5)Sn 2,661. 2484
1.0
25 70 100 130 160 = 190 min.
Fig. 8 5 Intensity discharging time curves
It (Fig 8 5) (4.5mm)
8 6 , 30
10A 15A 3 20
4 ( ) 90
2661 3mm 18p
(2661.248 ) 70 15A

50



Table

Table

8 6 Experimental conditions

Source condition Exciting source :DC are

Current :15 amp (Au), 10amp (Ag)
Preburning time : 60 sec {Au), 20sec (Ag)

Spectrographic
condition Analytical gap : 3mm
Exposure time - 30 sec (Aw), 10 sec (Ag)
Slit width : 18 #
Step filter : 3steps (4, 20, and 100%)
Microphotometer
condition Scanning speed - 0. 5mm/min.

Chart speed : 20mm/min.

Log converter 1 O-1, O-2or 1-2

Table 8 7 Scheme of determination of Au and

Ag in ceramic colors

Sample

{or Standard base pdr.) 10g
Graphite 2.0g mixing
NaCl 1.0g 30 min. )
Vz0s 0. SR

——— Emission (Plane Grating Spectrograph)

——— Measurement ( Microphotometer)

(Mi xer mill

Table8 7
8 3
50mg Table8 6
60
30
20
10
10 7
JIs¥
Fig.8 6
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)
o
dAg dAu z
2 3.0F o av g
| dv ¢ =
z ¢ 2
@ 2
g =
k= )
° 10.75 2
> 51
320 A 2
= Ag
10. 50
1.0F
0. 25
L 1
0.1 1.0 10%
Fig. 8 6 Working curves
0.05 5
(
)9 Table8 8
8 10

Table 8 8 Determination of Auand Ag

in ceramic colors,(%)

o

=
[
Do
o
-
-
-

Sample Ceramic colors imported from UK
Au(l) Ag(l) present method

Au(2) Atomic Absorption method

Ag(2) gravimetic method
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107 .108

Table 9 1

Jist ASTM®

ASTM

ASTM

11

JIS

18 1978

Table 9 1 Components of typical Blister copper

Element Content E]ement Content
Au 3 ~1000 ppm As 0.01~0.1 %
Ag 70~3000 ppm Bi 0.01~0.1 %
Ni 0.01~0.3 % Sb 0.01~0.1 %
Pb 0.01~0.3 % Cu 99.0 ~99.6 %
23 Stall wood
( Fig. 8.1)
JIS

L

Fig.9.1

65 85 105

tcurves(dc arc excitation, 10A)

125

sec

145
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( )
8 10
0
{ﬁ (I) 2675.95 A {ﬁﬂ (I) 3382.891A
[e)
$1 (D) 2558.734A 5 () 3337.844A
Q
{é’n‘ (1) 2883.0694 {;77»(1) 3414. 765A
(o]
0.1g (1+#2)  10ml 87 (D) 2558.734A 57 (D) 3337.844A
5ml 3ml
(200 )
30
12 41
41
0.1 11
9 7 11
JIs
0.1 9
3 9.4 )
«( ) 5 10
20A 10A  15A
4mm
JIs ASTM Fig. 6 2
JIs
10.0g a
9 3
1 2 ( )
1 ( 10A) 1l
10ml
5mi 3ml
200 30
111121122 101
95 0.1g
121
0.01mg 5.0mg
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5mi
3ml
(Fig.9 3
1 2 0.01 1.0mg
1 30 1 100ppm
( ) 0.01 10
50mg Table 9 2
Fig. 9 2
15 Ag
10 10 30 Au( T )2675. 95
Cu(1)2558.734 Pb
2 10 Pb( T )2883, 069 .
20 20 8 Cu(7)2558. 734 Ni
fe
57 u@) 5 Ag(1)3382. 891
2 7 JIS E Cu(1)3337. 844
£ o Ni(])3414.765
3 Cu(1)3337. 844
= o
Table 9.2 Experimental condition Au
Ag
Pb%y )
Source condition exciting source . DC arc 0.01 0.1 1. 0mg
current . 10A i i i
preburning : 10sec(Au, Pb), Fig. 9. 3 Calibration curves
60sec (Ag, Ni)*
Spectrographic analytical gap . 4mm
condition exposure time . 30sec{Au, Pb),
20sec(Ag, Ni) Table 9 3 MIBK
slit width [ 254 m 12
step filter . 3 steps (4, 20, 100%)
Atmosphere Ar gas ! 1 f§/min.
Plate moving and double exposure method
s 6
Sample, 10g Table 9 4 0.1
0.02 0.5
HNOs (1+4+1),heat
filter 44 6.2 14.4
I |
Residue Filtrate—1, 000m} 5.0
+aqua regia
Solution Aliquot, 10m]
—_ J
+NHi - oxalate (saturated solution) 5 ml
+ammonia 3 ml
heat @ 100
+NaF 0.1g+graphite powder 0.2g
heat @
dry (200T)
Dry powder
(€)

Fig.9.2 Scheme of preparation of dry powder
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Table 9.3 Determination of Au, Ag, Ni and Pb in Blister copper

Sample Au,g/T Ag,g/T Ni, % Pb, %
No. ES AA* ES CA ES AA¥* ES AA**
1 7.9 13.7 1350 1683 0.023 0.019 0.49 0.50
2 9.8 12.7 1510 1692 0.022 0.023 0.44 0.52

Sample 1and 2 imported

ES present method each mean value of 6 trials

AA  atomic absorption spectrophotometric after MIBK extraction
AA atomic absorption spectrophotometric after electrolyte

CA gravimetric

Table 9.4 Repeatability of analysis

Au, mg g, % Mi, % Fb, %
0, (&L (1 e (. 028 0. 50
1 s 1% .02 0. 48 s 4
1, IEE 0.4 0,025 0. hh
0, 0§ 0,13 0. ORI . &4
0. K] 0,14 || R v . 5L
1. 0T 0,13 0. 20 .43
av 0,078 g 0.135 av 0LO23 av 0,49
& 0. K46 70, 00836 0 0 00FES a0, 0235

CV435 8 CV A.18% CV 144% CV 500% ( )

Sample imported blister copper
CV Coefficient of variation

A Percheron et al Anal Chim Acta 42 489 1968

N H Nachtrieb “ Principles and Practice of Spectro chemical Analysis” McGraw Hill 1950

R A Sawyer “ Experimental Spectroscopy ed ” Dover Publ N Y 1951

L H Ahrens “ Spectrochemical Analysis ed " Addison Wesley London 1961

M Slavin “ Emission Spectrochemical Analysis” Wiley N Y 1971

ASTM Committee E 2 on Emission Spectroscopy “ Methods for Emission Spectrochemical Analysis
6thed " ASTM Press 1971

J Mica et al“ Analytical Emission Spectroscopy” Buttterworths London 1974
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53

A N Zaidel' “ Tables of Spectrum Lines”

18

1978

PergamonPress N Y 1961
MIT “ Wavelength Tables 100,000 Spectrum Lines” MIT Press London 1969

J Kuba “ Coincidence Tables for Atomic Spectroscopy” Elsevier Publ N Y 1945
G Herzberg “ Atomic Spectra and Atomic Structure” Dover Publ N Y 1944
“ " 1964
R M Hochstrasser “ Behavior of Electrons in Atoms ” Benjamininc N Y 1964
“ § 1966
“ 8-C” 1957
“ 17" 1965
“ 1966
“ " 1963
“ i 1967
“ ” 26 229 1977
7 1 1958
9 3R 1960
12 25R 1963
14 86R 1965
16 35R 1967
18 31R 1969
20 51R 1971
22 43R 1973
272 1976
485 1977
W F Meggers Emission Spectroscopy Review Anal Chem 21 29 1949
W F Meggers Emission Spectroscopy Anal Chem 22 18 1950
W F Meggers Emission Spectroscopy Anal Chem 24 33 1952
W F Meggers Emission Spectroscopy Anal Chem 26 54 1954
W F Meggers Emission Spectroscopy Anal Chem 28 616 1956
B F Scribner Emission Spectroscopy Anal Chem 30 596 1958
B F Scribner Emission Spectroscopy Anal Chem 32 229R 1960
B F Scribner Emission Spectroscopy Anal Chem 34 200R 1962
B F Scribner Emission Spectroscopy Anal Chem 36 329R 1964
M Margoshes Einission Spectroscopy Anal Chem 38 297R 1966
M Margoshes Emission Spectroscopy Anal Chem 40 223R 1968
B F Scribner Emission Spectroscopy Anal Chem 42 398R 1970
R M Barnes Emission Spectroscopy Anal Chem 44 122R 1972
A J Bedrosian et al Anal Chem 40 854 1968
H W Radmacher Spect Chim Acta 23B 353 1968
22 3 1973
22 551 1973
22 1135 1973
22 1350 1973
19 385 1970
“ " P 41 1970
D M Mortimore et al Anal Chem 25 296 1953

1969
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55
56
57
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59
60
61
62
63

64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
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( )
10 246 1961
JIS H1667 1968 “ "
8 49 1969
JIS Z2612 1977 “ ”
“ " p 185 1974
“ " p 346 1965
11 635 1962
L Duret Anal Chim Acta 17 213 1957
84 245 1963
ASTM Designation C 574 71 “ Standard Methods of Chemical Analysis of Magnesite and Dolomite

Refractories” 1971
124 “ T24 477 1972
R M Dagnale etal Anal Chim Acta 54 397 1971
G A Pevtsov etal Zab Lab 35 1073 1969
23 863 1974
M Brandenstein et al Microchim Acta 335 1960
P B Zeeman et al Appl Spect 15 161 1961
G Rossi Analyst 97 124 1972
C Feldman et al Anal Chem 27 1714 1955
22 796 1973
13 69 1975
G E F Lundell “ Applied Inorg Analysis ed " p 297 John Wiley 1962
V A Nozarenko Zab Lab 24 9 1958

“ " p92 1956
p 97
10 35 1970
13 33 1973
21 1972
15 1 1975
13 81 1973
229254 31 10 5
“ 2 " p 153 1964
M Yanagizawa et al Anal Chim Acta 47 121 1969
15 319 1969
A | Chernova Zab Lab 34 1072 1968
11 202 1962
JIS H1552 1661 *“ "
JIS H1241 1967 *“ "
JIS Z3903 1970 * "
9 66 1960
4 491 1955
15 17 1975
JIS H1113 1976 * "
14 178 1964
R C Gabler et al App/ Spect 22 19 1968
17 1 1977
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99 “ " 1968
100 “ " 1971
101 “ " 1967

102 O S Duffendack et al Ind Chem Anal Ed 10 161 1938
103 W C Pierce et al [IndEng.Chem Anal Ed 13 774 1941

104 1 1975
105 A Strasheim et al J S Afr Chem.Inst15 2 60 1962
106 345 78 1974

107 16 1 1976

108 24 1976
109 23 1475 1974
110 JISH1103 1976 *“ "
111 20 660 1971

112 13 59 1973

113 17 1 1977

114 25 1976
Appendix

Atom's ionization potential Vi , Analytical
spectrum line , Excitation potential Ve
and Relative intensity* © °

Element | Vi,eV [SP.line, Al Ve, eV Intensity Element | Vi, eV |SP. line,A Ve, eV |Intensity
Ag 7.58 3280. 683 3.75 I 2000R Li 1 5.40 3232. 61 3.82 I 1000R
Al 5.97 3092.713 4.0 I 1000 Mg 7.64 2852.129 4.3 I 300R
As 10.5 2860. 452 6.6 I 50r Mn 7.43 4034. 490 3.06 I 250r
Au 9.23 12427.95 5.1 I 400R Mo 7.06 3798. 252 3.25 I 1000R

B 8.28 2497.733 4.9 I 500 Na 5.14 3302. 323 3.74 I 600R
Ba 5.21 4554. 042 2.73 I 1000R Ni 7.63 3414. 765 3.64 I 1000R
Be 9.32 2348.6102| 5.40 I 2000R P 10.9 2535. 65 7.2 I 100
Bi 8.8 3067.716 4.02 I 3000nR Pb 7.42 4057. 820 4.36 I 2000R

C Pd 8.33 3404. 580 4.44 I 2000R
Ca 6.11 4226.728 2.92 |1 500R Pt 8.9 2659. 454 4.6 I 2000R
Cd 8.99 3261. 057 3.78 I 300 Rh 7.7 3434. 893 3.59 I 1000r
Co 7.86 3453. 505 4.05 I 3000R Sb 8.64 2877.915 5.3 I 250w
Cr 6.74 4254. 346 2.90 I 5000R Si 8.15 2516.123 4.9 I 500
Cu 7.72 3247. 540 3.80 I 5000R Sn 7.33 2839. 989 4.80 I 300R
Fe 7.83 3581.195 4.30 I 1000R Sr 5.69 4607. 331 2.68 I 1000R
Ge 8.13 2651.178 4.8 I 400 Ti 6.94 3653. 496 3.43 I 500
Hf 2820. 224 40 \% 6.71 4379. 238 3.12 I 200R
Hg 10. 44 2536. 519 4.9 I 2000R A 7.94 4302.108 3.23 I 60

K 4.34 4044. 140 3.05 T 800 Zn 9.39 3345. 020 7.75 I 800

Zr 6.95 3391. 975 3.80 o 300

R r Reversalline r weak h hazyline w weakline
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Appendix

Spectrum of the elements arranged in sequence of their appearance in the
carbon arc?

A.Anodic vaporization of the test-sample in a cavity-type electrode

Series ,alloys of metals Hg, As, Cd, Zn, Te, Sb, Bi, Pb, Tl, Mn, Ag, Cu, Sn, Au, In, Ce, Fe, Ni, Co, V, Cr, Ti, Pt, U,
Zr, Hf, Nb, Th, Mo, Re, Ta, W, B.

Series ,alloys of precious metals Ag, Au, Pd, Rh, Pt, Ru, Ir, Os, Metals of the platinum group range between
cobalt and molybdenum in series alloys of metals

Series ,oxides Hg, As, Cd, Zn, Bi, Sb, B, Pb, Tl, Mo, Sn, W, Mn, Mg, Cu, Ca, Fe, Co, Ni, Ba, Sr, Ca, Si, Be, Al,

V, Cr, Ti, U, Sc, Mo , Re , Zr, Hf, Th, Nb, Ta, W , B , The alkali metals Li, Na, K, Rb, Cs range between zinc and
manganese, and the rare earths Y, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu between chromium and
thorium. An asterisk indicates those elements which partly appear in the arc in the form of well vaporizing oxides
together with volatile components of the test-sample. The spectrum lines of these elements appear in the arc

simultaneously with lines ranging in the right as well as in the left part of the series. The same remarks apply to
series

Serifes carbonates Cd,Zn, K,Na, Li ,Pb,Tl, Mn, Mg, Cu, Fe, Co, Ni, Ba, Sr, Ca. The elements the symbols of
which are enclosed in brackets appear in the arc simultaneously. The same applies to all the following series.

Series  ,phosphates Cd, Zn, Bi, Sn,Pb,Na , Mn,Mg,Cu , Fe,Co,Ni ,Ca Al,Cr, La Y, Th,Zr .Inthe
vaporization of the phosphates, the lines of phosphorus always appear immediately upon ignition of the arc.

The sequence of the appearance of the lines of phosphorus and of the elements is particularly distinct in the
vaporization of the phosphates of the elements listed in the final part of series

The separation between the lines of phosphorus and those of the other elements is less distinct in the vaporization
ofthe phosphates formed by the elements arranged in the middle of series

The lines of the first elements in this series appear simultaneouusly with those of phosphorus.

Series , sulphides Hg, As, Ce, Cd, Pb, Sb, Bi, Zn, Tl, Mo, Re, In, Ag, Cu, Ni, Co, Mn, Fe, Mo*, Re*.
Series , chlorides Li, Na, K,Rb,Cs , Mg, Ca,Sr,Ba
Series , sulphates K, Na, Mg, Li, Ca, Ba.

B. Vaporization by direct introduction of the test-sample into the arc
Series , oxides As, Re, Hg, Tl, Sb, Mo,Cd, Pb, Bi, W, Zn, K,Na, Li ,B , Ge, Ga, In, Cu, Fe,CO,Ni, Ba, Sr, Ca,
Si ,Mg, Al, Be, Sc;rare earths, Hf, Zr, Th . In this as well as in series the spectra of the groups of elements
enclosed insquare brackets are distinguished by the timing of their appearance in the arc.

Series sulphides  As, Hg, Sb, Sn, Ge, Pb, Cd, Zn, Mo, Ag, Tl, In, , Cu, Fe, Co, Ni, Mn

Review
Study on Photographic Emission Spectrochemical Analysis of Powdered Materials by dc-Excitation
Method
Teruwo TEMMA
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