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Determination of C, P and S in Steels by Time-resolved Atomic

Emission Spectrometry

Synopsis :

Yoshiro MATSUMOTO

The time-resolving technique was applied to the determination of a trace amount of elements C, P and S

in steels.
The results were as follows :

(1) A higher precision analysis was performed. The analytical repeatabilities in standard deviations at
an elemental concentration of 10 ppm were 2.3 ppm for C, 0.8 ppm for P and 0.5 ppm for S.

(2) Spectral interferences were almost avoided in this case.

The concentration correction factors were

0.16X10™* for an interference of Ni on the PT 178.29 nm line and 0.2X1074-5.8X 104 for that of Mn on

the ST 180.73 nm line.

Key words : atomic emission spectrometry ; time-resolving ; trace elements ; carbon ; phosphorus ; sulfur.

1. #& 8

ORI R 08— 2 B X BRASHSHE
BIALHWLAYY, BE ZOREICEAC, P, S
FOWBRGTODHOVEEL 2o TnnY, HEBREIC
BOTREREIN Ny 27590 Feinrll, 5K
TFUNDEBESDREXARS M VBEGH R RS+ VR
R E LTELS 2 T BREDEFERD—o &
LB ThoDBEBLRE, BRESKET ik
LTANRY PVOREBSBAEEEBTAE I EMNTE
%59, BERI SRR O RARH LB, HMAL~D
HBA L&Y, ThEIT, STbATNEGHIID,
EHETOMELIT - 2B3P %\, 4E, #E C, P,
SEEBEILAWMTAI L, B, XFETEORKE
ARy PNHEERE LTELLELR ) OFREBL B X
¥HILeHME LT, RESHBALEZEH L 20T,
ZDOREREBRD,

2. £ B FH &

EBRI X RF R SRR AT BE 2 IO B s
B 2 Hv:, BRESBEEORKE % Fig 16, #l

TSt % Table 1 ISR ¥. HHH OB PDA #HlX
% (Pulse Distribution Analysis Method)®® o) [|]# =
RH SRR D 7 DDA AA v F, 2T v k-

WEFEBEBEIU Y A I ZHEHMAEERAND- 720 DI

ToTwh, —EOKREIZBTARERIES (BEOE
H) PoO—FORAEER (LT, OB % 5 Ermb
LIER) B35 4 3 ¥ HIERCERE S h, ERES R
KAWfTbhs. BWERGESEAN— I INEROA 74
Y- EBRETAZLICEDIRDON, HRDT—4
YARwAraar¥a— ¥ —THEShSL., KERE
LEDITH—ERBRTHEIRBITEIRLTVL. BESHL
TRERICET B LD A IV T AL » FOBELEAIC

Table 1. Analytical conditions.

Focal length 1m
Spectrometer Reciprocal linear dispersion 0.46 nm/mm

Secondary voltage 400 V

Spark repetition rate 3005”1
Excitation source Counter electrode A

Ar gas flow rate 10 1/ min

Ar gas flash 3s

Pre-burn Conbined 2 000 plus
Number of discharges spark 500

PDA measurement Spark 1 500

BAAL 61 4F 10 A XRWHEKRRICCHRE FHITE 10 A 11 BZH (Received Oct. 11, 1989)
* FREBILEGR) REIEMBIZEEFR T (Advanced Technology Research Laboratory, Sumitomo Metal Industries,

Ltd., 1-3 Nishinagasuhondori Amagasaki 660)
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Fig. 2. Schematic diagram of current waveforms
of spark.and combined type discharges.

DR EER T COXRENY YT v T R— N FHEEIIC
LEEND. —HEOEHEZHE —EI&HICET SN,
G) BB & R ErM £ CoMsME, () —HREOE
EOEIE A/ DEREINTA 703 Ea—F—DAE
V-t A &h, B—Bosaslty 7))y k-

FREIBOEBEMIIHE SRS, BHELTE—ZANN— 271
BB AG)EWE, (DRERGH,> SRERE T TO
SREE (iii) R EEER LR O TR, (22 W T ORIEED
Bonhsn, EBTIO0 5 10, 15 20, 30, 40, 50,
60 pus DX ERHE L ENZBEDOT— 5 EHVL. &8,
Ous XEFMSMAXEITbEVI EERT.

WEIZIE Fig. 2 DA S— 7 BB LRS- 7 HE
ET7— 34 7 RBEMARDEL I N, VK
B 2 WA gy YV FREEITFHREECHY,
ZN— I B EBRBIZBWT, AR FIVEIRED
BX*fTo7. 24 > FIRBIZEAFHEE VR
BaaBEsmitEiTbe wEHT, CORLMEL

‘ Printer \ Fig. 1. Schematic diagram of time-
resolving measurement system.

WESNVABOBBRERN, BHBESLETHITO
2000 2SR E L7z, TNy FIREICHE W TA/N—
ZHEITELY 2000 SV AKEL, BAD 500 ¥V A
*FHIEL LTHY, 5D D 1500 79V 28Tl
FL7 COERTOMEL VRGO FRES %
PEGEEE & L7 AR i — MR % CI 193.09 nm,
PI 178.29nm B X ¢ SI 180.73nm % i\ 7:. Fe @
SHiHR Fel 287.23nm!” % 3V ZAGARBETHO T4 A
2V 3IF3x—F—=19 CH\ $72, BEESHENEOR
BEERET LI Fe O5HME OBER T & HF250
WROBEDOHR /) FFNEHTHY, »oNEEE
oA L E LB VHATREOMITHEEIELN
DT, REBRTIIFIEEZ L 5L WIBELHEREE L
THwWw/.

3. EREBERHLIUVEE

3-1 BE Ny 9T FBEUBE

2RI VOTOT 4=, BE, NorT57YF
W&, BEC (Background Equivalent Concentration)
X OGHTAEEE % 72, EBRIZI, Table 2 DEZEEMR,
iz X D ESL L 72 C = 10~100 ppm, P = 1~82 ppm,
S =4~88 ppm DEEHFE D 7 EEOKK L HW .

(1)ARZ P NMDOTRT 4 =)V

C, PBXU S oG A~Y FIVE Fig. 3 (MR
4. C TIi3i&FE 100 ppm D RF % H 7z, Ry 5 1
KEFbRWEAICE, CI 193.09nm O A7 b VHR
DOEEE Felll 193.15nm B X OF Felll 193.03 nm ® A
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R PUVBRPHEL TS, 0pus DS 74— VT
BREMRAEEZIT DR VEE (Opus) KW EERERTHE
SR LT B A, PR CI 193.09 nm O FHE
WCHBL, 204 4 VK Fell 193.15nm B X UF Fe
Ml 193.03nm DHIRFEDO B E I K& v, F 72, Fell
193.25nm D A7 b VTR E OIS & 5 REEDE
LTWwa. 5612, 30, 40 3L 50ps THOTT T 4 —
MIZBWTH CI 193.09 nm I2H# L, Fell 193.15 nm

Table 2. Reference samples used for the experi-
ment (ppm).

Sample No. C Si Mn P S Al 57"‘7‘[]"'&:J:%)§§%7)§EDZ)7) YAR ) 50”5 IZBWTY
1 15 13 190 1.3 3.7 38 E— PSS i,
; % 8 00 15 89 3 PIuBWwCbBRISBAXTTLAVESO D
fp 3o o g 8 “ DRy P AR
> a1k 18 2 & 7 4 =V Tik PI 178.29 nm D AR MIVIISEEER D
! 00 59 200 & &8 67 BEHIKRECEL TS, HERBAY S OB 10,
(a) Carbon (b) Phosphorus (¢) Sulfur
Fell 193.25nm Fell 178.52nm Fe Fe Fe
ﬂ PI 178.29nm Time us
=) | SI 180.71nm 0
) € us 10
= 0
Time us 10
20 30
20 30 £ 40
SNV ]
40 0 60
Wavelength 50 Wavelength 60 Wavelength
Fig. 3. Line profiles as a function of the time elapsed relative to discharge initiation in the deter-
mination of carbon, phosphorus and sulfur. Each concentration of the samples used for the experi-
ment was : C 100 ppm, P 82 ppm, and S 88 ppm.
(a) Carbon (b) Phosphorus (c) Sulfur
Coefficient
. Coefficient Time a b Coefficient
Ti a b 0 us 0.067 17.1 Time a b
0 us 0.056 16.1 5 0.066 16.7 0 us 0}02 _1[].9
s .056 15. | . -5 0.10 0.9
20/150 0:92% 139 20 10 0.065 13.9 20 To 0100 9.3
// 15 0.049 12.0 15 0.057 9.8 15 0.088 6.9
20 0.042 8.5 20 0.053 6.6 20 0.078 4.9

(=)
\

Intensity (a.u.)

BXU Fell 193.03nm O A2 b VEEREE O R Ak
EV AN HEET — 7 HEICHNEREENE <,
o TT I ATRENE . D0, REOWHIZIE
B PV (EECH LTER) BT b Yy 2
ABATHD Fe OA 4 VROREL, HHTBISLEL
TWABBARIZR Ny 2775 Y FOERE 5599, B
MOBBE &b ICHERRIWEL, 77 X< iRESE
TL, 414 YBOBEHNTEL 25, ERTIUEERH
%< %A 50 ps 2BV T3 Fe OE MM IITE A
EHELZ. SHRICHLT, BHETHD C OSSR
TRBEERIFEELTH, i Ar RERPTRT7

30 0.036 3.9 30 0.035 2.8 30 0.050 2.4
30 Q-6 3.9 //40 0.020 1.3 / 40 0.027 1.2
—<£50 0.006 0.8 ——  _———50 0.011 0.6 50 0.014 0.5
00 0:003 04 (60 0005 013 60 0.007 0.2
50 100 0 50 100 0 50 100
C (ppm) P (ppm) S (ppm)

Fig. 4. Variation in shape of working curves as a function of the time elapsed relative to discharge

initiation for carbon, phosphorus and sulfur.
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(a) Carbon (b) Phosphorus (¢) Sulfur
— 2} 2k 2+
3
s /
> [ ]
e}
- / 1 . /
e )
L
2 d
0 1 1 0 ' A 0 L i
0 50 100 0 50 100 0 50 100
C (ppm) P (ppm) S (ppm)

Fig. 5. Working curves at a time elapsed of 50 us relative to discharge initiation.

background/sensitivity Normalized sensitivity Normalized background
o
[$)]
L

\

\ )
° \.\l *
N A S~
- \A_‘,_..'l
2
SO- 0 L . (- 1
= 0 20 40 60

Time (US)

@ : Carbon A : Phosphorus . Il : Sulfur
Fig. 6. Variation in background, sensitivity and
background to sensitivity ratio as a function of the
time elapsed relative to discharge initiation for the
C1 193.09nam, PI 178.29nm and SI 180.73nm

lines.

20, 30, 40, 50 ps & HMT B 26t - TEBEHR ORI
Pl 178.24nm ® A~ P VHEEL D K E AL,
POARY P VBRI T HEEBIINELS hoTw5,
30, 40, 50, 60ps ICBWVTIE, P OARS FVEICH
THRBEROBEBIILAEBRMPA TS, $72, S
180.73nm D AT P VRIZHT T B EERORE L BEH
SRR X DA LT A,

(2)BEC B X UHiisRE

CI 193.09nm, PI 178.29 nm, SI 180.73nm M %
NZNOGHHRO NI & ARREOBRICOWT, B
BAMRORERR %85 2 — & — & LCH~7Z. SR
FOMEHE [ LBE v L 0BREE2—XEEKX I=
aw+ b(a, bEL) ICXDKDM ZORY Fig. 4
2, S0us DHFFICO>WTTay bLAETF—50H%
Fig. 5 /R, ERROEE (BE) o, N 77T
VFBRE MBIV Va Dk TN EFNROTLRIIBNT
BB L7218, BREBMCHLT Ty PLEKERS
Fig. 6 KT, BESBORERHMAIKEL LD LNy
75y FiliEBXOEE (BRE) 25/hs &b,
Fig. 6 oKL L 7-fE % BT % & BRI &
D, No 2759 FIEESIDREETTH7D,
baDEIZ1ED/ASLRoT0AD, bla 2HERILL %
WET & % BEC (3R RRIE 2 TH % Wi, C 286
ppm, P 255ppm, S 107 ppm —Hl& L T 50pus T C
139 ppm, P 59.3ppm, S 37.4ppm TH YV, Fig. 7 ®
&9 ICEEEIAMEADEIC L Y BEC 3/h& < BT XD
»5.

M EREREE (n=10) * ZhEFhORERRICOW
Tk, BRRICLhBEOMFRE LTERLAL. RFE
Ble U TR BEDE T R VERB XU 50 us TOKE
B% Fig. 8 WRkt. chooEER 25 10 ppm DO
BB AERREL RO, BESBALETTbLR W
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(a) Without time

(b) With time

-resolving -resolving (50us)
1000} 1000f
N
=c
0 o A l'e)
2% o0f S % 100¢
as
[ IR
S T
g7
5 10
-2 =
— g
Q
oz wn
\ O® : Carbon A4 : Phosphorus [JMB : Sulfur
e L T, | ) Fig. 8. Comparison of relative standard
1 10 100 1 10 100 deviation with and without time-
lving technique.
Concentration (ppm) Concentration (ppm) resolving techmque
1 1 T ]
300} - s
k3
h\ = 100
~ \ 5
§ 200} ‘\\ s =
Q. \ >
S~ L ° ® [}
\-—/ -
8 [ ©
) =
]00r"'~.\- \A . 2 50}
\-\ \‘—‘——"‘ ‘t;;
.\._._- g
oL -l 1 o b=t
0 20 40 60 o)
Time (us)
0 1
0 200 400

@ : Carbon A : Phosphorus M : Sulfur
Fig. 7. Background equivalent concentration as a
function of the time elapsed relative to dischage in-
itiation for carbon, phosphorus and sulfur.

F¥iz C8.7ppm, P4.2ppm, S2.4ppm Th - 7. ¥
BB EIT 5 -BICOWTRBED Bd 5 72 40,

50, 60pus DFERERT & 40pus Tik C2.3ppm, P 0.8
ppm, S 0.8 ppm, 50pus Tix C 3.7 ppm, P 0.8 ppm,

S 0.5ppm, 60us TiX C 6.8ppm, P 0.9ppm, S 0.7
ppm ThH o7z, KEBRCTORERERFH CBITHIER
@71t C 2.3ppm (40 ps), P 0.8 ppm (40 B X O 50
us), S 0.5ppm (50 pus) TdHorlz. X3~ HEEIK
i3 50ps TIEEALEEL, THEHRS C OB Tz
ALHELI, 2070, 50us BE  CRREHR O
Wme L bIHHBERR k7. 60us HBWVIEE
BAERIGRE R d o 72h, SOREREIETE, o
PEEDET DR EVLDTIRBENLILL TV

BEC (ppm)

@ : Carbon 4 : Phosphorus M : Sulfur
Fig. 9. Relationship between relative standard de-
viation at a concentration of 10ppm and background
equivalent concentration.

Behot, T, ThHOMHMNMBEEFELFREFRLD
RERBIZBITS BEC O O4E % Fig. 9 12537,
BEC DEA /NS WEMACRMEMEEREL /NS 25
7=,

ZZT, P, SICHEBTHLGWBELNELS CIico
WT, HEFEIPIC COy TANHFLETSHE, COF
TEEDOEBVFINEELRT S L E2EBL /.
Ar 2D thoy CO, ¥ ADEHEBYEILEE, CD
FHART bV ORIL LR, WA 99.9995%
(02<0.2ppm, N,<3ppm, H,<1ppm, C0,<0.3
ppm, CH,<0.5ppm) ® Ar iZ 2 ppm $ & U 4 ppm ®
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CO, * BASH A ARV, oo a7 14—
VB X UHREHR T Fig 10 B XU Fig. 11 (Z/R9. Fig.
W0 OTOT -V EMABHEET bRV E &
F— 5 ThHDH. Ar TR COy TANERAIN TV
B (RBEHERAIC CO, B FETAH L), C ORLHME
FEL Az drbhrsb. CO,2ppm ZIRMLEE,
C 10 ppm KK 99.9995% Ar TOREHRHV 5 &
B P 4R % % 4T 72 W ER 212 ppm, 50 us T D REH 73
R % T - 728 276 ppm EEB 3N B, EXT KL

Fe I 193.25nm

10} Without time-resolving
CI 193.09m
-~ * 99.9995%Ar
) A +4ppm CO2
< lf/ 99.9925%Ar
> b + co
e 99.9995%Ar,-1/ b =52
2 T Fe I o Fe
e i
8 193.15nm \ 4 F& I

Wavelength

Fig. 10. Variation in C spectrum profile by
adding carbondioxide into Ar gas.

(a) Without time-resolving

HicBEWwWSORAE Ar HARAIZIEETO CO, HAHVid CHy
HANGEHEShTEY, 72, REFHEKICZER (CO,
300 ppm EH)DWATAH. TNHD COy HFADH DWW,
KEBRCRIRELHEE L BEOBBRIA Lo 205,
CH, D RALKFEN A5 C SN OBE L HILEEH—
HickreErbhb.
3-2 BRSMAIC L EREOREORED

RIDIDHIC B B REROTE S —KIIIHHE
£20 2 HWTBRANTWS. KEFZECid, BRESEH
FI X D EEROBEBEER L 2R A

(1)P FHBICBITA Ni OFE

Pl 178.29 nm OS5 HTRICHEEBE 5L ATLEN—2I
Ni 28% %0, BeMSRHAYEO%E% 9% Ni & REM
TOPOREBRYIHETSI L ICEVFANL. Hwi:
B % Table 3, &R % Fig. 12 27" 7. BRRESRREE
2T b VIEAE, 9% Ni HoRERIKEMOKRE
BLoBREBEMIH L. REROKRER L BERE

Table 3. Reference samples used for the experi-
ment (% ).

Sample No. C Si Mn P S Ni Al
1 0.05 0.26 0.60 0.0002 0.0006 8.99 0.051 -
9% Ni 2 0.02 0.21 0.25 0.0010 0.0013 8.48 0.026
steel 3 0.08 0.31 0.44 0.0021 0.0013 9.20 0.060
4 0.12 0.16 0.93 0.0030 0.0015 9.47 0.044
1 0.16 0.28 0.90 0.0012 0.0016 — 0.005
Carbon 2 0.15 0.29 0.91 0.0022 0.0036 — 0.009
steel 3 0.17 0.28 0.91 0.0033 0.0046 — 0.015
4 0.16 0.29 0.90 0.0044 0.0056 — 0.041

(b) With time-resolving(50us)

s

\é /n‘ 2‘0 i s -

."3’ erﬁ/o -

(7]

E) _M-EA—'—A/ .

.S o~ ﬂ__‘—“/

s 10} 1.0}

Q -/f

§ .&0‘"'—'—.

R

= 0 e I 0 ) 1

© 0 50 100 0 50 100
C (ppm) C {ppm)

O® : 99.9995% purity Ar

DA :99.9995% purity Ar +2 ppm COy

[J : 99.9995% purity Ar +4 ppm CO2
Fig. 11. Variation in working curve for carbon by adding carbondioxide into Ar gas as discharge

atmosphere.
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(a) Without time

(b) With time

-resolving -resolving (50us)

40
- 4.2ppm  20PPM 97N 9%Ni steel
= / steel
» ap =0 | ) Lo
Iz Carbon a”’.of:thﬂ”’ Carbon
§ steel 18.6ppm 20ppm  steel
<

0 L— ! 0 L

0 25 50 0 25 50
P (ppm) P (ppm)

Fig. 12. Working curves for phosphorus in 9%Ni and carbon steels with and without

time-resolving technique.

MELT, 9% Ni ORERO P4.2ppm I2BIF 5K
HMETOPEEYROALE P20.0ppm £ %%, Ni9%
%7:0 Pid 15.8ppm MK EEENDH T &% A, Ni
1% %70 iCRES 2L P1l.8ppm TH Y, RETE
EAELI% H72)OHBWMTESEIIG X HEBETH
HEEEBIT 3 1.8X1074 kB, ZOfEIRIR
FTIEROLNTWAHE2X10741D BB h—K
5. RESHHE (50ps) 24T7- 72Kt 9% Ni o
BERLRERORER I, 12I12—FL, 9% Ni o
MEMT 18.6 ppm IC B A HBE* REMOBER T
EETHE 20ppm 4B, ZOBO N O P I 2
PEARKE 0.16 X107 TH D, P+ 5 Ni odtff
TEOFEIIEEESRAEIC X ) 1/11.3 1I5@A L 7=,
(2)S DHIZBITH Mn DEE

S S OXEERE % Table 4 D & 5 12 Mn iR fE
0.50, 1.00, XU 1.50% D=/KEIZB\WTIERL,
ZREFNRDO Mo BEOKEIZBITA S ORENMEL S
RE L OBRE Fig. 130X 5 1I2KD 7. Mn1.00% @
BMERZHEREH L LT Mn1.50% OBREH LD
2.5ppm IZBITH S ORNEELS S 2 EETH L
10.0 ppm & 7% ¥ Mn %5 0.5% B\ & 7.5 ppm, Mn 1%
WD IcEST AL, S 15ppm BLEESNA, F
7z, Mn 0.50% DKRE#H LD 14.3ppm (2BIF5H S D
RXHMESS Mn 1.00% DREHB L HLERER L LT
S*EETSLHE 0ppm &40, Mn1% 471 8.6
ppm K BEEND Z L2 b, BRESBEEEITH
2O Mn @ ST 180.73 nm OHHR I T A BB
it 8.6 X107 *~15X 1074 & nh, ThiTHELN

Table 4. Reference samples used for the experi-
ment (%).

Sample No. C Si Mn P S Al
1 0.0008 0.28  0.52  0.001 0.0004 0.001
0.5%Mn 2 0.0005 0.27  0.51  0.001 0.0005 0.001
: o3 0.0005 0.29 0.54 0.001 0.0008 0.001
4 0.0007 0.28  0.51  0.001 0.0013 0.001
1 0.0007 0.28 1.00  0.001 0.0003 0.001
1.0%Mn 2 0.0007 0.28 1.02  0.001 0.0006 0.001
A 0.0007 0.29 1.05  0.002 0.0012 0.001
4 0.0006 0.30 1.04  0.001 0.0015 0.001
1 0.0007 0.27 1.50  0.001 0.0005 0.001
1.5%Mn 2 0.0006 0.29 1.57  0.001 0.0008 0.001
: "3 0.0006 0.29 1.55 0.001 0.0012 0.001
4 0.0010 0.28 1.51  0.001 0.0020 0.001

Tk 13X 10741 L iZiF—HLTwa, FEOFE
TR - F o ARG (GRERME 50 us) 24T 8D
BEABIZ0.2X1074~5.8X 107 Th b, BEES®E
HWHITED SiZxtd 5 Mn DEEBSELTH Z Lab
"5,

P34 % Ni, SIZHTSH M OWThOBEDH
FREPERTH D, LETEOA A+ L HAEHMRE L
THEELTWBY, 23— WEOMPIZIEA 4 8
DI N7z, RHDBHUX LT bR VBT
HGLREROEBENKE CHN:. WENPORNEE LR
VR ERATR 50 us DI ORM OSBRI EIT &,
HETEDA A VHBOBMERIZL A LRBET A7
TRDOHEIRYT HERE %o 72, RETROBES
HEROBEBE M) vy 7 2APRICbILNEY, I
BRI X 0 BB BT X 50RO BED
SEThHAD. THMERGELROAERD— R /5= 7]
ECORM-LREMBRICENHLEECFOET A
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(a) Without time-resolving

__ 0.8}
s 10ppm

i‘; 0.712-5ppm  14.3ppm

z J—Pﬁ/;;g
[y -l o
fcf 0-6r’°°/0 o g?sé
a 1,00
o 1.50

0.5 L .

0 10 20

S (ppm)

(b) With time-resolving(50us)

0.09}F

0.08}

7.1ppm 10ppm o
-
-% %

0.07 =~ 10.1ppm ©0.50
41.00
®1.50

0.06 \ |

0 10 20
S (ppm)

Fig. 13. Analytical curves for sulfur in steels containing various amount of manganese

with and without time-resolving technique.

LTHRETROBEERR I ENTESL, EERNICE S
Wi ps AR, R * VROBE IRENER O
REMELRETH I LIS, SWEEA 4 V8K, &
B R OBE IREOMHOREE v lIET 5
Zrizky, EEBORBIBRLIENTELLEZDL
na? Lal, MBI BWTT7T 78— 0—DEW
EREACTEN B L, TEROBEL<L) v
ARBLLAEEIES L CHEREGA»HHD 2%
POBHSBIECL) COREE TREZRIT AN
FRENOPREBVWTERTLILENHLHLEELLN
5.

4. & B

(1)C, P, SWFhofHEbHHESHBAILICXD,
BEC DfEWET L, BREOSWIMT L7z, 10 ppm i#
BEIC BT B IR RE GRS RREEE R 2R, C
8.7 ppm, P4.2ppm, S2.4ppm TH 72D L, B
RSB % 4T - 228621 C 2.3 ppm (AERES S
40 ps O EMEREIC BV TR BVRHERSHEO
7. LLTRIL), PO0.8ppm (40 & A\ id 50 us), S 0.5
ppm (50 p,s) Tho:.

(2)ERImBRIEIc XD Pisxdd 5 Ni, SICx¥ 2
Mn ORFETRDOEHEROLE LRI LA TSR Ni
AP OSHIC B LIFTHERE Ni 1% L7020, KES
FRRIYEE % Vv 2 VB0 1.8 ppm 2 S e 558 6
FHWAEED 0.16 ppm (@A LA £/, MunAFS D
SWICBIXIZTEEED Mn 1% %720 8.6~15ppm
OB AMERIEIC X D 0.2~5.8 ppm 2 L 7.
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