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Determination of Trace Amount of Phosphorus in Iron and Steel
by Indirect Atomic Absorption Spectrometric Method Combined
with Extraction of Phosphomolybdic Acid

Synopsis:

Yasuoe InoxumMa, and Jyo EnpoO

In order to improve the mechanical properties of steel, the low P-containing iron and steel are produced.
Therefore, the determination of P in ppm order is required to know exactly 0.00 n%, but the application of
the conventional method, e.g., JIS G 1214-1969 is very difficult for the reason of its poor sensitivity.
Consequently, an atomic—absorption spectrophotometry was studied to determine P in iron and steel by an

indirect amplification procedure.

The present method comprised the process that phosphomolybdic acid, H3PO,(M0Oj;),,, was formed in
nitric acid solution and selectively extracted away from other heteropoly acids and molybdate reagent into
isobutyl acetate, and then the twelve molybdate ions associated with one phospnate ion were determined by
direct atomic absorption spectrophotometry in the isobutyl acetate phase.

The interference with Nb, Ta, Ti, V, W and Zr could be avoided by the addition of hydrofluoric acid
and adjustment of the nitric acid concentration above 6N.

The coefficients of variation as the reproducibilities of this method were 13.39%,, 3.29%, and 1.7%, for 0.05ug
P/ml, 0.54g P/ml and 1.0pg P/ml, respectively. Therefore, it was recognized that the diffreence of 0.001%
in phosphorus content less than 0.01%, could be judged certainly and phosphorus of ppm order in iron and

steel could be exactly determined.
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BHBE k¥ v by —5— HC-TI
22 & E

(1) &

(2) 5@

(3) @EFEEE (60%)

(4) So{LkEE (45%)

(5) E58 - TV ITFUE7T L T=9 NESTETR -
TYTFURET L E =9 A [(NH,)eM0,0,4-4H,07 100
g Lixo 30g Zif/KKy 900ml ZyEfE L, BEILZ
%, KT 1ligcs9H5.

(6) 2727k CmgW/ml) : 22 525
e+ MY oa (Na,WO,-2H,0)1.8g %k TIHEMEL, &
% 500ml &4 %.

(7) Wb AGEREE ki (0.05g Fe/ml) : $
gk 2.5 g Z15EE 50 ml TEEAITHNEASAFEE, TEEE 5 ml
Tgkz b L, @tR%EE 20 ml Zhpx gk LT HE
TS REXE S, BEE, EEE (10+6)50 ml 3
WO RIS (200 ml) VL, Thi x Foud Y
TFovy b 70 ml ZMACH 1 min R0 IEEHE
LTCZRBIC o, TROKBHEETS. KICHHER
izgk 0 ml Zinx <Hy 1 min AR DIEEHEL T
B aE Licts, KBMEE E—H— (200 ml) 28 LA
N5, SuiEhcX ok 10ml #hnz, ¥ 1 min {5
RDIBENBHBEZFOC —H — 128D 5. i s
LTKRES D x Fov4 ) TFouy b 2RS¥k,
THEE 5 ml RUNGIEFREE IS ml 2 nx5lEEmaiL T
—h —DERRCEEISREMSPEVE SIEEL, BE
BT SR 5. RITAKE A VT 50 ml
DAATZAALHENE LIERETH>TDS.

(8) @1 v ITFu

(9) D ABH(25pg/ml) : HKERHRD D ARE—
# Yo L (KHPO) % 110°C TlaEE L, Foyr—4
~THELAdD 0.1098g Zlxnb &0, KiCiE
LT 1000ml 5355,

3. E B #® fF
LIT OFMZ b5 ) 08 < § 572, TS L ASHT
LOE 2B FE Tidie =T
31 RHEImvLnE

Aehx P EFREL, Bl LTHOZToERICED
ThE»n & 5.

PEBEE (%) s vE (g)
0.01 ks 1.000
0.01 LR 0.200

3.2 & %

(1) PO FEE —H— (200 ml) |2 EREIC T
h&b, Rk (EEE 3, WEs 1, k4) 15ml 2z
TnELS AR L, EIEFRER 15 ml hpnEA kR, E— 5
—NERDSERIC 7 D, BIREBRORENR Y —h Rz
HOTCHRT HRECHY 5 min BEFT 5.

(2) fusts, K30 mlnx TIEEAZBEL, 35
WCREEE 10 ml & SofbkFEEE 2 ml 2 hn 2 CRE R %
TBR U7-1%, AESOx 27523 (100ml) L,
KICTHERETH>TDDS.

(3) 3-2 (2) ovER 10 ml & Z4EiFw (100 ml) T
TFAEC SR L, B 12ml, 35 - =) TF5 BT
T =0 MEBEW 10 ml 2 x 78, SKPTRRLT
Wia 15°C DAFied 5.

(4) ZhicEilEs v 750 10 ml & BTNz T 1
min (i LIRES L, VAT Y FF o Bamtids.
HELT 2 Bic L S s w728, TROKEEE
T, THEE (2N) 10ml 2hpx T Imin BE LIRS S
LTHEBMRZES TS HELTZRBICESICH s
7otk TROKBWHEZIETS.

(5) FEFEIREFERV, oML b
FE-TeFL 7 U— 2 EE LT Mo 04Hr#R313.2
nm OWEZRIET S.

(6) 3:2 (5) THELMENEROPIER 3-3 DFIR
CHEDTEAE L, WATUCER Lo ERITBA L TP
EHRERDB.
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PE&EBEREEMDHMERD D VI D AR EREgkE
eI »rh L VB U THRELY — b — (200 ml)
WD Eh, ZHICEE D ABREEREICINZ, 32
()~(5) OFMECHE>THEIEL, BREL PERRE

1.0
0.9
0.8
° 0.7+
g 06F
o
e 051 Mo 313.2 nm
3 0.4f Lamp current 25mA
2 N20  flow 171/min
< 0.3r CzH2 tlow 9.51/min
0.2F Sens. X1
0.1 Burner angle >
0 L 1 i L
0 0.2 05 07 1.0

P (ug/ml in isobutyl acetate)

Fig. 1. Calibration curve.

— 129 —



1028 % & &

W63 £ (1977) 6 =5

OBEGBREZERLTRER LTS, TLEIPEFEER

OFEFAFETAVT 3-2 (D~(0O) oFFEE>THRE
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HE () W 2ShReiEE l wit> gt 5.
(2) Cr &F@EH3-2 (3) oHFEHF T 10mg £

FHET BB, EEE 10~15 ml 2 AHET oI A
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ml CHER LA, FYzFLofie—H~— (300 ml) iz
EwiB L, SHicsofbkERE Sml 2L CHEL
£80ml LT3, SFIT, ZOBWMEEERP CTIEREK
EDEMTHETMRT 2. Wik ARBEDO2ZT7 5
Za (100ml) B LAN, KCEMETSTDH5. L
T 3-2 8)~(6) oFlEICE-THIEL, POERELY
KD 5.

BEHOER

P& HERBIMOMSS 5 WIEH D ABE RS ks
WoR BB D & Y B U TR E ~ & — (200 ml)ic
Wb Eh, ZhICEEED IBIREEREECINL, X5
CWEFESRELEERE LD X 5 WIERELR
mi, LTS | OFIECH>THEEL, BEELPE
BHRLOBAGRMEERL, BEHRETS.
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TPOEREEZRDBLEEFEFLLTWLDT, B A
Y T UBEROARECHE L FoEEHORETHC
%3rbh, Mo OBMEMEL M DWW TR 2ITox.
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EBEEHEIL AN, Table ] R L-{E2BEEELE L
TEA L.
42 HEOFR

APEVESEEH 5 Ni, Cr, Ti, V, Nb, Ta, Zr B
W 28R 75800 P2EETH ¥ BELL
TwaDT, ABHIEKRTHAEL, EERBET P 29

Table 1. Instrumental conditions.

Analytical line 313.2nm
Lamp current | 25 mA
Slit width 1.0mm
NoO flow rate 17 1/ min
C,H, flow rate ‘ 9.51/ min

Adjusted to 2.8 mm in hight

Light axis above the burnerhead
Sens. X1
molybdate salt precipitated
o 05 . -
L)
5
£ 04 PS5 ug
2 isobutyl acetate 10ml
£
<
0.3 1 ] 1 1 1
012 5 10 15 18

H NO3 (60% %) (ml/30ml)

Fig. 2. Effect of nitric acid concentration on the
phosphomolybdic acid formation with the
coexistence of | g ammonium molybdate.
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DAEY TF BRI BT 5BEOHEIC o,
KirkerIGHTY 5 |355#C, RAMAKRISHNAD 5 VXTHARC,
TEHARD BILEEERB T 2TVv5755, B RHEEIT A
HHEC7 2=y A EX SRS ENDIBRICERT
5 EMFELLRVDT, 4 A INEE: CRILE O Ik
RS>z i L.

432 WHEREORE

DAEY TF B DTEEO L E R D\ CHR T
BfTof. T R% Fig. 2 TRt

Fig. 2 ¥, £% 30ml iz L, FHEE® 18 ml 2 CiE
MUTCEDEEEZFT 55, 2ml 5 18 ml O
BRZ iz > T —ZEOBREE 7T T &R bhrof. —
7, Iml S0 & EBIRETRRDO D, AfBDE ) 7
FTUBBOUREE U X BRERETEMLCH
501, ABMEIAMOGHEITASikicd, V77
VEEPRALICDDEE XN, ki, HBEORNE
COWTIIHE5 X5, VIED L E, FArcs
B 50ANF FEY 77 BERESRT LD LE
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B isobutyl acetate 10ml
0 A 1 | B - | Ll 1 -I
o 2 5 8 1012 15 xI0

(NHa)s Mo7024°4H20 (g /30ml)

Fig. 3. ILffect of amount of ammonium moly-
bdate on the phosphomolybdic acid for-
mation,

ERELTC, 13ml it s Lic L.

433 VI FUBTLESY LEBEORY

DAEY 7T U BEOERICLERE ) 77 B,
VIFUBET =LA LTCIMT S L, XD
PERCODWTHE LR £OERE Fig. 3 Tt

Fig. 3 X9, £8 30ml cxtL, =) 77587
E=v Lk 09g DLEHIMT S L&D, BOBER
—ElEZRL, WATY 77 BIIEENCAERTS
EDVPODT, TV ITFUoBB7 2= 413 1.0g
mxsz i L.

4-3-4  H-O{bKEERIBE DT

Ti, Nb, Zr, Ta FO'W /s &, @EFEAMENEEHC
KSR TR, WK, PRBGET 20 K(EE
TTBRNBHEDT, o ULDSEDILKEREMAT
WL TR RTRIER Ry, —F, @ED &bk
FHEIVDAE VT T UBE ST H5DT, E58YMA
TIiE5 45 2f (HBF,OH Rz HBF )Y iz LTH<L MLE
BH5H. Lich DT, SofbkHERE ST SEBRIHEEICH
HLHS>DOT, £830mlickL, 1T58% 0.3git7
ST, SOKEBROLER DWW THRITET O/
FDfER A Fig, 4 TR T.

Fig. 4 X v, &8 30ml iz, SD2(bLKEBOR
nED 0.5 ml LITFTH oA 5B ECEELE 27
WZ EDBDE2DT, SH2{lKEREI 0.2 ml jpx s
& L.

4-3-5 EH5BmREOKR

434 TRELLSDLAKEBREICH L, IZ5EBDOL
BRI ODWTRH 2T/ *0fER4% Fig. 51w/ 7.

Fig. 5 5, £F 30ml ioxtL, ¥58%% 0.1gL
LETMTH810XY, S bAFEBOEEERETS
BT Edbro7z. X, 0.1g »5 0.4g OFEMETH

05—
04
03
o
(3}
5
£ 02
[
L]
2 (o}
' P 5ug °
isobutyl acetate 10O ml
o ) J | - | I 1
0 02 05 1.0 1.5 20

HF (45 %) (m}/30ml)

Fig. 4. Effect of hydrofluoric acid concentration
on the phosphomolybdic acid formation
with the coexistence of 0.3 g boric acid.

asﬁ
N\

isobutyl acetate 1Oml
Q. 3 L i f

o
S

Absorbance
o
[4Y]

1

0 (o} 02 03 04 05

HB O3 (g/30ml)

Fig. 5. Effect of amount of boric acid on the
phosphomolybdic acid formation.

05
8 s T = = 9
c
2 04— P 5ng
3 3 isobutyl acetate 10ml
o
< 0.3 - 1 1 ! 1 L
0 i 2 3 4 5

H2 04 (60 %) (ml/30ml)

Fig. 6. Effect of perchloric acid concentration
on the phosphomolybdic acid formation.

NIERSEE R ML Lis w23, 0.4g DLEmInTniEly
FERELZTETLTCW 2L dbr2i-DT, BiEHE
DOLLTXZEEICANDGS3g InXd T &ic L.
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BEMELTOTWED, ZOLERELTL 5:8E%
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HDT, TORFRIEODWTIHRFTEIT 2. X0FER%E
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Fig. 6 iz5R773.

Fig. 6 X v, :SEEHEISmlEHELTHT H0EE
WENGEETSE 2w eBbhot. D2EHPED
ABTEM LT HI5ASERTH T s BE T cAlhls
AXLBEERBOEEIRIRD T b ok,

44 DAERY IF o BOBEZRGORS

4.3 TRELI-DAEY TF o BEOEREETE, ©

=) 7T BB FERFICART 50T, KD 5L
BHCHDH. D4y EE i KIRRBRIGHTD
RISHNA?) BIIEHERA ¥ T F 0%, 8HiARD SiXEEE n-7
?w%@%bfwéﬁ SENIERERA VT FNVNT O AE

T oEERME TS iR L.

+4-1 R OGS

DAE) TF BB SLERR E SERic ovwT
Batzfiv, Fig. 7 WRiEREE2E-

Fig. 7Xx b, 30sec DIRESTHAEY 7T BRITE
B BB IR ENBOHLNLOT, 1
min fiiRE ST B LI Lz

4-4.2 BEEE4 vV T F v

5 & Ramak-

o O51

o -

3 s

:5 0.4 P 5}Lg

s B isobutyl acetate IOml
< 03 1 i 1 —r

o | 2 3

Shaking time (min.)

Fig. 7. Effect of shaking time on the extraction
of phosphomolybdic acid.

Lo 10ug Yt
oo |

o8
o7t
06
05—
04 r
0.3
0.2

0.1
=)
o '. . O.lug ¥mlL

O 510 20 25 50

Isobutyl acetate (ml}

05.ug P/m L

Absorbance

T T

Fig. 8. Effect of volume of isobutyl acetate on
the extraction of phosphomolybdic acid.

HABPS VAT TF U BERREEA V 7F sl
5LE, BEBOMELZEINISARTINRELLLTS
7o, BIERERECHSIHED S TRAKRIRHEZ KD
501, ZoELoREZR >TSSy
oT, Fig. 8 RTERETOX.

POifimmE s —EDHE, Fig. 8 X0, Bt v I F
Wi ERRE L ORI ERIOBERICSH D Z EMbh
2.

— 77, Bf@EA V TF PO POIREEY —FIL LcEE
Fig. 8 X9, k4 v 7F 5 20 ml DL bClRIGETE
—ZEDEZRL, THEATTHE, BEEOHE L L BT
BELME T 5 Em %2 = Lz

EXY, DA® Y ITFoBeERCiibT 54T
br, B4 V7 F 3 20 ml DL BV ETH DY, EET
RHFZME L g ST, 4@ 10 ml T
TBHZEiC L

4-4-3 EiEs4 Y T F L OmIBREO K

4-4.2 X b, EiEE4 v 7F 0 10 ml CrifhH =T 100
% TRV EMbrof. UL, PRI LihH®Rs
—ZTHILEHATETHLDT, TOEITOWTHE
v, Fig. Qi Ry &L e Er.

Fig. 9 X v, e, 2EB T 3@BTH P EMN
50 pg T T HIE, PEEBRRE LM RIFAERE
HREBELh, PRECBERRMERI—ETHH L
b7z,

444 HHEOWEDFHE

DAE YT FUBEOIMBIRRE 1 5 KO WEIR Y B3
FIZZE 2 CHhH U, TROBES & /KFE D MR & DR Z 553,

o5l isobutyl acetate 10ml
04k the second time
o h
c
o 03
Fel
S 2
b
a 02
< ! the third time
ol -
~ the fourth time
0 P s ' 5 1 f_
o} 10 20 30 40 50

P (ug)
Fig. 9. Effect of the number of times on the ex-
traction of phosphomolybdic acid with
isobutyl acetate.
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0.5
PSHY
isobutyl acetate
0.4 jomi

1 1 [

Absorbance

0 5 15 25 40

Temperature of solution (°C)

Fig. 10. Effect of temperature of aqueous solution
on the extraction of phosphomolybdic

acid.
S 04l
8 L
1
] P5ug
§ 03 =" isobutyl acetate 10mL
Il 1 1 1 L 1 L L 1

0 o 20 30 40

HNOs (N)

Fig. 11. Effect of nitric acid concentration on the
washing of the extract.

Fig. 10 R4 &5 RaE.

Fig. 10 X 0, /KMDOEEN 15°C LT ThIULiEE
OEETE L MEL VA, TR EOEA IR E <
7B DRVTIRSEEE I IRE A R L, SRR O R
PELEBIZHEDTITF LTV T &bk, L
MHoC, INHBOLRELE I, 5 720ITiE, KEDOHKIE
Z 15°C LUFIC UTHAE L i hidis g,

4-4.5 PEMPRORRIRE DB

KERDE Y 77 VERIINEEA Vv T Fvicidiiixh
e, HEDIETETRALTL 20T, AEBEET
HLTEY I T VB ERETOLESHD. ZDEED
MRS IRENC DV TG &R TV, Fige 1 WWR_ T+ &
7=

Fig. 11 X v, WHEEREEIN »5 3N O 5
R E TR A 5 2750, FRE D < THIEL
THWHETET LT 2 EMBbr 27D T, 4l
2.0N oOWEEx ks LTIAVvWD o LT L.

4-4-6  GEFEROBRET

4-4.3 Tk Ao X 5T, BEfE 4 Y T Fovo i1 100
% T wOT, EpEBCIE>T, AEMRo )A€ Y
TFEESHRE NG L EREHITIETELDT,
T O PEiREEE BSEE & OBRIC OV TH~N . LDk
A% Fig. 12 1z 3R+

Fig. 12 X9, WoREWRBER & & ol h A
CET LTV 2 E2hh27-07T, REOKTEREZ
SHELCD, T LETRD S Z LT L.

05 —
P Sug

isobutyl acetate 1Oml
0.4 y ! :

03

Absorbance

0'2 1 ] 1 [
o 1 2 3 4

Number of times

Fig. 12, Effect of the number of times on the
washing of the extract.

@® i

= o

S 04F B

o A

5 | Poue \

D isobutyl acetate |Oml

< 0.3 1 y ] fl 1 4
0 02 05 1012 15 2.0

Fe (g/30mi)
Fig. 13. Effect of amount of the coexistent iron.

4.5 HEITROEBE(CDNT
LSETHRTELE DK, METROEELINET 5
b, SOMKEBMBEONESBEME, = 5ICHiREY
TYTF UM T RS LD REER MU B LTE
oo ZRODFHRIC OV T ORI RE LT ICR T
4.5.-1 Fe

Fe miLtfFE & WE L OBHR%E Fig. 13 1R 1.
Fig. 13 X v, Fe 8iF 1.2g DN THHRETIRER
R 52 wh, T EHFTIERRER R LT
KT LTV Z &Moo ik, HgKTIZPEME
HENTVEOT, 2.2 (7) THP LB ABIEERE
B GRIA R A L.

4.5.2 V

Ti, Nb, Zr B Ta s Eid Sk EBICTY A ¥
YOTBZERLYD, ThEDATF R VEERARS R
7L 7 Bh, VI3RS OKFER LG Litwicd, Z0
FHETRERELRETHENTER Y. LT, €Y
TFUEET L E Y ADREYEL LTEBZ TEH7C
THELMABZEIR LD, DANF REY TFUEEOS
REiErb T i L. TR Fig. 14 w7,
Fig. 14 X v, VIEHEOBE, WMEIRE EVWE X
WAE ) 77 EEPAERINT, BOEE RIS R
DTS, Zhitxt L, WMEDORMENE LS >2h
TYHAE) FTFEENREREH, £830mlicktL, 12
ml Ll EOHEIMTEREL —EDEY 7T 2 LhbdD
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o1k V : 500 pg
’ [sobutyl acetate 10ml
o 1 ) 1 1 1 - 1 1 1 1
o 2 5 81012 14 16 I8 20

HNO3 (60 %) (ml/30ml)

Fig. 14. Effect of nitric acid concentration on
decomposition of phosphovanadomolybdic
acid.

10

- W 2.5mg

-~ W 5.0mg
—-— W 7.5mg

Absorbance
o
[¢,]
]

Isobutyl acetate 10ml

o 1 J
o 05 10

P(pg/ml in isobutyl acetate)

Fig. 15. Effect of the amount of tungsten.

7=,
4.5.3 W

WIE P LOWDALL Y RT UERERTBID, 48
KHELES, WAERY TFUBOERICHELY BT
FrEBNELILRD. $EOWIE 4-3-4 THRE L
HTIBRTERDPDROT, S OLKRBEORMEY
% LCHBRR L. BitER% Fig. 15 wiRd.

Fig. 15X, Wgo#ime & o EeEKE L R
TZEDBRDLNIDT, WEFHICH LTiE, Riete
BIERIED W 2 B S TREREERLTHN TS
Z &Lz

4-5-4 xofboffFrE

GEPTHEFLTLBEELLND 16 HIKDWT
WEtzfTok. TogR%E Table 2 R

Table 2 X v, DAE ) 77 BMMEE, LETED

Table 2. Effect of coexistent elements.
P:50ug, Fe:0.1g

it

f P
Elements "?i?;;i !’ —R v

. : ecove

j !\ Found(pug) | (%)

— — 4.9 98
Ti 3.0 5.3 106
Zr 3.0 5.0 100
Nb 3.0 5.2 104
\% 3.0 4.9 - 98
As 0.1 5.1 102
Si 1.0 4.9 a8
Ge 0.1 4.6 92
Ni 25 4.8 96
Cr 10 5.2 104
Mn 5.0 5.1 102
Mo 5.0 4.8 96
Cu 5.0 4.7 94
Co 5.0 5.1 102
Ta 1.0 4.8 96
Sn 0.1 4.9 98
w 0.1 4.9 93

Table 3. Repeatability of results by the present
method. (ug P/ml)

Added 0.05 0.5 1.0
z 0.053 0.50 1.01
o 0.007 0.016 0.017
C. V. (%) 13.2 3.2 1.7
n=10

WHRTNThRPTTE LB T THRIE, PoREIN=R
tE 92~106%TH D, ThEDHEZZ TV &5
BTE. LU CrizonTld, AT Y 758
HEE, 10mg Dl E#FTEEEFE R 2 KL T 2805
OO0 T, B KRR, ki LT
bz e v LCHEETB T LY.

5. F th K E

it 9 AnEIEERE W 8RS 4 ml i ERHE D A VAR 4 ml
ik 2ml %, X GCHTE OB 20 mlizs LT
DEHEE 0.2ml MLz doxThzh 10 FF -
AEL, 3-2.2 oFEmEfecE>TE L, WESE»
LDED IR LEE R ki, 5% Table 3 z5R¥.

Table 3 X v, &Kk R URER, Z8ER L
<, P0.05ug/ ml OFEED 13.29% 26 P 1.0pg/ ml
IKHEED 1.7% EBIFTH DO/

S ¥z, MREERBRCHREEREY B CH
W L7k R% Table 4 12774

Table 4 (LR L7-X 5, A ppm #+ — % —~03%
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Table 4. Analytical results of standard samples.

Sample VETE:?;S liound (%)2 Remarks
- SA-2 <0.002* 0.0008 0.0008 Pure iron of Sumitomo Metal Industries, Ltd.
NBS 55e 0.003 0.0033 0.0030 Pure iron
JSS 157-1 0.004 0.0037 0.0038 Nb 0.0449,, Ti 0.027%, Zr 0.16%
JSS 168-2 | 0.006% | 0.0060 | 0.0059 | Ti 0.066%
JSS 170-2 0.004* 0.0036 0.0037 Ti 0.0982;,
JSS 172-2 "0.004* 0.0029 0.0032 Nb 0.0539%, V 0.0109, Zr 0.010%
JSS 173-2 0.004* 0.0038 0.0038 Nb 0.031¢,, V 0.0349;
JSS 174-2 0.004* 0.0036 0.0043 Nb 0.0209%, V 0.0629;
JSS 175-2 0.004* 0.0043 0.0043 Nb 0.011¢,, V 0.0939%, Zr 0.048%
BCS 456 0.010 0.0092 0.0098 Nb 0.005%, V 0.024¢;,, Zr 0.034%
SD-8** 0.008* 0.0062 0.0056 Nb 0.029;,, V 0.109%, Mo 0.609%
NBS 168 0.008 0.0072 0.0070 Nb 39, Ta 12;,, Co 419,, Ni 209, Mo 42;,, W 49;
JSS 654-1 0.021 0.020 0.020 Ni 19.809;,, Cr 24.719,

* The results determined by JISG 1214-1969.
**  Standard sample of Sumitomo Metal Industies, Ltd.

TEMFRETH D, ML 2RDOEEFFEDOZED 0.0019% B
FTHot. Lo T, PEFHRE 0.019% Tickw
T 0.0019, DFEVIFEFIC PHNTE B Z L5 bhDik.
Ik, PEHR 0.01% LITTERELOREITI T
3, mMERRENI - —EER L.

PLE, AEREEAESENT L A0 RE D RIFCH
DT, MhomME PEREE LTHHEHRTED L
LETER L.

6- bi=]

i

PIFETFizxt L Mo B 12[HFEELTWEDAEY T
7 g [HaPOy- (MoOy) 2] ZHifEEA V7 F U TR L,
FRFPSRESHC T Mo O BkER BlE ¥ 5 it X
D, WETLKEOSEETRECT S LRRFIT, SITERE
DRFEMIERDE O, kil ppm & — & — OR{
EPOFERAFREIC TS LA TER.

BIMc et RE2 EiN+ 5.

(1) DA®YTFUBOLERIIE ) TF BT %
=9 LRE%R 0.03g/ml Dlbicd 5z icky, 1IN
LOWHERRE THfETH O

(2) PlRfRc~TFoRVBEEKTS Si, As &

O Ge LBV, TR VT FILTOHATY ITT7 U8
ZHHBTA X W ESTERTE. Ti, Nb, Ta
B Zr OIFEE, SOLKEBEIMZIDT LiL 2T
frkTEi. VORIER, WERRES 6N D kicd5z
tiwkrotkEcE. Crix, QAT ITFomAeR
W, 10 mg DL EIFFT 2 EHWELZEKLS TH50C, @R
EMABOAEO X &, BRE2mxCE{brsze sr LT
MR ET D & L. Wi, 2B T5T5 25
{EZ T PITEL TH5DT, HmEBIERERCEE & 1TF
FEDO W 25N L CBREOMIER Tl

(3) OB SMPLOEEDIE LUBER, T8
¥z LT, 0.05gP/ ml, 0.5pgP/ ml Kr 1.0 ugP
/ ml OIBEEKEET BT 13.29%, 3.29, Fir1.79% &
RBiFCh ot Fio, BEFRROSERCTH PEFE
0.0l1% DIFTOMEBICRWT 0.001% OEIFEEICHE
TEDHZEPERINL. XI5, FERIGEOHSE
OEPLLERMPHE P EBABE LTCHFSERTE
5.

Boi, AIROREREZHFITEIN-EXEBETERER)
rh v Bl e A R G (& RFIEE L, BIME=IF5K
BLROHEMRESEEEE LK, T-FERYAR
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