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Multi-elemental Determination of Trace Amounts Impurities in Iron Ores by Atomic Absorption Spectrometry using Iron
Excluding Method by means of 4-methyl 2-pentanone Extraction

Yohichi IsHiBASHI, Takeshi MisuMI and Ken ISOBE

Synopsis

: In recent year, the high quality steel products were developed by decrease of impurity clements in the steel. Generally speaking the determi-

nation of impurity elements of iron ore were performed by JIS (Japanese Industrial Standard) Method. But these JIS method (published in
1983) were specified that the determination limit of impurity elements in iton ores were ranged from 0.01% to 0.003%. To be suited to con-

trol of the steel production process, the determination limit of impurity elements were required to 0.001% contents level. At the same time

the establishment of multi-elemental determination of impurity elements were required to the time saving on the analytical procedures.

Analytical precision on the iron excluding atomic absorption method was significantly improved than the direct atomic absorption method.

The determination limit at 0.001% contents level were obtained by the iron excluding atomic absorption method. Sulfate ion interfered in the

atomic absorption by the molecular absorption from 200 nm to 300 nm. Threrfore in the case of the pretreatmenrt of analytical samples for

the trace amounts determination the use of the sulfate reagents must be avoided in the atomic absorption method. The improvements of the

accuracy of the calibration were obtained that the standard addition method was applied to compensate of the effect on the residual iron

amounts. The multi-elemental determination can be applied to the same pretreatment solution in this method.

Key words: iron ore: ion excluding atomic absorption method: multi-elemental determination: trace amounts determination.

1. &8

BUESEIRE SRR OS2 & > ¢, SIBEOAMY &
HRFOERIZ & 2 #MNBOERNELIHEA TS, #&
SELED EE R T 5 $EATOMBEAMI SEICROE
BEEZ R OATERKE JISEE) I2&k-oTha,
(1) BASkE 2 RIS R o i &8 2 1L o o B
S PSR R 5 NISET WG T ERG D JISEDHIE |
WET AT > CE-BENDH B, 2 IR RBBEH R
NSHEEENZBE L TEEIN AR WG EREBHRH L L
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Table 1. Analytical conditions of atomic absorption spec-

trometer.
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Spectrometer
Analytical lines (nm)

Slit width

Lump current

Acetylene gas pressure

Burner slit width

Measurment position of spectorum

Jarrel Ash AA-1 M2

Bi: 223.1, Pb: 283.3, Ni: 232.0
Co: 240.7, Zn: 2139, Cu: 324.7
Ca: 422.7, V: 3184, Cr: 3579
Mn: 279.5

0.15 mm
10 mA

2.0 kg/cm?2
100mm
Smm
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2.3 EBRHEH
FEERICHWARHT, SO H ASSEAEEEYE (8%
$hEISS ) — X ; JSS800-1, 804-1,813-3, 814-1, 009-1) &
[HJISS FIEEMEMBE O Tl & L TRES L T g aats T
boruar¥y, K, 37, YYEHEERWEZ, ZheD
ABHI /P HATIZ 100°C THEHEIZ A % £ THEEL TH S
L7,

2.4 SMRRE

AB1gE ¥ —H —(300ml) iz ik D ED 12 mol $E R
30ml, 14 mol fifE 5ml, 9 molEIEFRER 15 ml ZNEXIM A T oy
fRte, AMEEFL, NAMRIR X35 - LKERE, HIERHK
THMRAE%, FRICADLE CREMEL, 7.5mol HEET
40mUCFHIRL, 4-AFN2- XV Z ) v EHWTY M) vy
2 ZADEOM A 2RISR L TEEA LD ARV
FHRAERBEL CTESR Goml) & L, ECERL2FHETERET
ERT S, $OMRFFITITIRE NERZR AR E &Y
TR A MBGER L, EEIRAE LEELE LAKRD ST
TS, A L7205, 7.5mol EfE40ml THWE T — +
TRV L, 4-XFIL2-RXV & /¥ 50ml &N A TR
fEAEfTV, KEENOZET — FMIZBLTIRhIZ4 X F
N2-RY & V50mlEMA THEMPLRELTTS . BiE
HITEEIL# (JSS-003) 1g# KDY —H —ZiEADED ,
4 IR BEUE VAR 20 g ~500ug M 2 B A I A T _Lad o prigfe &
FIREIZHE L EH GOmh) & L THRERE TS, 2L,
AMEA ORI E TIIAM L, 3~4 0 EE ML LTH
B4 5, BREEE TR TIEBI, Zn, Pb, Crs EDEBILE
OMBEBREROER TIIMBERGHOLE LRI 571290,
XIS ELIT 72, £, EBRITROMER
RO BOBOR FIOEHEIIFRE 1 4 D2 FIRIRO F
EHK E VO TR HTLFEA R SIERIRIE L L2257,
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Fig. 1. Absorbance increasing to Bi by iron coexisting and
sulfate ion coexisting (¥ *).

Table 2. Increasing effect to measurment elements by iron
coexisting. (ppm)

Fe (mg)
Element
1.0 5.0 10.0 20.0
Cu 1.3 1.8 1.8 2.2
Co 0.8 0.8 1.4 5.4
Ni -1.0 —-0.7 -1.6 —0.7
Cr 0 2.6 5.2 11.6
Bi 0 0 0 0.6
Pb 0 0.7 0.7 4.0
Zn 0 0 0.6 1.1
3. BRELEE
3.1 HOZE

JE IR TEELA D E R AT 5 A I3 D E5
THHIHEMMELRIZH L TTFHEES LS L ERHsh
T, $Eld 4 A FN 2Ny & 7 VI K B ERER
TI3EREE 5.5mol Ll ET99.9% At Eh s, BiD—
EEICHE BRI Z 72 BiOWEDOZE(L % Fig. 11T
T, BEICHMAIL TR E ML, #80mg D HAFETBI
i250ppm D EE A RT., ZDORRT, 10 ppm L XL D1
IS A B TR TER T 554, HMMEDIEHE &
R4 5 72012 IIRERE R T IR T, Btz < b
Uy 2 ZAKRYBEERI L Th 6 —E O 55 Hr Al U E &
To-MmBH, 2FDHHRTFTORERERLIE LT -2
REBRAHEHAL T, SMREZROKFSHEDOREL ML
+ 50BN HEE &Nz, Cu, Co, Ni, Cr, Bi, Pb, Zn T# %
1~20 mg 17 X B 754D FIRE TOREE D2t %
HAEL, ZORKEL Table 2128 F, NiIFHIE TIEG#RE
DEENS -7z, $5mg?DHAFTCu, Cris E I3 2 ppm s
ffi%RL, Co, Pbiz# 1 ppmDEHE AR T, #k1mgDILTT
TIECu, Coid 1 ppm DEE AR L 72, NUEWFHhOFKITF
TEM1ppmDEKE AR L7z, ZhEDFEERN, S, 10ppm
BELNLOZRITEOERFITIHAIE, REHIERD
B o itk a~ b U v o AU EEERML Toia
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Fig. 2. Effect to Bi intensity by Ti coexisting.
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Fig. 3. Increasing effect to Bi by coexisting of sulfate ion.
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DABOTHEMEREI N TED, ZOL E2EHETHED
Lilk, D ABROYPETHIZ X 3BEEORD A REIC &
Tz, SEOREHEESE T B O MR A 4 B
B THEMY 52064 A YO0 FIRINIZE S 8D
ThbHI VMRS, WEA A OS5 FIRIIE
200 nm~300 nm D RFFAICMB T2 79, MED
ERILEA R TIROCETER T 254 O AR ISR
MRLEE Ly, iz, RiAMER X QO g7 ) v 4
BREOBEH I E LS TH 5720, FRENUHIIL5 >LAFE
B, AR TITS 2212 U7, BEDE FIROREE 133
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AREICHIET A2 L 3#H LV, @A THER ARG L
THRESMERN ARSI LBV ETH 5,
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ERE DTSR
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FCId e, M2, VAT IR TE S M TIRERAH IR 5 & X
NE7-DRILRDOBINENOFEEFTAEL 72, BLEkic
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REMAEDEZN T2 41N T RIEIZNE ST
ML 728 D& 3TCHER A AR U RMEERALE L /-
LD, 3FEFHDENRIZ DWW T Cr, Mn, V OIRSEEE 4 858 L 7=,
HIEHER % Fig . 4, Fig. 5, Fig. 6 (2§ . iU 417 5 7=
Cr, M3 EHTERIE AR L 7248, VIZEERE» 572, &I
FL b 500ug/e EHIRE X TIZ4- A F 2y 27 ik
MPRIZ X B EINRE FORENED SN -7, ZDZ
&5 Cr, Mn, VIZIEREALFRIEIZIZE T X W CHRREHICHE
TTBZEAMRTE L, Criz oW T EEEROER
AERFORE A 2000C A8 A 5 LIKIEA TR T VIR &
S7=H, FREUHRIZEREADLETEESMTSET
kG U YEE A JE R YRIE 7.5 mol HCL THEW 2 L Th & FR#kiR
fEEITH T L TCrOHEKITIEE LN LAHRETE 72,
3.5 SUKABEEHICETIHETEOTE
SRIARB OB AL, HAFRT & U TAL Ca, Mg £ 48
HERNZREIZEEFN TS, B L T 3HELDRKE
HELELTAB% (BILMIRE TS.7%), Calo% (Bt
BT 14%) , Mg3% (BRLPRE T s%) # HiFs¥ T,
ERAMNTENOEELFHAN:, ZOE, v ) w2 2T
HEHEHEAELEEAL, $ERFLAEVWEAED2HET
MERL 7. Befb#kigad 20 W0, £/ AN ITRIER
SOughiMEAMA, ZHIZAL Ca, Mgh A& HBHETE
HE TMAT, 2- 4DFHHRIEIZHRE - TRREVLEE L 72308
BR (AL, FRRICEEHNICESOug M E4MA (%
WERD A (BALSKIEIMZ ) #1772 RHE TR (B) & 1E
WL, HEL 72, EEHERA Table 31277, ZOR/BR,
Cu, Co, Zn IZiARHAWE (B) Tid Al, Ca, Mg DA HEIZRBIfR % <
1EIF 100% O BEIPEE 2R 28, RBHAWR (A) TiZCu, Cold
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Fig. 4. Relation between extraction treatment and nonex-
traction treatment of Cr.
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Fig. 5. Relation between extraction treatment and nonex-
traction treatment of Mn.
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Fig. 6. Relation between extraction treatment and nonex-
traction treatment of V.
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Table 3. Effects of coexisting elememts.

(Coexisting Al(3%) Ca(10%) Mg(3%)
elements
reatment
tlements (A) (B) (A) (B) (A) (B)
Bi © © 54 7 © ©
Pb @ © © © [©} ©
Ni © © @ © © ©
\% b w pid b [©} ©
G © © [} @ © ©
Mn © © © [©} [©] ©
Cu @) © O © O ©
Co C @ O Q C ©
Zn [ ] © o @ [ ] ©
(A): Extraction treatment samples
(B): Nonextraction treatment samples
@: Recovery rate is about 100%
#: Recovery rate is slightly increased by coexisting elements.
): Recovery rate is about 90%
@®: Recovery rate is about 70%

90%, Zni2 70% DEIE L »E 5 h - 72, BildCa2%
P EDOELET, VIZAID2%LL EOHAF, CaRt6% Ll LD
HETEFNFTHEOEELZ TS, HETSCaPAIDOH
HFRIIMBL CO3HELPORKERFREOFEMICH 572
WBIRVORERIZIZZORERDORHIELEBEST S I L
LVETHB,

3.6 4-XFI2-X> &/ EBREHMBEEDCu, Co, Zn

BEURRICRIFTERBEOEE

4-RAF N2 RV HE ) 2K B M FOERREE L
75mollZBEL THERAT > 7223 - SOEBRERL» S,
Cu, Co, Zni3Z D —EHHNEERERFCREIFISBRE SN T B
LRI N, 2 CRICEBIERBE L AL ELL
XDZEIUHEOBIRK M B#HOBORTFEAFAEL 2. &
RA&ZNZFNFig. 7, Fig. 81T T, HEEEE 7.5moliZf6 )
R EREORBRTCIIRGFHREII20ugHETH > 208
TEEERRIE A3 4 mol TO KRR HARE TR HEIZ 2mg TH
Stre THEDRERITA- 2 FL2-XV 2 v DOYERKEN
TTO#EBRTEOME FEGE P pHIZK > THES
TWBZEERLTNBEY, ZEO A+ /x24T 535
ATEROEOHERE LT, £EMaDHZEH 99% D
LE, EBRMbOMEES 1% ET 5 Ly BERE loga
(=D/D,; DZHHBEOHBE L KEOSEA AV IRE Y
)4l ET b b, logk, (K (THHER) (24D
tOEPRBDBZENBETHS'Y, 4-AFINL2-XVZ )Y
12k B8 L SEMRE L7720, Cu, CoONADERARITE L
# & ORI BEFR R loga I3 IEERYRIE 7.5 mol TX4LL T
HhoHEHEFEEND, Cu, ColdtEREIEE 5~6mol T 100% D
BIUNE AR L, Zn 35BS 4 mol T 100% D DI % /R
L7z, #-T, Cu, CorxERAMNITRE TS L X3, il
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Fig. 7. Effect of HCI contenrs on recovery rate.
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Fig. 8. Effect of HCI contenrs on recovery iron.

Table 4. Analytical results of iron ores by proposed method.

Unit: ?:ppm
Element Bi Pb Ni Co In Cu CGa Vv Cr Mn
A voeB | = T T — T T — T < 1 — 1 — 1 — 1 — 1
m\ X Qv X Ove X Cved X Cves| X oves|X ovesl X vesl X ovee] X ovee| X ovee
Lonpin 367: 1l232! 4 10! aof 17 o ! wf wh el 4] se! s sl 9| +! s
1 1 T T T T T T T
Akatani 86| 7] 1371 5| 4l 40| 10 7| 4331 18] *{ *| <1 *| 14| 9| 2451 8| *| *
Goa 4! 5Q Bf 36 20! 6 10} 14 zzf 20 131 11 67! 4 27{ 7 32! 9 *f *
JSS800-1 2371 2| 2171 s 4; 30[ 111 13 *; | *1 +| 771 S| esl 3| 34 6| *i *
Yanpi 31 48 71 39 3: 47 7: 17 1o|L 21 12: 13 98: 17 45: 9 24: 8 99i 3
JSS 804-1 3 a7] 1l 27] 23! 8| 5! 16| 6! 37| 4! sl312! 5| 47! o] 40! 10 171: 2
JSS 813-3 5 : 28| : * 76: 2 71: 6 26|| 19 146: 5| = : * *: * 23: 9| *y *
JSS 814-1 3! 57| 174 6 70[ 4| 9 ' s| 357 8] 304l 5| <! o] a0 2 10: 20 2524l 2
JSS 009-1 1 ; 139 : 5; 10 - I - 2; 100 2; 25 11: 36 : - 12 7 3: 77

XA: Mean value of analytical results (n=8)
CVIB: Coeficient of variation (n=8)

* . Abbreviation of measurment values >500ppm

HERERED 4- X F N 2. RV & 7 v O¥EREIRE 1L 5~6mol T
WMIBL, Zn2ERBHMICRE T2 & X UEREERE X 4mol
ETBARENRH D, FHAAFL2RVE I VIZLDE
RO FRAE SRR T Fig. 812 T K ISR IZK D X
ELBED, ZOLHINSDOTEREABENIZEET 2HBE
R RAR BRSO $k A7 TOMMMRE T L IERRRE 4 T h
FN5~6mol, 4moliZEbHEIBINEIND B,

3.7 BREOXLIE

7 X DI LB R G L2 B IR ALER (1000°C) 2179 & 4
BB OFER P E T, SHEMEEE2RTHAL 5 5
ZEeNERMEI N, TO2DEEOKR{CAEIZ700°C LI T
TITD Z ML E Ln'?, PbCl, CuCly, NiCl, %5 & DEE
BALIZO50°CRIB THENKLEZ A Z LRI T
511)U
3.8 EHEANOEH

MESL L= ik, SESIn+2ERL R4
Table 41279 . SHEIBRET L 720K D 5 5 Al Mg %< 10
LK TIFHSppm L XULRE TOEEBRE(CV%) A
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Measurment times: n=8

10~30% D ANEE CERABETH 7., ZO/RIDE
JTLHRE £ 0.001% (10ppm) D EE FIRIEATIFHEE T 7=,
AUZ SRR U 723 AR T ER O FFR0.05% 4 2 THi A
Tz, F2MgbIEEAEDN00S% L LOEREETH -
o7 ORER R SRV,

4. F&H

(1) SRTEEEFIROEED TR IS E R TR A &
DEAWICHEEL A, B8 FRAEZE FREE TR
30~100ppm Tdh - 7=, BREFE TR EE V5 & 5H
BET L2 10O EBITE T2 10ppmDER TIRAES
-,

(2) WERNSHELRE CIEFHRIABIZIE " WHEkHY v L
ERHWTWAAY, WA A 213 200~300nm {257 TR
K2 FTFHD D 5 7-DWER T EERT HIBAIIHED
HEZENGhoTz, IO-DHMBHOTEILELFH IR
FHETERT 5 720 O 5 FralbH L 2 I3 i RO
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EiabhnikE L, NERKR I3 - RER, @R
B TR U R AGGURHA TR I IERERRTE & L 7.

(3) HIEEO~ Y 92 ZADEELRDRL b 4- 2
FN2-RV &) K BGRBBRIELET 720, 4- X F)L2-
Ny B UHE TSRS ARETETBRBMETIES
BIMBENETFT S, Lzd->T, REHIERREZ ket
17 X B - RRE CRUBHUEEIRE £ 1TV, ROt TllE ¢
BIFORMAHEIZE D THOBEOMIELIT > T, 7
B (EREEE) of EaK -5 7=,

(4) FEZ LBz &uL, H—ReER,» 5 10T
DEEDEETH D, LIUHRNREERRE FIRCEE L L
EHWA L S ICERFEENAIBETDH 5,

(5) BEBESORIBRO -SRIBHLAPE IV AEE
FHike U CHETNSEOHIZHDAZh T3 12,
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