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Evaluation of Chemical Compositions as to Pure Iron and Pure Aluminum

Yoichi 1SHIBASHI, Shoji HIRAI and Kazutoshi KAKITA

Synopsis

: Evaluation of trace elements in a pure iron and a pure aluminum was performed. The definitive analysis methods of steels and aluminums

such as gravity , titrimetry and coulometry are applicable only for high concentration range of elements. In order to develop the definitive

methods for low concentration ranges, a study group with national laboratories and steel maker laboratories was organized. The round robin

tests showed that the found value by ID-ICP-MS (Isotope Dilution Inductively Coupled Plasma Mass Spectrometry) have good accuracy and

good coincidence with the certified values. The found values by ICP-MS have good coincidence with certified values and/or with the found

values by NAA (Neutron Activation Analysis). Trace elements less than 1ppm could be determined by ICP-MS, however the precision

should be improved by standardizing the method. The found values by both ID-ICP-MS and ICP-MS have good repeatability. Oxygen in pure

iron was evaluated by round robin test using the inert gas fusion method and CPAA (Charged Particle Activation Analysis) method. Evalua-

tion of surface-oxygen at pure iron was investigated.

Key words : evaluation of pure iron and pure aluminum; definitive analysis methods.
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Fig. 1. Traceability of reference materials and analysis
methods of iron and steel.

(Ni, Cr, Cu, Co, Pb, Zn, Bi, Na, Mn, Al, V) (24— * F)L2- X
v & v BRSEE R, AR VBRITTRIIEA A VR
WEERW, 77V EEBRBRE S -DICHRT 58
BEFLERZRW,

BRAY - - ER3R¥EHE -7 7o VEA N
7o 7oA HRHTIBRAITIF 7o vEIEE AW, —
HOITLREA & v MRBES R PR TER L 22,
FHESHE L U CORMETREHL TR (NAA) 12k 55
EREREDIKR AT 5727,

2.2 EFETIVI = LOMERSEE

LSIFHEHME 7L I = L EHEWE B K OEHE 7L 3
= LEEYE (MCC-01) & W THMFREHLS T %
HUEL L TICP-MS Ty Y Fuvy 75 A bERL ks
AT OGN % 1T > 72, R ITHKIE Si, Fe, Cu, Mn, Mg,
Zn, Ti, Cr, Zr, B D 10TCK Tdh 5. {LFHHED R M
HILICP-AES, BEFIRNIEIZHERI L < + ) v 7 28R A (K
WEBERERIZE-TIY Y FoE Y F X bE2EMBL
ICP-MS D i B IZ NIERE vk & V72, B, Mg, Fe,
Mn, Ti, Cr, Cu, Zn {% Co Z PUHEHEL L Zr I3 Y £ PUKEHEL L
7oo AT REISMERREAMAL 72, SRHER TR
X ICP-AES D JISERIZUHERL L 72 ¥k CHEREL 72, 727 L
ICP-MSD A F~v—2— YDt E D REE L - HIEEE %
35 72 0ICRAKIERIL 100FIZH/RL TRV A, BHiE 7
3 Z o — L3RR (1+1), BE{LKEO A TIZEMEAR
e 75 A I URENER A RN U TR R A e U 7z, ZERRERIE D

- 4)

- o

88

(KA X 5 72D 1A R R A A G L 2 &
7=,
2.3 SkSAPERFRE O MRS

PR ORI ITIEAEDL (NS, 1S0E) 3HlE &
T30, —HOESRE AR T ST HATISHERLL /-
BHESMEETId v, RAHEOMMREEM A L L RSB T
BEHE A ik A BEHERRIZ U OIS 7 AR K B 5
YRR YT A b EEE L THESREICOWTOE -
MERRZAT o 720 ANIEMEH ABMRLIE R TR RO B E LR
7o OB ABRA SRS LA -, £, REMS
A RMEE TR LR EOHE LR < o PmEkoRE
Efr- 7=,

LIS DO TSI 7 V) o & FHEER SRR I & SRR
AEEHEMNE % FW B ik & TR U B P R R e vk o) IEFE
&, ITREEOREEE 1T - 72,

far B T AL ATz D Tid

@O BB EHROERE

@ VB HIERE

@ >y F v IR
D3 U DV TORET AT O AREE DA L4 X -5 72,

3. MENRFHERZRICOVWT

3.1 #MEERIREYE DM TR R

PRAEEYE & O TR FREHE s (R T3
¥UOMIEY) ARMEEEL L TICP-MS AL E LTy
YFaYrys 2 % U SEREERNE TI3N20TTRIC
DWTIOHE (A7 2 /7 V4 —F FREBITE, I
W Bdsk, SPEEHHI, 2~ IR, RILKEBMEIZERT,
BORERSLBE TR, THAS, HalERRY, N
BTy % —) BBML 7, ICP-MS TX ik ki
DRI E LT~ MY v 7 2558k E# 0B g
WET#4T\, Ni, Co, Cu, As, Sb, W (T H ¥ FHEHL 5 HT
ERBLS—HLIBERAEB LN, ICP-MSDAFHHEE DA
FLEXS -0 2B B AN ORAME A #~ ) v 2 2
FEEEICHE— LTI PR Y F 2 F2FERBL, St
& §%JSS 001-4 T Mo, Co, Zn, As, WD 5TCE, ISS 1006-1 T
I3 Ni, Cr, Mo, Cu, W, Co, V, Ti, Nb, Mn, Al ® 11 JTFEAS ICP-
MS & B RAHE S IEOm A TERBMEAB L Z AT
& 7z. ICP-MS {88t D ppm YL FOBMEBHROERIZHE
L7=AETHD, ABICSSEE A RALZZ 212k
75 Y 72 1 ppm LT D L ~AOUIZIKIE & M HTEE D i
ERR S,

JSS 001-4 TIXICP-MS D5 HHE I W, Co, Zn, As THMF
BEAL T HrE & —BH R 6 Mz, ICP-AES R Ttk &
EDBHE L O ETIENI, Cu, Pb, Zn, Co T—EAR 5N
7z, ICP-MS DE &l & FEFHED & % 57T (Cu, W, Co, Pb,
Zn) OFEGEE & 1IE—3] L 72, PoIZ DWW TR THEKRE THEE



L7z A F v R BEER IR ETEE L AR & ICP-MS
DEBMEFRIZ—FH L 72, Table 1IZZDERERT,

JSS 1006-1 TIXICP-MS D 7 M i Ni, Cr, Mo, Cu, W, Co,
V, Ti, Zr, Nb IS DWW T HEF RS L irfid & —E L 7=,
ICP-MS D& BEIZFHEHED & 5 11 TTE (Ni, Cr, Mo, Cu,
W, Co, As, V, Ti, Zr, Nb) DFBiEE & —F L 7%, ICP-MS &
L BT T 1SS 1006-1 1 DWGEM T ¥ v Fa
¥y Z2 b 2EIBE) #FERLA, IBIHOIY Y Fuk
VT A N ORGSR TICP-MS & fthd 234 ik & THr i
EDDH 7= Mn, Al, Sn, As, Zn DSITLRIZDONTEER L 124
R, AsEsSniziBBEE2BHS Y Y Fay 7 X DS
BB < 3Lz, ALZ1EIH® 21.6ppmiZXf LT 200 H
I31.5ppm TRIBIZIE T L2, &7 KBONT Y F i3/
{B->Tw5b, PHEFHREHELIHHE X D ICP-MS D 53 #ri
AEME Z R LTy 5 O35k S B A3 B8R L ICP-MS Tid ik

Table 1. Determination results of steel samples by ID-ICP
MS and ICP-MS.
Test sample: upper column JSS 001-4, under col-
umn JSS 1006-1. (R: Reproducibility) (Unit:
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Table 2. Comparison of determination results of steel sam-
ples by NAA and ID-ICP-MS and ICP-MS.

mass ppm) Test sample: upper column JSS 001-4, under col-
umn JSS 003-4. (Unit: mass ppm)
Labo N | Found R
Ni 7 0.13 0.19 Found | Certified | NAA IDMS
7 140 24 Ni 0.12]
Cr 8 0.25 0.02 35.05 36 39.7
8 127 37 Cr 0.249
Mo 7 0.025 0.02 487 5
Cu 7 0.56 01 Mo 0.67 0.63
8 95 22 Cu 0.53 0.6
W 8 0.28 0.13 11.55 18 18.3
8 104/ 22 w 0.33 0.3 0.25
Co 8 0.31 0.2 037 0332
7 122 36 Co 0.282 0.3
As 7 0.15 0.11 2841 29 215
6 04 044 As 0.323 0.187
Sn 6 0.3 0.14 024 0226
Pb 8 0.2 0.15 Sn 019
Pb(IDMS) i 0.186]| 0052 0.19
Ni(iDMS) 1 0032] 0005 Pb 0.175 0.2 0.185
Zn 8 7 2.1 Zn 653 6.8 5.59
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Fig. 2. Reproducibility of determination results of steel samples by ICP-MS and ID-ICP-MS.
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Fig. 3. Difference between found of ICP-MS and NAA values
on steel samples.

Table 3. Determination results of pure aluminum samples
(JAC 0021, JAC 0022, JAC 0023).

JAC 0021 Unit: mass ppm

ICP-MS |[NAA ICP-AES|ET-AAS |AP Ave. St. Devi.
Si 4.37 3.70 4.03 0.72
Fe 0.68 1.24 1.28 1.36 0.98 0.24
Cu 1.76 3.11 1.58 1.89 0.37
Mn 0.1 0.10 0.12 0.10 0.02
Mg 0.82 0.95 0.83 0.24
Zn 0.23 0.16 0.22 0.05
T 0.62 0.32 0.57 0.17
Cr 1.82 0.28 0.50 1.34 0.50
Zr 0.15 0.15 0.05
B 0.16 0.16 0.05
JAC 0022

ICP-MS |NAA ICP-AES|ET-AAS |AP Ave. St. Devi.
Si 2.40 2.40 2.40 0.39
Fe 0.28 0.40 0.91 0.56 0.45 0.14
Cu 10.3 2.49 0.94 1.18 0.27
Mn 0.08 0.06 0.04 0.07 0.01
Mg 0.69 0.91 0.72 0.21
Zn 0.25 0.14 0.23 0.06
Ti 0.36 0.19 0.33 0.10
Cr 1.07 0.11 0.22 0.76 0.30
Zr 0.08 0.08 0.02
B 0.10 0.10 0.03
JAC 002

ICP-MS [NAA ICP-AES|ET-AAS |AP Ave. St. Devi.
Si 2.24 2.20 2.22 0.13
Fe 0.28 0.73 1.87 0.27 0.61 0.31
Cu 0.83 2.36 0.70 0.98 0.25
Mn 0.06 0.04 0.02 0.05 0.01
Mg 0.51 0.70 0.53 0.15
Zn 0.21 0.12 0.19 0.05
T 0.42 0.22 0.39 0.11
Cr 1.11 0.12 0.18 0.79 0.31
Zr 0.08 0.08 0.02
B 0.06 0.06 0.02

TCP-MS: Inductively Coupled Plasma Mass Spectrometry

NAA: Neuclear Activation Analysis

1CP-AES: Inductively Coupled Plasma Atomic Emission Spectrometry
ET-AAS: Electro Thermal Atomic Absorption Spectrometry

AP: Absorption Photometry
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Fig. 4. Reproducibility of determination results on pure aluminum samples.
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Unit: ppm
i 2 3 4 6 7 8] 9i 10]
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Fig. 5. Comparison of determination results of pure aluminum by NAA, GD-MS and ICP-MS.
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Fig. 6. Determination of oxygen in steel samples by inert
gas fusion method and CPAA method.
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Fig. 7. Reproducibility of determination results of oxygen
in steel by inert gas fusion method.
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