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Determination of Arsenic and Antimony in “Tatara” Steel Making Sample by Neutron Activation
Analysis Combined with Multiple Gamma-ray Detection

Shunya INOSHITA, Shogo SUzUK1, Yukiko OKADA, Masahiko Kato, Shoji HIRAL, Atsushi KIMURA,
Yuichi HATSUKAWA, Yosuke ToH, Mitsuo Koizumi and Masumi OSHIMA

Synopsis

: “Tatara” is a traditional iron and steel making process in Japan. It is a kind of directly refining steel making method using a sand iron. By the

authors’ study, it turned out that we could estimate the source region of raw material of “Tatara” by As and Sb concentration ratio in “Tatara”
sample. However, the concentration of these elements in “Tatara” sample is very low (ppm or sub-ppm order), therefore, quantitative analysis
is very difficult. In this study, As and Sb in “Tatara” sample (iron lump, sand iron and slag) were determined by Neutron Activation Analysis
combined with Multiple Gamma-ray detection (NAAMG). NAAMG is high sensitive and non-destructive analysis method which combined
Neutron Activation Analysis (NAA) and multiple gamma-ray detectors. Each “Tatara” sample (iron lump, sand iron and slag) was irradiated
for 1-2h (for As measurement), and 8—17h (for Sb measurement) in JRR-3M HR irradiation field (thermal neutron flux was about
9.0X10"nm™?s™"). After the end of irradiation, cooling time was 4-5 d (As), and 19-36 d (Sb). Coincidence gamma-rays were measured by
gamma-ray detector array, GEMINI-II for 1-8 h (As), and 2—41h (Sb). Iron and steel certified reference materials were used as comparative

standards. As a result of measurement, the concentration of As and Sb in all “Tatara” samples were determined by NAAMG and these were

sub-ppm order. Lower Limit of Determination (LLD) of As was 0.1 ppm order and Sb was 0.01 ppm order.

Key words: Tatara; As; Sb; neutron activation analysis combined with multiple gamma-ray detection (NAAMG); non-destructive analysis; iron lump;

sand iron; slag.
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Table 1. The specification of GEMINI-I1.27*

Total solid angle 7.4% of 4 =
Sample-to -Detector distance 13cm
Relative efficiency of each detector 25-70%
Peak-to-Total ratio 30-40%
Total detection efficiency 1.5%
FWHM 2.0-2.3keV

155 84k & JF~F K (FbE: 60em, HE: 270em, .
120cm) CHBRLZRABHFMBIFTH 5, FHIBERA
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Table 2. The standard materials used in this study and certified value.

Analyzed element Sample

Certified Reference

Certified value

Material (ppm)
Iron lump JSS001-52 2.1£0.5
Sand iron JSS169-70 50+4
As
NIST1765> 10+5
Slag
NIES 8¢ 2.6=0.2
Iron lump JSS172-7» 22+7
Sand iron NIST17650 10+5
Sb
JSS172-7° 2247
Slag
NIST1765% 10x=5
a ‘ Pure iron, b : Low alloy steel, c : Vehicle exhaust particulates
Uncertainty of Certified value means 95% confidence limit.
Table 3. Irradiation and counting condition.
Analvzed Irradiati Thermal
rradia
nalyze Sample 1 . o neutron flux Irradiation time Cooling time Counting time
element facility
(nm?2gs1)
Iron Iumpi ~4
Iron lump(sage) 9.8x1017 1h 5d 1-6h
A Sand iron JRR-3M
as Slagl,2.4A,4B HR
Kaji slag 8.7x1017 2h 4d 1-8h
Iron lumpl-B
Iron lumpl~4
Iron lump(sage) 8.9x1017 17h 24-36d 3-16h
Sh Sand iron JRR-3M
HR
Slagl,2,4A,1B ~
a8 9.6x1017 8h 19d 2-41h

Kaji slag

ARAHE I B AN X1, 95% EHERR AR DOl &R L T
WA, FEREYE S 100mgEE 2 HEEIZHAL, R &
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L& y MO T EE GEMINI-IN S CHIE £ 4T - 72, Table 312
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% 1691keV & 602keV D yHRIZEH L CTHIE AT > 72, &
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4. ERBIUEE

4-1 TEHR

MEMEROF & LT, Fig. LIS 1-A (AsHlE) D2
KRIEZ b Y w2 AL A — I ERT .

559keV & 65TkeVIZRIBT 5~ + U v o 2 LIZTAsD
V— o DR TE S, 72, 1369keV R 1120keV, 889 keV
IZIEF A VRO 275 v KRR A S, Zhid, @k
AWM E U THEEN TV PNa & Sc D EEHE IR
592759 R THB, Table 4 1Z8BE, Wik LU

347 I



$% & 88 Tetsu-to-Hagané Vol. 94 (2008) No. 9

B D As, Sb, Fe DEBER &R T,

Table 4 D Fe D E &A%, AsHIEDOFF AR ER L 72l
AR L7, EEREICHT 2382, GHEGEERE, AR,
ABEROMEREL GAZEBBIZEIV KO ETH 5,
BB 1-AEBIIZE B &, BHEGRZE T 1.6X107222.5%1073

eps, AREBEERIE 11x4.1%, R #H 13 80.620.09 mg T
&07’:0
HEROERN S | 72726 WEOHEITE TR TIIW

BD2~10f5As & SOARE L, SFEAN TR VIORE £
THRADTBZ DD o7, SERBHD0.1~0.01 ppm
F—E—DEBDTHWEEAsESOOERIZKIIL 72 Z & »
5, NAAMG D 7z 7= & BRI 2 G P HEE T &
7=,

BRI O EMAFE T S -0 0 & 17> 728k 1-
BODFek ShOERMEHEIL, S I-ADRER L ITHZ A%
Nhote, ZTOZ b, FHEBORYEEIHRE IR

7o BT, PHMIAL I-BOAsDERBEDEIL, Fe®
] P
5 .
~~~~~~ S
. ——_ 1 4 o 7 S w4 e ufln o 'j ’ B !
3 hass kev i ) :
= “
>l e - r— e P R LA I
S11120°keV o Y I
2 i 559 keV
w - 4 76As coincidence
889 keV ! i : peak (559-657 keV)
P
i
0 Energy (keV) 2000
Fig. 1. The 2-dimensional matrix and around "®As peak

(iron lump[-A).
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PHRIZSHER AR IR T EEZI6NS,

4-2 FETEE

Table 6 {27272 & BgEEABHI X3 5 NAAMG O %€ & TBR{E
N

EETRIEL, HFeT5yBE~28DONNy 255
FOHBEDOFETRE3IECo) LE» 58 L2, As
DAL, 120 EIIE IR L 721, SbDB A 1L 24 W5
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Table 4. Analytical result of As and Sb in iron lump, sand iron and slag.

Sample name Concentration of Fe (%)

Concentration of As (ppm) Concentration of Sb (ppm)

Iron lumpi-A 79+3.0
Iron lump1-B 66+3.0
Iron lump2 94+4.0
Iron lump3 861+4.0
Iron lump4 86+4.0
Iron lump(Sage) 100+6.0
Sand iron 71£4.0
Slagl 39+4.2
Slag2 46+4.9
Slag4A 3134
Salg4B 31x4.0
Kaji slag 86+4.0

8.5*1.1 4.0+0.35
22+26 2.370.33
7.1£0.95 2.8+0.35
14+1.5 1.5+0.11
22+2.1 2.2+0.19
33%£3.0 5.7t0.46
3.24+0.36 0.36+0.041
3.5+0.35 0.086£0.0092
0.68+0.12 0.052+0.0021
0.52%0.11 0.025+0.045
0.31£0.094 0.045+0.0031
0.74+0.10 0.069%0.0063
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Table 5. Detected nuclides in iron lump1-A, iron lump (Sage), sand iron, slagl.

Sample

name

Detected Nuclides

Iron

lumpl-A

Iron

lump(Sage)

Sand iron

Slagl

8¢ MFe.Co,'Ga,™As, %Mo, 121Sb 1238b, 151 Eu, 176 Lu, 0Hf,

#Ge #5Ti #Fe,¥Co, \Ga, As, B, %Mo, 121Sb,
l?.’isb‘133CS~130Ba‘£§5}Lg.l;')ZSnl_lﬁlEu l'lilGd 159Tb lGRYb 174Yb lTGLu IKOHf’ IXITa’]X(iW" l&’)Re’!.‘131n232Th‘}l-‘i«“Q

41K 458¢, 38T, %Fe,Co,71Ga, 7As,*1Br, 1238b,133Cs, 130Ba, 139La, 141 Ce, 1528 m, 51 Eu, 132Gd, 1%Th, 165Yb, 174Yh, 176Lu, 10Hf, 151Ta, 140s, 19 Re, 232Th, 2331

The underline means lithophile elements.

Table 6. Lower limit of determination of As and Sb in iron lump, sand iron and slag.

Sample name

LLD of As (ppm) LLD of Sb (ppm)

Sample name

LLD of As (ppm)  LLD of Sb (ppm)

Iron lump1-A 0.3 0.04
Iron lump1-B 0.1 0.05*
Iron lump2 0.2 0.03
Iron lump3 0.1 0.02
Iron lump4 0.1 0.02
Iron lump(Sage) 0.1 0.03
Sand iron 0.1 0.01

Slagl 0.1 0.01
Slag2 0.1 0.02
Slag4A 0.1 0.009
Slag4B 0.1 0.01
Kaji slag 0.1 0.009

FEFE RS 5 NAAMG DE & FIRE IR OMEEIC K 5§
FIX—ETHO, AsTO.lppm* — & —, SbT0.0l ppm
d = —Tho7, WEDFRIZIZFRPILERD Fe, il
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WhEEBLONEN, TD LD LEMHTE NAAMG T
As, SODFEEEFHMNO[RETH 5 Z & AMEL D 6 iz,
B I-BOF R, 6, 1MSb & 128h TR FRMEIZZEAR
BT ENRED T, 2Sh L PAsIZ BT &
5, "ShIZiEH T3 Z & TSh & As D B & R E B A
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4-3 As/Sblt
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AR S TNDB Z NGB, As/Fe & Sb/Fe DAHEARR
i, 0713 Th 72, 72, $IL1-A, $k8E2, $F1 %R
WEBATIZ094 k572, D EDZ &2 6 BDOARYE
MABEE L > T2 LTE, SR, SRl 2 AT
l0FEEREIE T L, Ay/Sbb AR5 Z & A 0[BET
HHENZE D,
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* The result of 1228b.
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Fig. 2. The correlation diagram between As/Fe and Sb/Fe
for iron lump, sand iron and slag. The dotted line
represents As/Sb ratio is 10. @ Iron lumpl-A, @
Iron lumpl-B, ® Iron lump2, @ Iron lump3, &
Iron lump4, ® Iron lump (Sage), @ Sand ion, ®
Slagl, @ Slag2, @ Slag4A, @D SalgdB, @ Kaji
slag.
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