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Determination of Oxygen by Activation Analysis with

14 MeV Fast Neutrons

Kiichi NARITA, Tefsuo MATSUMURA, and Norihito NAGATA

Synopsis:

A method for the determination of oxygen in steel and other metals by the ¥O(n, p) SN reaction with
14 MeV neutrons has been investigated. Parameters such as instrumental conditions, sample size, and
interferences from other elements can be recognized and their effects are evaluated and experimentally

controlled.

The sample size is important to obtain a good precision and accuracy. For the industrial routine analysis

a preference is given to cylindrical samples of diameter 12'5 mm and thickness 10 mm.

In order to ensure a

reliable pneumatic transport and minimize the error in counting, tolerances on the size must be kept within

+0-2 mm as strictly as possible.

Interferences by B and F on the oxygen analysis are experimentally investigated. B and F of 0-19%, cor-

respond to oxygen of 70 and 420 ppm, respectively.

The long—term coefficient of variation for analysis of a given sample over a period of 10 days is 4 to 10%,.
The accuracy of this method is checked by comparison of the results with those of the vacuum fusion method.
The agreement of the results obtained by the two methods is satisfactory.

The determination of oxygen in various powder samples such as acid insoluble residue in steel and iron
powder is also demonstrated with satisfactory results.

(Received Aug. 3, 1972)

o

1. &

AT AL ER 2 OTRTEH I T3
25, LR ORI FRKEBEL W &b, £EH
DOHGHEEE LTERLEhTWS., Btk
TN D GEREENE RVENERET BodEIT KT, W, Mo
L EOEMEEER Al, Be, Mg &0 BEEiCHT
DA LW X i EORES H 5. BEHLs Tk
m,Ch%mwi>54>%ﬁ&abf®ﬂm%%w-
BE7NVI =0 L8, MToOSBTHBFENCO 9D
W5 X5k >Tn5.

LA MEC X 5 £&BHhOO0ERIC >V, TT
T 1964 FFpEH, Ho X DIEMTIER LI h, £
BFHEOMHR L MEEADERA LRI TV 3Y. Tk
1970 FRUMBIG W BEHMESITRE 2 HE L, BN
B CHBOOARERI X HiEFA%, 418
OEBSITC X5 RERE BB OOmELEEE R

FOEBRICKELFES LT3,

AWFE TS ST 31T 5 EFERES &R}
T 07D, BRI 58I X W EED
FEREC DWW TOMREZ{Tie D/, S LT OB HS
WaRah T POt sRECE LGRS
WHERL EbDTRFEERBEONDL FHEEHEIL
oo T HbETHETS.

2. R B A &

2.1 FHEE

AT A LS T EE S, HE %R NAT-200 50 AC-
TIVAC#H v 7. &3EE 13 Cockeroft-Walton ks
X DPEFFAN, RAEPEFOREES, PrEFHE

* BMBEIOARSBHEASICCESR
FBF474 8 A 3 B 24
*OMFRER IE BiE
Rk (BR) T F AR

— 142 —



ldMeV ERETHRIESTEIT L REOER 501

feln

3000

I
x\,‘ /,/ \»
x
| /1 L\'< J\ Jaco
| 2r allo N X
2000 Y N IS °
8 s \K , -
3 11 ‘ 4300 $
u T ~ /TI o
& »<] | \\\ 3
~
2 S {200 3
3 'OOO‘T|ia/|€|<1 | i \x' £
§ <] TN @
\\l - 100
=
T | |
o L] i
7 8 SI0 15 20 25
Length {mm)
Fig. 1. Effect of sample length on radio activity
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Fig. 2. Effect of sample diameter on radio activity
for 30sec and normalized activity to gram.
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Table 1. Nuclear reactions of fast neutrons with titanium.
Isotopic . Energy of principal radiations, MeV
Target Reaction and .
nuclide abun;iance, product nuclide Half life Type of decay
% B 7
150 99-76 (n, p)sN 7-35s B-
45T} 7-93 (n, p)*¢Sc 84 d B- 0-36,1-48 0-89,1-20
(n, 2n)45Ti 3-09h 8+, EC 1-02 no 7
47T 7-28 (n, p)4'Sc 3-434d B- 0:44,0°6 0-16
il B 73-94 (n, p)*8Sc 1-8 d B- 0-65 0-99,1:04,1-31
(n, a)45Ca 164d B- 0-25 no y
9T 5-51 (n, p)**Sc 57m B- 2:05 no'y
50T} 5-34 (n, p)5°Sc 1'5 m B- 3-5 1-56
(n, a)¢'Ca 4-7 d 8- 0-66,1-94 0-48,0-83,1-31
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Table 2. Repeatability of activation analysis for oxygen.

Standard Coefficient of
Sample Time interval Time period Average, Counts deviation, variation,
Counts %
TMI (Ti) 15 min 200 min 15086 35-1 2-32
18 (Steel) 15 min 200 min 13603 75-8 557
14 (Steel) 15 min 200 min : 999-7 485 4-80
7A (Steel) 15 min 200 min 501-3 38-3 763
5A (Steel) 15 min 200 min 307-3 212 6-89
3A (Steel) 15 min 200 min 108-1 89 8-84
F2(Steel) 1 hr 24 hr 22956 88-8 3-87
26 (Steel) 1 hr 24 hr 14758 47-0 3-18
TM2(Ti) 1 hr 24 hr 1388-1 47-1 3-39
1 (Steel) 1 hr 24 hr 964-8 41-1 4-26
N8 (Steel) 1hr 24 hr 4261 234 5-49
2A (Steel) 1 hr 24 hr 793 85 10-68

Table 3. Long-term reproducibility (coefficient of variation, %).

Sample and counts (in approx.)
Term T™ (Ti) 18 (Steel) 14 (Steel) 7A (Steel) 5A (Steel) 3A  (Steel)

1500 1350 1000 500 300 100
Shift/AM (n=5) 2'6 3-9 31 35 6-1 7-4
Shift/PM  (n=5) 1:0 4-5 37 79 4-7 11-6
Ist Day (r=10) 94 54 34 63 54 9:6
Shift/AM (n=>5) 1-8 66 3-0 3-2 6-8 7-0
Shift/PM  (n=5) 3:3 53 4-3 36 4-4 8-2
2nd Day (n=10) 4-0 66 51 3:2 6-4 7-3
Shift/AM (n=25) 24 61 7-9 77 4-6 9-6
Shift/PM  (n=>5) 1-3 43 58 71 2-3 10-7
3rd Day (r=10) 2-3 51 66 76 4-5 99
Shift/AM (n=25) 3-3 1'6 4-1 33 5-8 8-1
Shift/PM (n=5) 16 30 47 35 5-2 76
4th Day (n=10) 2:5 24 45 32 56 90
Shift/AM (n=25) 1-8 3:2 4-4 65 56 10-2
Shift/PM  (n=>5) ‘3 21 5'0 51 6°2 52
5th Day (r=10) 1:6 26 45 55 6'9 9:6
Shift/AM  (r=35) 0-4 26 38 63 4-0 87
Shift/PM (rn=>5) 3:0 3-8 4-8 11-0 7°5 740
6th Day (n=10) 44 3-8 58 8-9 57 111
Shift/AM (r=>5) 1-7 2-9 3'8 5-7 7-8 11-3
Shift/PM (n=0>5) 11 3-6 21 5-8 10-0 5-0
7th Day (n=10) 2-4 3-2 35 55 85 8-4
Shift/AM (n=35) 1°3 2-1 4-0 1-9 2:9 9-0
Shift/PM (n=35) 2:0 4-6 4-1 4-6 53 6-4
8th Day (r=10) 2:0 3-6 4-1 3-4 4-3 9-3
Shift/AM (n=5) 0-8 2-8 36 76 72 55
Shift/PM  (n=25) 4-0 45 3-6 59 78 10°5
9th Day (n=10) 3-1 36 3-4 65 74 8:2
Shift/AM (rn=35) 1-8 27 3-3 52 4-9 12-1
Shift/PM (r=5) 2-9 3:6 10-1 75 106 17-0
10th Day (n=10) 41 3-0 75 77 7-8 14-1
10 Days (r=100) 4-0 4:6 62 6-3 6-9 10-3
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Table 4. Comparison of activation and vacuum fusion results for oxygen.

Difference, ppm
Materials —_ {-test Degrees of Remarks
Average Standard freedom
g | deviation
Iron and steel 11 25°5 019 | 19 no significance
Titanium and Zirconium —39-2 67'5 —-2-01 : 11 no significance
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Fig. 9. Relationship between activation measure—
ments (counts/g) and vacuum fusion resu-

Its (25).
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Table 5. Typical activation analyses (%).

HCLI(1+1) treated residue

Reagent Iron powder
Ternary alloy Steel
Fe-Al-N 15-3 SKH 9 1-85 FeOx* 24-1 No. 1 062 (0-68**)
Fe-Cr-N i7-7 Pig iron 29:6 MnO* 237 2 0:96 (0°95+%)
Fe-Nb-N 19-3 S-steel 9-42 MnO* 21-9 3 1:32 (1-24%%)
Fe-Ti-N 21'6 S-steel 0-87 FeS 060 4 079 (0-82%%)
Fe-V-N 126 S-steel 4-33 MnS 0-42 5 1-15 (1-26%*)
Fe-Si-N 24-9 S-steel 279 Mn 0-91 6 1-78 (1-65%%*)
Fe-B-N 23-2 Mn 0-74 7 0-78 (0-89%x)
Fe-Mn-N 4-49 8 1-20 (1-20%x*)

* Theoretical value, FeO :22'3, MnO : 22'6 ** Inert gas fusion method
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DRBMBE T E B3 Wiz m Lich, ohix Al
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FoNmEERE, FBERRE LTiE M, 2, 30
SBEOBILIE X OBt BREEFAOBEET b=
4 XM in ExR V.

BB RAEERL fho ek, (1) O s dEEicE vz
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CHEFAITERINT WS, BRI EAESESRICE
OHIE, (RIS HIEME, SRRk
DWTHREFIZ TR 272D TH Y, TORRLENT S
L, 2EDEKVTHE.

1. ko G - RO EfE U BERRS
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EETDHLERDD.
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