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INTRODUCTION

The structure and physical properties of tungsten metal can
be appreciably affected by additives or trace impurities [1,2,3] -
The most important activation analytical studies of such elements
that have been reported in the past 15 years [4—24”"28B] are summarized
in Table 1. The weight of the samples used in these experiments,
varied from mg to a few g.

The present report describes a nondestructive method for
the determination of the axial concentration distributions of the
residual additives Al, Si and K in relatively large sized sintered
tungsten rods. The rods are irradiated with 14 MeV neutrons and
the average concentration in the environment of a given point is
determined from the fast, simultaneous,quantitative analysis of
the activities arising from the additives. By measurements at dif-
ferent points of the rod the axial concentration distribution of
the additives can be determined and this permits the useful length of
the rod to be established before wires are drawn from it. The analy-
sis of representative samples can be utilized in following the dif-
ferent phases of the production process. The method cm be modified
or supplemented for the analysis of other types of tungsten metal.

EXPERIMENTAL

A NA-2/125 kV/-type neutron generator [25,26] with an effec-
tive target diameter of 17 mm was used in the experiments. Measure-
ments were performed at 5 points along the length of each rod us-
ing 14 MeV neutrons for activation. Appropriate standards composed
of A~”Oj, SIiCx2 and KHCO™ were prepared. Either 40 mg of 8 mm x 8 nm
copper foil, or a polyamide disc was used as flux monitor. Compara-
tive measurements with external and internal monitoring permitted a
multiple check on the flux measurements and increased the reliability
of the activity measurement.

A newly developed sample transfer system operating on pneumatic
and gravitational principles secures transport of the samples t) the
target area, their automatic release and fast conveyance to the de-



teetor, and their automatic positioning at the detector. The
deformation undergone by rods during the sintering process raised
the difficulty of fixing the samples at the target position in a
reproducible manner, but the problem was overcome by encasing the
rods in polyethylene holders of regular, rectangular shape. The
rod in its holder and the monitor are propelled along separate
channels of the transfer system, their position at the target
area and detector being fixed by pneumatically controlled posi-
tioners. In the monitor channel the position is set by a single
positioner, while in the sample channel there are 5 uniformly
spaced positioners stopping the rod each time at a different point
of exposure when propelled in 5 separate runs for activation and
measurement. In this way the concentration distribution of the
additives is measured at 5 uniformly spaced points along the rod.
The equipment and measuring arrangement are shown in Pigs 1,2 and 3.

.The gamma spectra were obtained in 3" x 3" Nuclear Enter-
prises Nal/Tl/ crystal with a 9% resolution for "A"Cs. The spectra
for Al, Si and K were accumulated in 256 channels of a NTA 512/A-
-type analyser covering the energy range from 0,04 to 2,5 MeV. The
energy resolution was found to be satisfactory for Si and K.
Investigations were made to see if an improved resolution would
give a better evaluation of Al For this purpose a 10 cm" Ge/Li/
detector was used. It was found that the Al lines could be distin-
guished from those of the tungsten matrix, however the detection
efficiency was found to be inadequate. We used therefore aNal/TI/
crystal of 7,5% resolution and added a NE-273-type digital peak
stabilizer to the measuring equipment.

EVALUATION

The "Al/n, p/**Mg, "®Si/n,p/*"®Al and "K/n,2n/*®K reactions
were found to be the moet suitable for the determination of Al,
Si and K in the tungsten rods. The optimum irradiation, cooling
and detection times were found to be 600, 60 and 500 sec, respec-
tively. The complex spectrum obtained for this timing for a single
point is shown in Fig.4. Before irradiating the rod at another point
at least 2400 secs must be allowed for cooling, the irradiation,
cooling and detection cycle is then restarted, timed as above.

The additive concentration in the tungsten rod was calculated
from the average value of several parallel measurements by using
the formula
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The subscripts R and S indicate the rod and the standard, respec-
tively; WR and Ws are the concentrations of the addive; TR and
Tg are the photopeak areas normalized to unit neutron yield; |
and kK are the numbers of repeated measurements on the sample and
the standard, respectively. Thus, the average concentration wR of
any element in the rod is proportional to the area under the
photopeak TR of the isotope activated in this element. The
proportionality factor A is obtained from the measurement on

the standard under identical conditions. The error of the determina-
tion was assumed to have only two components; the correction for
geometrical reproducibility and the deviation in the value of the
normalized photopeak area T~

For a sample of regular geometry the results of about 1000
measurements yield a distribution curve of nearly Gaussian shape
/Fig.5/. The error for geometrical reproducibility can be estimated
in this case as 2,5 to 3|0%. This error is larger for deformed
samples; 26 measurements on a deformed sample showed up to 10% devia-
tion from the average.

The photopeak areas /T~/ of scintillation spectra can be
determined by using a gated single channel analyser' /e.g. for Al
[22] /or by a weighted least-square fit on computer. The latter is
already extensively used for the analysis of complex gamma spectra
[27]. This method is particularly convenient for the simultaneous
determination of two close lying photopeak areas in a scintillation
spectrum /e.g. Si and K/. In Figs 6,7,8,9 the spectra of the

Si/n,p/ Al and --XK/n,2n/* K reactions in a tungsten matrix are
shown along with the fitted analytical functions for different
activation times. The error, as a computed parameter, is indicated
for the evaluation of the measured data in Figs 7»9 and 10. The
normalized residual spectrum obtained from the difference between
the measured and computed values for the sample of Fig..10 is shown
in Table Il. The. variation of this spectrum with the channel number
shows whether the measured spectrum contains non-random effects.

The small systematic error between the channels 32 and 39 indicates-
the presence of an unidentified nucleus; this, however, does not
interfere with the determination.

The interference from the reaction 56Fe/n,p/56Mn /1,81 MeV,



2.58 h/ can be eliminated by half-life measurement, as shown in

Pig. 11. The interference from the ~P/n,y/, ~Cal/njt/ and *Al/n,y/
competing reactions was investigated and it was found that the P
and Ca concentration in the samples was negligible as compared with
that of the analyzed elements and that the interference from the
ANALIn,y/"®AI reaction can be corrected for by e.g. irradiating Al—
-foilB simultaneously with the sample. The disturbing effects and the
correction procedures will be discussed in a forthcoming paper.

The measured data were read from the analyser through a telephone
line by a NTB-200/T-type digital data transmission unit which is con-
nected through a magnetic tape store to ICT 1905 computer.
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0 - tI8, 21] Sr - [17]

Ra - [5, 9, 13, 14, 17, 20] Zr - [17]

Mg - [17] Mo - [5, 6, 17, 24, 29]
Al - [11, 13, 22] Ag - [17]

Si - [11, 17, 22] Cd - [17]

P - [24] In - [17, 23]

Cl - [23] Sn - [5]

K - [5, 11, 12, 14, 17, 20, 22] Sb - [171

Ca - [17] Cs - [171

SC - [17 , 24] Ba - [12, 17]

Cr - [17, 24] La - [19]

Fe - [5, 17, 24] Hf - [28]

Co - [5, 171 Ta - [8, 17, 24, 28]
Ni - [171 Re - [23]

Cu - [5, 17, 24] Hg - [17]

Zn - [5, 17, 24] Eu - [15]

Ga - [17, 23] Gd - [15]

As - [4, 5, 24] Ho - [19]

Se *—[17] Th - [10, 24]

Rb - [12, 17] U - [19]

Reported determination of trace elements in metallic tungsten and ite
alloys by activation analysis



Legend:

Pig. 1
Automatic equipment for irradiation, sample transfer and
data evaluation

1 - Neutron generator /NA-2, 125 kV/, 2 - target, 5 - 125 kV power supply, 4 - generator

controller, 5 - pneumatic 2-channel sample conveyer, 6 - , 7 - stores for sample and
monitor before irradiation 8 — 9 stores after detection, 10 —, 11 pneumatic sample
positioners, 12 -, 15 - pneumatic monitor positioners, 14 -, 15 - electronic and pneu-

matic program control unit, 16 - sample detector, 17 - monitor detector, 18 - stabilized
multi-channel analyser /NTA-512/ and data transmitter /NTB-200/T/



Fig. 2

Arrangement of an activation analytical laboratory equipped with a

Legend:

neutron generator

1 - neutron generator, 2 - target, 3 - 125 kV power supply,
4 - generator controller, 5 —2—hannel sample conveyer,
6-electronic program control unit, 7 - multichannel analyser
and data transmitter, 8 - pneumatic program control unit

9 - low background measuring box for sample and 10 - for
monitor, 11 - sample detector, 12 - monitor detector, 13 -,
14 - shielding



Fig. 3
Cross-section of activation analytical laboratory with a neutron
generator

Legend: 2 - target, 5 - gravitational and pneumatic 2-channel sample
conveyer, 9 - low background measuring box for sample, and
10 - for monitor, 13 -, 14 - shielding



Activation time 600 sec

Cooling time 60 sec
Detection time 500 sec

Gamma spectrum of sintered tungsten metal rod containing AL.Si and K residual additives irradiated
with 14 MeV neutrons. Obe measured reactions are 2'Al/n,p/2'Mg, *Si/n.p/*Al, ~K/n,2n/"8K
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Fig. 5
Frequency histogram of the measured values of T* for a regular sample.
Number of repetitions K = 1000. The distribution is nearly Gaussian.
The deviation in geometrical reproducibility, as calculated from the

histogram, is &&= 2,5 -3»0 % The contribution from all other types
of error was fovmd to be ~1 %.
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Fig. b
Logarithmic plot of non-smoothed measured data for Si and Kin a
tungsten matrix with an activation time of 80 sec, a cooling time
of 100 sec and, a detection time of 400 sec.
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ORION magnetic tape 6, series 1, spectrum 22
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Pig. 7

Computed data with smoothing for Si and K in tungsten matrix. Linear
scale, activation time 80 sec, cooling time 100 sec, detection time
400 sec
Starting parameters 178/216.-20:*number of channels 256

1

K/>

Computed parameters

Ar  Peak position Peak area Ampl, Peak/Backg. Width H XI
. 177.70+0.03 7352+66/0.90#/ 730 14.61 9.4-6£0.0«S/ Q -3.3/1.0/
2. 212.88+0.90 219+42/19.W 22 -2.92 . .

Time 44 sec
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Pig. 8
Logarithmic plot of non—smoothed measured data for Si and K in tungsten
matrix with an activation time of 500 sec, cooling time of 100 sec and
a detection time of 500 sec.
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ORION magnetic tape 6, series 2, spectrum 23
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Fig. 9

Computed data with smoothing for Si and K in tungsten matrix with an
activation time of JO0 sec, cooling time of 100 sec and a detection

time of 500 sec.
Starting parameters 178/213.-20i, number of channels 256

Computed parameters

Ar Peak position Peak area Ampl. Peak/Backg. Width H X
1. 177,47+0.03 15454+101/0.66#/ 1515 15.05 9.58+0.06/0.60#/ G-0.9/1.0/
2. 211.90+0.54 450+ 52/11.5#/ 44 -3.94

Times 31 Bec
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Magnetic tape 37, series 3, spectrum 780

40 « 1,700 McV
Al-20/2,3 min/
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K-aB/7,7 mm/

to

w ol T— e 0 N (o] R

Pig. 10
Computed data with smoothing for Si and K residual additives in sintered
tungsten metal rod. Linear scale, activation time of 600 sec, a cooling
time of 60 sec and a detection time of 500 sec.

Starting paraaeters 30/66.-1bl, number of channels 85

Computed paraaeters

Hr Peak position  peak area Aapl. Peak/Backg, Width H X1 It
1. 28.89+0.67  128;29/22.596/ 16 0.39 7.36+1.32/17.996/ 0 -5-4/1.0/ 7
L. 124+.44

2. 62.80+0.78 111+27/24.396/ 14 0.81

2 116+40

Timet 44 sec
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Table

spectrum obtained from the difference between the measured and computed

The normalized residual

10. Significant deviations of the measured from calculated

data of the spectrum shown in Fig.
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indicated by —m.
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50 Time

Half-life measurement of the 1,78 MeV photopeak of 28Si/n,p/28Al reaction
in tungsten matrix with multiscaler analyser /a,b,c/.

time axis
probable

and the background intensity /e/ are also shown.

/10 parts on the
represent 200 secs/ For comparison the decay of the most
interference from ~Fe/n,p/ 5&Vn reaction /1,81 MeV line//d/
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ABSTRACT

A nondestructive activation analytical method developed for the determination of the axial concentra-
tion distribution of AIl, Si and K residual additives'in sintered tungsten rods is briefly described. A 14 MeY
neutron generator is used to produce the reactions 27Al/n,p/27Mg, 26Si/n,p/206Al and ~?K/n,2n/38K and the activ-
ities are compared with standards. A weighted least-squares fitting program is used for peak area determination
of the scintillation spectra. ;A scheme of the irradiating and measuring arrangement with a pneumatic sample-
-transfer system is presented* The system is applicable to large-scale routine analysis and lends itself well
to automation. The results of preliminary measurements with this arrangement are given.

PE3QVE

B paboTe KOpPOTKO OMUCbIBAeTCA MeTOf aKTUBAaLWOHHOr0o OnpefeneHns ai, Si u k, OCTABLUMXCA B CMEYEHHbIX CTEPXHAX U3 Me-
Tanin4yeckoro Bosib(Ppama, 6e3 pasnoxeHMs ob6pasua, C MOMOLWBIO HEMTPOHHOrO reHepartopa no peakumsm Al-27/n,p/Mg-27,
Si-28/n,p/Al=28, K-39/u,2u/K-58.C rMOMOLUpO 3TOr0 METOAa MOXHO MPOBEPUTL aKCuasibHOe pacnpefenieHne KOHLUeHTpauuu
npucagoyHbIX MaTepuasioB BLO/MIb CTEPXHSA. MccnefoBaHMe akCManbHOrO pacrnpefeneHns B cyydae PYTUHHbIX U3MEPEHUR MOXET
ObITb B 3HA4YUTE/NIbHON Mepe aBTOMaTU3MPOBaHO. OnucbiBaeTca 6/10K-CXeMa CUCTeMbl aBTOMAaTUYeCcKOoro obnyvartens, TpaHcrop-
Tepa obpasua W aHanusatopa pe3ynbTaToB U3MepeHUA. [MNpegBapuTenbHble.McCNefoBaHUA ObUM NpoBeAeHbl Ha 15 CTepXKHAX.
Bbin MCcNosib30BaH HEWTPOHHbIA FeHepaTop MOWHOCTLIO 14 MaB. [MonyyeHHble aKTUBHOCTM OblM CpaBHEHbl C aKTUBHOCTbK 06pas-
LOB WM3BECTHOro cocTaBa. [na onpefeneHusa nnowagein nog (OTOMMKOM CUMHTUMNALMOHHBLIX CMNEKTPOB Oblia MCMosib3oBaHa cor-
nacywoulas nporpamma, 060CHOBbIBaKOLAACA Ha MeTOfe B3BeLLUaHHbIX HauMMeHbLUMX KBajpaToB.
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