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Design, Construction and Performance Tests of Atomic
Emission Spectrograph with DCA and ICP Excitation

Systems for Plutonium Bearing Fuels

Susumu FUKUSHIMA+, Muneo HANDA, Ken-ichi SHIOZAWA
Masaru HIRATAT and Haruo MTZUKAMI

Department of Nuclear Fuels and Materials Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 23, 1990)

For the determination of metallic impurity elements in plutonium
bearing materials, atomic emission spectrograph with two excitation
systems, direct current arc (DCA) and inductively coupled plasma (1CP)
was installed at the Plutonium Fuel Facility of Oaréi Research
Establishment. To use effectively the limited floor area of alpha-
radioactive, experimental room and to carry out the maintenance of the
spectrograph with ease, the two excitation stands were only enclosed in a
glove box and that were arranged straight on ome optical bench. Light
generated by two stands was passed through a quartz window and into a
spectrometer located outside of the glove box. This arrangement, however,
posed two problems, one was the decrease of signals by increased distance
between the emission stands and the spectrometer, and the other was
corrosion of the DCA parts by use of acidic samples at the ICP system.
The former was solved by adopting many lens and the latter, by flushing
the DCA stand with a part of fresh air supplied for the glove box. The
performance tests with nonradiocactive materials showed that despite the
above modifications, background equivalent concentration values were

retained as almost the same as those of original, commercial spectrograph
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with one emission system.

Keywords
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Table 1 Analytical lines and detection limits for elements

Flement | Wavelength | D. L. * of DCA-AES | D, L. * of [CP~AES

(nm) {ppm) (ppm)

Al 308,216 20 0. 26

8 248,773 3 0.03

Ba 233. 526 30 0. 01

Ca 393. 366 0.5 -

Ce 413. 765 - 0.2

Cd 228. 802 3 0.04

Co 345, 350 10 0.4

Cr 267.716 3 0.03

Eu 397. 296 - 0.1

Fe 259. 939 i0 0.03

Ga 294. 364 - 0.5

Gd 342. 247 - 0.3

Mg 279. 553 | 0. 001

Mo(1) |- 281.615 - 0.05

Mo (2) 313, 257 3 -

Na 588. 995 10 0.3

Nd -} 406.109 - 0.2

Ni (1) 231,604 - 0.1

Ni(2) 305. 082 3 -

Pd 360, 955 30 |

Pu 425,430 - -

Rh 352. 802 - 1

Ru 349. 874 - ]

Si 288. 160 10 0.2

Ta 240, 063 - 0.5

Ti 334. 941 - 0.3

1 385. 958 - -

W 220, 448 - 0.3

W(2) 400. 875 30 -

¥ 371,029 - 0.01

ir 339.198 30 -

- not tested

(1) ICP emission

(2) DCA emission
B.L. * is abbreviation of detection limits
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Téble 2 Lists of interlocks and alarms for spectrograph and
glove box

| Phenomenon Interlock Indication
Pressure drop of Ar gés for fCP power off AR GAS
ICP torch
Seismic intensity, =3 ICP or DCA power off EARTH QUAKE
Trouble of fan for off-gas ICP power off FAN OF COCLER
cooling unit
Pressure drop of cooling [CP power off WATER PRESS OF
water COOLER
Temperature rise of cooling ICP power off WATER TEMP OF
water COOLER
Temperature rise of exhaust- ICP power off GAS TEMP
ed gas from ICP stand
Pressure drop of cooling ICP or DCA power off WATER PRESS OF
water for [CP coil or DCA COIL AND CHUCK
electrode chuck
Temperature rise of cooling ICP or DCA power off WATER TEMP OF
water for |CP coil or DCA COIL AND CHUCK
glectrode chuck
ICP plasma off ICP power off TORCH
Temperature rise of |CP [CP power off TEMP OF ICP
emission stand STAND
Temperature rise of DCA DCA power off TEMP OF ARC
emission stand STAND
Door open of ICP stand ICP power off
Door open of DCA stand DCA power off and

fan turn on

Temperature rise of glove [CP or DCA power off TEMP OF GLOVE
box BOX
Break of negative pressure ICP or DCA power off
for glove box
Excess of negative pressure ICP or DCA power off
for glove box




JAERI-M ¢0-062

Table 3 BEC values measured for commercial spectrograph (a)

and for present one (b)

DCA-AES ICP-AES
Elements (@ b (@/Mh) (@ ) @/h)
Si 9.8 517 1.7 1.90 1.50 1.27
Mo 1.5 0.3 1.7 4.30 1.87 2,30
Fe - 3.6 41 0.9 0.47 0.25 1.88
Co 1.0 1.7 0.6 6.00 2.60 2.3!

BEC (Background Equivalent Concentration)

BEC=(Bs /15 ) X (s (ppm)
Be : background intensity
ls ¢ emission intensity
Cc : concentration (ppm)
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Table 5 Relation between concentration and ICP emission intensity

(n=10, ave. + o), correlation coefficient and BEC value for

calibration curve

Element Al Ba Cr Na Fe Co
(Wavelength :nm} (308, 216) (233.526) (267.716) (588 995) (259, 939 (345. 350)

Blank 9, 0454 1. 0271 1. 9599 8. 0618 1.0143 9.7923
+0.0221 +0.0028 +0.0039 +0.0311 £0.0038 =0, 0217
0.001ppm 9. 0787 1.0342 1. 9668 B.1413 1.0224 9. 8275
+0.1299 +0.0052 £0.0058 +0.0304 £0.0051 =0.0233
0.01ppm 9. 1099 1. 0832 2. 0025 8. 1229 1. 0532 9. 7934
+0.0270 +0.0072 +0.0088 +0.0477 £0.0045 =0 0407
0. lppm 9. 5077 1. 5753 2. 4907 8.4315 1.5499 10. 7264
+0.0232 +0.0032 =+0.0060 =£0.0377 £0.0083 =0.023
]. Oppm 13, 282 6. 3560 7.1767 11.604 6.4216 14, 477
+0.029 +0.0306 =£0.0258 =+0.027 £0.0356 =£0.034
10. Oppm 48,721 50. 840 51. 111 41.733 52115 54, 794
+0.169 +0.178 +0.175 *0.163 £0.233 £0.170
r* 0.99998 0.99938 0.99938 0.99999 0.99998 0.99939
BEC 2. 302 0. 2217 0.4118 2.416 0. 2095 2. 186
r* : Coefficient of correlation

BEC : Backaround Equivalent Concentration
ave, : Average
g : Standard deviation
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Table 6 Relation between concentration and DCA emission intensity

(n=5, ave. + ¢), correlation coefficient and BEC value for

calibration curve

Table § Relation between concentration and DCA emission Vintensity (n= 5§,
ave. + g), correlation coefficient and BEC value for calibration curve

Element Al Ba Cr Na Fe Co
(Wavelength :nm) (3[}8.21_8)7 (233, 526) (2G7.716) (588,935 (259.939) (345,350

Blank 0.27298  3.5817 1. h264 3. 2493 1. 0963 0. 62322
+0. 00954 +0.14443 £0.07178 +0.05692 +£0.03818 £0.03084
Tepm 0.56010  3.565686 1. 6613 4. 1869 1.5186 0. 98224
+0. 02634 £0,10079 +0.04918 X0.30671 +0.46946 %0, 09329
3epm 0,91522 4.0709 1. 9291 5.5016 1. 8031 1, 5808
+0. 04158 +£0,. 06278 +0.02092 £0.47511 +0.06917 0, 18820
10ppm 2. 4409 5. 5219 2. 9810 g. 7585 3. 1597 4, 6711
+0.09005 +£0.15612 £0.09540 £0.28265 £0.15286 £0. 39245
" 30ppm 5.9438 9. 6881 6. 1485  10.892 7.2519  14.146
+0.20842 £0.38442 +0.18502 £0.29644 +0.15047 £1.8543
r* 0.99879 0,99973 0.99981 0.92439 0.99946  0.99939
BEC 1. 868 16. 95 9.6119 6. 590 | E, 8935 0. 9302
r* : Coefficient of correlation

BEC : Background Equivalent Concentration
ave, - Average
¢ : Standard deviation
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Fig. 7 Emission line profile
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Fig. 11 Calibration curve of Na by ICP-AES
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Photo. 1 Atomic emission spectrograph with DCA and ICP excitation

systems for plutonium bearing fuels

Photo. 2 DCA and ICP emission stands in glove box
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Photo.

3

Qff-gas cocling unit and ICP emission stand
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