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ACHIE'!ING HIGHER COUNT RATES WIT~i EDXS 

M.C. LAMBERT, Westinghouse Hanford Co., Richland, Ha. 

The Hanford Engineering Development Laboratory has assembled an auto-

mated x-ray spectrometer for:the-close-coupled analysis of :nixed uranium and 

~ / plutonium oxide fuels. Close-coupled means the analytical glove box is closelY. 
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' 
adjacett to the production line. 

~Je 1 ve had two goals. One was to analyze individual fuel pellets in not 
i 

more than three or four clock minutes, so that the total turn-around time 

would be very short. The other goal was to make the measurements precise 

. enough to be use fµl to the Safeguards program by providing an accurate inventory 

control at one or more locations in the fabrication process. 

Choice of Energy Dispersion 

We chose a.n enei·gy dispersive spectrometer because it had sufficient 

energy resolution for this application and because a single small detector 

could simultaneously collect data from two or more peaks and from several back-

ground locations. Furthermore, since an EDX system utilizes no goniometer it 

would .be much simpler to automate. 

Choice of Low-Energy L-Fluorescence 

ife elected to use the Lq fluorescence of plutonium at about 14 keV rather 

than the Kefl line at .1 OJ keV, even though the L~l~. ines don 1 t allow .analysis of 

as deep a layer in the pellet as we would like to sample. 

Or1.entation of Soi.id Pellets 

One of the difficulties in ::mkin8 the analysis both ra?id and precise, 

and also in ·automating the sample handling, is the small size of the pellets. 
. ' I 
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,S~&k If Current fuel pellets are only a quarter inch long and 0,2 inch· in diameter. 

S-f 

Consequently, they are not easy to pick up and hold, and they present only a 

very· small area from which we want to obtain a large number of counts. The 

ends of the pellets have a cross sectional area of 19 m.~2 • ~1h.en turned to a 

side view position the x-ray fluorescence intensity decreases by one third. 

This means the effective analytical area is only about 1 J mm2. ~ .. re have had to 

use a ~tating side view analysis because we found small end-to-end differences 

in plur.onium percent, but no detectable differences at different locations around 

the sides. The sides are cleaned off by a centerless grinner which is used to 
I 

insure uniform pellet diameter. 

De.sired Count Rate and Precision 

There are other errors than just counting errors. In order to hold the 

.5-6 over-all relative standard .deviation to a total of ± 0.25% we must count the 

plutonium peak with some precision like + 0.165 or ± 0.15 %. That means we 

need 400,000 to 500,000 plutonium counts. If we limit ourselves to three 

clock minutes, minus eight seconds for sample changing, and minus about 55~ 

dead time due to pulse pile-up, then we have to acquire those half million 

plutonium counts in 77 live seconds.· The plutonium~ peak contains just 

barely more than 10'/i of the counts in the total spectrum. That means we need 

tQ_,get £our to five million total counts through the system in 77 live seconds, 

which is at a rate.of 51 ,000 to 6),000 counts per second. 

We thus found ourselves wanting a high counting ra.te from a small sample 

and we were using electronic equipment, designed originally for gamma counting, 

which was inherently slow. ',,le have done done five things to increase the plu-

tonium count rate. 

. ! 
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Optimizing the Exciting Radiation 

One thing we did was to optimize our exciting source. We selected a 

JOOO.·watt tungsten target tube which had power enough.to permit the use of 

selectable seconaary targets plus considerable reserve-power. Secondary targets 

produce a minimum of x-ray backgr.ound and, with wise selection, permit the most 

efficient excitation of plutonium. One of the most important criteria in selec

ting ajsecoruiary target is the amount of separation between the energie~ of the 

excitirg x-rays and the LIII absorption edge of plutonium. This slide shm•s the 

.energy values of uranium and plutonium Lq1 fluorescence, the absorption curves 

of uranium and plutonium, and the energies of the characteristic "KO: radiation 

from a number of exciting target materials. Ideally, the exciting radiation 

must exceed the energy of the plutonium LIII absorption edge, but be as close 

to it as possible in order to be highly absorbed. We use a ruthenium target 

which we pressed from 80-mesh pure ruthenium particles, pr·oducing a surface 

with the appearance of solid metal. A 0.025 mm thick molybdenum foil is used 

to filter out a portion of the continuum. That combination has given us the 

highest plutonium count rate for a given power input. 

This slide shows the 50 KV exciting spectrum from 0 to 4o keV as scattered 

from polyethylene. It includes the Ru Kqt and K~ peaks, their incoherently 

scattered Compton peaks, and the Bremmstrahlung with various degrees of fil-

tering. There is almost ho Compton scattering from a highly absorbing matrix 

. such as uranium and plutonium. 

This slide shows a typical fluorescence spectru."ll from a mixed plutonium-

uranium oxide fuel pellet excited by a ruthenium secondary target. The two 

prominent peaks near the center are the Lq'l peaks of uranium and plutonium 

that are measured in the analysis. 
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Dual Detectors 

Another thing we did to get higher count rates was to use multiple de-

tect~rs. A second detector, complete with amplifier and ADC were added to the 

spectrometer in.order to double the count rate by summing together the counts 

coming from both detector systems_. This also has the advantage that if some 

component in one of the detector systems sho14d fail we cou1d still carry on 

the analyses at reduced speed with the other detector. 

Description of the Spectrometer 

s-11 slide shows the complete spectrometer and associated glove box. 

Space was a bit cramped to place the camera to show some of the details. 

This slide shows how the special x-ray source and detector housing is 

bolted to the end of the glove box. The x-ray tube comes into the housing 

from the right side. Cooling rods for the two detector crystals come out of 

the .bottom of the. housing. 

5-1_3 This is a photograph of the inside of tha housing. It shows the two 

detector tubes pointing upward toward the sample position. Behind the vertical 

filter turret is a horizontal secondary target turret. 

Keeping all of the instrument outside of the glove box has greatly simpli-

fied our maintenance and modification work. The-geometry is still fairly tight. 

Distance from the sample to the detector crystals is only 4.7 cm. 

The end plate of the glove box cont~ins two 5-mil thick beryllium windows 

which, together, only decrease the potential plutonium fluorescence by about 

four percent.· 

This shows the enti~e system once more • 

. , . ·-..:.. 
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Fast ADC and Direct Memory Access 

In a third attempt to increase the count rate we have provided an altern

ative route_for the signal through a very fast 200 MHz ADC directly to the com

puter memory by.a D~m., or direct memory access interface. 

Monochromators to Isolate U and Pu Peaks 

Energy dispersive spectrometers have been.restricted in count rate be

cause the voltage pulse from each x-ray photon is stretched in order to achieve 

good energy resolution. These stretched out signals take longer to pass through 

the amplifier and associated equipment, so the pulse pile-up is greatly increased 

and so is the dead time. 

There are only two peaks in the sample spectrum that we want to integrate. 

and measure. The L~1 peaks of uranium and plutonium together contain only about 

37% of the total counts that must get through the amplifier. If the unwanted 

portions of the spectrum could be discarded before reaching the detector and 

amplifier then the exciting power could be increased up to 250 percent and the 

count rate in the two analytical peaks could be more than doubled without in

creasing the load on the amplifier and without causing any increase in pulse 

pile-up. To discard all but a selected part of the spectrum before the £1.uoresc

ence reaches the detector will require some kind of optical monochromator. 

Molecular Data Corporation in Cleveland has developed an X-ray mono

chromator which is very compact---it utilizes a cylinder about an inch in inside 

diameter and several inches long; it does not require a mechanical goniometer; 

and by using curved focusing crystals made of pyrolytic graphite it does not · 

attenuate the x-ray beam nearly as much as conventional crystal monochromators 

·do. It can be designed so that it will transmit only the desired portion of 

the spectrum. If we decide to incorporate one of the monochromators into our 

spectrometer we will obtain a rhodium target :tube to excite the sample directly. 
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Molecular Data, under contract to the Hanford Engineering Development 

Laboratory, has designed cylindrical monochrornators Which transmit X...;rays only 

in· the '.region of thorium, uranium, and plutonium 141 lines. With only the 

incidenl bea~ monochromator in place, fluorescence intensity is increased 50 

to 70 ~ because the monochrornato~ gathers the source X-rays from a larger solid 
. I 

angle and concentrates them onto the sample •. No specific discrimination is 

achieved, but the background decreases by a factor of 10 or more. With only 

the analyzing beam monochromator in place th~ fluorescence intensity decreases 

by a fa.ctor of seven, the background decreases about 80 times. hben monochro..; 

mators are in both beams there is essentially no background and the fluorescence 

intensity is about 20% of that obtained without the cylinders. However, with 

direct excitation of the sample, there may be sufficient power to make up for .the 

intensity lo_ss. The testing of these monochroma.tors has not yet been completed. 

Fa5ter Amplifiers 

Of course, the most obvious thing to do to increase our count rate is 

to obtain faster amplifiers. By making slight modifications to our preamplifiers, 

or, in one case, getting one of the manufacturers to make us a small interface,, 

we hava been able to connect several ot':1er amplifiers into· our spect:co'."1eter. 

We have not, by a long way, been able to test everybody's amplifier, so I 

would rather not mention any names. We found out some interesting things. 

We ordered a duplicate amplifier from the maker of our spectrometer and 

learned that it was no longer being made. So we. got a mo·re recent model and 

put that in our system. It was only two thirds as fast as the old amplifier, 

which was already slow. We found that an amplifier from a spectrometer of a 

different make was more than twice as fast as the ones in our original spec-

trometer, although not as fast as we wanted. He bought ampl:i,fiers that wflrfl 

not designed specifically for x-ray fluorescence work and found that by them-
! 
I 

i ... 
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selves they could handle up to 50,000 counts per second. But when incorporated 

into our spectrometer they didn't give us much improvement in count rate. They 

may. ~~e haven't worked out the bugs in the dead time correction and pulse pile-

up rejection circuits that occur when we connect them to our ADC's and DHA's. 

The amplifier we are most interested in I am sorry to say I can't report 

on yet. It has been delayed and has not yet been delivered for testing. This 

amplifier, made by Kevex, is quite unique. It is a D.C. amplifier, an integrat-

ing amplifier, one that does not stretch the signals and yet does not suffer in 

resolution. The throughput can go to at least J0,000 counts per second. About 

half way through the amplifier it can discriminate like a pulse height selector 

and the umvanted counts do not pass through the remainder of the amplifier 

circuit. The count rate can be boosted about another third because of this 

feature.. Or so I'm told. The proof of the pudding will occur when we connect 

it into our spectrometer and find out whether all the components are compatible. 

One way or another we will soon have some faster amplifiers, and He may 

or rriay not make use of the cylindrical monochrorr~tors. We expect to have achieved 

a four-fold increase in count rate over the particular spectrometer we obtained 

in 1977, and with dual detector·· systems we can say it is an 8-fold increase 

in count rate. He do expect to get our 400,000 to 500,000 plutonium counts in 

three ·or four real minutes. 

'With the high intensities of x-ray tube excitation and with the faster 

pulse processing equipment being developed, energy dispersive spectrometers are 

entering the arena where analyses are performed with both rapidity and high 
i 

.; 

precision. 



• CHEMICAL ANALYSIS OF SINTERED FUEL PELLETS 

- PERFORMED. DAYS OR WEEKS LATE · 

• RAPID IN-LINE OR CLOSE-COUPLED ANALYSIS WILL: 

- SA VE DOLLARS 

- IMPROVE PRODUCT QUALllY 

- ELIMINATE PRODUCTION RERUNS 
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ENERGY DISPERSIVE. SPECTROMETER 

o SUFFICIENT RESOLUTION . 

• "SIMULTANEOUS" TOTAL SPECTRUM. + 

• S l NGLE DETECTOR - NO GONIOMETER + 
·" 

• SIMPLER DESIGN- INSTRUMENT OUTSIDE GLOVE BOX· + 
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La FLUORESCENCE 

. • DEPTH OF ANALYSIS< 25 µ 

- PELLETS FRESH FROM SINTERING FURNAC.E 

- Pu /:U RATIO NOT AlTERED BY.OXIDATION 

•.· SIMPLE DESIGN AND.CONSTRUCTION 

• SHIELDING NEED BE ONLY 3mm STEEL 

• USE OPTIMIZED SECONDARY RADIATION 
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ANALYTICAL AREAS 

AREA ANALYZED~MM 2 

ORIENTATION Of PELLET · INSTANTANEOUS TOTAL 

ROTATED END VIEW 19.3 19.3 

ROTATED SIDE VIEW 12.8 98 

L, 
I 
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RELATIVE END-TO-END ANALYTICAL DIFFERENCES 

SPECTROMETER REPRODUCIBILITY ± 0.10% 

TYPICAL PELLET END-TO-END DIFFERENCE 0.46% 
(51 PELLETS) 

LARGEST END-TO-END DIFFERENCE 2.66%. 

AFTER POLISHING ENDS 

------ _ _:_· _. ____ _!" __ 



PRECISION AND COUNT RATE 

DESIRED ANALYTICAL PRECISION 

X-RAY M~ASUREMENT PRECISION 

PU COUNTS NEEDED 

TOTAL SPECTRUM COUNTS 

3 CLOCK MINUTES 

- 8 SECONDS 

- 55% DEAD' TIME 

NEEDED COUNT RATE 

- • • 4 
_______ ,...,._.,.. ,_,,..~--~ .. ~' •-··•• ·r .,. ••• - . 

l 

RSD = + 0.25% 

+ 0.165% - + 0.15% 

400,000 - 500,000 
. 4 MILLION - 5 MILLION 

77 LlVE SECONDS 

51,000 els - 63,000 c/s 
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.l. HIGH POWER (3000 ·WATTS) X-R~Y SOURCE 

:· . 

• SUFFICIENT POWER TO OPERATE THROUGH WINDOWS + 

• · SELECTABLE SECONDARY TARGETS · +: 

- -
e MINIMUM X-RAY BACKGROUND + 
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. : U AND Pu ABSORPTION CURVES 
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RH -X-RAY .SPECTRUM [50 KV) ~ · 
SCATTERED FROM 

POLYETHYLENE. 
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FILTER. · 

· 0.025 mm At 

0.025 mm Rh 

0.100 mm Rh 
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PRINCIPAL LIM~TATION OF EDX SYSTEM 
. .. .... .. -· 
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• SIGNALS ·ARE STRETCHED FOR ENERGY RESOLUTION 

e· SEVERELY RESTRICTED COUNT RATE THROUGH AMPLIFIER 

• U PLUS Pu La1 PEAKS ONLY 35% OF SPECTRUM : 
.. . 

o ENTIRE=SPECTRUM MUST PASS THROUGH AMPLIFIER 

. ?.. /~ 
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-- !-TECHNIQUES TO. INCREASE P.u COUNT RAT·E.· 

. ' 

. •. DUAL DETECTORS . 

e . DIRECT MEMORY ACCESS 

• MONO'cHOMATORS 

- MOLECULAR DATA CORPORATION 

• . FASTER AMPLIFIERS 
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