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Report by the Analytical Methods Committee 
Evaluation of Analytical Instrumentation. Part VI 
Wavelength Dispersive X-ray Spectrometers 
Analytical Methods Committee 
The Royal Society of Chemistry, Burlington House, Piccadilly, London W l  V OBN 

A method is provided for comparing the features of wavelength dispersive X-ray 
spectrometers. 

comparison to be 
made between instruments. 

The over-all object is to  assist purchasers in obtaining the 
best instrument for their analytical requirements. It is also 
hoped that, to a degree, it will help manufacturers to supply the 
instrument best suited to their customers’ needs. 

No attempt has been made to lay down a specification. In 
fact, the committee considers that it would be invidious to do 
so: rather, it has tried to encourage the purchasers to make up 
their own minds as to the importance of the features that are on 
offer by manufacturers. 

The sixth report of the Sub-committee deals with X-ray 

fluorescence spectrometers that are designed for use as 
sequential instruments. 

Notes on the Use of this Document 
Column 1. The features of interest. 
Column 2. What the feature is, and how it can be evaluated. 
Column 3. The Sub-committee has indicated the relative 

importance of each feature and expects users to 
decide on a weighting factor according to their 
own applications. 

http://dx.doi.org/10.1039/ap9902700324
http://pubs.rsc.org/en/journals/journal/AP
http://pubs.rsc.org/en/journals/journal/AP?issueid=AP1990_27_12
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INSTRUMENTAL CRITERIA SUB-COMMITTEE INSTRUMENT EVALUATION FORM 

Type of Instrument: Wavelength dispersive X-ray spectrometer 

Manufacturer: 

Model No: 

Feature 

1. Excitation 
( a )  Generator 

( i )  Conven- 
tional 

( i i )  Solid State 

(iii) Stability 

( b )  X-ray tubes 
( 4  Type 

Definition and/or test 
procedures and guidance 

for assessment 

These are based on vacuum tube 
technology, use relatively 
large and heavy transformers 
and require water cooling. 
These are based on solid-state 
circuits, have higher frequency 
oscillators and, as they use 
smaller transformers, are more 
compact. Both types are 
satisfactory and it may be 
inappropriate to score this item. 
Score maximum for the best 
available. 

These may have a side or end 
window with a range of metal 
anodes to permit optimisation of 
excitation conditions. Both types 
are satisfactory but it may still 
be appropriate to score this 
feature, depending on 
application and range of 
elements required. 

[mportance 

VI 

Reason 

This item is only significant if 
physical size or weight and/or 
cooling water capacity limits 
application. 

The output in current and 
voltage is subject both to long 
term drift and short term 
fluctuations with mains 
voltage. Either source of 
instability will affect the 
frequency of re-calibration and 
the over-all performance of the 
instrument. 

3 kW-side-window tubes can be 
operated at up to 100 kV and 
the design permits close 
coupling to the sample and 
hence high excitation 
efficiency. This is partly 
counteracted by the need for a 
relatively thick beryllium exit 
window to accommodate the 
heating effect of backscattered 
electrons from the anode 
which is held at ground 
potential. Dual anode tubes 
are available to compensate for 
poorer excitation efficiency for 
the lightest elements resulting 
from attenuation of the low 
energy continuum by the 
relatively thick windows 
required. Normal drinking 
quality water can be used for 
cooling. With 3 kW end- 
window tubes the maximum 
operational voltage is at 
present limited to 75 kV. 
However, as the anode is 
maintained at a high positive 
potential, electron backscatter 
is inhibited and the 
consequential window heating 
effect is reduced. A thinner 
window can thus be used, 
increasing the efficiency of 
excitation for low atomic 
number elements. The cooling 
system requires de-ionised 
water or oil for the primary 
cooling circuit coupled to a 
heat exchanger that requires a 
normal water supply for heat 
removal. 
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Feature 

2. Sanzple changer 
and 
presentation 

(a) Number of 
samples 

(i) Internal 

(ii) External 
sample 
changer 

(iii) Sample 
identifi- 
cation 

( h )  Vacuum 
system 

(i) Reprodu- 
cibility 

(ii) Pre-analysis 
pump down 

(iii) Helium 
path 
option 

(c) Reference 
sample 

Definition and/or test 
procedures and guidance 

for assessment 

Score maximum for the 
maximum number of samples 
which can be accommodated. 

Score maximum for the sample 
changer which can comfortably 
accommodate the maximum 
number of samples that are 
likely to be encountered in an 
analytical programme. Score 
extra if sample changer can be 
retrofitted. 

Score maximum for a system of 
automatic identification which 
enables the sample to be 
positively identified and the 
analytical sequence to be 
defined to maximise operator 
convenience. 

Providing a level of less than 1 
torr can be reached, scoring is 
inappropriate. 

Score maximum for minimum 
pump down time, if intermediate 
evacuation compartment is not 
available between the external 
sample changer and the 
analytical chamber. 

Score maximum for the facility 
to interchange an atmospheric 
pressure of helium within the 
spectrometer as an alternative to 
vacuum. Score additionally for 
economical use of helium. 

Score maximum for the facility 
to maintain a reference sample 
or intensity drift monitor within 
the spectrometer. 

[mportance 

I 

NVI 

VI 

VI 

I 

Iepends or 
;ample typc 

I 

Reason 

If more than two positions are 
available, some position(s) can 
be used for intensity (or re- 
calibration) monitors, thus 
reducing any possibility of 
monitor contamination. 

An external auto-sampler is 
often needed to give flexible 
efficient operation. This may 
be very expensive if not easy 
to retrofit. 

Essential if instrument is being 
used for routine analysis, 
particularly if unattended 
operation is envisaged. 

Adequate vacuum within the 
spectrometer is essential to 
prevent attenuation of the 
fluorescence signal if the 
determination of 

http://dx.doi.org/10.1039/ap9902700324
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Feature 

(d )  Positioning 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
90

. D
ow

nl
oa

de
d 

by
 R

SC
 I

nt
er

na
l o

n 
27

/0
3/

20
14

 1
4:

21
:1

7.
 

View Article Online

http://dx.doi.org/10.1039/ap9902700324


ANALYTICAL 

http://dx.doi.org/10.1039/ap9902700324


330 ANALYTICAL PROCEEDINGS. DECEMBER 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
90

. D
ow

nl
oa

de
d 

by
 R

SC
 I

nt
er

na
l o

n 
27

/0
3/

20
14

 1
4:

21
:1

7.
 

View Article Online

http://dx.doi.org/10.1039/ap9902700324


ANALYTICAL PROCEEDINGS, DECEMBER 1990. VOL 27 33 1 

Feature 
~~~ 

5 .  Computer 
(a )  Automation 

(i) Instrument 
control 

(ii) Operating 
programme 

(iii) Instrument 

( b )  Data 
processing 

(i) Quantitative 

(ii) Qualitative 
analysis 

6. ( a )  Instrument 
footprint 

Definition and/or test 
procedures and guidance 

for assessment 

Score maximum for the greatest 
number of instrument features 
which are under computer 
control. 

Score maximum for a user 
friendly operating system which 
permits Score 

http://dx.doi.org/10.1039/ap9902700324
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Feature 

( b )  Services 
(i) Environ- 

mental 
control 

( i i )  Electrical 

(iii) Cooling 
water 

(c) Service and 
spares 

( d )  Training 
facilities, 
effective 
documen- 
tation and 
technical 
support 

7 .  Safety 
considera- 
tions 

8. Extraneous 
leakage of 
radiation 

~ 

9. Value f o r  
money (Points 
Per 2) 

Definition and/or test 
procedures and guidance 

for assessment 

Score maximum for minimum 
requirements for environmental 
control (temperature, humidity, 
vibration, etc.) necessary to 
enable the instrument to operate 
within its specification. 

Score maximum for 
compatability with existing 
electrical supply with regard to 
loading, stability and tolerance 
of transients. 
Evaluate costs for the provision 
of cooling water supply and 
score maximum for the lowest 
costs. 

Enquire in detail as to local 
arrangements and score 
accordingly. 
Enquire as to local arrangements 
and score accordingly. 

In the UK, construction of the 
instrument and all safety 
interlocks must comply with 
appropriate regulations including 
the Ionising Radiations 
Regulations 1985. Other 
countries have similar National 
Regulations with which 
instrumentation must comply. 

The lowest possible leakage of 
radiation from the equipment 
should be aimed for. Score 
additionally for extra features 
which minmise extraneous 
radiation. 

Sum of the previous sub-totals 
divided by the purchase price of 
the instrument. Subject to 
proportional scoring and 
weighting factors include ST in 
grand total. 

mportance 

VI 

Varies 
with 
users 

circum- 
stances 

I 

VI 

I 

VI 

I 

I 

Reason 

Additional costs may be 
considerable if close control of 
environmental factors is 
required. This may be 
particularly important if the 
instrument is intended to be 
operated in a plant 
environment. 
Provision of alternative power 
supplies may significantly 
increase installation costs. 

Requirements for large 
amounts of cooling water or 
the installation of a 
recirculating system can 
significantly increase running 
costs. 
Cost of spares and availability 
of service may affect down 
time and running costs. 
Good technical support can 
reduce commissioning time 
and improve analytical 
effectiveness of the instrument. 

Apart from the obvious 
danger, operation of 
instruments in contravention of 
statutory regulations is illegal. 

Exposure to any radiation is 
undesirable and legally 
enforceable limits apply in 
most countries. Specified 
maximum radiation below 
legal requirements should be 
scored additionally. 

“Simple” instruments are often 
good value for money, whereas 
those with many refinements 
are often costly. 

Copyright: Analytical Methods Committee 
Instrumental Criteria Sub-committee, Royal Society of Chemistry, 1990 

Overall Performance 

Figures of Merit 
This test measures the capability of an instrument to detect 
trace elements across the complete spectrum range. Use a 
sample containing a small concentration of the element being 
tested, preferably in a matrix matched to that of the samples 
and which contains no interfering elements. 
1. Low z (long wavelength), e.g., Mg Ka: Tests multi-layer 

diffracting element, flow counter and coarse collimator 
combination. 

2. (a5 .9999 Tm((0 .5601 105n(11 0  T)sayF ix  )T j0.03999 Tc  3.157.6  48 .a  10 i  Tm) ,  detect gth), 
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Also calculate the factor (F) (often referred to as a figure of 
merit) which is used for optimising instrument operating 
conditions. 

where R, is the count rate at peak. 
The higher the value of F ,  the better. 

Stability 
This test checks the degree of long-term drift under defined 
conditions. Perform this test on an overnight (14 h) run. 
Choose a sample containing elements representative of the full 
wavelength range and repeat the measurement cycle over the 
necessary time span. The sequential measurement of each 
element should involve changing crystal, detector and 
collimator. If possible, the position of the sample in the sample 
chamber should also be changed at the end of each 
measurement cycle. 

Separate runs should be used to monitor performance under 
vacuum, helium (and air) conditions as appropriate to the 
application. Perform each Pd(1111 0 Tde )Tj0.03 2 Tc 1.111seriesthe s h o u l d  T d 5 6 2 ( a l s o  ) ] T J  0 . a s [ ( t o  ) 2 6 ( m o n i t o r  ) 3 t a l ,  i n v o l v e  o f 9 9 9  T c c   4 4  r e a d  ( e a c h  ) T j 8  9 . 3  1 7 5  T c   9  0   T c . 8  T m  5 5 b e  T j  0 . 0 3  T m p l e  
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