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Abstract - Using a combination of an X-ray generator installed in radiation calibration laboratory of
Korea Atomic Energy Research Institute (KAERI) and a series of 8 radiators and filters described in
1S0-4037, monoenergetic fluorescent X-rays from 86 keV to 75 keV were produced. This fluorescent
X-rays generated by primary X-rays from radiator were discriminated Kz lines with the aid of filter
material and the only K, X-rays were analyzed with the high purity Ge detector and portable MCA.
The air kerma rates were measured with the 350 cc ionization chamber and compared with the
calculational results, and the beam uniformity and the scattered effects of radiation fields were also
measured. '

The beam purities were more than 90 % for the energy range of 86 keV to 75 keV and the air kerma
rates were from 1.91 mGy/h (radiator : Au, filter : W) to 542 mGy (radiator : Mo, filter : Zr) at 43 cm
from center of the radiator., The effective area of beam at the measurement point of air kerma rates was
12 cm X 12 cm and the influence of scattered radiation was less than 3 %. The fluorescent X-rays
established in this study could be used for the determination of energy response of the radiation
measurement devices and the personal dosemeters in low photon energy regions.
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Introduction

The energy responses to the low energy
(10~300 keV) for the

measurement devices such as surveymeter, TLD

photon radiation
and film badge, etc are very different from
those of the high energy photons (*'Cs, ®Co).
The characteristics test of the instruments for
low energy photon range is usually performed
by using the continuous X-ray spectra but the
energy responses for that spectra . are. also
different from those of the monoenergetic
photons. Above the energy of 100 keV of the
X-ray tube potential, the calculated dose
conversion coefficients based on the continuous
distribution of X-ray spectra have not big
differences with those of spectrum average
energy by interpolation of the values represented
in the ICRU 47, ICRP Publication 51 and 74[1~
3], but below 100 keV this difference can not be
negligible and in this case the monochromatic
calibrating of
instruments. It is clear the differences between
these two values for ANSI N13.11[4] and ISO
4037[5] Narrow and Wide X-ray series in Table
1. We can see in this table that the larger the

radiations become useful - for

resolution of the spectrum, the bigger the
difference of the values in the lower energy
ranges.

There are a couple of different types of
monoenergetic radiation sources such as gamma
emitting, radionuclides that decay by electron
capture or internal conversion to ground state
and emit X-rays, and gamma sources that are

used to cause fluorescence in a secondary target
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which then emits its characteristic X-rays. But
radionuclides and gamma sources
limited because there are only small number of
such radionuclides with essentially monoenergetic

also

are very

emissions and their energy range is
restricted. Moreover it should be considered the
half life of the radionuclide and self absorption
in the source which is serious if the gamma ray

or X-ray energy is low.

Another method to generate the mono-
energetic radiations is to use the X-ray
generator in conjuction with interchangable

radiators and filters by which it is possible to
get different types of monoenergetic X-rays
ranging from ~ 10 keV to 100 keV. This sy-
stem has a number of  advantages over the
such that high kerma
isotopic sources,

radionuclides rates

compared with the various
energy ranges with radiator materials, variable
air kerma rates by adjusting the X-ray tube
currents and convenience by shutoff the machine
when not in use.

The system to generate monochromatic X-ray
has been known for decades[5~15]. The purpose
of this study, by applying the spectrum
unfolding of measured spectra with the HPGe
detector which was never used in the other
literatures, is to produce K, fluorescent X-rays
and to evaluate spectrum purities, beam
uniformity, scattered effects of the system and
air kerma rates of 8 energies recommended in
the ISO-4037. The established system at KAERI
radiation calibration laboratory can offer the
calibration services of the radiation measu-ring
instruments and the energy response tests of the

personal - dosemeters with the monoe-nergetic
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Table 1. Conversion coefficients for average energy and monoenergy of ANSI N13.11 and ISO Wide and

Narrow X-ray fields.

E (keV) Resolution (%) ANSI(;.F.(SV/GYI)SOZ) CF.(Sv/Gy)®
ANSI M30 (20) 74 0.42 0.613
M60 (35) 102 1.00 1.308
M100 (53) 93 1.52 1.820
M150 (73) 116 1.78 1.911
H150 (118) 39 1.71 1.731
ISO N40 (33) 30 1.17 1.228
N60 (48) 36 1.65 1.727
N80 (65) 32 1.88 1.911
N100 (83) 28 1.88 1.881
N120 (100) 27 1.81 1.812
N150 (118) 37 1.73 1.731
N200 (163) 30 157 1.561
N250 (205) 28 1.48 1.481
N300 (300) 27 142 1.424
ISO W60 (45) 48 1.55 1.651
W80 (B7V) 55 1.77 1.867
W110 (79) 51 1.87 1.767
W150 (105) 56 1.77 1.790
W200 (137) 57 1.65 1.649
W250 (173) 56 1.54 1.537
W300 (208) 57 1.47 1.477

1) Data for resolutions of ANSI series from measurements at KAERI X-ray fields.

2) Data from Ref. 4 and 5.

3) The values are interpolated by monoenergy photons in ICRP 74.

photon radiations from ~ 10 keV (K, of Zn) to
1,250 keV (*Co) to the industry.

Fluorescent X-ray Generation

The production principle of the fluorescent
X-rays is the conversion of the primary X-rays
‘having continuous spectrum from the X-ray
tube to the monoenergetic K, X-ray beams by
with the primary
When a X-ray photon that has a
energy higher than the K shell absorption edge
of the radiator

bombarding the radiator

X-rays.
interacts with an atom, one
interaction involves the transfer of the photon
energy to one of the K shell elements of the
atom resulting in its ejection from the atom.

The distribution of electrons returns to the
normal state by transitions of electrons from
shells to shells. The energy
difference between these states is emitted as

outer inner
either a characteristic K X-ray or an Auger
electron. But the K characteristic X-rays include
not only K, photon ejected from L electron to
K shell but also Kz photon from M electron
because of the continuous energy distribution of
the primary X-ray beams. To obtain
monoenergetic high purity K, X-ray photons it
is necessary to decrease the Kz X-rays by
adding the secondary filter between radiator and
measurement point. The optimum choice of the
filter material for a radiator with atomic number
Z is based on the concept that the filter material

has a K absorption edge energy either slightly
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higher than the energy of Kgz line or between
the K, and Kz lines of the radiator. Thus it is
general that the element of Z-1 ~ Z-5 of the
radiator according to the K, and Kz energies of
the radiator is used for the filter material. Also
the filter material can be either in a metal form
or stable chemical form[5].

In this study 8 types of K fluorescent X-rays
having énergies between 86 keV to 75 keV as
indicated in Table 2 according to the list of
I1SO-4037[5] were produced. The schematic
diagram of system used for the experiment is in
Fig. 1. The X-ray generator was a MG325
(Phillips, Germany) having a maximum potential
up to 320 kV. The primary beams from the
X-ray generator were collimated with
tungsten collimator to strike the radiator which
was placed at a 45° angle and 60 cm from the
X-ray tube target. The radiator had a dimension
of 10 cm X 10 cm and fluorescent X-rays
produced at the radiator emitted with the 90°
degree to the primary X-rays through the filter
to reduce the then
finally the energy spectra and air kerma rates of

a

Kz fluorescent X-rays,

Table 2. Radiators and filters used for fluorescent X-rays.
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Fig. 1. Schematic diagram of system used to stu-
dy the production of fluorescent X-rays.

K. X-rays were measured at the distance of 43
cm from the radiator.

Theoretical Formulation for
Fluorescent X-Rays

The first factor to be considered for a
calculation is the incident flux, No(E), of primary
X-rays on the surface of the radiator with a
small energy range between E and dE. This

w Theore, energy Radiator Tube potential Primary glwr Secondary filter .
K.(keV) Ele.  Mass(g/am) (keV) (g/cm’) Ele.  Mass(g/cm’)
8" 683 Au o8, 170 Aoz w08,
9 750 P (ooi%n 190 a0z Aw iz
1 864 Zn (ooisen 50 ALOIB  Cu (g0
12 175 Mo (005, 80 Aoz oz o505,
13 23 S 100 A2 Az 05
14 374 NE o8, 110 aozr ¢ 58,
15 49.1 1 o 120 Aoz G 08,
16 59.3 W 008, 170 A0 Yb 08,

Y No. of ISO standard.

These foils should be properly sealed to prevent oxidation.
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primary X-ray spectra could be calculated by
the methods described in different papers[16, 17].
Other factors are: (1) the decrease of the
primary X-ray intensities reaching a layer of
thickness dx at a depth of x in the radiator, (2)
the decrease of the fluorescent X-ray intensities
which have to pass through a depth of x to
escape the radiator, (3) the incident angle, ¢, of
the primary X-ray and the fluor-escent X-ray
escape angle, 8 (See Fig. 2).

Fiter

CI R »+ X-ray Detector

X-ray Tube

Fig. 2. Tlustration of the
theoretical calculation.

fluorescent X-rays for

As illustrated in Fig. 2, the number of X-rays,
N(E)dE, at a depth x is

NEX)IE = No(E)AE - exp(- ¢ (E)x/ sin ¢) (1)
where p(E) is the linear absorption coefficient for
X-ray energy E. When the primary X-rays pass

through the layer of radiator dx, the number of
X-rays absorbed is

dN(Ex) = N(EX)E - (1~exp(- ¢ (E)dx/ sin¢g)). (2
Where dx — 0, then

dN(E,x) = N(E,x)dE - z (E)dx/ sin ¢. (3

the
emission of fluorescent K X-rays. The emission

So these X-rays are contributed to

probability of fluorescent K, X-rays, R, is

R=f - P, 4)

where f is the correction factor for only K

absorption to all the electron energy levels
absorption, @ is K shell fluorescent yield and P
« 1s the production probability of K.. Only the
K absorption is to be considered, the correction

factor f can be expressed as

f= px(E) p1(E) = (Sk-1)/Sk (5)

where pk(E) and u1(E) are the K and total
linear absorption coefficients at energy E, and
Sk is the K absorption jump ratio. The w is the
ratio of K X-rays to the total number of
de-excitations to the K shell. And it is only
considered the production of K, X-rays, the
probability P, of a K, is included in Eq. (4).

Therefore the number of K. X-rays produced
at the layer of dx is

dNk.(Ex) = R - dN(Ex). ®

From Eq. (1), (3) and (6)

dNk. (Ex)

R - N(EX)E - ¢ (E)dx/ sin¢
[R: ¢ (E)dx - No(E) - exp(- ¢ (E)x
/ sing)] / sin . )

1]

The fluorescent X-rays produced at the layer
of dx are decreased by the radiator which has
the depth of x and the angle of exit 8. The
probability to arrive at the radiator surface is

exp(- ¢ (E,) - x/ sin ) 8)
where ¢ (E.) is the linear absorption coefficient

at the energy of the K, X-ray, Ek.. So the
number of K, emitted at the surface of radiator
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has to integrate both over x and the range of
primary X-ray energy from the K absorption
edge (Ex) to the maximum energy (Eg),

E,
Nk.= S§¢ fEK #(E)NodEfoxexp(—x(#(E)/
sin ¢+ u(E,)/ sin 6))dx
)]

where X is the radiator thickness. If X is very
large compared to the penetration depth of the
X-rays, then Eq. (9) reduces to

E #(E)NydE

Nko=

sing Je, (u(E)/sing)+ (u(E,)/sinb)

(10)

If the area of radiator to be irradiated from
primary X-ray is S (cm®), the linear absorption
coefficient and the thickness of the secondary
filter are ¢, (cm™) and t¢ (cm) respectively, and
the distance from the center of radiator to the
measurement point is L (cm), then the number
of K,1 X-rays per unit area at the measurement
point, N1, is

Na1= - exp(— p(E,) - t;/sing) - %

sin ¢ xL?
1. % S—
Ex (u(E)/sing)+ (u(E,)/sin )

Like above method it can be calculated the
number of K,2 and Kj separately, but our
concern is focussed at the K, in the high
purity fluorescent X-ray fields, so only the K.
is calculated. After calculations of the number of
Nal
converted to air kerma rates (K,) using the data
of air kerma in free air to fluence in ICRU
4711], and compared them with the experimental
results.

for the 8 fluorescent energies, they are

Experiments

Energy Spectra of the Fluorescent X-rays

The K X-rays emitted from the radiator were
measured with the planar type high pur-ity
semiconductor  detector (HPGe, GLP32340-p,
Ortec) and the portable multichannel analyzer
(PMCA-7500B, Ortec). Schematic diagram is
illustrated in Fig. 1. The entrance window
surface of the HPGe detector was placed at 43
cm from center of the radiator which was the
just same position with the measurement of air
kerma rates. The detector was shielded by 1 cm
thickness lead with a 0.8 mm diameter hole at
the center of lead against saturation of the
detector. The high voltages and currents of the
X-ray generator were the actual conditions for
the measurement of air kerma rates. Prior to the
measurement, channel-energy calibration of the
detecting system was carried out with the

‘known energies standard gamma sources of

Ba-133, Am-241 and X-rays of Cs-137.

Purities of the fluorescent X-rays

The purities of the fluorescent X-rays were
evaluated by calculation from the spectrum
measured at previous section. The spectra were
tube potentials to
determine the optimum high voltage to have the
high spectral purity. Then each spectrum was
divided into 05 keV energy interval and

unfolded it for correction of K-escape fraction,

measured with several

Compton continuum and the detection efficiency
of the HPGe detector. The detection efficiency
and the unfolding method for our system were
described in other articles{18, 19] in detail.

After correcting the spectrum a purity defined
as the number of K, counts to the numerical
integration of the total counts from the HPGe
detector was calculated. From the calculation
results high voltage at which the purity was
more than 90 % was selected as the operation
voltage for calibration uses.

Beam Unitormity
The fluorescent X-ray source produced by the
radiator has the form of an ellipse oriented at 4
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5° to the primary X-ray beams. Moreover, this
source is inhomogeneous since the flux of
primary photons causing interactions followed by
the emission of fluorescent X-ray is not
conistant throughout the irradiated surface of the
radiator. This is because each surface element of
the radiator is at a variable distance from the
focal spot of the X-ray tube. Therefore the
homogeneity  of field at the

measurement point of fluorescent X-rays should

radiation

be considered for calibrating a large size of
chamber or irradiating a number of personal
dosemeters simultaneously. Theoretical calcula-
tion of the homogeneity problems was already
performed by Chartier et al.[20], so in this work
the experimental measurements were only done
by the methods of
densitometry and ionization chamber dosimetry.
For chamber dosimetry, NE2530/1 35cc ioniza -
tion chamber and Victoreen 530 -electrometer
were used. This chamber was calibrated for the
fluorescent

photographic  film

X-rays at secondary standard
laboratory of the Institute of Radiation Protection
and Safety (IPSN/CEA) in France by Mesh Grid
Type Ilc free ionization chamber. It was also
used for measuring of scattered radiation and air
kerma rates in next sections. For uniformity
measurement, radiator and filter material were
Mo and Zr (175 keV, see Table 2.) , and high
voltage and current were 80 kVp and 10 mA,
respectively. The ionization chamber was placed
in a plane of vertical and horizontal to the
center of the fluorescent X-rays (43 c¢m from
radiator) with the consecutive points

distance of 1 cm. Then the air kerma rates were

two

normalized to 1 at the center of beam.

For densitometry by photographic film, Kodak
X-Omat V film for therapy verification made in
Eastman Kodak Company, USA was irradiated
at the center of fluorescent X-rays. But the film
was attached on a PMMA phantom which had a
dimension of 30 ¢cm X 30 em X 15 cm because
the personal dosemeters would be irradiated on
the phantom. After developed the film it was

read the densities by a fully automatic

densitometer (Model 1705 Film Dens -itometer,
Germany) installed in Yonsei Medical Center.
The densities were also normalized to 1 at the
center of beam.

Scattered Radiation

ISO 4037 recommended that the contribution
due to scattered radiation should be checked at
the experimental distance to measure the air
kerma rates. If this contribution is more than
5% of the total air kerma rate, the effectiveness
of the X-ray shielding must be checked again.
This test was carried out with the aid of a
same dosimetry system of above section. The
fluorescent X-rays were 175 keV (radiator
Mo, filter : Zr, HV. : 80 kVp, current : 20 mA)
which was the highest air kerma rate and 75
keV (radiator : Pb, filter : Au, HV. : 190 kVp,
current : 10 mA) which had the highest energy
of our system. The air kerma rates were
measured on the central axis of the beam at the
various points of distance. These rates, after
correction for air attenuation and for inverse
square of the focus to detector distance with
checked to
portionality within 5%.

distances, were have a pro-

Air Kerma Rates of Fluorescent X-Rays
NE 2530/1 ionization chamber described at the
previous section was used for the measurement
of air kerma rates from the fluorescent X-rays.
The calibration results are in Table 3 for the
ISO 4037 fluorescent X-ray series. The distance
for measuring the air kerma rates was 43 cm
from the center of the radiator. Having corrected
by temperature and pressure, the electrical

charge produced in ionization chamber were
converted to air kerma rate by multiplying the
calibration factors in Table 3. To obtain various
air kerma rates, two kinds of currents of the
X-ray tube were selected at each applied high
voltage. Measured data were compared to the
calculation results described in the calculation

section.
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Table 3. Calibration factors for fluorescent radiations calibrated at IPSN/CEA.

Radiation  Energy Air Kermarate Current Calibratiop factor Uncertainty
quality (keV) (Gy-h™) (pA) (Gy-h™-A™) (%)
F-Ge 99 1.0049E-01 19.64%0 5.1140E+09 2.60
F-Zr 158 8.7229E-02 26.2730 3.3201E+09 2.60
F-Cd 232 7.2760E-02 23.7500 '3.0630E+09 2.60
F-Cs 31.0 4.4105E-02 14.4010 3.0630E+09 2.60
F-Sm 40.1 3.7816E-02 12.3930 3.0500E+09 2.60
F-Er 49.1 4.5720E-02 14.7710 3.0950E+09 2.60
F-W 59.3 2.2888E-02 7.4897 3.0560E+09 2.60
F-Pb 75.0 9.0947E-03 2.9600 3.0730E+09 2.60

Results and Discussion

Energy Spectra of the Fluorescent X-rays

Usually three factors prevent the fluorescent
X-ray from being truly monoenergetic. First,
there are four significant K X-rays resulted
from a vacancy in the K shell from a
photoelectric interaction. Namely, K,i and K,z
are transitions from Ly — K and Ly — K, and
Kg1 and Kz are from M — K and N — K,
respectively. Kz lines can be eliminated from
the spectra by aid of the secondary filter, but in
high Kz energy these lines could be a little
important portion. Second, in high
number element the L X-rays (transitions from
higher shells down to the L shell)
sufficient energy to become apparent; and third,

atomic
have

scatter from distribution of X-ray energies of
the primary beam, but this problem can be
solved by proper shielding of the fluorescent
X-ray generating system.

Fig. 3 shows the measured fluorescent X-ray
spectra. As seen in the Fig. 3, all of the spectra
have sharp peak for a K, fluorescent X-ray and
Kz lines are nearly discriminated by the
secondary filter. The smaller peaks about 10
keV below the K, in low energy X-ray regions

are due to the loss from the detector of Ge

X-ray (X-ray escape peak), and a little Kz lines
and scattering radiations are remained in the
higher energy regions more than 170 kVp. Also
the small peaks just below K, X-rays are due
to the photoelectric absorption of the detector.
The L X-rays of 75 keV (Pb radiator) are seen
to be a little prominent in the spectrum. But
X-ray escape peak, photoelectric absorption peak,
Compton continuum and pile up of the all of the
spectra were removed as minimum by unfolding
the measured spectra, and these spectra can be
monochromatic

used satisfactorily as the

radiations.

Purities of the fluorescent X-rays

The optimum X-ray tube potential for
maximum purity of the fluorescent X-rays is
approximately twice the K absorption edge
energy for the relevant radiator[5]. If the higher
air kerma rates are required it is possible to use
higher values of tube potentials, but this will
result in a lower purity of the radiation. Fig. 4
shows the spectrum purities with the applied
tube potentials. The spectral
calculated by numerical integration of the (K,)
or (K, + Kz)/(Total Intensity) from the spectral
distributions of the unfolded spectra mentioned

purities were

previous section. From these results we can see
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Fig. 3. Measured fluorescent X-ray spectra. In legend, left material is radiator and right one
is target.(For example, Zn is radiator and Cu is filter in ZnCu.)
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Fig. 4. Fluorescent X-ray purities as a function of X-ray tube potential. (M : with filter,
A : without filter(K ,+K z) and @ : without filter(K, only))
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Table 4. Purities of fluorescent X-rays for selected tube potential.

Purity (%)

Radiator ~ Filter Ex, (keV’ &};) e et Filter —Without Filter

K. only K. +Kp

Zn Cu 8.6 50 20 0.975 0.836 0.989

Mo Zr 175 30 20 0.960 0.724 0.866

Sn Ag 25.3 100 10 0.945 0.728 0.892

Nd Ce 374 110 10 0.932 0.715 0.896

Er Gd 49.1 120 10 0.934 0.699 0.8%4

\'Y Yb 59.3 170 10 0.908 0.624 0.796

Au W 68.8 170 10 0.905 0.598 0.778

Pb Au 75.0 200 10 0.897 0.525 0.652
the purities of the fluorescent X-rays are range of tube potentials for each particular
decreased with the increasing applied tube radiator. The results of the purity measurements
potentials. When the radiator was Er, the for selected tube potential are summarized in

purities were expected to more decrease than
other radiators because it was a chemical form
of EryOs3 not a metal form, but it did not exist
low purities compared to the others. Particular
high purities were obtained in the low energy
fluorescent X-rays of radiator Zn and Mo
because the air absorption coefficients of air is
large for low energy photons from which they
are largely absorbed by the air.

Even though it was difficult to match the
recommended X-ray tube potentials of ISO 4037
because of a little low purities in high energy
regions of Au and Pb, it could be obtained
spectral purities more than 90 % in the optimal

0.92

—a-~ W/Yb Combi. 170 kVp
0.884 —&— Au/W Combi. 170 kvp
—A— Pb/Au Combi. 200 kvp

Purity(%)

0.86

T T T T T —
2 4 6 8 10 12 14 18

Current(mA)

Fig. 5. Spectral purities with the X-ray
generator tube currents.

Table 4. The spectral purities were also plotted
in Fig. 5 as a function of X-ray tube currents
at determined potential for the purpose of
determining the several air kerma rates in which
the severe variations of spectral purities were
not observed.

Beam Uniformity

Fig. 6 shows the air kerma rates curve as a
function of distance in the direction of X- and
Y- axis respectively, moved from the center of
ionization chamber is
located, namely the plane of the distance of 43

the plane where the

cm from the center of radiator (16 cm from the

Relative Ka Rates

o«
o

T T T T T T T
-10 -8 -6 -4 -2 o 2 4 6

Distance from Center (cm)

Fig. 6. Beam homogeneity curves of fluorescent
X-ray by ionization chamber. (Radiator :
Mo, Filter : Zr, 80 kVp, 10 mA)
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Fig. 7. Homogeneity lines of the Fluorescent
X-rays by densitometry. Homogeneity
are 95%, 90%, 70%, 60%, 50% from

inside to outside.
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secondary filter material having dimension of 10
cm X 10 cm). Consecutive measuring distance
interval was 1 cm and normalized the air kerma
rates to that of center. In Fig. 6 the air kerma
the distance
differences between the center of the plane and
the X- and Y- axis measurement points. A little
contribution of scattered radiations could be seen

rates were not  corrected for

in the direction of negative X- axis, but the

AR BE G © F23% F1W 1998F

diameter of radiation fields in which the beam
uniformity had more than 97 % was about 12
cm.

Because beam uniformity data by the
ionization chamber dosimetry was obtained only
for the X- and Y- axis to the center of the
radiation field, the remaining parts in plane were
checked by film densitometry. The result is
shown in Fig. 7 and the beam uniformity was
nearly same as the dosimetry method.

In ISO 4037 it is recommended that the
variation  in the
fluorescentX-ray beam over the area of the
detector employed should not be greater than 5
%, and the beam cross section at the point of
irradiation should always be greater than the
cross sectional area of the instrument being
calibrated. From our experimental results, the
beam uniformity more than 97 % in the
12 cm was

air kerma rates of

fluorescent X-ray of diameter
obtained and it could be used for not only the
calibration of general surveymeter but also the
four personal

simultaneous  irradiation of

dosemeters.

Table 5. The results of air kerma rate measurements with the distances.

Distance

K. Rate (mGy/h)

Relative K, at Initial distance

Radiator : Mo, Target :

Zr, 80 kVp, 20 mA

Initial Distance

(43cm from Center of Target) 5452 1
Initial Distance + 10 cm 35.3271 0.998
Initial Distance + 20 cm 24.3835 0.987

. Initial Distance + 30 cm 17.8485 0.983
Initial Distance + 40 cm 13.5476 0.978
Initial Distance + 50 cm 10.6274 0.977
Initial Distance + 60 cm 8.5928 0.982

Radiator : Pb, Target : Au, 190 kVp, 10 mA
Initial Distance ’

(43cm from Center of Target) 45107 1
Initial Distance + 10 cm 3.0241 1.007
Initial Distance + 20 cm 2.1449 1.012
Initial Distance + 30 cm 1.6015 1.016
Initial Distance + 40 cm 1.2395 1.019
Initial Distance + 50 cm 0.9877 1.022
Initial Distance + 60 cm 0.8071 1.026
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Scattered Radiations

The air kerma rates on the central axis of the
fluorescent X-ray beams at the points of 10 cm
in Table 5 Also the values
corrected by distances and air attenuation are in
Table. No scattered
radiations were observed in 175 keV K X-rays

interval are

the same significant
at which the air kerma rates were conversely
decreased by small amounts for the low energy
photon absorption in air. A little scattering
radiations were found out at the 75 keV high
energy K X-rays but the portions were less
than 3%.

Air Kerma Rates of Fluorescent X-Rays
The air kerma rates of each fluorescent X-ray
were measured at the distance of 43 cm from
the center of the radiator, and the results are in
Table 6 with the calculation results discussed in
previous section. Because the spectrum purities
were not varied with the currents as shown in
purity measurement section and the air kerma
rates would be sometimes needed to change
with  the
dosemeters, the air kerma rates were measured

calibrations or irradiations of

at two different currents. The calculation results
were always lower than those of the experiment
because the Kz lines, scattered radiations and
other factors to be affected to the measurement
results were not considered in calculation.

Maximum air kerma rate was 54.52 mGy/h in
case of Mo radiator and Ag filter. Even though
Au radiator and W filter had the lowest air
kerma rates (1.91 mGy/h) all of the fluorescent
X-rays could be satisfactorily used for the
calibration activities in secondary standard la-
boratory.

Conclusions

For the purpose of using monochromatic low
energy photon radiations useful in the calibra-
tion of instruments or in the irradiation of
personal dosemeters with the energies, K fluo-
rescent X-ray beams ranging from 86 keV to
75 keV were produced. The spectral puriries for
the 8 radiators were more than 90%, it means
that only the K, X-rays were emitted. Also the
beam uniformity was

sufficiently large to

irradiate or calibrate the dosemeters and scatter-

Table 6. Air kerma rates by measurement and calculation produced in this study.

Target Filter (Eg\a/) (IP(I\-X)-) C(I:Trlrﬁr)lt K, by Measurement (mGy/h) K@ b%,m%%,l%l;aﬁon
Zr Cu 864 50 ;8 161-%% 0w
Mo zr 175 80 ;8 2575;;7_221 .
Sn  Ag 23 100 " éﬁﬁéﬁéﬁ 1695
Nd Ce 374 110 ég gf;ig 489
Er  Gd 491 120 ég 1%375& a72
W Yb 593 170 }(5) ggiﬁg 560
Au W 68 170 12 ;Zég‘; 179
Pb  Au 5 200 }g ?;22? 5.12
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ing radiations were less than 3% in this system.
The air kerma rates were up to 5452 mGy/h in
Mo radiator. Though it may take long times to
irradiate the personal dosemeters with the W
radiator because of its low air kerma rate (1.91
mGy/h) but it dose not make a big problem to
investigate the sensitivity change of the
dosemeter with the energies. '

An interchangeable radiator and filter system
could be used such that the radiator, optimum
high voltage and current are easily selected for
a particular K fluorescent X-ray energy and air
kerma rate. The established system offers a
high beam intensity of monochromatic radiation
from a few keV up to 75 keV with ease and
convenience of operation. By this study the
KAERI
calibrate the radiation instrument with the mo-

radiation calibration laboratory can
nochromatic radiations from ~ 86 keV (K, of
Zn) to 1,250 keV (¥Co), and particularly these K
fluorescent X-ray beams will be used for the
determination of energy responses of the
personal dosemeters to compare with those of

continuous X-ray energy distribution.
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