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D» inherent unsharpness and image contrast, c'a = ̂:f:r i» i "•

cf vc """ inte the range of usually used radiation sources â ;; rang? r-
applirat:CP in regara of exposure time, activity and half li-'e time.
i:rc:pr:<jtês rip. 1'isotope radioactif Yttsrbium 169, mesures .1̂  ílou ;rré-
rent et rtu centraste, classification de l'Ytterbium 1G9 dans ia gamn-e
des s.-/i,r̂ es ae radiation habituellement utilisées et domaine d'apoiica-
tion an oe Qui concerne le temps d'exposition,1'activité et la demie-vie

Taking radiographs from objects with curved wails by iocatirg the
source centrally mainly has two advantages. The visiDility of details is
Detter than by other arrangements, and the number of necessary exposures
is lower. The fact is generally considered in testing and acceptance
standards too, e.g. the permitted source-to-film distance may be lower
as in ether cases if the radiation source is situated inside trie tube.
Especially for components and elements with small diameters (o.g. urcier
','jj mm) ana small wal.1 thicknesses (roughly under 10 mm) an appropriate
rad ist ion source for this technique is still lacking. For most X-r3y
units such components or elements are not accessible from the inside.
Moreover, components and elements with such dimtnsions often have sucr.
unfavourable geometrical conditions that they are not accessible for
X-ray units at all. The application of Ir 192 is mostly not allowed for
these wail thickness ranges because of its excessive radiation energy.
Often in tnese cases the lower visibility of details on Ir ".9¿ radio-
graphs is accepted in order to carry out tests at all.

The radioactive isotope Ytterbium 163 ÍYb "69) available s;n~e
short time can close this gap.

II. PROPERTIES AND HANDLING DEVICES

The energy spectrum of the gamma radiation of Ytterbium *o9
(fig. 1) shows a multitude of lines in the range of 63 keV - 339 KeV.
Nsar 200 keV two lines form a concentration in this heterogeneous spec-
trum. Another accumulation of energy lines is situated between 93 and
130 keV. Furthermore, the line at 63 keV and the line at 309 keV add
considerable parts to the total intensity. Because of this very diffrent
energy picture this radioactive isotope in its effect uaor. image quality
of radiographs, cannot be compared with a Bremsspectrum of an X-ray unit
without further investigation. It can be expected that in the event of
radiating very thin wall thicknesses the low-energy line of b3 keV has
a greater effect than in the case of larger wall thicknesses, so that
the contrast values of very small thicknesses will correspond tü a
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Sremsspectrum of lower tube voltage than in the event of larger wall

The specific gamma-ray constant of Ytterbium 169 is 0.12:J Rm /
hCi ana that is four times lower as the specific gamma-ray constant of
Ir 192. This lower specific gamma-ray constant compared to Ir 192 is no
disadvantage taking into account the possible application range of this
radiation source.

The radioactive half life of this isotope is indeed only 31,6
days, as compared to 74 days for Ir 192. This relatively short half life
implies a certain restriction for its practical application. The rela-
tively high intensifying factor of lead screens can partly offset tr-is
disadvantage. We shall come back to this later in more detail.

The maximum activity available today is stated to be 5 Ci at a
size of 1 x 1 mm. As we know today, there is obviously no reason to be-
lieve that this maximum activity can be considerably increased because
by enlarging the dimensions of the isotope no considerable increase of
ttie activity is possible due to the high self-absorption. Nevertheless
tha activity up to 5 Ci of this isotope is appropriate for its range
of application. On the other hand the small isotope dimensions are v/ery
suitable for the geometry in the case of small test dimensions.

The relatively small specific gamma-ray constant, the low maxi-
mum activity, and the small dimensions of this isotope make it possible
to use very small, light and handy handling devices which allow testing
in very confined geometrical conditions. Two special types of such hand-
ling devices are available. One handling device is designed for placing
the source inside of cylindrical components and elements of small dia-
meter. The outer diameter of this device is 14 mm. The second type is
designed for double wall techniques in very confined geometrical condi-
tions. More details about these handling devices will not be given here
because these have already been dealt with comprehensiveiy elsewhere
¿V. ¿27.

IMAGE QUALITY

As already mentioned the classification of Yb 169 into the range
of usually used radiation sources in regard to the achievable image qua-
lity i i difficult because of its inhomogeneous energy spectrum. There-
fore the inherent unsharpness and image contrast of Yb 169, Ir 192, and
X-ray radiographs from 100 to 250 kV were measured. All radiographs were
realized with constant geometrical unsharpness and a material thickness
of 10 mm. The material thickness has been selected in such a way that
exposure times were appropriate for all radiation sources.

III.1 Inherent unsharpness

The inherent unsharpness was determined as u -value according to
the measuring method which is comprehensively outlined and discussed in
another conference paper. The results are shown in fig. 2. The inherent
unsharpness u is plotted as a function of the tube voltage for X-ray
unit and for Yb 169 and Ir 192 radiographs performed on D 4 and D 7 film
with and without lead screens. Because there are no distinct and marked
differences in inherent unsharpness between the film qualities - as is
illustrated by the results of the Yb 169 and Ir 192 radiographs - the u
values are only given for one film-quality in the case of X-ray unit. e

For tube voltages in the range between 100 and 250 kV practically no
change in inherent unsharpness could be found. In this range radiographs
with lead screens show an u -value of 0.038 mm, whereas radiographs
without lead screens show aBlower unsharpness of roughly 0.025 mm. In
the event of Ir 192 radiographs the inherent unsharpness is considerably
higher, i.e. U.07 mm for radiographs with lead screens and 0.055 mm
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without lead screens. The Yb 169 radiographs show the same values of in-
herent unsharpness os the corresponding radiographs with or without lead
screens respectively performed with X-ray units in the tube voltage
range of 100 - 250 kV.

III.2 Image contrast

For comparing the contrast values the density difference of the
Sth wire element of a CERL double wire IQI was photometrically deter-
mined and related to the surrounding density. This value is called the
relative contrast. Fig. 3 gives the results for X-ray unit in the range
of 100 to 250 kV for Ir 192 and Yb 169 for film qualities D 4 and 0 7,
with and without lead screens. Here, too, there is no considerable dif-
ference between the film qualities. For this reason again only one film
quality is given for X-ray unit. The relative contrast strongly decrea-
ses when the tube voltage increases. Ir 192 radiographs have a relative
contrast which corresponds to a tube voltage of more than 400 kV. The
relative contrast of Yb 169 radiographs consequently corresponds to a
tube voltage of 250 kV, in both cases with and without lead screens.

On the basis of the factors inherent unsharpness and image con-
trast which both influence the image quality, Yb 169 radiographs at a
wall thickness of 10 mm correspond to radiographs with an X-ray tube
voltage of 250 kV. The evaluation of the image quality by wire IQI con-
firmed this statement. In how far there is a shift of the contrast com-
parative value in case of very small wall thicknesses towards lower
tube voltages remains to be investigated. As stated before, such a shift
can be expected because of the energy spectrum of Yb 169. Also the ex-
posure diagram of Yb 169 shows the possibility of such an effect, be-
cause in the case of steel the necessary exposure times below wall
thickness of 6 mm decrease stronger than in the range of higher wall
thicknesses, that means that below a wall thickness of 6 mm the low-
energy line has a greater influence upon exposure time and image con-
trast.

IV. RANGE OF APPLICATION OF Yb 169

An essential factor for the practical application of Yb 1b9 is
the necessary exposure time in conjunction with the activity and the
radioactive half life. Fig. 4 shows for example the required exposure
times for Yb 169 radiographs for steel workpieces of 6 and 10 mm wall
thickness for different film qualities, with and without lead screens,
as a function of the activity. 5 min were taken as the upper limit for
usual exposure times in this example. The density is 2.5 and the film-
focus distance is in accordance with the specifications of class B of
DIN 54 111 .

Performing radiographs from a workpiece thickness of 6 mm on Q 7
film without lead screens, the initial activity of 5 Ci leads to an ex-
posure time of roughly 2 min. The activity corresponding to an exposure
time of 5 min leads to an application time of slightly more than one
half life. If lead screens, which have an intensifying factor of 6 at
this wall thickness are used to decrease the exposure time the exposure
time remains in the range of 5 min down to an activity of 0.3 Ci. The
application time of the source thus increases to 4 half lives, i.e.
4 months, under these conditions the application of this isotope is eco-
nomical by all means. If the wall thicknesses are still smaller, these
conditions are corresponding again more suitable. The decision whether
a radiograph is exposed with or without lead s'creens only depends on
the exposure time, because there are no considerable differences of
image quality between these two possibilities. The non screen technique
will be chosen when the exposure times with screens are so short that
these cannot be stopped precisely. The curve for D 4 film with lead
screens, which is also plotted, shows that at a wall thickness of 6 mm
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this method still leads to an application period of sligntly less than
tw; half lives. A D 4 film without screen could not bs used in this ex-
ample.

When proceeding tc a wall thickness of 10 mm the possibilities
of variation are much smaller. Thus, only radiographs with L) 7 and lead
screens can be considered. Therefore - apart from special cases - wall
thicknesses of 10 mm steel must be considered as upper limit for the
application of Yb 169. Furthermore it is noticed that the intensi^vine
factor of lead screens at a wall thickness of 10 mm is lower than at
6 mm. This effect should be examined in more detail.

In order to explain the geometrical conditions for the applica-
tion of such small handling devices and small focal spot dimensions,
fig. 5 shows the required source-to-film distances according to GIN
54 111 far a focal spot diameter of 1 mm. Having a workpiece thicKness
of 4 mm a distance of 35 mm to the workpiece surface is sufficient in
order to meat class Bj for class A this figure is 18 mm. These short
distances have again a very favourable effect on the exposure times,
thus the source can be applied considerably longer *or testing such wall
thicknesses.

RADIATION PROTECTION

A further advantage for the practical application of this isotope
is the small radiation dose rate for the environment during the exposure
time. Due to the relatively small activity and the smaller specific
gamma-ray constant as compared to Ir 192, no large control areas exist
during the test stage, so that other activities are hardly ever hindereil

For radiographic tests on workpieces with small wall thickness
and small diameter which are not accessible to X-ray units and for wnicn
Ir 192 has too high a radiation energy, Yb 169 is a suitable radiation
source. After a short description of its properties, measurements c? the
inherent unsharpness and of the relative contrast showed that the image
quality which can be achieved by Yb 169 corresponds at a material thick-
ness of 10 mm steel to an X-ray energy of approximately 250 kV. When
looking at the correlation between activity, film quality and exposure
time it can be shown, that in spite of its short radioactive half life
time this isotope fits the conditions of industrial radiography especi-
ally for wall thicknesses in the range up to maximally 10 mm of steel,
and so we think it will find its steady place in industrial radiography.
Its special advantages are linked to small size and handiness of the
handling devices and to the small environment radiation hazard during
testing.
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