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(54) Device for continuous analysis 
of a stream of material 

(57) A radioactive radiation source 20 
and a radioactive detector 22 are 
associated, as a unit 16, with 
equipment for conveying coal or other 
material 24 in a continuous stream. 
One part ofthe conveying path or the 
whole path lies in the irradiation zone 

of the source 20, and the detector 22 
receives the radiation reflected by the 
material 24. The radiation source 20 
and the detector 22 are carried by 
impacting means 14 situated on the 
conveying path in such a way as to 
deflect the material from a portion of 
the conveying means travelling in a 
first direction, on to another portion 
travelling in a second direction 
intersecting the first direction. 

The drawing originally filed was informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 
Device for continuous analysis of a stream of 
material 

The invention relates to a device for continuous 
5 analysis of the composition of a stream of 

i material, particularly (but not solely) for 
determination of the ash-content of coal. 

It is known that the spectrum of the radioactive 
radiation being absorbed in different materials or 

10 being reflected by different materials depends on 
the composition of these materials. The fossil coal 
materials reflect for example a part of the gamma 
radiation impinging on them. A definite and well 
reproducible relation can be determined between 

15 the spectrum of the reflected gamma radiation 
and the ash-content of the coal materials. 
Analogous relations can be determined for iron 
ores, other metallic minerals, and generally for all 
mineral and non-mineral materials, for their 

20 different components. 
Many kinds of different methods and devices 

have been developed for the practical exploitation 
of the above-mentioned relations and those best 
utilizable in practice and the ones which are 

25 suitable to the continuous determination of the 
composition of stream of materials, particularly of 
fossil coal materials or of ores being transported 
on belt-conveyors or in channels wherein the 
determination of the dead rock-content is 

30 necessary. 
A device for continuous determination of the 

composition is described in the U.K. patent 
specification 1 143 631. The basic idea, usable for 
all kinds of materials, is that the accuracy of the 

35 measurements depends substantially on the bulk 
density of the analysed material being carried 
through the zone of irradiation. Therefore the 
material to be analysed must be compacted before 
the measurements which take place in the zone of 

40 the radiation, with which a radiation source and a 
radiation detector are associated. The stable value 
of the bulk density can be guaranteed by intensive 
compacting. In the afore-mentioned device 
compacting is effected in a conveyor tube wherein 

45 a transporting screw is placed having a decreasing 
value of the lead along its length. On the end of 
the conveyor tube a measuring tube is situated 
which has a wall composed of a material 
transparent to the radiation. The material to be 

150 analysed is conveyed to the measuring tube in a 
compacted state and in this tube it is exposed to 
radiation from a radioactive source situated 
outside the tube wall. The material reflects a part 
of the radioactive radiation and this part is 

55 received by a radiation detector also situated 
outside the tube wall. If the measuring tube is 
placed in a horizontal portion, the discharge end of 
the tube must be coupled to impacting means so 
that the material to be analysed can be kept, at a 

60 required consistency along the whole measuring 
tube. 

The above-described device assures a good 
solution to the problems in view, but some 
significant disadvantages may be mentioned. The 

65 structure of the device is complicated and its 
realisation is expensive. The material is conveyed 
through an impacting device by a screw-conveyor, 
which requires a great power input in comparison 
with traditional conveyors. In the case of large 

70 material quantities this device can be applied only 
to a partial stream of the material and this partial 
stream must be measured separately because 
otherwise the screw-type impacting device would 
have to have a great productive capacity. Because 

75 the measurements are carried out on a partial 
stream, the fidelity of the results is lower than in 
the case of the measurements executed on the 
whole stream. 

A further disadvantage of the above-mentioned 
80 device is that the detector receives not only the 

radiation being reflected by the material to be 
analysed but also the radiation background and 
the radiation being scattered by the objects which 
are situated around the conveyor. 

85 The radiation background is always present but 
the scattered radiation comes from the radiation 
source, the rays thereof being scattered. Another 
disadvantage of the device lies in that the material 
to be analysed forms a deposit on the wall of the 

90 conveyor tube and this deposit has an increasing 
thickness with increasing abrasion of the screw. 

Another solution of the same problem is 
described in the U.K. patent specification 
1 225 012. In this device the radiation source is 

95 situated before the detector concentrically thereto 
for decreasing the received ratio of the scattered 
radiation. Behind the detector a screen is placed. 
This device does not assure the elimination of the 
disturbing influence of the radiation background 

100 and before the measurements the material to be 
analysed must be impacted. The impacting device 
being used in this case is even more 
disadvantageous than in the afore-described one, 
because it contains pallets and V-form scrapers for 

105 limiting the cross-section of the material stream. 
These elements cause only weak impacting and 
therefore at their output the cross-section of the 
material stream is only partially filled. The V-form 
scrapers separate the greater rocks of the material 

110 to be analysed, but these separated rocks may 
cause blocking of the conveying system, which 
results in a disturbance of its work, and at least in 
a defect of the detector. 

What is desired is a device for continuous 
115 analysis of the composition of a stream of 

material, which device can be mounted in the 
present conveyor systems without modification 
thereof and which tenders as great an accuracy 
and reliability of the measured results as is 

120 possible, preferably assuring irradiation of the 
material on the sectors of compacting with a low 
level of scattering and therefore good detection. 

The present invention is based on the fact that 
the materials are conveyed generally not along a 

125 direct line but the conveying path is always 
realized in such a way that it comprises regions 
where the direction of conveying must be 
changed. The modification of the direction results 
in impacting of the material to be conveyed 
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because the material is unavoidably piled up in 
these regions, on the direction modifying surfaces. 
Therefore it is possible to effect the analysis 
without specially impacting the material if the 

5 measuring points are chosen in those conveying 
regions where the direction modification results in 
unavoidable impacting ofthe conveyed material. 
By mounting the radiation source and the 
radiation detector at these sectors the conditions 

10 of impacting are fulfilled and it is possible to effect 
the detection and the irradiation with a low level 
of scattering. 

On the basis of the above fact the solution of 
the mentioned problem lies in a device for 

15 continuous analyse of composition of streaming 
materials, particularly for determination of ash-
content of coal materials, which contains a 
radioactive radiation source and a radiation 
detector both being coupled to a device for 

20 continuous conveying the material in such a way 
that at least a part of the way of material 
conveying is situated in an irradiation space of the 
source, and that the detector is situated in a space 
of radiation being reflected by the irradiated 

25 material, further contains impacting means being 
situated on the way of material conveying wherein 
according to the proposed improvement the 
radiations source and the detector are mounted on 
the impacting means. 

30 In a preferred embodiment of the device the 
radiation source is situated before the detector in 
the direction of material conveying. 

In another preferred embodiment the radiation 
source and the radiation detector are situated in a 

35 common housing, and the housing is limited at 
one side by a surface lying in the same plane as 
the surface ofthe impacting means which is in 
contact with the material to be analysed. 

The device according to the invention is very 
40 simple, fully reliable, and accurate. It can be built 

into existing conveyor systems without other 
modification. The device need not comprise 
movable parts and therefore the possibility of 
many failures is eliminated. The device is robust, 

45 and it involves only small outlays and only a small 
power input. 

The invention is described further, purely by 
way of example, with reference to preferred 
embodiments illustrated in the accompanying 

50 drawings, wherein: 
Figure 1 is a schematical view ofthe point of 

transfer between two members of a conveyor 
system for conveying material in a continuous 
stream, which members are perpendicular to each 

55 other; 
Figure 2 is a schematical view of a transfer 

point with a rotatable tray; and 
Figure 3 is a longitudinal cross-section of 

impacting means comprising a radiation source 
60 and a radiation detector. 

Figure 1 shows a transfer point between two 
members of a conveyor system. This conveyor 
system has a first belt-conveyor 10 and a second 
belt-conveyor 12 perpendicular to the first. The 

65 first belt-conveyor 10 transports a material, for 

example coal, in the direction of the arrow A. At 
the point of intersection of the longitudinal axes of 
the belt-conveyors 10 and 12 a material 
impacting means in the form of a plate 14 is 

70 placed in an inclined direction. The plate 14 is 
approximately perpendicular to the common plane 
of the belt-conveyors 10,12, and it-serves as a 
chute which directs the material from the first 
belt-conveyor 10 to the second belt-conveyor 12. 

75 In such a way the material is transferred from the 
first belt-conveyor 10 to the second belt-conveyor 
12, by which it is conveyed further in the 
direction ofthe arrow B. 

Thus, at the transfer point the direction of 
80 conveying is changed (in the above-mentioned 

case by an angle of 90°), which necessarily results 
in impacting ofthe material. The plate 14 slows 
down the stream of material, which results in 
piling up and therefore in impacting the material. 

85 A radioactive measuring unit 16 is mounted on 
the plate 14, preferably in such a way that the 
surface of irradiation and the surface of detection 
lie in the same plane as the front surface ofthe 
plate 14, which is in contact with the material. The 

90 measuring unit 16 is situated on the rear of the 
plate 14, preferably offset towards the second 
belt-conveyor 12 from the longitudinal axis ofthe 
first belt-conveyor 10, as illustrated. The material 
is piled up most intensively in this direction. The 

95 construction ofthe measuring unit 16 will be 
described below in connection with Figure 3. 

Figure 2 shows another possibility of mounting 
the impacting means and measuring unit. In this 
case, in comparison with Figure 1, the longitudinal 

100 axes of the first and of the second belt-conveyors 
10,12 are not perpendicular to each other: the 
angle between their longitudinal axes is 135°. 
Between the belt-conveyors 10, 12 a rotatable 
tray 18 is situated. The material being transported 

105 by the first belt-conveyor 10 in the direction of the 
arrow C falls down from this belt-conveyor 10 
onto the rotatable tray 18, The rotatable tray 18 
rotates in the direction ofthe arrow D and 
transports the material to the flat plate 14. The 

110 plate 14 is tilted a little in relation to the radius of 
the rotatable tray 18, namely in the direction of 
the arrow D. The angle between the plate 14 and 
the longitudinal axis ofthe second belt-conveyor 
12 is approximately 10°. The radially outer end of 

115 the plate 14 is placed over the second belt-
conveyor 12. 

The plate 14 slows down the stream of material 
a little and therefore piles up the material being 
transferred to the second belt-conveyor 12, by 

120 which the material is transported further in the 
direction ofthe arrow E. On the plate 14 a 
radioactive measuring unit 16 is situated in a 
similar way to that described above with reference 
to Figure 1. 

125 The plane of the plane 14 may be at a right angle 
or an obtuse angle to the direction of conveying of 
the material to the plate 14. In the practice the 
right angle is generally avoided, because the 
material would be piled up in a large quantity and 

130 therefore the load on the plate 14 would be too 
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great, also requiring high power input for 
conveying. The ideal value of the angle 
representing the position of the surface of the 
plate in relation to the incoming conveying 

5 direction equals the sum of a right angle (90°) and 
half of the angle between the incoming and 
outgoing conveying directions. In the case —for 
example— of mutually perpendicular incoming 
and outgoing material streams, this angle is equal 

10 to 135° because the direction of conveying is 
changed by a right angle. It is preferably — for 
better impacting — to decrease this value a little 
from the theoretical ideal value. 

Figure 3 shows a detail of the plate 14 used in 
15 Figures 1 and 2 equipped with the measuring 

unit 16. 
Lumpy material 24 to be analysed is piled up on 

the plane front surface of the plate 14 and is 
transported in the direction of the arrow F. In the 

20 measuring unit 16 mounted on the plate 14 a 
radioactive radiation source 20 and a radiation 
detector 22 are situated in a common housing 26. 
The radiation source 20 can be formed by — for 
example — an isotope emitting weak gamma 

25 radiation and the radiation detector 22 —for 
example — by a Geiger counter. The radiation 
source 20 is situated upstream of the detector 22 
with respect to the arrow F. The housing 26 can 
be composed of a material which absorbs (and 

30 shields) the radiation (for example, lead). One of 
the sides of the housing 26 lies in the plane of the 
front surface of the plate 14, which is in contact 
with the material conveyed. At this side the 
radiation source 20 is situated in an orifice being 

35 directed in an angle of 135° to the direction of the 
arrow F which indicates the direction of the 
material stream. The radiation is directed mainly 
along the longitudinal axis of the orifice. Adjacent 
the material 24 to be analysed, the orifice is 

40 closed by a plug 32 of a material which transmits 
the radiation (for example, "Plexiglas"— Trade 
Mark); the opposite end is closed by a removable 
cover 28 composed of a material which absorbs 
the radiation (for example, lead). The detector 22 

45 is situated in the direction of the arrow F after the 
radiation source 20, namely in a depression made 
in the proximity of the plane of the front surface of 
the plate 14 which is in contact with the material 
24 to be analysed. The depression is covered by 

50 an end piece 30 composed of a material which 
transmits the radiation (for example, "Plexiglas"). 
The detector can be formed by a Geiger counter, 
as mentioned above, which has a longitudinal axis 
parallel to the direction of the arrow F. 

55 The measuring unit 16 works in the following 
way. The material 24, being piled up and impacted 
to the required degree by the plate 14 and having 
the required thickness, is transported in the 
direction of the arrow F first in front of the 

60 radiation source 20 and then in front of the 
radiation detector 20. The radioactive radiation 
being emitted by the source 20 towards the 
material 24 is reflected partially by this material 
and the reflected radiation has a spectrum 

65 characteristic of the material 24. The detector 22 

receives the reflected radiation and is coupled in a 
well-known way with a known indicating 
instrument (which is not shown on Figure 3 and 
gives a value characteristic of the ash-content of 

70 coal, for example). 
From Figure 3 it may be seen that the radiation 

of the source 20 cannot reach the detector 20 
directly, and that the background radiation is also 
filtered out to a large degree because the 

75 depression surrounding the detector 22 is closed 
in all sides other than the opening in the direction 
of the material 24. 

The above-described device has the advantage 
that the material to be analysed is impacted to a 

80 required grade without using special impacting 
devices. The material is piled up by the plate 14 
and therefore the fidelity of the measured values is 
great either in the case of great or little rocks in 
the material. This comes from the fact that at the 

85 measuring unit 16 a minimal and stable distance 
is assured between this unit and the detector 22 
and between this unit and the source 20; the 
thickness of the material 24 to be analysed is 
greater than the minimal distance from the source 

90 20 and from the detector 22. 
For better comparison on Figure 3 the afore-

known measuring unit is shown with broken line 
(according to Figure 1 of the above-mentioned 
U.K. patent specification 1 225 012). It is simple 

95 to show that in the prior art a minimal but stable 
distance between the material and the source and 
between the detector and the material and a 
thickness of the conveyed material which is 
greater than the required minimal value are not 

100 ensured, even in the case when the material is 
situated over the level shown with a thin 
continuous line on Figure 3. 

It is suitable to use a wear-resisting material to 
producing the end piece 30, the plug 32, and 

105 those parts of the housing 26 which may come 
into contact with the material 24 to be analysed. 
In such a way frequent replacement of the 
measuring unit 16 may be avoided by preventing 
abrasion of the unit. 

110 CLAIMS 
1. A device for continuous analysis of the 

composition of a stream of material, comprising a 
radioactive radiation source, a radioactive 
radiation detector means for continuously 

115 conveying a stream of material along a given path, 
at least part of the conveying path lying in an 
irradiation zone of the source, the detector being 
arranged to receive radiation refelected by the 
material, and material impacting means situated 

120 on the conveying path, the source and the 
detector being situated on the impacting means. 

2. A device as claimed in claim 1, wherein the 
source is situated upstream of the detector with 
respect to the conveying direction. 

125 3. A device as claimed in claim 1 or 2, wherein 
the source and the detector are mounted in a 
common housing having a surface upon which the 
material impinges. 
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4. A device as claimed in any preceding claim, 
wherein the source and/or detector is equipped 
with a radiation screen having an orifice directed 
only towards the material to be analysed. 

5 5. A device for continuous analysis of the 
composition of a stream of material, substantially 
as described with reference to, and as shown in, 
the accompanying drawings. 
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