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PD 1823 _
Amendment No. 1, published 25 February 1954
to B.S. 1293 : 1946

Screen analysis of coal (other than pulverised coal)
for performance and efficiency tests on
industrial plant

Corrigendum

Page 9. Clause 7, °Types of screen.” Paragraph 3, Line3.
Delete*1"and substitute */”. Delete ; = 116’ and substitute d_116.
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S

Tris BRITISH STANDARD havii, 3 been approved by the

Solid Fuel Industry Committee and endorsed by the
Chairman of the Engineering Divisional Council, was
published under the authority of the General Council on
25th February, 1946,

The Institution desires to call attention to the fact that
this British Standard does not purport to include all the
necessary provisions of a contract.

In order to keep abreast of progress in the industries
concerned, British Standards are subject to periodical
review. Suggestions for improvements will be recorded
and in due course brought to the notice of the committees
charged with the revision of the standards to which they
refer.

A complete list of British Standards, numbering over
one thousand, indexed and cross-indexed for reference,
together with an abstract of each standard will be found
in the Institution’s Yearbook, price 2s. 0d. post free.

British Standards are revised, when necessary, either by
the issue of amendment slips or revised editions. It is
important that users of British Standards should ascertain
that they are in possession of the latest amendments or
editions.

Users wishing to be kept informed of any alteration to
this standard should norify Publications Sales Department
of the Institution, giving the mmber and title of the standard,

' SF/45

CO-OPERATING ORGANISATIONS

The Solid Fuel Industry Committee under whose super-
vision this British Standard was prepared, consists of
representatives of the following Government depart-
ments and scientific and industrial organisations :

*Admiralty
*Ministry of Fuel and Power
Ministry of Health
Ministry of Works
*Department of Scientific and Industrial Research (Fuel Research)
Association of Boiler Setters,Chimney and Furnace Constructors
*Association of British Chemical Manufacturers
Association of Consulting Engineers
British Chemical Plant Manufacturers’ Association
British Coal Utilisation Research Association
British Electrical and Allied Manufacturers’ Association
British Engineers® Association
British Hard Coke Association
*British Iron and Steel Federation
British Ironfounders’ Association
Central Electricity Board
*Coke Oven Managers® Association
*Combustion Appliance Makers® Association
Electricity Commission
Federation of British Indusiries
Institute of British Foundrymen
*Institute of Fuel
Institute of Marine Engineers
Institution of Chemical Engineers
Institution of Heating and Ventilating Engineers
International Combustion Limited
Iron and Steel Institute
London and Counties Coke Association
*Mining Association of Great Britain
National Association of Heating and Ventilating and Domestic
Engineering Employers
Society of British Gas Industries
*Society of Chemical Industry

The Government departments and scientific and in-
dustrial organisations marked with an asterisk in the
above list together with the following were directly
represented on the committees entrusted with the
preparation of this standard :

Birmingham Gas Department
Birtley Co. Lid.

British Coal Exporters’ Federation .
Federation of British Gas Industries
Gas Light and Coke Co.

Institute of Civil Engineers

Imperial Chemical Industries
Institute of Electrical Engineers
Institute of Mechanical Engineers
Institute of Mining Engineers
Incorporated Municipal Electrical Association
London Coal Exporters’ Association
London Chamber of Commerce
Manchester Electricity Board
Midland Coke Research Committee
MNational Association of Coke and Bye-Producis Plant Owners
National Coke Association

National Gas Council

Northern Coke Research Comumittee
Railway Companies of Great Britain
South Wales l%stitute of Engineers
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BRITISH STANDARD METHOD FOR THE

SCREEN ANALYSIS OF COAL

(OTHER THAN PULVERISED COAL)

FOR PERFORMANCE AND EFFICIENCY TESTS ON
INDUSTRIAL PLANT

FOREWORD

In preparing this tentative specification the committee desire to acknowledge
the assistance which has been gained by the study of Documents A.S.T.M.
D 34-30; D 310-34; D 293-29; D 410-35T; certain passages of which
have been incorporated verbatim, and also of the report issued by the Classifica-
tion of Coal Sub-Committee, Yorkshire Advisory Committee on Mining
Research (Trans. Inst. Min. Eng. 1937, 94, 41-75.)
" The drawing up of a specification for the size analysis of coal presents
certain difficulties which are not encountered in other specifications.
In determining the size of the sample to be taken a complication occurs in

that theory indicates that the degree of accuracy varies with the percentage

of material retained between two screens ; thatis to say, when the percentage
is relatively small or large, the sampling deviation is relatively small, and
when the percentage is 50, the possible sampling deviations are a maximum.
This is shown in table 1 and is borne out by the confirmatory tests described
in Appendix A, although the experimental evidence indicates that the rela-
tionship between the deviation and the percentage of the material retained
between two screens is not as great as is indicated by theoretical considera-
tions. Until further information on this subject has been obtained it is pre-
ferable that screens should be so chosen that any fraction does not fall within
the range 30-70 per cent.

Further, complications occur because the method of carrying out the
screen analysis may have an appreciable effect on the result, as it has been
shown that movement of the coal causes breakage which alters the particle
distribution, and, finally, it is more difficult to determine what is the true
particle distribution than it is to determine, for example, the ash content.

The experimental work connected with breakage, segregation and other
matters which had to be carried out before the specification could be pre-
pared, is described in Appendix A, together with an account of the theory
which has been used.

Lastly, after a draft specification had been prepared, a large number of
experiments were made to test its applicability. They showed that sampling
by the proposed specification will give results within the limits of the deviation
given in table 1.

Great importance is attached to these confirmatory tests and to this
method of testing any specification. They are fully described in Appendix A.
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INTRODUCTION

1. The object is to obtain, from the examination of a sample, results which,
within definite limits of accuracy, shall be representative of the whole of the
consignment.

These limits of accuracy are dependent on—

(i) the error involved in the collection of the gross sample ;

(i) the screen analysis error.

It is assumed that the sample will be taken by an experienced sampler.
The sample should be taken by not less than the number of increments
stated in table 2, and these increments should be evenly distributed over the
consignment.

It is recommended that whenever practicable the sample shall be taken
while the coal is in motion, but it must be borne in mind that coal tends to
segregate when set in motion, and steps must be taken to ensure that the
sample is not subject to error on this account. - :

In sampling large consignments, especially from the holds of ships where
serious segregation may have occurred, it is advisable to take more than one
sample. ;

THE STANDARD OF ACCURACY

2. The weight of the sample has been so chosen that in nine cases out of ten
the deviation from the true value will not exceed that shown in table 1,
except for coal over 3 in. in size.

TABLE 1
On a Sampling Screening i "Total
fraction of deviation deviation * deviation
29, or 989 10 05 11
5%  95% 1-5 10 1-8
109,  90% 2-0 10 2:25
209, 809, 2:0 20 2-8
I505. 159 25 25 3-5
309, 709, 30 25 3-9
409, 609, 4-0 275 4-9
"50% 50 30 58

This standard of accuracy means that in one out of ten samples, the
deviation from the true value may exceed - 39 units when the percentage
of material between two screens is 30 ; that is to say, if 30 per cent be the true
value the result of sampling and analysis will, in one case out of ten, be 26-1
or 339 per cent or will lie outside. In all other cases the result will be nearer
the true value.

It is considered that this standard of accuracy is sufficient for the purpose,
but where a smaller deviation is desired the weights given in table 2 should

e increased or the sample should be taken in duplicate and the mean of the
results used.
* Taken from Mr. Stanier’s research (see Appendix A).
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MINIMUM WEIGHT OF GROSS SAMPLE

3. The weights of gross sample shown in table 2 are recommended for the
accuracy given in table 1. The theoretical weight of gross sample is deduced
from the theory put forward by Dr. Manning (see Appendix A) assuming
average figures for particle weights and representative distribution of sizes.
The weight of the increment is believed to be such as will give a near approach
to the correct size distribution. The number of increments is obtained by
division. The size of the coal has been defined by the upper limit and is such
that not more than 5 per cent. shall remain on a square mesh of the size
stated in the table.

TABLE 2

3in. and | 214 in| 20 |134in| 1in. | 14 in.
over

Size of coal

Theoretical weight of gross sample !
Ib. 500 300 | 150 70 25 5

Recommended minimum weight of |

gross sample ib. 500 300 | 160 @ 75 50 50
Recommended minimum number
of increments i 50 50 40 25 25 25
Recommended minimum weight of

increment 1b. 10 6 q 3 2 2

NOTE. The reason for increasin g the weight of sample for 14 in. and 1 in. coals to more
than the theoretical is that with less than 25 increments it is not considered possible to
comply with the underlying principle of the regulation that increments must be evenly
distributed.

In the case of 14 in. coal the gross sample may be reduced to 10 lb. This should be
done by rifling, not by the method of coning and quartering, as this has been shown to
lead to errors caused by segregation.

It should be borne in mind that doubling the theoretical quantity of sample required
or 34 in. and"1 in. coal will reduce the sampling deviations from the figures given in

Table 1 to 73 of these values, with a corresponding effect on the total deviations (see
Dr. Manning’s theory, Appendix A). If larger quantities of sample be taken for coal of
any of the sizes the sampling deviations will always be reduced. For example if four times

the weight of sample specified be taken, the sampling deviation will become ;,L- of the
value given in table 1. %

POINT OF SAMPLING

4. The proposed methods will give the size distribution at any particular
point. Two samples taken at different points, say before loading and after
unloading, will give a measure of the breakage incurred during handling
and transport. At the colliery the sample should be taken as the coal is
loaded into wagons, since it has been established that breakage and segrega-
tion occur in bunkers, etc.

At the consumer’s works the coal should be sampled as it is unloaded,
precautions being taken to avoid breakage in unloading.

7
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Wherever the point of sampling may be, the greatest care must be taken
to ensure that the sample will not be liable to a bias caused by segregation.

It is impossible in a specification to lay down rigid rules for all cases. It
is well known that, for instance, when sampling from conveyors, the coal
may be unevenly loaded, or the larger material may have rolled to the sides.
In some cases such uneven distribution may be obviated by bringing the coal
together to a narrow orifice at the point of sampling. Some general directions
are given in the next section which cover a large number of cases. In others
it must be left to the discretion of the experienced sampler.

METHODS OF COLLECTING THE GROSS SAMPLE

5. A. From the discharge ends of coal chutes and conveyors. Increments
shall be taken at regular intervals by plunging a ladle into the flowing stream
of coal. Where practicable, increments the full width and thickness of the
coal stream shall be collected ; where this is impracticable, increments shall
be systematically collected from all portions of the stream. Care shall be
taken to plunge the sampling ladle into the stream from back and front
alternatively so as to ensure a fair sample being taken. First runnings and
side trickles shall be avoided.

The sampling ladle, bucket or scoop shall not be filled to overflowing.

B. From conveyors. Increments shall be taken the full width and thickness
of the stream, at regular intervals, or where this is not practicable, from the
left- and right-hand sides and from the middle, or by such modifications of
the above methods as will ensure the elimination of any error caused by
segregation or will take into consideration the uneven loading of the belt.

C. From bucket elevators. Bucket elevators are a common means of con-
veying coal and this equipment is frequently so constructed that the only
practicable means available is to sample from the buckets. When the bucket
is not so large as to give an unmanageable increment, the whole contents of
every ‘N’th bucket should be taken as the increment. i

In the case of large buckets the increments should be representative of a
vertical cross-section of the contents of the buckets, and should be taken
whenever practicable in sequence so as to represent the side and middle
contents of the buckets. !

D. From wagons being discharged by hand. Coal shall be sampled as the
wagon is being unloaded, by taking the necessary number of increments from
the unloader’s shovel, the increments to be evenly distributed over the whole
period of discharge. For example, suppose it takes 50 minutes to unload a
wagon of 1 in. slack, for which a sample of 25 increments each of 2 Ib.
should be taken, then, at intervals of two minutes the man unloading will
hold his shovel horizontally and the sampler will take a 2-lb. increment
from the shovel. Alternatively the whole of the contents may be taken as an
increment, but in no case should the number of increments be redyced. It
has been shown that samples taken by this method agree very closely with
the sample taken from the same coal on a conveyor after unloading.

E. From tops of wagons. When coal is loaded into wagons segregation
™ occurs, the larger particles rolling to the outside. Such segregation will be
greater in the cases where the coal is dry or there is a wide range of size than
in the case where the coal is wet or has been closely sized.

8
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If samples are taken from the top of wagons there is no assurance that
they will be representative of what lies beneath.

F. Sampling from heaps or piles. Segregation may occur in heaps or piles
to an even greater extent than in wagons (see Section 5D). An accurate sample
can, however, be taken from small heaps not exceeding 3 ft. in height by taking
the requisite number of increments evenly distributed throughout the heap.
If the heap exceeds, say, 3 ft. in height, it will be difficult to obtain incre-
ments from the lowest layers. A sample taken only from the top or sides of a
heap cannot be taken as being representative of the whole heap. This would
be especially true when the heap is composed of more than one coal.

PREPARATION OF SAMPLE

6. The sample shall, if necessary, be dried sufficiently for the screening to be
efficient. When coal is wet small particles may cling to larger particles. In
the case of graded coals, where the percentage of small particles (< e in.)
is small, there is no need to dry unless the coal is exceptionally wet. In the
case of coal containing fines, i.e. slack, the sample shall be in an air-dried
condition. :

TYPES OF SCREEN

7. It has been difficult to decide whether round or square holes should be
used for the screen analysis. There are many arguments both for and against
each type, and the Committee decided to recommend square holes for coal
less than 4 in. because it was found that the majority of laboratories used
such screens and, further, because the British Standard screens have square
holes. :

Where screens with round holes are in use for screen analysis, and will
continue in use, the screen sizes can be converted to equivalent square
holes by dividing by 1-16. It must be emphasised that the screen analysis is

" a laboratory test giving the particle size distribution of the sample under

standard conditions of testing and is independent of the previous history of
the coal.

The ratio of round hole to square mesh, i.e. the equivalent diameter (d)
of the round hole which will pass the same percentage of coal as a square

mesh of side = 1, has been found to be approximately ?li= 1-16 for nutsizes

of a number of British coals. The ratio is not necessarily the same for all
coals nor for all nut sizes of the same coals, but varies according to the shape
of the particles. The mean ratio for all sizes of six British coals only varied
between 1-15 and 1-18. The mean ratio for all sizes of two Canadian bitu-
minous coals and Pennsylvania anthracite varied between 113 and 1-15, but
for individual sizes of these coals the ratios varied between 1:04 and 1-25
(Gilmore, Nicolls and Connel ‘Coal Friability Tests.” Report No. 762,
Canada Department of Mines and Resources, 1935.) The factor (approxi-
mately 1:16) should be applied to the screen sizes not to the percentage passing
a screen, e.g. if 30 and 20 per cent remain on screens of 3to 2 and 2 to % in.
square mesh, the same percentage would remain on screens of 3% to 235 and
2% to 7 in. round hole mesh.

A. For coal over 4 in. Gauge rings or plates with 12, 8, 6, 5 and 4 in.
diameter openings shall be used. :

9
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B. For coal less than 4 in. British Standard screens with square openings *
shall be used except where otherwise agreed between purchaser and vendor.
It is not advisable to specify the actual screens as there is no common practice
but, as already stated, it is preferable that the percentage between two screens
should not lie within the range of approximately 30 to 70 per cent.

The use of these screen sizes may generally prove to be satisfactory :

Aperture. % in., 3 in., % in., % in., % in., 1 in., 134 in., 2 in., 3 in.

METHOD OF SCREEN ANALYSIS

8. The sample and fractions shall be weighed so that no error greater than
0-5 per cent of the material weighed is incurred. If, during screening, a loss
or gain of weight in excess of 0"5 per cent of the weight of the sample is
experienced, then the best should be discarded. The sample shall be screened
in such quantities as will allow each piece to be in direct contact with the screen
at the completion of the screening operations and where the undersized
material has to be re-screened the coal shall not be allowed to drop more
than 6 in.

A. Coal containing material larger than 1% in. The coal shall be placed at
one end of the stationary horizontal or inclined screen having 134 in. square
openings, and it shall be moved by hand or brush across the screen until
10 more passes through, after which each piece shall be tried by hand to see
if it will pass through in any position. The pieces must on no account be
forced through the openings. Doubtful pieces shall be left on the screen.

The over-size shall then be re-screened by the above method, starting
with the largest screen or gauge ring.

The under-size shall be treated as described in Section B.

NOTE. Where a lesser degree of accuracy than that stated in t he specification is required,

movable screens may be used. In this case the screen shall be moved horizontally at just
sufficient rate to cause the pieces of coal to tumble or roll on the screen. The motion shall

not be stopped by impact, and shall be continued for ten movements (five in each direc-

tion). The coal shall then be examined to see if any pieces will pass through by hand
placing. (See Appendix A (d) for remarks on breakage of coal by shaking.)

B. (1) Coal smaller than 134 in. The coal shall be placed on screens which

shall be shaken as follows. The screens shall be moved horizontally at just

sufficient rate to cause the pieces of coal to tumble or roll on the screen. The
motion shall not be stopped by impact, and shall be continued for eight
movements (four in each direction). The screens shall then be given two
upward jerks. This shall,be repeated four times, making forty movements

“in all. The screening shall be started with the largest screen.

(2) Mechanical screening. Coal less than 1% in. may be tested on
mechanically shaken screens of the type shown in fig. 1. The screening shall
be started with the smallest size.

The screen is inclined at an angle of 13 degrees and receives 190 upward
movements of 14 in. per minute. The travel of the coal over the screen is
assisted by hand brushing.

Mechanical screens of the type in which the coal is fed in at the top and is
sieved in its passage downward through a nest of screens of various sizes,
which are jigged by an eccentric drive, have not been investigated. Provided
that they give results similar to those of the standard method there can be
no objection to their use.

* See Appendix B,
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