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it is belisved that Sasol is faced with the
following erushing problem, |

The run-of-mine coal is to be broken in such a
mapner that 5% of it has a top size of 13 inches and that
the ratic between top and bottom size does not exceed 5 to 1,
This material represents tﬁg.fnaé to the gas producers. The
remaining 45 % of the coal is to be of a size suitable for
feeding to a pulveriser for producing powder fusl., It is
required to investigate the breaking of the coal with a view
to selscting the most suitable type of crusher and crushing
circuit., Due to 2 lack of adequate xaeiliﬁias it is not
possible tc make a detailed study of this problem, but the
following suggestions may serve as a useful guide,

The types of crusher usually considered for bresking
hard or medium hard run-of-mine ceal down to 14 inehes in
cne operatiocn arese
1. Roll erushers with teeth -~ either single or double roll,

2. Hammer crushers - Usually the "Flex tooth™ or "Rotary
ring® types.

Generslly speaking, the roll crushers produce a lower
proportion of fines than the Hammer type. iowever, at first
sight this fact appears to be of little consequence for the
purpose of the present investigation provided that the |
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coarse fraction has a size ratic within the specified limits.
Typical results obtained from tuese two types of crusiers
in the U.8.A, are shown in Table 1,

. Kedium hurd.kanaaa Medium hard West Virginia
Feed Coal. washed coal 6% x 1% Lgg end Nut Coal® x*

Type of Crusher, leNally Double Roll

f7;ctt”apos»1i

Siow spoeauﬁ}

stoker eoal crusher
Screen size, imches. Percentage retained.
1% 0 | o 0
1 3.2 12.8 6ot
1 | 15.6 27.3 25.7
2 40 .0 45,3 41,6
3 62.5 63.6 59.8
¥s 71.8 72.2 68.9
% 82.2 80.5 7%‘3

® Just as in South Africa, the commercial sizes in U.e.k. vary
widely. Thus “Egg an ﬁut* coal may be anything from about
4" x 1* to 6" x 1*’ (1) Exact speed not known,

In the case of the roll crusher, a 13 ineh preduct
wag aimed at and a small amount of oversize was produced, while
the hammer crusher was set to produee a 1% inch product. Im
addition, different coals were crushed hence the results are
not strictly comparable, However, they give some indieatian
of the type of screen analysis of crushed product to be expected,
Thus the hammer type, when crushing medium hard coal to minus
13 inches could be expected tec yleld asfreﬂuat in which the
*55 ¢ point® is in the region of § to '8 ineh, which should

be/toﬁiﬂctctqnuittit
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be quite acceptable to Sasol. It should alse be observed that
variation of the speed of s hammer type crusher affords a
simple method of changing this point within narrow limits.
If the roll mill were set to produce a 1& inch produet of the
same coal a "59 % point® at a slightly larger size could
probably be expected, say, of the order of ﬁg* te 3* or
possibly even greater.

It appears, therefore, that either of these types
should be applicable for the problem under consideration, but
their relative merits will naturally have to be carefully
censidered before the final selection is made,

As a next step, the ideal procedure would be to test
run-of-zine coal from the Vereeniging area in both types of
erusher under various opersting conditions. Unfortunately
neither of these types are available at the Fuel Research
Institute at present, Tests at collieries provided with this
type of equipment may be considered but this would impose
severe limitations on the scope of the investigation and tois
possibility has, thorgtere, been neglected temporarily.

A small swing hammer pulveriser having a capacity
of 3 to 4 tons per hcﬁr is available at the Fuel Research
Institute and it was decided to use this erusher for a few

preliminary testse

This erushér is a Jeffrey Junior Type A, size 15" x L
The specifications are as followsi=-
Diameter of hammer tip circle 14 inches.
¥idth of roter 8 inches.
Recoumended speed for pulverising coal = 2000 to 3000 R.p.m.
Minimum clearance between breaker ) 3
. Approximately "8 inche
plate and hammer tip

Feed opening gn x 8%,
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This crusner was primarily designed for pulverising

;é
Now Flextooth and Rotary-ring crushers are generally

operated with a tip velocity ranging from about 1900 ft/min.

to 4500 ft/min., when used to break ccal to about minus 1§'1neh¢s,

coael to about minus ineh, henee the high rotor speed.

the product beeoming coarser the lower the speed (top size fixed).
If the Junior type 4 crusher is cperated at 800 r.p.m., tohe tip
velecity is about aﬁﬁﬁ'tt/mia¢ which can be regarded as an average
value for the Flextooth type.

In a swing hammer crusher considerabls breakage of
goal occurs betwesn the hammers and the bars forming the sereen
cage, while in a Flextooth or Rotary-ring erusher the hammers
are free to move in a radial direction and this reduces the
breakage between hammers and cage considerably exeept in the
case of oversize material. In order te simulate the operation
of a Flextooth crusher it was decided, therefeore, to remove
the screen cage entirely from the laboratory crusher and
to recrush any oversize which may still be present.

The effective minimum clearance between the breaker
plate and hemmer tips is probably considerably smaller than
would be the case in a Flcxtaath%cruabar'udjuntad to produce
a minus 13 inches product. This fact may have an important
bearing on the size grading of the product as will be explained
later. Thus by operating the labﬁratary ecrusher at 800 r.p.m.
without @ secreen cage a product should be cbtained which
would give some indication of what could be expscted from a

Flextooth type hammer crusher.

B
SOBRUCT 9k Jhe JESTS.

A sseple of run-of-mine ccal was obtained from

Cornelis Colliery, Bertha No. 1 shaft. Large pleces of
| @bViﬁ“SJ:nqaa«ntutn
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obvious stone were removed by hand sorting and discarded. The
whole sample was then screened at 1§ inches square with the

following resulis.

¥eight in 1b. Eercentage.
+1¢4 incies 6204 63.7
=18 inches 3532 36.3
Total. | 9736 100.0

The minus 1 inches fraction was halved, and one
half was screened, The screen analysis of thns natural minus
13 inches material (or “natural swalls®) is reported in Table 2,

Screen sixo* Parcentage.
~1§'-4 p ’ 21.4
1" 4 g C 15.4
‘%’ + 58’ 8.7
Mo 4 3o 7.4
,‘é& P ;éﬁ 80‘
-3@* + 4" ' 77

-i® 31.G
Total 160 .0

% Square aperture screens.

The other half of the natural smalls was passed
through the crusier at a rate of approximately 3 to 4 tons per
hour and the produet was screened with the results shown in

Tﬁbl’ 3t
TABLE 3[0itt¢ﬁil@0‘q



Screen sige, Percentage.
14" + 17 | 3.9
-l® + %"' 8.3
3% 4+ Tgn 843
&%ﬁ e ‘é*“ 906
*é‘” + 3/8" 11l.7
ﬁé*’ + z® 12.4

ﬁi‘“ ' 4‘5q8

Total 100.0

The plus 1% inches fraction of the original sample
was halved and one half was passed through the ecrusher at a rate
of approximately 3 to 4 tons per hour. Occeasional lumps in
the sample had a top size of appreximaéaly 24 1nehes>cﬁb@‘

Since the feed opening of the crusher is only 8 inches squere,
all lumps larger than this size were split manually by mesns of
a2 hammer prior to feeding them tc the c¢rusher. The screen

analysis of the crusued product 1s reported in Table 4,

Percentage of

: =15 material
Screen size. *;ﬁgggtgﬁgpiﬁ in the produet:
; Fract. : Cg?ﬁééf
+2% 2.9 . -
N i +* 1%“ 64 i a
«13% + 1¢ 13.3 14.7 14.7
-1" o+ 13.3 14.7 29.4
+ B B.4 9.3 38.7

it
:%/8:1 L é“ 9.2 1&41 4’8‘8



Screen size,

Percentage of

- whole sample

Pe éaﬁtaga of
-14"% material
in the product.

| | Fract. “tives
.%:“ o+ yﬂﬂ Gl 10.0 58-8
*3/8" + ;ﬁu 9 06 10 -6 69 b

ﬂ!&“ 2? .3 30 06 b
TOTAL 100 .0 100 .0

The oversize in the crushed product (i.,e. +13* material,

Tsble 4) was passed through the crusher again with the results
shown in Table 9, |

Screan size, Percentage,
#13* 7.7
«1g® 4+ 1@ 18.7
-l?® + an | . 13. 6
"+ 2@? 10.3
T 4 g 8.4
-5 - 4 Yoo 9.2
oo 4 e 8.8
-3" 23 ,4_
TOTAL 10¢.0

The other half of the original plus 13" fraction was

passed through the crusher fitted with a screen cage, the bars

bﬁingfﬁ.tctvataﬂ
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being spaced approximately 11%*. The screen analysis of the
product obtained is shown in Table 6.

I4BLE 6.

Screen sigze. _ Percentage,

-13* + 10 0.4

o1" 4 Yw L Nl

-3 + 5%“ 2.6

nzﬁ' + 3® 4,4

-g:‘ + %" . 10 ;9

-g% 4 Lo 17.0
4 63.5

TOTAL 100.0

The results in Table 6 are of no interest in the
present investigation but they do serve to illustrate the
considerable amount of breakage oceccuring between the hammers

and the cage in a swing hammer crusher (compare Tables 4 and 6.)

RLSCUSSION OF HeSULIS.

8inee the crusher was opersied without a screen cage
a certain amount of oversize material must be expected. Thus,
it will be noted in Table 4 that 9.3% of the produet exceeded
14 inches, In a practical Flextooth crusher fitted with a
screen cage this material would be broken down between the
hanmers and the cage bars wiile the smaller sizes should suffer
little reduction in size. In order to simulate these conditions
the plus 1% inches fraction was recrushed with the results

Shown/ eessscecssnense
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shown in Table 5. The screen analysis of the final product will,
therefore, be given by a combination of Tables 4 and 5¢ in the
appropriate proportions, GCalculated values are shown in Table 7,

TABLE 7.

TN oF Tl Ak .

. - p ¢ o Pg gcntagcioi
' ercentiage 18" pateris
Sereen gize. whole product

Fractional Retained
+18® 0.7 . &
- 1g* 4+ 1" 1540 15.1 15.1 |
-1% 4+ §° 14,6 14.7 29.8
-3 Zge God 95 393
% eg 0.0 10.1 49.4
-3t o+ W 10,0 10.1 59.5
- Bn i 10.4 _ 10.5 7040
3" 2949 30.0
TOTAL 100 .0 100.0

It will be observed in Table 7 that the amount of
oversize remaining is almost negligible and further discussion
will be confined to minus 13 inches material. A curve of
percentage retained versus scresn size was plotted in Fig. 1.
from the data in Table 7 tegetiner with the corresponding eurves
for a Roll erusher snd a Flextooth crusher (Table 1). It will
be observed that the curve actually obtained for the laboratory
erusher is generally of the same form as those obtained for the
Flextooth crusher in U.8.Asy but that the "55 % point" is some-
what displaced. This displacement may be due %to any or a

meinﬂtigwnawqoct .
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combination of the following factorsie
(1) Differences in the charaeteristics of the coal,

(2) The rather small clearance between the hammer tip circle
and the breaker plate.

(3) Difference in the tip velocity of the hemmer.

Vereeniging coal is generally classified as a
medium hard bituminous coal &5 was the coal in the Flextooth
crusher tests (Table 1), but this olassification is naturally
broada

The tip veloeity in the tests on the laboratory
erusher may have been higher than it was in both of the tests
on the Flextooth erusher and this may esccount to a certaln
extent for the displacement of the curves.

ilowever, the small clearance between hammer tips and
breaker plate is considered to be the ma jor cause of the
displacement of the curve. In effect, the crusher was ,
probably set for a smaller top size than 13" and by increasing
vthis clearance a substantially ﬁoaisar product could be expected,

1t does not appear unreasonable to conclude frén these
tests that a Flextooth crusher when crusiing the plus 14
run-of=-mine coal should be able to yileld a product in whieh
thi.*55'$ point® 1; at least 0.4 ineh and by suitably adjusting
tip velocity and breaker plate c¢learance this value could
probably be increased to 3" or ﬁg“.

Referring agein to Fig, 1, it will be noted that
the curve for the roll erusher is considerably steeper than
those obtained for the heammer types indicati. g a coarser
product, It was previously stated that the reoll erusher had
been adjusted to produce Ig"™ top size material (oversize is
inevitable with a roll mill without reeycling). If this
erusher had been set for 13" top size the major portion of
the curve would probsbly have been in the region of the line

AB/ eruveencnce
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AB 1,e. a relatively large 55 % point (say, 4") could be
expected from a roll erusher,

Thus if the size ratio of the gesifier feed should
be as large as possible a hammer type crusher iz inﬁieated,
wiriley if the size ratio should be as small as possible a roll
erusner will probably be more sultable. In addition, several
other factors will have a besring on the selection, ineluding
the followings~

(8) The cost of the installations (including recyeling of
oversize from a roll erusher, if necessary; preliminary
crushing of the pulveriser feed, if necessary, ete.).

(b) Maintenance cost.

{c)} Power cost per ton treated.
(d) Flexibility.

Jok CRUSHING CIRCUIZ.

Many factors of a purely local nature (e.g. whether
the gasifier feed is continuous or intermittent, varistions
in the characteristics of the coal seams ete.) will also have
to be taken into seeount when designing the preparstion flow
sheet., Without this knowledge it is only possible to mention
a few points which may form a basis for further study.

() Removal s
o crushinge

If the size retic of the gasifier foeed is to be as small
as possible, there would be ne objeet in further breaking the
natural smalls and the runeof-mine should, therefore, be
prescreened at 13", However, if a wide size patio is desirable
the question of including the natursl smells irn the crusher feed
should be considered. As previcusly stated a hammer Lype
erusher will probably be most suitable under these circumstanees
and the discussion will, therefore, be confined to this type

3



of machine.

Table 2 represents the screen analysis of the
natural smalls and Table 3 the screen analysis of tnis materisl
after passing through tie crusher, Assuming that aa@h size
fraction in the run-of-mine (i.e. the +14" and 13" fractions)
will be broken in the saws way whether they are mixed or
geparste, the final screen analysis of the product obtained when
¢rushing the total run-of-mine will be given by the combinatien
of Tables 3 an§ 7 in the appropriats propertions. Caleulated
values are shown in Table 8. The final screen analysis of the
total coal when only +13" material is crushed (i.e, combination

of Tables 2 and 7) is also given for purposes of comparison.

‘In both cases +13" material shown in Table 7 has been neglectad.

Cereen size. Total R.2.M. crushed. +14* only erushed,
18" 0 0
A 11.3 171“'
e 23.4 | 32.4
R 2.4 41.5
™ 42,4 507
e 53.1 €042
% 64.3 6946
55 % Point G.35 045

It thus appears from Table 8 that by passing the
total run-of-mine coal through a suitably adjusted hammer iype
crusher it should be possible to obtain a gufficient quantity
of gasifier feed with a size ratio very close to the allewable

Mlmm/ovuuvatcao«utuu
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maximum if this should be desired.
{(b)

It would probably be advisadble to remove large stone
from the coal by hand prior to crﬁshing. The stons serves no
useful plkpnaa and it may damage the crusher (particularly a rell
erusher) or cause unduly heavy maintenance, The natives
amplcyed en hand pic&ing could also break down the occasional
lump too large te enter the crusuer. It may be advisable in
tnis connection to pass only plus 3" or 4" coal over the
picking belt in order to obtain more thorough cleaning.

(¢) Screenine after crusuiBge |

In order to allow for variastions in the size analysis
of the final product and to ensuré a sufficient guantity of feed
to the gasifier at all times it will be necessary to have a
flexible screening arrangemsnt. There are several possible
sclutions to this problem but only one will be mentioned. By
installing a double deck screen with the upper aperturt'ih@;an
to correspond, say, tc the "50 % point® of the curve and the
'lewur aperture corresponding te, say, the "60 % p@int“A(proviaod
that ﬁ‘ktnlls within the § 3 1 limit), the coarsest Irsction can
be suprlied continuously to the gasifier and a suitable prepartian
of the intermediate size can be gent to the gasifier as required
1.0, quhntity variations due to size varlations are controlled
by an intermediate size. This procedure ensures a steady feed
té the gasifier and limits the top sige sent to ths pulveriser
to a predetermined maximum, |
(4) Execrusialne of pulveriser fsed.

Depending on the nature of the powdered fuel pulveriser,
.ths amount of smsll stone present and the top size sent to the
pulverisen it may be desirabla to preerysh. some or all of the

coal in, say, a swing hammer crusher to minus L% inche

Th'/.o“;o.o..coo&‘
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The final flow sheet, although capable of considerable
variation, will, therefore, approximate that shown in Figure 2.

Alternative circuite are shown dotted.

(8gd.) Dr. P.J. vids 7
SERIOR TECLNICAL OFFICE

@
R

11lth February, 1952,
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