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'BISTORIQAL. /

The rapld growth of the coal washing industry in

the United States during the past few years 1s charao-

teristic of the general tendency toward more economigal
and efficient utilization of the natural resources, the
washing of coal belng a progess of enrichment of one of
the most necessary and widely used raw products. This
industry is of great lmportance to the men engaged in
mining of coal as well as to the”community at large, and
since it makes possible the use of originaliy poor ooals,.

- cain einns 4 @SN RICIVES s SNt S duneidegh ety wels,
it oonserves one of the natural resources absolutely esuen-~
tial for the progress of the human race.

The coal washlng industry 1ls ocomparatively young.
Orude methods of coal dressing are known to have been
used in the early days of coal mining. Quite primitive
were #hose methods, and they werebut 1ittle related to the
modern stages@n thoe developmentsof the industry.

the.
It 1s thought that’more or less syastematic washing

of c¢oal was originated 1n‘§i§i§¥§?ana Pruesia, and it
may be said that in the former state sclentifio methods,
such as are used today,were applied on a large socale for
the first time during the early sixties. In the German
Empire those years were marked by an extensive bullding
of rallroads, which made avallable for the principal

marketa/coal mined in the remote distriots, also by an



industrial orisis and the development of coking industry,
which created general demand for the coal of high quality.
Conditions were such as to favor extensive application of
the coal washing soheme invented not long before by

Lﬂhrif&. Since then coal washing methods have been con-
stantly lmproved. Toward the end of the last oentaﬁgfzng‘i.
had been encountered in drying of coals, clarification

of wash waters, etc. wore removed, and at the present

time German methods of coal washing are distinotly

those of coal enrichment.

English coals are high grade and very favorably
sltuated as regards transportation. The early attempts
at enriohment were oconfined entirely to soreening. A
patent for a soreen WES _ issued in 184% dwk developments
vare very slow untll 1884, when the Jjigging aystems,
alrealy largely used in Germany, were introduced; <from
that time the Bnglish a.d German systems have been
developed along peraliel lines.

In Belgium ajid Prance the development has been
similar to that in Germany. |

In the U.S. there are large areas of high grade
coal, and washing was not so essentlel to the devele-
opment of the metallurgioal industries as was the
case in Burope.



Ooal was first washed in the U.S. in 1870 at Alps-
ville, ra., the plant was built by a Prussian engineer
named John J. Endres who had been employed in the
goverl.icui c¢ollierlies in Germany. During 1871-1372
Endres ba@llt other plants at Hazelwood and Hollidays~
burg, Pa., and Jollet, Il1l. All these plants were
Jigeing plants, but during the same period a few more or
. lesa successful plants using trough washers were
erected.

About 1878 the Eureka Co. buily a Stuts jig plant
at Helena, Alasbama, this plant is said to have run
auooaiafully for several years but information regard=-
ing 1t is meager, No further developments were made
until the early '90's when the demand for better ooke,
and especially coke with a low sulphur content for iren
blast furnaces, foroed the ooke produoers to wash their
coal, and several large plants using Jigs iere erected.

In 1891 the "Robinson Washer® was first praoctically
applied and later the "§tewart® and ®American New Qentury"
systems were introduced, and not only ooal intended for
metaliurgical coke but nut coal and slack intended for
domestlo and asteam purposes is now verj senerglly waahe@.

In Illinois,oosl washing was first attempted in 1872
as a preliminary to ooke making; it 1a probablp, however,



that moet of ths plemts now operating in that state
wash their cosl for steam and domestic purposes., 1In
Kansas, Missourl and Oklahoma the industry is very YOung
and is conflned entirely to washing coal for domestio
and steam purposes+ The few plante in Qolorado and
New Mexico waahboal exclusively for metallurgical ogoke.
The most promising field for coal washing development
in the U.8. today in West Virginia and Kentuoky where
the immense deposits of ooking ocoal, on which the pig
iron industry must depend more and more, requires aseme
enrichment preparatory to ooking.

In the U.S., the ocoal washing industry 1s in ita
infanoy and great developments are to be expected in
view of the depletion of the high grade ocosle, and the
constantly increasing demand for better ocoke, as well
as a better gquality of domestic and steam cosls.



TEC IVFURIT1kES OF_COAL.

Ihe objsct of coal washing is of, coursc tc reduse
the percentage of impurlties in the coal, chiefty sulphur
and ash, aud the process ie invariably ons based on
the difference in specific gravity between the coal
and the impuritics. When tho sﬁlphur exists as large
crystal aggregates, hand picking and soreening 1s al-
ways used before the washing process is applied.

Sulphur 1s very detrimental to coke that is to be
used for metallurgiocal purposes; 1t is also objeotlon-
able for domeastloc use owing to bad odors, tarnishing
effeot,‘eto. Under certaln ocircumstances it attacks
the grate bars and other iron work. Sulphur is perhape
the most troublesome impurity and only when it is present
as dlstinot orystals s#SHALA™ of iron sulphide
(Pyrite or Marocasite) can it be separated by a proocess
dependent upon speocific gravity.

Sulphur exists in coal in three forms: (1) Iron
Sulphide, PeS,, (2) the sulphates of the metals of the
alkaline earths, chiefly Gypsunm, OGSO.'GBEO and
(3) ®*0organioc® sulphur or sulphur originally present
in the woody material from which the coal was formed.
Iron Sulphide (Pyrite and Marcasite) is the form in
which the bulk of the sulphur in coal is found, this
is shown by numerous analyses in which the olose relation



of sulphur to iron is strikingly brought out, to 1llus~

trate this a few analyses taken from Haas are given

bolow. (8ee Vol. 2A, 1908. West Virginia Geologic Survey)

80
/.63

O v N X

—
~

' Wo ¢ﬁ('(fbcnf 7'5757//.9607649ﬁ
‘ /

Total L ros.
, 4S5
FR2

/. 070
/.307
/. 239
/42
/.569
/. 788
/.948
/. 849

The size. of the orystals and orystal aggregates

varles between wide limits with different coals )

in some cases very fine and disseminated throughout

the coal mass, but more usually occurring as masses

of crystals welghing up to several hundred pounds.

Cften the crystals occur as flaky layers filling the

bedding planes of the coal. The size and shape

of the Pyrite particles has éreat influence on the

effectiveness of the coal wdshing operation, the

fine flaky Pyrite belng quite diffilcult to remove.

Gypsum (CaSO, S5H,0) ie present in varylng

quantities in ali coals but usually 1ts amount




1s small comparcd to Iron Pyriten. it occurs prine
cipally as Makes in the bedding planes of thie coal

and 13 largoely removed by auy process that removes

the iron sulphide. Associated with the Gypsum are
gmaller and unimportant amounts of Calcite, Dolomitse,
and more rarely Barilte. Some sulphur undoubtedly
oXisted in thwe vegotable materlal from which the coal
was derived, but it seems probable that the greatest
part of sulphur in coal was iIntroduced by circulating
ground waters, which always carry more or lecs atallic
sulphates in solution, notably iron sulphate, gnd

as carbonaceocus material under certian oonditions

is vary strongly retucing, the sulphides were formed
frec 4 polpiatess Gypsum was likely direstly percipi-
tated by the reaction of the iron sulphate and Calclum
Carbonate,

Asﬁ is inert, incombustible, non-volatile mineral
matter existing in coals, (1) as a slaty laminae between
the coal beds, (2) as disseminated oxides principally
of Silicon and Aluminum. It 1 understood that
presence of ash reduces the value of the coal accord-
| ingly; moreover the presence of ash may have an
undesirable effect on the behavior of the combustible
material of coal. Olinkering of coals which 1s caused



by the ash they contain may be mentioned here. It ﬂ
hes no direct bearing upon the combustion of the coal,
but it reduces the capacity and efficienoy of a furnage
by making it necessary to hold the doors open longer
when oleaning the fire, 1niaddition)fusible ashjby
8011d1fying between the grate bare/diminishes the
quantlty of alr passing into the furnage. The fusing
of ash is a dlrect fluxing of the ash constituents and
can whualtkk e predicted 1f the analysis of ;hﬂ ash god
gh.:;.olouﬂd*vum of the fuel be kmown,

The success or fallure of a washing scheme sometimes
depends upon the extent to whioh removal of ash can
he commerg¢ial.y carried out, Such extent depending
upon the conditione of the market in general and the
possibility of 1mproving the coking propertlies of the
coal, in particular. It is evident then that from the
commercial standpoint the removal of the ash 1s to be
considered in a very general way in-so~much as the
factors that may influcrice such considerations are
numerous and change from time to time and from pl}ace
to place.

The behavior of ash when subjected to high
temperatures is of great importance in this respect as
coals running high in infusible ash may be more desirable
than those with low but fusible ash content.



A theory~of the nature of ash based upon = study of fz
West Vir.inia coals has been advanced Ly Yre. Frank Haaéﬂ
to quote; "+ « . . larger part of asl is made up of
5ilica and Alumina, this togefher with alkalies are
what we choouse to cell the original impurities in coal.
They are probably tle mincral portlon of the originsl
woody fibre and the result of the decomposed Feldspar. . .
these flour compounds are again combined into a silicate
of Alumina and alkalies forming an insoluble and stable
compound.™ Mr. Haas distinguishes "orliginal® impur-
itles from secondary or "migratory" impurities which
as the name implies is a foreigu portion of the cownl
having been cuarried into the coal vogs from udjacent
Fformations, To quote further, ". . . there is but
gliy-ht variatior in the original iwpurity, which approx-
imates 4 7 and is of uniform composition « « « any addi-
tional impirity is of the migralory group,
Vi ducidedly variable in composition. To the
socondary group of impuritics iso clargeable the fusibilidy
of tlhe aslhi with resulting clinkers".

It could be then justly assuned that the portion
of ash which cones under L hoad of "origioel™ Lmpari-
tivs is nsrcoclated with the coals more lutimutely
taan that of "migratory™ origin, and probably rcmoval
of thie latter in a washing process will take place
beforce 'L o e forcor, tis glving definite ldea of

#Vol. 24, 1903 W.Va. Gealogical Survey.



the nature of the material to be dealt with.

While coel washing practice deals cutiroly wiil
wGolinnice meuns Tor the removal of ash, better unders
stending of its nature could be of great service in
devising washlng schemes. Assuming that Mr. Haas'
theory could be applied to ali coals, it bacomrs apparent
thnt in the light of such a theory the interprention.:
of prelimina‘r';.would be more oomplete,

Coal washing involves exactly the same principles
as does Ore Dressing except that in coal the valuable
portion (coal) 18 lighter than the impurities, whoreas
in Ore Dressing the reverse is usually true,

Water conocentration schemes are used exolusively
for Coal Dressing and, as 1s the case in Ore Dressing,
the coal must be crushed fine enough to freo the
impurities and then sized to such an extent that the free
or hindered settling ratlos, ac the case may be, will
admit of separation by water currente. This sizing is
usually less exact than that required in Ore Dressing
because of the usually greater difference in speclfic
gravity between the coal and the impurities. Coul
screening is done on a variety of wmachines, revol¥ing,

shakling and gyrating screens belng the most lmportange.

/0



The subject of coal crushing lies entirely outside
the province of this thesis, but it 1s well to state
that the size to wliich crushing is to be carried and
the laws governing the production of fines are identical
#1ili those of Ore Dressing, and the crushing machines,
(Rolls, Swing Hammer Pulverizers, etc) differ only in
det: 2y of deslgn.

Crdinary bituwmluovs coal has a specific gravity of
1.25 to 1.38, that of clean shale 1is about 2.3, but that
of the highly carbonaceous shales 1s much less. Fyrite
has @& specific gravity of 4.95 to 5.91 so 1lts serercuion
requires no very close sizing.

The extent to which sizing must be carrled must be
determined in each individual case by actual tests, a

discussion of which 1s giver ir. another part of this thesls.

.



COAL, WACHRING SYOTICMS.

The following claszificetlion of coal washing
syviens ig lhere prope-ed not wilh Llie evpectation
thet 1t will *e Tound complete Lut to ald 1u a
bettor underclending of the descriplive motter.
L. JIGGLNG SYoTLUS.
ls Systenms employliy sizning before jigrirg.
a- New Contury.
L= Sgowart.
e Seldlolibermean & Krebor .
D oystems employlng sizing aller i veiore
Jipoing.
e JIGO1AY e
7o oystens eumploying oltdig alftor jlgeing.
L LOULL
I1. HYDRRATT IO Q7 LTl SYeThio.

(SN S T S

am Joeliwr, Rovinsobe.

-

o 4

Le Troagh oo ero.
a~ scoife.
1Ve Dbumpiinyg Tables.

o= New Ceitury.
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DESGRIPTION OF QOAL WASHING SYSTELS. /3

NEW CENTURY CYOSTIM,.

This system omploys silzing before Jiggihg, the
peculiaritiec being in the very different design
of jiggs used on varlous coals and sizes of the
sone con”le. A heavy double plunger }Jig is used on the
larger slzes and where the difference in specific
gravity beyween the coal and bone 1s small the well
¥nown differential motion obtained by & ocam is used.
(see Plate I)., The pecullarity of the jigs 1s the
unique rotary valve or "draw" for removing the matorial
from the bed; (See Plate 2).

This valve conslisis of a rotating pebt with
four vancs whiclh fits practically water tight in a
cagt iron case, the number of revolutions and hence
the quantity of material drawn can be very accurately
regulated.

These Jigs us@  short quick strokes aR@. Dave.
prceven very effective for small glzec, . WBterial
that was all crushed thru 1/16 inch having been succe:ss~
fully handled. A 1list of this company's Jigs is
appended, showing the range of sizes handled, These
Jigs are all of the movablé plunger type, and only
in the valve and mlnor nschuanical features do they

differ from the "Luhrig" jig.



Muwmber of Kind of iotion Adaption to /4
Maching. size of Coal

P00 B o« 4 . o . o . . Ececowlric o v . . . 3" 405 4 1 /2"
Q00 A o o« 4 v v s e Locoutric v o« . . . " down
870 . . . . . . . . . Ecceutric . . . . . 3/4" down

800 . . . . . . . . . Deeontric o o . . . 3/4" doun
(for low ash)

700 . . . . . . . . . mccelltl"ic a6 00800 o DlaCk

"Double ARlthraclte™ o« 08M . ¢ o« « « o « & 3" down.

The two flow ~hoets (Plates 3 and < ) represent
typleal practice of thiy compony.
w TaWART SYSTLLL. .

This system Aiffers <us® Cro: t7~ New Cunturg4nn

thet 't employs movable sieve jigs (Sce Plate@‘). It
1s most successful ou thn larger sizes of coals, and
s in extensive uso. The suotlion on the bed is very
great and to obvinte this to soms extent the "Pittsburg"
modification Las been deusigred. This consists of a
closed box/with valves opening inwards,which is attached
to tie cccentrics, the screen forming the top of the
box; on the upward =troke,ttrerefore no sugtlon takus

place (see Platééi).



SCHUGTERMANY AND KREMER SYSTEN.

Screening rosults in three sizes;
(1) fine coal 0 =1C mm. (8) nut coal 10=-25 mm,
(8) Ooarse nut 25-80m.m, | |

These products érc Lt heperetly Jiggedson
msephines . or each size. As 2o ruqufeldspar bed is
used when jlgging fine product.

Pigton,  twomcompartment jigs are used. The
product of the first sieve conslsts of clean refuse,
whlle that of the second consists of refuse material
intimatoly oconnected with the coal. This product
represents practically true middlings and 1s retreated.

Jigs for fine coal have two or four sieves. When

fines run high in Pyrite a third sieve, placed at the

feed end’is being generally employed. This sleve slopes

toward the center of the Jig and carries a pipe for
the periodical removal of the accumulated Pyrite.
Some data relating to the "shilchtorman & Kremer " jiga"

is tabulated below.

(&



Jige
for tlic Nut and
Larger sizes.

Jig.
for. Flne Sizes;
Feldspar Bed.

/6

Sleve Surface
in Mellle

Size of Openings
in M.M.

Ratio of tle
surface of the
Sieve to that of
tihe Plston.

Length of Strovo
in m.m.

Number of sStrokes
put mimmte.

Cupacity per L.
in lfetric Tons.

Power in H.P.

Waoter Consunption
in per mine

1800 long
800-1400 wide

Be5 = 5.0
About 1 3 2
100 ~ 300
50 = 55

12 - 15

1/2

N0e8 = 1.0

4 sioves, 1200x700

2 x 12 men.

30 ~ 40
150
15 - 20

1-1/5

0e2 -~ 1.0

The flow sheet (Plate No. 7 ) 1llustrates the typlcal

practice of this system.

THE HUMBOLDT SYUTEM.

Three distinct types of washeries are manufactured

by the firm of Eumboldt.

Their design as rogardc the

stage of the process at which si®dg shall be employed

depends entirely upon the character of the coal to be

treated,

(1) Gomplete sizing before jigging for@iﬁ%
coal with small difference in specific gravity between



the c}ean coal and the impuritles, /7
(?) incomplete sizing beforec jigeing for the coal with

a greater difference in specific gravity.

(3) Jigeing precedes sizing for the_éoals with considers

able difference in opucific gravity.

Following is a Jdescription of a typlcal Humboldt
washery at work at tlic Dahlbush coal wine Uased upon
dota published im GlUckauf, No. 14, 1911.

The wachery 1s designed to treat 100 tons per hour.
About 507 of the washed coal is intended for coking.
Sﬂocit&aationa for the first class ocoke call for n
maximum of 5.5% meh, and less than 17 snlt. Coal as
delivered to tlie washery contains 15 -22% esh and 8-3%
é;it. Tlie charaoter of *tiie impuritles oarried by the
coal makes separatlon an sxceedingly diffiéult process.
S5elt 1s readily dissolved by the wash waters therehy
inoreasing its speclfic gravity, while the other impuri-
tiea have the property of decomposing into thin flakes
and are practicaliy inseparable from the clean coal by
Jigging.

It has been found, however, that fine coal and
dust (0 = 2 m.m.) are especialiy rich in impurities, and
that after their removal, reavction ol the lupurities left

In ihe coal 1s comparatively easy.
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The flow sheet of this washery (Plate No. §.)
indicater the main stages of the process.
THE BAUM CSYGTEM. |

"Firet wash and then classify", is the official
slogan of the Baum Qompany., It 1s olaimed that this
system was first to employ the progess ianvolviug
slzing of the jigged ppuduct. In fact, the repute=~
tion of the system 1s bLased upon the succeesful appli-
oation of ‘that pfoceus, and at the present time all
washeriea are designed by this firm in accordance with
this principle.

The Ilmportance of slzing for successful separation
of coal from its impurities by Jigging 1s dlscussed
elsewhere in this paper. It hardly can be doubted
that sizing improves operation of jlgs, and it
would seem that in Jigging coals, whose specifio
gravity differs but slightly from that of impurities,
preliminary slzing 1s absolutely esasential.

Commercial jiggsing of suoh coals, without sub~
Jecting them to preliminary sizing, secms to be
possible due to subh factors, as difflculties
ancountered in siziig {molst conditions of run-of-mind
and‘better preservation of the uneized product, while

it is bLeing Jigged. Theso factors ars apt to be of



/7

such an importance as to make Baum's process very
successful, otably in those cases when differeice
in spocifle gravity of coal and bone is considerable,

Anotlhier distingulshing feature of Baum's system
1s the employment of prneoumatic jigs both for large and
small sizes.

One c¢f the principal advantages of such a Jig
is the congplete elimination of suction. As the inlet
valve is closed with the simulteneoue opening of the
escape valve, dimlmition of prec~mro in the alr come
partment is gradual and quite slow, and accordingly,
the returning water runs slow at the beginning, its
velooity gradually increasing.

The narrow limlts of regulation of the pneumatio
jig%; ia, perhaps, one of their most serious drawbacks.
sigu the inlet valve remains closed whilc ilis water
1s in molion, the number as well as tlis length of
pulaationa is limited, fifty pulsations per minute
being the maximun.

For a sketch of the Baum Jig sse Plate No.‘ﬂ .
Thas upper portion of the Jig is developed into two
compartments. {a) lutcer and () air.

Admission and exhaust of compressed alr is



is regulated by means of a oylindrical valve,{v} in
Fig. 3, which is operated by an escentric, (sj When
valve 1s 1in its lower position, the air onters compart-
meng, {c} and drives watoer in,(a} uprard; easg ti.c vilve
is raised, ailr escapes, ond water returns to iﬁs former
position.,.

Qlean coal is discharged at the end opposite
to that ol lToed, Relese 1s Alacharged partly through
ohnmbors,(gl Pig. 2, and partly as hutch produsct. It
1s carried away by a spiral conveyor.(ﬂl running along
the entire length at the bottom of the jig. ' Discharge
through,) (d)) is regulated by gates,{gk %alve,(ﬂ.}
placed at the top of discharge chamborg, regulates thé.
pressure of air in these chambers; The character of
the refuse (whether clean ora:Ltermediato product),
is thus controlled by means of this valve.

A Baum jig with 9.5 sq. meters of sleve surface
has a ocapacity of 160 tons per hour.

The flow sheet of the Grimberg-ilonopol Washery,
(Plate Xo. /O ) 1llustrates typical practice of the

Baun System.

20.
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THN JUFPRUY~MOBINSON SYSTRM.

In this systegﬁﬁéparution of coal from its lmpure
ities 18 done by means of a ocontinuous rising current:
of water.

The washer (Plate No. /I) consists of an inverted
steel cone witha?efuso chamber, operatod biqgack and
pinlon, together with a central shaft carrying projechs
ing arme and stirring blades. The coal passes into -
center ping =t thé upper portlon of the washer. Veatsr
entere through tle honaingéq; and passes into she
washar tlicugh perforation§, Tlio coal 1s kept in¢oonb
stant state of agitalion; es it sinks it 1s met by en
upward current of water. Clealn coal is discharged as
overflow, whiléﬁgﬁfuse is accumulating in chambor,(q}
at Lue beltom of the wasler.  Diccharge of refuse is
operated by means of valves, (Y).f

Advantages clalmed for thig system are, aimplicit!/
and low ocost of installation and operation.

The comparatively rare application of clasaifiers
for waslilug coals 1s explalned by the: fact that such
devices give satlsfactory results with only few coals,
{the difference in specific gravity of coal and iis
impurities must be rather sharp), dnd that there is no
intermediate product formed.

It soems quite reasonable that water classifiocation

will be of some importance sooner or later as 2 treatmeng



preliminary to jlgeing. In fact, som» of the Britigh

) . ’
washeries employ clagaificntion gn a upitzkﬁsten
vefore jip~ing their coal.

Spltzkastens arc 2lso known to be in use as

washers of coal, thrat ig, clasmification by carrying

current of water, They are employed instead of
jlgging, and 1t is supposed they ocan be employed
for this purpose with more or less success in some
rare and specific cases,

THE SOAIFE TROUGH WASHER.

This washer ia simple in construction. Coal

and water are fed in at one end of the inclined
trough and meet priffles in flowing down it. The
slate and bone collect behind these riffles and
in the Scalfe machine are periodically removed
autonaticanlly; the inchine is cheap but has & low
efficiency.

BUMPING CR REQIPRCCATING TABLES.

Tﬁeae operate on exactly the same principle
a8 do the ore concentrating tables; they are
usualiy longer, however, and the riffles exteni
cl2+> *C the end. The pecullarity of the
American New Century table is the small tubes in
riffle bottoms which remove the small pyrite and

slate and vastly increase the efficlency and
capacity of the table. (Plate Wo. 12)

s



AN ACTUAL TEST.

An actual laboratory test was made on a
8lack from Southern Iliinois to determine if 1t
could be waslied and thereby converted into a high
grade steam or domestic coal. All the slack
passed a 1/2 inch screen and the percentage of
fines was quite large. A screoen analysis was
first made, which showed nothing of great value
except that by screening out the dust the quality
of the product would be improved. The float and
slnk tests were conducted under conditions as
nearly uniform as pé-uiblo, the number of tests
was not sufficiently large but gave a good idea
of the nature of the impurities. The laboratory
tests on Jigs, were as carefully carried out as
possible and the results are conslidered reliable.
An attempt was made to run a sample of the coal
on the "Dunham" Table but it was wholly unsuccess=
ful.

The original coal was guite lustrous with
good ocubical cleavage. Soume gypsum flakes
occurred in the fractures with oonsiderable
flaky pyrite, a good many "balls" or aggregates
of pyrite orynﬁal- usually of smali slze also

occurred.
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ADAT IO CF CRICGINAT, O0DAT,,

B TR
Asli « v o « . o . 0 0w e oo YLD
Sulphur . . . .+« + + v 4 e . 27
vol. Latter « ¢ o o+ o . . . 11.3

Fixed Carbon .+ « « + . . . . vUoel (by differcnce)

A1l coal was crushed through 1/2 inch and a scruen
annlysis made to deterilie the distribution of ash
and sulphior in the varicus sizes.

vl 4 mesh ~ Percert of Total . . . 417
Agli ¢« ¢ o o o e o .. -/.."-'8
Sulpour « « . . . . . .93
On 4-8 moesh-Porcent. of total . . . 257
ASli + e o o o o o o 10
sulphur « « « « o . . 2eB
On 8~12 mesli-Percent. of total . . 11%
Ash . . . « ¢ ¢ o . 10
sulplmr « - . . . . . 2.6
On 12-18 mesh~Percent. of Total . . 7%
Ash . . . . .+ « . 7.C
Sulphur « « o o & o . B2
Un 16=20 mosh~ Percent. of Total . . %.2%
Ashl ¢« & 4 v v e s e .. 840

"

bU.l phllr’ ] . . . . . . ] 3 [ ] 5
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On 20-30 mesh - Percent. of Total . . . 4.2%

oWlphme o o 0 0 o o o . 4.058
Under 30 mesh = Percent. of Total . . 2.0%

Ash « ¢ & v« o « . . . 18422

SUIPIUIE & ¢ ¢« o ¢« & + 4+ BB

This shows that the pyrite and slate break
generally finer than the coal and that a method of
8imply soreening out the fines would very much
lmprove this slack.

The nezt step was to try several "float and
slnk" tests ns d@escribed olsewhere in Lhis paper.
The solution used was zince chloride in a 5" x 12"
anatomical jar, o wolghed sample of the coal was
placed thereoin and allowed to etand a few hours, the
float was then carefully skimmed off, and the sink
collected by flltration; botl werc washed with
8lightly acidulated water to free them from the

solution, dried and weighed.



ope. G1'e of solution 1.43%3.
Percent. of sink . . .20
Percent. of Float. . 80%

Analysis of PFloat.

Ash « . . . . . . . . 8"
Sulphur . . . . . . . 1.3

Analysis of Sink.

Ash . . . . . . . .. 43.2%<
Sulphur . . . . . . . 5.,6%%

Spe Gr. of Solution « « .1.%4,
Percont. of Sink . . 329
Percent. of Float . 687

Analysis of Cial.

Ashi o v o« v v v o w  3l.07

Sulphur . . + « . . 4.8%
analyusis of Float.

Ash . . « « « « .« & 7ol

Sulphur « « « « + & 1.12

Thls shows that in order to got a thorouglly
gdod product from this coal, a large amount of
discard musl be made and unless this discard could
be used under the plant boilers 1t is doubtful if 1t

would be profitable to wash.



A 5m~11 garmple (about 20#) was run on the small
P T 1
Vezin Jig (cvi do. . ).
217 of the total was drawn off as bed and hutch

prcduct,only tiie clecan coal however was analyzed.

Analysis of Clegn Coal,
55111 1)11‘(_1? [ 3 L] L] [ . . . . . :; . (:1 ’/‘:?

As}l . L4 . L ] . . . . . . . 3040%

The smell jig was run at 75 R.P.M, with a 5/16
inch stroke, using a S0~mesh scracn.

Thls result corresponds well to the float and
eink test, about 0.9% more sulphur being shown,
probably due to Tines washed over Ly the pulsating
current.,

Tiow 0084 e fecd waw put over tlhe two cels Hartus
Jig (out ”{ Y 1ia the ore dressing loboeatory, on
tue first Led about 1 inchi of Galena waw placcd on
tiie ~ieve, makiny in effect a Leldspar jig. Quite
a few slines were carriced over tic tall board and but

1ittle Imitcli was obtualned.

Percentage of Oleau Qoale + + . . . 6807
Fercurtaoge Of Bods o o « o « « o . BB

e s ~f
rorcon age ol Halcih o o o o o o o o 027

B M . 3 X A
FOreonbage LOBIUHS o « o o o o o o o V3%

Aiinlyots o7 Clean Gole

27



28.
245# of foed were put over the same Jjig as before

using a coal bed, but few slimes seermed to come over
and oonsiderable hutch was made.

@lean Goal +. . . « v 4 v o o . . 74%

Pirst Dbod o« « ¢« ¢« v ¢ ¢ 4 o o o 8%

Second YA « + ¢ ¢ 0 o o o o W 87

Butoh « ¢ ¢ v 4 o o ¢ o o & & 7 6%

LOBBEB + o « o + o o ¢ o o & 2.5%
Analysis of 00ﬁ1.

Y . 5469

Sulphur............ 1089,'0

Theae are by far the best results obtalned and
indicate that the coal can be much improved by jlgging
in falrly coarse slzes up to 1 inch over two compart-
ment Jigs, The dlfference in specific gravity betwsen
the coal and impuritics 1is considerable and sizing
below 8/4 or 1 inch is necessary.

An attempt was made to run some coal on the
"Dunham® table in the ore dressing laboratbry, but no
separation at all cgould be made, it seems that sizing
would be absolutely necessary in this case, also a
table with a gentler stroke and riffles wilth widor

spacing would e advantageous.



Calorific deteiuinations were made on the original
coal and on the coals cleaned in the various ways.
An "Emerson® Fuel Qalorimeter wao Mmued iu these

determinations.

Original Qo8 « ¢ o o o ¢« o o ¢ ¢ o o o ¢« » 12,800 B.T.U,
Olean Qoal from Vezin Jig . ¢« « ¢ « ¢« o« « « o 12,608 B.T.U.
Clean Qoal from Harts Jig . .(®eldspariBed) . 12,690 B.T.U.
Oleoan Qoal from Hartz Jig (Coal Bed ) .« « . .12,000.
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WASHERY CONTROL AND PRELIMINARY TESTS.

No standard systems of ocontrol or testing
have been devised; the 'Wloat and Sink' test is
the usual preliminary and is most favored for
control, It consists of separating the coal and
bone by means of solutlons of high specifioc gravity,
0a0l, and Zn0l being the salts ordinarily used.

The maxlmum specific gravity obtainable with
CaCly 1s 1.43 which 1s not sufficient to separate
some coals. With ZnQl, however, specific gravities
of 2.00 may be obtained with cold solutions.
Unlfortunately neither of the=se solutions is chear
enough to permit its use aa & separating medium
on a commercgial scale.

The apparatus m&i be simple or elaborate as
conditions determine. The authors of this paper
used a glass jar about 12" high and 65" diameter,
and skimmed off the float with a wire-cloth
skimmer. This method gives fair resultis but the
separation is nevery very complete. Several
machines for securing the quiok and complete
separation of the sink and float have been designed
the most popular one of which is desoribed in
Mines and Minerals for 1909.- July



Preliminary tests are of two general kinds:
(1) on coking coal where the size crushed to is
fixed only by the consideration of securing the
best and cleanest product and (2) Domestic or
Bteam coal propositions where the size is fixed
by purely commercial considerations.,

In the first case samples of coal orushed
tol1/2~-11/4-1-23/4-5/8-1/2-23/8 -
1/4 and 1/8 inches are usually taken and each
size tested in about six solutions of varying
specific gravity, the '"float! of each test being
analized for sulphur ahd Amh, uon domeetic
coals as tho‘sizo 1s fixed one Qot of msix tests
in the 'float and aink’ solution is usually

conaldered sufficient,

In control work tests in the specific gravity

solution are made at astated intervals on both
the washed coal and the refuse as well as on the
raw coal. Some good coal is always lost in the
refuse and the calculation of 1ts parcentage
when its amount has been determined by the float
and sink tosts is a matter of mch interest.
SOma enginears calculate thla loss in terms
of perceqtage of Raw Coal, but 1t is brought out

b Dolumaf,m' that +the mast eorrect method is to
Mines & Minersls Feb 1902 .

3/
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calculate this loss as a percentage of the Ytgond®
coal in the raw coal as detsrmined by a float and
”%Pk teat, the specific gravity of the solution
being exactly the same in each test, however.
He gives the following formulas for calculating
this percentage.

Let X = percent, of good coal lost in refuse.

D = " " raw - float (good coal)
i= . * refuse produced by the plant.
J = " n . Ploat, (good coal).

M = Ji = Percent. of float coal in the refuse

in terms of Raw Coal.

Then X = Ji =M
T %

The Float and Sink test is ueually considered as
100% efficient, but such may not be the case.
Cliemical reactiors butween the coal constituents

arid tho solution may take place, or soluble COLim
stituents may be leached from the coal. Thus it
would seem that the time that the coal remained in
the test bath was an important mattcr. it has
been surgested that the coal acting on Zinc Chloride«
solution causes a precipitation of basic Zinc

Chloride which increases the ash content.



Also a reaction between Zinc Chloride and Pyrite
nay taks place whereby some Sulphur joes into
aolation, tlms decreaclay tli. actual amount

of salphur vressnt and to some extsnt vitatlag
bhe test.

Coal Age, Jan. 29, 1912, rives a deascription
>f a scheme for obtalinlng a curve showing the
inevitable loss in washing a coal contalning X% of
ash. The apparatus for separating the coal and
bone 1s a small apeclal hand jig instead of the
usual float and sink solution. The asssunplion on
wi:dich the developms:nt of the curve 1la based ia:

Y = yield of coal fron washing opsratioas.

X = ash countent of washed coal.
tiie Y = r(x).
A melliod of wash- ry conitrol by the analyslis
of Ly ash has hesn propossd, but the concsasan
of opinion is that 1t is too coally aad lacis

f"‘"‘d'hl"‘i t"d'l" (5"«@ E. Loif? ?V!-J,t' Au.i‘)- :.:(J' 1&.;“Jq)‘



REPERENQES .

Mines and lMinerals.

Sept. @1 - Illinols Washery.
" "  Golorado Waahery.
Aug. 1902 - Prinoiples of Separstion.
Juns, 1903 - Soranton Washery.
Dec. 190% & lontana Wazhery.
Dec. 1903 - Stewart Sysbem.
¥oh. 1904 - Indian Terr. Washery.
Dec. 1904 -~ Alabama Washery.
April 1908 = Bituminous Qoal Washing.
Dec. 1908 -~ The Qlassifiocation of Qoals.
Aug. 1907 - Tho‘Growth of Coal Washing.
Sept. 1907 ~ Method in Qolorado.
Aug. 1909 = Qoal Yashery Gontrol.
Jan. 1909 -~ Desorlption of An Improved Vershory.
Oot. 1009 = Minling, Preparing and Qoklng Coals.
Feb. 1912 - Washepy Oontrol,

Englnesring and Mining Journal.

Sept. 20,1902 - Kansas Washery.

May 9, 1903 = Hodern Qoal Washing.

Deo. 17, 1903 - Separation -of Qcal and Slate.
Oot. 13, 19N4 = Modern Methods of QJoal Washing.

July 6, 1907 -~ Plant at ¥1dland Mine.
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Juhs 22, 1907 - Waste in Mining and Preparing Coal.



Engineering and Mining Journal (oontinued).

Feb. 29, 1908. ~ Washery at Tyler, Pa.

Apr. 4, 1908 =« Recovery of Coal from Qulm.
Aug. 29, 1908 - Qhemical «~Control of Qoal Washery.
Foec. 26, 1908 = Goal Washeries in golorado.
May 15, 1909 - Goa} Washerles in Mighigmn.
goal Age.
Jan. 20, 1912 - Tests for Coal Washing Keonomy.
Jan., 29, 1912 - Belgian Method of Goal Testing.
Trans, Ameriocan Institute of Mini ineors.
Vol. IIY, Pages 172 and 182.

* Ix, . 481 °© 474.

* v, °* 172.

»  xrI, * 407,
n OXIII, " @ 341.
" oxxv, " 118.
»  XXXII, * 154.

School of Mines Quartar;x.

Vol. 27, - A @oal ¥ashing Plant.

Journal of the Iron and Steel Instituts.

" 2 - " 452,
1896 = Vol. 1 -~ Page 383.

1P 4
" 2 - " 321
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PLATE N0

Flow Sheet

of
The OJorstfeld Coal \Washery
/Scbc'}chr‘ermaﬂn & Kremer System /

Coa/ (0-80 mam)

Screerr (10 mm)

Dust

v
Extractor .
Over Size(10-80mm) Goizer *//ouse Under Size (/0 mm)
Jrg for larys sizes Jig for sfrza// S/2e5
Refuse Credn coal }
Clean Nut coal (First Sieve) l Miadlidgs
l Dewataling Tower (Second Sieve)
Scrvens U | i’ Jl
Waste S/1rre water Drvéoat fofls
Nut Coal (four sizes)
Pump

C/anﬁgd wafer ) 7}’/77«

\fl_f J,(_ Feldspar bed)

o>

C/am» Coal Refuse

Coke Ovens Waste



PLATE No®

Flow Sheet
of
The Dohbush Washery
(Humbolelt Systern)

Coal O-GOmm)

Tmfnmels
Pt f (1om ) i coal
Jig ﬂustl Extractor
| _
Clean -Coal ARefuse and Coal F/nT Coal (2-8 mm) Oust(0- 2 mqn)
Tr Boller House
v
e gnd Coal Clean. Coal

0:11 ng Tower
3 C
clean Coal

KE Oven

Steom uses



PLATE No9
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PLATE NdO

Flow ShHeet
of

ThHe Grimberg-Moropol Weashery
(Baum System)

Coal(0-80mm)

%
A’gfuse G‘[éa/
Tm{mme/
/jlut‘ Cog/ F/n*e Coal
Mirxef /
Jig
vy 9 | 3
Refuse Clean coal
L Dewatering Tanks
Dump
v y
Slime Water Coal t
T>p |
Ump\* Coke Oven
C/ariftin_q Tanxs I
'
Clarifying Tanxs I
& | ¢ ¥
Clear Water Slime
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The Jeffrey-Robinson Washer
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