_,__,molm-t coal_monthly. Work was_continmons_dur

the coal slurry.

—2he froth from the pre~flotation )hnt oontains adbout 4 per cent
ash. Wnen electrode coal is Deing made, this producs is four times re-
floated in the main flotation plaat. This means that the froth from the
Frimsry flotation cells of 4 per dent ash is fed to the first box and re-
floated. Then the froth from the first bdox is transported dy an elevator
to thotood.port of the second bdox and again reflcated, and this is contimied
through ‘four stages. The ash content is reduced in these four stages suc-
ceu!.voly to 3.5 per cent, 1.8 per cent and finally 1.1 per oent.

-leoh notetion unit oouhtl of 4 cells; each vot- (uook) .13 %
sists of 6 unite; and there are 6 systems or a total of 36 four-cell units.

The maximun cspacity reached with the 36 units was 6000 tons of
_24 hours, including

Sundays, so that the capacity of the plant was = 8.4 tons per hour.

‘ Eowever, 6000 tons a month was acknowledged to be an oxception. The normal
Tate of production was about 5000 tons per month..

‘The flotation Teagent used was a Beechwood tar oil (Buchenholsteerdl 3

and this was added to the entering feed. Sometimes it was necessary to add
a little ad.d.it:lonal reagent to the following stages.

. _ Besides the slimes from the run-of-mine coal (1 and 2) lun:p coal
could be crushed down to 0.75 mm., to furnish additional feed to the Reinst-
kohle plant. As the lump coal is selected and, therefore, low in ash, the.
crushed material had an ash content of about 4 per cent and could. be admitted
directly to the main ﬂotut:lon plant. ' .

" The ﬁ.nel froth from the main notation p].ant went to vacuum fil-
ters (13) and the cake from these filters went to the acid baths (16) for
the chemical extraction of the last ash. A cross-section of»the vessel is’

: ehown An I‘igure 10. . o

_ 'l‘heee ecid baths are concrete vessels of about & to 4 meters
diameter provided with pipes for circulating superheated steam through to.
_the contents. el o o o v

e These concrete venelo ere lined. with carbon 'br:l.cke mad.e by Siemens-
Plania of Berlin Lichterfelde. These carbon bricks are made of the purest
coke produced. by the Carl-Alexander plant mixed with pitch and burned et a
. high temperature by Siemene-P‘lanie.. o

S

o ‘The carbon bricks are neceeury to »protect the conerete aga.inet
'the activity of .the reagent acid.

: The part of the steam pipes that is in contact with the
. acid is ‘also made of preseed. carbon bricks. !l.'he inner ‘diameter is" about

C 3 inchee ‘and'- the wall thiciness i 2} inches. - :Becanse of ‘the acidity of :
“ the water. the rotary drum filtere -muet be lined with rubber. ~and the

s cloth on the filter is" of ’a.rtiﬁeial relin (pleut:lc).»

' houre

. The acid dissolves the’ silicious matter of}

AAONANNSERNENN

~ Ash Extraction. A mixture of water, hydrofiworic acid and hydro-
chloric acid is made in the ratio of 100 parts of water to 1l of HFl and
2 of HC1l, and the ratio of water to coal is 2 to 1. The effluent water
from the filters (17) is almost neutral as virtually all the acid is
consumed in dissolving out the coal-ash matter. By this acid extraction
method, the ash.content is reduced to 0.5 per cent, ’

i The cake from filter (17) is treated in the water baths (18) to,
remove the rest of the acid. From here it goes to the next filter (19)
The cake from filter (19) is drled in drier (20) and stored in (21).
Further on the purést coal (Reinstlkohle) is coked in the normal way
(22) and is then ready for shipment to the aluminum refinery where it - .
is pulverizad and mixed with 30 per cent- of pitch to make the electrodes. -

The main flota.tion process is continuous, and the coal staye aoout
one~half hour in the frothers. ' The. acid baths operate-on-the batch
principle, ‘and the slurry stays-in contact with the boiling acid for ome .-
‘As shown in Ta’ble 8. ‘the y:.eld depende largely on the q_ualzty of
the gseams used. : : _ e :

- TABLE " 8 - TYPICAL YIELDS OI' VARIOUS GR.ADES oF PUR.. COAL

Seam 2 Se'am”3 .

_ _Yielld % . Yiela ]

15
55
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Vhere scam 1 gives a thooretical yleld of 75 per ceant of coal of
an, pocunulative ash content of about 1.1 per cent, sesm 3 would give oaly
45. cent, and soam 3 is incspadble of ylelding eny coal of - that am.—

The flotation plant does not actually deliver the tpoorcuod
yiald. bnt perhaps 50 per cent of the theorotical Yield. -

The aﬂvmtoco of the aoid extraction method is that the etfooti.vo
“yield at 1.1 per cent ash can be actually carried forward to the finsl de-
ashed product of 0.5 per cent ash content. If ssparation by float- and
sink methods to odtain the same end ash content were attempted, the yleld
would be very much lower.

‘ The tailings from the main flotation plant, still low in ash,
were mixed with the fine coal from the jig washers and sold. The tailings
from the pre-flotation plant (9) having an ash content of about 40 per cent
were mixed with middlings from the jig washers (also about 40 per cent ash)
.and fired on special Martin stokers.

The production of purest coal at Oerl Alexander is stopped at
present by domb damage to the surfase works; nor is there any need for
purest coal for aluminum production in Germany at the moment. The produc-
tion of normal coking coal of the 1>1nnt at present is about 1000 tons per.

day. o i

-_Zeche Ko gggg_g i'beth

... fThe Koenigen Elizebeth property ‘nelongs to Mannesmann. A. (¢ N
There are three shafts (1) the Friedrich Joachim, (2) the Hubert, and -
"(3) the Wilhelm Emil. The special coesl preparation plant is loca.ted. at the
. Wilhelm Emil sheft. This plant was ‘designed especislly to prodiice super- -
cleaned coal for the manufacture of cerbon electrodes. for -the aluminum
industry. It combined the research effort of. the-producing company, the L
speciglists of Berg‘banverein and, the equipment manufecturers, Krupp~ - ‘
Gruson—As G, of Magdeburg and - Lwrgi Apperatenbaun—of -Frankfurt.—Two—draw—
ings. showing partially the arrangement of th.e ple.nt are shown 1n Figure 11-
end Figure 12,

: Two general schemes are embodied in this plant- one treatlng
‘the cosl by wet methods and the other by dry mothods. The objective of ‘
. -both methods was to arrive at a final ash ,‘E&M_OME____W
. wlthout havxng to resort to acid extraction. : . i

Ttain seams tha.t contain~the-
flargest proport ons of very. Tow, ash, low g a.vity float material were :
selected and spec1al sepe.rating methods were d.eveloped. in an attempt to’

- separate very..small grains at low gravities. . .. ‘ :
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The vet process centers arcund the Leminaretrie heavy media wash
box devised Dy Dr. Vogel to attempt to separate grains as small .as 1 mm.
in a very finely pulverized magootite suspension, whereas the older heavy
' sedia separators of Troap and de Vooys had herstofore handled only material shola from
down to 5 nm. size’ . T - pleking bells +60mm
The dry method, proposed dy Lurgl Apparatendaum, centers around - )
the treatment of 1} mn. x 0.1 mm. grains dy eleotrostatic seperators.

- Oomplete plant equipment to operate by these two methods had bees
installed at Xoenigen Ilizadeth, but the electrostatio separators had not
yot been placed in operation, and the second Laminarstrom plant hed worked
only experimentally when the plant was partially demolished by domdbing. :

Operation was to concentrate on coal from the widely known Fine-
frau seam operated extensively in the Ruhr and in the South Limburg field R
-of ‘Holland, as well, ‘

. A flow sheet of the Reinstkohle plant i1s shown in Figure 13, page — el refined coal 15% A
53.. The feed to the plant is hand-picked coal broken to pass a 60 mm. bar i ]
soreen. The 60 mm., x O feed coal delivered to the plant at the rate of '
approximately 12 tons an hour is crushed and sized over 8 mm. cloth on
. an inclined mechanical vibrating screen (1); the 8 mm. x O undersige from
‘ . this screen is then dedusted over an identical soreen with 3[4 nm. .cloth.
o heoversizeof the first—screen (8 mm,) is returned to the crusher which
. operates thus in closed circuit to deliver the entire feed finally at
. 8mm x 0 size. The screens are 3 meters long x 1} meters wide. '

| The sized feed cosl of 8 mm. x 3/4 mm. or 10 m. x 3/4 mh, which

amounted to about seven and one-half tons per hour, 62.7 per cent of the
raw feed, was handled in one ’Vogel Laninarat'rgm washer. .. ..

, The Laminarstrdm washer is a rectangular box 18 meters long by
approximately 1 meter wide and 1 meter deep placed in a horizontal posi-
tion.. A slow-moving scraper line traverses the upper part of the box.
This scraper line consists of two strands of matched roller chain which -
operates ‘entirely above the liquid in thé box but carries pivoted-rec-
tangular scraper flights that dip into the liquid on the lower run ‘travel.

" ing from the feed end to.the discharge end of ‘the box. In this part’of
the run, -the scrapers are held in a vertical position by outriders on
.. elither side of the attachments that secure the scrapers to the sidebars:
_‘of “the chain. The return run of this scraper 1line is above the box and , » Sl
eal O the-—econten c . e . . . R o Gl -v 8 ‘.-‘. K ‘p@rﬁﬂeﬁ‘_—'ef.'pumsf_madmt . S
refuse - (filter coal). S wet and: dry_pre —enridiment B PO
Yo HzO oo e final enridn ‘bg‘flofo_hqn';. :

.. In the bottom of the box is an entiFely separate drag chain that
~_conveys the. sink material to the discharge end. - ‘Both seraper lines travel
at such a velocity as to traverse the 18 meters length of the.box in kS8

minutes. .0 Tl




" are rinsed on-one horizontal Schieferste

‘ The separating modium, a suspension of magnetite in water, flows
through this box at a very slovw rate. The .theory of control of the separ
ticns is that the suspension solids of known sisze oonsist and oontrolled
degree of dispersion at the moment of entering the box at the feed end
will settle at a predeterminadle rate during the interval in whioch the

strean traverses the length of the dox; and, hence, the effective specific _’ ,
) ronsion containing cosl and shale slurry is fed to a rudber belt running

_gravity at the point of final separation of the load particles will be
Precisely determined, taking into account the settlement of the medium.
This is presumed to be a more precise control condition than can de ob-

tained by use of the so-called "stadle" suspensions that are not perfectly
stable, but a slight differential detween top and bottom gravities in the :

box is ignored.

into inter-scraper sections, move.at the prescribed rate throughout the
.length of the box. . .

: The suspension is delivered to the feed end of.the separator box
by & series of return pipes purporting to start predetermined proportions
of the medium in several supérimposed layeres of the stream in the box so

" as to further safeguard the uniform flow and the. lamination of
~—contents-of—the—stream. - - -
.- ° The specific gravity of the feed suspension was controlled by a
mechanical sampling and weighing device that diverted samples from the
- return line to a sample receptacle carried on a acale beam. : o

‘The operation was reported to have beeﬁ based on a feed suspen-’

sion gravity of 1.30 which at the delivery end of the apparatus resulted

in a three-product separation.  Due to interim differential setilement
of the suspension, the top layer product discharged as pure coal carried
1.3 per cent ash, the bottom layer discharged by a refuse drag carried.
‘86 per cent ash, and-the intermediate layer. discharged as a middling-
' preduct carried 10 per cent to 14 per cent-ash.. The yield of purecoal
---Wa$ approximately 5.6 tons per hour. -~ - : R T ' .
\ . . Co

. The refuse and middling products dropped into separate. submerged

' Redler elevator boots and.the solid material was elevated and discharged i

" to the rinsing screene by a two-compar
- twochaing in each:compartment. ‘ o o
') pure cpé.i; (2) middlings, “and (3) .refuss,
in Resonance screen divided longi-

tment ‘inclined”nedleAr elevator \_vith‘

Lll ‘three products:

Co ',". Thie screen is 8 meters long clothed with 0.25 mu. wedge wire in .
' short sections of 1 meter length divided into ‘steps with sbout Sicm,..dr

'between -steps. ‘

. tudinally into, three, compartments.

4 to 0.7 per ¢ent,
 (13)and then dewatered by the filters (14)s

the moving

.

The iwor of coal on the goreen has a depth of 5 to 8 om.
scrc:: is dri:cnh‘:y an o:ooxl:trio st 900 RPM by a 13 HP motor. %The ltoﬁ“
screen supports have an inclinatiocn of adout 45°
cn the forward stroke. : ‘6 §ivios & substential rise
L S N .

The suspension is recovered by a mbtic separator., The sus-

over a magnetic drum pulley. The nagnetite adheres to the delt and the
vato{hnunhu“e::w thobnonp-magnotio coal and shale particles. Further
on, the magnetite on the belt is demagnetized alternati - .
vashed off into the storage tank, -w 76 eumrent-and

’

The middlings of the Leminar box with about 15 per cent ash was

The function of the top scraper line, as oonceived by the inventor, ] added to the dry screened raw fines for briquetting purposes and the refuse

i3 to hold the top layer of the flowing stream in place and induce a more |
uniform slow rate of travel so that all parts of the top layer, divided wj

vag sent to the pit heap. The pure coal with 1 3 per cent ash content
. W
nilled in a ball mill (7) in closed circuit with a rake classifier (8) e:’

§ refurn the oversize (over approximately 0.75 mm,) to the mill., The small
particles under 0.75 mm. are delivered to the flotation plant (9),

The
Mineral Separation type frother reduces the ash content from 1.5 per cent
the final froth product is treated in a froth destroyer

l‘ig_u;-e_l-i is a qgantite.tive flow diegram of typical ~operati§n.

" These data, furnished by Dr. Meyer of Bergbauverein, are i'epi'e;

[l sentative performance data obtained during experimental operation of ‘the -

first unit. :

~ Blectrostatic Separators

In the dry plant, the dedusted coal from ‘scre'e'nl'(s)"llhmm.' is

[§ fed to the electrostatic separators (19) after being dried in a Bht ‘
g Turbi‘.ne dryer (17). The electrostatic separator 'pﬁgnt congists of gner
E ‘mach;ne;s',- each provided -with 12 separator units in two parallel banks -

2 of 6 units, one under the other, in this respect very much like the
§ Johnson separator. .
2.5 meters in length. -

The separator elements are 20 ¢m., in diameter and - -

.. & ' The IC tension emounts to 25,000 v&its; This installation
has _'n_ot yet v'beevn in operation and only laboratory experimentel data were:
available; but the designers think the dry process will ‘produce about

the same product as the wet plant,




senclosure £
"fro;' 12,1t/h = 00%

: There has spparen tly oen 1o special technique a.oniopod. for the
prcporouon o! oool to be used in the Bargius process of produsing liquid
...2,.‘ fuel, . _ b ameme s g m e e e e e

’ .
-Ooal was supplied from’ o number of collieries in the Buhr district -

1“9'&‘ Y 0,7t/h = 5,5% including pits of Hidernia A.G., the he state. controlled mines, and the Norde
. stern pit near Golun'borc. _

shale 0,5 %/h =

- Ia some of these Dlants the coal was mhod. by the conventional
+ : 29,5 % B Jigging system in whioh case only the coarss coal was used for hydrogena-
3,5 t/b = 29, |l tion and ‘the fines carrying most of the fusain was divortod to the coke

‘ovenss

The most commonly reported ash opeoiﬁoa.tion for hydrogenation
coal is 4,0 per cent, Although it is considered very desiradle, from an
operating point of view, to have a lower ash coal, 4.0 per cent was appar-

tly the most desirable specification for economic use of the fuel. The

al nothodo. but any substantial reduction below that level of ash content
entails an unooonomioﬂ uoriﬁ.oo in yleld, . .

‘In hoavy media plants, a oloan coal of 4.0 per cent ash is com~
nonly. o‘bta.:l.ned by -eparation at around 1.45 opeoiﬁ.o g‘avity.

o o
In _some ouen, 11: 1o reported. tha.t certaln sesms were worked
separately to obtain a preferred coal for hydrogenation, that is, to
obbain coal ‘of: favora’ole petrographic charasteristics with high hydrogen
content, low oxygen,.. It is important to have a high concentration of the
brightorfooﬂ.—omtttutents with a low proportion of fusain and of opa“q'tre




VII - DEVIOES AMD TROHRIQUES

30, Tho Schisferasein forsen

The Schieferstein Resonance screen is very viddi used in the
Ruhr area for diffioult sising jobs and for heavy tonnages. It is-con-
. siderod to be more effective than normal shaking and vidrating screens.

A drsing showing the general arrangement of this screen is
shown in Figure 16. Shop drawings of one balanced double deck design
will be available in the files of Solid Fuels Suboomaittee in Washington.

The unique -featurs'of this soreen is tho Resonance element .
incorporated into the screen supports and drive arms. A picture drawing
of one type of resonance supporting element is shown in Figure 16. These
are in effect live rubber shock absorbers mounted between the main. soreen
frame brackets and the fixed structure, as shown in Figure 15, in such &
way that on each stroke one resonance element is compressed and the other
extended, and on the reverse stroke these stresses are reversed, - A some-
what similar element in the drive arms relieves the reactions that would

- otherwise be transmitted through the drive arms to the drive shaft. -When

the screen motion is synchronized with the harmonic period of the resonance i

- @lements, the machine is operating in resonance. Under these conditions,
the energy requirements are very low and reactions transmitted to.the - °
supporting structure ‘are at the minimum. - A large part of the emergy put

into the resonance elements is returned to the screen on the reverse stroksj

e . Bach type and model is tested in the works to ascertain the.

proper relationship of screen motion and resonance elements to arrive at
the preferred operating speed ‘and stroke. The screen is -in resonance . -
vhen driven at the speed:that gives the.maximum length of stroke ascer-
tained by the shop test. A typical test curve showing the relation of

‘stroke length to speed in strokes per minute is shown in Figure 17. In
this instance the range of efficient operation qould be about 375 to 405

‘i, The ‘resonmance -princi'ple"df operatibn has-fbéén applied to heavy [ &

‘mine run shakers and to light high speed dewatering and fine screening
sieves. -Oontrol of -the patentSjwdg Vested in a syndicate which licensed

three manufacturers: i.e., ca'rlsh_\‘iﬁte’Ma.s,ch,inen‘; and Stahldan Gesellshaft,

Waldenburg; Krupp-Gruson ‘A. G., Magdeburg;: and. K].Bckner-ﬁnm‘bqldt—])'eutz; A,
Cologne.. . Shop: drawings are being obtained .from: the'Eumboldt-,' firm. L

The other two plants were not visited, but an interview was oOb

- tained with Dr. W. Kluge, formerly associated with car_lshﬁtte, who -is.at -

the Branch Office temporarily locate
drawing of one Carlshutte model of
Cfile. U o SR

.. An ‘assembly.
reen will be in the
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2adle 9 Performance data oa a WJypiocal ocrm 4nstallation are given in
e 9. , ‘

FY

- . o . . A Ovu' 8 ™ [.3 . 8 » °
fart 1 - Operating Ohatmoteristics | y . " Sprays ve. £ A:: < l':.' % m: $ vc?f xaihu;

Type of soreent Single deck n.nounoe screen v . - ‘ . oo .
.¥44th of soreen: 1400 mm. - - ) - : 3.1 8.1 26,0 4.5 _ 40.7 4.9
Length of soreent 8000 mm. o : : _ ..

Soreen cover; 0.25 mm. x 1.0 ms. mesh o : o 1.2 . 9.5 23.6 6.3 46.3 6.1
Effective screen areat 4.2 x 1.3 = 5.5 .qunro notcrs . - ) , )
Stroke:  length - 10 mm. frequency 650 EPM . ’ - T - C - - - - oo
franspori-speed: ¥ =z 0,18 meters per second .

Load: 29.5 tons per hour = 5.3 tons per square meter per hour of fine coal :

. "16.8 tons per hour = 3,0 tons per square meter per hour of -lnrry : : .

Rinsing Water: 3 sprays 7.5 cubic meters per hcnr each, tonnins : . 1.2 -13.3 24.4 7.5 41.4 6.8

33.6 cu:bio meters per hour ,. ‘V ]
_ : ) : a25 1.4 8.9 23.9 7.2, 4B.4 v 7.6
Motor oapae!.ty: 5.HP; 500 Volt: 6.7 Awp.; 1@351!5( ‘ B . ¢ T e e e -
Operational data: . ’ ' o o . . - .
- 1dle running: - 3.3 HP; 500 Volt; 2.3 A-p.. 1465 RPN -
" Starting current: 35 Amp., Stnrtins ti:oth]i second . e ‘ R - . , — ) — ————
Enusy oon-umption 0.09 EP hours per ton of fine coal v A o R ‘ ‘ e 1 \ 42.6 : ?’,4
» “. 0.15 HP hours per ton for slurry . . _ 3. B 3 © 1.2 147 28,2 7.9 479 8.0




' ‘ - e HOW_thAt two-0f the three syndicate.mombers are not resdily
Porformance Dutp . - . ' i scoessible to the industry of Vestern Oermany, there is a projeot, spon-
sored By the preparation plant duilders, to establish a new Sohiefer-
stoin screen fabricating shop in tho Ruhr area.

Yor doultning fine coal at 1 mm. or finer, the Humboldt screen
R s specialists recosmend Schieferstein screens at sbout 480 EPK with a rating
. . Bolids Vater of 4 to 5 metric tons of 8 mm. x O feed coal per hour per square meter of
) n Per . effective -screen ares. . C '
0.5 0.5 mn x 0.256 om Under 0.25 mm Average Grams . S i -
lw:zi:; mﬂ; Voo Ash & Wt. % Ash § Ash Per Liter Cenﬁ_ .. )

15.¢ 9.8 . 9.3 23.3 . 6.6 37.6 10.7 €9.0 .

Analyser

[ : . . )
. This screen devised by the staff of Westphalis-Dinnendshl- ‘(
18.8 10.5 8.6 20.5 " 1.6 33.2 7.9 23.2 M Groppel, A.G., 1s shown in general assembly in Figure 18. :

- 18.2 52.2 81,8 48.6 - 47.6 . o ' The unique feature of this machine is the counter-balancing scheme
- * T . : L # vhich apparently is very éffeotive. The test unit operated on the floor of

' .| the works runs (without loed) so smoothly “that a pencil will stand up on

— B cnd on the supporting frame. Several units observed in operation in the

17.3 12.9 8.8 26.6 6.9 37.9 13..3 ’ § ficld appeared to be rumning very smoothly and wvere generally praised-by
* * - § the local operating officials. - . ‘ :

18.1 14.6 - 8.5 25.3 1.7 - 39.2 1.3

P _ Balanced operation’is obtained by mounting the drive shaft in a -
o : 2.9 - 896 371 36 45 T beavy floating ecounter-weight member hung. from the supporting structure by

two swinging links:"A". 'The machine is so designed that the combined weight
of the drive assembly consisting of the orankshaft with its flywheels and—
o _ _ . . Ce - firive pulley, the pillow blocks and heavy cast iron members on which they
16.3. 13:6 7.7 27.0 6.5 89.2.° 12,7 DT Yare moiv:%t:;.’_:with the supporting links "A" is equal to the weight of the
a ‘ s . . ’ jgscreen body, - BT SR : : .
17,6 16.5 . 8.0 27.9 - 1.2 36.8 121 . LRI n e e T e
S R o S ‘. .. The .drive shaft is a.single offset crank shaft with a drive arm
- 18.1  58.2 - Bl.9 44.8 459 . 98 %L T [on the crank at'each end.of the shaft and the shaft itself is-carried in .

ank shaft so as-to . -
a;pulsating pull on the . 3




© Schlammsied 0.A.P

g-ir'm aspirating 4ry. dedusting system doveloped Yty Westphalie.—
sndahl-Grippel, -A.G. and used in their preparation plants for pre-dedust-
‘ing of the .fins.coal Defore jigging. The dust is sxtracted from the coal by

s high yvelooity air ocurrent.passed upwardly. through the. oool while it is
tuverelu a high spoed. vibrating soreen.

Dinension drmrlnce of the principal elexents in a typlcel plent
are cvd.leble 1n the fuo of the nbcomlttee.

- !he dnet cerrled up 'by the alr cwon is fi.rct settled in a coarse
coal eetchlng ‘chamber where the gramular material is deposited snd thence
to a oyclcno in which the fine dust is settled. The dust catchers and the
transferring columm above the screen are operated under suction of about
15 to 20 mm, of water measured above the coal feed screen. The fan iwm
placed on the euction side of the collector. .

In some installations th.e air is handled. in a clbsed circuit, in

‘ which case about 26 per cant of- excess outside air is taken in by leakage

bove the soreen, and an equal amount must then“‘bverted‘to—r*———*
ﬁne dnet collector back of the cyclone which discharges 25 per cent of

§ the circnl&ting air load to the air. This may be a bag filter or a water

spray duet ‘catcher. . Where wet: coal is to be anticipated, tho excess air
must be increaeed. -

~ mhe mtcal dednetxngmit has a net screen area of 125 cm. -by .
150 cm, set at an inclination of 4° from the horizontal, The screem is a

iround hole punched plate with 1,5 mn. openings. .The pattern is 460 holes

per. sq;uare ‘decimeter to separate the coal at.0.Z mm, size and 570 holes.
per square decimeter to. separate the coal at 0,5 mm, sige. The air cir-

' Bculation is at the rate of 400 cubie neters per: mimte -and the pressure
at the fan d.ischarge is 60 to lOO mm. of vater. : o .

l‘he rated capacity of such a unit is 50 tons per honr of

10 mn. X 0 coa.'l..

L ‘ In some. 1nstallations, hea.ted a.'lr has 'been uaed to advantage
o for handling ‘wet ‘coals It increases“‘the effectiveness of ded.usting and.
B Partially ) _




.

. The coal is fed evenly into the air stresm by a rotating drum -
distridutor that delivers the coal in a very thin stroem across the
entire width of the drum. In haniling the &ustladen air, the Hmbolds
deduster is similar o the Vedag system descrided adove except that a
Raymond type olassifier is used $o catoh the gramlar coal shead of the
final alr clarifiers which usually are oyol '
fiers .and oyolones are scmetimes lined with porcelain tiles to sliminate

_rep].aount Qdelays.

' A typloal drawing of a doudle unit Humboldt deduster is shown in

Tigure 19, - The curves of Figure 0 show typical perforaance data, and
Tigure 21 gives some typicel data on the effeots of molsture and overload-
ing on tho efficiency of operation., - .

At a large vashery installation handling.Westphalia coal, two
of these Humboldt dedusting wnits handled 220 tons per hour of 10 mm.; x 0
coal, Iach unit consisted of 1 double deduster, 3 classifiers, 1 exhaust
fan and motor, 3 collectors, 1 feed hopper with feeders, and 2 gear boxes
with motors. Data on performance of this plant are given in Table 10.

TARLE 10 - PREFORMANOE (NONTHLY AVERAGE) OF HOMBOLD? DEDUSTER FLANT

‘a) Dedusting set at 0.5 mm. size . .
Duat in feed: 22.3 per cent - 0.5 mm. x0 -
Dust in dedusted coel 2 — 5 per cent - 0.5 mm. x O
‘Oversize in'dust: 13 per cent plus 0.5 mm. :
Moisture content of feed: 2.1 per cent

" Deduster set at 0.3 mm. size. . T

Dust in feed: 14 per cent - 0,3 m. x 0 = -
Dust in dednsted coal: 2 per cent - 0.3 mm. x 0
Oversize 'in dust: 11 per cemt plus 0.3 mn. o

24, The S.K.B. Froth Bregkay =

~.0. . This is a device used to break down the froth from the flotation g
" machines to facilitate handling and filtering of the product. ‘It is
eimilar in effect to the Hlmore Vacuum flotation machine in that the
~froth is dispersed in- vacuum. AR R Lo :
. .. A schematic drawing of the device is.
froth from the flotation machines is-discharg
“into the vertical cylindrical vac .




~ PERFORMANCE SXPARATING A% 0.7. 304
VITH RAV COAL OF 2,8% MDISTURE.

Curve A = Screen Analysis of 3 wm.
x O Raw Coal. '
Curve B - Screen Anolysu of De-
dusted: Coal
.. Curve C -~ Screen Analys!s of the
Dust.
of 02050‘!0506@108@1 NRBPUS

Korngrosse inmm

. FIGURE 21 - THE HUMBOLDT DE-
Leistungin t/h Avigabsmenge DUSTER - EFFECT OF MOISTUPE AND
S " OVERLOADING ON PERFOBMANCE.

The vertical .scale shows pércentage
overload. The horizontal scale.
shows .per cent undersize in.dedusted
coal; -and lower scale, per cent of
‘oversize in the dust.
“'The aifferent curves refer to ' ,
: '&ifferent moistm-e contenta of - the : S L : . ) Lo . ) - S
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" The example for curve Nos 2. A 25 per cent overload of 3% ’
moisture feed makes 2.6 % undersa.ze 1n. the d.edusted coal end. 12, 3 %
oversize in the dusti :

: l-/ohen/agedenbngss/elm Il'ogplulzen nnen . o@n_/eME/ an . /nba
wervon Bef Feh/en emel‘ besanderen Vorschrift wden dza Mplvl
. MaiBen;. ausgefihrt

’g nsdnﬂ SmOSine; T
Fc’vdmommausmuﬂ ar Bergbay bem De schen Normenau:sdwﬂ

. FIGUPE 22 1 THE S.K.B. VACUUM TANK FROTH BREAKER




t that 4t doudles the rate of filtering as compared to the A rough aketch of this dovice is shown in Fizure 23. These
::3,‘;: :;p;:ncms the frothy product direct from flotatiom machines. boppers are always limited to one meter in Alameter at the dottom dis-
S : Lo . sesia data ohlrg on: h:nd :bo}:gu are almost vertical 80° to 85° from the hori-

) . T le in the illustration gives the yrincipal design a sontel. entire bottom of the hopper is open and the oontents are
and load »u?:.?bn:“,- d-:s' in Rglith translation sre given in Tadle 1l. retained by a rotary plate gate a little delow the bottom of the bdin.

%o dlscharge matorial, this plate is rotated at a per seoond " -
TABLE 11 - DATA OF THE S.K.B. VAGUUM FROTH DESTROYER peripheral spoed of adout 5O contimeters par second. The coal in con-
: : . tact with the disc is moved out toward the periphery by centrifugal
foroce and is plowed off into the oconveyor by a steel blade set at an

Flotation . -Mater Bimg Mr Pup angle on the rim of the dise.
e e B Suction Pipe Amo{mt'of Mir : In an alternate design for the nost“stnb‘born mteriais, shown

Tons Por Houx: . : Diameter Aspirated - . in the right hand viev, a conical member is gubstituted for the plane
-' ' mm. Cubic Meters Per Mimufll discharge disc. : : ~ v

| 10 - 150 20 26, W Gontrol

'150 ] 26 Antomatic control devices for wash boxes are similar to those in

. : : common use in American and British fields. A float riding on the slate
32 . . bed communicates its motion to an 0il operated piston that opens and- -
closes the slate gates. . ' - o

"~ - . In a modification of this system foumd in a few of the S.K,B.
P o ‘washeries, the motion of the float is communicated also. to the air inlet = -

valves so that an extessive acoumulation of slate in the wash boxes brings .
- about an increase in the air introduced into. the pulsion chamber. :

HEIGHTS IN METERS
Possible Combinations: ‘ . .
©. . ¥ine coal jigs, even those operating with feldspar, use these

floats to regulate the discharge of refuse. C
S " .Ib ‘the heavy media washers, two methods of control were observed. -
(1) Measured samples of the medium were weighed at intervals to determine
_1ts specific gravity. In some plants mechanical devices were used to =
" antomstically weigh a measured quantity of -medium recovered from the rinse
vater circuit and to recirculate the pulp back to the thickening device
vhen the specific gravity is too low. .(2) A specific gravity indicating.
A ] o - -device consits of two static ‘tubes inserted into the bath dt a measured
, o e B T S L B IR difference in level. Air is introduced' through both tubes so that if
. 25._ Discharge of Fine Cozl From Bumkers .. ... - . e o0 bubbles at a uniform rate into the bath end a sensitive pressure guzse in
—_— : ) L LT el ?bt a in .. & U tube connection linking the twp measuring points registers the dif- -~
: '~ In the S.K.B. plants, froth flotation filter cakre is stovsd in B ference in pressure between the two levels in the bath. -
‘narrow conical hoppers fitted with rotating plate d:sclflargg 'g:t;?és?thét b DRI R e TR T
“are reported to be effective for handling extremely sticky wet Tines hat B . . . Figure 24 shows a scheme advanced by ‘one of the plant building
ordinarily give much trouble in chutes: and bins. ' - |§ fimms for maintaining a comstant rate of delivery to the washery. This -
T T S e T T Lo :.consists ‘essentially of ‘an automatic: diverting gate to. by-pass peak loada
' "'and -store-the excess .of raw coal. in a hopper from which it can ;'ate\r be

P

returned tO"th'e_ina:!,p,c;rcuit ,during & glack period.

Ve
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. At Xoenigin Elizadbeth 36111(.:‘7 the Relnstkohle plant was belng
equipped in one section with Electrostatic Separstors furnished by Lurgi

Apparatendaun A.G., of Frankfurt. - ’

—

~—Ressarch-of tho application of the electrostatic process to the
ultra refining of fine coal for special uses was undertaken by this firm
as a part of the wartime development program already referred to above,
It appears that these researchers followed the principles embodied in
early electrostatic separaters exploited .in America by the Huff Electro-
static Separator Company. The experimental work for the Koenigin Eliza-
beth plant was done at the research leboratory of Lurgl Apparatenbaum in
¥ousonstrasse, Seckbach, Frankfurt,
1945. There is now a small leboratory apparatus in condition to operate
sufficlently to demonstrate the process; Dr. Weindel and Dr. Zopf are

available at’ ﬁhe laboratory or at the offices of the company in temporary -

quarters in Bohmerstrasse 10, Frankfurt.

. The seperating element consisis of a horizontal polished rote-
ting drum and parallel to it a filament housed in a recess in e fixed
ocylinder. This filament is said to produce the electrostatic field in
the area between these two parallel elements by a spray of ioms. The
tenslon may be regulated in a range of 15,000 to 45,000 volts. The -
finely divided and closely sized coal is fed over the moving roller
which turne over towerds the filament. This roller act® as a feed dis-
tributor as well as taking part in the separation. The feed is evened
out on . this roller by an adjustable blade-shaped control gate.

the charged area. Those which have a high conductivity give up their
‘charges immediately:to the feed drum and drop vertically. from i%, vhile
the particles of lower conductivity retain their charges longer and are

' carried farther arcund on the drum so that they are-discherged into a

separate hoppers S :

" The Lurgi specialists. are of the opinion that fusain can be

N _séparated from the cosl electrostatically because it has a higher con-

28. Loading C ixto ﬂE! e
o , -’Lqé.dihg“buildfefr,eaof féi‘xm‘es,' bridges, and
for handling coal at tidewater plers ,Vare Je APohlig-;A‘.G.‘.‘

\ Closely 8ized feed is essential: to
effective operations and the size range was reported t6 de 1% mm. to
. D T ‘ :

ductivity than clerainand durain.
‘and tippling sppliances -

Demag, A+ G., Duisbur

This plant was visited November 21, -

particles .receive an.elecﬁrostatiq charge up'én' entering

N

Cologng and " .

- ‘The general arrangeaent drawings of two outstandl. v tallati
;{ ;roﬁigs -;n:n;c at Dresden and the other at Born, Holland :f '::: obo::‘::‘
' o m. The mechanical equipment couprises a traveling bridge
.1” g t;. railvay traoks sndfor storage piles, with a cantilever exten-
tion to d.euvo:‘ :::o':'iuclhip'n‘h:m..h:{ua :onv Tane operating on toy
] ongeide. A crane operat

dridge hoists the loaded car to the dridge level vhere'it“fl"pl::fdo:p:zo‘
s Sippler that pours the contents out into a small feeder hopper then -
delivers it to a belt conveyor in the bridge structure. This belt in turn
delivers its load to the shuttle conveyor for delivery to the bold.

In the Pohlig system, this loading conveyor is ucke
::nvc{or line that traverses the horhonn;‘ nndh;.:;.ined. ;o;:::: :f th.:
ﬁ: ike a deep pan bucket line and in the adjustsdle vertioal part, it
fu tiona like a bucket elevator running backwards, taking its load at
mzotzg; huﬁn rounding the tail sprochet, the buckets dump thelr contents
aeo ins 0ld of the ship through the casing of the conveyor which is open
a e bottom. ¥Figure 27 shows this anti-breakage device hoisted to its

s _
"Fper pomition to clear the ship. Whea operating, 1t-is loworad through

: For loading cana) barges, as at the Bérn P ’
' Piers on the Juliana
ghax;al shown in-Figure 26, the vertical -lowering section is not required:
8 device 1s reported to be effective for preventing breakage when - -
g;r::::dc::gm& It isi?sif ed particularly to handle coke, briquettes
, . capac of these b : ' e t
as 1000 tons of coal per honz. ’ so Pridges is re;portod €0 bo as bign

| 29 The Blttner Rotary Kiln Dryer

‘Blttner Werke supplies an interesting imnovation in '

:guipment of conventional rotary kilnm dryers ziqh is said to mr::tde

e efficiency. The interior of the shell is traversed longitudinally
by croangnhaped_ (+) steel plate shelves so arranged that the material
cascades gently from shelf to shelf as the shell turns. After one com~ -
ﬁ;t:htm from the feed end, the load is uniforaly distributed among*

p e ‘shelrve- which are,-in furn, distributed over the cross-section
of the shell, By this means the load is effectively exposed to the drying

| effect of the hot-gases traversing the shell. . The accompanying sketch,

Figure 28, shows approximately’ the arrangement of shelves in section. .

i longitudinally the shelves are broken into £

‘ '(erend:l upoh'thé‘ pe . en into four or ‘more. separate banks
_ lep: ng. . : ength of the dryer eac . ng

§ 1y 1.80 meters long, .~ - i )’ P-V“‘-;.'o'f ahelv" yei ' ‘generq:vl.-v_‘ ‘

be discharge end of -the dryer, there is & series of spiral = ==

-uide vanes, similer to the spiral feed spout of a tube mill, thet delivers .

the dried material from the . gh ) : : :
{ arged ‘a_h_el‘vj't.ai:;v:_-to ‘the periphery fo fl}e shell where 1t




Movable Loadins 31'“8' with Pipping
and Stewing Crone and Coal Lowering

vitn el tippingb'as rd.:'nary skeps ' : ‘ ovable L°ad1118 Bridge with Tipping
- with either gradbs or © ‘ o . )
in the port of _
B R

2d Stowing Crane as well as Coal Lower~
ng Device in the harbour of
EMEN

BOAN Juliane Canal (Holland) .'

. VAWAWANL> Sy

1,

CAPACITL 16 railvay’ vaggons of
: coal per hour.

CAPACITY : up to 18 wagons
of 20 tons of -coal. each per hour

" FIGURB 25

DR R S . FIGURE 26 - cou. HANDLING EQ;UIFMENT AT THE PORT OF BGRN, HOLLAND mn
. GOAL, HANDLING EQUIPMENT AT OHEPORT OF BREMEN - R o o Lommc- BARGES ON THE JULIANA cANA'L

'
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. FIGUER 27 - THE POHLIG ANTI-BREAKAGH SHIPLOADING' DEVICE

s
[

~"SKETGH 10 SHOW PROGRESSIVE DISTBIBUTION OF THE LoAD '




The temperature graph, Figure 29, shows the rate of ohinso of
temperature of the dryer gases and of the load material in the dryer with
the oirculatory gases traversing the kiln In tke same direction as the
losd. In this graph, "1" 1s the length of the dryer and "t® 4s the
temperature. The a® curve shovs the texpersture of the gaszes and e -
shovs the temperature of the load material. The msnufacturer reports
that the repid drop in temperature in the first part of the dryer is char-
aoseristic of the Blttner design and is facilitated by the distributing
vans arrangement.

- 20, _The Turbo Dryer

, ¥he Turbo dryer is xtensively used for agricultural and cheideal
products dut is also adaptadble to the drying of cosl where it is important
to handle the losd gently to avoid 'brqnbge.

: The dryer shell is a vertical cylindrical drum carrying & series
of ring shelves arranged one above the other and supported on a central
frame work around & series of turbine fans in the center that maintain a
definite ventilating system. The shelf assembly rotates very slowly -

mpiete avolution -1 L0re U—8hows he sene

O—= O mrInutes

arrangement of the Turbo dryer. ’

. The feed material to be dried is spread out uniformly on the
i ——quppermost -éhelf by a feeder above and it progresses downvwards from shelf
to shelf until it is finally discharged from the lowérmost shelf.

. :.° . This transfer from shelf to shelf is effected by means of dis-
charge gaps pleced arially in the shelves and dividing each shelf into a

- nunber of .equel segment-shaped sections separated by discharge slots
staggered with respect ‘to those-above and those below., - ‘

. " Por each shelf there is a stationary flexible discharge blade
that pushes the losd off the shelf segment into the discharge slot fol-
lowing 1t when the segment passes under the blade. The first blade (for

_the top shelf) is loocated just behind the feeder so that the wet coal -

" makes one.complete revolution on the top shelf; it is then scraped off

— - 4nto-the -next shelf and the empty segment passes . immediately under the
feeder to receive a fresh loed. There'ls also a .spreading blade that -

. levels off the conical pile on each shelf following the feeder. -

. .77 mThe central fans maintain s circulation of the air current in
" opposite ‘directions between adjacent. segments and the air has a generally Ea ‘ . s :
spiral motion. . Thus, “if th‘e,;ai’r,e‘ntgrs_'f:om,'thg. periphery of the drum in* B B ‘ S e e L e e ‘
" the lowermost inter-shelf sectiom, it 1s drawn into the central turbine .| - FIGURE'29: - RATE. OF TEMPERATURE: CHANGE OF GASES.AND COAL TRAVERSING
' and discharged into'the next amnular intershelf space above where it . S THE ‘KILN"DRYER: e T
.. ‘moves spirally.outward and at the periphery passes upward and returns : | GRS : :
" “%o the turbine, via the next higher intershelf space. This contimues until

the ‘air discharges’at:the center at the top at 9 sturation.” |




e

-Wherc 4t reverses as the periphery, ihe drying air is reheated.
In air dryers used for chemicals, foodstuffs and the like, ths air passes
over heating elements there. In coal dryers, the oirculating gases are
‘beated Dy furnace gases or waste heat as may bde available introdnced through
ports in the shell and Adistriduted vertivally as may do desired. Figure Z1
sbows the rate of tiperature change of the drying gases in pasoing through
the dryer when drying dituminous slack.

The works manager gave an estimate of 35 tozs Per bour capacity for
drying dituminous slack from 8 per cent moistuie %o 1 Per cent moisture in a
dryer 10 meters in dismetor by 12 meters high. Expressed anothor way, the
rate of evaporation was estimatod at 1.5 to 3 kilos of water per square meter
of drying surface per.hour; the 10 meter x 12 meter dryer has 1200 square
poters of drying surface. v -

o . This dryer is reported to handleo the drying of friable drown coal
vith very little degradation. Figure 32, reprodused from data furnished

bty the mamufaoturer, shows the screen analysis of four types of.German

trown coals of 6 mn, top size dried in Turbo dryers. In each set of curves ]
the so0lid line shows -the cumulative screen analysis of the wet feed coal

and the sccompanying dotted line shows the screen analysis of the dried .
wroduct. ' o _ .

o Bach pair of-curves i'epiesentl & different coal. Number 1 is
designated from west of the Elbe, Number 2 from near the Bhine, Number 3
from ‘west of the Elbe L, ani Number-4 from east of the Elbe. v

A modification of the Turbo dryer, developed for handling fregile
taterials without traneferring the load from shelf to-shelf, is shown in
Figure 33, In this design the drum is stationary and the losd ig carried
amtirely through the dryer on a sriral conveyor. ‘The sonvoyor consists
essentially of a series of pens functioning exactly likc the segments of -
the shelves of tho normal Turbo dryer, but the individual pans are carried
b & single strand of side pull chain. - Within the dryer, this chain fol- -
lows a cpiral peth downward around the inner shaft that houses the turbines.
Te outer s1deo. of the pens are supported on a fixed track on the dryer,
frame, The entire shelf assembly is driven by the inmner drum which supports .
the chain track and, hence, there is no movement of the chain and pans rela~ -
tive . to the supporting frame. T e e B

B ".At the bottom of the 'q,rier; vhere ‘the pan assembly passes out of *
the shell, the shelf segnents released from the outer track support dump
themselves antomatiocally, and then return to the top of the dryer to be -

~the variations in moisture content of the veriocus

8 of brows coal dried in Turbo dryers. Dats on '
own.. The solid lines show the percentage of each
: he horizontal scale at the top and .
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FIGURE ’51 - RATE OF CHANGE OF TEMPER.ATU‘.RE OF DRYING GASES CIRCULA.TING.‘.

: - IN THE ‘TURBO DRYER OPERATING ON BITUMINOUS SLACK ‘
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_ Schema éines dampfbeheizten Turbinen-Band-Trockners mit seibstitiger Entleerung ™
1 Mqterlohuf* be, 2 Drehgerist, 3 Turbinen, 4 Helzelomente, S Rickstrémzone. 6 Vor-
stromzone, 7 TrockengutausiaB, F;l‘sc:tl:;ftdmr&.tﬂsandomﬂeb.wTurbmmr&;

. PIGURE 33 - THD BUMNER TUEBO - CONVEYOR IRTER




content of the seme sine frastions. Tims in the firet s

the minus 0.28 mm. fraction is 30.4 per oead of the
_oontent 13,6 per oent, the 0.5 mm. x 0,36 mm, :

the sample and the molsture sontemt’ 15-12.5 per oonhs -

of this entire sample was 14.3 per oens,
. nqro“"as‘.hwl’m‘mou!n drying of the ooal as 1% passes
through the dryer from shelf to ahel? (trovm ceal). The zumbders om the
Dottom horiszontal ecale are shelf mumbers from 4op foed shelf to bottom
dischargo shelf, and the vertiocal scale shows average moisture content.
She four curves.shov the datd on four different types of Germen trown coal
of the same series as shown in Figure 30. '

31, The Asvirator Dryer

The manufacturer calls this the "Rapid Circulation Dryer”, Rema-
Rosin system. 'It is similar to the "Flash® dryers déveloped in America.

In this system the coal ls dried and conveyed in suspenslon in a
high velocity current of hot gases. - In the Biittner system one exhaunster 1is
used and the entire system operates under suction.  An assembly scheme is

. shown in Figure 36. ’ ' , ) : : LT

\
-t

" Hot gmses from the furnace or other source are drawn into a verti-

ocal 'd.rying coluzn, and the wet material to be dried 1is fed continually into -

- a constricted section of this column (generally by a sorew conveyor). The

“ourrent-in the drying column dries and classifies the coal, - The fine:

T émm—rﬁmmmwwmtu,,

" traneported over the top to & cyolone collesctor which is operated under suc-
tion by the exhauster on the discharge side of the oyclone. e
’ “Thé coarser or wetter particles that camnnot be carried by the ocur-
rent ‘drop downwards against the ocurrent gravitate to a mill which crushes
the coal and exposes fresh surfaces for sng. The crushed coal returns Yo
‘the primary drying and claseifying column or in an alternate scheme.to a.
second drying column which again delivers to a classifier. . This classifier
1ikewise delivers finished dried fine coal %o the cyclone and returns the .
coarse ‘wet particles %o the .mill which thue operates. in closed circulit with ¢
drier and @ tically-the gystem recirculates the feed material until. it
is dry and fine enough to pass the class '

ma BRI

- .~ The manufacturer cite an’ example of: this
-on bituminous coal at ‘the.rate “tons. per hour.: & drying co
oné meter ‘in dieméter and the exhauster motor bhas:a rating of /150 KW,

slurry of 20 per cent to 35 per cent moisture content, after filtering,

‘be dried to: around 2 to 2.5 per cent nolature. Two large ‘Angtallations of

. flash dryers for drying brown coal £ na b zheD
.~ dorf-have-seven such units, each of - ant : al

E 35 - PROGR
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per hour and delivered 13 tons of dry coal. Rach dryur tude cnpora:tu;

1 ton of water per hour, - : i

- $4gure 37 shows the rate of change of temperature of the oirocu-

lating gsses in the Flash dryer. -~ In this gragh, "1%-is-the length-of..---

total travel of the gases in meters, "t" is the texperature in

dogrees Centigrads. The A" curve shows' the temperature of the oircula~

ting gases and-the-"B" curve shows:the temperature of the 1oad material. ..

being dried. The break point at "C* is where the recrushed coarse material _

returns to the dryer stresm. This initiates a second phase o:{sqptd AVapora- FIGURED 37 oF

tion and corre rapid drop in ¢ ture of the circulat es. ~ RATE
spondingly rapid &rop expera ' ing a:a _ TEMPERATURE OR -

$3, Dust Golleoting

: ~ "In addition to _the conventional ocyclones and.cloth filters,
Bittner Werke manufactured multiple unit cyclones under the patents of
the Dutch firm of Kennemer Machinefabriek, Beverwijk, Holland, developed
by van Tongeren. This is a line of metal tube dast collecting units
similar to the "multi-clone" and "Polyclone® systems of the Research -
Corporation. ' ’ .

: " In the boginning they installed some multi-clone plants with
.small tubes 200 millimeters in diameter and as many as 680 tubes in a
‘plant, but these early installations were found to be uneconomical mainly
“becanse of high power requirements. :The present practice. favors the use

of a small number of much larger ‘tubes of 750 to 1100 mm, diameter simi--
lar to the Polyclone type. The Dutoch firm of van Tongeren has installed
‘these multi-cyclones up to 2200 small tubes of 12 cn.. dismeter. at the .-~
entral North Power House, Amsterdam: : e —
T D R s ", zones of the dryer..
L ; o : : : i o : : - - . l=length of path given in metres. . . : PN

33, The Buttner Pulverizing System ‘ S e Lo ... t=temperature in centrigrades. ) I AT
- 17 This firm had an extensive business in tl;eam?ngagm?z and . i . Mr. Fliigel, the pulveriger expert who has had ; R . )
installation of coal pulverizimg systems for powdered fu urning.. installation of Ball mill plants for }lnveriziné Russgl::“ ex;t:;::e::e in - :

- . Their standard.P. F. installation consisted.of a cylindrical :i:;:a::::-:.il‘nH:hiecha:kqv area are even harder 'than our P enn,silva:;:;* I
ball mill in closed circuit with a vertical column, sorting or.classify- B of .semi-manganese ~é]a,:z :tge;;@elpﬁgnsmptiop (including balls and lining
. ing chamber, followed by a cyclone collector and exhauster on the dis- pulverized — higher than the ‘s:;'el goﬁguzggiieﬁﬁ:inﬁ“f drvjiboal o
_ ; , A i S BSteet hetts T : - Steel. cons tion in grinding cement'clinker,
-aals-o ‘ per square millimeter tensilé strength ere used.

___Curve showing temperatures pmaﬂing in the d!ﬂ'cmit';——*'—m;v;»—

7" The character:l.stic featur
in closed circuit with the Ball:mill®

“"In such an installation, the classi

dryer.tubs.. The coal feed is. delivered fi:
“column where any material that is already
-dried and transported to.the collector with
heavy particles large ‘and damp go’ to; the mi




- APPDNDIX #1 o fox thnnnctmtiom in t{,\o:_ﬁtio:ot-courq’g; gradn to tine grain and to avold :

e e Jt00_high or " t00 low moasuresents’of single machines and devicen it is. necessary i

QUIDES FOR ACCEPTANCE AND SUPERVISION OF COAL-PREPARATION PIANTS the charge of -the'coarse-grain ‘fraction, the . -
) e e RGAGAON QA o e T Tt e - X .

Technioal sumw Committee gu.' Nining, Part of the ‘ © In fixing the normal throughput capacity, the possibility of a auddor;

German Standardizing Committee overlosd caused by unavoidable fluctuations in’the hauling of coal from the
-~ _ o - joiant capacitye -

xine to the plant has to be allowed for by providing an additional 10 percent
{x . 1 o . Co o . : '
' : A o The mechanioal devices of a preparation plant must be able to stand'an
These guides have been edited by the "German Comnittee for Coal overcharge up to 20 percent beyond the normal throughput capacity within the
Preparation" at the socisty for mining interests, Essen, They have been compass of the maximum charges fixed above. In this case, however, the qualit
elaborated. by this. committee with the asasistance of the research office ind ‘the purity of the sales product must-not undercut the °m°r°i,31-1i"li“'l/v
for coal-preparation of this society and of the equipment firms. The pur- vhere the middlings is regarded as a sales product. - ‘
pose of these guides is to facilitate and to unify the guarantees.on new . ’ s "
plants as well as the supervising of existent coal preparation plants.
" As coal preperation plants in this case we are to understand such plants __ S - - - T .
1imits are fixed for the western German coal mining industry in

" with mechanical handling, sieving and washing equipment. 1/~ These limit
e 8 g emente the "Ruhr coal handbook".

B e S

s oo e gt e SO SN -

. The guarantees are based on acceptance tests which, at the sameé time,’

will be useful for effective working supervision. A uniform procedure . ) .
. for acceptance and supervision will make comparable the:results of different [Example S T , ‘ _

_tests . at different plants.. v o ’ A T el . £, : ' RS

J_‘ , . S o S e e In the. plamning of .a new washing plant the throughput- per hour of material =
: The subsequently cited numerical examples apply particilarly to condi- [Jto be washed at 0 mm XO size had been. set up -from the mining operation‘at. - =

tions in the Ruhr district, with the usual limits of separation. ' They are 182 tons.per hour, . To compensate the possibility. of a severe -overcharge 10
- not binding, however, and'are only. tentative. _To ' support. them the guaranteed percent is*added from the side of the works managers. This results ina™ =" -

quantities have to be fixed in each single-case.——— . . . fnormal throughput capacity of the washery:of 200 tors per hour. At ‘the accept—

. - : - - I ST ance teést the agreed: guarantees-have fully to be. kept within ; range of flue- -
1lations in existing preparation plants [Jtuation of =10 percent —— 180 to 220 tons per hour, : Beyond that the whole . "
T e T . " Wplant must not suffer any stop in case of ‘a throughput capacity up. o 240 tons ;

’ fiper hour (possibility ‘of overcharging the machines up 40:20 percent)e: T

. The guides' are to apply to insta
according to their senses - - -

(1)  ‘The purpose of these guides is'to facilitate agreement:on the - R e e e PR T P ,
guarantees. of .acceptance and performance  of new coal preparation plants, " . In case the working circumstances 3 cate ‘especially gyxfgat;_;;flu_ctuati»ons_ ¥
. and to facilitate supervision of existing plants. St : of charges in’the preparation plant it 11 to provide a still greater. -

- (@) It is ﬁndefétdodjtﬁafby‘“ coal pfépérat:ﬁbn,f we_mean sﬁch"me"cha
- ' cal operations as washing, screening, flotation, ebc. EEE

Guarantees

"7 ‘Normal throughput capacit
77 with run-of-mine. moisture;to whi
~ all parts and a ary devices of the




The guarantee for the individual products should not be based on the . ‘ : o .
quantiutive output or on the d;p'ee of effiocliency of the plant; but on_ -—-——-—-—-——-——-———-——-—-———-—-—-—'—-’-——-—_—____._________
the actusl quality and purity of the products. As compared to the direct )
peasurement -of - the*qmnﬁms’ommgunwroéucufthrmmt“'* -3/—A-00oal-4s-considered strongly ‘olayoy-for-example;~if the sieve openings
mimtion of quality and purity of the products can be porfomod easier, up to 6 ma of round punching becoms clogged at & surface mdisture of ’
. 1sss than 5 percent and if the sisve bottoms become incrusted on the

. 'fastor,” and with sufficient exactness. just by examining properly collected §-
and treated samples. Those samples aro tested with regard to appearance, surfaces. This happens with coals containing water disintegrating clays,
suitability of grain, contents of ash and water, and amount of refuse - SR
material, Ths individual product samples, furnish the teatoat and most : ‘

comprehending method of valuing the success of the washing. .Example : ' '

To ascertain purity of products that can be obtained it is nscessary ¥ L . Tolerances S
to. fix on the washing curve certain separating lines between pure coal, - : : ) ) . .
: Percentage Percentage Percentage in

medium coal, and refuse with the proportions for these’ Mmits, the eo-called . .
~ separating weights. 2/ To appraise the efféotiveness of any washing pro- Grade or Size Undersize Oversize designated size

- Lump . - C 2 " o . 9
| 88 -

92
91

2/ In case of the analysis by float-and-sirk tests in heavy fluids, these Overschlagig
are prepared by mixirg bromoform (8.g. 2.89), carbon tetrachloride : i
(s.g. 1.59), and xylene (s.g. 0)86). In case of coarse grain up to’ Nut I ..

8.8, 1.85 also zinc chloride solutions can“be used. _
S Nut II

. separating lines on- the washabi]ity chart. _ »
- . Nut IV 85

2
2
3
" cess the results must be compared to the weights which correspond to these Nut III .‘ YA DS - 88
6 g2

.. In case the raw coal is essentially changed during the tj.me between
‘ 'purchaae and acceptance of a plant or in case the customer changes his ' Nuf, v
_-requirements ‘as to the puri.ty .of the. products the 'separating proportions . e C - e
have newly to be set. up. 'Since cases may occur in which ‘the plant cannot - Gr:.ndings o ;,: T 0;: STy T g
be started at the preliminarily fixed Separating weights it would be useful- _ o : : T
%o provide in'the contract a plan by wh:.ch a new set of 'separation standards : 3, ’Prelmma.r classification before wa.sh:m. In the prelmmary
Sh°“~1d be set “P° SRR S SR L . .. . Msizing the allowable maximum amounts of false size grain have to be fixed-
o " ) in rela.t:.on to’ the surface moisture of the raw fine coal and to the clay
: In such a ‘case, ‘the tolerances for refuse. material the .pr ..l content of the raw coal since the false grain interferes with the sharp -
should be raised only if the new curve of intermediate rial - [l separation of ‘subseqient washing processes, - In case the raw coal contains
1,5 tines as much material in the range of: 0.05 specific gravity on. - - . mch clay the results of screening are bad, In wsing jigs with feldspar
either side of the selected washing gravity as compared ‘to’ the: former S bed, -the:raw-fine coal must in no case contain oversize grain which is*
curve on which the contract was orlgina.lly based i , L L larger than the perforat: ons of the jig—s:.eves. o

Surface mo:.sture‘ s

S , 1 »
: coal size 10 mm x 0 mm, up to-4 percent and w:.thout compl:.ca in contents
‘°f 0133' 3./’ ' g




miamphintrmtoruataminp of the undersise_on round
perforstions-with-a-diameter that-is-about 10% smaller-then-the-lower Exanples.-of-nuts-loaded- noocrding to the sise of m:ln
limit size of grain of the.respective granulation. The test of the
oversize is made on sieves with round_punching of normal dismeter. _ . . B, .. Bxanple. A.

Subsequent olassification (after Washing).- At the subsequent ; : IIT, 80 =m to 18 mm not more than ldﬂ" of undersise,

by
classification the maximum amounts of false grain have to be tzbmd for ) to 5¢ slack,

each group of grain separated into undersise md oversize,
6 mm not more than 15% of undu-aise,

case of Nut IV),.

- Nut I - 2; undersize ‘ : 9% correct s}ze o ' I Example B,
n 1T ’ ’ .9 . ) ' , .
" I s - 88 n . Nut I €o III, 80 mm t0-18 mm not more than 5% raize,
"oy , : 85% ", ‘ limited to-5% slack,
n y - : ) 82% " _ o .
Grindings S 86% - mm to 6 mm, not more than 8% undersize,
. ‘ ) v slack (in case of Nut w).

3333

. A . ' - Example B is true for test sieving the undersize on round : punchings
 Nub I . 2% undersize 98% correct size with a diameter aboit 10$ smaller than the lower limit size of grain of the
-t 34 ‘ ) 247 M- " . j respective granulation, The oversize is. tested on a roundly punched sleve
" IIT . - 4'% ) ' n o v " with normal ‘diameter of the pertoration. ) .
I _gg R | nn M b, Vashing (concentretion)
Grindings e 5% o 95k : S i. Vet Waahing

. Example ‘B is 'valid in test sieving “of undersize on round punch:mgs :
with a diameter about 10%.smaller than the lower limit size of grain of o ‘ (8) Clea.n coal - Co »
the respective gramulation, The test sievin of the oversize is made’ on i T e
round ppu:ching slf‘ normal diameter. o g L ) In the clean coal behind the’ washers the allowable
R , ; R max%x;tem am;unts lgf pure slgtes (Reinberg) and interlaced material (not
- 1 din usa coal, -false outputs) referred to the agreed separating gravity
5. Load g The nuts to- be 1oa.ded (samples drawn behind the oading have  t6 be f:.xed and. anbeod.  Samples of ihe washed Starge orate and

sieves) are reviewed according to their appea.rance (visibly free from slates
 interlaced pieces and foreign substances _l,_/ and a.ccording to the fa.lse grain medium grain shall be. drawn directly behind the respective washers.

1.
i
|
1
+
k3
3

e

" 'In case of heavy 1iquid methods the a.llawable we:.ght fluctuation of
the eepa.rating liquid has to be f:ixed. S T s

'_4/ For’ example wood ‘and- paper :msofar .as special devices for rem v
_ i‘oreign substances are prcvided in the contra.ct. e e

" and ‘the amount of small coal. The sampl
- contain not more than a. specified mmd.mum amount ¢ of‘false—grain.
5 be. free..from: slac




*'coal in-the middlings product should amount to n

" not less than 80%, o Ll T

F
I
1
!
I
!
&
B

the middlings. - The share of slate should not be higher than the gha';'e of

N P -

. heavy liguid washorjes
Interlaced material 3

‘e
Pure slates 1 0.3% .practically free from
) slates.

(b) . Intermediate coal and mediwm coal 5/

5/ In planning b.ﬁd_.outlininé new plants the poassibilities of the development
of colliery power plant have to be regarded insofar as they conceérn the
production of the medium coal or the further treatment of intermediate

c981. - \\,

At jig washeries and trough washeries the content of true mediwm coal =
in the middlings product often amounts to 50 to 607 when the proportion of
interlaced material in the input-is 4 to 12%,  If the input contains more

‘than 12% of interlaced material heavy liquid washing has to be taken into
- consideration. = - D ' '

. In casé of heavy liquid washing, the minimum conteént of true medium .
less than 90% in’case of.
coarse grain and not less than 85% in-‘case of medium ‘grain, with the raw
coal containing at least-3% of interlaced material, . The lower limit size
of the medium grain then must be higher than 10 mm, ° If the lower limit of

" the medium grain is about 6 mm the content of medium. coal should amount to

Besides it is uséﬁ;l'to‘r'estrictfajlso "the prbpb_rtionj'of pure slate in.
pure -coal, - o
‘ The_"sléte' 61_‘-" the v.vaéhezjsfsh:ail -contail 'hb‘:,moré‘tha'.h"xi,iof raw coal and -

Y% of interlaced material referred to the “agreed separating gravity.. . -

. E#ampie‘of‘;béuéraﬁteé'wheife the é;méxmﬁ' of mterla.cgd mati_awfia_l" 1

128 in the fmput. ©
AR ot at qigs nd trough washeries at_heavy. liau
— ~Vedium grai Coarse.and Mediun
' 9 98

‘Histure 1n feed %
fist in: feed -

-

2, Dry Cleaning B .

B

No equally high demands, particularly with regard to the inte
terial in the medium coal, can be made to coarse grain dry oleaning 1§h“d
ping air jigs.oritables,  So it-is-sufficient .to fix only a genersl figure -

or float in the dry slate, and sinks in the dry coal.
It is necensary to speoify

roduct in general the slate content is specified,

For the intermediate

e coal content’ only when a middling product is to be returned continually to

s feed,
(B ph—

Alr jig or table plant for 50 mm x 10 mm coal-

Clean coal 94 to 96% pure coal
Intermediate coal max. '

Refuse 90 to 92%‘ slate

III Washing of fine grain .
. a. Sizing

;L, Sorting

4 to 6% slate & boney

60% pure coal, min. 20 boney max, 20% slate

8 to 10% coal & boney

'
S

- On separating the finest grain from the raw fine coal by sorting

r sieving, ‘the allowable maximum amounts.of coarse grain in the dust and-of

ine grain in the dedusted coal have to be fixed for the agreed grain separa-

ion, which generally is between 0.2 and 0.5 mm,

This guarantee has to be

eferred to certain content of dust in the input and to a limiting surface -

Jpisture in the 6 mm x O grain. It may be necegsary also that the clay con-.

ent of-: the‘_i‘inesj'.; grain should be taken into consideration. — .

enples of sifting of 6 mn x 0 coal . _
' _Undersize in dedusted prodict
~Under 2  2%t03  3t05

2 t0 3%
23:t0 4% - 4 1

hder 15% =
5 to 20%
er 20%. .-

Pre—dedusting:
ng from dust is provided as an adad:
ting then, on th

e=cleari

finest grai

Ovei'size in dus't
“Under 2

2 to ‘__‘.» o 5. & .

" 15 to 17% 18 to 20%23.to 25%

12:-to 16% 15.t0 19921 to- 24% =
to 15% 12 to 18%19 to 232 .




fixed and guarsnteed the content of finést grain remsining in the cleared
ccal and the oversise in the dust.

Exanples of pre-clearing from dust at 0.5 mm grain separation
FE tino.grain in the clearod coal) X4 . 6%
0S (coarse grain in the dust). 20% g -

b. Enrichment (washing)
l. Wet Washing
(a) Washed Coal

. It should be guaranteed that the washed fine coal, greater tnan
0.3 mn should not contain more than X% of interlaced material and. Y% of pure
s].atesrreferred—to-~the- agreed separating gravity. e
’ . —To-obtain an economically advantageous addition of finest grain ’
. to the washed -fine-coal; the fine grain vashing devices must be able, with
respect to grain greater than 0.3 mm, to deliver products of different ash
_contents to’.suit varying conditions and these have to be fixed according to
the requirements, For these sizes it may be ‘necessary to agree ‘on-several..
" alternaté separation gravities and several sets .of tolerances. = ...
- (Compare part VII,”  page 15). SRR e -

Exam‘ples. of washed coal ‘specifiéatidn_s
PR R SRR

:+ Launders
L o6%
.3.5%
S 0u5F

. 'Reﬁashing

~Wain washing,
90%

95 96 - 97.4%
‘Interlaced Material 4 3.5 . 2.3% 8%’
1 cos 0% . 2%

. Pure coal

BT IA S (b) . Intermediate coal and medium coals The-fine grain’
intermediate product of the main jig is given the name "medium ‘coal" only .
when it will not: be subsequently rewashed, Otherwisé a’ finished medium ‘coal

" is obtained only at the rewash jigs. Besides washed :coal from the rewash, .
“rewash refuse;’ and, if _necessary,- feedback i

| ‘::Em}npie_s

' P\;ife slaﬁés_ »
Interlaced -

“¥When thore is a subsequent rewashing, a guarantee of the intermediate
coal of the main mashing can be waived, . .

" If there 1 o subsequent rewshing, tie Bediuaproduct sliould contatn
at least 25% of interlaced material, if 4 to 12X of it is in the input.

Exanples for the composition of the middle product of the main fine grain jig.
Interlaced materis) in feed 6,0 _6.3%
Pure coal 2844  31.3%
4046 55.0%
 33.7%

Interlaced

. Pure slate 31,0

Slates: - i ‘
—Jhe guarantee is that the fine slates greater than 0,3 mm of each
machine separately are not allowed to contain-more than X% of pure coal
and Y% of interlaced material with relation to the agreed separating

“" To control the loss. of coal .sludge going away with the slates 1t is -
recommended that at new plants or at new installations for cleaning washery
water, the ash contents of the fine slates is to be lowered not more than
1% and in old plants not more than 2% by the 0.3 mm x.0 f_ines%garried away

with the slate.-

- [

‘Ji - o . .

Rewashing - - = lLaunders - .
90 92.8. 94e8% . 95.0%
5300 - 8 6.8) 358
) 24 L) 542% .

1.04). - % L 0ek) T 1.5%

K . Main méhing -

coal

Dry :Clear_xing’ T

high i'i'equirémé'r‘lvfﬂs can be made for dry '¢16ariihg of fin
omposition of the middleproduct. In o
" e dry slate amd

‘sufficient : - -

‘coal and the . -

on of slate
‘guaranteed DR NEA




A

Exumplos
(a) For air jigs and tables on 10 mm x 3 zm grains

cmm' cpal a
Middlings
Slate——-

95 to 97% pure coal
*15% slate 85% bone & coal

92 to 95% slate 5 to 8% bone & eo{n

(b) For air jigs and tables on 3 mm x 0.5 mm grains

Clean coal "5 to . 7% slate and bone . 93 to 95% pure coal

Middlings 15% slate 85% bone & coal

~ Slate 96% pure slate "4% bone & coal

(¢) Fine grain dewatering

1. The allowable average water covntent.vz/of,tha washed fine coal 5

- e t— et e b S .

.7/ . According ‘to DIN 2193/ older coal (anthracite to fat coal) contains
:-less than about 1% moisture in air.dry state, gas coal contains 1.6
t03.0%, gas flame coal 2.8 to 6% and flame coal more than 6%) '

can be guaranteed for dewatering devices only by relation also’to the-
draining time. Moisture guarantees thereby can be made only for surface
moisture because this can be mechanically removed. o T
~ Examples:. .. ‘ 7*'_"
7 ‘(a). where fine coal has been precleared of dust °
. - 8% after 18 hours time of standing
towers ’ '
after 24 b

“aréFop the_".fii'xe grain dewatering in’ centrifuges ‘i

.

. can be undertaken after fixing the draining time,

Example: .

' ‘These guarantees then have to be related to.cortain gharacteristics of
the input coal with regard to: - ' s

** (1) Water content R '
- (2) Grain composition of the centrifuge input
(3) - Ash dispersion - .particularly clay content

(4) M&thod of preliminary dewatering ‘

For exanple, with an input coal of 20 to 30% moisture, 12 to 158 of finest

. grain under 0,5 mm size and without aggravating clay content 8/ the

folloming guarantees would be appropriate:

8/ An aggravating clay content would suppose the granulation under 0,075 mm -
size to contain more than 25% of ash and amount to more than 10% of the
solid substance of the feed. . :

i " ) N . - ‘- - _ TSR
1, ' Throughput 50 ton8:per hour of centrifuged coal
. (dry weight) - o
"2,  Surface moisture average 8% . S B
' i3, Throughput loss up-to 5% referred to dry input.
- il4e Consumption of 0.4 kwh/t of dry input . -

2. The Middlings . ., SR
For the. dewatered middling a guarantee of maximum average water content L

AR

" 11% of average’ sﬁrfaﬁce.moistﬁre in’thé"diippiﬁg'Ajbowér"afte:' 2, hours _
of standing. .o L Lm0 .

S 1 £ Handling of f:nestgrain o

'gixg.i‘a‘.n_t.gé the.
essary, also. -




" than 0.5 mm as vel). as the ash contents of this grain,

(5) Froth flotation.

In cleaning sludges by flctation, the it (dry coal in
tons/hour) and tho consumption of roagents (in grams/tort solid material
in the raw sludge) can be guaranteed, It is usual to fix in tho contract
also a given ash content of the input coal, the maximum ash content of
the cleaned coal and the minimum ash content of the slate, depending on _
whether or not a middle product is to be made, Because of the disadvantage-
ous influenco of the oversize grain, it is necessary to fix the uppur grain
1imit of the inputb coal, It i3 usual to fix the amount of the grain greater
The results are very
different depending on the nature of the raw sludge and the reagents used,
" Guarantees for flotation therefore can be agreed only after special researches
are made,

Example: : . . .

For 0,75 ma x O no grain greater than. 1.0 mm, ash content 25 to 30%
the clean coal should contain not more than 6 to 7% of ash, the ‘3late should .
contain not less than 60% of ash when a middle px;oauct is not-made, For
consumptiop of reagents refer to ‘the "Merkblatt uber die Einsparung von _
- Flotationsolen ber der Schamnschwim:aufbercltung der steinkohle“ edited by
‘the Bergbau-Verein (mining society) Essen, . ... - o

: Example of 'bhe ef!‘ect of size consist of the feed coal’

: Share of grain’ greater than 0.5 mm :Ln the s]ates
- .Ksh in the grain greater than 0,5 mm .
" Ash in the grain smaller than 0,5 mm -
. Average ash of the slates =
Deviation of the ash content of the gra.in
- greater than 0.5 mm i‘rom the average ash
‘content -
Decrease of the a.sh content. of. the grain
smaller than 0.5 o by the gram greater ’

S

m, O“ o

.Not mora than 208 under 0,075 m
.Density of the pulp adbout 350 grams

Without aurauti.ng chy content 9
.- - less than 20 g/1

2/ A nore difficult condition is to suppose the ¢ramxlation under 0,075 mn
shows more than 25% ash and amounts to more than 10% of the oolida.

v ald.ng:ndjng S ) : o

For the. dieintegration of lump coal, for the 'grinding of nut coa.l, for
the production of finer nut-sorts fram washed.coarser nuts; for the breaking
of intermediate sizes; or for the mixing grinding of coking coals; it is.
usual to f£ix the throughput rate and the grinding fineness or ‘the degree of
breaking respectively by fixing .the minimum proportion of the desired grain
and ‘the allowable quantities of. additional oversize. grain and of undereize

: grain.
‘ Examplea H

: R
r T

(a.) for- breakinfr lump coal not more\than 55 over 80 mm and not more
than 15% under- 10 mm. .

(b) for breaking nut’ coal N

(1) Production of -small nut sorts out of . washed coarse nuts
g Vv_not more than’ 15% over- 18 mm a.nd not more than 25% under

surfaos moisture leas than 227
801id material in the filtrate



for mixing grinding )
The €inished coking coal mixture out of the rinsed fins cosl™
and tha ground nuts 3s to comtain: ~ ‘

~ For fat coal - at least 80% under 3 mn granulation,
- For gas cosl - at least 95% under 3 mm gramulation.

ViI

A guarantee for the average ‘ash content and surface moisture content
of the final fine coal and for the quantity of added finest grain can be,
fixed only when the responsibility for the handling and the distributlon
of the constituent products and of the process of washing is vested in the
contractor. Special guarantees must be agreed upon concerning the grain
fineness and the uniformity of the total moisture content if, at the coking

Finished fine coal , o SRR

coal vasheries, there are mixing and grinding plants also included-in-the—

con_tract .

.Exa.n-!ples': ' ‘ 4 _ o
. “(a) Grain fineness for the -coking coal mixture without: a__ddition N
. of ground mut coal at least 80% under 2 mm ' e
< (p) ‘Allowable ;fiuétuations of the total moisture content of the
. mixture-up to — 1.0% _ ,l I T Con _
VITI Wash water clarification - T |
\ In regard to,_the clearing of wash_water. g@#iénﬁées c_axi.'bé'i“‘ix-ed for
the various .circuits — ordinarily-for main washing water, the rewash water,
and the waste water clearing, .separately. . The. guarantees should cover the
solids allowable in the cleared wash water, No slidges containing useful
emal or middlings should leave the plant,

tion), except where an unusually high-conte de_or_surplus

vater from.the es o8

L .' Examnles of

‘ \ ; Further, there should be no-loss :
of ‘any wash water (except together with the final products or by vaporiza-. :

IX Room dusting

. The room dusting is -to prevent dust losses and to i(oip the plant
and plant atmosphere clean, The sise of the room dusting equipment has to
be 4 3 aoo 14 20 the !‘II!‘!’IIIH "Of' th“al“"u o g

Within 24 hours the  dsposit of dust on places, which have to be
agreed upon, must not be higher than 5 gramd per square meter of horisontal
plans. The vented air should be visibly free fram dust. . '

C. Othér Guarantees
1. Worlkdng expense - - - . )

memHngezpemehutomémrammpertmofmim-
moist input material, - It'is to be subdivided into: - ’ o
B (a) Ehergy..‘ o } _ A
.~ The need of current. for washing plants should amount to not
more “than 4 kwh/t without filtration, grinding, centrifuging, froth flotation
~or “room” dusting when working at 20% overcharge in excess of the guaranteed
‘throughputs At plants handiing only fine grain, the need of energy is '
allowed to be higher. - I ' L

(b_) Heavy' suspension plahtg; 4 ,

" Heavy 11quid plants guarantee the.expense far heavy substance

Y used to'ﬁz_tke'the‘ suspensibn, .

(¢) Fresh water need Ll ‘

o © . Particular care has to be taken to s_é.vé'ﬁéah water consump-
tioni Fresh water should be used, -if possible; only at-the following places:
nut spraying, packings-at pumps, laboratory cleaning, cooling of the wmter«.
ring p\mpsr‘at{filtration‘and‘ flotation plantse oo T L

atus

. - 1T . Specifications of

‘peci‘f:i;'catio;ibs of the purchaser ,
: is true for the build- .
e, buildings for the - -




IV Tolorances

The gurantoau shall be . considered without iohrdnoe,’ i.e., they shall
be unconditional maximum or mindmum values., If a tolerance is reserved it
must be positively stated in the guarantee agreement, :

V. Ihe Aggeptance test '

In the guarantée agreement there must be a specification of the time,
kind, nmumber and duration of the particular tests for the guarantee, and
provision also for settlement in case the guarantees are not mlfilled. ‘

»

The tomgi acceptance test may be waived if the ‘operating results of
14 days correspond on an average with the required guarantees, But the
overload test must be carried out separately, - ‘ o

« It is necessary to 'pr‘rovide, in the construction plans, for equip-

ment for satisfactary sampling. The contractor must demonstrate that the

" agreed quality promises for the prepared products are really attainable when

operating the -plant., He must. provide sampling places that are accessible
and it must be possibIe %o take authentic (especially not disintegrated)
.and satisfactory samples by appropriate construction of sampling utensils
- ‘and sampling places, - , Lo ‘ T e '

- ‘The contractor ‘must be allowed: adequate time for -éiijustmenf. and adlapt,a-"

. tion of all particular ‘equipment between the time .of starting up. the plant
" and the performance’ of the acceptance test of the preparation plant or of -
‘particular equipment. o e - B R,

E : . o Accean’ée ‘Test; .

A Preparation during the practicing periods :
N Duri.ng the :.sévetél.’wééké~_ Aof.pra,ct‘icihg' pr_ec'edingfth‘e accé_pté.nce
. tests the. purchaser ‘mist be currently. informed of the preparation results,

The successful operation of the most important working processes during .
this period shall-be: seen therefrom.. The supervising and dttending person-

" 'nel shall be trained during.this time. '~.
e Which we & processes. ‘ :
everyday:during.the practicing: peri

.sufficient time to slow domn.

B, . . :
: " I. Acgeptance Plapn and Load. The acceptance test is usually
carried cut jointly by the purchaser and the contractar perscns according
to & .previously agreed plan, as-soon as-the technical conditichs therefor

- are exactly examined in all details, The purchaser decides how the Plant

shall be operated for the acceptance test within the agreod acceptance
plan, how long thé test shall last and whether all samples shall be taken
simultaneously when a signal is given; or group-wise, sucdessively when

" going round, how the samples shall be processed and evaluated, whether the

samples shall be tested at once, or in what way the particular samples
shall be stored, v

When praving the guarantees, .the throughput rustbe adjusted to

et

the.rated capacity as exactly as possible; inevitable deviations up tc =10 -

percent are admissible and, beyond that, short overloading and underloading
peaks, If the load deviations are greater and if there is no possibility

of compensation, the acceptance test must be interrupted until the normal )
throughput is.reached again and the under-or overloading effect has had

. II, Duration of the acce ce_test, Frequency and validity

. If there are no accidental results, no strong deviations of -
operating conditions due to insufficient possibility of mixing, bunkering,
or compensating as to variations of quantity, granulation,,and ash of the .. -

"material 'to be processed .and if sanipling is not'too}_extended} acceptance

tests can be. carried out on ons test day during the main output time unin- .

N - terruptedly for at least 4 hours, Otherwise it is necessary to.carry out
.the acceptance tests\during several days in the same way and, if necessary,

“to separate the s_amp],in'g. according to separable groups.

- _ The collected samples of ea't:h"dayi shall be eiréluaﬁedi déily, if
possible, when the acceptance test is continued for ‘several days. in order
to prevent failing of “the acceptance tests because the ‘quantity of -the

 particular . samples cannot be satisfictorily controlled or because the -




~ sanpling 4s discontinued as long as the interference with the method of
vorking of the: prepuration machino in qmstion lasts.

Smpllngphcesmtbe cleulymkedbym.euplemnber;and
the particuhr quantity:-and frequency for the uxnpling in queat.ion must be
neted. .

III M&&L&q-

With a sampling sequence of 10 minutes there are cbtained 21.
samples within a test time of 4 hours. The collected samples in this
case have, therefore, finally reached 2/ times the quantity of the single
samples, If smaller gross samples are sufficient, it must be decided 3in
every case whether the single sample shall be taken in a smaller quantity

~ or less ﬁ‘equently.

) The minimum amounts of sample for oversize or undersize in

screened- products or for determining floats in the refuse and sinks in
the coal should amount to 025 to 0.5 percent of the feed. The smaller
number relates to great quantities of matérial ar to a uniform quality
and the greater one to small quantities' or non-uniform qua.lity. S

- -~ The mn.nimum quantities in kilograms for‘float-and-smk tests
shall amount to' :

"Preed coe.l Middlin.r . Reruse' B

Sizes in’ , Ra.{v- coal
' SO.-X‘]..O‘.'.(G) »
- goxs .. 10 30 . . 3. 40

'50x18

.ZLBxlO (6)

"belowl e oW 0430 '_,:,‘ 'q.3 R 05—

v For :Lntermedia.te grain ranges mean’ ) s a.re to ‘e taken.
—Apparently pure refusg. may be weighed: w:uthout
and. intergrown: ma.terial (Veu

. ceptive in

of the collocted samples for test
shall amount for both raw coal and pre-

500 -
350
50
£l
10
|
65
80
8
sv
1
043

687B6R85°
~
o
~r

HaE38EER88S

HARHHARRA NN

L,
v
:3332_::8:33%

OO

g)/ The indicated quantities correspond with those usually in the operating

.practice but they are. pa.rtly considerably different from the theoretically
necessary quantitiee. , . .

o _/ The prescriptions of DIN 53711 and DIN DVM 3712 are to be a.polied

v accordingly. ‘

'.['he utensils for’ ca.rrying out i‘loat-and—sink tests and screén

; tests shall be, if. possible the saime as are used later on for plant con-

The crew shall be practiced in the ‘handling of the utensils and

trol. .
-Therefore, it .is-best td com—

become acquainted with the test methods.

‘plete thé Tequipment ‘of the laboratory for plant control before starting

the: preliminary experiments. _

G, E:mmination and Evaluation of Samles Direction vfor 'Te‘s.ﬁ"

- Screening, . -




ooy ooy
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' 'samples should not be examined- simultaneously

II. Taking and preparing sancles ~ The samples for the test
screening shall be taken as good average samples during & sampling time of .
* soversl hours when fully operating in previously fixed times and quantities,
Sampling 'is made immediately at the overflow of the screen befors ‘the next
bunkering from the full screen breadth, Greatest care should -be taken ¢uw
sampling, transport for further Processing, quartering and test screeming
that- the formation of smaller pieces is avoided,

Quartering of samples for test screening is only recoumendod with
grains below 18 mm, If the granulation is coarser, test.screening of the
whole, i.e., not quartered, sample quantity is specified. . '

Samples below .18 mm are to be quartered in a suitable manner to
the teat screening quantities named above. The prescriptions of DIN 53711
must be considered.,. Before quartering, the material is carefully separated,
if necessary, in coarse and fine (below 10 mm) particles. For g

the fine particles the use. of a quartering utensil is recommended. (Rzezacz:"

"Sampling and Sampling Utensil," Gllickauf 71 (1935) Page 702. FPlesaow:

- "Sampling in Coal Washeries," Bergbau 50 (1937) Page 411).-

) Samples from screening or sifting processes of dry material are -
examined in.the state in which they are taken. ‘Especially humid samples
from nominally dry processes are treated in the same way as wet samples. -
Samples from wet screéning processes are carefully and tenderly dried in

' the air or at temperatures of not more than.40° C, until the surface moisturel .
has. disappeared and no grains adhere to coarser grairs, Before carrying out .}

a screen analysis, coal sludge must be screened in a wet state or sprayed on
a: 0,12 mm screen, . - e R e

. III, Surface moisture and its determination — In all cases, where B

‘guara‘.xitees' are glven for a  definite surface moisture or-:are—made—depe:

on it, take special moisture -samples of 100 to 200 grams each are to be used B
+ . for test. They are closed tight to air at once.” Tt

.The determination of the Surface moisturs is uswally carried out -

by“3' hours! ‘drying at 400 C in a drier. - The height of bed of the samples
vely. Wet .

of fine and finest ‘grains shall not surpass 10 or 3 mm, respecti
~the. same drier,

g is found at drawing the' sample. 'That means it has 0 be counted as'if
-# 3Ing to the.correct grain-size.

e

Above 1 mm round-punched scroens are to be used, the opening width
of which has exaétly to correspond to the fixed grain limits, In washed nut
ol s the width is uniformly through all the Reich 80,:50, 30, 18, 10 and

. (a). For grains of a site equal to 18 mn or over 18 mm the
test sieving is made by hand on a fixed sieve plate. To svoid grinding
the test sieve is to be used only as gauge for the dubious or obvicus false
grain. (Stick through method). s : ,

(b) For grains of size under 18 mm the test sieving is made .
on a hand sieve, The test sieving of grain of a size under 1 wm is accomplished
dccording to DIN 53705, : . : .

Roixhd-punchédv sieves acéordingly DIN 1170 are employed also for the
medium grain of a size of 18 to 6 mm and for fine grain down to 1 mm inclusive,

— In case of finest grain, ‘however, use test screens with standard

square mesh fabrics according to DIN 1171,  Faor test sieving of fire. grain
under 10 mm and of finest grain it is recommended to apply uniformly, the -

§ following sieve grades:

(8,0)" 3,0. 0
. 6,0 M (2.0 "
. 1.‘0' ’

- Sieves,according to DIN 1170 with roﬁnd-:openingé 10,0.um. (5,0) m

0,5 ¥-0,09 - ™
0.3 M (0,075) ®
(0.,2) ™ 0,060 M

Sieve fabric according to DIN 1171 with mesh

widths in the clear as follows:

v. Evaluation and false aiﬁ determination - -

- - . In testing grains _ovér 6‘mm‘ a piece. is to be. ‘regé.rded‘ as'u.ndergx"ain Lo
§ only if all its measurements are-smaller than the opening of the test sieve .
‘and as overgrain only when at

ledst 2 medsurements are- greater than thé. open- .
ing of the test sieve.: S T S N R e
T . _.Hereafter, a stalled grain belongs to ‘that grain_ group in which .
vir . ‘belong="
This, determination being practically difficult
ieve: throughrun -in this'case is'subsequently

in-case of grain undeér 18 mmithe i juent ]
r. than the first one:-and the then TO—.

_to be tested on a sieve:about 20% sma
%o be 2 S




This manner may result in & higher content of nho gain
fact. The same is valid for the test sieving of fine dedusted coal. Allow-
ance for this possibility Bust bo made when fixing the. tolerances for.false.
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INTRODUGZTION

s

Obaoou
‘ - !ho p\u;;ao of tho hnctisntion was to J.nrn uln of lodium
m-lsn from mroury chlorino oelln ror othnr thm ouuctio uoda produotion. o

: Evalustion: , -
This report desoribes a plant at leverkusen for reduoing about

3000 kg per dey of nitro-benzens to asobengene with sodiun emalgsm in T
batoh process, using « special resctor commected to a 20,000 ampere meroury
‘chlorine gell, The plant was not in operation. Hydrazobenzene and sevoral
dye intermediates had been produced by the same- general method, but there
was no demand for the produsta. Sodium hydrosulfite had been prodmoced in
a different reactor at the rate of 30 to 50 tons por month when zino for the

usual ‘prooess.was expenaiw.

Guide to the Reader:

This report desoribes the reduction of nitrobenzene with sodium
amalgam at Leverkusen, plus some other reductions that have not yet been of
comrerciel importemce. Sodivm smalgem is also used for Na, S produstion as

. desoribed in F.I.A.T. Final Report No. 790, end for metanio sodiun in e
, pi.lot plant, F.I.A.T. Final Repoz'b No. 819. - L :

HZODIDT TON OF NITROBENZENE

Brief Desoription of Prooess:w e

; e Nitro‘benzene is ‘redused :Ln aqueous suspens:.on with sodium amalgam
at abou‘b 100% . while oooling with water. The reaction”is carried out in &
‘nickel reactor (A) Fig 1, having a steel’ Jacket, ’Sodium amalgam is. produoed
dn meroury cell (B)(see FIAT FINAL REPORT No
- W ° -solutio Soditm emalgam °
‘.ﬁ.flons_fmm—the—oelLelectrolyzer to the' 1 or,” th : ?standard*amalgam—vh-—i
‘decomposer: (E) end baok:to_the el 7 lation i -




- Aftor the rosotion is acomplete, the mixture is run into heated
iron tanks whero it separates into two layers. The upper layer is azcbensene
(with by=produots); the lower layer is osustic soda solution. The two lay-
ors are drewn off separately, Tho asodbenseno layer is washed with }wt water -
arid the oaustic sods solution ie purified with ohlorine. The lstter is
still rather impuro snd is ugod for the msnufeoture of nuoridoe.

This process was s!;etod to be cheaper than when £ino-1s uged for
the reduotion singe ohlorine and 50X caustio eodl are simultmeouely produced,

. When the plant was closoed down dua to dostruotion of tho rootifier
- station by a bomb, there were eight units in operation and four more were being
built; oash unit oonsisted of a 20,000 ampere meroury chlorine cell and a
reactor. A disgram of the plant layout is shown in Fig. B, with the resstors, )
eleotrolyzers end mércury pump being shown at (A), (B) and (C) respectively.
'.L‘he tenks for handling, washing and storing thé liquids err shown at (D).

) Two operetora per shift operated the reactors, the cells oonnected
-to the reaetore, and hendled .the products. - . - . .

Flow Sheet for Azobenzene Plant:

A flow sheet of the azobenzene plant is shown in Fig 3. Tﬁe
_eguipment is identified in Table 1l along with the number and capaoity of the .
units end their materiale ‘of oonetruotion.

‘PDeteiled Process De scrition.

- : Nitrobenzene is stored in tenk (1) and -forced up to a’ small meas-
" uring tank (2) where 100 lit = 130 kg..are measured. The redustion is rim in
“batehes of 130 kgs. in the reactors (3). The reactor is shown in Fig. 4, Fur-

ther details of its construsction mey be found in M.C. Drewing No. 226.

'Essentially it is a nickel~-lined, .round bottomed, vegsel, 1 m. high, 1 m. diam., .

with a niokel cooling coil and e mickel stirrer.operating &t 80 rpm, which is
fitted t¢o within 3 - 7 mm of the bottom to agitate the amalgem as well as to . .
provide agitation et higher levels,~ An emalgem inlet is-provided at bottom-
centre and en emalgem outlet at the junotion of the rounded bottom and- stra:.ght
side at about 80 mm. higher level, A nogzle, 40 mm. T irgide diem., 18 provided.
“on the side of the reactor, 247_mm. above the reactor bottom,. to drain liquids
other thaen meroury from the reactor. Through the top-of the reactor are opeén=

ings for cooling coil inlet and outlet, for the stirrer, for introducing nitro-

' bengene, for water end for vent:mg. All oonnectlons to the reastor. or cell,
" excopt for the esmalgam piping, ere electrically i.ne ,lated by :Lntroducmg a

_‘.-_J.engi:h—ef—glass pipe oY . rubber hose. o

After nmning the n:.trobenzene »mto the reeotor, the agitator and

amalgazﬁ flow are- started, and purified water ‘is added at the’ rate of- 28 liters._. <

- ‘per hour. Water eooling keeps the reaotlon temperature at 90° 'bo 110% C.

The smalgem for esoh resotor-is provided by the 20,000 smpere
moroury ohlorine oell (4). This oel) s 14 metors long x 0,6 meters wide,
dosorived in Fil.A Tv Finel Report No. 8168, It consists of two parallel
troughs sloping in opposito directions, one being the elestrolyser, where
sodium chloride solution is eleotrolyzed, forming chlorine and sodium amale

.geam; and tho othor being the amalgem docomposor, whore sodiua emalgam is

reasted with water to form hydrogon and osustic sode. A mercury pump ele-
vatos spont emalgem from the low ond of the emalgsm décomposer up to the
high end of the eleotrolyser. The low end of the olectrolyzer is joined to
the high end of tho emalgam decomposer by an end-section. In tho standerd
cell this end~sootion has a groove filled with amalgem with a partition
dipping into it¥that separates the brine of tho eleotrolyzer from the caous-
tio sode in tho amalgam dooomposer, but eallows the amalgem to flow through.
A cell producing amelgem for reducing nitrobenzone has o special ond=seotion
fitted with two rubber valves which allow the amalgem to flow to eithor the
reasctor or the mmalgen decomposer. Seo X.C. Drawing Ko, 227, The relative
levels of the clectrolyzer, reasctor end amalgem decomposer are such that
amalgam will flow through them in series, when the reactor agitetor is run--
ning, at the rate of 600 - 700 liters of mercury per hour. - Eash cell and
roector system requires about 1300 kgs. of mercury. The electrolyzer sup-
plies emalgem -containing 0.025 £o 0.50% Na, The am gem from the reactor
Teturns to the high ond of the amalgam decomposer where any romaini:ng

sodiun is decomposed with wat‘er. The wmater-feed to the decomposer :.s reg-
\lated to try and make .50%% NaOH on the average. . ) - -

}

The reduction step has been found to require 170.000 axnpe.e _
hours. thus. requiring 8 to 8,e hours.  The reesction is slow during the azoxy-

" benzene reduction stege and at the end, as shom 'by the concentre.tion of
’sodium -in the emalgom leaving the reactor. . . -

At.the end of the reduction the samalgen flow is changed from -

the reac'bor to the smalgem decomposer. Ths purificd water flow into ‘the -’

recctor and the agitator.is stopped and 20 ninutes settling time is- allowed. ‘

.Then +the contents of the reactor, sbove the . amalgem, are 4rained off and a

fresh charge of nitrobenzene run in, * It requires 10 minutes to drain, re~-
charge and start the next reduction. Carrying the reduction ‘to the next .
step, where hydrazobenzene is formed is to be avoided because of the violent.
reaction between the hydrazobenzene left ‘behind e.fter dran.n:mg the reaotor

“and t‘ne fresh cherge of nrl:robenzenc. -

1~ . " The reauced charge fro~n ‘the reactor is dramed intoie pipe. (5)

- bhat. runs the length of the installation and is: large enough to recoive the -
“combined products. of all eight- reactors. "This, pipe is heated and :.nsulated :

bo-bh th ermally and elec’crn.cally.




The pipe lines betwoen the romctors md the storage pipe have Iongthl of
glasa pipe for ‘eleotrical insulation, and the pipe draining the storasge-
pipe (5) into vessol (6) slso has a length of glass pipe for elootrioal in-
sulation. The valve at the outlet of pipe (5) is a spocial stoamehoated
valve, See N.C. m“ins No.a.ZB. 4 )

Tho oombined, redusod batohes aro drained into tank (6) which
has.a.cone-bot tom.and is. stoam jaoketed, . In this vegsol the three lasyers
of meroury, egobencene and caustio soda sopnrato. Two of thoso vesgels are
providod, but normally only ono is required. A period of 1 to 2 hours
settling is used. Mercury can be drained from the bottom of the tank. The
other two layers are emptied by air pressure through a pipe running nearly
~to the bottom of the tank. Tho bottom, heavy layer of caustic is run into

the separating vessel (7) until the azobenzene appears in a glase section
of the line, then valves ere chnnged to send the azobenzene into vessel
{8). Vessel (7) is divided into two parts by a partition running almost
to the bottom. Tho caustic soda ocontaining some azobenzene is rum into the
compartment’ on ono gide of the partition. The caustic flows under the par-
tition end out an overflow on the opposite side while the azobenzene is
retained and occasionally drained out. The caustic soda is collected in

veggel (10).

The caustic soda contains considereble organic matter. €l is

introduced with stirrmg, into vessel. (10) until the solution is bleached o L

to & pale yellow, ~Salt and ingoluble organic matter are - t‘e.ken out on a”
sand filtér. The caustic soda from the amalgam decomposers is blended with
this filtered: caustic sods to average 50,{ NaOH and stored in the 3 storsge
.. tenks (ll). ' o e

(8) has an overflow near the top which' flows through | mercury trap to- the
~ sewer, The vessel is about 2/3 filled with azobenzene, Then the water is
. passed through continuously, while the azcbenzene is egltated, until the.
water overflows clear. " The'azobenzene is then forced with compressed air,
to. storage tanks (9) through s(plpe reachlng to the bottom of vessel (8)

The product of the proceso 1s as follows

' Azobenzene
'Azoxybenzene )
. Hydrazobenzene 7-87
: S 2-5%

- ' Th:.s'ls a conservatlve a.nalysus an
,.,.,azob‘enzene. ‘On storage, the’ amownt of" azobenze
reectlon between azoxybenzene and hydr 'ber_men

The azobenzene in vesscl (8) is washed with hot water, Vessel ’

‘“Hydrazobenzene HE

‘Iho ‘elootrolytic dopartmont was not too concorned about the snalysis of the
product beoause it was sont to another dopartment whoro it was reducged fur-
thor with sino dust for boneidine produotion, -Aniline formabtion is the only
detrimontal side rosction, It was considered that this operation would only
be of interest in oonjunotion with a bengidine plant.

Moroury or smalgem collects in the bottom of containors all

. through the system, most of which cen be drained out snd ‘Toturned to use.
Howovor, some meroury cannot bo recovered so simply. One troudle is the
formation of emulsions with the organic and aquoous layers. Dinitro oome
pounds in a raw material are bad for causing these mercury emulsions., Mor=
oury butter, which is mainly due to iron in the meroury, has to be removed
daily from the end-seotion of the cell, Poriodically the system is oleaned
out to recovor the meroury. Several methods of meroury recovery wore used.

The method that mas used most of the time, was to stir the mer-

cury residues in a closed kettle with steem 'bubbling into the mercury. The

condensate overflowed near the top of the kettle, and coaslesoed mercury was
drained from an outlet at the bottom of the kettle. Some types of emulsions
containing meroury were stirred with 0.1 to 0.5 6% sodium emelgem in which case
the sodium reduced the oils and dissolved the mercury. As a final method
the mez-cury residues were: distilled. :

'I'he reagtor lasts only 18 months due to caustic embrittlement

and failure at welds. It may not last thi__ long if welds are poor. )

e The same equipment has been used for other reductions either
experimentelly or on a. very small commeroial scale., L o

T For some reason not stated, hydrazobenzene was required to be
“made without the use of solvents, -A total of 200 tons was produced. Hydra=-
zobengene melts at 127% so! ithe reduction had to ‘be carried ‘out- ebove this. '
temperature. - A steam=heated. pipe- was installed between the cell and the
.reactorso that . temperature of 135°C would be obtaineds; The amelgem had

"+ 4o be 0,5% Na entering the reactor. - The hot hydrazobenzene and 50% NaOH -

- were -separated hot. and the molten hydrazobenzene was ‘gprayed. into water . .
_glving .pea-sized pert:tcles. - These were ground under water to wash out NaOH S
“end then f:.lter _ 1d nl 827’ beceuse of greeter anlliné__fon-; o

The opere.tion Was ha

: tween hydrazobenzene from & preceding ‘batch and a fresh charge of nitrobenzene.

- initiel stage of the’ reaction w:lth smslgsm was. also: quite v:.gorous. I

ut it had not. b en tried £




Redustion of a Substituted Witro Anthraquinone: ' | Reduotion of a Substituted Mitro Phenmol:

bstituted nitro .ne)u-.quinono nas reduoed with . - : The following dyp-stuff intermediate was prepared using sodium
vodLim 8::'_“11"1“ o , , snalgem with 83X yield, compared to a 47£ yield by other mothods. There -
ansl " . . was little demand for the dye-stuff. .The reastions involved are as follows:~-

L

NOzH +8na+J8&30- 028 BZNQ%HBKZ NH, 4 2Na 4+ 2H 0 ——>

HN Q-cnz-'-a ¢ ) rH,+ 2 Naow
oo T

This was to be used i‘or a dye-stuff mtermedmte ﬁ-om whi.ch one’ ' ,
SO H group ‘nas to be split. ofi‘ in a later operation. This seqonq -reastion: el
$Le ) to B PN : —




Reduotion of 1 = 1' Diamido 3 ~ 3' Disulfo Diphenylethylene:

The following resction was carried out to yleld a dyo-ltutt
intermediate with a yield of 94X One part of the rosstant with 15 parts
of water were oiroulated from & storsge vossel through the rodusor. THe
solution had to be alkaline to stert tho resotion.

- Thoro is no demsnd for this intermediate.

Sodiun Hydromlntr

It was stated thne the first meroury cells at Leverkusen were
built in order to make sodium hydrosulfite when the price of zinc was high.
At onc time 30 to 50 tons of sodium hydrosulfite per month were made from
sodium amalgam. The prooess was disoontinued when the price of. zins

dropped.

The epsential reastion isi-

2 TaH S03 % Na = NapSp04 ¢ 2 NaoH

'the follow:l:ng reaction:- _
, NagSgO4 . 4 VaOH = Nazs .2 NazSzOs * 2 Hzo e ¢ I

‘The sélution must also be kept cold to prevent another react"on--

2 NazSzo.; . Hzo ] 2 NaﬂSOsW 2 NazSzos -

‘5t11)l another sid= react:.on oocurs

llazSzO.;oBNao-linO'2NaszSNaOH'

The reactor in this casé was a sauoer-like she.llow enamelled-:ron
' 'pan, having a cooling jacket. ' Amalgam (0.2% Na) entersd & nozzle through
the bottom centre of the pan and depleted amelgam end solution left through
an outlet near the %top. agitator. apread +the emalgam over. the surface of
the pen and kept the solution sgitated. Refrigerated water was circulated

through the jacket to keep the temperature ‘of the" solut:.on at: 25°c. The pan‘ _

~ had a cover with - inlet for bisulfite. e

The aulgu and: solution were uporaud in a trap, the
uul;m returning to the cell and tho solution being pwmped through a
filter back to the roaotor. Botwoon the filter and rosctor, 80, was
bubbled into the solution to neutraliu the NeOE,  As tho solution
reciroulated, orystals of Nn aoparatod out and wore caught
on the filter and driéd. u dry procoss there ls somo deoom-
position socording to oquation (S)s Tho overall yield was 52 - 53%
on the. surrent, —~Eventually tho oirculating solution had to bo dis=-
carded beocausze of high HayS,03 concontrations °°

—-—




APPENDIX 1

LIST OF GERMAN PERSORVEL INTERVIEVED

Dr. Bencker Supt. Chlorine Department.

Dr. Wegner Asst. Supb. Chlorine Do'part:mnt.

Dr. W. Fuhke . Chemist, Chlorine Department.

Location

I.G. Farben, Leverkusen
I.G. Farben, leverkusen

. I.G. Farben, Leveriusen
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APPRENDIX 2
LIST OF TARGETS VISITED
-
I. G. Fari:en

T U Logatden

Leverkusen,
nr. Cologne.

H

i
S
£

i
B
H
i
A
i
:
R
g
E
- ik




APPENDIX 8 : . APPENDIX 4

" TABIK I
BIBLIOGRAPHY . . DESCRIPTION OF EQUIPMENT SHOWN 1N FIG.S
?lou-mot for Asobengene Plant .

Copies -of the roporhu, doouments -and n!.orofnn lictod bo].ow wore. trmmittod )
to Wnah.‘mgbon, D.C. Inquiries ahould be addressed to:

3%“&;3%’:3? 2;5.8:]::::2 - . a ’ ‘ Kind of Apparatus Dogoription
Washington 25, D.C. '

. . ) : , " container iron; with o-'pno:lty.ot sbout .
1, FIAT FINAL REPORT NO. 816 - Horizontal l(orom'y Chlorine Cell. . . ' ] ( 4 20 't::ma nitrobenzene

2. FIAT FINAL REPORT NO. 819 =~ Metallic Sodium from Sodium Analgam at Gersthofen. o : . measuring vessel :I.ron_, capaoity about 100
, i o : © liters

_niokel-lined stesl shell
nickel layer = 3 nm;
diem. 1 m, height, 1m,
: ) : nickel stirrer, number. of
S¢ M.Co " . ™ 226 - Azobenzene Plant Lever’cusen. Details - Reactor - ) I ' R _ revolutions to be regulated
o I.G. 117383, » . o L . . between 50«75~100 rpm; ’
' . ' , : ) : . 2 Kw motor
M.C. " " 227 - Azoben..ene Plant, Leverkusen. Details - Bnd’ qu ' - _ " ‘nickel coil. for cooling- 13 m

and Separa{:or I.G. 95708 - , I - - R B of 18. 25nnnod. pipe of
, e L ) T : ,,a'bout?JOOdm area, °

3.. ;n.c. Drawing No. 226 - Azobenzene Flowshoet Leverkusen No. 121717 ' : reactors

4. M.C. Drawing No. 225a - Azobenzene plant - Leverkusen Floor Plan.

M.C. S.oom 228 ‘Azobonzene Plant, Loverkusen., ~ fDetails - Heated o ‘ . R e Con .
' o " Valve I.G, 94191 o - - » - meroury cells,  maximum losd 20,000 Amps.
: » : : S A R N """ horizonted type; eleotrolyzer -
14 m long x 0,60 m. w:.de' i
round decomposer. B

" yessels - ‘ . iron tube, d:.am. 400 mm , - -
LT - 7 m long, with electrical
“heating; insulated. .

" separators , . cast irom, for separetion of -
S ~ ! .. emulsified mercury, azobenzene

- and’ ca.ust:.c soda lye; insul- ;”

. ated; hend-operated; hand-
operated gtirrer capaoi'hy
about 3 ms. s o

‘separator - . irom, welded;
L Tl o -1oaus'l:io ‘soda
;_..azobenzene c




i

N

600 '

R 2]
i APPENDIX 4 (contd)
ﬂo- of .

Yo, Units Xind of Apparatus Desoription
a 1 " washer iron, welded; with stirrer; )
I : ' capacity about 15 m3, -
9 3 oontainors storage vessels for azg--
j o benzene, capacity 16 m? eagh .
: cast iron with heating jacket
i to benzidine manufacture.

10 1 voséo,l- cast iron, capacit I&n‘:’

' for purification of caustic - -
. soda lye with chlorine

_' 11 3 containers storage vossels for caustic
i . - ' ~ soda_lye, cast u'on, capacity
: RN . 156 m5 eac’h ) :

12 2 pumps cost’ 1ron 1500 rpm, 50 nd
: : : hour, to menufasiure of
fl.xorides . ]
f -+ N
i o
i
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aseiaier

- ¥he Gasiga of the Vértical mercury chlorine osll 1s adaptable to the’ bullding
- of individual cells capable of ususually high production which require a nini-

wum: of floor epsce, One complete cell, occupying adout 60 sguare feet of floor

capable at tormal load of produsiag 700 = 780 Xg. of chlorine daily at -

@ owrrent efficiency of 93 - 94 percent., The present cells wers designed for a -

uprgn“ru&“omiooofnp«arqrqavoram of 4.8 volts. The normal curr :
density for the two prinoipal designs descrided are 1720 and 3400 amperes/m.
-respectively.  As in the case of operating the horirzontal meroury cell, the
soditm chloride anolyte must de purified, Although several installations of
the vertical type cells wvers made during thewr, one of which was capadble of
producing 100 metric tons of chlorine daily, the design 1s etill considered to

be in the dmlgymnt stage.

-

S ... William C, Gardiner, TIIB
: ‘Roy A, Horst, . o .
. Howard E, Houser, ¢
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-Bignificant Date..on:: Yortica.l co 1. Dovelopment
0011 Danign and Assembly .
* Electrolyser Body-
Electrolyser Aualhrin
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Amalgam Pump . .
- Amalgam Deconpour o
Electrical Connectiono
. Celd Operations
Starting a Cell or Circuit
Duties of Cell Operators . . . .
'mQCtrome ‘e e o o & o o * o
Electrolysis . . .
~ Anode Wear and Voltage Boquiroments
,.lmlgam Decommosition ., . . .
- Shutting down a Cel1 or ctrcuit —
: Cell Maintenance .. -

“Adjustment or Repla.ceuent of Anod.es Ce
-:Oell Cleaning :
Rub'ber Liningsi,.: e ‘
2 Prevention and Sto'ppage of Cell Leaks
Cell Building - .
Q\lﬂllty of” Products
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“Parpose ot thh report 19780 dnoribo thc mun. opouuén and
Farbenindusirie versiocal -or-rolary -mercury- cathods,.

00118,  t0 STpplement & previcus report covering the horisontal, ae-

cmv uthod.o chlouno oonu rm uu:. hport lo. 816.

‘tho'ach there are fm coxmeroisl m.tulhtionl oL the vuued.
typo oe:l.lc ‘in Germany, all personnel interviewed unanimously agreed that these
installations were constructed prematurely from the development point of view..
The experieiice to. date, however, has shown that this type of cell has possidi-
1ities, particularly in regard to designiag cells capable of high capacities .
while requiring only ‘about ono-mf of the floor space noenury for other
types of mercury cells. . .

.. . The pu:oceuea and equipent used in conjnnction vith ‘both tho hori-

" sontel and vertice type cells.ere B
“ast recovery and purification -of hydrogen; -drying, eompresaion and. liquafac- :

“tlon of chlorine' de=chlorination; resaturation and purification of drine; : -

pro. edures,. water pnriﬁca.ticm and mercury. poison: hnmdo. otc.. 'r

ribed 1n the prervim report are not rcpeated
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' L e : RRPeIR SETE S e . 1 sodtum hus formed unites with the nreﬁrruthodd to form iodiw whiok
__eells installed at Husls and X 0 cell by Septemder _‘ .- flows-from the electrolyser by gravity. The smalgam puxp then elevates this . -

; :. an improved model, known as ibe Drum Oeld 1  and : %o the top of the amalgam decomposer, In the decomposer the sodinsg in
.. bull$ on plant scale at Imdvigehaf 1943, sell. . the 1s brought into intimate contact with purified water with which 1%

experinentally unsil the air< - B -7 " “combines chemically to fornm a sodium hydroxids solution and hydrogen gas. ’ ;
L ) WO $ . ubines chemic gen gas. The
*Drum 0e11% design was used in an expm lon progras at and in sodiwm-free amalgan then flows by gravity back 'into tbe electrolyszer. .This
g;pnt;guns.m%;phthombd_mmnlr 4n Exhibit 1 A

actually installéd tué o€ operated by'September 1044, The profess
tagen of the "Drum 0ell" over the earjier types of vertical cells heve
proven other than on an experisental scale. o

T The need:of additicnal chlorine capacity which could not be produs

in cells of existing types duwe to -1imited availadle space at Indvigshafen,”
- 'prompted the dévelopmens of the vertioal cells. Dotailed German reporss of the
vertical cell development may.be foumnd in J.I.O.A. microfilms, Reel No, 0-86,
2389, 74 and 6793 to 738. o B

-

ZAnstallation.02:126.0ells, vuted at. 24,000 ampores, 38 o2 1 : ) N DU .. - ()

. . : . Comparative cost data in the I.G. Farbenindustries % Chlox-Uko" re
for the year 1943, see NiC. File No. 347 indicates that chlorine production -

~ eosts at Eusls with vertical cells were 1558 of the everage costs of elght
ether plants where horisontal meroury cells were used; being 114% of the plant
with the highest eosts and 1895 of the plant with the lowest. ~ .- ~

3) Designs to eliminate Joints and stuffing ‘boxes in the e olyier,
'3) lmproved methods of removing graphite particles and other foreign material
'from.the.electrolyser during operations.and | tiis_decrease hydrogen ‘

EE TN

“%o. ingrove. the current efficiemcy.

"THE 1C. VERTICAL DRUM-TYPE CELL . © .~
4 OO0 AMPERES " - R,
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- Rlectrolynsr Rody,

i The oiootrolnor boiy is built in. t!n'oo uotiono; top. nid.a.lo»ud
bottom. All three sections are fadricated from 3114 steol plate with flanges,

stiffen ox:d noui s \nldod on.

. rho top loction of tho Bu.oll oon io 'box-liko in qppoannco
made from 5 mm, plate. The inside length and width are 2080 mn, and.935 mm.
respectively, and 965 mm. high, Stiffening bars 60 mm, x 10 mm, are welded

' on edge both vertically and horiszontally to the outer sides of the. -section,

Flat bars 30 mm, X 65 mn, are welded to the upper and lower edges to make .
flanges by which ths section is bdolted to -both the cover plate and; to the
center section respedtively. The ends of this section are open and are
equipped with flanges ‘to which tias anodic end plates are bolted.’

A stesl nozsle 114 n. in diameter is voldod. to one side of the top
section, close to one end; ths center of the noxzle is 115 mm. down from the

top of the section. This nozele forms the chlorine gas ouglet of the electroly-

zer and also acts as an overflow pipe for the electrolyte., The cnlorine gas -
space in the ol.octrolyzor is thus osta‘bliahed. On the same side of the uction.
but on the opposite end, a VYoss is welded. Thie boss, with a 35 mm, hole v
through the side of the section, provides an opening to which is connected the
inlet ‘brino prolnro oqm.‘lizer vhich win be discuued later. Qe ,

Tho entiro uotion ia lined with 6 mn. of rubbder.,: This thichiess of

‘rn'bber 16 used on all’ ‘the electrolyzer parts except: the mercury. displacers. S

The rubber linirg is carried around all flanges and‘ openings so that all steel .

surfaces that might oone’in contact with tho oleotrolyto or chlorine gas are .

protected. Seo x.c. - Drawing No. 274.

A fla.t J.O . -steel 'ola.te cover with the sam

, the top section is. ‘bolted to: tho ‘top section flanges.’ Tnie"covor is’ equipped. R
with two bosses for 1ifting: eyes by which it can be liftedlby a. crane. : '.Eheroi. P

are also two 60.mm, I.D.: Vholes. one in ‘each opposite end corner. “for " sampling

. and manometer connectionl
: phte 1s rubber covere 5,

onl: mmol on the oloctroirur thst

L »
ar nnodio electrically. - The steel flange around the-ancde stems may make .
.and_are_fastened $o.the_plates.by means.of stud bolts. ... ...

he plates are dolted to the top electrolyzer section, it is
nece: ury to use innh.ting n:loono_ on the bolts to prevent flow ot current.

; In the *Drum Cell" duicn 'n Imdvinh-fon. the top uction of the

. olootromor has -sloping ends so that tb anodic end-plates, when in positisn,

slope inwards toward the top of the olootrolnu'. ‘Thie ohange was ‘to .
eliminate the square corners at- the ends of the upper portion of the- sec~ -
4ion and to' Sthareby minimige electrolyte segrezation and: ilprovo its ocirculs~-
tion through‘*tha electrolyzer. See: )I.C. Drawing Ko. 317c. "

The middle section ot the electrolyzer is also dos-like and is of
the sans overall length and width as the top section, but is only 445 mm, deep.
Similarly,. this section has flanges welded around the upper and lower edges for
bolting to the other sections. The sides of this section are doudle-walled for
approximately 2/3 of the height, thus forming inside shoulders 95 mm. wide and
approximately 115 mm. down from. the upper edge.- !hooo shoulders serve as ‘

cupporte i'or tho two . outsid.o rows of nnod.el. )

_ In tho side vu.lls of this neotion are loca.ted tho oponings through
horizonta.l shaft that rotates the cathode ‘diske- passes. - These two -
‘one:in-each side wall, are made in the fom of- stuffing boxes wnidh

nglands. prcvont the: loa.lcago ot mercury around.’ tho shaft. o




.

on !hn l!.wo loouon oL the 'nru o.n.' chomlylu' bod: 18 of a sint.
hr, ‘shape and constrpotion, but s equipped with a horisontal row of 6 anode- ~
‘stem holes, 65 mm, in dismoter, on each end. This pcr-!.to additional electri-
oal-leads to the anodes which' un ‘e discussed later. This seotion is shown
~4ia N Draving Yo, 317¢, :
W Lou0d 1yz o2 87&a.
SPTIRTT ¥t o ' steel plate and has & 160 mm. stiffened flange, 35 mm. to the
% . H . Upper: edge, along both sides. . The flanges on the two. -nda o Wide Put.
o] of the same thickness. Tne cutside dimensions of this th.nco are ths same as
on the middle and top sections. -The inside dimensions of the upper part of
the bottom section are the same as the inside dimensions of the love /r part of
_ the middle section. This bottom saction has a'semi-oircular cross<section .
when viewed from the side and is 674 mm. deep at the center. This cross-sec-
tion provides minimm clearance between the section and the circular cathode -
disks and tms minimiges the volume of mercury requirod to £111 the spaces.

. o _Inside the upper end ﬂangu of the bottom sectisn, are loca.ted. re-
- cesses or shoulders to vhich the mercury displacers, to be described later,
.are bolted.

e a1 o D S o TR 0 GRSt AR e B SRS o P 5o
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: ~“ Below the end flanges, near ths upper pa.rt of tkre circula.r 'bottoxn.

are located the cathodic bus bar connections of the electrolyzer. These ‘por- »
- tions of the section consist of heavy plates welded to the section and machined -
~to givo & smooth surfa.ce to which. the cathode ‘b'a.s 'bars ca.n be fautened S

' l‘hil secﬁ.on has a d.rain connection cmlete vi.t
. tho lovest point 4in the nection tnrough vhich nu'cnry can be d.ra.inod. from the

electrolyzer. ) T

|
i1
{5
i
i
14
it
£
i
§

¥

b

The heavy fla.nges on-the upper part of tne aection are utilized to-
‘support the entire weight of the _electrolyzer. The weight is cmied from’ tm '

.. flanges- through three electrical: “insulators on each side to 228 ma, steel . ’

"~ ‘channel which are. framed into  the bullding. structure.: \i’hen orecting the: lec-
i trolyzer. the. openings in the middle section for the mercury inlet and amalgam -

77 outled: mu.st ‘have. deﬂ.nite -relative elevations. -A sm'veyor's level il employed.

-fto make the outle 16 om, 1ower tha.n the 1nlet. Shﬂms ‘above: the eup_porting )
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through these jointe st11) present s serious prodlem,. e R Abs mercury is evenly distrituted .'.;goft?hcf eleotrolyser. ‘

Elogtrolvzer Auxiliaries. . P PRI s R 9 foed  t0 -ths electrolyser ri vertically along the side -
o ) Cl . T . ‘ ined pipe main’ in:the Jasement Virough & .. -
e Mercury displacers or filler:pleces are looated detween the oathode ' ‘ : I.D.  Immediately adove the operating floor, & --
dis!:i"'ih"'tﬁo"Ioﬁt‘“fpart‘“o't"‘ehq“‘olcctralnu"tc‘-ninm'srmhnry:rcqnirmtl. 3 radl qui. wi pinoheolamp -for flov regulation as well
These ocoupy the space corresponding to that oooupled by the middle fouxr gra~ ) ox :providing ica ition. 18 inserted ia the riwer;—Just~above — ==
phite anods rows in the .upper portion of the electrolyser., There are three . 7 'this section, the feed brin s through a rotameter with a calidrated ranp -
displacers, one between each pair-of cathode-disks:  which olear the ‘disks by, -, .0£.600.-.1300.1iters per. hour._ . Abdove » the rotameter, a second section of rubber
S mm, and closely follow the lower contour of the-dottom electrolyxzer ssction. " conduots -the drine to: a rubber-lined pipe 100p hich turns the direotion
They are of semi-circular cross section with a radius of approximately one e off ‘through a -180° -angle and .thus down into the side of the mercury inlet .
meter, and are approximately 165 mm. thick, -The upper surface is flat and . ’ he highest point in this brine feed pipe loop is vented into the chlo-
horizontal when in position in the electrolyzer. This surface is about 25 mm, ' S space in the top section of the electrolyser ‘through the opening pre—--.
above the normal mercury level in the electrolyzer. These surfaces are also . :  viously desoribed, The loop is necessary to prevent ‘ths brine from emptying
utilized to support the weight of anodes betwsen the cathodic disks. .. = ~~“ont of the electrolyser in cass a rubber hose or glass meter tube should dreak.
. . - ) : - : ' BRI The vent is necessary to prevent syphon action in such a case.
The displacers have stesl lugs on each end, about 350 mm. down from . el T -
. the upper surface which bolt to the lower section of the elestrolyzer body to . . e brine is drought into the side of the mercury {nlet weir adove
nold them in position. Displacers are shown in H.C. DraWing No, 273. ~They are ‘  the mercury level. This point of entry was believed necessary for good drine
fabricated from welded steel plate and are covered with 10 mm. -of rubber. For- "7 aistridbution throughout the slectrolyser, but sampling now indicates that .
merly the displacers were built in two sections and only the upper section, &8 = " there 18 sufficlent turbulence in the electrolyzer to ensure wniforn distribu~
portion of which was exposed to the electrolyte was Tubber covered. This de- . ._4lon wherever the brine might be admitted. At Ludwigshafen 1t wad claimed
slgn-stil) exists in the cells at the Rheinfelden plant. At Buels it was found 1. " “that results indicate that to obtain good brine distribution in the electro-
that this drrangement caused deflections of the cathode disks due-to magnetic - - - 1 mist be adnitted tarough the mercury inlet weir. Some scallng oceurs. -
attraction, and also that these sections. became filled with mercury-and hydro- .. .| - at the - cury 4nlet to the weir due to traces of sodium in the .- - "
“ gen, apporently by diffusion through the welds.- Experimental lower mercury” =~ - f eréury-and’r rmation of sodius hydroxide crystals, For this reason,
displacer sections mpde of concrete and later of‘por’cela:ln.vo:e".tried.v-but,._ v BN ER ‘a.12 mn.:pipe ‘small ‘cover plate; is bolted ‘over an ovening in- the-
these materials absorbed mercury and soon failed.: The present di psiidn o ;tox 16" We : tends -downward through the weir and ‘into the .
© " one plece and entirely rubber coverasd, have overcona -to.a large e “the - L. S ' X 4 ;.50 mn, The other end ‘of the pipe extends

previous difficulties.- The rubber covering is corroded at the el jon of ; . cover-ab mm, 'A ‘water hose 18 slipped:over this 0.~ -

feed pipe. Mercury: samples to ‘check-the; .

, R L R T TN O o R TI ADE PR : N I B! : e’”a.rélq.lgo-'extréétqd;:throhg‘h_;»thid ‘pipe by
———  Tus zeréury displaders in the "Drum Cell electr ‘ar e 08 of aglacs sampling “after forcing:the stagnate mercury in the o

.\ number ‘and are completely covered with 5 mm, of rubber. : The y budlt 4n o ; 5 ’ rocure 1t1ty for test. . Thq_'mer'cn:yf:inlet;veir', :
" one piece and differ only from the- Huela type in having & smeller cross- SR H : rawing No. 369, The inlet weir.for the - -
“tion and & larger depression in: sper surface to accommodat ‘rot 5 31 1ghtly: esign and is shown 1n M. rawing No. ...
.arum.”' See M.C, Drawing N Er : SIS 5

the mercury surface, idus 1t is thought, to hypochlorite formation
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!h- n-lpn n.m out ot t!u -hotrol:ur

welr 4o a pi.po canneoted to the bottom,: throngh vhich 14

reason, the velocity of the drine is maintained.as. lush as ‘possidle:
niging the space between the amalgam surface and the weir:cover

is showvn in K.O. Drawing No,-375. A similar welr for the "Drum Cell is
on M.C. Draving ¥o. 217¢. ' This weir is equipped with & lisht ghu

cate mercury levels, see N.C. Drawing Yo, -217%.. . [

. Acomalated graphito particles or othor forei@ mterialc can be
flushsd out of the depleted brine discharge pipe by applying water pressure

to the stand-pipe of the vessel in the pump suction line to be described later.
This operation requires the amalgam pump to be stopped for a few minutes. ana. .

is ucoonnnnhod vithont interrupting the. electrolyzer oporat:lon.~

‘.L'bo weak brine and: the chlorine &as. loa.ve the eloctrolyur thr 'ogh.a. o
'dovico toned. ‘the "brine overflow pipe, which bolts to the .side of .ths: o, N

electrolyzer section via the opening in that aoction previously. -deserid
It is located near the same: end ‘of the electrolyzer
discharges. - I¢: is- fa.'brieated.-':tr :

"that come in: contact with br‘.ln

.overflow is made from 100
-the: longer’ aTm of.. the. two..

arm, located at the nid—point of ;

arm are clbud ‘with heavy p)
vhat ta.kes “place: 1nsid

- .; P 5 .L. ";._:‘ X m h P‘ v EL

. __,W that Dolés 40 the

$he flange at the end whioh dolts $o the fdrine overflow xupo’.
-8-254-mm;~length vhich-extends-inpide-the-electrolyser-vhen-the-

in position, This length inside the m:migar has r.ﬁ:wé. .

p-opening in {ts upper surface approxims square

raelly- ohlorm. only, leaves the oell ‘skxrough this cpening as 1
ately 75 mm,' highu' 4n elsvation then.

1f brine does flov through this chlorine cutlet, it can be

"ween by the operator through the sight glasses described above:and is an inai-
. cation of a-brine flow stoppage. ' The brine level in the electTolyser thus es-
‘tgblished leaves & ohlorine space above of about 100 mm., which is slightly

wedged shaped dus to the slight tilting .of the entire electrolyser assemdly as
previously describded. The *drine overflow pipe” on tho.'nru 0011" uffon ,

:only 1n dota.iln with the Bu.els type described above.

‘rotor ‘assembly consists of four atid -eeel chrome-free dteks,

i hicl: and 1.8 meters in diameter, mounted dn a a steel drive shaft -
fhe/ disks ‘are spaced
by steel ‘spacer tleeves :

| /Led, the dlsks with t pac
*tically in a Jig on the floor. The center secti nof’
3 then lovereh around ‘the vertical disks with an over-

‘shaft o en 1n the. lection are aligned. with the open-
fredabed ugh, After the

;- adjus
48 ead;v to be lovered. :lnto pouition on. the_.'bottom ele
. Dr wing No 2

the brine inlet to the "drine »
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W;th thil arranganent the level of tho nercury mrraco in the elec-

: 273 m. belov ‘the center-line ‘of the rotor shaft. The shaft and
) ‘heroforo ‘exposed to the corrosive ‘aoction of ths electrolyte -~

) with rub‘bor. "The" drum endl a.re rub'ber-covered and the smt

) The- dm ‘is° norna.llrimersed 4n- tho mercury bath to a dcpth
‘and ‘when the electrolyzer 1s-in oparation the steel wall of the drum 1mz
3:9

ds'a par ‘of the active cathode area.  The'total active cathode area is'l
At was- sta.ted tmt ‘there was _no serions leaknge of ‘elec-

i
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edt.c:lng the:current densit an thus eziendang the a.nod.e L1t 5
ng the elevation  of: the mercury 1evel in

‘;lmin.a.te percury 1eakage from he stufﬁn}g“
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oqni:v'nd vith alarm- onhu or
a1 suxilliary alarm which was sounded 1! 1
04 by & devioe driven -Dy-the-rim-
‘the rotcr shaft and worked on the oentrifugal.
_necessary as it vas possible for the rotor 8
have the drivo motor running, cnnh as vlun ih

supported by small rubber blocks which.rest.on the top. o{n'!uo of. ¢}
displucers. The platss are fastened to each other with mhite ‘8
mcd.e arranncment s shown in Exhibit 3. and. 1n H.O.

two sizes, each of 80 xmn. x 340 mm, oross section. .
1860 mm., and 1050 mm, - The she short lensths are also sewed. 1n

deternined on-one slsb of each lize as_1.59 and 1,63 'respe
ported tc.average 1,60 with a corruponding porosity: of 245

. ca.use. f£irst, single pleces of

shape. - as. sbove T mer are mads to. 014 Suag1y fa the.
plates. nnd. are inurted by tappinc vith .. voodon n:l.lot. o

J g m mpbite anode roqniruont for ono oloot.rolnor 10 1600 !¢.
purchued and 1375 Xg. after mhintns. N e _ _ _

‘The lower plates in the ancde une-blv ars made in two pleces be-
sufficient length are not obtainadle and, se-

condly, the wastage.of materiel is not as groat on. tvo thort piecu as 1t .

\rould. 'ba on one long- pioeo.

!ha -nodo stenu are’ made fron n:hnilar grsphite. roce!ved in the

s m. 1 d.iameter and_,765 um, long. These are
ple.nt 4n the form of rods, -61: n ve, iy 1“0  ore

and 210 mm,. deep in- + ;
acy in centering this hole.




-nirasvle mcodlnc— 1apregnation,.
m:)rognant used, and to at’or'!

Whenthe ‘pmt Iwas’ t!rl -ga.rtod"
andthe :netallic/core vasecarried’’

. piteny Yo ‘ 3 luldlty Lo SR | ; tfh’nnd'*eopuer found
mpremtion ‘without “aj r.clu‘ble , are ' _ I S Pt ot PPy hencialp
this surpose, two parts of a grade melting 19007 and~10000:+ are’ added to 1 M Teadrandt irolyte,-alsg. r ;An"contanination:of the ‘“1““?
one yvart of.a grade melting between 130° ‘and 140°C, ; a . '

out in a ‘oylindrical welded stoel” ‘tank; 500 mm, in:

closed at the dottom and fitted with a flang the doconpbur graphite

guantity of the pitch is melted in the tank Dy means of fvo annular gas _‘tmrnori , - -:84n thorteni the: g , e
Tocated around the tank, and'ebout 300° m.;and. 700 ‘! 'bove the bottou of the o stems o ’0; ¢,°:§°1ﬂ1°t§:1:‘tg,,ﬁf:ﬁ&:mlg,:ozzznom:t

tanlk, rewpectivelv- A steel frame mck ned . ) s , ] - to those..cases mra 8 .t- 'broaka 1nside ¢
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e
m'uq cv.mr ylntu. '.!')u nunbnnc ot the nno

an o:p.rhonm oon :
‘but had the graphite anode slade ‘mounted’
passed upward torough openings in the
~eliminate_ elactrolyte.leakage.arownd. the )

Ve. of a seriocus nature at the Huele plant . Y
of reouiring additional coppering to dring:thd: anode: i
tho deotrolynr vhtch dto obltruotod the: overhoad. working

of the outside disks,

need of anode adjnstnent as. tho a.nodes vere 40 bc
the voltage regquirements became exceas.tve. It has’

‘experimentally. that this: prsctiee 15 not'e onomica.i é.nd. {that’ the

Huels decign is prefera‘ble.

th!.u Pipe ‘as: wn ‘as. 8 siniler
=the-] ’ A houre_tirough 8
ipe n.thchod to the mnp' m«q;ncolr Yo
g 0 inc th

~‘In ‘he w:rp mtion piptng botvnn tho pup and ta mlgan disoharge
" clectrolyzor. ‘there is e cylindricn -rubber-1ined vessel approxi--
I,D, and 460 mm, high, equipped with a.remcvable cover, The
from the. electx'olyz ‘v ‘enters this vessel by gravity through a stand~

serves Tive pnrpotesx

’ 1) Hakes a positive aeal againlt ol.ctrolyto entertnz tho Pump -SUC- .

“tion in that the pump will draw air fron tha cm‘ber rat'-er than auckv__

L _the seal loop empty of malgam'

: 2) Provides a point where the piping nnd. outlet veir on tha elect*o-
ished with:water for cloa.ning urposes;. .

v:pipe in the botter which extands upwards about 100 mm, above tke point of entry
The amalgem flows from tne side of this vessel near the bottom, dy gravity,. :
- through the suction.piring to the pu:np Seo x.c. Dra\d.ng !o. 267. This v.euul
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flange 18 aleo v ded mtoruny. 60 =mm. 'bolov the top for
in polition a perforated steel -ulgan u:tri‘bntor pPlate, the function
“of:whichiis, described 1ater. Tour steel:legs are velded to the’ bottom for
supporung the decoxposer on’ porcohin‘ Ansulators which in turn, rest on a
- stee) frame-vork ‘gréuted in the concrete floor., An- amalgam inlet weir, trian-
galar in shape when viewed from above, is welded near the top of ths side
nearest the amalgam pump. It has & flanged round ‘opening to fit ths discharge

' pipe from the emalgam -pump,’ and- an opening . 4nto :the decomposer body approxi-
- mately 400 mm. long by 240 xm. high, the bottom edge of which is approximately

-level with the internal pertonted. plate ﬂange ..In. the addacent ‘side of tne
‘deconposer. 'body nou-e-t ' 15 , : o




3) noutinc to eoo°o in an 1nonn¢d. ron.ung kn.n tnrough vnm;
the graphite chunks pass in-edout a ten ainute -yoriod. comxter
currer.t to hot reducing gases fron gas durners. -

4) Cooling in air. i SR R i S

'J.'ail trutment dcpouitl iron in tne pores of tue mphite rendering
it more active galvanically. It was stated that graphite treated in this
manrner was ten times as active as untreated.graphlte, Wnen the decomposer 1s
newly filled, the sizing of verticles is uniform from the bottom to the top.
In use, tne smaller eroded particles rise to the top where 100 to 160 mm.. . .»
layere are removed and replated with new material when the cells are shut down
for ancde saifting or- reneval The main 'body of grapnite iu seldom distv:‘bed.

Tho amalgam discharged from the pump enters the decompoaer tnrough
‘the amalgan inlet welr, spreading over tho perforated steel plate, through -
walch 1t trickles down.over. tae graphite bed, counter-current to.the rising
liquid. Stripped mercury flows out. of tne bottom of tne 1over conica.l section
, through a’ 2" Tubber-lined pipe a.nd into " "

Hhe purified.water ises throug ik
..~‘tne header in the basement ‘and’ 1s reduced to }. 1n°.h*

pii
: tn.roug% 3 pipe toa point near the ‘eYe :ion
which it le directed:downward oy & 180°-'

E

- o nllpn m:t .t the dottom with
‘the” nm.lgan up .through the center of the de-

‘the distributor plateion to which the amalgam is dis-

charged, The reasons Zfor this design were stated to De compactness and hoat
conssrvation. Thig decomposer is shown on K.C, Drawing No, 317L. In otner
respects, this daoompour wvas atnihr %0 the tm used at Huels and descrided

7&1)070.

At Ludwigshafen it was ltated thst the cauntic liquor produced in
the experimental cells there. and also that produced on commercial scale al

T "Heydebreck, was free of graphite part!.clen and required nq filtration. This
" could-be attained, it was claimed, in any” decompour of thls type 1f the gra- .-
 phite packing were packed securely in place. -This was necessary to prevent.
'the piecel of_ graphite. from moving and- ru.‘b'bing against each other due to. gas
= e ntion which resulte in

ration of fine particles which
3290 -"_old graphite .anodes. aro




LI 1 14 quor’ was M
R “""“" ke "‘Iaf?.a.m" bevid e ""m.qu
on Was oons sable and the neces
m&—u&hﬁcmu at-the. clou»ot thc wr. p-

commion on th' Husls cell is -do up ot oix. coppor
, ‘Crose-<se0tion ench., Thres of these bars are bolted to-
aces. ‘at ‘each ‘end of the dottom' electrolyzer section pro-
“bar 1s bent for 370 mm, of contact, and is over
ox!.ntoly 10 x 170 x 270 =m., which serves to distri-
: 80 mm, studs to insure good contact. Ths ‘contact
) too; and copper are timned and thoroughly clesned defore
akin } “ At sach end of the electrolyser the contact area is
© 0,13 , rmlpasugootleOOupuu or half of the cell load. These
three_cat! bars at esach end of the electrolyzer are connected to ths hori-:
zontal’ main conductor bars of ‘the same cross-section located below-the—cell——
‘ ‘floor. These bars are mounted on porcelain insulators which - .
are supporte n braekots made up of ‘steel angles. The nomul current density
through,,t se bars is 147 amperes per square centimeter. The anode conneo-
Y ctrolyzer ‘coneist of six. wvertical lead ‘bars which rise through
or in tvo gron;n of ‘three bars ea.ch kch group rises,
: ectrolyzer;: Above the floor a set -of f-
ection. ‘are. clamoed to:each, riser '

‘%o tl;o inside of the electrolyzer is. :oqui{ed. and are,
: " Po these four bar sets at each end of ¢ 1,
he elevations of the upper and lower anode stem projections, are |
{ ontal copper bars.of 25:x 90 .mm.. ‘cross. section, -each to con-
ur anods stems normally. 3000 auperea - Half of ;these bars.
‘ly hslf-va; across’ the ends- of the - olectrolyzer to carry: ,current to..‘__
' anode stems in each row, and the ‘balance extends completely -

ot -current to the farther four anodea in each .rov. :The welght
,0f est on b:'a.cket




Two short-cirouiting awitches arc located delow thes floor under the
onds of ench cell. Thete are each of nominal 13,000 ampere capacity, and are
connected between the copper risers fronm negative and positive connectors to
the electrolyzer. The switch is the oame at Husls, Rhoinfelden and Imdwigs-
hafen and is recognized to be of a poor design. ZThe switches used on the hori-
zontal cells at Hoschst, and describded in FIAT Final Report No. 816, wers sta-
ted to be more satisfactory. Operating handles for these switches extend
through the Iloor. It was stated that this location of the switches was unde-
nirable dusc to the inaccessibility for maintainance. At Rheinfelden and
wigshafen the short-cirouiting switches were located above the floor, Three
gshort-cirocuiting bars or " jugpers" can be connected to suitadle extensions of
the cell bus connectors, and are installed when the cell is to be shunted out
of the-circult for more than one hour, or when a switch has to be removed for

maintainance.

) Dus to the shortage of copper during thes war, a considerable amount
of cell room bus-bars were made of aluminum. Considerable difficulties were
encountered with corrosion of these bars by mercury which leaked down on them.
Some of theas bus-bars at Rheinfelden were decreased approximately 50% in
cross-sectlon by this corrosion and it became necessary to diild a protecting—-
cover over all bars exposed to mercury drippage. All bus-bars were painted.

- CELL OPERATIONS.

The Huels plent was tne only operating vertical cell installation
visited and, therefore, this section 1is devoted to- a deecripti\n of th.eir me-

thode. .
s 1 c ¢ .

¥hen a cell is completely assembled and the critical items, such as
electrolyzer leveling and the anode-cethode spe.cing are lmown to be correct. .
,the cell is ready for operation.

In starting the cell, the. operators and the cell maintainance men '
co-operate in performing the following duties:-

1) The cathode disk drive motor ig’ eta.rted.

2) The amalgam pump is started,-

3) Mercury 1s added to the cell through the top of the veesel in the
pump suction 1line. 4As the mercury is added menually direct from
flasks, it flows into the pump suotion and is pumped into the de-

- composer from where it flows into .the electrolyzer. Wnen the mer-
‘cury flows from the discharge weir of the electrolyzer back 1nto

“the vessel in the pump suction line" in sufficlent. volume. ths
addition of mercury is stopped. The mercury required to” tlms
11l the system amounts to 2000 Kgs. for the Huele cell and

1200 Kgs. for the "Drum 0.11" S

‘ The purified brine feod to -the- electrolyzer 1e now sta.rted 'by
1ooeeni he’ pinch-clemp on the fee

oo

“.‘he__bnine_teed.__- S

should de wvarm tomhimire hydrogen evolution, 60°0, deing deeiradle.
5) Simultaneous with ths starting of the brine foed the purified wator
foed 18 started into the amalgam decomposer.
8) Yhen the electrolyzer is full of drine, as indicated through tke

sight-glasses on the brine overflow, the electrolysis is started dy ________

qopening ths two short-circuiting switches simmltaneously. The
efflusnt eloctrolyte and chlorine gas are directed through the waste
chlorine pipe.

Brine and water feeds are now adjusted at the proper rates for the
ourrent flowing through the electrolyser., The hydrogen formed in
the decomposer is vented to the atmoephere by removing the rubbder
stopper, containing the manometer tube, from the decomposer cover,
This venting is done for 15 minuten to guarantee that no air will
be edmitted into the hydrogen viping system,

8) During this same period the air in the electrolyzer has been dis-
placed by chlorine and, after testing to make certain that-the gas
is 955 Cly or higher, and that the Hp content is not over
chlorine and brine electrolyte flowing from the eloctrolyzar are .
diverted to the strong cnlorine main,

This same procednre is followed when starting one cell or a circult
of cells except for the current load. ¥ith one cell, ths starting amperage is
the game 26 whatever load is being carried on the circult, normally 24,000 to
28,00C amps. With the starting of an entire circuit of cells all tne short-
circuiting-switches are in the open position and an initial Yoad of 16,000

-amperes is placed on the cells from the rectifier station. The amperage is

increased .as the chlorine gas concentration increases. This vprocedure is
followed to minimise the wastage of the d.ilute chlorine which is absorbel in

. & packed tower dy 10 to 12% solution of NaOH, A normal curreant load of 24,000

amperes on starting a cell circuit is usually reached within two honre efter
the current is first applied. )

v ST

'!he operatore in the cell room perform the. folloving dutiee.

1) Analyse the gas in the four chlorine pipe headers ‘below the corres-
. ponding cell rows every two hours by sbsorption in NaOH solution in
+ a 100 ml, burette. 'If the Clp plus CO3 thus determined, is below
97'% the gas from each individusl cell in the row 1s eimilarly '
checked to locate the source of the Jow-chlorine. This gas sample
ie taken through the menometer opening in the elactrolyzer cover. .
When ‘the cell with low Cls is located the peroentage of Hg is do~
" termined by the method. ‘previously described in FIAT Final Report
" ¥o. 816, - If the By is.low the cell is examined for air infiltra-

" tlon; if -high other checks, described later, are ma,de to d.eterminew

. the ceuae and make corrections.

2) Determine ‘the percentage of eodiun in’ the amelgam leaving the




4)

5)

" 6)

_7)

olectrolyser from each cell every 13 nours. !hg.l sample is securecd
with a glass tude dipper from the vessel in the pump sustion line.
¥ith norzal amperage of 24,000 - 28,000 eres on the circuit ths
soalun content should be from 0.1% to 0.3%. . If higher, the meroury
entering the-cvsll is checked similarly for sodium content to _check
the efficiency of .decomposer operation. This saxple is taken with
the same glase dipper through the ¥ wasb-out pipe in the mercury
feod weir but only after the pipe bas been thoroughly flushed with
water to displace the stagnant mercury contained in the pipe to
assure a ropresentative saxmple. Ths sodium content at normal loads
should be O to 0.01%. The apparatus and method used for determining
the sodium content of the amalgam is descrided in FIAT Final Report

No. 816.

Check the density of the HaOH solution from each of the four caustic
mains in the basement with a hydrometer every two hours. This should
be such as to give 49% to 51% NaOH. If nigher or lower each cell
decomvoser in the row is checked individually for the cause by sam-
pling through the manometer opening in the cover and the required
water feed adjustment is made. :

By froqu.eﬁt inspection, insure that cathode disk rotation erd amal-

_gam punping proceeds without interruption. :

By periodic checkcing, insure that the positive pressure of the hydro-
gen in the decomposer and the’ chlorine in the electrolyzer are mein-

‘ tained at approximately 20 mm, BpO.

By periodic bhecld.ng‘. insure that the flow of ‘brine. to the electro-
lyzer is uninterrupted and is maintalned at the proper volume as

’ indicated dy the rotameter.

By observation through the sigl;t—glasses,—make—cert&i—n—‘ahat—the
electrolyte discharge is flowing from the. amalgam exit welr. If

this flow is stopped the pipe should de flushed with water as later
descrided. . . T A T : :
By periodic inspection, make sure that the flow of purified water .
into the decomposer is maintained at the proper volume as indicated
on the rotameter, L ) oo -

At least once every twelve hours, and more froqﬁénflj if required,

‘flush out the amalgam pipe lines with water  to remove amalgam and

crystallized caustic adhering to the pipe walls. This operation is

done:at two points. First, the discharge pipe from the pump %o the

decorposer and the suction pipe from the vessel in this line ‘to the - L

. pump .are’ flushed simultaneously by -lipping.th.va’ter hosé.over the
. 15 zm. pipe near the stuffing box on the pump &nd applying full . =

- pressure for a ifgy_,:minuté_s. "Schnd'lf , the amalgem pipe from the;" SRR

vassel in the pump sustion lino bdack to the smalganm didcnarge
wolr, the weir itself and aleo tho elactrolyte discharge line fron
this weir up to the drine ovar{low, are simmlteneounly flushed dy
ap~lying water pressure with a home to tho top of the stand~pipe

" {nside the vessel in the nump suction line. - This-coanection-is
mads with & hose fitting eguipred wiih a rubber stouper that fite
tightly into the mouth of the stand-pipe. As previously stated,
the analgam pump is momentarily stopped for this operation., Tne
efficlency of this washing is obsorved through the sighi-fiasrces
in the brine overflow. » .

10) Once each 24 hours, and more frequently if required, the mercury
inlet weir and the moutt of the mercury inlet pipe to this woir
are similarly flushed to dislodee adhering materials and to move
them into the electrolyzer.

11) Periodically, vieuali:v check the amaleam circulation tanrough tie
cell at the vessel in the pump suction line. Add mercury to ‘the
system if warranted. .

12) Make perivdic inspection of all cell Boints for deakace and when
found, talke corrective measures to stop any leaks thus discovered.

13) Dalke voltage drops across 'each cell once every 24 hours.

I

J]._tlt) Switch any cell or cells out of the circuit 'which'cam'm-;:t be amain-
tained in good operating order. This should be done, for example.
when the pump or rotor drive motor fails. ' ‘ .

15; Keep written records on opers:ting-iog sheets of all analyses nade,
irregulerities in operations, corrective measures taken, and any -
¢cther: 1nformat_ion.easent1al to subsequent operators or plant super-

. : visors.
' ‘The brine used at Huels is made by dissolving rock salt in depleted

- brine returned from the electrolyzers. The saturated brine thus formed is

then purified for calcium, magnesium and sulphate removal.. The equivment and
methods used are similar to those describded in FIAT Pinal Report No. 816
titled "Horizontal ‘Mercury Chlorine Qells" , and will not be repeated ‘nere..

S A typileal analysis of the purified brine as fed to the cells 18 as

followst- R T N PRI
. " Nall w--= 300 gpl - Cal = . Q0,005 gpl
‘FagCOg —- 0,2 gpl ~ Mg0 -—-- 0,003 gpl-
NaOH —<-- 0,001 gpl . ' Clp =-— 0.3 gpl c
NagS0s —- 2.0 gpl TS

oo

g proven that the brine from the electrolyzers should'




bave a miniwom ¥aOl contents of 2340 gpl to avold excessive H3 evolution and
increased voltage requirements. ZThe preferred concentration is 360 to 370
€pl Hall, 4 typical analysis of the efflusnt drine isi-

Na0L ——— 265 gpl
XaOH ~--—- 0.02 gpl

080 ~=-— 0,005 gpL
m ————— o.m w

The above conditions require a flow of brine into each electrolyser
of 1300 liters per hour when operating at 24,000 amperes. With this flow and
wvith approximately 45 celle in operation, the electrolyte temperatures are
stabiliged at 759C., entering and 85°C, leaving the electrolyzers. ZThese
temperatures are.ideal for good opsration., When 100 cells were operated in
1944 and 1945 it was necessary to spray-cool the fesd brine to attain these
temperatures and prevent ths boiling of the electrolyte in the .electrolyzer.

- The principal effect of excessive temperatures in the electrolyzer is on the -

rubber-lining, the life of which is greatly reduced.

It was stated at Buels that impurities in tze feed brine such as.
calcium and magnesium ceused high hydrogen content of the chlorine gas by
forming unetable amalgams which immediately decompose in the electrolyzer.
Partial removal of sulfate was necessary to prevent an excessive accumulation
. .of this impurity which would increase hydrogen discharge and the rate of

.anode wear, The gensration of hydrogen in the Husls electrolyzers was stated
to be less of a problep than with the evolutlion in other t¥pes of mercury
chlorine cells, The fact that there has never been an explosion in the Huels
cells would seem to substantimte this statement.

o Ths oirculation of electrolyte for resaturation at Huels was stated
to result in the loss .of 5 gms, of mercury per m.% of electrolyte circulated.
The weak brine from the cells contains about 7 gms. of mercury per n.3 which
loavu_ about 2 gus. per m.” in the saturated brine returning to the cells.

The analysis of the filter cake from the Kelly-type filters used in

. 'the brine purification procese has snown that the main loss of mercury ocours.

in this estage. It has been estimated that about 60 percent of the mercury - -
normally lost can be attriduted-to the effect of filtretion. No attempt, how-
ever, hags been made to recover the mercwry from the filter cake since it was
not believed to be worthwhile in view of the fact that mercury was not ex-
pensive and sufficient quantities were avelladle. . . :

 The ‘greatest loss of nerﬁnry in filtration ococwrs when 1t exists in

the metallic form. ~Yor this reason, the addition of sodium sulfite for re- -
moval of the last traces of available chlorine is kept at s minimum so a3 to
avoid any appreciable reduction of the chloride 'to metallic mercury. Other -
aspects relative to mercury in the drine is discussed in the previous FIAT |’
. Final Report No, 816, ' o - L A RPN

[

. the amalgams from the electrolyzer and tims minimized amalgam ’decox_npo.sit'j._fo_n.

Xlegtrolysis.

Electrolysis in both the Huels and Drum-type vertical cells takes
place between the rotating faces of the cathode disks and the graphite anodes.
The chlorine ions give up their charge on ths faces of the graphits anodes and
the ‘gas thus formed rises through the body of the slectrolyte to the echlorine
space adove. The sodium ions give up their charge on the surface of the film
of mercury on the rotating cathode disks. The metallic sodium tous formed
izmediately combines witb the mercury film to form sodium-analgam. This so-
divn-amalgam is then swept from the rotating disks as those portions of the
disk faces enter the main body of the mercury in the lower portion of the olec-
trolyzer body. Thie removal of the amalgam from the disk faces was said to bo
doth physical and mechanicl in nature. The amalgam having a lower density
than the mercury bath, tends to be wiped from the disks by the bath, and se-
condly, the concentrated amalgams on the disks are removed by dilgti_on with
the mercury in the bath. The concentrations of the amalgams on tn_o disks at
any cell amperage were not known but sampling had {ndicated that the sodium )
content of the mercury in the bath increaseé uniformly as 1t flowed ncross the
electrolyzer. : )

. During the early development work on the vertical cell it was thought
that the.metallic sodium formed during electrolyvsis combined with mercury on
the disk faces which was there due to amalgamation of the steel, Later this
theory was disproven when experiments ghowad: that mercury in a film approxi-

. mately -l mm. thick, 1is actually transported by ‘the rotating disks. As the

disk faces rise from the mercury bath tbe mercury tends to flow downwards due .
to gravitation and thus forms a fluid eathode surface. Thi( surface or cur-

"tain of mercury must completely cover the steel digks to minimize hydrogen

¢ ) sporting mer-
evolution.. The disk surfaces were sald tc be incapable of transportl
cury in the above manner until electrolyzing current was g;_p?lied g.nd repair}ed
this property for only a few hoursf.after‘electro.lysil_,yas stopped.

’ ork: of Totation.and
: Bxporimental work has also proven that the apeed of Tro n .and,
the "diamet;:g of the steel disks are controlling factors in cell operation.

1f the disks rotate too rapidly the mercury film is thrown off by centrifugal
force; if too slowly the mercury 1s not lifted sufficiently to cover the

k - tely covered by a
entire disk, The maximum disk diameter which can be ‘comple 4 . DYy
“mercury film was said to be.approximately two meters. The Huels plant opera-

Y 6 both Ludwigsbafen
ted h a disk rotation of 7.5 RFM and 7.0 EPM was used at h en.
a.:d. ;ih:in;elden. “The diske are always rotated in a clockwise direotion when

" yiewed from the drive side of the electrolyzer so that the concentrated amal~

gams are removed from the dascending faces on the end of the electrolyzer to

which the amalgam exit weir is bolted. This provides for rapid removal of

'

R Ry | : . o
_.ii.07. “Béth the Huels and Drum Cells were designed :o;' 24. & -
‘tion with current densities of 2400 and 1720 .amperes per-8q. meter reg;:q_qt:lvely.




The range from 24,000 to 28,000 amperens wne sald to give satiufactory results
at the Huels plant. Muslo ané Eheinfuelden nave otk opsrated for short
perlods at 32,000 amperrs, Tho *Drum Cell" was opern..d at 40,000 ampores,
exporimentally for two days, At their rated capacities both type cells have
current effictencies of 917 o 977, Loss of cwrront efficienoy was stated to
be due primarily to rocoudinntion of sodium and chlorine in the eleotrolyxzer.
Normal hydroger. contoent of tils chiarine was 0,63 to.1.0% for the "Drum Cell"
and 1.58 to 2.05 for tho Huols type. It wns statod that the volume of hydro-
<en evolution in the clectrolyzers wes essentlally constant regardless of the
amount of .eloctrolyring current flow. Ths principal objection to operating
the ceslls above tholr rated capacities was the extessively high temperatures
croated in the elecirolyrers and ths deleterious effect of these-temperatures
on the rubber linings. Whan operated below 24,000 amperss the current effi-
clency of the cell in aleo lower. An experimental run on the Husls-type cells
at Rheinfelden with 14,000 ampores gave an 855 current efficiency. '

During the experimentsl work with mercury-displacers, as previously
dascribed, it was found that the magnetic fields set up in the electrolyser
had a bralzing effect on the cathods disk rotation. "~When operating with the
present one-plece rubuver-covered displacers at 24,000 amps., the disk drive
motors require 200 watta, At 26,000 amps. these motors require 300 watts.

\With porcelain mercury displaceras there was no change in the power reciuiro-
monts of the d.riv’o notors when the electrolyzing'cﬁrrent was changed,

inode Wuar and Voltage Requirqments.

. At the Huels plant the voltages acr‘osa;the‘electrolyzer leads with
new arodes, spaced 5 mm. from the cathode disks, arel- R ,

3.9 to 4,0 volte et 24,000 amperes --
4,0 to 4.1 " ¥ 26,000 "
4.1 to 4.2 ‘" % 28,000 ¢

48 the anodes wear and the rpace botween the anodes and cathode disks increa-
ses, the voltage also increases. With fixed anodes, at 24,000 ampe ‘the
voltage increases from 4,0 volts st.the start to 5.0 volts, at the ond of &
5 month period, when the anode-cathods gap hae reacked 30 mm. With present
pract}o&. the anodes are switched at the end of this five month periocd; this
: _yiys dong by exchanging the positions of ‘the two mnodes between any two ;athod.e
/dlsks and thereby presenting essentially unworn'anode surfaces to each disk, ‘
‘The cathode<anocde gap is agaln set at 5.mm, during this exchenge. . When Te-
started, ths voltage is 4.2 volts which increases to 6.0 volts e.;:~ the end of

a second five month period, when the anede-cathode S . g s
€ month ] Q, o distance has again reached -
30 mm, After this total period of ten months, the: anodes with sppreximately

35% of the original graphite still remsin “ddecarded, - ?
e a8 : emsining are discarded, If. the anodes
were not:exchanged after the first five months, the voltage would reach 6.0

:oiigs_hin» 7 to'8 months. Due to the present scarcity of graphite and labor,
‘ t;‘o'e;;r’ ::;ei:is );ave been permitted to operate for seven additional months after
irs ve-month anode exchange,. At the end of this. period, .the voltage

Tequirements were 7.0 volts and the' temperature of the electrélyte

leaving

' V

“the anodes are wedged over to._make_the anode-cathode gap S mm. and ‘tne cu

- @stablished at 5.0 mm, and the anode posiiions were exc

- of operation. _
_moved, This total run of eight months

- graphite consumption. With the sbhove,
' 24,000 amperes arei- e

. A few _ceiig’ have been operated with.
. described above for the Huels plant.

' the average voltage ‘requirements droppe

tho electrolyzer was 95°C, The anodos, wnon discnrded, contalred nnnrexirntely
265 of their original graphits weight.

Tho anodic end-plates with oval ehnped openings 10T t0o inc i Aiaug,
giving gome degres of adjustzent as provicusly referrct tc, are in une on i Tov
colls. Tho voltage requirements are lower. Tae cell at startlay wiin now
anodes at 24,000 amperes requires 4,0 volts and reanches 4,8 veclte at the end |
of 3 months., Ths cover is then removed from the olectrolyrer and the anoldcd

over toward tho cathode to again estadlich a 5 mm. gap. The cecl: is
reste=ted and requires 4.3 volts. After a period of 2 to 3 months the :
reaches 4.8 volts wnen the cell is again stopped and the anode plate foctt
are exchansed, The anode-cathode gap is agein set to 5 mm, The coll =t -t
agaln et 4.3 volts and reaches 4.8 volts in another 2 to 3 month perlold. A;rin

12 re-

starts at 4.6 volts. At the end of a total period-of 10 to 1l montns the vel-
tage reaches 5.0 volts when the anodes are discarded., This adjustable ansde
feature affects appreciable savings in emergy at the expense -of lacrecased mein-
tenance labor., It was claimed tnat when all cells are equipped with sdjustable
ancdes, and labor and graphite are available that tne averazge voltage reguire-
ments per cell will be 4.3 to 4.4 volts at 24,000 amperes ccmpared to tre ure-
sent 5.0 volts. It was also pointed out tnat the wer-time graphite now in us=2
is inferior to sgraphite made from petroleum coke and; when available, suouvld
further reduce both voltage and graphita reauirements. :

During. the months of December 1944 and January 1945, when operations
were smoother, the average voltage across each cell was ,4._50 volts at.24,Cl0
amperes and 4.98 volts at 30,000 amperes. ’

At the Rheinfelden plant, discarded anocdes from the verticel cells
were further utilized in tneir Billiter cells. ‘The anode-cathode gap was Tre- .
. ' hanged after -1 mon‘ks
At the end of a- second four-months period, tre anodes were re-
in the vertical cells before utiliza-
give the greatest economy on overall
the voltage requirements per cell at

tion in the Billiter cells was said to*

4.60 voltg _

" Start with new anodes .......oi.eme--
.. 476 "

After 4 months ...+& .

"Restart .ieese-e .. 4,200 "
4,94 "

. ‘After a second 4 months'...‘ . 4
.........4-'.46- "v ‘

Average voltage per cell ..

adjustable enodes using the ssme method

“When the angde-cathode gap was reset to -
emoved at the end' of “four such periods,.
4 to 4.33 volte at 24,000 amperes..

5 min,. every two months and the anodes T

toet

L AT
o= BB




Analgnn Degomponition.

In operation, the amalgam docompooer packed with graphite ploeces to wash 1% in a tud vith a stream of water to remove graphite oarticloes and

server to bdring the down-flowing amelgnan in intimate galvanic contact with the ‘ other floating foreign materials,
up-flowing water or caustic solution. The NaOH and H2 formed by the.

action,flow throuzh the pipe connection noar the top of the decomposer to tas Shusting down & Colld or Circuit. .

main in the dasement as previously descrided, The operaticn normally requires : e e . ‘
no attention othsr than the maintaining of proper amalgam and wator flows. At Busls when shutting down a cell the two short-circuiting switchos
] are simultanecusly olosed. The drine feed to the electrolyzer is permitted to
Caustic soda liquor strength of 49 to 51% are regularly produced at 1 flov until” the chlorinated brine is completely displaced, usually requiring 20
Huels. On oaly one occasion, for a short duration, have higher concentrations ] to 30 minutes. This is desiradle to minimize the corrosion of the steel ca~
been produced, This wa3 done experimentally and 55 - 60% NaOE solutions wore , thode disks, and also to prevent the liberation of chlorine when the electro-
made. It was claimed that 70% NaOH could be made in the decomposers, if de- I lyte is drained out. ‘The Fp0 feed is similarly left flowing into the decompo-
sired. With the 49 - 51% NeOH and londs from 24,000 to 28,000 saperes, the ser to strip the sodium still contained in the amalgan and to dilute the NaOH
temperature_of the. effluent caustic solution is 85 to 95°C. . % in the decomcoser to a point where crystallization will not take place at room
' : : temperatures. After the above period, the amalgam pump and cathode drive mo-
If the graphite packing is not held tightly in place, erosion of tho : ' tors are stopped. The cnlorine-free electrolyte then drained from the electro-
sraphite occure as previcusly stated. The fine perticles of graphita thus 1 lyzer into a steel tudb to collect any entrained mercury, the btrine overflowing
formed are carried to the upper part of the decomposer by the caustic liguor, ‘ the tub to the closest floor drain and to waste. The brine is drained through
which it contaminates. The discharging NaOH solution is therefore very dark " the tov of the mercury inlet weir by loosening the cover bolts. This o:>1?'91‘a-1"_’-on
in appearance due to the suspended graphite particles. At Huels the total loss - ; comnletes tne shut down procedure. :
in graphite packing in this manner amounts to a layer of approximately 50 mm, . ‘ -
every five months, when the electrolyzer is .opened for anodic adjustment or re- ) If the entire cell circuit is to be shut down, similar procedures
Placements. ' are followed, ercept that the flow of electrolyzing current to the cells 1s
stopped at the rectifier statlon. ' o _ )

The treated graphite packing in the decomposers has become .inactive
only on rare occasions. One exception wrs gshortly after the plant at Huels S . S L .
- started, when many of the decomposers suddenly began to only partially decom- 1 o C. . GELL MAINTERANCE. .
pose the amalgam, Investigation proved that the graphite packing ‘had become 3 L e to
_inactive due to contamination of the sodium amalgam with lead and tin. The = . In addition to the usual maintenance requirements on electri: mo :g:'
** lead and tin contaminants were traced to the electrical connections to the . 3 _drives and bearings, maintenence at Fuels falls into the four major ca egor .
" anode plates in the electrolyzer, which were partially within the zone of elec-~ ; 1listed belowi- , ’ N -
trolysis, as previocusly referred to. The lesd and tin amalgams thus formed . - e \J
were decomposed in the decomposer and, it was thought, were deposited on the . : 1. 1) Adjustment or replacement of anodes.
" graphite packing of the decomposer as a skin, This skin of lead and in even- T ' g 2) Cell cleaning. - L T
tually became extensive enough to materially reduce the area of mctive graphite - 9 . 3) Rubber lining repair or replacement. .
—surface and the decomposition of amalgam was ratarded. On tnis occasion 1t was. E i) P and stoppage of cell leakst
necessary to’ ramove the cause of the contamination and also to replace.the . <3 ] e o o IR . ’ ;
graphlite packings in the decomposers. . No serious difficulties nave sipce been™ L ' . .These items will be discussed in the order listed abo
encountered with the graphite packings., Normally the activity ‘of the graphite v ’ T e R DDA EI A

Ve,

> To remove.the amalgam contaminsnts referred to above, 1t was neces- o - .the electrolyzer, ~¢he_cover and the two ano

T Tsary-toremove all the mercury from the affected cells and distill 1%t, The

is said to‘'have an indeterminately long life. Graphite packing is never re-~ : ; “ : B I L
" used; as much adhering mercury as possible is recovered by washing and the gra- .. v ' S ‘ R R ST o
phite is then discarded. S L o ' S . o ont Dractice each cell is stopped for anode adjusiment or -
R ' ! After the ‘18 drained from
end-plates—ar '@0‘;_9‘1 £ "°mtt:°
3t111 was a’ : ted v . » 3 stion. The cover is 11fted off by the manually cperated -
8t1ll was a' emall flame heated vessel equipped with a .condenser end operated = -~ - :gzx;:%_ez:%giy:;:e:p::izozbféff’bdite heve baen removed, The anodic end-plates
-at atmoepheric pressure. Normally the-only distillations necessary are of - c " cen only be removed after the snodic copper glands and rubder sealing rings . - -
. accumulated thick marcury or so-called mercury butter; which is removed from - .« U frem u'zma.mn anode. stem have also been removed. The ‘anodes are then re-
the cells when cleaning. .Ordinarily the only trestment given the mercury is - : " plae heir positions exchanged 1f only part of ibeir 1ife has been ex-
N T R — A A R A Both these operations have been pr‘evioua,l“y_ deacri‘goc‘ll._




The above, Hlus the reassembling and cell cleaning doloribod belovw,
‘normally requires a crew of four maintonance men working for an eignt hour
period. .

Coll Qleandnk.

Normally the cells are cleaned only when down for anode replacemsnt
or adjustasnt, Tho anodes may or may not be in position during the cleaning
operation, After the cover and anodic end-plates are removed the mercury is
drained from the electrolyszer through the valve in the bottom of the lower
section. The mercury is drained into a portadble steel tud in the basement
and is subsequently washed with water as previously descrided. The interior
of the electrolyzer, including the rotor assembly, is then flushed clean of -~
clinging foreign materials such as pasty amalgams, graphite particles and pre-
cipitates from the electrolyte, with a stream of water from a hose, This
flushing also drains through the outlet on the bottom of the lower electroly-
zer ssction and passes through a steel tudb.to catch entrained mercury before
overflowing the tud to a floor drain, During this flushing opsration thin
steel strips are worked dack and forth between tns cathode disks and tns mer-
cury displacers to dislodge materials that cannot be reached by the water jet.
It the anod.ee are in position, the anode-catnode gaps are similarly cleasned.

The covers from the mercury inlet and amalgam—outlet veiv-s are-re-
moved and these devlcee are clee.ned of forelgn materisls by scrapinz witn a
steel tool, .

~ The ca.thode disks are now rotated and visually mspected to make
sure tney are in good operating condition. "Normally these disks require no

attention, The only wear on these disks after years of operation is a slight

pittlng from contact with the electrolyte when the cell was not operating.

Ko effort is made to remove the thin layer of rust from these disks which
appears a few hours after smtting the cell down., This is also true if the
cell is down for an exfended veriod due to:the need of major repairs. The
rust from the disks is cleaned off only if it has become heavy and scaley and
J1s relatively loose., This condition 1s normally found only in those cells

" that have be down_for several veeks._.ﬂhen reguired, this eleaning is done _
with long hand.led wire 'bruuhes 'before the :lueh‘l.ng operation.

. During the electrolyzer cleaning. the decomposer cover is. “taken off
- and the upper layer of. graphite packing is removed and replaced with new, ,
treated graphite. The layer removed is usually 5Y.to 6" deep and consists of
. grapnite fines which have been .eroded from the nut-sized chunke and carried
to the upper part of- the decomposer by the flow of ‘sodium hydroxide. The re-
‘moved ﬁnee ere ve,ehed vith water for mercury recovery e.nd. then discarded‘ )
‘ . The electrolyzer and decomposer are now. re-aesembled th
: replaced thus completing the c8ll clea.ning procedure. ‘ i

. On ra.re occesions. 1t ‘becomeo neceesary %o clean celle between
' .anode cna.nges or ad;]ustments.’ Theu cleaningn are usually made neeessary by

e

Lasa

‘ 'ankecit D.H.' is uled as an eccelerator plnl rub‘ber du.e

~ride.

" the most. frequemt failures.
18 expoded -to the: electrolyt

thick amalgame which collest in the inlet or outlet amalgsm weirs and whion
cannot be dislodged during electrolysis dy the flushing methods previously
dosoribed, On occasions these amalganms effectivoly dam the mercury flow
through tho electrolyser to the point whare the exit smalgams exceed 0.3%
sodium and degin to decompose in the electrolyser. This decomposition of the

with the water of the electrolyte liberates hydrogen., The usual cause
of the thick amalgams is iron, ths source of which may de from the failure of
the rubber oovering which exposes steel electrolyser parts to the electrolyte,
or from the steel cathode disks if thsir-continuous rotation-is-interrupted.
This oleaning operation is performed without the removal of the anodic end-
plates and requires the work of three men for four hours.

While the cell is being cleaned, the short-circuiting -vitohe_l are
checked by an electrician. If dirty or otherwise not in good operating order.
the switch 18 removed for repairs. The switch can only de removed after ths
anodic and cathodic bus bars are joined by the auxiliary dus dars, -or latches,
previously referred to. Due to the poor location dbelow the operating floor
the switches becoms dirty and corroded in a short time and usually require
attention ‘each time a cell is taken out of operation,

- Bubber Linlngs.

The failur$® of rubber linings on the electrolyzer parts resplts in
extensive maintenance requirements at Busls. As the cells were constructed
during war time there has never been any patural rubber available for use in
electrolyz'er 1linings, Various types of synthetlc rubbers have been tried with .
lives of a minimum of three mornths to a maximum of three years; the average

" being approximately 18 months. It was claimed that liningu of natural Tubber.

will last 7 to 8 yeare.

’ ’ ‘ Fard " d.nstriee
- Synthetic rubbers are mnui’actured in the I.G. Farbenin
Hu.els Chemische ¥erke and therefore excellent opportunities prevailed for the

.experimenta.l determination of which type was best suited for electrolLer__

lininge. The folloving mix was stated to be the best tried to date:-

100 parte Puna 85 (no styrene)
30 parte polyvinylchloride -
. 25 parts sulphur

'1th the above mix d.i'bonsolthhcyldinlphide. known in G;:i'::ny as

L S thetic ru'b‘ber with the above 1ngrediente was :
Huels a fewy:onths after the war ntarted d.ne to-u'-lhortage of- polyvinylchlo—

[

The ru‘b‘ber lininga on the eloctrolyzer cover: t I

o b.xes, and the coverings on the. nerc'ury dilplaeerl
nast tbe stu:rﬁ.ng When these or other rubber linings fall and -teel

g the preunco -of, the failnre 1- .0"B. mucatod L '




v

by a razid increase in the hydrogen content of the chlorine being produsel,
and tre cell ie shut down, The electrolyzer is thon -diemantled and the affec-
ted part io usually sent to the Rubber Lining Division for repairs, Oocasion-
ally, small failures are cut away and patches applied in the cell duildirg,
using electric vulcanizers. Experience has proven that tnis type of repalr
has & very short life.

All parts sant to the Rudder Lining Division are first completely
stripped of old rubber; Vulcanization of patches hac been fowmd to ruin any
old rubter surfaces left in place. The stripping of o0ld rubber is done by
" buraing, where possible warpage of the steel part is not objectionable., If
80, the rubber is chipped off mechanically. The areas to be coversd are then
sandtlasted free of all foreign materials and a solution of*Buna S"and zinc
oxide in benzene is imnediately brushed on, to prevent further oxidation of
the cleened surfaces., This is allowed to dry for 6 hrs, Rubber cement méde
of "Puna S%, benszene and a resin called "CORPESIN" is then applied with a
brush to the surfaces and is.aleo permitted to dry for approximately 3 hours.
Additicr:? coats of the latter are sometimes a.p‘alied.. The surfaces are then
read\v for rubter covering. . .

A1l electrolyzer surfaces are covered with 6 mm. of rubber exce*)t
the mercury displacers which are coversd with 10 mnm,, ¥oth thicknesses being
aprlied in one sheet. After careful-moulding of the sheet to the surface to
excluie air, the covered area is tested with e high voltage spark for flaws,.
~If nc flews r>e “cund the part is moved into & steel vulcanizing chember,
-When the vulcanizer is sesled shut, saturated steam at 3 atms. pressure is ad-
mitted for a period of 2% hours when vulcanization is complete. The Yul- -
“canized covering thus 'a.polied was said to have a Shore hardness of 909 to 959,

All cell piping and fittings are similarly rubber covered. AS pre-
viously mentioned the original rubber linings in- the deco'nposers ware .found
u.nnecessury and are not repaired or replaced..

Prevention pnd S mgggg of. gl;l, gﬁ,}gg

- The preventicn and stoppage of leaks in the cells at Huels is a
serious maintenance _ problem. The leaks develop at the flarged and gpsketed )
‘section jeinte, the rotor stuffing boxes and’ around -the anode-stem seal rings.
_ The leakage consiste of either mercury or electrolyte. depending on: the loca~
tion, - . : . .

lyzer sections develop mercurv leaks. The stuffing box racking found to give

the best eervice 1g:20 mm, square, high pressure steam packing made of gra-

© phitized ‘asbestos. The packirg is obtained in 10 meter lengths ‘and is cut.
-with skived ends to form rings. forﬁinse“tion in the etuffing boxes. The gae-
keting materiels for flanged Joints ha.ve already been. described.. :

Mercurv 1leais ere the most" serious.‘, A small leak frequen*ly d.raine ,

¢ 8

eufzicient mercu.ry “from’ a. cell 'before detection 80 e.s to necessitate its

The stuff ing ‘boxes and the Jjoint between the midd.le—bottom electro-~ -

imnedinte rezoval from the oircuit, Yor this reason. as well as tho fact that
finel)r divided morcury is difficult to completely recover from the floor. the
cell roo:m exployecs must be constantly on the alert to discover and atop leaxs.
As montioned before, the leskage of mercury through the stuffing boxes wns of
such a serious magnitude as to warrant the installation of a complete inter-
comected pining systam below ths oparating floor with funnel-like collectors
below each s<uffing box to collect the leakage.

Chlorine saturated electirolyte leakmse from the Joints between the
to» and middle electrolyzer section, tne anodic end-plate joints, and the anode

- 9tem seals are also undenirable because!-

1) The etectrolyte is corrosive to steel, copper ond concrete with
which it comes 1n contact. .

2) Causes partial short-circuiting when dripping off the anodic
end-plates,

3) Creates a nulsance in the bullding by 1liberating cllorine gas.

To prevent the leakages al:o‘ve. all the Jjoining bolts at Husls aro
periodically tightened as the gaskets shrink upon ageing, 4ll packing gland

‘bolts on shaft stuffing boxes are tightened one full turn each week. Flanges -
. nave been stlffened on sections to make more rigid. joints, new bolt holes nave

been drilled to place the joint bolts on closer centers; yet it was stated that
the leakage problem is still not - solved and continues to bo 2 major fault witn’
the Huels cells. .

@L BUILDING, .

The cell .room and allied bulldings in' the ‘cnlorine ola.nt at Huels

. 'was specifically designed for the use of vertical tyve cells. The general lay-

M.C. Dra\d.ug No. 278.

cut of plant 'build.inga is shown in Exhibit No.

The cell build.ing proper 1s approximately 23 m, vide. 16 m. high at -

‘the eaves and 105 m. : long. .The walls and roof beams are of concrete construc-
‘tion, There are two concrete.floors; the basement mt grade level and the

operating floor approximately 5& m. above, The bullding was designed to house.
136 eells in 4 parallel rows of 34 cells each "Only 120 cells have been com-
pletely installed, the remaining floor area being used primarily for mainte-

nance work on cell parts. It is doubtful if this area could econpomically be - .
udéd for any other purpose. The, rectifier room is located adjacent to one end ..

,of the cell building and houses 5 Brovn-(Boveri mercury arc¢ rectifiers, each
“with 24 electrodes, 6 phase, rated at 8000 amperes and 600 voltu, ha:ring at
"'_'full load a conversion. efficiency of 92$ - 93%. S

In tho 'bnilding d.esign. ventilation was given paramount considera,-

- tion o ‘thus ‘keep mer_ury concentra.tiona in the- atmoophare ‘at a min it and 6
. maintain re_e,aonab_le room temperatures for the ‘employees, .’ :ovard ‘this end the -
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vuilding vas mads long and narrov and with high ceilings on both floors,
fhree sides of the bullding were kept free of appendages to permit a maximum
of windov area on bdoth floors, which was further increased by a monitor-type
roof. The oell room plan is showvn in M.0. Drawing Ho. 377,

With this design 1t was stated 2hat with 100 cells in operation the
natural ventilation of the room amounted to 300,000 cudio meters of alxr per -
hour with all vindows open. Under these conditions $he mercury vapor concea-
tration in the cell room atmosphere was sald to rango between 30 to 60 micro-
grams per oubic meter., Cell room temperatures under the same conditions varied
betwsen 3000 in the winter and 40°C in the summer months.

The concroete floors were pitchsd toward two draipage gutters running
the length of the building for the accumulation and removal of spilled mercury
and electrolyte. Experience has provea this design to be inadequate as the
floors have cracked and spalled resulting in the absorption of considerable
amounts of mercury. The collection of spilled mercury has become 80 difficult
in the basement that one area of this floor, approximately 10 m, x 12 m. has
been covered with 6 mm. steel plates, welded together to form an impervious

floor covering. .

Aversie analyses of the. three cell products at the Huels and Rhein-
felden plants have not been kept during the war years due to labor shortage -
and the press of other work. The following analyses were gseld to be typicall

- All analyses sre of the products as they leave the ‘cell except the sodium hy-
droxide liguor which is taken after the suspended graphite particles are re-

moved by filtration.
' NaOE - 50.266° = - Te3’ 0.001
YNap 00z - 0.33% : D3 0.02
‘il

Nap 8103 -'862? - . G

" Na0l - O, * Cu - nﬁ
¥ay 804 - 0,031%" —— N » - nil
¥a C10z - G.00% ' :

. '1%‘ to 1.7% éa'é low as 0.3% with new snodes and as bigh as 306
e with badly worn anodes.) '
'0.02% to 0,08% - .- ST
- 0.01%. to 0,06% .
‘ oom 3:0. 0.20% L

'
v




The operating requiraments at the Rheinfelden plant were never de-
finitely cstablished becauso 16 out of the 30 vertical cells were placed in
operstion less than gix months before operations ceased in November 1944, and
also because these.cells were operated in Billiter cell circults. Operations
at Ludwigshafen never reachsd & commercial stage. This section 1is therefore
devoted solely to these requirements at the Buels plant.

’ Operating requirements at the Puels plant have covered a wide range.
Operation with a new type cell, previously untried on plant scale, were started
during wnr-time with the accompanying scarcity of good labor and naterials,
Since the end of the war and Allied Occupation, the conditions of labor and
materials wes stated to be even worse than-beforgd The plant, thereiore, bas
never sxperienced a period of vhat might be termed normel operations.

During late 1944 and early 1945, essentielly-all-cells were in opera~-
tion and 3000 metric tons of chlorine per month, or 100 tons per day, were
beingz produced. The operating requirements adigcugsed in the following pare-

. graphs sre for this period of operation, representing only the cell room and
graphite shop. : . o L . '

Labor,

A total of 66 people were employed each of whom worked 56 bours per

week, 8ix of thie group were electriclans and ten general mechanics who worked -

days on general maintenance work, The remeining 50 euployees wére divided bet-

" ween shift and dsy work on operations and allied ‘work. ' This group. is segrage— .

ted into shift snd day employees bolow with thelr job duties:-
' ¥orkers per SHif% ‘Morkers por Day
"1 Leader - " '2 Day Leaders A
_ 6 Anede Manufacturers . =~
6 Anode installers o_r*elmnge,rr J

~

. 1 Mercury ‘Collestor & floor
. .cleamer,- . Co L

' ) Focker Room Attendant - 7 Generals T .
e S ‘ 3 Mercury Collection & clean up

B,bté,l"orkeré per Shift -1 Supply Room Attendant

24 Total Workers per Day. '

The total operating plus gene~il maintenance requirements astri
ton of chlorine produced wast- ‘l"-" ents per metrio

66 Xgployces x 56 hre,/yk, = 5.26 manhours per metric ton
100 tons Cly x 7 days per wk. chlorine.

Repair labor requirements for this period such as rubber lining.
etc. were not availadle, :

¥aterlale

During this same period mentioned above, 6000 metric tons of raw
salt, 2 metric tons of mercury and 20 metric tons of anode graphite were con-
suzed por month. Unit consumptions would be:-

: S = 2.0 metric tons raw salt per metric ton chlorine
3000 tons Ol

= 6,67 Kge. graphite ver ° '

0 8 : 000
: metric ton chlorine.

3000 tons Clz

%_3000 ' ~ 0.667 Egs. mercury per metric
2000 tons Olp : . ton chlorine.

it should be noted that the war-time graphite wae considered to give

: 80$ of the life of high qiality petroleum coke graphite.

The large mercury consumption was due primarily to cell leaknges.

During this period an averags of 1300 Kgs. of mercury per day was collected.

from traps, floor drains, and general floor areas. Only a fraction of the

. 2 tons of mercury lost monthly were accounted for; 7 kgs. in the sodium hydro-- -

xide, 18 kgs. in ‘the hydrogen and 500 Kgs. in. the brims. The balance of the
lost, or 1475 Egs. per month, was unaccounted for. _ R

" Overall energy consumption in the cell room including 4.C. and D.C.

va‘é'A-lS,OOO K.¥. per hour or 000 K, ¥ 4 _nhrg, = 3840 KWH per metric ton .
oo T . 100 tonse “per day - chlorire.. L

T Purifiesd water for vthe}hmb.lggnie_édmpose:s_ was ‘consumed at the

' of.7.mb.‘3‘pe: howr. - o S
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Ione Position Locntion
| ‘1.6, Parbenindugtrie
Oswin Nitgschke Bmt.. Inorganic Division I glan:, a: Andust

Rated capacity inamperes « . . .+ o « o o
Xg.Cly per day at 92% current effioclency

Sonstruction Patn

Length of unembled cell owploto.
Width *

Height " " - .

Height above floor,

Number of disks .

Disk diameter ,

Drun diameter ,

cathode area, S .

Disk thickness . ..

Disk spacing, center to center wm.
Depth of disk immersion in Hg,

Anode to cathode distance (New anoaes;
Number of anode plates . . .
Thickress of new anode plates, mm.
Number of anode leads . , ., . . .'.,
Mercury requirements+Kgse——+—— -
Anode graphite weight in cell, Egs. .
Weight of electrolyte in cell, Xgs. .
Velocity of disks, rpm. . . . . . . .

: EQ, octrd cal Dgg

Cathode current density. amperes per sq. . ) , 2400
Voltage, new anodes . . . . . . .., . .. 4,00
Voltage., 11 months 6ld anodes:. . .« . . ; ©. 8,00

- L (10 months)

L]
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) 1.0, Farbenindustrie
Plant at
Ludwigsbafen.

¥erner Honsberg Director of Electrolysis

Werner Kinzer Engineer-Chemist Chlorine Dept.)

OPG!‘NMN

1.G. Farbenindustrie
Plant at
Rheinfelden. -

Albert Manager of Chlorine Dept'.

D
- N
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LG,
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_a in E£ entering electrolyzer T L : v . .Oﬁ . . 0.0"
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' vSp. Or. of feed. to coll (corrected to e 1.195 71,198 L
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("’ ~ e . ) ) » Coples of the reports, documents and microfilms listed below were transmitted
to Washington, D.C. Requests for this information snould be addressed toil-

Location 1 ' gffice of Publication Board
.8. Department of Commerce
Huels Washington 25, D, C,

. - Ludwi i '
. gohafen ] Notex M.C. Drawings are listed in Appendix IV,

" y .
. Rheinfelden 1 Belated Reports Published by the Joint Intelligence Objectives Agency.

" PIAT Final

431 - Survey of the chlorine and caustic plants 1n
: Western and Southern Germa.ny. .

816 . ;. Horizontal mercury chlorine cell. I. G. Farben-
industrie. A.G, -

Related B.eports Pu‘blished by the Combined Intelligence Ob.jectives Sub-

- Committee,

CIOS File . . :
~No, . RMtdle
XXVI - 62 - = The German chlorine industry with particular emphasis
' on 1.6, Farbenindustrie, A.G. and the war inflnexib”e.

‘ XXVII- 85 " Miscellaneous chemicals, I.G. Iarbeninduatrie. A G.
' ‘Iudwigshafen and Oppsn )

German documents coitain'ing infomation on mercury chlorine _cells. :
27 Operating data and costs - I. G. Chlorine planta
o L1942, 43 44, "Chlor-Uko". 816-'.,» o

Technical experienco exchango ot olectrolyaiu d.epart-,
ments. ,(Technischer Erfahtrungeaustausch aunf dem ~ . ..
. EBlektrolysen. Ge’biet) Roporta of four 1.@. plmts.

‘ '1939 B . ) . i
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Technical oxperience exchange of electrolysie
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" Minutes of tho January 1942 mesting of the chlorins
sub-conmission (Chlor-Ukn) report on vortical cells

dem Kektrolysen Jediet), averags for I.0. phntt.

1939 .

Mercury cell data average for all 1.G. plants for
1938 and lst quarter of 1939, including 1939
average for Hooohst plant.

at Huels,

a. Microfihl of papers related to vortlcal chlorine cells from I.G. Farbea-

1nduatr1. chlor-l‘ako me

.. Zxperiments a.nd. results

Development of the vert

etings.

Syblect. covered

ical mercury cell

The vertical 'round. cell

...xperienceu \d.th the vertlcal mercury cell

at Rhsinfeld.on.

witho.the ve:rti.cal

mercnry cell at Ludviaha:fen.

" Further research and experience with vortical o

mercury cells at Ludwigshafen.:

: _L'n ‘amalgam cell with ln

Comparison of the cost and space oocupiod

vertical and horizontal

clined ‘cathod.o.

| et To. 08
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267 - 370
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Bottom Section

_ Rotor Details
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ABSTRACT
Potash has boen made commercially in o;ly one mercury cell plant in Germany. The eper-
stion is almilar to NaCl electrolysis but Is mere critical with reepect to brine purity, current
density lmitation of 2400 smperes/m?, and Incressed electrode specing of spprozimately

vom e -3 mama, Curvent efficlency averages. 93. percent, cell voltage. 4.3 and bydrogen. L8 porcent, .
» Cost data are tsbulated for the first quarter of 1945,

S

Introduction

‘Historical’




INTRODUCTION

Objectiver
The parpose of the Investigation was 1o determine
__the maln differences ln design snd operstion of mercury
celle In the productlon of caustic potash liquor, as com.
psred with that already described for the produciion of
csustic sods, in FIAT Final Reports Nos. 732 and 816,

Bnlnglou:

Operation of horizontal mercury cells on KCi and.

NaCl brinc was found to be remarkably similar in most
details, brine preparation being the most outstanding
difference.

Guide to the Reader:

This report summarizes the findings at the South
Bitterfeld plant of the I G. Farbenindustrie, A. G.
through personal interview, in the field, - with the
Russian Technical Officers in. Charge, also comments on

production of mercury cell potash by a2 German chemist -

who worked there from 1923—1910, and was in close
contact with the initial mercury cell
poluh at Bitterfeld 10 to 12 years ago. At present the
mercury cells are operating on NaCI hrine, for producing
. the needed quantity of pure caustic soda, the potash
_production "being. confined to the Billeter duphugm
cells located in the same building.

Unit consumption and cost dgulls are lvnllnble in the
"Chlonuan\udl" records of L G. for 1942—1943, which
may be refered to in MC File No. 247. Cell details, or
subsequent operations for handling the chlorine and hy-
drogen are not -elaborated, since they are completely
covered in FIAT Final Reports No.732 (Bitterfeld Plant)
and No. 816 (Hor;zontal Mercury Chlorine Cell) .

-HISTORICAL.

Pnor to the .past decade, ‘all caustic potash liqior
made -in Germ}my was produced in Billeter diaphragm
- cells. . A high purity grnde, for particular uses such as_
for Edison type storage: cells, was obtained ' from !he
dmphragm “cell: liquor . by osmosis, which hegan . ahout-

1930, "After’ ‘two years of expenmental clectrolysm of -

KCl brme in two_mercury 'cell umts, carried on”in_the
. South . Bluerfeld plnnt, cnghty-four—lZ 000 nmperc ce“s
‘iwere ‘installed and first put into. commercml opernuon in
"February . 1936 supplementmg the exutmg Bxlletcr ccll
prnductlon : . : . kR
Bnterfeld is the only plant in Germnny where po’tash

"‘hns‘ “been ' produced commercm]ly in mcrcury cells.
"‘However, :'a “Zsehemdorf near Bltterfeld Kali-Cliemie
{1 started’ experunentnl opernhon in 1939 of two- 14 meter
type YAt thmfeldcn, " one’ verucﬂl

Leverkusen cells

production of

: ‘of untrentcd ‘strips;. bolted togcther
used are 55 mm. X 218'mm.. wide X 165 mm. long, euch =
of: whlch is groovcd ‘with 13. slots “about 5% mm. wxdc'

24,000 awpere cell is belng prepared ot pressst, whth
ausillary equipment, for experimental eperation on KCI
brine. At Hocchot, rensidersiion is slio being given to
experimental potash operstion.

In 1940, potash lquor was being produced commer-
rially in seven German plents;-all of which were mem-
bers of s Potash Pool, for interchange of information.
Theso Incluted the following:

Location % of Total Sales

South Bitterfeld M)
)
17) 68
: )
Zscherndorf 17)

Company
L. G. Farben
Alkaliwerke Westergehn
Kali-Chemio

Luelsdorf
Stettin

Feldmucller

CONSTRUCTION NOTES

The 84 'mer'cury “cells which ‘are installed at South
Bitterfeld for the eléctrolysis of KCl brine are very
similar in gencral to the preferred Hocchst 7 meter
design, fully described in-FIAT Final Report No. 816.
. This is made from ;\Cleel 800 mm. I.beam, laid on onc
side, with hard rubber.lined sides, the lining being beld:

“.in place on the bottom by longitudinal steel strips, lea- -

ving the  major portion of the “horizontal mercury hed-
‘surface bare. The active amalgam<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>