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1. OBJECT CF VISIT

The I.G.I'. Carbon Zlectrode Factory at Griesheim (a2 suburb of
Frankfurt, A.M.) was visited on 19/20%h September, 1945, It was a
"target of cppertunity" selected as a pesult of infermation obtained
during visits to 2ther Facterica,

2. NTRODUCTTION  AND  SUMMARY

(8) The inspection was made by members of the Tesm which wes
investigating alumine and aluminiim preduction in Germany. This
Tisld included the menufacture of the pre-baked anode and cathode
blocks and Sodsrberg pasts carried cut in ancillary buildings. It
was learned that some Reduction Werks cbiained some of their carbon
blocks from Griesheim, sc arrangements were made to investigate the
pars of the procsss carried cut thers which related to this supply.
Ihe Carbon Factories directly asscciated with Reduction Works are
covered by the Report dealing with these later; but it seems more
convenient to describe this Grieshsim Carbon Factory separately.

(b) This Report deals with the raw materials, plant and pro-
cess Tor the preparation of the paste which is used for all the
Grissheim carbons, It includes a descripticn of an interesting
self-firing calcinsr., The Report alsc covers the pressing and
bzking operaiticns for lerge sections, and includes a description
of the largesi extrusicn press there., This Team 318 not investigate
the plant 2nd process involved in the manufacture of small carbon
slectrodes and ssctions,

5. FERSCNNEL  INTERVIEVED.

Dr. Engelbertz (Manager). Dr, Pater (Procsss Su erintendent
= 3 p
Dr.-ing., Gessss {Chie? Inginesr).

;

2en Very extensive bombing at Griesheim, but the

t ornesrned with carbon monufacture did not seem
lally affected, Soms of the rrocesses were in
a5 the Mme of ocur visit,
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]
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€y 2 Meterisls, The following cokes are used as the raw




tel coke; petrcleum oil coke; shale oil coke; and
specially treeted brown coal cokes knownm under the nemes of
Baessweiler and 'S ccke', The twe last-named cokes are a fairly
recent development in German industry. They are manufactured by
flotation and/cr acid treatment, with, we understand, in one case
the addition of pitch before coking, They are characterised by
ash contents of 0.9% down to 0,84k,

;S

(b) DPreliminary Crushing, The ccke is hand-shovelled from
rail-trucks tc a jaw crusher and reduced to 30 mm. in size in the
older train; and in the case of the more recent train reduction
is cffected to 15/20 mm, in a "three-high claw" mill. This mill
takes ths form of three fixed-arm hammer mills mounied one ahove
the other, with clearances betwsen the spider arms and the bedy
of the rill decreasing progressively. This crusher was supplied
by Klocker Hambold, Dsutz, of Cologne, and it was stated that
for cru~hing oil and pitch coke this form of mill required less
power and made less dust than the Jaw crusher instzlled in the
older train,

The ocks is fed to the calciners to a given level from
overnead bunkers {itted with segmental feeders. Each type of
coke 1s serarately bunkered so that mixbtures of coke ean be
charged to tre calciners in the correct proportions and with a
view to the cverall volatile content.

{c) Oalcimtion

(1) Desczistion of Plant, Two celciner houses were seen,
the first containing three calcining units - two for pitch ang
0il cckes, and ons for anthracite - installed in 1937, and the
second contnining six units for the calcination of pitch coke

and oll cokz, and installed in 1941 and 1942,

The calciners themselves were supplied by Reidhamer, of
Nuremberg, and the conical water- jacketed discharge hoppers
sub-contracted to Klockey Hambold, Deutz, of Cologne, and in
principle both installations are the same and consist of groups
of ovens, escll groun consisting of six vertical muffle cells
working as & unit., FEssentially each muffle consists of an oval-
shaped five-brick chamber measuring spproximately 5 metres high
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x 160 cm. x 40 om., fitted at the top with » charging hopper (directly
sited benesth the segmental fecder outlet of an overhead bunker) and
offtake pipes for the gas evolved fram the ccke during calcination,
and at the bottom with 2 conical water-cooled mild steel discharge
squipped with = rotary discharge table (drum type in the latter in-
stallation) for feeding the calcined matsrial on to a plate conveyor.
Each muffle is surrcunded by gas-burning fluss, the flucs of the six
muffles comprising & caleining group being arranged in parallel.

The gas offtakes from the top of sach muffle are led t0 a main and
then introduced to the gas-burning flues at the.top of the calciner
system together with pras-heated air, vpiped from a recuperator system
below the calciners. The burning gas then follows a downward zigezag
path from ton to bottom of the calciners, and ig finally rassed
through the air pre-hsating recuperator before being exhausied to
atmosphere through cyclones and 2 wet washer.

Suction on the calciners is provided by a 30 metre high chimney
and this is sufficient without any additicnal pressure boosting of
the gas. The cnly precaution necessary to maintain the draught is
that pericdically it is found necessary to clesgr cut the gas sscape
ports at the tops of the calciners.

(ii) Dust Precipitation. The calciners in each house are pro-
vided with a dust precipitating unit, these units being separate and
distinct from the Lurgl electrecatatic precipitator serving the re-
mainder of the process. The caleiner precipitlators each take the
Torm of two cyclones followsd by a wst washer, znd the efficisncy of
these cyclones and wet washers was stated {0 be 986, alithough it was
admitted that the discharge efflusnt dust from the stack cculd be
seen ¢leariy. The precipitated dust is thvown away.

{111) Me

tned of Operaticn, Calcinaticn is carried cub whether
the cckas are ©
-

high or lew volatile content. With the calciners
describsd abeve frouble ensucs if the volatile ccntent of the coke

te be caleined exceeds 10p, owing $c the binding and conssquent with-
drawal difficulties of the coke within the calciner, znd thersfore
high and low wvolztile content cckes are miwed., Additicnally, there
is the insurance that even allegedly low volatile-containing cckes
do, in fact, contain only a small amount of wolatils maticr before
being fed to the fursher prcocesses. In this connectlon stress was
laid on the desirability of attaining uniformity in the velatile




contents of the ockes to be processed, As an sxample of the abovs,
Baessweiler coke (brown cozl coke), which by normsl standards would
- not reqguire celcination, is mixed with pitch or cil ccoke so as to
give @n over-all mixture with & volatile content of less than 1G%,
In the event of only high volatile-containing cckes being available
then previously calcined material is used as a diluent, and any
excess gas s11ill then available is used for steam raising else-
where; and cenverssly, if only lew-volatile cckes are on hand,
insuf'ficient in gas content tc effect self-calcination, then means
are available for introducing a supplilementary sup.ly of coal gas
from the Ruhr Grid main. (This supplementary gas supply also pro-
vides a means for starting up of the calciners).

The calcination loss is that to be expscted thecretically,
i.,e., the loss amounts to the meisturs and volatile contents of
the coke as charged.

Given sufficient volatile content in the ccke, the calcina-
tion process operates at 120000., ig self-supperting, and is
worked continuously. The volatile content of the cokes after
calcination wes given as .J3» maximum, and the cutput wes stated
2z being at helf-a-ton per hour for each caleiner group of six
muffles,

Temperature measurements during the caleination process are
made by direct reading high temperature bulb thermometers inserted
through sight holes built intc the bedy of the calciner. (Thermo-
meters of this type are well-known in Germany, and one vwas
evacuated from an Aluminium Reduction Works and is being reported
on separately).

There is no doubt that the calciners were locked upon as
efficient and easily-worked units, and that in the event of
greater calcining capacity being required at Grissheim further
units of the same type would be ins=talled,

N repairs had been necessary during ths first five years of
cperation, and thereafter only minor repairs to the linings of the
mufiles, Four prints giving details of the calecinsrs wers evacuated.

(d) Grinding Plant, The grist preduction planit consists
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essentially of two pairs of roll crushers, several sieving machines,
a fine grinding pendulum=-type mill and a Lurgi elecirostatic precipi-
tator plant, All the plant appears to have been supplied by Klocker
Hambold, Deutz, with the exception of the electrostatic precipitator
and the psndulum mill.

The rolls of both the coarse and fins roll crushers were of
size 80 cm, long x 40 cm, diameter. Normally the rolls on both
crushers have plain surfaces, but for the coarse crusher rolls with
serrated Taces have been tried. We understand, however, that little
advantage was to be cbtained from these serrated faces as compared
with the plain faces, Rolls were made of mangancse steel, and the
nominal setting for the distance betwssn rolls was:- for the ccarse
crusher, 8-~10 mm,; for the Tine crusher, 12 mm.

The output capacities from these rcll crushers, and on the
types of coke processed at Griesheim, were given as follows;- Coarse
crushing, 5/6 tons per hour; fine crushing, 2/3 tcns per hour.

The screens wsre of the double-~deck type 2nd were vibrated
mechanically., The following meshes were in use:- 3, 1, .5, .3 and
.2 mm., It was stated that they found the screening bslow .2 mm. to
be inefficient on a production scale.

We wesre told that they had little trouble with wear on the
coarser stecl sieves, but that with the finer sieves made of bronge
oceasional repiacements were necessary cn account of fatigue failures.
It was alsc menticned that, in order 4o reduce the wear and to obtain
greater accuracy cf sieving, all sieves had been enlarged from the
supplisd size of 2.7 M x 1.1 M. tc 4 x 1,5 M,

The fine grinding mill was of the air-swept (classification)
pendulum type and was supplied by Meunann and Essen, cof Aachen.
Although we understocd wear-and-tear cn this mill wes high, we were
told that it was considersd a satisfactery unit, bearing in mind the
duty, end that it ccnsumed less powsr, had a greater capacity, and
produced a more uniform product than a ball mill, Guesticned on the
point 2s to vhetacs thelr cumpariscn ¢f a ball mill agsinst a pen-
dulum mill for the production of fines was on the basis of actual
gxperisnce wiih both types, the reply given was that this wz2s so, znd
that the ball mill used was of the short barrel type. I% was
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confirmed that the ball mill used vas net of the multi-stage tube
type.

The following working details were given for the pendulwm mill:-

Power consumed 27 KW, for the mill itself and
15 K., for the air classification unit.
Output 500/600 Kg. per hour vhen fed with pitch/oil

cockes of sizes 3/5 mm,
Size of product 964 less than .1 mm. and of this
8C% of less than €01
4;% betwzen .1 and .2 m.

For the ccllection of dust, multitudinous offtake ducts from
the various items of plant were first led to four cyclones arranged
in series which preceded a Lurgi prscipitator. This dust precipi-
tating plant was stated as having an overall eificiency of 99,8p,
and it was said that the ef{luent dust vms the merest haze. The
cost of the dust-collecting system, including the ducting, was
given as 45,000/50,000 Marks.

{e) Processing Procedur:, Tue grist proluction procedure for
the plant described above is that the coke from the calciners is
delivered to the first roll ciusher via plate conveycrs and bunker
and tabie feeder, of feed sizs 15/20 mn, or 30 mm., depending on
whether the coke emanates from the old or from the recently in-
stalled calciners. The product from the first pair of rolls is
passed through the variocus sieves enumerated gbove - the oversize
from the first 3 mm. sieve, which is mostly &/5 mm, in sizes, being
gither returned to the mill or pasged on to fora the feed for the
gecond rcll crusher or for the fine grirding mill., The undersize
is separated into the various fraclions Dy the remaining sieves
and bunkered for ultimate re-compowiding into the final grist.
Similarly, the product froaa the second pair of rells passeés through
the same serieg of sisves and the various fractions obtained
bunkered in one or other of ths five bunkers fed by the screens,
The product from the fine grinding mill is fed ag discharged (withe
out screening) direct to ths sixth bunker, togocther with the dust
collected by the elsctrostatic pre.imitator plant.



For grint compounding, therefore, six fracticns as follows are
chtained: -

2, 1-3 mm.
b. 0,5-1.C mm.
Co. 0,5-0,5 mm,
d. 0.2-0,3 run.
2., Pags .2

f. 96/0 Pazgs ,1

end the ncxt stage in the process is the drawing from the six bunkers
of the various grist fracticns in weighsd amounts according to the
recipe for the finsl grist for the particular type of electrods to¢ be
produced,  EBach of the six hoppers is eguipped with its cwn weighing
machine and is fitted with notor-driven inlet and outlet valves of the
slotted drum type to allow steady Tlow of the material, The weighers
are nowadays manually operated, although previcusly attempts have bsen
made with automatic welghing devices. Autocmsilc weighing, however,
was found to be too complicated to be woerth-while, The wicpghing
machines discharge into a 400 Kg., -capacity travelling hopper via a
quickly-Tfastened canvas jacket which acts as a dust seal, and the
travelling hopper is then hand-operated along & rail track ¢ a mix-
ing room. Discharge of ths travelling hopper to the mixers is by
means of an overhsad cranc,

6.,  BINDER
Sof't piteh was employed for the larger typo of elecirodes, whether

¢
of the pressed or extruded kind. Spscificati.n of the nitch was as
[ellows; -

5. P, 507~ B5°C, (. & 8.)
Coiting residus 25 - 80
Sclubility in benzols 25 « 300
Selubility in anthracene 12 - 134

An additional empirienl test is to coks the material inscluble

<L
i ey ond toor 4o sxumine this visually ror structurc, For a
fiRe teh, o fine-porcd structurs is expecied - contrayviwise, the
shructurs With ccarse pures is taken as indiestive of a poor binder.
This test was (ne agreed upon some twe years agoe as the result of the
pooling of the expcriences of the Association of Carbon Elestrode
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Manufacturers and in their endeavour to standardise tests for
binders. Tho test was not found to be 1004 infallible at Griesheim
but we were told that, generally speaking, they had come tc look
upon it with favour, For smaller carbgns, such as brushes, binders
with a scmewhati lower scftening point were used, and they were come
pounded from pitch and ftar, somsiimes with the addition cof
anthracene cil,

7. MIXING
Four mixers of the tilting Werner Pfleiderer type were secen.
A11 were slectrically heated and were equipped with '"Sigma'

blades., It was confirmed that Griesheim had no experisence with
blades cother than of the 'Sigma‘ type.

Large side dust offtake ducts were fitted, and as seen on
similar mixcrs at other German Carbon Factoriss.

After mixing, the green mixture is discharged into a steam-
heated hopper, and is then sither carried direct to the exirusion
plant tamping machine, or, if it is to be made into pressings, is
lifted by crane to a sccond steam-heated vessel egquipped with a
table feedsr serving a 60 Kg. auto-weigher,

8, PRESSING

The weigned green mixture is néxt passed on to the table of
the thres-container “Hydraulik" press supplied by Wien. The press
is of the fixed anvil floating cylinder type, and is capable of
pressing blocks of cross section 30 x 30 cm. and with o pressure
of up to 1200 atmosphere, Pressing is single-ended and follows
the normal cycle of filling, pressing, and discharging.

We were told that, in the case of anode blocks for Aluminium
Reduction Factories, the shapes of the block head and of the con-.
tract recess were made to the particular whim of the customsr.
The anode blocks actually seen were approximately 14" deep, were
dome-topped, and equipped with screw-iype contact recesses, It
was noted that the screw rocesses were not undercut. The extrac-
tion of the die head was by means of a hand block and tackle,
although the blocks themselves were fully discharged and were
swept from the table on fo roller conveyor by means of a
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hydraulically-opsrated arm swinging horigontally across the tabls.
The rotation of the press table itself was accomplished electrically.

9.  EXTRUSION

(a) Descripticn of Press, The range of extrusions at Griesheim
extends from dry-battery cerbons to elesctrodes of 14" diazmeter. They
have a number of presses of both horizontal and vertical type. The
largest is a horigzontal pruss of 2,800-tons capacity, though they head
on order at the time cof the German collapse a vertical 5,000-ton unit
of wnich pert of the foundation work had been dcne. We confined our

attention to the 2,800-ton horizontal press, which we saw at work on
some small sections.

The motions of the press are hydrsulic., It was made by Eumeco,
with Ardelt, of Berlin, as sub-contractors for the tamping gear. It
provides (2) continuous preliminary tamping during filling; (b) pre-
pressing; (c) extrusion; (d) cutting off.

There are two electrically-heated containers which traverse
independently and tilt from vertical to horigzontal, In addition,
they can float against hydraulic "springs" in the direction of +4he
azls of the press. These containers measure 800 mm. internal
dismeter and 1.8 m, long, tc hold a normal charge of 1,080 Kg. Over
them i1s a structure in which are two filling funnels., This structure
which is 1tsslf mounted on rail-tracks on the floor to permit its
complete removal for repairs cr servicing to the main press, carriss
the temping mechine, which can traverse from one furnsl to the othern
to permit the altcrnate filling of the containers. A movable
pressure plate is provided in front of the die entry to allow for
Pre-pressing.

The die is elscirically-heated, and, of course, can bs changad
to suit the section. The discharge runs on to a rollep conveyor over
sliding plates, and thers are flying shears, Thers is no provision fer
for cooling the extrusiocns, but they tcld us that they had planned
to instal water sprays.

{b) Operation of Press The mixture is brought from the Werner
Pfleiderer mixers by bucket hoist t0 & steam-heated hopper which runs
on gantry railg fiyed 4o the roof above the tamping platform, The
discharge is off-set to feed under the body of the tamping machine
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into the filling funnels. (They planned eventually to feed the
hopper by belt elevator conveyor direct frem the mixers). The
mixture temperature at this stage is 90°C,

A little of the mixture is dropped into the container through
the funnel to form a preliminary focting, and then the tampsr is
adjusted, This temper is a complicated piece of apparatus,
electrically driven, working on the "lazy pile-driving" principle
2t about 80 strokes per minute with a travel of 6" to 8. It alsc
rotates at about 4 r.p.m. The head of the tamper weighs about a
ton, and the tool itself is ccmposed of a ring with harrow teeth
arranged radially, alternately in pairs and triplsts.

The mixture is added continucusly over about ten minutes,
tamping being carried on all the while, When all the mixture
is in, the tamping tool is lif'ted by an idle rope clesar nct only
of the container but the filling funnel also, so as to ailow the
whole tamping gear to traverse and serve the opposite container,

The containers are worked at a temperature of 80° internally
though temperature is gauged by outside thermometer. As soon as
it is full, the conteiner is swung to the horigzontal and traversed
tc the axis of the press, with the pre-presgsing plate down in
front of the die. A pre-pressing pressure of about 100 tons is
applied, and under the influence of this the container floats to
bear hard against the pressure plate, and the pressure is held
for a minute cr so, This pressure 1s released and the main ram
withdrawn, The container floats back and allows the pre-~pressing
rlate to be swung up clear. All is then set for the extrusion
operation.

The total extrusion pressure varies with the sections, the
smallest taking up to 500/400 atmospheres. For the full-size
segtion of 14" they use a presssure of the order of 300 Kg, per
cm”,

The die is electrically-heatsd to a temperature 10/20° above
the container - again measursd by outside thermomster. Generally
speaking, no lubrication is used, although sometimes 2 1little cil
is added to the mixture when small and difiicult secticns have to
be made.
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As the section ccmes out of the mouth of the die, it picks up
the moving plate and is carried on to the conveyor. The flying
shears aye operated to cut the lengths needed, We saw the sxirusion
of a small triangular sscticn with a 3" side and a central hole,
wnich was to bs used for a tram bow collector. It was noted that
normally this sesction would be made in a esmaller press, but the
advantage of this particular installation was its adaptzbility to
a wide range of sectiuns.

We were told that extrusicn was carried to within 1 om. of
the end of the containsr, and thet all mixture remaining in the die
was left in place and pushed cut by the next charge. Care was taken
to cut the extrusion at ths Jjoint, and 21l the cld mixture was
"scrapped", i.e., removed and taken back for re-mixing.

They design their own dies, and have been doing sc for twenty
years., It was admitted to be 2 matter of experience rather than
theory. They have the die rough cast by an outside Firm - usually
Bumeco - in stsel, and then dress it up themselves.

There was no wide departure in the preparation of a mixture from
nermal anode paste practice, but they hrve been trying to reduce
porosity by the use cf binders treated with organic chlerides,

They also reduce pcrosity by impregnsting the baked section in hot
tar and then re-beking., They claim that by this means they can
get down to 12/13z,

10, BAKING

Both extruded and prossead electrods blocks arc baked in a sunk
ring furnace in muffle cells measuring 5' x 2'9%, with dcme-shaped
heat-resistant refractory lids covering sach group of four cells,
The furnace was Tired by producer ges, derived from brown coal
briquettes, to a tempsrature of 1250/1300°C, The firing cycle is
three weeks., Petroleum cil ccke was ussd as a packing powdsr and a
suction apparatus was installed for mcoving powdar out of the cells
on discharge

S e
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APFRNDIX 1.,

Testing Methcds.

We were tcold that the following routine tests were used:-

On the Green Mixture

(a) Density; (b) exsmination of polished sections to ascariain
the distribution and arrangement of the various grain fractions.

Samples for this test vwere pclished under water with polishing
powder.
On the Baked Product

(a) Density; (b) porcsity; (c) crushing strength; (@) electric
(@) electrical conductivity.

APPENDIX 2,

SCREEN ANALYSES OF ITCH COXE FINES FROM PENDULUM MILL

Fraction No: ' Size Egms., Parcentapge
1, 1-2 0.3 4.5
2. 2 -5 2,15 32,0
3. 10 - 20 1.40 2L.0
4, 30 - 40 0. 20 15.5
5. 40 - 70 1.70 25.4
6. €0 -~ 90 0,10 1.5
7. Clrea 100 0,05 c.8
8. 150 - 250 0,088 1,3

Whilst elutriation apparatus was not available at Griesheim,
investigations inte the size distribution and particle shape of the
combined pendulum mill and electrostatic precipitator products had
been undertaken by microscopic examination.

49182/145q/11;5.4@/9.s.q/27.59.2.
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