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HIGH THUPERATUAS REFRACVOHIES AND SPECTAL
CER&IC MaIERTALS,
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Mr, F.H. Clewg, K. of 3.
Mr, R.B. millier, ¥, of 3,
Mr. J. Walker, u, of S,
#r. C.H, Whegtley, #.a.F.

VBJ =0T,

The object of B.I.C.S5. trip number 1252 was to
study the msnufacture of high teuperaiurse refractories
and ceramic materials and obtain information on the
febrication of ceramic turbine blades.

1. HERQANN GOERING LUFLE AHRFFORSCHUNGSANSE ALY
YOLKINHOLR, NEAR BRUNSWICK.

(a) DATE OF VISIW.

The works was visited on the 2nd anda 3rd
Uctober, 1945, The personnel interviewed were:
Frofessor Dirksen, Herr ‘frapp and Herr Bamment.

(b) INIBEVIEY WILld PROFHSSOR DIRKSHEN AND HERR PRAPP.

Dr. Dirksen had been in charge c¢f experiments
on the mechanical properties and thermal shock resis-
tance of various refractory ceramic products. He
briefly outlined the subgtance of five reports which
appear as Appendiz I,

Yhe most important discovery was that although
the compressive strength of the ceramic maberials
tested was considerably grester bthan the tensile
gtrength at room temperature, the two became approx-
imgtely the sawe at about 700° to 800°C.

The spparatusg used for this experimental werk
was exhibited by Herr Trapp. Tenggle tests had been
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largely asbasndoned due to the difficulty of obtaining
true axial loading of the specimens. Instead
meagsurenrents of transverse strength were carried out
in & horizontal electric furnace heated by sillit
rods. Provision was made for measuring the extension
of the portion of the test rod in tension and the
contrection of that part in compression by means of
two mirror systems and thus testing the simllarity of
the stress-gtrain curves for tension and compression.
Creep tests were carried out in this apparatus in
addition 10 measurements of strength. In vertical
compression tests the deformation on opposite sidesa
of the specimen was measured in order to ensure
correct alignment of stress. The apparatus was
orthodox in other respecis.

Tests had also been done on a comparative
thermal shock characteristics of ceramic venturis,
presumsbly to ascertain their suitsbility for
combustion nozzlee in gas turbines and for rocket
propelled projectiles. Combustion &ases at an
eatimated temperature of 1?700°C and approx. 30 atms
pressure issued through the venturi for 5 mins.

The cycle was repeated until fracture. The results
ware poor, most of the cereamic venturis failing by
cracking after one or a few cycles, Cutting the
venturi into three equal segments and mounting them
in a metal case, with or without the backing of
another ceramic venturi was found to prolong the
life.

(c) INTERVIEW WITH HERR BAMERT.

Herr Bammert of the engine division was interviewed
on the application of ceramics t0 gas turbines. Bleades
in various ceramic materials such as sillimanite,

- elumina, porcelains, etc. which had been made by the
following firme were inspected.

Stemag -  Berlin.
Heschgfo =~  permgdort.
Degussa - Frankfurt.

Kobpers - Ausserdors.
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composition of the bcedies he tested, and the sngine
section proceeded on the assumption that ceraric
materials are weaker in tension than compregsion
when hot, despiie Frofessor Dirksen's sxpsriments.
The Germean workers conveyed the impression thsh
they considered that there was a falr prospect of
ultimately providing a method of using ceramnic
materials in gas turbines.

2. SCALIHHATR UND GTA36ING, JUIobiERG
[UTDY ot it e (e )

(2) LaUE OF VISIL.

A visit was paid to this fsctory on the 2th
Cctober, and Herr Kathseriner, the worke managsi,
interviewed.

(b) CONDTLTON OF TARGAET.

The works were badly dameged in parts, oohar
parts were intact. Some of the kilng, pressing shops,
and carbon brick kiln were bhadly damesged, A1 the
grinding and mixing plant wsas intact. Roughly 2B
pey cent of the plant was damszed but & ﬂuncia,rasi
cutput was thought to be possible with the fsasctory
as it stood.

{c) PROLUCTES .-

The works used to msake Lirebriok
ks), siliccn carbids producits, g?
astories, sillimanites praducis;
~aotorien, graphite staoppars and. i
ks and acid resisting bricks.
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(4) MANUPACTURING PROCESSES.

The works is eguipped with & number of overhead
conveyors %0 deliver raw maiteriels from each main
dump to the jaw crushers, from which it passes to the
crushing rolls; it is then magnetted, elevated,
gscreened in rotating octagonal sieves or double banks
of vibrating sieves operated mechanically. bust
collection by the Beth system (Lubeck) is provided.
The fine middle and ccarse fractions are conveyed on
the same vibrating conveyor belt side by side and can
be diverted as required to bunkers colleoting the
required grade of material. several openings to
different bunkers are providsd. Bach bunker is
equipped with a weighing machine so that each item
of the dry betch can be discharged on to & moving
belt which in turn dischearges it into a receiver on
an overheed rail. 'wo types of mixer were seen, the
Werner and Pfleiderer and the Birich, the latter
gradusally displacing the former in this works. After
15 minutes dry mixing the slip required to effect the
bonding is introduced. This consists of Witterachlik
clay, dried and ground in a ball mill with iron or
flint pebbles (according to type of mix) and mixed
with water and 0.5 per cent Kasseller Braun, k.5 per
cent dextrin, 4.2 per.cent sods ash in a blunger.
ifter 15 minutes vigorous mixing the slip is stored in
an arc for 2 or 3 days with slow stirring. After
further mixing  of slip with this d4ry batch in the Baker
Perkins or gZirich mixer, it is delivered into a waggon
on the Floor below to be teken to the dry pressing or
tsamping appliences.

Phe composition of typical mixes was given asi-
Sillimanite Mix. 2% - 6 mm, calcined kyanite 33 per
cent; 4 - £4 mm, calcined kyanite, 17 per cent; O - 4 BE,
calcined kyanite, 50 per cent; Ifine clay added 8 per cent.
water content, 5 - 6 per cent,
Corundum Mix, Similar to the sillimenite, replacing
the celcined kyesnite by fused alumine simileriy graded,
cbtained from Feldmihle.
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5ilicon Cerbide Mix. 1 -2 mm., 50 per cent; O =
T.Z2 mi,, 10 par cent; O - 0.1 mm., 40 per cent;
8 per cent of added clay.

For moulding stock silica brick gizes a
rotating table type press in which the damp mix is
gwept in turn inbo each mould and pressed from
below by eccentric pressure action is used, Tha
output wes given as 6,000 bricks in 8 hours. A
hydraulic press employing 400 atmospheres on the
ram end 277 kilo per sq. cm. on the top and bottom
of normal sized bricks was ssen. _The ram presses
% normel sized bricks per stroke, 4,000 bricks per
gtroke per hour can be shapsd. To cbtain the
pressure water is pumped %o an accunulator at 50
atmospheres pressure; +Lhis can be intensified to 400
on the ram of the machine,

The tamping apparatus and method for which this
firm is noted was explained by reference %o both
small and large shapes. The mixture is tampsd inteo
the mould using a pneumatic ram with a curved end
meaguring sbout 3 in. X &% in. having seversl teeth.
#or the larger pleces one man continuously feeds ihe
mixture asnd another continuously tamps. Fieces
meeguring sbout 4 ft. x 6 ft. x 6 in. teke sbout 1
hour to make using two men. The moulds sre carefully

designed of metal so as to be reedlly disconnected,
The process is illusirated in Trans. Ceram., SoC.,
Wedgwood Bicentenary Volume, 280, L3930 and in
nRefractories”™ by ¥.H, Norton, mcGraw Hill, 2nd
Edition, 1942, pp.245 T 244. Drying of the shepes
tekes place in a building of seversl storeys, hot
air being passed up through the whole building from
a heater at the base.

mhe riring ot the products (other than curbon or
graghite) takes place in a small Hoffmenn typs ox

continuous kiln with permenent division walls. “he
¢imensions of & chember are about 8 ft. x 8 ft, x 7 ft.
{(to the crown]. “hree chambers cut of the 1§ are under

fire at one time. Firing is to 3Seger Cone 13, “d, or
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por making carben blocks {for blasgt-furnace
neartns ) foundry coke of low ash content is used.
it is crugned in an edge runner, screened, and
mized in & very strong Saker and rerkins mechine
st 607 - 70%C, with ter. the mix consists of 84
per cent coke O - 4 mm. in size, and L6 per cent
tar coniaining 75 per cant anthracene ¢il and 25
per cent pitch, After pixing it is discharged on
40 8 werm Ticor and eliowsd to cool slightly and
tenped or pressed while still warm. The press is
& Large hydrsulic one, the dies are not heated.
Tne operavion is similar to the one already described.
e bloecke are fFired, buried in coke dust in four
perallsl irenches sbout 4 ft. deep and 4 ft. wide and
150 £4%, in length which ere nssted from the sides by
§ roews of step grate combustion checker work flues,
which form the walls of the trenches. Fine coal is
fed on t0 the grates and burnt by hot air drawn along
the flues, The poal is thus burnt much in the sale
manner as & Hoffmann kiln. The fire is made toO
progress round the circuit, the flue gases sventually
passing to a main central flue and to the stack.
The temperature sttained is a red heat. Three weeks
are reguired to reach top temperature am 3 weeks are
allowed for cooling. The coke in the trenches is
not covered. Heavy blocks are removed by means of
blocks and tackls. Smaller sizes are removed by hand.
The vlocks sre then ground to size, assembled, made to
tit, and numbered for reassambly on the site.

The nix Ffor grephite stoppers and nozzles
consistes of B0 per cent chamotte O - 4 mm,; 25 per
cent clay O = 0.5 mm,; and 25 per cent of Havearisan
graphite 0 - 4 mm, This is made into & plastic mess
snd shaped in hahd moulds.



{e) CONCLUSTIOUNG.

The works producsd seme very attractive
examples of tank blocks ol s illimsnite snd chamctbte
and of silicon carvide for zinc retoris. he
accuracy of snaspe obtained by the 5. v B. process
originatzd by this firm was well-known bsiors the
War . The works was not particularly well laid out
put good use had been made of conveyor systens.
Owing to the obvious heat losses the Tiring process
aannot be regarded as sfficient.

3. HEINRIOH xOPFIAS, JUSSELpOMr, Hienid.
, n

(a) Dafs OF VISIL,

This works was visited on the $th, i0th and
1lth October, +945. The personnel interviewed
weres -

Herr schuffler (Technical Directer).
i, lfrank (Works Manager).
Herr Kuhn {Chemist).

(b) CONDIPION Ok WOAKS.

The works was lsrgely undameged, There was
only sporadic damege by artillery and some
internal damsge and lcoting by displaced persons.

(o) FRODUCIL,
these may be clagsified as follows:-

{1} rirebricks.

(2) 5ilica Bricks.

{3) wagnesite and carome-magnesite products

{4} Special refractories: gillimanite,

gilioon caroide,

ard corundum products.
(5) 5illimenite and sintered alumins laboratory

ware.
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Groups (i), {2) and (3) had been investigated by &
previous team, sttention was peid to group (4) and
perticularly group (5).

(a) InSPACYION OF PLaNY.

Koppers gpecialize in high quality sillimanite
products. All the kyanite is prefired in a large
tunnel kiln of cross section approximstely 6 ft x
6 ft. This kiln is fired with producer gas made on
the site and has a regenerative system for preheating
the air. Silica bricks are used for the lining and
the temperature of firing is 4500°C. During the war
chagotte or chamotte fortified with alumina had to be
used.,

The manufeacturing process consists in crushing
the calcined sillimanite, magnetting, elevating to
a8 3 tier shaker sieve and collecting the required
greain size fractions. A tube mill is provided for
fine grinding. Mixing is carried out in an Eirich
mixer following practice similar to the S. u G. method.
Various proportions of clay msy be added. Por best
quality ware selected sillimamnite and only 5 per cent
of clay dispersed with kagseler Braun is used.
Wooden moulds, steel-faced, are used for the tamping
process, 4 pneumatic hammsr is used for tamping one
man working alone for small pieces, roughening the
gsurface before making each fresh addition. Burner
blocks for Wistra burners are made by this method
using & mould which eseparates at the junction of the
conee. For high temperature furnsaces these blocks
are made with a mixture of sillimanite and corundum
to give an alumina content of 85 per ceni. The water
content of the tamping masses is 3 - 4 per cent. A
vibrating mould hydresulic pressa is also available based
on & design used for making moulds for foundry work.
Tne mould is vibrated while a pressure of 70 atmospheres

is spplied.



Ware ig dried on steel pallets in a Proctlr dryer.

The kiln usually employed for firing the sillimsenits
and spscial goods was about 230 ft. long. The kiln
was asbout & ft. wide and stacked 4 f£t. high, fired by
Wightra (wirbelstrshl brenner) odurnsrs using ooke &ven

gas and eair preheated by rescuperation in heat resgisting
gsteel and silicon carbids pipss, The tempersture ol
firing is up to 14600°9C. 5ilica bricks are ased Lo

Lina the high temperature zone.

There are several iotermitient zas £
for firing sillimanite ware to 46009, T
introduced into the kiln on & truck measur
4. x 42 Ft. and stacked sbout 8 Ih. high.
ig from gither side using Wistra oburners. ol
from & c00ling kiln adjecent had sometimey be
smployad for combuatiocn but preheating within
furnasce had been discontinued during the wer owing
to difficultieg in obiaining hest resistant stesl.
The fTurnsces are Lined with 60 per cent porosity
sillimanite bricks of iheir own manufasture.
sonditicon of thege bricks wass good despite the
temperature at which they had bean useda The bricks
are made of hand-picked celcoined kyanite, the gradin
heing 70 per cent U - Q.0 me. and 30 per cent C - C.4
Ty Hine paris of %Lthe graded kyanite and che part
of PLfelger clay «re mixesd. To promote pPOYosity a
semi-bpituminous coal of only 4 - § per cent ash and
low swelling properties is added heing graded so =8
4o correspond to ths grain size of the kyanite and
sdded in en smount which may reach up to +4 per cent of the
total weight of the mix. The msss is nand moulded or
pressed in & hydraulic pregs with a limited travel,
Piring is normelly to 1450%9C,, but the super guality
bricks to withstand 1600°C. cn the hot face are fired
to 1600°C.

*
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4 nusber oI gas Tired furnaces for firing aiumina
and sillimenite 10 L8BO0YC, were inspected. Lhey are
of circular cross section, diameter 2 ft., internal
nheight 40 1%, peating is by two diametrically opposed
vertical rows of Wistrs burners. alunmine anc
siliimanite tubling up te 2 metres long is Fired in these
furnaces suspended from = "pips-rack? slot arrangement
in the reotf,

Lhis furnace is lined with specisl gquatity
siliimanite bricks maas from hand-picked kyanite
bonded with 5 per cent cley. Yhe msximum grain size
is & mm., and the grading is selected to glve close
packing, detween 20 and 25 per cent of siliimanite
ground to lsss than § A ig included in the mix,
ﬁhap%ng is by pneumatic hammer anc the firing is to
46007°C. in & 72 hour cycle. « detailed drawing of
the furnace is available on spplicetion to the
authors.

( e ) P I{QCL“‘.;D..J _1‘4.:; JJL.;‘.ET DIL._ I‘-;.’J..;é.iﬂ El‘f‘.; -1;‘? s x&:!;'iﬂ'ix 11‘{,:.'1. T.“‘Jr.i'z..'. T

Sillimanits Ware,

The raw kyanite is fired to 1500¢C. for 24 hours
then ground by normal wethods to a maximum grain sige
of 3 onm, rurther grinding ie done in =z ball mill
with flint pebbles, & typical charge being 1,500 Kgm,
Tired kysnite to 900 litres of water with the milil
hglf Tilled with flints. “he mill is run at cascade
epeed for 2 deys giving a total of 45,000 revolutions,
This reduces all the particles to lsss than 644
“he ground slip is then strainsd through a 10,000
mesh/cm® sieve into a mixer in which 4,000 kgm. pPfelzer
cley and 500 kgm, kaolin are added. sfter thorough
mixing, passing_over s wet Rasnet and straining through
a 2,500 meshjcme. vibrating sieve the slip ig filter
pressed and the mass sged for 6 wonths in a cellar.
Before moulding the mass is kneaded by machine for
three nours to remove air and then is ready for
gextrusion, dxtrusl on is vertically downwards, the
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tubes bLeipg caught on & V-shaped board held &t an
sngle, and pinched off when the desired length has
been attained and the extruded tube relled out on
t0 & flat board. Por gizes 4L - 7 mm, in diasmeter

a hend opersated press with & simple die plate
affixed to an untepered cylinder is used. Hopr
larger ciameters a motor driven press ol gimilar
design with a varigble gesar coupling is used. i
fhe tubes are dried in air for 4 - 3 weeks according
te gize. If closed ends sre reguired they are
affixed while the tubes sre in the leather hard
state. The rounded end is either slip cast or
jolleyed %¢ ahape if over 50 mm. dism. The

flenge Tor supporting the tubes for firing in the
Xiln was also sffixed at this stage. This was

done hy cutting off a length from a tube of slishtly
larger size and meking a union with slip. The
small sizes were merely deformed at the top and &
ring oi the body bent round so that the plsce could
be slung in the "pipe-rack” suspension briecx in The
root of the kilin.

In asddition to shaping by extrusion, suitably
shaped articlss are pressed, slip cast or jblleyed.
#or slip casting 0.5 per cent of water zlass
(1¥820: 15102 34° Baume) is =dded to the slip. &
the required wsber content is 23.0 pexr cent {on the
dry weight) it is necessary to add dyv materisl %o
+he usual slip from the blunger. Small cruciblies
velow S0 min. in diameter are alip cast and lsrger
gizes jolleyed in plaster moulda.

Ordinary sillimenite ware, called 401  is fired
up to 26000C then hsld at i6000C,  The firm consider
this srade equal to pythagoras porcelalin. snecial
quality siilimanite ware, 94, made from hana picked
Yyenite but other-wise processed as abeve is Tired
for £ hours at 4780°C. This ware ils gas-tizht up
to «500% . as compared with 1400°C. fer 40a  The
shrinksge of the 9+ sillimanite on firing is L& per

cent.,



Alumins Ware,

The rew material is s hydrated alumins of
approximate compositicen Alp0z.3H20, This is wet
ground for 3 - 4 hours filter pressed, briguetted
and calcined et 1500°C. for 12 hours. The Eas0
content after calcining is about 1 per cent.
after calcining the material is crushed and ground
in 8 rubber lined ball mill. ¥ill charge is 300
kgm, aluminag and 150 litres water.

The grinding is done by hard-fired sintered
&lunina pletes roughly 40 cm. x 40 cm. x 2 om. with
which the mill is half filled. The grianding
pericd 1s 2 deys &t 40 revolutions per minute after
'whaich all the particles are less than 5 . The
glip is then filter pressed and the material sir
dried for & degys.

For extrusion & bond made ss follows is used:-
600 g, of e hydrated alumina, epproximately ALp03 L.5HoO

obtained from Lautawerke Saxony is trested with
800 cc. of hydrochioric ecid {4 parts of concentrated
ecid diluted with 4 part of watsr). Then cold
water is slowly run in with continuous stirring until
the total volume ig 3 iitres. Heat 1s dsveloped and
on cooling the mass sets to a stiff gel. =2bkgm, of
this gel is mized with 400 kgm. of dry ground
alumina in & rubber lined Werner and Pfleiderer mixer
and the mass adjusted to the desired extrusion
congistency by the addition of water.,

A suitable smount is then out off and placed
in & simple evacusgtion chamber which it fits fairly
closgely, It is compressed while under vacuum and
then transferred to the extrusion cylinder, Handling
methods follow those for sillimailite ware. Ordinary
herdened steel dies are used. HExcept for the
smeller sizes the ends of clossd tubes are glip-cast
and jointed to the open tubes by slip when both are
quite dary. Jolieying methods are used for suitable

Bhepes.
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) ¥or slip-cast alumina ware a slip is made from
100 kgm. ground caelcined alumina, 45 litres of water
and 5 litres of hydrochloric acid (4 parta of
concentrated acid to 1 part of water). Normel slip-
casting precedure is followed. 800 mm. is the great-
egt depth used in casting. Tubes above 48 mn.

diam, are slip cast.

The dumina ware is fired for 2 hours at 1820°C.,
the temperature being reached in 6 hours. The
furnace is allowed to cool overnight. A technique
for suspending the alumina tubes similar to that
used for sillimanite is employed. Small ware is
fired in seggars made of alumina. The shrinkage is
2% per cent from the mould size, No additions ars
made t0 restrain the grain-growth during recrystall-
ization. 1he largest grain size in their ware 1is
stated to be about 0.1 mm,

(f) ChA4:TC WUABINE BLADES.

Koppers made a few ceramic blades of sillimanite
for the Hermenn Geoering Luftfahrtforschungsanstalt.
the hledes were made by extrusion through a dis having
an cbatruction plate on the inside which could be
adjusted by twwrial and error to give equal rates of flow
over the different blade thicknesses.

They had no knowledge of the suitability of
gillimanite as & material for gas turbine blades.

) CONCLUSIONS,

PR

g

Koppers enjcy a high reputation for their specisl
refractories. The good performance of their speclal
gquality sillimanite bricks may be ettributed to the
careful selection ¢of the sillimanite and its grading
and the use of minimum amounts oI £lay. The riln
for calcinaticn of raw kysnite is inferior in design
Lo one Lged for this purpose in this country.

Tn the manutacturs of their laboratory sluding
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ware the method ¢f obtaining a plastic gel appears to
56 & spéClad devslopment ol this Lirm, Megussa
VFrankxfurt) for example, introduce organic combustible
megbterisl such a8 gun trsgscanth or rubber, he care
tagsn To avcid contemingrion of the alumina with iron
auring preparstion of the wixes is noteworthy as it
a¥¢ide the need for suossguent acid washing tregtment.
s high standsrd of craftsmanshiy is attained.

4, iy, b Lo/ doaln - walUdasiViisis O
EUSED arndlabiy s &Sy HedaDP0nY ol abo.

{a) L4l v vISTD D Podasvmisd TGy T Ve,

Tne o rks was wisited on the L2th Jctoper, 1945,
and the following menmbers of the staff mere inter-
viewsdi-

Jr. Roisch, (Breral wansger,
derr #dsck,; Chemist,

derr oscnnidt, Bngineer,

(b} COBDIRTION GF CARGET.

The werks was very 1little dsasmered; a small
smount of structurel damege dus to shelling hal been
suffzarzd. Tne mansgement were waiting for material
to repair vuildings ena dfor psrmission Lo restary
manufecture., :

{¢) Prouuliis,

P —————

Tne firm nanufactures & consicerable range of

chemicsals, including the following Iused reir&asitory
materials irn which ws wers intersstisd.

White fused siumina {Yrsde nems sIkoadiy.
Pink fused siumina (Irade neme wladsliy,
srown fused asluning {Irade name il

cpemi
b PR Y

L

Slaelk Fused sluwming (Trade name

Mimed neEsia.
Magsd
Hugad fare

PR R

N e

g, e, g g P et

LLy—produot ;.

e Ry,
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The above products are fused on a large =sale and
sfterwards crushed and graded for sale to the
abrasive, and refractory industries.

(d) waiUrabuUsTad FROCS5S58S,

A apecial feature of the plant is the degres
of mechanisetion and the continuity of operations.

(1) ¥hite fused Alumina (BILORILY),

Handling and Furnace deeding Arrancenents.

The raw material used is sszyer processed
calcined ajumina from wartinswerse, =Zirkheim. A
very complete assembly of cyclones and backing
pump of the uvash types is used to twransfer the raw
materials to the varicus hoppers. the material is
sucksd from tine trucks into the storsage hoppers and
ag reguired material there’rom iz hend-fed to a suction
point or sump at ground levei, ana slevated to the main
hepper above the furnsce, The return air 7low
vasses through two cyclonesg and & water filter belfors
returning te the pump, and escapg material from the
First cyulone resturning to the Turhace, this apounting
o sbout .3 psr cent of tne coarge welgnt. The
material from the main nouper passss froa a worm
conveyoer to a LSip.ing scale pan, delivering batches
of about 40 lp. abt & tTims, direct fto the furnace
tarou h twin delivery sautes. (see disgramaatic
sfLeteh WO 4, )

“ha Iurnace gonsists or a slijntly conicel

ste=l cylind Q em, {6 T, in diamneter by L&C
o, {8 It.) 1 pth cooled with 2 water spray
monnhed Or with rail wheels rivted. i
rugion the Wiy is rotated on & vall turntable,
setuatad by guetion gear snd Tuwl rod which
2 8 rack the perivhery o1l this oase niau=z.
S Aalaial TLO oonon wvary SOy nherehy”
rroducing = eLrical 54588 DESTRILR 0.0
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The arc rods are vertical and held irn water cooled
piate electrode holders, suspended from steel
beeams by a pulley system from an overhesd crane.
The running conditiong are as follows:-

FOowWer . Single phese supply from
& Ho0 K,V., A, Trangformer.
Caxrbon RHods. Rectangular 40 xm, x 20 cm,
. gt 90 cm., centresg.
Aversge current. foout 2,000 amps.
Yoltege vetwsen slecirodes. dpprox. 170 - 220.
Arc  Starting. Coke bed, about 60 1lb. in

weight arranged between
glectrodes.

Total running tims, 50 hours. _

Total charge weight. doout +5 to L6 tons.

Fusion weight. about 44 tons,
FProoesging,

After cooling by water spray, the cenical
Turnace body is withdrewn and the Tusions lirted by
crang and dropped onto & steel breaking spike and
thence to twe svages of jew crushing, (the jews are
of 12 per cent manganese stesl). The product is
then passed through manganese steel rollerg over a
grum - type magnetic separator, and thence 1o a
multi cascads horizontal screen bank of the oscillating
L¥pe, giving grades from ¢ in. mesh downwards. Finer
grades for polishing powders sare dealt with in &
geparate 10 stage verticel sieving bank of the
oscillating type and finsl producks Lall to bagging
hoprers. The grain gizes are those normally reguired
ky the sbrasive industry.

Fine milling of the fused alumina is carried
+ ir three cylindricel ball mills sbout 2 £t.
in. in dismeter ahd 6 fi. in length with liners
nd balls of 2 per cent chrome stzel. ey are
nnected t0 & cyclome air separator of the Hardinge
Yy pae. The direct product from the mill is approximately

0 microns and finer, with a small percentage up to 50

@O0
5

e
o

(]



micron esize., he sir sepersted malerisl is
predominantly up t0 40 microns. e iron content

is 3 to 4 per cent and is not norsally removed,
i0id treatment is carrisd out on & smell scals if
specially requirsd.

(2) Pink Fusgsd alumine {DIALATIY .

The materisl is pr&@ua&a in a sinilar oasnnsr
%0 the white fuged alwmins an addition of 0.5
per cent of chronic oxide 13 made to the melt.

(3) Srown and Blsek pused sluminse (HADUNTY and
BT t.L. .

Row Mebarials.

Bauxite is ohisinsd Ivoem wmarseillszs, Francse
Hungary. snthrasite s mixed with The char ga
to reduce the iren oxide. The Terro-silicon form
as & by-product conimins 16-48 per cent silicon.

Marnace,
PThe furnsasce body 1w of sim lﬁr Gegsdsn To
the furnace for making white alumina but iz largers

being about 240 om. (B £1.) in dismeter &y 490 om.
{§ £t. 3 in.} in depii. It is rotsted at s
gyeed of svout L ravozgtiuw Ler § hours. Tha
running conditions arg as FOlLAOWE!w
Power: Mree pb&se suprly ives a 2,000 hVa
- transforper
Carbon Hods: Threa r
dizmetar are
{4 ft.} centres
togsther DYy o
famale cone T

57 the rods
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periphersl ring which is attached to the
lowsr end of the main metal slesve suppprting
each of the suspsndsd electrodes. The ring
is siso water cooled by by-pass water, ,
Thegs heavy rods are supporited by a wire rope
pulley systel passing 0 heavy counterbvalance
weights, and slevation is carried out by &
crane above,

Voltege at Eiectrodes:  4dbout 450 volle between
phases. .

e Starting: Coke bed used %o bridge the 3 rods.
Wotel Uhergei DBauxits, 4dbout 30 tons.
anthrec ite Coal, ©® 2% tous.

The charge is mixed and fed in by hand from &
ljarge steel platform arranged et the level of ‘the
furnece top. An cperater breeks down the shell
formaed progressively during the fusing, by means of
& gteel bar. A head of sbout 3 in. of material
is meintained ebove arc level, and periocdic charging
ogouras every 45 - 20 minutes.

Povel Bunning Time : 60 hours.

‘Totel Weight of Fusion: 4bout 22 tons.
Useful Weight of Black Fused Alumine: 4bout 13 tons.

The belance consiste of outer coating
eventuelly refused, and the by-product ferro~silicon.

Progessing.

The fusions are impact broken and jsaw cpusied,
passed thraugh rollers and over drum magnetic
aeparator and thence t0 multi cascade horizontal
vank ¢f soreens of the o¢soillating type, the resulting
preducts passing t0 bagging hoppers.

In the case of the brown bauxite (REVUKIT; the
sequence follows direct to & rotary calcining oven,
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ahout this ascreening bank is thav it
escillating mobion fto the scrcens which ars sng.
the normal way to the horizontal, resuliing In &
zig-zsg peth of movemant of the particles giving s high
efficiency factory

Baash of the ¥our cascade banks ussd,
two vertical tiers of three sisves linked

trensverae motion. fhis mobion is imparted b
floating roteary shesl shaft having sceentric acews
éﬁa‘hor§zantal rods linking the sievs Irame & esch
end, Phe shaft is suspendsd from abovs ab the two
besringe by pine leaves, and s molor dyive above

tranemits motion by bHelt to a pullisy in the csnire
of the shaft, the whole assenbly produling a nighl;
afficient oscillating metion. This ie & definits
improvement on the anormel and gselililating yrpe, wnd

will be of intersst to screzning plant mamfeciursTs.

The producis pass t¢ 24 bageing poinmts, giviag
grain sizes oI the noresl sbtandard gradez required

by the sbrasivea induabry.

{4) Iused magnezia.

Celoined megnesite cbleainsd Irom Jugl-tigvisa
or Greece is fused in & similar vsritlical senicsl
furnece, the &ize of the Lody being similsr o tis
furnacs for fusing the white slumina {& I%. &is
x & ft., dsep) but fed from the platfers in & sizmliler
menner t0 the black beuxite furnsace.

The supply is single phese Gaken from & .,
EVA transformer, end very lsrgs carbhon elscirodes
ere used, namely 60 om. {24 in.) ® 35 om. }éw i
rectangular section, set to hang &t apout £5 an.
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They aorm&lly smployed -~ pre wary 170
during the war 250
at present 40

Tatimated demegs - Iurnacs sectigns 0% Gamege.
febrigation 5%

The following ig & ligt of their various products s~

TRANSPARENT FUSED SILICA

(1) Blsetrogil guality

This vaporising process waa not mentionsd or known et
the time of the visit, but is referred to in C.I1.0.8.
Report No., IEVIII-67 {Item Wo.21).

(2) "HOMQSIL" Optiesl guslity.

Thig ig their bvest Optieal Quellity and is used for spec-
ial blocks, lens, prisms, being relatively free from in-
ternal siristions, bubbles and straeins. End reflecting
nirrors for renge findsrs srve mads from this material.

(3) Formel guality (SORIE I).

Chiefly tubing and aprarstus mads thesrefrom; also
plates and oths? sclid shapes for uss where (pileal Quality
is not nsssssary.

Sub-normal Guality (SORTE 213,

B
o
i

f
{4
kY

T
Wag i g

* e
Foy o e e P (e n . e i A . o g A3 D4 e e i 2= = Ty L e e e my
(1‘ BUTOoBILT Puuves &0 Pipes, and 2U0HTLTUE DMEGE TWLerslTom.

(2) youldec articles such &8 Daslr
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The following deals individually with the various
products normally produsced. :

TRANSFARENT ¥USED SILICA .

(1) Electrosil guality.

No data obtained.
(2) "HOMOSIL" Cpticsl guality.

Selected Brazilisn Quartz Orystal is asecid treated with
cold hydrofluoric ascid, and water washed with tap water
and twice with distilled water, and dried. It is then
passed through a rotary silica tube furnace running at about
900°¢., the furnace being sbout 6 feet long by 5" bors,
and the emerging crystal is quenched in cold distilled
water to disintegrate it into reasdily frieble pieces.

After drying, it is passed to a cone grindsr consist-
ing of & stationary quartz crystal about 12" dismeter x 8"
— 9" high, having a verticel hole 3" dismeter, terminating
in & 600 cone boredat the lower end. In this conme rotates
an agate cone with provision on the driving maechanism to
adjust the gap as reguired,

The setting preferred gives & final product 1 mm. size
snd below, and the powder is transferrsd to = simple gilica
pipe air separator which has the suction adjusted to rsmove
the fines bzlow 0.2 mm. The powder is then stored in glses
hottles and is ready for fusing in the optical furnsce.

Optical, Purnsage.

This congists of & speecisal oxy hydrogen bhlowpipe with
& quartz funnel attachment permitting the powder to be
entrained in the flame. The powder feed is adjusted by
medns of the varisble speed of a rotary angled gilica tube
above the funnel, driven by & small motor drive with var-
isble dise traverse, ‘and the preferrsd fesd iz about 287
gms. per nour. The burner impinges c¢n a horizontally
rotating and opvosed gquartz rod, this taking ;l=ce inside
a siliea pipe economiser. The fused powder buiids up within
the zone of the oxy hydrogen flame, air being relatively
excluded. The billet progressively formed is receded by
s traverse mechanism, thereoy permitting billets up to
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populer diamsier being 40
wpives side by side, &
n he produnsd; but the

& gut diregt for dises,
arger diameters in a mul-
inally moulded in graphite

y sfilsetor girror plates are feormed in this
manier, abd

nally mashined with carborundum cutt ing

and Er¢ndiyﬂ wheels %o the desired coross seciion. These
biocks are sent ho Zeigeg, whe seleeit and out where re-
quired o pfcdua& the hegt gquality setive mirror plates,
end the Da&ses Irom any m.? 5l geasidered inferior qual-
it After raiturn, theg %@@ a.e mo&nted in 8 speeu
ol two part oolos

tiree side piunger
thy: platss and bage geenmbly I ;uh‘u‘, gaanst a lig
prige mounited in the ceutrs. The whole esgembly sisnds
sa2 & gmooth silies plate moundsd on fused guartz gran-
viles iz the sower hslf of the furnass, leaving the lug

navtions of the side plaltes sxpoesd for fusing 1o the
Emua, which is done using optieal qusriz rod filling and
&l ng nydrogen blewpipe. Frouvscilon plates of gquaritsz
goout 10 mm. thick ere plsacesd outside the active plates
23 on top of the jig prism to srevent flame imr1ngement
ug¢lﬁa f»Siﬁ&x The tower portion of the annealing Ture
ha X ig kept at gE09%, ., snd after fusing, the top porte
1@3 £ the annesling furnsse is put on, and railsed from
£ 1 initisl temperasture cf aboui 60%0 to 106090 and the
gszenbly is then ccoled slowly, the whcle grocess taning
ahout 4 hours.
(%) NMoxmel guality (Sorte 1}

Thig cuelity is produced in dillet form eitier solid
or hollow, in o special multi-blowiipe Tul TECE , craaistu
inq of 4 jets vi oxyhydrcgsn passing Iy sice of

gpague silics pige nerizontally dis.o h forms
an economiser, fhisg iz mounted inside & sled
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(5) Quertz Wool.

This is produced oh & specisl machine, (SEE SKETCH NO4)
and has been surclied in large quantities for high temper~
ature insulation mets. It consiste of a carriasge driven
along a gteel structure ved by & motor drive. On this céar-
riage are clipped in & fairiy close spaced row, 20 hori-
zontal quartz rods or tubss, the latter vreferred, about

to 7 mm. diameter. Hach rod passes through & graphite
giide and over a vertically disposed oxy hydrogen burner
which reduces the fibres to sbout 0.2 mm. diameter. These
fibres pass through & further grapnite guide block with 20
noles in it, disposed imuedistely in front of a bank of 20
exisl jet oxy-hydrogen blilowpipes, which entrain the fibrés
and blow them forvward ia the form of wools

The wool is finally coliscted cn a rotating drum
about 3 ft. diameter, with wire meshing on the periphery.
The collecting drum has its speeds sdjusted so that no
tengion is created on the forming wool., This machine is
mainly destroyed¢, and therefore could not be sesn in oper-
ation, but the method has been previously mentioned in
C.I1.0.5. Report No. XXVIII - 67. Item No. 21, and B.P.

507951.

ROU-TRANSFAREET FPUSID SiLIGA.

i1

(1) "Rotogil".

Tubes or pipes are formed in & zteel rotating furnsace
tube, using Ddrentrups Silies Sand (epprox. 99.7% Si0s)
ipp

obteined from Livpe. the heating being supplied ﬁy an
opwosed elegtric arc using current at 220 volts.

The gand ie py
the furnace ftube by
controlied sxte
rogs holders.

¢d to the required anmnular denth in
guing the bore with & fecrming tube,
Tom b

i
T

mhe sypeed of rotation of the furnwce tube is varied
ageoroing to the gize used and 1s arranged 4o give 8
comipon perichnerusl speed of sbout 400 ft min.

mne elentrodss counsist of grapghits ends coned into
conssr electrods tubss whnich are arranged for water cool-
43;; *hege 10 tarik heid in adiustanle clemys carried from
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overhead carriages designed to run along steel siructure
runways dispossd axislliy at each end of the furnace. The
arec is struck from one end and progressively fed through-
out the length of the furnace at a controlled sieed to
give the necesgsary conditions of heating to form the des-
ired wall thickness, A minimum of 20 mm. of sand is left
unfusged, aeting as & heat barrier.

Heavy walls up to about 2" can be formed on relatively
small tubes, whilst with the maximum diameter made, namely:
350 mm. (sbout 14") external, the maximum permissible wall
to avoid cracking has been found to be 1% mm. ZSmall sized
tubes ¢an he ground on the surface and re-drawn in the
furnsee previously deseribed, into satin surfsce tubing.

Building up of tube assemblies and speciel apperatus
is carried out with blowpipes, vhilst g limited grinding
department deals with the grinding of Rotosil tubes ete.

(2) Moulded articles

€rucibles uvp to 15" dismeter have been mude, but their
present amall plant can only produce articles sbout 5"
external diemeter x 3% deep, and they ars mamufaecturing
such basing with s wall thicimess of sbout 3/16". Experi-~
mental tea cups had been made, but the costs ware tco
high to he commercisal,

The furnace consists of 2 turntable caryrying 3 rotat-
ing tableg, sach driven direct from a moto+a The tebles
ars filled with sand, pre-shapec by hand former
seoops, and at the fusing position, an a;c uEin
+moﬂﬁs i elv Ay lowsred, and nrograssively sinte

1e sharpe formed.

{'}J

[
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sIhar very heavy dsmege Lo TAsLY Lasuory il Beriin in =
. e i A = - LY -
ruid onm ZZnd o 23rd Nevember, 1947,
" Ty 2 T FRL TN CPOAITTN 4T B
(v} CBRaIC TUMDINE BLADES

gd fastory had made turbine blades Tor
g L.F.A., which were promising from the

he &

awpeot of resistance to thermel shock. Inquiry revealed
+hat the work on thsse hed been done by a Dr. ¥iller whose
whareabouts were unknown bud believad to be ian custedy asa

an 8.3, suspeat.

Personnel gusstioned ssid they bad o knowledge of
the processsg or congositions in making the dlades, but
latar =2dmitited they wsre restarting experimental work on
+he sams kind of material having the previous day receivad
an order Trom the Hermann Goering L.¥.i. (now controlled
bty the R.4.P.) for 2 new supply of silicon carblde bledes.
fhey ware propoasing to use & mix containing 70 rer cent
ailicon carbide pazsing & sieve having 80 aperturss per
sg.om,. and resting on e sisve having Z50 aperturse ver =24q.
om. and 30 per cent of Zettlits keolin. Shaping wes to be
done in the plestie zondition in plaster of paris moulds.
tPter Piring st 14007 o 150000. & porcelain glaze to which

5 prosortion of slumina waa added was 10 e applisd and

he groduets refirsd .t the sams vemperature, A simple
soroeisin glage does it wet silicon serbida,

() BERLIN PORCALLILY COMPOSITIONS.
Zome details of the Berlin porcslsins wers cbteinsd.
tne Tirst four srs clained to be impsrmeable to gages.
Ths remainder raguire to be glazed with e felspathis glaszs,

T o Man
L hang
R RN R S T e

The melting point is given as 1800YC, snd the
- L gy g g g, g oy 4
nigheat Ssmperaters of uee as 177000,

4 grog or sigter ccmposed of 50 per cent esleinsd
alumi and & ¢ cant felsuvar is firet prepsrved by
ETiIA 4 gather end Ffiring for ihrss hours &%
15008, Thls grog is then ground, mixeZ with Retilite ov
Halle oiay im egusl proportions by weight, shaped =snd
Firgns T LSUUSE. for thres bours.
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Prokorund I

~The melting point is given as 1900%¢. and the highsst
temperature of use as 1800°%¢.

A grog is made frow 50 perts cslcinsd slumina end 2%
perte Zetvtlits clay, by firing at 140000,

The following compesition ie ihen prepared:-
40 parts Zettlitz keolin (raw)
50 parte Zeitlitz keolin (fired st 1400°¢.)
10 parts grog.

Thie is ground and asrticles made from ﬁbf’“&%ﬁfireﬁ o
16000 to 1700%¢C.

Irokorund 2,

This mixture comprises 50 per cent Zettlitz keolin
(Raw) and 50 psr cent celeined alumina. The articlss ere
fired to 17000¢.

Prokorund 3.

Thie mixture congists of 30 per cent Zettlitz kasolin
(rawg and 7O per cent calcined &lumina. The articles are
fired at 17000 to 18009C.

Marguart.

The melting point is given as 1620°C. and the higheat
temperature of use ag 17009¢.

The mixture comprises 464 per cent calcined alunins,
52 per cent mixed clays ané 1+ per cent feldspar, and is
fired &t 15009¢,
D2 Mess.

The melting point is given sas 185000° and the higheat
temperature of use as 17000C.

The~mixture comprises 50 per cent fused slumine
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(passing a mesh of 150 openings per sq. cm.) end 50 per
gent Zettlitz keolin and dis fired at 15000,

Bja Mass.

The melting point is given as 185%000. and the high-
est tempersture of use az 1700°¢.

The mixture comprises 60 per cent. fused alumine and
40 per cent. Zettlitz kaslin and is fired at 1500°¢q.

D4 Mags.

The melting point is given ae 1920°C. end the highest
temperature of use as 180Q0C.

The mixture comprises 50 per cent caleined alumina
(specially low in irom), 50 per cent Zettliiz kaolin &nd -
is fired =t 1500°0C.

(a) INSEECTION CF PLANT.

The plant was that of en ordinary porcelsin faetory.
No special equipment apart from a horizentsl extiusion
apparatus for extruding porcelain pipes in lerge diameters
(up to 25 cm.) was seen,

The kilns were intermittent and fired with cosl snd
tyevical of those used for the manufacture of porcelain on
the Continent. The goods for glost firing were set in
the lower portion of the Imolin at ground level and thoes
for biscult firing at higher levels reached from the first
and second floors of the faectory. No squipment Tor firing
at temperatures higher thah the 1500°C. reached in these
kilns was available st the S2ib factory.

(e) CONCLUSIONS.

The details of menufacture of turbine blade materials
which we hoped to obtain were not available owing to the
sbsence of Dr. Miller. Although some plant had been evac-
uated from Berlin there was very little specialised equip-
ment pertaining to refresctory cersmic materials availeble
at Selb.

We gsined the impression that the good quality of the



producte of this fim were due primarily to the care exer-
cigsed duriag menufacture and the craftmanship of the oper-
atives. ‘

£, DOSENTHALL IGSULATOR WURKS, SELB,

¢ . e v YFer
fey DATE OF VI

Fy

81T

ol gt *

0

The works wsre visited on the 131th October, 1945
- and the perscmnel interviswed were Dr. Seigler- (Research
Bngineer), Dr. kohl (Chief Chemist) and Dr. Ullmen (in
charge of resistenee plant). _

(b SOLE SPECIAL CERAVICS.

The gbove firm make technieal porcelain such as
high freguency low lose ceramica, sleoirical porgelsin
for elese tolerance work, specisd fixed carbon resistors,
nester ceranics, ets. :

L.E.G, Beriio had ssked them tc make ceramic turbine
blades in smwell quantities for experimentsl purposes, but
none hed been made before the end of the wer., A few
experimental mixeg which it wes considersed might give high
gtrength maeterisl were made and samples in rod shape had
been seut to £.E.G., for test but no results were known.

4 composition considered the most promising had the .
following composition:-

&5 per cent hydrated alumina.
2% per cent calecinsd alumins.
30 per cent kaoliz (two plastic clays).
1% pesr cent grog {from fired mix of sbove 3 constit-
| uents ).
5 per e¢ebt titanium dioxide.
compressive

uries hed been

icon earbids -
itiong good fov

+4]
P
P
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(&) 40 per cent silicon earbide

(b) 20 per cent silicon

60 per cent high plastic carbide,
clay 20 per cent fused
alumina,

60 per cent high
plastie elsy.

The compoesition of the elestriec porcelain for making
ghapes to clcse tolerances was given asi-

Telg, 42 per cent
Serieite, 48 " °
Tlastic kaolin e v "

caleium bentonite, 4 " 0

The gericite minersl is of the horneblende type and
approximates tc the composition guartz 30 ger cent, mica
70 per cent, This mix has & shrinksge of per cent in
the direction of pressing and 8 per cent in the direction
at right sngles on firing toc cone G.

(¢) SPECIAL CARBON RESISTANCES

4 vieit was also paid to & gubsidiery faetory of the
Rosenthsl concern making small fixed c8rbon resiagtors,
consisting of & film of fused glass and graphite on & ger-~
emic former. The details of the menufacture of these were
Obtainedo ‘ :

Composgition of glassg used.

Pb20a, 40 parts

B s w0 "

Na2303, 5 Z )

Silich, 15 (fine water ground)
Jena glass LT

Zno, 10 )

43:18 8 5 .

Feldapsar, 5 '

Thig is melied in an slestric furnsce, granulsted
in water and finely ground in & pebble mill for one
week, The ground glass after drying is mizxed with agueocus
ecolloidal graphite ip verying proportions, aceording to
registance reguired.
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for 50 -~ 100 olms,

1 part glass

1 part colloidal graphite
1 part water

Example

Txample 2: Tfor 1,000 chms,

5 kgm. glass
1.2 kgm. graphite
3.2 kgm. water

wxample 3: for 3,000 - 5,000 ohms,
“ Xgm. glasse
1 kgm. graphite
3.2 kgm. water

The glass graphite mixture is spreyed onto the ceramic
formers, hollow gylinders, & film thickness of 0.1 mm. be-
ing aimed at in all cases. Spraying is carried out ¢n &
rotary table, & hot air dryer forming part of the cycile.

The parte are now fired to 8009 to G00°C. in & tunnel kilm,
niehrome heated, the firimg being earried outil &s aquickly as
possible, the average time beipg 1 to 2 minutes. The glass
graghite film is fused at this stsage. End caps of brass

sre now pressed on, the whole is lacquered, then the fused
film cut on & spiral eutting mechine to the degired resis-
tance. The cutting is done with small carborundum wheels
cutting right through the film. They have & fully sutomatic
mechine which is set so as to stop cuiting wheli & Prew
arranged resistance is reached.

fhe tolersnce is sbout + 1 per cemnt of the staved
value.

9. GOEEEL-WHRLE GROSSALSERODE.

{8) DATEL OF TISIT AND FLRSCNNEL INTERVIEWED.

This firm, before the war, made firebricks and
sillimenite, corundum and silicon carbide bricks. It wae
inspected on thas 25th Uctober and Herr A. Schoddel the
commereial mansger and Herr G. Riemann, the technical
nensger replied to the questicng put.

.{r
Praesehum e

Covurnour Nricks,

agtroschneltsz ersg, .smplen

[

SOTLACUDL L O0UgnT Trom &
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or from Lonza in the required grain size. The usual mix
consists of 40 per cent corundum, Q0 - 3 mm. in grain size;
140 per cent corundum, 0 ~ 1 mm. in grein gize and 20 per
cent finely ground ¢lay. The cley was supplied by Schiff-
erer and Kiercher, Allendorf, Xreis Wetzlar. Its analysis
wag given as: Si0p, 44.3 per cent; Alp0s3 and Ti0p, 38.14
per cent; Fe%O 3 f.j per cent; loss-on-ignition, 12.8 rper
cent; refrae o;iness, cone 34, Shaping ig carried out by
hend temping of the mix at a water content of 4 to 5 per
cent, Piring is to come 10 (13000C.3. It was claired ihet
the te value (temperature of subsidence O per cent from
maximum height) under & losd of 2 kgm. per eq.cm, is 1730°C.
and the te value (temperature of 40 per cent subsidsnce’ is
1780°¢. '

)

Other produets of lower alumina content are made and
in pre~war days sillimanite products were alsc aup:rlied.

gilicon Carbide Bricks.

Similar procedures are adoypied for the manufescture of
silicon carbide shapes. The materialis purchased in the
desired grades and bonded with some adlendorf clsy. For =2
finely graded mix the proportions sre given ans: 42.5 per
cent silicon ecsrbide, 0 = 0.1 mm.; 42.5 ver cent silicon
carbide, O - 2 mm.; 15 per cent fine clay; 0.5 per cent
addition of scodium silicate. For & coarser mix the prop-
ortionsg are identicsl exgept thset 42.5 per cent silicon
carbide, 0 -~ 3 mm., is used in place of the 0 - 2 mm. grade.
firing is to Seger comes 10 to 11 (13109C.).

(¢) EQUIPMENT,

The main cutput from the works ig chamecite fire-
bricks and the equivment ig therefore arranged mainly to
this end. For chamotie preperation there are srovided =
jaw crusher, screen, and & get of rolls, The materisi
rassing the soreen is conveyed to the storsge hoyp.er, the
oversize pagssd tc the rolls for further ervshinzg. Ths
atorage s#iloa are of metsel dischargine 2% the botitom. The
glay ig treated similarly. The grogged clay mix is ¢
pered py mixing first dry in sn Sirich mixer (20 1
grog to 40 parts of olay), follewed by = nlssvic w
arranged 88 & vertical pug Irem whiech tha mass is
as 1t ig discharged through & vertical grid orening
the side of the barrel. The bricks are made either
nand presses or in simple plsstic machine presses.

HM
n
td

b
e bels kg D
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fhe specisl corundum or silicon carbide mixes are .
ghered by hend temping methods after first mixing the in-
gredients in an Birieh mixer. Wooden moulds lined with
3/16 in. steel plaetes are in use. 4 metal tocl is used for
temping and the tamped surface is roughened by scratching
before each fresh addition.

Phe chamotte brieks are dried in chamber dryers heated
by waste hest sbstracted from the cooling goods in the kiln.
Temperature and humidity are under control.

Firing of the ware, both firebrick and silicon carbide,
is ecarried out in & contimuocus chamber kiln of the Hoff-
menn type. There are 22 chambers, with permenent walls.
Baeh. chember meagures approximately 15 ft. x 10 ft. x 7 ft.
Firing is from sbove on to eheckerwork adjecent to the
permanent walls., A feature of this kiln ies a sscondary
firing belt across the middle of the chamber. Here coal is
fed from the roof of the kiln on ito cheekerwork of & more
open pattern than that adjseent to the division walls. This
subgidiary firing zome probably helps fo achieve greater
uniformity of firing.

{a) CONCLUSIONS.

Thig works, is probably the most important producer
of refrastories in the Xassll ares. It appesred to be
competently directed but nothing really noteworthy was
encountered in manmufscturing technique or equimment.

AFPPENDIX T.
LIST OF ERPORTS ON THE MECHANICAL TESTING CF CERANICS AT

THE EERMANN GOERING LUFPTFAHRTPORSCHUNGANSTALT VOLKENRODE,
NEAR BRUNSWICK,

, ¢
'p(l) zugammenstghlung der-éieheringen Versuchsfergebnisse
8 8 Dusen. May Jth, 1941, NoF 464F/41.

-(2) 71icdsicratt fugversuch gn keramik Sehaufelyproben by

Kalisch, September, 1943, Wo. 2092,

(3) Versuche zur Beetimmung der warmefestigkeit von
>’ Yersmik, 18th August, 1944, No. 860701/1. =HEL ;oéga |

r0 39994 ] 54%

1
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-+ (4) Pestigkeit keramischer Werkstoffe und Warmebelashar- |
keit kersmischer Bauteile by Dirksen F22/45.:+1E¢}§'5-L

... {5) Versuche an Dusen sus Warmfesten Werkstoffe No. =3
K 86701 /2. —~* AiEC. 1D,6%) FD 3-3';3_:7/4,7
APFENDIX 1T
VISITS 0 WORKS OF SECONDARY INTEREST.
AUG. GUNDLACH, GRUSSALNMERCDE, BEZ KASSEL
car/921 Thig firm specialiges in the manufaoture of Plumbego

c22/3241 Crueibles, Covers and Stands.

DATE OF VISIT

October 25th, 1%45. |
FERSONNEL INTERQVIEWED 1

Mr. Miller - Proprietor. Works seen and guestions
angwered.

GENERAL CORCLUSION

Materiels and methods used, and guality of product,
all indicated that no progress hast been made for many -
years:

RAW MATERIALS

Main raw materisle ussd were i- i

Passan Graphite - 93/95% Carbon. Poor smell size E
' arueible fleke.

¥lingemberg Glay - Well-known orucible slay, refract- |
orimess Cone 32/33. ‘

Grossalmerode €lay - Well-known. Refrectorinsss Cone

30/31.

Small gquantities of eleetrie furaace products were al
go used. See comments under "Mixings'.

MIXINGS
The mixings employed were of old-fashioned
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conventizl tyge containing 40-50¢ of plumbage bonded with
clay wndé scnc, with up to 1%« of electric furnace prod-
ucts where extra resistsnce to slag or flux was required.

in the case ¢f crueibles used for aluminium, asg
much w8 40¢7 of bond clay was used to give greater protec-
“ion agsinst verishing or oxidation of the plumbago &t
the lower furnace temperatures emuloyed in melting this
metsl. Registiice to cracking must, in conseguence, have
been sgerificed.

The mixing emuloyed in steel melting erucibles wuis
of the fumilisr highly grogzed type containing only 257
clumbago. The slectrie furanace rproducts used included
the vsuel silicon carbide (Lonzswerke ! ferrbd-alloys, ete.

Cdxiugs wre ory ana wet mixed in Eirich mixers, then
sugoed and the pug rolls eut up into lengths for metur-
‘ng. Thne matursd materiel is repugged and the crucible
"paliz" bueilt ur by the old~fashioned and leborious hand
methoc. The crucibles ere shazved from these "balls" by
Jolleying ia luster moulds and 1t was claimed that the

shiied crucible nad a rapid grain.

The sha ed products are dried slowly - teking ur to
Tive weeks in the case c¢f the larger sizes — in gteam
heated Adrying rooms. hen 4ary, the warm erucibles sare
painted with two or three costs of rottery type glazes

They are then fired in periocdic kilns of the type
uged for firing porcelain ware, built by Paul A.F.
Schurlze of Dresden. These kilns have semi-producsr
tyre fireholes snd are down-draught. The gases, after
wagsing through the floor, are drawn up vertical flues
in side walls between the fireholes and, if desired, pard
of the products of combustion may be short-circuited
from the fireholes direct into these wertical flues.

The ¥iln temperature was given as 1500°C, but consid-
ered to be nearer 13509C. In firing, care is tsken to
maintaein as reducing an atmogphere as posgible above
7000C while in both heating and cocling the ware is kept
above this temperature for a winimum of time to prevent
oxidation of the plumbago.
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{2 pate of Visit end Products Made.

1/922 tiiig firm was visited on the 23rd October znd Ferr
2/3242 reus interviewed. Ag indicated by its title its chisef
output ies grinding wheelg, whetstones anc gimilar arti-
cles, wvrepared by bonding silicon carbide, fused alumina
snd emery grain., The firm Corund Union A.G., which prev-
iously nad operated in Karlshafen, had been teken over
by .rebs ana Riedel.

(b} frocesses

The works i1g small snd customary »rocesgss are -
sloyed. 08t of the manufactured articies are bonded
with s corcelainic bond, but rubber and sorel cement sre
used for some clases of ware., & typical cerasmic~bonded
mix congists of 80 per cent of grain (silicon carbids,
emery, ete. of the reguired grain size)! and 6.3 per cent
of clay and 13.7 per cznt of felspar. Tihe sbrasive grain
igs normally purchased zorrectly graded and is first mixed
dry with the remaining ingredients in one of three Hir-
ieh mixers. Vater snd sulphite lye are then added and
further mixing carried out. The vwhesls were sressed in
nydraulic presses opersting up to 40 atmospheres on the
rem, The pressed wheels are dried on steam heated racks.
Wiring tekesg place in gmell intermittent round or rect-
angular down-draught ikilme bo & temperature of 1300°C.
mhe firing ecyele extended over 130 to 150 hours. Coal
from the Xassel region is normaily employed.

A small well equiveed shop For dressing and trimme
ing the wheels wee provided. A& test set for testing
the bursting strength of the wheels was inspected.

Although no formelly set-out screening plant was
nsed one of the smaller items of interest was a circular
sieve about 2 ft, in diameter vibrated by roteting of
belance weight and iraversed radially by 3 rotalting
brushes, the whols being suspended by e stirrup. Tbe
sisved product passed direct into paper sacks. The
machine wag used for checking the grading of some of the
batches of grain. It was made by Fraisenet of Chemnitz.
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j BECKER UND PISCAUTON
ﬁ © CROSSALVERODE, RASSEL

(a) Date of Visit end Products Made
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(v) Plant and Processes.

i The plant, although lerger thar Aiug.Guudlech, was no

li more up.to date. A bald mill is used for giinding the
bond claysg, some of which are losal snd some Baverian

I (Klingenberg). Mixing end tempsring sre csrried oul in

| an edge runner pan of old-fashionsd type with double Tolls
li and & narrow grinding surface. The mix is then pugged and
? stored in a celler for 3 weeks.

: .

I

The shaping is carried out in plasgier moulds, &
solid ball being hand ghaped first. This is ellowed 10
dry for 4 to 5 daye and then the interior is cut out with
a steel faced tool. A block and tackle are uged to help
in the manipulation of heevy shepes. The crugcibles are
dried on steam heeted racks. They are then glszed inside
and outside and fired inm the ssme type of Schulze kiln.
Temperaturs of firing wes given as 1200° - 1300°C.

It was e¢lear that the quality of the product at this
works was attributed more to the care and craftmanshin of
the workers than any exesllenece in theg plant equipment
or its technieal control.

P GOEBEL AND SOEN, EPTERODE,

121/916s. TEAR CHOSZALLEROIE.

2/520(a) Thie works was visited on ths 24th Cctober and the
proprietor interviewed. It proved to be & small concern
making grogged fireclay crueibles and firebricks. No
equipment of real interest was seen, in fact the plant
was oid-fashionsed. The clsays of the loeallty were used.
For crucibles, the proportion of chamottes to rew clsay
was 3:2. A set of vibrating 2-bank screens was available
for grading the grog into three sizes. A tromme)l was
used for dealing with the eoarser grog used for-the larger




45,

erticlesg. The bond c¢lay was ground in & ball mill.

The grog-clay mixture was prepared in a vertical pug mixer.
Crucibles were shaped by & jolleying process on a wheel.
Bricks were made by hand moulding and by wire-cutting

to a limited extent. The best clay was reported to con-
tain 38 per cent Al203 in the fired state. Crucibles

were also made from a mix containing 2 parts of fireclay,

1 part of sand and 1 of used graphite crueibles. The
graphite is added merely to inecreasse porosity and thermal
shock resistence. Firing is to 11000C.
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