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Interview with Dr., Max Bsntele head of Predevelopment
Department at Hirth Motoren (Stuttgart).

He took part in the great conference of scientists
end engineers held in Berlin on 29th November, 1944, At
that conference high temperature materials for jet air~
craft were discussed.

Reports by the following authors were reed and dig.
ocussed under the chairmanship of Prof. Bollenrsth on
29/30-11-44 at Jens.

a) Schelp - Berlin

b} Cestrich - Berlin/Spandau

¢) E. Schmidt - Braunsweilg

d) Sorensen - Augsburg

e ) Rath - Hermsdorf

f)} Dirkusen - Brﬁunsweig

g} V., Lutsz - (leader of discussion)

The folleowing products wers also dissussed.

8} Quartzglas
b) Artostan (Heseho). ¥leine Warmedehnung
Peuerfeat bis 18009¢C.

d} Siliziumlnarbid (Steatl. Porzellanmanufaktur)
e) Calit (Hescho) hohe zugfestigkeit

gcg Tonerde (Degussa)
grosse Warmedehnung

It was agreed thet sxtensive research chould be mads
cn the use of ceramics, in the first place for stator
blades. Bentele did not concur with this view and thought
that they could be used equally well for rctor blade. He
pointed out that rofer blades had only cne fixsd poin® arnd

could be made to opersie in compression; while stator bhlsdes
haed two fixed points, are subjected to bending stresses
and to extensive vibraetion.

lztesr, and iks

A& conference was held 2% Jsna a nonth 1=z
following men were present ;-

Dr. Miller (Stastliche Porzellammsnufsktur, Beriinl.
Dr. Stuchart (enamel specislist)
Dr. Bentele (Hirth Motoren Co. ).
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It was decided to start work with the following
ia

=
in

+ Fe, and materials such as "Ardostan", "Calis

O3
efoped by Hescho.

(2} & g
(b) $1C + other materiels (carbon, AlQOB), €.8.
51iC + C & Fe.

(¢) Quartz.

Work was also to be done on the costing of metal
wliedes,

Regarding SiC it was considered thet since it has

& higher conductivity then Alp0g it would have & better
th rmal shock resistance. It can be mixed with other

eterials, ineluding carbon (which has & low specific
grav1ty\ but since carbon is readily attacked by oxygen
at high temneratures, it was thought that a protective
coating would be necessary for this type of mixture. An
impertant goint raised by Dr. ¥dller was thet a heating
period of two weeks wss necessgary in order te sinter Si¢
properly. It was decided to ecooperate with the Osrame
Siemens Co. on the joining of ceremics to steel.

Beatele thought that vsiues for static and dynamie
strength tests should be obtained on these materiels be-
fore work was done on them in his pre-—development depart-
ment, Having obteined these figures he would then be in
8 position to design a turbine in which the meterial was
used to the best advantage. Wnen tests resembling sctual
service conditions were done on ceramic blades, he found
that ecracks tended to form at the trailing edge. Bladesg
with little difference in thickness between leading and
trailing edges would be better from this point of view,
end a compromise had therefore to be reached between
agrodynemic consideraticns and r681stance to cracking.

A% 800 to 1,0000C and 2 to 3 xm! strength" (correspond~
ing for steel to 26 ¥g/sq.mm) was required.

* Mhe material should be capable of suspending vertic-
ally a  length 2 to 3 Km long of itself without
hre a:k{lng .
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Points in favour of the use of gquartz are as follows:—

(a) It is & relisble materiel, the properties of which
are well known,

(b) It is easily welded.
(e) It has a good resistance to thermal shock.

It was pointed out also that the exisgting test
results were by no means final (see report on visit %o
M.A.N. sugsburg).

Bentele said that the method of fixing of these
blades had to provide a certain degree of free movement,
in order to increase the damping capacity of the struc-
ture. He was occupied with the design of this.

Bentele had also designed hollow sir cooled metel
blades made from steel C.M.V.-Spezial (cromadur) - &
meterial which had the highest nitrogen content (0.28%)
ever met with in German steels. The process for deep
drewing these blades is illustrated in (x) in the
attached picture reproduced from & Hirth-Motoren re-
port.
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Interview with Richerd Walther, G Weilheimer Strasse
gternks

ik

3 o & ST s 3
Sternbers (20,2/,25,30, September, 1945).

Ricnard W&lthefﬁ wes visited at his private lsbor-
atcry &t Starnberg. iHe was an old ma&n and hed worked
for many years on cerbides, high temperature metals and
ceramice. He had set uy & firm for manufacturing car-
bide tools - Montenwerke Walter, Tibinger - end was
responsible for ebout 200 patents, most of which had
besn exploited by Krupps. The laboratory at Starnberg
was extremely well eqguipped, and was undamsged.

(a) garbides

He had found thet tentelum carbide wss the most
reaistant to cxidetion of 2ll metellic materials. At
s tempersture as high ass 2,0000C. there was no apprec-
iable oxidation. Another carbide of interest was
peryllium carbide, whiech was & very stable compound of
metellic cheracter. Walther suggested that an alloy of
tantalum and berylhunlcarbides could be developed &g a
super high temperature metallic material,

(b) Chromium~cobalt alloy

He had developed an alloy with very good resistance
to oxidation and good welding iroperties, having the
following composition:-

554 Co  4L1.5% Cr 3 te 5% 8i  0.5% C.

At high temperatures it forms & hard dense form of

Cr-04 and Si0p on the surface, similar to crystoballite.
By r placing.%he Si with Zr he thinks that the strength
at high temperatures could be increased. Formation of
ZrGp with CrpOq may aigo give better sceling registance
then the Si0p = Crpl0q film. He has not however tried
introducing zirconiug because of the shortage of that
metal.

€ Richard walther died on 1llth Nov.1945.



(e) Geramics

Walther has worked with sbout & hundred different
mixtures of oxides, including the formation of spinels,
and has tested them for herdmess, melting point, recrys-—
tallisation tempersture, and resistance to thermal shock.
The two best compositions were

A. Zr0p. Al03 + 5% Kaolin
B. Be0. Al203

The Brinell hsardness of these two materials was
gbout 800 kg/mm.sq. while that of the others was sbout
200 to 600 kg/mm.sq. These meterials have & high thermal
shock resistance and in this respect are as good as quartz.
Their strength at high temperatures is several times
greater. Shrinksage during sintering was about 13% for
material A and about 16% for materiel B, while the other
mlg?ures tried by Walther had & shrinkasge greater than
20 L]

Walther has not been using the slip casting method
for prepering these ceramics as he congiders it no good
for this purpose, since in the first stage of drying
cracks may occur which, though unnoticesble at first, msy
grow larger during sintering and become dangerous. He
therefore preferred s dry methed, and pressed them under
& pressure of 3,000 Kg/sq.cm. The compressed pleces were
sintered at sbout 1,700°9C. for several hours. When the
composition corresponds to e spinel formula the temperat-
ure wes much lower, and 1,2000C wes sufficient to cause
the reaction. After this reaction, heating up to a
higher temperature for a longer time has no effect on
the physical properties of the specimen. Shrinkage
cceurs wnils the resction is teking placs.

The oxides used in tne preparaticn of gpinels must
be amorphous in form, and not erystalline. For exsmple
fine corurdum will not form a spinel with any osther
oxide. Ryschkewitsch sgreed with this.

”

(4} Sceiing spparebus

The apparatus consgists of & small furnace inside
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which is & dise of refractory materisl, mounted horizon-
tally on & vertiesl axlie. Jn this digc are ten holegs,

in which the specimensg are fixed. The dise is rotated
mechanically, and the flame from the burner falls on esch
specimen in turn. Every eight hours the specimens were
brushed free from sczie, and weighed. This method is
exceedingly simple and gives & useful comparative result,
one set of specimens being used as & control.

(e) Preparsation of metals (th, %r, W, Ti, Cr, V, Co,
Wi, Fe).

The method involves the produotion of eluminium
vapour, which is used to reduce the oxide of the metal
concerned. The apparatus is sketched disgrammsticsally in
Figure . Current is passed between the thiek graphite
rod electrode and the graphite cruecible. The crucible
is charged with & mixture of eryolite and alumirnium oxide.
The thin graphite extension of the elecirode A becomes
very hot, melting the cryolite. Round the tip of A, the
slumina is reduced by carbon from the eleetrode, and ow-
ing to the high locsl temperature forms aluminium vapour.
The fore of the required metal is intrbduced round A,
fallg into the srea of aluminium vapour end is reduced.
The molien metal thus produced falls into the molten salt,
and collects at the bottom of the erucible. The metal
is free from oxygen, having however & sm&ll carbon
content which comes from the crucible.

E---c-
ANEY
.
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Interview with Dr. Schiltte of M.A.N. Augsbure

Dr. Schiite was assistant to Frofessor Sorensen. The
Tollowing materials were developed for use in gas turbinesi-

(a) For turbine blade (solid) = Tinidur

(b) For combustion chambers ~ B.V.T. 50(0.18 ¢, 0.935 si,
0.55 Mu, 1.43 Gr, 91.1 Mo, 0.55V)

The B.V.T. alloy wes chromised before use, whers the
maximum depth of chromium diffusion wes 1 mm. with 30% Cr
on the surfsce diminishing to 1.43% Cr. which is the orig-
insl content »f chromium in the sitsel.

This method of protection gave satisfagtory protect-
ion egainst scsling at temperatures up to 650°C.

Aluminium oxide blades made by Dr. Ryskewiteh to the
degign shown in fig. were tested at M.A.N. in an engine.
Porcelain blades prepared by Dr. Rath of Hesecho Hernadorf
were also given engine tests. The results given by alum-
ina blades were poor on account of e¢racks and those of
poreelain were encouraging, although the strength of porce-
lsin at GO0°C was the same as that of alumine st 1,4000°C.
Dr. RBath wasg elso thinking of making blades from & mixture
of porcelain and silicon carbide. The gquartz disc and
blade assembliss hag been made, The results were not very
satisfactory beceuse of the low strength of gquartz at
1,0009C. which is sbout 1 Xm. This value was not final,
however, andé it was decided to maeke a new design of quartz
assenbly. Gquariz blades were made from natural quarts
erystals, and the disc from silica sand. It is beliewed
that gquarta is geood for a bonding material for various
mixtures of ceramicg and earbides. The main programme for
developing geramics for turbine bledes was centred at
H.AN. They had on order a high frequency accoustic appar-
atus for tzsting ihe soundness of ceramie components.

It was proposed to make hollew water cocled bleades
for rotors {Prof. ®. Sckmidt's design) and ceramics for
stator blades working at 1,10090. Meyer Hariwig from
Hesho had developed & method oY bonding alumina to steel
by sintering & layer of iron powder between them. He
was alsg working on the preparation of & rod of aluminium
oxide and iron powder in ‘such a way that the composition
varies uniformly from 100% 41203 at one end to 100% Fe at
the other.
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Interrogation of Dr. Bugen Rysch.ke witsch, at Kempten
i~ sWANEA DAY AR e A S o e e
oo 30/9/45 « 3/i0/4% and Dr- R. Kieffe (Reutte)

Beeter eilements For 1400 - 17009¢

Dr. Ryscnkewitsch, with Dr. Schwartzknopf, de-
gigned graphite heater elements.

o2 type cousisted of a graphite rod sesaled inside
& gas~tight alumina tube with a mixture of Al 03 + Fe,
and provided with copper leads at the end. Tge gsealing
mixture was graded from 100% Al O3 at the joint with the
tube to 100% Pe at the joint wifh”the copper connector.
A horizontel furnace using this type of element is at
the Metallwerke Flansee. "The working tempersture of the
furnace wes 1,6000C, and once heated, the furnace wasg
never allowed to cool. After long heating of these
elements in & horizontal furnece, they showed some SABZE -
ing.

A Tirm at Duisberg used grenhite grog in a verti-~
cal alumina tube, the ends of the tube being sealed
temporarily. As the graphite was burnt away, more
could be added, while the furnece was in operation.

Dr. Kieffe worked with Xonopicki,, of the Austrian-
American Magnesite Co. at Radentheim, on a heating
element made from a ges-tight sillimanite tube surround—
ing & molybdenum rod. The end of the tube wesg covered
with copper ecaps, sealed to. the tube with silver
chioride, and water cooled. The furneeg worked satig~
faetorily at 1,400°¢. .
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