DICTIONARY of
LUXEMBOURG
INVENTORS

KROLL Guillaume
(1889 - 1973)

7 Esch sur Alzette
1 - The file history of the US “Titanium” patent (US2205854)

The US patent application claimed priority from two German patent applications, filed respectively on
10 July 1937 (K147211) and on 7 October 1937 (K148168). Upon grant, however, only the earlier one
of the applications was retained by the US Patent Office as priority claim.

This 1s rather surprising since the July ’37 application related to the use of calcium in the production
method and the October 37 application related to the use of magnesium which is precisely what was
claimed in the US patent.

The explanation for the renouncement to the later priority claim is to be found in the fact that Kroll’s
priority date had to predate a conflicting US Patent granted to Freudenberg ! which carried an effective
US filing date of 1 September 1937. By selecting the first application only as priority application Kroll

., <<

avoided having to deal with Freudenberg’s “prior art” patent.

The US Patent Office, however, allowed a generic claim for the use of alkaline earth metals, as well as a
specific claim to the use of magnesium.

The 10 July 1937 application issued in Germany as a patent (DE674625) on 30 March 1939. Upon filing
the application Kroll opted for an extension of the patent protection to Austria.

The fate of the 7 October 1937 application remains unknown.

Maybe, in order to safeguard his US patent, Kroll also renounced pursuing the second application in
Germany to remain consistent with the position taken in the US patent application procedure. Unlike
the US patent, the German patent, however, did not contain a generic claim for the use of alkaline earth
metals but was limited to the use of calcium. 2

Two authors suggest that in 1939 Kroll conducted experiments with magnesium as reducing agent in
Germany, pointing towards the German companies DEGUSSA and OSRAM. 3 #

The complete text of the German applications has been preserved as “priority” documents in the
corresponding US patent prosecution file which is still kept in the National Archives in Kansas City,
Missouri, USA.

From the US patent specification, it is clear that Kroll discovered between July and October 1937 that
the use of magnesium was preferable to the use of calcium in terms of the costs of the materials and in
the working temperature range. (The date of 30 July 1937 is reported as the date on which Kroll
achieved the major breakthrough in his quest for producing ductile titanium.)

1 US Patent 2148545

2 It has to be to pownted out here that Kroll’s titanium process was only patented in Germany (including Austria), in the United Kingdom
and in the US; since Kroll’s German patent was limated to the use of calcium, magnesium could be used as reducing agent in Germany
without Kroll’s consent, 1.e. without a license under Kroll’s German patent.

3 Titanium - A Materials Survey 1957, Jesse A. Miller, United States Department of the Interion, September 1957, page 105: “Kroll’s
experimentation with the magnesium reduction process in Germany until 1939 resulted in its adoption by Degussa and Osram, two large
German manufacturing firms. Degussa produced titanium in its Frankfurt am Main plant from 1938 to 1942, reaching a maximum
yearly output of 1,050 pounds in 1941. The Osram plant turned out approximately 65 pounds per month from 1942 to 1944. Osram
has not reported any production since World War II, but Degussa was again operating a pilot plant at Frankfurt am Main in 1955.
Tutangesellschafl, a subsidiary of the National Lead Co., had a pilot plant at Leverkusen, Germany, which had a capacity of 2.2 short
tons per month in 1954.”

# The titanium industry: a case study in oligopoly and public policy, dissertation, Francis George MASSON, The Ohio State University,
1954, page 42

% Black Sand : “The huistory of titanium™, Kathleen L. Housley, 2007, page 14
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DEUTSCHES REICH

AUSGEGEBEN AM
18.APRIL 1939

REICHSPATENTAMT

PATENTSCHRIFT

M 674625

KLASSE 40a GRUPPE 4650
K 147211 VIj40a

3 Dr.-Ing. Wilhelm Kroll in Luxemburg 3%

ist als Erfinder benannt worden.

Dr.-Ing. Wilhelm Kroll in Luxemburg

Verfahren zur Gewinnung von reinem Titan

Patentiert im Deutschen Reiche vom 11. Juli 1937 ab

Tag der Bekanntmachung iiber die Erteilung des Patents: 30. Mirz 1939

GemiB § 2 Abs. 2 der Verordnung vom 28. April 1938 ist die Erklirung abgegeben worden,
daB sich der Schutz auf das Land Osterreich erstrecken soll

N.B. : Patents do reflect the course of history as can be seen by the fact that in Kroll’s German patent
the original Swastika in the “Reichsadler” was blacked out after WW2 in the patent collection of the
German Patent Office; however, the notification of the fact that the “Third Reich” patent was valid in
the annexed Austrian territory, as of its date of grant, was not barred.

The specification of the patent filed by Kroll in the USA on 6 July 1938 was much more elaborate than
the specifications of the priority applications filed in Germany a year earlier. During that year Kroll
probably collected more data in support of his titanium producing process which he then included in the
US application.
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@ citizen] of _the Grand-DuchysTuxembourg,
v & ¢ 7
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whos§ post-office address 1s
54,Bel'Alrstrasse, Luxembourg,

pray  that Letters Patent be granted to him
for the improvement in

& HETHOD FOR MANUFACTURING TITANIUM AND ALLOYS THEREOF
set forth in the annexed Specification.

nd _he hereby appoint
KNIGHT BROTHERS (Reg.No. 1710), of 2, Rector Street, New York, New York,

said firm consisting of Harry E. Knight, Octavius Knight and Ray T.Ernst,
his

attorneys, with full power of substitution and revocation, to prosecute this application,

to make alterations and amendments therein, to receive the Patent, and to transact all

business in the Patent Office connected therewith.
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SPECIFICATION
TO ALL WHOM IT MAY CONCERN:
BE IT KNOWN That I, WILHELM KROLL,
a citizen of the Grand-DuchydLuxembourg,

residing at  Luxembourg,
have invented certain new and useful improvements in

4 METHOD FOR MANUFACTURING TITANIUM AND ALLOYS THEREOF
of which the following is a specification:
ey - N -
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WILHELK KROLL,
the above named petitioner being duly affirmed, deposes and says that he is a
citizen of the Gmnd-mchy.iLuxamhvurg,\
and a resident of Luxembourg,
that he verily believes himself to be the original, first and sole inventor of the
improvement in

A METHOD FOR MANUFACTURING TITANIUM AND ALLOYS THEREOF
described and claimed in the annexed specification; that he does not know and does
ot believe that the same was ever known or used before his invention or discovery
thereof, or patented or described in any printed publication in any country before
bis invention or discovery thereof; or more than two years prior to this application,
or in public use or on sale in the United States for more than two years prior to
this application; that said invention has not been patented in any country foreign
to the United States on an application filed by him or his legal representatives or
assigns more than twelve months prior to this application; and that no application
for patent on said improvement has been filed by him or his representatioes or

assigns in any country foreign to the United States, except as follows: Gernany,’
f£iled July 10, 1957, and October 7, 1957, Serial No.s K 147 211 and
K 148 168 VI/40a. - 5
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Aftirmed to and subscribed before me this C.O%  day of quy* 935
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Corisul of the United States of America,
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The US patent examiner was quite critical during the examination procedure and requested that Kroll
submit a drawing of the furnace described in his application:

“since the disclosure is based so closely upon the operation of the furnace, a drawing of the furnace described on
pages 11 and 12 is required”

The following drawings were subsequently presented to the Examiner:
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Kroll’s agent, when asked to reduce the number of claims, 1.e. reduce the scope of protection granted by
the patent, stated the following:

Applicant is of the impression that the significance of the present invention is greater than the Examiner may
have assumed. The fact that applicant’s method allows producing titanium in relatively large quantities and on
a satisfactory economic basts, which titanium is ductile and even cold malleable, s of such importance over the
many attempts heretofore made, that the number of claims should be adequate to satisfactorily cover the
invention.”

The patent issued in the name of Wilhelm Kroll on 25 June 1940.

Patented June 25, 1940 2,205,854

UNITED STATES PATENT OFFICE '

2,205,854

METHOD FOB. MANUFACTURING TITANIUM
AND ALLOYS THEREOF

Kroll, L L

Anpllutlnn July 6, 1938, Serial No. 217,773
Germany July 10, 1937

15 Claims. (CL 75—84)

My invention relates to a method for produc- cess of the reducing agent, if desired. Such ex-
ing titanium and alloys thereof. cess has the advantage that from the beginning
Titanium has hitherto been known as a hard always the proper mixture is caused to react so
and brittle metal not capable of being deformed that the efficiency is better than if the chloride
5 in a warm or cold state. Above all, minute is caused to drip onto the highly heated alkaline 5
traces of oxygen render the titanium cold short, earth metal which at the beginning is present
although the capability of the metal of being in great preponderance.
rolled in a warm state is only impaired to a slight In accordance with the properties of the dif-
extent. A cold short titanium cannot be em- ferent substances to be used, the method accord-
19 ployed for most purposes so that only such meth- ing to the invention can be carried out in dif- 10
of manufacture appear suitable which pro- ferent ways.
duce from the beginning a titanium poor in or As a rule, magnesium or calcium is preferable
free of oxygen. as reducing metal from an economical point of
An object of my invention is to produce ti- view, although lithium, strontium and barium
15 tanium which is ductile. Another object is to may also be employed. Calcium possesses a 16
even render the titanium cold-malleable. Anob- much greater affinity to chlorine and permits to
ject similar to the foregoing but considered from eﬂ’ect the reduction theoretically at about 1400°
another point of view is to produce in practice such a high
which is free of oxygen as compared with the temperature is not permissible owing to the use
20" aforementioned products. Other more detailed of steel apparatus. Consequently, the calclum 20
objects of the will become the that a much better thor-
from the following description. ouxhly fused titanium can be produced. How-
According to the invention, a halide of ti- ever, magnesium has a much lower boiling point
tanium is caused to chemically react with an (1070° centigrade) and a smaller but sufficient
25 alkaline earth metal in the presence of a protec- affinity to The 25
tive gas while normal from the use of magnesium lie on the one hand
Preferably the tetrachloride of titanium is em- in the low price, which is outstanding on account
ployed as a halide. In order to prevent the ab- of the low specific gravity of magnesium. On the
sorption of oxygen the alkaline earth metals are other hand the low specific gravity permits a
30 heated in the presence of a protective gas to better utilization of the space, and the dura- 30
temperatures as high as possible and which are Dbility when exposed to air is extremely more
only limited by the crucible material or by the favorable than that of calcium. Both metals
boiling point of the reducing metal. In this should be used in as pure a state as possible free
manner a highly sintered and in most cases even of oxides. In this regard the magnesium again
35 fused metal is produced which is hardly any more is more since it is com- 35
chemically attacked when being subsequently mercially in a high degree of purity and it is very
treated with acids and which does not tend to easy to purify at a low temperature by sublima-
form colloids. tion, whereas calcium must be freed of the im-
Since to the the r purities by distillation before being used. The ,
40 is effected under normal pressure, the reaction reaction temperature in the case of magnesium is 40
need not take place in thick-walled flasks, which kept as close as possible to the boiling point in
would limit the use o! the method considerably. order to produce a compact metal free of col-

By “normal a in loids. Upon exceeding the boiling point the
the ‘hood of in clogs the supply tube. o
45 particular a pressure which is not The of some of the pieces of titan- 45

higher than the atmospheric pressure. The re- fium increases up to the fusing point of the ti-
action can also be effected below atmospheric tanium, i. e. to about 1850° centigrade, although
pressure. for instance in vacuum or in a par- the average temperature of the bath is not high-

tial vacuum in which the pressure of argon is er than the point of

50 below atmospheric pressure; however if the pres- Local overheatings of the individual pieces of 50
sure is too low the and exceed the boiling point of
difficulties arise owing to the of the to a extent without a
tetrachloride. Both reagents may be brought in- of the taking place.

to the apparatus at the same time and in the As to the protective gas, an inert gu particu-
55 proper stoichiometric proportion, with a small ex- larly argon, or is 55
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Kroll was given by his fellow metallurgists a collection of his publications (almost exhaustive) in the form
of 4 bound volumes of photocopies. These 4 volumes are kept by the Archives Nationales (AN) 1n its section

of Collections privées. !

T Archives Nationales reference: William . Rioll, Collected Works, private collection

AN ref. Title Publisher
Year | Vol. | No
Zeitschrift fir
1918 1 1 | Uber die Darstellung des amorphen Bors | anorganische und Band 102, 1-33
allgemeine Chemie
1922 1 2 | Fallungen in Metall6sungen Metall und Erz 317-324
1922 1 3 | Uber Metallfillungen aus Oxydlésungen | Metall und Erz 541-543
Uber die Verwendungsmaoglichkeit des
1926 1 4 | Elektro-Ofens im Metallhtittenbetrieb zu | Metall und Erz 229-235
Reduktionszwecken
1926 1 5 | Das Diagramm Germanium-Aluminum | Metall und Erz 682-684
Vegiitbare Aluminiumlegierungen - 684-685
— ! . Ersatz des Siliziums durch Germanium B un
1926 1 7 | Uber die Darstellung des Berylliums Metall und Erz 590-594
1926 | 1 | g | yersitbare Aluminium-Silber Metall und Exz 555-557
egierungen
1926 1 9 | Vergiitbare Aluminiumlegierungen Metall und Erz 225-230
Die mechanischen Eigenschaften der
1926 1 6a | bindren Aluminium-Beryllium Metall und Erz 616-618
Legierungen
Vegititbare Aluminiumlegierungen -
Ersatz des Siliziums durch Beryllium.
SN Beryllium-Duralumine-Lautale-and L LAIRE i BLeels
Aludure
1930 | 4 Vergtitbare Titan-Legierungen Metallwirtschaft 1043-1045
1931 1 10 | Vergtitbare Titan-Kupferlegierungen Zeitschrift fiir Metallkunde | 33-34
Zur Frage des terndren Eutektikums der Wiss. Veroeff. Si
1931 | 1 | 11 | Aluminium-Silicium-Beryllium 155 VEToetl. siemens 25-28
Leoi Konzern
1931 1 19 chr die chlcrbarkqt des Berylliums mit | Wiss. Veroeff. Siemens 99.39
Calcium und Magnesium Konzern
1931 1 13 D-1e Legierungen des Berylliums mit Wiss. Veroeff. Siemens 33.34
Eisen Konzern
Uber die Verwendung von .
1931 1 14 Hochfreguenzdfen in Laboratorium Metallwirtschaft 751-754
1931 | 15 gber die Verflichtigung des Antimons im Metall und Fiz 591.523
onverter
1939 1 16 Die elektrothermische Raffination von Metall und Erz 365367
Metallen
1939 1 17 Uber den hoch.stzulass1gen Wismutgehalt Metall und Erz 114
des Handelsbleis
1939 | 18 1[?‘Jber ffhe Reduzierbarkeit des Wiss. Veroeff. Siemens 88.99
erylliumoxydes Konzern
1932 | 4 Hartbares Nickel Metallwirtschaft 31-32
1933 | 4 Influence of Beryllium on Steel (Letter to | Engineering, 8 December |
the Editor) 1933 )
1934 1 19 gber FhC Entschwefelung von Eisen mit Metallwirtschaft 91.93
eryllium
1934 1 20 | Uber das sublimierte Eisen Zeit. Elektrochemie 303-306
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Year | Vol. | No
Uber die Reduzierbarkeit der Oxyde der | Zeitschrift fiir
1934 1 21 | Erdalkalimetalle einschlieBlich des anorganische und 301-304
Berylliums allgemeine Chemie
Die Raffination von Metallen durch
1935 1 22 | Verdampfen im Hochvakuum - Chrom, Metallwirtschaft 725-731
Aluminium, Silizium, Beryllium
1935 | 1 | 23 | Der Einflu von Beryllium auf Stahl Zeit. des Vereines 98-29
deutscher Ingenieure
ey | sy |Gl st L Rl SRR B (Pt Ve e K
Thorium und Uran
1935 | 1 | 26 | yorsange beim Schmelzen im Hoch- Zeit. Elektrochemie 873-876
Vakuum
The Vacuum Distillation of Metals. Part
I: Refining of Chromium, Aluminum, 3-6, 29-31,
L8y & Silicon by Evaporation in a High QS =R Ee H LTy 103-104
Vacuum
Zeitschrift fur
1936 1 24 | Das duktile Chrom anorganische und 23-32
allgemeine Chemie
1936 1 27 | Legierungen des verformbaren Chroms Zeitschrift fiir Metallkunde | 317-319
1936 | 14 Metals and Alloys 24-27
1937 | 1 | g | Nickelinden durch Ausscheidung Nickel Berichte 117-121
hartbaren Legierungen
1937 1 29 | Verformbare Legierungen des Titans Zeitschrift fiir Metallkunde | 189-192
1937 1 30 | Is Beryllium Ductile? Metals and Alloys 349-353
1937 | 4 Argon Metallwirtschaft 463-465
Zeitschrift fir
1937 - - | Verformbares Titan und Zirkon anorganische und 42-50
allgemeine Chemie
Fortschritte auf dem Gebiete der Heft 10,
8 ! S Metalltrennung (I) SIS RUnI 252-254
Fortschritte auf dem Gebiete der Heft 11,
1938 [ 1| 32 | Metalltrennung (IT) WSO 982-286
Blei-Kalzium-Legierungen fur . P
1938 1 33 Bleisammler und Bleikabelmantel Zeitschrift fiir Metallkunde | 373
- . . . Zeitschrift fir
1939 | 1 | 34 [ijernfjle Redgmerbarke“ ais: anorganische und 331-336
cryfumoxyaes allgemeine Chemie
1939 | 1 | 35 | Daswarmwalzbare Manganund dessen |/ o0 4 ih i Metallkunde | 20-23
verformbare Legierungen
Hiuttenmannische Verwendung
1939 1 36 | wasserfreier Chloride, ihre Herstellung Metall und Erz Heft 4, 101-106
und Eigenschaften
Hiittenmannische Verwendung
1939 1 37 | wasserfreier Chloride, ihre Herstellung Metall und Erz Heft 5, 125-131
und Eigenschaften
1939 | 4 A Note on Yttrium-Aluminum Alloys Metals and Alloys 332-333
1939 | 4 Beryllium gex.tbo‘)k edited by 99-
pringer
1939 | 4 Das warmwalzbare Mangan und dessen | /i o i fir Metallkunde | 20-23
verformbare Legierungen
1939 - - | Einige Eigenschaften des reinen Titans Metallwirtschaft 77-80
1940 | 38 Wasserfr?le Eluonde, Eigenschaften und Metall und Fiz 63-67
hittenménnische Verwendung
1940 1 39 | The Production of Ductile Titanium Trans. Electrochem. Vol. 78, 35-47
1941 | 1 | 40 | High Temperature Metallic Resistor Trans. Electrochem. 199-213
Furnaces
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AN ref. Title Publisher
Year | Vol. | No
. . Engineering and Mining Vol. 144, No. 9,
1943 1 41 | German Metallurgy in Wartime (I) Journal 50-51
. . Engineering and Mining Vol. 144, No 10,
1943 1 42 | German Metallurgy in Wartime (IT) Journal 82-83, 104
1945 | 2 | 43 %thg and evaporating Metals in a Trans. Electrochem. 571-587
acuum
The Fused Salt Electrolysis for the
1945 2 44 Production of Metal Powders Trans. Electrochem. 551-569
1945 2 45 | Extractive Metallurgy of Beryllium U.S. Dept. of Interior I71§f;6 Sty
Processes for Making Barium and its . Info. Circular
1945 | 2| 46 |y J U.S. Dept. of Interior =
1945 4 Beryllium and its Alloys Metal Industry }gg:}ég’
The Melting of Molybdenum in the Discussion-Metals
RO Vacuum Arc Technology 1946 LR
1946 2 48 | Discussion Trans. Electrochem. 382
1946 | 9 49 Surv-ey of . Literature on the Metallurgy US. Dept. of Interior Info. Circular
of Zirconium 7341
1946 2 50 | A New Carbon Resistor Furnace Trans. Electrochem. 317-329
1946 2 51 | Ductile Zirconium from Zircon Sand Trans. Electrochem. Vol. 89, 263-276
Titanium and Zirconium - Two Metals
1946 | 2,4 of the Future Metal Industry 319-322
1946 4 Production and Uses of Rare Metals Mining and Metallurgy 262-266
1947 2 52 | Production of Fused Silica Trans. Electrochem. 115-126
1947 2 53 ety Prog.ress m L L g Trans. Electrochem. 99-113
Malleable Zirconium
1947 | 4 Le Titane et le Zirconium Malléables Revue TCChIlqu.lC 199-202
Luxembourgeoise
1948 | o | 54 | Reactonsof Carbonand Metal Oxides | o piecirochem., 947-258
in a Vacuum
A New Graphite Resistor Vacuum
1948 2 55 | Furnace and Its Application in Melting Trans. AIME 766-771
Zirconium
1948 | 2 56 Largt.e—Scz.lle quoratory Production of Trans. Electrochem. Vol. 94, 1-20
Ductile Zirconium
1948 | 2 Rare-Metal Metallurgy Metal Industry 323-325
1949 | 2 | 57 | Melting and Casting Zirconium Metal Trans. Electrochem. Vol. 96, 158-169
Laboratory Preparation of Lithium
1949 2 58 Metal by Vacuum Metallurgy Trans. AIME 266-274
1950 [ 3 | 59 | Production of Malleable Zirconium Ind. Eng. Chem. 395-398
La Production Industrielle de Titane et , .
1950 3 60 du Zirconium Malléables Revue de Métallurgie No 1, 1-18
Improvements in Methods for the
1950 3 61 | Reduction of Zirconium Chloride with Trans. Electrochem. 305-310
Magnesium
1950 3 62 | Ductile Chromium Trans. Electrochem. 258-264
Graphite-Rod Hairpin-Resistor Vol. 188
1950 | 3 | 63 | Radiation Furnace for High Journal of Metals o 199,
T 1394-1935
emperatures
1950 3 64 iﬂl:)r;:shmmary e Bureau of Mines Report 4658
1950 | 3 | 65 | Contribution to the Metallurgy of Bureau of Mines Report 4752
Chromium
1950 3 66 P.roductlon of Malleable Zirconium on a Trans. AIME, 1445-1453
Pilot-Plant Scale
1950 | 3 | 67 | Métaux Rares Institut Grand-Ducalde | o5 4,
Luxembourg
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AN ref. Title Publisher
Year | Vol. | No
1950 | 4 L'Industrie du Titane en Amérique Revue de Métallurgie 1-8
1951 3 68 | Le Magnesium Silicothermique Revue de Métallurgie No 12, 929-943
Les Recents Progres dans la Metallurgie , No 313,
— . e et dans les Alliages du Titane LIS 329-346
1951 3 70 | Vacuum Metallurgy Vacuum 163-184
1951 4 Les recents progres (?lans la métallurgie et Metaux', Corrosion - 399.346
dans les alliages du titane Industries
1952 | 3 71 | Chlorine Metallurgy-Part I Metal Industry 243-252
1952 | 3 72 | Chlorine Metallurgy-Part II Metal Industry 269-271
1952 | 3 73 | Chlorine Metallurgy-Part IIT Metal Industry 284-286
1952 3 74 | Chlorine Metallurgy-Part IV Metal Industry 307-311
1952 3 75 | Chlorine Metallurgy-Part V Metal Industry 325-326
1952 3 76 | Chlorine Metallurgy-Part VI Metal Industry 341-343
1952 | 3 77 | Chlorine Metallurgy-Part VII Metal Industry 365-366
1952 3 78 | Some Aspects of Titanium Metallurgy I Metal Industry 343-345
1952 3 79 | Some Aspects of Titanium Metallurgy II | Metal Industry 383-388
1952 | 3 | go | Fligh-Temperature Experiments with Bureau of Mines Report 4915
Zirconium and Zirconium Compounds
1952 | 3 | g1 | Lhe Production of Metal Powders by Plansee Proceedings 160-170
Fusion Electrolysis
81-82, 101-104,
1953 3 82 | Anhydrous Fluorides in Metallurgy Metal Industry 124-126,
141-143
1953 | 3 | 83 | Vacuum Techniques in Metallurgy Eﬁ;{f;iéﬁ:fw of 94-29
1953 | 3 | 8% | The Metallurgy of Titanium and Metal Industry Vol. 84, 325-327
a | Zirconium (I)
i 84 The Metallurgy of Titanium and (to be concluded from 84a)
b | Zirconium (II)
1953 | 4 Manufacture of Titanium and Zirconium | 10 Limes Review of 24-29
Industry, October
1954 | 3 | 85 | Pickling Chromium for Ductility Metal Industry 345-346
1954 | 4 Die Metallurgie des Titans und Zirkons Metallkunde Vol. 45, 67-75
1955 3 36 ;ig{tuelle Probleme der Metallurgie des Metall, Heft 1/2 1.6
itans
1955 | 4 ?ktucllc Probleme der Metallurgie des Metall, Heft 9/10 366-376
itans
3 | 87 | Titanium (Part 1) 11\/21)?52‘ I Industry, 22 July 63-66
3 | 87 | Titanium (Part 2) Mctal Industry, 29July | g3 86
1955 | 3 87 | Titanium (Part 3) Noctal Industry, 5 August | 05108
1955 | 3 | 87 | Titanium (Part 2) Mctal Industry, 12 August | 150134
1955 | 3 | 88 | Titanium (Part 5) Yoctal Industry; 19 August | 147,149
3 Titanium (Part 6) 11\%;1 Industry, 26 August | 74 174
1955 3 89 How Qommermal Titanium and Jouljnal of the Franklin 169-192
Zirconium Were Born Institute
1955 | 4 Titanium g“‘?““gham Metallurgical |, 15 309
ociety
1956 | 3 | 90 | The Pyrometallurgy of Halides Metallurgical Reviews Vol. 31, 291-337
1956 | 3 9] Present and Potential Uses of Sodium in | Advances in Chemestry 138-154

Metallurgy

Series (ACS) Monograph

DICTIONARY of
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AN ref. Title Publisher
Year | Vol. | No
1956 | 4 More Waste than Haste in Titanium? ghemlcal Weel, 15 102-108
eptember 1956
1956 | - ABEdTAh eiieb e e &’Letzeburger Land 10/1956, 3,6
Marchen
1957 3 92 | Research on Chromium in America American Research 4-13
1957 | 3 | 93 | Melting Metals in Vacuum-Arc Furnaces | Metal Treatment 162-168
1957 3 94 | Das Lichtbogenschmelzen in Vakuum Z. Metall Vol. 11, 1-7
1958 | 3 | 95 | The Metallurgy of the Unusual Chemistry and Industry 26-29
1958 | 4 Individual vs Team Research Chemical Processing 84-87
1958 | 4 Individual Invention, a Lost Art? Product Engincering, 24 32-33
February 1958
The Present State of Titanium Extractive . Vol 215,
1959 | 3 96 Metallurgy Transactions AIME 546-559
1959 3 97 | L'homme Conquiert Les Métaux Rares Institut Grand-Ducal de 81-91
Luxembourg
The Fusion Electrolysis of Titanium - . Vol. 43,
I Memorial Lecture e e 1314-1322
A Contribution to the History of Ductile | Journal of the Less-
ORISR SR i iumiand Zirconiam Common Metals S0y
1965 3 99 | The Case for Individual Research Metal Progress 53
1966 | 4 La Métallurgie de 'Antiquité E‘Nue Technique 1966/2, 57-67
uxembourgeoise
1940 Techmcal. Repprts authored by Dr. WJ A I DY) B e
Kroll during his employment with Union ntist. Fondai
. Carbide and Carbon Research sclentist, tondahion
1944 . . Nicolas Lanners, 1998
Laboratories, Niagara Falls

Non-technical publications

Title Publisher

1962 |Ma vie d’apprenti métallurgiste en Hongrie (I) I’Echo des Naturalistes No 3, p. 2-5

1963 [Ma vie d’apprenti métallurgiste en Hongrie (II) I’Echo des Naturalistes No 4, p. 1-3

1963 |Ma vie d’apprenti métallurgiste en Hongrie (III) L’Echo des Naturalistes No 5, p. 2-4

1963 | Die Krise im Erziehungswesen d’Létzeburger Land 13/12/1963, p. 7
1964 éﬁe}g‘ﬁrg;l“ﬁgf:f:‘g“egga;re e | T 08/05/1964, p. 4
1965 |Das Experiment und die Schriften d’Létzeburger Land 08/10/1965, p. 3
1965 |Die sozialen Folgen der Automation d’Létzeburger Land 23/07/1965, p. 3-4
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Medals
* 1954 Francis j. Clamer Medal of the Franklin Institute, Philadelphia
* 1954 James Douglas Gold Medal of the American Institute of Mines and Metallurgy
o 19355 Albert J Sauveur Plaque of the American Society for Metals
* 1955 Heyn Denkmiinze of the Gesellschaft fiir Metallkunde, K6ln
* 1958 Perkin Gold Medal of the Society of Chemical Industry U.S.A.
» 1958 Edward Goodrich Acheson Gold Medal of the Electrochemical Society, U.S.A.
* 1960 Castner Gold Medal of the Society of Chemical Industry, London
e 1968 Platinum Medal of the Institute of Metals, London

Dr honoris causa
* 1953 Oregon State University
* 1955 Université de Grenoble
* 1958 University of Missouri, School of Mines and Metals
e 1960 Rheinisch-Westfalische Technische Hochschule, Aachen
e 1969 Université libre de Bruxelles

Other Honours
* 1954 Ordre de la couronne de chéne, Luxembourg
* 1972 Creation of The W. J. Kroll Medal and Prize, Institute of Metals *
* 1975 (?) Creation of the William F. Kroll Lirconium Medal, ASTM International
* 1987 Creation of the Kroll Medal, The Institute of Materials, Minerals and Mining (IOM3) 5
* 2000 Entry into the National Inventors Hall of Fame in the USA ¢
* 2018 Highschool in Esch-sur-Alzette named: “Lycée Guillaume Kroll” 7
*  Creation of the Prix Walliam-Rroll by the Association jeunes scientifiques Luxembourg
*  Road named rue Guillaume j Kroll in Luxembourg City
*  Road named rue Guillaume J Kroll in Esch-sur-Alzette

2 Luxemburger Wort, 05/01/1947, page 5

3 “William J Kroll, A Luxembourg Scientist™, Fondation Nicolas Lanners, 1978, page 22
* Metals and Materials, No 6, 1972, page 65

5 The Institute of Materials, Minerals and Mining

¢ National Inventors Hall of Fame

7 MEMORIAL A N° 665 du 8 aoiit 2018


https://www.iom3.org/defence-safety-and-security-committee/awards-materials-science-and-technology
https://www.invent.org/inductees/william-j-kroll
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