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Preface

This volume is the first of a series of supplement volumes to the selenium series
A1, A2, A3, and B, which appeared in the years 1942 through 1953. This volume,
“Selen” Suppl. Vol. A1, describes the industrial and laboratory production of selenium
and -the preparation, enrichment, and separation of selenium isotopes. The chapters on
the industrial production are written in English.

The volume opens with a survey on elemental selenium. In this survey the different
allotropes of selenium are briefly characterized. These modifications will be thoroughly
described in Suppl. Vol. A2.

The industrial production has been arranged according to the different processing
steps leading to raw selenium. Basically, these are preparation of raw materials, decomposi-
tion, chemical separation, and precipitation of selenium. Twenty-five flow sheets show
how these individual steps can be used to extract selenium. The chapters on industrial
production then continue with purification, recovery from scrap and wastes, and quality
control. A brief survey of the uses of selenium completes this part of the volume.

The methods of preparation in the laboratory, which were described thoroughly in
a chapter in 1942, are brought up-to-date. Both formation and preparation are described.
Then the preparation of special forms, arranged by the modification prepared, is presented.
Preparation of single crystals is included, and there is a section on the preparation
of thin films.

The chapters " Preparation, Separation, and Enrichment of Selenium Isotopes” and
" Detection and Determination of Selenium Isotopes” close this volume.

Frankfurt /Main Hans Karl Kugler
November 1979



Vorwort

Mit dem vorliegenden Band beginnt die Herausgabe einer Reihe von Ergénzungsbanden
zu den in den Jahren 1942 bis 1953 erschienenen Bédnden ,,Selen” A1, A2, A3 und
B. Der Erganzungsband ,,Selen” A1 beschreibt die Herstellung des Elements, technologisch
und im LabormaRstab, sowie die Darstellung, Anreicherung und Abtrennung der Isotope.
Im Zuge der Umstellung des Gmelin-Handbuches auf die englische Sprache ist der
technologische Teil bereits in Englisch abgefaft.

Der Band wird eingeleitet von einer Ubersicht iiber das elementare Selen; vor allem
soll hier kurz Uber die Modifikationen informiert werden. Die ausfihrliche Behandlung
der Polymorphie folgt im Ergdnzungsband A 2.

Der technologische Teil gliedert sich, den einzelnen Teilschritten bei der Herstellung
entsprechend, in Abschnitte iber die Aufbereitung der Rohmaterialien, die AufschluBverfah-
ren, die chemische Abtrennung und die Ausfédllung des elementaren Selens. Anschlie-
Bend sind mehrere industriell durchgefiihrte oder vorgeschlagene Prozesse in FlieBbildern
(flow sheets) zusammengestellt. Dann folgen Reinigung, Wiedergewinnung, Qualitétskon-
trolle und eine kurzgefaRte Ubersicht iiber wichtige Verwendungsméglichkeiten.

Im Kapitel Gber die Darstellung im LabormaBstab wird das umfangreiche Kapitel
des 1942 erschienenen Bandes durch die seither angefallene -Literatur ergénzt. Der Be-
schreibung einiger allgemeiner Bildungsreaktionen und Darstellungsverfahren folgt die
. Darstellung besonderer Formen”, im ersten Teil geordnet nach Modifikationen. Hier
ist auch ‘die Herstellung der Elnknstalle ennbezogen Die Herstellung diinner Schichten
ist in einem Abschnitt zusammengefal&t

Den Band beschlieRen die beiden Kapitel ,, Darstellung, Anrelcherung und Abtrennung
von Isotopen des Selens” und , Nachweis und Bestimmung von Isotopen des Selens”.

Frankfurt am Main Hans Karl Kubler
November 1979
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Selenium

Atomic Number 34 Atomic Weight 78.96

1 General Remarks

_Selenium, which has atomic number 34, occupies a position in the periodic table
between sulfur and tellurium in the sixth main group and between arsenic and bromine
in the fourth period. Its three inner electronic shells are completely filled. Its outer shell
has the configuration 4s?4p?. Its atomic weight is 78.96 +0.03. Natural selenium consists
of a mixture of isotopes (% relative abundance): 7#Se (0.9), 7®Se (9.0), 7’Se (7.6),
78Se (23.5), %°Se (49.6), and 22Se (9.4).

Seleniuim is comparatively rare. Its abundance in the lithosphere is only 9x10-%,

making it 69th in the list of elements. There are few selenium minerals, and Se is’

not extracted from selenium ores. It is frequelitly found in sulfide minerals, for example,
pyrite or chalcopyrite, and is recovered as a by-product from them. The greatest amounts
are obtained as a by-product of recov ‘ring precious metals from copper refinery slimes.
Lesser amounts are obtained during sulfuric acid manufacture.

Five solid -state modifications have been characterized: red amorphous black vitreous,
a-monoclinic, f-monoclinic, and hexagonal. Red amorphous selenium (known in the
older literature as a-selenium) and vitreous selenium are converted to hexagonal Se
by heating. The a-monoclinic and B-monoclinic forms (in older publications- grouped
together and named B- or red crystalline selenium) are metastable and convert readily
to hexagonal Se. But the transition temperature is not clearly defined. An «— f transforma-
tion has never been observed. Hexagonal (also called trigonal, gray, or metallic) selenium
is the most stable form.

Red amorphous selenium is formed by reduction of aqueous selenous acid or by
condensation of selenium vapor on cold surfaces. Vitreous selenium is obtained by sudden
cooling of molten selenium. The a-monoclinic form is obtained by the slow evaporation,
the p-monoclinic form, by the rapid evaporation, of solutions of vitreous selenium in
CS, or benzene at room temperature. Hexagonal selenium is formed by heating the
other modifications, by slowly cooling molten selenium or a saturated solution of amor-
“phous Se in hot aniline, and by condensing the vapor slightly below 220 °C, the melting
point of hexagonal Se.
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