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DEPHOSPHORIZATION OF MANGANESE
ALLOYS

J.Kr.Tuset* and AN.Warnes**

ABSTRACT

Dephosphorization of liquid manganese alloys is
reviewed and discussed on the basis of thermody-
namical data available from the literature. Two possi-
bilities are concidered, either to remove phosphorus as
a phosphate under oxidizing conditions or as a
phosphide under reducing conditions. As the latter
approch appears to be the most promising choice for
high carbon ferromanganese alloys, this possibility was
studied in a serie o% laboratory experiments where
magnesium at a defined partial pressure was used as
the phosphide forming agent. It was found, however,
that in equilibrium with a carbon saturated ferroman-
ganese melt, the magnesium phosphide phase is not
sufficiently stable to give a required degree of
dephosphorixation at a reasonzﬂ)le ressure  of
magnesium. Similar experiments with calcium as the
de'phosphorization agent confirmed that calcium is not
effective at all in carbon rich alloys due to calcium
carbide formation, but was found to be quite effective
in low carbon ferromanganese.

INTRODUCTION

Dephosphorization of liquid alloys rich in elements
being less noble than the phosphorus itself is a difficult
task and has been the subject of numerous publications
over the last decade. Most of these studies, however,
have focused on problems related to the dephospho-
rization of chromium-rich hot metal in the stainless
steel industry where an  economical and
environmentally acceptable solution of this problem

* J.Kr. Tuset, Professor, Institute of Metallurgy, Norwegian Insti-
tute of Technology

** A.N. Weemes, Research Scientist, Division of Metallurgy, The
Foundation of Scientific and Industrial Research at the Norwe-
gian Institute of Technology (SINTEF)

has been most persistently looked tor. 1his has to ao
with the fact that product quality, f. inst. in terms of
corrosion resistance, is significantly improved in
ultra-low phosphorus stainless steels /1/, whereas the
impurity level for phosphorus in chromium rich hot
metal produced from recycled scrap, high carbon
ferrochromium ore or obtained by direct smelting of
chromium, tends to increase year by year.

Manganese-rich alloys are intermediate products
usually used in diluted concentrations in steel, not
valuable end products like chromium-rich steels. Thus,
the incentive in the search for a dephosphorization
process, deemed to be difficult and costly, has not been
the same for manganese alloys as for chromium alloys.
Less work has therefore been devoted to the phos-
phorus problem in the manganese industry, but data on
thermochemical properties of slags and slag/metal
equilibria gained from fundamental work on the
dephosphorization of chromium alloys are applicable
also on manganese-containing systems.

OPTIONAL METHODS

It has been experimentally verified /2,3/ that phos-
phorus dissolved in a liquid metal may either be
removed by oxidation or by reduction.

In the oxidation process as used in steel refining where
a slag is present, the dissolved phosphorus reacts and
forms phosphate ions as expressed in Eq.[1].

P+303+30,= PO (1

Dephosphorization of the metal is here favoured by
low temperature, a high oxygen potential and a high
oxygen lon activity to phosphate activity coefficient
ratio of the slag.

Under strongly reducing conditions and provided a slag
is present , the phosphorus in the metal reacts with
oxygen ions and forms phosphide ions according to Eq
[2a].

P+203;=P*+30, [2a]

or for a slag-free process, it may react with a dissolved
alkali earth metal (Me) and form a solid phosphide as
expressed in Eq [2b].

Me=:MesP, [2b]

P+

Niw

Dephosphorization proceeding according to these two
reactions is favoured at high temperatures and in the
case a slag is present, at a high oxygen ion activity to
phosphide activity coefficient ratio.

When a slag is present, the transition from oxidative
to reductive dephosphorization is controlled by an
exchange reaction between phosphate and phosphide
jons as given by Eq [3] obtained by subtracting Eq [2a]
from Eq [1].

P +20,=POY" [3]




R | 1§71supplvOL

PROCEEDINGS

SUPPLEMENTARY
VOLUME

INFACON ‘89

5th INTERNATIONAL
FERROALLOYS CONGRESS

April 23-26, 1989

NEW ORLEANS, LOUISIANA




TABLE OF CONTENTS

FOREWORD - i
OPENING ADDRESS ’
Donald H. Freas, Chairman, The Ferroalloys Association - U.S. --------- 6 "

TECHNICAL PROGRAM AND DISCUSSION

- SESSION I 10
- SESSION II 25
- SESSION III 31
- SESSION IV 56
- SESSION V 74
- SESSION VI 86
PANEL DISCUSSION
- The World Ferroalloy Producers’ Problems and Opportunities
in the 1990’s 97
. M.M. Mesquita - Brazil 98
N B. Angles D’Auriac - Europe 100
B S. Hanamura - Japan -102
. J.E. Gomersall - South Africa 104
u J.P. Trunzo - United States 109
- Discussion 112
CONGRESS COMMENTS
- A.M. Edwards, President ICF 116
CLOSING ADDRESS
- J.G. Oxaal, Chairman, INFACON 119

LIST OF PARTICIPANTS AND RELATED ORGANIZATIONS

- Entries by
= Participant/Company 123
= Country/Company/Participant 127



