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Elemental Phosphorus: A Technical Overview

NON-FERTILIZER USES OF PHOSPHORUS - SERIES

KEY ALLOTROPES, PRODUCTION ROUTES &
INDUSTRIAL USES

Phosphorus is a versatile element that exists
in several allotropes, including white, red,
violet, Hittorf's, and black phosphorus.
However, only white and red phosphorus have
30.97 significant commercial relevance, with white
phosphorus being the dominant form.
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WHITE PHOSPHORUS: PROPERTIES AND PRODUCTION

White phosphorus is a waxy, solid material at room
temperature with a melting point of 44°C. Due to its
hazardous nature, white phosphorus is both toxic and
pyrophoric, meaning it can spontaneously ignite in air. These
properties necessitate strict handling and transport
procedures to protect workers and prevent environmental
contamination.

The production of white phosphorus involves a highly energy-
intensive process that requires phosphate ore, coke, and
gravel. These materials are processed in specialized furnaces
operating at temperatures between 1500°C and 1800°C,
consuming large amounts of electrical power. White
phosphorus production occurs primarily in countries like
China, the United States, Vietnam, and Kazakhstan, with
the latter two =

leading the ‘
export market.
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APPLICATIONS OF WHITE
PHOSPHORUS

Though white phosphorus itself has limited
direct applications, it is an essential building
block for a wide variety of chemical
products. Organophosphorus compounds,
which contain a phosphorus atom bonded to
carbon-hydrogen groups, are a significant
class of chemicals derived from white
phosphorus. Notably, white phosphorus is
the only raw material from which these
compounds can be synthesized.

In addition to organophosphorus
compounds, several important inorganic
chemicals are produced via white
phosphorus. Despite representing only 2% of
the global phosphate ore consumption, white
phosphorus is crucial for producing
hundreds of chemicals used in diverse
industries. These applications include:

» Crop protection agents
¢ Flame retardants

o Lubricant additives

o Lithium-ion batteries

This is in stark contrast to the primary uses
of phosphate ore, which are for fertilizer
production and animal feed additives.




DERIVATIVES OF WHITE PHOSPHORUS RED PHOSPHORUS

Due to its violent reactivity, white phosphorus is Red phosphorus is produced by converting white
not directly used in chemical synthesis. Instead, phosphorus at elevated temperatures. It exists as
it is converted into several key intermediates, a dark red powder
which enable more controlled chemical has a much smaller
reactions: production scale compared
PHOSPHORUS TRICHLORIDE (PCL;) to white phosphorus. lts
primary application is as a
The most important derivative, used in the flame retardant in certain
production of glyphosate (a herbicide) flame plastics. Other minor uses
retardants, and water treatment chemicals. include pyrotechnics and
PHOSPHORUS PENTACHLORIDE (PCLs) the strike surfaces of -
matchboxes.
A key compound for producing lithium-ion
batteries.
PHOSPHORUS PENTOXIDE (P401) BLACK PHOSPHORUS
Used in antistatic agents and metal extraction Though still a niche product, black phosphorus has
processes. gained attention for its potential as a

semiconductor in sensor
PHOSPHORUS PENTASULFIDE (P,Ss) NS
Utilized in the production of lubricant additives advancements making its
to reduce engine wear and for insecticides. production easier, black

phosphorus could see broader D o
oS
Rl A applications in the future. =

Crucial in fine chemical synthesis, especially for
catalysis.

SODIUM HYPOPHOSPHITE (NAH,PO;) SUMMARY

An agent used in nickel plating on plastics.

These intermediates facilitate the safer and
more controlled production of end-use products
across numerous industries
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White phosphorus, while representing only a
small fraction of phosphate ore use, is
essential for producing a wide range of
chemicals that have critical applications
across industries. Its derivatives, such as
phosphorus trichloride and pentachloride, play
pivotal roles in industries ranging from
agriculture to electronics. Red and black
phosphorus, though less commercially
significant, also contribute to specialized
fields such as flame retardancy and
semiconductors, respectively.

The Global Phosphorus Institute (GPI) is a global organization dedicated to ensuring the responsible use of phosphorus through cutting-edge
science and stakeholder dialogue. With a holistic vision and worldwide participation, GPI fosters sustainable practices to advance phosphorus-

related technologies and applications.
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