CHAPTER 4

Since phosphorus is the element is number 15 in the periodic table and every medium to high
school student have a copy of the regular (original recipe) periodic table.
In this chapter hereby is a special treat, the most interesting, high tech, information and data rich
periodic table presentation ever made (and available to public). The tables are shown in Figures
4-1, 4-2, 4-3 & 4-4. The figures also crystalize meaningful and beneficial info and show the
beauty and harmony of mother nature.
Professor Asegun Henry of the University of Georgia is figuring out the the unique ‘musical’
signatures of every element on the period table to give scientists a new way of analyzing their
constantly shifting molecular structure and the chance to actually hear how different arrangements of molecules and chemical bonds can behave.
“The entire Universe is moving around and making noise, we can’t hear it”.
Every chemical element have a unique musical signature? We can call it fingerprint.
The technique was used in a project at CERN called LHCSound to analyze the data from particle
collisions, which allowed scientists to detect subatomic particles by ear.
Phosphorus chemistry involves any compound which contains a P-E bond, where E can be almost any element and where the bond is usually (although not invariably) covalent. It is dominated by oxyphosphorus compounds, all of which contain phosphorus - oxygen linkages.
Orthophosphoric acid behaves essentially as a mixture of three monoproctic acids. Neutralization proceeds to the end of the first state before the second stage is appreciably affected, and so
on.
At pH 7.0, approximately equal proportions of HPO2-4 and H2PO4- are present.

4-1

The acid gives rise to three series of salts containing these anions, for example, NaH2PO4,
Na2HPO4 and Na3PO4 - those containing hydrogen, that is, primary and secondary phosphates,
are often referred to as ‘acid’ salts.
In 1981, the first stable compound containing a phosphorus-phosphorus double bond was prepared by Yoshifuji. This generated interest and rapid growth in phosphorus chemistry computation. Chemists believe the possible number of molecules containing phosphorus is about the
number of drops in the ocean.
This chapter reactions of the P4, P2O6, P4O10, H3PO4 and calcium phosphate with most common and uncommon chemicals are shown in figures 4-6, 4-7, 4-8, 4-9, 4-10, & 4-11.
Recent Advances on Phosphate Online Chemical Analysis
1. Gegoscan Elemental Analyzer by Scantech
Recent Advances Geoscan Elemental Analyzer (PGNAAN)
PGNAA is a technique whereby a radioisotope, typically Californium-252, is positioned under
the conveyor belt in a well shielded housing. Neutrons generated by Cf-252 are absorbed by elemental nuclei in the material on the conveyor belt. Each excited nucleus releases a gamma ray
with an energy level related to the element from which it has been emitted. A detector array
(multiple, advanced bismuth germanium oxide type) positioned above the conveyor belt records
the received gamma rays and represents these measurements over time as a series of spectra
showing peaks at energy levels representing the abundance of gamma rays measured. It can be
used alongside microwave moisture analysis to provide complementary data for calculation of
multi-elemental content on a dry basis. The peaks represent the various elements present in the
material and the relative abundance of each element is calculated for the time interval specified,
typically in the range of two to five minutes, depending on site preference. Spectra are continu-
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ously generated. The raw data is corrected through belt load compensation algorithms and, background removal, tonnage weighted using belt scale inputs, and corrected for moisture content
from the nearby moisture monitor to provide dry weight per cent of each element, typically reported as its common oxide form, e.g. Si as SiO2. Elemental content can be reported in any form
required, for example P as P2O5 or BPL. Moisture content is included in the results sent to the
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site process control system for display as trends or to activate an automated response, such as a
diverter gate.
Previous technologies for conveyed applications which measure only on the surface do not provide representative measurements unless the material is homogenous and that is extremely rare
in nature. Dust can also interfere with their performance. Multiple Geoscan-M analyzers are currently operating in phosphate operations in various applications. Measurement of quality in real
time provides significant improvements in process control, productivity, beneficiation performance, and acid reactor performance. Analyzer payback of three to six months is expected when
considering additional phosphate recovery and the cost savings. And the benefits will continue
through the life of the plant. The non-contact design, twice yearly calibration checks and remote
access capability result in minimal maintenance requirements. The Cf-252 is “topped up” by
adding another smaller Cf-252 source every two and a half years.
Recent Advances of Online Slurry Analysis for Process Control by LexMarGlobal (2)
Online Analysis: Belt Feed
•

Real time BPL knowledge of feed material provides feedback to drag lines.

•

Knowing the quality of incoming material allows precise process control from the start.
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•

Reduce waste rock.
Online Analysis: Flotation
•

Real time BPL knowledge of flotation feeds, concentrates and tailings allows precise applications of chemicals.

•

Improves P2O5 recovery.

•

Reduce over or under application of chemicals.

Online Analysis: Thickener
•

Real time BPL data vs. waiting hours for lab results.

•

Improved P2O5 recovery via precise control of flocculent.

•

Only using the “right” amount of chemicals reduces consumption and saves costs.
Online Analysis: Chemical Plant

•

Optimization of reactor controls

•

Ability to monitor feed stocks, resulting in reduced production costs and improved product quality and consistency

•

Improved P2O5 recovery and conversion
MagModule II Online Analyzer

•

Employs Magnetic Resonance (MR) for P2O5 Measurement
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•

Uses no ionizing radiation

•

~
3
Operates on a slurry sample stream of 8-10m per hour
iPulse Online Analyzers

•

Laser Induced Breakdown Spectroscopy (LIBS) is used for measurement
of other elements including: Mg, Si, F, Ca and Al

•

Uses no ionizing radiation

•

~
3
Operates on a slurry sample stream of 8-10m per hour

MR: How it Works
•

An electromagnetic pulse is applied, and then removed from phosphate flowing through
the magnetic aperture.

•

There is an inherent characteristic associated with certain isotopes which causes them to
align with a magnetic field

o 31P is one of those isotopes

•

When the pulse goes away
o The isotopes returns to their prior alignment
o Produce a measurable “free induction decay” behavior
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•

Phosphate is very responsive to magnetic fields
LIBS: Operating Principle
•

A laser generates a plasma plume of dewatered phosphate slurry in the LIBS
chamber

•

Each element has a characteristic frequency, enabling detection and measurement
in a composite spectrum

•

Can analyze almost any element in earth’s crust including:
o Silicon, Calcium, Aluminum o Magnesium, Fluorine
o Sodium, Iron

•

Three Laser Pulses per second

•

Each element has a unique spectral signature
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Figure

4-1

Courtesy of UVS
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Figure 4-2

Courtesy of UVS
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Figure 4-3

Courtesy of UVS
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Figure 4-4

Courtesy of UVS

Our salute to the pioneer Dimitri Mandaleeve
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Figure 4-5 Courtesy of Phosphorus, Chemistry, Biochemistry and Technology by D. Cobridge,
6th Edition 2010

Reactions of P4
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Figure 4-5 Courtesy of Phosphorus, Chemistry, Biochemistry and Technology D. Cobridge, 6th
Edition 2010

Reactions of P4O10
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Figure 4-7 Courtesy of Phosphorus, Chemistry, Biochemistry and Technology D. Cobridge, 6th
Edition 2010
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Reactions
P4 O 6

of

Figure 4-8
Courtesy of Phosphorus, Chemistry, Biochemistry and Technology D. Cobridge, 6th Edition 2010

Reactions of H3PO4
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Figure 4-9 Courtesy of Phosphorus, Chemistry, Biochemistry and Technology D. Cobridge, 6th
Edition 2010

Reactions of Calcium Phosphates
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Figure 4-10 Courtesy of Phosphorus, Chemistry, Biochemistry and Technology D. Cobridge,
6th Edition 2010

Reactions of NH3
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Figure 4-11 Courtesy of Phosphorus, Chemistry, Biochemistry and Technology D. Cobridge,
6th Edition 2010
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Geoscan MachineElemental and adjacent microwave moisture Analyzer
Figure 4-12

Courtesy of Scantech
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