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Executive Summary

Polyvinyl chloride (PVC) is widely used in construction, electrical products and some
medical applications. Its chlorine content creates particular challenges when PVC-containing
waste 1s heated: hydrogen chloride (HCI) can be released, potentially creating acidic and
corrosive conditions. Under Subcritical Water (SCW) processing, chlorine may be transferred
into aqueous and other output streams, where it must be measured and managed.

The chemistry is well understood. Pure PVC contains approximately 56.7% chlorine by mass;
complete dehydrochlorination of 1 kg of pure PVC corresponds to a theoretical maximum of
approximately 583 g of HCI. Alkaline constituents can neutralise acidity, but neutralisation
does not make chlorine disappear. The chloride remains in the overall material balance.
According to technology developer Kaneo Ishimori, the Shari facility in Hokkaido, and
others, have commercially processed mixed municipal waste containing PVC for more than
20 years. He reports no significant PVC-related operating problems and says the reactors
remain fully operational. Detailed operating records and chlorine mass balances have not yet
been independently reviewed. This paper explains the chemistry, describes the reported
practical approach and identifies the further information that can be explored in later articles.

1. Why PVC Is Different

Many common plastics, including polyethylene and polypropylene, consist primarily of
carbon and hydrogen. PVC additionally contains chlorine. Its repeating chemical unit is:
—CH>—CHCl-, with formula C:HsCI and approximate molar mass 62.5 g/mol. One chlorine
atom contributes 35.45 g/mol, or about 56.7% of the polymer mass.

Commercial PVC products are not necessarily pure polymer. Pipes, flooring, flexible tubing
and other products may contain fillers, plasticisers, stabilisers or other additives. The actual
chlorine content of a waste load therefore depends on what is present, not simply on its total
plastic weight.

2. How Hydrogen Chloride Is Formed

When PVC is heated, a principal early reaction is dehydrochlorination. A chlorine atom and a
neighbouring hydrogen atom leave the polymer chain together as hydrogen chloride. The
remaining carbon chain develops carbon—carbon double bonds, forming polyene-like
structures that can undergo further fragmentation, rearrangement and carbonisation.
Simplified reaction: (-CH>—CHCI-), — (-CH=CH-), + nHCl

When HCI dissolves in water it dissociates into hydronium and chloride ions: HCI + H.O —
HsO" + CI". This creates an acidic aqueous phase. Water dissolves the HCI; it does not, by
itself, neutralise the acidity. Under hydrothermal processing, the timing, location and extent
of these reactions depend on temperature, residence time, mixing and feedstock composition.
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3. How Much Acid Could One Kilogram of PVC Produce?

One repeating unit of PVC has a molar mass of approximately 62.5 g. One molecule of HCI
has a molar mass of approximately 36.46 g. If every PVC repeating unit releases one HCl
molecule, 1,000 x (36.46 ~ 62.5) = approximately 583 g of HCI equivalent.

Pure PVC input Theoretical maximum HCI equivalent
1 kg 0.583 kg
10 kg 5.83 kg
100 kg 58.3 kg
1 tonne 583 kg

These figures are theoretical upper bounds for pure PVC, not measured amounts of free
hydrochloric acid inside Ishimori’s reactors. Some chlorine may remain in solids or other
compounds, and some released acidity may be neutralised as it forms. For mixed waste, the
actual PVC polymer content must first be established.

4. Neutralising Acidity
Acid-base reactions can convert HCI into chloride salts. For example:
NaOH + HCl — NaCl + H20

CaCO; + 2HC1 — CaCl: + CO2 + H20
The second reaction is relevant to mineral-rich wastes because calcium carbonate can occur
in limestone, certain fillers and some construction materials. Other alkaline constituents may
also contribute. However, the alkalinity actually available to react inside a reactor depends on
material composition, particle size, contact, temperature and reaction kinetics.

Theoretical neutralisation requirements

Pure alkaline material Required per kg pure PVC,
assuming full HCI release
Calcium carbonate (CaCQOs) 0.80 kg
Calcium hydroxide (Ca(OH)2) 0.59 kg
Calcium oxide (CaO) 0.45 kg
Sodium hydroxide (NaOH) 0.64 kg
Sodium carbonate (Na2COs) 0.85 kg

These are stoichiometric equivalents, not operating recipes or recommended dosing rates.

One kilogram of concrete, for example, is not equivalent to one kilogram of pure calcium

carbonate. Published hydrothermal research has investigated alkaline additives and waste

concrete for PVC dechlorination, but laboratory findings cannot simply be transferred to a
proprietary commercial reactor without validation.

5. Practical Feedstock Management

According to Ishimori, operating experience is central to handling variable mixed waste. A
construction and demolition waste load may contain several different plastics. If its plastic
fraction is predominantly PVC, the potential acid loading differs markedly from a load
dominated by polyethylene or polypropylene.

Ishimori explains that operators may distribute a PVC-rich load across several batches,
combining smaller amounts with other suitable waste materials. Where PVC is processed
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without materials offering sufficient buffering capacity, an additional alkaline material may
be needed. The approach relies on understanding incoming feedstock and the behaviour of
the equipment.

Spreading 100 kg of pure PVC over ten batches changes the maximum theoretical HCI
equivalent from approximately 58 kg in one batch to 5.8 kg per batch. It does not change the
total HCI equivalent associated with the original PVC. Dilution and neutralisation are
different: only sufficient reactive alkalinity can neutralise the acid.

6. Reactor Protection and Maintenance

The corrosive challenge is not limited to the final pH of discharged water. During heating,
PVC may release HCI before alkaline constituents have fully reacted, creating possible
temporary or localised acidic conditions. Chloride salts can also contribute to corrosion under
some conditions, even after neutralisation. Reactor metallurgy, mixing, operating procedures,
inspection and maintenance all remain important.

According to Ishimori, the SCW reactors incorporate a patented system of screw-in,
replaceable internal plates as a feature of reactor maintenance and upkeep. Further design
details have not yet been independently confirmed. The arrangement is reported to simplify
replacement of internal components subject to wear; it should not be interpreted as
eliminating the need for suitable pressure-vessel materials or corrosion monitoring.

7. Commercial Experience at Shari

The Shari facility in Hokkaido, Japan, is an important commercial reference. According to
Ishimori, it has processed mixed municipal waste containing PVC for more than two decades,
and its reactors remain in good working condition. He has not reported significant operating
issues attributable specifically to PVC. This is developer-reported operating experience,
rather than a claim based on an independent review of inspection records.

Recycling Oceania has also observed medical waste being processed at a Japanese SCW
facility. Some medical waste streams can contain PVC tubing and other components,
although the PVC proportion in the observed material was not measured. The observation
supports the breadth of waste handling experience but does not establish a quantitative PVC
dechlorination result.

The key point is that PVC-containing waste processing is not merely a laboratory proposal.
The commercial activity is reported to have taken place for decades; the detailed operating
chemistry, corrosion data and output analyses remain subjects for further documentation.

8. A Japanese Patent Addressing Chlorine Removal
Japanese Patent JP7531955B1, granted in 2024, is titled “Apparatus for Treating Chlorine-

Containing Waste and Method for Dechlorinating Chlorine-Containing Waste” (383 &5 &

EYVIIRLEBE R MERBEREY Z IR T 5 75%). It describes a treatment arrangement

intended to reduce chlorine remaining in processed material, including controlled removal of
residual steam at a selected processing stage and associated treatment steps.

The patent describes using changes associated with agitation resistance as part of determining
process progression. The distinction is important: neutralising HCl manages acidity, whereas
removing chlorine-bearing vapour or washing treated solids aims to reduce residual chlorine
in the recovered product.
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A patent describes an invention and its claimed operation; it is not independent performance
verification. It has not yet been established whether this 2024 arrangement is installed at
Shari or how it relates to equipment used there over the preceding decades.

Patent reference: https://patents.google.com/patent/JP7531955B1/en

9. Where Does the Chlorine Go?

Neutralisation changes chemical form, not elemental identity. Chlorine originating in PVC
may appear as dissolved chloride in the aqueous phase, residual chlorine in char, or chlorine-
bearing compounds in vapour, gas and condensate streams. The relative distribution depends
on the actual process and downstream separation arrangements.

A proper chlorine mass balance measures the chlorine entering with the feed and compares it
with chlorine recovered in solids, liquids and gas-treatment residues. For each kilogram of
pure PVC, the input contains approximately 567 g of chlorine. Without measured output
concentrations and stream quantities, it would be misleading to assign percentages to the
individual pathways.

This matters for industrial fuel use. Char with a useful calorific value may still require further
treatment or blending if its residual chlorine exceeds a receiving facility’s specifications.
Likewise, chloride-rich water must be appropriately managed even if its acidity has been
neutralised.

10. Process-Water Treatment and Concentrated Liquids

Process water can contain dissolved chloride salts, other inorganic ions, organic compounds
and fine suspended material. Depending on the plant, downstream treatment might involve
solids separation, pH adjustment, filtration, membrane treatment, concentration, recycle or
controlled residual management.

Reverse osmosis, where used, separates dissolved salts into a concentrated reject stream and
produces a lower-salinity permeate. It does not destroy the salts. The treatment and ultimate

destination of any concentrated residual must therefore be understood.

A photograph taken at a processing plant shows a 10,000-litre tank labelled J=ifg /& BT B &,

meaning “Concentrated Liquid Storage Tank”. The label confirms its stated storage function,
but does not establish that its contents are specifically reverse-osmosis brine, nor identify the
chemical composition or subsequent handling of the liquid. Those details remain to be
confirmed.

11. Implications for New Zealand Waste Streams

PVC occurs in mixed municipal residuals, construction and demolition waste, certain
industrial residues and some medical waste. For suitable residual streams that cannot be
readily recycled, SCW warrants consideration as one possible processing pathway. The
suitability of each application depends on actual feedstock chemistry, loading, operational
controls and the management of all outputs.
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Independent hydrothermal testing in New Zealand could examine representative PVC-
containing mixtures and measure input chlorine, aqueous chloride, solid residual chlorine,
pH, alkalinity and relevant gas or condensate constituents. Such testing would help identify
useful feedstock combinations and develop a chlorine mass balance. Laboratory conditions
and equipment must not be assumed to reproduce the full commercial SCM process.

12. What We Know and What Comes Next

The chemistry of PVC dehydrochlorination and acid neutralisation is well established.
Published hydrothermal research supports the technical basis for investigating PVC treatment
and alkaline buffering. Ishimori reports decades of commercial processing of PVC-containing
mixed waste at Shari and other facilities, supported by a practical philosophy of feedstock
management and maintainable equipment. A newer Japanese patent also addresses reducing
chlorine in recovered material.

This article has explained some of the underlying science and operating principles. Further
details concerning specific alkaline materials, reactor design, corrosion management, chlorine
distribution and water treatment can be provided in later articles as additional technical
information becomes available.

Conclusion

PVC presents a genuine challenge because of its chlorine content. The question is not
whether chlorine can be made to disappear, but how acidity is controlled, where the chlorine
goes, and how the equipment and outputs are managed. According to Ishimori, PVC-
containing mixed waste has been processed commercially in Japan for more than 20 years,
with no significant PVC-related operating problems reported by the developer.

The broader lesson is practical: understand the waste entering the machine, manage the
chemistry as it occurs, and design the system to remain maintainable over decades. More
detailed operating evidence will help quantify an application that is already reported to be
established in commercial practice.
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configuration. Shari operating history, feedstock practices and plate design are reported by
the technology developer. The specific chemical composition of photographed plant streams
and the performance of New Zealand waste streams remain to be confirmed.
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