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NEWS

New vinyl catalyst
will reduce mercury
emissions

A gold-based catalyst over 30 years in the making is set to help fight the harm China’s
polyvinyl chloride (PVC) plastic industry is causing the country’s environment. The
technology’s development was originally initiated in 1982 by Graham Hutchings, now
at Cardiff University, UK, to replace a toxic mercury compound used in making vinyl
chloride monomer (VCM). Having established a production unit in Shanghai in 2015,
UK catalyst vendor Johnson Matthey is ‘in advanced negotiations’ to supply the gold
material into commercial operations. This eventual realisation of Hutchings’ idea to
cut mercury pollution shows ‘you should never give up hope,’ he tells Chemistry World.

he current importance of Hutchings’ 1980s re-

search comes because the industry turning VCM
into PVC in China needs to clean up its act. China is both
the world’s largest PVC producer and consumer, with
demand driven by construction products such as pipes
and conduits. In most other countries VCM is made
by reacting ethylene (derived from oil or natural gas)
with oxygen and chlorine. However, China’s industry
exploits the country’s vast coal resources, turning coal
into calcium carbide and from there acetylene. Produc-
ers then get VCM by reacting acetylene and hydrogen
chloride gas using a mercury (II) chloride catalyst sup-
ported on activated carbon.

The coal-based process has major drawbacks, includ-
ing needing a lot of mercury (II) chloride, around 10%
of the total supported catalyst weight. This mercury salt
is toxic and volatile at VCM production temperatures,
meaning that it escapes into the surrounding envi-
ronment, with the loss of catalyst slowing production.
Catalyst production also generates significant mercury
emissions.

“Last year, thirteen new companies signed up to the
Program bringing our total up to 44 Signatories. This
shows there is growing interest in the industry for
improving its environmental footprint, which is good
news all round!”

Mercury can also pollute in other ways. For example,

Association of PVC Pipe & Fitting Producers
2018/No 103

at a plant in Qigihar mercury-contaminated waste
slurry has flooded nearby farmland, as documented
by the International Persistent Organic Pollutants Elimi-
nation Network (IPEN). ‘The Qigihar example appears to
be quite typical,” says Joseph DiGangi, IPEN’s senior sci-
ence and technical advisor.

Moving away from mercury will soon be mandatory be-
cause the Minamata Convention on Mercury, a binding
international treaty signed in 2013, contains a specific
clause on VCM. After 2017, it prevents new VCM plants
using mercury catalysts. After 2022, all VCM plants must
go mercury-free, providing there is an economical, avail-
able alternative.

__________________________________________________________|
Rescued from obscurity

Hutchings was originally tasked with improving the mer-
cury-catalysed process by his then employer, African Ex-
plosives and Chemical Industries (AECI) in South Africa.
‘I went to the library and read a paper that had a lot of
data in it and I used that data to predict that gold would
be the best catalyst,” he recalls.1 He was able to confirm
that prediction at AECL before moving to the University
of the Witwatersrand. ‘I then had a PhD student, and we
did a lot of work on this reaction, which we published in
a series of papers in the early 1990s. And there it would
have stayed, I think, had Johnson Matthey not got very
interested in it around 2007

02
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Johnson Matthey approached Hutchings after discov-
ering the scale of the mercury problem facing China’s
PVC industry, explains Sebastiaan van Haandel, the
company’s VCM business manager. But Hutchings’
method deposited 1-2% gold by weight onto carbon
supports using aqua regia, an extremely corrosive,
fuming mixture of nitric and hydrochloric acids, to dis-
solve the gold. ‘That would have led to a very expensive
catalyst plant and a difficult process,’ van Haandel says.

Together, Hutchings and Johnson Matthey research-
ers found that gold complexes with sulfur-containing
ligands were stable enough to be dissolved in water,
enabling a far cheaper process.2 Using just 0.6% gold
by weight, the resulting catalysts could also achieve
higher conversion rates, and remained stable for lon-
ger. ‘Gold is more expensive than mercury, so we need-
ed to reduce the gold content and achieve a much lon-
ger lifetime so that clients have to change catalyst less
frequently,” van Haandel observes. ‘This lasts at least
four times longer than the standard mercury catalyst,’
Hutchings adds.

That’s important, given that DiGangi notes that cost
analysis would be ‘a key component in the rate of adop-
tion’, and would unfortunately also exclude environ-
mental and health costs. He adds that while it’s likely
that ‘central government in China is quite interested
in alternative catalysts, the situation throughout the
country is harder to gauge’.

Other companies are also researching mercury-free
catalysts. For example, Inovyn - a joint venture be-
tween Ineos and Solvay - is developing systems based
on ionic liquids and noble metals, although they’re not
yet on the market. ‘They’re very elegant and it’s defi-
nitely a nice idea,” says Hutchings, ‘but well dispersed
gold supported on carbon is far simpler.’

By contrast Johnson Matthey started marketing its
catalyst, called Pricat MFC, in early 2015 after testing
it ‘with one of the largest PVC producers in China’ from
2011-2014, van Haandel says. The Shanghai facility
started up in mid-2015 and is ready to directly replace
the mercury catalyst. ‘There’s a lot of interest,” van
Haandel adds. ‘This industry is very well aware that
something is going to change and they have to do some-
thing. The big players are all getting ready. They’re ei-
ther trying to do it themselves, or talking to us.’
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How Is PVC Made, Anyway?

The other step is extracting chlorine
from sea salt.

Chlorine, which is found in salt extracted from sea water,
gains an additional electron during the process of electrolysis.
By sending a strong current of electricity through salt water
solution - strong enough to change its molecular structure —
chlorine is separated, then extracted from the mixture.

When ethylene and chlorine are reacted, ethylene dichloride
(EDCQ) is created. This passes through another thermal crack-
ing process, which produces vinyl chloride monomer (VCM).

VCM is sent through a catalyst-containing reactor where po-
lymerization occurs. In lay terms — chemicals cause the VCM
molecules to react until they link together.

The linking of VCM molecules creates PVC resin — which is
where all vinyl compounds begin.

Association of PVC Pipe & Fitting Producers 04
2018/No 103

Curious about how PVC is made?

The first step is separating
ethylene out of the oil feed-
stock.

Ethylene, a natural gas derivative, is supplied
by the petrochemical industry. It is captured
during a process called thermal cracking. Liq-
uid petroleum is heated in steam furnaces
and put under extreme pressure. This creates
changes in the molecular weight of the chem-
icals found in petroleum feedstock. Changing
the molecular weight allows ethylene to be
identified, segmented and captured. It is then
cooled back down to a liquid state.



PVC resin has a nebulous structure and in-
herently exhibits fire retardant and chemical
resistant properties. Custom rigid, flexible
and blended vinyl compounds are formulated
by mixing vinyl resin with a variety of plas-
ticizers, stabilizers and modifiers to achieve
certain properties - scuff and mar resistance,
UV resistance, weatherability, color consider-
ations and texturing capability, to name a few.

Making these decisions are what the Teknor
Apex R&D teams and process engineers have
been assisting our customers with for more
than six decades. They continue to formulate
new compounds, aided by our suppliers’ abil-
ity to continue creating new additives which
enable meeting more and more challenging
requirements.

NEWS

Making PVC resin and vinyl compounds are
very technical, scientific and labor-intensive
processes. There are several industries, and a
large and varied job sector, that play a sup-
porting role in providing manufacturers all
over the world with the compounds they
need, which enables them to make the prod-
ucts we all use every day.

The chemistry may seem complicated, but
our excitement comes from asking the right
questions of our customers and finding new
creative solutions. Innovation is still strong in
vinyl compound portfolios!
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Mercury in VCM and
PVC Manufacturing

ost manufacturing of PVC around the world
Muses natural gas or petroleum as the “feed-

stock” or raw material from which the plas-
tic is manufactured. However, most PVC manufac-
turing in China uses a different process that starts
with coal as the feedstock. In that coal-based process,
mercury is a catalyst to spark the chemical reaction
among ingredients. In 2009, the coal-based process
was used at 94 of 104 China’s VCM plants, although
these plants accounted for only about 63% of China’s
PVC production, according to the latest data provided
by their trade association.

Some of the mercury catalyst is lost during this in-
dustrial process and must be continually replenished.
It is poorly understood exactly where the lost mercury
ends up and how it gets there, but we do know that
PVC manufacturing consumes over

800 metric tons of mercury each year, based on how
much mercury is purchased by the industry to replen-
ish the catalyst. China’s PVC manufacturing industry
represents one of the most significant uses of mercury
in the world today.
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Issues

Nearly all coal-based PVC manufacturing occurs in
China, because the petroleum-based alternative pro-
cess uses less energy, is cheaper in most countries, and
superior environmentally.for China, the coal-mercury
process is considered preferable domestically because
it relies upon China’s own natural coal resource, rath-
er than petro-chemical imports. There are also practical
barriers against using the petroleum-based process in
the interior (non-coastal) regions of China, where much
of the PVC production capacity exists or is planned.

Solutions

In China, coal will likely remain the principal PVC feed-
stock material. Thus, a key to reducing mercury use in
this sector is to find a less toxic but effective replacement
catalyst. Significantly, several companies have plans for
early 2011 to pilot test a mercury free catalyst in China,
and commercial demonstration testing could soon fol-
low.

Treaty Control Measures given the amount of mercu-
ry consumed by this sector, the treaty control measures
should set a clear future policy direction for mercu-
ry-free PVC production. The treaty should enable Chi-
na to continue to produce PVC, but require the use of
a mercury free process as soon as possible. This can be
accomplished by phasing out the use of VCM but making
allowances for continued use in the short term if the de-
velopment of a mercury free catalyst takes longer than
expected. Technical assistance should be made available
to China as needed in removing mercury from their PVC
manufacturing industry, in particular to find an effec-
tive non-mercury catalyst.
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Veka to build PVC recycling
inUK_
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aterials firm Sylvin Technologies Inc. is seeing
Mgreen with a new line of bio-based flexible

PVC compounds made with only FDA sanc-
tioned ingredients.

The new compounds are formulated with a plant-based
plasticizer rather than traditional petroleum-based plas-
ticizers such as phthalates, officials with Denver, Pa.-
based Sylvin said in a news release. The new line uses
only ingredients that are sanctioned for use by the FDA
and the compounds have the same feel, flexibility and
ease of processing as traditional flexible PVC products,
they added.

"With today's increasing regulations, we recognized the
need for eco-friendly alternatives that are also compli-
ant with the FDA's stringent requirements," sales Vice
President Chris O'Connell said. He added that the new
products allow FDA applications to offer a lower carbon
footprint without compromising performance.

The new compounds can be used in both injection mold-
ing and extrusion processing, and can be purchased
clear or in custom colors. They also can be tailored to
meet the specific performance and regulatory require-
ments of a wide variety of applications including tubing,
toys, food processing belting and medical devices

Sylvin was founded in 1978 and makes PVC compounds
in a broad spectrum of colors and material enhance-
ments for various markets and applications.
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Sylvin sees
green with new
PVC compounds
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Heat Stabilizers
Market by Type,

Application And
Region - Global
Forecast to 2022

The global heat stabilizers market is estimated at USD 3.77 billion in 2017 and is pro-
jected to reach USD 4.57 billion by 2022, at a CAGR of 4.0% from 2017 to 2022. The
growth of the market is triggered by the growing awareness for using organic-based

products.

by various end-use industries, which is leading
to a high demand for technologically advanced,
low-cost heat stabilizers. However, stringent regulations
associated with the use of toxic materials such as lead,
butyltin, and cadmium act as a major restraint for the

market.

There is an increasing demand for green solutions

Calcium-based heat stabilizers is the largest type seg-
ment in the global heat stabilizers market.

Based on type, calcium-based accounted for the larg-
est share of the global heat stabilizers market in 2016.
This large share is mainly attributed to the high demand
for low-cost and environment-friendly heat stabilizers,
being used majorly in the construction and automotive
industries.

Pipes & fittings is the largest application segment of
the global heat stabilizers market.

Based on application, the pipes & fittings segment is
projected to lead the market between 2017 and 2022.
Heat stabilizers are widely used in the construction and
automotive industries, especially in commercial and
residential buildings with PVC material as a better al-
ternative to conventional metal-, glass-, or wood-based
materials.

PVC materials typically offer enhanced properties as
compared to conventional materials in terms of design
flexibility, transparency, weatherability, and aesthet-
ic appearance. The high demand for PVC-based heat
stabilizers from the construction industry is expected
to drive the heat stabilizers market between 2017 and
2022
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APAC is expected to be to be the largest heat
stabilizers market during the forecast period.

The APAC region is expected to lead the global heat
stabilizers market between 2017 and 2022. China is
the key producer and consumer of heat stabilizers in
APAC. Intensive R&D, easy availability of raw materi-
als, rising standards of living, and awareness among
consumers for environmental protection by using re-
newable products have led to an increase in the de-
mand for heat stabilizers in APAC.

Breakdown of profiles of primary interviews for
the report

* By Company Type: Tier 1 — 50%, Tier 2 -30%,
and Tier 3 - 20%

* By Designation: C Level — 50%, Director Level
— 20%, and Others — 30%

* By Region: APAC- 32%, Europe — 29%, North
America - 21%, Middle East & Africa — 11%,
South America — 7%

Some of the key companies profiled in this report
include Chemson Group (Austria), Songwon Industri-
al Co., Ltd. (South Korea), Galata Chemicals LLC (US),
and PMC Organometallix Inc. (US), among others.
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itsubishi Chemical Corporation (“MCC”; Head of-
fice: Chiyoda-ku, Tokyo; President: Hitoshi Ochi)
has launched full-scale sales of its new series of

PVC elastomer, “SUNPRENE ,” which offers an outstanding
improvement in cold resistance.

SUNPRENETM is a PVC thermoplastic elastomer

that not only possesses PVC’s intrinsic moldability and oil re-
sistance characteristics, but also adds mechanical properties
such as rubber elasticity, thanks to MCC’s unique compound
technology, and has applications in a broad range of fields
such as automotive components and building materials.

In general, PVC’s mechanical properties are highly tempera-
ture-dependent, and it is very susceptible to changes in the
usage environment. In low-temperature environments, it be-
comes harder, resulting in lower elasticity.

The new MCC-developed series marks a significant improve-
ment in the material’s cold resistance, while maintaining
PVC’s intrinsic characteristics, due to its unique polymer alloy
technology. Therefore, changes in its physical properties are
minimal even in low-temperature environments, allowing it
to maintain high elasticity. The new series has already been
adopted by a major Japanese OEM for exterior molding parts
that help prevent excessive wind noise while traveling.

MCC is considering the production of the new series of SUN-
PRENE not only in Japan, but also overseas, including the
United States, where the company anticipates strong demand,
and plans to cultivate new applications on a global scale.

MCC will continue to expand the SUNPRENE  lineup to meet
the diverse needs of its customers and further accelerate the
growth of the performance polymers business.
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Mitsubishi Chemical
Launches Full-scale
Sales of its New Se-
ries of PVC Elastomer,
“SUNPRENE"™,”Which
Offers Superior Cold
Resistance

Comparison of hardness-temperature dependence properties

between conventional products and new series
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PVC film
extruder
Ongropack
launches

new stretch line
in Hungary

ungarian PVC films extruder and packaging
converter Ongropack has recently brought . .
Ha new stretch film production line on stream ompany has invested almost 1€m on its
at its plant at Kazincbarcika in the north of Hungary.  latest expansion project
The Kazincbarcika-based company has invested almost
1m on its latest expansion project which takes to six
the number of stretching lines that Ongropack now
operates. This addition has increased the capacity by
1,200tpa.Ongropack has received financial support of
around 400,000 towards the investment cost through
the European Union’s ‘Ginop’ aid programme backing
innovation and development schemes.The plant’s latest
expansion project is in line with the firm’s development
programme for its stretch film range which represents
its fastest growing product group. Ongropack is follow-
ing a plan to double production capacity there.Other film
products manufactured by the Hungarian firm include
PVC rigid films, used in thermoforming of blister pack-
aging for the pharmaceutical and food markets, and for
sign making. It makes PVC solid sheet with applications
in construction including door skins and wall cladding,
as well as foamed sheet, used in sign making.Ongropack,
formerly part of the Hungarian BorsodChem PVC group,
was established to produce rigid and stretch films in
1993, and later was merged with another BorsodChem
downstream company PolyPlatt, and began sheet pro-
duction.
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Apex® 2324A2 Series for Build-
ing & Construction

* The Apex® 2324A2 Series includes eight compounds with
Shore A hardness ranging from 55 to 90.

» They are opaque grades that extrude well across a wide tem-
perature range and in some cases are suitable for co-extrusion
with rigid PVC.

» Teknor Apex can provide custom versions of these products
that include UV protection and anti-fungal properties without
compromising Proposition 65 compliance.

Examples of applications for the new compounds are gaskets,
flexible glazing, weather-stripping, door sweeps, and other inte-
rior and exterior profiles.

John Macaluso, industry manager for building and construction
applications, said:

“Teknor Apex developed Apex 2324A2 compounds as a proactive
measure for customers that serve markets that are in California
or are affected by regulations in that jurisdiction. Our goal is to
help them address concerns among their own customers and to
mitigate the risk of litigation.”
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New California
Proposition
65-compliant Flexible
PVC Grades: Teknor
Apex at NPE2018

At NPE2018, Teknor Apex Com-
pany will introduce a new se-
ries of flexible PVC compounds
formulated without ingredi-
ents listed under California
Proposition 65 provide per-
formance similar to that of
standard compounds used in
indoor and outdoor building
product applications.
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Westlake
adding
capacity for
PVC and VCM

in US and Germany

Houston-based Westlake will add a total of 750
million pounds of annual PVC production and 200
million pounds for VCM with those moves, officials
saidin a 19 Feb newsrelease. Expansions in Geismar,
Louisiana, and Burghausen, Germany, are scheduled
to be completed in 2019. Work in Gendorf, Germany,
is expected to be done in 2020 and 2021.

Officials said the German capacity expansions will
be the first since it acquired materials firm Vinnolit
in 2014. Specialty PVC will be expanded at Burghau-
sen and suspension PVC will be expanded at Geis-
mar, they added.

VCM production will be expanded at Geismar and
Gendorf. Chlor-alkali production also will be ex-
panded at Gendorf facility, adding about 55 million
pounds of annual chlorine capacity and 60 million
pounds of annual membrane caustic soda capacity.

The expansions “support our integrated vinyl prod-
ucts chain and demonstrate Westlake’s commitment
to provide our global customers with additional pro-
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duction to meet their growing needs,” President and
CEO Albert Chao said in the release.

Westlake then followed the expansion announcement
on Feb. 20 by reporting record results for the fourth
quarter and full-year 2017. The firm rang up sales of
$8.04 billion in 2017, up almost 60 percent vs. 2016.
Westlake’s annual profit also surged to more than
$1.3bn ( 1bn): more than triple its 2016 profit level.

For Westlake, 2017 was its first full year of operation
after acquiring rival Axiall Corp. for $3.8bn ( 3bn) in
June 2016. The firm is a major producer of polyethylene
resin. PVC resin and compounds, as well as PVC prod-
ucts such as pipe, sidings, windows and fence.

On Wall Street, Westlake’s per-share stock price was
near $67 ( 54.4) in mid-2017, but was around $105
( 85) in early trading 20 Feb for an increase of more
than 55%.
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Braskem, the largest petrochemical company in the
Americas, has developed in its Technology and In-
novation Center in Triunfo (RS) another pioneering
solution for Brazilian industry. The MDF powder/PVC
composite is a product with unique characteristics in
the domestic market and offers a number of advantag-
es for customers and consumers. With high durabili-
ty, lightness and 100% recyclability, plastic wood has
proved to be a good solution for the profile segment.

Braskem's partner in the development of the new
technology was Perfiltec, a company based in Caxias
do Sul (RS) specializing in the production of extrud-
ed profiles for the construction, furniture, and auto-
motive industries, among other sectors. The interest
in new opportunities in the market brought the two
companies together and inspired the launch of the In-
finity line, a series of Perfiltec products based on the
PVC/MDF composite. The new line includes outdoor
furniture, construction applications, and the agricul-
tural market.

"This was another case of development of a solution
alongside our customers, with great results. We have
combined the characteristics of PVC polymer with
MDF powder and found a very interesting technolo-
gy for several segments. This product already has a
large market abroad, and we expect growth in Brazil
soon," said Wagner Ormanji, Application Engineer at
Braskem.

Although the appearance is similar to natural wood,
the new PVC solution presents many important dif-
ferences and advantages, such as: increased durabil-
ity and mechanical strength, lower weight, low water
absorption, anti-pest immunization, and flame-retar-
dant material.

Sustainability is another strong feature of the com-
posite. During the production of the plastic wood,
Perfiltec reuses the MDF powder of the furniture in-
dustry, a traditional sector in the Caxias do Sul region,
which until then was wasted in the environment or in-
cinerated, at high costs. The company also offers con-
sumers a reverse logistics system in which it is able to
collect the products of the Infinity line for recycling.

Currently, the composite is offered exclusively by Per-
filtec as a raw material for products with prices 35%
below the market average. With positive perspectives,
the company and Braskem are already developing new
applications of the composite for bodies and floors of
buses and trucks. "The PVC/MDF composite is an inno-
vative product that has did not exist in the market a
few years ago. With the recovery of the economy, our
expectation is to sell between 70 and 80 metric tons of
the composite per month, including opportunities in
the automotive market," commented Loreci Miranda,
Director of Perfiltec.
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Russia

Berstorff is gaining new business in Russia
and countries in the CIS region as the Mu-
nich-based company sees a recovering economy.

Compounding extruder maker KraussMaffei

Tehstroj, a Russian extruder of high density polyethylene water and gas pipes, has upgraded its existing single-lay-
er-pipe extrusion line to make single-layer pipe with the company’s three-layer head concept. The extruder/pipe
head combination includes two KME 38-30 B/R single-screw extruders and the KM-3L-RKW 74-400 pipe head —
equipped with the IPC internal pipe cooling system. Tehstroj can increase output to make two- and three-layer pipes
made of HDPE and stress-resistant polyethylene.

The machinery will be installed in early 2018.

In addition, Russian-based Polymer Compound, a maker of compounds for window seals, hoses, cables and spe-
cial applications, began producing material in mid-2017 on a KMD 114-26 G-W twin-screw extruder.

And long-time KraussMaffei Berstorff customer Akfa in Uzbekistan is expanding its window profile operation —
ordering 10 twin-screw extruders in the XS series. The machines will begin operating in mid-2018.

Art Plast, based in Tahkent, has purchased three KMD 90-32 profile extruders from KraussMaffei Berstorff. Begin-
ning in the spring of 2018, the lines will extrude window profiles.
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OSCOW(MRC)--European PVC producers
have increased March export prices to the
CIS countries despite a fall in the ethylene

contract for the month, according to the ICIS-MRC
Price Report.

The March ethylene contract was agreed down by 20/
tonne, which presupposes the decrease in PVC produc-
tion costs by at least 10/tonne.

Nevertheless, despite the decline in the price of the
feedstock, many European producers announced an
increase in export prices for supplies to CIS markets by
10-25/tonne.

Demand for PVC from main consumers is still quite
low due to seasonal factors, while European producers
have not activated sales in this direction for the past
two months.

One of the producers has deliberately kept the higher
price level since February to limit or completely cut off
its sales to the CIS.

Negotiations on March deliveries of suspension polyvi-
nyl chloride (SPVC) for the CIS markets were done in a
range of 750-810/tonne FCA (free carrier), while Febru-
ary deals were done at 725-800/tonne FCA.

One of the producers has kept prices at the level of
850-870/tonne FCA since February, but no deals were
reported at these prices.

MRC, a partner of ICIS, produces poly-
mers news and pricing reports from
Russia, Ukraine, Belarus, Uzbekistan

and Kazakhstan
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Europe March
PVC prices for CIS
exports rise
despite fallin
ethylene contract



