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We bring together decades of global expertise to deliver complete sulphur
and sulphuric acid solutions that reduce emissions, improve reliability, and
maximize efficiency. With our large technology portfolio and complete

lifecycle engineering capabilities, we deliver the right solutions for any
challenge.

Contact us to learn more
sulphursolutions@worley.com
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Editorial

No-one has any
clear idea of
where markets
and prices

will go from
here...”

he fragile ceasefire between the United States

and Iran broke down at the start of July, just

three weeks after the signing of the June
memorandum of understanding, after Iran fired at
several vessels who had failed to notify them of their
transit of the Strait of Hormuz, and the US retali-
ated with a missile barrage. While the two month
negotiation period it had specified to solve all of
the outstanding issues between the two parties had
always seemed over-ambitious, market participants
had at least expected to have that grace period to
arrange for new cargoes and tranship them through
the Strait. Now that the ceasefire has ended early,
markets are truly entering uncharted waters.

The three weeks of peace had been enough to get
all of the remaining stuck vessels out of the Straits,
and relieve some of the pressure on sulphur mar-
kets at least temporarily. Around 650,000 tonnes
of sulphur left the Gulf in June and the first week of
July — three times May’s figure but still only half of a
‘normal’” month. However, the new strikes mean that
future shipments are very much in doubt, and no-one
has any clear idea of where markets and prices will go
from here. Spot sulphur export prices from the Middle
East had already climbed from $515/t f.0.b. in early
March to a record high of $1,215/t by mid-June, only
to drop back by $150/t as the Strait opened briefly
and demand destruction began to kill demand.

A further symptom of the latter was that on July
8th Mosaic announced additional phosphate pro-
duction curtailments due to current sulphur costs

4 www.sulphurmagazine.com
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and limited availability, with output cuts at its
Bartow, Florida, and Faustina, Louisiana, plants,
which already had reduced operating rates earlier
this year, and the company will now also reduce
production at its Riverview, Florida, and Uncle
Sam, Louisiana, facilities. In Brazil, Mosaic is
temporarily suspending blending operations at its
Candeias and Catalao units, which have combined
capacity of 2.5 million t/a, while reducing output
at its Palmeirante and Sorriso plants. A gradual
mothballing of its 1 million t/a Uberaba plant is
planned starting in September. The company said
that the restrictions will stay in place until sul-
phur supply and prices stabilise and Gulf shipping
routes return to normal.

Elsewhere, Russia has extended its ban on sul-
phur exports until the end of the calendar year and
Kazakhstan has likewise stopped exports except to
Russia. Puguang in China has stopped offering sul-
phur prices; Chinese domestic producers are directing
their supply to phosphate production, and there is no
material available on the open market.

The shipments at the end of June and start of July
have provided some breathing space for consum-
ers like Indonesia, but sulphur and acid markets are
increasingly in a situation where only those who can
pay premium prices are likely to secure supply, unless
there are existing long term supply contracts. Phos-
phate producers appear likely to be hardest hit, with
potentially devastating long term consequences for
fertilizer supply into next year.

Richard Hands, Editor

Sulphur 425 | July-August 2026
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HIGHEST H,5 REMOVAL
AT LOWEST GOST

The proven bhiological gas desulphurisation technology.

stable by nature

m Contents

Concerned about laborious catalyst change-outs in sulphur removal? More and
more companies worldwide start using THIOPAQ O&G with its self-reproducing
catalyst, which means that after intial seeding the catalyst does not need to be
replaced ever again during the lifetime of the plant. Choose the circular

green biological SRU: THIOPAQ 0&G. See why on pagell.com/thiopag.

pagell.com
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Price Trends

SULPHUR

The global sulphur market has entered a
holding pattern, as a wave of bearish senti-
ment has so far failed to move stubbornly
high spot prices. The departure of a sig-
nificant volume of product from the Middle
East has emboldened buyers and shifted
market sentiment firmly towards bearish,
but at time of writing this has so far failed
to translate into lower prices. With sellers
in no hurry to lower prices and spot avail-
ability still tight, the market has stalled as
both sides wait for the other to blink first.

The source of this sentiment shift is the
memorandum of understanding between
the US and Iran, which has created a nar-
row window for passage through the Strait
of Hormuz. The 60-day ceasefire, in spite
of violations by both sides, has neverthe-
less held firm enough to allow 22 vessels
carrying a combined 1.07 million tonnes
of sulphur to depart the region. While
these cargoes are now en route to key
demand centres like Morocco, Indonesia,
and India, the product is understood to
be largely pre-sold or under contract. As
a result, the shipments have not added
fresh liquidity to the spot market, but the
partial success of the deal has provided
significant psychological relief to buyers,
reinforcing the belief that the period of
extreme tightness is ending. Even so, the
pace of new loadings has stalled, with no
new sulphur vessels understood to have
loaded from the region in the last week of
June. This leaves a backlog of 380,000
tonnes of sulphur stranded on eight ves-
sels inside the Gulf.

The change in buyer attitude is most
apparent in major c.fr markets. In Brazil,
a new tender from CMOC is expected to
test the lower end of the $1,100-1,250/t
c.fr range. In India, bids are holding at a
firm ceiling of $1,000/t c.fr. This purchas-
ing restraint is clearly reflected in import
data, with Brazilian arrivals for May-June
down 45% year-on-year, according to Wil-
son Sons data and Indian volumes for
the same period halving. Elsewhere, buy-
ers in China and Indonesia are limiting
purchases to immediate needs, operat-
ing on the assumption that waiting will
yield lower prices. Strong buyer resistance
has emerged in Indonesia, a response
to record-high prices squeezing margins.
This has been compounded by a recent
decrease in LME nickel prices, which fell
to $16,610/t. As a result, buyers are
reportedly bidding only at the low end of
the current price range, or even below it,
and are limiting purchases to a hand-to-
mouth basis. While acknowledging buyer
resistance, sellers report no immediate
pressure to reduce price ideas. Neverthe-
less, with fresh supply on the horizon and
demand being curtailed by affordability, the
next concluded deals are widely expected
to be below the $1,200/1 level.

Producer positions, however, remain
largely unchanged. In North America,
prices remain steady at $1,100-1,200/t
f.0.b., with suppliers reporting no pressure
to lower offers, citing healthy forward sales
and continued inquiries. This has opened
up a wide gap between seller pricing ideas
and the price levels buyers are now willing
to entertain. However, this level’s stability

is viewed as temporary amid widespread
expectations that prices will soften slightly.
The focus remains on the Q3 Tampa con-
tract, though negotiations have reportedly
not yet commenced.

Likewise in Europe, the focus remains
entirely on the Q3 European contract
price, but negotiations have reportedly
stalled. The deadlock stems from the sig-
nificant gap between the Q2 settlement of
$430-515/t c.fr

and the current strength of the global
spot market. Buyers are resisting a sub-
stantial increase, citing not only concerns
over affordability but also the potential
for a softening market as more vessels
begin to move more freely from the Mid-
dle East. With neither side willing to
make the first move, the negotiations
have reached a standstill.

This tension between tight underlying
fundamentals and the shift to bearish
buyer sentiment has brought the market
to a pause. On one hand, underlying sup-
ply fundamentals remain tight - arguably
more so than before the Hormuz crisis,
given the ongoing Russian export ban
and new disruptions to Kazakh rail tran-
sit. Russia’s sulphur rail-transit ban in
late May has stranded material produced
in Kazakhstan. This structural deficit is
expected to provide a floor for prices. On
the other hand, the release of Middle East
cargoes has created a strong expectation
of price relief among buyers. The result
is a quiet, tentative market, with the out-
come of Brazil’s upcoming CMOC tender
poised to provide the first concrete indica-
tion of future price direction.

Price Indications

Table 1: Recent sulphur prices, major markets

Cash equivalent February March April May Jun
Sulphur, bulk ($/t)

ADNOC monthly contract 530 530 600 760 860
China c.fr spot 518 615 830 925 1,185
Liquid sulphur ($/t)

Tampa f.0.b. contract 496 496 655 655 655
NW Europe c.fr 365 365 508 508 508
Sulphuric acid ($/t)

US Gulf spot 163 190 385 385 385

Source: various

6 www.sulphurmagazine.com
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SULPHURIC ACID

Global sulphuric acid prices were largely
unchanged at the end of June as the mar-
ket settled into a wait-and-see mode, with
entrenched buyer resistance halting the
recent upward momentum. With affordabil-
ity stretched to its limit, buyers are now
looking to the feedstock sulphur market
and geopolitical stability in the Middle East
for any sign that a price correction might
be on the horizon.

This buyer-led slowdown is most pro-
nounced in Chile, where major consumers
are not just absent from the spot mar-
ket but are actively implementing opera-
tional efficiencies to reduce overall acid
consumption. The purchasing resistance
is evident in the Chilean market, where
delivered prices declined to an average
of $489/t in June from $498/t in May,
despite persistent supply tightness due
to China’s ban on acid exports from May
to December. This resistance is com-
pounded by uncertainty over a potential
supply deal from China; with no official
approval confirmed for the rumoured acid-
for-concentrates swap, a key source of
potential relief remains purely speculative.

The situation is similar in Brazil, where
affordability concerns have brought spot
purchasing to a near standstill, reinforc-
ing the theme of strong buyer pushback
across South America. In Indonesia, the
market is now defined by hand-to-mouth
purchasing, with bids reportedly emerg-
ing below the key $400/t c.fr mark, even
as a forward cargo for August was fixed
at a firm $445/t c.fr. This highlights
the growing disconnect between prompt
demand and forward seller expectations.
In India, the import market is quiet, with
buyers finding a temporary solution by
increasing domestic coastal shipments
to fill the gap left by the absence of Chi-
nese material.

India’s sulphuric acid imports were
volatile across May and June, with com-
bined volumes down 14.4% from 2025.
A 63% year-on-year drop in May, driven
by the absence of Chinese material, was
followed by a 68.5% rebound in June.
This recovery was fuelled by a significant
increase in domestic coastal shipments,
which compensated for the lack of Chi-
nese imports and a concurrent reduction
in cargoes from Japan and South Korea.

Despite the lull in buying, supply-
side fundamentals remain unequivocally
tight, keeping sellers’ price ideas firm.

Sulphur 425 | July-August 2026
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The ongoing Chinese export ban, which
began in May, continues to be the pri-
mary driver, with its impact now starkly
visible in trade data and the sharp rally in
China’s domestic prices. China’s sulphu-
ric acid exports in the first five months
of 2026 totalled 783,509 tonnes, drop-
ping 57% from the same period last year,
according to Global Trade Tracker (GTT)
data. The export ban has coincided with
a sharp rise in Chinese domestic sulphu-
ric acid prices, which have continued to
strengthen since the restrictions were put
in place, according to data from

Longzhong. In Jiangsu province, for
example, prices have climbed from rmb
1,900/t ($260.49/1t) at the end of April
to rmb 2,450/t ($335.89/1) by late June,
a jump of nearly 29%. Similarly, prices
in Anhui province increased from rmb
2,050/t ($281.05/t) to rmb 2,350/t
($322.18/1) over the same period.

This tightness is reinforced by strong
export markets. A new tender in Japan
was concluded at the top end of the
range at $380-390/t f.0.b., while a flurry
of deals from India’s West Coast were
also done at a firm $380/1 f.0.b.

In Europe, while prices are stable for
now, the sentiment is clearly pointed
upwards, with sellers targeting $380/t
f.o.b. to keep pace with other regions,
supported by a series of upcoming
maintenance turnarounds that will fur-
ther constrain supply. Discussions are
reportedly underway with sellers leverag-
ing the tight global supply to push for
significant increases over the record-
high Q2 contract levels.

Market rumours suggest that a Chi-
nese smelter is negotiating a deal to
supply acid to a Chile-based miner in
exchange for copper concentrate. The
deal has reportedly been approved by the
Chinese government, but details remain
unconfirmed. Volumes were rumoured
at 99,000 tonnes. Still, despite being
a prominent topic of conversation in
the market, details on the arrangement
remain elusive and unconfirmed.

The market is seeing a clear diver-
gence in market sentiment, which is
stalling activity. While tight supply keeps
seller offers firm, buyer sentiment has
turned more bearish, with most consum-
ers concluding that the risk of purchas-
ing at a potential market peak when a
downside pricing trend may be around the
corner outweighs the immediate need to
secure volume.

SULPHUR
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Market Outlook

Historical price trends $/tonne
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SULPHUR

® The market has paused as bearish

buyer sentiment has not yet trans-
lated into lower spot prices. The direc-
tion of the next major deal is now the
critical test. This will either initiate a
downward price correction, validating
buyer caution, or force a recognition of
the market’s underlying tightness and
bring purchasers back to the table at
current levels.

® While a sustained reopening of the

strait points to a downward price
correction, a price collapse is seen
as unlikely. The backlogged cargoes
are understood to be contracted or
pre-sold tonnes. The release of the
vessel will ease immediate spot pres-
sure, but several factors are expected
to cushion the price drop. Logistical
hurdles, including vessel availability
and high insurance costs, will likely
mean a gradual return to normal ship-
ping flows.

8 www.sulphurmagazine.com
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® Market

2018 2019 2020 2021 2022

fundamentals are also
significantly tighter than during the last
price peak and crash in 2008, with the
market in a supply deficit even before
the recent disruptions. Therefore, the
consensus is for a slow, controlled price
descent rather than a sharp crash

SULPHURIC ACID

® Weak demand has stalled further

price increases, countering the
upward pressure from tight sup-
ply caused by the Chinese export
ban. The key factor to watch is the
upstream sulphur market; any eas-
ing in feedstock costs could give
buyers leverage to negotiate lower
acid prices. While this quiet period is
expected to continue, underlying sup-
ply tightness will support prices when
significant buying volume returns.

@ The official Chinese ban on sulphuric

acid exports is effective from May
through to the end of 2026. The

SULPHUR

JULY-AUGUST 2026

2023

2024 2025 2026

decision removes a significant volume
from the seaborne market and will force
key importing regions to compete for
alternative sources for the remainder of
the year, supporting firm global prices.
While some buyer resistance has
been noted from the key Chilean mar-
ket in recent weeks, the strong out-
come of the PPC tender indicates that
underlying demand remains robust
enough to support current price lev-
els. The eventual return of major buy-
ers, particularly from Chile, who will
need to secure volumes for the fourth
quarter, is expected in July or August,
and will test the current price stabil-
ity. It is now widely understood that
a Chilean copper producer and a Chi-
nese smelter have finalised an agree-
ment under which 100,000 t of acid
will be supplied to the miner. The
conclusion of this deal is expected to
significantly reduce spot market pres-
sure for one of Chile’s largest acid
consumers heading into Q4.

Sulphur 425 | July-August 2026
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Sulphur Industry News

RUSSIA

Russia bans rail transport of Kazakh sulphur

Russia has ordered a “temporary cessation” of rail transport of all
sulphur originating from Kazakhstan that is destined for Russian
seaports and railway checkpoints, representing a significant policy
shift, according to an official order from the Federal Agency for Rail-
way Transport (Roszheldor). The directive, which took effect from
May 26th, orders a halt to the loading and movement of Kazakh
sulphur “until further notice.” While the measure is officially
described as temporary, the order provides no specific timeline for
when the transit might resume. The action cites instructions from
Russia’s First Deputy Prime Minister, D.V. Manturov, as its basis.

The directive specifically targets the use of Russia’s railway
infrastructure. For landlocked Kazakhstan, rail serves as the pri-
mary economic artery for moving bulk sulphur to key Baltic export
hubs like Ust-Luga. While alternative routes via truck or the Volga-
Don canal to the Black Sea exist, moving the vast quantities
of sulphur involved through these channels presents immense

The move does not directly contradict the allowance for
third-party transit within Russia’s own export ban, but in
effect, it makes large-scale Kazakh sulphur exports prohibi-
tively difficult. Russia’s export ban, in place since November
2025 and recently extended to 30 June 2026, explicitly per-
mits material from other countries to pass through its terri-
tory. This new directive, however, blocks the primary logistical
method required for that transit, rendering the allowance
unusable in practice for the most critical routes.

The decision is set to worsen an already significant global
supply deficit. The implications are particularly severe for
major importers like Morocco, which sourced approximately
45% of its total imports (2.94 million t/a) from Kazakhstan
in 2025. As the conflict in the Middle East has largely
blocked product moving through the Strait of Hormuz, global
buyers have become increasingly reliant on such alternative

logistical and financial challenges.

Gazprom and PhosAgro sign new
five-year sulphur deal

Russian gas producer Gazprom and fertilizer
giant PhosAgro have signed a new five-year
agreement for the supply of sulphur, accord-
ing to a report from Interfax on 5 June. The
deal, signed at the St. Petersburg Interna-
tional Economic Forum (SPIEF), will see
Gazprom continue to supply the key raw
material for PhosAgro’s phosphate fertilizer
production. The document was signed by
Gazprom Deputy Chairman Vitaly Markelov
and PhosAgro CEO Alexander Gilgenberg.

While Gazprom confirmed the agree-
ment will run for five years, further details
have not been disclosed. The new contract
secures a critical raw material supply for
PhosAgro, whose previous long-term sul-
phur agreement with Gazprom was set to
conclude at the end of 2025.

CANADA

Alberta wildfires stopped near key
oilsands sulphur facilities

The immediate threat to Canadian sulphur
supply from the Alberta oilsands has
eased, after several large wildfires in the
Lac la Biche region were classified as
“being held” with the help of rainfall in
early June. The region has a combined
annual sulphur production capacity of
nearly 3 million t/a. Around 700,000
t/a of this is produced in the Edmonton

Sulphur 425 | July-August 2026
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area, primarily from Shell’s Scotford
upgrader (580,000 t/a) and the Redwater
refinery (130,000 t/a). The majority of
the output, approximately 2.2 million
t/a, is concentrated further north near
Fort McMurray at facilities operated by
Suncor, Syncrude, and CNRL Horizon. The
out-of-control fires prompted evacuation
alerts near in-situ sites operated by
Cenovus, Canadian Natural Resources,
and ConocoPnhillips. While this specific
threat has passed, the event highlights
the seasonal vulnerability of Canadian
sulphur supply, with the wildfire season
typically running through the summer.

COLOMBIA

Cartagena refinery enters solid
sulphur market

Cartagena Refinery has entered the
solid sulphur market, diversifying its
petrochemical portfolio, according
to a company statement on 21 May.
The first shipment of 260 tonnes has
already been dispatched to the domestic
market. This new venture is enabled by
a recently commissioned pelletising
plant that converts liquid sulphur into
solid pellets, with a production capacity
of 1,000 t/d. The refinery is targeting
Colombia’s fertilizer, chemical, and
mining industries, and is also planning to
export to international markets, including
Brazil, Peru, and countries in Africa.

SULPHUR
JULY-AUGUST 2026

SAUDI ARABIA

Aramco looking to sell sulphur
business

Saudi Aramco is reportedly considering
the sale of a stake in its sulphur business
as the state-controlled energy group
expands a wider drive to unlock cash from
infrastructure assets and support Saudi
Arabia’s investment-heavy economic
transformation. The potential transaction,
known internally as Project Yellowstone,
could raise as much as $7 billion and
would cover assets linked to sulphur
storage and export terminals.

The plan marks another step in Ara-
mco’s shift towards monetising parts
of its vast asset base while retaining
operational control over core oil and gas
activities. The company is examining a
broader package of possible disposals
that could raise about $50 billion, includ-
ing oil export terminals, real estate,
water infrastructure and power assets.
The strategy reflects pressure on the
kingdom’s finances as Riyadh pursues
large-scale projects under Vision 2030
while managing fluctuating oil revenue
and heavy spending commitments.

Aramco’s large upstream, refining
and gas-processing network gives it
a significant position in the global sul-
phur market, where Middle East produc-
ers play an important role in seaborne

supply.

www.sulphurmagazine.com 9
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SULPHUR INDUSTRY NEWS

UNITED STATES

New hydrogen sulphide removal
process

Merichem Technologies has announced
successful results from its ECOTREAT®
field trial in the Permian Basin,
demonstrating that its new hydrogen
sulphide (H,S) removal process achieved
sustained removal of > 99% of hydrogen
sulphide gas without producing solid
waste products.

The new core technology uses an
aqueous phase proprietary catalytic
process that converts H,S into thiosul-
phate. By keeping the reaction entirely
in solution, the process eliminates the
solid waste characteristic of liquid redox
or solid media systems. The approach
also prevents plugging and downstream
corrosion issues often encountered with
triazine treatment, according to Merichem.
The only required feed reagent is potash
added to feed water or produced water).
The aqueous effluent can be discharged
into saltwater disposal systems or sent
downhole with unneeded produced water.
In simplified configurations, the system
can treat H,S directly in produced water,
reducing hazards associated with pro-
duced water handling.

The field trial was conducted in the
Delaware Basin, the westernmost com-
ponent of the larger Permian Basin, with
various wells and a wide range of hydro-
gen sulphide concentrations up to 2%.
The objectives of the trial were to dem-
onstrate the ability to remove H,S in
sustained field operations, verify the oper-
ating window and solution capacity, com-
pare equipment performance, and treat
gas with produced water from the same
wells. More than 14,000 ppm H,S was
fed into a unit that had been designed to
receive a maximum of 10,000 ppm in the
feed. In this condition, the unit exceeded
its nameplate capacity of 2 Ibs of hydro-
gen sulphide removal per day. In all the
equipment trials, the sustained removal
of hydrogen sulphide was achieved. The
month-long trial also included tests using
produced water. The H,S concentration,
gas ratio, and water ratio were sufficient
to treat all the sales gas with produced
water from the same wells despite less-
than-ideal produced water being used as
a feed reagent.

“The industry is continually seeking to
reduce both the price and complexity of

10 www.sulphurmagazine.com
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Gas-Analyzer
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The 993X series analyser.

removing hydrogen sulphide from gas pro-
duction, especially since oil production
has shifted to increasingly sour sources,
higher gas ratios, and higher water
ratios,” said Jeff Gomach, Senior VP,
Merichem Technologies. “ECOTREAT met
all its field trial objectives and provides
a highly effective method for removing
hydrogen sulphide to prevent equipment
corrosion, ensure worker safety, meet
environmental regulations, and maintain
product quality for transport.”

New analysers for hazardous locations

AMETEK Process Instruments has
expanded its 993X series of gas analysers
— including both 993X and 9933 models
— with new explosion-proof enclosures
certified for ATEX and IECEx Zone 1
hazardous locations. AMETEK says that
the new design enables reliable analyser
installation in applications where purge gas
is unavailable or impractical, addressing
a common challenge in remote and
utility-limited facilities. The explosion-
proof 993X enclosure is rated IP66 and
NEMA 4X, allowing outdoor installation
and operation in minimally temperature-
controlled environments. By eliminating
the need for a continuous inert purge gas
supply, the design helps reduce installation
complexity, operating costs, and overall
system infrastructure requirements.

“Many customers rely on purge-pro-
tected analysers, but those systems are
not practical in every Zone 1 location,”
said Michael Gaura, senior product man-
ager at AMETEK Process Instruments.
“The explosion-proof 993X gives users a
robust alternative that maintains meas-
urement performance.”

SULPHUR
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The 993X series primarily uses ultravi-
olet (UV) spectroscopy to provide continu-
ous measurement of sulphur compounds
and other key components in natural
gas and biomethane streams, including
hydrogen sulphide, carbonyl sulphide,
and methyl mercaptan. The analysers
are also widely used in sulphur recovery
and removal processes to measure sul-
phur-containing species such as sulphur
dioxide and carbon disulfide, supporting
process control, emissions compliance,
and product quality. Other technologies
can also be integrated to measure the
concentrations of hydrogen and carbon
dioxide in these end-user applications,
when required.

EGYPT

Axens signs agreement with Egyptian
Refining Company

Axens says that it has strengthened
its collaboration with Egyptian Refining
Company (ERC) via a long-term agreement
aimed at maximising asset value and
supporting ERC’s evolving needs in
product supply, digital transformation,
and refinery performance optimisation.
Under the agreement, Axens will use
its integrated portfolio of technologies,
equipment, catalysts, and services to
support ERC’s operational, economic,
and sustainability objectives.

Dr Mohamed SAAD, President at
ERC, commented: “ERC values its
strong partnership with Axens and the
confidence this agreement brings for
the future. This collaboration will help us
continue enhancing refinery performance,
maximizing operational efficiency, and
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PHOTO: GOUDA REFRACTORIES

delivering high-quality products to support
Egypt’'s energy needs.”

ERC operates refining complex in
the greater Cairo area which plays a key
role in meeting Egypt's growing demand
for high-quality petroleum products by
converting lower-value feedstocks into
cleaner transportation fuels that meet
international standards.

SPAIN

Gouda Refractories Group acquires
Revestimientos Refractarios

Gouda Refractories Group has acquired
Revestimientos Refractarios (RR), based in
Madrid. Founded in 1979, RR specialises
in the installation of refractory materials,
serving customers across a wide range
of industries, including petrochemicals,
(waste to) energy, cement, and other
industrial sectors. It is a trusted partner
for the installation of refractory materials,
hexmesh, anchoring, engineering,
technical assistance, project management,
inspections and supervision for shutdowns
and turnarounds across the European
Union. The company has a long history of
cooperation with Gouda Refractories, which
has intensified in recent years and which,
due to a natural moment of succession,
has led to this acquisition.

Jorge Palacios will be the new Manag-
ing Director from July 1st onwards, follow-
ing the stepping back of his father, Sixto
Palacios, one of the founders of the com-
pany, but the latter will continue to support
the RR team as Senior Advisor. Together
with Gouda, RR will be able to provide an
even higher level of service and a com-
plete refractory solution to customers, with
additional technical support and high-level

Sulphur 425 | July-August 2026
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refractory solutions (bricks, castables and
precast). Gouda says that the acquisition
will strengthen the market position of both
companies and emphasise the commit-
ment of Gouda to grow in the development,
engineering, production, installation and
maintenance of refractory solutions.

Gouda, since October 2024 part of
Shinagawa Refra Group Co., Ltd, is an
international operating group of companies,
consisting of a high-end refractory solutions
producing company combined with a
refractory services and installation network
globally and with own group companies
in the Netherlands, Belgium, Germany,
Portugal and Sweden.

OMAN

Sulphur recovery contract for
Tayseer Gas Project

Worley Comprimo, in partnership with
BASF, has been awarded a contract to
deliver engineering and licensing services
for integrated gas treatment technology
and sulphur recovery units at Oman’s
Budour Tayseer Gas Project. The project
is designed to produce 2 million scf/d
of sweet gas, 950 m3/day of conden-
sate, and 80 t/d of sulphur. It aims to
strengthen Oman’s energy infrastructure
by ensuring a reliable domestic gas supply
under a design-build-own-operate-maintain
framework, while supporting in-country
value initiatives.

Under the contract, Worley Comprimo
will provide an integrated gas treating and
sulphur recovery solution through a single
licensor model. The scope includes key
processing units such as the acid gas
removal unit, adsorption unit, sulphur
recovery unit, tail gas treatment unit,

SULPHUR
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and sulphur degassing facilities. By
combining specialist gas treating and
sulphur recovery expertise, the project
is expected to achieve more efficient
engineering schedules and streamlined
execution compared with projects where
acid gas removal and sulphur recovery
units are tendered separately.

Worley Comprimo says that it also
builds on their long-standing collaboration
with BASF and will utilise BASF's OASE
purple M and Durasorb adsorbent
technologies, for which Worley Comprimo
is a licensor. OASE purple M hybrid solvent
technology is designed for deep acid gas
removal and selective hydrogen sulphide,
combining proprietary solvent formulations
with advanced rate-based design and
simulation capabilities. Durasorb further
treats the gas by removing water and
mercaptans to low concentration levels.
The closed-loop process eliminates the
need for spent regeneration gas treatment
and enables efficient removal of sulphur
compounds, including mercaptans
and carbonyl sulphide, while reducing
hydrocarbon co-absorption.

CANADA

Topsoe and Sasol chosen to license
SAF plant

Topsoe has, together with Sasol, signed a
single point licensing agreement with SUS-
TAERO to deliver process technologies for
a sustainable aviation fuel (SAF) project in
Canada. Feedstock will be gasified wood
waste. The project has a planned capac-
ity of 3,200 bbl/d. SUSTAERO expects to
take final investment decision in 2028
with expected operations in 2031.

The project will use the two companies’
will provide its gas-to-liquid synfuels
(G2LTM) technology, using Topsoe’s
hydrogen production, gas reforming and
hydroprocessing solutions, integrated with
Sasol’s Fischer-Tropsch and treatment
technologies.

Yassir Ghiyati, Chief Commercial
Officer at Topsoe, said: “We are proud to
partner with SUSTAERO on this important
project and to provide the technologies
needed to help bring it to life. Sustainable
aviation fuel will play a critical role in
supporting aviation’s transition to lower-
emission fuels, and projects like this
demonstrate how proven technologies
and strong collaboration can accelerate
the commercialisation of renewable
fuels at scale.”
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Sulphuric Acid News

Nickel Industries starts up
ENC acid plant

Nickel Industries announced started up the sulphuric acid plant at its new Excelsior
Nickel Cobalt (ENC) HPAL project in the final week of June. The ENC Project is a
massive, multi-billion dollar high-pressure acid leach (HPAL) facility located in the
Indonesia Morowali Industrial Park (IMIP) in Central Sulawesi, Indonesia. It is operated
by Australia’s Nickel Industries to supply battery-grade materials for the electric vehicle
(EV) market. At capacity, it is expected to yield roughly 72,000 t/a of contained nickel
equivalent as mixed hydroxide precipitate (MHP), nickel sulphate, and nickel cathode.

The immediate impact on the spot sulphur market in Indonesia is expected to be
muted, as it is understood that the project has built a substantial inventory ahead of
the start-up. This stockpile is believed to be sufficient to cover its initial consumption
throughout the third quarter of 2026, likely pushing any further spot purchases into Q4.
The ENC plant has a planned sulphuric acid capacity of 1 million t/a in 2026, ramping
up to 3 million t/a by 2027, making it a key new consumer of sulphur feedstock.

Nickel Industries has also agreed to invest $169 million for a 17.5% interest in the
PT Teluk Metal Industry (TMI) high-pressure acid leaching (HPAL) project in Indonesia.
TMI is being developed as an expansion to the company's Excelsior nickel /cobalt project
within the Indonesia Morowali Industrial Park and will produce mixed hydroxide precipitate
(MHP) — a key feedstock for EV batteries. Once operational, TMI is expected to have a
yearly nameplate production capacity of about 38,000 tonnes of nickel in MHP, delivering
attributable production to Nickel Industries of around 6,775 t/a of nickel.

Nickel Industries MD Justin Werner says the investment represented one of the final
opportunities to secure large-scale exposure to Indonesia's rapidly expanding HPAL sec-
tor following the Indonesian government's recent moratorium on new HPAL developments.
“Securing a 17.5% interest in TMI is a transformative step for Nickel Industries and one of
the last opportunities of this scale in the HPAL sector following the Indonesian government’s
moratorium on new HPAL projects,” he said. “Alongside a consortium of leading Korean
and Japanese companies, LS MnM, Hanwa and an undisclosed strategic investor, we are
investing in a world-class asset with a clear path to production by September 2027.”

Maintenance halt for Konkola
copper smelter

Konkola Copper Mines (KCM), a subsidiary
of Vedanta Resources, said on June 3rd
that it had begun a planned 60-day main-
tenance shutdown of its Nchanga smelter
in Zambia. KCM said that the routine
maintenance is aimed at improving opera-
tional efficiency, equipment reliability, and
long-term production performance, and
forms part of the company's broader mod-
ernisation strategy, aimed at increasing its
capacity toward a target of 300,000 t/a of
copper by 2030. KCM produced 80,000
t/a of copper in 2025 according to govern-
ment figures.

The Nchanga smelter shutdown means
that from June to mid-September, Zambia's
three major processing plants — the Mopani,
Chambishi and Nchanga smelters — will
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take extended maintenance shutdowns,
tightening copper and sulphuric acid output
at a time when acid is at a premium because
of the conflict in Iran. KCM says that, during
the shutdown, sulphuric acid supply for the
Nchanga tailings leach plant will be secured
through external procurement and its own
acid plant with a daily capacity of 500 t/d.

Elessent and Thermal Systems
target steaming hottlenecks
in sulphuric acid plants

Elessent Clean Technologies has entered
a strategic alliance with India-based
Thermal Systems Private Limited to supply
steaming equipment for MECS® sulphuric
acid plants in North and South America.
The deal links MECS® sulphuric acid
process design with Thermal Systems’
boiler, superheater and economiser

SULPHUR
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fabrication, giving operators a single route
to specify and source new heat-recovery
equipment rather than managing separate
engineering and OEM contracts.

Elessent says steaming equipment
replacement is often treated as a like-for-like
swap even though many acid plants now run
at different loads and conditions than when
their original units were installed. Under the
alliance, the partners plan to review the full
heat-recovery train — not just a single boiler
or superheater — to match equipment selec-
tion to current duty, improve uptime and
reduce operational risk.

Thermal Systems will manufacture to
MECS® design standards, while Elessent
will take responsibility for integrating new
steaming equipment into existing MECS®
heat-recovery systems. “The combination
of MECS® design standards and Thermal
Systems steaming equipment fabrication
capabilities, allows us to better meet our
customers’ needs by providing the equip-
ment directly to them,” said Kevin Bock-
winkel, Vice President, Cleaner Fertilizers,
Metals and Chemicals at Elessent.

The alliance plugs directly into MECS®
sulphuric acid technology already deployed
in phosphates, non-ferrous metals, oil refin-
ing and general chemicals, a portfolio that
now exceeds 1,000 plant licences and pro-
jects. For sulphuric acid producers planning
overhauls, it effectively adds a packaged
steaming-equipment option to Elessent’s
wider line-up, which also includes HRS™
heat-recovery systems, SolvR® SO, scrub-
bing and MAX3™ sulphuric acid production
technology.

Travertine processes Ariane
phosphate samples

Arianne Phosphate has provided samples
of its phosphate concentrate for process-
ing at Travertine’s facility in Boulder,
Colorado, US. Pilot scale testing was suc-
cessfully performed, demonstrating proof
of concept on the process and production
of a high-quality purified phosphoric acid
(PPA). The Travertine process captures
and recycles over 95% of the sulphur used
in the process of making PPA, providing a
virtually closed loop system. The PPA pro-
duced using the process met specifications
required for both LFP batteries as well as
fertilizers. The companies have begun work
to advance the PPA demonstration plant in
Quebec’s Saguenay-Lac-Saint-Jean region,
working with potential partners as well as
end-users of the product.
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EuroChem starts up new sulphuric

acid plant

Russia’s EuroChem has brought online a
new sulphuric acid plant in Kazakhstan’'s
Zhambyl Region, creating one of the coun-
try’s largest sulphuric units with a design
capacity of 800,000 t/y. The output will sup-
ply EuroChem'’s integrated chemical complex
now under construction as well as serve
domestic sulphuric acid demand in Kazakh-
stan. The start up marks Phase Il of Euro-
Chem'’s large-scale, three stage investment
programme in Kazakhstan. In Phase |, the
company commissioned a phosphate ore
mining and processing complex with a capac-
ity of 840,000 t/y, while Phase Ill — due in
2027 — will add a chemical complex for min-
eral fertilizers and industrial products, taking
total production from the site to over 1 mil-
lion t/y. Once all three phases are complete,
the Zhambyl site will become one of the few
full cycle chemical production platforms glob-
ally, integrating raw material extraction, pro-
cessing and finished product manufacture
on a single site. EuroChem expects output
from the complex to supply customers not
only in Kazakhstan, but also in other Central
Asian markets, China and Europe.

The project sits under Kazakhstan’s
Unified Industrialization Map and is closely
tied to national objectives on manufactur-
ing and diversification. Minister of Industry
and Construction Yersaiyn Nagaspayev
said the initiative “is fully aligned with the
strategic goals set by the President of the
Republic of Kazakhstan to develop the
manufacturing industry, diversify the econ-
omy and ensure the country’s economic
self-sufficiency,” calling it “a prime exam-
ple of strengthened industrial cooperation
and strategic partnership between our
nations.” He added: “I am confident that
once the project reaches its full capacity, it
will make a substantial contribution to the
economic development of Kazakhstan.”

Chile’s lawmakers to investigate Codelco

Members of the lower house in Chile’s
Congress have unanimously approved
creation of a special investigative commis-
sion to examine a series of alleged irregu-
larities at state-owned copper producer
Codelco. The issues are: overestimation
of production by almost 27,000 t last
year; a multimillion-dollar renovation of
the company’s headquarters in Santiago;
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and, maybe, the collapse of a chimney at
Potrerillos copper smelter in the Atacama
region of northern Chile. The structural fail-
ure has forced a production suspension.

Codelco’s new directors, appointed fol-
lowing a change of government, have already
ordered an external audit to recalculate the
company’s stated 2024 and 2025 produc-
tion figures after the revelation the company
exaggerated copper output by 26,875 t last
year. A national prosecutor is also conduct-
ing a criminal investigation into the matter,
which has led to a manager being dismissed
and warnings issued to seven others, one of
whom had already left the company.

Mining committee chairman Cristian
Tapia, who spearheaded the call in the
Chamber of Deputies for a special investiga-
tive commission, said there is evidence jus-
tifying a thorough review of the company’s
recent management. “There is an overesti-
mation of nearly 27,000 t of fine copper.
On the other hand, we have the high cost of
the renovation of the Santiago offices, which
was $57 million,” he was quoted as saying
by local media. The sum equates to €49.4
M. “At the same time, we have the chim-
ney that collapsed in Potrerillos, which has
halted the smelter and prevented produc-
tion processes from being completed, and
that is extremely serious. In other words,
an office is being repaired for $57 million,
yet no maintenance is being performed on a
chimney at one of the most important smelt-
ers we have in our country.”

Potrerillos has a copper anode capacity
of 200,000 t/y, and last year turned out
158,790 t of the product, plus nickel, gold,
silver and sulphuric acid as by-products,
according to CRU.

Restart for Hongda smelter

Hongda's 100,000 t/a zinc smelter, in
China's Sichuan Province, completed
scheduled maintenance and equipment
upgrading and officially resumed produc-
tion on 21st June, the company said. The
smelter had been shut down for planned
maintenance since January, during which
time a modernisation project for the electro-
lytic zinc smelting system was also carried
out. Following the nearly six-month revamp,
the resumption of production is expected
to improve overall operational efficiency,
reduce unit production costs, and increase
the utilisation rate, The company said. The
stable supply of sulphuric acid generated
by the zinc smelter will effectively leverage
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the synergies of the "sulphur-phosphorus”
industrial chain in the company, an help
alleviate cost pressures on the company's
phosphorus chemical business segment.

Yuntianhua gives go ahead for giant

phosphate mine

The board of Yunnan Yuntianhua gave the
go ahead for the development of a massive
underground phosphate mine in Yunnan
province on 14th May. The major Chinese
producer part owns the mine project through
a 35% stake in its developer Julin New Mate-
rials. The other three owners are Yuntianhua
Group (55%), Zhaotong Development Group
(9%) and Zhenxiong Chanyi Investment (1%).

Julin New Materials plans to build a 10
million tonne per year underground mine to
exploit the Wanchang phosphate deposit in
Zhenxiong county, Yunnan. Total investment
is estimated at yuan 8.16 billion ($1.13
billion). This includes yuan 980.9 million
($135 million) already spent on exploration
and securing mining rights, plus around
yuan 7.06 billion ($978 million) of new
capex and working capital. Yuntianhua has
committed equity to the project in line with
its 35% ownership stake.

The phosphate rock concentrate pro-
duced by the new Wanchang mine is ear-
marked for the future production of purified
phosphoric acid, lithium iron phosphate
(LFP) battery materials, as well as P4, flame
retardants, water-soluble fertilisers and con-
trolled-release fertilisers.

The mining project’s five year construc-
tion schedule is slated to start in Decem-
ber 2026.

Metso to supply zinc smelter expansion

Metso has been awarded an order to supply
key cellhouse process equipment for a zinc
smelter expansion project in South Asia.
The value of the order was undisclosed, as
was the hame of the customer, which is one
of the leading zinc producers globally.

The zinc plant project is based on Metso’s
calcine leaching, solution purification,
and cellhouse process technology. The
delivery includes the latest high-capacity
zinc cathode stripping machines, an anode
washing and flattening machine, as well as
the largest entity of cooling towers supplied
by Metso to date, designed to maintain
optimal electrolyte temperature and support
efficient electrolysis performance. Metso will
also provide advisory site services during
project implementation.
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People

BP has announced a number of changes
to its leadership as part of a restruc-
turing exercise instigated by new CEO
Meg O’Neill. From 1st July 2026, the
company will be organised around two
distinct business segments — Upstream
and Downstream — replacing the previous
three-segment structure. Gordon Birrell
has been appointed executive vice presi-
dent, Upstream; and Richard Harding
will be interim executive vice president,
Downstream. Both bring decades of oper-
ational experience and leadership to their
roles. A recruitment process is underway
to appoint a permanent EVP Downstream.

“Focusing bp around two distinct seg-
ments is an important step in accelerat-
ing delivery. It will reduce complexity and
strengthen execution,” said Meg O’Neill,
CEO, in a press statement. “Focusing
bp around two distinct segments is an
important step in accelerating delivery.
It will reduce complexity and strengthen
execution... Over the past two months, |
have spent time with our teams, partners
and investors around the world, and | am
encouraged by the strong support for our
strategic direction. Focusing bp around
two distinct segments is an important
step in accelerating delivery. It will reduce
complexity and strengthen execution.

The two-segment model removes
the previous low carbon segment as
part of a refocus on its core oil and gas
business. Upstream will bring together

bp’s oil and gas regions, including
exploration, development and production
activities, streamlining how the company
finds, develops and produces the
energy the world needs. It will also
include bp’s upstream joint ventures
and its renewable natural gas and CCS
businesses. Downstream will include
refining, terminals, pipelines, mobility and
convenience, biofuels, aviation, hydrogen
and Castrol, aligning how bp makes,
moves and sells its products. Supply,
Trading & Shipping will continue to operate
across both segments, supporting delivery
and value creation across the integrated
system. As a distinctive capability for bp, it
connects the portfolio, optimizes flows and
delivers material value uplift. Renewable
businesses, including solar and offshore
wind, will sit within the Technology function
as bp continues to advance a capital-light
model in these areas. lan Tyler, who also
chairs the Grafton Group building materials
firm, is the interim BP chairman.

Chilean state copper giant Codelco
has named Jorge Gomez as its new CEO,
effective from July 13th. Gomez had pre-
viously served as head of the Collahuasi
copper mine, one of the world’s largest.
The appointment follows the resignation
of current CEO Rubén Alvarado Vigar,
who has led the company since Septem-
ber 2023. Alvarado will remain in the
role until July 13, when Gomez formally
assumes leadership.

Calendar 2026/2027

SEPTEMBER

2026 Round Table for Smelters, Roasters
and Refineries, SANTIAGO, Chile

Contact: Viviana Rojas, Holtec

Tel: +56 9 8390 1221

Email: viviana.rojas@holtec.cl

Brimstone Sulphur Symposium, VAIL,
Colorado, USA

Contact: The Brimstone Group LP
Email: info@thebrimstonegroup.com
Web: https://www.thebrimstonegroup.
com/symposium/

Oil Sands Expo, CALGARY, Alberta, Canada
Contact: Bruce Carew, EventWorx

Tel: +1 403 971 3227.

Email: marketing@eventworx.ca
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Ti0O2 World Summit 2026, AMSTERDAM,
Netherlands

Contact: Smithers

Tel: +44 (0) 1372 802000

Email: eventseu@smithers.com

Web: https://www.pigmentmarkets.com/
tio2-world-summit

NOVEMBER

CRU Sulphur & Sulphuric Acid
Expoconference 2026, BERLIN, Germany
Contact: CRU Events

Tel: +44 (0) 20 7903 2444

Email: conferences@crugroup.com

FEBRUARY 2027

SulGas Conference, MUMBAI, India
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Codelco Chairman Bernardo Fontaine
described Gomez as one of Chile’s most
respected mining executives, citing his
operational expertise, leadership capa-
bilities, and commitment to creating sus-
tainable value for workers, communities,
and shareholders. According to Fontaine,
Gomez’s priorities will include improving
workplace safety, boosting profitability and
returns to the Chilean state, strengthening
operational discipline, and advancing envi-
ronmental and social sustainability goals.

Gomez arrives at Codelco after spending
14 years as CEO of Minera Dona Inés de
Collahuasi, one of the world’s largest cop-
per mines. During his tenure, Collahuasi sig-
nificantly improved operational performance,
safety metrics, and value creation, helping
establish the operation as one of the min-
ing industry’s leading assets. Earlier in his
career, Gomez served as the company’s
Vice President of Central-Southern Opera-
tions, overseeing the Andina, El Teniente,
Ventanas, and Salvador divisions. He also
held senior leadership roles at Antofagasta
Minerals and Los Pelambres, two of Chile’s
most prominent mining operations.

Collahuasi copper mine has in turn
named Patricio Hidalgo as its new
CEO starting July 1st, to replace Jorge
Gomez. Collahuasi is jointly owned by
Anglo American and Glencore, each
holding 44% of the company. A group of
Japanese companies headed by Mitsui &
Co. Ltd. owns the remaining 12%.

Contact: Three Ten Initiative Technologies LLP
Tel: +91 96766 11950

Email: admin@sulgasconference.com
Web: sulgasconference.com

77th Laurance Reid Gas Conditioning
Conference, OKLAHOMA CITY, USA
Contact: Juliana Jimenez, Program Director,
University of Oklahoma.

Email: jules.jimenez@ou.edu

MARCH

CRU Phosphates+Potash Expoconference,
ROME, Italy

Contact: CRU Events

Tel: +44 (0) 20 7903 2444

Email: conferences@crugroup.com
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NICKEL

Nickel is becoming increasingly important to the sulphur and sulphuric acid markets,
with Indonesia now a key importer.

= -

TheHarita Nickel HPAL refinery, .Obirlsland,¥ndonesia.

he nickel market has seen quite

a turnaround in the first half of

2026, from what had been a
relatively loose market with surplus
supply moving towards balance and
even, in parts of the market, into out-
right tightness. The reason has been
a combination of supply disruption in
Indonesia, tighter sulphur availability,
higher ore costs, and a more sup-
portive backdrop for stainless steel
and battery demand than many had
expected at the start of the year.

In its June market outlook, CRU
described 2026 as a rebalancing year,
with global nickel supply forecast to fall
by 1.5% year on year, the first annual
decline since 2015. The market has also

Sulphur 425 | July-August 2026
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become more volatile, as prices rallied
sharply in May to a two-year high before
falling back in June on a stronger US dol-
lar, profit-taking, and renewed concern
about Indonesian supply policy. Indone-
sia remains the decisive factor. Policy
decisions on the RKAB quota, ore pric-
ing, downstream investment, and export
restrictions are now more important than
the usual cyclical signals. At the same
time, demand is no longer the weak link
it was during periods of slower growth.
Stainless steel production is recovering,
battery-related nickel demand is rebound-
ing, and even though the energy transition
is evolving in ways that may eventually
reduce nickel intensity, the metal still has
a strong role in the next few years.

SULPHUR
JULY-AUGUST 2026

PHOTO: HARITA NICKEL

Supply

Supply has seen structural change, due
to a combination of Indonesian govern-
ment policy and sulphur supply disrup-
tion. The most important policy move
has been the reduction in Indonesia’s
2026 nickel ore mining quota, or RKAB,
to 260-270 million tonnes from 379 mil-
lion tonnes in 2025. That is a major cut
and, by design, it is intended to prevent
the oversupply that had built up in previ-
ous years.

This quota reduction has already had
visible consequences. Weda Bay was
placed under care and maintenance at
the end of May after exhausting its allo-
cation, which is an important signal that
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NICKEL

the quota is not just a paper measure but
is affecting physical production. CRU also
notes that lower ore availability, higher ore
prices, and the new HPM pricing formula
have all tightened the economics of Indo-
nesian nickel production. The result is that
growth in Indonesian supply was expected
to stall in 2026, even before considering
other disruptions.

Sulphur is the second major sup-
ply constraint. HPAL operations need
sulphur, and the disruption to sulphur
supply from the Middle East conflict
has raised costs and reduced availabil-
ity. That has been especially painful for
MHP and HPAL producers because it
has affected the economics of convert-
ing nickel into higher-value intermediate
products. CRU expects sulphur avail-
ability to improve only gradually, with
pressure easing through Q3 and more
meaningfully by year-end. In the mean-
time, producers face a cost squeeze.
Some operations can continue by stock-
piling or using alternatives such as
gypsum or pyrite, but these are more
expensive and can only partially offset
the problem.

There has also been a shift in the
product mix. Indonesian nickel pig iron
(NPI) output has declined, but some of
that has been offset by higher matte pro-
duction, especially at operations where it
is more profitable than NPI. This means
that while class 2 supply has tightened,
the system is not collapsing; rather, it
is being reallocated toward the products
that currently offer better margins.

Outside Indonesia, supply is still not
robust enough to compensate. Disrup-
tions elsewhere, including Madagascar
and Cuba, have added to the global
supply decline. Nevertheless, Indonesia
remains the main driver. If the govern-
ment continues to restrain ore supply,
the market should remain much tighter
than in recent years. If, however, quotas
are loosened or enforcement becomes
less strict, the supply picture could
change quickly.

Looking further ahead, CRU expects
global supply to grow again over the
forecast period, but the base case
assumes that Indonesia will continue
using policy to prevent another sup-
ply surge. That is important because it
suggests the current tightness is not
necessarily a one-off. Instead, it may
mark the start of a more managed nickel
supply regime.

16 www.sulphurmagazine.com
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Demand

Demand is firmer than many market par-
ticipants may have assumed earlier in the
year. The most important demand sector
remains stainless steel, which contin-
ues to be the largest consumer of nickel
globally. CRU has revised upwards its
2026 demand outlook, with global nickel
demand expected to rise by a little over
6% year on year, with stainless steel the
main contributor to that growth, both in
absolute tonnage and in terms of incre-
mental demand share over the medium
term. China and Indonesia are both
seeing stronger stainless output, while
Europe and the US are being influenced
by regulatory and trade measures. In the
US, Section 232 has supported domestic
stainless production by restricting imports

and encouraging local output. In Europe,
CBAM and tighter safeguarding meas-
ures are lowering import penetration and
supporting regional stainless production.
These measures do not just alter trade
flows; they also underpin nickel demand
by encouraging more stainless output in
regions that consume nickel-containing
grades. China’s industrial strategy is also
supporting nickel consumption through
the “new productive forces” agenda,
which prioritises advanced manufacturing,
electrification, digital infrastructure, and
high-tech industry.

Battery demand is the second major
growth area. Nickel demand from batter-
ies is forecast to grow by 12% year on
year in 2026 to around 560,000 t/a; a
meaningful rebound after several years
of weaker growth. The short-term driver

CRU LAUNCHES INDONESIA ACID PRICE

As Indonesia’s nickel industry drives
significant import demand of sulphuric
acid in recent years, CRU has launched
a new weekly c.fr Indonesia acid price
assessment to bring transparency to
this key spot market.

Over the past five years, Indonesia
has emerged as a key player in the
sulphuric acid market, driven primar-
ily by the rapid expansion of its nickel
industry. Growing interest in the battery
materials sector has triggered a wave
of high-pressure acid leach (HPAL)
projects, with Indonesia at the centre
of these additions. As a result, nickel-
related acid demand has surged to 16
million t/a in 2025 from 3.5 million t/a
in 2021. Alongside this rapid growth
in demand, domestic acid production
has also increased, supported by a
combination of integrated acid units
at nickel operations and new smelter
capacity. Sulphur-burnt acid is the
main source of acid in Indonesia amid
the increased sulphur burning capacity
in the country. However, despite rising
local output, Indonesia’s acid require-
ments have outpaced supply. While
sulphur imports meet most demand,
faster-than-expected expansion of HPAL
capacity has driven a sharp rise in acid
import needs. Acid import volumes
have increased steadily, reaching 1.mil-
lion t/a in 2025, equivalent to a 47%
CAGR since 2021.

SULPHUR
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The supply mix for these imports
has also evolved. The market saw a
pivotal shift in 2023 when total import
volumes surged by over 250% year-on-
year, jumping from around 310,000
t/a in 2022 to nearly 1.1 million t/a.
This initial demand was primarily met
by increased flows from Japan and
South Korea. However, China emerged
as the single largest supplier in 2025,
shipping over 670,000 t. This trend
has continued into the current year;
for the first quarter of 2026, Indonesia
imported 220,652 t, sourced almost
evenly from its three main partners:
Japan (77,259 t), South Korea (67,949
1), and China (67,642 t).

This new benchmark will provide
essential price clarity for a market now
defined by spot purchasing, and builds
on CRU’s price tracking since the start
of 2026, which has already captured
significant market volatility. The year
began with relative stability, as prices
held within a $150-185/t c.fr range
through the first quarter. In April, how-
ever, tighter global supply and consist-
ent spot demand from the HPAL sector
pushed prices sharply higher, reaching
$380-410/t c.fr at the end of May. This
represents an increase of more than
160% since January and demonstrates
the market’s sensitivity to global sup-
ply shifts and the need for a consistent
weekly reference.
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NICKEL

Fig. 1: Indonesian sulphuric acid imports, 2017-present

12 - 1.1 11 1.1
W Japan < * 7Y
10 | Ko.rea
China
RoW
0.8 1 © total
0.6 0.5
0.4
04 0.3 7'} 0.3
2 0.2 * 0.2
0.1 *
0.2 -
0.0 i | | -
2017 2018 2019 2020 2021 2022 2023 2024 2025 2026
Source: CRU Data: Globe Trade Tracker (GTT) data, *2026 data is for Jan-Mar.

is Chinese pCAM production, along with
strong European EV demand. Even where
battery chemistry is shifting toward LFP,
nickel remains important in high-per-
formance applications, especially for
vehicles where energy density and fast
charging still matter. However, LFP con-
tinues to take share, and that will reduce
nickel use intensity over time. However,
nickel will not disappear from the battery
sector, but rather become less domi-
nant in mass-market chemistries while
retaining a role in higher-performance
segments.

Other uses of nickel also contribute.
Superalloys, aerospace, defence, and
refinery catalysts provide smaller but still
relevant demand support.

Trade

Policy decisions continue to reshape trade
flows. As noted above, in Europe, CBAM is
already affecting imports of ferronickel and
related products. EU ferronickel imports
were down sharply in Q1 2026, with con-
sumers having stocked up in advance dur-
ing Q4 2025. Likewise in the US, import
restrictions under Section 232 support
domestic stainless production, but they
also influence the origin and pricing of
imported nickel units. As with Europe, this
does not eliminate imports; it changes
where they come from and how competi-
tive they are relative to domestic supply.
China has continued to import nickel
at volumes exceeding domestic demand,
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suggesting that China is acting as a buffer
market, absorbing surplus class 1 units
even as domestic consumption patterns
evolve. Indonesia’s trade position is
equally significant. The country is trying
to move further down the value chain,
expanding sulphate, precursor, and cath-
ode capacity. That means not just export-
ing ore or intermediate nickel products,
but increasingly capturing more value
domestically. In the short term, however,
the tightening of ore supply and the high
cost of sulphur make that expansion more
complicated. Nickel and nickel product
flows are also increasingly being shaped
by strategic stockpiling.

Prices

Price action in June and early July reflects
the market’s new volatility. The LME
3M nickel price had rallied strongly in
May, touching a two-year high of about
$19,675/t, before falling back below
$16,500/t in June and then rising to
nearer $18,000/t. The decline was driven
by a stronger US dollar, concerns about a
broader commodity sell-off, profit-taking,
and renewed speculation that Indone-
sian supply might increase if RKAB rules
were relaxed. CRU’s base case remains
constructive, with prices averaging above
$18,000/t over the forecast period. That
view is underpinned by the higher cost
base, the tighter supply environment, and
the expectation that Indonesia will con-
tinue to prevent a return to oversupply.

SULPHUR
JULY-AUGUST 2026

Cost support has clearly risen. Higher ore
prices, the revised ore formula, and expen-
sive sulphur have pushed breakeven levels
higher for many producers. The conversion
cost support level for NPI to sulphate or cath-
ode has moved up from around $15,000—
16,000/t to $17,000-18,000/t. HPAL
operations that pay market prices for feed-
stock are also under more pressure, with
breakeven levels above $15,000/t. This cre-
ates a firmer floor under the market. Even if
demand were to soften, prices now have to
clear a higher production-cost threshold.

Conclusion

Nickel supply is being deliberately
restrained, especially in Indonesia, while
demand remains healthy across stainless
steel and batteries. That has removed the
large surplus that previously weighed on
the market and replaced it with a much
tighter balance. Prices reacted strongly to
this change, even if short-term macro fac-
tors caused a pullback in June.

Looking ahead, the main question is
whether Indonesia continues to manage
supply tightly enough to keep the market
balanced. If it does, nickel should remain
well supported, with a price floor shaped by
higher ore and sulphur costs. If policy eases,
the market could quickly shift back toward
surplus. For now, the base case is a finely
balanced market, supported by resilient
demand and constrained supply, but vulner-
able to volatility from policy surprises, the US
dollar, and geopolitical developments.
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16 efinery decarbonisation is poten- chain. Biohydrogen also has a role in utilities were mostly self-generated, and
tially one of the most technically  certain biorefinery settings. There is also  the refinery owner carried the engineer-
17 demanding parts of a transition  a growing market for long-term third-party  ing and operating risk internally. Now the
to lower carbon production. Refineries  supply contracts, where the refinery does  decarbonisation model is increasingly net-
are highly integrated industrial systems not produce the hydrogen itself but instead  worked. The refinery becomes an anchor
19 built around continuous operation, precise  secures delivery through a dedicated customer in a broader regional hydrogen
product specifications, and interdepend-  project or partnership. system, and that system may include dedi-
20 ent heat, power, hydrogen, and conversion Electrolysis is the technology attracting  cated electrolysers, renewable power pur-
units. That makes emissions reduction  the most attention, but a refinery-linked elec-  chase structures, industrial gas partners,
2 more complicated than in sectors where  trolyser is a demanding asset. It requires  and shared infrastructure.
22 the main challenge is simply replacing one  a large and reliable electrical connection,
feedstock with another. The industry is  water treatment, compression, hydrogen Energy efficiency
23 gradually converging on a mixed pathway:  storage, and close integration with the refin-
low-carbon hydrogen is a central feature, ery’s hydrogen headers and process units. Although hydrogen attracts much of the
24 but it has to be combined with energy effi- It also needs a power supply strategy that  attention, energy efficiency remains one
25 ciency, electrification, carbon capture, and works at an industrial scale. In many cases of the most practical and lowest-cost
in some cases site reconfiguration. the project economics are shaped as much decarbonisation levers available to refin-
26 Hydrogen’s centrality is because it by electricity price, grid fees, and renew- ers. Refineries consume very large quan-
is one of the most important utilities  able certification rules as by the electrolyser  tities of heat, steam, and electricity, so
27 in a refinery and also one of the largest itself. If the system runs at low capacity = even modest efficiency improvements
sources of site emissions. Hydrogen is  factors, hydrogen costs rise sharply. If it is ~ can deliver meaningful emissions reduc-
28 used in hydrotreating, hydrocracking, sul-  built around intermittent renewable genera-  tions. In a mature asset base, this usu-
29 phur recovery, and product upgrading. In  tion without enough storage, the refinery is  ally means incremental optimisation rather
most conventional refineries it is made  exposed to supply variability that is unaccep-  than dramatic redesign. Better heat inte-
30 from fossil feedstocks, which means that  table for continuous operation. This is why  gration, reduced fuel consumption in fur-
even if the refinery is otherwise efficient,  near-site projects are attractive; they reduce  naces, higher-efficiency boilers, improved
31 the hydrogen system can still account fora  transport complexity and make it easier to ~ steam balance, and more effective waste
32 large share of direct CO, emissions. tie production directly to demand. heat recovery all contribute to lower emis-
Commercial structure matters almost  sions. These measures are often less vis-
33 Hydrogen as much as technology. The refinery sector  ible than green hydrogen announcements,
is now using long-term offtake agreements, but they are essential because they reduce
34 Hydrogen decarbonisation can take joint ventures, and supply tenders to de- the baseline energy demand of the site
35 several forms, and the industry is clearly  risk low-carbon hydrogen projects. Part-  before more expensive decarbonisation
not relying on one route alone. Green nerships with industrial gas companies, projects are layered on top.
36 hydrogen produced by electrolysis is the utilities, and renewable power developers The technical challenge is that refinery
most visible option, especially where there illustrate this shift clearly. Refiners need processes are already highly integrated,
37 is access to low-carbon electricity and an  guaranteed supply at consistent quality, so additional efficiency gains are often
industrial buyer with a steady load. Blue  while hydrogen producers need guaranteed marginal and operationally complex. Heat
38 . . . .
hydrogen, produced from natural gas with  demand to secure financing. Long-term  exchanger networks are tightly coupled
39 carbon capture, remains relevant in some contracts bridge that gap and make capital- to process conditions, feed quality, and
contexts because it can fit into existing intensive infrastructure bankable. This is a product specifications. A change in one unit
40 industrial hydrogen systems more easily  crucial change in how downstream assets  can affect energy use across the site. For
1 than a fully new build renewable supply are being managed. Historically, refinery  that reason, refinery efficiency programmes
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usually rely on detailed process modelling,
digital monitoring, and ongoing maintenance
discipline. Advanced control systems can help
stabilise operations and reduce flaring, while
energy management systems can identify
hidden losses in steam traps, compressors,
and utility loops. The biggest gains tend to
come not from one major intervention but
from many small improvements applied
consistently across the site.

Energy efficiency also matters because
it lowers the size of the decarbonisation
challenge itself. A refinery that reduces its
heat and power demand needs less hydro-
gen, less electricity, and potentially less
carbon capture capacity. That makes effi-
ciency foundational rather than secondary.
In practice, many refineries are likely to
use efficiency measures to buy time and
reduce cost while larger infrastructure pro-
jects are being developed. This sequenc-
ing is rational because it helps avoid
overbuilding low-carbon utilities before the
refinery’s final configuration is clear.

Carbon capture

Carbon capture remains part of the refinery
decarbonisation toolkit, particularly for resid-
ual emissions that cannot easily be removed
through hydrogen substitution or electrifica-
tion. Fired heaters, furnaces, and some pro-
cess vents will continue to emit CO, even
in a more efficient refinery. Capture can be
applied to hydrogen production units and
larger combustion sources, but it creates
a new chain of dependencies that includes
transport, storage, compression, and regula-
tory oversight. It is therefore best understood
as a complementary tool rather than a first-
line solution. In practice, many refineries are
likely to use hydrogen decarbonisation first,
then add capture where the remaining emis-
sions are difficult to eliminate.

From an engineering standpoint, car-
bon capture in refineries faces two main
constraints. The first is source diversity.
Refinery emissions are spread across many
small and medium-sized point sources,
which makes capture more complex than in
a single large industrial stack. The second is
heat integration. Capture systems consume
energy, and that energy demand must be
managed without undermining the emis-
sions reductions that the project is intended
to achieve. For hydrogen units, capture
can be more straightforward because the
exhaust streams are often more concen-
trated. For general combustion units, the
economics are usually more challenging.
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Nevertheless, capture is important
because it addresses the parts of the
refinery that are hardest to eliminate by
other means. Even if a refinery replaces
a large portion of its fossil hydrogen with
green hydrogen, it may still have sub-
stantial emissions from process heat,
utility boilers, and certain conversion
operations. Capture can therefore serve
as the residual abatement mechanism
that allows the site to move from partial
to deeper decarbonisation. In a broader
industrial policy context, it also mat-
ters because it keeps decarbonisation
options open for assets that may remain
strategically important for years even as
product demand shifts.

Feedstocks and product slate

Refinery decarbonisation also depends
upon the feedstocks being processed and
the products being made. This is especially
important because different feedstocks
carry different processing requirements
and different lifecycle emissions profiles.
Heavier, more sulphur-rich crude slates
generally require more hydrogen and more
processing energy than lighter, sweeter
crudes. That means refinery emissions
are not fixed; they vary with crude quality,
throughput, and product mix.

As product demand changes, the indus-
try is also seeing more focus on renewable
and lower-carbon feedstocks. Biorefinery
operations such as La Méde and Grand-
puits show how feedstock transition and
hydrogen transition are becoming linked.
Renewable diesel, sustainable aviation
fuel, and other bio-based products still
require significant process energy and
hydrogen inputs, so the climate perfor-
mance of the final product depends not
just on the feedstock itself but also on the
utilities used to convert it.

Co-processing is another important
theme. Some refineries are adapting
existing units to process renewable feed-
stocks alongside conventional hydrocar-
bon streams. This can reduce the need
for entirely new standalone assets,
but it increases operational complexity
because the refinery has to manage vari-
able feedstock quality and ensure prod-
uct consistency. Feedstock flexibility may
become a competitive advantage, espe-
cially if regulatory regimes increasingly
reward low-carbon liquid fuels. However,
it also requires investment in pretreat-
ment, storage, and process control.

SULPHUR
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Site integration

Refinery decarbonisation is increasingly
regional in nature. A refinery is part of
a wider industrial ecosystem that may
include ports, pipelines, chemical plants,
renewable generators, storage assets,
and hydrogen networks. This is especially
obvious in European refineries; sites in
Belgium, the Netherlands, Germany, and
France all sit within different infrastructure
and policy contexts, and each site requires
a distinct project design.

This regional dimension matters because
low-carbon hydrogen and carbon capture
both depend on infrastructure that often lies
beyond the refinery fence line. Electrolysers
need grid access and sometimes direct
renewable supply. Carbon capture needs
transport and storage. Hydrogen may need
pipelines or local storage. Industrial partner-
ships, joint ventures, and long-term supply
arrangements all form part of the necessary
ecosystem. This is likely to become the
standard model across the sector because
the scale of investment is too large and the
infrastructure too interconnected for one
company to build everything alone.

Economics and competitiveness

Refinery decarbonisation is expensive,
and that cost has direct competitiveness
implications. Low-carbon hydrogen gener-
ally carries a cost premium versus con-
ventional fossil hydrogen, especially when
power prices are high or electrolyser uti-
lisation is low. Carbon capture also adds
capital and operating cost. Energy effi-
ciency measures are usually cheaper, but
they do not deliver enough abatement on
their own. This means refiners must bal-
ance decarbonisation ambition against
margin pressure and market uncertainty.
The economics are shaped by policy
as much as by technology. Carbon pric-
ing, renewable fuel mandates, hydrogen
incentives, industrial decarbonisation
support, and emissions regulations all
affect the business case. In Europe, this
policy environment is one of the reasons
decarbonisation is moving fastest. The
combination of regulatory pressure and
industrial strategy makes it more likely
that low-carbon refinery projects will be
built, even if their economics are chal-
lenging in purely merchant terms.
Competitiveness also depends on timing.
Refineries that move early may secure
renewable power, hydrogen supply, and
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industrial partners before the market tightens
further. Those that wait could face higher
costs, weaker access to infrastructure, and
more difficult compliance obligations. At the
same time, an early mover strategy carries
risk because technology costs may fall and
policy frameworks may evolve. That is why
many refineries are sequencing projects
carefully, beginning with the largest and
most bankable emissions reductions, then
expanding as market conditions improve.

Impact on sulphur production

Green/low-carbon hydrogen mostly changes
the source of hydrogen, not the sulphur bal-
ance. If the refinery uses the same crude
slate and makes the same products, sul-
phur output should be roughly unchanged.
However, if low-carbon hydrogen enables the
refinery to keep running deep desulphurisa-
tion units at high severity, then sulphur recov-
ery could stay high even as emissions fall.

Feedstock changes and biorefining
are the main cases where sulphur output
can change materially. If a refinery shifts
toward lower-sulphur crudes, hydrotreated
renewable feedstocks, or bio-feedstocks
then sulphur recovery may fall signifi-
cantly. If a refinery meaningfully shifts its
feed slate toward bio-feedstocks or low-
sulphur crude, sulphur recovery volumes
can decline by 30-80%, depending on how
much fossil feed remains.

References

1. A. Nudriwati, F. Urban, Decarbonising the
refinery sector: A socio-technical analysis of
advanced biofuels, green hydrogen and car-
bon capture and storage developments in
Sweden. Energy Research & Social Science
84 (2022) 102358.

2. A. Gosse, Shell Catalysts and Refineries,
Decarbonisation transformation of Shell’s
Pernis refinery.

3. House of Commons Library CDP-2025-0235;
The Future of the UK Oil Refining Sector.

4. US Energy Information Administration;
The Outlook on Global Refining to 2028.

5. Wood Group White Paper: Pathways to
Decarbonise Refining, Oct 2023.

6. Worley Consulting: Refinery of the Future —
Decarbonisation Options, May 2024.

7. Essar Energy Transition: Roadmap to Decar-
bonisation

8. Ma et al; Plantlevel decarbonisation path-
ways and mitigation costs of global oil refiner-
ies, Nature Chemical Engineering, Volume 3,
May 2026, pp298-310.

9. Z. Byrum et al, World Resources Institute:
Technological Pathways for Decarbonising
Petroleum Refining, Sept 2021.

10. Johnson Matthey: Transition to net zero: steps
to decarbonise the oil refining industry, 2022.

20 www.sulphurmagazine.com

Contents

CASE STUDY: SHELL PERNIS

=.The Shell Pernis site.

As described in a recent publication?,
Shell Pernis in the Netherlands is an
example of how a complex European
refinery can approach decarbonisation
in stages rather than through a single
step change. The refinery sits in one
of Europe’s most industrialised and
infrastructure-rich locations, which mat-
ters because refinery decarbonisation
depends heavily on access to power,
hydrogen, and CO, transport infrastruc-
ture. Pernis is a relevant example for
blue hydrogen, carbon capture, and
broader utility-system transformation,
illustrating the main options available
to a mature refinery seeking deep emis-
sions reductions without abandoning
its core industrial role.

1. Hydrogen is the central lever. Pernis,
like most complex refineries, depends
on hydrogen for hydrotreating and
upgrading. Replacing fossil-derived
hydrogen with low-carbon hydro-
gen can cut a large share of direct
emissions without fundamentally
changing the refining process. In a
European context, the most practical
routes are likely to be imported green
hydrogen, blue hydrogen backed by
carbon capture, or a combination of
both as infrastructure develops. For
Europe, imported low-carbon hydro-
gen becomes more attractive as
grid decarbonisation progresses and
hydrogen networks mature.

2. Electrification is most effective at
the utility level. Rather than electrify-
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ing every heater at once, a site like
Pernis can reduce emissions by con-
verting steam and power systems
first: electric boilers, electric drives,
and selected heat-recovery applica-
tions offer the best early returns.
This aligns with other sources, which
find that condensing turbine replace-
ment and electric steam produc-
tion are among the most attractive
options. For a large existing site,
that approach also reduces opera-
tional disruption.

3. Carbon capture remains essential
for residual emissions, especially
from process units such as the FCC
and hydrogen production assets.
For a refinery like Pernis, capture
is most viable when it is part of a
regional cluster with shared com-
pression, transport, and storage
infrastructure. That is why the Dutch
and wider North Sea carbon stor-
age context is so important. Without
that infrastructure, the economics
become much harder.

Shell Pernis represents a likely Euro-
pean refinery transition model: effi-
ciency first, then electrification, then
low-carbon hydrogen, and finally carbon
capture for the stubborn remainder. It
is not a low-capex transformation, but it
is a technically credible one for a com-
plex refinery that will continue to serve
fuels, petrochemicals, and industrial
demand during the transition.
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Peter Harrisson, Principal, Sulphur & Sulphuric Acid Market Services, provides a brief snapshot
of the global sulphur market at the end of June 2026.

he sulphur market is still expected

to be in a deep deficit in 2026. This

will maintain competition for avail-
able volumes and continue the neces-
sity to pull sulphur inventory into the
market. The current Middle East conflict,
alongside the continuing war in Ukraine,
have highlighted the geographical con-
solidation and frailty of the sulphur sup-
ply chain. Sulphur has been a product
where shortages have always triggered
price increases, with stock drawdown fill-
ing any gaps that have materialised. In
2026, this system broke down with both
affordability and availability challenges
facing consumers.

For sulphur, the Middle East region
contributed over 45% of seaborne trade
in 2025 with most export ports located
inside the Strait of Hormuz. While the
conflict has caused some direct damage
to sulphur production capacity, much of
the supply in the region has continued.
Since the start of the conflict, production
loss is estimated at around 2.3 million
tonnes, with monthly exports falling by
more than 1.0 million tonnes per month
since March 2026.

Initial price increase were triggered
by a sharp tightening of traded sulphur
availability. But there have also been sul-
phur consumption cutbacks in response
to the loss of volumes. Sulphur prices
have climbed from an average of around
$500/t f.0.b. pre-conflict to $1,100-
1,200/t f.0.b in late-June 2026. Sulphur
prices have moved into new territory —
exceeding the previous peaks of 2008
and 2022 - with the pace and scale of
the increases eroding affordability in all
consuming sectors.
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Impact on phosphates

As sulphur prices climbed, and availability
dwindled, consumers in China, Morocco,
USA, Brazil, Indonesia and South Africa
have all cut consumption. Most of the con-
sumption loss has fallen on the phosphate
and industrial sectors, where affordability
has been significantly worse than in the
nickel and copper sectors.

The largest cuts in the phosphate sec-
tor have been at: OCP in Morocco, with
cuts of up to 50% of capacity throughout
the second quarter of 2026; Mosaic in the
US and Brazil, curtailing capacity at three
locations; and in China where capacity uti-
lisation rates slumped after the end of the
domestic spring season. Many of these
decisions to curtail phosphate capacity
have been partly due to high sulphur price
levels and a lack of sufficient volumes to
maintain consumption rates.

Supply constraints

Limited global availability is not solely due
to a lack of Middle East sulphur supply.
Damage to Gazprom’s Astrakhan facility
prompted a ban on Russian sulphur exports
in late-2025. When the facility was hit again
in the second quarter of this year, Russia
also moved to ban the loading of Kazakh
sulphur onto rail infrastructure for export.
Previously, Kazakhstan had been exporting
around 0.3 million tonnes per month through
Russian ports, with Morocco and Brazil being
the main destination markets in 2026.
With recent signs of a resolution to
the Middle East conflict, the expectation
of a return in sulphur supply and exports
has grown. However, rapidly increasing

SULPHUR
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production and exports from the region is
not going to be easy. There has been an
accumulation of sulphur inventory, both
on land and on loaded vessels in the Gulf.
More than 0.5 million tonnes of sulphur are
loaded and stranded inside of the Strait
currently. A formal end to hostilities in the
region will likely release export volumes
but getting sufficient vessel capacity into
the region could be another bottleneck. On
land, product inventory is thought to exceed
1.0 million tonnes, with production running
at around 60-70% of pre-conflict levels. It
is likely to take until August-September to
bring the regional export rate back above 1
million tonnes per month, in our view.

Damage to capacity in Qatar, UAE,
Kuwait and Saudi Arabia will further cut
sulphur production capabilities in 2026.
There will also be significant challenges
with bringing idled supply back, highlighted
by a fatal explosion at Qatar’'s Barzan
facility which was in the process of being
brought back online.

Affordability in question

The other challenge in the global sulphur
market relates to the willingness of con-
sumers to return to the market as availabil-
ity climbs. Affordability was a major trigger
in the decision by some consumers to cut
their sulphur consumption, so a lower price
environment would be needed to draw this
demand back. A price decline, not a price
collapse, is expected as supply returns.
The sulphur market is still expected to be
in a deep deficit in 2026. This will maintain
competition for available volumes and con-
tinue the necessity to pull sulphur inven-
tory into the market.
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Sulphur degassrng reduces hydrogen sulphrde content in molten sulphur, whrch lowers toxro exposure _

g EAY L

L -\
nskI redyoes the Irkelrhood of explosrve headspace condrtrons and |mproves downstream handlrng

laus sulphur contains a certain
amount of dissolved hydrogen
sulphide and, depending on the
temperature of the liquid sulphur exiting
the Claus unit, various hydrogen polysul-
phides (H,Sx) which exist in solution. Poly-
sulphides tend to decompose slowly back
to hydrogen sulphide, and where they are
present in any significant concentration in
molten sulphur, there is a danger that toxic
and potentially even explosive concentra-
tions of hydrogen sulphide may accumu-
late in, e.g. the head space above liquid
sulphur in a storage tank or sulphur pit.
Sulphur degassing is the controlled
removal of dissolved and entrained sulphur-
bearing gases from molten sulphur or other
sulphur-rich process streams, usually using
air or oxygen to oxidise H,S and other sul-
phides. Of course, this adds capital cost,
operating cost, and design complexity.

Why degassing is needed

Sulphur leaving a Claus sulphur recovery
unit may contain dissolved hydrogen sul-
phide and hydrogen polysulphides, and the
balance between these species changes
with temperature, residence time, agita-
tion, and exposure to air. Oxygen enrich-
ment also results in higher residual H,S.
The average H,S concentration in typical
SRU product sulphur is 250-350 ppmw. As
the sulphur cools and is mixed or held in
pits and tanks, dissolved gases can evolve
into the headspace. Primary contributing
factors to the release of H,S from liquid
sulphur are low H,S concentration in the
gas above the liquid sulphur, mechanical
agitation, cooling, and time. The equilib-
rium ratio of H,S to H,S, is about 1.5 at
155°C and 10:1 at 125°C. Over time, dis-
solved H,S will desorb into the gas phase,
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causing some H,S, to be converted to H,S
to maintain the equilibrium.

That is why sulphur handling systems
often include air sweep, degassing, ven-
tilation, or vapour treatment. Even when
sulphur is handled “normally,” it can still
release hazardous vapours during storage
and transfer. Sulphur degassing reduces
the concentration of hazardous H,S and
hydrogen polysulphides in liquid sulphur to
safe levels (typically below 10 ppmw).

Safety issues

Toxicity

The most obvious hazard is exposure to
hydrogen sulphide. Hydrogen sulphide is
highly toxic, and its danger is amplified
by the fact that it can be present in areas
where operators work, inspect, sample, or
load sulphur. One of the primary goals of
sulphur handling design is to avoid toxic
gas release to the atmosphere and protect
workers in operating areas. Degassing low-
ers the residual H,S content of the liquid
sulphur and therefore reduces the amount
of gas that can evolve later, but it does not
eliminate risk. Even “degassed” sulphur
can still release dangerous concentra-
tions, especially if it is warmed, agitated,
or handled in a confined or poorly venti-
lated space. That means degassing is a
risk reduction measure, not a complete
hazard removal measure.

Fire and explosion risk

The second major safety issue is flamma-
bility. Hydrogen sulphide is combustible,
and if vapours accumulate in the right con-
centration range with oxygen and an igni-
tion source, fire or explosion can occur.
Both source documents describe the
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A liquid sulphur storage tank in Canada.

importance of keeping vapour-space con-
centrations below safe limits and of main-
taining robust sweep or inerting systems.

This is one of the most important safety
arguments in favour of degassing. Lower
H,S content means lower tendency for
explosive headspace formation in down-
stream vessels. However, degassing itself
can change the system chemistry and may
generate SO, or create an offgas stream
that also needs treatment. In other words,
the hazard is not removed; it is redistrib-
uted and made more manageable if the
system is designed correctly.

Equipment integrity

Sulphur service is hard on equipment. Hydro-
gen sulphide, moisture, sulphur vapour, and
temperature cycling can all contribute to cor-
rosion, plugging, or the formation of depos-
its. Sulphur handling systems must account
for freezing, plugging, corrosion, and the
vapour-phase behaviour of H,S and SO..
If degassing is poor, the storage and loading
chain sees higher gas evolution, which can
increase pressure excursions, venting, and
corrosion-related damage.

This matters for safety because corro-
sion and plugging are precursors to loss of
containment. A blocked vent, a stuck valve,
or a failed heat-traced line can quickly turn
a manageable process condition into an
incident. In that sense, degassing is part
of the plant’s mechanical integrity strategy.

Confined spaces

Sulphur pits, tanks, loading stations, and
associated vents often place workers near
confined or semi-confined equipment.
Degassing reduces the baseline danger,
but startup, shutdown, maintenance, and
sampling remain critical moments. Startup

Sulphur 425 | July-August 2026
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and shutdown are particular periods when
hazards can increase, particularly if sweep
gas or ventilation is lost or if the equipment
has been standing with accumulated gas.

Economic issues

Avoided incident cost

The strongest economic argument for
degassing is that it reduces the probability
of expensive incidents. A vapour release,
fire, or explosion can shut down a sul-
phur block, damage equipment, disrupt
logistics, and attract regulatory attention.
Those costs can easily exceed the price
of a well-designed degassing system. This
is particularly true where sulphur handling
is closely connected to production continu-
ity. If the sulphur pit, storage tank, or load-
ing area is compromised, the impact may
extend upstream to the sulphur recovery
unit and downstream to product shipment.
The economic value of degassing is there-
fore partly a “business continuity” value:
it protects the revenue stream by keeping
the plant operable.

Maintenance and asset life

A degassing system can also improve eco-
nomics through lower maintenance and
longer equipment life. Less H,S release
generally means less corrosion stress,
fewer seals and instruments exposed to
toxic vapours, and less chance of plugging
in vent lines and recovery systems. Vapour
handling design affects plugging manage-
ment, thermal control, and corrosion miti-
gation, which are effectively maintenance
costs in disguise. If a site can reduce the
frequency of line rodding, vent cleaning,
emergency response, or unplanned shut-
downs, the return on investment can be
substantial even if the initial capital spend
is meaningful.

Product quality

Degassing also has a commercial logic.
Cleaner sulphur is easier to store and
ship. That matters for product quality,
odour control, and customer acceptance.
Formed solid sulphur product from unde-
gassed sulphur is more friable (prone to
fracture and create dust). Initial interest
in degassing was partly driven by a desire
to improve the final formed solid product
quality as well as to reduce fugitive emis-
sions. In practical terms, sulphur that
evolves less H,S during loading is easier to
move through trailers, railcars, and barges
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without creating unacceptable headspace
conditions. That can reduce complaints,
simplify operating practice, and improve
the reliability of the shipping chain.

CAPEX versus OPEX

Economically, the main trade-off is between
higher upfront investment and lower long-
term risk and operating cost. Degassing
systems can require vessels or dedicated
contacting equipment; air or inert gas sys-
tems; heat tracing or temperature control;
vapour handling and treatment; monitoring
and controls; and maintenance access and
redundancy. Those items increase capital
cost and can add operating cost through
utilities, chemicals, and maintenance.
But the alternatives are not free. A lower-
cost system may require more frequent
cleanouts, create more emissions, and
expose the site to greater incident risk.

Site-specific economics

There is no universal “best” degassing sys-
tem because site conditions differ. A small,
intermittent sulphur operation will have a
different economic optimum from a large
refinery with continuous production, complex
logistics, and strict emissions limits. That
means the economics should be assessed
on a site basis:

How much sulphur is handled?

How often is it loaded?

How close are personnel and receptors?
What are the emissions limits?

How expensive is downtime?

What is the cost of vent treatment versus
air sweep?

Is the project a greenfield design or a
retrofit?

The “best” answer may be a simple, robust
system with moderate operating cost, not
the most sophisticated technology available.

Degassing options

The primary industrial methods for sulphur
degassing fall into three general catego-
ries: air/gas sparging, solid catalyst beds,
and liquid chemical catalysts.

Air or gas sparging

This bubbles air or other gases (such as
nitrogen or steam) to agitate the liquid
sulphur while simultaneously sweeping
out the free H,S. It often occurs directly
inside the sulphur pit in two stages

SULPHUR
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(agitation to break polysulphide chains,
followed by sweeping). The H,S-contami-
nated off-gases are typically routed back
to the front end of the Sulphur Recovery
Unit (SRU) or a thermal oxidiser. It can
be cost-effective, as air is cheap and
readily available.

Solid catalyst systems

These employ a fixed-bed solid catalyst
(like alumina) to accelerate the decomposi-
tion of hydrogen polysulphides into elemen-
tal sulphur and free H,S, bypassing long
pit residence times. It can be configured
to degas liquid sulphur in a small vessel
before it enters the sulphur pit. It requires
minimal footprint, little maintenance, and
minimal to no rotating equipment.

Liquid catalyst and chemical systems
These use a basic liquid chemical catalyst
(such as amines or proprietary catalysts)
paired with a gas sparge to rapidly break-
down polysulphides, often mixed directly into
the sulphur pit to drastically reduce required
degassing times. It is highly effective at
treating high-concentration feed streams.

Pressurised contactor systems

These operate slightly above atmospheric
pressure in closed, above-ground vessels,
forcing intimate gas/liquid contact without
continuous catalyst addition. It provides
high-quality end sulphur, avoids the use of
solid catalysts, and can easily reroute off-
gases directly to the SRU thermal stage.

Conclusion

Sulphur degassing reduces hydrogen sul-
phide content in molten sulphur, which
lowers toxic exposure risk, reduces the
likelihood of explosive headspace condi-
tions, and improves downstream handling.
It also offers clear economic benefits
through lower incident risk, reduced main-
tenance, improved product quality, and
more reliable storage and transport. But
degassing is not a silver bullet. It must
be integrated with vent handling, tempera-
ture control, corrosion management, gas
detection, and operating procedures. It
also adds capital and operating cost, so
the best solution is usually the one that
balances safety, compliance, and lifecycle
economics for the specific plant. The right
answer is usually not whether to degas or
not, but: “what degassing approach gives
the best balance of risk reduction and life-
cycle cost?”
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Angle Slavens of UniverSUL Consulting reports on the key highlights.

EScon Connect: Central Asia

2026 marked an important mile-

stone in the evolution of the
MEScon community. For the first time, a
MEScon event was held outside the Middle
East, bringing the conference to Almaty,
Kazakhstan and extending the reach of
the MEScon platform into another of the
world’s most important sulphur-producing
regions. The event took place 9-11 June,
creating a new forum for dialogue and col-
laboration between Central Asia and inter-
national industry stakeholders.

With over 200 delegates represent-
ing operating companies, licensors,
EPC contractors, suppliers, consultants,
traders, academia, and industry media,
the strong participation reflected both
the strategic importance of Central Asia
within the global sulphur market and the
industry’s appetite for greater regional
connectivity and knowledge exchange.
Recognising the region’s unique position
within global sulphur trade flows, the
programme also placed greater empha-
sis on commercial, logistics, and mar-
ket-related topics, reflecting the growing
importance of transportation, export
routes, and market access to producers
across Central Asia.

Under the theme Bridging Regions.
Building Connections., the conference
brought together professionals from across
Central Asia, China, the Middle East, Europe,
and North America to explore common
challenges, share practical experiences,
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and discuss emerging opportunities across
the sulphur value chain. Reflecting the
conference’s commitment to connecting
regions and communities, the entire event
was translated in real time into Russian
and Chinese using Al-powered translation
technology. Delegates were given access
to live translations through the conference
app, enabling broader participation
and interaction among attendees from
different regions.

Day 1 - Workshops

MEScon Connect opened on the morn-
ing of June 9 with a series of practical,
operator-focused workshops designed to
promote hands-on learning and knowledge
exchange across the sulphur value chain.

Axens explored strategies for optimis-
ing SRU and TGTU performance through
effective catalyst selection, management,
and troubleshooting. BASF focused on the
fundamentals and operational challenges
of amine-based AGRUSs, highlighting practi-
cal approaches to improving reliability and
performance. IPCO, with input from ASRL,
delivered a workshop on sulphur solidifica-
tion and handling, covering technologies,
operations, maintenance, and logistics con-
siderations. Meanwhile, Worley Comprimo
used its Immerse dynamic simulator to
place delegates in a realistic control room
environment, demonstrating best practices
for SRU and TGTU commissioning, start-up,
shutdown, and upset response.
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Bridging regions. Building connections.

The workshop format encouraged active
participation and discussion, setting the tone
for the collaborative atmosphere that would
characterise the remainder of the event.

Day 1 - Opening the conversation

MEScon Connect: Central Asia 2026 offi-
cially opened on the afternoon of June
9. Delegates from across Central Asia,
China, the Middle East, Europe, and North
America gathered in the main ballroom
to explore this year's theme: Bridging
Regions. Building Connections.

The conference opened with a short
video highlighting the importance of sulphur
to both the region and the world, as well as
the unique role MEScon plays in bringing
the industry together. Combined with the
presentations that followed, it reinforced
the critical contribution sulphur makes to
energy production, agriculture, mining, and
countless other industries, while underscor-
ing the importance of maintaining a strong
and connected global sulphur community.

Following the opening video, Angie
Slavens of UniverSUL Consulting took to
the stage to set the scene for the con-
ference. Her presentation explored the
evolution of MEScon from its origins as
MESPON in 2014 to today’s global com-
munity, while examining the continued
growth of sulphur production worldwide
and the strategic importance of Central
Asia as one of the world’s largest sul-
phur-producing regions. The presentation
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Peter Harrisson, Principal, Sulphur & Sulphuric
Acid Market Services of CRU delivered a global
sulphur market overview on the opening day.

highlighted the common challenges and
opportunities shared by Central Asia and
the Middle East, including world-scale sul-
phur recovery facilities, extensive sulphur
handling infrastructure, and growing export
activity. Bringing MEScon to Kazakhstan
represented an opportunity to strengthen
connections between these regions while
expanding the network of sulphur profes-
sionals worldwide.

Sponsors and exhibitors were then
invited to the stage and recognised for their
support of the inaugural MEScon Connect
event. Delegates subsequently gathered
for a commemorative group photograph,
capturing the enthusiasm and sense of
community that characterised the inaugu-
ral MEScon Connect event before dispers-
ing for the afternoon networking break.

The opening market outlook session
continued with a series of commercial
presentations that provided valuable con-
text for the technical program. Peter Har-
risson of CRU delivered a global sulphur
market overview, examining tightening
supply-demand fundamentals, record sul-
phur prices, and evolving trade flows. Par-
ticular attention was given to the impact
of the ongoing conflict in the Middle East,
which has disrupted production and export
logistics in a region responsible for nearly
half of global sulphur trade. The presenta-
tion also highlighted the growing influence
of the metals sector on sulphur demand
and the increasingly important role that
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Central Asia plays within the global sulphur
value chain. Additional presentations from
Unilink and CRU explored regional market
developments, logistics challenges, and
emerging opportunities across Central Asia
and neighbouring markets.

The day concluded with a lively network-
ing reception in the exhibition area, where
delegates had the opportunity to reconnect
with industry colleagues, establish new
relationships, and continue discussions
initiated during the opening session.

Day 2 - Operational excellence in
practice

The second day of the conference opened
with two parallel tracks, allowing delegates
to select between technical and commer-
cial content based on their interests and
professional responsibilities.

The first technical session, Lean
Operations, Rich Results: Optimising Amine
Systems for World-Class Performance,
focused on the critical role of sour gas
treating upstream of sulphur recovery.
Presentations from TCO, Axens, SGS Amine
Experts, ElectroSep, BASF, and ASRL
explored opportunities to improve amine
system performance, reduce operating
costs, enhance regeneration efficiency, and
improve analytical monitoring capabilities.

A particularly engaging presentation from
TCO demonstrated how process analysis,
simulation, and system reconfiguration can
unlock significant improvements in amine
regeneration performance while increas-
ing overall plant capacity. Axens presented
industrial results from its HyYSWEET™" tech-
nology, demonstrating simultaneous mer-
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captan and acid gas removal in gas treating
applications, while BASF and ElectroSep
highlighted solvent optimisation and amine
management strategies.

Running simultaneously to the techni-
cal program, the dedicated Commercial
and Markets Track examined the business
side of the sulphur industry. Presentations
from Ozar Sulfur, APM Terminals Poti,
and CRU explored sulphur trading, logis-
tics, transportation infrastructure, export
routes, and market connectivity across
Central Asia and beyond. Discussions
highlighted the growing importance of the
Trans-Caspian “Middle Corridor” and the
strategic role that Central Asia can play in
connecting eastern and western markets.

Following lunch, technical delegates
reconvened for SRU Reality Check: Les-
sons from the Field. This session focused
on practical operating experience and
lessons learned from the field. Presenta-
tions from TCO, Worley Comprimo, Pagell,
BASF, and Ametek addressed startup
experiences, burner reliability, analytical
systems, catalyst performance, tail gas
incineration, and troubleshooting strate-
gies. The session generated lively discus-
sion, with many of the topics resonating
strongly with delegates facing similar oper-
ational challenges in their own facilities.

The ever-popular MEScon quiz returned
at the end of the day, with Carmella Alfano
of Axens emerging victorious and taking
home a set of AirTags. Day 2 concluded
with another reception in the exhibition
area, offering delegates further oppor-
tunities to strengthen relationships and
continue building connections across the
global sulphur community.

Day 2 panel discussion on SRU lessons from the field. Left to Right: Jochen Geiger,
Consultant (formerly Ametek), Yelshat Makarov (Tengizchevroil), Nuray Nurymzhanova
(Tengizchevroil) Jan Henk van Dijk (Paqell), Jan Willem Hennipman (Worley Comprimo).
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MEScon Connect: Central Asia 2026 brought together more than 200 delegates reflecting the strategic importance of Central Asia within the
global sulphur market and the industry’s appetite for greater regional connectivity and knowledge exchange.

Day 3 - Innovation and the value
of sulphur

The final day of MEScon Connect focused
on emerging technologies, innovation, and
the future value of sulphur.

The morning session, Sour Streams,
Smart Returns: Innovation to Maximise Value
from Sour Facilities, explored opportunities to
extract greater value from sour gas operations
while supporting broader sustainability and
decarbonisation objectives. Presentations
from Thiozen, NextChem, BR&E, Fluor, and
Aramco challenged traditional thinking by
exploring how sour streams can become
sources of additional value through hydrogen
production, energy recovery, and advanced
processing technologies. A recurring
theme throughout the session was the
industry’s gradual transition from viewing
sulphur recovery solely as an environmental
compliance requirement toward recognising
the broader opportunities associated with
sour gas processing.

The afternoon session, From Molten
to Market: The Value of Sulphur, shifted
attention to sulphur handling, storage,
transportation, and utilisation. Presentations
from IPCO, Aramco, Ametek CSI, Structural
Technologies, JH Pumps, and ThioMaterials
explored sulphur degassing, rundown
systems, sulphur pit maintenance, sulphuric
acid production, and emerging sulphur-based
construction materials. The session was
particularly relevant to the Central Asian
audience given the regjon’s extensive sulphur
production, storage, and export infrastructure.
Discussions highlighted the importance
of product quality, operational reliability,
environmental stewardship, and innovation
throughout the sulphur handling chain.

Across Days 2 and 3, MEScon also
continued its distinctive Poster Spotlight
format, a feature unique to the conference.
Each poster author was given five minutes
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Fig. 1: Day 2: Lean operations, rich results: Optimising amine systems

for world-class performance
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Fig. 2: Day 2: SRU reality check: Lessons from the field

Source: UniverSUL Consulting
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on the main stage to introduce their work
to the full audience before moving to dedi-
cated digital displays in the exhibition area
for one-on-one technical discussions during
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© WORLEY COMPRIMO

Unexpected findings from
commissioning and startups

@ T1COo
Can operational optimisation
overcome mixing limitations
in tail gas incinerators?

networking breaks. The unique approach
combines the visibility of an oral presenta-
tion with the interaction and technical depth
of a traditional poster session, creating an

Sulphur 425 | July-August 2026

PHOTO: CRU



http://www.bcinsight.com

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

28

29

30

31

32

33

34

35

36

37

38

39

40

1

42

43

47

48

49

50

51

52

ideal platform for younger professionals and
for topics that benefit from more detailed
technical exploration. This year’s posters
included two contributions from TCO cover-
ing amine solvent losses and stress corro-
sion cracking in amine systems, alongside
presentations from AMETEK CSI on sulphur
tank venting design considerations and KVT
Technology on advanced wet sulphuric acid
technologies for sustainable sulphur man-
agement and energy recovery.

The conference concluded with the final
MEScon quiz and a new record for the event.
For the first time in MESPON/MEScon
history, the same participant achieved
the highest score on both quiz days. After
winning the Day 2 quiz, Carmella Alfano
of Axens once again earned first place on
Day 3. Having already claimed victory on Day
2, Carmella graciously passed the prize to
second-place finisher lllius Aksanov of SLB,
who took home a Bluetooth speaker.

The conference concluded with the
presentation of the inaugural MEScon
Connect Scavenger Hunt awards. Eight
delegates achieved the maximum score
of 240 points, with the winners selected
by random draw. Aidana Andirova of
Tengizchevroil (TCO) received the operating
company prize, while Francis Bernard of ASRL
received the non-operating company prize.

Building connections across regions

MEScon Connect: Central Asia 2026
successfully demonstrated the value of
extending the MEScon community beyond
its traditional Middle Eastern base. The
event brought together professionals
from many of the world’s most important
sulphur-producing regions and created
meaningful opportunities for collabora-
tion across geographic, organisational,
technical, and commercial boundaries. By
combining operational experience, market
insight, and regional perspectives, the
conference highlighted the benefits of a
more connected global sulphur industry.

Particularly encouraging was the strong
participation from regional operating com-
panies and the high level of engagement
shown by young Kazakh engineers and
technical professionals throughout the
conference. Their enthusiasm, technical
capability, and willingness to exchange
ideas highlighted the strength of the next
generation of industry leaders and under-
scored the value of creating opportunities
for them to engage with peers and experts
from around the world.
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Fig. 3: Day 3: Sour streams, smart returns: Innovation to maximise value

from sour facilities
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Fig. 4: Day 3: From molten to market: The value of sulphur
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Fig. 5: June 10/11 poster sessions
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As delegates departed Almaty, they
left with new contacts, fresh perspectives,
and a renewed appreciation for the value
of collaboration across the global sulphur

SULPHUR
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Source: UniverSUL Consulting

industry. MEScon Connect 2026 demon-
strated that while challenges may differ
from region to region, the opportunities to
learn from one another are universal.
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EMBRACING THE CIRCULAR ECONOMY

—tg

i : B
_ﬁF_‘op;phogypsum ‘mountains! near: ‘Eomel Belarus.

A new advanced treatment
process from thyssenkrupp
Uhde provides a viable way to
convert phosphogypsum into a
valuable feedstock for clinker
production and to recover
sulphuric acid. This integrated
concept has great potential

as sustainable and scalable
circular economy solution —
being able to link together the
fertilizer and cement industries,
while addressing the
environmental and economic
challenges associated with
phosphogypsum disposal.
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Introduction

Phosphogypsum (PG) is a byproduct of phos-
phoric acid production and represents one of
the largest industrial waste streams in the
world. Historically, companies have stockpiled
PG, or even dumped it into the sea, because
the impurities present — residual acids, fluo-
rides, phosphates, heavy metals and naturally
occurring radionuclides, particularly radium —
have acted as a barrier to its utilisation.
Previously, thyssenkrupp Uhde (tk Uhde)
highlighted the critical challenges in managing
and using PG in Fertilizer International in 2021
(Fertilizer International 501, p. 48). Progress
in transforming PG into valuable secondary
raw materials has, however, accelerated in
recent years due to a variety of factors, as
the International Fertilizer Association (IFA)
reported last year! (Fertilizer International 527,
p. 4). The drivers for greater PG use include
increasing regulatory pressure, new strategies
for improving resource efficiency and meeting
decarbonisation targets. Recent developments

SULPHUR
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in process engineering have also led to
renewed interest in the valorisation of PG.

Within this context, the focus at
tk Uhde has been on developing a circular
economy concept that can link the ferti-
lizer and cement industries together — by
transforming PG into valuable products like
clinker feedstock and sulphuric acid.

This article presents an advanced treat-
ment approach for PG developed by tk Uhde.
The process converts PG into a purified cal-
cium sulphate feedstock suitable for clinker
production and generates sulphur dioxide
ready for conversion into sulphuric acid.
This integrated approach combines together
impurity removal, radium reduction and
material conditioning in a single process.

Experiments by tk Uhde researchers
Peter Stockhoff and Stefan Helmle have
shown that the valorisation of PG is a viable
circular economy strategy. This generates an
excellent mineralogical composition by recov-
ering valuable components like P,O5 and sig-
nificantly reducing radionuclide content.

Sulphur 425 | July-August 2026
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Phosphogypsum use -
global status and challenges

The industrial usage of PG is a patchwork
globally, being highly dependent on national
regulations and acceptance criteria, especially
those governing radiological safety. While
some countries allow limited use in construc-
tion materials or soil conditioning, large-scale
industrial applications remain rare.

To further complicate matters, every PG
source varies — in terms of chemistry, min-
eralogy and radioactivity — and its potential
as a commercial feedstock therefore needs
to be individually assessed for different
end uses. Fig. 1 illustrates the relationship
between PG composition, the regulatory
environment and potential market uses.

The tk Uhde phosphogypsum
treatment process

The tk Uhde treatment concept transforms PG
of variable quality into a standardised ‘clean’
calcium sulphate (gypsum) suitable for down-
stream use as clinker in cement (Fig. 2). It is
designed as a zero liquid discharge process
and consists of two main stages.

The first chemical purification stage
removes specific components like phos-
phorus and fluorides which have a negative
impact on clinker/cement production and
quality. This initial stage:

@ converts PG into the anhydrite form of
calcium sulphate (CaS0,);

@ this process is controlled by parameters
such as temperature, acid concentration,
solid-to-liquid ratio and reaction time;

@ recovers valuable P,Og in the ‘effluent’
stream for return to the phosphoric acid
plant to increase its efficiency;

o efficiently removes P,Og, fluorides and
other impurities.

The second radium reduction and clean-

ing stage is critical/essential for regulatory

compliance and enabling the broader reuse

of the phosphogypsum. This second stage:

@ converts anhydrite to dihydrate gypsum
(CaS0,.2H,0);

® enables the final cleaning of phospho-
gypsum by reducing heavy metals, for
example;

@ requires process conditions dedicated to
controlling the partitioning and removal
of radium.

After investigation, the main process

parameters influencing radium removal
were found to be:
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Fig. 1: Diagram illustrating how the variability of phosphogypsum (chemistry,

mineralogy, radioactivity) affects its conversion into a marketable product
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Fig. 2: Schematic flowsheet of the tk Uhde phosphogypsum treatment process
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Fig. 3: Family of graphs showing individual influence of the following key

parameters on reactor size (from left to right): seed crystal (SC) amount,
temperature, rare earth element (REE) and seed crystal (SC) size
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4 50
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6 52 Fig. 4: Optimising phosphogypsum treatment step 2: family of graphs plotting Table 1: Example chemical analyses™
dihydrate (DH) content” versus reaction time for various parameters. Overall of untreated phosphogypsum
7 performance is determined by the interaction of these multiple parameters. (left column) versus treated
8 phosphogypsum (right
100 1 i column)
9 i g -
90 i - A
10 o o~ i L Untreated  Treated
80 | : - -~ Composition PG PG
11 = o0 ] “ ' / :
2 ¥ P 4 i Si0,, wt-% 2.24 1.79
12 3601 v ; 4 - -
= ' - J AlLO, Wt-% 0.19 0.02
13 250 i ',_.
2 : P » TiO,, wt-% 0.03 0.02
14 2 401 A ‘
© @ _a
£ 50 o . . Fe,05, Wt-% 0.05 0.01
15 = - <
20 R = - Mn,0;, wt-% 0.01 0.01
16 ' il >
10 o Ca0, wt-% 41.53 40.65
17
0 : ‘ ‘ ‘ ‘ ‘ ‘
0 5 10 15 20 25 30 35 Mgo0, wt-% 0.32 0.19
18 reaction time, h
SO;, wt-% 55.68 56.76
19 ) *100% on the vertical axis is scaled to equal to the
20 Source: thyssenkrupp Uhde maximum achievable calcium sulphate value. P05, Wt% 1.47 0.01
21 . . ) SrO, wt-% 0.06 0.06
@ sulphuric acid concentration;
29 @ seed crystal size and quantity; Overall, results show that no single param- F, wt-% 1.21 0.01
@ process temperature; eter predominates and that, instead, the
23 @ presence of rare earth elements (REEs);  interaction between a wide range of param- Total 102.81 99.55
@ use of specific reaction promoters. eters determines the final performance
24 of the reactor process. The optimisation Source: thyssenkrupp Uhde
o Process optimisation of these multiple parameters is therefore *Values shown are post loss on ignition (LOI)
. essential for maximising radium reduction.
and reactor design o & .
2 Achieving the desired physical and
The second treatment stage requires particu-  chemical characteristics for clinker pro- The tk Uhde process achieved the fol-
27 lar care due to the unigque reaction behaviour ~ cessing is also important. The purified lowing significant improvements in PG
5 of different types of PG. The size of the reac- PG obtained after the second treatment  quality (Table 1):
B tor (and reaction time) required for radium  stage has a uniform crystal morphology @ It removes P,0g and fluorides below the
29 removal is influenced by a range of process (Figure 5), compared to untreated material, final specification for clinker and cement.
parameters, as shown in Fig. 3. with this enhancing both handling proper- @ It recovers more than 95% of phosphorus
To optimise this treatment stage, tk  ties and reactivity during clinker formation. for optional reuse in fertilizer production.
Uhde developed a laboratory test matrix to Overall, the improvements in both purity @ It provides an opportunity to recover
31 assess multiple parameters at the same  and particle characteristics are favourable rare earth elements (REES).
32 time. Using this approach, the various  for kiln processing in cement production. @ It significantly reduces radium from
parameters can be adjusted to optimise approximately 1,000 Bqg/kg to less than
33 reaction performance, as shown in Fig- “é 230 Bqg/kg (an 80% reduction).
ure 4. Key insights from the optimisation ; ® The yield of radium-depleted PG product
34 of the reaction include: g exceeds 80%.
35 ® Smaller seed crystal sizes and larger ;
quantities of seed crystals, while g These results demonstrate that treated PG
36 increasing reaction rates, can negatively . can meet regulatory thresholds for industrial
[&]
affect radium removal. Z reuse while enabling resource recovery.
o
37 @ Sulphuric acid concentration must be P
38 Carefully. conFroIIed due to its influence COI'IC|llSi0IIS
on reaction time.
39 @ The highest radium removal efficiency 0 The accumulation of phosphogypsum
is achieved by collectively optimising Fig. 5: Purified gypsum crystals from stage 2 (PG) in ever larger volumes presents
40 temperature, solids concentration and treatment process used as feedstock for both an environmental challenge and a
1 mixing conditions in the reactor. clinker processing resource opportunity. tk Uhde’s advanced
42 30 www.sulphurmagazine.com Sulphur 425 | July-August 2026
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treatment process provides a viable
way to convert PG into a valuable feed-
stock for clinker production. It ensures
the effective removal of impurities, sig-
nificant reduction in radionuclides, and
favourable material properties for kiln
processing.

Additionally, the ability to integrate this
process into existing infrastructure is a key
potential advantage. Overall, PG treatment
offers a range of benefits:

@ it optimises phosphoric acid plant effi-
ciency by recycling phosphate;

@ it turns PG into a marketable product
that’s in high demand in large amounts;

@ it offers management costs savings for
land, PG stacks and landfill;

@ it avoids the need for landfill approvals
and permits and helps companies comply
with their environmental commitments.

@ it eliminates raw material related CO,
emissions in cement production by cut-
ting the consumption of calcium carbon-
ate as a raw material;

@ it decreases reliance on imported raw
materials and protects against fluctuat-
ing market prices — for sulphuric acid,
for example.

EMBRACING THE CIRCULAR ECONOMY

Fig. 6: Concept for an integrated phosphogypsum-to-clinker-and-sulphuric acid plant
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The combination of PG treatment with sul-
phuric acid and clinker production has great
potential as a sustainable and scalable
circular economy solution. Valuably, this
integrated concept can link together the fer-
tilizer and cement industries (Fig. 6), while

Source: thyssenkrupp Uhde

addressing the environmental and economic
challenges associated with PG disposal.

References

1. Hilton, J. et al., 2025. From Waste to Inven-
tory. Phosphogypsum — The Business Case.
International Fertilizer Association (IFA), Paris.

@ Communities

Advertise with us today

Promote your products and services
in print and online

‘www.sulphurmagazine.cof

|SULBHUR
—

T

Sulphur 425 | July-August 2026

Contents

CRU'’s stable of three magazines
provides advertisers with an opportunity
to promote their products and services
in print and online, giving you exposure
to both our print readership and our
global digital audience.

Advertise today

SULPHUR
JULY-AUGUST 2026

www.sulphurmagazine.com 31



http://www.bcinsight.com
http://bcinsight.crugroup.com

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

33

34

35

36

37

38

39

40

Y|

42

43

47

48

49

50

51

52

SULPHUR HANDLING

Akanksha Pandey, Vaneet Garg, and Debopam Chaudhuri from Fluor discuss the unique
challenges associated with transporting liquid sulphur through pipelines and present key
design considerations and operational strategies that enable safe, continuous and reliable

long-distance operation.

lemental sulphur is an inherent
by-product of modern refining pro-
cesses, generated during hydro-
desulphurisation and subsequently recov-
ered in sulphur recovery units (SRUs) using
modified Claus and tail gas treatment tech-
nologies. The recovered sulphur is typically
handled in molten form at temperatures
between 130°C and 150°C, safely above
its melting point of approximately 119°C.
While molten sulphur storage is suit-
able for short-term buffering, bulk trans-
portation is generally carried out in solid
form due to its operational simplicity and
reduced thermal risk. However, in many
refinery configurations, sulphur solidifica-
tion and handling facilities are located sig-
nificant distances from the liquid sulphur
storage tanks, often extending over sev-
eral kilometres. In such cases, maintaining
sulphur in a fully molten state throughout
the transfer pipeline becomes a critical
design and operational requirement.
Long-distance liquid sulphur
transport presents multiple engineering
challenges. These include maintaining
uniform temperature profiles to prevent
cold spots and solidification, avoiding
excessive heating that may promote
sulphur polymerisation or material
degradation, and accommodating
thermal expansion across extended
pipeline lengths. Additional complexities

32 www.sulphurmagazine.com
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arise from heat loss to the environment,
fluctuating operating conditions, and
stagnant zones that can accelerate
cooling and lead to line blockage.

This article addresses these challenges
through a combination of advanced thermal
management techniques, robust mechani-
cal design practices, and disciplined opera-
tional strategies. In particular, it highlights
the application of specialised electrical heat
tracing, or skin effect current tracing (SECT),
as an effective alternative to conventional
steam tracing for long-distance pipelines.
The study also presents a comprehensive
remelting methodology designed to safely
recover pipelines following unplanned shut-
downs or planned outages.

A detailed case study of a liquid sulphur
transfer pipeline exceeding 10 km in length
is included to demonstrate the practical
implementation of these strategies. The
study integrates predictive modelling,
including transient finite element analysis
(FEA), with optimised design features and
operating procedures to ensure reliable
and continuous pipeline performance.

Overall, the work illustrates that a well-
integrated approach combining advanced
heat management, engineered safe-
guards, and structured operating protocols
can enable long-distance liquid sulphur
transportation safely and reliably, even
under complex and demanding conditions.

SULPHUR

JULY-AUGUST 2026

Physical and thermal
characteristics of sulphur

Liquid sulphur exhibits distinct thermo-
physical properties that are critical to the
design and operation of pipeline transport
systems. It solidifies at approximately
119°C, although the exact value can vary
depending on the relative proportions of its
allotropes, and is typically handled within a
narrow operating window of 125 to 155°C
to ensure stable flow conditions. Within
this limited temperature range, sulphur
remains sufficiently fluid; however, even
small deviations can significantly affect its
rheological behaviour.

One of its most important character-
istics is its highly temperature-dependent
viscosity, which increases sharply beyond
approximately 160°C due to polymerisation
of sulphur chains, and also rises rapidly
as the temperature approaches the solidi-
fication range (Fig. 1). In addition, sulphur
density decreases with increasing temper-
ature, and the phase transition from solid
to liquid is associated with a volumetric
expansion of approximately 8 to 9%, which
has direct implications for pressure man-
agement in confined systems.

Another critical consideration is its
rapid and volumetric solidification behav-
iour. When temperatures fall below the
melting point, sulphur can solidify quickly

Sulphur 425 | July-August 2026
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Fig. 1: Viscosity curve for pure sulphur
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and uniformly across the pipe cross-
section, leading to complete blockage and
potential operational failure. This combina-
tion of narrow operability limits, strong non-
linear property variation, and phase-change
effects makes precise temperature control
and robust thermal design essential for
reliable liquid sulphur transportation.

Accordingly, a narrow margin of
temperature of approximately +10°C,
exists for safe handling for liquid sulphur.
Any temperature fluctuation beyond this
window can result in solidification, rapid
viscosity changes, pump cavitation, or
overpressure in the line due to expansion
of trapped molten sulphur. Before

SULPHUR HANDLING

discussing the design and application of
liquid sulphur handling and transportation
systems, the next section provides a
brief introduction to how liquid sulphur is
produced in the refinery.

Sulphur generation and an overview
of the sulphur recovery process

Sulphur recovery in a typical sulphur
recovery unit (SRU) occurs across four
process blocks. Most recovery takes
place in the thermal and catalytic stages,
but because the reaction is limited by
equilibrium, complete conversion cannot
be achieved. A tail gas treatment unit
is therefore required. Sulphur produced
in the thermal and catalytic stages is
purified by degassing, while a thermal
oxidiser is typically provided as the final
equipment to incinerate any unconverted
sulphur compounds.

The four blocks function in synergy as
outlined below.

Thermal and catalytic section
In the thermal and the catalytic section,
acid gas is burned in the reaction furnace
with a sub-stoichiometric amount of oxy-
gen, typically sourced from atmospheric
air, to generate a mixture of H,S and SO,.
Sulphur begins to form at these elevated
temperatures, but conversion is limited by
reaction equilibrium. At a furnace tempera-
ture of approximately 1,250 to 1,300°C,
sulphur conversion is typically around 65%.
To improve recovery, catalytic reactors
are required, and as shown in Fig. 2, a typi-
cal design includes two catalytic stages.
This configuration recovers around and
above 95% of the sulphur.

Fig. 2: Overall schematic of SRU
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SULPHUR HANDLING

Condensation and degassing

Sulphur produced in the thermal and
catalytic stages is condensed in sulphur
condensers. The condensed sulphur
is then sent to the degassing section,
where dissolved H,S is released and
recycled back to the reaction furnace. The
liquid sulphur is then stored for further
processing.

Tail gas treatment

Since only around 95% recovery is
achieved in the thermal and catalytic
stages, while most modern plants target
sulphur recovery well in excess of 99%,
tail gas treatment becomes essential. A
tail gas treatment (TGT) unit based on a
combination of reduction, absorption and
regeneration processes is commonly used
to achieve such high recovery levels.

In the TGT section, all sulphur compo-
nents are first converted into H,S in the
TGT or hydrogenation reactor in the pres-
ence of a catalyst. The reactor effluent is
then cooled in a quench column, which also
removes a large amount of water vapour.
The H,S in the acid gas is then absorbed in
an amine solution in the absorber column,
regenerated in the regenerator column and
recycled back to the reaction furnace. In
this way, this amount of sulphur is never
lost from the process, enabling near-com-
plete sulphur recovery from the overall unit.
Typically, a recovery of 99.9% is achieved
with this configuration.

The trace amounts of sulphur com-
pounds not absorbed by the amine in the
absorber column, typically at ppm levels,
are burnt in the incinerator using fuel gas
available in the facility, resulting in con-
trolled SOx emissions to the atmosphere.

Design challenges in long-
distance liquid sulphur transfer

The transfer of molten sulphur over long
distances presents several engineering
and operational complexities. The main
challenges are summarised below.

Heat loss and temperature gradient:
The most significant challenge is main-
taining uniform heat along the entire pipe-
line length and minimising heat loss from
the system. Even minor insulation gaps
or exposed fittings can act as localised
heat sinks, resulting in solidification of
liquid sulphur.

Stagnant zones: Areas such as low
points, dead legs, or blocked valves can

34 www.sulphurmagazine.com
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accumulate stagnant sulphur that loses
heat faster than the flowing stream,
leading to solidification and partial or
complete flow blockage.

Viscosity variation: Within the nar-
row operating range, viscosity variation is
manageable; however, outside this range
it becomes highly non-linear as shown in
Fig. 1. Viscosity changes more sharply as
the temperature moves away from the nor-
mal operating zone, leading to higher-than-
expected differential pressure, potential
pump strain, and possible failure.

Thermal expansion: Long heated pipe-
lines undergo substantial linear expansion
due to the high operating temperature,
requiring careful and optimised design
of expansion loops and supports without
impacting the thermal integrity.

Material compatibility: Carbon steel
is generally used for liquid sulphur pipe-
lines, but it must be properly lined or
coated to avoid corrosion from trace
acidic impurities.

Maintenance constraints: Opening
flanged joints or valves on a sulphur line
requires strict temperature control, person-
nel protection, and procedural discipline.

Temperature management
strategies

This section highlights the key elements
of temperature control, maintenance, and
management for liquid sulphur pipelines,
with emphasis on heat tracing design
and pipeline insulation methodologies.
Typically, for inside battery limits (ISBL)
sulphur piping with limited run lengths,
low-pressure steam serves as the cho-
sen heating medium due to its practical
advantages. However, for long pipelines,
the integrity of the steam heating system
becomes a challenge, making alternate
heating methods more favourable.

Specialised electrical heat tracing
The major challenges of traditional low-
pressure steam heating and tracing sys-
tems over long pipelines are condensate
handling, inconsistent heat distribution,
and temperature maintenance complexity.
These challenges create significant difficul-
ties for liquid sulphur temperature control.
To overcome them, specialised electrical
heat tracing has been adopted in several
modern installations where long liquid sul-
phur pipelines are installed.

Key advantages of specialised electri-
cal heat tracing include:

SULPHUR
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@ Precise temperature control: Maintains
stable temperature between 125°C and
155°C, or within a narrower required
range, helping prevent both solidifica-
tion and polymerisation.

@ Elimination of steam and condensate
handling: Avoiding steam as the heat-
ing medium reduces the risk of mois-
ture ingress and simplifies layout and
design complexity.

® Independent zone control: Allows the
heating system to be divided into sec-
tions, enabling sectional shutdown or
restart and improving maintainability.

® Enhanced safety: Electrical tracing with
proper temperature sensors, controllers
and trips minimises the risk of overheat-
ing liquid sulphur.

Insulation and cladding
Thermal insulation plays an equally critical
role in heat conservation for liquid sulphur
pipelines, complementing the effectiveness
of the heat tracing system. Proper insulation
design, particularly the selection of appro-
priate insulation thickness, is essential to
ensure minimal heat loss and stable operat-
ing temperatures along the pipeline.
Insulation thickness is typically deter-
mined based on a combination of factors,
including the maximum temperature dif-
ferential between sulphur and ambient
conditions, environmental factors such as
wind velocity and rain exposure, and the
targeted steady-state heat loss, which is
generally limited to less than 20 W/m?2.
Careful consideration of these parameters
helps ensure efficient thermal perfor-
mance and reduces the risk of localised
cooling and potential sulphur solidification.
A dual-layer insulation system, typically
comprising high-performance mineral wool
and aluminum cladding, ensures minimal
heat loss even under variable ambient con-
ditions. For colder climates, different insu-
lation materials should also be selected
to reduce heat losses from the system.
Special attention is required for stagnant
low-point sections, which are more prone
to heat loss. The outer cladding, often
aluminium or stainless steel, provides
the necessary mechanical protection and
weather resistance.

Pipeline integrity and
maintainability

Maintaining pipeline integrity requires pro-
active measures during both design and
operation:
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® Break flanges and inspection points:
Installed at defined intervals to facilitate
maintenance, inspection, or replace-
ment without impacting the full system
or the complete pipeline length.

@ Slope design: A slight continuous slope
(typically 1:100) is provided to promote
self-draining during shutdown and mini-
mise liquid sulphur hold-up before main-
tenance.

@ Minimisation of low points: Reducing
bends and low points lowers the risk
of stagnant sulphur accumulation and
solid plug formation.

® Material selection: Low-carbon steel
(A106 Gr. B), or equivalent materials,
is used to ensure compatibility with sul-
phur operating temperatures.

® Support design: Expansion loops and
flexible supports accommodate thermal
movement to prevent overstressing of
the pipeline without compromising ther-
mal integrity.

Remelting and thermal reliability

Despite robust heating design, operational
upsets such as power failures, prolonged
shutdowns, or maintenance delays may
lead to partial solidification within the pipe-
line. In any case, a complete shutdown
of the pipeline is usually required during
a refinery turnaround, which may neces-
sitate in-situ solidification and remelting
of sulphur in the pipeline when no main-
tenance is required on the liquid sulphur
pipeline. In such cases, proper remelting
procedures are critical.

Design features supporting remelting
The design incorporates several features
to support effective remelting, including
high-capacity heat tracing zones capable
of delivering additional heat input during
upset conditions, dedicated remelt control
panels for controlled temperature escala-
tion, and a distributed thermocouple net-
work for continuous monitoring across
critical pipeline sections.

Remelt procedure

The remelting procedure must be carried
out in a controlled and gradual manner to
ensure uniform heating and to avoid thermal
stresses within the pipeline. Heating is
initiated simultaneously from both ends
of the line at a controlled ramp rate of
approximately 1 to 2°C/min, followed by
an intermediate soak period at around
110°C to promote consistent and complete
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melting across the pipeline length. While
the global ramp rate is controlled, localised
cycling is introduced to manage thermal
gradients. Circulation is resumed only after
full melting is confirmed through differential
temperature monitoring, ensuring that no
solid pockets remain.

Strict adherence to this controlled
remelt protocol is essential to prevent
excessive pressure buildup and potential
pipeline damage resulting from the expan-
sion of trapped molten sulphur.

Pumping considerations

Molten sulphur’s viscosity, especially
near solidification temperature, imposes
unique requirements on pump design.
Pump selection must account for its tem-
perature-dependent viscosity, particularly
near solidification conditions. Centrifugal
pumps with jacketed casings or vertical
can-type configurations are typically pre-
ferred, depending on the storage arrange-
ment. Adequate heat tracing of suction and
discharge lines is essential to prevent cold
spots, while appropriate material selection
ensures compatibility with sulphur service.
In addition, sufficient NPSH margins and
design flexibility are required to accommo-
date transient operating conditions such
as start-up, where viscosity may be signifi-
cantly higher than normal.

Operational philosophy

Successful operation of liquid sulphur trans-
fer systems depends on disciplined proce-
dures, regular monitoring, and well-trained
personnel. The best practices that should
be implemented are briefly listed below.

Effective operation of liquid sulphur pipe-
lines relies on disciplined best practices
supported by robust monitoring and control
systems. Continuous temperature monitor-
ing through DCS or PLC platforms ensures
the system operates within the required
limits, while alarm and interlock mecha-
nisms provide protection against deviations
exceeding £5°C from the setpoint.

Operational reliability is further enhanced
by avoiding prolonged shutdowns without
active heat tracing, regularly inspecting
insulation and cladding integrity, and ensur-
ing that all critical components — including
valves, strainers, and flanges — are ade-
quately jacketed or heat traced. Together,
these measures help maintain thermal sta-
bility and prevent localised cooling or solidi-
fication within the system.

SULPHUR
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Operational readiness before start-up
— such as verifying power continuity, heat
tracing functionality, and remelt system
health — is also critical for avoiding pre-
mature plugging.

Case study insights

A significant case study incorporated into
this article is based on the remelting and
heat-management strategy developed for
a liquid sulphur transfer pipeline of more
than 10 km in a refinery complex. Fig. 3
provides a simplified sketch of the system.
Equipped with a specialised thermal man-
agement system, the pipeline required a
robust design to address the inevitability
of sulphur solidification during long-term
operation and power outages.

The engineering approach included
transient finite element analysis (FEA) to
accurately model sulphur heat-up behav-
iour and predict realistic remelt times,
evaluation of temperature profiles along
the entire pipeline length, and incorpora-
tion of pre-insulated pipe technology to
maintain a uniform thermal environment.
The study emphasised that sulphur solidi-
fies when temperatures drop below approx-
imately 119°C, and during this phase
transition undergoes a volumetric change
of about 8 to 9%, creating risks such as
void formation, localised overheating dur-
ing remelt, high internal pressure from
thermal expansion, and premature transfer
of partially solidified sulphur — all of which
can threaten pipeline integrity.

The remelt programme therefore
included clearly defined operating enve-
lopes, controlled heat-up rates, and stand-
ardised remelt procedures to ensure safe
restart under abnormal operating condi-
tions. This case study provides relevant
lessons on design constraints, heat trac-
ing philosophy, and the importance of pre-
dictive modelling tools for long-distance
sulphur transfer reliability.

Design approach

The design of the integrated remelt pro-
gramme was developed in close collabora-
tion with the thermal management solution
provider, ensuring alignment between pro-
cess requirements and heating system
capabilities.

A key element of this approach was the
use of transient finite element analysis,
which enabled detailed modelling of
sulphur heat-up behaviour and temperature
distribution across the pipeline, and
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Fig. 3: Typical view of SECT system

temperature indicating controller

thermal insulation layer

SECT cable

ig=0 SECT tube

Source: Fluor

provided realistic predictions of remelt
durations for both fully filled and partially
empty conditions.

In parallel, a skin effect current tracing
system was incorporated to deliver uniform
and controllable heat input along the pipe-
line, eliminating the operational complexi-
ties associated with steam tracing, such
as condensate handling. This was com-
plemented by pre-insulated pipeline with
isolated supports, specifically designed
to minimise thermal bridges and maintain
consistent temperature profiles during
reheating, thereby enhancing the overall
reliability of the remelt process. Table 1
provides the system design parameters
that ensure safe operation below poly-
merisation thresholds while maintaining
adequate fluidity for pumping.

Thermal characteristics and remelt risks
Sulphur solidifies at around 119°C and
shrinks 8 to 9% in volume when transition-
ing from liquid to solid. During reheating,
this entrapped solid sulphur expands and
may generate local pressure surges.

Critical risks identified

Several critical risks were identified dur-
ing the remelting process, primarily asso-
ciated with non-uniform phase transition
and localised heat transfer behaviour.
Voids and packed sulphur can form at
elevated sections of the pipeline, while
insulation discontinuities near anchors
and supports may lead to localised over-
heating during reheating.

Additionally, the solid-to-liquid transi-
tion can result in internal pressure buildup
if a continuous molten channel, enabling
pressure relief and flow initiation, or a “rat

36 www.sulphurmagazine.com
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s Power feeding cable

hole,” is not established within the pipe-
line. These risks highlight the importance
of controlled heating strategies and proper
thermal design to ensure safe and effec-
tive remelt operations

Thus, the remelt objective was
defined as: “Generate a molten flow
channel (rat hole) through the solid sul-
phur matrix to relieve pressure and allow
progressive melting.”

The remelt limiting conditions and
design constraints used to achieve this
are defined in Table 2.

Instrumentation included RTDs placed
at expected solid plug locations, espe-
cially at the highest elevation points to

address the risk of void formation and
at the lowest elevation points to monitor
solid accumulation.

Remelt execution - Controlled heat
cycling strategy

A controlled stepwise heat-up and cycling

method was used to avoid thermal runa-

way and prevent premature melting at pipe

anchors. The remelting sequence was as

follows:

1. Continuous heating until RTDs reach

80°C.

Heat cycling at 80°C for 20 hours.

Continuous heating until 2100°C.

Heat cycling at 100°C for 25 hours.

Continuous heating until 110°C.

Heat cycling at 110°C for 20 hours.

Continuous heating until approaching

melting range (115°C-119°C).

8. Maintain heat for 7-10 hours to stabi-
lise rat hole formation.

9. Heat cycling again (30 mins on/40
mins off).

10. Resume continuous heat until sulphur
reaches 138°C and pumping resumes.

NoO oA~

Total remelt duration: approximately 150
hours, depending on starting temperature
and ambient conditions

Outputs and observations of finite
element analysis

The FEA simulations modelled the temper-
ature profile in two cases:

Table 1: System design parameters

Operating range, °C (steady molten sulphur) 125-155
Maximum remelt operating temperature, °C 138
Maximum wire temperature, °C 230
Safety limits to avoid runaway heating, °C
At pipe surface 163
At insulation surface 163

Source: Fluor

Table 2: Remelt limiting conditions and design constraints

Target molten sulphur pumping temperature, °C 138
Maximum allowable “runaway” temperature, °C 163
Maximum wire temperature, °C 230
Sulphur solidification onset, °C ~115-119
Ambient temperature considered, °C 20

Source: Fluor
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SULPHUR HANDLING

Fig. 4: Re-melt curves for full and empty sections of the pipeline with on/off cycling (20°C ambient)
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® Case A: Heat-up of a pipeline fully filled
with sulphur its remelting.

® Case B: Heat-up of an empty pipe to
model air pockets that may be present
at elevated points if sulphur is allowed
to solidify.

Key FEA findings

The finite element analysis provided criti-
cal insights into the thermal behaviour of
the pipeline under different operating con-
ditions. It showed that empty or vapour-
filled sections heat up more rapidly than
sections filled with sulphur, creating the
potential for non-uniform temperature pro-
files during remelting.

The analysis also highlighted that the
presence of voids can lead to localised
overheating unless controlled heat cycling
strategies are implemented. In addition,
temperature lag was observed at pipe
supports and anchors due to higher heat
losses in these regions, underscoring the
importance of careful insulation design
and controlled heating to achieve uniform
temperature distribution.

Based on FEA results, heat cycling
durations were optimised to avoid local-
ised overheating in vapor-filled sections.
Fig. 4 shows remelting curves for full and
empty sections of the pipeline.

Outcome and learnings

The implementation of the controlled
remelt procedure demonstrated signifi-
cant improvements in operational safety
and reliability. By carefully managing
the heating profile during phase transi-
tion, the risk of pipeline rupture due to
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internal pressure buildup was effectively
mitigated.

The use of predictive modelling ensured
uniform heat distribution along the pipe-
line, minimising the formation of localised
hotspots. Furthermore, the standardised
remelt sequence proved to be both safe
and repeatable, enabling operators to con-
fidently restart sulphur transfer even after
prolonged shutdowns.

Key takeaway

The study highlights that without predictive
modelling and controlled remelt strategies,
long-distance sulphur pipelines remain
highly susceptible to plugging and struc-
tural failure due to thermal expansion and
trapped solids.

Conclusion

The transportation of liquid sulphur over
long distances is inherently complex due
to its narrow operability window, strong
temperature-dependent properties, and
phase transition behaviour. Ensuring that
sulphur remains in a stable molten state
throughout the pipeline requires precise
thermal control, robust mechanical design,
and disciplined operating practices.

This study demonstrates that these
challenges can be effectively addressed
through the integration of advanced ther-
mal management systems, particularly
skin effect current tracing (SECT), which
provides uniform and reliable heat input
across extended pipeline lengths. When
combined with high-performance insulation
systems and carefully engineered pipeline

SULPHUR
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configurations such as optimised slopes,
expansion allowances, and maintainability
features, the risk of heat loss, solidifica-
tion, and structural stress can be signifi-
cantly reduced.

A key contribution of this work is the
development and application of a struc-
tured remelting methodology, supported by
transient finite element analysis. The case
study highlights how predictive modelling
enables accurate assessment of tempera-
ture profiles and remelt behaviour, allowing
the design of controlled heat-up procedures
that mitigate risks associated with void for-
mation, localised overheating, and pres-
sure buildup. The introduction of controlled
heat cycling and the concept of “rat hole”
formation further enhance the safety and
reliability of pipeline restart operations.

Equally important are the operational
practices that underpin system reliability.
Continuous temperature monitoring, proac-
tive maintenance of insulation and tracing
systems, and strict adherence to start-up
and shutdown procedures play a critical
role in preventing failures and ensuring
long-term performance.

The findings from the presented case
study confirm that a synergistic approach —
combining advanced design methodologies,
predictive thermal modelling, and disciplined
operational frameworks — can successfully
enable safe, reliable, and continuous trans-
port of molten sulphur over extended dis-
tances. These insights provide a practical
foundation for the design and operation of
future liquid sulphur pipeline systems, sup-
porting improved safety, operational resil-
ience, and overall system efficiency.
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SULPHUR DEGASSING

Retrofitting liquid sulphur treating into existing sulphur recovery units can significantly improve
safety by reducing hydrogen sulphide in sulphur storage and handling, while also lowering the

risk of toxic exposure and explosions. Worley Comprimo reviews proven treating technologies

and retrofit options that can be implemented with minimal disruption to existing operations.

ver the past 35 years, an increasing

number of companies worldwide

have implemented liquid sulphur
degassing processes in their sulphur
recovery units (SRUs) to reduce the risks
associated with hydrogen sulphide (H,S)
release from produced elemental sulphur.
H,S evolved from liquid sulphur can create
an explosion hazard in sulphur pits and
storage tanks when its concentration in
the vapour space reaches a critical level.
Of equal concern are the potentially fatal
hazards of H,S exposure during sulphur
loading and transportation.

Despite several serious safety inci-
dents involving sulphur tanks and pits in
the United States in the past, liquid sul-
phur treating is not mandatory. This con-
trasts sharply with Canada and Europe,
where regulations and guidelines define
maximum allowable H,S concentrations in
liquid sulphur. These regulations typically
apply to liquid sulphur during transport by
rail, tanker truck, or ship.

Over the past decade, safety has
received increasing attention across
the hydrocarbon processing industry.
For operators that do not yet have liquid
sulphur treating capabilities, retrofitting
this technology is a positive step toward
improved safety stewardship. Liquid
sulphur is among the most frequently
transported hazardous materials in North
America, and there is a growing expectation
that most SRUs in the United States will
eventually need to be retrofitted with liquid
sulphur treating. This should not be viewed
as an insurmountable challenge: the

38 www.sulphurmagazine.com
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technologies required for safe handling and
transportation of liquid sulphur are already
available and have a well-established track
record in the industry.

Removing H,S from elemental sulphur

SRUs convert H,S from various sources into
liquid sulphur. They are found in natural gas
plants, refineries, coal gasification facilities,
and chemical plants. The sulphur produced
by an SRU is chemically pure and is used
mainly for sulphuric acid production.
Research has shown that H,S in liquid
sulphur exists both as dissolved H,S and
as H,S,, a series of polysulphide com-
pounds?®. As sulphur condenses in the

SULPHUR
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SRU, H,S dissolves into the liquid sulphur
while complex chemistry also forms H,S,.
These chemical mechanisms depend on
both system temperature and the partial
pressure of H,S above the liquid sulphur.
The presence of polysulphides has proven
to be the limiting factor in successful ele-
mental sulphur treating.
There are four main reasons for remov-
ing H,S from produced elemental sulphur?:
® Lower the explosion hazard in sulphur
storage and transportation.
® Reduce the toxicity of liquid sulphur dur-
ing handling and transportation.

® Reduce the corrosive nature of liquid
sulphur.

® Reduce H,S emissions to atmosphere.
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Fig. 2: Shell/Comprimo sulphur degassing in a separate vessel
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If dissolved H,S and polysulphides are not
removed, high concentrations of H,S can
accumulate in the vapour space above the
liquid sulphur. If this vapour space is poorly
ventilated, the risk of H,S explosion during
storage and transportation increases sig-
nificantly. The lower explosion limit (LEL)
of H,S in air is well documented and typi-
cally ranges from 3.7% to 4.3%, depending
on system temperature. Liquid sulphur is
commonly transported by rail, road tanker,
and dedicated marine vessels.

A number of incidents have been
recorded, including the disappearance of the
liquid sulphur carrier Marine Sulphur Queen
and an explosion in a liquid sulphur tank at a
Greek refinery in the 1980’s that completely
destroyed the tank. After that incident, lig-
uid sulphur treating (degassing) prior to han-
dling, storage, and transportation became
mandatory in Europe. Fig. 1 shows the dam-
age resulting from this explosion.

A similar tank explosion occurred in
Texas in August 20083. In August 2016,
a liquid sulphur storage tank was ruptured
by an explosion at a refinery in California®.
The resulting fire caused a sulphur dioxide
release that required nearby residents to
shelter in place to limit exposure. This
incident vividly illustrates the ongoing risk
that still exists in many refineries and
gas plants in the United States, where a
large portion of facilities continue to store
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sulphur degassing vessel

Source: Worley Comprimo

undegassed sulphur in pits and tanks.

Tests have shown that treating liquid
sulphur to below a threshold of 10 ppmw
H,S prevents the formation of explosive
mixtures in the vapour space above
the sulphur. Even at this level, precau-
tions remain necessary, as lethal con-
centrations of H,S may still be present
in the vapour space. Industry literature
includes numerous examples in which
H,S released from elemental sulphur has
resulted in fatalities.

The risks associated with the storage,
loading, transportation, and unloading of
liquid sulphur were described as the “for-
gotten hazard” at the 9th Global Confer-
ence on Process Safety in 2013°%. During
handling and loading of untreated sulphur
in particular, personnel can be exposed to
high H,S concentrations and potentially
explosive mixtures may occur. The National
Institute for Occupational Safety and Health
(NIOSH) specifies an immediately danger-
ous to life or health (IDLH) concentration
for hydrogen sulphide of 100 ppmv.

Available treating methods

Several methods are available for lowering
the H,S concentration in liquid sulphur. The
most commonly used technologies employ
air sparging through the liquid sulphur
to convert H,S, into H,S and elemental

SULPHUR
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sulphur, while removing H,S from the liquid
sulphur. Solid catalyst technologies are also
available, as are liquid catalyst additions to
promote H,S, conversion and H,S removal.
In some cases, these techniques are
combined to meet the required specification.

Retrofitting liquid sulphur treating into
existing sulphur rundown systems

There are several ways to implement lig-
uid sulphur treating in an existing facility,
depending on installed equipment, condi-
tion, and available infrastructure. When
evaluating retrofit options, the following con-
siderations should be taken into account:
® minimal interruption to plant operations;
® minimised implementation cost;
@ safety in all phases of engineering from
design to installation, and final operation.

The following configurations may be con-

sidered:

@ installation of a new above-grade pres-
surised Shell/Comprimo sulphur degas-
sing vessel;

@ installation of a new above-grade ICON™
sulphur degassing vessel;

@ retrofit of the existing sulphur pit or ves-
sel with High Efficiency (HE) degassing.

Principles of air-based sulphur
treating technologies

Sulphur produced in an SRU typically con-
tains approximately 300-400 ppmw H,S.
The H,S is partly dissolved in the liquid
sulphur as free H,S and largely present
as H,S, formed during condensation in the
sulphur condensers. The principle of sul-
phur treating is to accelerate polysulphide
decomposition by injecting air into the lig-
uid sulphur through spargers. This partially
strips dissolved H,S from the liquid sulphur
and partially oxidises it to elemental sul-
phur according to the following reactions:

H,S, = H,S+S,,

H,S + %02 > %Sx +H,0

Using any air based sulphur treating tech-
nology, the intimate air contact with the
sulphur results in a treated product con-
taining less than 10 ppmwt H,S/H.S,.

It is worth noting that, as described in
the paper by P.D. Clark and R.A. Marriott®,
the chemistry of liquid sulphur treating
may be more complex than the simplified
mechanism above. Laboratory analysis
indicates that H,S, also reacts with oxygen
to form SO, and H,S.
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SULPHUR DEGASSING

Shell /Comprimo sulphur
degassing process

The Shell/Comprimo sulphur degassing
process can be installed in a sulphur pit or
in a vessel located either in a concrete sump
or above grade, external to the sulphur pit.
The description below refers specifically
to Shell/Comprimo degassing technology
installed in a new vessel downstream of an
existing sulphur pit or rundown vessel, as
shown in Fig. 2.

Installing a separate vessel simpli-
fies the revamp by avoiding process and
mechanical-integrity issues commonly
associated with existing pits. The bubble
columns required for this technology are
difficult to retrofit into an existing sulphur
pit. In addition, Worley Comprimo believes
that sulphur degassing in a vessel offers
important advantages in safety, reliability,
and in the ability to route vent gas to the
SRU thermal reactor.

Liquid sulphur from the SRU is pumped
from the existing sulphur pit to the degas-
sing vessel. If the sulphur temperature
in the pit exceeds 300°F (149°C), the
sulphur is cooled to below 300°F before
entering the vessel.

The stripping air to the spargers is
typically supplied by a dedicated blower,
although other sources such as plant air
may also be used. The air agitates the
sulphur and promotes circulation in and
around the bubble columns. This agita-
tion enhances stripping of dissolved H,S
and increases oxygen mass transfer into
the sulphur, thereby oxidising most of
the H,S and H,S, to sulphur. In addition,
removal of H,S from the sulphur promotes
polysulphide decomposition. The resulting
sulphur contains less than 10 ppmw H,S.

It is important to note that a chemical
reaction between H,S, and oxygen can
also produce some SO, and H,08. Experi-
mental data show that the oxygen in air
is critical in sulphur degassing when cata-
lysts are not used, since treating efficiency
decreases dramatically when nitrogen or
other inert gases replace air.

The treated sulphur flows from the
degassing compartment to the storage
compartment of the vessel, over an inter-
nal weir. Sulphur pumps then transfer the
degassed sulphur to external storage,
either continuously or in batch mode.

The total air fed to the degassing ves-
sel, together with the H,S released from
the liquid sulphur, is routed either to the
thermal oxidiser or recycled back to the
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Fig. 3: ICON™ process
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front end of the SRU, depending on local

emissions requirements. Recycling the

H,S-laden air to the front end of the SRU

requires a pressure increase to overcome

the pressure drop across the SRU. Two
typical approaches are used to achieve the
required pressure:

@ Pressurise the degassing vessel using
utility air or compressed air at a mini-
mum pressure of 20 psig (1.4 barg); this
also improves mass transfer, reduces
residence time, and reduces vessel size.

@ Use an ejector with a higher-pressure
motive fluid, such as medium-pres-
sure steam, to provide sufficient head
for recycle.

The main impacts of a steam ejector are a
slight reduction in SRU processing capacity
due to steam load and a slight reduction in
thermal reactor temperature. These effects
are usually modest, but they should be
evaluated on a case-by-case basis. There
is no impact on sulphur recovery efficiency.

ICON™ process

The CSl/Ametek ICON™ degassing system
uses a solid catalyst and a sparge gas to
remove hydrogen sulphide from liquid sul-
phur. In the example shown in Fig. 3, the
liquid sulphur is first routed to a cooler
to ensure that the temperature is below
302°F (150°C). From the cooler, the sul-
phur flows to the degassing contactor,
which contains the degassing catalyst.
The ICON™ process converts H,S, in
the liquid sulphur to H,S, and a sparging
gas is used to remove the H,S that is
now in solution. No air is required for

SULPHUR
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degassing  Jiquid to sulphur
contractor storage

Source: Worley Comprimo

this conversion, so the technology is not
based on air sparging; however, very low
H,S concentrations in the liquid sulphur
can still be achieved. The treated sulphur
contains less than 10 ppmw H,S.

The sulphur is pumped from the degas-
sing vessel to storage facilities, where it
is either loaded into trucks, railcars, or
barges, or sent to solidification facilities.
Because oxygen is not required to convert
H,S,, the sparge gas in ICON"™ technol-
ogy can be steam or nitrogen. This allows
vent gases to be returned to the process,
whereas air-based sulphur degassing tech-
nologies always require vent gas treatment
either in the thermal reactor, for very low
emission targets, or in the thermal oxidiser.

High-efficiency sulphur degassing

The newest sulphur degassing technol-
ogy available to the industry is based on
intensely mixing air with untreated liquid
sulphur, either through a pump or an inline
sparger. This technology was installed and
tested at a facility in the United States. The
plant had a total design sulphur production
of 30 t/d, and by intensely mixing air with
sulphur pumped from the pit, a final sul-
phur product quality of 12 ppmw H,S was
achieved. This was sufficient to prevent
explosive mixtures in the vapour space of
the sulphur pit and thereby improved the
overall safety of plant operation.

A general process flow scheme for
the Worley Comprimo high efficiency (HE)
degassing technology is shown in Fig. 4.

The purpose of this installation was to
remove limitations caused by H,S releases at
a nearby rail sulphur loading station. Before
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installation, the area had to be cordoned off
and air-breathing masks were required dur-
ing loading. After the HE degassing technol-
ogy was installed, sulphur loading could be
carried out without these precautions.

Installing HE degassing in an existing
sulphur collection pit can be done at sub-
stantially lower cost than other technologies;
however, due to the limitations of a recycled
system, it does not yet reduce H,S as low as
the other technologies described. Depending
on sulphur pump capacity and sulphur plant
production, H,S concentration can typically
be reduced to 10-30 ppmw. This is gener-
ally sufficient to eliminate explosion risks
associated with H,S in the vapour space of
a sulphur pit. Alternative configurations are
still being explored to create a once-through
system with potential to achieve the same
target of below 10 ppmw H,S.

Modifications to sulphur storage
and handling

Once sulphur treating has been installed in
the SRUs, the produced sulphur routed to
tanks and loading stations will contain less
than 10 ppmw H,S. This may or may not
affect the venting requirements of existing
sulphur tanks.

When storing untreated sulphur, suffi-
cient sweep air should be maintained in the
tank to keep the H,S concentration in the
vapour space below 1%, equivalent to less
than 25% of the LEL for H,S. This is typi-
cally achieved by installing multiple heated
air intakes at the edge of the tank roof and
a heated central vent stack, sometimes
equipped with ejectors. Through natural or
induced draft, a continuous sweep is main-
tained through the tank. Sweep-air rates
depend on the air temperature in the vapour
space of the tank, elevation difference
between intakes and the vent stack, and
hydraulic losses across the nozzles. Tank
design must also consider sulphur pump-in
and pump-out conditions, as well as ambi-
ent effects on available natural draft.

When an existing sulphur tank is con-
verted from undegassed to degassed
sulphur operation, the presence of a
natural-draft system may increase SO,
formation in the vapour space, poten-
tially leading to additional emissions. It is
Worley Comprimo’s standard practice to
design treated sulphur storage tanks with
venting systems that minimise sweep.
This is achieved by installing three properly
heated vent stacks at equal spacing and
the same elevation on the roof of the tank,
without a central vent stack. This allows
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Fig. 4: HE sulphur degassing process

Source: Worley Comprimo
steam ——»
plant or instrument air
ST e
I
sweep air  recycle '_®
o e

sulphur ii

sparger

ejector

_ vent to thermal
"~ oxidiser

. __@_ N sulphur

to storage

from plant

4_________________

air injection !

sulphur | | ————- new
D existing

device L ______ > |:| sparger

the small quantity of H,S released from
degassed sulphur to react with oxygen in
the vapour space, while minimising SO,
formation, which typically occurs with con-
tinuous airflow across the sulphur surface.

If local regulations do not permit any
H,S or SO, emissions from the sulphur
tank, an induced-draft sweep-air system
may be required. This would involve air- or
steam-driven ejectors to direct sweep air
either to the thermal oxidiser or to the SRU
thermal reactor.

If it is necessary to alternate between
storing treated and untreated sulphur in
the same tanks, a system can be designed
that allows the operator to open or close
the central vent stack and operate the tank
either as a naturally swept system or as a
vented system. However, such changing
operating modes introduce inherent risk.
When revamping an existing tank, calcula-
tions should be performed for all expected
conditions to verify that sweep-air rates are
sufficient to keep H,S below 25% of the LEL.
Tank vapour-space temperature is critical in
this assessment, and thermal models such
as those described by Hornbaker et al.® may
be required to predict it. In addition, compu-
tational fluid dynamics (CFD) modelling may
be needed to verify that the existing sweep-
air system can eliminate pockets of elevated
H,S concentration in the vapour space.

Summary

Storage, loading and unloading, and trans-
portation of liquid sulphur remain a “forgot-
ten hazard” in the sulphur industry in the
United States. During handling and loading
of untreated sulphur in particular, personnel
can be exposed to high H,S concentrations,
and potentially explosive mixtures can form
in the vapour space of storage vessels.

SULPHUR
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Sulphur treating technology greatly
reduces the risks associated with untreated
liquid sulphur. This article has presented
several options available to the industry for
retrofitting liquid sulphur treating technology
with minimal impact on existing operations.
These options can be adapted to local envi-
ronmental regulations and plant-specific
infrastructure, resulting in safer and more
reliable SRU operation. There is no longer
any reason to accept the risks of explosions
or hazardous exposure during the handling
and transportation of liquid sulphur.
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DECARBONISATION

Gas-processing facilities are increasingly required to reduce industrial carbon footprint. A significant
opportunity lies in recovering CO, from tail-end gas streams that are typically routed to thermal
oxidation. MAIRE Group presents an integrated recovery configuration combining cryogenic separation
with pressure swing adsorption (PSA) to recover high purity CO, and H, from SRU/TGTU tail gas.

Fabio E.G. Ferraria and Paolo Felicia (KT Tech S.p.A. / Nextchem S.p.A ), Alessandro Gardin (Tecnimont S.p.A.)

ail gas treatment units (TGTUs) installed
downstream of sulphur recovery units
(SRUs) are designed to achieve strin-
gent sulphur emission limits, while treated
tail gas contains significant quantities of
nitrogen and carbon dioxide (CO,), a few per-
cent of hydrogen (H,), and trace amounts of
residual sulphur compounds. Conventionally,
this stream is routed to incineration, resulting
in CO, emissions and loss of hydrogen that
nowadays might be a target for optimisation.
This paper presents an integrated recov-
ery configuration combining cryogenic separa-
tion with pressure swing adsorption (PSA) to
recover CO, and H, from SRU/TGTU tail gas,
particularly in 100% oxygen SRU configurations
where nitrogen dilution is absent. The process
is fully electrified and self-refrigerated, requir-
ing no external refrigerants or steam utilities.
Bulk CO, separation is achieved via
cryogenic condensation, followed by PSA
polishing steps to maximise CO, recov-
ery and refine hydrogen to specification.
Operational aspects related to impurity
management, stability during transient
conditions, and suitability for large-scale
sulphur recovery complexes are discussed.

SRU/TGTU tail gas characteristics

The evolution of SRUs

Sulphur recovery units are an essential part
of sour gas processing and refining facili-
ties, enabling the conversion of sulphur
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species contained in acid gases into ele-
mental sulphur while meeting increasingly
stringent environmental requirements.

The most widely adopted configuration
is based on the modified Claus process, in
which acid gas streams originating from amine
regeneration and sour water stripping are pro-
cessed using ambient air as the oxidant.

In conventional SRUs, atmospheric air
supplies the oxygen required for the par-
tial combustion of approximately one third
of the H,S in a refractory-lined thermal
reaction furnace. This controlled oxidation
generates sulphur dioxide (SO,), which
subsequently reacts with the remaining
H,S to form elemental sulphur, both ther-
mally and across downstream catalytic
stages. The use of air results in significant
dilution of the process gas with nitrogen,
which passes inertly through the thermal
section, the waste heat boiler, the catalytic
converters, and the sulphur condensers.

Air-based SRUs have demonstrated
exceptional robustness and operability
across a wide range of capacities and
feed compositions. However, in markets
targeting very large facilities, the high volu-
metric flowrates caused by nitrogen dilu-
tion often require multiple trains, larger
equipment, higher pressure drops, and
greater plot space, all of which can limit
plant achievable capacity. In addition, the
flame temperature in the thermal reac-
tor is limited by the high concentration of
nitrogen, making it challenging to process

SULPHUR
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acid gas streams especially in case of
very low H,S concentration or high levels
of inert components such as CO,.

To overcome these limitations, the
industry gradually introduced air enrichment
with oxygen, initially as a revamping solution
and later as a fully integrated design option.

Increasing the oxygen concentration in
the combustion air reduces the fraction of
inert gas entering the SRU, thereby ena-
bling higher acid gas throughput, higher
flame temperatures and improved ther-
mal efficiency. It also increases reactant
concentrations, which enhances reaction
Kinetics and sulphur conversion.

Moreover, the higher temperature
achieved with enriched air improves oxida-
tion control and enhances the destruction
of ammonia, hydrocarbons, BTEX and cya-
nides, which are otherwise difficult to fully
decompose in lean feeds.

Over time, air and oxygen enrichment
techniques have become established
as a practical and effective means of
intensifying the SRU process. Today, oxy-
gen-enriched SRUs are widely recognised
as a key technology for capacity debottle-
necking, plot-space-constrained installa-
tions, and advanced sulphur management
schemes, bridging the gap between con-
ventional air-based Claus units and 100%
oxygen sulphur recovery systems.

These benefits enabled significant
capacity increases within existing SRU
hardware and improved handling of difficult
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feeds, while maintaining the fundamental
Claus reaction chemistry.

This advantage becomes apparent when
comparing equipment dimensions for air-
based and 100% oxygen SRUs at the same
capacity, where the size of the first catalytic
reactor is much bigger in case of the air-
based configuration as shown in Fig. 1.

In such configurations, the tail gas
treatment unit converts sulphur compo-
nents to H,S, using hydrogen as a reducing
agent, after which the gas is subsequently
absorbed. Following sulphur compound
conversion and absorption, the treated tail
gas is composed mainly of CO, and H,,
together with minor inert components and
trace sulphur species, which are typically
incinerated through thermal oxidation.

Tail gas recovery opportunity

The opportunity to recover CO, and H, from
SRU/TGTU tail gas offers the potential to
reduce plant emissions, improve energy
efficiency, and enhance overall sustain-
ability, particularly in configurations based
on 100% oxygen operation.

Following TGTU treatment, the tail gas
typically contains carbon dioxide, hydro-
gen, small amounts of inert components,
and residual sulphur species such as H,S,
COS, and CS.,.

Nextchem has developed a novel pro-
cess configuration, NX CryoCOOL™ shown
in Fig. 3, with the aim of recovering hydro-
gen and recycling it back to the TGTU, while
also producing CO, at the quality required
for enhanced oil recovery (EOR).

The system includes a cryogenic sec-
tion to separate CO, in liquid phase from
the other molecules, followed by two
adsorption steps in series.

The incondensable gases are sepa-
rated in the cryogenic section and recycled
to the first PSA unit, which is dedicated to
CO, recovery and maximising overall recov-
ery by recycling the stream back to the tail
gas compressor.

The stream purified of CO, is then sent
to the second conventional PSA, where
hydrogen is refined and recovered.

Cryogenic CO, separation

Downstream of the impurity manage-
ment and dehydration section, the tail
gas stream is compressed to reach the
pressure conditions required for cryo-
genic processing. The compressed gas
is then cooled, typically using a series
of conventional multi-stream exchang-
ers, to below the condensation point of
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Fig. 1: Comparison between an air only first catalytic reactor and the

corresponding equipment for a 100% 0, configuration

Air only 1st catalytic reactor
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Source: Nextchem
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Fig. 2: SRU and TGTU configuration with oxygen enrichment

Tail gas contains sulphur

0,-enriched SRUs boost
capacity and combustion

efficiency for large-scale
operations.
X H, from SMR
\\
0, \ tail gas
\. (CO,, H,S,N,,
=t S0,, COS, CS,)

acid gas

(H,S/CO,) = :
|
[o]

liquid sulphur

>
\A 4
|
2

compounds (SO,, COS, CS,),
requiring H, for conversion

TGTU

Incinerating TGTU off-gas
wastes valuable H, and

to H,S. emits CO,, an inefficient and

carbon - intensive solution.
1

i
1
1
I 1
| off-gas {
| (CO,, H,, inerts, ®
,I sulphuf traces)
) .
emissions
A 4
Incinerator

Source: Nextchem

Fig. 3:Integration of NX CryoCOOL™ technology downstream the TGTU
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carbon dioxide. This controlled cooling
enables selective condensation of CO,
from the gas mixture, thereby ensuring
bulk phase separation.
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Source: Nextchem

The resulting liquid CO, is collected
in a dedicated inventory drum, which
acts as a process buffer to absorb tran-
sient fluctuations in sulphur compound
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concentrations or other contaminants.
The liquid CO, is subsequently revap-
orised and recirculated within the plant
as a refrigerant medium, thereby max-
imising energy efficiency and minimising
external cooling demand.

PSA polishing and hydrogen recovery

A key element in achieving effective CO,
separation together with a high recov-
ery rate is the implementation of a CO,
pressure swing adsorption unit, which
allows the uncondensed carbon dioxide
to be recycled.

The downstream hydrogen PSA unit is
designed to refine the residual gas to meet
hydrogen purity requirements, enabling the
recovered hydrogen to be reused within the
sulphur recovery complex or elsewhere in
the facility.

Impurity management and
process stability

Process robustness is achieved through
upstream contaminant removal, buffering
via liquid CO, inventory, and reduced PSA
sensitivity.

The liquid CO, inventory drum serves
not only as a process buffer but also as an
effective washing system, absorbing tran-
sient spikes in sulphur compound concen-
trations present in the feed gas. Because
condensed liquid CO, can solubilise and
capture these contaminants, carryover into
the liquid CO, product is prevented. This
buffering and washing action mitigates the
risk of process instability and supports
stable plant operation during both normal
conditions and upset scenarios in which
feed composition fluctuates unexpectedly.

EU taxonomy and LCA-hased
GHG performance

Context and taxonomy objective

The integrated CO, and H, recovery tech-
nology developed by Nextchem provides a
pathway to progressively replace hydrogen
produced via conventional natural-gas-based
steam reforming by recovering hydrogen
from SRU tail gas. In the context of increas-
ing climate-related regulatory requirements,
a general assessment was conducted
against the EU Taxonomy Regulation, with
specific reference to activity 3.10 “Manufac-
ture of hydrogen,” under Commission Del-
egated Regulation (EU) 2021,/2139.

A life cycle assessment (LCA) was
performed with the primary objective of
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Fig. 4:NX CryoCOOL™ configuration applied to tail gas
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quantifying life-cycle greenhouse gas
(GHG) emissions associated with hydrogen
recovery from TGTU off-gas and comparing
them with those of a conventional hydrogen
production unit. The LCA was conducted to
verify compliance with the EU Taxonomy
Substantial Contribution Criteria, which
require life-cycle GHG emissions below 3
tCO,eq per tonne of H,.

The analysis presented in this article pro-
vides a consolidated basis for comparison
and assesses the carbon footprint of the
solution while also illustrating the potential
benefits available to industrial operators.

Description (methodology and scope)

A cradle-to-gate life cycle assessment was

performed by Nextchem in accordance

with UNI EN 1SO 14040/14044 and UNI

EN ISO 14067 standards. The functional

unit was defined as 1 kg of hydrogen, and

the geographical scope was the United

Arab Emirates.

The assessment compared two product
systems:

@ TGTU unit - H,/CO, recovery, process-
ing TGTU off-gas that would otherwise
be disposed of by direct combustion.

@ HPU unit - hydrogen production unit,
based on natural gas steam reforming.

The system boundary included upstream
feedstock supply, electricity generation
from the UAE national grid, steam and
chilled-water production, and treatment of
by-products. Downstream hydrogen trans-
port and use were excluded, as these are
common to both systems.

Key modelling aspects relevant for Tax-
onomy purposes include:

SULPHUR
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an avoided emissions credit associ-
ated with diversion of TGTU off-gas
from combustion;

a conservative treatment of recov-
ered CO, sent to EOR, assuming 30%
permanent sequestration and the
gradual re-release of the remaining
fraction over time.

The use of openLCA software with
Ecoinvent background datasets and
the IPCC 2021 GWP100 impact
assessment method.

Results and outcomes

The LCA results demonstrate a substantial

reduction in life-cycle GHG emissions for

hydrogen recovered via the new H,/CO,

recovery unit:

® New H,/CO, recovery unit: 9.8 kgCO,eq
per kg H,, driven by the avoided combus-
tion of TGTU off-gas, which outweighs
direct and indirect emissions.
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@ Unit HPU unit - conventional H,
production: 9.1 kgCO,eq per kg H,,
dominated by direct CO, emissions
from natural-gas-fired reforming.

The hydrogen recovered from TGTU tail
gas therefore performs well below the
EU Taxonomy threshold of 3 tCO,eq per
tonne of H,, corresponding to a GHG
performance improvement of more than
400% relative to the regulatory limit.
On this basis, the activity was assessed
as aligned with the EU Taxonomy Tech-
nical Screening Criteria for hydrogen
manufacturing.

In addition, full displacement of the
HPU unit with hydrogen recovered from
TGTU tail gas would result in an overall
GHG saving of approximately 200% at site
level, primarily by avoiding natural gas
consumption and the associated com-
bustion emissions. These results confirm
that integrating SRU/TGTU off-gas recov-
ery with cryogenic separation and PSA
not only delivers operational benefits but
also provides a robust, taxonomy-aligned
decarbonisation pathway for large sulphur
recovery complexes.

Conclusions

SRU/TGTU tail gas contains significant
quantities of CO, and hydrogen that are
commonly lost through incineration.

The integrated cryogenic and PSA-
based configuration provided by Nextchem
enables effective recovery of these com-
ponents while maintaining operational
robustness. Main advantages are summa-
rised below:
® 99% CO, recovery;
® no need for external refrigerants or

equipment other than the TGTU offgas

compressor;

controlled sulphur content in the CO,

stream;

>80% H, recovery

20/25% reduction in SMR size and fuel

gas consumption;

92% reduction in offgas to incinerator

Low opex and electricity consumption

below 175 kWh/tw.

This recovery configuration is well suited
to large oxygen-enriched SRU complexes
where tail gas flow rates and composition
justify cryogenic separation. Integration

DECARBONISATION

with SRU and TGTU design is essential
to optimise pressure levels, hydrogen bal-
ance, and impurity control.
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MOLTEN SULPHUR HANDLING

Below-grade reinforced concrete sulphur pits are critical containment assets in sulphur handling
operations, where temperature control, water ingress prevention, and structural integrity are
essential to reliable performance. Thomas Kline of Structural Technologies outlines practical
inspection, assessment, and repair strategies to help owner/operators maintain serviceability,
extend asset life, and avoid costly process interruptions.

Fig. 1: Sulphur pit roof and wall failure due to lack of maintenance, resulting in loss of sulphur
containment in a sulphur recovery unit at a Southwest USA petroleum refinery*.

elow-grade reinforced concrete

sulphur pits are typically

incorporated into sulphur train
processes that rely on gravity and
elevation for the containment of molten
sulphur. Whether the sulphur pit is part of
a crude oil refining process or a sulphur
rehandling/cake re-melt unit in a chemical
plant, reinforced concrete sulphur pits
function in much the same way.

These pits are designed to maintain
molten sulphur within an elevated temper-
ature range, typically through steam coils
that preserve fluidity and minimise temper-
ature fluctuations. Stable temperatures
are essential to maintaining process flow
within the sulphur train. The surrounding

46
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backfill soils also help maintain a consist-
ent thermal profile, provided groundwater
intrusion, condensate, and steam-coil mal-
functions are controlled and maintained in
accordance with OEM guidelines.

Importance of civil and structural
maintenance

The civil and structural elements of a sub-
surface reinforced concrete sulphur pit are
just as important to maintain as electro-
mechanical equipment, since these assets
are integral to the sulphur stream and pro-
cess. Although they are not generally con-
sidered revenue-generating assets, failure
of the civil or structural components that

SULPHUR
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support or contain process operations
can quickly shut down a process stream,
resulting in significant lost revenue until
repairs are completed and the system is
returned to service (Fig. 1).

Safety planning hefore entry

Prior to working in or around any sulphur
recovery unit (SRU) infrastructure, a safety
execution plan (SEP) should be developed
to identify task hazards as well as envi-
ronmental and ergonomic concerns asso-
ciated with the planned scope of work
(SOW). The SEP should establish a series
of steps and practices that align with
industry best practices and Occupational
Safety and Health Administration (OSHA)
safety protocols to protect workers and
support environmental stewardship.

The SEP should be integrated into daily
toolbox meetings, along with manager and
supervisor safety audits, to educate per-
sonnel and implement task-hazard analy-
sis checkpoints tied to the SOW=2.

Inspection and assessment methods

As noted in previous publications?, several
evaluation techniques exist to assess the
integrity of these important civil and struc-
tural assets using both non-destructive
testing (NDT) and semi-destructive testing
(SDT) methods. These techniques require
validation of test results and access to
internal regions once the sulphur pit has
been taken offline. Dirty and clean inspec-
tions, performed after shutdown, can help
determine the appropriate repair path and
develop a strategic maintenance plan.
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Fig. 2. Dirty inspection of an offline sulphur pit under fresh-air safety protocols.

Dirty inspections

Dirty inspections (Fig. 2) occur after the sul-
phur pit is taken offline, cooled, and entered
under fresh-air protocols or, depending on
ventilation conditions, full-face air-purifying
respirators. Inspectors should remain on
ladders, harnessed and attached to extrac-
tion tripods with yo-yo lanyards, so that
conditions can be viewed safely and entry
readiness can be assessed quickly.

It is important to recognise that walk-
ing on what appears to be a hardened
sulphur cake can be hazardous. Hot spots
may remain below the crust, where molten
sulphur has not fully cooled because hard-
ened sulphur acts as an insulating layer.
Over the years, incidents have occurred in
which contractors and operations person-
nel have broken through these crust forma-
tions and suffered burns.

For this reason, metal rods are often
used as probes during dirty inspections
to assess sulphur cake stability and
determine whether hot spots exist below
apparently solid surfaces.

Clean inspections

Once the pit has been safely cleared,
construction personnel are typically allowed
to enter and begin removing hardened
sulphur cake and carsul in accordance with
industry best practices?. Clean inspections
are performed after all portions of the
sulphur pit have been cleaned and pressure
washed with water to expose the concrete

Sulphur 425 | July-August 2026
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surfaces, allowing an accurate assessment
of existing conditions.

Following a thorough inspection, main-
tenance strategies can be developed
where significant distress or deterioration
is identified. Typical approaches are sum-
marised in the sulphur pit repair decision
matrix in Table 1.

MOLTEN SULPHUR HANDLING

Planning repairs in advance

A clean inspection can reveal significant
distress and allow a rapid response during
a short outage, provided adequate preplan-
ning has been completed in the pre-outage
phase of the work plan. That said, durability
and structural liners (Fig. 3) require substan-
tial engineering effort and are not typically
developed during an outage. They should be
designed well before the outage event.
Performing a ground penetrating radar
(GPR) survey, coupled with impact echo
(IE) testing (Fig. 4) and truth-and-verifica-
tion probes well ahead of the planned
outage, will typically provide an accurate
assessment of in-situ sulphur pit roof slab
conditions. Those findings can often be
extrapolated to the pit walls as well.

Decision-making and documentation

Having a planned response to anticipated
conditions, supported by a fully developed
repair decision matrix before a sulphur pit
outage, allows owner/operators to make
informed decisions when conditions are
encountered. In many cases, these condi-
tions remain hidden during normal service
and only become apparent as discovery
items during process outages.

Table 1: Sulphur pit repair decision matrix

Conditions Recommended Comments

observed approach

Solidified sulphur Remove sulphur Use industry best practices to safely

and carsul cake and carsul excavate and remove sulphur cake
and carsul deposits from sulphur pits?2

Significant Temporary shoring When outage timing limits repair

structural support options to stabilisation — This allows

deterioration

conditions to be revisited during the
next available sulphur pit outage
opportunity

Moderate concrete  Monitor during next
surface erosion inspection interval
<2” (50 mm)

No rebar exposed

Severe concrete
surface erosion

Localised partial
depth repairs

Rebar partially exposed

>2" (50 mm)
Monolithic durability Global solution to large areas of
wall liner exposed rebar in walls, floor or roof
Structural Monolithic Establish new internal structural

deterioration structural liner

(integrity loss)

walls, floor and/or roof slab,
if required

Water ingress/

leakage through

walls or floor slabs cements or heat/
hydrocarbon resistant

Chinking and/or precision
grouting using microfine

May require perimeter backfill
soil curtain grouting and soil
stabilisation techniques

chemical grouting materials

Penetration seal
re-establishment

Use of high-temp
sealant systems

Sealant systems required to be
installed while sulphur pit is offline

Source: Structural Technologies
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MOLTEN SULPHUR HANDLING

Fig. 3: Typical reinforced concrete structural liner repair strategy for sulphur pits incorporating sulphate-resistant concrete

repair materials and single-side formwork technology

Unfortunately, sulphur pit mainte-
nance is sometimes overlooked because
these critical civil and structural assets
are buried and effectively out of sight
and out of mind. Best practice, however,
is to maintain accurate documentation,
including original design information,
as-built drawings, and maintenance
records, in an accessible archive so that
a repair plan can be developed quickly if
operational issues arise.

Repairs and restoration work should
also be archived, including Issued for Con-
struction (IFC) drawings, Inspection and
Testing Plans (ITPs), and repair material
data sheets.

85’-0” (slab out-to out)

:1';4" 82'-4” (walls out-to out) 1'74_1":
16" 79'-4” (walls inside-to inside) 1-67)
L8 76'-0" (new walls inside-to inside) 1.8

20-11" 203" 20-3"
\pilaster " pilaster " pilaster

18

. (new walls
inside-to inside)

15'-8”

] ' - Por R el

26’-0” (slab out-to out)
12-0"1:6" 19'-0” (walls inside-to inside)1*-6"2"-0"
oL-6"

Water ingress and concrete
deterioration

Owner/operators often report cold spots
within sulphur pits after major environmental
events such as heavy rainfall or hurricanes.
These conditions can indicate breaches in
molten sulphur containment that allow water
to enter the interior regions of the pit.
Water is a serious concern in sulphur
pits both from a process standpoint and
from a civil and structural standpoint.
When water combines with molten sulphur,
it can form aggressive sulphurous acidic
compounds* that attack the hydrates in
concrete and break down the bonds among

Fig. 4: GPR and IE survey of a deteriorated sulphur pit roof slab

new 20” wall liner |
|

[ typ. all around

the constituent materials, including sand,
cement, and coarse aggregates. This can
lead to severe concrete section loss.
Maintaining a watertight reinforced con-
crete sulphur pit is therefore essential for
extending the service life of these critical
assets. Fig. 5 shows a typical negative-side
water mitigation technique, chinking, per-
formed within the sulphur pit while offline.

Water mitigation techniques

Fig. 6 illustrates soil modification techniques
that can be performed from within the sulphur
pit while offline, as well as along the exterior
perimeter while the pit remains online.

low cover of top mat
indicated on GPR data

rebar may partially be exposed
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readings may be influenced by
topside delamination

rebar may partially be exposed

readings may be influenced
by topside delamination

readings may be influenced
by topside delamination
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rebar may partially be exposed

low cover of top mat indicated on GPR data

rebar may partially be exposed

rebar may partially be exposed

beam reinforcement detected dielectric change detected at 17.5°
low cover of top mat indicated on GPR data

S

Source: Structural Technologies
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The use of severe sulphate-resistant mate-
rials in both original construction and repair of
sulphur pits cannot be overstated. Materials
that resist sulphate attack and elevated pro-
cess temperatures are essential for durable,
long-term service in sulphur handling facilities.

Post-repair behaviour

It should also be noted that minor water
leakage conditions may redevelop after
grouting if sulphur pits are left out of ser-
vice for extended periods, such as weeks,
rather than being recommissioned soon
after repairs. In general, moisture ingress
pathways tend to close when sulphur pits
are returned to service temperatures.

This occurs because the reinforced
concrete section expands thermally and is
restrained by the surrounding compacted
backfill soils*. In effect, thermodynamic
growth movement meets an immovable
object, and the cracks or joints close as
a result of this growth-and-restraint behav-
iour. This is often confirmed when repaired
sulphur pits are examined during later out-
age opportunities, where previously leak-
ing cracks show little or no evidence of
sulphate-attack erosion that would normally
be present under active leakage conditions.

Conclusion

Below-grade reinforced concrete sulphur
storage pits provide containment and bulk
conveyance for molten sulphur products
in the elemental sulphur process stream.
With appropriate detailing, these civil
assets can deliver long-term service in
extremely harsh process environments and
support dependable process throughput.

MOLTEN SULPHUR HANDLING

Fig. 5: Negative-side water mitigation using chinking techniques, including saw-cutting cracks,
placing lead wool in sawcut cavities, and covering the lead wool with sacrificial hydraulic cement.

As with all man-made infrastructure,
however, maintenance is essential. Programs
should be in place so that repairs can be
implemented quickly when needed. Sulphur
pit civil maintenance programs should focus
on repair and restoration much like those
used for electro-mechanical systems and
equipment. While civil assets may not directly
generate revenue, their failure can certainly
cost owner/operators significant revenue
through lost production.
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Fig. 6: Positive-side sulphur pit water mitigation techniques may include soil modification through pressure injection using

Sulphur 425 | July-August 2026

Contents

sxssssrensasss ! $06/50il
® ]
o .0 ‘
o P »
sump| o P e
pit n: °
P °
I+l solidified soil
) J »
ceseseenees silty sand fill -

native clay soil

Sulphur recovery units: grouting

grouting layout
(same this side)

1st row manchettes
@ 12" oc

2nd row manchettes
@ 12" oc

3rd row manchettes
@ 12" oc

Pressure grouting can include interior through-wall or through-floor slab injection into surrounding soils, forming a waterproofing
“blanket,” or external grid-pattern “curtain” grouting, which can be performed while the sulphur pit remains online.
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