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More health-friendly materials for the tapping area

L.H. Lindstad
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High-temperature coal tar pitch (CTPht) has served as an excellent binder in materials for use
in the metallurgical industry. CTPht is still used in the best Sederberg electrodes, which Elkem
developed 100 years ago (Sederberg, 1919). CTPht-containing materials have also been used
in lining and tap-hole materials with excellent results.

Due to the content of polycyclic aromatic hydrocarbons (PAH), CTPht (EC/List no. 266-028-
2) has been defined as a “substance of very high concern’ under the European Chemicals
Legislation (European Chemicals Agency, 2017, Annex XIV "Authorization List”).
Authorization will be required for use after October 2020, but exception has been granted for
Sederberg electrode paste with reference to the intermediate role of CTPht in this application.

Elkem Carbon has replaced CTPht in most of its products with the most health-friendly
materials containing none of the harmful components. The properties and advantages of
CTPht-containing materials for the tap-hole area will be discussed, together with the new
materials and their use.

Keywords: Lining material, ramming paste, environmentally friendly materials, PAH-free,
REACH.

INTRODUCTION

Materials that are used in the tapping area are normally blocks and bricks made of oxidic
materials, silicon carbide, silicon nitride, or carbon materials, plugging paste made of
oxidic materials, or tamping or self-flowing pastes consisting mainly of carbon materials.
Plasticity and binding after heat treatment of self-flowing and ramming pastes is due to
the resin or high-temperature coal tar pitch (CTPht) content. Resin imparts strength at
lower temperatures than CTPht, and mechanical strength is obtained after heating to
130°C if a hardener, such as hexamethylenetetramine, is mixed with the resin (Dash,
2009). The lower resistance to oxidation, especially in a mixture with pure carbon
materials, is a disadvantage with resin.

CTPht-based carbon materials have been the preferred solution due to their good
technical performance and competitive cost. Technology and methods have been
adapted to add pitch as the main binder (Eidet, 2018). The CTPht binder consists
essentially of polycyclic aromatic hydrocarbons (PAH), which is ideal in carbon
materials.

During heating, CTPht will form mesophase spheres that show liquid-like properties
and a crystal-like structure. A coke structure is formed after further heating. The whole
binder phase can condense into an anisotropic structure since CTPht is an aromatic
substance, and will with further heat treatment be graphitizable.

CTPht is made from several PAH components which have boiling points spread over a
temperature range close to 400°C (Table I). This spread provides an advantage during
rapid heating where volatiles leave the material over a wide temperature range. Build-
ups of high pressures of baking gases, which could result in high porosity or cracks in
baked material, are prevented. Some types of CIPht leave a carbon residue of around
50% after heat treatment. This emits less off-gas during heating and results in a stronger
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material. Aromatic components that vaporize will condense to coke and almost pure
hydrogen. Most binders have a lower carbon residue than CTPht. This is shown in
Figure 1, where Elkem’s bio-based tamping paste can be seen to undergo a greater
weight loss than the CTPht-based tamping paste. Also, for the material with a bio-based
binder volatiles leaves the material over a wide temperature range, but it can be seen
that a greater weight loss occurs in the range 160-200°C, which could be critical for such
a material.

Table I. PAH components in CTPht and their boiling point temperatures. ‘PAH-16 US EPA’ indicates components
that are used in Europe to follow up PAH emissions from the industry. PAH-21 are the PAH components that are
measured in the work environment.

Boiling point

Name PAH-16 US EPA PAH-21 (°C)
Naphthalene X 218
Acenaphthylene X 270
Acenaphthene X 279
Fluorene X 294
Phenanthrene X X 338
Anthracene X X 340
Fluoranthene X X 383
Pyrene X X 393
Benzo[b]fluorene X 398
Benzo[a]fluorene X 403
Benzo[a]anthracene X X 425
Triphenylene X 429
Chrysene X X 431
Benzo[b]fluoranthene X X 481
Benzolj]fluoranthene X X 480
Benzo[k]fluoranthene X 481
Benzo[e]pyrene X X 493
Benzo[a]pyrene X 496
Benzo[ghi]perylene X X 542
Indeno[1,2,3-cd]pyrene X X 534
Dibenzo[a,h]anthracene X X 535
Dibenzo[a,e]pyrene X 592
Dibenzo[a,l]pyrene X 595
Dibenzo[a,i]lpyrene X 595
Dibenzo[a,h]pyrene X 596
Boiling points from (Karcher, 1988).

The PAH components with the lowest boiling points were not used earlier in
measurements of the PAH levels in industry. These components usually follow the off-
gas through the filter system and will account for most of the PAH emissions in Si and
FeSi production. New measurements and calculations show increasing emissions of
PAH in this industry. Components with high boiling points will be collected together
with microsilica. (Nygaard, 2016) has shown that around 99.5% of the PAH with boiling
points above 400°C that are captured by the off-gas system will go into the microsilica.
In Norway the emissions of PAH-4, (benzo(b)fluoranthene, benzo(k)fluoranthene,
benzo[a]pyrene, and indeno(1,2,3cd)-pyren) totalled 94 t in 2013. Of this, 40% was
mainly from the aluminum production industry, 20% from the oil industry, 15% from
creosote-impregnated wood, 11% from traffic, and 9% from wood fires used for heating
(Miljgstatus, 2017).
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Figure 1. Weight loss curves for ramming paste and self-flowing paste with CTPht binder (Lindstad, 2014), and
tamping paste with bio-based binder.

RESTRICTIONS IN THE USE OF CTPht

The European Chemicals Agency (ECHA) is responsible for implementing the European
Union’s chemical legislation, named REACH, (European Chemicals Agency, 2006).
REACH is an acronym for Registration, Evaluation, Authorization and Restriction of
Chemicals. CTPht (EC I List no. 266-028-2) has been defined as a “substance of very high
concern’ under REACH, due to its content of PAH. CTPht was among the substances
included in the REACH Authorisation List in 2017 (European Chemicals Agency, 2017).
This requires all users of CTPht in Europe to apply for authorization for CTPht use,
except in the case of electrodes where use is allowed with reference to the intermediate

status. Figure 2 shows the timeline for the regulatory status of products containing
CTPht.
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Figure 2. Timeline for use of CTPht in the EU.

It will be illegal, under REACH, to use CTPht for any purpose other than in electrodes
after October 2020, unless authorization is approved for this use. One coal tar pitch
binder is not restricted by this decree, as it is defined by a different EC number than the
standard CTPht (Pitch, coal tar, high-temp., heat- treated, EC I List no. 310-162-7). This
binder will probably also be restricted as more materials are added to the list of
substances included in REACH, but this will come later than 2020.
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Authorization is a complicated and time-consuming process and places the burden of
proof on the industry. Users must identify and manage the risks linked to the substances
they manufacture, ascertain how they can be safely used, and recommend risk
management measures to the users. The main aim of REACH is to replace hazardous
substances with less dangerous ones. Elkem plants will not apply for authorization for
the use of CTPht.

Elkem Carbon has developed, and is still developing, products in which CTPht is
replaced with more health- and environmentally friendly solutions. The target is to
reduce exposure of people to PAH and PAH emissions to the environment. Metal
production should become more sustainable. A wide range of binders are being tested,
from bio-based binders to more traditional fossil materials.

EXISTING ELKEM CARBON PRODUCTS WITHOUT CTPht

Cathode Ramming Paste

ELSEAL® Type G is Elkem Carbon's pitch-free solution for cathode ramming paste in
aluminum cells. ELSEAL® Type G has replaced the CTPht-based material that has been
proven over more than 25 years. The properties of the new material, such as density,
open porosity, and mechanical strength, are equivalent to those of the CTPht-based
paste. The binder used is purely bio-based, and entails no PAH issues.

Tapping Spouts and Runners

ELTAP® Type SMB is a PAH-free material for use in tapping spouts, runners, carbon-
lined ladles, and for tap-hole repairs. This product is manually installed. Owing to the
elevated temperatures in the tapping area, workers are exposed to the off gas. The binder
used in this product is bio-based, and there are no PAH issues. At one plant the PAH
emissions in one area were reduced from 500 kg to 8 g per year when ELTAP® Type SMB
replaced a CTPht-containing material. Eight grams is equal to the PAH emitted from 200
kg of the wood used for heating in Norway (Haakonsen, 2001). The new material has
mechanical properties equivalent to the CTPht-containing material. Oxidation at low
temperatures has been a problem, but a new and improved version of ELTAP® Type
SMB has the same lifetime as the old CTPht solution. The new product is even better
than the old when it comes to installation in cold conditions.

ELTAP®-SMB can also be used in furnace linings but will need a more controlled and
slower heat-up compared to our other lining materials. Owing to this it has not been
used in linings for larger furnace, since PAH emissions have not been an issue during
heat-up of such furnaces.

Tapping Spouts, Runners, Tap-hole Repair, and Furnace Linings

ELTAP® Type KR is a PAH-free solution that has been used for more than 20 years. The
material contains a resin binder and a hardener, which imparts mechanical strength after
heating to just 130°C. Due to this the material can be installed close to water cooling in
tap-holes and in runners where high temperatures for baking are difficult to achieve.
The material is often used for repair of tapping spouts and runners where heating to
130°C is quickly done, and longer stops are avoided. ELTAP® Type KR is also used to
repair furnace linings where temperatures high enough for baking of CIPht are not
achieved. Resin-bonded materials have shown lower resistance to attack by air and CO»
than CTPht-containing materials, but improvements have recently been made to counter
this. This is important since oxygen lancing is often used in many ferroalloy furnaces.
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NEW CTPht-FREE PRODUCTS

Plugging of Tap-hole

ELTAP® THP-G is a new plugging paste under development, which is also produced
with an environmentally friendly binder utilizing zero CTPht. This paste should result
in a much stronger and better material than water-containing tap-hole clays, and should
thus extend the life of a tap-hole. The intention is that this material should to some extent
also be suitable for rebuilding a tap-hole. Improvements are still being made. Filling and
cleaning of the plugging gun between each use has been one of the issues that need to
be addressed, since this material reaches a much higher strength than traditional

plugging paste.

Repair and Rebuild of Tap-holes

ELTAP® THP-E is a new repair and rebuild paste for the tap-hole, which has been tested
on silicon-producing furnaces with promising results. The first properties to be tested
was the ability to plug the tap-hole, form a strong plugging material, and attach well to
surrounding materials. This paste is not bio-based but the content of PAH is below 100
ppm. This paste also needs improvements connected to filling and cleaning of the
plugging gun, but especially the resistance to attack by air and CO, needs to be
improved, as seen in Table II. In the case of ELTAP® THP-G these properties are already
equivalent to those of CTPht-based material, and now the same improvements will be
made to ELTAP® THP-E.

Table II. Properties of ELTAP® THP-E compared to CTPht-based material.

Property Unit ELTAP® THP-E CTPht-based paste
PAH <100 ppm 10-20%

CTE 950-20°C 10K 4 4

Porosity % 23-25 21-23

BAD kg/m?3 1365-1415 1390-1440
Thermal conductivity | W/mK 4 4
COzreaction residue % 35-45 70-80

Air reaction residue % 15-25 65-75
Diametral strength MPa 1.5-2.5 1.5-2.5

New Lining Pastes

The new binder that is used in ELTAP® THP-E will also be an alternative for use in
tapping spouts, launders, tap-holes, and entire linings. This binder has properties closer
to those of the CTPht binder than the bio-binder. CTPht-containing materials achieve
good properties even when heated at a rate of 80°C/h (Lindstad, 2018), while a product
based on the bio-binder will become more porous. The density also improves for CTPht-
containing material due to the lower amount of gas produced and a higher carbon yield
for the binder. A CTPht-free lining with an acceptable lifetime should be possible to
produce from the new binder, but full approval of the solution will not be obtained until
the lining has lasted at least 10 years in Si or ferroalloy production.
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