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INTRODUCTION

The Guiding Principles of the Responsible Care Programme are central to the
European Chemical Industry Council (CEFIC) policy.

Members have signed a commitment to these principles which ensure that they

. operate to the best practices of the industry

. reflect the commitment of continued improvement in their health,
safety and environmental policies

. make available to employees, customers and the public, all relevant

information about activities that affect health, safety and the
environment.

This Safety Advice for the Storage and Handling of Anhydrous Titanium
Tetrachloride was developed by the TDMA (Titanium Dioxide Manufacturers
Association) in support of the Responsible Care initiative.

The advice was prepared by a working party under the auspices of CEFIC
comprising representatives of the titanium tetrachloride sub-group of the
TDMA, currently involving the following companies:

- Chemours

- Venator

- Kronos International Inc.

- Cristal

- Tronox Pigments b.v., (Holland)

Since first publication of this document, SCM Chemicals and Thann &
Mulhouse have become part of Millennium Inorganic Chemicals which
became a part of Lyondell, which transferred to Cristal in 2007. Kerr-McGee
Pigments was re-named to Tronox Pigments. Tioxide Europe was re-named to
Huntsman Tioxide, then Huntsman Pigments, then Huntsman Pigments and
Additives after the acquisition of the Rockwood Business, then Venator.
Chemours used to be part of DuPont.

The document should be considered as providing advice only and not as a
detailed design code.

Existing installations may not meet all the recommendations and, in some
cases, not all the recommendations may be appropriate, as these may be over-
ruled by local legislation, or by experience. It is the responsibility of the titanium
tetrachloride user, in consultation with the manufacturer (if this is not the user),
to assess the needs in any particular case. The final responsibility rests with
the operator of the plant to operate safely.

The advice covers four main areas:
. Storage installations
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. Loading and unloading transport containers
. Transport containers
. Basic health and safety measures, emergency procedures and

chemical and physical properties.

The document gives examples of storage, loading and unloading
installations. Arrangement of plant other than those shown may be equally
suitable. Users are recommended to consult with suppliers regarding
alternative arrangements and particular aspects of detailed design.

Although great care has been taken in the compilation and preparation of the
advice to ensure accuracy, CEFIC or the TDMA cannot in any circumstances
accept responsibility for errors, omissions or advice given in this publication.

It is the responsibility of the manufacturer/user to determine the applicability of
National Regulations or local planning requirements which may apply to the
design, operation and maintenance of the plant. In Europe, particular
attention should be paid to the requirements of the Seveso Il Directive and the
incoming Seveso Il Directive.

Only containers complying with the procedure and guidelines described in Sec-
tion 3 shall be used to distribute TiCla.

It is the policy to update information periodically, therefore you are advised to
check that this document is the latest issue.

Individual sections as shown in the table of contents can be obtained from the
European Chemical Industry Council.

It cannot be over-emphasised that the most significant hazardous property of
TiCls is its violent reaction with water, where hydrolysis takes place to
produce hydrochloric acid mist, and finely divided particles of titanium dioxide
and oxychloride which create a dense white, highly visible cloud.

This reaction also takes place with moisture in the atmosphere. It is therefore
vital to take all necessary precautions to prevent loss of containment of TiCla.
This is particularly important during maintenance activities where joints on
pipes or equipment have to be broken.

All such activities should be pre-planned, with risk assessments carried out,

and executed by trained personnel wearing appropriate PPE as detailed in
Section 4.
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SECTION 1 - STORAGE INSTALLATIONS

1.1. General Layout and Siting

1.1.1 Where possible, the installation should be located away from
production areas preferably in the open air, but a compromise must be reached
here, as pipework between the storage installation and processing plant should
be kept to a minimum.

1.1.2 The location of new installations within a site should take into account
possible damage caused by failures of neighbouring equipment on the site.
The location should be positioned at sufficient distance from the boundary so
as not to be subject to damage from off-site incidents e.g. accidents on public
roads, etc.

1.1.3 Layout for the area should be planned to provide all facilities
necessary for good housekeeping. Ample storage space is required for
maintenance and safety equipment which must be readily accessible in the
event of an emergency.

1.1.4 TiCls storage tanks should be positioned above ground level on plinths
which allow adequate access to the external surface. This is to permit
regular inspection of the vessel and its protective coating. Installation in deep
pits is not recommended because it increases the difficulties of treatment and
disposal of TiCls emissions and of access for maintenance and repairs.

1.1.5 Storage tanks for the export or receipt of TiCls should be installed in a
bund which is impervious to liquid TiCls and of a suitable capacity to contain
spillage. The design of the foundation and bund walls must take into account
the density of the liquid. The bund should have a sloping floor and gullies
leading to a collection area. If there are sub-divisions to give separate bunds
under each tank in a group, each section should have a sloping floor leading
to a collection area which may serve more than one tank. The collection
area, which may be a sump, should not be connected to drain. Valves or other
entries into the bund wall should be avoided or sealed effectively.

1.1.6 Accumulation of rain water in bunds must be minimised. One way of
achieving this is by roofing over the storage area. Other means include
regular inspection by plant operators and removal of water over the bund wall,
which must be manually controlled by the operator to prevent
unintentional pumping of any spilled product.

1.1.7 In considering the capacity and the number of individual storage tanks
in a storage facility, the following points should be taken into account: -

1.1.7.1 The minimum size of a tank should be adequate to accommodate the
maximum foreseen unit of delivery.
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1.1.7.2 If continuity of supply is essential, at least two tanks will be required
to allow time for necessary inspections and to facilitate maintenance.
This also provides greater flexibility of operation. Design and operation should
also make provision to be able to transfer the contents of a tank in an emer-
gency to other tanks.

1.1.7.3 Increasing the number of storage tanks leads to an increase in the
ancillary plant and equipment with a corresponding increase in complexity of
operation. The number of storage tanks should be kept to the minimum.

1.1.8 The distance between storage tanks should be adequate to provide
good access and egress to the tanks under all circumstances, including those
in which bulky protective equipment, such as self-contained breathing
apparatus, needs to be used.

1.1.9 All vessels, valves and pipework in the installation should be readily
identifiable, e.g. by labelling and/or colour coding.

1.1.10 In the case of installations which are not subject to regular frequent visits
by operating personnel, the layout should be such that the storage area is ei-
ther directly visible from a control room, or is kept under surveillance by the
use of TV monitors or other appropriate equipment.

1.1.11: Taking into account the strong hydrolysis reaction of the product, in
such case a spillage dependant on the site / plant location could have a large
impact on the local neighbourhood. In such instances a confinement of the
storage installations, transportation vessel discharging station and the user
workshop (processing operation) may be envisaged in order to
reduce/mitigate any potential impact on the neighbourhood of the site/plant.
Obviously such lay-out requires also the installation of an adequate
emergency gas scrubbing system.

1.2 Equipment

1.2.1 Vessel Design

1.2.1.1  Storage tanks for TiCls should be designed to an appropriate
national or international standard, for example BS5500, ASME Section VIII Div.
1 or equivalent. The minimum standard of design should be that which com-
pares with ADR (European Agreement Concerning the International

Carriage of Dangerous Goods by Road).

New vessels should be designed and manufactured to BS5500 category 1 or
equivalent standards. The user should retain copies of all documents and
drawings relevant to design and manufacture.

1.2.1.2 The corrosion allowance for storage vessels should be, at a
minimum, 2 mm.

Page 9 of 67



Safety Advice for Storage and Handling
of Anhydrous Titanium Tetrachloride

1.2.1.3 The vessel supports should be designed in accordance with the
design code to permit thermal expansion and contraction over the design tem-
perature range. Thermal expansion needs to be considered in cases where
load cells are used for determining the tank contents.

1.2.1.4 Manhole access should be provided on the top of the vessel. The
opening for man entry should preferably be 900 mm and should not normally
be less than 600 mm.

1.2.1.5 The dimensions of nozzles should be limited to the minimum
required, particularly for the liquid lines. All nozzles should preferably be
mounted on a manhole cover to aid replacement / renewal.

1.2.1.6 Connections to the storage tank are: -

Liquid TiCls inlet

Liquid TiCls outlet

Venting and padding lines (see also 1.2.7).
High level interconnection between tanks
Connections for instrumentation

agkrwnhPE

1.2.1.7 The number of connections should be kept to a minimum to reduce
the potential sources of leakage.

1.2.1.8 The arrangements of valves and pipework should be made as
simple as possible to minimise errors in operation. Valves should be fitted
directly to nozzles so that pipework can be isolated from the vessel.

1.2.1.9 For guidance on bolted joints, refer to “Guidelines for the
management of the integrity of bolted joints for pressurised systems”
Published by The Energy Institute (El), in association with UK Oil and Gas
(formerly UKOOA) and ASME PCC-1 “Guidelines for Pressure Boundary
Bolted Joints”

1.2.1.10 Gaskets

Asbestos regulations prohibit the use of compressed asbestos fiber (CAF),
which has been the universally accepted jointing material up to the year 2000.
Present alternative gaskets are based on PTFE bound fiber sheet
material such as Novatec Premium and Klingersil C4400. For specific
information please seek advice from the TiCla supplier.

1.2.2 Pipework

1.2.2.1 Permanent pipework at the loading/unloading station consists of the
following lines;

a) pipework for TiCls transfer, articulated arms with swivelled joints on
installations with high output, and/or flexible hoses;

b) pipework for off-gas venting, connected to bulk carrier with flexible hoses;
c) pipework for services dry nitrogen, dry air.
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1.2.2.2 Lines should be colour-coded and labelled according to national
and/or site standards.

1.2.2.3 Routing of pipelines for TiCla should normally be above ground and
should be such as to maximise protection from mechanical damage.
Pipework should be designed, fabricated and tested in accordance with a rec-
ognised code. Where practicable, the nominal bore of pipe work should pref-
erably be not less than 50 mm, this is to reduce possibility of choking due to
oxychloride deposits present on contact with atmospheric conditions and elim-
inate any high velocity flows which will result in internal pipework erosion.

It is recommended that pipework is constructed minimising horizontal flanged
sections and with sufficient slope in order to facilitate self-drainage in the event
of shut-down or maintenance — recommended minimum pipework slope 1 in
100.

1.2.2.4 All pipeworks to be designed in accordance with ASME B31.3. The
design pressure should be in accordance with design codes and
corresponding to a design temperature which takes account of maximum
operating temperature and pressure. Pipework should also be adequately
strong and robust for all foreseeable conditions of work.

Allowance must also be made for the hydraulic expansion of liquid caused by
high ambient temperature.

1.2.2.5 Materials of Construction should normally be seamless carbon steel.
Elbows, tees and reducing pieces should be forged or hot formed without
reduction in wall thickness

1.2.2.6 The minimum corrosion allowance should be 2 mm. Pipework should
be suitably protected to prevent external corrosion.

1.2.2.7 Radius of curvature of any pulled bends should be a minimum of 5
times the pipe nominal diameters. Bending procedures and tolerances should
conform to ASME B31.3 Section 332 “Bending and Forming”.

1.2.2.8 Bolting should be to BS 4882 - Specification for bolting for flanges and
pressure containing purposes. ASTM A193 B7 Bolts and ASTM A194 2H Nuts
or equivalent standard.

1.2.2.9 The number of flanges should be limited as far as possible and those
should be to the requirements of a recognised design code. It is
however advisable to locate some flanged joints strategically (recommended
at 6m intervals and at bends) to facilitate de-choking in the event of pipeline
blockages. Also, creation of “dead ends” should be avoided, as this could sub-
sequently lead to pipeline blockages.

1.2.2.10 Steel used for fabrication of flanges or welded connections to the
pipe must be compatible with that of the pipe itself.
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1.2.2.11 Gaskets should be as described in paragraph 1.2.1.10.

1.2.2.12  Where flexible hoses are to be used, for example in some
off-loading applications, they should be of the armoured type and
manufactured from materials compatible with TiCls. If PTFE Stainless Steel
Braided hoses are to be used, these should be antistatic type to prevent break-
down of the PTFE liner due to static discharges. Choice of flexible
hoses and a scheduled inspection programme should be agreed with the sup-
plier and in accordance with the local regulations about the use of flexible
hoses.

1.2.2.13 The following controls should be applied during construction.

It is recommended that at least 100% of all butt welds should be
radiographed examined. All pipework should be pressure tested in
accordance with the design code, followed by a leak test with dry air before
introduction of the product. Where hydrostatic tests are made it is essential
that the complete piping system be dried before re-jointing, then purged with
dry air or nitrogen to at least dewpoint of —40°C (at atmospheric pressure)
prior to the introduction of TiCla.

1.2.2.14 Any extension, modification or repairs should be carried out to a
standard at least equivalent to the original design and construction code and
must be fully documented.

1.2.3 Valves

1.2.3.1 The valves used in installations handling TiCls may come into
contact with the liquid or with a gas phase containing TiCls vapour. Care is
therefore essential in the choice of valves to meet the required duty.

1.2.3.2 The valve bodies should preferably be manufactured of carbon steel.
For ball valves and plug valves, stainless steel should be used for balls and
stems; PTFE should be used for seats and seals.

1.2.3.3 In circumstances where the TiCls is being supplied by a
manufacturer to a user, the user is advised to seek advice from the
manufacturer regarding the selection of the appropriate type of valves. Valves
of the following types have been used successfully for handling TiCla liquid and
vapour.

a) Ball valves
b) Plug valves
c) Butterfly valves

Note: that ball valves and plug valves will contain liquid TiCls unless they were
opened during decontamination. Precautions are essential if an
assembly is to be dismantled for repair or maintenance and a valve has been
presented to the workshop in the closed position.
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Ball valves and plug valves are normally used for isolation purposes.
Butterfly valves are not suitable for isolation but may be used for control
purposes.

1.2.3.4 In all cases it is emphasised that valves must be completely dry
before installation.

1.2.3.5 When undertaking maintenance activities on liquid TiCls plant,
reliance should not be placed on individual valves of whatever type for
isolation. Suitable methods for achieving isolation include two valves in
series with the ability to drain the space between them (double block and bleed)
or the insertion of a suitable slip-plate on the downstream side of a valve.

1.2.4 Instruments

Control instrumentation on storage tanks and elsewhere in the installation
should, wherever possible, be designed to fail-safe. Electrical and electronic
equipment, unless specifically protected against corrosion, should not be
placed in areas where it could be affected by TiCls leaks or by the gas
resulting from the hydrolysis of TiCla.

As a minimum all the information from the instrumentation equipment should
be grouped and indicated locally in a well-defined place. Consideration should
also be given to displaying essential information in the control room in those
installations where one is provided.

For safe operation of the plant and especially to prevent overfilling, the amount
of TiCls in each storage tank must be continuously measured and displayed.

Measuring devices commonly used are weighing devices, level
measurements with use of contact level sensors or non-contact level sensors
(like a gamma ray beam for example).

The instruments should be capable of providing high and low level alarms, ac-
cording to the plant operating requirements.

An extra-high level alarm is recommended for safety reasons. This should be
provided by an instrument separate from the one that initiates the high alarm.
Where appropriate the extra high alarm should provide automatic pump trip.

Regular testing and efficient maintenance is essential to keep instrumentation
in effective operation.
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1.2.5 Pumps and Pumping Systems

1.2.5.1 This section considers pumps and pumping systems associated with
transferring TiCls between a storage facility and a processing operation.

The selection of the appropriate type of pump should be reviewed with the
supplier of TiCls who will be able to suggest manufacturers whose equipment
has given satisfactory service.

This will reduce the risk of installation of pumps that have a potential safety or
reliability problem.

1.2.5.2 Various types of pumps have been developed for use with liquid TiCla.
Two commonly used types are

- Submersible pumps

- Externally Mounted Centrifugal pumps

1.2.5.3 Submersible Pumps

These pumps are of a vertical cantilever shaft constructions having no
bearings within the pumped liquid and they are mounted within the storage
vessel. They are usually fitted with a packed gland having a nitrogen purge to
the lantern ring. A further nitrogen supply is installed below the gland area
within the stuffing box for emergency purposes. The gland is designed to
contain gaseous TiCls and an internal spillback system is incorporated to avoid
liquid TiCls reaching the gland area. Control of vessel inventory is also recom-
mended to avoid liquid reaching the gland area.

This type of pump may be operated dry for limited periods.

1.2.5.4 Externally Mounted Centrifugal Pumps

Externally mounted centrifugal pumps can be used for pumping TiCls
particularly if high pressures are involved and complete emptying of the

vessel is necessary.

These pumps are usually supplied via a bottom off-take connected to the stor-
age vessel.

The selection of the shaft seal is very important for this type of pump and should
be made in conjunction with the supplier. Note: seal-less / magnetic drive
pumps are the preferred option.

This type of pumping system should include remotely operated suction and
delivery valves, in addition to manual isolation valves, to enable shut down of
the system in emergencies.

It should be noted that certain types of centrifugal pumps must not be run dry.
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1.2.5.5 Pumps must be completely dry before use and should be stored
under dry conditions. It is recommended that all openings should be sealed to
avoid ingress of moisture prior to installation.

1.2.5.6 Care in preparation for pump changes is essential to avoid liquid TiCla
being retained in the pump and pipework systems. Maintenance
preparation procedures should ensure the pump and pipework are completely
drained. Where appropriate a vent system to a scrubbing unit should be
provided to avoid release of gaseous titanium tetrachloride to atmosphere. All
personnel should be protected from exposure to gaseous TiCls by the use of
appropriate respiratory protective equipment (R.P.E.).

1.2.6 Safety/Security Equipment

1.2.6.1 Systems capable of being operated from safe locations accessible
under all conditions should be provided to stop transfer of TiCls in an
emergency. These will include facilities for stopping pumps and operating re-
mote actuated valves as referred to in paragraph 1.2.5.4.

1.2.6.2 Facilities should be readily available for the application of vapour sup-
pressing substances to spillages of TiCl4. Substances which can be used in-
clude foam and paraffin oil. Further information can be obtained from TiCls
manufacturers.

1.2.6.3 Water supplies, capable of providing sufficient volume and pressure
of water to enable the emergency services to set up water curtains, which will
help to minimise the downwind concentration of HCI, could be located around
the storage facility. Training in the use of such equipment is vital, and this
aspect of emergency procedures should be discussed in advance with the
emergency services.

Note: Directing the water curtain onto a pool of TiCls will increase the
generation on fume. Therefore it is very important that the position of any
water spray system is carefully considered.

1.2.6.4 In cases where the storage area is not subject to regular visits by
operating personnel warning of TiCla emissions may be given by the
installation of HCI detection/alarm systems placed around the storage area
and/or CCTV.

1.2.7 Vent Disposal Systems

1.2.7.1 Installations handling TiCls should include suitable equipment for han-
dling and disposal of fugitive emissions of TiCls vapour. This equipment can
also be used for the disposal of vapour containing TiCla which is
displaced from vessels or transport containers when they are being filled or
which arises from the use of purges on instruments etc.
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1.2.7.2 Suitable methods of disposing of TiCls vapour include scrubbing
systems with recirculating HCI followed by scrubbing with a caustic solution to
prevent HCI emission to the atmosphere. Further advice is available from TiCls
manufacturers.

Note: Pipework design should prevent reverse flow of scrubbing liquid to the
tank.

1.2.7.3 Arrangements must also be made for ensuring that when liquid is
removed from a vessel or storage container the gas replacing it is completely
dry. This may be achieved by the use of dry inert gas such as nitrogen or
atmospheric air, which has been dried to a dew point of below —-40°C (at
atmospheric pressure).

1.2.7.4 A dedicated fixed network of gas suction pipe to an adequate vapour
disposal system, provided with hosed couplings facilities at regular/adequate
intervals, may also help to facilitate local intervention (i.e. fo