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Titanium Dioxide- The Chloride Process HSE

T|O2 (Ore)+ 2CI |mpur|t|es - TiCl, + CO, + impurities

Ticl, + 20, > TiO, + 2CI, |8

© Crown Copyright, HSE 2019



= 1=

Plant Schematic HSE
Unit 200
Chlorinator Condensation
Trains
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Unit 600 Gas Scrubbing Train,
Ll % Thermal Converter and Stack
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Plant Schematic HSE
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Plant Schematic
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D650
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Two of the Investigation Challenges HSE

Only residual amounts of TiCl, are expected to be in the
gas stream when it enters D650 and it was evident early
on in the investigation that an unknown amount of liquid
TiCl, had entered the vessel resulting in a violent reaction
and causing catastrophic failure

® 15t Challenge was to find out how the liquid TiCl, had
passed over from the condensation train and why it
had failed at that particular time

® 2nd Challenge was to understand if the white cloud
which left site posed a risk to members of the public
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So why did Vessel D650 fail...? HSE

“Unexpectedly large volume of TiCl, reacted
at once”

The Reaction:

TiCl, + 2H,0 = TiO, + 4 HCl
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Second example of
violent reaction between
TiCl, and water

21st March 2011




Pressure Increases

HSE

2ml HCl into 10ml TiCl4
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® Pressure rise 0-1 bar about 400ms

® Final Pressure 3.13 bar

® 1.3 bar could be from hydrochloric acid

Pressure transducer
and guard

Pressure equalising loop

Bursting disc assembly
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So why did Vessel D650 fail...? HSE

“Unexpectedly large volume of TiCl, reacted
at once”

Where did the TiCl, come from?
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Unit 200 Condensation Train HSE
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] VS @ Unit
© 5 T O 600and
=0 @O Vessel
D650
5 L Ll
= @
= ol Barometric legs allow liquid TiCl4
© 38 to drain to holding tanks
Offgas pipe line
carries the gas stream
| — from Unit 200 across a
Re-circ road and into Unit 600
Circuit to be progressively
scrubbed before
dischargeto
/ atmosphere. Vessel
BIG D650 is the first vessel
TRAIN the gas stream enters
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HSE

CONDITIONS WHEN WARM UP IS

STOPPED PREMATURELY ON

4 MARCH AT 00:50

Chlorinator

Re-circ
Circuit

Brine Cooled

; Condenser

22:40 Barometric legs are opened allowing liquid
drain from condensers but temperature still rises

New upper operating limit of
-59 is reached and warm up is
stopped prematurely

Unit
600

G | Demister

TiCla to

Line is now full
of liquid TiCl4

which remains in
situ after shut
down and an
unknown amount
of liquid TiCl4 has
entered vessel
D650
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Significant quantities of

CONDITIONS DURING THE DAY Water and brine off to enable repair TiCk enter D650.
Unknown quantities of

SHIFT 4 MARCH water are added tothin

down the contents
Unit
600

S
©
£
S
K
U —_——
Following shut down
purge gases remain
on throughout the day
shift. The hot gas
Purge gases are . stream entrained with
added from Re-circ TiCl, pushes unknown
various sources Circuit amounts of liquid TiCl 4
and become that has collected
saturated with within the line into
;':}CM ash ttr;]ey pass vessel D650
rough the
system
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So why did Vessel D650 fail...? HSE

“Unexpectedly large volume of TiCl, reacted
at once”

How did the TiCl, arrive and cause the
vessel to fail?

Two options
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Gas flow from Unit
200 enters S650 Gas flow exits to
where high speed D651
D650 mixing takes place /_I'" __\\ H S E
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Liquid heel

(aqueous HCL ) in
bottom of D650

is recirculated  to T~

sprays via pumps \\ ______
Dump valve operates \\L ’_/

automatically to take Water added to
liquid out of system D650 via

when the heel i_n D650 common feed
reaches a certain level

Pump  G650B Pump  G650A
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Pump Bolts HSE
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Foam

HSE Science a

formation: 500ml cylinder

Titanium tetrachloride
added down side of
cylinder

500ml measuring cylinder
Internal diameter 48mm

Thermocouple group,
2cm apart vertically,
wrapped in PTFE tape.
Bottom in liquid, next
one above liquid

37% Hydrochloric acid,
preheated to ca 35°C

Cross shaped
magnetic stirrer bar

t, HSE 2019




Example of crust formation

Addition of TiCl, to HCI

13th December 2010




Foam formation: 500ml cylinder HSE
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B0 —— Bem above
A5 —— 4cm ahove fm ’ g ¥ A
50 —— 2cm ahove \ i \ff\
— Liguid \ -\\/
43 — Ambient
Q o \VWWN Titanium tetrachloridle \
235 Mep e e addtion
= @ e r
= 30 e e
L o £3% hads Vo4
Nt /w \N\xw'%. X : N’“M». J /
25 g S —
S—— e e N e ! e
g N“.mm}& i
o e s
15 A s R L X S AR oo
1 U T T T T
0 A00 1000 1500 2000 2500
Time (s)

© Crown Copyright, HSE 2019




Foam formation: 500ml cylinder
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HSE

Temp (C)

MIC Expt Book 1 p 17

Water additions
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Subsequent sequence of events HSE

® \Warm-up / Start-up continued on 5% March

® |ess than optimal conditions in D650
— Blockages / Twaddle Readings

® Additional water added to dilute the scrubbing
mixture

® Pump stopped to clear sampling ports

® Pump turned back on

© Crown Copyright, HSE 2019
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Subsequent sequence of events HSE

® Fume seen from pump

® Decision to switch over to auxiliary pump

VESSEL RUPTURED

® Rescue of injured

® COMAH Emergency plan initiatied
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Subsequent consequences HSE

® Harm to people

® Dense white cloud left site, closing Humber to traffic

® Company submitted guilty pleas (to all three
charges) in May 2016
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Generic Lessons HSE
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Questions: HSE
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