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RIGREDEHEH 6 (European Commission Joint Research Center EMARS & V)

Accident Profile

Date/Time of Major Occurence
Start date Start time Finish date  Finish time
02/06/2006 00:00 02/06/2006 00:00

Accident Title

not given
Accident Type Reported under Seveso II status
Major Accident EU Seveso II Directive Art. 9 (Safety Report)

Industrial Activity
General chemicals manufacture (not included above)

Reason for Reporting

Accident Report

Accident description
The accident, its development and consequences

On the 2nd of June 2006, an operator was killed by an explosion in a batch reactor. At the time of the accident, he was closing the
manhole of the reactor after loading solid raw materials through the manhole. The manhole lid was blown off by the explosion in the
reactor and hit the operator in the face. The operator died instantaneous. The manhole was found several meters from the reactor. The
sprinklers in the production building were automatically activated by the fire in the reactor. Neighbouring equipment was slightly
damaged due to projectiles from the explosion. The accident had no consequences for the environment or for the surroundings.

Process description

The reactor is the first step in the batch production of polyesteracrylates. In the reactor polyols are esterificated with acrylic acid. This
endothermic reaction is operated at ambient pressure and at a temperature between 80°C and 120°C.

The process exists of different consecutive steps in different equipment (reaction, washing, filtration, stripping and concentration) and
needs many manual interventions by the operator. The installations are located in a closed building.

The accident happened in the loading phase of the reactor, which consists of:

- loading of liquid catalyst from an isobulkcontainer (IBC). It is sucked in the reactor by putting the reactor under vacuum. This is done
manually at the reactor.

- manual loading of small quantities of solid raw materials (prepared in buckets) through the manhole

- loading of solvent (toluene) from the bulk tank (controlled by DCS)

- loading of acrylic acid from a bulk storage tank (controlled by DCS).

The reaction is controlled by the process computer (DCS) through the flow rate of acrylic acid and the temperature. The operator
checks the pH of a sample of the reaction product to determine whether the reaction is completed. If so, the product is transferred to
the wash vessel and the reactor is rinced with the solvent toluene, which is afterwards also added to the wash vessel. The reaction
product and the wash toluene are transferred to the wash vessel using compressed air.

Accidents involving

2 Domino effects ¥ Natech events » Jrensboundzany #  Contractors
effects
. Release
Major Occurences Initiating Events
x
=
* Fire
Major Occurences Initiating Events

[¥1 Explosion

Major Occurences Initiating Events

X 1 1
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x dust explosion

x pressure bursr rwprure of pressure. &ysrrm}

x r.me‘ phdu_' tr.muuun L.n'p}usmn f:.)picf Lr:ar:gu Or‘ smru}

o {dust explosion

x e,\pﬂo ive n‘ﬂ:ampo:.rnon (0( uncr:r.tu’i' marenal,l
_){_ not known / not applicable

x 'pmsmre bu!i: (ruprum af pressure sysrc‘m}

X ivCE w.ﬁmur ( J’ouu mpbwm -.upf*numr wdw‘ rranrl

x water (sea, river, t'I(I

2 Other

x .w.ah.-r (sea, river, etc)

Site description

Installation/Unit description

* Storage

|__Major Occurences

x .'.fa-,mburaan 350 uwd f:mf on- site of rrmrr:r.rnfruru?

sociated (stockholding, etc. on-site of
manufacture)

Initiating Events

x gda_-.'mnunun-a sociated (not on-site of manufacture)
4 ’m}r known / not applicable
x jother

x| nrurcs-, a<snmlrmr:sfockno!dmg etc. on-site of
| manufacture)

¥ Process

Major Occurences

|Equipment Type

™ dl.mk:,li batch reaction
X rwnma.f continuous reaction

x m’m. trochemi

x inot known
X "'c'r}}mr

x ﬂﬁviu ;:H)m‘mhan: [’rrhxmg, nwnmg U’Y\h)ﬂuml} 1’{( J
x Dﬂm’r generation gburnmg f‘;ll'

)( itreating/use for treatment (-wcnnmng prp-,c:wna, ‘tr J

nat xrppnmnk:

x drmusﬂ{ activities {incinerating, nurqu :-u, }

x hear esrch.?nqc'r {ﬂom'r rt’fngeraror nmhnq L:\'rh Ni.

 reaction vns;ql; non-pressurised

Initiating Events

x 'faadmg,-'unluddlnq acrrwru_-.-; (H‘msh_-r interfaces)

X rJrPre:
_J( prnclrrlez’prpr_‘work r!dnsfur

X [vehicular transport

¥ Transfer

Major Occurences

x loading/unioading activities (transfer interfaces)
:rm:c anical transfer ri‘:)nv-wars, elc. )
ha ! transf tc.)
x|
x auam
1 apf_-hrrc/pml‘wvrk rmmrur

r;r knnwn ,-’ nor .J'Dﬂhthfr.'
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I b 1 ular transport I
Initiating Events |Equipment Type
b 4 ichemical batch reaction
comtinuous reacti
*®id activities (incinerating j, et
X e rochéemical operation
X ih exchanger (boiler ) ref et
X 1not known / not applicable
X ather
x physice |r WO .,l,' s (rmixing rystaliizing, etc.)
x ;'\‘.‘«. r generation (bur
¥ itreating/use for treatment (st W), Dreserving, &)
X Tnmpon
mm |MM Type
! ot applicable
x €
X | packaging (bagging, cylinder filing, drum filling, etc.)
Initiating Events |£qulmnm Type
X inot known / not applicable
% lother
X packaging (bagging, cylinder i drum filling, etc.)
2 Other
Substances Involved

Toluene (vapour): CAS n° 108-88-3 - R11, R20 - Seveso ca

tegory 7b
Phosphine (formed during undesired reaction) : CAS n® 7803-51-2 - R12, R17, R26, R34, R50 - Seveso named substance

Three solid reaction products (chemical identification confidential).

One of the substances is classified as R21/22 (label Xn), the two others do not present any hazard at all. Unwanted reaction between

these three substances lead to the formation of phosphine,

Substance Classification
¥ oo0. NAM!D sups*_u_ncz
x l01. VERY

02, TOXIC

TOXIC

03 ."n'n’lu' FING

04. U'.‘v

05 EXPLOSI
06, FLAMMABLE
note 3(b)(1)

.Il? b. HIGHLY FLAMMABLE - note 3(b)(2)
08. EXTREMELY FLAMM

07 @, HIGHLY FLAMMABLE

{ABLE

R50 .

DANGEROL
\' i DANGEROUS FOR THE ENVIRONMENT - RSIR53

Jl .. ;1.".'r CLASSIFK .u!hl-'\.' RIq

X-X X'X HKE XXX XXX

'J il ,;.-’\.: CLASSIFI 1?'("‘4’ R29

Substance Involved

Directly Involved

Substance (tonnes)

CAS Number

7803-51-2

phosphine
108-88-3

toluene

(tonnes)

Potential Quantity

Causes of the accident
Accident scenario & causes

Two of the three components of the fire triangle were with certainty present at the time of the explosion:

- Oxygen
The process was operated in oxygen co ing at here (

bient air), According to the company, in the initial design this was

judged to be necessary to assure the acrylic acid inhbitor to inhibit the undesired autopolymerisation of the acid,

- Flammable substance

The reactor is washed with toluene between two batches, After the washing, there are still toluene vapours present in the reactor,
Calculations performed by the company before the accident estimate the concentration of the toluene/air mixture at approx. 5 vol%.

%% 14



Given the explosion limits of toluene of 1,2 vol% and 7 vol% at ambient temperature, the reactor contained an explosive toluene/air
mixture in the gas phase when the operator was manually loading raw materials through the open manhole.

The ignition of the toluene/air mixture is most likely due to an unwanted chemical reaction between the raw materials that were loaded
manually through the manhole of the reactor. Laboratorium tests performed during the accident investigation identified a reaction
between three of the five manually loaded solids. The heat production rate is low at ambient temperature but raises rapidly from 70°C
on. At 80-100°C, a violent exothermic reaction occurs with the production of carbon oxide, carbon dioxide and phosphine. Phosphine
autoignites at 100°C. The explosion was most likely an explosion of the toluene/air mixture in the reactor, ignited by the auto-ignition
of phosphine.

Because the solid materials are added to a nearly empty reactor (contained only 100 liter of liquid catalyst), they could accumulate at
the reactor wall below the manhole. This wall is supposed to have been at a temperature around 80°C, since the previous batch was
stopped at 80°C and based on evidence that the cooling was not turned on before the operator started the loading of the next batch.
This means that the reactor wall was at a temperature very close to the start of the runaway reaction between the solids.

The company claims that the normal operation was to load one third of the solvent before the manual addition of the additives. This
would have avoided the accumulation of the solids to the reactor wall and hence the runaway reaction igniting the toluene vapour.
However the loading sequence was not clearly defined in the batch cards and instructions. Furthermore, the process computer software
was not in accordance with the sequence supposed to be followed by the operators. During the last 15 years, several modifications
were intreduced (E.g. loading the solvent in two steps to avoid splashing when adding solid catalyst and raw materials, change from
solid to liquid catalyst). As a consequence, operators often only launched the new batch on the process computer after having loaded
the catalyst and the solid raw materials. Since the cooling of the reactor is only automatically activated by the DCS once the start of a
new batch is launched on the process computer, this deviation in the loading procedure implied that the reactor was not cooled during
manual loading unless the operator started the cooling manually.

The normal sequence implies an exposure to toluene vapours when loading the raw materials during the manhole. This exposure issue
was formally identified by the company in risk and work place studies since 2001. Operators were supposed to wear breathing
protection masks, but this was not formally and strictly imposed nor supervised.

Due to the lack of clear batch cards and instructions and the lack of supervision by management, the loading sequence differed from
shift to shift and even between operators of the same shift. As for the sequence followed by the victim, some of the operators intended
to avoid toluene exposure - and thus the need of wearing a breathing mask - by adding the toluene after all the manual loading via the
manhole.

The risk study on the process was incomplete:

- not all process steps were addressed (E.g. toluene washing of the reactor between two batches)

- the explosion risk was not adequatly evaluated (only measures to avoid ignition source, no question whether oxygen was really
needed during the loading phase)

- the loading sequence was not investigated (was supposed to be correct and followed in practice)

- not all risks were identified (dangerous reactions between raw materials, use of compressed air for the transfer of solvents between
vessels).

An incident in July 2003 on a similar reactor indicated possible dangerous reactions between the solid raw materials. The follow up of
the conclusions of the incident investigation was insufficient.

A project aiming addition of all raw materials with closed systems (hoppers) and working in lean air conditions was planned for
implementation later in 2006.

The organisational changes within the company over the last years significant influenced the delay in taking technical improvement
measures. The establishment changed of legal entity mid 2004 with a view of being taken over by a worldwide group, with a freezing
of investments as a consequence. The take over in 2005 lead to significant changes on management level and staffing. The safety
management system, which was in process of being adapted to the SMS guidelines of the new group who tock over the company, did
not assure an evaluation of the impact on safety of this kind of organisational changes.

[¥1 Organizational

Causative Factor Type

* Plant/Equipment

Causative Factor | Type
M )
£
%
x
4
L
-
¥/ Human
Causative Factor Type
o id ment/system

@ :management organization inadequate
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inat knawn / not applicable

‘organized procedures

éorﬂer

EXExxx

staffing

supervision

itraining/instruction

XX XX

iuser-:m!ﬁendﬁn«ess (apparatus, system, etc.)

Causative Factor

i doming-effect from other accident

\establishment safequarding/cecurtty deficlency

inatural event (weather, temperature, earthquake, etc.)

inot identified

:not known / not applicable

ruck by object

ansport accident

:utilities faifure (electricity, gas, water, steam air, elc.)

¥ Other

Consequences
1 dead

Affected Area: Affected Area: installation

Quantity |Quantity/Effect

‘Establishment Population: 1

X At risk

;.wlmmﬂm

X iFatalities

T pond/lake

. rver

freshwater: stream/tributary

inland: arable land/crops/vineyards/orchards

grassiand/pasture/meadow

marsh/reedbeds

iniand.: metropolitan development

infand: mooryheathland/upland vegetation

: parkland/commoniand

rural develppment
: urban development

woodland; predominantly or totally natural

: woodland; predominantly or totally plantation

offshore: estuary

Mfshore: saline lagoon
ioffshore: sea/seabed

:0ther

{3€3€13¢13¢1 3¢ (3¢ [3¢] 3¢/ 3¢ 312 12¢ 3¢ 3¢ [ [ 3¢ 3¢} 3¢ 1%
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X ishore: salt-marsh/mud-fiats

ore: sand/dunes/dune siacks
ore: shingle beach . S
: freshwater resesvoir
W;‘w;ge e — - - - - S
e EE— E —
ar: stream/tributary B .
land: arable land/crops/vineyards/orchards
e e “ < ohrenbia b AN P —
woodiand; predominantly or totally pfantation - - - - ~
e ;5!143_()( ks o it bl A st it S TN A
l‘fsé:.;:.\.re: “sahna a’ag.;:.-nnm
hore: seajseabed - - B
ot it |m-nﬂr/m
X imaterial losses I
anup, restoration costs i - -
| X iresponse, cleanup, restoration costs - -
% Disruption
On site |Quantity| Quantity /Effect
frastructure (teecommunication, roads, railways, i
Fterways, air transport & H
arby factories, offices, small shops 1 -
’Bm;mgd:r;:ﬂ_rmds ik AT p——fie B . —
L e  P— - - - = = =
= :}anﬁuf_cubhcassemmu — .- . .
mcv-;_ ﬁ-.;,-sper.afs, I.'"HI:]"U"E:"S - n B - il
| X ictiities (gas, water, electricity etc.) i B - )
off site | Quantity Quantity/Effect
X iinfrastructure (telecommunication, roads, railways,
waterways, air transport etc i
x nearby factories, officies, small shops o !
x r;earETV residences, hotels i
x_ e — — = =
X other ploces of public assemdly - o

hools, hospitak, institutions

iutilities {gas, water, efecinicidy etc.)

Emergency Response

!mwﬂm
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ambulance, etc.)

Other

x
[¥] On-site systems drenching systems (water sprays, monitors, etc.); internal emergency teams (fire,
X
*®

o, ]

tity |Quantity/Effect

«

X Decontamination
X

Theme of the Lessons Learned
X icaus
X iCauses nan .

[¥] Causes - Organisational
X iCauses - Plant/Equipment
) Emergencv Response
X Othe

Lessons Learned

Lessons learned:

All process hazards, including all possible dangerous Interactlans between chemicals, should be identified. Risk studies on batch
processes should consider all process steps and conditions. M es 1g the existence of an explosive atmosphere should
always have priority to measures preventing the ignition of that atmosphere. Loading of products through an open manhole into
flammable atmosphere is not good practice. Recommendations of risk studies and Incident investigations need to be followed up
systematically. The safety responsibilities and duties of management should be clearly identified. Work instructions should be clear and
periodically reviewed and actualised. The process control system should correspond to the intended process method. All changes to the
process and process working methods should be evaluated as to their impact on safety (management of change procedure). The
management of change procedure should also address changes in organisational structure or in staff.

Actions taken/imposed:

The lean air project was implemented before restartup of the production lines. Other processes involving opening of manholes where
identified and were only accepted to start up again if no flammable substances were involved.

Raw materials are added via closed systems. Buckets are replaced by closed recipients.

All process risk studies will be revised and completed within a short time period. Priorities for the risk analysis program were made
based on hazard potential of the processes involved.

The adaption process of the safety management system to the guidelines of the new group is accelerated and expected to be complete
before the end of 2006, correcting at the same time the shortcomings identified in the accident investigation.

Management will be instructed on safety responsibilities and duties.

Attachment Section

File Name Description

Explosion dans un rimacteur batch
- Explosie in een batchreactor
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