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Accidents due to chemical runaways ()

i‘ﬂ!t!’ﬁ ‘

L

Sources: CSB report T2 laboratories, Currenta, https://www.eti-swiss.com/internationales-2/chemikalien-konventionen/basler-konvention/, getty Images/A
https://www.downtoearth.org.in/health/bhopal-38-years-ago-while-the-world-slept-its-worst-industrial-disaster-unfolded-in-the-heart-of-india-68232
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https://www.eti-swiss.com/internationales-2/chemikalien-konventionen/basler-konvention/

Goals Chemical Hazard Assessment o)

» Collection of data - Goal 1 » Reactivity (synthesis and side/decomposition reactions)
* Properties of chemicals

T
Secondary
6 @ % Reaction
Main Reaction
MTSR
* Interactions
TP
ACETIC ACID, GLACIAL Norma|

P Compatible [ crone brocess Cooling failure

Caution [ Caution []

Flammable Explosive

Generates gas Unstable whan heated alcohols and
Alechels and Paolyal G zes heat

senean s ]nEtr;s':z ::' ei;los've reaction [tz A Temperature

Polymerization hazard
Conjugated Disnzs () Compatible 0 c ible O c ible O Conjugated Dienes (B)
DICHLOROMETHANE Compatible [ ¢ ible 01 c ible B c ible DICHLOROMETHANE
Esters, Sulfate Esters, Compatible O C ible O C ible O C ible O Compatible O Esters, Sulfate Esters, TDZ4
Phosphate Esters, Phesphate Esters,
Thiophosphate Esters, 2nd Thiophosphate Esters, and
Borate Esters Borate Esters

Caution [0 Caution O C ible O C ible O Compatible O Compatible O

Generates gas Unstable when heatad
ISOPROPANOL Generates heat MTT

Intense or explosive reaction

Polymerization hazard

Tprocess —_— —— - ——— [r—
Reference: Cameo Criticality Index: 1 2 3 4 5

Reference: Stoessel, Thermal Safety of Chemical Processes
EPSC Barcelona - CHA 2024-12-2



Goals Chemical Hazard Assessment )

« Collection of data -> Goal 1 « Reactivity (synthesis and side/decomposition reactions)
* Properties of chemicals

T T;

SOOPOOODD —

Caution [ Caution []
Flammable Explosive
Unstable when heasted |
Alcohe d Polyols Alcohols and
Alcohols and Polyols pe] A Temperature
Conjugated Dienes (@ Compatible O Compatible O Compatible O Conjugated Dienes (@
DICHLOROMETHANE Compatible O Compatible O Compatible O Compatible O E AT TR
Compatible O Compatible O Compatible O Compatible O Compatible O Esters, Sulfa TD24
Bhesphats E:
MTT
— MTT
Caution [0 Caution O Compatible O Compatible O Compatible O Compatible O
Flammable Explosive MTSR MTSR MTSR
G tes gas Unstable when heatad
ISOPROPANOL G tes heat
I sxplosive reaction MTT
Polymerization hazard
Tprocess
Criticality Index: 1 2 3 4 5

EPSC Barcelona - CHA 2024-12-2 6



Chemical Hazard Assessment - Steps

1. Data Collection

2. Data Interpretation

3. Safety concepts, safe limits
4. Transfer of information

5. Life cycle — Update information

EPSC Barcelona - CHA
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Example: Drying of NaDCC dihydrate

Anhydrous sodium
dichloroisocyanurate

Sodium
dichloroisocyanurate .
Process Information: dihydrate Drying
v o
Drying in a fluidized bed dryer (NaDCC dihydrate) @ 120°C
l Water
H_ _H
o
Cl o
_ | |
. N N ‘N NN L°
(o} , , ‘ Dehydration
! | —_— | |
N - N N
|C| cl Na* \C/ “\.CI
o [

Sodium dichloroisocyanurate dihydrate
C,;H,CLN;NaO;
CAS Number: 51580-86-0

EPSC Barcelona - CHA

Sodium dichloroisocyanurate
CsCl:NsNﬂOs
CAS Number: 2893-78-9

Source: https.//www.csb.gov/optima-belle-explosion-and-fire/

(NaDCC)

»

Water
H,0O
CAS Number: 7732-18-5

2024-12-2



Chemical Hazard Assessment - Steps

1. Data Collection

2. Data Interpretation

3. Safety concepts, safe limits
4. Transfer of information

5. Life cycle — Update information

EPSC Barcelona - CHA 2024-12-2 9



Example: Drying of NaDCC dihydrate

Collecting information on starting material and finished product

NaDCC dihydrate NaDCC
EUHO31: contact with acids liberates toxic gas EUHO31: contact with acids liberates toxic gas
Decomposition T > 240°C Decomposition T 240°C — 250°C

Data from Gestis (https://gestis-database.dguv.de/)

EPSC Barcelona - CHA 2024-12-2 10



Example: Drying of NaDCC dihydrate

Evaluation of drying conditions

 Grewer measurement

EPSC Barcelona - CHA
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Example: Drying of NaDCC dihydrate

« NaDCC dihydrate Grewer

200-| Grewer dyn. up to 350°C, 8ml wire basket
Sample: Natriumdichlorisocyanurat Natriumsalz Dihdrat
{ Sample preparation: tested as delivered
150+
)
< 100
|_
&) |
Q‘nd 349.6 (°C)
50- PEar Maximum: 263 (°C)
Peak Height: 225 (°C)
g \_/\/ .
T T T T T T T T T T T
50 100 150 200 250 300 350

Reference Temperature (°C)
S23-MUSTER-01-A-DY N-350°C.G01

« NaDCC Grewer

150+

100

DT (°C)

50+

$§23-MUSTER-02-A-DY N-350°C.G01

Grewer dyn. up to 350°C, 8ml wire basket
Sample: Natriumdichlorisocyanurat
Sample preparation: tested as delivered

W 7

Qs aDawsa o
PeaRMaximum: 261 (°C

Peak Height: 186 (°C)

50

T T T T T T T
100 150 200 250
Reference Temperature (°C)

Confirm decomposition temperature ranges mentioned in Gestis (or other MSDS)

EPSC Barcelona - CHA

T
300

T
350
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Example: Drying of NaDCC dihydrate

Assessing decomposition:

DSC Calvel Calorimeter C80 ARC

EPSC Barcelona - CHA 2024-12-2 13



Example: Drying of NaDCC dihydrate

« NaDCC dihydrate DSC

Aexo

Sodium dichloroisocyanurate dihydrate (1)

07.12.2023 07:06:00

« NaDCC dihydrate C80

Performed 24.11.2023 10:31:33

ntegra
normalized
eak Height
eak

Extrapol. Peak
Peak Width
|eft Limit
Right Limit
Heating Rate

Sample: Sodium dichloroisocyanurate dihydrate (1), 4.0550 mg

Experiment: Sodium dichloroisocyanurate dihydrate (1), 24.11.2023 06:57:30

Sample Holder: HP Gold Plated 20ul (M20) neu_500C, 996.7580 mg (961.3250 mg) Integral 2996.22 mJ
Remarks: closed under air normalized  738.90 Jg/-1
Peak Height 2.36 Wgn-1
Peak 301.00 °C
Integral 299.82 mJ Extrapo!. Peak 313.32 °C
normalized ~ 73.94 Jg/N-1 Peak Width 14.84 °C
Integral 2 Peak Height  0.16 Wgh-1 Left Limit 262.45 °C
normalized 6 Peak 224.14 °C Right Limit ~ 376.16 °C
7, PeakHeight 2. Extrapol. Peak 223.69 °C ] Heating Rate ~ 4.00 °Cmin~-1
Peak 1 Peak Width  33.66 °C /
Extrapol. Peak 1 Left Limit ~ 186.78 °C ;
Peak Width 1 , Right Limit  238.30 °C
A L?ft Limit i Heating Rate  4.00 °Cmin”-1
g™-1 Right Limit 188, “
Heating Rate 4. in- A

-255.25 mJ
-62.95 Jg~-1
0.57 Wg~-1
83.18 °C
83.31°C

5.29 °C

62.00 °C
90.67 °C

4.00 °Cmin~-1

2nd run

20 40 60 80 100 120

Module: DSC 3 /700/842, 05.04.2017 12:59:04

140 160 180 200 220 240 260 280 300 320 340 360 380 °C

TUV sUD Process Safety

STAR® SW 15.00

 Total of 1500 kJ/kg decomposition energy

» Decomposition measured from ~90°C

EPSC Barcelona - CHA

Pressure (Bar)

3004

2504

2004

160

1004

100

=

r3'e00

dPressure (Bar/min)
. IS
=

Heat: -396.7 ()]
Mormalized: -1518 9 (J/g)
T 93 and 158 (°C)

Peak Maximum 125 (°G)

Heat: 47 ()
Mormalized: 18,0 (J1g)
T 81 and 90 (°C)

Peak Maximum. 85 (°C)

F2ono

F2'500

F2'000

F1ano

F1'ooon

rs00

T T
160 200
Sample Temperature (*C)

T
250

HeatFlow (myg)

* Important pressure increase

« Total of 1500 kJ/kg decomposition energy

» Decomposition measured from ~90°C

2024-12-2
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Example: Drying of NaDCC dihydrate

« NaDCC dihydrate ARC (pseudo-adiabatic — Heat-Wait-Search)

250 200
1 —Temperature [°C]
1 ®=51() ——Pressure [para] | 180
200 : ATexpected = 300 K 160
- 140
$) 1 —
. 150 120 o
o : 3
= 2,
2 )t - 100 @
0 ?
Q. ° N
E 100 Onset : 80°C 80 o
- o
/_/_/_/—/—/ \ B
50 L\ —— 40
1 K
;/—H s
I —
0 P————————— L e B e e B LI e S S S S BN B S 0
0 100 200 300 400 500 600
Time [min.]

~ 50% of the overall event could be measured

EPSC Barcelona - CHA 2024-12-2



Chemical Hazard Assessment - Steps

1. Data Collection

2. Data Interpretation

3. Safety concepts, safe limits
4. Transfer of information

5. Life cycle — Update information

EPSC Barcelona - CHA
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Safe limits and effects

Distillation

Normal process

Amount More/less/none
Concentration More/less
Substance Other
Temperature More/less
Pressure More/less
Time Early/late/

too fast/too slow
Mixing No/less/more
Sequence Wrong (B before A)
Transient Start/stop
Other

EPSC Barcelona - CHA 2024-12-2 17



Safe limits and effects

Amount More/less/none
Concentration More/less
Substance Other
Temperature More/less
Pressure More/less
Time Early/late/

too fast/too slow
Mixing No/less/more
Sequence Wrong (B before A)
Transient Start/stop
Other

EPSC Barcelona - CHA 2024-12-2 18



Safe limits and effects 2 reactivity

Amount More/less/none
Concentration More/less
Substance Other
Temperature More/less
Pressure More/less
Time Early/late/

too fast/too slow
Mixing No/less/more
Sequence Wrong (B before A)
Transient Start/stop
Other

EPSC Barcelona - CHA 2024-12-2 19



Safe limits and effects 2 reactivity

D@

Amount More/less/none

Concentration More/less _—

Temperature More/less
Pressure More/less
Time Early/late/

too fast/too slow
Too long/too short

Mixing No/less/more
Sequence Wrong (B before A)
Transient Start/stop

Other

EPSC Barcelona - CHA 2024-12-2 2
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Example: Drying of NaDCC dihydrate

Safe limits and effects
1. Assess normal process conditions
» Severe decomposition (temperature increase > 1000°C)
* In an open system (e.g. fluidized bed dryer) > maximum drying temperature ~ 120°C

2. Assess response of process to deviations
» Closed system, layers of products:
— decomposition with high severity (T and P) and T,,~20°C (very high probability)
— Violent gas production - pressure relief might be difficult
« Temperature too high: Gas production around 100 I/kg (in open system @ 350°C)

EPSC Barcelona - CHA

2024-12-2
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Chemical Hazard Assessment - Steps

1. Data Collection

2. Data Interpretation

3. Safety concepts, safe limits
4. Transfer of information

5. Life cycle — Update information

EPSC Barcelona - CHA

2024-12-2
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Example

Process Information

Sodium
dichloroisocyanurate . Anhydrous sodium
dihydrate Drying dichloroisocyanurate
" @ 120°C >
(NaDCC dihydrate) (NaDCC)
l Water

2-inch sample
— === valve

Process conditions for fluidized bed
Company looking for third party to dry NaDCC

o atmosphere

Ly Vapours to

dihydrate
Steam or i Double cone
* Option found: rotary double cone dryer (pressure cooling water. L] _dryer
equipment) /

EPSC Barcelona - CHA

Tests directly in 4m3

r
Hastelloyf’
276’

~7  inch reducing
valve

Source: https.//www.csb.gov/optima-belle-explosion-and-fire/

tank, eductor
and scrubber

2024-12-2 23



Example: Drying of NaDCC dihydrate

120

* Process Data Batch 1

Interruptions: taking

10 % samples

80 g

\
Wl

60

Temperature [°C]

Condensate
40 «+—inthe jacket

./"/
20—
Figure 2. Optima Belle's rotary double cone jacketed dryer. (Credit: Optima Belle)
O |
2 3 £ 5 6 7 8
Time
—Temp. [°'C] ——Steam [%] ——Pressure [barg] —pH

EPSC Barcelona - CHA Source: https.//www.csb.gov/optima-belle-explosion-and-fire/

14

12

10

[0))]
Pressure [barg] / pH

10

2024-12-2
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Example: Drying of NaDCC dihydrate

120 14
* Process Data Batch 1
oo ——Expected T Water contenttoo 12
increase high
/ 10
80 d
) 8 5
2 < ¥
E 60 \ 6 =2
2 Black 5
= particles 4 £
40 — |
7
/ 2
/‘/
20—t |
0
Figure 2. Optima Belle's rotary double cone jacketed dryer. (Credit: Optima Belle) B
0 — 2
2 3 4 5 6 7 8 9 10
Time
—Temp. [°'C] ——Steam [%] ——Pressure [barg] —pH

EPSC Barcelona - CHA Source: https.//www.csb.gov/optima-belle-explosion-and-fire/ 2024-12-2
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Example: Drying of NaDCC dihydrate

120 pH drops **
* Process Data Batch 1 / 5
100 —-"“""=\
10
80
o _/"‘/—/ 8 5
2 60 : 6 =
g Tincrease ¢
£ 2
k2 s &
40 ~— |
7
/,/ Stop Vacuum ,
| St B S | IS Spstean ||
e # . o
Figure 2. Optima Belle's rotha.ry double cone jacketed dryer. (Credit: Optima Belle) \N] ”
0 d 0L : : L -2
2 3 4 5 8 9 10
Time
—Temp. [°'C] ——Steam [%] ——Pressure [barg] —pH

EPSC Barcelona - CHA Source: https.//www.csb.gov/optima-belle-explosion-and-fire/ 2024-12-2 26



Example: Drying of NaDCC dihydrate

120 14
* Process Data Batch 1 .
100 A——
10
80
T
S - ¢ =
v L B
3 [12]
E 60 6 =
a b
o S
- a
a
/‘/ 2
./‘
20—t
" 0
L
Figure 2. Optima Belle's rotary double cone jacketed dryer. (Credit: Optima Belle)
0 i 1 - -2
2 3 4 5 6 7 8 9 10
Time
—Temp. [°'C] ——Steam [%] ——Pressure [barg] —pH

EPSC Barcelona - CHA Source: https.//www.csb.gov/optima-belle-explosion-and-fire/ 2024-12-2
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Example: Drying of NaDCC dihydrate

» 8th December 2020 Investigation Report

. s . .. . i i £ SAFETY ISSUES:
* One employee fatally injured, two others respiratory irritation -~ 62 PN SRR ¢ o= knowedee
* Debris found ~ up to 800 m away from the site > 5 h. Y ;e

Design

» Tolling of Hazardous
Materials

» Regulatory Coverage of
Reactive Hazards

Source: CSB investigation report July, 6, 2023
«Fatal Chemical Decomposition Reaction and Explosion at Optima
Belle LLC»

EPSC Barcelona - CHA 2024-12-2
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Example: Drying of NaDCC dihydrate

Explanation
* Double cone dryer: closed system
« While vacuum was applied, decomposition gases were removed

« Atmospheric conditions: decomposition gases do not escape and accelerate the decomposition (autocatalytic behavior)

"Slow"
NaO N O
N/ \( 2 H,0 Decomposition products *  Cla  ©  H0
Cl~ F ~ClI
redox
‘ Very fast
Acid-promoted HClI * HOCI

~_

EPSC Barcelona - CHA

2024-12-2
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Example: Drying of NaDCC dihydrate

Conclusions made based on the example
» Chemical Hazard Assessment is key
 Before introduction of a process into a plant - even for processes without a synthesis reaction
» To gather relevant data for a process and define safety concept and safe limits of a process
» Required data might be process dependent - difference «open» drying vs «closed» drying
« Are mostly installation/scale independent

EPSC Barcelona - CHA

2024-12-2
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CHA good practice

1. Data Collection

2. Data Interpretation

3. Safety concepts, safe limits
4. Transfer of information

5. Life cycle — Update information

EPSC Barcelona - CHA

2024-12-2
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Multipurpose equipment @ J&J Pilot plant scale

* From lab scale to chemical plant: 10 L - 6000 L
* No dedicated equipment
* 1 plant for multiple chemical processes

1 HAZOP for the equipment and multiple chemical
hazard analyses (CHAs)

Waste treatment
included

Lab scale

J&J Innovative Medicine 32



Risk Analysis @ JNJ

Hazard and Operability Analysis

When? @ installation of new equipment

Focus Capabilities of equipment
with worst case chemistry

Responsible Chemical plant

Redo Changes in equipment and
worst-case chemistry

J&J Innovative Medicine

Chemical Hazard Analysis

@ introduction of new chemical

process

Chemical reaction

Development

Changes in chemistry

Process Hazard Analysis

@ introduction of new chemical

process

Capabilities of the plant

Chemical plant

Every 5 years, review (PHR) and
changes in chemistry and plant



Process Safety Center - PSC

Therapeutics Development & Supply

I—> Chemical Process R&D
I_V Technology & Engineering

I—} Process Safety Center

Center of Excellence for safety testing and advice

To avoid ...

Lab scale -
peroxide chemistry

Powder unit plant -
thermal decomposition

' ici f sticky powd
J&J Innovative Medicine of sticky powder

Waste treatment —side product
from Suzuki reaction

34



Safety testing at PSC

A large battery of tests available:

Thermal Stability

e DSC

* Open Vessel (gas)

* Grewer + AlT powders

e Thermogravimetry — mass spectrometry (TG-MS)
* Thermal Screening Unit (TSU + Phitec )

* AKTS thermal stability

Explosive Properties

* Shock Sensitivity (screening)

Calorimetry

* Reaction Calorimetry (RC1)
* Phi-Tec Il (Adiabatic Calorimetry)

J&J Innovative Medicine

AIT: Auto-ignition Temperature

AKTS: Advanced Kinetics and Technology Solutions

DSC: Differential Scanning Calorimetry

Flammability

* Burning behavior
* Flash point
* Auto Ignition Temperature liquids (AIT - screening)

Conductivity

* Liquid conductivity

Dust Explosion Characteristics *



Process safety: A Risk based approach

Lab Scale - — — Pilot Plant > - — Chem. Prod.

<10L

* Screening Thermal stability

* Shock sensitivity

e Theor. Evaluation

e |dentification critical reactions

* Risk evaluation (CHA)

J&J Innovative Medicine

<1600 L

* Adv. Thermal stability
*  Compatibility

*  Flammability

e Calorimetric studies

» Safety advice

* CHA

Higher Risk, more testing

+ 6000 L

Dust explosion-characteristics
Ignition temperatures
Conductivity

Intro new reagents

SWIFT

CHA + PHA

)

CHA: Chemical Hazard Analysis
PHA: Process Hazard Analysis
SWIFT: Structured What-If Technique

36



‘Sample: 10773 T3063, SHANO7032 0BO28142/1/ 20,5000 mg

L4 tegral 2598.33 )
° el ame. 22 i 30350 C e
e 652
gl 1520843
efraizes 741001
o oo
Pk 98T

MTSR

Process T

CHA

Approval (Go/No Go)
for CDXP
&
Preparation PHA for
Com. Prod.

Products

Thermal stability
Explosive properties
Compatibility
Flammability

Ignition temperatures
Dust explosion
Conductivity

Processes

Calorimetry

Gas production
Runaway potential
What if scenarios

2y LEnupuvn [ ——
s e 29aa-
n scale
mole 0.06
Q heat of reaction (Heat Flux) K
1983
AH, enthalpy of reaction K/
mole 3
. 295
Peatto absorb (= dos, Heat included) 7]
Q specific heat to absorh. .
’ K/ kgsmeng
- 129,
Mean specific heat rate to absory g
’ W/ limeng
9 max
Max.specific heat rate to. absorh .
w
Aadima | adiabat - -
ic temp. rise, batch
MTSRarey :
Max. temp. syngh, React,, batch i
wTS; )
Reemitucy Max. temp. syngh, Re; N
) i - React,, semi-batch, oo
t
*Mal accumulation (€nd dosing) e
Te ’ '
%l amount gag pe, mole sm
Liter/moje

J&J Innovative Medicine
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CHA: Chemical Hazard Analysis Process

Data collection
Data interpretation
Safety concepts, safe limits

Transfer of information

A S

Life cycle — update information

J&J Innovative Medicine
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CHA: Data collection

* Chemical reaction (desired / side reactions) d’doc
* Reaction scheme (mass balance!) \NO"
* Process description
* Observations in the lab
* Calorimetry study (PSC exp)

» Safety information of chemicals (used and produced)

» Thermal stability/Shock sensitivity/Flammability Conductivity/Dust,. o -

explosion characteristics

* Compatibility chemicals and environment
* Process waste streams

» Composition / destination

* Reactivity (Hazardous properties) + chemistry

* Compatibility waste streams and environment
* Capabilities of plant

* Cooling and venting capacity
* What if —analysis

e Actions and recommendations

. . L |-|-|‘|w-‘"’-él-\-2-|-3-|‘4-\‘5-|-6-|-?‘\-8-|-D-|‘1Eh|-11-I-12‘\-13-I-14-I‘151_-16-!&!-\-I‘
Navigation voX
Search document Jepv :
- PROCESS SAFETY CHA-JSC
Headings Pages Results CHA-T004444 (JNJ-999999009-AAA) Latest update: 20240202

Ref: RT00444Plant1-01/01/A

=

1. STAGE CHA © 1. STAGE CHA *
2. IMPORTANT FINDINGS AND SUMMARY... T Transfer to Lab, date CHA-Lab approval: YY Y YMMDD

T Transfer to CDMP, date CHA-CDMP approval: YY Y YMMDD
3. HAZARD CLASS CHEMICAL REACTION » O Transfer to CDPP, date CHA-CDPP approval: YY Y YMMDD

= Transfer to JSC/BE, date CHA-TSC/BE approval: 20240202
T Other: . (specify)

For criteria for updating the CHA document_refer to attachment 15.6.

4. PREPARED BY ©

4 6. CHEMICAL REACTION
4 6.1 DESIRED PROCESS <

6.1.1 Reaction Scheme (Stoichiomet...

2. t[MPORTANT FINDINGS AND SUMMARY E L e

Process Safety¥:
» Starting materials and intermediates are thermally safe in the conditions used (even in Unintended

heating conditions)

» Limited gas evolution is observed during RC1 experiment {CO2-gas during addition of NaHCO; in
first wash in T4444 step)

o Low conductive liquids (n-heptane/2-meTHF) are used. Take the necessary precautions.

#  Product isolated as solution in ACN/water

6.1.2 Process description (step-by-st...

6.1.3 Observations during lab experi...

6.1.4 Use of special chemicals/condi...
4 6.2 SIDE REACTIONS

6.2.1 Stoichiometry of relevant side...

Lab/CDXP #:

e DIC: H330 fatal if inhaled
* 1-dodecanethiol: Corrosive , OEL 0.1 ppm

Material Compatibility #:
.

6.2.2 Knowledge of incidents/almos...

6.2.3 Lessons learned from experim...

6.2.4 Unintended heating scenaric ©

6.2.5 Material compatibility cbserva...
4 63 CALORIMETRY STUDY ©

6.3.1 Stepl: Addition 1-dodecaneth...

6.3.2 Steps 2: Dosing of DIC over 15...

6.3.3 Step 3: Dosing of 2M NaCH s...

£ A Maidralizntinm ~f et rtranne

3. HAZARD CLASS CHEMICAL REACTION *®

Hazard class *: low
Motivation: limited heat generation and gas generation. Only gas evolution in first NaHCO3 addition.

- 1191181171 16- 115 0 14 0130120102009 B T B -5 -4 32010

39



CHA: Data collection

* Chemical reaction (desired / side reactions) B
* Reaction scheme (mass balance!) \NO“d
* Process description
* Observations in the lab
* Calorimetry study (PSC exp)
» Safety information of chemicals (used and produced)
* Thermal stability/Shock sensitivity/Flammability Condu
explosion characteristics
* Compatibility chemicals and environment
* Process waste streams
» Composition / destination
* Reactivity (Hazardous properties) + chemistry
* Compatibility waste streams and environment
* Capabilities of plant
* Cooling and venting capacity
* What if — analysis

e Actions and recommendations

. . L |-|-|‘|w-‘"’-él-\-2-|-3-|‘4-\‘5-|-6-|-?‘\-B-l-D-l‘ID‘I-11-|-12‘\-13-|-14-|‘15‘L-16-|Q|-\-|‘
Navigation vooX
- . - . - [
evigation o 8. PROCESS WASTE STREAMS
Search dacument o |
Headings  Pages  Results - 8.1 Flowchart of process waste streams ®0
Ul LE3SUIS IS 11011 SAPEHIIEILS W UEVIaUIY 11 ULES .. .
6.2.4 Unintended heating scenario © - The table below is filled in with an example. Please adjust the table according to vour process.
6.2.5 Material compatibility observations at the end of a cam... -
4 63 CALORIMETRY STUDY O . Process step > Waste layer > ‘Waste layer treatment
6.3.1 Step1: Addition 1-dodecanethiol and reaction at 20 °C N CU]’IdiﬁOﬂi[}g
6.3.2 Steps 2: Dosi f DIC 15 ites at 16°C and T4t .
% % oG of D UL IS 8 18 and A . Conditioning WSI/L | solvent (ACN, 2- Add BHT
633 Step 3: Dosing of 2M NaOH solution over 30 minutes at...
: ; MeTHF)
6.3.4 Neutralization of waste streams in CDPP/JSC: Neutralizat... “ J,
4 7. SAFETY INFORMATION OF CHEMICALS (USED/PRODUCED) - -
7.1 Safety information available on PSl-net o - Reaction 1 WS2/G Off-ga's (COZ) /
7.2 Important safety information JNJ-, T- and R-numbers O - \]/
7.3 Important safety information reagents / solvents (table gener... N Separate layers (X}) WS3/LL Heptane waste /
7.4 Compatibility © "
4 8. PROCESS WASTE STREAMS N T
Solvent switch WS4/L Distillate Add BHT
8.1 Flowchart of process waste streams O w“ J- f bb d'].
8.2 Chemical compaosition of the waste streams O - WS5/G Et2NH Scrubber dil. ACOH
83 Data for destination of the waste streams © . Reaction 2
8.4 Reaction schemes for relevant chemistry during waste stream... @
8.5 Hazardous properties of the waste streams » - Separate layers WS6/L NaHCO3 neutral.
8.6 Compatibility of liquid waste streams & El
9. CAPABILITIES OF EQUIPMENT (CDMP/CDPP) O B
i Separate layers (x2) WS7/L NaHCO3 wash
10. HAZARD ANALYSES OF THE RECIPE (What-if method) = l,
11. MATERIAL COMPATIBILITY ASSESSMENT o ”
12. ACTIONS /RECOMMENDATIONS o Separate layers WSB/L NaCl wash
13. APPROVAL HISTORY o o ‘L "
14. COLOR AND © LEGEND : Solvent switchr WS9/L Distillate Add BHT~_
4 15, ATTACHMENTS . ¢ \
15.1 Flowchart destination for liquid waste -
W : ,
15.2 Flowchart destination for gaseous waste ) Separatf\layers S l OfL HCUNaCl wash /
15.3 Waste Streams Safety Assessment b1
15.4 Hazard Class Chemical Reaction B Solvent switch ———WS11/L distillate HT
15.5 Criticality of the thermal hazards of a chemical process (Prof... -
15.6 Criteria for updating the CHA-document

limited heat generation and gas generation. Only gas evolution in first NaHCO3 addition.
has a H33( sentence

£ A Maidralizatinm ~f umebn rtranne
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CHA: Data collection

* Chemical reaction (desired / side reactions)
* Reaction scheme (mass balance!) \NO
* Process description
* Observations in the lab
* Calorimetry study (PSC exp)
» Safety information of chemicals (used and produced)
* Thermal stability/Shock sensitivity/Flammability Condu
explosion characteristics
* Compatibility chemicals and environment
* Process waste streams
» Composition / destination
* Reactivity (Hazardous properties) + chemistry
* Compatibility waste streams and environment
* Capabilities of plant
* Cooling and venting capacity
* What if — analysis

e Actions and recommendations

Navigation

Navigation ~

search document

Headings Pages Results

TS o
Navigation v X
Search document P

Headings Pages Results

6.3.1 Step1: Addition 1-dodecanethiol and...
6.3.2 Steps 2: Dosing of DIC over 15 minut...
6.3.3 Step 3: Dosing of 2M NaOH soclution...
6.3.4 Neutralization of waste streams in CD...
4 7. SAFETY INFORMATION OF CHEMICALS (USEDY...
7.1 Safety information available on PSl-net ©
7.2 Important safety information JNJ-, T- and R...
7.3 Important safety information reagents / sol...
7.4 Compatibility...
4 8 PROCESS WASTE STREAMS
8.1 Flowchart of process waste streams =~ O
8.2 Chemical composition of the waste stream...
8.3 Data for destination of the waste streams ©
8.4 Reaction schemes for relevant chemistry d...

8.5 Hazardous properties of the waste streams »

8.6 Compatibility of liquid waste streams »
9. CAPABILITIES OF EQUIPMENT (CDMP/CDPP) O
10. HAZARD ANALYSES OF THE RECIPE (What-if...
11. MATERIAL COMPATIBILITY ASSESSMENT...

12. ACTIONS /RECOMMENDATIONS «

13. APPROVAL HISTORY o

14. COLOR AND © LEGEND

VA3 12 Tl 0 9 BT B 5 n A 32

X

L |-|-|‘|w-‘"’-él-\-2-|-3-|‘4-\‘5-|-6-|-?‘\-B-l-D-l‘ID‘|-11-I-12‘\-13-|-14-|‘15‘L-16-|Q|-\-|‘

8. PROCESS WASTE STREAMS

8.1 Flowchart of process waste streams

Tha '""?'EI halown in £illad i s

with e vmnenla Dlaman adisiet tha tahla maanedion fa s seansne

@0

7.4 Compatibility

A Possible reaction between chemicals

D A¥O

10

11 |

12 |

Oxyma- HC1
Heptane MBTHIF‘ B ‘DIC‘ M

1 2 [ 4
sM1 | INT1 ‘m’rz‘n\m ‘ACN‘
1 SM1
2 INTI1
3 SM2 1
4 INT2

6 Acetonitrile
7 1-dodecanethiol
8 n-Heptane
2-MeTHF
10 Oxyma-B
1 DIC 20 20 2 1
12 2M HCI 21 21 21 21 [~ 1

B Possible reactipn between chemical and environment

1 2

3

12

Metals (effect on stability),

Iike Staimloce Stool Hactollow

——

Motivation: limited heat generation and gas generation. Only gas evolution in first NaHCOS3 addition. -
DIC has a H33( sentence
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CHA: Data collection

* Chemical reaction (desired / side reactions)
* Reaction scheme (mass balance!)
* Process description
* Observations in the lab
* Calorimetry study (PSC exp)

» Safety information of chemicals (used and produced)

* Thermal stability/Shock sensitivity/Flammability Condu

explosion characteristics

* Compatibility chemicals and environment
* Process waste streams

» Composition / destination

* Reactivity (Hazardous properties) + chemistry

* Compatibility waste streams and environment
* Capabilities of plant

* Cooling and venting capacity
* What if —analysis

e Actions and recommendations

Navigatior

Navigation

search document

Headings Pages Results

e

Naviéé‘tlon

Search document

Results

Headings Pages

6.3.1 Step1: Addition 1-dodecan
6.3.2 Steps 2: Dosing of DIC ove
6.3.3 Step 3: Dosing of 2M NaOt
6.3.4 Neutralization of waste stre
4 7. SAFETY INFORMATION OF CHEMICA
7.1 Safety information available on
7.2 Important safety information JN.
7.3 Important safety information ree
7.4 Compatibility...
4 8 PROCESS WASTE STREAMS
8.1 Flowchart of process waste strea
8.2 Chemical composition of the wa
8.3 Data for destination of the wast
8.4 Reaction schemes for relevant ci
8.5 Hazardous properties of the was
8.6 Compatibility of liquid waste str
9. CAPABILITIES OF EQUIPMENT (CDMI
10. HAZARD ANALYSES OF THE RECIPE
11. MATERIAL COMPATIBILITY ASSESSh
12. ACTIONS /RECOMMENDATIONS o
13. APPROVAL HISTORY o
14. COLOR AND © LEGEND

&2 AR~

141 ‘151_-16- A

9. CAPABILITIES OF EQUIPMENT (CDMP;@DPP) ®9¥0
Maximum temperatures (from process description) @ °c
— Process 40 ®0
— Evaporation 60 =
—  Drying 40
- Distillation SL¥O
Can the reactor be overfilled? # no
—  Max volume reaction mixture in process 1450 L \{B;HIF i Ox:]%fm_i DIIIC i }ié ‘
- Volume reactor 1600 L
Combination risks fo be expected? # ¥ no
- Heating/cooling medium (Shellsol/ Therminolwater,...) no
— Condenser fhud no
—  Standard inertization sufficient? Yes
Is the temperature class of the installation sufficient? # Jes
— Lowest AIT (solvent/reagent) see paracraph 7.3 230
— Required temperature class of the installation for this process T3 ]
Could the design temperature of the reactor be exceeded? # no
—  Max. design temperature: ... °C | MISRbatch= <25 °C # .
Could the desipn pressure of the reax:wrheem:eyled‘r( no [~ 1
—  Max. design pressure; ... bar / Max. gas rate = <DL m'/h % >
—  Safety valve needed? (rupture disk / pM? valve/..) no S (S TREET
Ts the process temperature < room temperature? & yes — j | 16
~ Is the reaction mixture stable at room temperatura? yes
- Is deep cooling neaded? no
Are toxic chemicals used that require registration (1)? # no I '
no

— Are chemueals with H340-H350-H360 or Cyano-compounds

used? (For H-sentences, see paragraph 7.3)
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CHA: Data collection

* Chemical reaction (desired / side reactions)
* Reaction scheme (mass balance!) \NO
* Process description
* Observations in the lab
* Calorimetry study (PSC exp)
» Safety information of chemicals (used and produced) |
* Thermal stability/Shock sensitivity/Flammability Condu
explosion characteristics
* Compatibility chemicals and environment
* Process waste streams
» Composition / destination
* Reactivity (Hazardous properties) + chemistry
* Compatibility waste streams and environment
* Capabilities of plant
* Cooling and venting capacity
* What if — analysis

e Actions and recommendations

(8-90¢

Naviaatinr 0 CAPARILITIES NF EOITPMENT (CDMPACDED

141 ‘151_-16- AT

Shorter/longer

workup
Longer: no safety issue, RM stable at 60 °C (Q?)
Slower: no safety issue

10. t[{AZARD ANALYSES OF THE RECIPE (What-if method) *¥01 80
Step Product / Item Deviation Discussion Action
(more/less/none) nr
(higher/lower)
(faster/slower)
(shorter/longer)
1 Conditioning of equipment No No conditioning: no safety issue
2 Inertization No No: potential explosive atmosphere
3 Add to reactor at once No No: high exothermicity without solvent! X
SOLVENT (775 KG) More/less More: (= diluted): no safety issue
Less: less solvent to capture heat generation = runaway?
cooling capacity in the plant?
4 Start stirring, rpm: 70 t./min No No: hot spots during addition of reagent B
5 Add to reactor at once No No: no safety issue: no reaction, reagent B is stable at 60 °C
REAGENT A (20 KG) More/less More: no safety issue, reagent A is stable at 60 °C
Less: no safety issue, reagent B is stable at 60 °C
6 Heat to 60 °C (0.5 °C/min) No No: no safety issue
Faster/slower Faster/slower: no safety issue
Higher/lower Higher: no safety issue up to 100 °C (RM is thermally stable at 100 °C)
Lower: no safety issue
7 Dose to reactor at 60 °C, over 30 minutes | No No: no reaction, reagent A is X
REAGENT B (30 KG) More/less More: 1s5ue, reagent B is stable in RM at 60 °C
Faster/slower %: no safety issue, reagent A is stable in RM at 60 °C
Faster: higher exothermicity & faster gas evolution = simulation of >
ooling & venting capacity needed in the plant
Mo safety issue
8 Stirring at 60 °C for 2 hours No No/Shorter: N0 Safesy-issue_reaction not completed no-isswesMiring

used? (For H-sentences, see paragraph 7.3)
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CHA: Data collection

14. ¥ COLOR AND © LEGEND

@ Process Owner Chemical Process R&D
% Process Safety Center (PSC)

# Plant Engineer
# Material Compatibility Expert

“.# Minimum requirement Lab

O Minimum requirement CDMP
© Minimum requirement CDPP
@ Minimum requirement JSC/BE

7.2 Important safety information JNJ-, T- and R-numbers Q¥
3]
g = k=
] 2 22 | € % |3
8 &n g R~ = @ = 2
JNJ-, T- or R-number bt g =3 Iy o 9 B g
80 |EC |zO 7 = 2 g g -
- & | & 2 i g g 2
@ g @ g @ g © @] 6 .JI rﬂ H [ﬁ
@ [F) [F)
SLISL |52 |5 |5 [& |§ |4 |&
* 2 * 2 * 2 * *
Starting Material 1 (SM1) 100 100 - 1 1B JA* H314
Intermediatel 130 - 130 - - 3A* Not
tested
Starting Material 2 (SM1) 120 120 1 1B 3A* H401
Intermediate 2 130 130 1 1C 3A* Not
tested
Intermediate 3 120 120 1 1B 3A* Not
tested
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CHA: Chemical Hazard Analysis Process

Data collection
Data interpretation
Safety concepts, safe limits

Transfer of information

A S

Life cycle — update information

J&J Innovative Medicine
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CHA: Data interpretation

Chemical reaction (desired and side reactions)

Reaction scheme (mass balance!)

Process description

Observations in the lab

Calorimetry study (PSC exp)

J&J Innovative Medicine

A ?
jons KN \WALK
re side react\o s kno

. o
Lessons learned from deviating conditions:

Chemistry below room temperature?

Foaming observed? T2 laboratories

Heat ang £as evolution?

Source: CSB report

46



CHA: Data interpretation

Safety information of chemicals (used and produced)

* Thermal stability |
Decompos\t'\on energy:

Is the product flammable?

Shock sensitivity

Flammability

| :
S the Powder Sensitiye f Are low conductive solvents used?
Conductivity € Tor dust exp)

c osion?
Dust explosion characteristics Ompatibility issues?

Compatibility chemicals and environment

AZF Toulouse

i

AB specialty silicones

Sources: CSB reports



CHA: Data interpretation

Reactiy
e .
Process waste streams Chemicals present?

» Composition
Hazardous properties of waste

e Destination of the waste streams ,
Low conductive layers?

* Reactivity (Hazardous properties) + chemistry

Neutralizatio
s . nof w
 Compatibility waste streams and environment aste layer needeq>

Can waste layers be combined?

Waste
treatment
company

Waste treatment — side product
from Suzuki reaction 48

Reference: Indaver 2016



CHA: Chemical Hazard Analysis Process

1. Data collection
2. Data interpretation
Capabilities of the plant: heat and gas evolution during the process
3. Safety concepts, safe limits
4. Transfer of information

5. Life cycle — update information

J&J Innovative Medicine
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Runaway Scenario

Temperature

MTSR | = = oom—mmmr=m==s et . ety
,———— " ~ma - Ca\o\’\m
,l;’ \\\\ St\)dy
/, \\
! \
{Tprocess — e e e = Em o o Em Em o = mm = = = e ‘I
\ T_ [
\ Cooling Failure ’
p 7 Time
N Normal process PP
\\

MTSR: Maximum Temperature of the Synthesis Reaction el -
AT,y Adiabatic Temperaturerise



Safety Classes - cooling failure scenario

Temperature

A

J&J Innovative Medicine

~— Decomposition

= == == Boiling point
MTSR

— Process temp.

Safety
classes

Reference: Stoessel, Thermal Safety of Chemical Processes
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Scenario’s

Cooling Failure
Temperature rise > MTSR
—> Criticality Classes

Unintended Heating Scenario
Temperature
A
Safety Margin
UH(75°C) = = = = = = = =em— m——— ety
‘*‘__-" -.-I-...‘.‘.- Ca\or
MTSR e = = = = = = — =L — ~ee sudy
f/ ‘s\
’ N
4 \
’ Y
] A
1 ]
Ll procass b= = = = opee——— e = = = = —— = — = — — — — - 1
[y )
\Y /
\ rd
AN e
\~"~ ”‘e
Seo - a
MTSR: Maximum Temperature of the Synthesis Reaction T~ Se— Ll —— - - -
AT, Adiabatic Temperature rise

Runaway Scenario

Temperature
A
Tdecomp _____________
ISafety Margin
MTSR | = = s =r=m= s ommmstn 5 e’U’V
—————————— Ca\of\m
-~ S studY
I” \\
'l _____________________ \\
1
1 I
. T—Cooling Failure S
o ,-° Time
\\ ”
~ )

hhhhh
~—
MTSR: Maximum Temperature of the Synthesis Reaction
AT,4 Adiabatic Temperature rise

-
-
-
-
_________________

J&J Innovative Medicine

Unintended Heating
Failure of Basic Process Control
System (BPCS)
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CHA: Chemical Hazard Analysis Process

Data collection
Data interpretation
Safety concepts, safe limits

Transfer of information

A S

Life cycle — update information

J&J Innovative Medicine
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CHA: Safety concepts, safe limits

Reactive limits Flammability limits

. Is the powder flammable?
Define max allowable temperatures for each P

) (Burning rate test)
chemical

Temperature classification of the equipment
(Thermal stability study)

Shock 47 (Auto ignition temperature for liquids & powders
ock sensitive compound?

Layer/Cloud ignition temperature for powders,
(Impact energy test, screening)

ATEX: Safe Temperature: 2/3 MIT, LIT-75 °C)
Required cooling and venting capacity?

Extra safety measures needed for electrostatic
(Calorimetry experiments)

issues?

Conductivity of liquids (> 10 000 pS/m)

Compatibilit
P 4 Dust explosion characteristics

- Material and environment

- Sensitivity (MIE)
- Other chemicals/solvents

- Severity (Pmax, Kst)

J&J Innovative Medicine
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CHA: Chemical Hazard Analysis Process

Data collection
Data interpretation
Safety concepts, safe limits

Transfer of information

A N

Life cycle — update information

J&J Innovative Medicine
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CHA: Transfer of information

1. Collected data in the CHA doc is reviewed during the CHA meeting
2. CHAis archived at PSInet
(= platform for safety reports/notes/risk assessments)
3. CHAdoc is on SharePoint
4. Transfer to pilot plant: approval of Master batch record by PSC

5. Transfer to chemical production: CHA is preparation for PHA

J&J Innovative Medicine
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Explosion in Leverkusen, Germany

« 271 July 2021 9:40
* 7 people killed, 32 people injured
« Company: Currenta

Explosion im
Entsorgungszentrum
Biirrig (currenta-info-

buerrig.de)

« Explosion im Entsorgungszentrum Barrig (currenta-info-buerrig.de) https://www.currenta-info-buerrig.de/

EPSC Barcelona - CHA 2024-12-2
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https://www.currenta-info-buerrig.de/
https://www.currenta-info-buerrig.de/#vorher-nachher
https://www.currenta-info-buerrig.de/#vorher-nachher
https://www.currenta-info-buerrig.de/#vorher-nachher
https://www.currenta-info-buerrig.de/#vorher-nachher

CHA: Chemical Hazard Analysis Process

Data collection
Data interpretation
Safety concepts, safe limits

Transfer of information

A S

Life cycle — update information

J&J Innovative Medicine
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CHA: Chemical Hazard Analysis - living document

lab<1oL  CHAI@D
(Check \\St)

CHA = Chemical Hazard Analysis
PHA = Process Hazard Analysis

Lab >10L
CHA—CD\\/\P

Mini Plant <400L

C\—\A—CDPP
L’ Pilot Plant <1600L . BHA

I CHA-
Chem. Prod. +6000L

Limited impact/risk - High risk

Screening Safety tests - Full Safety tests

J&J Innovative Medicine
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Management of Change (MoC)

If chemical process changes = update risk analysis (CHA/PHA)
But what constitutes as a change?

* Use of new chemicals in the process (reagents, solvent, ...)
* Change in quality of a raw material

* Change in order of addition

* Larger batch size (more than 50% added)

* Change in process parameters (temperature, pressure, ...)
* Change in concentration (more than 5%)

* Any change in ratios of reagents

* Faster dosing of chemicals

* Higher heating rate

* Change the way the reaction mixture is heated

A new treatment of waste layers

Needs to be well defined!

J&J Innovative Medicine

n
developme
ch ngesd rng
ges ;
validation Possible after
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Bhopal Accident

To Flare and/or Scrubber

A

To Flare and/or Scrubber vvv“ . .
. IQ\— Cooling unit

(keeping MIC at 0°C)

Temperature & Pressure
Sensors & Alarms

Methyl Isocyanate (MIC)
Storage tank

SOO @

Polymerization

EPSC Barcelona - CHA 2024-12-2 61



Bhopal Accident

October 1984

To I%and/or Scrufber

A

October 1984

To Pﬁre and/or Sc}&Qber 4—%

S
Temperatege & Pressure

Sensorszﬁla.rms

June 1984

Methyl Isocyanate (MIC)
Storage tank

SOO®

Polymerization

EPSC Barcelona - CHA 2024-12-2 62



Why do we need an intrinsically safe process?

“What you don’t have,
can’t leak”

J&J Innovative Medicine

Ground-breaking paper by
Trevor Kletz:

(Chemistry and Industry, 6
May 1978, pp 287-292)
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Inherently safer design

1. Minimize : Eliminating or reducing a hazard,
2.  Substitute : Substituting with a less hazardous material,
3. Attenuate : Using less hazardous process conditions,

4. Simplify : Designing a process to reduce the potential for, or consequences of, human error, equipment
failure, or intentional harm.

J&J Innovative Medicine
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Inherently safer design

Synthesis of Cabaryl

Methylamine + phosgene = Methyl isocyanate (MIC)
Methyl isocyanate with 1-naphtol = Carbaryl

NH 1 c?
—NH + N*
LIJJ\U |
1 2 3
e
OH
© o “SNH
=+ N# —_—
| [
4 3 5

Minimization:  store less MIC at the facility

alternative process with formation of
less hazardous chloroformate (change

the order of addition)

Substitution:

on " 9
(OXE=nl el
- e s
¥ 2
Q%=El oS NH

MIC stored at < 0 °C (standard
procedure) instead of ambient

temperature

Moderation:

J&J Innovative Medicine

December 3, 1984, Bhopal

“How to Make Inherent Safety Practice a Reality”, Khan & Amyotte, Feb 2003, Canadian
Journal of Chemical Engineering, Vol 81, pp. 2-16.
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https://en.wikipedia.org/wiki/Methyl_isocyanate

Johnson&Johnson
Innovative Medicine
PRI b m—— 7

Conclusion

Sources: CSB report T2 laboratories, Currenta, https://www.eti-swiss.com/internationales-2/chemikalien-konventionen/basler-konvention/, getty Images/AFP/S
EPSC Barcelona - CHA  y,4://www.downtoearth.org.in/health/bhopal-38-years-ago-while-the-world-slept-its-worst-industrial-disaster-unfolded-in-the-heart-of-india-68232
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https://www.eti-swiss.com/internationales-2/chemikalien-konventionen/basler-konvention/

i Johnson&dJohnson
Conclusion

« CHAs
» Are necessary before introduction of a process into a plant

Are key to define safety concept and safe limits of a process

Are mostly installation/scale independent

Should be done on all steps of a process
Are key for preparation of further risk assessments (PHA, HAZOP, ATEX, LOPA, SIL....)

« CHA is a group effort: process safety and chemistry experts, EHS, plant engineers and operators

* Inherently safer design
» Continually look for ways to reduce or eliminate hazards throughout the process life cycle
« Start early with the CHA - change process when it is still possible



Johnson&dJohnson

Innovative Medicine

Thank you for your attention

Dr Christine Fannes & Dr Annik Nanchen

cfannes@its.jnj.com annik.nanchen@tuvsud.com
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