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Chemical Hazard
Assessments (CHA)

Philippe Herfeld, Pier-Jan Hettema and Annik Nanchen

Maastricht, 13th December 2023

Add value.
Inspire trust.



Accidents due to chemical runaways dsm-firmenich ese
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Accidents due to chemical runaways dsm-firmenich ese

Extracts from the CSB
video

https://www.youtube.com/watch?v=C561PCg5E1qg
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https://www.youtube.com/watch?v=C561PCq5E1g

Assessed hazards dsm-firmenich ese

* Assess systematically chemical hazards
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y 5 -
Strveillance video

2023-12-13 4

EPSC Conference Maastricht | Ch



Goals of a CHA

1.

2.

 Defining safe conditions & consequences of

EPSC Conference Maastricht | Chemical Hazard Assessment

Collection of data on the chemical process

Properties

Interactions

Reactivity

 Intended and unintended reactions (synthesis,
and decomposition/secondary reactions)

Interpretation of data:

deviations

Physical properties data

Substances (Raw material, Pro 32 Thermal stability data

Substances (Raw material, Products,
Intermediates, ..}

(SADT) (Applicable fo rage and transport)

s

Safe storage temperature

Mo of SILAB report

Other information source

Autocatalytic decomposition il
I kel
¥ /N]

Explosibility
Friction | [¥/N]
impact [ [vin]
Koenen Test| [y/n]

Oadation

Tz {400mL basket} (for combustible
pawders)

Toneer DSC High Pressure Oxygen

dsm-firmenich ese
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Ideal time point for a CHA dsm-firmenich ese

« Discovery, Innovation
- Feasibility Study Time for
- Laboratory Study change
« Study in Pilot Plant

* Engineering

« Building and Start Up

 Process Working

Knowledge

* Process Death

EPSC Conference Maastricht | Chemical Hazard Assessment 2023-12-13 6



Ideal time point for a CHA dsm-firmenich ese

Process Safety Life Cycle

the What can How bad What is the Redesign 'ﬁ'll:.:::fatlﬂ" Reliability Operational
hazards? go wrong? could it be? risk? possible? Pra “5?315 . oK? feedback?
Continuous Improvement
(Dpe st onal &xperi e
r Perf com and e

Hazard & Risk Assessment

Safe Design / Safety Provisions Operate &
Maintain
Chemical Fire Safety Risk level Inherent Specification Operate
Hazards Explosion Environment Perf. Level safer design Design Maintain
Implosion Reputation EX-zone or Verification Testing
Toxic Economic Risk (design/field)
Moving parts acceptance

EPSC Conference Maastricht | Chemical Hazard Assessment 2023-12-13 7



Example dsm-firmenich ese

Sodium
dichloroisocyanurate B Anhydrous sodium
Process Information dihydrate . Fying dichloroisocyarlurate
@ 120°C
(NaDCC dihydrate) (NaDCC)
l Water
H. H
~0~
Cl Cl
| |
o} N 0O o) N o)
| . N N C/f N4
: “0° : h ” ‘ Dehydration
— ‘ ' + 2 H - H
AN N N ©

|c| “ Na’ e “cl

© o)
Sodium dichloroisocyanurate dihydrate Sodium dichloroisocyanurate Water
C,H,CLN,NaO: C;CLN;NaO, H,O0
CAS Number: 51580-86-0 CAS Number: 2893-78-9 CAS Number: 7732-18-5
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Example dsm-firmenich ese

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/)
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Example dsm-firmenich ese .

 Grewer measurement
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Example dsm-firmenich ese

« NaDCC dihydrate Grewer « NaDCC Grewer

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

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

200
Sample: Natriumdichlorisocyanurat Natriumsalz Djhdrat 150
{ Sample preparation: tested as delivered
150+
— — 100
O O
< 100 o
o 5
| nd 3496 (°C)
5o PEERMaximum: 263 (°C) 50
Peak Height: 225 (°C) ([ 234.4 Dd 349.4 (°C)
| PedR Maximum: 261 (°C

Peak Height: 186 (°C)

0 s
4 | N
T T T A T T T T T T T T T T T T T T
50 100 150 200 250 300 350
Reference Temperature (°C)

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-DYN-350°C.G01 S23-MUSTER-02-A-DYN-350°C.G01

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

EPSC Conference Maastricht | Chemical Hazard Assessment 2023-12-13 1



Example dsm-firmenich ese

« NaDCC dihydrate DSC

« NaDCC dihydrate ARC (Heat-Wait-Search Mode)’

180 40
~exo Sodium dichloroisocyanurate dihydrate (1) 07.12.2023 07:06:00
Experiment: Sodium dichloroisocyanurate dihydrate (1), 24.11.2023 06:57:30 o |
Performed 24.11.2023 10:31:33 160 t i —| a5
Sample: Sodium dichloroisocyanurate dihydrate (1), 4.0550 mg | |
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"-1 141
Peak Height 2.36 Wgnh-1 30
Peak 301.00 °C
Integral 299.82 m] Extrapol. Peak 313.32 °C 190
normalized ~ 73.94 Jg~-1 Peak Width ~ 14.84 °C 0 | P
Integral 2806.58 mJ Peak Height  0.16 WSA_l Left Limit 262.45 °C 2 J r 25 o
normalllzed 692.13 JgN-1 Peak 294 14 °C Right Limit 376.16 °C e . J T
9. PeakHeight  2.58 Wg~-1 Extrapol. Peak  223.69 °C Heating Rate ~ 4.00 °Cmin”-1 & 100 7 =
o &
Peak 149.98 °C Peak Width  33.66 °C = a0 @
Extrapol. Peak 149.99 °C Left Limit 186.78 °C ] i =
Peak Width  14.86 °C Right Limit  238.30 °C T 80 — @
2| Leftlimit  91.09 °C Heating Rate  4.00 °Cmin~-1 &
Wg~-1| | RightLimit  184.48 °C g —_— 15 &
Heating Rate  4.00 °Cmin~-1 — &n i
il 8 10
i 40 —
2nd run .'I 5
20 oy |
— i
i) T . : = ] | S —— — ]
1 2 3 4 B 8
Module: DSC 3 /700/842, 05.04.2017 12:59:04 Time (hour)
20 40 60 80 100 120 180 200 220 240 260 320 340 360 380 °C
T T ] P
TUV SUD Process Safety STAR® SW 15.00 Cell Temperature Fressure

Decomposition measured from 80°C on

« Total of 1500 kJ/kg decomposition energy
» Decomposition measured from ~90°C

Important pressure increase

'Source: CSB investigation report July, 6, 2023 «Fatal Chemical Decomposition Reaction and

EPSC Conference Maastricht | Chemical Hazard Assessment Explosion at Optima Belle LLC»
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Example dsm-firmenich ese

- NaDCC DSC « NaDCC C80

~exo Sodium dichloroisocyanurate (1) 07.12.2023 07:16:05 300+ . Exo [3000
Experiment: Sodium dichloroisocyanurate (1), 24.11.2023 06:59:42 E 150
Performed 24.11.2023 17:46:32 &
Sample: Sodium dichloroisocyanurate (1), 3.2240 mg @ 100
Sample Holder: HP Gold Plated 20ul (M20) neu_500C, 986.8400 mg (961.3250 mg) 7 50
Remarks: closed under air 750 o J |-2'500

Integral 4759.75 mJ
normalized 1476.35 Jg"N-1
Peak Height 2.13 Wgh-1

-
- Peak 265.49 °C 00 k2000
Extrapol. Peak 265.11 °C
Peak Width 13.54 °C

Left Limit 144.68 °C =
Right Limit 391.70 °C = 2
Heating Rate  4.00 °Cmin~-1 % Heat: -124.7 (J) Frson o
gh-1 S 1504 Normalized: -477.2 (Jg) -
g [i22and 214 70) Heat: -196.4 (J) E
& Peak Maximurm: 155 (°C) Mormalized: -751.9 (Jig) %
T: 229 and 267 (°C) =
\L, Jﬂﬂ ||||||||||||||| Peak Maimun 254 (°)
3 o 1'000
- 2nd run
L 500
504 5, J
Module: DSC 3 /700/842, 05.04.2017 12:59:04
T T T T T T T T T T T T T T T T T T T Fo
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 °C 0 - - - - -
m m a0 100 150 200 250
TUV SUD Process Safety STAR® SW 15.00 Sample Ternperature (°C)

- Total of 1480 kJ/kg decomposition energy * High energy
« Decomposition measured from ~145°C » Large pressure increase

EPSC Conference Maastricht | Chemical Hazard Assessment 2023-12-13 13



Example: Safe limits and effects dsm-firmenich ese

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 Conference Maastricht | Chemical Hazard Assessment 2023-12-13 14



Example dsm-firmenich ese

Sodium
dichloroisocyanurate . Anhydrous sodium
: . Drying dichloroi {
Process Information dihydrate R ichloroisocyanurate
" @120°C >
(NaDCC dihydrate) (NaDCC)
l Water e v

Utility

Process conditions for fluidized bed jacket

Company looking for third party to dry NaDCC dihydrate

Option found: rotary double cone dryer (pressure equipment)

« Tests directly in 4m3 s bouble
y e 3| Cone [?:yer

3-inch
psv

\
\
& To atmosphere

Vapors to tank,

eductor, and

7
Hastelloy ;/
276 *

_12-inchto 10-
inch reducing
valve

EPSC Conference Maastricht | Chemical Hazard Assessment

scrubber

2023-12-13

15



Example dsm-firmenich ese®

110 50
100

— Dryer Internal Temperature (°C) vizza?égélﬁn%f-?‘e .

. ISLI I

90 Dryer Pressure (in. Hg) observed in dryer samples

[0 Steam to DryerOn - >
80 /
70 9:40 p.m.

Start of rapid temperature
60 and pressure rise
50
40 2:15 p.m.
Steam flow started to dryer jacket.

- 8:13 p.m.
Steam flow to dryer jacket stopped, vacuum broken.

Wihout exiemal niat appred. | e N,
10 -25 =
12/8/2020 2:00:00 PM 6:00 PM 12/8/2020 9:51:00 PM

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

Belle LLC»

Figure 2. Optima Belle's rotary double cone jacketed dryer. (Credit: Optima Belle)

EPSC Conference Maastricht | Chemical Hazard Assessment 2023-12-13 16



Example dsm-firmenich ese®

* 8th December 2020

Investigation Report

. . __— . i : : SAFETY ISSUES:
* One employee fatally injured, two others respiratory irritation ~G Juwsz Em .\ R
« Debris found ~ up to 800 m away from the site > 55 M0 i—

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 Conference Maastricht | Chemical Hazard Assessment 2023-12-13 17



Conclusion dsm-firmenich ese

« Chemical Hazard assessment ...
* ... are key to define safety concept and safe limits of a process
« ... are complex and require expertise
* ... mostly installation/scale independent
* ... are key for preparation of HAZOP

EPSC will be starting a working group on chemical hazard assessments in 2024 — Join us

EPSC Conference Maastricht | Chemical Hazard Assessment 2023-12-13 18



Thank you

Pier-Jan.Hettema@dsm-firmenich.com
Philippe.Herfeld@dsm-firmenich.com

Annik.Nanchen@tuvsud.com
Phone: +41 76 320 27 83

EPSC Conference Maastricht | Chemical Hazard Assessment

Follow us on:

il © ®

tuvsud.com
info@tuvsud.com

&)

dsm-firmenich ese

2023-12-13


https://www.instagram.com/tuvsud/
https://www.linkedin.com/company/tuvsud/
https://www.youtube.com/tuvsud
mailto:info@tuvsud.com
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