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Process Safety R

Early development = Full Development

1. Key first step is to identify significant exotherms at small scale
2. Adiabatic temperature rise is first pass for process safety assessment of reaction

3. Dosing controlled heat release processes are most flexible for safe scale up
Can heat be removed at scale without temperature increase?

- If dosing controlled :Determine dosing time at pilot or plant scale
- 1f NOT dosing controlled:

- Try to make dosing controlled
- Dose in portions based on ad temp. rise.

. 4. MTSR for detailed understanding or true process safety of desired reaction, .
5 built total process safety runaway scenario J/

o1

Optimization of process to safe conditions at large scale ( taking into account mixing, MT, HT
limitations of large scale) + determination of
consequences of deviations of normal process at large scale (and actions needed)
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Oucupaiionl ety & BaaRT Aastar etiuin

= Chemical reaction
- Heat of reaction?
- Can the heat be removed ?
- Is the boiling point triggered ?
- Gas involved 7

- Heat capacity
- Delta T adiabatic

= Decomposition reaction
- Heat of reaction
- Heat capacity
- Boiling point triggered?
- Gas involved?
- Final temperature triggered
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Assessment of thermal safety risks e

RC1 - Desired reaction

Determine
Energy Potential

Accoss Control Assess Probability
Severity Medium | of Reaction: an T"QQEF!?Q
ATad or High Accumulation ECTD;‘"'SGSJ lon
Low (MTSR) (TMRad)

Frocess presents
no thermal risks Build runaway scenario
Decomposition- DSC, ARC,..
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Adiabatic temperature rise e

Process under normal In case of a cooling
operating conditions Failure
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Criteria for severity of desired reaction ©

Criterium Severity

HIGH AT, > 200C

Medium 50 < AT, < 200




o) = dful pulatd |

Runaway Scenario EDEER

51. Can the process temperature be controlled by the cooling system? W‘
Is the process dosing controlled?

ke Heat release rate vs Dosing rate

r;2. What temperature can be attained after the runaway
of the desired (chemical) reaction? MTSE (0 a0

L%

3. What temperature can be attained after runaway by
decomposition reaction? aT ad (2]

p
4. Atwhich moment does the cooling failure (desire reaction) have
the worst case consequences? Max. thermal accumulation

{ 5. How fast is the runaway of the desired reaction? Fast (Tcf, ad.mode) J

6. How fastis the runaway of the decomposition reaction starting at MTSR? TMRad
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Assessment of thermal risk e

Determination of
the potential energy
Medium / High f-=-------=-========--- :

Assess the control
of the decomposition

Assess the control

of the desired reaction .
reaction

—

Build Scenario



Assessment of thermal risk

Scenario:

Assessment of criticality
Crltlcallty ?

Technical Design
Measures need to
be taken




Thermal safety assessment : runaway Sceéfrae——

Temperature desired reaction secondary reaction
L i -
s RC1 DSC, ARC TAM. ..

MTSR . I st e ssrtag —
i | |
Al g tesied tanchion - TMRzq
BBC g
I_- cooing foilure: |
121712008 15:1649
Time
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Criteria for Severity and Probability =~ © ===z

Criterium Severity Probability

AT, > 200C TMR,, <8 h

50 < AT, < 200 8h<TMR,, <24 h
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Assessment of criticality : Classification ©======

1

tl}l 1.11.11.1:}1. E:

e

[qﬂtﬂ HC H

A 1.1:1.11. H: 1

—
I I
Criticality Index: 1 4 5

Defined by the mode of operation
MTSR: Maximum Temperature of Synthesis Reaction
Defined by the accumulation of reactants and Tp
" Tpa: Temperature at which the Decomposition becomes critical TMRad = 24 hrs
Defined by the thermal stability of reaction mass

= BT: Boilint point > Maximum Tolerable (Technical) Temperature
Defined by the equipment, i.e. Reflux temperature
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Experiment 1: Hydrolysis ST

" Experiment example: Hydrolysis

= Starting with:
- Water + H,SO, at 30 = 50°C

= Dosing of:

- AcOAc
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Reaction 1 e
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Runaway Scenario EDEER

51. Can the process temperature be controlled by the cooling system? W‘
Is the process dosing controlled?

ke Heat release rate vs Dosing rate

r;2. What temperature can be attained after the runaway
of the desired (chemical) reaction? MTSE (0 a0

L%

3. What temperature can be attained after runaway by
decomposition reaction? aT ad (2]

p
4. Atwhich moment does the cooling failure (desire reaction) have
the worst case consequences? Max. thermal accumulation

{ 5. How fast is the runaway of the desired reaction? Fast (Tcf, ad.mode) J

6. How fastis the runaway of the decomposition reaction starting at MTSR? TMRad
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1. How much thermal accumulation ? ©=====x=

. RTCal will provide the answer in Real Time

- For quick & safe scale up (heat transfer) isafety ™
no thermal accumulation = dosing controlled reaction

- Dosing time can be adjusted to fit cooling power plant vessel
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1. Can plant vessel remove heat P ey

Heat release Qr
Q, = heat generation rate in W (= J/s)
= heat released per unit time

Specific heat release e af —
= Qr/V or Qr/M = W/ liter or W/kg Isafety
= used for scale up

S J

Typical plant heat removal = max. 30 W/liter!

Qr (W)
Qri(Wi/l)

20
30 |

- Time (s)

s 19 E
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1. Can heat be removed by plant vessel ?

EES

PR e
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¥ Heat Removal

W Feaction parametzis
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Oucupaiionl ety & BaaRT Aastar etiuin

Feaction equation; |We¢er +acEic anhedide

Edt...

Feaction integral: Iq k=[]

 lzotheima Nordlsothermal

Feaction tm:e

....................... EiE| FITEEESERE

[

Gl i Salety Trands

Help

Themal accumalation frit [7); I,ﬁ

[Nnmc

ghr
Specific heat removal

- Is Thermd Accurmlation critical

= gflows + gaccu

s Wil N

4.2 kJkg 64,8 k31

thiMaispechic beatiremovalivater TR T TG G

= More
Mazx heat rermowd rabe

Max specific beat remowval rate
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2. MTSR - adiabatic temperature rise At

The MTSR = Maximum Temperature of Synthesis Reaction

MTSR(T{]) = TP + Zacr‘ﬂ‘Tad T, temperature of the cooling failure

Tp: temperature process
Koo degree of accumulation
AT, total adiabatic temperature

This formula can be used for both critical temperatures, after desired reaction and decomposition.

_ q,[&/]
Ao = i ™
m,, kel CplkJ/ KgK] isafety
h Jﬁ_.

v Adiabatic Temperature Rise [ATad) and MTSH

[N.EIIE Temperature Tirne:
ATad, Worsk case (Heat Removal) 15.8K
MTSR, Worst case (Heat Removal) 65.8 C
Max, MTSR, &ctual process (Heat Remowval) 51.6C 27.08.2005 15:34
l More
[ Tad, Worsk case (Heat of Reaction) 66K |
VTSR, Worst case (Heak of Reaction) £6.6 C
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4. What point is cooling failure worst ¢ ©=====

W Feaction paametzis
Feaction eguation: |Waer +4cedic anhydide Edt..

Fleaction inteqral: Iq_rt.; (1] j
Feacton ype: £ lsahzmd & Morrlsothermal
. Heat ramoval imit ' Agk IEI:I Showa iC Satety Trands

Thernal accuimaion Tt 2[5 Help

e

[+¥ Thermal Accumulation

Marne Percent Tirre

kil el iial oo it ok AaitEas 53y

1
-—

dade

=] More
Thermal corrversion ak shoichiometric point a1 %% 27.02.2002 15:35
Thermal corweersion ak end of dosing 91,1 % 27,08, 72005 15:35
Thermal accumulation at end of dosing 8,95 "% 27 08,2005 15:35

Sl Arcumulation of dosed reagent at steichiometric, . 374 4.05 g
L M dmeumolotionof idosed reagent HH eSO
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Safety assessment o
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4-5 : Max. thermal accumuilation & Tct i
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