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Introduction

* Thermal safety of reactions and substances

— Important to know how a substance reacts to
avoid incidents when doing the reaction at a
larger scale
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Introduction

» Calorimeters for thermal safety anaIyS|s of
substances = e

« DSC
 C80 Calvet Calorimeter

Very small volumes - possible to test reaction up to
the runaway with limited risks
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Introduction

» Calorimeters for thermal safety anaIyS|s of
reactions oy

« EasyMax 50-100ml
 RC1 500-2000ml

Larger volumes - can't afford to go up to the
runaway
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Introduction

» Calorimeters for thermal safety analysis of

reactions
« Nanocalorimetric platform’ nl-ul scale
 THT Micro reaction calorimeter ul scale

New instruments with small volumes
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Our Goal

» Build a custom-made ml-scale calorimeter
that meets a need for an on-going project
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— Quick set-up and easy to use SA

— Adaptable set-up for research purposes @\

— Tests on small volumes &

— Safe screening of highly exothermic reactions %



First Set-up Idea

» Custom-made double jacketed
test tube with magnetic stirrer

i

Isolated in polystyrene

Magnetic plate J

B 90x10mm



First result on known reaction

* Acetic anhydride hydrolysis:

Ac,0 Hydrolysis Ac,0 Hydrolysis
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Experiment — left 25°C -58.7 kl/mol

-58.6 + 0.4 kl/mol?
Experiment — right 14°C -29.6 kl/mol

_é;D e e ek frourd 2 Acetic anhydrid, NIST, https://webbook.nist.gov/cgi/cbook.cgi?ID=108-24- 7&Units=Sl, 14.07.2020
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Challenges encountered

* Precision of heat loss calculation
— From the reactor
— From dosing the reactant

* Precision of the dosing mass
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New set-ups tested ‘:&)E
» Dosing by syringe instead of pump
» Other isolating material

* |n thermostatic water bath
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Current Design

New calorimeter set up In
thermostatic bath

®
Addition by syringe
7
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Magnetic plate

Thermostatic bath

System specifications:
Reactor volume: 2.2 mL (working volume 0.5 — 1.5 mL)
Temperature probe: Thermocouple Type K
Temperature recording via LabView
Magnetic stirrer: 100 — 1600 rpm
Addition by syringe
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Calorimeter Characterisation

Dewar Calorimeter Characterisation: Characterisation

1.) a [W/K] : heat loss coefficient
2.) Cw [J/K]: specific heat capacity of the calorimeter

Temperatur (°C)

Method for the experiments:

15 20
Three different volumes of hot water (35-45°C) were Time (min)
introduced in the reactor and then wait until temperature == g ohe g
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is stable (around RT)
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Calorimeter Validation

Validation by A H and AT_, determination of Ac,0 hydrolysis & H,SO, dilution:

Ac,0 Hydrolysis . H,S0, Dilution
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Example mass balance Ac,O Hydrolysis: i ]
B Experimental Value Literature Value
N — OUT + RXN = ACC
~ AT, (°C) ArH (kJ/mol) ArH (kJ/mol)
—Qloss — Qdos + Qran = Qacc . o
Ac,0 hydrolysis 29°C -56.1+5.7kJ/mol  -58.6 £ 0.4 kJ/mol?
—27 — 044+ Qrxn = 6.8
Qran = 34.5] H,SO, dilution 44°C -56.8 +10.5kJ/mol  -61.8 £0.5 kJ/mol3
ArH = ﬂ;";’;l =52.7 1/mol
ATad = & _ 55°c Both experiments were repeated in triplicate
cpr

2 Acetic anhydrid, NIST, https://webbook.nist.gov/cgi/cbook.cgi?ID=108-24- 7&Units=SI, 14.07.2020
3 Value found from previous experiments on EasyMax/RC1
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Temperature Profil of Reactivity Test
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Our application

» Reaction screening

Time (s)

* Measure high exotherms with limited risks

* Observe effect of different substituents on
the reaction enthalpy
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Reactivity results

ke O T

Model compound 3*
AT,y 57.7+4.6°C ATy 644+29°C AT, 71.0£10.5°C ATy 4021%2.1°C
ArH  894.5 £ 73.6 kJ/kg ArH  763.6 + 33.9 kJ/kg ArH  756.2 £ 115.4 kd/kg ArH  676.4 + 37.4 kJ/kg

ou, :* QN* Y e
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Me

o AT 43+11.4°C
o AT, 84115 ad
ATag 44.4123°C ATag 424124°C ATaq 33.50 +£24°C A e g kJ/k ArH  49.5+18.2 kJ/kg‘
ArH  471.9+25.1 kJ/kg ArH  451.1 % 26.1 kJ/k ArH  456.6 + 31.2 kJ/kg —— g
* Solid formed during reaction which could have an
influence on the measured temperature
/"L\
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Conclusion & Perspectives

v Works well for our application
v' Easy and cheap set-up

s
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» Tests with the higher limit of working volume of
the calorimeter

» Thermostat the syringe containingthpﬁ‘ﬁ

» MS at exit of reactor
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