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However, the determining duty requirement of this heat exchanger was the start-up of the selective
hydrogenation reactor (see Figure 2) with a fresh catalyst. Thus, making the new heat exchanger significantly
smaller than what was required.

The vibration issue of this heat exchanger was resolved, but a new problem was created — How to start up the
reactor with the fresh catalyst, when the feed is too hot?

4. Process safety improvement of a selective hydrogenation reactor

Exothermic runaway reactions haunt the industry ever since (Bundesanzeiger 2012, Dutch Safety Board 2015,
Fuller 1977, U. S. Chemical Safety and Hazard Investigation Board 2007) and have triggered legislation —
“Seveso directive” (EU 2012).

The flow scheme of the selective hydrogenation reactor, which will be examined in the following, is shown in
Figure 2.

The process gas contains Hydrogen, Methane, Acetylene, Ethylene, Ethane, Propyne (Methylacetylene),
Propadiene, Propylene, and Propane.

The unwanted alkynes (mainly Acetylene) are selectively hydrogenated in the three adiabatic beds of the
reactor ER-2200 (1% bed) and ER-2201 (2" and 3" bed).

The temperature and thereby the selectivity of the reactor beds is controlled using split range controllers for
each bed. Charge heater EM-2219 and the charge cooler EM-2220 are located upstream of the first bed ER-
2200. The EM-2220 caused impediment to the process through the significantly reduced area resulting from
the erroneously sizing this heat exchanger for normal operating conditions (see 3. Redesign of a heat
exchanger due to vibration issues). The intercoolers EM-2221/1 and EM-2221/2 downstream of the first and
second bed were both equipped with a bypass to control the temperature of the feed to the next bed.

The heat of reaction of the main selective hydrogenation reactions are summarized in Table 1.

The heat of reaction of the side non-selective hydrogenation reactions are summarized in Table 2.

All these reactions are strongly exothermic. Hydrogen is the limiting reactant, but according to the reactions
shown in Table 1 and Table 2, the reaction of all the hydrogen leads to such a high temperature, that
oligomerization or polymerization reactions (see Table 3) start and lead to a temperature, that would be above
the design temperature of the reactors ER-2200 and ER-2201. This is called reactive runaway.

Table 1: Main reactions in the Acetylene reactor

Main reactions = selective hydrogenation Heat of Reaction
CoHz + Ha — CoHy -164 kJ/mol
C3H4 (Propyne, “Methylacetylene”) + H, — CsHe -165 kd/mol
CsHs (Propadiene) + H, — C3Heg -171 kJ/mol

Table 2: Side reactions in the Acetylene reactor

Side reactions = non-selective hydrogenation Heat of Reaction
CoH4 + Ho — CoHg -137 kJ/mol
CsHe + H, — C3Hs -124 kJ/mol

Table 3: Polymerization in the Acetylene reactor

Polymerization at high temperatures Heat of Reaction

n * CoHs — Polymer (Cz0Ha0) -107 kd/mol

Since the reactor is adiabatic, a disruption of the process gas flow interrupts the heat removal from the system
and leads to a temperature rise and ultimately a reactive runaway.
The original instrumentation consisted only of temperature sensors at the inlet and outlet of the reactor beds.
Therefore, the onset of a reactive runaway inside one of the beds could only be detected if there is flow.
Moreover, the formation of local hot spots (local runaway) in the reactor bed could not be detected.
To control these reactive hazards, the following new safety instrumented functions were installed:
¢ 2 new flow measurements between compressor discharge and inlet 1% bed to detect the stop of the flow
¢ 8 new temperature measurements per reactor bed distributed inside each bed to detect hot spots
¢ Automatic isolation and depressurization of each bed, if low flow or high temperatures are detected.
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Figure 3 shows the support grid inside each reactor. The support grid for the temperature sensors rests on the
support grid for the mesh in the bottom part of the reactor. The temperature sensors (orange lines right picture
Figure 3) are introduced into the reactor through a special flange and fixed to the support grid.

These support grids were used, because otherwise supports would have to be welded to the inside of the
reactor. This was to be avoided, because welding on a pressure vessel entails extensive inspection.

h
LEG
t I [ i
| |
‘ I |
'I —b . — N —— ) S -
B | |
3 | X
_f
@ A . J
PO [ -l- - -T- - |
| | I

Figure 3: Grid to support the new temperature measurements inside the reactor bed

5. Start-up

The combination of a charge cooler EM-2220 (see 3. Redesign of a heat exchanger due to vibration issues)
with an insufficient area/duty, a fresh catalyst in the Acetylene reactor, and the newly introduced temperature
measurements inside the reactor beds made the start-up of the Acetylene reactor a challenging undertaking.
In the same year in the same company a major accident happened during start-up of a reactor (Dutch Safety
Board 2015).

High expectation from customers to deliver products to them, put additional pressure on the start-up team.
Ultimately, the Acetylene reactor was started up successfully.

6. Conclusions

Regulators and society (EU 2012) demand continuous process safety improvements. The designers and
operators have a plethora of knowledge, standards and tools at their disposal to improve the process safety of
their facilities.

Three practical examples for real world process safety improvements were discussed in this article. If the tools
and methods for designing new process safety equipment are used properly and the pitfalls - like sizing the
charge gas cooler for normal operation — are avoided, process safety improvements can be implemented and
commissioned successfully.
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