Application Note AN-PAN-1008

Online analysis of sulfuric acid in
the cumene process (phenol

production)

Phenol is a versatile base material utilized to
produce a vast range of compounds, such as
polymers (e.g., polycarbonates and epoxies),
synthetic fibers (e.g., nylon), and resins (e.qg.,
bisphenol A). These are widely used in textiles,
plywood, and countertops, plastics for
appliances and electronics, and materials for
adhesives. Phenol also serves as a raw material
for detergents, herbicides, and pharmaceuticals.
Medicinally, it acts as a disinfectant and
antiseptic [1].
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More than 90% of phenol worldwide is made
from cumene, using the cumene hydroperoxide
route [2]. A crucial step in that process is the acid
cleavage of this peroxide, i.e., its decomposition
to acetone and phenol [2,3].

This Process Application Note demonstrates the
use of the 2060 Tl Process Analyzer or the 2035
Process Analyzer for potentiometric titration of
sulfuric acid in the cumene process, to enable
strict control of its concentration so that high
phenol quality is obtained afterward.
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INTRODUCTION

Several methods have been developed for
phenol production due to its commercial
importance. Most phenol is produced by the so-
called «cumene process», based on the
autocatalytic cumene oxidation and dilute acid
cleavage of the formed cumene hydroperoxide
(CHP).
The cumene process (or Hock process) has three
stages:
1. production of cumene from benzene and
propylene
2. conversion of cumene to cumene
hydroperoxide

Decomposition

3. decomposition (cleavage) of
preconcentrated cumene hydroperoxide
to phenol and acetone

Small amounts of sulfuric acid (H,50,) are used
to catalyze the reaction in the last stage. Since
the cleavage reaction is very unstable, the
decomposition reactor (Figure 1) must be
operated under strict temperature and acidity
control with a high level of acetone reflux [2].
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Figure 1. Simplified schematic showing how phenol is produced from cumene.
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In practice, many side reactions take place
simultaneously with the reactions shown in
Figure 2.

Dimethylphenylcarbinol (DMPCQ) is the main
oxidation byproduct, which reacts further in the
acidic medium to a-methylstyrene (AMS). AMS
can be a desired byproduct or can be recycled
back to the cumene feed stage. Recycle loops
are present at various places for process
optimization (Figure 1).

Besides controlling various byproducts,
preventing the formation of color bodies and
corrosion is also extremely important. Therefore,
it is necessary to remove traces of sulfuric acid
prior to downstream distillation and
purification. Thus, accurate and online
measurement of sulfuric acid plays an important
role in the overall cumene production process.

APPLICATION

Sulfuric acid is analyzed online using
potentiometric titration. It is measured in the
decomposition stream and in other downstream
production stages. High precision and simple
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Figure 2. Overall reaction mechanism for the cumene
process

validation are achievable using the titration
method, which is an acknowledged reference
and absolute measuring technique.

Process Stage Range [mg/L H,SO,]
Decomposition 0-40
Downstream 0-350
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REMARKS

In hazardous explosive environments, process
analyzers must be fit for explosion-proof
utilization. The 2060 TI EX Proof Process
Analyzer (Figure 3) from Metrohm Process
Analytics is ATEX certified (2014/34/EU). It is
functionally the same as a 2060 TI Process
Analyzer, but has a full stainless-steel cabinet, all
the necessary electric intrinsically safe isolators
and barriers, and is provided with an EX-P purge

system.
Figure 3. The 2060 Tl EX Proof Process Analyzer from
Metrohm Process Analytics.
CONCLUSION
The Metrohm Process Analytics 2060 Tl EX Proof production online, facilitating optimized
Process Analyzer can accurately measure the production, improved quality, and reduced
concentration of sulfuric acid in phenol chemical consumption.
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BENEFITS FOR ONLINE PROCESS ANALYSIS
- Optimize product quality and increase - Fully automated diagnostics — automatic
profit with fast response times for process alarms for when samples are out of
variations. specified parameters.
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