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In spring 2014, a new polystyrene 

plant with a planned capacity of 

50.000 t/a started operation. 

Therefore vacuum systems for 

recovery of not polymerized 

styrene were required. ZM 

Engineering designed, constructed 

and delivered 5 vacuum systems 

for this purpose. While most of 

the styrol gets polymerized to 

polystyrol, a small part remains as 

a monomer, which is removed by 

vacuum pumps, 

 

condensed in a system of 

condensers at reduced pressure 

and recycled into the process as 

completely as possible. This 

requires a special design and 

construction of the vacuum 

systems. 

 

Basics - requirements 

Vacuum was to be provided at 

two different inlet pressures and 

flow rates: first at 10 mbar(a) and 

1175 m³/h (PS2), second at 0.4 

mbar(a) and 1244 m³/h (PS1).  

 



 

  
 For adaptation to different kinds of 

products, both vacuum systems 

must be adjustable from 30% to 

100% of the design capacity. 

 Since the conveyed process gasses 

as well as the ring liquids in the 

liquid ring pumps are styrene and 

ethylbenzene in varying 

compositions, the vacuum systems 

had to be ATEX-designed according 

to Ex II 2G IIB T2. The control 

instrumentation had to be 

intrinsically safe Ex(i). 

 The vacuum systems must be 

hermetically sealed. 

 The control instrumentation as well 

as the shutoff valves must allow 

various modes of operation, as 

start-up/shut-down, emergency 

stop, manual and automatic 

operation. 

 operation). 

 

 

The structure of the more complex system 

PS1 is shown in picture 1. The two vacuum 

systems PS2 and PS1 are independent of 

each other, working in successive steps of 

the process. Both have a backup for 

redundancy, so that the continuity of the 

polymerization process is assured. The 

conveyed process gas in PS2 with three 

stages and PS1 with five stages must never 

be heated up to temperatures above 80° C 

to prevent polymerization within the 

pumps. 

 

The basic engineering requirements defined 

roots pumps in combination with liquid ring 

pumps to be used. The calculation of the 

vacuum process, the distribution of the 

compression between the stages, the 

selection of the components for the various 

stages, assuring hermeticity, the selection of 

the control instrumentation for optimum 

process monitoring and process control, as 

well as the safety aspects regarding the 

construction according to ATEX were the 

responsibilty of ZM Engineering. 

 

Picture 4: Integration of the MSR and the electric power part 

Picture 2: Intercooler to ensure the given max. temp. 

Picture 3: Before the installation 



 

  

Concept 

Liquid ring pumps, because of their working 

principle with a rotating ring of liquid, have the 

advantage of nearly isothermal compression. The 

ring liquid can be freely selected depending on the 

process. However, the minimum inlet pressure is 

defined by the vapor pressure of the ring liquid at 

the working temperature. Because the conveyed 

gasses consist of styrene and ethylbenzene, a 

mixture of just these was selected for the ring 

liquid. This allows the vapors condensed in the 

pump to be directly recycled into the process. The 

use of a two-stage liquid ring pump thus gives a 

minimum inlet pressure of 40 mbar(a).  

To achieve an inlet pressure of 0.4 mbar(a) for PS1 

at a volume flow of 1244 m³/h, two roots pumps 

V001, V002 of the Aerzener Maschinenfabrik and 

an ejector had to be installed in series before the 

liquid ring pump. In order not to exceed the 

maximum temperature of 80 °C, a gas cooler W-

001 had to be installed between the two roots 

pumps, which cools down the gas to 20 °C before 

further compression in the second roots pump. 

 

Realization 

The use of hermetical roots pumps with canned 

motors made by Aerzener Maschinenfabrik 

simplified the required sealing. The liquid ring 

vacuum pumps are equipped with double 

acting mechanical seals and flushing systems 

according to API plan 54. 

The roots pumps are equipped with frequency 

inverters (FI) to control the rotational speed 

and thus the flow rates from 30% to 100% of 

the design capacity. This allows adaptation to 

varying flows of vapor due to varying qualities 

of product, as required by the customer. Thus 

regulation through a bypass is avoided, which 

would be energetically unfavourable and 

potentially problematic with respect to 

temperature control. 

Vacuum unit PS2 is similar to PS1, but given the 

about identical flow rate at higher inlet 

pressure the second roots pump and the gas 

ejector could be omitted. 

Systems PS2 and PS1 (picture 3) were made of 

stainless steel. Explosion protection according 

to IIB T2 (Gost 12.0.11) is provided, as well as 

hermetic sealing of the system for material 

class II according to GOST 12.1.005. 

In addition to PS2 and PS1, ZM Engineering 

delivered PS3, a vacuum pump system for the 

initial evacuation during start-up of the plant. 

Vacuum unit PS3 is an oil-lubricated rotary vane 

vacuum pump, equipped with the necessary 

control instrumentation and fittings to ensure 

explosion protection. 

 

 

Through the choice of a ZLR liquid ring pump, the 

installation of a gas cooler between the two roots 

pumps and the exact definition of the 

compression ratios of the two roots pumps it was 

possible to keep the temperatures below the 

predefined maximum. 

 

 



 

 

All five vacuum systems were wired to terminal 

boxes (picture 4). The integration of the control 

instrumentation and the power supplies with the 

frequency inverters was done on site (picture 5), 

which required to match the interfaces to those in 

the plant. An engineering team of ZM-Engineering 

accompanied this. So the whole system could be 

set to the user's needs. 

 
Conclusion 

The chosen procedural and constructive solutions 

proved their worth on site. Compared to the 

previously used vacuum systems, which were 

based on steam blasters and roots vacuum pumps 

with pre-inlet cooling an energetically more 

efficient solution was devised. Furthermore no 

contaminated water results of the new process. 

 


