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I. INTRODUCTION

Under the technical assistance program for Central and Eastern European
countries funded by the United States Agency for International Development, the
World Environment Center (WEC) team conducted a reconnaissance visit in April
1994 to a plastics and chemicals manufacturing plant, Borsodchem Rt.; located in
Kazincbarcika, Hungary.

During that visit, the feasibility of a Waste Minimization Demonstration Project
(WMDP) was established and three potential projects were identified. The first
concerned the reduction of vinyl chloride monomer (VCM) emissions from the
polyvinyl chloride (PVC) manufacturing facilities; the second pertained to reduction
of vent gas air emissions from the waste gas incinerator at VCM facilities and the
third was related to reduction of mercury losses at the chlor-alkali plant. The
results of this visit were reported in Trip Report #1.

During a follow-up trip (August 1994), the project finally selected was the one
concerning reduction of VCM emissions at the PVC plant. Findings and
conclusions from that trip were presented in Trip Report #2.

The start-up of the WMDP took place during WEC team'’s visit in December 1994.
At the same time, the monitoring equipment was calibrated and plant personnel
were trained in its usage.

Following installation of oxygen monitoring equipment and tests performed for
about three (3) months, it was concluded that recovery of VCM is practical and can
become standard production procedure.

The purpose of the June 2, 1995 WEC team's visit was to formally close this waste
minimization demonstration project.



l. EXECUTIVE SUMMARY

Among its other various activities, World Environment Center's (WEC's) technical
assistance to industrial plants in Hungary to reduce environmental pollution
includes a Waste Minimization Program. Under this program, Waste Minimization
Demonstration Projects (\WMDP) sponsored by WEC were performed at three (3)
large enterprises. The purpose of these projects was to demonstrate to the
industry the attractiveness of the waste minimization concept and to disseminate
this effective poliution prevention strategy among other Hungarian enterprises.

One of the plants where a WMDP was performed was Borsodchem Rt., the largest
chemical complex in Hungary. The project was initiated in April 1994, when
WEC's team during a reconnaissance visit together with the plant management,
established the feasibility of such projects. At that time, three (3) facilities for
potential projects were identified:

No. 1 PVC plant - recapture of vinyl chloride monomer (VCM) released
into the air from steam stripper column;

No. 2 VCM plant - reduction of vent gas air emission from the waste gas
incinerator, containing chlorine, hydrogen chloride and hydrocarbons; and

No. 3 Chlor-alkali plant - reduction of mercury losses.

The most attractive prospect from an environmental and financial point of view was
No. 1. It was estimated that, when implemented, this project could reduce VCM
(carcinogenic!) emissions into the air by about 300 tons/year and yield
approximately $150,000/year in feed stock savings.

Project No. 2, ifimplemented, could eliminate the release of approximately 20
tons/year of excess chlorine, hydrogen chloride and other chlorinated hydrocarbon
gases into the air and generate about $100,000/year profit from sale of additional
hydrochloric acid.

Project No. 3, although financially least attractive, when implemented would
prevent about 0.5 ton/year of mercury from entering into the environment and
generate about $2,000/year savings.

Final selection of the project was contingent on securing reliable monitoring
equipment, which could be purchased by WEC with available funds.

During a follow-up visit by WEC's team in August 1994, a final determination was
made on the selection of facilities for the WMDP. [t was decided that the project



will focus on reduction of vinyl chloride monomer (VCM) air emissions at the
polyvinyl chloride (PVC) plant. :

VCM is a gas that is potentially explosive and causes liver cancer (known as
angiosarcoma), a bone condition (acro-osteolysis), a narrowing of the blood
vessels (Raynaud's phenomenon), and hardening of the skin (scleroderma).
Approximately 300 tons/year of this gas were discharged causing air pollution and
a loss of raw material. The reason for this situation was the plant's concern that
under certain conditions recycling of VCM can cause an explosion which may
occur when oxygen contents exceed maximum limits. Dependable monitoring of
the oxygen content presented technical problems due to the high moisture
contained in VCM gas.

To assure successful completion of the project, Borsodchem Rt. has established a
Waste Minimization Team consisting of five people from various departments, who
were responsible for implementation of this WMDP.

For this project, WEC has provided monitoring equipment which included a
thermoparamagnetic oxygen analyzer and complete sample conditioning system
purchased from Panametrics Company at a cost of $11,280. The equipment was
delivered to the plant in mid-November 1994 and plant personnel were trained on
its use and maintenance.

Following installation of the equipment and after about two (2) months of tests and
adjustments, as of this writing Borsodchem Rt. is recovering nearly 100% of VCM
gases previously wasted. It was concluded that about 240 tons/year of VCM can
be recovered, thus generating savings of $144,000/year. The payback period was
about one (1) month.

Borsodchem Rt.'s management and WEC consider this demonstration project to
be highly successful. In addition to environmental and financial dividends, it
demonstrated to the management of one of the largest enterprises in Hungary and
also to other companies the attractiveness of the waste minimization concept in
combating environmental poliution. Also, it served as a catalyst for culture change
among operators, who saw first-hand the link between environmental and
operational improvements. The degree of understanding and cooperation which
WEC received at this plant is an assurance that Borsodchem Rt. will be the
“flagship” in Hungary for the dissemination to other companies of this effective
pollution prevention strategy.

The results of WEC's Waste Minimization Demonstration Project at Borsodchem
Rt. can be summarized as follows:
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Reduced air pollution by preventing 240 tonslyear of a cancer-causing gas
from entering the atmosphere;

Reduced health hazard to workers and to neighboring inhabitants;
Improved relations with adjacent community by making substantial
reduction in air pollution;

Saving of raw material valued at $144,000/year.

Improved production efficiency.

Improved energy conservation;

Induced plant managers to adopt permanent waste minimization policy; and
Established a forum for demonstrating benefits of the waste minimization
program for Hungary's enterprises.

The project was formally closed on June 2, 1995,

For more information and details, refer to the enclosed Envirometrics Systems, Inc.
“Final Report”.
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Envirometrics Systems, Inc.

5746 Union Mill Road, Suite 420
Clifton, Virginia 22024
Tel: (703)761-1466 + Fax:(703)761-0645

Final Report
Waste Minimization Demonstration Project
Borsodchem Rt., Kazincbarcika, Hungary

INTRODUCTION

World Environment Center (WEC) and Borsodchem Rt., Kazincbarcika, Hungary
(Borsodchem) have conducted a Waste Minimization Demonstration Project (WMDP) to .
reduce air emission of vinyl chloride monomer (VCM) gas from steam stripping columns
located in the polyvinyl chloride (PVC) manufacturing plant operated by Borsodchem.
This project was the result of a reconnaissance visit made by a project team of WEC to
Borsodchem in April 1994 to identify waste minimization opportunities, as well as a
follow-up visit in August 1994 to develop a WMDP for the most feasible opportunities.
At the same time, WEC made a decision to purchase and supply the process monitoring
equipment required for the project. A Memorandum of Understanding (MOU) to conduct
the WMDP was then signed by the two organizations. The process monitoring equipment
selected for the project, an oxygen analyzer and gas sample conditioning system, was then
received by Borsodchem and installed near the steam stripping columns to monitor the
VCM gas being emitted to the air. A visit was then made by WEC's project team in
December 1994 to participate in the start-up of this equipment. The project team also
included a technical represcntative of Panametrics, Inc, which had supplied the equipment.
During this visit, plant personnel at Borsodchem were trained in the final calibration and
use of the oxygen analyzer. At the same time, a waste minimization team (WM Team) was
formed by Borsodchem to implement the WMDP. It was also decided that Borsodchem
will initially monitor the performance of the oxygen analyzer for data quality and need for
additional calibration of the instrument. Borsodchem then made arrangements for weekly
data on the process and oxygen monitoring to be sent to WEC for review. This procedure
was followed by Borsodchem for approximately six weeks (until February 16, 1995).
Simultaneously, the WM Team made the plant modifications required to reduce and control
the oxygen content of the VCM gas. Then, Borsodchem reported their satisfaction with the
performance of the oxygen analyzer and the results of the efforts made by the WM Team to
reduce oxygen content of VCM gas. A decision was then made by Borsodchem to start
recycling of VCM whenever its oxygen content was below predetermined limits.

» ESI
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Borsodchem completed the WMDP in March 1995 after monitoring the recycling of VCM
gas emitted by both the steam stripping columns installed on-site for a month (February 16
through March 15, 1995). These trials were successful and resulted in the actual recycling
of nearly 80% of the VCM gas which would have been emitted to the air otherwise. These
results were then presented by Borsodchem in a report dated March 31, 1995 to WEC
which is given as an attachment to this final report of WEC's consultant - Envirometrics
Systems, Inc. - on the project. Besides discussing the initial process monitoring data and
final results of the WMDP as reported by Borsodchem, the following report has provided a
few conclusions and recommendations on the general practice of using instruments in
process control and waste minimization. The following report is also designed to provide a
brief review of the entire project. Therefore, this report starts with a brief description of the
selection of a waste minimization opportunity for the project. Then, the report addresses
the selection of process monitoring equipment to support the WMDP. Finally, the WMDP
itself has been discussed at some length prior to summarizing the conclusions and
recommendations of the project. A brochure describing the principle and features of the
equipment supplied by WEC is also included as an attachment to this report.

More complete details of the project are given in the earlier reports which were submitted
by WEC (Interim Reports # 1 dated June 1994, Interim Report # 2 dated November 1995
& Interim Report # 3 dated January 1995).

Selection of a Waste Minimization Opportunity

At least three highly beneficial waste minimization opportunities were identified at
Borsodchem during the reconnaissance visit of the WEC project team in April 1994,
primarily due to the active interest in waste minimization shown by all professionals in the
company. Being a large chemicals manufacturing facility, almost every major “non-
product" stream found at Borsodchem can result in significant cost savings and benefits to
the environment and health if properly recycled, recovered or reused. It was, therefore,
difficult at the end of the reconnaissance visit to sclect one of the three waste minimization
opportunities identified for the WMDP. The final selection of the waste minimization
opportunity was therefore made only in the follow-up visit in August 1994, after
investigating each opportunity and getting a better understanding of the availability of
equipment and level of effort involved in demonstrating waste minimization in each case.

f ESTy!



Final Report
WMDP- Borsodchem Rt
Page 3 of 7

The final selection of a waste minimization opportunity for the WMDP - recycling of VCM
gas being lost to the air at the PVC plant - was also driven by management decisions which
had been made recently to install additional steam stripping columns at the facility to meet
with increased standards for residual vinyl chloride in the PVC resin sold in the
international market as well as the increased demand for manufacturing PVC. Due to the
planned increase in level of steam stripping operations, the maximum expected rate of
emission of VCM gas to the air would have increased from 40 to 75 kilograms per hour. A
concept design had therefore been prepared by Borsodchem for monitoring the oxygen
content of the VCM gas to enable its recycling when the WEC project team visited the plant
in August 1994. Borsodchem had also made an effort to commission a repaired oxygen
analyzer for use at the facility, and was considering the feasibility of using a suitable
programmable logic controller (PLC) with the oxygen analyzer to monitor VCM recycling
operations in the future. Once a suitable gas monitoring system is found and installed, it
was believed that Borsodchem had adequate familiarity with the PVC manufacturing plant
and operations to be able to minimize the leakage of air into the system which was
responsible for the oxygen content of the VCM gas being high and prevented its recycling.
After considering the availability of instruments for the purpose, as well as Borsodchem's
initiative to improve its operations, WEC decided that the WMDP will be focussed on
demonstrating the opportunity of recycling VCM at the PVC manufacturing plant.

Selection of Equipment for the WMDP

Five quotations were obtained from U.S.-based manufacturers of process instruments for
the application proposed for the WMDP. Three of these instruments used the fact that the
magnetic susceptibility of oxygen is approximately 100 times greater than most common
gases. Oxygen was therefore being detected in these instruments by creating a magnetic
field in the instrument and attracting oxygen preferably towards the field. The designs for
creating a magnetic field in the proposed instruments using this principle were different,
however. Two of the instruments considered for this application used the magnetodynamic
field, known as the "dumbbell type", whereas the third instrument used a
thermoparamagnetic field or wind generating type. Although both types of magnetic fields
have been used successfully to monitor oxygen content in different industrial applications,
previous experience of Borsodchem in using the "dumbbell type" magnetic field, as well as
other attractive features of the instrument using thermoparamagnetic field (price and safety),
enabled the selection of the latter type of instrument for the WMDP. The design of the gas
sampling system offered with this instrument was also found to include attractive features.

v ESTH
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Implementation of WMDP

As noted above, Borsodchem commenced the WMDP after the oxygen analyzer and gas
sample conditioning system were started-up in December 1994. Prior to recycling the
VCM gas from the steam stripping columns to the manufacturing process, however,
Borsodchem monitored the performance of the instrument for several weeks. WEC
received these monitoring data on a weekly basis for review. These data indicated that an
improvement in the readings was taking place and that Borsodchem was increasing its
familiarity with the equipment. After receiving the first and fifth week's data, however,
WEC's consultant and representatives of Panametrics, Inc. discussed the data and
communicated to Borsodchem the need to confirm data quality, check calibration, follow
operating instructions for the gas sampling system and document the actions being taken or
planned by the WM team to reduce the oxygen content of the VCM gas stream.
Borsodchem continued with the monitoring of the instrument for a few more weeks when it
confirmed that the instrument's readings were reliable. Borsodchem had also been
reducing the oxygen content of the VCM gas at the same time, and developed an action plan
to reduce it further. It was known that air leakages to the system occurred at specific units,
such as the screen below the polymerization reactors to receive the PVC resin. Slurry tanks
used for storing the resin prior to steam stripping were also kept open to atmosphere.
Steam stripping was also conducted at vacuum which could result in increased oxygen
content. The WM team was known to be familiar with these problems and the needed
corrective action.. Borsodchem started recycling VCM gases from February 16, 1995.

As shown by the attached report of Borsodchem on the results of recycling VCM gas to the
gas holder prior to further purification, the WMDP prevented nearly 80% of the gas from
being released to the air from steam stripping columns. Prior to the WMDP, control valves
were installed in the pipes carrying the gas streams and connected to the electronic output
from the oxygen analyzer. Daily records were then maintained for one month of the period
of time when the blowdown control valve on each steam stripping column was kept open.
This information was then used to record the quantities of VCM gas recycled and vented.
As shown in the tables prepared by Borsodchem, blowdown has occurred from 0 to 15
hours per day in steam stripping column 'B'. However, the average daily blowdown of
gas from this column was only 4 hours. Borsodchem expected the results of recycling rate
to improve to 95% as soon as plant modifications at the slurry tanks were completed, This
appears to have been verified by the data collected during most of April 1995.

/ ESIE
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Conclusions and Recommendations

A summary of the conclusions and recommendations to date resulting from the WMDP at
Borsodchem is given below :

1. The project has demonstrated that it is feasible to successfully recycle to the process
nearly all the VCM gas which is removed from PVC resins by steam stripping at
Borsodchem. This demonstration will enable Borsodchem to prevent the future emission
to the air of significant quantities of a gas which is known to be a carcinogen.

2. The recycling of the VCM gas being emitted at present will also reduce the cost of raw
materials used in manufacturing PVC resin. Borsodchem has estimated in its report on the
results of WMDP that the payback period of waste minimization in this project is less than
1 month based on an assumption that the cost of implementation included only the cost of
the instrument purchased by WEC. It is recommended that Borsodchem revise this
estimate after calculating the true cost of implementation by taking into consideration at least
the cost of plant modifications required to install the new gas recycling system (control
valves, electrical connections, piping, additional instruments, etc.) and to prevent air
leakages to the existing process equipment. Now that the WMDP has been successful, it is
recommended that Borsodchem determine the upper limit of additional capital investment
needed to achieve safe recycling and to make it a permanent feature of plant operations.

3. Borsodchem has reported that the recycled gas was found to be of acceptable quality in
comparison with the previous contents of the gasholder at the plant. It is recommended that
Borsodchem estimate the changes in the quality of the recycled VCM gas which may occur
if a third steam stripping column is installed to further decrease the quantities of VCM
residuals in the PVC resin manufactured at the plant. Based on the results of this estimate,
it is suggested that Borsodchem consider the alternatives to increasing the capacity of steam
stripping at the plant to meet with international standards on PVC resin quality.

4, It is finally recommended that Borsodchem consider the purchase of an oxygen analyzer
dedicated for the VCM gas emitted from each steam stripping column to achieve increased
safety and reliability of the existing monitoring system. It is also recommended that
Borsodchem determine the need for additional training in calibration and operation of the
Panametrics analyzer and gas sampling system to assure data quality and performance.

A BEST
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Project Summary

The WMDP at Borsodchem required a capital investment of approximately $11,000 in
process monitoring equipment (a thermoparamagnetic oxygen analyzer and a gas sample
conditioning system) and has demonstrated the possibility of recycling nearly 100% of the
VCM gas (a recognized carcinogenic material) which had been emitted to the air from steam
stripping of the PVC resin being manufactured at the plant in Kazincbarcika, Hungary.

Based on the current level of production of PVC resin at the plant and the operation of both
the existing steam stripping columns at current levels of performance, the potential for
recycling VCM gas (at 100% recovery) has been estimated to be 300 metric tons per year.
During the WMDP, the actual rate of recovery of VCM which was demonstrated from
February 16, 1995 to March 15, 1995 was reported to be 80%. At that time, the quantity
of gas recovered was estimated to be 240 metric tons per year. However, the rate of
recovery has been found to be nearly 100% during the demonstration which was conducted
in most of April 1995 after modifying the auxiliary equipment prior to the steam stripping
columns (such as the slurry tanks receiving the PVC resin from polymerization reactors) to
prevent the leakage of air to the manufacturing systems. The potential for recovering VCM
will increase further in quantity with increased levels of production of PVC resin at the
plant and / or increased levels of performance of steam stripping operations.

The WMDP has resulted in significant economic and environmental / health benefits to
Borsodchem, as well as several other less tangible benefits, which are outlined below :

Environmental / Health Benefits. As noted above, the total reduction in the air emission of
VCM gas under current levels of production and performance of the operations at
Borsodchem is estimated to be 300 metric tons per year. The hourly rate of emission of the
gas, based on 8,000 hours of operation per year, may be estimated to be 37.5 kilograms
per hour. This rate of air emission would have been higher (40 kilograms per hour) at the
existing maximum production capacity of the plant. At the increased levels of production
Borsodchem is planning to operate in the near future, the potential emission of VCM gas
has been estimated to be as high as 75 kilograms per hour. Prevention of air emission of a
carcinogenic gas like VCM has resulted in the reduction of health risks in Kazincbarcika.

§ ESIR
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Economic Benefits. As noted in the final report, a reasonable estimate of the economic
benefits may be based on the cost - $ 600 per metric ton - at which VCM gas is available
for manufacturing PVC resin at Borsodchem. By assuming that Borsodchem manufactures
300 metric tons of PVC resin next year at a rate of recovery of VCM gas of 95%, the cost
benefits in purchase of VCM gas is estimated to be 171,000 per year. The period for
paying back the capital investment ($11,000) involved in the purchase of the process
monitoring equipment for the WMDP can therefore be estimated as less than 1 month.

Other Benefits. Several other less tangible, but important, benefits have resulted from the
WMDP conducted by Borsodchem. First, the WMDP appears to have been a catalyst for
increased efforts to be made by the management of the company to achieve more waste
minimization in the immediate future. Borsodchem has prepared a waste minimization
program at the end of participation in the WMDP, a workshop on waste minimization in
Hungary and a study tour of industries and management services in the United States.
Second, the WMDP has paved the way for Borsodchem to increase and accelerate their
participation in the international market for PVC resins which has established standards for
the residual content of vinyl chloride in the product. Borsodchem can now consider the
installation of a third steam stripping column to achieve these standards, as well as reduce
the concentration of vinyl chloride in the wastewater from the plant and fugitive emissions.
If the market demand grows sufficiently, Borsodchem will also be able to consider plant
expansion without a corresponding increase in air emission of VCM gas. Last, but not the
least, the WMDP has prepared Borsodchem to comply better with future environmental
regulations and minimize the impact of regulatory enforcement on their operations.
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WASTE MINIMIZATION PROGRAM

Ihis project was technivally and Cluanelally gspongored by the WEC,
New York.

INTRODUCTION

In August L994. an agreement was signed by World Environment Center
and BorsodChem Rt, consisting a demonstration plan in topic of
reducing of waste VC-gas in Polimer II plant at BorsodChem Rt.

SHORT DESCRIPTION OF THE PROCESS

BorsodChem Rt produces PVC-resin by suspension technology
/see:Figqure 1./,

The suspension polymerisation is carried out in the polymerisation
unit up to 89-91 % of VM conversion rate. At the end of polymerisa-
tion the reaction is stopped by inhibitor and unconverted VoM is
removed by heating up the slurry using vacuum.

Slurry is discharged from reactors into slurry tanks.

Rema-ining, unconverted VQM is to be removed from the slurry. It is
carried out by strippers. Capacity of one of the strippers:21000 kg/h
slurry, and this slurry contains up to 7000 kg PVC-resin, and
approximatelly 18 kg unconverted vcM.
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This VM-gas could be reused after purification, if its oxygen con-
tent is less than 3 . ' .
Due to lack of veliable oxygen analyser this VQM-gas was exhausted
to the alr, polluting the environment.

SOLUTION OF VCM LOSSES PROBLEM

Continuosly analysing the oxygen content of this waste gas, under
3 % limit the gas can be reused, going to the gasholder and the
purification unit. Above 3 % limit it has to go to the air.
/see:Figure 2./ °

IMPLEMENTATICN

Environmetrics System Inc. as a consultant of WEC sent to Borsod-
Chem Rt five of offers for oxygen analyser usable in this circums-
tances. Experts of BorsodChem Rt chose PANRMETRICS TMOZ2 type of
oxygen analyser, that was built in.

RESULTS AND VALUATTION

After bullding the instrument in we tested the new system till 16-th
of February, and some possibilities of air-inlet were stopped.

Since 16-th of February this gas has being reused. In quality para-
meters cof recovered VCM can not re founé any deviation comparing to
quallity in former time,
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Effioiency thia mcthod can be sewn L Lalle Weel.atd 2. Curing this
four weeks in average approximatelly 80 ¢ of V(M gas has been recyc-
led. We will carvy out a modification in the slurry tank system and.
expectedly the efficiency of the waste gas recovery will be min.95%.

The price of the instrument was 10470 usD
Recovered VCM: quantity min 240 t/year
/calculating with 80 % of eff./
value of recovered VCM appr. 144000 USD

Total savings: appr. 133530 USD
Payback period: appr. 1 month,
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FIGURE 1.

Block diagram of suspension polimerisation of VCM at BorsodChem Rt
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Block diagram of stripping system at BorsodChem Rt.
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Efficiency (%)

STRIPPER "A" RECOVERING AND EFFICIENCY OF RECOVERING OF VCM APR. 1995.
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STRIPPER "B" RECOVERING AND EFFICIENCY OF RECOVERING OF VCM APR.1995.
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CIKA 3702 '
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PVC FACIORY
TELEFAX MESSAGE

T - WEC FROM : Zsombor Rajkai
ATIN : Dr. BOHDAN T,AFTANAS DATE : 18.05.1995.
FAX Nr: ©0-1-212-6835053 Nr of pages: 1.

Ref: Oxygen analyser in BorsodChem Rt

Dear Mr Aftanas,

Please find below costs connected to oxygenanaliser built in stripper -
lines of PVC-suspension in Polimer II, Plant of BorsodChem Rt.

Costs of material

Pipeline: - carben steel: 200 m 200.000 = HUF

- stainless steel: 24 m 128,000 "
Epay of labour: - welding: 48 hours 57.600 "
Gs - = locksmith: 8 " ' 8.800 "
3 ~ mechanician: 6 " 20.800 "
&z - electrician: 6 " 7.800 "
>~ - cleaning works: 2 v 35.200° "

'f - other maintenance
S works:. 48 " 52.800 "
511.000 HUF
appr. 4.065 USD

Best regards

Zs@r Rajkai
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VENDOR LITERATURE: TMO2D
OXYGEN ANALYZER & THERMOPARAMAGNETIC OXYGEN SENSOR
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PANAMETRICS

TMO2D OXYGEN ANALYZER

& Thermoparamagnetic Oxygen Sensor

. Measures oxygen concentration from ppm to 100% in gases

- Rugged, reliable, trouble-free operation
« Unequaled stability for less frequent calibration

. Fast response to track rapid changes

Background gas compensation

Aclive autocalibration

.

Wide variety of ranges to meet specitic needs

Pressure compensation for high oxygen concentration

)



.TII/IOZD OXYGEN ANALYZER & Thermoparamagnetic Oxygen Sensor

A New Dimension in
Oxygen Measurement

Panametrics has combined the
proven technology of its TMO2
Oxygen Transmitter, and the
power of microprocessor-based
TMO2D Electronics, to create
the TMO2D Oxygen Analyzer.
The resulting system features
enhanced performance and a
long list of new user benefits.

Measuring oxygen concentra-
tion in gases based on its
paramagnetic properties has
long been recognized as accu-
rate and reliable. This principle
is used in three types of oxygen
sensors: magnetodynamic
(dumbbell type); traditional ther-
moparamagnetic (wind generat-

gtype); and the advanced

moparamagnetic TMO2
gen transmitter from
Panametrics.

Like other wind-generating
types, the TMO2 Oxygen Trans-
mitter has no moving parts, so
it's rugged, reliable, and insensi-
tive to shock and vibration.

But, the TMO2 Transmitter im-
proves on the traditional ther-
moparamagnetic design by
using cooler-running, double-
glass coated thermistors in
place of troublesome, hot wire
filaments to provide the most
slable oxygen sensor available.
It is also much less afiected by
variations in position (levei)
than other analyzers.

And, the TMO2 Transmitter's
unique "“bridge-within-a-bridge"
ircuitry is teamed with micro-
‘cessor based TMO2D Elec-

ronics to provide automatic

compensation for variation in

The microprocessor-based TMO2D electronics unit features two line backlit
LCD, full keypad and menu-driven software to provide easy access (0 a
variety of features including user selectable oxygen range, recorder output
range, alarm settings and autocalibration.

‘both magnetic and thermal

properties of the background
gas — a feature not offered on
dumbbell or traditional wind
generating analyzers.

A Long List of Benefits

The TMO2D minimizes user atten-
rion. Wiany oxygen analyzers re-
quire weekly and even daily
atlention. The TMOZ2D has no
moving parts, and uses cool-
running thermistors, resulting in
rugged, reliable, trouble-free op-
eration, and unequaled stability
with zero and span drift of less
than 1% per month. In addition,
the TMOZ2 Transmitter and
TMOZ2D Electronics combine to

produce fast response, with a
system time constant of only
four seconds.

For accuracy and safety, the
TMO2D corrects for variation in
background gas properties
which can cause measurement
errors, and ofien results in the
understatement of oxygen con-
centration by other analyzers.

In addition, ¢ue 10 its dual
chamber design, the system is
much less sensitive to process
stream contamination, and sam-
ple flow rate varialion. To main-
tain accuracy, particularly when
measuring high oxygen concen-
trations, the sensor is tempera-
ture controlled, and pressure
compensated.



Long-terin, hands-off perforn-
ance is provided by active auto-
calibration. When recalibration
is needed, TMO2D's optional
autocalibration feature does
more than just sound an alarm.
The TMO2D electronics unit
controls valves to admit zero
and span gases to the TMO2
transmitter. Then, Th'7:2D soft-
ware compares readings with
factory calibration data and
makes any necessary correc-
tions — automatically — so
manual recalibration frequency
can be reduced to as little as
once per year.

A wide variety of ranges is pro-
vided to meet your needs. The
TMO2 Transmitter is available
in six measurement ranges.
This, combined with easy ac-
cess to zero suppression and
user selectable recorder output
range provided by TMO2D's
membrane keypad and menu-
driven software, allows you to
zoom-in on the specific oxygen
range for your application.

For installation flexibility, the
TMO2 Transmitter can be lo-
cated up to 1000 feet (300 me-
ters) from the TMO2D
Electronics, and with the addi-
tion of flame arresters is ap-
proved to CENELECEExd I C
T6 for use in hazardous areas.
When service is required, the
transmitter can be removed
from its housing and replaced
in seconds, without hreaking
process connections.

KEY BENEFITS

 Rugged, reliable, trouble-free

operation

Unequaled stability for less
frequent calibration

Fast response to track rapidly
changing processes
Background gas compensation
for improved accuracy & safety

Active autocalibration for
long-term performance

Wide variety of ranges to
meet your specific needs

Pressure compensation for
high oxygen concentration
applications

Unaffected by variations in
ambient temperature

Less sensitive to sample
contamination & flow rate
variation

Flexible installation

Suilable for use in hazardous
areas

Easily serviceable transmitter




APPLICATIONS

AL Panametncs"’{we ve'been providing; dependablesy
advanced analytlcal Instruments to govemment and;
Industry for over 30 years. The TMO2D can be found
across a broad spectrum of applications. Including

« General Industry
plant safety Inertlng

'""Steel lndustry .
blast fumace off gas

. Heat Treatlng Industry ,
carburizing and annealing ovens

:"i’:'ChemIcal lndustry
sactor fead | as'es

Petrochemlcal Industry o
catalytlc ‘régeneration, flaré gas and
- other hydrocarbon gases S

« Biochemical/Pharmaceutical
- fermentation processes composting .
operations

o Gas Pfoduction Industry
alr separation process

« Laboratories
laboratory ambient air

» Hospitals
oxygen supply systems

Complete application data is available from your
Panametrics representative or any
Panametrics office worldwide.

P R e e

TMOZD OXYGEN ANAL YZER & Thermoparamagnetic Oxygen Sensor

HOW IT WORKS

Basic Principle

Since its magnetic susceptibility
is approximately 100 times
greater than most common
gases, oxygen can be easily
distinguished from other gases
based on its attraction into a
magnetic field. The magnetic
susceptibility of oxygen varies
with temperature — more
strongly attracted at low tem-
peratures, and less at high tem-
peratures. Therefore, by
carefully combining a magnetic
field gradient and a tempera-
ture gradient within the TMO2
transmitter measuring cell, an
oxygen-containing gas can be
made to flow, creating "mag-
netic wind." The intensity of this
induced flow depends on the
concentration of oxygen in the
sample.

TMO2 Transmitter:
Oxygen measurement
bridge

in the TMO2 transmitter meas-
uring cell, permanent magnets
are used to create a magnetic
field. The temperature within
the measuring cell is controlled
to a constant 45°C to maintain
thermal equilibrium. The cell
also contains two pairs of ther-
mistors, with one thermistor of
each pair located within the
magnetic field. Since the ther-
mistors are electrically heated,
a temperature gradient is cre-
ated within the magnetic field.

When a small sample of oxy-
gen-containing gas diffuses into
the measuring cell, it is at-
tracted to the field, causing the



sample pressure to become lo-
cally higher. The sample pres-
sure is slightly lower in the
vicinity of the thermistors be-
cause the gas is less strongly
attracted at higher tempera-
tures. This difference in sample
pressure causes the gas to flow
out from the center of the mag-
netic field and over the thermis-
tors. The inner, wind generating
thermistors, decrease in tem-
perature as they lose heat to
the magnetic wind, while the

Dual chamber oxygen measuring
cell. The magnetically-induced
Slow of oxygen containing gas
cools the wind-generating
thermistors and warms the wind
receiving thermistors (above).

“Dual Chamber Induced GasuFIow

Design

Magnet

Wind Generating
. (Cooled)
Thermistor -

‘4

\ Wind Receiving
(Warmed)
.Thiermistor

The TMO2D transmitter can be
removed from its housing and be
replaced in seconds without
breaking process connections
(above).

outer, wind receiving thermis-
tors, increase in temperature as
they pick up heat from the mag-
netic wind.

The themistor pairs are addi-
tively connected in an elec-
tronic measuring bridge circuit
as shown. The circuit is unbal-
anced as the electrical resis-
tance of the thermistors change
with temperature.

The circuit imbalance causes a
voltage to appear across the
bridge which is proportional to
the oxygen concentration in the
gas being measured.



TMO2D OXYGEN ANALYZER & fhermoparamagnetié Oxygen Sensor

<
W1, W2 = Wind generating (cooled) thermistors

R1, R2 = Wind receiving (warmed) thermistors

'MO2 Transmitter schematic: The oxygen bridge is one arm of yet another
ompensation bridge, which maintains the oxygen bridge at a constant
temperature when background gas composition changes.

TMO2 Transmitter:
Compensation Bridge

As the background gases
which make up the balance of
an oxygen-containing mixture
change, the magnetic and ther-
mal properties of the sample
gas change. This will affect the
response of any magnetic oxy-
gen analyzer if left uncompen-
sated.

For this reason, the TMO2
transmitter features a unique
"bridge-within-a-bridge circuit."
The oxygen measuring bridge
described above is one arm of

et another compensation

ridge, which maintains the oxy-
gen bridge at a constant tem-
perature when background gas
composition changes.

TMO2D Electronics:
Microprocessor-Based
Compensation for
Variations In Background
Gas Composition

By sensing the compensation
bridge current necessary to re-
store oxygen bridge tempera-
ture, a signal is obtained which
is transmitted to the TMO2D
electronics. The TMO2D then
performs microprocessor-
based background gas compen-
sation for both magnetic and
thermal properties. This allows
the TMO2D to be more accu-
rate than uncompensated mag-
netic oxygen analyzers in the
majority of applications.



TMO2 OXYGEN
TRANSMITTER
SPECIFICATIONS

Measuring Ranges:

0t01% O,

0t02% O,

0t05%0,

010 10% O,

0t025% O,

0to 100% O,
Measurement Resolution:

0.01% O,
Accuracy:

1% of span
Linearity:

0.1% of span

Repeatabitlity:
0.2% of span

Stability:

Zero and span, 0.8% of span/month
(0 to 2% O, range and higher), 1.5%
of span/month (0 to 1% O, range)

Amblent Temperature Influence:
Negligible if transmitter is heated at
least 5°C above highest
ambient temperature
Transmitter Temperature:
Controlled to 45°C

Atmospheric Pressure Influence:
0.2% of span per mm Hg (optional
pressure compensation available)
Sample Flow Rate Influence:
Less than 1% of span with 50 to
1000 cc/minute, no flame arrestors
(0.1 to 2 SCFH)
Line Vultage Influcnce:
Negligible

Amblent Requirements:
Relative Humidity
0 to 100% (non-condensing)
Temperature
- 20° to 40°C; Higher temperatures
available

Sample Requirements:
Flow
50 to 1000 cc/m (0.1 to 2 SCFH)

Pressure
20 psig maximum

Power Requirements:

24 VDC, 1A maximum, powered by
TMO2D Electronics

Electrical Output:
0/4 to 20 mA to TMO2D electronics

Transmitter/Efectronlics Separation:

1000 feet (300 meters) maximum;
Shielded cable not required

Physlical Characteristics:
Dimensions (height x width x depth)
9.25 x 5.625 x 6 inches
(23.5x14.3x15.2¢cm)
Weight
9.5 pounds (4.3 kg)
Connections
1/2 inch NPTF (electrical conduit),
1/4 inch NPTF (sample inlet & outlet)

Area Classilficatlion:

Explosion-proot/weatherproof INIEX
Cert, # 90C.103.882 to CENELEC
EExdNICT6

U.S. Coast Guard approval
(tile # 16703/33-154) for vapor
control systems for the transfer
of vapors of benzene, crude oil
and gasoline blends per 33 CFR
Part 154.824 (g)

TMO2D ELECTRONICS
SPECIFICATIONS

Display:

2-line x 24 character backlit LCD
Accuracy:

0.1% of span (electronics only)
TMO2D Oxygen Analyzer

System Response:

4 seconds for 63% of a step change
in oxygen

Amblent Temperature Influence:
0.001% Full Scale/°C

Temperature:
Operating
0° to 50°C
Storage L
-20°t0 70°C
Recorder Outputs:
Standard
Single, non-isolated 0/4 to 20 mA,
12-bit resolution, field selectable/
programmable 600 ohm maximum load
Optional
Dual, isolated 0/4 to 20 mA, 10-bit
resolution, field programmable

Alarms:

Standard
2 Form C alarms, SPDT 2A maximum
@ 117 VAC field selectable/
programmable, set point resolution
0.01% O,, dead band 0.05% of span
Optional
2 hermetically sealed relays for Division
2 hazardous area locations
2 standard or hermetically sealed
relays for automatic calibration

Digital Output:
RS232 serial port

Power Requirements:

100/120/220/240 VAC £10%, 50/60
Hz, 35 watts, provides 24 VDC,
1A maximum power to TMO2
.oxygen transmitter

Electrical Input:
0/4 to 20 mA from TMO2 oxygen
transmitter
Physlcal Characterlstics:

Dimensions (height x width x depth)
Rack Mount 5.25 x 19 x 9.25 inches
(133 x 483 x 235 mm)
Bench Mount 5.25 x 9 x 9.25 inches
(133 x 229 x 235 mm)
Panel Mount 5.25 x 9 x 9.25 inches
{133 x 229 x 235 mm)
Weight
Rack Mount 5.4 pounds (2.4 kg)
Bench Mount 7.4 pounds (3.4 kg)
Panel Mount 4.7 pounds (2.1 kg)

Area Classlification:
Weatherproof

%
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OFFICES

Austratla: Gymea, N.S.W.
Panametrics, Pty. Ltd,

Phone 61-2-525-4055

Telex 170552 Fax 61-2-526-2776

Benelux: Hoavelaken

The Netherlands

Panametrics, B.V. Phone 03495-36444.
Fax 03495-37269

France: Colombes
Panametrics, S.A., Phone 1-47824281
Telex 612211 Fax 1-47863562

Germany: Hotheim
Panametrics, GmbH

Phone 06122-8080

Telex 4182578 Fax 06122-8147

J/ - Cl‘{l/ Irelandi Shannon

Panametrics, Ltd., Phone 061-471377
oll- L3 b(— Telex 72161 Fax: 061-471359

ttaly: Milano
. Panametrics, SRL
Phone 02-26412122 Fax 02-26414454

Japan: Tokyo

Panametrics Japan Co., Ltd.

Phone 03-262-8701 Telex 2323168
Fax 03-265-8706

Korea: Seoul
Panametrics Korea, Ltd.
Phone 82-2-555-4611
Fax 82-2-556-4351

Sweden: Tumba
Panametrics AB
Phone 08-530-68500 Fax 08-530-35757

United Kingdom: Cheam, Surrey
Panametrics, Ltd.

Phone 081-643-5150

Fax 081-643-4225

Northenden, Manchester
Panametrics, Ltd.

Phone 061-946-0355
Fax 061-946-0334
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