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INTRODUCTION
■

The emergence in 1974 of vinyl chloride as apparently rela­
ted to deaths due to hemangiosarcoma of the liver in a number of 
PVC workers focused attention on the control of emissions of this
chlorinated hydrocarbon into the environment.

*

Conventional recovery systems in PVC plants have not effected 
complete and economical separation of vinyl chloride from inert 
gases which are introduced into the polymerization process. Purges 
of these inert gases from various phases of the process contain 
vinyl chloride and, as they are normally vented to the air, consti­
tute a concern.

•i

Tenneco Chemicals has developed a unique carbon adsorption 
technology to reduce vinyl chloride emissions from various phases 
of the PVC manufacturing process. The first successful commercial- 
scale application of this technology was at Tenneco's Pasadena,
Texas PVC manufacturing plant where a carbon adsorption unit was 
installed in early 1975. Over the past twelve months, it has demon­
strated that the VCM content of emissions to the environment from 
the sources treated can be consistently reduced to levels below 10 
parts per million* The use of the process, therefore, appears of 
value in meeting some phases of the SPA requirements as contained 
in that Agency's recent proposed Regulations.?

THE STATE OF THE ART

There are several known methods for removal of VCM from gas 
streams emitted from the PVC polymerization process, but each has 
its disadvantages. Some of these are:

!• Scrubbing of inert gas streams containing VCM is a
reliable, but generally uneconomical means of removing 
VCM. Because of the solubility characteristics of VCM 

" in most applicable solvents, cooling of the gases be­
low 0*C is required. Also, to keep equipment size down, 
solvent systems are generally operated under pressure 
which adds to the process complexity.6
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2. Combustion of the gas stream to oxidize VCM to
carbon dioxide# water and hydrochloric acid fol­
lowed by caustic scrubbing of the off-gas to re­
move hydrochloric acid is being practiced commer­
cially on a limited scale. However# the high cost 
of the required equipment and fuel make this 
approach undesirable.

T
e

3* The development of an oxyphotolysis route to the
destruction of VCM has been reported# but its tech 
nical and economic feasibility remains as yet

4. The use of refrigerated vent condensers is applica­
ble only where the concentration of the inerts in the 
gas stream treated is low. The energy requirement to 
cool the gas stream to -29°C is high# and the treated 
inert gases still contain a high amount of vinyl 
chloride.5

' *

*

8ince the above methods were generally undesirable# or uneco­
nomic# Tenneco embarked on a development program in 1973 utilizing 
activated carbon. The utilization of various forms of carbon as 
adsorbents has a long history. Centuries ago# Hindus filtered 
water through charcoal and the purification of sugar solutions 
with carboneous materials was carried out as early as the thirteenth 
century. Xn the latter part of that same century# Scheele found 
that carbon had the ability to adsorb gases# and since then# carbon 
adsorbents have found wide application in industry^®

SOURCES OF VINYL CHLORIDE EMISSIONS

Some sources of VCM emissions in the manufacture of PVC are 
described below. Many of these streams are normally vented to the 
atmosphere untreated since conventional VCM recovery systems can­
not effect complete Separation of VCM. The Tenneco activated car­
bon adsorption process can be effectively used to eliminate VCM 
emissions from the sources discussed below.

General PVC manufacturing process description - An excellent 2 
review of the chemistry and technology of PVC is given by Gottesman.*

4

Flow sheets for the manufacture of polyvinyl chloride resins 
via suspension and emulsion polymerization techniques are presented 
in Figures I and II. Generally# in these processes VCM and the 
polymerization initiator are dispersed in water by means of agita­
tion or the use of suspending# or emulsifying agents; the polymeri­
zation temperature selected to obtain the desired molecular weight. 
The reaction cycle is terminated so as to optimize productivity# 
or earlier if enhanced porosity is required.

L
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Due to polymerization kinetic limitations! conversion of 
100% of the vinyl chloride to PVC is impossible. Usually, 
therefore, seventeen to twenty percent of unreacted monomer 
remains at the end of the polymerization cycle and this is re­
covered and recycled to the process. However, as much as four 
percent of VCM can be left in the reaction media because of the 
difficulty of removal. If this monomer is not removed from the 
suspension and emulsion slurries by specialized stripping tech­
niques, it could eventually enter the environment. Therefore,
EPA has proposed a limit on vinyl chloride content in resin 
leaving the stripping step. These limits are 2000 ppm for 
emulsion latexes prior to further processing to obtain product 
and 400 ppm for suspension slurries before they are sent to the 
filtering and drying operation.7

Slurry tank operation - Another source of VCM emissions is 
the slurry tanks where operators have historically purged air 
through the vapor space of the tank to keep VCM concentrations 
down and hence, minimize the chance of formation of a flammable 
mixture. Despite this precaution, some explosions have occurred 
and recent practice has been to blanket the tanks with nitrogen. 
Dependent on the level of stripping of the slurry downstream,
VCM concentrations in the nitrogen purged (as the tanks are period! 
cally filled) may reach 15 mole %•

Equipment purging with inerts — In various phases of the VCM 
and PVC manufacturing process^ inert gas purging of equipment is 
required to reduce explosion hazard, remove last traces of VCM or 
to improve equipment efficiency. The off-gas purge streams gen­
erally contain 10-30 mole % vinyl chloride. Potential sources 
of these streams are (a) condenser purge,(b) VCM distribution 
systems, and (c) equipment preparation for maintenance and clean­
ing.

PILOT PLANT INVESTIGATION OF VINYL CHLORIDE ADSORPTION ON 
ACTIVATED CARBON__________________________________________________________

The following parameters were considered in the pilot plant 
investigation of VCM adsorption in the pilot plantt

Vinvl Chloride Monomer - The application of activated carbon 
for the adsorption of vinyl chloride has been explored in the lab­
oratory by several workers.3,4 These studies have utilized vir­
gin (pure) vinyl chloride. Thus, they have not completely demon­
strated the application of activated carbon adsorption to the VCM 
emitted from a PVC plant since the VCM studies by these investiga­
tors did not contain the number and concentrations of impurities 
which are usually present in the high VCM content gas emitted from 
the polymerization reaction. Adsorptive capacity and the long term 
utility of activated carbon in VCM service are strongly dependent
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TO our knowledge# Tenneco's pilot plant work is the first 
study conducted on the activated carbon adsorption with recovered 
vinyl chloride taken directly from a partially polymerized PVC 
batch. This recovered vinyl chloride monomer is considered repre­
sentative of the typical composition of the emissions which can 
occur in a PVC plant. A comparison of the composition of virgin 
and recovered monomer is exhibited in Table I•

Recovered vinyl chloride may also contain residual initiators# 
catalyst fragments# and suspending agents# so that it is prone to 
auto-polymerize to form PVC. This in turn can foul a carbon sys­
tem and greatly decrease its effectiveness over the long term. 
Therefore# it was necessary that operating conditions be selected 
so that polymerization on the carbon bed is avoided so as to ob­
tain a practical service life at adequate bed capacity. Tenneco's 
carbon adsorption process# as finally developed# satisfies this 
performance criterion.

Carbon Evaluation - In order to demonstrate the effect of 
bed life and vinyl chloride adsorptive ability# three different 
types of carbon were investigated# each derived from a different 
source of raw material. They are described as Type A# Type B 
and Type C.

The data tabulated in Table III and graphically presented in 
Figures V# VI# and VII# give the results of tests conducted to 
determine the adsorption and desorption characteristics of several 
types of commercially available activated carbons. Type A carbon# 
Figure V# showed a gradual fall off in bed capacity from an initial 
22.1% to 12.5% until the evaluation test with this carbon was pur­
posely terminated after 82 cycleB.

Type C carbon gave a lower initial bed capacity# 12%; however# 
the capacity held constant at this level for 82 cycles.

In Figure VI# data on the performance of Type B carbon are 
given. It is seen that this type of carbon showed a high initial 
VCM loading# but bed capacity fell significantly# to 6% after only
20 cycles.

The extensive data accumulated on these three carbons demon­
strated that Type A carbon would consistently remove essentially 
100% of vinyl chloride while providing long bed life.

Design basis - Based on analysis of actual plant process 
streams described in the previous section on sources of vinyl chlo­
ride emission#conditions were used which would potentially provide 
the most stringent conditions for the commercial carbon column.
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Synthetic mixtures of unreacted vinyl chloride monomer 
with inerts were prepared by blending individual streams of each 
component* The flowmeters used in the study were very carefully 
calibrated with a wet test meter and a universal pump calibrator 
(Inspector Model 302)* The results tabulated in Table II show 
remarkable agreement between theoretical and experimentally 
measured values.

k-

4

~ The schematic flow diagram of the pilot
plant gure III* Synthetic gas mixtures consis­
ting of a desired composition of unreacted VCM and inert gases 
were passed in a downflow direction through the column contain­
ing activated carbon* A wide range of nominal velocities were 
investigated, ranging between 10 and 70 feet per minute* Exit 
gas samples were obtained at specified times and non-adsorbed 
VCM in the exit stream was monitored with a Hewlett-Packard 
5700A Gas Chromatograph fitted with a Flame Ionization Detector 
with a sensitivity of 0*1 ppm. Gas samples were taken to the 
point at which the combustible gas detector showed VCM levels 
in excess of 0*1%. The vinyl chloride breakthrough profile 
shown in Figure IV shows that prior to breakthrough essentially 
100% of the VCM is adsorbed by the activated carbon* An extreme 
ly sharp and substantial increase in vinyl chloride concentra­
tion occurs at breakthrough.

Regeneration cycle - The long term successful performance 
of activated carbon is highly dependent on the use of the proper 
regeneration procedure. From the pilot plant work, a regeneration 
procedure was developed which has been used in a commercial plant 
for well over 1300 cycles without noticeable deterioration of the 
adsorption capacity of the activated carbon.

Tenneco's regeneration process has been shown by sophistica­
ted instrumental analysis to remove 99.4% of the VCM adsorbed in 
the carbon and to produce a regenerated carbon bed having essen­
tially pre-regeneration adsorption efficiency. In Tenneco's regen­
eration process, even the 0*6% of VCM remaining with the carbon 
bed is not emitted to the environment.

Carbon analysis - After the cyclic tests, the carbon was re- 
moved from the unit and examined. There was no visible evidence 
of polymerization of VCM on the carbon or any change in color.
The carbon samples were further analyzed by Soxhlet extraction 
with the extract also showing no indication of PVC. Surface area 
and pore size analyses showed no physical destruction of the carbon*

With the technical and economical feasibility of the adsorp­
tion route demonstrated on the pilot scale, the first commercial 
carbon adsorption unit for vinyl chloride was designed and built by

INSTALLATION
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Chend cal Design, Inc, of Lockport, New York. It w«e installed 
in Tenneco Chemicals* new PVC manufacturing facility at Pasa­
dena, Texas in early 1975, A picture of the unit is shown in
Figure VIII.

* *

• r ■

The adsorption equipment has been in operation for the 
past twelve months. During this time, the activated carbon in 
the test has undergone more than 1300 adsorption and regenera­
tion cycles. The average VCM level, as monitored by a gas 
chromatograph analyser on the adsorber effluent stream, has been
less than 4 ppm.

After ten months of continuous service, samples of carbon 
were withdrawn from the adsorber and showed that the carbon had 
retained 90% of its original VCM adsorptive capacity. Further, 
there was no evidence of the polymerisation of vinyl chloride 
in the adsorption unit or within the carbon.

Based on the above results, it is evident that for satis­
factory performance and acceptable economics of a carbon adsorp­
tion unit, proper choice of the activated carbon and selection 
of optimum process conditions (adsorption and regeneration)
must be made.

CONCLUSION
h

Based on the experience of a full year’s operation of the 
commercial unit, it has been shown that activated carbon is a 
viable means of minimising VCM emissions from a PVC polymeriza­
tion facility. Selection of carbon and choice of operating con­
ditions for the adsorption and desorption portions of the cycle 
are critically important to the success of such an installation. 
This, plus the variations of the composition of recovered VCM, 
make it prudent to carry out pilot plant work prior to design 
of such an activated carbon unit for VCM service.
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TABLE X

ANALYSIS OP RECOVERED VCM VS VIRGIN VCM

Propane

Propylene

Isobutylene

Propadiene

Butane

Butene** 1

Methyl acetylene 

Methyl chloride
* 4

Ethyl chloride 

1,3 Butadiene

2-chloropropene-1 

Acetylene
i

Ethylene

Virgin VCM
PPM

None Detectable

0.2

0.1

0.3

0.1

0.1

0.1

47.0

8.0

5.0

0.5

None Detectable

11.0

Recovered VCM
PPM

67

30

50

91

12

32

9

845

96

15

0.8

2

4
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TABLE IX

ACCURACY OF VCM GAS MIXTURE

PREPARED USING FLOWMETERS I

Z. ANALYTICAL

THEORETICAL
VALUE

MOLE t *
*

22

EXPERIMENTAL 
VALUE (GC) 

MOLE »

25 #

28 30

34 35

39 40

II. GRAVIMETRIC CHECK
• V

SET

10

30

GRAVIMETRIC

0.033

0.088

WET TEST 
Meter cu.ft/hr

0.0335

0.092 t
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TABLE XXI

CYCLIC TESTS VARIOUS ACTIVATED

CARBONS - REPLICATION STUDY
*

Bed Capacity (Iba.VCM/lb. Carbon) x 100
(

*

Cycle Huwber

*

*

*

1
3
5
7
9

11
13
15
17

19
21
23
25
27
28 
30 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
82 
85 
90

95

25.6 19.4 14.4

21.7 15.1
f-

11.6

22.1 18.7 10.8

22.1 15.1
*

—

21.4 18.7 11.3
i

21.4 18.0 11.3

22.7 17.3 11.3

22.0
m

18.4 11.3

21.2 14.4 11.3
a ►

20.9 18.0

21.8 12.2 —

21.4 11.2 11.5

21.9 9.8 10.5

22.7 6.1 11.6

19.0 8.3 11.4

24.9 11.6

19.0 •

11.7

13.4 12.1

12.6 ■*
*

11.7

11.8
1

12.1

12.6
■

12.1

11.8 •
p

1-

12.6

13.5 12.1

11.0 12.5

13.2
*

12.1

12.3 11.0

13.6
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