optimization, clean wall systems, and VCM
fontainment, PYC should hold its position
$ 2 jeading thermoplastic

B. Cameran, Conoco Chemicals Co., Houswan;
, Lundesn and J.H. McCulley, Jl'.. Conoco, luc..
City, Okla,

UsEs oF PV
Pexible (or plasticized) and rigid (non-plasticized) ap-
plications. Histarically, flexible applications appeared
. Initially, plasticized PV found use a8 wire inailie-
jon. Soon aher, cadendered PV, mtroduced as a
Eather replacement. became widely known as “vinyl”
 the public. Flexible PV was initially processed on
gquiptietl vsedd e the rublicr indusiry. Now, however,
pecialized cquipment has bheen developed jor Hexible
"

Rigid PVC, usect in pipe, finings and building prao-
Bles, 1y grown vapidly in the past deeide (Fig. D
paproved vesiss quality, stabilizer systems, extrusion
gouipient and high demang tor these products al)
masribuied to thiy spectacular growth.

 PVC resing produced in the U.S. span the inhevem
scosity vaigge (rom 065 @ 116, Orher resin praper-
tes of imporunce in most applications are porosity,
usion rate, heat stability and bulk density. High vol-
wae resistivity is nceded in electrical applications and a
v get contem s requised Loe coram Hexible and
gl products. Resin properties required tor different
ypplications are given in Table 2.

Three types of processes are used for PYC homopal-
wer martufuctuee, ‘These are suspension, cmubion
and snass {or bulk) processes, ‘The proportion of PVC
sade by each process is now reasonably stable and
Adould remain 30 in the next few years.! Abou 80
@uecrcent of all PVC is produced by suspension pro-
wsses. “Ihis review is lhited 10 4 discussion of PVC
REPCHNION roceases,

The chamistry of vinyl chioride polymerlzation. Vi-
” chloride monomer (VCM) is polymerized ofli-
gently in the presence of a free vadicad source. "The
peucral reaction scheme and iniual kinetics are typical
o4 free radical chain reaction.

Initiation Initiator -lsa'.. 21

Ue 108 on Reader Service Cars

are divided i thie broad areas of

i

Emuision PYC rom/

*"'W*

T 1

Tulat PVC
7% qrowth
since 1670

— e —

Rt PV
14%a growth
NG 1474

B mon pounds
Hn

—_———a

1

]

Fugis applcalond

4] [
oL W20 1975 1978
'Modetn Plasiics Annusi summanns
Fig. 1—Crowth of the PVC ndualry.
” polymerizaion NFRVECS'E
R+ MK K., e
- Chain vunsler o K
monomer * R+ Ml PVC + R

Other chain transier
agent (CA)

Termination

R-+ (.’I‘A Xipve +R-
or - Xe pve

Overall, polymerization rate is ilusiced by the
initiator (br initiators) used. Vinyi chloride polymeriza-
tion is inhibited by oxygen, nitrous oxide and other
free rudical inhibitors, Complex kineties arise because
of dilferem polymerization rites in the monomer ancd
polymer pluse. “Termination reacuiuns (K,) are. re-
tarded because of reduced radical mobiluy in the
polymer phase. Consequently, the overail rae gener-
ally increases with the amaunt of polymer larmed
(Immnwlml efleet) i shown in Fig, 2. Some com-
punies have developed initiator combinations to pro-
vide for more uniform reaction rate throughout poly-
merization.*¥

The polecular weight o PVC dearvases with in-
crensing polysserization iemperature, i.e., K, increases
more rapidly thun K,. The relationship of pnlymenz‘p
lion temperature to a4 meusure of molecular weight
{inherent viscosity) is shown in Fig. 3.

Polymer molecular weight s nearly wndependen of

~ APO0010783
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TABLE 1—Listing of PVC producer capacity, third quarter 1979

(Approimate name plate capaclly, MM s}

MOATH AMERNICA
Conade
Diamond Shamrock - Atbarta Gas 220
ESSO Chemical Cansda 85
8. F. Geodrich (2 locations) 3437
Total ~G50
Maxies
Industrias location
R 4
Potimeros de Mexico 66
Promociones Industrisies Maxicanas 86
Totsl ~430
Uniled $iates
Alt Products and Chamicats (2 locations 330
Borden 42 locations} @ , 530
CertaneTood 220
Conoco Chemicals (2 locations) 550
E‘gﬁmu Shamrock (2 locrtons) .';;l)
Firestons (2 locations) 420
General Tize and R (2 locations) 175
Georgia- Pacific 550
8. F. Goodrich (8 locations), 1,400
Goodysar Tirs and Rubber e
Grsat American Chemical 7%
Hooksr Chemicals and Prastics (2 locations) 180
Internstional w\hmhls £
Panasots (2 locations) 120
Rico Chemicais - 180
Shintech 30
Stautser Chemical {3 locations) 420
Tenineca Chemicals (3 locations) 685
Union Carbide 150
Total ~7,200
CEITRAL AMERMCA
Nicaragme
Polycass %
SOUTH AMERICA
Argesiion
Plctmd(x SACI 0“5’
Viplastie 15
Totat ~120
Sranivil Vialicw o0
1
C.re. - A
§.A. Geon g0 %0
iodustries Quimices Electro Cloro 188
Yot 550
Chile
Petroquimics - Dow E
Colambia
Colombisna de Carbura y Derivados 17
Petroquimica Colombiana )]

initiator type but is somewhat dependent on initiator
concentration.' However, in addition to the tempera-
ture dependence, molecular weight can be reduced hy
a chain transfer agent (CTA). A chain transfer agent
reacts with the growing polymer chains {R) more
rapidly than monomer (K, >>>K,) terminating that
chain and initiating 2 new chain. Common chain trans-

48

Socete Artesienns e Vinyl

Protiuits Chimiques Uging Kuhim
Rhong - Poulenc (3 locations)
Shelt Chimie

Total
Wast Germeny

BASF
mct;cmmmmm

Solvay
Hoechst (2
(2 kcations)

Wacier - Chernie (2 focations)
To

Kely
Socists Chimica Ravenna
Liguiquimica Fervandina
Montadison (3 locations)
Rumianca Sud

Societa [tallana Resing
Sobvic

Tota)
Metbariands

DSM
Sheft

BP (2 locations)
?&ﬂsﬂ Industrial Plastics

Tott
OTHER WESTERN FEUROPE
Ausiris

Kalvie Kunstatofwerks
Fiolasd

Polemg Oy
Smess

ESSO Chemical
Wm Chemicat incustry

Merway
Norsk Hydm

fer agents are thioglycolates'!, halogenated h_vdnxar-i
bons'* and aliphatic aldehydes.'* {
Initiators used ‘in suspension PVC processes are!
generally peresters, peroxydicarbonates, peroxides or
az0 compounds. Initiators are chosen to have decome 3
position rates that produce polymerization rates to
match reactor heat removal capahilities. Other consid.
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‘SSING

Hengary
Statw Industry (2 focations) )

Poland
State industry (4 locations)
Nemania
‘State Industry (4 locations)
Ussa -
State Industry (5 locstions) 1,100
Yupasiovis
Jmmuuul Ind. {2 locations) 1;&
B v . v
Viy! Plastiia [}
WODLE EAST

g 8§ £ 8 8§ &

et
Electrochemica! industries 200
Pytkim (2 locations) 335
HA LAST
lodle
ng 48
Chemicais and Plastics Indie 45
NOCIL 45
Plasties Aeting and Chermicels 0
Aaasthan Viayt 80
P. 7. Esstern Polymer 35
R. T, Standard Toyo Polymer 50
Jagea
Ashi Glass 50
Cantral Chemical ]
Chitsa (2 locations) 200
Chisso 100

erations are effect on polymer heat stability, safety and
onvenience of use.

Suspension polymerization requires that vinyl chlo-
ride droplets of {00-150u average diameter be dis-
persed in a water-continuous phase by usc of suspend-
ing agents and suitable agitation. Typical suspending
agents (often called protective colloids) for use in PVC

HYDROCARBON PROCESSING MARCH 1980

DENKA (3 locations) 3rs

Chemical (3 locstions) 450
Kawasald Orpanic Chemmicats
Kurehs Chemical zgg
Mitsubishi Monganto 240
Mitsui Tostsy 280
Nippoh Zson 425
s 2
in - Etsu Chemical 52 locations) 480
Sumitoma Chemicat (2 tocations) 220
Sun Arrow Chemical 130
;okuym Sedsui 13
Toyo Sods 200
Total ~4,000
Merth Xores
State Indusiry 50
Soulk Kares
KMC (8 locations
Lucky ) %
Malaysis
Mal Becta Chemical 2%
S 5
Pakistas
Arokey 10
Pailippises
Matwshay Vimd &5
Phitippios Vinyt Consortium 45
$Singapers
Singapore Polymer 35
Tolwen
cmm’Guﬂ Plastics 33
Formpsa Plastics 850
Ocsan Plasics 40
Thalisnd
Thal Plastic and Chemical 4
DCEANA
Axtiralita
. F. Goodrich 135
ICt 230
AFRICA
Algeria
Songtrach 80
Lieyz
National Organization tor indusiriaiization 130
Moraces
SNEP 55
Sealh Airigs
AE & C! {2 locations 100
AL & Cland 220
m WM Comtruction Sumscors, $aif Mhi, Company
2. Wertd Porady Serwce, SA! iommational in¢.

manufacture are water-soluble polymers such as a
modified celiulose or a partially hydrolyzed polyvinyl
acetate.

‘The suspending agent concentrates in the vinyl
chloride-water interface and prevents (or minimizes)
droplet coalesence. The nature and quantity of sus-
pending agent and the agitation employed are major

4
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TABLE 2—PVC applications—Resin requirements
RESIM REQLIREMENTS
nheresl
Apglications  Viszaslly  Spacial Prepartias

Pracast

t. Exirusion
Rigw (non-
PlsUcIed)

P 0.88-0.35 MHigh Heat Gtabuity
Profile 0.85-1.12  High Heat Statnlity
Shest 0.74-0.95  Hign Mext SLadikity, uaqn
Glaaty, Ggod Early
High Heal Stabiity. High

GlunyL,‘”Gnoa Early

Cosor, Gals.

Flenbly

) W 200 e 10012 20 oongt g,
Plashcuer on

Fim 0.74-0.52

Protilss 0.90-1.12  Low Gels, High Plaslias-
Shest 0.80-1.04 Tow Cas, ¥igh Clarty
, T Good Sarty Color
Fim 0.90-0.58 Low Gels, High Clanty
- Gaod Earty Color.
- Invechion Noiding Riga 0.80-0.42 High Heat Stabei
Fendis 0.90-1.04 thn Plagberzer
3. Blow Molding 8otiies 0.60-0.82  Hiph Haal Stabeiny, High
Clanty. Good Early
Low Gels
4. Calendering Flaxibie Sheel  0.72-1.04  High Plasticue Abaorg-

fuctors in determining resin properties such as particle
size, particle size distribution, porosity and bulk den-
ity * Fdfeas of agiunion in the suspension polymicriz-
tiow of vinyl chloride have recemly been correluted
with resin properties by use of Weber number.'

Other variables of imporince in suspension poly-
wieriznion of vinyl chiloride are impurities preseat,
vrder ol addition of reaction nunerils and e of
g as well as rate ol heating to reiaction emperas
wre. A typical procedure would call for removal of
oxygen from the reactor by evacuation, addition of
water, vinyl chloride and suspending agent and finally
addition ol initiator. Polymerization beging us the sys-
e is brought 1 reaction temperature.

Consistent batch-to-hatch results in PVC manufice-
e require control of essentially all variables. These
include impurities (oxygen, butadiene, etc.), rates and
wemperatures of additions, thoroughness of mixing

S8tk Aoty sl poreniy dne s depcrebent ale the PXIFHE O i,

Successful PYC manufacture
depends upon closed systems
with reactor internals being
cleaned without opening any
vessels and complete removal of
any remaining VCM.

42
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Fig. 2—Reaction rale versus convearsion.
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Polymenzation tempaeraiure, *F
Fig. 3—-FVC inherent viscosity versus polymenzanon temperaiwe.

and rate of heating 10 reaction lemperature. A come
plete description of & polymerization procedure ine
cluding polymer isolation is given in a subsequem
section.

Interactions between polymerizing monamer drop-
lets and also ineractions between growing primary
polymer particles iead 1w differences in the structure of
PVC, PVC morphology is affected by the suspension
system, agiution, polymerization temperature, non-
reactive additives, conversion and other fuctors. Differ-
ences in PVC morphology are illustrated by the pho-
tpicrographs in Fig. 4. A unitormly porous resin (4A}
is desired for ease of VCM removal and processing.
Large gel regions, shown in 4B will release VOM
vehinively slowly making the steipping process less el-
lective and way cause non-unitormity in the findd
product,

Commercial processes. Polyvinylchloride plants in
the 50s and 60s contained many small batch reactons
grouped in one or more reactor modules. A ypicdd

MARCH 1900  HYDROCARBON PROCESSING
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reacior module conuiined twenty 2,300-gallon
s. I'olymierization began with addition of water,
spending sgent and inititor 10 an open reactor w
ient conditions. The reactor was then dosed, evac-
ped tu remove oxygen, vinyl chloride added and the
pture agitated and heated to polymierization wn-
ture, Constanl wperatre wits aintisined antil
B30 percent of the monamer had been converted to
pyer. Unreacted vinyl chloride was removed by
cuation and the polymer recovered from the water
y by centvituging and drying. Reactors were
petied. autacd cleaned wmannally afier cach eycle. ‘the
dl eyele teok approaximately 12 hours.
Processes using lvrger reactors! 157 were develogxad
the Gue Gis, Tl ogey vestors olfer inoreised
uctivity, lower plio costs skt improved product
formity. Although cominuous PVC processes have

en patented, ™" none have been commercialized o

B With ihe discovery of the link between YVEM expo-

and angiosarcoma of the liver, OSHA quickly
d regulations in 1974 limiting employe exposure,
ucers implemnented many  process refincments
marily aied gt reducing or containing VCM emis-

Bpos. Reactor cleaning emissions were reduced by

Joping water-lancing equipment that would oper-
in a closed reactor and chemical treaiment to
Rduce reactor louling.
I 1975, the EYA declared VCM to be a hazardous
i potlutant and issued an emission standard in 1976,
aing the VCM concentsation in the resin slurry,
aor npening emissions and other plant VCM ¢mis.
. Producers began developing swipping processes
Rlower the VCM emissions and fugitive losses. Rapid
iyichloride removal by steam stripping reguired that
e resin he highly porous.® Therefore, dense non-
uis resins previously popular for rigid applications
pe been phased out in faver of porous, more easily
apped resins.

Iv countrol VOM exposure in downstrearn tabrica-

2

HISTORICAL

Although polyvinylchloride (PVC) was firt made in the
laboratory about 100 years ago, commercial production of the
homopolymer did not begin uniil the lue 1980s.! A major
reasan for the Jong delay hetween disovery and commercials
ization wius that uamodilied PVE is not a4 useful material.
Progrems in PVC technology has involved & complex interac-
tion bewween resin development, ¢ffects of additives and
cquiptient design as wabl a3 market demands, In dic past
decade, a major mew requi ent has app b—thiat oF
meeting EPA und OSHA reguladons.

To aprmlau the latest developments in PVC technalogy, it
is weeful 1o bricfly review piost milestones in PVC progress,

w

¥ of the lern PVC industry were established by
4 serics of discoveries extending back about 30 years.

<.

inicial commercialization of PVC homopolymer was made
possible by dismverr of the plasticizing effect produced hy
csters, such s witalyl phwosphate or phthalites. World War 11
stimulated inwrest in replucement of rubbier by plasuciaed
PVC. Use of plasticized PVC as wire and cable insulation was
common within the decade as was use of calendered PYC asa
leather replacement. By 1957, the fledgling PYCindusiry had
sales of over 600 MM pounds,’ mosuy in {luxible applicaions.

In the early 19608, advances in heat stabilizers and extruder
design contributed to the rapid growih of rigid PVC. Growth
of rigid PVC (pipe, fitings, construction profiles) from 1965
to the present has been spectaculsr (Fig. 1),

The discovery in 1973 that ex re o vinyl chioride
resulted in increased inddence of 2 form of liver cancer
(angiosarcoma) resulted in fundamentai changes in the PVC
industry. A result of compliance with EPA and OSHA vinyl
chloride emissions standards has been loss of capacity, esti-
maled o be abnut 20 percent' which contributed 12 PVC
shortuges in 1974 and 1979. However, technology to control
emissions now has been developed, and 2 new round of plant
expansions has been announced.’ In 1979, U.S. companies
will have about 7 billion lbs of PVC capacity (Table 1) with
world cupacity about 30 biltion lbs.

Supporting the rapid rise in PVC production has been
improving technology for vinyl chioride production. This has
recently Leen reviewed and will not be discussed here.®
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Reactor design is important
in resin quality control,

along with agitation, speed of
agitator, baffle location

and ability to move baffles
from outside the reactor.

concentration limit in dried PVC resin and arranged
for surveying and enforcement by the Plastic Pipe
Institute.

PVC process. A PVC process can
be divided into polymerization, monomer stripping
and resin drying sections. The process flow of a typical
large reactor planm is outlined in Fig, 5.

‘The process hegins with the charging ol process
water, fresh VCM, recycle VCM, and suspending
agent to an air-free reactor. Charge quantities of each
must he accurately controlied 10 avoid changes in the
resin particle size and other quality parameters. “I'he
charge is controfled by flow measurements, loss of
weight measurements, or a combination of hoth, Water
to monomer ratios of 1.1 o 2.0 are normally used
depending on the quality of the local water and the
potymerization technology used.

Monomer soluble initiator(s} is added to start the
reaction. The heat of reaction s removed through a

water jacket around the reactor. Initially, hot water is

circulated through the jucket 16 help bring the res
contents to the desirel polymeriztion wempert
Cooling water is then used 10 control the ren
temperature.

As the reaction proceeds, a stable suspension
VCM in water is formed by agitation of water, V
and the suspending agent. The product particle |
and clistribution is geacrally believed 1o be establis
carly in the reaction.

At a conversion of around 70 percent, reacior p
sure (and reaction rate} begins to drop due to
reacted monomer being ahsorhed by the PV pani
(Fig. 2). "The reaction is ustally tevminted at o spo
conversion measured as a specilic drop from rea
run pressure or at a final reactor pressure. The t
monomer to polymer conversion ranges {rom 7
percent, depending on product quality requireme

Unreacted monomer is recovered from the |
product by depressurizing the reactor to a recot
system containing slurry disentrainment equipm
vacuum pumps and compressors, ‘Fhe viscuum pu
and compressors are usually water-sealed,

‘The reactor is rinsed with water hefore rechar;
0 remove residual resin which, if left in the rex
would degrade the quality of the vesin produced in
next batch. Hydroblasting may be used 1 remove s
that has formed. ‘t'he reactor surfaces also ma
rinsed or sprayed with chemicals which help pre
polymer scile formation on the reactor internals,

EPA standards specify that the residual mono
content ol the resin be reduced to 400 ppmw m
mum by additional! monomer recovery in a strip
process. There the sturry is heated aned sirippes
contact with steam in a trayed wwer. The stripy

PVC REACTOA RECOVERED BLENDG TANK STRIPPER FLLD BED DRAYER SO
MONOMER STORAGE
To atm,
oChomens O O VoM eamvery
e oo
Progees
Jveur |
Feaah
AL
VoM
! Q

Fig. —Typical PVC procesa fiow diagram.
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process must be designed to minimize the heat expo-
sure of the resin to avoid heat stahility (resin degracia-
tion}) pmbien_m in Customer processing equipment.

In the drying section, the polymer slusry is centri-
fuged to produce 2 wetcake having a water content of
18-25 percent wi. water. The range is due to variation
in the intra-particle resin pore volume, A two-stage
fluid bed is used 10 dry the resin to below 0.3 percem:
wt. waler content. The first stage is hackmixed ancd
aperates in the conswum rate-drying section of the
drying curve (Fig. 6). Approximately 90 percent of
weicake water content is removed there hy the fluidiza.
tion air. Water at F90-220°F is circulated through heat
exchangers in the buckmixed section of the Ruid bed 10
provide 80 percent of the evaporative heat require-
ment with the fluidization air, at a comparable temper-
ature, providing the remainder.

The second stage of the dryer operates in the falling-
rate region of the drying curve and is designed to
approach plug How of the resin. Heated fluidization
air, again between 190-220°F, provides the heat input.
An air cooling section may be added if the resin is
particularly sensitive to heat. Normally, there is little, if’
any, degradation in the heat stability of a resin across a
fluid hed dryer even though the resin'residence time is
50-120 minutes. Evaporative conling halances the heat
transfer in the backmixed sertion of 1he dryer. Resin
emperature <ocs not approach the drying air temper-
siure until the oudet of the plug flow section,

The product resin is usually shipped by rail in
hopper cars, but some is shipped in bulk by truck or in
hags ar gaylords, ‘U'he rail cars are epoxy-clad w
prevent resin contamination with rust. All parts of the
process contacting the resin are either stainless sicel,
auminum or epoxy-clad carbon steel for this reason.
Some processes use glasslined reactors.

Reactor design. Reactor design is governed hy resin
quality and reactor praductivity requireiuents and
plamt production considerations.

The polymerization vecipe determines many aspocts
of resin quality. However, recipe changes cannot al-
ways correct for deficiencies in reactor design. Agita-
tion is the primary design variable affeciing product
quality. "T’he mixing blades are usually either retreat
turve or turbine types that pump the slurry from the
bottom of the reactor upwards around the sides of the
reactor. Reactors are usually bafiled. Agiators may be
vngie or variable-speed and the reactor hatfles may be
externally adjustable.

Quality can also he affected hy reactor size and
configuration. The variation in product quality from
hatch 10 batch can be reduced by using large reactors
dnce it is easier to control several large reactors than
many small reactors. However, it ias necessary that the
process be well contralled since muny more pounds of
off-grade resin are produced by a bad batch in a lurge
reactor than in a small reactor,

Producuvity is maximized by initiator choice and
reactor heat removal but may be limited by gquality
tonsiderations. ‘Fypically, reaction cycle times range
between seven and ten hours, Of this, reaction requires

i 0-30 percent with charging, degassing, dumping and

HYDROCARBON PROCESSING MARCH 1960

25

Fatting rate

. Resldence time, min.
Fig. $—Batch fuid drying curve.

turnaround aking the remainder. Obviousty, the barg-
est potential for impraoved praductivity is tn imistimis-
ityg polymicrization time. Polymerization tisme is limited
by the reactor's heat removal capabilities and hv the
polymerization heat release curve (Fig. 23 Difterent
initiators cun be chosen o produce a bea release curve
that best matches the reactor’s heat removal capabili-
ties.

The heat released during polymeriztion is com-
monly removed from the reactor by circulating chilled
witer through a reactor jacker. Specinlyvedesigred
couling batiles may alsa be used. ‘['he sturry side jacket
heat transfer coefficient decreases rapidly ax the
MONOMEE CONVETSIon ;;ppr«mriws GO peveem (Fig. 7.
The decrease is dependent on the slurry concentra-

. tion. Since the wall thickness of large reactors ap-

proaches one inch, the thermal conductivity of the
reactor wall is an important consicderiation, In this
regard stainless sieel-lined carbon steel has an acdvan-
tage over a solid stainless steel or glasslined reactor #44

A few producers have developed reflux condenser
technology to improve the reactor's heat remaval capa-
bility, VCM vaporized (rom the reacting slurry is
condensed in a vertical condenser mounted externally
to the reactor. Condensed VCM is returned ta the
reacting slurry. Since the condensing heat transfor
coxcfficient may be higher than the jocket coefiicient
and the condenser area is not imited by reactor di-
mensions, plant cooling water can be used instead of
chilled water. Initiators that give nearly uniform heat
release throughout the reaction are used since reaction
heat removal is not heavily dependent on slurry jacket
transfer coefficient. Reactors with condensers mav
have productivities of 2,500 Iha/yr/gal reactor volume

45
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With the trend to larger
reactors, there has been a
corresponding trend to remote
or automatic valves

with many safety interlocks.

or more. Reactoss without concdensers usually have
productivities uncler 2,000 tha/yr/zal.

Plin praclaction consideramions cim also affeer reace
tor design, “T'o minimize plam capital investmen, the
reactor size and oaumber of rescors in a2 module
shouid he balancect with the size of the recovery system
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Fig, 7—Jacket ineside heat tranefer cosfficient versus conversion.
Canirste
Dry product

ROTARY DAYER

8AQ FILTER
Fig. 8—Typical rotary dryer arrangement.

and orher support systesss, Fhe suppeon svsiemss are
used more etliciently when they approach continuone
usage without bottlenecking the reactors.,

Stripping options. The process selection for siripping
residuil VOM (RVEM) Grom e resin shurry i depen.
dent on the resin characteristics, quality requiremens,
and the final RVCM concentration required. The resin
VCM/PYC equilibrium retationship is imporant in
siripping. Heat wability specifications fimi the heat
history of the resin and may limit the namber of
options that can be considered. .

In every case. the resin stripping depends an a
combivittion of time, empetratae aod prirge gas (wa
1er on nitrogen) to remave VUM {vom the rean, Mow
provesses use seam o provide the hoat input and
remove VCM. Processors have developed new recipes
and additives 10 make resins cisier 1o wirip and 10
prevent resin degradation,

Of the stripping options in use, the mos common
are batch and continuous stripping of slurry. Sieam is
injected directly into the slurry. In batch sivipping the
shurry temperattire profile is adjusted to control 1the
RVCM of the product slurry. Continuous seripping
may be done in a trayed-stripping tawer, again using
steam to heat and strip the slurry. The continuous
process may have advantages in providing mopre con.
sistenitly low product RVOCM. Alse, plant produciion
can be increased by climinacing an in-reactor stripping
time requirement. Both hatch and continuous strip-
ping are generally conducted in a way to minimize
exposure of the sturry to high wemperitures. With a
continuous process, this can be dome by heat exchang-
ing against the feed slurry.

Onher sehemes asisge inert s sivippiog ol che slaeey
or of the centtifuge wetcake have been proposcd sad
may [k in use.

Drying options. In addition re the two-stige Muitl bed
dryer discussed b the typical process seadion, rotary
and lash-tluid bed dryers are used. 'The wype of drver
selected depends upon the dryer size, product proper-
ties, quality requiremenis and fuel availability and
COStS.

Raotary dryers (Fig. #) wtilize co-current Bow of
wetcake and the drying air. 'I'he drvers are designed
with internal-lifting flights and batfles o promoe
contact beiween the resin and the deving air. Thermal
efticiency of a rowary drver can approach that of it fluid
bed but only when high temperature drying air is used.
‘The air heating can be done either bv direct.fired
muurl gas inoan inlet burner or by indireel meane
througd bea exchange with sieiun or hon oil. Direct vl
firing is questionable beemme combustion produns
nmight downgrade product guality. Rotoy drvers cin
have initial cost advantage in the smller sizes, The
disalvinrtages of the rotary dryer are shae s bigh inlet
emperature <in burn resin and x theroel efhiciencsy
ts lower than that of 2 flaid bed dhrver,

A flash-ITuid hed dryer (Fig. ¥) is a2 two-stage drver
thitt uses 2 high remperate dr siream o entrain the
wetcake in a duct and dry it through the constant rine
section of the drying curve. The resin is recovered ina
cyclone and the clrving completed in o phyg-flow
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Fig. 9—Typical Rash/fiuid bed dryer arrangement.

fluidized hed. While the fluid bed section shouid
produce a more uniformly dried product than a rotary
dryer, the flash section has the same potential resin
hurning disaclvantage as the rotary dryer, Depending
on the drying air temperatures, the thermal efficiency
of the flash-fluid bed dryer should be comparable to or
better than 4 rotary dryer.

The two-stagge Nuid bed dryer has the advantage of
never exposing the resin to high temperatures. Also its
thermal efticiency is the bighest nf the three types of
dryers andd its heat inpur can be provided by steam.
Since its higher thermal efficicney resabts in higher
humidity exhaust zir, care must be taken with dryer
msulation, heat tracing and in the dryer operation
prevent condensation in the oxhaust cyclanes or
baghouses.

Ssfety aspacts. There are several aspects ol a PV
plunt and its operation that merit special attention
from a safety standpuoimt. First, being a batch process,
there are many reactor sartup and shutdowns occur-
ning everyday. This increases the risk of a mistake that
ould endanger lives and equipment. With the trend
toward larger reactors, there has heen a corresponding
rend 0 remote or automatic-operated valves. Pro-
ducers have added many safety interlorks to rhese
amomitic valves to prevent them from being opened
or clweet at the wrong part of the hatch cycle.

Also, provision must e made [or controlling the
polvmerization in an emergency situation such as a
pawer {uilure. All producers have chemical injection
witems that will chemically stop the polymerization in
n emergency. Some producers provide diesel or
deam turbine-driven cooling water pumps to provide
for reactor cooling during a power failure. Thaose
having reactor condensers can benefit {rom cooling
wen without agitation. Some producers elect to pro-
ride back-up power for the reactor agitators and the

HYORQCARRON PROCESSING MARCH 1380

¢ooling system, The important point is that the plam

must have a reliable and effective system to control’

polymerization in an emergency,
Of course, reactor pressure relief systems must he
designed to control pressure in the event that a run-
~Away reaction did occur. The design of the relief valve
discharge piping must carefully consider the Howing
characteristics ol the different multiphase flows that
could be relieved at different points in the polymerisa-
tion. Scveral articles?*** discuss reactor reliel svsiem
requireImens,

Initistors used in PVC manufacture are generally
unstable at room temperature and must he stored at
low remperatures. Suppliers have specitie reconinen.
ditions in this area.®# Operating procedures are
important in insuring that the nitintor is kept relsic
gerated when being transporied from the sworage
freezer to their pracess aren.

"Fhe recovery and initiator injection systems must be
designed to prevent initiator carryover into the recov-
ered monomer system or initdator injection into a
monomer line or vessel.

Vinyl polyperoxides can sometimes be found in the
recovered monomer system. Since these compounds
cun self-detonate under certiin conditions, care must
be taken to avoid concentration when clearing equip-
ment of VUM, Recavered smonomer can be ciauastic-
treated to destroy polyperoxides.

PVC dust can e ignited by a very high energy
discharge. It hecomes more flammable if mixed with
combnestible acdelitives, sucly as plasticizers,

flecause VUM is a flammable gas, the reactor arcain
most plaots s w;uiplwcl with &t witer deluge svstam
designed to help dissipate 2 VCM vapor cloud and to
coal equipment in a fire. The deluge system is autn-
matically activated by combustible hydrocarbon anas
lyzers and by heat actuated devices. The VUM storage
tanks are also protected by a water-deluge svstem.
Reference 28 provides detiiled recommendations in
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these and a number of other safety areas in PVC
plants.

VCM regulations. In acldition tn air cmission and
water, discharge regulations in general, PVC producers
must also comply with the OSHA-employe VOM-expo-
stre standard ® and the EPA VOM-emission sund-
ard. ™

The OSHA standard established a permissible em-
playe VCM-exposure limit of 0.5 ppm and a maximum
exposure of 1.0 ppm aver an eight-hour period with-
att vegard 1o the use of respirators. Enployc-exposire
monitoring, training, énd medical surveillance must be
provided. Also, the praducer is required to implement
feasible engineering and administrative coritrols to

hiovide
AL TR s e

tory
1963 - 1978
.5, produsiies Row
Cumaie- moterial  Volwe prive
(milktas t-uﬂ'n G'r'r'z 31 1] “::: {Corvont

Yoor ] ne) V) W ¥ m
Prior HA. 1,000 N.A, KA. NA.  MA
1953 435 348 NA, NA. 859 U3
1954 »nr 31432 MA, KA. s 376
1955 8;’ 4,358 7.0 x4 558 340
1968 4% 72 N4 s Ws
1987 o (] 188 281 M9 02
1958 g ;’m u.l 33 4ot W3
1958 247 .1 209 N9 250
1980 3 [ 51} ws 190 NI 232
1981 , 180 1.7 18.2 79 W3
}z 1218 03I 1008 143 49 178

1.3 1.0 5.3 15.5 253 184
1984 1 1390 =.7 15.4 241 175
1968 187 15298 .2 18.1 233 173
1958 .14 1298 17 13.9 1.8 188
1987 2,142 19,841 8.7 13.2 149 17
198 2835 2.1 56 11.4 170 140
1908 gnsz 25.208 5.1 10.7 158 117
1970 115 4.3 4.3 10.5 143 13.5
i1 73] 347 3700 44 9.0 1Mo 14

4 X 9.0 13.0 13.0
}gg .:5.’ gig% :.g 10.2 142 158
1974 4,744 45,420 1.4 12.7 190 230
1975 3,965 49,285 7.0 11.1 18.9 54.1
1976 4545 53,930 18 1.8 193 5.9
1977 5287 59,147 87 108 18.7 285
1973 5878 85078 84 X 170 258
1979 (eat} 6,050
mmwm et row raans) Sortent # § Bt oF VS CIONGE MBRSMET dir Deund
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reduce exposure to or below the permissible level. The
standard does not specity what controls are 1o be used.

Prexlucers have atained complianee with the OS1HA
standard by modifying equipment clearing and opera.
i x:ed‘un:s and by eliminating VCM emissions or

mgl Pre
collecting them in vent headers. Ventilation of build. .

ings and equipment is also used.

The EPA VUM standard limits the average VOM .
content of the sripped resin at 400 ppmw and the ;

reactor opening loss at 20 lhs per million 1bs of resin
produced. Other equipment opening losses are alw
comrolled. VOM  emissions From vent and  warer

sreams upstreiun of the steippisyg step ave limited na

concentration of 10 ppan. The standared also requires
that there be no manual or relief device discharges 1o
the atmosphere from equipmen: in VUM service with
the exception of an emergency reliel.

As previously discussed, VOM-stripping procedures
and equipmem have been instatled to control the VOM
content of the resin slurry, and purging procedures
used or process changes made to comply with the
reactor opening loss limit, ‘The VOM content of water
streams is controlled by steam suripping. Incinerators,
carbon adsorption or solvent absorption systems are
used to cantred vent emissions. .

"I'he EPA stiavetard difTers frons the OSTIA stmndard
in that it requires specific controls be used 10 contral
fugitive emissions. Pumps and compressars in VCM
service must have double mechanical seats or he seal-
less. Agitators muse also have double mechanien] seals,
Rupture dixes muast be instalied under VOM refief
valves that discharge to the atmosphere. Equivalent
controls mity be used with FPA approval.

The industry bas found that the cos ot compliance
with the EPA standard, measured both in capital and
in lost production, is signiticantly greater than thai of
the OSHA standard.

Manufacturing sfficiency. Fig. 10 shows i valine added
manufacturing experience curve for PVC productin
in the US.A. between 1953 and 1978, This curve
expresses a relationship bewween cumatative PVC pros
duction (experience) and the “valuc added” or PVC
price less the VCM price, with hath adjusted w0 a
comstant dallar basis, ‘The entries are ploted on both
conrditae axes as logarithenic vidues, This graph,

prepared by ‘T'ownsend et al"! plots historical price and .

production information (listed in Table 3) gathered by
the U.S. International Trade Commission. The ob-
served yeurly prices are adjusied 1o 1972 hasis by the
GNP deflator. .

The “valuc added™ over and abxove the raw material
cost in constant dollars is 2 measure of the efficiency of
the manufacturing step, ‘The viw material expense i
taken ax the cost o 1.0 s of VOM per pound of PVC
resin precluced. As manufaciuring expense s de
creased with experience, as for example by increasing
the scale of operations to dilute tixed costs per pound
ol oupnit, the “value added” declines.

The experience curve covers a 25-vear history of
PVC production, and the steadilv cleclining value
added is indicative of the improvements made in the
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manulacturing twechniques during this period. The
discontinuity occurring between 1974 and 1976 is
helieved o be due to increased energy comis and
vernment regulations,

If producers are 1w continue increasing the efti-
dgency of PVC manufacturing, further process im-
provements will be necessary. It is likely that contribu-
tions in this arei will include: (@) replacement of stnall
inellicient process plants as they become obsolete by
iarger scale equipment to reduce fixed cosix:
th) further improvements in raw nmaterial and encrgy
efficiencies; and (¢) more productive equipment ntiliz-
ing Faster reactions, improved process control aned
more sophisticted moeans of dissipating the heat re-
leased by polymerization.

Menutacturing cost. Table 4 gives an ilinsiration of

the cost structure for suspension PVC manufacture.,
The cost shown is for a hypothetical 2000 MM thvyr
name plate (175 MM actual) plant beginning operation
in the conditions existing during the third quarter of
1979, "The plam s assumed 10 be forated i the ULS.
Gull Coust area. "Fhe plane capitat cost is estimated as
0 million dollars. Scveral companies who license their
suspension PVC technology provided noa-conlidentint
information about their process before this article was
prepareed. “The raw nuaterial and energy nse el
nanpower reguircinents, although not patterned after
inyone's speaific process, represent an approximate
average of the information supplied by the licensors.
The hypothetical plant is assumed to produce a typical
suspension resin slate. ‘This size plant would utilize
four reactors about 22,000 gallons each in capucity, use
stream stripping for monomer vecavery aned inchude
recycle ol unreacied vinyl monomer, “Che plant would
meet il applicable environmental and worker protec-
tion regulations.

The overheads, sales expense and miscellaneous
eosty are typical ol published ligures and are probably
fairly readistic for an operation al thix size. ol plam
employnent would he approximately 100, with 75
hourly and 25 salaried employes, The staffing level
ambd probahly be reduced by approximately §0 per-
cent if the plant were o be located as part of a large
esablished manufacturing complex.

The computed product valve far PVC manufac-
turest in thix plivot with third quarter 1979 conditions is
31.26 cents per pound. which is approximately the
market price at the time. This PYC price includes a
pretax return on the investors capital of 10 percent
which is relatively low. ‘The returns on mew PVC
tapacity must be adeguate 10 encourage investors to
install new production facilities if 2 capacity squecze is
1o be avoided.™ Hopefully, several factors will help to
improve rates of return on investineat for new {acil-
ities (1) Larger scale plamy can e fostatied: (2) com-
paniex already praducing a large-base load PVC vol-
ume can incur less burdensome fixed costs in their new
facilities as a result of further distribution al’ over-
heads, sales and management expense, and the like;
{3) continuing improvements in techniques will lead to
cost savings in spite of the general inflationary bias;
and [4) as newer facilitics become a more prominem

HYDROCARBON PROCESSING  MARCH 1980

TABLE 4~Typical suspension PVC
Guif Coast U.S.A. Third Quarier 1379 conditions

Produet: PVC Porader
Process: hl:m suspension n Jour 72,000-0oR0R resc.
Stssm siripping and racyce of recovered
MO
Capechy vhlization: Tt i%‘s w:n
Actual capaity: 175 MM Iba
Cagetal Investment: $50 MM
Il.: Conpump- Cast
Row molerisls Sunit [ ) oy e
1. Vil chioride 17.2 1.025 853 12,
2. Byproducty 15.0 eqz ©.015) ”(an m.gg)
Sublotal . 2,40 17.
Oihor variobia sasls
1. Catabysix and
charnicals 1,050 0.80
2 ""!2.?.“ 878 0.30
2, Obectiing suppiies 175 0.18
Sublotal 2,100 1,20
UsiNies
1. Bcirichty 285KV .97 8 45
2. Siesm SOOSM s 1.2 1,050 g.so
1. Pracess and
cooling water 350 0.20
Subtotal 2184 128
. VARIABLE MANUFACTURING .
COST AT 87.5% QF CAPACTTY M7 1985
Hourty lader mg
i3 ppereting 1.600 08
m::u: (!?% ul“wl”lsﬂ) 1,250 Q712
ng Suopies , 50 0.0
Sutriotal 2900 188
Totat of direct costs 37,847 21,51
matast on capitsl
(12% of 38 ) 034
?&Wmﬂ 1 gu?um) "%g g’ﬂ
Dspreciation (0% of capitad) _som 28
Sublotsl 7.950 454
Cost =t plant gole 45,597 2.08
Seies experes, RAD and
aimvinatrative (7.59% oi’uus prics) 4,100 U
Profit 3nd income 1ax {10% of
forad caprial} 5.000 288
Procuct value #T CO%t Dkt 10% A0 54,007 128

share of 1oral xupply, margins will inereise 1 retleat
the higher capital burden of the industry as a whole.

Future trends. PVC technology has evolved ar a rapid
pace during the past deeade. An amelication ol the
shysamie sanire of this wehnology i given by the
number of announced technology improvemenss,
plant expansions and license agreements. It is ofien
difficult to determine the exact nature of 1he 1eehinal-
ogy change reported because details are carefully
guarded. However, the impression of a dynamic indus-
try created by this activity, we believe, is accurate.

As production facilities at existing installations which
utilize numerous small-sized reactors become obsolete
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andl in need of replacement, they will be replacerd by a
small number of much larger reactors. T'he capital cost
associated with these new rractars will he partially
oflyer by the savings in fixee coss i the ke vencctors
provide, Gains in product consistency and quality,
improvements in controllability and improved plant
safety will be side effects of more widespread use of
large-scale reaniors,

“The evolution ta even larger reactors will encounter
mechanical and logistical constraints, An optimum
range in which henefits of targe reactor technology are
ohtained hut aperational problems are avoided will he
estiblished,

Suspension and initiator sysiems will be improved to
achieve oprimum results from large reactors. 'This will
allow most grades ol resin 1o he made hy large reactor
technalogy, Clean wall systemy, YVCM containment
procedures and emergency kill systems will continue to
be improved. [lmprovements in efliciency {rom the
best presently available large reactor technolagy over
the next decade will produbly e madest. However, in
thie highly compatitive PV industry, advintages pre-

senwd by advanced large reactor wechnology over

small reactors or first generation large reactor technol-
ogy will be significant,

PYC llcensors. A listing of companies who huve li-
censed some phase of their PYC production tech-
niques is shown in Table 5. The list is probably not
complete as it mercly represents those cdmpanies
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TABLE $—Companies with PVC licenaing activity

North Amerisa Wetlern furepe L T
Conaco Chermicals ATO Chwrve Ky Charmest
Wn Shamrock  Rhone-Povlenc ua':u"rm '

B.F d I
Stusfter Cherns Chamische Werks Huels Shin-E15u Chomiesl

Union Cartage {avh Sumrtoma Chemeat 3 .
Wacker-Chomie
Montedison .
.7 2%
Soivay i

known by the authors 10 have shown some activity in 1
licensing in the PVC ficld. '

The wbulution also includes ¢ompanies licensing
stripping methexds for removat of unreacted monomer
from the polymer product and licensing methods o
inhibit the formation of scaile on the surfaces inside the
polymerization reactor. ‘These iwo arcus have been of §
the highesi research priority since the discovery of the ;
heulth hazzvd posed by 1he vinyl chiloside monomer
and the need w reduce human exposure 1o very low
levels. '

There are many patentx concerning PVC produc
ton, prinurily grouped in the seas of polymeriztion
chemistry, reactor design, resin stripping and control
of reactor fouling. While most licensors will have
patent protection in one or more of the processing
steps, process and operating knaw-how is usually the
maost importeal park of a ficensor’s package,
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Oescription: Fthylene dichlorile is produced in both
the addition chlorination and oxychlorination sections
of the process. In addition chlorination, ethylene and
chlorine arc reacted in the liguid phase to praduce

£DC:
CiH + Cly»GH,Cly + Heat

The heat of reaction is used to distill the EDC pro-
duced in direct chlorination and o lorination sec-

. tions of the plant, and recycle EDC from the crackin

sction. This saves as much as 0.8 tonof steam per tono
VCM aver conventional pracesses. Additional savings

. are realized by an equivalent cooling water reduction,

In the oxychlorination section, ethylene, oxygen and
HCl are reactec to produce FDC:

CsHy + 2 HCL + 2 Op—»C3HCl; + HQ

This is a catalytic vapor phase reaction with the reac-

. tion heat used to generate high pressure steam, Using

oxvgenrather than air reduces vent gas quantity by 95%
it reduces energy and capital cost requirements.

Vinyl chloride monomer (VCM) is produced by
eracking purified EDC in a pyrolysis furnace:

mel chloride — swurrer chemcas co.

Application: A process to produce vinyl chloride mono-
merand 1, 2-ethylene dichloride (EDC) from ethylene,
chlorine and oxygen or air.

CoH4Cly—>GoHCl + HCI

After quenching, the products are separated into
HCL, which is recyclect ta axychlorination, high puriy
VCM, and unreacted EDC which is recycled.

Light and heavy ends from the process are inriner-
ated to HCl which is recovered. Alternatively, light and
heavy ends can also be used as feedstacks for other
chlorination processes,

The aqueous effluent from the VCM plant is steam
stripped and can be treated biologically.

The VCM process can be “balanced” so that only
VCM is produced, or the plant can be operated to
produce HC! and/or EDC or to use “imported™ EDC or
HCI as raw materials.

The process is automated for stable, safe operation
with wide turn-down capability. In addition, the process
is designed lor casy sartup and shutdown. Manpower,
capital, operating and maintenance costs are low.

Commartcial Installations: “I'here are 33 major unit in
operation or in construction with combined capacity of
8 billion pounds per year of VCM and 19 billion pounds
per year of EDC. Plant capacities range from 13 million
10 1 billion the/yr. of VCM.

Hydrocarbon Procesaing, November 1981 237
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This survey of the VCM (vinyl chloride
nonomer) industry, commerclal
developments, chemistry, commercial
wocesses and now developments
indicates that VCM can remain
competitive with rising crude costs

L W. McPharson, C. M. Starks and G. J. Fryar,
Continental Qil Co., Panca City, Okla,
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DevELOPMENT OF THE viNvyt chloride monomer
(VCM) industry has been closely interrelated with the
plyvinyl chloride (PVC) industry. Effectively 96 percent

the VCM production goes into the manufacture of
NC. Therefore, technological advances in one area have
sguificant impacts upon the other, producing a domino
fect. This, in conjunction with mcrezungly tighter en-
wonrgental regulations, hus insured a continuing evolu-

Brine E
simetricity NSOH/CI,

”%

ﬁiﬂ’wj

Vinyl chloride monomer...
What you should know

tion of VCM (echnology. 1t is timely 10 review the state
of the art.

INDUSTRY PROFILE

The comunercial significauce of vinyl chiloride iwononwey
(VCM) can be highlighted by the statistical ranking of
the 19th largest chemical commodity in the United States.
Turning our view upstreans, we realizee the significance
VCM plays in wedding the pewrochiensical and chloro-
alkali industries. Fig. | schematically depicts the US.
market integration surrounding VCM. Pondering the
posture individual companics present to the market
(‘Table 1}, one can muse as to the motivational forces
behind their respective business strategies.

It holds that, if 96 percent of the VCM demand in

. this country is derived fremm PVC, then VOM's future

in inescapably ticd to that of PV('s. Within the scope
of known-unknowns, one basic fact attests to its longevity.
On an cncrgy-equxvtlcm basis, PVC is one of the most
energy-efficient construction materials available (lele 2).
This follows even after weighing the socioeconamics of
tieadth and envirorpent.

Looking at the two principal compenents of the PVC

I 12-13%

Gy

4% 1.3.17CE
VCM i oveC
Export

1—Showa the U.S. market integration surraunding vinyl chioride industry,
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VINYL CHLORIDE MONOMER

market, flexible or plasticized products, of which fabric
for autnmohile interiors and electrical wiring insulation
arc examples, and rigid products, including sewer and
water pipes, cleatrical conduits and shoe soles, we find
the rigid augregate growing at @ perccnt per year, as
opposed to the flexibie area which is increasing at a rate
of approximately 5 percent. Within the past few years,
the rigid aggrezate has surpassed the size of the flexible
market which ean hr witnessed hy the crreping sensanal
response the VOM industry has to construction, the major
end.use nutlet for rigid products.

12,

10.8

10/ 9.6

85

Ralative scale
> )

2.5

-
o
Waod PYC Steel  Aluminum Copper

. 2~Relative enargy coniant of various construction
materials.
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TABLE 1—Nameplaie capacities

(MM pounds)
™e vCM Ethylene | Chicrine
Bordert. . 550G 300 None None
Conoce. . 550 700 650 None
Diamond. . None 1,000 Noke 2,500
Dow, Note 2,250 4,300 8,400
... 115 300 None 500
8. F. Goodrich 1,100 1,100 3% 250
|1+ S ane 300 None 300
Monothemn. . Nona 300 Hone None
PPG. ... .. 900 None 7,900
Sheit,, . Nons 1,540 2,100 200
Staufier............. 20 170 Hone 7%

TABLE 2—Commarcis! types of VCM lechnology

R Pury le:m Fandatenh
1. Dikte omw ¢ Feedstock
1. Balanced Etbylens Feedstck
A. Air-Based Oxychiarination
8. Oxygen-Based Oxychiorination

Technology
Develeper/Licenser Sagle Oxychlorination
1t A
11 A
N 13! AB
Kureha..... .........., .. .. .. .. 2] -
Milsui Toabsu. ... . .- . . . 1 8
Monsgnte.. ... ... ... ... ............ I!H A,l;
Rhong Poulene. ... .. 11 w A
Stauler. ..., ... . ... ... . Hi AB
Tokuyama Soda. . R . I A
ToyoSods .. . ... ... . . M A
Hoechst. ... ... .. ... | -
] 1 —_—
76
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Over the course of the pant ten vear, VOM Iy
come a major item of intermmtinnal commeree, witl
United States the architeey of thic business, Between
and 1977, cight pereent of the VUM prduced
carried offshore, making it third enly to styrene man
and taluene in the generation of 1rade dothrs b o od
cal commaodity. This fictor fus tended 10 1} in the o
in demand brought about by ronstruction. Mere si
cantly, it has permitted the VCM industry to consist:
operate near capacity levels hy exporting damestic
plusex intoy the world arena. Looking at the global &
market, we view forces at work changing the dispos
of trade. Beginning within the past five year, Eu
as a whole has swung from a net importer to exp
of VCM. With ten billion pownls of VOM cap
integrated to where Lhere is lews than 15 pereent
chantly derived PVC demand, producers arc now
lenging U.S. matenial for a share of the remaining «
CXPOTtS,

Japan, whose five billion pound VOM industry
built 10 serve the whole of the Asian-South Pacific ma
first in PVC and then later in VCM, has witnes
major influx of U.S. and now Furnpean monotner
ctucers into their domnin,

The present situation in the U.S. is rnanifestec
cheaper feedstocks, vis-a-vis cnergy. and an underva
rurremey that tegether are able 1o offset Togistical
and remain eampetitive in the consoming war
Fvintually, mwrging energy parity and cinission cost
throughs wiil leave U.S. VCM no more competitive
that of any ather nation. We canclude, therefore,
exports will continue as developing third world mar
seek to establish o plastics industry in advance of m
chemicals, Conversely, the major market imbalance
the past have gane hy the wiayside, and inarket gen
will rome from the domestic sector, Fig, 3 ddepicts
longer wem outlook for VEM. In making our projecti
we assume that the growing capital commitment reqe
to make VOM will not force PV ta bheeame wieamy
vve with altermative produrts. Secondly, we foresee
major technological innovittion on the horizan Uk e
radically alter the economics of production. We do
however, technnlogical improvements of degres that
rectiomilly Jevel out the iallatiotary trened of plint «
struction. Within the U.S.. we project a 700 to |
MM b, per year grass roots plant will be required e
two years to moet demancd, 1t is within the seope of -
time frame that innovation will be tested,

COMMERCIAL DEVELOPMENT

VYCM was first produced cotrmmercially in the ez
1900s via reaction of HC! and acetylene derived fr
caleium carbide, VCM usage in the manufacture of ©
thetic rubber accelerated dramatically during and al
World War T1. This inereased deind prompted seare
for more cconamical hydrocarbon feodstocks. Acetyle
was recavered from relining steps. and new technok
was developed to produce acetylene specifically Ir
hvdrorarhon cracking.

Ethylene became plentiful in the carlv 1930s. Dir
chlorination processes to produce [.2-dichloroeth:
(EDC) from chlorine and cthylene were developed
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conjunction with EDC cracking technology to yield VCM.
Thix process vielded hyproduct HCI and did not pro-
liferate immediately, except in conjunction with acety-
lene-based technology which needed HC! to produce
VCM.

In the U.S,, ethylene production from abundant sup-
plies of low cost LPG began to predominate. In Europe,
tthylene prices also continued to drop, though not to the
fame degree since higher priced naphtha and gas oil
were the primary feedstocks. Therefore, while European
producers continued to use acetylene-based VCM tech-
nology, American companies moved rapidly to ethylene-
based technalogy. With the startup in 1958 of the first
large scale oxychlorination process to yield EDC from
HC! and ethylene, a new era in VCM technolagy began.
This “halanced” procest allowed production of VCM
from two commodity chemicals, chlorine and ethylene,
without voluminous byproduct HCL

YINYL CHLORIDE CHEMISTRY
Large scale production of viny!l chloride was first done
by addition of hydrogen chloride to acetylene:

Hydrmchlorination of acetylene

Catalyst
HCl+ HC == CH

HC,=CHClI (1)
However, much lower costs for production of ethylenc
than aceiylene and the discovery that 1,2.dichloroethane
{EDC) thermally decomposes to vinyl chloride in excel-
ler¥ yield led to the following reaction sequence as the
predominant manufacturing method for VCM:

Direct chlorination of ethylene
CH. = CH, + GI‘ b 4 CICH,CH.CI
EDC cracking to YCM

Heat
CICH,CH,Cl] —— CH, = CHC} + JiCl

This method was especially advantagrous for those
producers having a use for the HCI by product, particus
lasly, so il acetylene were available; since then, a bal-
anced VCM process with no coproducts could be op-
erated.

Later, the discovery that oxychlorination technology
could be applied to ethylene to give 1,2-dichloroethane
in high seclectivity now allowed a completely balanced
pracess based only on ethylene and chlorine as feedstocks.

Oxychlorination of ethylene

Catalyst
CH:;=CH, + 2HCI + 1/20;

CICH,CH,Cl + H,O

At present, about 92 percent of the viny! chloride pro-
ducad in the United States is from plants that use the
balanced process bascd on ethylene via chlorination,
oxychlorination, and thermal cracking of EDC.'! These
three separate steps are described in greater detail below.
Additionally, the hydrochlorination of acetylene is also
discussed below since plants using this chemistry are still
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in operation. Moreover, some rccent crude oil cracking
technology may narrow the cost gap between acetylene
and ethylene with consequent revival of interest in VCM
from acetylene. Some chemistry an direct preparation of
VCM Trimnecthane is alwo briefly outlined,

Direct chiorination of sthylene. Dircct chlorination af
ethylene to 1,2-dichloroethane is almost always conductect
in a liquid phase reactor by intimately mixing cthylenc
and chlorine in liguid EDC. Ferric chloride, a highly
efficient and selective catalyst far this reaction, ix normally
usedd in commercial processes. Amides, such as n,n-
dimethyllormamide, have heen reported to incrrase-BMES-
selectivity.! Oxygen, frequently present as an impurity in
chlorine, likewise increases EDC sclectivity in direct
chlorination of ethylenc by inhibition of free radical re-
actions that give 1,1 2.trichlnroethane,

D)ircey chlorination reactions may be run rich in either
cthylene or chlorine, depending on the methods available
to the plant for handling offgases {rom this reactor. Con-
version of the lean component is usually (DO percent,
and selectivity to EDC is greater than 99 percent.

1,2-Dichlarcethane, a3 it comes {rom the direct chlori-
nation reactor, is frequently of sufficient purity for crack-
ing, except that it may contain ferric chloride, which
would lead to rapid fouling of the cracking reactor. To
avoid expensive purification of this already pure EDC,
one may remove FeCl, hy adsorption on activated carbon®

tind

or other solids.t Alternately, one may operate the direct .

chlorinator at the boiling point of EDC, taking pure
EDC averhead and using the heat of reaction to supply
the heat for vaporization™®" 7"

Oxychlorination of ethylene to EDC. Ethylene oxy-
chlorination is normally conducted at temperatures of
225.325° C and at pressures of one to 15 atmosphcres.
Catalysts for this reaction almost always contain cepper
chloride and sodium or potassium chloride deposited on
alumina or other suitable support. The detailed mech.
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anism of the ecatalyst's artivity is not known, but it is
recognized that cupric chloride is the active chlorinating
agent. The cuprous chloride praduced is rapidly recon-
verted to CuCl; under the reaction conditions, but the
presence of some cuprus chloride is thought to be
advantageous becausc it complexes with ethylene, hring-
ing it into contact with CuCl, for a long enough time for
chlorination to occur. The sodium or potassium chloride
serves to increase ENC selectivity, mostly by inhibiting
formation of ethyl chloride. Other catalyst components,
such as rare earth metal chlorides, sulfate salts, ferric
chinride and numcrous nther additives, have heen de-
scribed in the patent literature.

Good temperature contml of the highly exnthermic oxy
reaction is a key clement in successful production of
1,2-dichloroethane. Temperatures higher than about
325°C lead to increased byproduct formation, meostly
through increased dehydrochiorination of EDC to vinyl
chloride followed by additional oxychlorination to give
products having high levels of chlorine substitution. High
ternperatures also increase the amount of ethylene hurned
tn carbon tonoxide and carhoan dioxide. €f «qual -
portance, high temperatures deactivate the catalyst by

highly accelerated coking and consequent powdering -

of the catalyst units and by increased sublimation of
ropper, chlaride away from the catalyst,

“Ternperature control in fluidized bed reactors is main-
tained by the excellent intermixing of the catalyst par-
ticles and by use of internal cooling surfaces.!” Tempera-
ture contral in fixed bed reactors is more difficult since
“hot spots™ tend to develop. To keep the hot spot
temperature helow below 325° C, yet get maximum
utilization from the reactor, it is common practice to
park the reactor tubes with active catilyst and inert
diluent mixtures in proportiont of cach 30 adjusted as
to have low catalyse activity at the inlet, steadily in-
creasing to maximum activity at the outlet. ‘This grading
of the catalyst activity flattens the temperature profile,
allowing lor good tempxrature control with high produe-
tivity. For example, one patent® indicates the use of
lour znnes with 93 percent, 85 pereent, 40 percent, and
0 percent, respectively, of the active catalyst pellets
replaced by inert graphite. As an alternate to using inert
materials in the catalyst hed, catalysts, each with higher
levels of CuCl, and consequently of increasing reactivity,
are somctimes used,

Fluid bed oxychlorination of ethylene, operated under
good control, resulty in 9497 percent cthylene ronver-
sion, 95-97 percent HCl conversion, and EDC selectivi-
ties in the range of 94-96 percent. Fixed bed oxychiori.
nations are normally run with excets ethylene relative
to HCI, rsulting in 93.97 percent ethylene conversion,
94.95 percent HCI conversions, and EDC selectivities of
93.95 percent. These data do not include rccovery of
excess cthylene in subsequent reaction steps. Excess ethyl.
ene in vent gases {rom oxychlorination is normally con-
verted to EDC by direct chiorination with chlorine,! 1
although, if oxygen is used rather than air, the excess
ethylene may be recycled directly back to oxychlorination.

18

Byproducts of ethylene oxychiorination are vinvl chlo.
ride, ethyl chloride, 1,1-dichloracthane, vinylidene chis
ride, ¢it- and trans.1,2-dichlomethylenes, trichloroethyl
ene, chloroform, carhon tctrachloride, methyl chloride,
methylene chloride, chloral and high hailing compounds
All of these byproducts present probleins in one way o
another, such that their production nocds 10 he tninimized
to lower raw material costs, to lessen the difficulties o
preparing pure EDC, and to prevent fouling in the
cracking reactor. Chloral, in particular, needs to he m-
moved since it polymerizes readily in strong acids w
give solids which clog and foul operating lines and’
controls, '

One must also take care to sce that the feeds %
oxychlorination are pure. Nonmmally, the only prohlem i
with low levelr (0.1 to 0.5 pereent) of acetylene presst
in the HCI from cracking of EDC. Acetylane in the foed
leads to the formation of considerable highly chlorinm&i
byproducts and tars. Selective hydrogenation of thi
acetylene to ethylene and cthane is practiced by mamp
companies. ;
Oxychlorination with oxygen instead of air. U o
uxygen instead of air for ethylene oxychlorination hs
received much attention.’**'? The outstanding henefis”
from using oxygen are avoidance of e:pensive facilitia
to recover EDC, ethylene and nther chemicals from the
Inrge nitrogen vent gis steeam: n lisge rediection in the
yuantity of offgases that will probably necd to be in
cinerated; and the ability to use ethylene as a diluent for
oxychlorination, a procedure said to improve heat tansler
in tubular rcactors.

Purification of EDC for cracking. Great care must be
taken to ensure that EDDC used for cracking to vinyd
chloride is of high putrity, normally greater than 99.5 per;
cent, since cracking is exceedingly susceptible to inhibition
and fouling by trace amounts of impurities. Additionally,:
the EDC must be hone dry to prevent excessive corrasion
downstream of the cracker. For these purposes, one must
consider rernoval from EDC of byproducts from three
sources: EDC from direct chlorination, ENDC from oxp
chlorination, and ENC revavered from the eracking sep
(see below),

EDC from direct chlorination is usually quite pure,
greater than 99.5 percent: and, except for the FeCl
present, it needs little further purification. As mentioned
previously, ferric chloride may he removed hy adsorption;
on a solid, or the EDC may be distilled away from!
FeCl, in a hoiling reactor. Alternatively, the ferric chke
ride tnay be removed by washing with water, usually in
conjunction with oxy-EDC. |

1,2-Dichleroethane from oxychlorination contains a
varicty of impuritics as listed previously, EDC from ths
source is usually washed with water and then with caustie
solution to remove chioral and other water extragtable
impurities.* Low boiling impurities.and water are taken
averhend in a fimt (light ends) distillation column, and
then pure dry EDC is taken overhead in a second (heawy
ends) column.

EDC recovered [rom the cracking step contains an
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) ppreciable number of impurities, of which two, chlore-
wene and trichinrncthylene, are not readily removable
« distillation, neeessitating the use of other treatments.

loroprene, if not aliered by chemical treatment, con-
eatrates in the light ends eolumn where it can polymerize
n wlid or rubbery materials which seriously foul and
ipset this rolumn. Trichlomethylene forms an azentrope
vith E1C, hailing very close te EDC. If it is not removed
n some way, it accurnulates in the EDC, leading to re-
luced cracking rates and increased fouling. Both impuri~
ies may hr remaved by subjerting the recyele EDC stream
o chlorination prior to distillation.®*"** I'reatments with
1C11-* and by hydrogenation®” have also hecn patented
s methods for removal of chioroprene,

sracking of 1,2-dichiorosthane to vinyl chloride. At
emperdures in the rapge of 425.050° G, and near at-
nospheric pressure EDC undergoes clean thermal dehy-
Irochlorinatian (cracking) to yield vinyl chioride and
1ydrogen cloride:

Heat
CICH,CH,Cl ———— CH, = CHC! + HCI

Fhe mechanism of this reaction has heen extensively
nvestigated™ and shown to involve a sequence of frec
adical intermediates.

Use of pressure up to 25 to 30 atmospheres during
Tacking at temperatures of 500-350° C provides hetter
1eat transler, reduced equipment size and casier sepiara.
jon of HC| from the product by fractional distillation.
IDC conversion levels arc normally maintained in the
ange of 50 to 6N percent at residence times of 2 to
Y0 seconds, with sclectivities of VUM ranging from 96
o 99* percent. Some hyproducts generated during crack-
~g act as inhihitors to the free radical sequence so that

zreosing severity Jeadds to smalier and sraaller inereases
n EDC eonversinon with correspandingly increasing levels
f hyproducts. Various materials, such ax chlorine, hro-
nine, or oxygen have been shown to be initiators for
EDC cracking.’ Recently, however, exclusion of oxygen
s claimed w result in considerable reduction of fouling
o the cracker tube walls.® A rather spectacular claim
1a1 been made that use of nitromesthane as an initiater
provides FDC conversion levels of up to 92.5 pereent
n 480° C.° An important processing requirement in
EDC cracking is rapid conling or quenching of the re-
action mixture. If cooling is done too siowly, substantial
yicld losses to heavy rnds and tars result 2393

Byproducts from the cracking reaction include acetyl-
tne, ethylene, methyl chloride, hutadiene, vinyl acetylene,
benzene, chloraprene, vinylidene chloride, 1,1-dichlore-
ethane, chloroform, carbon tetrachloride, 1,1,1-trichloro-
ethane and other compounds. Mest of these impurities
remain in the unconverted EDC fraction and are re-
moved when this stream is distilled. Ethylene and acety-
lene codistili with the HC! and are thus routed hack to
oxychlorination ({(after optional hydrogenation of the
acetylenc to ethylene). Methyl chloride and butadiene
more or less codistill with the vinyl chloride, depending
on the cfficiency of the VCM fractional distillation sys-
tem. Addition of chlarine ar carbon tetrachloride to the
cracker feed is claimed to suppress methyl chieride for-
mation.>® Removal of butadiene, a contaminant which
can interfrre with polymerization of VCM, has heen

Mlvproearon ProcEssiNG
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done hy treatment with chlorine,” anhydrous HCL ar
sclective hydrogenation,™

HCI addition to acatylene, Recent development of a
new crude oil cracking process® using very high tem.
perature steam (2,000° C) as a heat transfer fluid pro-
duces substantial yield of acctylene along with ethylene.
Under some cconnomic and geographic conditions, the
use of this cracking process may be advantageous and
may, thereby, provide acetylene for vinyl chloride pro-
duction.

T'ypical conditions of hydrogen chloride addition to
acetylene are total pressures on the order of five to 15
atmospheres, temperatures of 150 to 180° G, and use of
a mercuric chloride-on-carbon catalyst.® With staichio-
metric quantities of reantants, casentially 100 pereent con-
version is observed with VUM selectivities on the order
of 98 percent. It is notable that ethylene does not react
under these conditions, therchy allowing the use of mixed
ethylenc-acetylene streamns as feads. Ethylene, easily re-
covered from the vinyl chloride product by fractional
distiliation, iz then chlorinated to yield 1,2.dichloroethane.

Other catalysts have heen thown to be effective for
addition of HCI to acetylene, hut MgCl, is vastly supe-
rior.>* However, in addition to the general toxicity prob-
lems involved in working with mereury-containing
substances,  HgCl; has appreciabie volatility under the
above reaction ronditinns lending to a need for ronsider.
able care and edmrol in operation of the reactor. In fixed
bed operations, HgCl, vaporizes from the hot spot of
the reagtors, conclenses at cooler locatinns downstream
anc results in continuous movement of the hot spal
downstrcam with eventual loss of catalytic activity. This
loss is minimized by periodic reversal of flow through

the reactor,

Ethane-basad vinyl chloride processes. A number
of patents dealing with chemistry for conversion of ethanc
to EDC and/or VCM have heen published in recent
ycars.**** Most of these reactions involve high tempera.
ture oxychlorinations, such as

CuCl; Catalyst
350.450° C
CH, = CHC! + 2H,O

However, these processes suffer from 2 number of dis-
advantages, the snst important of which incindes Inw
selectivities, low conversions and difficult operating con-
ditions such as CuCl; sublimation,

One reaction system based on ethane, called the
“TRANSCAT” pracess, has heen developed on a large
pilot plant scale but is not yet in commercial practice >
The chemistry of this process is a2 complex series of re-
actions, generally involving chlorination, dehydrochiori-
nation and oxychlorination. A mixture of "ethane, cth-
ylene, cthyl chloride, chlorine and HCI arc fed to a melt
of cupric oxychloride and potassium chloride, yiclding
vinyl chloride, water, and cuprous chloride as the main
products. The cuprous chloridespotassium chloride prod-
uct is taken to an oxidation reactor where the cupric
oxychloride is regenerated by treatment with air. Vinyl
chioride is separated from the organic product and puri-

CH,CH, + HCl + O,

7
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fird by fractional distillation. Removal of about 0.4 per.

cent hutane plus hutenes present in the main VCM cut

represents a very difficult separation,'® Ethyl chloride

and ethylene can be recycled into the [ced. Chlorine

values in the chiorinated hyproducts can be recovered

by incineration and then feading these gases to the
. cuprous chioride oxidative regenerator reactor.

Dispossl of hyproducts. Disposal of byproduets pre-
sents special probiems for vinyl chloride manufacturing
plants, since a varicty of gateous organic liquid, and
acqueous streams must be handled, each with its own
particular problems.

Vent gas streams from various units may contain small
amounts of HCI, chlorine, ethylene, vinyl chloride,
methane and carbon monoxide. These streains may some-
times be treated by scrubbing, chemical treatment,
sorption, or other methods to reeover some chemicals
when economically justified. Otherwise, the common
cleanup technique is either incineration or catalytic com-
bustion followed by recovery of HCI from the vent gases,

Twe organic hyproddnct streams are precduced. The
light ends contain mainly ethyl chioride, cis- and trans.
1,2-dichloroethyliene, chloroform and carbon tetrachioride.
The heavy ends or “tars” contain mostly 1,1,2-trichloro-
ethane, lesser concentrations of tetrachlorocthanes, chlori-
natrd hutanes, chinrinated aramaties and i large number
of other compounds present in swuall amounts. These
streams are normally fractionated to recover useful com-
jonents, the others incinerated to recover chlarine values
cither as ayueous or anhydrous HCI

Process water streams arc steam stripped to remove
volatile organics followed hy ncutralization and then
trentinent in an nctivated sludge systern to remaove non.
volatile organics in the water.*”

COMMERCIAL PROCESSES

Broudly speaking, there are three types of VCM pro-
cesses in commercial use today. These are categorized as
acetylene, ethylenc, or mixed gas based on feedstock re.
quircment. Within the “cthylene-type” plants, further
classification is desirable to distinguish the type of oxy-
chlorination technology used, i.e., oxygen versus air feed.
stock {see Tahle 2). Over 90 percent of the world's listed
15 billion I, per year VOM capucity currently is based
upon the balanced ethylene feedstock route. Of this, just
under 90 percent uses air-based oxychlorination. How-
ever, of the projected worldwide plant startups for the
period 1979-1981, approximately 30 percent of the 7.7
hillion Ibs. per year VCM will be derived from oxygen-
based oxychlorination. Other existing producers will un-
doubtedly be evaluating the conversion of present air-
hased plants to the use of oxygen during this time frame.

Table 3 presents a summary of the technology sources
in use today, It is thought that the technology currently
licensed by JCT and Solvay is similar to the process
normally attributed to Ethyl. Therefore, all are listed
under Ethyl’s technology. It is interesting to note that
several plants exist where the oxychlorination process

1y
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TABLE 3—Current VCM technology sourc:

Existing Planned (197%-
VCM, " w
Technslogy Souree | Plants | MM Lbs./Yr, | Plants ' MM L
1, B.F. Goodrich. .| 18 5,840 "
2. Hoechst/BFGe... | 1} 129 ? !
3. Staufler/BFG. .| S 26D S
b it ici ] M| S t ?
60w, ........| 1 3040 3 . u.
2PPG.. L. 5 1,700 3 1,
3. Rhone-Peulyngc 5 13% 1 ‘ !
9 Moassnte, ... .... 4 1,110 1 .
10. Tn{n Soda........ 3 400 | S
11. Tokuyams Seds. . 2 560 - -
12. Mitsui Teatsu. . ... 3 810 1 :
13, Kurahe, .. ...... 2 410 - -
14, Miscaliameces. ... 16 2,400 1
107 35,540 n | 7

* Orychisrination process provided by 8FG.

of one licensor, B. F. Goodrich, has been combine
direct chlorination and VCM technologies of nthe
Hocchst and Stauffer. Table 4 presents a tabula:
worldwide VCM producers. This summary was pr
from scores of literature sources, some of whict
contradictory. However, the authors have cxercise
best judgment in the ahsence of specific informatio
the listed ficensors,

‘The rcader is referred to Leonard,™ Gomi,*® or:
for details of the acetylene and mixed gas routes to
The technology discussion herein will be lirnited
halanced cthylene feedstock route used averwhel
today.

Although each of the major technalogy license
many patents, nonc has complete coverage of eac
of his process. As a result, the sequence and t
operating steps tend to be very similar from pro
process. The hasic differences stem from the axyeh
tion technology and Lthe wypes of impurities appea:
the crude EDC. The licensor, thercfore, provides
know-how primarily, as opposed to patent positior
result, published literature by major lieensors is
standably very sparse and highly simplificd. with
exceptions.28.37.0h, 20

TYPICAL VCM PROCESS

The typicul VUM process combines direct um
chlorination {oxy} processes to provide 1,2-dic
ethane (EDC) feedstock for the EDDC pyrolysis un
Fig. 4).

The direct chlorination process relative to oxy i
acterized by low capital investment, low operatin
and high purity product. However, HCI venerate
the EDC pyrolysis unit dictates the ase of an ox
With the current pyrolysis yicld of approximate!
mol YCM per mol EDC fed, and the HCI vield of
per mol VCM, the oxy unit size is set at approxi
0.5 mol EDC per mol of VCM desired. This »
direct chlorination unit size at approximately 0
EDC per mol VCM.

‘The rombined EDC streams are canslic treated
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TABLE 4—VCM plants—worldwide—(cont'd)
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Fig. &—Modifications used in the Stauffer oxygen-baused oxychlarination process.

move HCI and certain clorinated hyproducts which
otherwise would hinder fractionation or pyralysis. The
“clean” EDC is subjected to distillation steps in which
water and other light components are rewoved, as well
as heavy components typically labeled tars. The dry
product EDC, generally of 99.5 percents or greater
purity, is thermally crucked to yield [1CI and VCM in
an EDC carrier stream. Further distillation equipment
separates EDC and HCI for recyele and yields product
VCM for final treating.

The typical VCM plant includes VCM treating, offgas
treating, light ends/tars handling and waste treating facii-
ties. It will also include incineration units for reclaiming
waste chlarinated hydmcearbons from offgas or liquid
streamns.*

StauMer technology.” ! In the Stauffer direct chlori-
nation process (see Fig. 5), ethylene and chlorine arc
reacted, in the Jiquid phase and under controlied condi-
tions, to yield i crude product which analyzes 99.7 per-
cent EDC. The reactor product is then combined with
the erude axy PDC, washed and distilled to remove
water, light ends and heavy ends.

Pure EDC is preheated in the economizer of the
pyrolytis furnace and then vaporized with steam. EDC
vapor is then heated to dissociation temperature in the
furnace tubes to yield a mixture of vinyl chloride and
hydregen chioride. Conditions are controlled to maintain
ENC canversion at 50 to 55 percent. Following a quench
andl condensation stepy T1CG1, VOM, and uncracked EDC
are scparated by distillation, Hydrogen chloride gas is
sent to the oxy section. Unrearted EIC is recycled to
puriﬁmﬁon;

The oxy section combines recycle HC! with fresh ethyl.
enc and air in tubular fixed-bed catalytic reactors. The
ethylene and air are fed in excess of stoichiometric re-
quirements to assure high HC! conversion®' Reaction

HA

heat it removed hy gencration of steam on the shell s
of cach reactor. ‘The final reactor effiuent is conled
condense EDC, and the offgas is contiucted/reacted w
chlorine to recover cthylene as additional EDC. T
offgas stream is cooled versus cooling water and refr
eration to further condense FIXC hefore exiting the p:
cess. Residual ethylene enncentration in the vent pas
reportedly as low as 10 ppm.©*

Stauffer also offers an oxygen<hased oxy process (F
6) in which the rmain reactor affgas, following conden
tion of ENC, ix compressed aned recyeled to the first o
reactor. An excess of cthylene is used to maximize H
conversion and minimize hyproducts. A small slipstrea
from the ethylencerich reeycle is purged to an cthyle
recovery unit for controt of inerts.

Ethyl integrated VCM process.’* Gaseous chlorine 1
cthylene are introduced into a direct chlorination react
in which they comhine to lTorm EDC. The very hi
purity EDC product can be sent dircetly to (or, aft
degassing, can bypass) the EDC purification system (¢
Fig. 7).

Air and gaseous ethylene and HCI are introduced im
an oxychlorination reactor in which EDC is produced
an elevated pressure and temperature in the presence
a {luidized catalyst. The reaction products arc neutralie
and partially condensed to recover ENC which is first s
to a drying column and then to the EDC purificatic
systemn. A portion af the vent ik, consisting priman
of nitrogen and carbon dioxide is recyeled to the react
for added safety.

The purified EDC stream which contains recych
ENC ax well as the EDC from direct and oxychlorin
tion is vaperized and introduced into a furnace. At le:
half of the EDC stream is cracked to HC! and VC!
The reaction products are cooletl rapidly, partially o
densed, and then sent to the VUM purification svsie

Mareh 174 [Eviemers vperseas, Preosee . -
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HC! and VCM are scparated hy {ractional distifiation
from the unconverted EDC and small amounts of bhy-

products. The EDC, containing the byproducts, is re-
cveled to the ENIC purification system.

Mitsui Toalsu Chemicala technology.” The MTC
rechnology utilizes 2 boiling liquid process for the direct
chiorination reaction. Reaction heat is dissipated with the

gaseous EDC exit stream which is condensed cxternally
and sent to purification.

o A by St ol

!

The oxychlorination process is characterized by the
we of oxygen feedstack and A fluidired bod reactor, The
mactor effluent gases are quench cooled with circulating
EDC followed by caustic neutralization. The neutralized
gas is cooled to condense EDC and water, Uncondensed
gases, primarily ethylene, arc recycled back to the oxy
reactor. A small stream is vented from the recycle gas
to sllow purging of inerts. EDC liquid is phase separated
from water and dehydrated before joining the EDC
streams in the purification system. .

A conventional EDC purification system splits crude
EDC into light ends, heavy residue and pure EDC. The
fatter is cracked to yield VCM which is purified in a
manner aimilar to that described in the Staufler tech.
nology (see Fig. 8.

PPQ technelogy. The EDC production technology
appears very similar to that described for Mitsui Toatsu,
particularly in the use of oxygen feedstock and fluidized
bed reaction for oxychlorination. However, PPG does not
indicate use of a dehydrator to dry crude oxy EDC prior

Nybrocaguon PrROCESSING Mareh 1970

Ry. 7—Ethy! Corp.'s lntigmod viny! chioride monomar process.

-

to purification. Also, PPG uses three rather than two
towers to obtain the HCI-VCM-EDC separation.

B. F. Goodrich technology.* ™ Goodrich direct chlofi-
nation uses conventional water-cooled technology similar
to that shown for Stauffer. The air-based, Ruidized bed
oxychlorination technology i similar to that shown for
Fthyl, Gondrich alto utilizex an ahsorher-stripper system
on the oxy vent gas stream to minimizc hydrocarbon
lomes. Goodrich, in conjunction with Badger, Inc., offers

complete tachnology for waste treating of VCM plant
effluent streams.

Toyo Sods technology.'’*' This technology appean
very similar to that offered by Suwuffer. The principal
differences are in the use of an absorber-stripper on the
oxy vent gas effluent (as with Goodrich) and the de-
hydration of crude EDC prier to purification. As with
other oxychlorination processes, steam generation is used
to remove reaction heae

Phone-Poulanc technology **™ Rhone-Poulenc offess
two processes, Chloe I and Chloe 1. The former is of a
apeeial namme®® to yield concurrently significant quantitics
of other chlorinated hydrocarbons such as trichloroethyl-
ene and trichloroethane. The Chloe II procest it “true”
VCM technology using air-based, fluidized bed oxychlo-
rination in combination with beiling liquid direct chlo-
rination.

Monsante technology.” This process appears very timi-
lar to that offered by Stauffer.
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Fig. 8—Mitsui Toalsu uses these modifications in their vinyl chloride monomer procees.

Dow technology. Dow's tcchnology has not heen pub-
licized. It has been used only by Dow and its foreign
affiliates,

NEW DEVELOPMENTS

Althaugh it is believed that several VCM producens
currently use boiling liguid reactors for direct chlorina-
tion, Stauffer has developed a unique application of this
concept.* Their approach, “High Temperature Chlorina-
tion,” in cffect usen the reactor as a rehoiler for the cone
ventional EDC purification system (sec Fig. 9) Purified
EDC is withdrawn as a side stream from the tower, and
any light component formed are removed overhead.
Normal feed tn the tewer consists of treated FEDC from
nxy and reoycle. Small amounts of the normal heavy ends
ar tars are purged from the hase of the reactor, “Uhis ap-
plication elirninates approximately 100,000 lbs. per hour
of 150 psig steam consumption for z one billion 1b. per
year VUM plant, A similar cnergy savings is achieved in
reduction of coaling water usage relative to a conven-
tional reactor and light ends tower. B. F. Goodrich™ also
offers a bniling liquid process in which the heat of reaction

a6

is utilized to purify all EDC processed in the purification
train,

Increased activity by EPA (U.S. Environmental Pro-
tection Agency) and state agencics in regulating hydr-

Direet chiorinstion reactor
and haavy snds cotumn

Impurs
=, ~2

Light
Ethylens .,&,
' Pure
Chiorina T X

Heavy

onds

Fig. 9—Stauffer high temperature chiorination and ethylens
dichloride purification schematic.
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a-bon emissions are likely to stimulate further new de-
wlopments, particularly in oxychlorination processes.
Thess will range from development of new oxygen-based
R whrology to various add-on systems for cleaning up oxy
wnt gas. The latter may include catalytic exidation, in-
gneration {of oxygen-based vxy vent gas), solvent absorp-
ton, combined refrigeration and ahmrption techniques
tnd/or other eomhinations. Several companics nat active
s VCM producers are involved in developing these
add-on systems,

It is expected that campanies will continue to devote
wesiderable effort 10 the development of cracking pro-
woters and inhibitors of side reactions in pyrolysis chem.
sry. Current cracking practices limit EDC convension
® 5050 percent. Considerahle cnergy and cost savings
euld he achievrd through incrcased conversion lovels
vithout concurrent lomser of EDC to undesirable side
reactions.

EPA reguiations. EPA's “Standard Support and Bnvi.
wnmental Impact Statement: Emision Standard for
Vinyl Chloride,”* presented the following regulations:

® Emissions from all point sources except oxychlorina.
ton would he reduced to 10 ppm VCM by volume ~

® Emissions from the oxychlorination reactor would be
rduced 10 0.02 1b. VCM per 100 Ihs. EDNC product from
the nxy process

¢ Preventable relief valve discharges would not be
permiteed

® Fugitive emissions would he minimized by requiring
mclosure of the emission sources and collection of the
[ emissions.

EPA estimated typical VCM plant cmissions in 1974
1 follows:

Lbe/VCM/
100 Lbs,

Source VCM

Fugitive 0.1215
EDC Finishing Column .05
VCM Finishing Cinlinn n.24

Oxy I'rocess 0.0364

Process Water 0.0007

Total 04479

The regulations were predicated upon reduction of such
emasions by 94 percent using best available technology.
Compliance testing of these instalfations was hegun in
the last quarter of 1978,
Additional EPA and state actions were initiated in
mid-1977 10 reduce hydrocarbon cmissions from VCM
‘ plants in non-attainment regions, i.e., mueh of the Gulf
Const. EDC production is reponiexd to arcount for 28
pereent of the hydrocarbon emissions in the southern
lovisiana and East Texas AQCRs.* These actions were
directed primarily against oxychlorinatinn vent pns from
drhased units. “The amount of hydrocarbon reduction
e 1 wught varies from region to region. No published guide.
] nes are currently available to sreference.

- rncarnan Proarssing

Marell 1079

The nect offeet of these various regulations has been to

increase Substantially the scope of add-on technology in
VCM plants, such as:

@ Installation of primary and redundant incincration

facilities for VCM point {ex oxy) seurce and eollected
fugitive cmissions

¢ Tnstallation of HCI scrubbing and neutralization or
recovery unita in conjunction with the incinerntor

¢ Instaliation of clesed process sewers, collection sys-
tems and larger or redundant waste water strippers

® Replacement of single mechanical seals on pumps
and agittors with double mechanjeal seale (I somie
cascs, conventional pumps were replaced with canned or
magnetic drive pumps)

® Leak detection systerns and portable monitors
® Enclosed sampling and analytical systzms

® Vapor recovery systems for VCM Inading/unloading
and equipsment clearing,

The EPA report estimated a maximum capital impact
of $0.8 to $1.9 MM (1975 dollars) for a “model* 700
MM lh. per year VCM plant. Recent cost estimates i
dicate the true impact for these items ix ncarer §15 MM
hased on 1978 dollars. Addition of hydrocarbon compli-
ance (proposed regulations) may add another $2-85 MM.
-~ EPA also has proposed [further retluctions in VCM
emissions.** Under consideration at present are requlations
which will reduce allowable emissions from 10 ppm to

5 ppm for all point sources, including nxy vent pas. EPA
further plans to prohibit emission increases within 8
kilometers of an existing source duce to construction of a
new emission source, This will effectively prevent expan-
sion of existing facilities or construction of new plantx in
the vicinity of existing plants. ‘I'he proposed oxy vent gas
rcgulation will also dictste substantial capital expendi-
turex for add-on [acilitics and poxibly the conversion of

air-based to oxygen-based plants to facilitate incineration
of tail gaves

ECONOMICS

Table 5 presents a 1981 manufacturing ecost buildup
for a typical 700 MM 1h. per year grass roos VCM
plant. Raw materials total 12 cents per Ih. VCM or 54
percent of the required FORB plant selling price. Capital-
related cotts anmount to 6.8 cents per 1b. VCM or 32
percent, Utilities are only 6.7 percent of the total VOM
coat. In perspective, the 1972-1923 reported VCOM selling
price® was only 4-5 cents per lb. By 198), the capital-
related unit costs alone will exceed this by 50 percent.

The obvious major factor in VCM pricing is raw ma-
terials cost. Although chlarine price is expeeted to double
between 1973 and 1981, the impact of cthylenc price will
be cven greater (three cents per Ib. versus 17 cents per
1h.}. The real culprit, of course, is crude oil vom, During
the late 19608 and early 1070s, plants using inexpensive
LNG feedstocks were significant contributers to the low
cost U.S. ethylene supply picture. The energy crisis rap-
idly reversed the low cost [eedstock trend. LNG scarcity

"TAP00010808




14 - L *“
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SAVE MY LOVE

picture? The firm could be sworn to secrecy on transfer
price, if necessary. Authorize the auditors to present their
findings te Congress and the publie, Let’s get profits out in
the open! The alternative is a ‘“peccable” audit by the
government.

If higher gasoline prices or tax credits are required to
build badly needed downstream refining capabilities, the
public can be sold. And if the public is convinced, Congress
will act. The alternative is a shortage of refined products,
especially unleaded gasoline. And when gasoline is not avail-
able for Americans’ love—their automobiles—politicians and

oil companies alike will face their wrath.

' Coming next month

Computer optimization and control, the June Special Report, is a
subject teeming with potential. The reasons: greater conservation,
operating flexibility and the advent of more reliable and less expensive
computer control equipment,

The report begins with the concepts of, the mathematical tech-

. niques used, and places where on-line computer process optimization

really pays off for a variety of HPI processes. .

So existing plants can evaluste the'poesible benefits of computer
control, the second article provides a description of how to interface
computers with existing plants, .

Computer optimization doesn't apply only to process areas. To
exemplify this, the third article describes an optimal, energy saving,
microprocessor based control system for centrifugal-compreasors.

> June’s issue is one you'll definitely want to keep on file.

THE MAIL BOX

Ercata

Several mistakes appeared in my ar-
ticle *Vinyl chloride monomer—What
you should know,” March 1979, pp.
75-88.

On page 72, right hand column, at

i the end of the twelfth line from the

wop, “PVC” shauld be “EDC
On page 78, right hand column,
seqond paragraph ending, -the refer-
ence number “15” should be deieted.
On page 80, Table 3, line 8 should
read Rhone-Poulenc.
On page 88, Table 5 appears core
rected below. .
Garvin J. Fryar
Ponca City, Okla.
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Dats aids engineers in ssiecting alioys
for critical equipment In dirsct chiorination,
oxychiorination and EDC pyrolysis

sections of vinyl chioride monomer plants

C. M. Schilimolter, VDM Div., The Ore & Chemical
Carp,, Hauston

Desian conDrTioNs, alloy selection and operating ex-
perience are all part of the proprietary package offered
by various VUM process licensors. Thercfore, of neces-
sity, this article will be limited to the three separate
aperating steps that all “balanced ethylene fcedatock™
plants have in commen: direct chlorination, oxychlor-
mation and EDC pyrolysis. We will look into the core
roaive effects of chlorine and hydrogen chloride gases
a well an that of hydrochloric acid. Aspects of alloy se-
lection are based on published information of various
processes, knowledge of corrosion and privileged infor-
mation on actual sales of large guantities of high-nickel

{Editor's note. Alloy: 200, 201, 400, 600, 800 and
825 referred to in this article correspond to the

Alloy selection for VCM plants

7 -

- A ———

alloys for VCM plants in Europe, Japan and the USA,
The data presented, within the limited scope of this

article, are intended only for guideline purposes, without
any guarantee of performance.

SELECTING ALLOYS
Nickel and high-nickel alloys are among the few me-
tallic materials having useful resistance to dry chlcrine,
hydrogen chlaride and hydrochloric acid. These alloys are
not new to the chlor-alkali industry, heing more or less
stanghind sefretiong in caustie, brine and salt processing.
We will, in turn, deal with each of the thres chief corrosive
environments encountered in VOM processes. Table 1
~ provides a bricf description of alloys rommanly in usc,
their ASTM specifications and the tradenames under
which they are known.

Chiarine, Caseous chlorine at low temperiatures and in
the abscner of moisture is not severely cerrosive and is

commonly handled by carbon steel. Usually 2 more re- |
sistant material such as Alloy 400 is specified for critical I
parts such as valve trim, instrumentation and orifice

plates in chlorine pipe lines. In contrast, wet rchlorine '
is extremely corrosive on steel and nickel alloys, and re-
quires Hastelloy® € or titanium. At elevated temper-
aturcs, corrosion rates on steel incrense with lemperature. I
‘The upper limit of wefulness is around 400°F when

the protective effects of the corrosion products disap-

t , Ferric chloride vaporizes at 420° F. ’
VDM trade names shown in Table | with which pear. F ! po F. , ¥
the author has the most recent experience in vinyl Fig. 1 provides a guide to the selection of various !
chloride monomer plants.) alloys in dry chlorine. The surface coating of chlorides ‘ :
tend to provide protection up to a remperature level o
[N
TABLE 1—ANoys commonly used in VCM plants I :
! 3 “!'- [ ] vou Coaperabie . l
Wateviats in bowt LI Cr e Cu Fe aember | Smirer Irade names praducis
ekl |
e e . 1 Aney ! - . YOu- ekl 200
R I 1 i | B | mEamnm | neam b
Nichel-ghppir atioys
Naker-Copper Alloy, .. ... cee ] Ay a00 ) a 13 ] 163188 | 163385 | NICORROS 400 | Monel 400 !
Rche!-civomivar-iron dlloys
SckW-CHeomram-jren Allay. Aeyt0 | % 7] s ] e | s | wicrortmes | inconel 600 |
Nicuehl1pa-Cheamium Alley . Alioy 300 n 21 . 4 163447 1 13%407 HITROFER BOO incolny 300
ki frunChromiuen-Malyhdunum-Capper Atley.  _.§ Alley 52§ 42 n 3 3 » 143423 163423 NICROFER 28 tncoloy RS !
i
Yt K CORRDS ond MICROFER are repyteced Ir of g O Matatiwarke AG G . Wovel, 1nconel, Incsiey 819 registorad trademarks of The |aiernational Mckel Co !
Nisialley 13 3 regitiernd lcadomerh of Cobol-Sietiite Division.

HynrocarRnaN Proackssine Marech 1970
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Fig. 1=—Chliorine, Alloy selection gulds.

at which melting, vaporizatior? or decomposition removes
such films. The corrosion rate appears proportiortal to
the vapor pressure of the metal chlorides. The common
design parameter for tubing, valve trim and internals
is 0.003 in. per year (IPY) maximum corrosion rate,
while for vessels and pipe an upper corrosion” rate of
0.020 IPY is frequently adopted with a corrosion allow-
ance of 14 to V4 in.

Alloy 200 and Alloy 600 are the most commonly used
alloys for reactors, coils and agitators in the 3500 to
1000° I range.

Hydrogon chierlde. Dry HCI behaves in a similar man-
ner as chlorine, and carhon steel can suffice up to
450° FF ahove which Alloy 200 ix usually specified, Fig. 2
provides a guide to the selection of various alloys in
dry HCI gas and the design parameters of 0.003 IPY
and 0.020 IPY upper corrosion rates lar ccrtain com-
ponents are shown, The presence of moisture does not
appreciably incresse corrosion rates above the dewpoint
over that by dry gas.

It must be pointed out that there are many variables,
and even small amounts of addition agents to control
cstalyst activity, may exert an influence on the tenacity
and vapor presure of the protective corrosion scales.
Therefore, absolute corrosion rates for different temper-
atures in chlorine and O] systems are difficult to pre.
dict. Even so it is felt that Figs. 1 and 2 are sufficiently
accurate to serve as a guide, These figures should be
checked against actua) experience of each of the different
VCM processes.

The performance of Alloy 200 in dry as well as wet
hydrogen chloride gas has been consistently good. In
cyclic operating conditions, particularly in the presence
of air or oxygen, Alloy 600 and Alloy 825 offer good all-
round resistance. It is prudent to assume that Types
304 and 316 stainless steels would be subject to chloride
stress corvosion cracking conditions during shutdown in
spite of various precautions thar may be taken,

)
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Fig. 3—Hydrochiotie acld. Atloy ssiection guide {Basis: 0.0% <
PY max. corrosion raie).

Hydrochloric acld. HHCl is o typical reducing acd
through its entire concentration range. Its strongly acidic
character is harmful to steel. Alloy 200 and Alloy 400 be
have similarly and find application at ambicent temperature
up to 20 percent concentration and at higher temper
ature below 5 percent concentration. Fig. 3 shows ixe
corrosion lines for 0.020 IPY which is generally con-
sidered the upper design limit of an alloy selection. The
graph immediately delineates the conditions suitable for
handling with Alloy 400 and those where Hastelloy B
is required. ;

It should be noted that in most cases in which hydro
chloric acid is formed as u result of hydrolysis of chle

]
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tides or chlorinated hydrocarbons such as EDC, the acid
concentrations ame less (han .5 pereent and both Alloy
200 and Alloy 4fif) can withstand such conditions satis-
factorily at temperatures up to 400°F.

Also in hydrogen chloride gasecus processes when
cooling takes place near the dewpoint of HCI (that is
below 2607 1Y) jt ix prudent to assymne that bhecause of
the hygroscopic naturc of the chloride on steel that HCI
might condense with rciultant high corrosion rates.
in applications where 18.8 Cr.Ni stainless steel is used
at clevated wemperatunes sucl condensation can lead to
chloride stress cracking. Alloy 800 is highly resistant to
chloride stress corrosion cracking while Alloy 600 and
Alloy 825 arc immune to this phenomena in this applica.
tion.

Even though willi special precautions o sysiem can
be kept dry during opcration, adequate consideration
must also he given to protect equipment during shut-
down and when starting up the unit. Purging with inert
dry sax prior or during shutdown is helpful in sustain-
ing a dry atmospherc. Alternatcly onc can maintain
temperatures above the dewpoint. Also, siudges present
in the system ahsorb chlorides and must be kept dry
otherwise aqueous JICH acid is formed from mnisture
pick-up. Alloy 400 is widely used for handling dilute
HCI acid in waterwash solutions and for heat-exchanger
tubes in the ENC purification.

VCM PROCESS COMPARISON

The typical VCM process combines direct chlorination
and oxychlorination processes to provide cthylene dis
chloride (EDC) fredstock to the pyrolysis unit. Because
of the large amonnt of hydrogen chloride generated
in the cracking of EDC, plant economics dictate the
need [or an oxy unit. The seqnence and ihree prineipal
aperling steps are ptite sisnilar from prooess to process
and are shown in Fig, 4. I is not the writer's inention
to makc a detailed analysis of the entirc alloy selection
for the varioue hieensed processes, bhut insted, to com-
ment on the busis of previously provided corrosion data,
on alloy consicderntiony applicable 1o each of the throe
principal stepm,

Direct chiotrination. Fihylene is macted with dry chlarine
in the presence of a catilyst, 0 produce ethylene di-
chloride. ‘I'he catalyst usually is a ferric chloride. Liquid
EDC ic uxed as o reaction wedinm to insure intimate
mixing. Conventional water cooling remmoves the exoe
thermie heat of reaction, ‘Femperatures are controlled
at 130°F to 150°F. The EDC produced is usually
treated for removal of ferric chloride carry-over. In a
number of systems lately, the reaction is carried out at
the EDC hailing point {approximately 2307 ¥} tnking
pure EDC overhicad and using the heat required to
vaperize part of the reactor content, to comtrol the

temperature. Fig, 5 shows the direet chlorination pro-

cess.

Tt is necessary to insure a dry chlorine fecdstock and
to properly contro} the temperature by thorough mixing
of the reactants to prevent hot spots and runaway tem-
peratures. With such operating control conditions, car-
bon steel can be safely used for the reactor and auxiliary
equipment. As can be seen from Fig. 1, a suitable
corrosion allowance may need to be applicd depending

Flvnwocatenon Pyoer sama,

SManch 1979
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Fig. 4—Principal VCM process seps.

Cocking water _ q Ta purificstion €0C
Cocling water Out
. reactor {1304F)
n
CM, y e CHACy
. e } Catatyst
¢, CH,Cly —aH

Fig. S--Direct chlorination.

Alr ar oxygen{ u
P B

G'ﬂ.o—o—.

HCt

C M, +2HC1+ KO,
Catalyst

Wacta"’"ro“‘"

Fig. 8—Oxychiorination,

on temperature and experience. Further, proper shut-
down procedurcs should he employed keeping the unit

dry or frce from chlorine o prevent attack by wet
residual chlorine on the steel when the unit is not in
operation.

Oxychiorination, Ethylene is reacted with dry hydrogen

chloride and oxygen in the presence of a catalyst to
produce EDC and water. The eatalyst usually is im-

ny
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Py T~EDC pyrolyais.

pregnated with copper chloride. The oxychlorination
process can be carried out either in a fluid bed of
catalyst or in tuhular fixed hod catalytic reactors. Fur-
ther, the reaction of ethylene and HC! can take place
cither with air or oxygen. Both process systems  are
shown in Fig. 6.

Fluid bed. Reaction with & fluidized catalyst gencrally
takes place at 435°F to 450° F and atmospheric pres-
sure. The reaction is highly exothermic and the tem-
perature is controlled by good intermixing of reactants
and catalyst and by thc use of imwernal cooling sur-
faces. A carbon steel reactor can be used. Referring to
Fig. 2, we can expect corrsion mtes in the oxder of
0.010 IPY which means a3 corrosion alfowance of %4 in.
ar 3/16 in. should he applied. For intermals, where
carrosion ¢an occur on both sides of the metal, where
velocity effects may interfere with protective scales or
where a cormsion allowanee is not prctical or inter-
feres with the rate of heat transfer, a corrosion resistant
alloy is commonly specified.

Good service with Alloy 600 and Alioy 825 has been ob-
uined when used for the sparging equipment to intro-

rfich niclel alloys are often
cetwsod o lecations

21 oefiies] equipment. Less
LaNisive maiterials are

o cofeeied a5 soon As
~rvnard v nronsgs condrtione.

{

duce the gases in the fluid bed, and for pipe, nosle

and fittings inside the reactor. These alloys arc nat
susceptible to chloride stress corrosion cracking if hy
drolysis takes place during shutdown. Occasionally 2
problem is experienced from the combined effect of
corrosion and erosion by the catalyst which removes
the protective corrosion products on steel. Alss, 2cou.
mulation of catalyst on the bottom of the reactor can
cause localized attack and should be avoided. Becaus
of the carbon steel reactor construction, it is definitely
necessary to control temperaturcs below 500° F. Proper
shutdown procedures to prevent corrosion on steel by
dilute hydrochlotic acid, when the unit is not in oper
ation, is of courme most desirahlc.

Fixed bed. Reaction in a fixed-hed cutalyst reactor i
carricd out at temperaturcs of 450° F to 600° ¥ and
pressures from atmospheric up to 200 psi. The catalyt
is contained in a number nf vertical tubes held in a
tubesheet at top and bottom. Reaction heat is removed
by the generation of steam on the shell sidc of the re
actor. It is more difficult to control temperatures uni.
formly than in the fluidized bed, and occasional het
spots tend 10 develop; on the tubes,

As can be seen from Fig. 2 operating conditions re
quire corrosion-resistant alloys. Both Alloy 200 and 600
are preferred alloy selections. Usually Alloy 200 is used
for the reactor tubes and has given excellent perfor-
mance. ‘The tubesheets and heils of the reactor are clad
with nickel on steel. The reactor shell which it exposed
to water and steam is made of carhon stecl. When §
three or four roactors are required, nickel is also used :
for the interconnecting piping. Temperatures should be ¢
controlled no higher than 600° 1" to prevent by-product !
formation and deactivation of the catalyst. Also, whcné
localized hot spots orcur on the Alloy 200 tubnes we ¢
have ehserved intergranular embrittienient on some tubes

Alloy 201, which has a low carbon level. is resistant m'

such Intergmrmlnr attnek.

-

Oxygen versus sir. The use of oxygen instead of air;
in the oxychlorination process unprovm op-.r:lms; cx’-
ficiency and product yield. It permits operation at a |
lower lemperature. Fven though allny selection is not
affected by thix, from o mnetals stuxdpoing subslumial!y}
less quantity of alloy is required as the equipment tends !
to be more compact and smaller. Alsc capital =avings |
are possible for not having to separate ETX, cthylene
and other chernicals {rom a large nitrogen vent gux stream
and burning the vent gas. :

EDC pyrolysls. Ethylene dichloride is vaporized and
thernally eracked o0 vinyl chloride yiekling volimow
by-product hydrogen chloride. Cracking is carried out
in a fired furnace at & temperature of 900° F to 1000°F
and at an elevated pressure of about 400 psi. The re
action prexlucts are vocled rapidly, partinlly condensed
and then sent 10 a VCM purification system where
HCl and VCM are distilled {rom the unreacted EDC
and small amounts of by-products. The cracking pro-
cess is susceptihle to inhibition and fouling by trace
amounts of impurities and therefore the crude EDC
is purified and the light and heavy ends removed—both
of which contain chiorinated waste products. Further,
tn prevent excessive hydrochloric acid corrosion heee and
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downetrram  of the reacker, iU is neersary that the

! crude EDC is washed, neutralized with caustic, and
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dried. The pure EDC is preheated in an economizer
and then vaporized in a stcam heated kettle-type re-
boiler. See Fig. 7 for the EDC pyrolysis process system.

For allny selection of the pyrolysis furnace tubing we
are guided by the fact that hydrogen chloride is formed
in the thermal decomposition of EDC, that the furnace
requires periodic decoking and that during shutdown
conditions hydrolysic af hydrgen chinride is likely to
nccur, Alby 600 s b prefersed allay seetion for this
application and hax consistently given good reliable per.
[ormance. In recent years, Allay 800 has been used with
smccess. It is prudent to assume that the 18.8 Cr-Ni
type of stainless steeit are subject to chloride stress
corrosion cracking helow the dew paint and during shut-
down. One company reported that they had used 5
Cr-l/4. maly steet without excessive eorrosion when in-
suring 2 bone-dry feed to the unit and taking the usual
special shutdown and start-up precautions of gas.blanket.
ing and keeping the unit dry. Alloy 600 is often speci-
fied for the coaling coil where halagen corrosion is the
greatest. Alsn Alloy 600 solid or as clad plate hax been
wed for batch polymerizer reactors in an aqueous me-
dium in the presence of a catalyst and suspending agents,
producing PVC resin. ‘a

In the purification system, corrosion can he very se-
vere hecause of the hydrelysis of hydmgen chloride and
of various arganic chlorides. ‘This can occur at ternper-
atures of 260° F and downwards forming dilute hydro-
chleric acid. Jt is extremnely difficult to insure a hone.
dry system, that is, zem free water and below 10 ppm
of total dissolved water. Inadvertent moisture pick-up
from sources such as leakage at water coolers and steam
heaters and intrusinn of humidity at fanges and seals
is always a poasibility. Also entrained water it frequently
carried along in the distillation process. Carbon stee!
in dry systems usually corrodes less than 0.002 IPY
while in the presence of water, dilute HCI acid is formed
and corrmsion rates are approximately 0.010 to 1.160
IPY depending on the temperature and concentration.
In the presence of 2 percent hydrochloric acid, carbon
stee]l corrosion often exceeds one inch per year.

From Fig. 3 we can scc that Alloy 400, in most cases,
would be the desired economical choice of alloy. It has
been usted in industry to resist & wide variety of chlori-
nited hydrocarbons and solvents, Hastelloy B finds use
for critical eomponents such an valve trim and pump
impellers, Corrosion of steel equipment tends to be the
mreateat in reboilers, the bottom section of distillation
tolumns, bubble caps, plates, condensers, water separa-
1613, valves, pumps and fittings.

It should be pointed out that titanium is not a suitable
wlection in dilute hydrochloric acid, because of its strong
reducing nature. Where titanium is used, it hax provided
waful life under mitd conditions with @« pH above 1.5,
For economic reasnns, varinus coatings and lincrs are
frequently considered and used as an alternate 0 alloy.
The following applications have heen reported: 2 gunnite
lined pretreater, glass-lined vessels, polypropylenc-lined
tteel piping, Saran and Kynar-lined pipe, glass-coated
mimps, various coatings in accumulators. Even though
atractive from a firstecost standpoint, special care is
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required to maintain such coatings and prevent damage
at joints.
TECHNOLOGY TRENDS

No major changes in the use of established materials of
ronstruction is forescen. Brief mention has aiready been
madc of a trend towards higher temperature direct chlori-
ration using the reactor as a reboiler to remove the heavy
ends. Also a substantial share of new plants appears to
utilize oxygen instead of air in the oxychlorination stej.
This approach discharges fewer chlorinnted hydrocarhons
with the vent gaws into the stmasphere. For this rcason
and also to increase existing plant capacity, some VCM

» plant oxychlorinators arc being converted from air 10

axygen,

Emission control standards are getting more severe,
forcing the scrubbing and neutralization of HCI, use of
waste water strippers 1o remowve wolatile organics, en-
closing and collecting cmissions for incineration. Cor-
rosion in parws of this equipment can he very severe and
the rate of attack is not always predictable; some of
the previously mentioned alloy selection guidelines de
apply.

Coneclusion. For economic considerations, special high-
nickel alloys are often restricted to critical locations from
where one downgrades to less expensive materials as
soon as process conditions permit. During the final de-
sign, the limitations of each material selected must be
scrutinized as well as the means used to minimize cor-
rasion by control of process conditions. For example,
what will be done to contro] exothermic recactions, ve-
locity/impingement effects, moisture content, pH/acidic
conditions, impurities, sludges and acid concentrations?
We have the tools available to do this and particularly in
chlorinc and HCI processes we should not overlook proper
start-up and shutdown procedures, since severe corrosive
attack may take place while the unit is not in operation.
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