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-;‘Mwewr vapors. from an empty va storage tank.

= g unloading swtions (Fig. 1). With this process,

residue liquid. This liquid can be transferred by con-
necting the compreasor’s suction to the tank car, and s
discharge to the storage tank. A four-way valve in the
suction and discharge lines effects this changeover
without exposing the Operator to vou.

With the normal compremor Sow thus reversed, re-
sidual liquid in the tank car vaporizes from the reduc-
tion in preswure, while the compressed vapors are con-
densed in the storage tank by bubbling them through
the large mass of liquid, which removes the heat of 3
compression. In this manner, the tank car is normally :
evacuated down to the pressure tequired for reloading,

Depending on the heat transfer into the tank car,
residual liquid vaporizes within 20 to 30 minutes, dur-
ing which- time the pressune will not be radically re-
duced. After the liquid has been vaporized, the time for-
evacusting: the remaining vapors may be caleulated
with the formula:

M = (V/DE) in (B/Py)

where: M = evaporation time, mia.
¥V = tank-car volume, ft.* -
D = compressor piston displacement, ft3/min.
P, = tank-car pressure at atart of cycle, psia
P, = tank-car pressure at end of cycle, piia
E* = average volumetric efficiency of compres-
or

A B A

—efar o

The economics of the evacuation operation can be
evaluated according to the value of vaum

After the tank car has been completely evacuated, the
compressor is used 10 evacuate the disconnected hoec,
which only then should be taken off for storage.

The storage tank is emptied of vou for maintenance
by filling it with water as displaced vapors are vented to
& monomer gas coliecting system, and then letting in air
through the atmospheric vent as the water is drained
into the diked storage area for runoff to storm sewers.

Unloading system

The unloading systemx consists of transfer piping,
COmpressar, vaporizer, storage tanks, and insorumenta-
tion for safety and control. Flexible metal hoses connect
the tank car to the rigid transfer piping. Each transfer
connection on the tank car contains an isolation valve
and a built-in-excess-flow valve to prevent leakage in
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the event of a ruptured hose. Similarly, the rigid piping
contains check valves to prevent

storgge tank in case of rupture.
VvCM inventory it measured by means of a turbine
and a fiow rotalizer in the transfer piping. A filter
z:umofthempmmn from dirt, as well as
the online time of the monomer-reactor

chugmg fileer (see Fig. 1).

v Dengn criteria
steps in designing a vos-unloading system gen-
mﬂ take the following sequence:

1. Esublilh the piping configuration for compremsar,
vapanzer, storage tank and tank car.

2, Determine the optimum transfersline size for the
jdesired flowrnte: .

3. Size and select the compressor.

4. Develop the detailed insrumentation.

The piping configuration is made in accordance with

from the -

the flowscheme (Fig. 1) and a physical layout for the
unloading station. Pressure drops in the transfer lines
must incinde static elevation and line losses between the
compresor discharge and the tank car, and between the
compressor suction and the storage tank. Also, pressure
drops acrom the turbine meter, and a dirty filter, must
be allowed for.

Since the entire unloading area will be outdoors and
mybemnonhemclimnu,thewmptmmdv»
porizer detign must allow for seasonal temperatures
such as 110, 60, and 10°F, corresponding to monomer
vnporpmuraofSS,ﬁnndll paia, respectively.

A common practice is to size the compremar for
spring condition, relying on the vaporizer to augment
tansfer during the winter, In this case, the compressor
will unioad during summer at a much faster rate, which
can be calculated by trial and error, asuming a flow-
rate and working backward through the compressar-

e el e
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_Thest Calculations drtermine the required compressor s

displacement, as ssfunction of ity volumerric efficiency;
tlQ(rapor molecular weight, vapor density and specific
heat, the-discharge and suction temperatures and pres-
. the waleadin- —gL, and the heat lost by the tank

ta its sur yundic-k isee pox, » 16C).
¢ Theveponzeris ~—tally a vapor. iiquid separator
with & meam-neawc~ ~amber Ligud ven fiow to this
vessel 'is about one ‘artieth of the liqud transferred
from ‘he tank Vapcrizer design is based on winter
conditions, the worst <..se for uniosding vou. Operating
pressuresis the sum ¢f =, * storage tank pressure and the

preseure losses in .~ ransfer line.

Liguid entrainmer: in the vapor can be minumized
by inzoducing a wire-meh screen to coalesce the liquid
droplets, and by pro- wding sufficient discieaging height
above the liquid surface

The required mass fiowsw.= of YoM vapar tc the tank
can be taken- from compressor swouat -ns fer winter

4

conditions. This figure, along with the liquid and vapor
densities of vou at operating pressure and temperatures,
givel the volumetric vapar tiowrsteto the tank car, and

the liquid flowrate o * = vajenzer: The remaming

vaporizer design caiculations Avakwith steam require-
ments and heat-transfér surfaces-

Instrumentation

All locally mounted electrorue instruments must meet
the Class 1, Group D, Div. ] = ruirements of nema 7.
Electronic, intnnsically safe, explosion.proof mstru-
ments are availabie from most vendors, for on-the-spot
calibrating and troubieshootng. if required,

Also, electromic instruments should be capabie of
withstanding seasonai temgp-rature extremes. Other-
wise, heaters or coclers must o2 used. Pneumat:c docal
instruments should be weather-:oof and dust-tight.

The totalizer. * «or* with the turbine meter i the

transfer line. dispsav's tae instantaneous vem mz
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and accunfulates the actual vess removed on both
zttable batch counter and a continuous counter, in
- ta be able 1o displsy vex unloaded from several

cars after a period of time The bawh counter
g isdogged after unloading each tank car, and
before unloading the nex*
» compute a matenal balance, a reactor bawh
ge, and a reacticn conversion, the operator must
v the total weigh: of vem unioaded into the storage
s. Sinee the density of unloaded vem varies with
1ent temperatyre, a temperature-compensated flow
surement is requured.
he turbine meter affords an accuracy of *0.15 w0
25% of the instantaneous fiow. For such accuracy,
meter vendors must bave densir and viscomty data

CHEMICAL ENGINEERING SEFTEMBER 12, 1977
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for scasonal conditions. Also, the transfer line must
provide straight runs of 15 pipe diameters upstream
and 5 pipe diameters downstream of the meter.

The totalizer should have built-in low-flow and
high-flow switches. The low-flow gives indication when
(1) the filter ahead of the meter 1s plugged, or (2) the
manual valves 1n the gansfer line are blocked, or (3) the
compressor is malfunctioning. The high-flow protects
the turbine meter from overspeeding due to vapor fow,
by stopping the compressor. Vapor flow occurs when
the liquid level in the unloading tank car drops below
the dip pipe. Overspeeding the turbine reduces the life
of its bearings and may damage the rotor, Even after
the compressor stope, vapor flow will continue until the
tank car and storage tank have achieved the same
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pressure, which can introduce sigmificant error in the
totalized reading. -

This vapor flow can be avoided -y placing an auto-
matic on-off valve, actuated by a density-difference or
pressure switch, at the tank—ar end of the transfer line.

The Jevel (ndication on a storzge tank permits sched-
uling tiat tank for reloading and production, whether
the tank has enough material to charge a reactor batch
or whether a tank car’s contents can be unloaded intwo 1t
Magnetic and capacitance-type level meters provide a
reading unaffected by the varying vem density. Read-
ings that depend on liquid pressure, on the other hand,

gl vary with ambient temperature.

A high-leve! switch interlocked with the storage-tank
unloading pumps prevents caviiaunon by mantaiming
enough liquid head at the pump suction.

In the event of fire, an automatic fire-valve on the
storage tank's discharge line isolates the tank. Normally,
a fire-safe full-port ball valve with pneumatic actuator
serves for this purpose. The fire detector can be 8
bimetallic switch set at 170°F near the fire valve. A
relief-valve/rupture-disc combnarnion protects the stor-
age tank from overpressure due to fire or overfilling. A

redundant relief sysier on each tank prevents acaiden-
tal shutdown.

A scif-actuated excess-flow valve downstream of the
fire valve isolates the storage tank in case of line rup-
ture, or failyre of the reactor charge-valve, or an instru-
ment malfunction in the vom-reactor charging system.
Fire and excess-flow valves are close-coupled to the
storage tank and interlocked with the storage-tank un-
loading pump to prevent evacuation of pump suction
lines wath these valves closed, and thereby prevent over-
heaung the pump.

For multipie storage-tanks using several unloading
compressors and unloading pumps, the installation re-
quires multiposition selector-switches to facilitate auto-
matic interlocking of the selected tank instruments with
the pump and compressor in use, Instrumentation for
tae compressor includes gages to display discharge pres-
sure, and a relief-valve/rupture-disk combination io
protect pomtive-dausplacement compressors. It is not
good practice to pipe the discharge of thi vaive to the
compressor suction, because of powible overheating due
to continuous recirculation and recompression.

A liqud trap on the compressor suction side’nixIOS 1 4
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VINYL CHLORIDE MONOMER -

Expressions used to caleulsts comprassor displscement

mizes chances for slugs of liquid to reach the compres-
sor. A hugh-level switch 1n the liquid wap is interjocked.
to shut down the compressor, and the trap is steam-
traced and insulated to reduce the accumulation of
hiquid. Insgruments for the compressor and liquid traps
generally come as part of the compressor package. Pres-
sure and J=vel controls on the vaporizer aid the unload-
ing operation by taining heat and material bal-
ances, respectively. ure 13 mawntained through the
heat input to the vaponzer, and the level is held con-
stant by-liqud vcm flow.

Since the vaporizer operating pressure is higher than
the storage-tank pressure, the storage-tank unicading
pumps must supply a slip-stream of chloride to the
vaporizer. Pomsible cavitation damage to the level-con—
trol valve can be eliminated by means of a valve with a
high* recovery coefficient or anticavitation trim.

A rehef-valve/rupture-disk combination protects the
,vaporizer from overpresure due to fire, or steam-valve
‘or levelvalve failure. The steam valve is interlocked
with the high-flow cutoff switch of the unioading system
protecung the turbine meter,

Safety

Area monitors are located at breathing level in the
work areas to detect VOM emissions. Since vinyl chloride
vapor is heavier than air, it has a tendency to move
downward, so detectors for combusuble gases should be
located at an elevauon of 2%, fr, near the scurces of
posible vem vapor leaks,

vCM concentration, measured in ppm by a chromato-
graph, is displayed, and an alarm sounds when this
concentration exceeds 75% of maumum permissible.

VCM concentration as a percentage of vea's lower ex-

plosive limit is also displayed, monitored and :
alarmed—as measured by a remote combustibles ana-
lyzer. Because of the distance between the polymeriza~
tion-reactor control rcoom and the unloading area, it is
usually convenient to group controls and instruments
for vem unloading on a nearby water- and dust-tight
control panel. The control room operator needs only the
critical data for overall coordination-—such as storage
tank level; and the status of the unloading compressor,
the fire and excessflow valves, and the unioading
pump. A remote pushbutton can be interlocked with all
the fire valves on storage tanks, in order to close those
valves in an emergency.

Relief valves protect the transfer piping from thermal
expanmon wherever liquid can be blocked between
valves,. The blinded vent on the storage tank is
equipped with 2 flame arrester to prevent flash-back
into the tank. "

The author

e s Gy, o 1500

gl yoc, Jnc., t
WMMSM Phuadedphua, Pa. 19102,
where he has served as

mufaﬂumlnldtl;.l‘uhalﬁnhgi -
degree from Drexed Univermty and 2
depe lrom dm}ndu.n lnl‘mme of

gv. Bombay, m
mpneﬂ\ng

110915

160 CHEMICAL ENGINEEXING SEFTEMBER 12, 1977

e——

CBY 1661020

RSV0033767



uﬁntochmpmddauw.m ny"wday—whxchumandqd&nr

© ural ma- tharr waiting to sse which plants the

worma utundwhichom-r.hcy don’t.

" “Our understanding of the structures and

making-sacly whn-ynthusoitbpeomutpmduu

mosk infportant. is % allowing us-to predict what caxr and can-

i nof be sccomplished to increase- host

is sxpected to in‘hnuaohm plmrgumbygmhcmmp\ﬂaw
ﬂllﬁdllmrndl- P Heveloper tion,” upmmcenmmnnu. .

resistenesr-alsgwonit constittte hazardeyr; -

TRl lon gt cageeriad yaesS .

ST nimaliryrms
ety lwarialis s - 26 - K5ty

-4

scheme. . .. i< pl - phiytoalexina.:
' AtUSDA'.NMComPuhdnm Rather, it -ppearr thas at least. three~
Lnbontoty College Station, Téx:, Dr* mechanisms must be coardinated ta pro-
Robert D. Stipanovic, working witiyDrex:; vida the protective nupmtominhon.
AloIlA.Bcnlnd-TamA&MM..On penetration of patbogens:
Danie F O'Briem; has found thet cottomis: into- tbt;phnt_ Another causes the
leaves and ﬂnmhuda contain yw , inhibiting thairr

i or muitiplicationy
ihcinding the cotton bollworm-and the= - ofthapathogmAho.hn&no«u,anlu«
"-‘tnhmhm At lsast: 10 related?: tina in the plant may react with enzymess

muskmeions, and cucumbers showed,
example, thet innoculation of just ane leaf -

liruted infection aumulmdapmm-
Phnt.'!heaﬂocthﬂodfom'toﬁvemh. !

ngmi. Mmmontbommuuymm

: Lmsv-mma:m‘-

2w api
Experiments with watermelomsy
fo _ -

Ut sgyss the %
response thet spread through the growing |

Ku&notu.lffound.
th.neodtouu .

A

m#p-rmm T,

ﬁtmm =

- Witz 'g.;:u'
Sicycie enthusiasts may be happy 10- | --
_learn that they have allies.in the mo~
lecular reaim, Or. Howard E. Zimmer-
man of the Univensity of Wisconsin,
OrgmNIc.

v &n

3:1.00hex ~ 3 - ene L

SYStem UsnNg
“wheels’ and Its exo and enda subatit--
uents as “handiebars.’ ' Althoug:. it is

3

not Clear whare the pedals are attached, -
they seem {0 turn in onty one direction. .
Zimmerman and his collsague Timothy .

P. Cutier have shown that except in W
special circumstances;. the carbenoid ‘g
bicycie will move oniy counterciociowise-
sround. the ring. They describe three:
morg. axamples-of the reection It & | *

R et

v

E |

sreinvolved. Siipanovicnotes:-, and toxine produced. by the pathogens,; | paper submittad to the: Joural of the ,'l_

a singis leaf is needed to reveat: - thmabaﬁnatbolympwmoith-du- mqmsmv o %

and inwhat - esse _ .__ o morad §

TNz '"—\P'_ . A CBY 1661021 * Bept 12, 1977 CaEM 4. %
- *

~ Tz

RSV0033768



