Technical Paper 77-1

Generally when one associates
pumps and vacuum svstems, the
first thing that comes to mind is a
pump to produce the vacuum. In
a continuous vacuum processing op-
eration, there is also a need for
pumps to feed the svstemeoand to
remove products fromit, all the
while maintaining theé integrity of
the vacuum svstem itself. This dis-
cussion will deal with the vse of
small rotary gedr pumps o rafsier
fluids from @imospheric pressures
into vacudms. or from. vacuum to
atmospheric pressure, as well as
to continuously circulate liguids in
closed svsitems under equal or dif-
ferentialinegative pressures.

What is Vacuum

The term vacuum is used to des-
ignate any pressure less than at-
mospheric, A “perfect” wvacuum
means a total absence of any pres-
sure at all, and in practice cannot
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be achieved. A “perfect”™ vacuum
does not exist even in outer space
where there is some pressure, how-
ever minute.

Pressure is equal to force per-

unit area, and the internationally
accepted unit of pressure is the
pascal. One pascal equals the force
of one newton acting on an area
of one square meter. and the
newton is the force required to
accelerate one kilogram by one
meter per second per second.

In practical terms, the numerical
value of the pascal is verv small,
so the kilopascal (kPa) is more
useful. 100 kPa are about equal 10
atmospheric pressure at sea level

Commonly used units of pressure
in the English svstem are pounds
per sguare inch (psi) and feet of
water. When working with vacuums
—pressures less than atmospheric—
inches or millimeters of mercury
are often used. and unfortunately
confusion often develops, When a

TABLE I— PRESSURE EQUIVALENTS

| kPa | PSI |Kgiem?! mmHg | inHg 'Fi H.0 am .

1 Kilopascal = 1 45 01 7.5 | 295 4535 I 0089

1 Pound per square | ; ]I i |
inch = 6895 1 | 07 51.7 | 2.04 2431 | 068 |

1 Kilogram per square | ; ' : i f
centimeter = [ R E S | 73556 2896 - 32.8 \GRO6E |

1 Millimeter of i | i ! |
MErcury == A33 019 D0136; | r 039 045 ! 0013

1 Inch of mercury = 339 49 0345 254 1 1.134 | .033

1 Foor of water = 299 433 .03 224 I BE 1 |.029

1 Atmosphere = 101 1-1.1595] 1.033 T60. l!?.? i 329 | 1 i

pressure is given as 10 millimeters  when theéypressure is 380 mmHg,
of mercurv, it must be specified as ¢ gan the terms{ “"absolute’ or
10 mmHg absolute™ or “10 mmHg | “vacuum” be omitted without con-
vacuum”. Ten millimeters absolute | fusion. The same is true whenever
is ten millimeters above complete pressure s expressed as the eguiv-
vacuum, whereas ten millimeters  alent height of a column of liquid

vacuum is ten millimeters _below  —inches of mercury, inches of
atmospheric. Atmospheric pressure.  water, feet of water, etc.

at sea level is generally taken to Confusion can also be avoided
be 760 millimeters 6f mercury, so by using the abbreviation psia or
there is a difference of 740 milli’  pounds per square inch absolute.

meters betweerd the two values  Zero psia indicates a complete ab-
given. Only at the halfyway point.  sence of pressure, or absolute vac-
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prmps, Latter ore eguipped with double miechanical seals,

uum. 14.7 psia is generally accepted
as atmospheric pressure at sea level.
Most pressure gauges'do hot have
compensating chambers to counter-
balance the existing absolute {@res-
sure at sea level and so read “zero”
when not under a ‘pressure higher
than atmoSphericy Hence zero gauge
pressurgl (0 psigl is equal to 14.7
psia. '

Chart 1 shows the relationships
between gauge,and absolute pres-
suces while Table | is a comparison

____of commionly_used pressure meas-

urement units,
Uses of Vacuum

Processing operations are con-
ducted at subatmospheric pressures
— vacuum — for a number of rea-
sons. For instance, vacuum distilla-

tion, evaporation. filkration. crystal-
lization. degasification and other
types of vacuum processing are
used where high temperatures
would degrade the product. where
onlv low temperature heat sources
are available. or where residual heat
or heat of reaction is the only heat-
ing permitted or available. Both
pressure and temperature can be
closely controlled in vacuum sepa-
ration processes making it possible
to maintain or improve product
guality _and _to_achieve rigorous
product specifications that could not
be obtained in any other manner.
Where Gear Pumps Fit In

Eco Gearchem pumps find ap-
plication primarily as feed pumps,
distillate pumps and bottoms pumps.

duether rypical svstem wdig Mearichle speed drive on the feed pump and ON OFF control of disillare and botionis

Figure 1 shows a system of three
pumps with a wiped film evaporator
containing a built-in condenser. The
discharge flow rates of distillate and
bottoms are controlled using by-
pass recirculation of pump outputs
together with liquid level controls
on distillate and bottoms receivers.
Figure 2 shows a similar system of
three pumps with an external con-
denser-equipped evaporator but in
this case. the materials being proc-
essed do not permit by-pass recir-

_culation_and control of flow is by

level control in the receiver, with
the pumps operating cyclically.
Isolation of the feed pump side
is by means of the back pressure
valve in the pump discharge line.
This valve prevents feed material



from being “sucked” into the vac-
uum system and presents a constant
pressure to the feed pump, assuring
metering accuracy.

Isolation of the distillate and bot-
tom sides is by means of a check
valve in the discharge line of each
pump. To form an effective pres-
sure seal, it i1s recommended that
the check valves be of “soft” seat
design.

Pump Shaft Seals

Assuming tight static connec-
tions, the only areas left that might
present a leakage path from atmos-
phere into the vacuum svstem are
along the drive shafts of the bot-
toms and distillate pumps.

In Figure 1. the pumps are
equipped with the Eco external
mechanical seal for vacuum service,
The system is shown in more detail
in Figure 3 and a cutaway view
appears in Figure 4.

The pump operates continuously,
recirculating fluid in the receiver
through the back pressure valve, A
line is connected from the discharge
side of the pump, upstream from
the back pressure valve. to the

mechanical seal extension. thereby
pressurizing the pump side of the
mechanical seal at a value equal
to the pressure existing in the dis-
charge loop. Pressure in this loop
must be higher than atmospheric
so there can be no possible mmgress
of air through the :nternal shaft
seal.

When the solenoid valve is closed.
and there i1s no discharge to atmos-
phere, the pressure in this loop is
equivalent to the pressure setting
of the back pressure valve. When
the solenoid is open. loop pressure
is determined by the pressure drop
across the solenoid valve and the

- discharge check valve. Size the sole-

noid and check valves and set the
back pressure valve such that seal
pressurization levels range between
25 and 30 psiz wheén the solenoid
is open and the pump is discharging
to atmosphere! (emptving the  fe-
ceiver). The devel confrol opens the
solenoid v@lve at/high leyel and
closes iteat low level so the pump
does not run dry.

The yse of the Gearchem pump
equipped with the external seal for
vacuulmpserviceiavolds the necessity

of providing for = sepzrate flush
required for the doubie mechanical
seal. However, discharge pressures
of pumps equipped’ with external
mechanical seals are limited to 50
psizg maximum,

Double méchanically sealed
pumps areaised in the bottoms and
distillate sections " of the system
shownameFigure 2. ‘Any ingress of
air glong the shaft is prevented by
the | separate seal HfAush stream,
which miist be at a pressure at least
25 to 30 psige Details of the double
mechanical seal are shown in Fig-
ures 5 and 6. This 1ype of seal can
handle pressures up to 100 psig.

Selecting the Pump and Drive

Several criteria govern pump se-
lection in vacuum svstems and these
of course include the chemical char-
acteristics of the fluid pumped, re-
quired flow rates and pressures.
Fluid viscosities in different vacuum
svsiems can range from water-thin
fluids to sticky, tar-like materials,
and in some applications, viscosities
can vary widely within the same
system.

Another common characteristic
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Figure 4. Curaway view of external seal for vacuum service.
Mechanical seal head itself is om right and rovates with shaft
Pressurization line from pump discharge connects 10 nipple o
maintain  higher-than-armospheric  pressure in  seal housing 1o
prevent ingress of air along seal mating surfaces,

_ Gearchem pump
with external vacuum seal Ficure 3. Isomerric rendering of Gearchem pump with external
seal for vacuum service showing seal pressurization line from pump
discharge inte seal housing extension.
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in vacuum processing is erratic or
sporadic flows of distillate and
bottoms to the respective pumps.
Methods must be found to avoid
starving pump suction under these
Tow flow. or interrupted flow, con-
ditions. For this reason, receivers
are alwavs recommended.
Materials of construction for
pump housings and shafts are se-
lected as in nmon-vacuum applica-
tions — to provide maximum €orro-
sion-resistance to thepumped fuid.
Drive and idler gear choice depends
on fluid viscosity and temper@tiire
as well as resistance to chemical
attack. Where viscosities exceed 50
cps. two smetallic gears are the best
selectiofi. With lower viscosities, a
metallic drive/gear and plastic idler
gear can be used, provided tem-
peratures do not exceed acceptable
limits for plasticidlers and tem-
_ peralurésremain constant. Remem-
ber, plastics expand and contract
considerably with temperatures, and
gear binding or excessive pump
slippage will occur at higher or
lower temperatures than that for

which the plastic pear is selected
and sized.

Where Wiscosities are too low to
permit a metallic idler gear, and
temperdtures are too high or vary,
a carbon idler should be specified.
It 'is dimensionally stable over a
wide temperature range and can
operate against a metallic driver in

wvery thin as well as thick fluids.

In many instances, fluid temper-
atures at start up are quite low and
product is therefore guite viscous.
As operations continue. tempera-
tures tise and viscosity decreases
rapidly. These factors must be taken
inta consideration when selecting
the right gear combination.

Choice of wearplates is largely
dependent on temperature and
chemical compatibility, Carbon is
recommended wherever possible be-
cause of dimensional stability at
elevated or fuctuating tempera-

Ficure 6. Double mechanical seal configurarion requires  flush
stream in andiont.of seal housing to cool and lubricate seal mating
faces. By/maintaining, seal fush stream. vacuum fnlegriry of system
is gisuced even when Pump is not running.

Ficure 5. [sometric view of tvpicel double-seal-fitted Gearchem

Where carbon is not compatible
with the system, filled TFE wear-
plates can be used but they are
limited in temperature. Generally,
a pump fitted with TFE wearplates
should not be used above 150°F.
In some applications where the fluid
is both viscous and has good lubri-
cating properties, and where pump
speeds are low, ceramic wearplates
are the answer.

Considerations in the choice of
bearings are almost identical to
those of wearplates. Carbon is the
best material, with filled TFE bear-
ings available for limited temper-
ature operation,

In some stripping operations,
where carbon might not be accept-
able and TFE could be affected by
fluorocarbon solvents or certain
amines, phenolic wearplates and
bearings arc available, providing

tures. Carbon is also an excellent
wear-plate material with two metal-
lic gears or with combination gears
{metallic drive and plastic idler, or
metallic drive and carbon idler).

the system is totally anhydrous.
Even very slight amounts of water
will cause the phenolic to swell. As
with TFE components, tempera-
tures are limited to 150°F.



Figure 7. Center housing vent ports, available with all Gearchem
pumps, are recommended when pumped fluids are near their boiling
poinis or conlain excessive amoumts of enrrained gases.

Housing Vents

All Gearchem pumps can be fur-
nished with vent ports in the center
housings to enable any gases or
vapors to be bled off. The feature
is particularly useful in vacuum ap-
plications where fiuids are close to
boiling at the temperatures and
pressures involved. Use of the
center housing vent can often save
the considerable expense of chang-
ing out the pump driver from a
higher to a lower speed machine
in order to prevent vapor binding
in the pump.

The vent connection is %" NPT
and the vent line can be returned
to the receiver or the column, but
must be laid out in such a 4manner
as to avoid a trap. Where required,
the vent line mav be coalédito con-
dense the vapors before returning
them to the receiver or stilldA
throttling or stop valve can be fitted
in the vent line for contral purposes,
but this is aften not necessary pro-
vided thedine is kept small.

Pump Jackets
Two-piece. bolt-on heating jack-
ets.are available for each size of

Gearchemvpump and this feature

15 often aery useful in vacuum ap-
plications where close temperature
contrel is imperative.

The interior of each jacket half
1s molded to conform closely to the

contours of the pump and.-when
the two halves are bolted together,
the pump is completelySurrounded.
Heat transfer efficiency is greatly
improved with thetuse of a plastic
heat transfer compound between
the pump and the jackeét interiar.

The heafing médium can be
steamn (150 psig max.) ordany of
the organic, heat transfér media.
A braided. Aexible metallic hose is
provided to connect the two jacket

— haives: with_heatimg fluid being

brought to one jacket half and

taken from the other.
Thesevjackets can also be used to

cool the pump. using water, brine

or fluorocarbon refrigerants as the
cooling media. When routine main-
tenance is required. the wwo jacket
halves are separated, efposing the
pump which can bel easily disas-
semnbled.

Bearing Flush Poris

An optiongl feature that is avail-
able with all Gearchem pumps are
bearing fitish ports that allow rapid
evacudtion of material left in the
pump without removing the pump
from the svstem. This feature is
important in dvacuum processing
operations where different products
are heandled and cross-contamina-
tion is to be avoided.

Bearing flush ports are %" NPT
pipe taps provided in both bearing
hubs of the idler gear and in the
bearing hub of the drive gear oppo-
site the drive shaft extension. Thev
are fitted with pipe plugs of the ap-
propriate metallurgy when shipped
from the factory.

High Temperature Shafl Sealing

As stated earlier, the external seal
for vacuum service is limited to 50
psi differential pressure. There is

posed by the TFE secondary sealing
member in the seal head of 177°C
(350°F). The double mechanical
seal can be used at higher fluid tem-

FigLure 8. Two-picce, bolt-on jackets completely swreaund the pump. providing olow
temperature control, fackers can be supplicd with new pumps or retrofitied to units

already in the field,

“also o Temperature limitation im-



— often highpfluids are at or near

peratures, but is limited to 230°C
(430°F).

At temperatures above these
limits. a lantern ring stuffing box
arrangement is necessary, using
carbon graphite packing rings and
a4 pressurized flush through the
lantern ring. This arrangement is
particularly valuable when the prod-
uct has some viscosity.

Submerged Pumps

Pumps equipped with external
seals for vacuum service must run
continuously in order to maintain
higher-than-atmospheric pressure in
the seal housing. Double mechan-
icallv sealed pumps can be started
and stopped. but the seal flush svs-
lem must operate continuously in
order to maintain vacuum integrity.

In circumstances where the pump
must operate cyclicallv but a sep-
arate flush stream is not available.
the entire pump can be submerged
as shown in Figure 9. The fluid sur-
rounding the pump should have a
sufficiently high viscosity to prevent
mgress along the shaft sealing ar-
rangcment,

FicUre 9. Gearcliem pump submerreﬂ
frarizontally in “batheub’’ genk with di-
rect motor drive,

The submerged pumping sysiem
also allows close temperature con-
trol of pumped product, by smain-
taining a desired bath temperature.

Pump’ Drives

Pump spééd is an extremely im-
portant consideration in vacuum
‘applications, since> viscosities are
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pracess requiremients. This is jpaf-
ticularly trued where fa, full-scale.
separate recéiver dogs fot exist and
the distillate. pump takes/ suction
from a(*lez” al the boftom of a
still of the type shown in Figure 10.
Since distullate is often produced
sporddicallv.'a constant speed drive
might empt¥ the, leg 100 quickly.
allowing the pump to run dry and
wear rapidlyv. Equipping the pump
with ‘@ variable speed drive allows
pump EPM and thus flow rate to
be adjusted to the rate of distillate
formation.

Another important reason for

using variable speed drives is to
accommodate changes in product
viscosity. Where a vacuum still s
10 be used for a wide variety of
applications. consideration should
be given to furnishing all three
pumps with variable speed drives.
Each on so called “dedicated”
stills, variable speed drive on dis-
tillate and bottoms pumps is a good
idea to accommodate potential
changes in operating temperatures,
pressures and flow rates.

Variable speed drives may be
either mechanical or electronic.
Common styles in mechanical equip-
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mavaary widely.
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ment are units equipped with vari-
able pitch pulleys and a special Vee-
belt connecting them. For small
horsepower requirements at slow
speeds, variable stroke linkage
drives are available that combine
speed reduction (approximatelv 4.3
to 1) with speed variation. Elec-
tronic drives are most commonly
DC motors with SCR controllers or
AC motors with variable frequency
controllers.

Feed pump rates can be con-
trolled either by variable speed
drives or by means of byv-passing
a variable portion of the pump out-
put back to the supply tank. The
former is shown in Figure 2 and
the latter in Figure 1. Where feed
stock viscositv is high, a wvariable
speed drive is recommended.

Multi-Stage and Other Systems

In the production of manv fine
chemicals. a single pass through an
evaporator does not produce prod-
uct of the required gquality. Gear-
chem pumps can be used to transfer
or circulate from one vacuum sys-
tem to another as shown in the
simplified diagram, Figure 11.
Another multiple pass svstem is
shown in Figure 12, but in this case
the same still is used with succes-
sively higher vacuums being drawn
with each separation. The Gear-
chem pumps are equipped with dou-
ble mechanical seals and liglid level
controls on the receivers start and
stop the pump drives as,required.

Summary

Liquid separations using heat
have been in use since mankind
first learnedftovincrease the proof
of his medd. The petroleum refining
industr# distills immense. guantities
of crude and semi-finished products
hourly, and huge pumps are re-
quired.
In the production of fine chem-
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icals using vacuum separation proc-
esses, small pumps in corrosion re-

Figure 12 Anadher muliiple pass arrangement, Final producr is highly refined.

sisting'allovs are essential since flow
rates are usuallv quite small and the
fluids handled are often very aggres-
sive. In addition, the pumps must
have “shaft sealing arrangements
that can mamntain svstem vacuums
that can be as high as 1 micron of
Hg. absolute.

Eco Gearchem pumps handle flow
rates from a few gallons per hour
to over 20 gallons per minute, at
differential pressures to 100 psig.
They are available in types 316 and
304 stainless steels, Alloy 20, high-
nickel Allovs B and C and in pure
nickel. Drive and idler gears are
furnished in a variety of metals and

as well as ceramic for the latter,
are available from stock.

Nearly twentv difierent shaft seal-
ing arrangements are offered. al-
though the most commonly used
configurations in vacuum service
are the double mechanical seal
and the external seal for vacuum
service,

In short, the Géarchem pump is
designed by chemical engineers spe-
cifically for the process industries.
The features described here are a
result of many vears of experience
in all types of vacuum applications.
They're intended to provide a su-
perior pump which greatly simplifies

non-metallics. and carbon. TFE or
phenolic bearings and wearplates,

the difficult problems of vacuum
Systems.

E 25 N e e



