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THE ECONOMIC BENEFITS OF PLASTIC LINED MAGNETIC DRIVE PUMPS

by Anthony E. Stavale and Guenter Naasner

The continual development of sealless pumps over the past several
years has resulted in improvements in operational safety and in-
creased reliability. Further areas of application are in use due to the
economic availability of new materials and improvements in manu-
facturing processes. Increasing use is being made of plastic lined
magnetic drive pumps for the pumping of highly toxic, corrosive, and
other dangerous liquids in the chemical and pharmaceutical markets.
These pumps offer significant advantages in first cost, particularly
when compared to sealless pumps with metallurgy more noble than
316 ss and for conventional sealed pumps, constructed for similar
leak free emission, in metallurgy higher than Alloy 20. The eddy
current-free containment shell design, inherent to plastic lined pumps,
has the advantages of lower operating costs and the virtual elimina-
tion of heat input to the process liquid, critical when pumping satu-
rated liquids or liquids with steep vapor pressure-temperature curves.
The nonconductive containment shell in a plastic lined pump is of
paramount importance if the unit is to survive under dry run condi-
tions.

Of the various liner materials available, PFA/PTFE offers the
highest degree of temperature and corrosion resistance. High perfor-
mance PFA lined pumps are particularly well suited for transfer and
tank car unloading services, where a variety of corrosive liquids can
be transferred by a single pump.

Although sensitivity to dry running has long been considered to
be a weakness of sealless pumps, recent advancements in dry run
technology utilizing Safeglide™ coated silicon carbide bearings
permit short term dry running and provide valuable time to identify
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peovides the stroctaral rigidity to handle the pump internal
peessure and external nozzle loads, whibe the liner material
provides the comosion resistance. Al wetted componcnts are
cither covered by a plastic liner, manufactured of solsd plastic,
wsually fiber reinforced, or made of engincered ceramics. such
as silicon carbide for the product lubricated bearings. Several
key features of heavy duty plastic lined magnetic drive pumps.
shown in Figure |, are dastinguished from other lighter duty
designs:

B Superior comosion resistance - PEAFTFE plastic
linings provide pear universal commosion resistance
=PLASTIC LININOG
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Higher working pressare - Full 150 pound Nange rating
bo 275 puig
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Fig. 1. Plastic Lined ANS| Magnatic Drive Pump
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Higher temperature capability - PEAFTFE plastic
linings have a maximum temperature limit of 3607 F
{1807 C)

Shon term dry running silicon carbide bearings -
Silicon carbide is chemically inen, highly weas
resistant, and has excellent Joad carrying ability. Dy
run ¢apability is essential protection for surviving
system upscts and occasional operator enoe.

Heavy duty bearing carrier - The cammier suppocts all
wet end beasing losds with no additional loads ars
vibeation o the containment shell

Large clearances - The pump provides increased
relaability and allows intemal growth of rotating parts
and solids passage,

—~BEARING CARRIER

DAL MOM-COMDUCT [VE
CONTATMMENT SHELL

— QUTER MAOMET CARRIER

INMNER MAGNET CARRIER

OUTBOARD "
SAFEGLIDE &~ SIC BEARINGS

T
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ECONOMIC BENEFITS

Lower First Cost

Heavy Duty PFA/PTFE plastic lined magnetic drive pumps
become economically important when comparing their costs o
pumps with metallurgies moere noble than 316 ss. These
pumps can become highly favorable when companing their cost
to the Hastelloys and more exotic alloys such as Titanium and
Tantalum (1). The relative cost fora 1.5 x 1 x § ANSI
magnetic drive pump with PFA liner is compared (o a similar
size pump of several different metallurgies in Figure 2. As
shown, savings can begin to be realized when comparing PFA
lined pumps to similar pumps of Alloy 20 metallurgy. These
types of pumps can become highly economical and an
inexpensive alternative to metallurgies such as Hastelloy B and
C. A favorable cost companson can also be made for a PFA
lined pump against conventional sealed pumps of Hastelloy C
construction with double liquid lubricated mechanical seals or

gas lubnicated barmer seals as shown in Figure 3.

1.5 x 1 x B ANSI Magnetic Drive Pump
15 Hp/3600 rpm Magnet Drive

g

280

8 8

RELATIVE COST
8

1.00

31655 ALLOY 20 HASTC HASTE PFA

MATERLAL

Fig. 2. Relative First Cost of PFA Lined Veersus Metal
Pumps of Various Metallurgies

Since many unloading and transfer services require the
pumping of a wide range of cormosive hquids, these services
can be accommodated both easily and cost-effectively by the
use of a single pump with a PFA/FTFE liner without risk of
failure
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RELATIVE COST

1.5 x 1 x 8 ANS| Magnetic Drive and Sealed Pumps

Hastelioy C versus PFA Lined
00— —_—
250|250
2.00 —
sga - - 140
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1.00 BN e E B
0.50 —
0.00

MDP DBL SEAL GAS SEAL  PFA MDP
HASTELLOY C METALLURGY

MDP = Metal Magnetic Drve Pump (Hast C)

DBL Soal = Doubla Liqusd Lubricated Mechanical Seals Yith
AP1 Plan 53 (Hast C Pump)

Gas Seal = Gas Lubricated Mechanical Seals With Gas
Barriar And Monilorng System (Hast C Pump)

PFA MDP = PFA Lined Magnetic Drive Pump

Fig. 3. Relative First Cost of PFA Lined Versus Sealed

and Sealless Hastelloy C Pumps

Lined magnetic drive pumps can also be furnished in a
close-coupled arrangement whereby the outer magnet camer is
mounted directly onto the motor shaft and a separate pump
bearing frame is eliminated from the design. This has several

advantages (1, 2

B There is no coupling or coupling alignment. This helps
to reduce installation time and cost

B A close-coupled configuration is shorter than a
separately coupled unit and saves space

B Since there is no coupling, coupling guard, or bearing
frame, the first cost is lowened (typecally by 10%) and
there are fewer parts (o inventory

B C-face motors have a more favorable bearing span than
long coupled pump bearings that conform 1o ASME
B73.1 dimensions. Since wet end radial and axial
thrust loads are absorbed by the product lubnicated
bearings the oaly loads transmitted (o the motor
bearings are the outer magnel carrier weight, residual
dynamic unbalance, and any magnetic unbalance

Lower Operating Costs

Inherent to the design of a plastic lined magnetic drive pump is
a nonconductive containment shell. Typically. the contanment
hell consists of a corrosion resistant liner material with a fiber

reinforced backing. Dual containment shells are available that

57



8]

58

can be monitored for leakage between inner and outer shells,
thereby providing secondary containment and an early warning
in the unlikely event leakage occurs. Since the shell is
nonmetallic, it is not electrically conductive and isn't subject to
eddy current losses, as are metal containment shells. Eddy
currents are generated when rotating lines of magnetic flux cul
through a stationary can conductor, These eddy currents are
influenced by the geometry of the containment shell, shell
material, and pump operating speed. In metal shells, a material
of high electrical resistivity, such as Hastelloy C, is normally
selected (o keep eddy currents to a minimum. As shown in
Table 2, a shell of 316 ss has approximately one-half the
electrical resistivity and nearly double the eddy current losses

compared 1o a Hastelloy C shell (3)

Other containment shell metallurgies, such as Titanium and
Monel, have 2.5 to 3 times the losses of a Hastelloy C shell
and are best limited to lower speed operation to avoid
excessive power losses and heat input to the process liquid
Depending on the containment shell geometry and material,
eddy current losses in metallic containment shells can range
from 105 1o 20% of the magnetic drive rating at 3,550 rpm
For example, a magnet drive rated for 50 hp at 3,600 rpm can
have up 1o 10 hp in losses due to eddy currents. Typical eddy
curment loss versus speed curves for one manufacturer are

shown in Figure 4. These eddy currents represent lost power

Hastelloy C Can
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Fig. 4. Eddy Current Losses Versus Speed

that produces heat in the shell due to its electrical resistance.
This heat is transferred to the pump liquid which serves to cool
the containment shell and prevent overheating. Often, heat
added to the pumped liquid can become highly undesirable,
especially when pumping saturated liquids, liquids with steep
vapor pressure curves, or liquids that can polymerize locally at
increased temperature (4).  The higher temperature compli-
cates the selection process and must be given careful anention
in order to avoid the risk of faillure. This is not an 1ssue for
nonconductive shells in plastic lined pumps, since there are no
eddy currents generated and a much simpler pump selection
process can be used, Magnetic drive pumps with nonconduc
tive shells can operate as efficiently as conventional pumps
with double mechanical seals and provide potential annual

savings of thousands of kilowatt-h

urs in operaling costs over

metal containment shells. For example, a 50 hp pump with a

nonconductive shell in continuous service will have an annual
cost saving of $5,200 based on a kw-hr cost of $0.08. I
should be noted that some manufacturers offer nonmetallic

containment shells in their metal magnetic dnve pumps

TABLE 2.
ELECTRICAL RESISTIVITY AND EDDY CURRENT
MULTIPLIER FOR VARIOUS CONTAINMENT
SHELL MATERIALS

Electrical Eddy Current
Resistivity Multiplier Over
{micro-ochm cm.) Hastelloy C

Reduced Life Cycle Costs

Life cycle costs include not only first cost, but the total cost of
ownership, In addition to encrgy costs, these include parts and
labor for overhauling the pump, lost productivity due 1o
downtime, and any costs associated with environmental
cleanup and disposal of contaminants (1). These life cycle
costs are influenced by matenial compatibility. robusiness,
simplicity of design, and the ability of the unit to tolerate
system upsets or oocasional operator error. The design should
be simple enough (o allow the user to quickly repair the pump

at the plant while offering little risk of improper assembly by
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unskilled workers.

For clean liquids, with little or no abrasive solids, there can
be longer periods between planned maintenance since no
cormosion oocurs in PFA compooents. Additionally, the
impeller operating clearance or ring clearance will not be
changed and affect pump performance as often occurs in metal
pumps (5).

Dry running has long been considered 1o be a major
weakness of scalless pumps and a leading reaton for users oot
to purchase these types of pumps (6) . Product lubnicated
bearings of sintened silicon carbide ($5iC) offer important
advantages in chemical inertness, wear resistance. temperature
stability, and load carrying ability. However, these bearings are
particularly sensitive to dry running that occurs frequently in
transfer and unloading services (2, 7). Tests at 3,600 rpm by
one manufacturer confirm that silicon carbide will be destroyed
in a matter of seconds if allowed 10 ren bone dry (6).

Some manufacturers provide carbon bearings to attain short
term dry running capability, but these bearings have shoricom-
ings in chemical compatibility, load carrying capability.
increased wear rate, and an intolerance for handling solids.
This is particularly important since process liquids are seldom
pure.

The elimination of a conductive containment shell from the
design, as mentioned in the preceding section, eliminates the
high temperature increase attributed to eddy currents that can
cause shell temperatures to reach 1,000° F in a manter of
seconds during dry running (5).

Recently, major advances have been made in dry run
technology for silicon carbide bearings that will allow dry
running for extended periods of time, even when bone dry.
Safeglide™ coatings have been applied 1o silicon carbide
bearings and tested successfully under bone dry laboratory
conditions for five hours without damage. Safeghde™ isa
very hard, chemically inent friction-reducing coating that has a
dry coefficient of friction as low as 0,05, As shown in Figure
5, this is a reduction in friction of 85% to 90% over uncoated
silicon carbide (2, 6).

A test was conducted with Safeglide™ coated 55iC beanings
in 2 7.5 hp ANSI magnetic drive pump of 316 13 construction
and fitted with a noncoaductive containment shell. As shown
in Figure 6, the test pump was successfully operated bone dry
for five hours prior to opening the suction valve and admitting
45'F water into the pump. Once primed, nrrmal pumping
continued for 20 minutes prior 1o shutdown and inspection of

OF FRCTION
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Fig. 5. Dry Coefficient of Friction Versus Time
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Fig. 6. Bone Dry Run Test

the unit. It was found that no damage or scoring had occurred
to the silicon carbide bearings. The S0rF temperature rise of
the product lubricated bearings was low enough. even afier five
bours of bone dry run operation, to eliminate any risk of
thermal shock.

Similar capabilities have been obtained in plastic lined
pumps. However, due 1o the insulating properties of the plastic
lining that covers the bearing carrier and shaft, the transfer of
beat away from the silicon carbide bearings is substantially
diminished. For this reason Safeghide™ coatings were
developed that significantly reduce the coefficient of friction of
the silicon carbide bearings and allow the pump to become
more resistant to dry running over a limited period of time
{approximatcly 30 minutes at 3,600 rpm) (2).  These dry run
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silicon carbide bearings provide valuable time to identify and
rectify process interruptions before damage can occur. One
added benefit for plastic lined pumps on transfer and unloading
services is that the risk of mechanical shock due to slamming
of the rotor, that can occur as prime is lost and re-established
as the liquid level is drawn down, is greatly minimized by the

cushioning effect of the plastic lining.

Prior experience of the Safeglide™ coating by a plastic lined
magnetic drive pump manufacturer is reflected in the 1990 and
1992 repair trends at a large German chemical plant. Manufac-
turer F, a plastic lined pump manufacturer, began to introduce
the Safeglide™ coating on SSiC bearings during late 1990.
As shown in Figures 7 and 8, during 1992 this manufacturer
experienced a 62% drop in repair frequency (29% to 11%) at
this plant (2, 6). Although it is uncertain exactly what percent
of this drop can be attributed to the Safeglide™ coating and/or
improvements in operating procedures and maintenance
practices by plant personnel, it is clear that Manufacturer F had
the largest improvement in repair frequency among all
suppliers at this plant. It should be noted that the time period
that was studied correlates exactly with the introductory phase
of the Safeglide™ coated SSiC bearings. Similar trends have
been confirmed at other plants by this manufacturer.

CONCLUSIONS

Plastic lined magnetic drive pumps can represent an economic
alternative to metal magnetic drive pumps with metallurgies
more noble than 316 ss. These pumps can become highly
attractive when compared to pumps of Hastelloy C construc-
tion where savings of more than 50% can be realized. These

1990
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Fig. 7. Repair Trends of Magnetic Drive Pumps at a Large
German Chemical Plant in 1990

plastic lined sealless pumps have also been found to have a
cost advantage of 10% to 20% over conventional ANSI B73.1
mechanical seal pumps of Hastelloy C construction with liquid
lubricated double seals and gas lubricated barrier seals.
Additional savings can be realized due to lower cost spare
parts inventory.

Typical delivery cycles of three to six weeks, or less, can
routinely be accommodated with plastic lined pumps compared
to 14 weeks or longer for special nonstock metallurgies. Close
coupled pumps can provide further savings in both lower cost
and reduced space requirements since the pump bearing frame,
coupling, and coupling guard are eliminated. Heavy duty PFA
lined pumps provide near universal corrosion resistance and
high temperature capability (to 360°F) which permits applica-
tion flexibility for pumping a wide range of corrosive liquids
while maintaining process integrity.

Nonconductive containment shells result in lower operating
cost when compared to metallic shells, where power losses of
up to 20% can be experienced due to eddy currents. This
results in plastic lined pumps operating as efficiently as
conventional pumps with double mechanical seals. The
consequence of undesirable heat input to the process liquid,
attributed to eddy currents, is also eliminated when noncon-
ductive shells are used. This is of paramount importance when

pumping liquids with steep vapor pressure curves.

Recent advancements in dry run technology, utilizing
Safeglide™ coatings permit short term dry running of silicon
carbide bearings without damage, even when operated bone
dry. During a frequency-of-repair audit by a large German
chemical plant, it was shown that the use of Safeglide™ coated
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Fig. 8. Repair Trends of Magnetic Drive Pumps at a Large
German Chemical Plant in 1992
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silicon carbide bearings resulted in a 62% drop in repair
frequency over a two year period. Similar tends have been
confirmed al other plants.
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