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Working
together to
solve a
feeding
problem

A college engineering
department solves a
pharmaceutical company’s
material-feeding problem.
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fizer Inc., headquartered in
PNeW York, produces human

and animal prescription medi-
cines for national and international
markets. One of the company’s global
research and development centers, lo-
cated in Ann Arbor, Mich., operates a
pharmaceutical sciences pilot plant in
nearby Holland, Mich., that produces
preproduction quantities of various
products for testing before full-scale
production at other facilities. The
pilot plant was experiencing an ongo-
ing problem manually feeding arange
of solid materials into various-sized
inerted reaction vessels that contained
a solvent. To solve this problem, the
company collaborated with a nearby
college and funded a senior-level en-
gineering student R&D project in
which the students designed and built
a custom-engineered feeding system
to accurately feed the solid materials
into the solvent-containing, inerted
reaction vessels at varying feedrates.

Making a product

The pilot plant uses various equip-
ment, solid materials (ranging from
fine dry powders to clumpy wet
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cakes), solvents, reaction vessels
(ranging from 50 to 1,000 gallons),
and processes to make the preproduc-
tion products in small batch runs. To
make a product, a pilot plant operator
first purges oxygen from a reaction
vessel and inerts it with nitrogen gas.
The operator then uses one of two
methods to add material to the reac-
tion vessel: The operator either
charges a solid material into the reac-
tion vessel first and then adds a liquid
solvent at a controlled rate to precipi-
tate a reaction, or the operator charges
aliquid solvent into the reaction vessel
first and then meters a solid material
into the vessel to precipitate a reaction.
The reaction vessels, which are pres-
sure-rated to 100 psi, must be inerted
because the solvents are flammable
and the solid materials can create a sta-
tic spark during addition, potentially
causing a fire or explosion.

In the past, to add a solid material to a
reaction vessel already containing a
solvent, the operator used a funnel de-
vice with a pipe section attached to its
bottom. The pipe section contained
two manually operated valves — one
toward the top and one toward the

The feeding system, mounted on an adjustable hydraulic cart, connects
fo the various reaction vessels and can be easily moved around the pilot
plant.



bottom — to prevent oxygen from en-
tering the vessel when adding the
solid material. The operator put the
material into the funnel and opened
the top valve to drop some of it into
the pipe section. The operator closed
the top valve, inerted the pipe section
between the valves, and then opened
the bottom valve to drop the material
into the vessel. The operator closed
the bottom valve and repeated this
process until the appropriate material
amount was in the vessel. The funnel
device also allowed more material to
be added to a vessel during the reac-
tion process.

Using the funnel device to add solid
materials to the reaction vessels cre-
ated potential problems. Even with
the valves it was possible for oxygen
to enter the reaction vessel through
the funnel device, creating a fire or
explosion hazard or unwanted reac-
tions between the solid material and
solvent. The funnel device also ex-
posed the solid material to the plant
environment, creating risk for conta-
mination or operator exposure. Addi-
tionally, the funnel device didn’t feed

the solid materials at a consistent
feedrate, and the operators found the
material-addition process inconve-
nient and time-consuming.

The company decided to look for a
feeding system that could continu-
ously feed arange of solid materials at
various feedrates to the various-sized
reaction vessels while maintaining an
inert environment. For safety, the
feeding system also had to be pres-
sure-rated to 100 psi to match the re-
action vessels’ pressure rating.

Forming a sirategic alliance

In the past, the company had evalu-
ated various feeding equipment to im-
prove the material-feeding process.
However, none was able to feed the
entire range of solid materials used in
the pilot plant. The company soon re-
alized that it would need a custom-en-
gineered feeding system.

Throughout the years, the company
had interacted with the engineering de-
partment at Hope College, Holland,

The feeder hopper’s lid creates a seal that contains the material during
operation, reducing operator exposure and preventing cross-contami-

nation.

The company decided to look for
feeding system that could
continuously feed a range of solid
materials at various feedrates fo the
various-sized reaction vessels while
mainfaining an inerf environment.




Mich., anearby liberal arts college with
an accredited engineering program,
through various symposia held at the
college. Aware of the engineering de-
partment’s capabilities, in December
2001 the company decided to approach
the department with the proposition of
forming a strategic alliance. The com-
pany would provide money and guid-
ance, and the department would
provide the necessary research, devel-
opment, and technological expertise to
solve the feeding problem. It happened
that the engineering department was
looking for a major design project for
its senior engineering students to take
on, so it was very receptive to collabo-
rating with the company.

Brian Swierenga, Pfizer operations
director, assigned Jennifer Moon,
Pfizer process development engineer,
to the project as a consultant and liai-
son and to help with onsite testing,
and he assigned Wade Beck, Pfizer
pilot plant technician, to help the stu-
dents when they needed to bring
equipment into the pilot plant to test.
Beck also detailed the pilot plant’s
equipment ergonomics to help the
students design an ergonomically cor-
rect feeding system.

About 6 months after the initial meet-
ing, John Krupczak, associate profes-
sor of engineering, Roger Veldman,
professor of engineering, and Michael
Misovich, professor of engineering,
all of the department of physics and
engineering at Hope College, were
able to fit the project into the students’
class cycle and start moving forward
with it. “Atfirst, it wasn’t definite that
we could do anything to solve Pfizer’s
feeding problem,” says Krupczak, “so
we began the project by researching
the feeding problem.”

Veldman assigned the students to dif-
ferent teams to work on the various
aspects of the feeding system. The
teams began by clarifying the feeding
system requirements based on infor-
mation provided by the company. The
students needed to find feeding
equipment capable of metering solid
materials, from free-flowing powders
to nonfree-flowing wet cakes, at con-

tinuous feedrates ranging from 10
g/min to 1 kg/min. The equipment’s
hopper had to be able to hold a few
kilograms up to more than 100 kilo-
grams of solid material, depending on
the product being made, and contain
the material during operation to re-
duce operator exposure and prevent
cross-contamination with other con-
current processes.

The feeding equipment also had to fit
a majority of the reaction vessels in
the pilot plant, maintain an inert envi-
ronment in the system and vessel dur-
ing operation, be easily moved within
the constraints of the pilot plant, and
allow visual inspection of material
flow inside the device by means of a
window. Additionally, the feeding
equipment had to meet all electrical
and explosion-hazard safety regula-
tions, withstand 100 psi of pressure to
prevent an explosion from escaping
from the reaction vessel into the plant,
have material-contact components
constructed of Hastelloy, and, while
attached to the reaction vessel, be able
to be cleaned in place with a simple
spray-down system using cleaning
solvent, water, or nitrogen gas.

The students, under faculty guidance,
began by conducting a comprehensive
search of the marketplace and compil-
ing a list of more than 130 equipment
suppliers. They contacted each sup-
plier and reviewed information about
their equipment. Based on the infor-
mation gathered during the search, the
students established a database of
available equipment. In some cases,
they found equipment or information
that Pfizer’s engineers weren’t aware
of. In other cases, the company’s engi-
neers would let the students know
what was or wasn’t important about
the equipment they were looking at
and steer their search away from non-
applicable equipment, such as feeders
designed for mining operations.

About 6 months into the project, the
students narrowed the supplier list to
four suppliers that could possibly
meet the project requirements. The
students sent each of the four suppli-
ers the feeding system’s operating

The feeder’s enclosed screw me-
ters material at a constant feed-
rate directly info the pipe section’s
intermediate chamber.

specifications and various solid mate-
rials for testing. The students then
worked closely with each supplier
during the quoting process to ensure
that nothing had been overlooked.

“Originally, the students had hoped
that after surveying the market and
narrowing the choice to four suppliers,
they’d find the right equipment and
just go buy it,” says Krupczak, “but
that didn’t happen.” None of the four
suppliers’ equipment met all of the
project requirements. So the students
met with Pfizer’s engineers and the
group jointly decided to narrow the
list to the two suppliers — AccuRate,
Whitewater, Wis., and Roto-Disc,
Cincinnati — whose equipment came
closest. AccuRate manufactures volu-
metric and gravimetric feeders,
weighbelt feeders, belt scales, bulk
bag discharging stations, controls and
custom systems, and other equipment
for the food, pharmaceutical, plastics,
and chemical industries. Roto-Disc
manufactures industrial disc valves
for handling dry materials and slurries
inindustrial or sanitary applications.



The view window, mounted in the
accumulator chamber, allows an
operator to verify that the feeding
system is operating correctly.

The students worked with the two
suppliers to custom-engineer their
equipment to fit the project require-
ments. “The students drafted the de-
signs at the campus and sent the
specifications to the suppliers,” says
Krupczak. “The suppliers then re-
vised the designs a little and sent them
back to the students for approval.
Upon approval, the suppliers did the
custom engineering at their facilities
and sent us the equipment for installa-
tion.” After receiving the custom-en-
gineered equipment, the students
assembled the feeding system’s com-
ponents at the campus, completing
the project in summer 2003.

The new feeding system

The feeding system consists of one
Mechatron loss-in-weight variable-
speed screw feeder with four different
screw helixes; two low-profile rotary
disc valves, each pressure rated to 100
psi; one stainless steel feeder hopper
with a lid; one pipe section with a
view window; one nitrogen injection
system; one adjustable hydraulic cart;
and one PLC controller. The feeding
system components are constructed
of either stainless steel or Hastelloy.
(All material-contact components are
Hastelloy.)

The feeder, feeder motor, feeder con-
troller, and PLC are mounted on the
hydraulic cart’s platform. The cart
raises or lowers the feeding system to
meet the different heights of the vari-
ous reaction vessels and is easily
moved throughout the pilot plant,

through doorways, between the reac-
tion vessels, and into low-headroom
areas. The feeder hopper is mounted
above the feeder and feeds solid ma-
terial directly to the feeder. The hop-
per, which can hold 1.3 cubic feet of
material, has an electric motor at-
tached to it that agitates the hopper to
maintain material flow. The feeder
controller is enclosed in an explosion-
proof stainless steel box, and all of the
feeding system’s electrical wiring is
enclosed in explosion-proof casing.

The feeder’s enclosed screw extends
out horizontally and attaches to the
vertically mounted pipe section, which
is partitioned by the two rotary valves
into an intermediate chamber, an accu-
mulator chamber, and a discharge
chamber. The intermediate chamber is
directly above the top valve and is con-
nected to the feeder’s screw section by
a flexible neoprene sleeve. The accu-
mulator chamber, which contains the
view window, is between the two
valves and connects to the nitrogen in-
jection system. The discharge chamber
is directly below the bottom valve and
connects to the reaction vessel.

The PLC controls the feeder’s feed-
rate, the valve-cycling rate, and the
nitrogen injection system and com-
municates with the feeder’s load cells
to keep track of the material amount
fed to the reaction vessel. A pilot plant
operator can program the PL.C to han-
dle all of the solid materials used in
the pilot plant, setting the material
amount to be fed, the feedrate, valve-
cycling rate, and nitrogen-purge-
cycle rate for each material.

Using the feeding system

To feed a solid material to a reaction
vessel containing a liquid solvent, a
pilot plant operator connects the feed-
ing system to the reaction vessel’s
inlet, loads a solid material into the
feeder hopper, and closes the hopper’s
lid. The operator also inserts the appro-
priate screw helix for the material
being fed. (The screw helix is the only
component that has to be manually
changed between product runs if a sub-

stantially different solid material is
being used.) The operator then pro-
grams the PLC with the proper para-
meters and activates the system.
Material starts discharging from the
feeder hopper to the feeder when the
screw starts turning.

The material discharges from the
feeder’s screw section to the pipe sec-
tion’s intermediate chamber. At first,
both top and bottom valves are closed
so the material accumulates above the
top valve in the intermediate chamber.
After the appropriate time, the PLC
opens the top valve and the material
falls into the accumulator chamber.
The PLC closes the top valve and acti-
vates the nitrogen injection system,
which inerts the accumulator cham-
ber. (Material continues to feed into
the intermediate chamber above the
top valve during this time.) As nitro-
gen gas continues to fill into the accu-
mulator chamber, the PLC opens the
bottom valve and gravity and nitrogen
gas discharge the material through the
discharge chamber to the reaction ves-
sel. The PLC then closes the bottom
valve, deactivates the nitrogen injec-
tion system, and repeats the process
until the appropriate material amount
is added to the reaction vessel.

“The PLC cycles the valves based on
a timing sequence that’s linked to the
material feedrate,” says Krupczak. “If
the timing is off and material starts to
accumulate in the intermediate cham-
ber faster than it’s discharging, the
screw will bind and a sensor in the
screw section will stop the feeder and
alert the operator. Also, the view win-
dow, which is pressure-rated to two
hundred psi, allows the operator to
verify that the material is moving
through the accumulator chamber and
that the system is operating correctly.”

The students designed the pipe section
to keep the reaction vessel inert during
the material-loading process. They
chose the valves because of their fast
open-and-close times, which allows
material to pile on top of them without
concern for it becoming trapped during
operation. Also, when the valves are
open, the passageway through the pipe



section is unobstructed because no
valve parts stick out to form ledges or
lips where material can build up. This
eases cleanup and reduces cross-conta-
mination concerns. Additionally, the
valves’ timing sequence is set so that if
an explosion were to occur in the reac-
tion vessel, there’s always at least one
closed valve between the vessel and the
pilot plant.

After the material has been added to the
reaction vessel, the operator removes
the feeder hopper and screw helix and
cleans them before the next production
run. The operator also flushes the sys-
tem with a cleaning solvent, water, or
nitrogen gas, depending on the mate-
rial, to prevent cross-contamination.

A successful venture

Throughout the R&D process, the stu-
dent teams worked closely with the
company’s engineers and pilot plant op-
erators and the two suppliers to ensure
that the feeding system met all of the
projectrequirements. “There was really
good collaboration between the engi-
neering department and Pfizer in terms
of passing information back and forth,
and that really helped make the project
work,” says Krupczak. “Like on a good
team, every player brought certain ca-

pabilities to the table and did their part.
Pfizer paid for the project, and its engi-
neers provided key input when needed;
the students had time available to do the
legwork; and the suppliers provided ex-
pertise about custom-engineering their
equipment. So the combination worked
outreally well.

Throughout the R&D process, the
student teams worked closely with
the company’s engineers and pilot
plant operators and the two
suppliers to ensure that the feeding
system met all of the project
requirements.

“We were also impressed that Roto-
Disc really went above and beyond
what was needed for the project, grasp-
ing the engineering challenge and
wanting to provide a product that
solved the feeding problem. They
were very supportive when working
with the students and helping them
foresee problems.”

Soon after the project was completed,
Pfizer decided to close the pilot plant
and consolidate its operations into an-
other plant. Nevertheless, says
Krupczak, “This was a successful pro-
ject that made use of a strategic al-
liance to produce a custom-engineered
feeding system to provide the com-
pany a solution to its material-feeding
problems.” PBE

Note: To find other articles on this
topic, go to www.powderbulk.com,
click on “Article Index,” and look
under the subject headings “Feeders,”
“Mechanical conveying,” and
“Valves,” or see Powder and Bulk En-
gineering’s comprehensive “Index to
Articles” in the December 2003 issue.

Hope College, Holland, MI
616-395-7000
www.hope.edu

Equipment manufacturers

Mechatron loss-in-weight variable-
speed screw feeder (1): AccuRate,
Whitewater, Wis., 800-798-4767
(www.accuratefeeders.com).

Rotary disc valve (2): Roto-Disc,
Cincinnati, Ohio, 513-871-2600
(www.rotodisc.com).







