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I nter-process Intermediate Bulk Container (IBC) Systemsin Modern Solid Dosage Facilities

1.0 TheHistory and Evolution of IBC'sin Secondary Phar maceuticals

Traditionally when manufacturing "solid forms" such as tablets, coated tablets, capsules and granules,
the industry has used basic, manually orientated methods of solids transfer from process to process.
This consisted of small containers, drums and polyethylene bags being manually "poured” as an open
transfer to the process hopper inlet or using a hand wand and vacuum transfer system to elevate the
solid to the processinlet above.

Apart form being labour intensive, these "open” transfers were dusty, operator reliant, and open to
Cross contamination.

Closed transfers using IBC's were first introduced to transport single batches from the granulation
process to compression. Transfer from the IBC was either by vacuum transfer or later by gravity.

Thefirst mgor breakthrough in the use of IBC's was when this principle was expanded to discharge 2
or 3 batches of dried granulate into one larger IBC. Lubricant was then added and the IBC rotated in
an IBC Blender to homogenise the batches and lubricant. This enabled one IBC to discharge 2/3 sub
batches to the tablet press as one operation with subsequent savings in cleandown, IBC movements,
labour and validation. At this period of IBC development, butterfly valves were used as the outlet
valve on the IBC. Thiswas because the solids were granulated and free flowing and therefore able to
discharge by gravity alone.

The requirement for better containment and batch integrity, introduced IBC's earlier in the process
chain e.g. from the dispensary. This and the growing use of direct compression blends meant that
IBC's had to cope with poor flowing, cohesive solids which highlighted the limitations of butterfly
valve IBC's.

The introduction of "cone valve" technology provided an IBC that was able to promote and control
the discharge of cohesive and free flowing solids to any process without segregation and degradation
of product and with a high degree of containment and batch integrity.
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I nter-process Intermediate Bulk Container (IBC) Systemsin Modern Solid Dosage Facilities

History and Evolution:- Thel.B.C.

Over the years, IBC Systems have undergone much devel opment to respond to the needs of the
pharmaceutical and other processindustries. The major landmarksin this history of development are
asfollows:

“Tote” Bins- Developed over forty years ago in the USA. Thiswas thefirst transportablerigid IBC
and was highly successful in introducing the modular concept to process industry. It comprised a
rectangular box with asealed inlet in the lid and alarge hinged side flap or door through which
material was tipped into the process. In itself thiswas avery unsophisticated piece of equipment and
met few of the needs of the pharmaceutical industry. Intime, many ancillary devices were developed
to enhance the executions of its functions - mechanical handlers, dust extraction hoods, physical
vibrators, etc.

“Bottom Discharge” Bins- Throughout the 1960's and 1970’ s Bulk Unit Load Systems (BULS) was
the pioneer of IBC Systems within the pharmaceutical and fine chemical industries. The BULS bin
incorporated a bottom outlet (eliminating bin tipping) fitted typically with either butterfly valve or
“bomb door”. BULS introduced the quality of manufacture, hygiene standards and a host of system
devel opment which found a home with almost every major pharmaceutical manufacturer in the world.
This design became a standard and is still used in many plants today.

“Cone Valve’ IBC - The 1980’ s saw the introduction of cone valve technology to the world of IBC
Systems. This new approach, retained all the hard won achievements of previous IBC developments
but went much further in meeting the needs of an ever more sophisticated industry. This
lifting/vibrating cone valve technology was developed in response to the primary needs of the
pharmaceutical industries to obtain discharge and control of the complete range of free-flowing and
difficult powders and to maintain containment at the transfer to and from containers to process.
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2. Dischargefrom IBC'S/Core (Funnel) Flow - M ass Flow

Any hopper, silo or container achieves a "pattern” of flow when discharging solids.

These flow patterns can sometimes be influenced by design of the storage vessel or by a discharge
device which controls the flow from the vessel.

Most flow patterns from storage vessels fall into the category of Core (or Funnel) Flow. Thisiswhen
flow occurs in a narrow vertical flow channel from the outlet to the top surface of the material. The
material on the top surface will always prefer to flow towards the centre with the central downward
flow applying pressure to hold the material being stored along the sides of the vessal.

Although there is nothing wrong in vessels storing unblended, individual solids (flour, grain, etc)
discharging on a Core (or Funnel) Flow basis there is an inherent problem with this type of flow when
discharging blended solids.

Thisis because the flow pattern induces separation of fine and coarse particles as they free fall through
the core at different rates, as well as atendency for the fine particles to discharge first.

The discharge of any blended product from a vessel or blender where segregation must be avoided,
should achieve aMass Flow pattern.

This is when the materia discharges evenly across the vessel without any preferential flow taking
place. This ensures that the material "lowers' in the vessel at a consistent rate avoiding any rush or
freefall of solids from occurring.

A mass flow design of vessel will usually use steep angles in the hopper section of the vessel so that
the material will prefer to flow down the hopper walls than to core through the centre of the vessel.

Although practical for some applications, for IBC's it results in very tall IBC's which are out of
proportion and top heavy. These "tall" IBC's are then not of the ideal shape for blending when using
the "in bin" blending principle.

Cone Valve IBC technology prevents any form of core or funnel flow from occurring by preventing
any flow through the centre of the IBC and directing flow through an annular gap around the cone
valve and towards the sides of the IBC. Flow can be induced and controlled by raising/lowering the
cone valve during discharge.

The risk of bridging or blocking of material in the IBC is also overcome as the cone valve raises and
vibrates into the bridge, undermining its compressive strength and causing it to collapse.
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I nter-process Intermediate Bulk Container (IBC) Systemsin Modern Solid Dosage Facilities

3.0 BlendinginIBC's

One of the most significant and important functions in any process system is blending. Historically the
blending requirements for secondary pharmaceutical applications have used "flow blenders® of the
double cone or "Vee" type.

Flow blending refers to the relative movement of particles within a material. The ability to randomly
create that movement of particles encourages intermeshing and blending. High flow and a good blend
will be achieved with materials that do not stick together. Flow is maximised and typically induced via
tumbling.

Almost always, there is a need to discharge the mixed batch from the blender down to an IBC or keg.

The use of this type of fixed blender provides three main problems.

1.

Each blend has to be fed into the blender and discharged from it. From a containment point of
view this gives two make and break connections each time the blender is used.

The cleaning of the blender is difficult and time consuming.

Due to the Core (or Funnel) flow principle discussed in point 2.0, there is a great risk of
segregation of the blend when dropping by gravity into the IBC or keg.

By using the IBC from the dispensary and using the "in bin blending" philosophy these problems
are answered:-

As the IBC is filled elsewhere (dispensary) before blending and discharged elsewhere
(compression/encapsulation) after blending, there is no requirement for separately filling and
discharging of ablender. Therefore containment is maintained throughout the blending operation.

Cleaning of the actual blender is not required because the IBC is the only product contact part and
thiswill be removed and transported to the next process feed and cleaned after discharge.

This saves time as the blender is immediately available for blending the next IBC which maybe
filled with adifferent formulation.

Segregation is not an issue with the blending operation as the blend is not discharged until the next
process feed. Here the "mass flow" principle of the MATCON Cone Vave IBC will prevent
segregation by design.

The "in bin" containerised blender consists of a central rotating cage supported on one or two
plinths. The cage has lifting and lowering clamps to locate and lock the IBC in position before
blending.
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The IBC to be blended is previoudly filled with the correct formulation of the blend, leaving
approximately 1/3 air volume to allow for efficient flow blending.
cage by pedestrian stacker truck or A.G.V. (for others). When safe to do so (when the operator has | eft
the room) the IBC is clamped, then rotated on an eccentric axis for a pre determined speed and time,
previously validated to achieve a good homogenous blend. When the cycle is complete and safe the
IBC can be removed for storage or process.

TABLE NO. 1

It is then positioned in the central

OPERATIONAL COMPARISONS

BLENDER FEATURE TUMBLE BLENDERS RIBBON BLENDERS CBM
Efficient Mixing Action Excellent Poor Excellent
Thorough Mixing Action Excellent Poor Excellent
Dust Tight Operation Fair Poor Excellent
Cleanability Good Poor Excellent
Low Maintenance Good Good Good
Easy Loading Good Good Excellent
Easy Unloading Poor Poor Good
Minimum Space Poor Fair Excellent

TABLE NO. 2
TYPICAL ECONOMIC COMPARISONS - 30 CU. FT. BLENDER

RIBBON BLENDER TUMBLE BLENDER CBM
Down Time in an 8 hr Process Day 7 hrs 6 hrs 1hr
Max. Batches in 8 hr Process Day 2 4 20
Total Production in 8 hr Process Day 60 fte 120 ft® 600 ft3
Process & Material Handling Steps * 1-4 1-4 2 only
Formulation Loss % 8% 5% 1%
Different Formula Blends in 8 hr Day 1 2 20
Installed Cost of Complete Blender 90 100 100 **
System, %
Cost of Product Produced per ft3, % 100 70 30
Allowable Load Variation + or - 30% Critical Any Size
Payback Period, % 100 50 20

*  Steps: 1) Load, 2) Blend, 3) Unload, 4) Clean Vessel
** |ncludes Multiple Vessels
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4.0 Principlesof Operation for Cone Valve |BC Systems:

4.1 The Components -

In atypical Cone Valve Intermediate Bulk Container System there are two basic components:

1. Thelntermediate Bulk Container -

Thetypical Intermediate Bulk Container is square in cross
section with a square to round transition hopper ending in a
circular outlet, in which islocated an inverted cone with an
integral edge seal. This become the“cone” valve and givesa
dust tight seal under al conditions of full or empty container L
and during any form of transportation of the container. The
latest designs incorporate a secondary sealing arrangement
which gives high containment of powder and dust during
storage, transporting or discharge. Thisisof extreme

importance in the pharmaceutical industry for high potency \M

products where microgram/m? operator exposure levels are
required.

2. The | BC Dischar ge Station -

Thetypical IBC Discharge Station consists of square
frame with corner guides to ensure that the Container is
automatically positioned centrally on the Discharge
Station, the cone valve remains fully closed and the
container hopper section engages alip seal on the
discharge station to give an automatic dust tight seal
between the two units each and every time.

* |BC Positioned over Discharge Station - e |BC Discharging Contents-
"CONE VALVE"

INTERMEDIATE BULK o o

CONTAINER SYSTEMS
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4.2 Discharqging from |BC:

Automated |BC Containment Dischar ging:

In any inter-process IBC System, it is necessary to automatically discharge IBC’'s in a controlled and
contained manner at various process interfaces.

The IBC Discharge Station offers the device to do this. The system if fully automatic. When the ON
signal is received, a probe within the Discharge Station rises and locates into the underside of the cone
valve. Aninflatable sea positioned within the hygienic probe cover isinterlocked to inflate and totally
seal the top of the probe to the inside surfaces of the IBC cone valve before the cone valve is opened
(this "alpha/beta’ seal ensures the bottom of the cone valve and the top of the discharge station probe
are sealed together during transfer of powder, therefore when the IBC is eventually removed from the
station these "open” surfaces are clean).

After this operation is complete the probe/cone valve assembly continues to lift, raising the cone and
creating and annular gap through which material can flow. Thelift height is totally adjustable to vary
flow and accommodate different materials with varying flowability. A pneumatically operated
vibrator is built into the probe and this combination of lifting and vibrating probe/cone vave
assembly is very effective in discharging and controlling the flow of cohesive to flushing materials.

This controlled feed principle is ideal for feeding directly to process and weighing systems where
control of discharge and accurate shut off are required. It ensures that material is always presented in
aconsistent form, is not overworked, compacted or segregated when discharged to the process.

For containment where Operator Exposure Levels of 1 - 10 micrograms/m® are required, a
secondary system using air wash is employed as shown in drawing 4.2.2.
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« TheConeValvelBC Discharging System -

4.2.1. Operation

1.FULL IBC LOADED
BY FORK TRUCK
ONTO DISCHARGE
STATION

2.DISCHARGE BY
CONTINUIOUS MODE
TO PROCESS

3.DISCHARGE IN 4. IBCEMPTY CONE/

PULSE MODE TO OUTLET AIRWASHED
PROCESS.

5. EMPTY CLEAN CONE/

OUTLET IBC REMOVED

FROM DISCHARGE

STATION

PN
|
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