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Additives: Scavengers

Catalysts are used to increase the
efficiency and economy of the
polymerization process used to produce
polypropylene (PP) and polyethylene (PE])
resins. Most of the catalysts used today
for PP and PE synthesis are of the Ziegler-
Natta type; the names refer to the original
discoverers of commercial PP catalysts.

Ziegler-Natta catalysts utilize transition
metals (titanium, chromium, etc.) and
chlorine-based co-catalysts. The
transition metals have many available
electron sites that aid in polymerization.
The chlorine-based co-catalysts increase
the efficiency of the Ziegler-Natta
catalysts.

While the presence of transition metals
and chlorine-based materials are essential
for viable, commercial PP and PE
polymerization, these catalyst residues
can promote the degradation of the
polymer chains in the finished material.

Transition metals are known to catalyze
the free-radical decomposition of
hydroperoxides which are formed by the
reaction of atmosphehic oxygen with the
carbon-hydrogen bond in the polymer (see
Equistar Technical Tip, "Additives:
Antioxidants"). The decomposition of the
hydroperoxide [ROOH] by the transition
metals [M"™ or M*™] is believed to proceed
by the following mechanisms:
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ROOH + M™ —»RO0* + H" + M™™

ROOH + M*™—» RO* + OH- + M*",
where m=n-1

The mechanism by which the transition
metal decomposes the hydroperoxide, and
thus furthers the autoxidation process, also
regenerates the transition metal so that the
process can continue indefinitely. To
combat this process, scavengers are added
to the PP and PE reactor powder during
pelletization which bind to the transition
metals and deactivate them.

he most commonly used transition metal
scavenger is calcium stearate [Ca
(0,CqgHa7)5). Calcium stearate is a molecule
consisting of a central calcium ion with two
stearate groups attached. The stearate
group is essentially a long-chain carbon
molecule. As such, the stearate group is
similar to, and therefore soluble in, the
polymer chains.

Calcium stearate attacks the transition
metals, usually found in the form of metal
chlorides [MCl,] by the following reaction:
Ca[02C18H37]2 + MCIZ —> CaC|2 + M5t2
The large stearate groups bond with the

transition metal rendering the metal
essentially inactive.

(Continued on Page 2]
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Additives: Scavengers continued)

Scavenger additives are also added to bind
up chloride [Cl] ions left from the co-
catalysts. There are many chloride
scavengers used with PP and PE; usually
these materials contain magnesium [Mg],
aluminum [Al, or calcium (Ca) ions that bind
with the chloride ions, forming harmless
salts:

Mg*2 + 2 Cl' —» MgCl,
AI® +3Cl —» AICI,

Ca?+2Cl —» CaCl,

The presence of chloride ions in PP and PE
can result in the formation of hydrochloric
acid [HCI] and other acids if not properly
scavenged. Hydrochloric acid can degrade
the polymer and produce unwanted color
formation (yellowing] in the pellets.

In summary, scavengers are added to PP
and PE polymers to deactivate undesirable
catalyst residues, such as metals and
chlorides. While the transition metals and
chlorine co-catalysts are necessary for
efficient and controlled polymerization of PP
and PE, their presence in the finished
material can cause unwanted degradation
and color change.

The information on this document is, to our knowledge, true and accurate. However, since the particular uses and the actual
conditions of use of our products are beyond our control, establishing satisfactory performance of our products for the intended
application is the customer’s sole responsibility. All uses of Equistar products and any written or oral information, suggestions or
technical advice from Equistar are without warranty, express or implied, and are not an inducement to use any process or product in

conflict with any patent.

Equistar materials are not designed or manufactured for use in implantation in the human body or in contact with internal body fluids
or tissues. Equistar makes no representation, promise, express warranty or implied warranty concerning the suitability of these
materials for use in implantation in the human body or in contact with internal body tissues or fluids.

More detailed safety and disposal information on our products is contained in the Material Safety Data Sheet (MSDS). All users of our
products are urged to retain and use the MSDS. A MSDS is automatically distributed upon purchase/order execution. You may
request an advance or replacement copy by calling our MSDS Hotline at (800) 700-0946.
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