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Plastics made from renewable raw materials

are becoming increasingly important.

Bioplastics are now available with properties

similar to those of plastics manufactured from

a petroleum base. One such bioplastic is

polylactide (PLA), which is usually produced

through polymerization of lactide. The starting

material for this process is lactic acid, which

is produced through the fermentation of sugar.

Sulzer Chemtech has developed a method in

which the lactide can be purified through melt
crystallization. One major advantage of PLA is -("
its versatility given the ability to engineer its i
properties so that it can biodegrade quickly or, /
alternatively, remain functional for years. /
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Bioplastics are a relatively

new class of materials that are
produced from renewable raw ma-
terials (e.g., sugar or corn). Manu-
facturing, utilization, and recy-
cling of bioplastics form a nearly
COsneutral cycle (Fig. 1).

Replacing Petroleum

Today, plastics are primarily man-
ufactured from petroleum. Ap-
proximately 250 million tons of
plastic are produced from petrole-
um globally every year. This is
equivalent to roughly 5% of the to-
tal worldwide oil consumption.
According to industry estimates,
bioplastics could replace about
5-10% of plastic on today’s mar-
ket, although today they only have
a market share of substantially less
than 1%. Therefore, strong growth
for bioplastics is expected for the
coming years (Fig. 2). Market de-
velopment depends primarily on
2 factors: the high price of petrole-
um and the obligation to reduce
CO; output. The raw materials for
bioplastics are also used as food-
stuffs. It is important that the
quantities of feedstock needed for
the forecast growth account for
only 1.5% of total production.

Great Potential

PLA has proven itself for many
years in the medical sector. Screws,
nails, implants, and plates made of
PLA are used to stabilize bone
fractures, as it can be reabsorbed
by the human body. Meanwhile,
PLA, a clear substance, has be-
come a widely used bioplastic. It
has properties similar to those of
conventional mass-produced ther-
moplastics and thus can also be
processed using existing equip-
ment. The raw material has
tremendous potential, above all
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1 Life cycle of biomass-based plastics. Sulzer Chemtech technology permits
manufacturing of highly pure lactide, the raw material for polylactide (PLA),

a bioplastic in widespread use.

for short-lived packaging such as
drinking cups or food bowls
(Fig. 3). One disadvantage of the
material is its low heat resistance
with a low softening point of ap-
prox. 60 °C. However, using new
types of processes currently in de-
velopment at Sulzer Chemtech

with support from leading indus-
trial partners, it is possible to man-
ufacture PLA with improved tem-
perature stability, after which the
material is suitable for drinking
cups for hot beverages or as an ar-
tificial fiber for clothing and home
textiles (rugs).

2 Worldwide manufacturing capacity of bioplastics.
Renewable raw materials (RRM) are the main feedstock.
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An Industrial Process
Continuous processes already ex-
ist for manufacturing PLA from
glucose (sugar) by way of the in-
termediate steps of lactic acid and
dilactide (Fig. 4). At the moment,
Sulzer Chemtech is working on the
development of an industrial poly-
merization process, which makes
it possible to produce PLA com-
petitively in relation to conven-
tional plastics in the medium term.
In the USA, there is already a sim-
ilar plant in operation with a
name-plate capacity of 140 000
tons per year. In this process, PLA
is produced through polymeriza-
tion of lactide, a ring-type union of
2 lactic-acid molecules (Fig. 5).

Pure starting materials are an im-
portant prerequisite for manufac-
turing a high-quality polymer, i.e.,
a transparent plastic with a high
and

molecular mass rigidity.

Lactic acid can be produced

through the fermentation of glu-
cose with the help of suitable bac-
teria. Lactic acid must then be sep-
arated from the dregs of fermenta-
tion so that they are available as
pure raw materials for polymer-
ization.

No Solvents Needed

Sulzer Chemtech’s melt-crystal-
lization process purifies the lactide
mixture without the use of sol-
vents. In the process, contaminants
are removed that can not be sepa-
rated by other methods. High
product purity and yield are at-
tained by combining Sulzer’s stat-
ic and falling-film crystallization
processes. The falling-film crystal-
lizer contains vertical pipes that
are cooled under controlled condi-
tions. Inside the pipe, cooling
causes a layer of lactide crystals to
form from a falling film of melt.
The crystals reject most impurities

which concentrate in the remain-
ing melt fluid. After crystalliza-
tion, the impurities that remain in
the crystals are removed by warm-
ing the layer to just under the melt-
ing point of the lactide crystals.
This step is called sweating. After
sweating, the temperature is in-
creased again in order to melt the
crystals (Fig. 6). Through several
repetitions of this procedure, it is
possible to obtain lactide that is
more than 99.9% pure.

Sulzer’s crystallization process has
already been successfully used for
purifying chemicals employed for
conventional plastics such as poly-
carbonate and polyurethane. The
crystallizers contain no moveable
parts such as stirrers or filters thus
making the equipment very reli-
able. The purification process con-
sumes minimal energy, as the op-
erating temperature is compara-
tively low.

3 One of many applications for plastics made from organic raw materials: soda cups made of the bioplastic PLA.
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4 Polylactide cycle: The characteris-
tics of the polymer can be engineered
through selective mixing of lactides
from counterclockwise D(7) and clock-
wise L(*) lactic-acid molecules.

Plant in Operation

Sulzer Chemtech’s first lactide
crystallization plant has already
been in operation for several years.
In view of the increasing demand,
the division expects further expan-
sion of production capacity for

Lactic-acid molecule

Lactide

Catalyst CHg
and heat
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ﬂ

5 The dimeric ring molecule lactide is formed from 2 lactic-acid molecules (CsHgO3).
A subsequent ring-opening polymerization leads to PLA chain molecules.

plastics made from renewable raw
materials. Melt crystallization is
expected to be used as a purifica-
tion method when producing
“green” plastic due to its environ-
ment-friendly  nature.  Sulzer
Chemtech is also spearheading
developments for other process
steps when it comes to manufac-
turing bioplastics. Besides melt
crystallization, Sulzer Chemtech
offers numerous additional inno-
vative products for manufacturing
bioplastics. Distillation columns

that are equipped with the high-

6 Course of melt crystallization: crystallization, purification through
sweating, and melting of the desired product (from left to right).
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(90-65 °C)
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(80-100 °C)

Melting
(120 °C)

performance packing Mellapak-
Plus are used in producing lactic
acid or lactide. MellapakPlus per-
mits high product throughput
with unusually low pressure loss
and hold-up and thus guarantees
extremely gentle handling of tem-
perature-sensitive products. In ad-
dition to using distillation separa-
tion procedures for lactic acid, the
division develops processes for
polymerization of PLA in mixer re-
actors in cooperation with a lead-
ing industrial partner . <
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