
ANTIBACTERIAL AND ANTIVIRAL PEPTIDES FROM ACTINOMADURA
NAMIBIENSIS Field of invention The present invention
relates to the novel peptides isolated from
Actinomadura namibiensis (DSM 6313), a method for its
preparation and its use in the manufacture of a
medicament for the treatment of bacterial infections,
for the treatment of viral infections and/or for the
treatment of pain. Background of the Invention Several
highly bridged peptides are known in the literature,
for example conopeptides isolated from cone snails
(for a review see e.g. Terlau & Olivera, Physiol. Rev.
2004, 84, 41-68) or the so-called lantibiotics
(Chatterjee et al., Chem. Rev. 2005, 105, 633-683)
from Gram-positive bacteria source. The said peptides
have various utilities. The lantibiotic nisin has been
used, among other utilities, as a food preservative
since many years. The conopeptides are e.g. useful for
the treatment of pain, diabetes, multiple sclerosis
and cardiovascular diseases and currently undergo
preclinical or clinical development. Examples of
conopeptides are a-GI (sequence: ECCNPACGRHYSC * ,
*amidated, connectivity: 1-3,2-4) and a-GID (sequence:
IRgCCSNPACRVNNOHVC, connectivity: 1-3,2-4), wherein
O/Hyp is hydroxyproline and the connectivity indicates
the position of the cysteine involved in each specific
disulphide bonds, for example, first to third and
second to fourth as in a-GID: S-S (a-GI)S-SH2N-
lle-Arg-Cys-Cys-Ser-Asn-Pro-Ala-Cys-Arg-Val-Asn-Asn-Hy
p-His-His-Cys-OH -S-S- (a-GID). Summary of the
invention It has now surprisingly been found that
highly bridged peptides can be isolated from
microorganism strain Actinomadura namibiensis (DSM
6313) and are useful for the treatment of bacterial
infections, viral infections and/or pain. Detailed
description of the invention An embodiment of the
present invention is a compound of the formula (I)
wherein R 1 is H, C(O)-(Cr C6)alkyl or C(O)-O-(C r
C6)alkyl; R2 is OH, NH2, NH-(Ci-C 6)alkyl, NH-(Cr
C4)alkylene-phenyl or NH-(Ci-C 4)alkylene-pyridyl; R3
and R4 independently of each other H or OH, or R3 and
R4 together are =O; and m and n are independently of
one another 0, 1 or 2; in any stereochemical form, or
a mixture of any stereochemical forms in any ratio,
ora physiologically tolerable salt thereof. In a
further embodiment, the compound of the formula (I) is
characterized by a compound of the formula (II)
wherein R 1, R2, R3, R4, m and n are as defined above.
R 1 is preferably H. R2 is preferably OH. R3 and R4
are preferably H or OH wherein if R3 is OH then R4 is
H, and if R3 is H then R4 is OH, or R3 and R4 together
are =0. More preferred, R3 and R4 are H or OH wherein
if R3 is OH then R4 is H, and if R3 is H then R4 is
OH. 



Preferably, m and n are both O, or m and n are both 2,
or m is Oand n is 2, or m is 2 and n is O. Most
preferred, m and n are both 0 A further embodiment of
the present invention is a compound of the formula (I)
or of the formula (II) wherein R 1 is H; R2 is OH; R3
and R4 are H or OH wherein if R3 is OH then R4 is H,
and if R3 is H then R4 is OH; and m and n are
independently of one another O 1 or 2, preferably m
and n are both O,or m and n are both 2, o r m is 0 and
n is 2 , or m is 2 and n is 0 , particularly preferred
m and n are both 0; or a physiologically tolerable
salt thereof. Most preferred, compound (I) is
characterized by a compound of the formula (III) For a
further characterization of the compounds of the
present invention, the peptide residues were converted
back to their probable precursors from ribosomal
peptide synthesis. The alpha,alpha-disubstituted amino
acids in residues 1 and 10 are without precedence in
the literature. Said amino acid may be described as an
Ala residue bridged by a methylene group and
substituted at the beta-position, as shown below: The
present invention furthermore relates to all obvious
chemical equivalents of the compounds of the formulae
(I), (II) and (III) according to the invention. These
equivalents are compounds which exhibit only a slight
chemical difference, and havethe same pharmacological
effect, or which are converted into the compounds
according to the invention under mild conditions. Said
equivalents also include, for example, salts,
reduction products, oxidation products, partial
hydrolytic processes esters, ethers, acetals or amides
of the compounds of the formulae (I), (II) and (III)
as well as equivalents which the skilled person can
prepare using standard methods and, in addition to
this, all the optical antipodes and diastereomers and
all the stereoisomeric forms. Unless otherwise
indicated, the chiral centers in the compounds of the
formula (I) can be present in the R configuration or
in the S configuration. The invention relates both to
the optically pure compounds and to stereoisomeric
mixtures, such as enantiomeric mixtures and
diastereomehc mixtures. Physiologically tolerated
salts of compounds of the formulae (I), (II) and (III)
are understood as being both their organic salts and
their inorganic salts, as are described in Remington's
Pharmaceutical Sciences (17th edition, page 141 8 (
1985)). Because of their physical and chemical
stability and their solubility, sodium, potassium,
calcium and ammonium salts are preferred, inter alia,
for acid groups; salts of hydrochloric acid, sulfuric
acid or phosphoric acid, or of carboxylic acids or
sulfonic acids, such as acetic acid, citric acid,
benzoic acid, maleic acid, fumaric acid, tartaric acid
and p-toluenesulfonic acid, are preferred, inter alia,
for basic groups. The compounds of the present have
been named Labyrinthopeptins throughout the text. The
invention also relates to a process for preparing a
compound of the formula (I) wherein m and n are
independently of one another 0, 1 or 2, which
comprises a) the strain Actinomadura namibiensis (DSM
6313), or one of its variants and/or 



mutants, being fermented under suitable conditions in
a culture medium until one or more of the compounds of
the formula (I) accrue(s) in the culture medium, b) a
compound of the formula (I) being isolated from the
culture medium, and c) the compound of the formula (I)
being derivatized, where appropriate, and/or, where
appropriate, being converted into a physiologically
tolerated salt.The invention preferably relates to a
process for preparing a compound of the formula (I)
wherein the compound (I) is characterized by a
compound of the formula (II), more preferably the
invention relates to a process for preparing a
compound of the formula (I) or preferred (II) wherein
m and n are both 0, or m and n are both 2 , or m is 0
and n is 2, or m is 2 and n is 0 . Particularly
preferred, the invention preferably relates to a
process for preparing a compound of the formula (I)
wherein the compound (I) is characterized by a
compound of the formula (III). The culture medium is a
nutrient solution or a solid medium containing at
least one customary carbon source and at least one
nitrogen source as well as one or more customary
inorganic salts. The process according to the
invention can be used for fermenting on a laboratory
scale (milliliter to liter scale) and for fermenting
on an industrial scale (cubic meter scale). Suitable
carbon sources for the fermentation are assimilable
carbohydrates and sugar alcohols, such as glucose,
lactose, sucrose or D-mannitol, as well as
carbohydrate-containing natural products, such as malt
extract or yeast extract. Examples of
nitrogen-containing nutrients are amino acids;
peptides and proteins and also their breakdown
products, for example casein, peptones or tryptones;
meat extracts; yeast extracts; gluten; ground seeds,
for example from corn, wheat, beans, soya or the
cotton plant; distillation residues from producing
alcohol; meat meals; yeast extracts; ammonium salts;
nitrates. Preference is given to the nitrogen source
being one or more peptide(s) which has/have been
obtained synthetically or biosynthetically. Examples
of inorganic salts are chlorides, carbonates, sulfates
or phosphates of the alkali metals, the alkaline earth
metals, iron, zinc, cobalt and manganese. Examples of
trace elements are cobalt and manganese. Conditions
which are especially suitable for forming the
Labyrinthopeptins according to the invention are as
follows: from 0.05 to 5%, preferably from 0.1 to 2.5%,
yeastextract; from 0.2 to 5.0%, preferably from 0.1 to
2%, casitone; from 0.02 to 1.0%, preferably from 0.05
to 0.5%, CaCl2 x 2 H2O; from 0.02 to 1.5%, preferably
from 0.05 to 0.7%, MgSO4 x 7 H2O and from 0.00001 % to
0.001 % cyanocobalamin. The percentage values which
are given are in each case based on the weight of the
total nutrient solution. The microorganism is cultured
aerobically, that is, for example, submerged while
being shaken or stirred in shaking flasks or
fermenters, or on solid medium, where appropriate
while air or oxygen is being passed in. The
microorganism can be cultured in a temperature range
of from about 18 to 35C, preferably at from about 20
to 32C, in particular at from 27 to 300C. The pH range
should be between 4 and 10, preferably between 6.5 and
7.5. The microorganism is generally cultured under
these conditions for a period of from 2 to 10 days,
preferably of from 72 to 168 hours. The microorganism
is advantageously cultured in several steps, i.e. one
or more preliminary cultures are initially prepared in
a liquid nutrient medium, with 



these preliminary cultures then being inoculated into
the actual production medium, i.e. the main culture,
for example in a ratio by volume of from 1:10 to 1: 1
00. The preliminary culture is obtained, for example,
by inoculating the strain, in the form of vegetative
cells or spores, into a nutrient solution and allowing
it to grow for from about 20 to 120 hours, preferably
for from 48 to 96 hours. Vegetative cells and/or
spores can be obtained, for example, by allowing the
strain to grow for from about 1 to 15 days, preferably
for from 4 to 10 days, on a solid or liquid nutrient
substrate, for example yeast agar. The
Labyrinthopeptin derivatives can be isolated and
purified from the culture medium using known methods
and taking account of the chemical, physical and
biological properties of the natural substances. HPLC
was used to test the concentrations of the respective
Labyrinthopeptin derivatives in the culture medium or
in the individual isolation steps, with the quantity
of the substance formed expediently being compared
with a calibration solution. For the isolation, the
culture broth or the culture together with the solid
medium is optionally lyophilized, and the
Labyrinthopeptin derivatives are extracted from
thelyophilizate using an organic solvent or a mixture
of water and an organic solvent, preferably containing
50-90% organic solvent. Examples of organic solvents
are methanol and 2-propanol. The organic solvent phase
contains the natural substances according to the
invention; it is concentrated, where appropriate, in
vacuo and subjected to further purification. The
further purification of one or more compounds
according to the invention is effected by
chromatography on suitable materials, preferably, for
example, on molecular sieves, on silica gel, on
aluminum oxide, on ion exchangers or on adsorber
resins or on reversed phases (RPs). This
chromatography is used to separate the
Labyrinthopeptin derivatives. The Labyrinthopeptin
derivatives are chromatographed using buffered, basic
or acidified aqueous solutions or mixtures of aqueous
and organic solutions. Mixtures of aqueous or organic
solutions are understood as being all water-miscible
organic solvents, preferably methanol, 2-propanol or
acetonitrile, at a concentration of from 5 to 99%
organic solvent, preferably from 5 to 50% organic
solvent, or else all buffered aqueous solutions which
are miscible with organic solvents. The buffers which
are to be used are the same as specified above. The
Labyrinthopeptin derivatives are separated, on the
basis of their differing polarities, by means of
reversed phase chromatography, for example on MCI
(adsorber resin, Mitsubishi, Japan) or Amberlite XAD
(TOSOHAAS), or on other hydrophobic materials, for
example on RP-8 or RP-18 phases. In addition, the
separation can be effected by means of normal-phase
chromatography, for example on silica gel, aluminum
oxide and the like. Buffered, basic or acidified
aqueous solutions are understood as being, for
example, water, phosphate buffer, ammonium acetate and
citrate buffer at a concentration of up to 0.5 M, as
well as formic acid, acetic acid, trifluoroacetic
acid, ammonia and triethylamine, or all commercially
available acids and bases known to the skilled person,
preferably at a concentration of up to 1%. In the case
of buffered aqueous solutions, particular preference
is given to 0.1% ammonium acetate.The chromatography
can be carried out using a gradient which began with
100% water and ended with 100% organic solvent; the
chromatography was preferably run 



with a linear gradient of from 5 to 95% acetonitrile.
Alternatively, it is also possible to carry out a gel
chromatography or chromatography on hydrophobic
phases. The gel chromatography can e.g. be carried out
on polyacrylamide gels or copolymer gels. The sequence
of the abovementioned chromatographic steps can be
reversed. Insofar as Labyrinthopeptins are present as
stereoisomers, they can be separated using known
methods, for example by means of separation using a
chiral column. The derivatization of the OH group to
an ester or ether derivative is effected using methods
which are known per se (J. March, Advanced Organic
Chemistry, John Wiley & Sons, 4th edition, 1992), for
example by means of reaction with an acid anhydride or
by reaction with an di-alkyl carbonate or di-alkyl
sulfate. Derivatization of the COOH group to an ester
or amid derivative is effected using methods which are
known per se (J. March, Advanced Organic Chemistry,
John Wiley & Sons, 4th edition, 1992), for example by
means of reaction with ammonia to the respective CONH2
group, or with an optionally activated alkyl compound
to the respective alkyl ester. Oxidation of
-CH2-S-CH2- groups to a -CH2-S(O)-CH 2- or a
-CH2-S(O)2-CH2- group can be achieved upon exposing
the respective Labyrinthopeptin derivative to oxygen
or air. An isolate of the microorganism strain
Actinomadura namibiensis was deposited under
identification reference FH-A 1198 in the Deutsche
Sammlung von Mikroorganismen und Zellkulturen [German
Collection of Microorganisms and Cell Cultures] GmbH
(DSMZ), Mascheroder Weg 1B, 38124 Braunschweig,
Germany, in accordance with the rules of the Budapest
treaty, on 23.01 . 1991 under the following number:
DSM 6313. Microorganism strain Actinomadura
namibiensis is further described by Wink et al. in
International Journal of Systematic and Evolutionary
Microbiology 2003, 53, 721-724.Instead of the strain
Actinomadura namibiensis (DSM 631 3), it is also
possible to use its mutants and/or variants which
synthesize one or more of the compounds according to
the invention. A mutant is a microorganism in which
one or more genes in the genome has/have been
modified, with the gene, or the genes, which is/are
responsible for the ability of the organism to produce
the compound according to the invention remaining
functional and heritable. Such mutants can be
produced, in a manner known per se, using physical
means, for example irradiation, as with ultraviolet
rays or X-rays, or chemical mutagens, such as ethyl
methanesulfonate (EMS);
2-hydroxy-4-methoxybenzophenone (MOB) or
N-methyl-N'-nitro-N-nitrosoguanidine (MNNG), or as
described by Brock et al. in "Biology of
Microorganisms", Prentice Hall, pages 238-247 (1984).
A variant is a phenotype of the microorganism.
Microorganisms have the ability to adapt to their
environment and therefore exhibit highly developed
physiological flexibility. All the cells of the
microorganism are involved in the phenotypic
adaptation, with the nature of the change not being
genetically conditioned and being reversible under
altered conditions (H. Stolp, Microbial ecology:
organism, habitats, activities. Cambridge University
Press, Cambridge, GB, page 180, 1988). Screening for
mutants and/or variants which synthesize one or more
of the compounds according to the invention is
achieved by optionally lyophilizing the 



fermentation medium and extracting the lyophilizate or
the fermentation browth with an organic solvent or a
mixture of water and an organic solvent as defined
above, and analyzing by means of HPLC or TLC or by
testing the biological activity. The fermentation
conditions may be applied to Actinomadura namibiensis
(DSM 6313) and for mutants and/or variants thereof. A
further embodiment of the present invention is the use
of a compound of the formula (I), preferably a
compound of the formula (II) or (III), as defined
above, for the treatment of bacterial infections,
especially bacterial infections caused by Grampositive
bacteria, for the treatment of viral infections and/or
for the treatment of pain, especially neuropathic pain
or inflammatory triggered pain. The above described
medicament (also referred to as pharmaceutical
preparation or pharmaceutical composition) contains an
effective amount of at least one compound of the
formula (I), in any stereochemical form, or a mixture
of any stereochemical forms in any ratio, or a
physiologically tolerable salt or chemical equivalent
thereof, as described above, and at least one
pharmaceutically acceptable carrier, preferably one or
more pharmaceutically acceptable carrier substances
(or vehicles) and/or additives (or excipients). The
medicament can be administered orally, for example in
the form of pills, tablets, lacquered tablets, coated
tablets, granules, hard and soft gelatin capsules,
solutions, syrups, emulsions, suspensions or aerosol
mixtures. Administration, however, can also be carried
out rectally, for example in the form of
suppositories, or parenterally, for example
intravenously, intramuscularly or subcutaneously, in
the form of injection solutions or infusion solutions,
microcapsules, implants or rods, or percutaneously or
topically, for example in the form of ointments,
solutions or tinctures, or in other ways, for example
in the form of aerosols or nasal sprays. The
medicaments according to the invention are prepared in
a manner known per se and familiar to one skilled in
the art, pharmaceutically acceptable inert inorganic
and/or organic carrier substances and/or additives
being used in addition to the compound(s) of the
formulae (I) in any stereochemical form, or a mixture
of any stereochemical forms in any ratio, or a
physiologically tolerable salt or chemical equivalent
thereof, as described above. For the production of
pills, tablets, coated tablets and hard gelatin
capsules it is possible to use, for example, lactose,
corn starch or derivatives thereof, talc, stearic acid
or its salts, etc. Carrier substances for soft gelatin
capsules and suppositories are, for example, fats,
waxes, semisolid and liquid polyols, natural or
hardened oils, etc. Suitable carrier substances for
the production of solutions, for example injection
solutions, or of emulsions or syrups are, for example,
water, saline, alcohols, glycerol, polyols, sucrose,
invert sugar, glucose, vegetable oils, etc. Suitable
carrier substances for microcapsules, implants or rods
are, for example, copolymers of glycolic acid and
lactic acid. Thepharmaceutical preparations normally
contain about 0.5 to about 90 % by weight of a
compound of the formula (I) and/or their
physiologically acceptable salts and/or their
prodrugs. The amount of the active ingredient of the
formula (I) in any stereochemical form, or a mixture
of any stereochemical forms in any ratio, or a
physiologically tolerable salt or chemical equivalent
thereof, as described above, in the medicaments
normally is from about 0.5 to about 1000 mg,
preferably from about 1 to about 500 mg. In addition
to the active ingredients of the formula (I) in any
stereochemical form, or 



a mixture of any stereochemical forms in any ratio, or
a physiologically tolerable salt or chemical
equivalent thereof, as described above, and to carrier
substances, the pharmaceutical preparations can
contain one or more additives such as, for example,
fillers, disintegrants, binders, lubricants, wetting
agents, stabilizers, emulsifiers, preservatives,
sweeteners, colorants, flavorings, aromatizers,
thickeners, diluents, buffer substances, solvents,
solubilizers, agents for achieving a depot effect,
salts for altering the osmotic pressure, coating
agents or antioxidants. They can also contain two or
more compounds of the formulae (I) in any
stereochemical form, or a mixture of any
stereochemical forms in any ratio, or a
physiologically tolerable salt or chemical equivalent
thereof. In case a pharmaceutical preparation contains
two or more compounds of the formulae (I), the
selection of the individual compounds can aim at a
specific overall pharmacological profile of the
pharmaceutical preparation. For example, a highly
potent compound with a shorter duration of action may
be combined with a long-acting compound of lower
potency. The flexibility permitted with respect to the
choice of substituents in the compounds of the
formulae (I) allows a great deal of control over the
biological and physico-chemical properties of the
compounds and thus allows the selection of such
desired compounds. Furthermore, in addition to at
least one compound of the formula (I), the
pharmaceutical preparations can also contain one or
more other therapeutically or prophylactically active
ingredients. When using the compounds of the formulae
(I) the dose can vary within wide limits and, as is
customary and is known to the physician, is to be
suited to the individual conditions in each individual
case. It depends, for example, on the specific
compound employed, on the nature and severity of the
disease to be treated, on themode and the schedule of
administration, or on whether an acute or chronic
condition is treated or whether prophylaxis is carried
out. An appropriate dosage can be established using
clinical approaches well known in the medical art. In
general, the daily dose for achieving the desired
results in an adult weighing about 75 kg is from about
0.01 to about 100 mg/kg, preferably from about 0.1 to
about 50 mg/kg, in particular from about 0.1 to about
10 mg/kg, (in each case in mg per kg of body weight).
The daily dose can be divided, in particular in the
case of the administration of relatively large
amounts, into several, for example 2, 3 or 4, part
administrations. As usual, depending on individual
behaviour it may be necessary to deviate upwards or
downwards from the daily dose indicated. Example 1:
Preparation of a cryoculture of Actinomadura
namibiensis (DSM 631 3) 100 ml culture medium (10 g
starch, 2 g yeast extract, 10 g glucose, 10 g
glycerine, 2.5 g comsteep powder, 2 g peptone, 1 g
NaCI, 3g CaCO3 in 1 I tap water, pH 7.2 before
sterilization) were seeded with the strain
Actinomadura namibiensis (DSM 631 3) in a sterile 500
ml Erlenmeyer flask and incubated for 72 hours at 27C
and 120 rpm on a shaker. Subsequently, 1ml of the
culture and 1 ml sterile conservation solution (20 g
glycerine, 1O g saccharose, 70 ml de-ionised water)
were mixed and stored at -80 0C. Alternatively, small
pieces of a well-grown culture on agar were
transferred Cryotubes(r) (Vangard International) with
1.5 ml 50% sterile glycerine solution and stored at
-196C in liquid nitrogen. Example 2: Preparation of
Labyrinthopeptins A sterile 500 ml Erlenmeyer flask
containing 100 ml of the culture medium described 



in Example 1 was seeded with a culture of Actinomadura
namibiensis (DSM 631 3) which was grown on an agar
plate and was incubated at 27C and 120 rpm on a
shaker. After 72 hours, further Erlenmeyer flasks
containing the same culture medium in the same amount
were seeded with 2 ml of this pre-culture each and
incubated under identical conditions for 168 hours.
Alternatively, a 300 ml Erlenmeyer flask containing
100 ml of the culture medium described in Example 1
was seeded with a culture o Actinomadura namibiensis
(DSM 6313) and incubated at 250C and 180 rpm. After 72
hours, further Erlenmeyer flasks containing the
sameculture medium in the same amount were seeded with
5 ml of this pre-culture each and incubated under
identical conditions for 168 hours. Example 3:
Isolation of Labyhnthopeptins 2 % Hyflo Super-eel
diatomaceous earth (Hyflo Supercell; VWR, Darmstadt,
Germany) were given to 10 I of the culture broth
containing according to Example 2 and the culture was
filtrated through a filter press in order to separate
the culture solution from the mycel. The filtrate was
given on to column containing 1 I Amberlite XAD-16
resin (column diameter: 5,5 cm, column height: 42 cm),
and washed with 5 I deonised water and 5 I 20 %
methanol in water. The Labyrinthopeptin was eluted
with 5 I 60 % methanol in water and 5 I 80 % methanol
in water. The Labyrinthopeptin containing fractions
were identified by HPLC-DAD and LC-ESI-MS,
collectively concentrated on a rotary evaporator until
an aqueous residue was obtained and subsequently
freeze-dried. 300 mg crude product was obtained.
Example 4: High performance liquid chromatography with
diode-array detection (HPLC-DAD) of Labyhnthopeptins
Column: Nucleosil 100 - Ci 8; 20 + 125 mm x 4.6 mm, 5
m (Machery-Nagel) Mobile phase: 0.1 % H3PO4 in water
(Eluent A) and acetonitrile (Eluent B) linear gradient
from 0% to 100 % Eluent B in Eluent A over a period of
15 minutes Flow: 2 ml per minute Detection by UV/Vis
absorption yielded peaks at 210, 230, 260, 280, 310,
360, 435 und 500 nm. The retention time of the
Labyrinthopeptin of the formula (II): 7.75 minutes.
Example 5: High performance liquid chromatography with
electrospray ionization mass spectroscopy
(HPLC-ESI-MS) of Labyrinthopeptins Column: Purospher
RP-18e; 125 mm x 4 mm, 5 m (Agilent)Mobile phase: 0.1%
trifluoro acetic acid in Wasser (Eluent A) and 0.1 %
trifluoro acetic acid in Acetonitril (Eluent B) linear
gradient from 5% to 100 % Eluent B in Eluent A over a
period of 10 minutes Flow: 1.5 ml per minute. The flow
to the ES interface of the mass spectrometer was
reduced to 0.4 ml per minute via a T splitter.
Detection by UV absorbtion at 210 nm and ESI-MS
(positive mode) wherein an ion trap was used as mass
analyzer. The retention time of the Labyrinthopeptin
of the formula (III) was 5.9 minutes. The molecular
mass was 1922 Da. Example 6: Purification of
Labyrinthopeptins The Labyrinthopeptin crude product
obtained according to Example 3 (300 mg) was dissolved
in a mixture of dimethylsulfoxide, methanol and water
( 1:3:6) and the 



components were separated via chromatography on a
Nucleosil 100 - Cis column (particle size: 10 m,
column size: 250 x 16 mm) using isocratic elution
(water + 0.1 % formic acid / methanol 35:65) at a flow
rate of 20 ml per minute. The fractions were analyzed
with HPLC (cf. Example 4). 62 mg Labyrinthopeptin of
the formula (III) was obtained in 99% purity. Example
7: General characteristics of Labyrinthopeptin (III)
The compound of the formula (III) was oxidated upon
exposure to air to the respective sulfoxides. The
compound of the formula (III) contains 2 c/s-amides
between 2Asp- 3Trp and 11ThP-12GIy. Example 8: High
resolving ESI-FTICR-mass spectrometry A solution of
the Labyrinthopeptin of the formula (III) in Methanol
(c = 0.2 mg/ml) was admitted through a syringe pump at
a flow rate of 2 ml/min to a Bruker Apex IIIFTICR MS
(7T magnet) equipped with an electrospray source.
Spectra were recorded in the positive mode using an
external calibration. Example 9: Amino acid analysis
Hydrolysis: Labyrinthopeptin (III) (0.05 mg) was
hydrolyzed in nitrogen atmosphere with 6 N HCI, 5%
phenole at 1100C for 24 h. The hydrolysate was dried
in a stream of nitrogen. Achiral GC-MS: The
hydrolysate was heated with
bis-(Trimethylsilyl)trifluoroacetamide
(BSTFA)/Acetonithl ( 1 : 1 ) at 150 C for 4 h. For
GC-MS experiments a DB5-fused-silica-capillary ( I =
15 m x 0.25 mm fused silica coated with dimethyl-(5%-
phenylmethyl)-polysiloxane, df = 0.10 mm; temperature
programme: T = 657376/280C) was used. Chiral GC-MS:
The hydrolysate was esterified with 200 //I 2 N HCI in
ethanol at 11O0C for 30 min and dried. Subsequently,
the mixture was acylated with 25 ml TFAA in 100 ml
dichloromethane at 1100C 10 min for and dried. For
GC-MS a fused-silicacapillary was used ( I = 22 m x
0.25 mm fused silica coated with chirasil-S-Val
(Machery-Nagel), df = 0.1 3 mm; temperature programme:
T = 557373,2/180 0C). Example 10: NMR spectroscopy2-D
NMR spectra (COSY, TOCSY, NOESY, HSQC, HMBC) were
measured on an AMX 600 MHz NMR spectrometer (Bruker,
Karlsruhe, Germany) equipped with a 5 mm Z-Grad triple
resonance probe head and on a DRX500 NMR spectrometer
(Bruker, Karlsruhe, Germany) equipped with a 5 mm
Z-Grad broad band inverse probehead. The following
table shows the signals obtained in the measurements.
NMR data for the Labyrinthopeptin of the formula (III)
in DMSO-d6: 1H 0.68; 0.71; 0.75; 0.78; 1.05; 1.07;
1.10; 1.35; 1.40; 1.42; 1.49; 1.90; 1.96; 2.00; 2.10;
2.17; 2.26; 2.77; 2.86; 2.90; 2.97; 3.03; 3.14; 3.16;
3.18; 3.18; 3.20; 3.24; 3.29; 3.30; 3.39; 3.59; 3.67;
3.67; 3.72; 3.99; 4.02; 4.03; 4.10; 4.13; 4.14; 4.16;
4.19; 4.34; 4.36; 4.45; 4.49; 4.59; 6.96; 7,26; 7.00;
7.04; 7.08; 7.08; 7.10; 7.18; 7.22; 7.23; 7.24; 7.24;
7.31; 7.35; 7.36; 7.42; 7.51; 7.53; 7.65; 7.65; 7.69;
7.77; 7.84; 7.98; 8.00; 8.01; 8.56; 10.80; 10.81. 13/
19.7; 21.3; 21.4; 22.6; 23.04; 23.2; 23.7; 26.4; 26.4;
27.1; 33.4; 35.2; 35.4; 36.7; 38.3; 40.0; 40.5; 40.7;
40.8; 40.8; 4 1.2; 4 1.2; 43.4; 48.4; 48.7; 49.0;
51.2; 51.4; 52.5; 52.6; 52.7; 53.2; 53.5; 54.0; 56.9;
60.0; 60.3; 66.4; 109.8; 110.6; 111.2; 111.2; 117.4;
118.1; 118.1; 118.2; 120.7; 120.7; 122.1; 123.4;
126.5; 127.2; 127.3; 127.8; 129.4; 136.0; 136.1;
136.6; 140.8; 169.4; 173.0; 174.3; 176.9. 



Example 11: X-ray crystallography of Labyrintopeptin
(III) Crystallization conditions: The protein was
dissolved in 0.02 M Tris pH 8.2 (concentration 7
mg/ml). Crystals grew at room temperature by vapour
drop diffusion from a 1:1 mixture of the protein
solution with a solution of 60% ethanol, 0.75% PEG
6000, 0.025 M sodium acetate and 0.05 M sodium
chloride. Crystals grew within about one week.
Measurement: X-ray data were collected on a Bruker
3-circle diffractometer with rotating anode and mirror
monochromated CuK-alpha radiation. Intensities were
collected on a SMART 6000 CCD area detector. Crystal
data:Atomic coordinates:POLYMER STREAM TRANSFER The
present invention concerns apparatus for improving the
degassing of polymers, particularly olefin polymers.
Polymerisation of olefins in which an olefin monomer
and optionally olefin comonomer are polymerised,
usually in the presence of a catalyst and/or a
diluent, is well known. The polymer is withdrawn from
the polymerisation reactor together with the reagents
and inert hydrocarbons. The reagents and hydrocarbons
need to be recovered for economic, safety and
environmental reasons, and many processes for
achieving this are known in the art. These processes
generally involve depressurising and devolatilising
the polymer-containing stream after it has been
withdrawn from the polymerisation reactor. The
volatisation requirement is greatest in processes
having polymer withdrawn from the reactor with high
absorbed or free liquid hydrocarbon contents. These
are typically processes producing polymers with a
significant low density component or amorphous phase
where the absorption of hydrocarbon is high, and/or
processes where the polymer is produced in the
presence of liquid hydrocarbons (reactive or inert).
The maximum capacity of commercial scale plant has
increased steadily over the years, and as production
rates have increased the potential cost impact of
unreliability in any part of the process has also
significantly increased, impacting not only the
polymer unit itself but also upstream and downstream
units. At the same time, growing operating experience
has led to operation of increasingly high solids
concentrations (loadings) of polymer withdrawn from
reactors. The increase in solids concentrations in
slurry polymerisation units has typically been
achieved with increased circulation velocities
achieved for example by higher reactor power
requirements as illustrated by EP 432555 and EP
891990. This increase in solids loadings is desirable
as it increases reactor residence time for a fixed
reactor volume and also reduces downstream diluent
treatment and recycling requirements. However, the
transfer of the product at high solids loadings is
more problematic and careful design and operating
practices are required to avoid polymer fouling and
blockage problems that would not have been experienced
at lower solids loadings. During, and as a result of,
the process of depressurising and devolatilising the
polymer stream withdrawn from the polymerisation
reactor, the temperature of the polymerreduces. It is
well known that the process of devolatilising and
desorbing the polymer is significantly enhanced by
maintaining the polymer at as high a temperature as
possible. Thus, in slurry loop processes the transfer
line between the polymerisation reactor and the
depressurisation (degassing) vessel for the polymer
stream is usually heated. As an example of a typical
process, in WO 04/ 031245 and WO 05/04487 1 the
take-off line from a loop polymerisation reactor
comprises a flashline containing the drawn-off slurry,



surrounded by a conduit which is provided with a
heated fluid such as low-pressure steam in order to
provide indirect heating to the slurry. However it is
also well known that the stickiness and susceptibility
of polymer being transferred to agglomerate and/or
foul transfer lines and vessels generally increases
with temperature, and problems of fouling or
agglomeration are becoming more significant with the
increasing solids loadings in the transfer system now
being utilised as mentioned above. As a result,
careful design of the transfer line from the
polymerisation reactor is required in order to achieve
sufficient heating to aid devolatilisation without
risking fouling or agglomeration of the solid polymer.
Devolatilisation of the polymer stream causes the
liquid phase of the stream to vaporise, resulting in
an increase in volume in the transfer line and a
consequent increase in stream velocity. However if the
velocity becomes too high it may exceed the sonic
velocity (the speed of sound in the medium), leading
to disruption of the flow. On the other hand, if the
initial velocity is too low there is an increased risk
of fouling or agglomeration of the solid polymer as
mentioned above. A further consideration is that in
large plants the transfer line has to be very long in
order to allow sufficient heating to take place, and
the length can be sufficiently great to impact the
spatial planning of the plant. This can create a
variety of problems such as footprint of the hardware
in the plant, and control of the conditions inside the
line. Often it is necessary to heat a significant
proportion of the transfer line length to satisfy the
heat input requirements. Thus it will be appreciated
that ensuring that the polymer stream arrives at the
degassing vessel at the desired temperature and
pressure and with the minimum of fouling/agglomeration
is a significant technical challenge. The present
invention seeks to optimise heating of the polymer
during its transfer from the reactor to the degassing
vessel and at the same time to maintain reliable
producttransfer, by particular construction of the
transfer line between the polymerisation reactor and
the degassing vessel for the polymer stream.
Accordingly in a first aspect the invention provides a
process for heating a polymer-containing stream being
transferred from a polymerisation reactor to a
degassing vessel, comprising passing the stream
through a heater comprising a transfer line for the
stream and means for heating the transfer line,
wherein the ratio of the average stream velocity at
the outlet of the heater to that at the inlet, is at
least 1.1, preferably between 1.5 and 4. It will be
appreciated that the polymer-containing stream passes
through some form of pipeline at all times from the
moment it leaves the polymerisation reactor until it
enters the degassing vessel. For the purposes of this
invention, the heater is considered to comprise the
portion of pipeline from the beginning of the heated
section (or first of the heated sections) until the
end of the heated section (or last of the heated
sections). In this context the term "heater" as used
hereinafter includes within its scope the possibility
of a number of heaters connected in series. The outlet
of the heater (or transfer line of the heater) is
considered to be at the end of the heated section of
the line, and the inlet of the heater is considered to
be at the start of the heated section of the line,
where the heated section of the line incorporates the
single heater or multiple heaters in series. By "line"
is meant any form of conduit suitable for transporting
a polymer-containing stream containing solids, liquid
and gas. Thus V and V0 are the average velocities at
the inlet and outlet of the transfer line/heater where
"inlet" and "outlet" are as defined above. By 



"average velocity" is meant the average velocity
across the entire cross-section of the stream at any
one point along the length of the transfer line, such
as the outlet or the inlet. For the process of the
invention it is important to maintain the average
velocity of the polymer-containing stream sufficiently
high to avoid the risk of fouling or blockages. We
have found that the design of the transfer line
according to the invention permits reliable operation
whilst controlling the ratio of V</Vj within the
preferred limits. Typical values for V are 3-20m/s,
and typical values for V0 are 30-80 m/s. It is
preferred that the transfer line for the stream is at
least 20m in length, and that the temperature of the
polymer-containing stream at the heater exit is above
the dew point of the stream, and the temperature of
the stream along the length of the transfer line is
maintained below the softening point of the polymer,
where the softening point of thepolymer is defined as
the Vicat softening temperature according to ASTM Dl
525, ISO 306 under a load of ION. Preferably, the
temperature of the polymer-containing stream at the
heater exit is 5- 800C, most preferably 10-300C, above
the dew point of the stream. It is also preferred that
the temperature of the internal surface of the
transfer line along its length is maintained below the
softening point of the polymer. The polymer-containing
stream is preferably withdrawn from a polymerisation
reactor prior to entry into the heater, and the heater
inlet is therefore linked directly to the
polymerisation reactor. It is also preferred that the
outlet of the heater is connected directly to a
degassing vessel, which is usually upstream of the
final polymer treatment and extrusion or upstream of a
further polymerization reactor. The stream may be
continuously withdrawn from the polymerisation
reactor, and may or may not contain active polymer.
The Vicat softening temperature according to ASTM Dl
525, ISO 306 is the temperature at which a flat-ended
needle penetrates a specimen of the polymer to a depth
of lmm under a load of 1ON. The temperature reflects
the point of softening to be expected when a material
is used in an elevated temperature application. A test
specimen, which is between 3mm and 6.5mm thick and at
least 10mm in width and length, is placed in the
testing apparatus (for example a ROSAND ASP 6
HDT/VICAT System) so that the penetrating needle,
which has a cross-sectional area at its tip of lmm 2,
rests on the specimen surface at least lmm from the
edge. A load of ION is applied to the specimen. The
specimen is then lowered into an oil bath at 23C. The
bath is raised at a rate of 5O0C per hour until the
needle penetrates lmm; the temperature at which this
occurs is the Vicat softening temperature. The
pressure drop across the transfer line per unit length
is preferably between 0.01 bar/m and 0.2 bar/m,
preferably between 0.0125 bar/m and 0.1 bar/m, most
preferably between 0.0125 bar/m and 0.04 bar/m.
Typical pressure at the heater inlet, P;, is 5-30
bara, preferably 10-25 bara. Pressure at the outlet P0
is typically 1.5-12 bara, preferably 7-1 1 bara. In
the case where the heater is positioned between a
polymerisation reactor and a degassing vessel, the
pressure drop in the heater is typically between 5%
and 50%, preferably between 10 and 35%, of the total
pressure drop between the polymerisation reactor and
the entry to the degassing vessel.By maintaining the
temperature of the polymer-containing stream at the
heater outlet above the dew point of the stream, but
the internal surface of the transfer line below the
softening point of the polymer, it is possible to
ensure that all of the liquid in the stream is
vaporised by the time the stream reaches the heater
exit, but at the same time the risk of 



fouling is minimised. In the case where the heater is
positioned between a polymerisation reactor and a
degassing vessel, the temperature of the internal
surface of the transfer line may be maintained above
the temperature of the reactor. For a polymer having a
density of 935-945 kg/m3 the process-side wall
temperature is typically controlled between 75 and
1300C, preferably between 85 and 1050C. For a polymer
having a density of 955-965 kg/m3 the process-side
wall temperature is typically controlled between 80
and 135C, preferably between 95 and 1100C. The outlet
temperature of the transfer line - specifically, the
internal wall temperature of the line at its outlet
immediately downstream of the final heated portion -
is preferably maintained a temperature higher than the
temperature of the internal wall of the line at its
inlet immediately upstream of the first heated
portion, more preferably at least 5C higher than the
inlet temperature. For the process of the invention it
is very desirable to maintain the average velocity of
the polymer-containing stream sufficiently high to
avoid the risk of fouling or blockages. By "average"
is meant the average velocity across the entire
cross-section of the stream at any one point along the
length of the transfer line. Hence it is preferred
that the average velocity at the inlet V, is at least
2 m/s, preferably at least 5 m/s and more preferably
at least 8 m/s. It is also desirable to maintain the
velocity below the sonic velocity. Accordingly it is
preferred that the average velocity at the outlet V0
is less than 80 m/s, preferably less than 70 m/s.
Preferably V0 is at least 20 m/s. It is preferred that
the ratio of average outlet velocity to average inlet
velocity (where outlet and inlet of the transfer line
are as defined above), Vo/V,, is at least 1.1,
typically between 1.2 and 15, preferably between 1.4
and 10, most preferably between 1.5 and 4. In a
preferred embodiment the process of the invention, in
the case where the heater is positioned between a
polymerisation reactor and a degassing vessel, the
polymercontaining stream is heated such that at least
90mol%, preferably at least 98mol% and most optimally
100mol% of the hydrocarbon fluids withdrawn from the
polymerisation reactor operation are vaporised before
entry into the degassing vessel. The degassingvessel
preferably operates at a pressure greater than 2 bara,
most preferably between 6 bara and 12 bara whilst
maintaining a pressure drop across the length of the
heater of less than 0.5 barh per tonne of polymer,
most preferably between 0.1 barh/te and 0.3 barh/te.
It has been found that this optimised low pressure
drop per unit of production can be reliably operated
even at high solids loadings at entry into the heater.
It is preferred that the solids content of the
polymer-containing stream is between 35wt% to 70wt%,
most preferably between 50wt% and 65wt% when the
stream enters the heater, and it is also preferred
that the velocity of the stream at the entry into the
heater does not vary by more than 15%, preferably no
more than 5%, in any 30 second period. One way in
which this can be achieved is by using a continuous
rather than discontinuous off-take from the
polymerisation reactor. Such high solids loading
operation combined with the expanding diameter heater
enables the pressure drop of the heater to be
minimised. The average Reynolds number across the
cross-section of the stream at any point along the
length of the transfer line of the heater should
always be greater than 500000, preferably between 1
million and 10 million, most preferably between 1.8
million and 5 million. The heating and
depressurisation of the polymer stream as it travels
along the transfer line to the degassing vessel causes
a progressive vaporisation of the liquid in the 



stream and a resultant increase in velocity along the
line. There are conflicting requirements to satisfy
when designing the transfer line in order to ensure
effective and reliable polymer transfer and heat
transfer. Whilst high velocities enhance heat transfer
and generally minimise fouling, they also lead to high
pressure drops along the line. It is important
therefore to be able to minimise transfer line length
and the required heat transfer area whilst achieving a
sufficiently de-volatised polymer at an acceptable
temperature. Regarding the construction of the heater
itself, it is preferred that the ratio of the transfer
line's outlet diameter D0 to its inlet diameter D Do/D
, is greater than 1, preferably between 1.2 and 10.
Typically it is at least 1.3, and commonly at least
1.4. However this ratio is preferably no more than 4,
and more preferably no more than 2, with a maximum of
1.9 being most preferred. We have found that
increasing the diameter of the transfer line along its
length allows a greater range of polymer-containing
stream flowrates to be accommodated by the heater. A
relatively small diameter at the inlet permits a
relativelyhigh velocity even at low flowrates,
reducing the risk of fouling; whilst a relatively
larger diameter at the outlet can avoid the risk of
the velocity exceeding the sonic velocity even at high
flowrates. Having such a range of capacities is
particularly valuable during start-up and shut-down
operations. In order to reduce the risk of downstream
blockages it is also preferred that the outlet
diameter D0 of the transfer line is smaller than the
solids outlet of the degassing vessel. D0 is defined
as the internal diameter of the transfer line at its
outlet, and D is the internal diameter of the transfer
line at its inlet, where the outlet and inlet of the
transfer line are defined as previously described. The
internal diameter D of the transfer line is preferably
at least 20mm, and more usually between 40mm and
200mm. Most preferred are internal diameters between
60mm and 150mm. The length L of the heater, and
therefore the transfer line, is preferably at least
20m, more preferably at least 30m, but usually no more
than 600m. A preferred range of lengths is from 50m to
500m, more preferably from 70m to 300m. It is
preferred that the ratio of the length L of the
transfer line to its average internal diameter Dave,
L/Dave, is from 500 to 10000, preferably from 1500 to
3500, and more preferably from 2000 to 3000. If the
transfer line is constructed from a number of sections
each of different diameters, Dave is the average
internal diameter of those sections weighted according
to the length of each section; alternatively it may be
calculated by reference to the total internal volume V
of the line, where V = (p Dave 2 L)/4. If the transfer
line increases in diameter along its length, It is
preferred that the increase occurs in discrete steps
rather than continuously. Typically there are one, two
or three increases in diameter along the length of the
pipe. It is preferred that one or all of the sections
of the line are generally upright rather than mounted
horizontally, so that the line has a smaller footprint
in the plant: in such a configuration, the first
section of the line preferably has its inlet at the
bottom such that the initial flow of material through
the transfer line is upwards. It is preferred that
less than 20%, most preferably less than 10% of the
length of the transfer line is horizontal, and
optimally the line is constructed substantially
without horizontal sections. In one embodiment at
least the inlet and exit of the heated transfer line
are oriented vertically such that the inlet flow
through the line is upwards and the outlet flow from
the line is 



downwards. In one embodiment of the invention, the
transfer line comprises a series ofsections connected
by bends (elbows), which are typically U-shaped such
that the line doubles back on itself one or more
times. The advantage of this configuration is that it
makes the transfer line more compact in the plant. The
sections between the elbows are usually straight. The
bends may be heated like the rest of the line, but
usually - in order to simplify the construction of the
heater - they are not heated. It is also generally
preferred that any expansion in diameter of the line
occurs in an unheated section of the line; therefore
sections of the line may be of different diameters
with the increases in diameter occuring at one or more
of the elbows, preferably at the exit of the elbow
such that the velocity reduces at the exit of the
elbow rather than at its inlet, and most preferably at
the exit of an elbow at the top of a vertically heated
section. The design of the expansion sections and the
bends in the transfer line is key to reliable
operation without fouling. The number of vertical or
horizontal sections between elbows making up the total
transfer line may be from 2 up to 10, although 3 to 7
sections is more common. The elbows of the transfer
line may have varying degrees of curvature. The radius
of the curve defined by the elbow may be expressed as
a multiple of the diameter D of the line at that
point. The elbows typically have radii of between 3D
and 3OD, with 5D-20D being most preferred to ensure
reliable operation without fouling whilst also
minimising the footprint of the line. As previously
stated the elbows are preferably U-shaped, although
alternative options such as L-shaped elbows that
permit a smooth flow path are not excluded. Obviously
a transfer line formed in sections may employ a
mixture of the above types of elbow, or indeed elbows
of other angles such as 60 or 120. It has been found
that the length of any one expansion section of the
transfer line should be greater than 0.25D, preferably
between 0.5D and 10D, most preferably between 0.75D
and 3D. It is preferred that each expansion section is
located immediately upstream or downstream of an
elbow, preferably immediately downstream of an elbow.
It is also preferred that the expansion is concentric,
although other expansion geometries are also possible.
The total specific heat transfer area of the transfer
line, which is its outer surface area in contact with
the heating means, is preferably at least 0.5m2 of
heat transfer area per tonne/h of production of
polymer, typically between 0.7 and 10, more preferably
between 1 and 5, most preferably between 1.5 and 3.5
of heat transfer area per tonne/h of production of
polymer.It is preferred that the heater inlet is at
approximately the same elevation as the exit of the
polymerisation reactor to which it is linked,
preferably the transfer line from the polymerisation
reactor to the heater inlet is essentially horizontal.
It is most preferred that the exit of the transfer
line (at the degassing vessel entry point) is at a
higher elevation than the inlet of the transfer line
and/or the outlet of the polymerisation reactor. The
means for heating the transfer line usually comprises
a jacket surrounding the line. The heater jacket may
be in the form of an electrical heater, but it is
preferred that it is in the form of a concentric pipe
surrounding the line through which a heating fluid is
passed. The most commonly used heating fluid is steam.
It has been found that conditions can be best
optimised by using desuperheated steam as the heating
medium, particularly where the maximum saturation
temperature is 0-300C, and preferably no greater than
100C, below the softening point of the polymer being
heated. Whichever form it takes, the jacket may either
provide the same heat input along the entire length of
the transfer line, or may 



provide differential heating at different parts of the
line. It is also possible that portions of the line
(such as bends) are unheated, as discussed above. We
have found that the optimum heat input along the
length of the transfer line is achieved with a design
such that temperature of the heating medium (or the
internal wall temperature of the line) is greater at
the inlet to the line than at its exit. Accordingly,
as the vapour fraction in the polymercontaining stream
as it passes along the line increases, it is preferred
that the heating medium temperature (or the internal
wall temperature of the line) is decreased. This can
be done in a continuously graded manner, or in a
number of discrete steps by means of sections of
different temperature. Most preferred however is a
jacket which operates at different temperatures in
different parts of the line, usually by having
independent supplies of the heating medium for each
section where a different temperature is required. In
a preferred embodiment of the invention, the transfer
line is heated by a concentric pipe using steam as a
heating medium. The outlet temperature of the transfer
line is preferably controlled using the steam
flowrate: for a given steam temperature this has the
benefit of enabling control of the transfer line wall
temperature, to ensure a lower temperature at low
polymer stream flowrates and a higher temperature at
higher flowrates when velocities are higher.One way of
increasing further the temperature of the
polymer-containing stream itself at the transfer line
outlet (apart from increasing the energy input into
the heater) is to increase the solids content of the
stream. This can be done by increasing the solids
content of the stream withdrawn from the
polymerisation reactor and/or by using a solids
concentrating device upstream of the transfer line.
The solids can carry more heat than the liquid or
gaseous components of the stream, thereby requiring a
lower input from the transfer line heater in order to
achieve the desired temperature. The use, upstream of
the transfer line, of a solids concentrating device
with an upstream diluent flush (as described in our
patent EPl 118624) is a preferred embodiment of the
present invention, and enables the monomer
concentration in the transfer line to be minimised,
thereby reducing the risk of fouling. It is preferred
that the pipe is easily separable along the length of
the heater to facilitate cleaning. Preferably the pipe
is flanged at 5-15m intervals. In the case where
heating is effected using a jacket containing a
heating fluid, it is preferred that the heating fluid
does not cover any flange. In order to maximise heat
transfer into the polymer-containing stream, the pipe
is preferably made from a material having a thermal
conductivity greater than 30Wm 2K 1, preferably
greater than 40 Wm 2K 1 . The pipe is typically
seamless, although seam welded pipe is preferred where
high heat transfer is required. It is preferred that
all of the polymer-containing stream exiting the
polymerisation reactor is passed through a single
transfer line, particularly at start-up or at times
when the velocity at the exit of a single heater is
less than 50 to 60 m/s. Such a transfer line may be
fed by one or more withdrawal lines from the reactor.
The stream withdrawn from the reactor may be
concentrated, preferably by gravitational or
centrifugal means, most preferably using a
hydrocyclone, prior to passing through the transfer
line. However it is also within the scope of this
invention to provide multiple parallel transfer lines
to accept the polymer-containing stream, each of which
is arranged according to the invention. Accordingly a
further aspect of the invention provides a process for
heating a polymercontaining stream being transferred
from a polymerisation reactor that is increasing its 



production rate to a degassing vessel, which comprises
a) passing the stream through a first heater or
heaters each comprising a transfer line for the stream
and means for heating the transfer line, and
increasing the flow-rate of the stream preferably
whilst maintaining thetemperature of the
polymer-containing stream at the exit of each heater
above the dew point of the stream, and the temperature
of the stream at any point along the length of the
each transfer line below the softening point of the
polymer, and then b) passing part of the stream
through an additional heater arranged in parallel to
the first heater, said additional heater also
comprising a transfer line for the stream and means
for heating the transfer line, preferably whilst
maintaining the temperature of the polymercontaining
stream at the exit of all heaters above the dew point
of the stream, and the temperature of the stream at
any point along the length of the all transfer lines
below the softening point of the polymer. A related
aspect of the invention provides a process for heating
a polymercontaining stream being transferred from a
polymerisation reactor to a degassing vessel, which
comprises a) passing the stream through at least two
heaters arranged in parallel and each comprising a
transfer line for the stream and means for heating the
transfer line, preferably whilst maintaining the
temperature of the polymer-containing stream at the
exit of each heater above the dew point of the stream,
and the temperature of the stream at any point along
the length of the each transfer line below the
softening point of the polymer, and decreasing the
flow-rate of the stream until the velocity at the exit
of the heater falls below 40m/s, and then b) shutting
down one of the heaters and passing the stream only
through the remaining heater or heaters. In an
alternative embodiment, part of the stream is diverted
through an additional heater arranged in parallel to
the first heater if either VJVi, falls to or below the
desired minimum (usually 0.8, preferably 1.3), or
alternatively if the pressure drop across the transfer
line per unit length exceeds the desired maximum
(usually 0.2 bar, preferably 0.1 bar), said additional
heater also comprising a transfer line for the stream
and means for heating the transfer line. In this
embodiment also, the temperature of the
polymercontaining stream at the exit of all heaters is
preferably maintained above the dew point of the
stream, and the temperature of the stream at any point
along the length of the all transfer lines below the
softening point of the polymer. In such a parallel
heater embodiment of the invention, not all of the
transfer lines may be required in service at any one
time. In a further embodiment the polymerisation
reactor has a plurality of withdrawal lines, each of
which has its own transfer line. Theinvention also
includes within its scope the use of single or
parallel solids concentrating devices, with the usual
arrangement being one solids concentrating devices
located upstream of each transfer line. In the
parallel heater embodiment, it is preferred that when
at least two heaters are operating, the average stream
velocity across any cross-section of each heater's
transfer line is maintained between 2 and 100 m/s,
most preferably between 10 and 70 m/s. The performance
of each transfer line can be monitored using
parameters including the steam flow into the heating
jacket or position of the steam valve to measure the
heat input (duty) to the stream, the pressure
difference across the heater and the reactor pressure
valve output to measure the flow or flow ratio into
each transfer line, the relationship between steam
flow and outlet temperature for each heater, mass
balance of the reactor to calculate the total flow
into all the heaters, and the difference between the
vapour 



temperature at the heater outlet and the dew point of
the process stream. Pressure drops across the transfer
lines of each heater are preferably essentially the
same as in the single heater embodiment as described
above. When operating more than one transfer line
(heater) in parallel, minor differences in
installation and operating conditions of the transfer
lines and associated upstream and downstream equipment
and pipework can result in the transfer lines having
unbalanced flows of slurry (loadings). Without
correction this can result in the transfer lines
needing to be commissioned or decommissioned more
often in order to maintain each within the correct
operating range. To avoid this, it is preferred that
the slurry loading on each transfer line is
automatically balanced by first determining the slurry
flow through each transfer line, then calculating the
average flow to all the transfer lines, and then
applying a bias to a control valve upstream of each
transfer line to adjust the feed rate in order to
bring the slurry loading of each transfer line to the
average value. Preferably this is accomplished using
the steam flow to the jacket surrounding each transfer
line (ie the amount of heating applied to each
transfer line) as a means for determining the slurry
flow through each transfer line, since the steam flow
is controlled to achieve the required temperature at
the outlet of the transfer line, and the outlet
temperature is determined by the slurry flow through
each transfer line. The average of the steam flow to
the transfer lines is then calculated and a bias is
then applied to a control valve upstream of each
transfer line to adjust the feed rate in order to
bring the loading of each transfer line, as measured
by thesteam flow, to the average value. The primary
control function of the feed valves to all the
transfer lines is to control the reactor pressure by
manipulating the overall feed from the reactor to each
transfer line. Thus all the control valves operate in
parallel, opening and closing together, with the
balancing control superimposed onto this action to
balance the load on the transfer lines. The slurry
loading on the transfer lines may alternatively be
determined by other means described previously, such
as flow/velocity or pressure drop. The overall feed to
the transfer lines may be controlled by directly from
reactor pressure or by flow control. An available
off-line heater should be commissioned when the chosen
indicator(s) of the heater performance indicates that
at least one of the on-line heaters is at 95%,
preferably 90%, and most preferably 80% or more of
maximum capacity. When two or more heaters are
operating in parallel, one of them should be shut down
when at least one of them is operating at less than
60%, preferably less than 40% of maximum capacity. A
simple indicator of heater capacity is the output of
the heater steam control valve, which controls the
input of steam into the jacket surrounding the heater
and hence the supply of heat to the heater: thus an
additional off-line heater is preferably commissioned
when the steam control valve to any one principal
heating section is greater than 90% open. In both
single heater and multiple parallel heater
embodiments, the flowrate of the polymer-containing
stream withdrawn from the polymerisation reactor is
preferably controlled using a pressure or flow control
valve, most preferably located between a solids
concentrating device and the transfer line heater
inlet. The control valve is designed to have a
pressure drop of between 45% and 90%, most preferably
50% and 80%, of the pressure drop between the reactor
and the entry to the first downstream vessel. The
heated transfer line is preferably designed to have a
pressure drop between 5% and 75%, most preferably
between 10 and 35%, of the pressure drop between the
reactor and the entry to the degassing vessel. The
ratio of the pressure drop across the control valve to
the pressure 



drop across the heater is between 0.8 and 5, most
preferably between 1 and 2. The polymer-containing
stream may contain a vapour component as well as a
liquid component. Typically the vapour fraction of the
fluid component of the polymercontaining stream at the
inlet of the heater varies from 5 to 60mol%. In one
preferred embodiment of the present invention where
there is a pressure or flow control valve upstream of
the heater, and the vapour fraction of the stream at
the heater inlet is between25 and 60mol%. The vapour
fraction of the fluid component of the stream at the
outlet of the heater can vary from 70 to 100mol%, it
is typically 95-100mol%, most preferably greater than
99mol%. This invention can be applicable to any
polymerisation process (eg gas-phase, slurry, or
solution) containing a polymer stream that needs to be
heated to volatilise liquid during depressurisation.
Processes for the co-polymerisation of olefins in the
slurry phase are well known in the art. Such processes
can be conducted for example by introducing the
monomer and comonomer into a stirred tank or
continuous loop reactor comprising polyolefin and a
catalyst for the polymerisation. The reactor is
typically controlled to achieve a desired melt index
and density for the polymer at an optimum production
and temperature. Polyethylene slurry polymerisation
processes typically withdraw polymer from the
polymerisation reactor with significant quantities of
liquid hydrocarbons, and the present invention is
therefore particularly relevant to such processes. The
slurry in such reactors typically comprises the
particulate polymer, the hydrocarbon diluent(s),
(co)monomer(s), catalyst, chain terminators such as
hydrogen and other reactor additives. In particular
the slurry will comprise 20-75, preferably 30-70
weight percent based on the total weight of the slurry
of particulate polymer and 80-25, preferably 70-30
weight percent based on the total weight of the slurry
of suspending medium, where the suspending medium is
the sum of all the fluid components in the reactor and
comprises the diluent, olefin monomer and any
additives; the diluent can be an inert diluent or it
can be a reactive diluent such as a liquid olefin
monomer. Where the principal diluent is an inert
diluent the olefin monomer typically comprises 2-20
wt%, more particularly 4-10 wt% of the slurry.
Polymerisation is typically carried out at
temperatures in the range 50-1250C and at pressures in
the range 1-100 bara. The catalyst used can be any
catalyst typically used for olefin polymerisation such
as chromium oxide, Ziegler-Natta or metallocene-type
catalysts. The product slurry comprising polymer and
diluent, and in most cases catalyst, olefin monomer
and comonomer can be discharged intermittently or
continuously, optionally using concentrating devices
such as hydrocyclones or settling legs to minimise the
quantity of fluids withdrawn with the polymer. This
invention is particularly related to polymerisation in
a loop reactor where the slurry is circulated in the
reactor typically by means of a pump or agitator.
Liquid full loopreactors are particularly well known
in the art and are described for example in US
3152872, US 3242150 and US 4613484. The loop reactor
is of a continuous tubular construction comprising at
least two, for example four, vertical sections and at
least two, for example four horizontal sections. The
heat of polymerisation is typically removed using
indirect exchange with a cooling medium, preferably
water, in jackets surrounding at least part of the
tubular loop reactor. The volume of the loop reactor
can vary but is typically in the range 20 to 170 m3.
In commercial plants, the particulate polymer is
separated from the diluent in a manner such that the
diluent is not exposed to contamination so as to
permit recycle of the 



diluent to the polymerization zone with minimal if any
purification. Separating the particulate polymer
produced by the process of the present invention from
the diluent typically can be by any method known in
the art for example it can involve either (i) the use
of discontinuous vertical settling legs such that the
flow of slurry across the opening thereof provides a
zone where the polymer particles can settle to some
extent from the diluent or (ii) continuous product
withdrawal via a single or multiple withdrawal ports,
the location of which can be anywhere on the loop
reactor but is usually adjacent to the downstream end
of a horizontal section of the loop. As previously
discussed, the operation of large diameter reactors
with high solids concentrations in the slurry
minimises the quantity of the principal diluent
withdrawn from the polymerisation loop. Use of
concentrating devices on the withdrawn polymer slurry
such as hydrocylones (single or in the case of
multiple hydrocyclones in parallel or series) further
enhances the recovery of diluent in an energy
efficient manner since significant pressure reduction
and vaporisation of recovered diluent is avoided. The
withdrawn, and preferably concentrated, polymer slurry
is usually depressurised prior to being transferred
via the heater of the present invention to a primary
flash vessel. The diluent and any monomer vapours
recovered in the primary flash vessel are typically
condensed, preferably without recompression, and
reused in the polymerization process. The pressure of
the primary flash vessel is usually controlled to
enable condensation with a readily available cooling
medium (e.g. cooling water) of essentially all of the
flash vapour prior to any recompression. The pressure
in said primary flash vessel is generally in the range
2-25 bara, more typically 5-20 bara and most often 6-1
1 bara. Thesolid material recovered from the primary
flash vessel is usually passed to a secondary flash
vessel to remove residual volatiles. Alternatively the
slurry may be passed to a flash vessel of lower
pressure than in the above mentioned primary vessel
such that recompression is needed to condense the
recovered diluent. Use of a high pressure flash vessel
is preferred. More specifically, an example of the
type of polymerisation process for which the invention
is particularly useful is the continuous
polymerization of olefins, preferably alpha mono
olefins, in an reaction zone, preferably an elongated
tubular closed loop. The olefin(s) is continuously
added to, and contacted with, a catalyst in a
hydrocarbon diluent. The monomer(s) polymerise to form
a slurry of solid particulate polymer suspended in the
polymerisation medium or diluent. The rate of
withdrawal of polymer product is controlled by a valve
upstream of the heater of the invention. The solids
concentration in the slurry in the reactor will
typically be above 20 vol%, preferably about 30 volume
%, for example 20-40 volume %, preferably 25-35 volume
% where volume % is [(total volume of the slurry -
volume of the suspending medium)/(total volume of the
slurry)]xlOO. The solids concentration measured as
weight percentage, which is equivalent to that
measured as volume percentage, will vary according to
the polymer produced but more particularly according
to the diluent used. Where the polymer produced is
polyethylene and the diluent is an alkane, for example
isobutane, it is preferred that the solids
concentration is above 30 wt% in particular above 40
wt%, for example in the range 40-60 wt% preferably
45-55 wt% based on the total weight of the slurry. We
have found that for high solids loadings, particularly
above 40wt%, reliable product withdrawal and heating
between the polymerisation reactor and 



the degassing vessel (as evidenced by fouling, flow
variations and/or heat transfer) can be maintained
within acceptable operating limits by use of the
heater of the invention. This type of process may
optionally be carried out in a multiple reactor
system. The second or any subsequent reactor of the
multiple reactor system may be another loop reactor or
any reactor for the polymerisation of olefins, for
example a fluidised-bed reactor. However, usually the
second or any subsequent reactor of the multiple
reactor system is another loop reactor. Such multiple
reactor systems can be used to make monomodal or
multimodal, preferably multimodal polymers.In the case
of multiple reactors in series, a first reactor of the
series is supplied with catalyst or prepolymer and
optionally the cocatalyst in addition to the diluent
and monomer, and each subsequent reactor is supplied
with, at least, monomer, in particular ethylene and
with the slurry arising from a preceding reactor of
the series, this mixture comprising the catalyst and a
mixture of the polymers produced in a preceding
reactor of the series. It is possible to supply a
second reactor and/or, if appropriate, at least one of
the subsequent reactors with fresh catalyst and/or
cocatalyst. However, it is more common to introduce
the catalyst and the cocatalyst exclusively into a
first reactor. In the case where the plant comprises
at least two reactors in series, the polymer of
highest melt index and the polymer of lowest melt
index can be produced in two adjacent or non-adjacent
reactors in the series. Hydrogen is maintained at (i)
a low (or zero) concentration in the reactor(s)
manufacturing the high molecular weight components,
e.g. hydrogen percentages including between 0-0. 1 vol
% and at (ii) a very high concentration in the
reactor(s) manufacturing the low molecular weight
components e.g. hydrogen percentages between 0.5-2.4
vol %. The reactors can equally be operated to produce
essentially the same polymer melt index in successive
reactors. When such reactor systems produce polymers
of molecular weights less than 50 kDaltons or greater
than 150 kDaltons there have in the past been observed
particular problems with reactor fouling and
agglomeration in the heater between the polymerisation
reactor and the degassing vessel. These problems can
be accentuated by high polymer solids concentrations
in the heater. This is another problem which can be
ameliorated by use of the heater of the present
invention. EXAMPLE 1 A polymerisation reactor
polymerising ethylene and hexene comonomer in
isobutane diluent is operated at 4 1 bar pressure and
at a temperature of 95C. This discharges a
polymer-containing stream which is in the form of a
slurry, the liquid component of which essentially
comprises 91mol% isobutane, 8mol% unreacted ethylene
and lmol% hexene. The solids content of the slurry is
about 40wt%, comprising polyethylene having a density
of 940 kg/m3 and also some unused catalyst. These are
the same conditions as in Example 1.The slurry from
the reactor passes through a pressure control valve to
lower the pressure, before entering the heater of the
invention. Conditions at the inlet to the heater are:
Temperature: 82.4C Pressure P;: 17.4 bara Velocity VJ:
10.7 ms 1 Reynolds number: 1.72 million Solids
concentration of 40wt%; of the remaining fluid phase,
40wt% is vapour and 60wt% liquid. 



The heater is 187m in length and comprises 3 straight
and vertical sections each of 58m length, which are
connected by 180 elbows; the elbows together
contribute 13m of the total length and are not heated.
All the sections have an internal diameter of 78mm and
wall thickness of 5.5mm, giving a value of L/Dave of
about 2397. The thermal conductivity of the entire
pipe wall is 46.4 W/mK. The heater element is in the
form of concentric outer tubes extending along each of
the 26m sections, through which is passed
desuperheated steam. The slurry passes through the
heater at a rate of 15 tonne/hour. The length and
diameter of the pipe, the heat input in the heater
from the heating medium to the slurry, and the
velocity and initial solids content of the slurry are
all calculated to ensure that the heat transfer to the
slurry during its passage through the heater is
sufficient to ensure that the liquid phase is entirely
vaporised by the time the slurry exits the heater. The
slurry exits the heater at a temperature of 76C, a
pressure P0 of 9 bara and a velocity V0 of 63.3 m/s
(Vo/Vj = 5.9), with a Reynolds number of 3.3 million.
This equates to a pressure drop across the heater of
0.045 bar/m. At this pressure, the dewpoint of the
vapour would be about 60.80C, so the stream is 15C
above the dewpoint, and the liquid is completely
vaporised with no danger of any condensation of the
vapour as it exits the heater. The internal wall
temperature of the heater is between 89C and 93C
throughout the length of the heater; this compares
with a softening point of the polymer of about 1280C.
The heat transfer coefficient from steam to slurry
across the wall of the heater is calculated as 984
WAn2K. EXAMPLE 2In this Example, the heater has a
lower L/DaVe ratio, but also an increasing diameter. A
polymerisation reactor polymerising ethylene and
hexene comonomer in isobutane diluent is operated at
40 bar pressure and at a temperature of 95C. This
discharges a polymer-containing stream which is in the
form of a slurry, the liquid component of which
essentially comprises 91mol% isobutane, 8mol%
unreacted ethylene and lmol% hexene. The solids
content of the slurry is about 40wt%, comprising
polyethylene having a density of 940 kg/m3 and also
some unused catalyst. The slurry from the reactor
first passes through a hydrocyclone to concentrate the
solids to 50wt% and then a pressure control valve to
lower the pressure, before entering the heater of the
invention. Conditions at the inlet to the heater are:
Temperature: 76C Pressure P1: 14.4 bara Velocity V1:
16.6 ms 1 Reynolds number: 2 million Solids
concentration of 50wt%; of the remaining fluid phase,
40wt% is vapour and 60wt% liquid. The heater is 152m
in length and comprises 5 straight and vertical
sections each of 26m length, which are connected by
180 elbows; the elbows together contribute 22m of the
total length. Each of the first three sections has an
internal diameter of 78mm whilst each of the remaining
two sections has an internal diameter of 102mm. The
single increase in diameter occurs at the exit of the
elbow connecting the third and fourth sections. Thus
the heater has a value of O0 O 1of 1.33 and a value of
L/Dave of about 1730. The thickness of the 78mm
diameter pipe wall is 5.5mm, and the thickness of the
102mm diameter pipe wall is 6.0mm. As in Example 1 the
thermal conductivity of the entire pipe wall is 46.4 



W/mK, and the heater element is in the form of
concentric outer tubes extending along each of the 58m
straight sections, through which is passed
desuperheated steam. The slurry passes through the
heater at a rate of 20 tonne/hour. The length and
diameter of the pipe, the heat input from the heater,
and the velocity and initial solids content of the
slurry are all calculated to ensure that the heat
transfer to the slurry during its passage through the
heater is sufficient to ensure that the liquid phase
is entirely vaporised by the time the slurry exits the
heater. The slurry exits the heater at a temperature
of 8O0C, a pressure P0 of 10 bara and a velocity V0 of
30 m/s (V0A 1= 1.78), with a Reynoldsnumber of 2.7
million. This equates to a pressure drop across the
heater of 0.03 bar/m. At this pressure, the dewpoint
of the vapour would be about 650C, so the stream is
15C above the dewpoint, and the liquid is completely
vaporised with no danger of any condensation of the
vapour as it exits the heater. The internal wall
temperature of the heater is between 89C and 930C
throughout the length of the heater; this compares
with a softening point of the polymer of about 1280C.
The heat transfer coefficient from steam to slurry
across the wall of the heater is calculated as 600
WAn2K.CLAIMS : 1. Process for heating a
polymer-containing stream being transferred from a
polymerisation reactor to a degassing vessel,
comprising passing the stream through a heater
comprising a transfer line for the stream and means
for heating the transfer line, wherein the ratio of
the stream velocity at the outlet of the heater to
that at the inlet, V0A i, is at least 1.1, typically
between 1.2 and 4. 2. Process according to claim 1,
wherein the transfer line for the stream is at least
20m in length, the temperature of the
polymer-containing stream at the heater exit is above
the dew point of the stream, and the temperature of
the stream along the length of the transfer line is
maintained below the softening point of the polymer,
where the softening point of the polymer is defined as
the Vicat softening temperature according to ASTM Dl
525, ISO 306 under a load of ION. 3. Process according
to claim 1 or 2 in which the polymerisation reactor is
increasing its production rate, which comprises a)
passing the polymer-containing stream through a first
heater or heaters each comprising a transfer line for
the stream and means for heating the transfer line,
and increasing the flow-rate of the stream whilst
maintaining the temperature of the polymer-containing
stream at the exit of each heater above the dew point
of the stream, and the temperature of the stream along
the length of the each transfer line below the
softening point of the polymer, and then b) passing
part of the stream through an additional heater
arranged in parallel to the first heater, said
additional heater also comprising a transfer line for
the stream and means for heating the transfer line,
whilst maintaining the temperature of the
polymer-containing stream at the exit of all heaters
above the dew point of the stream, and the temperature
of the stream at any point along the length of the all
transfer lines below the softening point of the
polymer. 4. Process according to claim 3, wherein part
of the stream is passed through said additional heater
when at least one of the on-line heaters is at 80% or
more of maximum capacity.5. Process according to claim
1 or 2, which comprises a) passing the
polymercontaining stream through at least two heaters
arranged in parallel and each comprising a transfer
line for the stream and means for heating the transfer
line, 



whilst maintaining the temperature of the
polymer-containing stream at the exit of each heater
above the dew point of the stream, and the temperature
of the stream along the length of the each transfer
line below the softening point of the polymer, and
decreasing the flow-rate of the stream until either
the velocity at the exit of the heater falls below
40m/s, and then b) shutting down one of the heaters
and passing the stream only through the remaining
heater or heaters. 6. Process according to claim 5,
wherein one of the heaters is shut down when at least
one of them is operating at less than 60%, preferably
less than 40% of maximum capacity. 7. Process
according to any preceding claim, wherein the
temperature of the polymer-containing stream at the,
or each, heater exit is 5-200C, preferably 10- 15C,
above the dew point of the stream. 8. Process
according to any preceding claim, wherein the
temperature of the internal surface of the or each
transfer line at any point along its length is
maintained below the softening point of the polymer.
9. Process according to any preceding claim, wherein
the temperature of the stream at any point along the
length of the or each transfer line, and optionally
also the internal surface of the or each transfer line
at any point along its length, is maintained at 10 0C
or more below the softening point of the polymer,
preferably 200C or more below the softening point. 10.
Process according to any preceding claim, wherein the
outlet of the or each transfer line is linked directly
or indirectly to a degassing vessel.11. Process
according to claim 10, wherein the inlet of the or
each transfer line is linked directly to a
polymerisation reactor. 12. Process according to claim
11, wherein the pressure drop in the or each heater is
between 5% and 50%, preferably between 10 and 35%, of
the total pressure drop between the polymerisation
reactor and the entry to the degassing vessel. 13.
Process according to claim 11 or 12, wherein prior to
entering the or each heater, the polymer-containing
stream passes through a pressure control valve which
introduces a pressure drop of between 45% and 90%,
preferably 60% and 80%, of the total pressure drop
between the polymerisation reactor and the entry to
the degassing vessel. 14. Process according to claim
13, wherein the ratio of the pressure drop across the
pressure control valve to the pressure drop across the
or each heater is between 0.1 and 2, preferably
between 0.2 and 0.5. 15. Process according to any one
of claims 11 to 13, wherein the polymer-containing
stream is heated in the or each heater such that at
least 90mol%, preferably at least 98mol% of the
hydrocarbon fluids withdrawn from the polymerisation
reactor are vaporised before entry into the degassing
vessel. 16. Process according to any one of claims 9
to 15, wherein the stream withdrawn from the reactor
is concentrated prior to passing through the or each
heater, preferably using a hydrocyclone. 17. Process
according to any one of claims 11to 16, wherein the
polymer-containing stream is continuously withdrawn
from the polymerisation reactor. 18. Process according
to any preceding claim, wherein the pressure P1at the
or each heater inlet is 5-30 bara, preferably 10-25
bara.19. Process according to any preceding claim,
wherein the pressure P0 at the or each 



heater outlet is 5-12 bara, preferably 7-1 1 bara. 20.
Process according to any preceding claim, wherein the
pressure drop across the or each transfer line per
unit length is between 0.01 bar/m and 0.2 bar/m,
preferably between 0.0125 bar/m and 0.04 bar/m. 21.
Process according to any preceding claim, wherein the
inlet velocity Vi is at least 2 m/s, preferably at
least 5 m/s and more preferably at least 8 m/s. 22.
Process according to any preceding claim, wherein the
outlet velocity V0 is less than 80 m/s, preferably
less than 70 m/s. 23. Process according to any
preceding claim, wherein the Reynolds number at any
point within the transfer line of the or each heater
is always greater than 500000, preferably between 1.8
million and 5 million. 24. Process according to any
preceding claim, wherein the solids content of the
polymer-containing stream when it enters the or each
heater is between 35wt% to 70wt%, most preferably
between 50wt% and 65wt%. 25. Process according to any
preceding claim, wherein the polymer-containing stream
contains active polymer. 26. Process according to any
preceding claim wherein the or each heater is arranged
in the form of multiple parallel transfer lines each
of which is adapted to accept the polymer-containing
stream. 27. Process according to claim 26, wherein the
flow of polymer-containing stream through each
transfer line is balanced by first determining the
slurry flow through each transfer line, then
calculating the average flow to all the transfer
lines, and then applying a bias to a control valve
upstream of each transfer line to adjust thefeed rate
in order to bring the slurry loading of each transfer
line to the average value. 28. Process according to
claim 27, wherein the slurry flow through each
transfer line is determined by measuring the steam
flow to the heating jacket surrounding each transfer
line. 


