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Description

[0001] Process for The Preparation Of An Artificial Latex Technical Field
[0002] The present, invention concerns a process of producing artificial latex, comprising a man-made emulsion of a
rubber in water. More in particular, the invention concerns the preparation of a conjugated diene polymer latex, more
specifically an isoprene rubber latex.

Background Art

[0003] Both natural and synthetic rubber latexes are emulsions of rubber in water. The emulsions are stabilized with
proteins or surface-active agents. The median diameter of rubber particles average varies from 0.5 to 2.0 micron. It may
be as low as 0.1 micron for some synthetic latexes and tends to be nearly 1 micron for natural latex. The term "latex" is
applied to synthetic as well as natural products, and stems from the botanical name of the milky fluid that is derived from
rubber trees and which is the source of natural rubber. The term "serum" is used for the aqueous medium.
[0004] The process of producing emulsions of rubber in water has been known for many years. For instance, in
US2595797 a process with the following steps is disclosed:

1. preparing a solution of a rubber like polymer in a water-insoluble volatile organic solvent in a concentration
sufficient for emulsification
2. introducing the solution under pressure into water containing a surface active agent (e.g., dioctyl ester of sodium
sulfo-succinic acid)
3. adding an antifoamant (e.g., polysilicone oil) and agitating the mixture until emulsion is obtained
4. removing the solvent by flashing (whilst avoiding excessive foaming)
5. concentrating the solids content of the emulsion by allowing the emulsion to stand for 24 hours and removing the
serum (containing less than 2% solids.

[0005] In US 2799662 a similar process is described. The method consists of a number of integrated steps which
include the dissolving of the dry polymeric material (e.g., rubber) in a suitable selected solvent, dispersing the thus
prepared polymer solution into a carefully selected and adjusted water-emulsifier system and, finally, stripping out the
solvent to leave the polymer dispersion. According to this reference, in the preparation of the aqueous emulsifier system,
it is highly desirable to have two emulsifiers present, one of the type which is hydrocarbon soluble (e.g., alkali metal
petroleum sulfonates having 20 to 21 carbon atoms arranged in an alkyl-aryl structure) and one of the water soluble
type (e.g., alkali metal sulphate derivatives of higher alcohols). Emulsification of the polymer solvent mixture and the
aqueous emulsifier mixture is accomplished under conditions preventing flashing of the solvent.
[0006] The problem of emulsion stability when stripping off the solvent is addressed in US 2871137, which provides
a method for preparing emulsifying agents based on the hydrocarbon polymers that are emulsified.
[0007] A method for preparing stable emulsions of polymeric or resinous materials is furthermore described in
US2947715. This is accomplished by dissolving the rubber or resin in a suitable solvent, adding a creaming agent to
the polymer solution during emulsification, and creaming the resultant latex prior to removal of the solvent, removing
the solvent and then again creaming the solvent-free latex.
[0008] In US2955094, ortho-phosphoric acid and organic sulphate salts are used as emulsifiers in the preparation of
emulsion latexes from hydrocarbon polymers. As indicated in this reference, experience has shown that latexes are
relatively unstable and tend to coagulate when subjected to mechanical stress. Mechanical instability may be brought
about by the simple movement of an agitator stirring the colloid. Maintenance costs are increased because the equipment
becomes coated with the coagulated rubber and furthermore, an appreciable quantity of the rubber is lost. Another type
of instability encountered with polymer latexes is that they oil-out and develop coagulum during the solvent stripping step.
[0009] US3250737 sets out to produce concentrated latexes of synthetic elastomers from organic solutions thereof
in a manner that is both rapid, efficient and economical. This is accomplished by mixing a solution of a synthetic elastomer
in an organic solvent, water and an emulsifying agent, homogenizing the mixture at least until the resulting emulsion is
stable, stripping the organic solvent at elevated temperatures and pressures below conditions at which water boils,
centrifuging the resulting dilute aqueous latex, recovering and recycling the aqueous serum from the said centrifuging
step and recovering the concentrated latex. This reference concentrates on the steps of flashing and centrifuging, it is
immaterial how the hydrocarbon solution is made.
[0010] In EP-A-0 339 559 a process for the preparation of elastomeric latex water emulsions is described by continuous
emulsification and semi continuous stripping. The elastomer is mixed with an organic solvent and the mixture obtained
is then homogenized with an aqueous solution comprising water and emulsifying agents to form an emulsion. The
aqueous emulsion obtained is then transferred to a stripper for removal of the organic solvent at a temperature of 60-70°C
under vacuum. The stripping of the solvent is performed in a reactor containing a stirrer and being equipped with a feed
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inlet, a vent outlet, a product outlet. However, the latex comprising the rubber is not recycled into the stripper for an
additional evaporation of the solvent.
[0011] In US-A-3 503 917 a process for the preparation of aqueous lattices of polymers such as synthetic rubbers
involves the steps of preparing an oil-in-water emulsion comprising the rubber, water and emulsifiers and removing the
solvent by incorporating in the mixture a heated recycled stream of emulsion having a lower content of solvent. The
oil/water emulsion containing less solvent is not recycled into the system for allowing the solvent to be further evaporated.
The process of US-S-3 503 917 does not comprise a heated recycling loop of the artificial latex.
[0012] The process of US-A-3 003 930 relates to the removal of organic solvent from a polymer latex comprising a
solvent, water and emulsifier. The raw polymer latex is fed through the inlet located at the top of a stripping tower while
heat is supplied from the hot recycled latex fed on to three other inlets of the tower. The tower consists in a zig-zag
arrangement of plates in order to eliminate re-entrainment of vapour in the latex. The recycled latex is heated. In US-A-
3 003 930 the hot recycled latex in mixed with the oil/water emulsion in the tower, in other words the hot artificial latex
is not mixed with the oil-in-water emulsion in a heated loop before the solvent is allowed to evaporate in the tower.
[0013] To give an impression of the overall process as described in the prior art, reference is made to the process in
Chapter 9 of the Stanford Research Institute, PEP Report No. 82 of December 1972. Thus, a solution of polyisoprene
in isopentane is fed to a premix tank, where it is premixed with a surfactant solution (mostly serum recycle) from the
serum storage. The mixture is fed to an emulsification loop in which the recycle to fresh feed ratio is about 2/1. The
emulsifier is a high speed (3,500 rpm) centrifugal pump. The emulsion passes to a hold tank where the emulsion is held
for 3 hours, permitting any "cream" (emulsion with oversize particles) to rise to the top and be recycled. About 1%
emulsion is thus recycled to ensure complete emulsification of any minor amount not previously fully emulsified. If any
portion of the emulsified cement is in the form of oversize particles when the solvent is flashed or stripped from this
portion, the resulting polymer cannot remain in colloidal suspension, but will deposit out and foul the equipment. From
the hold tank, the emulsion is passed to a heater where a substantial portion of the solvent (but only a minor portion of
water) is vaporized into gaseous bubbles, causing formation of a foam resembling whipped cream. The foam passes to
a time tank to allow the solvent to reach its equilibrium concentration relative to the polymer throughout the foam. The
foam is then cooled to 110°F at about 10 psig, causing the solvent to condense and the foam to collapse. The condensed
solvent forms a separate liquid phase from the aqueous emulsion phase. The mixture passes through a coalescer packed
with steel wool.into a separator. The separated solvent is transferred to the solvent surge tank. The emulsion is centrifuged
and concentrated in a centrifuge where a quantity of serum is separated out and recycled to the serum storage tank.
Since the polymer particles in the concentrated emulsion still contain solvent, the emulsion is passed through a second
stage of foam formation, collapse and phase separation. The second stage separated solvent is also transferred to the
solvent surge tank. The second stage emulsion phase is heated to 180°F in a flash heater to flash off the remaining
solvent in a flash tank. This solvent is condensed and stored in the solvent surge tank. Some water is also flashed from
the flash tank, and is condensed, separated, and recycled to the surfactant solution tank. The latex from the flash tank
contains about 24% rubber solids. It is cooled to 110°F in an emulsion cooler, concentrated to 64% in a centrifuge and
finally collected and stored in a latex product storage vessel. The serum spun out in the concentration step is recycled
to the serum storage vessel.
[0014] Solvent removal from the emulsion comprising synthetic elastomer, 50-60 wt% solvent, water and emulsifying
agent (surfactant) may comprise "weathering", by which is meant relatively quiescent storage periods under conditions
whereby the solvent gradually evaporates. However, in most current applications (surgical gloves and condoms, for
instance) the presence of residual solvent is not acceptable. Thus, solvent removal generally comprises flashing oper-
ations, distillation, or a foaming operation followed by phase separation of the solvent from the dilute latex. These
processes may lead to a reduction in solvent content of 150 ppm or less after removal (calculated on a dilute aqueous
rubber emulsion; the solvent content increases when the dilute aqueous emulsion is concentrated). The removal of
solvent in the prior art processes is not without problems though.
[0015] Each of these operations are generally well understood and broadly disclosed in the art. However, that is not
to mean that this step, requiring the removal of a solvent from a multiphase system without destabilizing the emulsion,
is not a difficult one. Indeed, this step cannot be compared to the removal of a solvent from a simple two component
system (water/solvent). Rather, given the presence of high molecular weight material, surfactant, low boiling hydrocarbon
solvents, etc., this step often leads to a significant waste of latex material due to coagulation of the particles of emulsified
rubber and fouling of the equipment. This is the reason that the solvent is removed in a multistep process at relatively
equal solvent reduction steps. Other problems encountered at this stage are the reduced through-put and/or the increased
energy consumption to reduce the solvent to the required low levels. A further problem is the residual level of foam
control agents in the final product, which - together with the residual solvent content - should be as low as possible.
[0016] It is therefore an object of the present invention to provide an improved process of producing an artificial latex,
wherein loss of material and fouling of the equipment in a solvent removal operation conducted in two or more steps is
significantly reduced, in a manner that is more efficient in terms of through-put and energy consumption.
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Disclosure of the Invention

[0017] Accordingly, the invention provides a process for the preparation of an artificial latex, comprising the steps:

(a) emulsification of a cement comprising’ a rubber dissolved in a suitable organic solvent, together with an aqueous
surfactant solution, thus forming an oil-in-water emulsion;
(b) step-wise reduction of the solvent content of the oil-in-water emulsion in two or more stages resulting in an
artificial latex characterized in that stage 1 of step (b) part of the solvent is removed by mixing part of the artificial
latex, heated to a temperature above the boiling point of the solvent with the emulsion and allowing the solvent to
evaporate. In addition, the invention provides a continuous stirred vessel (1) for removing an organic solvent from
an oil-in-water emulsion comprising rubber dissolved in an organic solvent, and emulsified with an aqueous surfactant
solution to form an artificial latex with a reduced content of organic solvent, which vessel is equipped with a stirrer
(2), a feed inlet (3), a vent outlet (for vaporized solvent and water) (4) and a product outlet (5), wherein the feed inlet
(3) and the product outlet (5) are part of a reboiling loop (6) for recycling part of the aqueous emulsion product,
wherein the reboiling loop (6) further comprises a product discharge outlet (7), optionally an inlet for a foam control
agent(8), a circulation pump (9), a heating means (e.g., a heat exchanger) (10), an inlet for the oil-in-water emulsion
(11), and optionally a steam-inlet (12).

Drawing

[0018] Scheme I in Figure 1 is a schematic representation of a comparative procedure for reducing the solvent content
in an artificial latex process. The vessel (1) that is used is a continuously stirred vessel under steady state conditions
equipped with a stirrer (2), a feed inlet (3), a vent outlet (4) and a product outlet (5). Moreover, the vessel has an inlet
(12) for steam and inlets (8) and (11) directly connected to the vessel. The vent (4) is provided for the gaseous overheads,
consisting of vaporized solvent and water vapours. In Figure 1 a jacketed vessel is shown (wherein the jacket is heated
by water or oil; whereas the vessel contents are additionally heated by steam).
[0019] Scheme II in Figure 2 is a schematic representation of a vessel as can be used in the process of the current
invention. In this set-up the use of steam is optional. The hydrocarbon solvent is vaporized (flashed), by contact of the
emulsion feed with part of the product stream, which has been heated to a temperature above the boiling point of the
solvent in a heating means, e.g. the heat exchanger (10). The heat exchanger is therefore positioned preferably upstream
of the joint combining the recycled product (an artificial latex with reduced solvent content) and the oil-in-water emulsion.
In Figure 2 an insulated vessel may also be used. It should also be appreciated that the vessel may be equipped with
more than one reboiling loop.
[0020] The feed in both cases is the oil-in-water emulsion, comprising an emulsified mixture of rubber, surfactant,
water and hydrocarbon solvent. Also, as discussed hereafter a foam control agent (FCA) may be used, and indeed
preferably is used in the solvent reduction step (b).
[0021] The bottom zone of the vessel comprises a liquid phase, stripped of vaporized solvent, corresponding to the
product of the stage 1 solvent reduction, with a lighter foam layer on top.
[0022] In steady state conditions this is kept at about the same level during operation. This bottom zone comprises
from 15 to 25%, preferably 20% of the height of the reactor vessel. The gas cap comprising the top part of the vessel
and comprises from 20 to 10%, preferably 20% of the height of the reactor vessel. If it is less than 10%, then there is a
risk of foam entrainment at the vent outlet (4). If it is more, then the vessel is obviously not running at optimal capacity.
The zone in between, which therefore covers 45 to 75% of the height of the vessel, is filled with the foam generated
during the solvent removal process. At equilibrium (stead state) the vessels operate at about essentially constant tem-
perature and near to atmospheric pressure.

Mode(s) for carrying out the Invention

[0023] In the process of the present invention, cement is formed by dissolving a rubber in a suitable hydrocarbon
solvent. The rubber that is used to form the artificial latex can be any polymer, typically made by solvent polymerization,
known in the art. This includes for example polyisobutylene and copolymers thereof, polyvinyl compounds such as acrylic
and methacrylic acid esters and polyvinyl ethers and also cellulose derivatives, copolymers of styrene and conjugated
diene(s) and or acrylonitrile and (co)polymers of diolefins. A further class of polymers are copolymers prepared from
ethylene and one other monoolefin having up to 8 carbon atoms, such as the elastomeric copolymer of ethylene and
propylene, the copolymer of ethylene and butane-1, and the like. Still another class of rubber like polymers are terpolymers
obtained from ethylene, propylene and a diene such as 1,5-hexadiene and the like.
[0024] Of particular interest are (co)polymers of styrene and conjugated diene(s), which may be random polymers or
block copolymers (containing homopolymer blocks and/or copolymer blocks.
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[0025] Of even greater interest are (co)polymers of diolefins, with butadiene and isoprene as representatives of the
dienes. Preferably, these (co)polymers, are polymerized by solution polymerization to a high cis-1,4-content (at least in
the order of 90%). These (co)polymers are further characterized by a (very) high molecular weight, typically in the range
of at least 1,000,000 g/mole. Most preferably, they are made by anionic polymerization in the presence of a lithium
catalyst, thus ensuring a very low ash content. However, they may also be made with a Ziegler type catalyst or catalyst
based on Neodymium. Most preferably, the rubber like polymer is isoprene rubber, for instance any one of the grades
commercially available from KRATON Polymers.
[0026] Note that the process of the present invention can also be utilized in the case when an artificial latex is made
using bales of natural rubber.
[0027] The rubber, preferably isoprene rubber, may be dissolved in any suitable solvent. As for the solvent to be
selected, its choice will depend somewhat on the exact nature of the rubber and the boiling point of the solvent itself. It
is necessary that a solvent be used which will (quickly and easily) dissolve the rubber. For the less polar polymers used
as rubber, the aliphatic hydrocarbon solvents having from four up to about ten carbon atoms are useful. These include
isopentane, cyclopentane, n-pentane, the hexanes, the heptanes, octane, and the like. Preferably a solvent is used with
a boiling point below 82 degrees Centigrade, preferably of at most 55 degrees Centigrade, more preferably selected
from n-pentane, cyclopentane, n-hexane, cyclohexane, isomers and mixtures thereof. For isoprene rubber, the preferred
solvent is n-pentane.
[0028] The amount of the rubber dissolved in the solvent will depend on and be limited by the solubility of the polymer
in the solvent. In the case of isoprene rubber, the preferred amount, described as solids content, is less than 20 percent
by weight, preferably from 8 to 17 percent by weight, more preferably from 10 to 15 percent by weight. Another way to
define the maximum amount of rubber is by the dynamic low shear viscosity of the cement, which should preferably be
at or below 20,000 centipoises (Brookfield viscosity at room temperature).
[0029] The rubber may be dissolved into the solvent by any ordinary means. For instance, it may be dissolved in the
solvent in a stirred tank.:There are no specific conditions with respect to this preparatory step. Obviously, the safety
conditions set out by the equipment manufacturer must be followed, and degradation of the rubber must be avoided.
[0030] After the cement is formed by dissolving the rubber in a suitable solvent, it is emulsified together with an aqueous
surfactant solution to form an oil-in-water emulsion. With regard to the aqueous surfactant solution to be utilized, in
principle any surfactant may be used. However, since the problem underlying the invention is to avoid foreign material
that restricts the use of the latex so produced, the surfactant is preferably food and skin contact approved. For preparation
of an IR latex, preferably a food and skin approved rosin acid type surfactant is used. Rosin acid type surfactants are
preferred because of their relatively low foaming tendency.
[0031] The surfactant may be used in a concentration of between 0.5 and 5.0% by weight in water. More preferably,
it is used in a concentration of between 0.75 and 3.0 %wt, still more preferably between 0.9 and 1.5 %wt. While more
concentrated solutions may be used, they generally provide no advantages. Note in this regard that the hardness of the
water used for the preparation of the surfactant solution can be important. Preferably very soft water (0-4 DH) or soft
water (4-8 DH) is used for the preparation of the surfactant solution. Any ordinary means for making an aqueous surfactant
solution may be used.
[0032] The volume ratio of aqueous surfactant solution versus cement is also rather predefined. Using too little aqueous
surfactant may lead to a phase inversion, whereas using a significant excess will be troublesome in the subsequent step
of removing the hydrocarbon solvent and in the subsequent step of concentrating the aqueous emulsion. Typically, the
cement/surfactant ratio will be in the range of from 1:1.5 to 1:3.0, preferably of from 1:2.0 to 1:2.5, by volume. Conse-
quently, the initial solvent content is preferably about 50-60 %wt.
[0033] Emulsification of the cement with the aqueous surfactant solution may be carried out using a homogenizer or
any similar means. Preferably a homogenizer or series of homogenizers is used that generates a stable oil-in-water
emulsion with particles in the size upon solvent removal of from 0.5 to 2 mm (median diameter). Neither coarser nor finer
particle sizes bring any advantages.
[0034] It is worthwhile to note again that the removal of a solvent from a multicomponent system has been found to
be not as straightforward as one would expect. The starting product is an oil-in-water emulsion, which in itself is rather
complex. The solvent need to be removed from the emulsified "oil", without these emulsified particles destabilizing and
coagulating. Moreover, for the subsequent use of the artificial latex, e.g. in the preparation of gloves and condoms, the
amount of residual solvent need to be reduced to very low levels. Also the levels of foam control agent need to be low.
Economically feasible processes moreover need to be able to create high throughputs which is difficult to achieve the
more solvent is to be removed. The same is true for the energy consumption (heat required to evaporate the solvent).
[0035] To meet these contradictory requirements, the solvent removal step according to the present invention requires
at least two solvent removal stages, whereby a significant solvent reduction is achieved in the first stage, followed by a
second stage removal wherein the final low solvent levels are achieved.
[0036] The second stage is preferably carried out by stripping the solvent under elevated temperature and decreasing
pressure conditions, above the boiling point of the solvent but below the boiling point of water, preferably a temperature
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in the range of 70-85 degrees Centigrade and pressure 0.2-1.0 bara. The second stage may be carried out in a single
vessel or multiple vessels in series.
[0037] The first stage is preferably carried out by stripping the solvent under elevated temperature and about atmos-
pheric pressure conditions, above the boiling point of the solvent but below the boiling point of water, preferably at a
temperature in the range of 50-85 degrees Centigrade, at 0 to 100 millibar gauge (slight overpressure). This stage is by
far the most difficult step in a solvent reduction operation. The problems involved in this stage concern excessive foaming
on the one hand (which may cause loss of material during overfoaming and foam entrainment), and fouling on the other
hand. Also, at this stage the oil-in-water emulsion is turned into an aqueous latex, which implies a risk of latex destabi-
lisation. It should be appreciated that the volume reduction of the liquid product by evaporating the solvent (which initially
may be as much as 50-60 %wt of the emulsion) is ca. 60% and that the volume reduction is near instantaneous. It is
therefore quite surprising that the process of the current invention, under steady state conditions at an essentially constant
temperature and an essentially constant pressure in a continuous stirred vessel as depicted in Scheme II provides an
efficient, low fouling way to produce an artificial latex that has low residual solvent and foam control agents.
[0038] As is known from for instance, US3250737, there will be some foaming during the stripping of the solvent.
Although in US3250737 it was indicated that the use of anti-foaming agent is not usually recommended, in the process
of the current invention the use of such an agent, in minor amounts is rather preferred. The foam control agent (FCA)
used in the process may be a polysiloxane or silica based agent or a combination thereof. The amount of FCA is preferably
small, typically in ppm range. The amount is a function many factors such as the nature of the rubber and the solvent,
the solids content of the rubber in the solvent, the amount of surfactant, etc. In other words, there is no specific upper
and lower limit. Instead, it is recommended to perform a few scouting experiments on lab scale, which results can then
be used when designing a larger production facility. Essential in this process is the use of a reboiling loop whereby part
of the artificial latex produced in stage 1, is heated for instance by the heat exchanger, and is mixed with the oil-in water
emulsion. This is done preferably in an amount sufficient to reduce the solvent content (by dilution) to at most 10 %wt,
more preferably at mot 5 %wt. The weight ratio of the product stream versus the emulsion is preferably at least 20:1,
more preferably at least 30:1.
[0039] As indicated, the recycled product stream preferably passes through a heat exchanger before it is mixed with
the oil-in-water emulsion. Here it may be heated to a temperature above the boiling point of the solvent, but obviously
below the boiling point of water. For instance, the heat exchanger may increase the temperature of the recycled artificial
latex with reduced solvent content by 2 to 10 degrees Centigrade, preferably by 3 to 4 degrees Centigrade.
[0040] Recycling part of the product stream is the preferred manner of heating the reactor contents, albeit additional
heating may be used (e.g., using a jacketed and/or steam heated vessel). The advantage of this preferred embodiment
is that some of the solvent is already flashed from the oil-in-water emulsion before it enters the reactor vessel.
[0041] In stage 1, the solvent reduction operation may be carried out at a temperature sufficient to reduce the solvent
content of the aqueous emulsion product to a range of from 0.5 to 1 %wt. In this embodiment the operation is preferably
carried out at a temperature of from 75 to 85 degrees Centigrade. This embodiment has a lower residual solvent level
as advantage, but relative to the preferred embodiment described hereafter results in a high level of fouling and prob-
lematic foam control requiring high FCA levels and limits and throughput.
[0042] In a more preferred embodiment, the stage 1 solvent reduction operation is carried out at a temperature sufficient
to reduce the solvent content of the aqueous emulsion product in the first vessel to a range of from 1 to 3 %wt, preferably
1 to 2 %wt. In this preferred embodiment the operation in the vessel is preferably carried out at a temperature of from
50 to 70 degrees Centigrade, more preferably of from 55 to 65 degrees Centigrade. This embodiment has the advantage
of high throughput in combination with reduced fouling and ease of foam control with relatively low FCA levels. The only
disadvantage is the somewhat higher residual solvent level which has to be removed in the second stage.
[0043] As noted, the objective of the first stage is to reduce the solvent content from an original content, typically in
the range of 50 to 60 %wt to a significantly lower content, typically in the range of 0.05 to 3 %wt. The operation and
process conditions to achieve the desired level of reduction are mentioned above. Nonetheless, they may have to be
optimised on the basis of the type of solvent, type of polymer and type of equipment that is used. On the other hand,
these conditions may be easily determined once the person skilled in the art realizes that a more extensive solvent
removal is required in this first stage than considered in an ordinary prior art processes. An example of a suitable set-
up for this first stage may be found in the examples.
[0044] Next, the remaining solvent needs to be reduced to the desired low levels. Indeed, in many applications of
artificial latex the presence of residual solvent.is detrimental or even prohibited. It will be appreciated that the lower the
required levels of solvent in the final artificial later, the more difficult or time consuming of energy consuming it is. Reducing
to the currently claimed levels is tough, but achievable as long as the solvent levels have been significantly reduced
during stage 1. By the two stage process step of the current invention, the inventors have succeeded in producing an
artificial latex with excellent quality in a time and energy efficient manner. That this two stage process step could be so
successful could not have been expected. Indeed, in a mere water/ solvent system one would not have had to use a
two-stage process and one would not have expected that this would improve the overall solvent reduction. The equipment
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to be used in this second stage is not limited. The same vessel may be used as has been used in stage 1. On the other
hand, with the significant removal of solvent from the (complex) oil-in-water emulsion in stage 1, a wider range of
equipment may be used in the subsequent step. For instance, in the subsequent step, a flash heater may be used,
operating at a vacuum of 200 to 600 millibar. Thus, the solvent content may be reduced to the desired levels, with little
or no fouling due to e.g., foaming and the like.
[0045] Also, in the second stage antifoaming agents may be used. The use of antifoaming agents is common and
already described in US2595797 (e.g., a polysilicone oil).
[0046] The initial steps for making the oil-in-water emulsion may be carried out using any of the processes already
known in the art. This includes each of the prior art references referred to in paragraphs, [0003] to [0008], included herein
by reference, as well as NL287078; GB1004441; US3249566; US3261792; US3268501; US3277037; US3281386;
US3287301; US3285869; US3305508; US3310151; US3310516; US3313759; US3320220; US3294719; GB1162569;
GB1199325; US3424705; US445414; SU265434; US3503917; US3583967; GB1327127; US3644263; US3652482;
US3808166; US3719572; DE2245370; JP48038337; FR2153913; GB1296107; FR2172455; US3815655; US3839258;
US3842052; GB1384591; US3879326; US3892698; US3862078; US3879327; US3886109; US3920601; JP51080344;
JP50127950; JP54124042; JP54124040; US4243566; JP56161424; US4344859; SU1014834; JP58091702;
SU1375629; JP1123834; SU520769 and RO102665; as well as US3007852; US3622127; US4160726; GB2051086;
JP58147406; SU1058974; EP512736; JP8120124 and US6075073, also included herein by reference. Also the optional
step of latex concentration has been described extensively in the prior art, typically by use of a centrifuge or by allowing
the emulsion to cream for a sufficient amount of time (e.g., 24 hours) and removing serum (containing less than 2 %wt
solids).
[0047] The following examples will further illustrate in greater detail how this invention may be carried out. However,
it is not intended that the invention be restricted in any way thereto.

EXAMPLES

[0048] A rubber cement was prepared by dissolving a high-cis polyisoprene (MW of about 3 million, made by anionic
polymerization) into n-pentane. This was carried out at a solids content of ca. 10 %wt. An aqueous surfactant solution
was prepared using a rosin-type surfactant at a concentration of ca. 1 %wt.
[0049] Subsequently a stable oil-in water emulsion was prepared at a cement/aqueous surfactant ratio of 2.3 by
volume. The oil-in-water emulsion was prepared in a continuous process using a homogenizer. The stable oil-in-water
emulsion comprised ca. 55 %wt of n-pentane.
[0050] The n-pentane based emulsion was subjected to a stage 1 continuous solvent removal. Either the comparative
vessel as shown in Scheme 1 was used, or the vessel as shown in Scheme II. Thus, the first runs are comparative. The
Table below shows the conditions and the results of these runs. Product samples were taken and analyzed after the
runs had lasted for at least 5 vessel residence times.

Table of Examples

Example Set-upa) Temperatureb) Feed/volumec) FCAd) Residual 
solvente)

Foulingf)

(°C) (h-1) (units) (%wt) (%)

1 I 80 0.2 100 2 >10

2 I 80 0.1 50 1.5 >10

3 I 60 0.2 50 2.5 <5

4 I 60 0.1 25 2 <5

5 I 50 0.4 none 36 nihil

6 I 50 0.2 none 32 nihil

7 II 80 0.07 25 0.5 10

8 II 80 0.14 30 1 10

9 II 60 0.14 25 2 <3

10 II 60 0.1 20 1.5-2 <3
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[0051] The results in the Table above clearly indicate that the two stage process step of the current invention, using
the vessel of Scheme II is more efficient in terms of reduced fouling at similar residual solvent levels. This is moreover
achieved at reduced amounts of foam control agent. Comparing example 10 (according to the invention) with comparative
example 4, it may be noticed that at the same temperature and feed rate a similar residual solvent level is achieved with
less foam control agent and less fouling.
[0052] Conducting the solvent reduction operation at 60 degrees Centigrade resulted in less fouling while using less
foam control agent. Example 9 to 11 therefore illustrate the preferred embodiment of the current invention.

Claims

1. Process for the preparation of an artificial latex, comprising the steps:

(a) emulsification of a cement comprising a rubber dissolved in a suitable organic solvent, together with an
aqueous surfactant solution, thus forming an oil-in-water emulsion;
(b) step-wise reduction of the solvent content of the oil-in-water emulsion in two or more stages resulting in an
artificial latex

characterized in that in stage 1 of step (b) part of the solvent is removed by mixing part of the artificial latex, heated
to a temperature above the boiling point of the solvent with the emulsion and allowing the solvent to evaporate.

2. A process as claimed in claim 1, wherein use is made of a reboiling loop wherein part of the artificial latex produced
in stage 1 is heated and is mixed with the oil-in-water emulsion.

3. A process as claimed in claim 1 or 2, wherein the artificial latex and the emulsion are mixed in a volume ratio such
that the solvent content of the combined mixture is at most 5% by weight (5 %wt).

4. A process as claimed in any one of claims 1 to 3,
wherein a continuous stirred vessel (1) is utilized, which is equipped with a stirring means (2), a feed inlet (3), a vent
outlet (4) and a product outlet (5), wherein the feed inlet (3) and the product outlet (5) are part of a reboiling loop
(6) for recycling part of the artificial latex, wherein the reboiling loop (6) further comprises a product discharge outlet
(7), optionally an inlet for a foam control agent (8), a circulation pump (9), a heating means (10), an inlet for the oil-
in-water emulsion (11), and optionally a steam-inlet (12).

5. A process as claimed in any one of claims 1 to 4,
wherein the emulsion has an initial solvent content in the range of from 50 to 60 %wt based on the entire emulsion.

6. A process as claimed in any one of claims 1 to 5, wherein the artificial latex prepared in stage 1 of step (b) has a
reduced solvent content vis-à-vis the initial content, preferably in the range of from 0.05 to 3 %wt based on the entire
emulsion.

(continued)

Table of Examples

Example Set-upa) Temperatureb) Feed/volumec) FCAd) Residual 
solvente)

Foulingf)

(°C) (h-1) (units) (%wt) (%)

11 II 60 0.07 5 1.5 <3

a) Relate to Schemes I and II represented in the above
b) Temperature measured at liquid level inside vessel; for Scheme I a combination of jacket heating and steam input 
was applied with steam/feed ratio <0.1 (w/w); recirculate ratio for Scheme II = 20:1
c) Ratio of feed rate (e.g. m3/h) vs volume (e.g. m3)
d) FCA dosage rate basis feed rate required for foam control; example 1 set at 100 units
e) Residual solvent on liquid weight basis
f) Fouling = rubber loss from emulsion inside vessel and reboiling loop (Scheme II)
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7. A process as claimed in any one of claims 1 to 6,
wherein the.first stage of step (b) is conducted by stripping the solvent under elevated temperature and about
atmospheric pressure conditions, above the boiling point of the solvent but below the boiling point of water, preferably
at a temperature in the range of 50 to 85 °C, at 0 to 100 millibar gauge.

8. A process as claimed in any one of claims 1 to 7,
wherein the recycled artificial latex and the emulsion are mixed in a weight ratio of at least 20:1.

9. A process as claimed in any one of claims 5 to 8
wherein the reboiling loop is equipped with a heat exchanger as heating means, upstream of the joint combining
the recycled artificial latex and the oil-in-water emulsion.

10. A process as claimed in any one of claims 1 to 9, which is carried out at a temperature sufficient to reduce the
solvent content of the emulsion in stage 1 of step (b) to a range of from 1.0 to 3.0 %wt.

11. A process as claimed in claim 10, which is carried out at a temperature of from 50 to 70 °C, preferably of from 55
to 65 °C.

12. A process as claimed in any one of claims 1 to 11,
wherein the second stage of step (b) is conducted by stripping the solvent under elevated temperature and reduced
pressure conditions, above the boiling point of the solvent but below the boiling point of water, preferably at a
temperature in the range of 70 to 85 °C and a reduced pressure in the range of 200 to 600 millibar.

13. A process as claimed in any one of claims 1 to 12,
wherein the amount of rubber dissolved in the solvent is less than about 20 percent by weight, preferably from about
8 to 17 percent by weight.

14. A process as claimed in any one of claims 1 to 13,
wherein the solvent is an organic solvent having a boiling point of at most 82 °C, preferably of at most 55 °C, more
preferably selected from pentane, cyclopentane, hexane, cyclohexane, isomers and mixtures thereof.

15. A continuous stirred vessel (1) for removing an organic solvent from an oil-in-water emulsion comprising rubber
dissolved in an organic solvent, and emulsified with an aqueous surfactant solution to form an artificial latex with a
reduced content of organic solvent, which vessel is equipped with a stirring means (2), a feed inlet (3), a vent outlet
(4) and a product outlet (5), wherein the feed inlet (3) and the product outlet (5) are part of a reboiling loop (6) for
recycling part of the artificial latex, wherein the reboiling loop (6) further comprises a product discharge outlet (7),
optionally an inlet for a foam control agent (8), a circulation pump (9), a heating means (10), an inlet for the oil-in-
water emulsion (11), and optionally a steam-inlet (12).

Patentansprüche

1. Verfahren zur Herstellung eines künstlichen Latex, umfassend die Schritte:

(a) Emulgieren eines Bindemittels, umfassend Kautschuk, gelöst in einem geeigneten organischen Lösemittel,
zusammen mit einer wässrigen Tensidlösung, wodurch eine Öl-in-Wasser-Emulsion gebildet wird;
(b) stufenweise Reduzierung des Lösemittelgehalts der Öl-in-Wasser-Emulsion in zwei oder mehr Stufen, was
zu einem künstlichen Latex führt; dadurch gekennzeichnet, dass in Stufe 1 des Schrittes (b) Teil des Löse-
mittels durch das Mischen eines Teils des künstlichen Latex, durch Erhitzen auf eine Temperatur oberhalb des
Siedepunktes des Lösemittels mit der Emulsion und durch das verdunsten lassen des Lösemittels entfernt wird.

2. Verfahren nach Anspruch 1, wobei Gebrauch gemacht wird von einer Rückverdampfungsschleife, wobei ein Teil
des in Stufe 1 hergestellten künstlichen Latex erhitzt und mit der Öl-in-Wasser-Emulsion vermischt wird.

3. Verfahren nach Anspruch 1 oder 2, wobei der künstliche Latex und die Emulsion in einem Volumenverhältnis
gemischt werden, so dass der Lösemittelgehalt der kombinierten Mischung höchstens 5% Gewichtsprozent (5 Gew
%) beträgt.
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4. Verfahren nach einem der Ansprüche 1 bis 3, wobei ein kontinuierlicher Rührkessel (1) verwendet wird, der mit
einer Rühreinrichtung (2), einem Zufuhreinlass (3), einem Lüftungsauslass (4) und einem Produktauslass (5) aus-
gestattet ist, wobei der Zufuhreinlass (3) und der Produktauslass (5) Teil einer Rückverdampfungsschleife (6) sind,
um einen Teil des künstlichen Latex zu recyceln, wobei die Rückverdampfungsschleife (6) ferner eine Produktaus-
trittsöffnung (7), wahlweise einen Einlass für ein Schaumregulierungsmittel (8), eine Umwälzpumpe (9), eine Hei-
zeinrichtung (10), einen Einlass für die Öl-in-Wasser-Emulsion (11) und gegebenenfalls einen Dampfeinlass (12)
umfasst.

5. Verfahren nach einem der Ansprüche 1 bis 4, wobei die Emulsion einen anfänglichen Lösemittelgehalt im Bereich
von 50 bis 60 Gew %, bezogen auf die gesamte Emulsion, enthält.

6. Verfahren nach einem der Ansprüche 1 bis 5, wobei der in Stufe 1 des Schrittes (b) hergestellte künstliche Latex
einen verringerten Lösemittelgehalt gegenüber dem Anfangsgehalt hat, vorzugsweise im Bereich von 0,05 bis 3
Gew %, bezogen auf die gesamte Emulsion.

7. Verfahren nach einem der Ansprüche 1 bis 6, wobei die erste Stufe des Schrittes (b) durchgeführt wird, in dem das
Lösemittel bei erhöhter Temperatur und etwa bei atmosphärischen Druckbedingungen gestrippt wird, die oberhalb
des Siedepunktes des Lösemittels aber unterhalb des Siedepunktes des Wassers liegt, vorzugsweise bei einer
Temperatur im Bereich von 50 bis 85°C, bei 0 bis 100 mbar Gauge.

8. Verfahren nach einem der Ansprüche 1 bis 7, wobei das recycelte künstliche Latex und die Emulsion in einem
Gewichtsverhältnis von mindestens 20:1 gemischt werden.

9. Verfahren nach einem der Ansprüche 5 bis 8, wobei die Rückverdampfungsschleife mit einem Wärmetauscher als
Heizeinrichtung ausgestattet ist, stromaufwärts der Verbindung, die das recycelte künstliche Latex und die Öl-in-
Wasser-Emulsion vereint.

10. Verfahren nach einem der Ansprüche 1 bis 9, das bei einer Temperatur durchgeführt wird, die ausreicht, um den
Lösemittelgehalt der Emulsion in Stufe 1 des Schrittes (b) auf einen Bereich von 1,0 bis 3,0 Gew % zu reduzieren.

11. Verfahren nach Anspruch 10, das bei einer Temperatur von 50 bis 70°C, vorzugsweise von 55 bis 65°C durchgeführt
wird.

12. Verfahren nach einem der Ansprüche 1 bis 11, wobei die zweite Stufe des Schrittes (b) durch Strippen des Lösemittels
bei erhöhter Temperatur und bei verringertem Druck durchgeführt wird, oberhalb des Siedepunktes des Lösemittels
aber unterhalb der Siedepunktes des Wassers, vorzugsweise bei einer Temperatur im Bereich von 70 bis 85°C und
bei einem reduzierten Druck von 200 bis 600 mbar.

13. Verfahren nach einem der Ansprüche 1 bis 12, wobei die Menge des Kautschuks, der in dem Lösemittel gelöst ist,
weniger als etwa 20 Gewichtsprozent, bevorzugt etwa 8 bis 17 Gewichtsprozent beträgt.

14. Verfahren nach einem der Ansprüche 1 bis 13, wobei das Lösemittel ein organisches Lösemittel ist, mit einem
Siedepunkt von höchstens 82°C, bevorzugt von höchstens 55°C, stärker bevorzugt ist das Lösemittel ausgewählt
aus Pentan, Cyclopentan, Hexan, Cyclohexan, Isomeren und Gemischen davon.

15. Ein kontinuierlicher Rührkessel (1) zur Entfernung eines organischen Lösemittels aus einer Öl-in-Wasser-Emulsion,
umfassend Kautschuk, gelöst in einem organischen Lösemittel, und mit einer wässrigen Tensidlösung emulgiert,
um eine einen künstlichen Latex mit einem verringerten Gehalt am organischen Lösemittel zu bilden, wobei der
Kessel mit einer Rühreinrichtung (2), einem Zufuhreinlass (3), einem Lüftungsauslass (4) und einem Produktauslass
(5) ausgestattet ist, wobei der Zufuhreinlass (3) und der Produktauslass (5) Teil einer Rückverdampfungsschleife
(6) sind, um einen Teil des künstlichen Latex zu recyceln, wobei die Rückverdampfungsschleife (6) ferner eine
Produktaustrittsöffnung (7), wahlweise einen Einlass für ein Schaumregulierungsmittel (8), eine Umwälzpumpe (9),
eine Heizeinrichtung (10), einen Einlass für die Öl-in-Wasser-Emulsion (11) und gegebenenfalls ein einen Dampfein-
lass (12), umfasst.
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Revendications

1. Procédé de préparation d’un latex artificiel, comprenant les étapes suivantes :

(a) l’émulsification d’un ciment comprenant un caoutchouc dissous dans un solvant organique adapté, avec
une solution tensioactive aqueuse, pour former ainsi une émulsion huile dans l’eau ;
(b) la réduction progressive de la teneur de solvant de l’émulsion huile dans l’eau en deux ou plusieurs étapes
pour obtenir un latex artificiel

caractérisé en ce que dans la partie 1 de l’étape (b) une partie du solvant est éliminée en mélangeant une partie
du latex artificiel, chauffé à une température supérieure au point d’ébullition du solvant avec l’émulsion et en laissant
s’évaporer le solvant.

2. Procédé selon la revendication 1, dans lequel on utilise une boucle de rebouillage dans laquelle une partie du latex
artificiel produit dans la partie 1 est chauffée et est mélangée avec l’émulsion huile dans l’eau.

3. Procédé selon l’une des revendications 1 ou 2, dans lequel le latex artificiel et l’émulsion sont mélangés dans un
rapport de volume de telle sorte que la teneur en solvant du mélange combiné est de plus de 5% en poids (5% en
poids total).

4. Procédé selon l’une quelconque des revendications 1 à 3, dans lequel on utilise un contenant agité en continu (1),
qui est équipé d’un moyen d’agitation (2), une entrée d’alimentation (3), une sortie d’évacuation (4) et une sortie de
produit (5), dans lequel l’entrée d’alimentation (3) et la sortie de produit (5) font partie d’une boucle de rebouillage
(6) pour recycler une partie du latex artificiel, dans lequel la boucle de rebouillage (6) comprend en outre une sortie
d’évacuation de produit (7), éventuellement une entrée pour un agent de contrôle de mousse (8), une pompe de
circulation (9), un moyen de chauffage (10), une entrée pour l’émulsion huile dans l’eau (11), et éventuellement une
entrée de vapeur (12).

5. Procédé selon l’une quelconque des revendications 1 à 4, dans lequel l’émulsion a une teneur initiale en solvant
dans la gamme de 50 à 60% en poids total, basée sur la totalité de l’émulsion.

6. Procédé selon l’une quelconque des revendications 1 à 5, dans lequel le latex artificiel préparé dans la partie 1 de
l’étape (b) a une teneur réduite en solvant par rapport à la teneur initiale, de préférence dans la gamme de 0,05 %
à 3 % en poids total, basée sur la totalité de l’émulsion.

7. Procédé selon l’une quelconque des revendications 1 à 6, dans lequel la première partie de l’étape (b) est effectuée
par extraction du solvant sous une température élevée et sous pression atmosphérique, au-dessus du point d’ébul-
lition du solvant, mais au-dessous du point d’ébullition de l’eau, de préférence à une température dans la gamme
de 50°C à 85°C, sous une pression de 0 à 100 millibars.

8. Procédé tel que revendiqué dans l’une quelconque des revendications 1 à 7, dans lequel le latex artificiel recyclé
et l’émulsion sont mélangés dans un rapport pondéral d’au moins 20 pour 1.

9. Procédé selon l’une quelconque des revendications 5 à 8, dans lequel la boucle de rebouillage est équipée d’un
échangeur de chaleur comme moyen de chauffage, en amont de la jonction de combinaison du latex artificiel recyclé
et de l’émulsion huile dans l’eau.

10. Procédé selon l’une quelconque des revendications 1 à 9, mis en oeuvre à une température suffisante pour réduire
la teneur en solvant de l’émulsion la partie 1 de l’étape (b) dans une gamme de 1,0 à 3,0% en poids total.

11. Procédé selon la revendication 10, mis en oeuvre à une température de 50°C à 70°C, de préférence de 55°C à 65°C.

12. Procédé selon l’une quelconque des revendications 1 à 11, dans lequel la seconde partie de l’étape (b) est effectuée
par extraction du solvant sous une température élevée et des conditions de pression réduite, au-dessus du point
d’ébullition du solvant, mais au-dessous du point d’ébullition de l’eau, de préférence à une température dans l’in-
tervalle de 70°C à 85°C, sous une pression réduite dans la gamme de 200 à 600 millibars.

13. Procédé selon l’une quelconque des revendications 1 à 12, dans lequel la quantité de caoutchouc dissous dans le
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solvant est inférieure à environ 20 pour cent en poids, de préférence à environ 8 à 17 pour cent en poids.

14. Procédé selon l’une quelconque des revendications 1 à 13, dans lequel le solvant est un solvant organique ayant
un point d’ébullition de plus de 82°C, de préférence de plus de 55°C, de préférence choisi parmi le pentane, le
cyclopentane, l’hexane, le cyclohexane, les isomères et mélanges de ceux-ci.

15. Récipient agité en continu (1) destiné à éliminer un solvant organique d’une émulsion huile dans l’eau comprenant
du caoutchouc dissous dans un solvant organique, et émulsifié avec une solution aqueuse de tensioactif pour former
un latex artificiel ayant une teneur réduite en solvant organique, lequel récipient est équipé d’un moyen d’agitation
(2), une entrée d’alimentation (3), une sortie d’évacuation (4) et une sortie de produit (5), dans lequel l’entrée
d’alimentation (3) et la sortie de produit (5) font partie d’une boucle de rebouillage (6) pour recycler une partie du
latex artificiel, dans lequel la boucle de rebouillage (6) comprend en outre une sortie d’évacuation de produit (7),
éventuellement une entrée pour un agent de contrôle de mousse (8), une pompe de circulation (9), un moyen de
chauffage (10), un entrée pour l’émulsion huile dans l’eau (11), et éventuellement une entrée de vapeur (12).
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