
986,925                                            3            and allyl
alcohol; glycols such as ethylene gly-    ferable to neutral hydrolysis
since it is more           col; ketones such as acetone and methyl ethyl
rapid and since the alkaline material neutralises ketone; alkanolamines
such as mono-, di- and      any polymerisation catalyst present which
triethanolamine; esters such as methyl acetate    would otherwise tend to
degrade the polymer       5  and methyl formate; and ethers such as methyl
during the hydrolysis step.  The preferred        70           isopropyl
ether, methylal, m-dioxane and p-       proportion of basic material is
generally from           dioxane. The preferred organic compounds
0.1 to 20% by weight of basic material, based           are the
water-soluble, normally liquid alkanols     on the weight of polymer;
however, where am-           and the invention is described below primarily
monia is used as the basic material, it is pre-      10  in terms of such
alkanols. The water-solubility    ferred to use between 0.1 and 5% by
weight        75           of the organic compound must be at least such
to avoid the formation of odour-containing by-           as to permit the
formation of a single phase      products.           mixture of the desired
proportions at the treat-     The water, organic hydroxy - compound or
ment temperature.                                 aqueous solvent mixture
is preferably present       15    It has been found that the aqueous
mixtures      in amounts between 5 and 10 times the weight      80
described permit complete solution of the         of polymer. Smaller
quantities, e.g. down to           polymer at lower temperatures than
either the     0.1% of the weight of polymer, may however           water
or the organic compound alone and           be used and, of course, much
more may be           permit the hydrolysis to proceed more rapidly
used if desired, e.g. up to 100 times the weight       20  and at lower
temperatures than are otherwise       of polymer. At the higher
temperatures indi-      85            possible except when expensive and
exotic         cated for the degradation treatment, water
solvents are used.                                may be present in the
reaction zone as steam.              The degradation treatment of
oxymethylene       However, it is preferred to conduct the treat-
polymers may take from less than 15 seconds       ment under sufficient
pressure to maintain       25  to 10 hours, depending on the ingredients of
the water present in liquid phase.                90            the
degradation medium, the severity of the          In one advantageous method
of operation,            conditions used and the physical state of the
crude oxymethylene polymer taken from the            polymer.  Under the
preferred  conditions         polymerisation zone may be quenched with
the treatment can usually be completed in         a medium which is
suitable for effecting the       30  from 15 seconds to 2 minutes. The
degrada-         degradation treatment. For example, a pro-        95
tion treatment can be carried out very satis-     duct removed from a
polymerisation zone at            factorily between 90[err] and 200[err]C.
and is pre- a temperature between 60[err] and 116[err]C. may
ferably effected between 130[err] and 180[err]C.    be quenched with from
5 to 50 times its              The preferred basic materials are water-
weight of a water-methanol mixture containing       35  soluble, or soluble
in the organic hydroxy-        from  30 to 90 weight percent of methanol,
100            compound or aqueous solvent mixture em-           based on
the weight of the mixture. The mix-            ployed. There may be used a
strongly basic        ture of polymerisation product and quench
hydroxide, such as the hydroxide of an alkali     medium is wet ground to
break up the larger            metal or of an alkaline earth metal, or a
salt    particles of polymer and form a slurry con-       40  of a strong
base with weak acid, or ammonia,       taining from 2 to 20 weight percent
of solids.    105 



or an organic base such as an amine or an         From 10 to 1000 ppm of
ammonia (based on            amidine.
the weight of solid polymer) is added and the               Among the
specific basic materials which        slurry is passed through a double
pipe ex-            are satisfactory are sodium hydroxide, potas-
changer wherein it reaches a temperature be-       45  sium  hydroxide,
sodium  carbonate, sodium         tween 150[err] and 180[err]C. and a
pressure between  110            acetate, ammonium hydroxide,
triethanolamine,     230 and 300 pounds per square inch gauge.
tripropylamine,  tetramethylguanidine,  tri-      Under these conditions,
the polymer dissolves            methylamine and tributylamine.
in the slurry medium. The dwell time in the               The amount of
basic material used may be        pipe exchanger is between 30 and 60
seconds.       50  varied widely, according to the particular poly-   Water
is then added in a mix tee to reduce        115            mer, basic
material and hydrolysis conditions     the temperature to between 30[err]
and 95[err]C.            used.
to precipitate the polymer.               Preferably at least 0.1% by
weight of basic       Isopropyl alcohol-water mixtures are par-
material is used based on the weight of poly-     ticularly desirable as
solvent media since the        55  mer. More may be employed, e.g. up to
ten          polymers precipitate therefrom  in granular      120
times the weight of polymer, while the de-        form.
gradation treatment can, if desired, consist        During the degradation
treatment a portion             of hydrolysis in the absence of any basic
ma-     of the polymer is decomposed resulting in a             terial.
When no basic material is used, it is     weight loss of polymer.  The
treatment is        60  desirable to hydrolyse in a buffered system
complete when the weight loss substantially       125             since the
products of hydrolysis would other-     ceases.  Between 5 and 40 weight
percent             wise cause the system to become acidic. Acidic    of
polymer may be lost before the rate of             degradation is not
selective and does not pro-    weight loss drops to between 0.1%  and 5%
duce the stable polymer formed by the process     of its original value,
indicating substantial com-        65  of the invention. Alkaline
hydrolysis is pre-      pletion of the treatment  At this stage at
130             4                                         986,925
least 95% of the oxymethylene polymer mole-    described in our British
Patent No. 964,004.     cules appear to have both ends terminated by
The following examples illustrate the in-     higher oxyalkylene units.
The weight loss     vention: -     suffered by an oxymethylene polymer
during                      EXAMPLE 1 5  treatment is dependent on the
particular poly-    500 parts by weight of an oxymethylene             35
mer treated and particularly on the number     polymer containing 3.1
weight percent of     of higher oxyalkylene groups per 100 oxy-
monomeric  units derived  from  dioxolane,     methylene groups in the
polymer.               1000 parts of water and 150 parts of tri-
After completion of the treatment, the       ethanolamine were heated at
140 to 150[err]C. 10  polymer may be precipitated from solution by    for
2[err] hours in a sealed pressurized vessel. At  40     cooling as
described above, or by adding a     the end of this period the vessel was
cooled 



large amount of a non-solvent, and may then    to room temperature and
opened. The poly-     be washed with water and dried.                mer
was washed successively with acetone and       It is generally desirable to
incorporate one  hot water and then dried. 15  or more thermal stabilisers
into the polymer      Samples of the product and of the original         45
in order to bring its thermal degradation level polymer were each milled
with 0.1%  by     even lower. While the proportion of stabiliser  weight of
cyanoguanidine and 0.5% by weight     incorporated depends upon the
specific sta-    of 2,21 - methylenebis - (4 - methyl - 6 -     biliser
used, a proportion between 0.05 and    tertiarybutyl phenol). The milling
operation 20  10 weight percent (based on the weight of       was carried
out in a heated chamber with             50     polymer) has been found to
be suitable for     sigma blade mixers over a period of 45     most
stabilisers.                              minutes and the temperature
during milling        One suitable stabiliser system is a combina-  was 200
to 202[err]C. The amount of material     tion of an anti-oxidant
ingredient, such as    lost during milling and the thermal degrada- 25
phenolic anti-oxidant and most suitably a sub-  tion rates of both original
and treated polymer,     55     stituted bisphenol, and an ingredient to
inhibit  both before and after incorporation of the     chain scission,
generally a compound or a      stabilisers, is shown in Table 1 below. The
polymer containing trivalent nitrogen atoms.   thermal degradation rate in
this and subsequent     Suitable stabiliser systems of this type, and
Examples is reported as weight percent loss/ 30  methods of incorporating
the stabilisers, are  minute.                                         60
TABLE 1                                            Degradation Rate
Weight Loss
During              Polymer        Without Stabilisers     With Stabilisers
Milling               Original               0.88                   0.018
5%               After treatment      0.50                     0.015
0.2%                        EXAMPLE 2                     was 9% based on
the weight of original poly-        A mixture of 100 grams of an
oxymethylene    mer.                                           75
polymer made by copolymerising trioxane and      Samples of the original
polymer and the 65  dioxolane, and having an oxyethylene content    treated
polymer were each milled for 45     equivalent to 3.9 weight percent of
dioxolane,  minutes as in Example 1 with 0.1 weight per-     1000 cc. of
water and 67 cc. of ammonium       cent of nitrilotripropionamide and 0.5
weight     hydroxide (28% NH[err]) was heated 17[err] hours percent of
2,2[err] - methylene bis - (5 - methyl - 80     at 95 to 98[err]C. in a
glass flask under reflux. 6 - tertiary butyl phenol). The amount -of- 70
At the end of this period the reaction mix-     material lost during
milling and the degrada-     ture was cooled. The polymer was separated
tion rates of both original and treated polymer,     by filtration and
afterwards was washed with   after incorporation of the stabilisers, is
shown     water to neutrality and dried. The weight loss  in Table 2
below:-                            85
TABLE 2  



Weight Loss                  Polymer                 Degradation Rate
During Milling                   Original                      0.06
16.4%                   After treatment               0.02
7.4%                                                       986,925
5                      EXAMPLE 3                     After cooling to
precipitate the polymer, the  10       A mixture of 120 grams of an
oxymethylene       precipitated material was separated by filtra-
polymer made by copolymerising trioxane and       tion, washed with acetone
and dried.  The     dioxolane and having an oxyethylene content
weight loss was 8.4% of the original polymer. 5  equivalent to 3.1 weight
percent of dioxolane,     Samples of the original polymer and the     600
cc. of water, 600 cc. of dimethyl - form-     treated polymer were milled
with the stabilisers  15     amide and 37 grams of tripropylamine was
used in Example 1. The results after stabilisa-     heated to 148 to
152[err]C. in a pressure vessel  tion are shown in Table 3.     for 21
minutes. The polymer was in solution.
TABLE 3
Weight Loss                  Polymer                 Degradation Rate
During Milling                   Original                      0.016
6%                   After treatment                0.010
2%         When the treated polymer was milled with        advanced in a
generally helical path with 20  the stabilisers for only 7 minutes, the
weight    alternate advance and retraction as is pro-     loss was 1.7% and
the degradation rate was        gressed to the discharge point.     0.009.
The temperature in the mixer rose to a                      EXAMPLE 4
maximum of 105 to 115[err]C. at the discharge 65        A mixture of 120
grams of the polymer used      point. Dwell time in the mixer was about 25
in Example 3, 600 cc. of dimethyl-formamide,    1 minute.     590 cc. of
water and 20 grams of concentrated     (b) The discharged product was mixed
in     ammonium hydroxide (28% NH[err]) was heated       a wet grinder with
1250 parts of a solution     to 148 to 152[err]C. for 10 minutes in a
pressure of 59.9 weight percent of methanol, 40 weight  70 



vessel.  The polymer was in solution. After       percent of water and 0.1
weight percent of 30  cooling to precipitate the polymer, washing
ammonia and ground to produce a slurry of     with water and drying, 10.3
weight percent        8% solids content.  The slurry was passed     of the
original polymer had been lost.         into a double-pipe heat exchanger
wherein it        When the polymer was milled for 7 minutes,     was heated
to 160[err]C. at 240 pounds per     75     as in Example 3, it lost 1.8%
of its weight      square inch gauge. The polymer dissolved. 35  and ite
degradation rate was 0.007.             After 45 seconds in the exchanger,
water                                                     was added in a
mixing tee to reduce the tem-                      EXAMPLE 5
perature and precipitate the polymer.        A mixture of 100 grams of the
polymer used      in Example 3, 1000 cc. of methanol and 20
EXAMPLE 7                            80      grams of tetramethylguanidine
was heated to       A sample of a polymer prepared in the 40  158 to
165[err]C. for 15 minutes in a pressure  manner as described in Example
6(a) was      vessel. After cooling to precipitate the poly-  quenched in
an ammonia-free methanol-water      mer, washing with water and drying,
12.1       solution (60-40 ratio by weight), removed      weight percent of
the original polymer had     and dried. A mixture of 130 parts by weight
85      been lost. When the polymer was milled for     of the dry polymer
and 867 parts by weight 45  7 minutes, as in Example 3, it lost 1.4%  of
of a solution containing 59.9 weight percent      its weight and its
thermal degradation rate    of isopropyl alcohol, 40.0 weight percent of
was 0.009.                                     water and 0.1 weight percent
of ammonia was                                                      heated
rapidly to 160[err]C. and 150 pounds per  90                       EXAMPLE
6                     square inch gauge in a 3 litre rocking auto-
(a) A mixture of 100 parts by weight of tri-  clave. As soon as the
temperature reached  50  oxane, 2.4 parts of ethylene oxide, 1.1 parts
160[err]C. the autoclave was immersed in a      of cyclohexane, 340 ppm  of
methylal and       water bath to reduce the temperature rapidly      70 ppm
of boron trifluoride (as the dibutyl    and precipitate the polymer.  The
polymer      95      etherate complex) was fed to one end of a
precipitated as a uniform granular mass con-      continuous mixer having
an interrupted thread  taining approximately  95%  of the mother  55  screw
placed in a cylindrical barrel.  The      liquor.      mixer barrel had
rows of teeth on its inner      surface and the screw was both rotated and
EXAMPLE 8      reciprocated in such a manner that the teeth on   A mixture
of 130 parts by weight of a       100      the barrel passed through the
interruptions in  polymer prepared as described in Example  60  the thread
of the screw. The reaction mass      6(a) and 867 parts by weight of a
solution             6                                         986,925
containing 58 weight percent acetone, 41.9      wherein the polymer is
heated in solution in  35     weight percent water and 0.1 weight percent
a medium containing a water-soluble, normally 



sodium acetate was treated in a 3 litre autoclave  liquid, non-acidic
organic compound containing     as described in Example 7.  The polymer
an ether oxygen atom or an oxygen atom in a 5  precipitated as a uniform
granular mass con-     hydroxy group or a non-terminal carbonyl     taining
approximately 95%  of the mother        group directly bonded to a carbon
atom.        40     liquor.                                           5.
Process according to Claim 4, wherein       The advantage achieved by using
a water-         said organic compound is an alkanol.     containing
solvent mixture as in Examples 7       6. Process according to Claim 5,
wherein 10  and 8 is seen from the fact that if in Example     said alkanol
is isopropanol.     7, 867 parts of either water or isopropyl         7.
Process according to any of Claims 1 to  45     alcohol alone are used
instead of the mixture,     5, wherein the degradation treatment is effec-
the polymer is obtained as a hard non-friable      ted at a temperature
between 90 and 200[err]C.     lump instead of a uniform granular mass.
8. Process according to any of Claims 1 15    WHAT WE CLAIM IS: -
to 7, wherein the polymer treated is made up        1. Process for
improving the thermal sta-        of oxymethylene and oxyethylene groups.
50     bility under moulding conditions of a solid       9. Process
according to any of the preceding     oxymethylene polymer containing in
the poly-       claims, wherein the degradation treatment is     mer
molecule oxyalkylene units having two or       continued until
substantially constant weight 20  more adjacent carbon atoms, which
comprises        is achieved.     heating the polymer under non-acidic
condi-       10. Process for the treatment of oxymethyl-  55     tions with
water, an organic hydroxy com-       ene polymers, substantially as
hereinbefore de-     pound or a mixture thereof to remove form-
scribed.     aldehyde or its elements from  the polymer        11. Process
for the treatment of oxymethyl- 25  until the polymer weight loss per
minute falls     ene polymers containing oxyethylene groups,     below 5%
of the weight loss during the first       substantially as described in
each of the Ex-  60     minute of heating.
amples.       2. Process according to Claim  1, wherein       12.
Stabilised polymers whenever produced     maintenance of non-acidic
conditions is en-        by any of the processes claimed in the pre- 30
sured by the presence of a basic substance.        ceding claims.       3.
Process according to Claim 2, wherein           A. J. BUTTERWORTH,     the
polymer is heated with at least 0.1%           Chartered Patent Agent,
of its weight of ammonia.                                   49 Old Bond
Street,       4. Process according to Claim  1, 2 or 3,            London,
W.l.              Leamington Spa: Printed for Her Majesty's Stationery
Office, by the Courier Press             (Leamington) Ltd.-1965. Published
by The Patent Office, 25 Southampton Buildings,
London, W.C.2, from which copies may be obtained.              6
986,925  



containing 58 weight percent acetone, 41.9      wherein the polymer is
heated in solution in  35      weight percent water and 0.1 weight percent
a medium containing a water-soluble, normally      sodium acetate was
treated in a 3 litre autoclave  liquid, non-acidic organic compound
containing      as described in Example 7.  The polymer          an ether
oxygen atom or an oxygen atom in a 5  precipitated as a uniform granular
mass con-     hydroxy group or a non-terminal carbonyl      taining
approximately 95%  of the mother        group directly bonded to a carbon
atom.       40      liquor.                                            5.
Process according to Claim 4, wherein        The advantage achieved by
using a water-      said organic compound is an alkanol.     containing
solvent mixture as in Examples 7        6. Process according to Claim 5,
wherein 10  and 8 is seen from the fact that if in Example     said alkanol
is isopropanol.      7, 867 parts of either water or isopropyl          7.
Process according to any of Claims 1 to  45      alcohol alone are used
instead of the mixture,     5, wherein the degradation treatment is effec-
the polymer is obtained as a hard non-friable      ted at a temperature
between 90 and 200[err]C.      lump instead of a uniform granular mass.
8. Process according to any of Claims 1 15    WHAT WE CLAIM IS:-
to 7, wherein the polymer treated is made up        1. Process for
improving the thermal sta-        of oxymethylene and oxyethylene groups.
50     bility under moulding conditions of a solid        9. Process
according to any of the preceding     oxymethylene polymer containing in
the poly-     claims, wherein the degradation treatment is     mer molecule
oxyalkylene units having two or     continued until substantially constant
weight 20  more adjacent carbon atoms, which comprises      is achieved.
heating the polymer under non-acidic condi-        10. Process for the
treatment of oxymethyl-  55     tions with water, an organic hydroxy com-
ene polymers, substantially as hereinbefore de-     pound or a mixture
thereof to remove form-       scribed.     aldehyde or its elements from
the polymer         11. Process for the treatment of oxymethyl- 25  until
the polymer weight loss per minute falls     ene polymers containing
oxyethylene groups,     below 5% of the weight loss during the first
substantially as described in each of the Ex-  60     minute of heating.
amples.       2. Process according to Claim  1, wherein        12.
Stabilised polymers whenever produced     maintenance of non-acidic
conditions is en-      by any of the processes claimed in the pre- 30
sured by the presence of a basic substance.      ceding claims.       3.
Process according to Claim 2, wherein                A. J. BUTTERWORTH,
the polymer is heated with at least 0.1 %             Chartered Patent
Agent,     of its weight of ammonia.                                    49
Old Bond Street,       4. Process according to Claim  1, 2 or 3,
London, W. 1.              Leamington Spa: Printed for Her Majesty's
Stationery Office, by the Courier Press             (Leamington) Ltd.-1965.
Published by The Patent Office, 25 Southampton Buildings,
London, W.C.2, from which copies may be obtained.    


