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ROHM    AND   HAAS  anion exchange resin component have been COMPANY, a
corporation organized under  effective and commercialized to any appreci-
50 the laws of the State of Delaware, United  able extent. The mixed bed
system contain- States of America, of Independence Mall  ing the strong
base quaternary ammonium 5  West,  Philadelphia,  Pennsylvania  19105,
anion exchange resin and the strong acid United States of America, do
hereby declare  sulfonic acid cation exchange resin has been the invention
for which we pray that a patent  widely employed since it yields the
ultimate  55 may be granted to us, and the method by  degree of salt
removal and since the ion which it is to be performed to be particularly
exchange resin components may be readily 10  described in and by the
following state-  separated and the individual ion exchange ment: -
resins may  be regenerated  in the usual This invention relates to the
removal of  manner in the original ion exchange resin  60 salts and other
electrolytes from solutions by  column, for  example, see  U.S.  Patent
means of ion exchange resins. It is parti-  2,578,937. 15  cularly
applicable to the removal of salts    There are many situations in which it
from aqueous solutions in which it is desirable  would be highly desirable
to replace the strong (1) to remove the salts as completely as pos-  base
quaternary ammonium  anion exchange  65 sible and (2) to regenerate the ion
exchange  resin with a weak base anion exchange resin. resins as
efficiently as possible and in which  This situation, if possible, would
result in 20  it is undesirable to have the pH of the solution
considerable economic gains since the weak vary appreciably from neutrality
during the  base  resin  can  be  regenerated  more course of the process.
The present invention  economically than the former. It would also  70 is
also useful in anti-pollution applications,  permit one to desalt solutions
containing sub- such as, tertiary sewage treatment and waste  stances that
may react with the highly alkaline 25  regenerant disposal from certain
deionization  environment  associated  with  quaternary units.
ammonium  anion  exchange resins in the It is known that salts may be
removed  hydroxide form. Such systems have been con-  75 from aqueous
solutions by passing the solu-  sidered and studied; however, their use has
tion through a bed of certain cation exchange  never materialized  since
extremely  poor 30  resins in their hydrogen  form  and then  results have
consistently been obtained. Since through a bed of an anion exchange resin.
It  weak base anion exchange resins have been has also been found that by
using certain  considered primarily as acid adsorbents, the  80 anion
exchange resins in which the polar  poor performance of the mixed bed
system groups are quaternary ammonium groups this consisting of a strong
acid cation exchanger 35  order can be reversed. In either order, how-  and
a weak base anion exchange resin has ever, the pH of the solution leaving
the first  been attributed to the unfavorable equilibrium bed is
substantially different from that of the  associated with such mixed beds.
85 original solution and in many instances this    Surprisingly, it has now
been found that is an undesirable condition which limits the  it is
possible to devise mixed beds of strong 40  applicability of ion exchange
processes of  acid cation exchange resins and certain weak salt removal. It
has also been known that  base  anion  exchange  resins  whose  per- salts
may be removed from solutions through  formances exceed, by far, the
performance  90 mixed beds of anion exchange resins in the  normally
anticipated by such mixed beds. base-regenerated form  and cation exchange
Contrary to  prevailing thought, the per- 45  resins in the acid form.
Although many of  formance of such mixed beds is, unexpectedly, such mixed
bed systems have been investi-  controlled by the kinetic performance of
the gated, only the ones containing quaternary  weak base anion exchange
resin component  95 ammonium  anion  exchange resins as the  rather than
the equilibria of the mixed bed [Price 25p]    2
1,341,080                                         2 system. It has also
been found that it is  anion exchange resins is illustrated in the possible
to define the suitability of the anion  Experiment presented below. (In the
experi-  40 exchange resin component of this mixed-bed  ment and the
Examples of the invention system in terms of a kinetic half-life of the
appearing later, mesh sizes are determined 



5  anion exchange resin.                        with U.S. Standard
Screens.) In accordance with the present invention, there is provided  a
process of removing                   Experiment ionizable  material from
a solution which    Fifty milliliters (16-50 mesh) of a strong  45
comprises passing the solution through a bed  sulfonic acid cation exchange
resin compris- 10  containing a mixture of an anion exchange  ing a
sulfonated gel-type cross-linked poly- resin and a strong acid cation
exchange resin,  styrene resin (available, for example, under wherein the
anion exchange resin is a weakly  the trademark Amberlite IR-120) and an
basic anion exchange resin having a kinetic  equal volume of a weak base,
gel type, poly-  50 half-life  reaction time of at most seven  styrene -
polyamine anion exchange resin 15  minutes.
(20-50 mesh). Such latter resin is available, The kinetic behaviour of weak
base anion  for example, under the trademark Amberlite exchange resins may
be compared by measur-  IR-45 and can be prepared according to the ing the
half-life of the reaction between the  teaching of U.S. Patent 2,591,574.
Each resin  55 regenerated weak base anion exchange resins  is placed in a
separate 100 milliliter glass 20  and a measured quantity of standard
hydro-  burette connected in series with plastic tubing chloric acid. The
kinetic half-life measure-  (System B), the burette containing the cation
ment is determined as set forth below.      exchange resin being placed
ahead of that Ten milliequivalents of the anion exchange  containing the
weak base anion exchange  60 resin, the kinetic half-life of which is to be
resin. The strong acid cation exchange resin 25  determined, is contacted
with 2000 ml. of  is in the hydrogen form  and the weak base 0.01 normal
hydrochloric acid at room tem-  anion exchange resin is in the free base
form perature  [err]  and  the  mixture  and has a kinetic half-life
reaction time of agitated. Samples of the acid are then taken  about thirty
minutes. Another 100 ml. glass  65 periodically and analyzed for acidity
until 5  burette is packed with 100 ml. of a mixture 30  milliequivalents
have been consumed. The  containing 50 ml. of each of the foremen- time
required  for  this  degree  of acid  tioned ion exchange resins (System
A). A neutralization is recorded as the kinetic half-  solution containing
500 ppm  NaCl is then life or time required for half of the capacity
passed through System  A  and System  B.  70 of the anion exchange resin to
be neutralized.  operated in parallel, at a contact time of 35    The poor
results that have heretofore been  approximately 2 minutes and the
effluents of obtained with prior art mixed beds as com-  both System A and
System B are monitored pared with multiple or sequential beds of  by
conductance measurements. The follow- strong acid cation exchange and weak
base  ing data are collected:                      75 Effluent
Effluent Electrical Resistance System A                   System B Bed
volume    (Mixed Bed)                    (Series) (ohm-cm) 80
5           600,000                    1,000,000 10          500,000
1,000,000 30           500,000                   1,000,000 60
20,000                   1,000,000 80            10,000
800,000 85                           100*             1,000
600,000 1 Bed Volume=combined volume of anion    The following are examples
of the process and cation exchange resins.            of the invention.
*The specific resistance in ohm-cm of a 500                 Example 1 ppm
NaCl solution is approximately 1,000.     On replacing the anion exchange
resin of the above Experiment with a macroreticular, 100 90    Since the
electrical resistance of the effluent  tertiary amine, weak base anion
exchange water varies directly with its purity, the higher  resin (mesh
size, through 25, 95% retained the resistance the purer the water and it
is,  on 50 mesh screen) and repeating the pro- therefore, quite obvious
that the performance  cedure of the Experiment, the data given of the
conventional two-bed system  (B) is  below  are collected. The weak base
anion  105 95  superior to that of the mixed-bed system (A),  exchange
resin has a kinetic half-life reaction when the above ion exchange resins
are used.  time of about three minutes.    3
1,341,080                                        3 The  macroreticular,
weak  base  anion  kilograms (as calcium  carbonate) per cubic exchange
resin contains tertiary amine func-  foot. These macroreticular resins are
known  10 tionality on a styrene - divinyl - benzene  materials and can be
prepared by known pro- matrix, and an extensive fixed porosity in  cedures,
for example by the procedures taught 5  the resin's bead structure. This
weak base  in British Patents 932,125 and 932,126. (The macrorecticular
resin has a density of about  macroreticular weak base resin used above is
40 lbs./cu. ft., about 40 per cent voids, and  available, for example,
under the trademark  15 



a minimum  exchange capacity of about 21  Amberlite XE-270.) Effluent
Effluent Electrical Resistance System A                  System B Bed
Volume    (Mixed Bed)                   (Series) 20
(ohm-cm) 5         5,000,000                  2,000,000 10
6,000,000                  2,000,000 30         6,000,000
2,000,000 60         4,000,000                  2,000,000 25
80         1,000,000                   1,000,000 100          800,000
800,000 It is quite evident the substitution of the  ments in which the
cation exchange resin is macroreticular weak  base  anion  exchange
regenerated to such a level.              40 resin for the weakly basic gel
resin in the 30  mixed bed has a remarkable effect. The Experiment and
Example 1 are based                  Example 2 upon  cation  exchange
resins  regenerated    The procedures of Example 1 are repeated completely
to the hydrogen form. Under  with the exception that the cation exchange
normal  operating  conditions,  the  cation  resin is regenerated to a
level of 50 percent, 35  exchange resin is usually regenerated to levels
in the hydrogen form. The following data are  45 ranging from  25-50
percent of the total  collected (the effluent leakage %  being the amount
that can  be regenerated  to the  percentage of the 500 p.p.m. NaCl
influent hydrogen form. Example 2 describes experi-  appearing in the
effluent): Effluent             Effluent Leakage (%) 50
(500 ppm NaCI Influent) System A                  System B Bed Volume
(Mixed Bed)                   (Series) 2           <0.1
60 5           <0.1                        50 55
10            <0.1                       40 15           <0.1
35 20             0.5                       40 25              1.0
50 30              5.0                       60 60  The effectiveness of
the mixed bed system as    (b) A  mixed bed  system  prepared  as compared
with the two-bed system  under  taught in Example 1 above, except that
there practical conditions  of regeneration  and  is used for the weak base
resin, a weak base,  80 operation is readily apparent.
cross-linked gel resin (-25 +50 mesh) pre- pared by condensing
polyethyleneimine and Example 3                  ethylene dichloride. The
latter resin has an 65   (a) A mixed bed system is prepared as in  anionic
exchange capacity  of about 16.5 Example 1, except that for the strong
sulfonic  millieq./dry  gm. and  a kinetic  half-life  85 acid cation
exchange resin there is used a  reaction time of less than seven minutes.
The macroreticular, sulfonated, cross-linked poly-  effluent water quality
from  this mixed bed styrene resin, and for the weak base resin  (using
again a 500 ppm NaCl solution as the 70 there is used a macroreticular,
tertiary amine  exhaustant) is about 3 to 4 million ohm-cm., oxide, weak
base resin (-25  +50 mesh)  at the end of ten to fifteen bed volumes.
90 containing about 20%  amine oxide func-   If the data or results of the
above Experi- tionality (kinetic half-life reaction time of  ment and
Examples are interpreted collec- less than seven minutes). The effluent
water  tively, it becomes quite apparent that a mixed 75  quality (using
500 ppm NaCl solution as the  bed  comprising  a  sulfonic  acid  cation
exhaustant) at the end of ten (10) bed volumes  exchange  resin  and  a
weak  base  anion  95 is approximately 10 million [err]    exchange resin
can either perform orders of    4
1,341,080                                           4 magnitude better or
worse than that of a  exchange resin to be carried off by water is two  bed
conventional deionization  system   herein referred to as the rate for
"fluidizing" based upon the same type of ion exchange  the ion exchange
resin. In separating the resins. It has been found, however, that the
mixture of ion exchange resins herein des- 5  performance  depends
primarily  upon  the  cribed, a column should be used having a nature of
the weak base anion exchanger, in  volume in excess of the quantity of ion
particular the kinetic properties, contrary to  exchange resin to be
treated and preferably the prevailing thought that the equilibrium   from
one and one-half to two times its behaviour is controlling. Further, it has
been  volume. The upward flow of water through 10  found that the kinetic
properties of the weak  the column will expand the bed, and by  75 



base anion exchange resin are critical. If the  maintaining the bed in its
expanded condi- rate of exchange (kinetics) of the weak base  tion the
difference in density between the two anion exchange resin is below  a
particular  ion  exchange  resins will cause  them  to value, the
performance is such that the per-  stratify with the lighter ones on top
and the 15  formance of the material in the mixed bed  heavier ones below.
In effecting a separation  80 is considerably poorer than if employed in
of the mixture of ion exchange resins herein the two bed deionization
system. If the rate  used, the rate of upward flow of water may is  above
this  level, the  performance  is  be gradually increased until the rate is
inter- improved so significantly that it exceeds that  mediate the rate for
fluidizing the weak base 20  of  the  two-bed  system.  Although  the
anion exchange resin and the rate for fluidiz-  85 importance of kinetics
in ion exchange tech-  ing the cation exchange resin; or it may be nology
is well-known, the extreme sensitivity  first raised to a point that will
cause a pre- of the mixed bed system based upon a sul-  determined
expansion of the ion exchange fonic acid cation exchange resin and a weak
resin  bed  as, for example, a 50-I0OP, 25  base anion exchange resin to
the kinetics of  expansion and held at that rate to allow a  90 the latter
ion exchanger has never been  partial or complete stratification of the
com- appreciated by those involved in ion exchange  ponent ion exchange
resins and then raised to technology. While the above Experiment and  a
rate of flow that will fluidize the weak base Examples and determinations
show  that a  anion  exchange  resin.  Stratification  flow 30  kinetic
half-time of 30 minutes is too great,  rates may vary, depending on the
physical  95 the kinetic half-life reaction time need not  characteristics
of the resins from  4 to 12.5 be as little as 3 minutes and a reasonable
U.S. galls per sq. ft. of column cross section upper limit has been
determined as being 7  per minute and fluidization may be achieved minutes.
by increasing the flow rate to from  20-30 35    In  conventional
commercial  operations  U.S. galls/sq.ft./min. Both the anion and  100
mixed beds are usually operated in a column  cation exchange resins, once
separated  in in  which  the  solution  to  be  treated  is  this manner,
may now be regenerated simul- customarily passed in a downward direction.
taneously in the same unit, in accordance It must be noted, however, that
there are  with known technology and as described in 40  commercial
operations in which the solution  U.S. Patent 2,578,937  and  re-mixed  for
105 is passed  through  the mixed bed in  an  further use. upward
direction. In  addition, there  are    While the foregoing Examples
illustrate installations in which the resin mixture is  the invention as
applied to a simple aqueous continuously moving counter-current to the
solution of common salt, it is equally applic- 45  direction of the liquid
flow. The process of  able to other aqueous solutions of ionizable  110 the
present invention is applicable to all of  materials, such as the salts of
the alkali, these installations and operations.          alkaline earth,
and heavy metals with the After the resin mixture is exhausted, it  mineral
acids such as the halogen acids, sul- may be separated into its component
parts  furic and phosphoric, and with organic acids 50  for regeneration by
passing a stream of water  such as formic, acetic, oxalic, succinic, malic,
115 or other suitable liquid upwards through the  and citric. mixture at a
rate sufficient to carry out the    Similarly, the application of the
invention less dense weak base anion exchange resin  is not limited to
deionization of water alone but not the denser cation exchange resin  but
may be applied to the purification of 55  The rate of upward flow of water
best suited  solutions  of  organic  materials  containing  120 for the
separation  will depend upon  the  polar impurities such as the removal of
salts particle size of the resins, their relative  from  sugar solutions in
which it is parti- density, the uniformity in the particle size,  cularly
applicable because of the objection the temperature of water, and other
factors.  to acidic conditions during sugar-refining. 60  All upward flow
of water through a bed of    In general, the process is applicable with
125 any ion exchange resin will cause the bed to  weak base anion exchange
resins having a expand and the expansion will increase as  specific gravity
in water below 1.15 and with the upward flow increases until eventually it
cation  exchange  resins  having  a  specific is completely carried off by
the water. The  gravity in water above 1.2. 65  upflow rate that will cause
a particular ion    While  the  above  Examples  show  the  130
1,341,080                                 14 effective use of a gel type,
strong acid cation    WHAT WE CLAIM  IS:-                 60 exchange resin
in combination with a macro-    1. A process of removing ionizable material
reticular, weak base anion exchange resin, from a solution which comprises
passing the both of the results may be gel type, both  solution through a
bed containing a mixture may be macroreticular, or the cation exchange  of
an anion exchange resin and a strong acid resin may be macroreticular and
the anion  cation exchange resin, wherein the anion  65 exchange resin
gel-type so long as the kinetic  exchange resin  is a weakly  basic  anion
half-life reaction time of the weak base resin  exchange  resin  having a
kinetic half-life 



is maintained. Preferably, however, the weak  reaction time of at most
seven minutes. 10  base resin is a macroreticular resin. The    2. A
process according to Claim 1, wherein cation exchange resins that may be
used in  the cation exchange resin contains sulfonic  70 the mixed bed
include, for example, the sul-  acid groups as its ion exchange groups.
fated  or sulfonated  phenol formaldehyde    3. A  process according to
Claim  1, in resins such as are disclosed in U.S. Patent  which at least
one salt is removed from an 15  Nos. 2,191,853, 2,228,159, and 2,258,160;
aqueous solution. the sulfonated styrene - divinyl - benzene    4. A
process according to Claim 1 or 2 as  75 resins described in U.S. Patent
No. 2,366,007,  applied to the removal of ionizable material particularly
those containing 5% or more of  from a sugar solution. divinylbenzene  as
a  cross-linker  in  the    5. A  process according to Claim  1 as 20
copolymer and the cross-linked polymers of  applied to the deionization of
a liquid and polymerizable acids described in U.S. Patent  which is cyclic
in nature, the process com-  80 Nos. 2,340,110 and 2,340,111.
prising passing the liquid through a mixture As noted above, the weak base
resins may  of a weak base anion exchange resin and a by  either  gel  type
or  macroreticular.  cation exchange resin, the weak base anion 25
Chemically, the weak base anion exchange  exchange resin having a specific
gravity in resins may be comprised of the reaction pro-  water below  1.15
and a kinetic half-life  85 ducts of a primary amine or a secondary
reaction time of at most seven (7) minutes, amine or mixtures of the two
types of amines  and the cation exchange resin containing sul- and an
insoluble cross-linked copolymer of  fonic acid groups and  having  a
specific 30  an aromatic monovinylhydrocarbon and an  gravity in water
above 1.2; separating the aromatic divinylhydrocarbon, which copoly-
liquid from the resin; passing water upwards  90 mer contains haloalkyl
groups of the formula  through a column of the mixed ion exchange resins at
a rate sufficient to cause a 50-100% [err]                    expansion of
the ion exchange resin bed and stratification of the two ion exchange
resins; wherein X  is a chlorine or bromine atom  increasing the rate of
upward flow to fluidize  95 35  and
the anion exchanger and thereby separate it [err]                     from
the cation exchanger; regenerating the separated exchangers and remixing
the is an alkylene group in which n is an integer  regenerated resins. of a
value from 1 to 4. Resins of this type    6. A process according to Claim 5
wherein  100 are illustrated  in U.S. Patent 2,591,574.  water is passed
upwards through the column 40  Other weak base resins which may also be  of
the mixed resin at a rate of from 4 to [err] used include, for example, the
condensate  U.S. gallons per square foot of column cross resins made by
condensing a material such  section per minute to cause expansion of the as
epichlorohydrin  with  a  polyalkylene-  resin bed and stratification of
the two resins, 105 polyamine, for example, as taught in U.S.  increasing
the upward flow to from 20 to 30 45  Patents 2,898,309 and 3,005,786. Still
other  galls./sq.ft./min.  to  fluidize  the  anion weak base resins which
may be used include  exchange resin and separate it from the cation the
newer, weakly basic, anion  exchange  exchange resin, regenerating the
separated resins which contain tertiary amine oxide  resins and remixing
the regenerated resins.   110 functionality, as disclosed and claimed in
7. A process according to any of the pre- 50  U.K. Patent Specification
1318962. While the  ceding claims wherein the weakly basic anion particle
size of the resin can vary over the  exchange resin is a macroreticular
resin. usually accepted commercial ranges, it is   8. A liquid purified by
a process according preferred that that particle size and particle  to any
of the preceding claims.        115 size distribution be fairly narrow and
uni- 55  form, and more particularly that the particle           P. W. S.
WOOD, size be (with reference to U.S. Standard Size)   c/o Lennig Chemicals
Limited, -25  +50, i.e., minus 25 or through 25               26-28 Bedford
Row, mesh, with  the  majority  amount being               London, WC1R
4HU. retained on the 50 mesh screen.                     Chartered Patent
Agent. Printed for Her Majesty's Stationery Office, by the Courier Press,
Leamington Spa, 1973 Published by The Patent Office, 25 Southampton
Buildings, London, WC2A 1AY, from which copies may be obtained.
1,341,080                                          5 effective use of a gel
type, strong acid cation    WHAT WE CLAIM  IS -                  60
exchange resin in combination with a macro-    1. A process of removing
ionizable material reticular, weak base anion exchange resin,  from a
solution which comprises passing the both of the results may be gel type,
both  solution through a bed containing a mixture may be macroreticular, or
the cation exchange  of an anion exchange resin and a strong acid resin may
be macroreticular and the anion  cation exchange resin, wherein the anion
65 



exchange resin gel-type so long as the kinetic  exchange resin  is a weakly
basic  anion half-life reaction time of the weak base resin  exchange
resin  having  a kinetic  half-life is maintained. Preferably, however, the
weak  reaction time of at most seven minutes. 10  base resin is a
macroreticular resin. The    2. A process according to Claim 1, wherein
cation exchange resins that may be used in  the cation exchange resin
contains sulfonic  70 the mixed bed include, for example, the sul-  acid
groups as its ion exchange groups. fated  or sulfonated  phenol
formaldehyde    3. A  process according to Claim  1, in resins such as are
disclosed in U.S. Patent  which at least one salt is removed from an 15
Nos. 2,191,853, 2,228,159, and 2,258,160;  aqueous solution. the sulfonated
styrene - divinyl - benzene    4. A process according to Claim 1 or 2 as
75 resins described in U.S. Patent No. 2,366,007,  applied to the removal
of ionizable material particularly those containing 5%  or more of  from a
sugar solution. divinylbenzene  as  a  cross-linker  in  the    5. A
process according to Claim  1 as 20  copolymer and the cross-linked
polymers of  applied to the deionization of a liquid and polymerizable
acids described in U.S. Patent  which is cyclic in nature, the process com-
80 Nos. 2,340,110 and 2,340,111.               prising passing the liquid
through a mixture As noted above, the weak base resins may  of a weak base
anion exchange resin and a by  either  gel  type  or  macroreticular.
cation exchange resin, the weak base anion 25  Chemically, the weak base
anion exchange  exchange resin having a specific gravity in resins may be
comprised of the reaction pro-  water below  1.15 and a kinetic half-life
85 ducts of a primary amine or a secondary  reaction time of at most seven
(7) minutes, amine or mixtures of the two types of amines  and the cation
exchange resin containing sul- and an insoluble cross-linked copolymer of
fonic acid  groups and  having  a specific 30  an aromatic
monovinylhydrocarbon and an  gravity in water above 1.2; separating the
aromatic divinylhydrocarbon, which copoly-  liquid from the resin; passing
water upwards  90 mer contains haloalkyl groups of the formula  through a
column of the mixed ion exchange resins at a rate sufficient to cause a
50-100% [err]                     expansion of the ion exchange resin bed
and stratification of the two ion exchange resins; wherein X  is a chlorine
or bromine atom  increasing the rate of upward flow to fluidize  95 35  and
the anion exchanger and thereby separate it from  the cation exchanger;
regenerating the separated exchangers and remixing the is an alkylene group
in which n is an integer  regenerated resins. of a value from 1 to 4.
Resins of this type    6. A process according to Claim 5 wherein  100 are
illustrated  in  U.S. Patent 2,591,574.  water is passed upwards through
the column 40  Other weak base resins which may also be  of the mixed resin
at a rate of from 4 to [err] used include, for example, the condensate
U.S. gallons per square foot of column cross resins made by condensing a
material such  section per minute to cause expansion of the as
epichlorohydrin  with  a  polyalkylene-  resin bed and stratification of
the two resins, 105 polyamine, for example, as taught in U.S.  increasing
the upward flow to from 20 to 30 45  Patents 2,898,309 and 3,005,786. Still
other  galls./sq.ft./min.  to  fluidize  the  anion weak base resins which
may be used include  exchange resin and separate it from the cation the
newer, weakly basic, anion  exchange  exchange resin, regenerating the
separated resins which contain tertiary amine oxide  resins and remixing
the regenerated resins.   110 functionality, as disclosed and claimed in
7. A process according to any of the pre- 50  U.K. Patent Specification
1318962. While the  ceding claims wherein the weakly basic anion particle
size of the resin can vary over the  exchange resin is a macroreticular
resin. usually accepted commercial ranges, it is    8. A liquid purified by
a process according preferred that that particle size and particle  to any
of the preceding claims.         115 size distribution be fairly narrow and
uni- 55  form, and more particularly that the particle            P. W. S.
WOOD, size be (with reference to U.S. Standard Size)    c/o Lennig
Chemicals Limited, -25  +50, i.e., minus 25 or through 25
26-28 Bedford Row, mesh, with  the  majority  amount being
London, WC1R 4HU. retained on the 50 mesh screen.
Chartered Patent Agent. Printed for Her Majesty's Stationery Office, by the
Courier Press, Leamington Spa, 1973. Published by The Patent Office, 25
Southampton Buildings, London, WC2A 1AY, from which copies may be obtained.


