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ADSTRACT

™is invention is a method for converting (fine
particles of superabsorbent polymers into larger particles.
The invention is primarily directed to agqueous solution
processes for preparing superabsorbent polymers. In such
agueous solution polymerization methods, the polymerization
reaction product is a high viscosity gel which is dried and
ground into particles. In this grinding step, 3 portion of
the product is produced as undesired fine particles having
poor absorbency and poor fabrication properties; l.e. they
"gel block" and dust. According to the invention, fine
superabsorbent polymer particles (up to about 3 parts) are
mixed with the high viscosity reaction product gel (100
parts) containing akout 20  parts by weight - of
superabsorbent polymer and water (5 parts per part of
recycled particles) to form a miXture with lmproved
rheoclogical properties. The resultling mixture can be
processed at a higher rate than a reaction product gel of
equal solids content which results :in & higher product

vyield and increased productivity.
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BACKGROUND OF INVENTION
This invention relates to water-absorbent polymers
which are known in the art as "superabsorbent" polymers.
These polymers have the capability to absorb large volumes
of aqueous fluids and find use 1in the manufacture of
disposable diapers, sanitary napkins and 1incontinent

devices. Superabsorbent polymers are prgpared from at
least one monomer having a polymerizable double bond which
is water soluble or which becomes water solukle upon
hydrolysis. Examples of such polymers are crosslinked,
partially neut.:ralized, polymers and copolymers of acrylic
acid, starch grafted, polymers and copolymers of acrylic
acid polvmers and starch-polyacrylonitrile grafted
polymers. The preparation of such polymers is well known
in the art; see for example U.S. 4,076,663 which describes
the solution polymerlzation of staxrch grafted, acrylic acid
peolymers. |

Superabsorbent polymers are prepared on a commercial
scale by solution or suspension or emulsion polymerization
processes. In the suspension or emulsion methods, the

monomer 1is polymerized in the form of droplets dispersed in

a non-agueous suspension mnedium and recovered as fine
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particles of spheres. In the solution method, the monomer

is polymerized in water to produce a high viscosity gel
Jhich is extruded into strands or films vhich are dried to
remove the aqueous polymerization solvent and ground into
particles. In this grinding step, fine particles (< 75
microns) are produced which are undesired because they have
poor fluid absorbency properties and they cause dusting
problems 1in the fabrication processes for preparing end
products. This invention 1is directed to polymers prepared
by the solution polymerization method. It is the object of
this invention to recycle undesired fine particles produced
in the grinding step and to reform them into larger more

useful particles.

SUMMARY OF THE INVERTION

This invention is directed to a process of recycling
undesired fine particles of superabsorbent polymers 1into
useful larger sized particles. The invention 1is primarily
directed to a medification of a solution polymerization
process for preparing superabsorbent polymers.

Superabsorbent polymers are well known 1in the art.
These polymers have the capability to abSofb aqueous fluias
and are used primarily in the preparation of diapers and
other such personal hygiene products.

In the solution polymerization method, a water soluble
monomey oY monomer nixture is disscolved 1n an agueous

pclymerization mediun. Initiators, antio»idants,
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crosslinkers and other additives are mixed into the

monomer-water solution and polymerization 1s initiated.
The resulting reaction product 1is 1n the form of a high
viscosity gel. The high viscosity, gel-like reaction
product 1is then processed into a £ilm or a strand, dried
and ground into particles which are screened or classified
into various particle size fractions. Oversized and
undersized particles are removed during the screening step
of the process. preferably the desired product should have
a particle size distribution such that at least 50 percent
by weight of the product has a particle size of 150 microns
or greater with no more than 20 percent by weight being
less than 75 microns; preferably there are no particles
less than 100 microns. Particles less than 75 microns are
undesired because they produce ngel Dblocking" (low
absorbency) and dusting. Generally about 10 to 20 percent
by weight of particles having a 75 micron or less particle
size are produced in the standard grinding step.

We have found that up to \about 3 parts of
superabsorbent polymer having a particle size of 75 microns
or less can be recycled into 95 to 100 parts of the
polymerization reaction product of a solution
polymerization having a sclids content of about 20 percent.
Surprisingly no significant increase in line pressure 1S
observed when the mixture is pumped through process piping
nor is product gquality effected. The process of the

invention is carried out by mixing .2 to 3.5, preferably 1

4
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to 3 parts, of fine particles of superabsorbent polymer
into about 95 to 100 parts of a solution polymerization
reaction product under high intensity mixXxing conditions.
The solution polymerization reaction product may contain
about 10 to about 25 percent by weight of superabsorbent
polymer; preferably about 20 percent. Four to about seven

parts of water are added per part of polymer particles

recycled.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

This invention is directed to a method of recycling
superabsorbent polymer particles in an agueous solution
polymerization process. Superabsorbent polymers are well
Xnown in the art. These polymers have the ability to
absorb large gquantities of agueous fluids and may be
selected from crosslinked, partially neutralized
polyacrylic acid polymer (see U.S. 4,654,039), a
crosslinked, partially neutralized starch-acrylic acid
graft polymer (U.S. 4,076,663), a crosslinkeg, partially
neutralized copolymer of isobutylene and maleic anhydride
(U.S. 4,389,513), a saponification product of a vinyl
acetate-acrylic acid copolymer (U.S. 4,124,748), a
hydrolyzate of acryiamide polymer or acrvlamide copolymer

(U.S. 3,959,56%) or a nydrolyzate of an acrylonitrile

copolymer (U.S. 3,935,099). The agueous

solution polymerization method is also well known in the
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art and is described in the literature; see e.d. U.S.

4,465,039; 4,076,633; 4,286,082; and 4,525,527,

The process steps of an agueous solution
volymerization process are polymerization, mastication or
dispersion of the polymeric reaction product into a £ilm or
strand, drying the gel, particle grinding and screening.
In the particle grinding and screening steps, about 10 to
20 percent by weight of the reaction product is recovered
as fine particles having a particle size of 75 microns or
less. These fine particles (< 75 microns) are not desired

because they have poor absorbency and they dust 1in

subsequent fabrication steps.

The poor absorbency properties of < 75 micron
particles is due to "gel blocking". Gel blocking 1s an

apparent reduction in fluid absorption caused by the

formacion of a highly £luid gel whlch encompasses Or
surrounds unwetted particles preventing further fluid
transport to the fine superabsorbent particle's surface.
In accordance with the invention about %5 to 100 parts
of the reaction product of a solution polymerization
process containing 10 to 25 percent by welght of a

superabsorbent polymer is mixed with about .2 to 4,
preferably .2 to 3.5, parts of fine superabsorbent
particles having a particle size of 75 microns or less and
about 4 to about 7 parts of water per part of f£ine
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particles. The resulting mixture exhibits improved flow
characteristics over a solution polymerization reaction
rixture having the same superabsorbent polymer content.
Preferably about 1 to 3 parts of fine superabsorbent
polymer particles and about 5 parts of water per part of
salid polymer particles are introduced into the reaction

product stream having about 15 to 20 percent by weight

polymer content.

Surprisingly, these mixtures may be pumped at a higher
rate than a reaction product of an eguivalent solids
content without a significant increase 1n line pressure.

A superabsorbent polymer solution polymerization
reaction product is in the form of a tough, rubber-like
gel. In the process of the invention this gel is cut or
dispersed into pieces, preferably by extruding the gel
through a die and chopping the extruded strand into pellet-~
like pieces. Fine superabsorbent polymer particles are
added to the dispersed reaction product gel and the
resulting mixture 1is Dblended to disperse the polymer
particles in the reaction product gel. Preferably about
one part of water per part of fine superabsorbent polymer
particles is added during the particle addition step to
reduce dusting of the fine particles and to aid in the
dispersion of polymer particles in the reaction gel. This
blending step can be accomplished by extruding the gel-
particle mixture through a die and chopping or pelletizing

the resulting strand into pellet-like pileces. The
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resulting mixture is a dispersion of the fine
superabsorbent polymer particles in the reaction gel.
About 3-¢ parts of water are added to the dispersion and
mixing is continued to further disperse the superabsorbent
particles in the reaction gel to form a substantially
uniform mixture of the superabsorbent particles 1in the
reaction gel. The last mixing step can be accomplished by
extruding the particle-gel dispersion and water through a
die.

A water-soluble crosslinker is preferably added with
the water in the last wmixing step of the process.
Preferably about 0.001 to about 0.5 percent by welght of
vater soluble crosslinker based upon the weight of fine
superabsorbent polymer particles is added; more preferably

about 0.001 to about 0.1 percent,

About 1 to about 25 percent by weight of £fline
superabsorbent polymer particles based upon the solids
content of the reaction gel may be recycled according to
the process of the invention. However, due to the high
viscosity of such reaction products, it 1s preferrec to
about 20 percent or less of the fine particles 1n order to
effect a good dispersion of the polymer particles in the
reaction product gel. Similarly, although 1t would be
possible to carry out the process of the invention in a
batch mannrer, & continuous process is preferred since a
continuous process reduces the difficulty of the mixing of

the so0lid particles into the high viscosity gel and it

8
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minimizes shearing of the polymer chains.

preferably, the fine superabsorbent polymerx particles
are continuously added to the chopped reaction product gel
in a continuous mixXing zone. About one part of water may
he added per part of the recycled superabsorbent polymer

particles. In percent terms, generally about 15 to 25

percent of the water used in the process 1s added with
recycled fine superabsorbent varticles. After mixing the
fine particles into +he reaction gel, the remainder of the
water is added to the gel-particle dispersion to form a
cubstantially uniform mi¥ of gel and recycled particles.
preferably with the second water addition, a water soluble
crosslinker is added To the particle-gel mixture. The
addition of crosslinker at +his point improves the
performance properties of the resulting superabsorbent

product. The resulting process stream is mixed, dried,

ground and screened in the normal manneér using technigues

and equipment well Xnown in the art.

The following exanples i1lustrate the invention.
These examples contemplate conducting the process 1in a
continuous manner using a two step addition procedure
outlined above for incorporating the fine superabsorbent
particles into the reaction gel. The examples illustrate
results obtained on a continuous solution polymerization

1ine and are simplified to omit unnecessary detall.
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EXAMPLE 1

A plping system designed to operate at a maximun line
pressure of 200 psi was used in this example. This system
contained a 200 psi pressure relief device and is operated
at 180 psl to accommodate occasional pressure surges.

At 180 psi line pressure, this system was used to
transfer a 16-17% solid, gel-like reaction product of a
superabsorbent, solution, polymerization process and the
maximunm transfer rate was determined at 180 psi operation
pressure.

This superabsorbent polymer in 1its dry, powder form

has the following typical properties:

total absorbency (g/g-0.9% Saline) - 50
gel strength (Shear modulus dynas/cm) - 80,000
molsture content - 8%

type - starch-grafted polvacrylic acid

The polymer transfer rate was determined and its value
establishecd as a relative transfer rate of 100, i.e. if the
actual transfer rate was 1000 lbs per hour, that valte was
established as the maximum pumping rate and egual to 100.

EXAMPLE 2

In thls example, the same reaction product and piping
System are used as were used in Example 1. 24 mixture was
prepared containing 95.% parts (16-17% solids) of reaczion
product, 2.4 parts of the particulate superabsorbent
polymer having a particle size of 75 microns or less and 12

parts of process water, This mixture was mixed into a

10
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substantially uniform state and pumped 1into the pilping

system. At 180 psi, a vrelative transfer rate of 110.9 was
achieved for this mixture.

A comparison of the results of Example 1 and Example
> shows that 10.9 percent increase in productivity was

achieved and 15 parts of yndesired fine particles were

recycled. When the polymer gel from Examples 1 and 2 were

dried and ground, the amount of fines (< 75 microns) and

the product quality were essentially the same.

EXAMPLE 3

Example 2 185 repeated except 3.2 parts of the
particulate fine superabsorbent polymer and about 16 parts
of water are added ¢to the reaction product gel. The
relative transfer rate for this mixture was determined toO
pe less than 100.

This Example is repeated. A relative transfer rate in
excess of 100 is achieved. Mechanical problems are

e

attributed to the first ansuccessful trial reported above.

EXAMPLE 4 & 5

)

Example 2 is repeated except with 0.8 parts O
particulate fine superabsorbent polymer in Example 4 and
1.6 parts in Example 5. Five parts of process water Dper
part of powder are used in each example. In both exampies

+he relative transfer rate exceeds 100.

EXAMPLE ¢
Example 1 is repeated using a relative transfer rate

wifon

of 110.9. The 200 psi maximum pressure rating was about to

11 .
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be exceeded and the rransfer rate 1s reduced to 100 in

order to maintain the transfer pipe pressure at 180 psi.

The above examples illustrate the invention.
Modification of the invention will be apparent to one
skilled in the art. various additives such as
srosslinkers, antioxidants fillers etc. can be added to
superabsorbent polymer mixture during the dispersion of the
superabsorbent particles into the agueous solution,
polymerization reaction product.

Exemplary crosslinking compounds are water-soluble

diglycidyl ether compounds, haloepoxy compounds and

aldehydes which form covalent bonds between the polymeric
chains of the superabsorbent composition. Rlso 1lonic
crosslinkers of polvvalent inorganic compounds may be usec.
Exemplary crosslinkers are ethylene glycol-diglycidyl
ether, dipropylene glycol-diglycidyl ether, (poly) -
ethylene ¢lycol-diglycidyl ether, diethylene glyvcol-~
diglycidyl ether, (poly)~glycerin-diglycidyl ether, sodiunm
aluminum sulfate, methvi-epichlorohydrin, glyoxal.
Percentage values used in this application and 1its
claims are weight percent unless otherwise stated. The
term, substantially uniform mixture as used in the claims
ig intended to wmwean that recycled £ine superabsorbent
particles are not readily visible to the human eye as white
specks of agglomerated powder and <the mixture has a

generally uniform appearance to the eye.

12
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE

PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. A method for forming fine particulate superabsorbent
particles into larger particles which comprises:
(a) forming a dispersion of a reaction product of a

superabsorbent polymer solution polymerization

process and fine superabsorbent polymer particles
having a particle size of 75 micron or less wherein
said dispersion comprises from 0.2 parts to about

4 parts of said fine polymer particles per 35 to 100

parts of said reaction product and wherein said

reaction product has a superabsorbent polymer

content of from 10 to 25 percent;

(b) adding from 4 to 7 parts of water per part of
said particles to said dispersion;

(c) mixing said water and said dispersion to form a
substantially uniform mixture in a second mixing
zone: and

(d) drying said mixture.

2. A process according to claim 1 where 15 to 25

percent by weight of said water is added in said first mixing

zone.

3. A process according to claim 1 wherein a water soluble

crosslinker is added to dispersion in said second mixing zone.

13
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4. A process according to claim 3 wherein said water soluble

crosslinker is added in an amount of 0.001 to 0.5 weight

percent based upon the weight of said fine superabsorbent

polymer particles.

5. A process according to claim 4 wherein said crosslinker

is added in an amount of 0.001 to 0.1 percent.

6. A process according to claim 4 wherein said crosslinker

is a water soluble diglycidyl ether.

7. A process according to claim 5 wherein said crosslinker

is an alkylene glycol diglycidyl ether.

8. A process according to claim 6 wherein said particles are

present in an amount of 3 parts per 100 parts of said

reaction product and said reaction product has a polymer

content of from 15 to 20 weight percent.

14
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