1 PR@ESS F%,Eﬁe{\ﬁgé\&éﬁ TED SUPERABSORBENT Tor7re— thos

POLYMER PARTICLES e present invention relates to the
producti on of M' !l ,w H]Wl th high absorptivity for water and
aqueous fluids, of absorbent resins in the form of

aggl oner at ed spherlcal particles. Such - absorbent“reSIns are
particularly useful in t he nanufacture of sanltary-p‘ ct PTie IFdlng
di sposabl e nappi es for babies, sanitary towels and si ar=ﬁroduc

They are al so useful in other applications-—for exanple in ~agriculture,

as soil conditioners or as water-retaining 10 agents, and in civil
engi neering, as anti-coftRprasgent GFWenthehy%ll?attamg:q:(tmgone‘nﬂgctnon of
construction material s, The choi ce of absorbent resin

depends upoRCLEBET Tegius reith M AheorptiNisE ﬁ?@ﬁﬂ%&ﬁ%%@eue@%d

conpatibility w.th the ot [Ipeelyy he sanitary r odyc | ow
rewetting tgﬁa‘er?‘c?y goB?ir Chati c2 ca‘in g;tsoég’&f‘% ) ft frhet}bﬁaté’[}“b IIen gel ,
whi ch pr0pe%bbﬁ%m%@QQeaOsﬂﬁ@fiﬁgf”béggicles chem cal nature of the polynmer,
as well as upon having particle sizes of between 100 and 1, 000

mcrometres, with a meuran%dxyaua:&esShaeaﬂéS§£féaauuyimqndsb@uma&hiCular
.upon 20 having as few snal |l -sized particles as possible, which affect

t he handl i nFhenthapufisttucei ofi @dnitmryaprioduessi ntoepodig niisposavtieem Al so
hi gh rates of absorption, and good diffusion of | i quids into, between
and vmttnr1tﬂﬂ?E&G§ofB€nPabb?¥qc?%ﬁ#%ﬁ%y towelghapdceiri kas mradvatsar e

related to e particle size
tJLe are also usefgf 1n other applications, for example in

agriculture, as soil conditioners or as water-retaining
10 agents, and in civil engineering, as anti-condensation or
dehydrating components in construction materials.

The choice of absorbent resin depends upon the
desired properties such as high absorbance, good
compatibility with the other components of the sanitary

15 product, low rewetting tendency, good mechanical strength of

: i

the water-swollen gel, which properties tend to depend on the
chemical nature of.the polymer, as well as upon having
particle sizes of between 100 and 1,000 micrometres, with a
narrow particle size distribution and in particular upon

20 having as few small-sized particles as possible, which affect
the handling and construction of the articles incorporating
them. Also high rates of absorption, and good diffusion of
liquids into, between and within the absorbent particles are
characteristics thefiare related to the particle size and the

25 sghape of the particles.f ﬁ add&tlon, good water-absorbent
resins must be nonirritant and inexpensive.

The m;st w1de1y known:water-absorbing sysatems
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.25 shape of the particles. In addition, good water-absorbent resins

must be nonirritant and inexpensive. The nost wi dely known

wat er - absor bi ng syst ens - 2-

i nclude partially neutralized polyacrylic acids and their derivati ves.
~Such acrylic super-absorbent resins have traditionally been produced

essentially by two different nmet hods of pol ynerization: solution

pol ymeri zation, which 5 yields a polyner nass which nust subsequently be

ground and classified to obtain a pewdler of suitable particle size, and

I nver se suspensi on polynerization, the direct result of which s a

powder \Ahoseu&i‘ﬁ’&?né’ﬁt%laﬂ-&sﬂﬁ%%‘ﬁ?&’r%q P%SFV&&F acidgAndrghedarticl es.
10 .nverse sugee si on golynerlza |onb weves thﬂY t he

di sadvant agef -5 ViEdi ng! TReY b"se%tpeer sox 8&& bRt

super absor beeﬁaagchulmalygbgaﬁ LPbd Sl aegw&q 1y bOl RS CERal el T ne

particle size the po ynerlzatlon

of an al kal ind®ics 93 bolfmelDzRECL Nt %&lfiit(idﬂr pa&gaeﬁigas@iah,r qlraled nmonomer

in inverse wat er-in-oil suspension, as described in published Japanese
Pat ent Ap[B i £pé1dy aNpolyhed0rdBs Lihid¢h inifsta dubs@aigntly Beélrdmaimhtand
consisting of an ester of a fatty acid and of sorbitan with an HLB of

bet ween 3 anefl#ssidiicdn tpubbitshada Powdemafesaifabdnt PAppi¢latsige Nend
60- 25045 using an ani oni c )
inverse suspension polymerization, the direct result of which
is a powder whose components are substantially spherical
polymer particles.

10 Inverse suspension polymerization, however, has
the disadvantage of providing, in the absence of
agglomeration, superabsorbent polymer in the form of a powder
of excessively fine particle size. This is the case, for
example, with the polymerization of an alkali metal salt of

15 acrylic acid or of a closely related monomer in inverse
water-in-oil suspension, as described in published Japanese
Patent Application No. 54-30710 utilizing a primary
sﬁrfactant consisting of an ester of a fatty acid and of
sorbitan with an HLB of between 3 and 6, or in published

20 Japanese Patent Appliéation No. 60-25045 using an anionic
surfactant, which results in powders having particles between
10 and 100 micrometres in size.

It is known separately to agglomerate the
initially formed individual particles to provide particles

25 which are both of large size and of high specific surface
without which the rate of water absorption would be
insuffiqient. A number of agglomeration methods have been
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surfactant, which results in powders having particles between 10 and
100 mcronetres in size. It is known separately to

aggl onerate the initially formed individual particles to provide
particles 25 which are both of large size and of high specific surface
wi t hout which the rate of water absorption would be Insufficient. A
nunber of aggl onerati on net hods have been

- 3- proposed. There is, for exanple, the aggloneration of dry
powders, by surface crosslinking with a crosslinking agent ( Eur opean
Pat ent Specification EP 349240, N ppon Sh3kubal) or by an aqueous

sol ution of co a (o] Fajent
Speci ficati ofr{PJ 11263%1?é£|g1| g%onf%E 2 Ekﬁhgﬁhé\ﬁ%iécﬁhﬁe%gg\%gs ? gFat e of

absorption opokliers, bypusRIce l&&bsbhakiﬁghmaala )ér@lsfsﬁhﬁuiﬁgw&é@é' on,
and al so has the di sadvantage of providing relatively fragil

aggl oner at es (Eutfpean Patent Sneclﬁasatheneﬂbrx&gﬁﬂﬂerahbpoheshopﬁhiﬁrr@ﬂ to
reaggl onerate powder resuspended in an inert hydrocarbon liquid with
the aid of aRYa@@l IMEWS RPlnFden eéngngmﬁg efntaining mpnergaslinkimger

(silica) apd of a surfactant Euro ean tent Specification EP 224923
Sei t et su) graanE ? WRATSAT tsﬁEFFlabSﬂF+?®'%ﬁ 3763dfy| NéPREReoUsS

sol ution intéﬁgﬂﬁﬁghffnéhlch improves the rate of absorption of the
polymer, but is a technically diﬁficult operation, and also
has the disadvantage of providing relatively fragile
agglomerates.

10 It has therefore generally been preferred to
reagglomerate powder resuspended in an inert hydrocarbon
liquid with the aid of an agglomerating agent consisting of
an inorganic powder (silica) and of a surfactant (European
Patent Specification EP 224923 Seitetsu) or of a relativelyL

15 small quantity of an acrylic aqueous solution introduced into
the polymer suspension under polYmerization conditions
(International Patent Publication WO 50/08789, Dow
Chemicals).

These processes are merely methods for the

20 recovery of powders of unsatisfactory particle sgize. It is
industrially somewhat unsatisfactory to have systematically
to carry out two independent complete operations to achieve a
single result. Thus attempts héve been made to incorporate
the agglomeration into the overall production of the

25 superabsorbent polymer by making the agglomeration follow
directly the inverse suspension polymerization, which gives

the polymer in the form of individual particles. Thus,



;the pol yner suspension under polynerization conditions (I'nternational

Pat ent Publication WO 90/ 08789, Dow Chem cal s). These
processes are nerely nmethods for the 20 recovery of powders of
unsatisfactory particle size. It is i ndustrially somewhat

unsati sfactory to have systematically to carry out two i ndependent

conpl ete operations to achieve a single result. Thus attenpts have been
made to i ncorporate t he aggl oneration into the overall production of
the 25 superabsorbent pol yner by nakiﬁgqtﬁe aggl omeration foll ow

directly t h%ukaggéﬁepggggepn%%kcqqg!g@%{é%k%\, (MY S 1BRISS descriBEsPOl yTET

in the formo I VI

-4- Eur opganiRet-88hc SPSLi §# GalrdHer5332 40t i M 1.5t i &l )s 10859 ERem t he

i ntroduction of nmononer directly into the slurry from first

pol yneri zat ifafrstt pelppéyirditzai,] dheofpollymelrizsthextof wiirchugist nalkout by
heating the mixture to approximately 60[err]C. 5 The nethod appears to
functi on webrougktepbonh brcheatingfthe mixkure poRRRIERaelY0RONRY .

Eur opean Patent Speci fication 441507 (Sum tono) describes a twy-stage
prepar at i 6n Th¢ WSEER aPPe%F?e$°rﬁﬁﬁqﬁjQEa&FFéd Sﬁ?gQWm9qi9¥ﬁ c@@ggeLof

i nver se suspension.pol ynegi zation, t suspensi on ,of . .pol. r..10
particles i & 3 I@Hanlgﬁﬁgeﬁ% ?%ﬁﬁﬁﬁ%ﬂljggrg egg ﬁ%ﬁént %é%ﬁ%ﬁg%%ﬁéophe

surfactant %ﬁﬁ%o&o(%GﬁEESmaﬁedééé¥§ﬂé435(H%oLQ%age preparation in which,

after having carried out the first stage of inverse
suspension polymerization, the suspension of polymer

10 particles is cooled to ambient temperature sc as to
inactivate the surfactant used to ensure the stability of the
inverse suspension; after which a second monomer charge, in
the form of an aqueous solution, is added to the suspension,
the polymerization of which is brought about by raising the

15 temperature to about 60/70°C. A narrow distribution of
strongly bound large-sized agglomerates is thus obtained, but
with the disadvantage of a high energy consumption and of
poor output efficiency because of the slowness of the reactor
cooling/heating cycles which are necessary.

20 According to the present invention there is
provided a process for preparation of superabsorbent polymer
in the form of a powder of agglomerated particles, which
process comprises agglomerating using, as agglomerating
agent, an aqueous solution of monomer, particles of super-

25 absorbent polymer in suspension in a hydrocarbon liquid
medium which is a non-solvent for the polymer and for the

agglomerating agent, wherein:



i nverse suspension; after which a second nononer charge, in t he form of
an aqueous solution, is added to the suspension, - the pol yneri zation of
whi ch is brought about by raising the 15 tenperature to about 60/70[err]C.
A narrow distribution of strongly bound | arge-sized aggl onerates is

t hus obt ai ned, but wi th the disadvantage of a high energy consunption
and of poor output efficiency because of the sl owness of the reactor
cool i ng/ heating cycles which are necessaré According to
the present invention there is provid d a process for preparation of

super absor bent pol ymer _ |nt£he f or m of owder _of a | oner at ed
particles, which process conp?%ee"susagséﬂ PRt PAFRTIRF, 4s

aggl oner at i Ny rod @R lin 3 (AQUROHELSE! 44 | Gl @enﬁlaggme garticles of

super- 25 absorbent polyner in suspension in a rocarbon liquid

medi um whi ¢hpéByRe i atINY &F ther mbhémee) yner and for the aggloneratlng
agent, wherein: -5-

- t he aqueous sol uti-on of thenenks udsed betweehoHuCedandItaD U e by xt ure at
the tenperature of pol ynmeri zation of the nononer,

there is u3edeb@heh w%etzee Dopgmes hasashonothagye bkt af rtgwmnorrer

based on the ht of .t he nmer, to be aggl oner at ed,
t he aqueous g%fﬂ% DD PRI eﬁ §8%t onal Iy

- the aqueous solution of monomer additionally
contains a hydrophilic additive comprising a thickener and a
surfactant with an HLB higher than or equal to 8.
10 The process according to the invention enables
particles to be obtained with the required size distribution.
Within the meaning of the present specification, a
temperature of polymerization is inpended to mean a
temperature at which the polymerization of the monomer is
15 suitably carried out and which depends, among other things,
on the polymerization initiator employed. 1In the case where
this initiator is potassium persulphate, which is a preferred
initiator for the invention, this temperature is above 50°C.
To carry out the invention, the sgstarting material
20 to be agglomerated may be a suspension, in the hydrocarbon
liquid medium, of fine spherical particles which is a fine
powder of superabsorbent polymer dispersed while heated with
moderate agitation in hydrocarbon liquid medium, or the
polymer slurry in the compogition and temperature state which
25 directly results from a preliminary inverse suspension
polymerization.

The aqueous solution of unsaturated water-soluble



contains a hydrophilic additive conprising a thickener and a sur f act ant

with an HLB higher than or equal to 8. 10 The process
according to the invention enabl es particles to be obtained with the
required size distribution. Wthin the meaning of the
present specification, a tenperature of polynerization is intended to
nmean a tenperature at which the polynerization of the nononmer is 15
suitably carried out and which depends, among other things,  on the
pol yneri zation initiator enployed. In thef case where this initiator is

pot assi um persuln{%hate whi ch referred Initiator for the

i nvention, ths é'nﬁgggif’ﬂ?’éa?lﬁgxég. oW Fpcwill have been preppgedarry out
the inventi q%r?a%%e ar g_hng%gﬁé&;é&# _wi%% %%ggﬁaggggﬁ{%%% be a

suspensi on, t he drocar iquid cal

particles Whidfbdratarki B8 the PONCESr Ofs $UAGEEPSLLPEHt, QQE%{}ydi spersed

whil e heated with noderate agitation i1 n hydrocarbon |1 qui medi um or

t he pol yersidiler by thet bemperdnsid icE palgmbeNPLE fén) & 5 il twlieCh 25
directly results froma prelimnary inverse suspension pol yneri zati on.
The aqueouds hesiwaenof Oofindn%atdr atfed Wheemosahem|splution preparation,

- 6- nmononer aggl oneration agent, which will have been prepared
separ at el y, RFiofmedd6edd Pt Araye itatn Wtdmehy| polyperizatiomatattivie of

the reactor éé%égy %B%'B%gcééuggcyé t;%fégfiy to dissolve and partially

neutralize the monomer, to add polymerization initiator and,
if appropriate, crosslinking agent, énd an agglomerating
10 agent intended to control the direct formation of clusters of
polymer particles which will form the superabsorbent resin
powder in its £f£inal form.
The rate of introduction of the monomer solution
and the agitation in the reactor are controlled so that the
15 temperature within the reactor departs as little as possible
from the chosen target temperature, since the addition of
cold monomer tends to lower it, and the exothermicity of the
polymerization to increase it.
When the agglomeration polymerization is finished,
20 which is ensured when the temperature of the mixture has
become steady again after passing through an exothermic peak,
the water and the solvent may be removed by distillation and
the superabsorbent resin powder is collected directly in the
form in which it is employed.
25 The unsaturated monomers, the polymerization
initiators, the crosslinking agents, the nonreactive

hydrocarbon liquids forming the dispersion medium, the



;possi ble at the tenperature of polynerization, in practice 5 between 60
and 75[err]C. For the nononer solution preparation, performed cold to
prevent any untinely polynerization at this stage, the procedure is
typically to dissolve and partially neutralize the nononmer, to add

pol ymeri zation initiator and, I f appropriate, crosslinking agent, and
an agglonerating 10 agent intended to control the direct fornmation of
clusters of pol ymer particles which will formthe superabsorbent resin
powder in its final form - 7The rate of introduction of the

nmononer sol ution and the agitation in the reactor are controlled so
that the 15FVYHARGFCHEWERPRE 13RA It dickepsreswiaichaxs aeed possibl e

fromthe chosen target t erat ur si nce the addition of col d .nononer
Lends to |ovirerndiet o FEBCEAIHhFred 45 e tErdtes' TS ane Jatan 28
Increase Il.yge in disperse phX@@”r&&%bé%ﬂﬂdyyﬁé§3h99199|%P@Eéééﬂd.on I'S

finished, 20 which i S ensured when the tenperature of the mxture has
becorme steady again aftgerpassidw@id irdiglecthaceydibesdid Nadkhe the water

and the solvent nay be renoved by distillation and t he super absor bent
resi n powderprefeantddoaterdsptobly umsdtherated fmpnomerswhdbchusd i s enpl oyed.
25 The unsaturated nononers, the polynerization initiators,

the crossli MA¢IRFHRentte, theeinvanbieri vdieverthpdesear bba Progeals may kieng

the dlsperSIggggggﬁlgﬂt %g%h other unsaturated water-soluble monomers
such as the methylpropanesulphonamides of these acids, their
nonanionic derivatives such as acrylamide, methacrylamide and

10 their N,N-dimethylsubstituted derivatives, 2-hydroxyethyl
acrylate or methacrylate, N-methylolacrylamide or -
methacrylamide, or their nitrogen-containing derivatives such
as (dimethyl- or diethyl)amino(ethyl or propyl) acrylate or
methacrylate and the corresponding quaternary ammonium salts.

15 The agglomeration polymerization is initiated by
radical polymerization initiators, water-soluble ones being
preferred since both the monomer and the polymer are
themselves hydrophilic; potassium persulphate is particulérly
preferred.

20 Crosslinking agents, which can be employed for the
partial crosslinking of the hydrophilic polymers produced,
are generally compounds containing at least two unsaturated
groups capable of copolymerizing with the unsaturated monomer
(acrylic acid), of the polyol di/triacrylate type, or which

25 are capable of reacting with its polymerization products,
such as diol diglycidyl ethers.

The nonreactive hydrocarbon liquids employed as



-7- surface-active agents and the thickeners which are used

according to the invention are materials which are known for use in

di sperse phase radical polynerization processes. Acrylic
acid and nmethacrylic acid are the 5 preferred water-sol ubl e unsat urat ed
nononers for use according to the invention. Neverthel ess, the process
may be carried out with other unsaturated water-sol ubl e nononers

such as the nethyl propanesul phonam des of these acids, their nonani oni ¢
derivatives such as acryl am de, nethacrylamde and 10 their

N, N- di met hyl substituted derivatives, 2-hydroxyethyl acryl ate or

met hacryl at 2i9pansiop sledéprypanpuding to the dumvieatighamieqratudtheithat

ni t rogen-cont ai ni_.ng ,deri vati ves such as (dinethyl- or
vy

di et hyl ) am i etMAGA LAY o iPEF EabPYREdR e monoperfagry| the RAIYmaRs
di ' l{s. h | ti
corresponal ngoﬂ&g;ger '1‘?{ )i aggggwn&gglr ;S%]a ]tg‘&ty%ﬁyzg??‘é%gl fﬁnglg oneratl on

polynmerization 1s initiate ra rs,

wat er - sol ubl &&ﬂ%g}ée | @n watBEef ﬁélregaélﬂpee 10QR Hggﬂ?%ﬁa eovlaegéj btyhe

pol ynmer are t hensel ves hydrop I C; potassium per

particul ar3 yazeotr¥pifcedig®@i1140ion, and that @HRIS! bLBKI NEg S.spiir can
be enpl oyed for the partial crosslinking of the hydrophilic polyners

pr oduced, be aguf fjerienglllyy lognpoutbist celndyaindiyn peavhpasi t éAVOF£HYS adHy at ed
groups capabl e of copolynerizing with the unsaturated nononer (acrylic
aci d), of thEigmt wawdsr/ withenyl therngbedegradatiion. 2Bhey carepaiie of
reacting with it%ipo%ynerization gioducts, such as diol diglycidyl

et hers. example, n-peptang,,rEateReratydrvlsPiaRer i §ateerenpl oyed as

ethylcyclohexane, isooctane and xylene.

10 It may happen that a spontaneous agglomeration of
the polymer particles takes place under conditions similar to
those of the invention. It is obviously not possible to rély
on such a process in order to obtain the industrial result
which is sought after. This result is achieved according to

15 the invention by adding to the monomer agglomerating agent a
highly hydrophilic agent with surfactant and viscosity-
raising propertiesﬂ This hydrophilic agent consists of the
combination of a hydrophilic surfactant with an HLB higher
than or equal to 8 and of a viscosity-raising or thickening

20 agent.

Hydrophilic surfactants which may be employed are,
for example, nonionic agents like ethoxylated alkylphenols,
sorbitan or ethoxylated sorbitol derivatives; among these,
those containing 10 to 100 molecules, and more precisely 15

25 to 50 molecules, of ethylene oxide per molecule are

particularly valued; or conventional ionic surfactants such

as sulphates or sulphonates, for example sodium



- 8- di spersion nmedia according to the invention are products that are
chemcally inert towards the nononers and the pol yners formed. It is

hi ghly desirable that they should form an azeotrope with water, so that
the latter may be renoved by 5 azeotropic distillation, and that their
boi l i ng point should be sufficiently low so that they may be evaporated
fromthe final powder w thout thermal degradation. They are, for

exanpl e, n-pentane, cycl ohexane, n-heptane, toluene, et hyl cycl ohexane,

I sooct ane and xylene. 1 |t -nRy- happen that a spontaneous

0 .
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sought after. resul't i's achieve

adding to thgldeHOIRIr 4G9hAMRCaLABE/AASE A coholhb8BbYyRYAE OpPhi | i c agent
with surfactant and viscosity- rai.sing properties. This hydrophilic

agent consists of the Thecohbicatobreld ydrpghapbe! vissoivehanlsinigt h an
HLB hi gher than or equal to 8 and of a viscosity-raising or thickening
20 agent. 5 agents or thickegesphihyctern ftatthe selfuthsangebivatiptesyed are,
for exanple, nonionic agents |ike ethoxylated al kyl phenol s, sorbitan or
et hoxyl at ed SBP¥R 13 ified YaserarphePleciadlulosegpnoguckor® ai ning 10 to

;gro rrrrg: ggﬂ: gg%{;lggxymd rT&:rl'xeylprcee Il%ﬁ!a e}Sor 2!:50 tv?atSeox'-réglltelg!Lezszérj(;{ice tg]g/iy%]eersOXI de

such as linear poly{meth)acrylic acids or their copolymers,
. for example with 2-hydroxyethyl acrylate, vinylpyrrolidone or
10‘its derivatives, linear (meth)acrylic acid/methyl
vinylether/maleic acid or anhydride copolymers, their metal
salts, polyethylene oxides and water-soluble polyurethanes.
It is to be noted that the use of a thickening or
viscosity-raising agent in the charge of agglomerating agent
15 is contrary to a prejudice of the prior art. What is desired
from an agglomerating agent, whatever the mechanism by which
it is consumed, is that it should bind onto or into the
particles which it is -intended to agglomerate and that it
should not go into a stable suspension and polymerize in this
20 form, the result of which would be the formation of a new
population of individual polymer particles, which is
obviously to be avoided. One of the unexpected teachings of
the invention is that not only does a thickening agent in the
charge of the agglomerating agent not promote its
25 stabilization in the form of suspension, to the detriment of

its contact with the polymer particles to be agglomerated,

but that it is one of the characteristics of the process.



particularly valued; or conventional ionic surfactants such as

sul phates or sul phonates, for exanple sodi um

-9- dodecyl sul phate or dodecyl benzenesul phoni ¢ aci d; or hydr ophi lic
pol yneric surface-active agents |ike pol yvinyl al cohol or vinyl
acet at e/ vi nyl al cohol copol yners. The choice of the

hydr ophilic viscosity-raising 5 agents or thickeners may turn to the

cel lul ose derivatives known as nodified water-soluble cellul oses, such
as car boxynmet hyl cellul ose, or to wat® ~sol ubl e acrylic polymers

such as linear poly(meth)acryli.c acids or eir _copol yners, for exanple
with 2-hydroxyet hyl acr@%‘%t‘é%/lq}'ﬁﬁw & %g‘ﬁea%?fg”ﬁ)‘yﬁrt’sn%égie\‘? tQekhe

one et B ¢o2ReIalE] Bbraced MM MLRERL L EdfE LBV (T KE

copol yners, met a s, polye ene oxi des¥and water’-sol ubl e

pol yur et hanegeiow 50 % by weight!bfi SgdorlEtAhgdalbat the éﬁgiénef%tion
t hi ckeni ng or vi scosity-raising agent in the charge of aggl onerating

agent 15 i sigailvameriyoparpi]l ushaetid fiimlppioatedr tont¥ibis ism desired
from an aggl onerati ng agent, whatever the mechani sm by which it is
consuned, 3} sexd¢egsivelyhbdbl bropovhien o7f ifiiine bleeds whpahthatesenricledt is
I ntended to agglonerate and that it should not go into a stable

suspensi on atRPFRATAMG-2e APRVENZL0 DPY gfehohthéheeREPEess Sk ReFsndiicm be
;[/mhiecl;loir gat ! Ogipéic%lrle:&a/s in BQQH&E‘&'ZQ&&‘; Itrlz(.jelr\g qléalto Ozlnxgﬁrdnpsagézlscel s,
phase in the hydrocarbon which forms the dispersion medium,
and there is a severe risk of setting solid.
10 The following Examples will further illustrate the
present invention.
In the accompanying Figures:
Figure 1 shows product according to Comparative
Example 1, and
15 Figure 2 shows product according to the present
invention of Example 2.
Example 1l: Preparation of superabsorbent
particles without agglomeration (comparison example).
This is a one-step polymerization process based on

20 inverse suspension polymerization. The following sequences

are carried out:

%

- a) preparation of the dispersion medium,
- b) prepafation of the monomer solution,
- c) introduction and dispersion of the

25 monomer in the dispersion medium and its polymerization,
- £) (final sequence): evaporation cf the

water and of the solvent and recovery of the powder obtained.



Oobviously to be avoi ded. One of the unexpected teachings of " the

I nvention is that not only does a thickening agent in the charge of the
aggl onerating agent not pronote its 25 stabilization in the form of
suspension, to the detrinent of its contact with the polynmer particles
to be aggl onerat ed, but that it is one of the characteristics of the
process. - 10 -

The weight ratio of the aggl onerating agent to the pol ymer to be

aggl onerated is not without significance.ll - Below 50 % by wei ght of

aggl onerati ng agent the aggl oneration Is only very partial and the
final powder contains afedsengecdkively high proportion of fine beads which

have remai ned i nde Above 200 % 0GESS ffers
from difficulties pﬁ g?a%?‘l“f‘%a? ch-PH: %%‘Y\ﬁgngo’ﬁma&én&% z‘r eic
hase in the B§Qf c ns. 0 there
Ps a severe T rq’f Sg'[%'?'l wgaksgﬁbga %Q?egédgp&d%& QIEEE%&F% k\’/ﬁng arrpl es
wi |1 furtherpddddisidmicit &ﬁdustr@éesea; Aﬁalemtssograms of sucrose |N the

acconpanyi ng Fi gures: Figure 1 shows product according to
Conpar ati v di/tiRedgratk azeddidbolved in 275 driagidl 6£2héptase O HBSut
according to the present I nvention of Exanple 2.

Exanpl e 1: P8@Farati watbf stipeindsalr Bt revolutions/minute and purging
with nitrogen, in a one-litre reactor fitted with a device
for introducing solid or liquid reactants, a bladed stirrer,
a system for purging with inert gas, a temperature probe and

10 a heating/cooling device consisting of a jacket in which a
heat transfer fluid is circulated and can be assigned to a
target temperature. This solution is kept at 80°C for the
time needed for the surfactant system to dissolve completely
in the heptane. After dissolving, the temperature is brought

15 back to 60°C.

Sequence_ b
In another one-litre reactor equipped like Fhe
- preceding one, 92 grams of aﬁ aqueoug golution containing
80 % by weight of acrylic acid are neutralized with 135.59

20 grams of 22.62 % sodium hydroxide lye, this being done slowly
enough that the temperature does not exceed 30°C. To this
solution are added 2 grams of carboxymethyl cellulose and
then 0.414 grams of a solution containing 2 % by weight of
ethylene glycol diglycidyl ether and 2.76 grams of an aqueous

25 solution containing 2 % of ?otassium persulphate.

Sequence c¢)

While the reactor with the heptane-based solution



particles w thout aggloneration (conparison exanple). Thi s
IS a one-step polynerization process based on 20 inverse suspension

pol ymeri zation. The foll owi ng sequences are carried out:

- a) _preparation of the dispersion nedium - b)
preparation of the nononer sol ution, : - c)

I ntroduction and di spersion of the 25 nononer in the dispersion nmedi um and
its polynmerization, - ) (final sequence):
evaporation of the wat er and of the d@ vent and recovery of the powder
obt ai ned. . . Sequence a) . ] 1. 07
grams of a pbf yERR{y &S TRIdREI 480 WP HHticns /ming kR aRd del fiHinifgmsegenosA,

mar ket ed under_thi s ne_by Mt sui Petrochem cal ] ndusfiriges Co) and 0.55
grams of sudrREnG i PREVASPALY BRI S ATEG P nPRIE ot A b OHSSane at

about 80Lf1diy At oM kN bl Ehbfe 2110 LLNAULLRNSL O SR, RICO! N

with nitrogen,”1n“a one-litre react fitte

i ntroduci ng §&pt£hdr |ITHRUrdphaacheRbduc@idd atednst hli€bus phade SHleM for
purging with inert gas, a tenperature probe and 10 a heating/cooling

devi ce consishe padftar jcatket thewbémperature hEather angtere fdlifhils to
circulated and can be assigned to a target tenperature. This solution
is kept at sUpewt|49°For This tempenptursededmbintaimedufidract ant systemto

di ssol ve conpletely ) )
stabilization period of 15 minutes. After this period the

target temperature of the heat transfer f£luid circulated in
the jacket is raised to 70°C. The polymerizatibn commences.
10 The reactor is kept at this temperature level for 30 minutes.
Final sequence f)
The target temperature is now raised to 115-130°C
to remove the water and heptane. After complete evaporation
a superabsorbent polymer is obtained in the form of a powder
15 consisting of indiﬁidual beads (Figure 1) of superabsorbent
polymer with a mean size of approximately 100 microns, whose
absorptivity for water containing salt in a concentration of
0.9 % by wgight is 75 grams per gram of polymer. The
percentage of fines (particles smaller than 100 microns in
20 size) is approximately 50 %, a value which is quite
unacceptable.

Examples 2 to 7 are examples of processes

comprising an agglomeration of individual fine particles.
The following sequences are carried out:

25 - a), b) and c¢), for the preparation of the
superabsorbent polymer as individual beads, which may be

extemporaneous, and which are then linked directly into a



in the heptane. After dissolving, the tenperature is brought 15 back to
60[err] C Sequence b) I n anot her one-litre
react or equi pped like the precedi ng one, 92 granms of an aqueous

sol uti on cont ai ni ng 80 % by weight of acrylic acid are neutralized with
135.59 20 grans of 22.62 % sodi um hydroxide lye, this being done slowy
enough that the tenperature does not exceed 30[err]C. To this sol ution
are added 2 granms of carboxynmethyl cellul ose and then 0.414 granms of a
solution containing 2 % by meight of - %ihylene gl ycol diglycidyl ether

and 2.76 granps_pf an .aqueous | ut ont ing 2 % of pota55|um
per sul phat e, “®¥*€8 with sequenggﬁuéﬂCe t)ang A B & e@ﬁ react or
with the hep&

|
- 12 - &Egpt e ug’t 2 ipirary, RrSRAEAtACR, Of SRY BPYRSR, i t¥bgen

pur gi ng, thewm@wwwé Y HUERARILaEHERYS1 HRES By & Is@haeﬂuseﬁ) as a{@%?' y
into it and changes into an i nverse suspension 1 n t he ep ane e

rapi d i ntrodaeti tie afsdiztiagiedushphpéedérf 0 5 the reactor causes the
tenperature of the mxture to fall to about 40[err]C. This tenperature
is maintaihed for a -st abi ) zat imrepperEtddnob£18 chaxgeof After this
period the target tenperature of the heat transfer fluid circulated in
the jacket i|899LPRIXRYIRITA@ISMLFC. The pol ynerizati on commences.

- e) introduction of the agglomerating
agent charged into the powder of individual beads of polymer
or into a dispersing medium within which these beads remain

10 in suspension, and optionally its polymerizaéion if a
polymerizable monomer agglomerating agent is involved,

- £) a (second) sequence for evaporation of
the solvents and recovery of the powder obtained.

Example 2: Reagglomeration of powder according to

15 the invention.

Sequence a)

A reactor as described in the sequence a) of
Example 1 is charged with 275 g of heptane. The temperature
of the heat transfer fluid is set a target temperaturé'of 80°C

20 and 1.07 grams of Hi-Wax 1105A and 0.55 grams of sucrose
di/tristearate are dissolved therein with stirring at 400
revolutions/minute and with nitrogen purging. This solution
is kept at 80°C for the time needed for the dispersing system
to dissolve in the heptane. The temperature is kept at 80°C

25 and the superabsorbent éowder obtained in Example 1 isz
introduced into the mixture, stirring being continued, in

such quantity that there are 92 g of dry polymer, allowing



.10 The reactor is kept at this tenperature |evel for 30 m nutes.

Fi nal sequence f) The target tenperature is now raised to
115-130[err] C to renove the water and heptane. After conplete
evapor ati on a superabsorbent polyner is obtained in the formof a

powder 15 consisting of individual beads (Figure 1) of superabsorbent
.polymer with a nean size of approximately 100 m crons, whose
absorptivity for water containing salt in a concentration of 0.9 % by
weight is 75 granms per gram of polyner.~ B per cent age of f:nes0 .
articles s I than 10Q mcrons in 0 size) is approximately 50 % a
\(/gl ue which ?giqﬁth?e em&uu%aé“@éﬁt abfeln “he Fowder. Exanples 2 to 7 are
exanpl es of processes gequeRBEESHPG) an aggl oneration of individual fine
particles. The foll owm ng sequences are carried out: 25 -
a), b) and c), for the prepangictgnodiwiter is inpesabsarberd OAl WEB/.+35
I ndi vi dual beads, which may be ext enpor aneous, and which are then
| i nked di recshyhij ptat a allowing for the moisture introduced by the - 13 -
series with sequences d), e) and f) below, or else which correspond to
a prelinm nar UPPEpRF AR ofthere pordes8 ¢rof watgy dn theereaeyohave been
fol | owed by sequence H% as_ above for the isolation of the powder, 5
_ d) gW%b%Faf??ﬁF 5 qf ggoé}en superabsorbent polymer in

suspension in the heptane medium equal to 60 % by weight of

the total polymer + water). The temperature of the heat
transfer f£luid is set a target of 70°C.
10 Sequence 4)

While the preceding sequence is in progress, 92
grams of aqueous solution containing 80 % by weight of
acrylic acid are neutralized with 135.59 grams of 22.62 %
sodium hydroxide lye in a reactor equipped like that in

15 sequence a), this being performed slowly enough that the
temperature does not exceed 30°C. To this solution of
partially neutralized acrylic acid (75 moles %) are added 2
gramg of carboxymethyl cellulose and 0.46 grams of an aqueous
solution conﬁaining 10 % of nonylphenol ethoxylated with 50

20 moles of ethylene oxide (Remcopal 31250 from Ceca S.A.); and
then 2.76 grams of an aqueous solution containing 2 % by
weight of potassium persulphate and 7 grams of an aqueous
solution containing 2 % of ethylene.élycol diglycidyl ether.

Sequence e

25 The monomer charge prepared in sequence d) above
is introduced dropwise into the reactor as it ig at the end

of sequence c). The introduction period is approximately 30



.aggl onerati ng agent, - e) I ntroduction of the

aggl onerati ng agent charged into the powder of individual beads of

pol yrer or into a dispersing nediumw thin which these beads remain 10
i n suspension, and optionally its polynerization if a pol ymeri zabl e
nononer aggl onerating agent is involved, - f) a
(second) sequence for evaporation of the solvents and recovery of the
powder obt ai ned. Exanpl e 2: Reaggl onerati on of powder
according to 15 the invention. - 15 - Sequence a)

A reactor as described in the sequence a ample 1 is charged with

of Ex
275 g of heptHHE-esrhd e rfBPSTAFRY e Of(ﬁg%|ﬁ;q%gaéntF&ﬁsi%ﬁqulﬁqu¥?i§§t a

t t ot fo~ 80 .20 and. 1 .gra of Hi- 105A and 0.55
ar get tempesat e APOLEiL] G ADAN pleBT BB 01 L Wt L1038, a0 0.5
400 reV%éﬁﬂg&ﬁlmta%%daaé 1b 6 N 44 L QAENL RAWLG/BInudBi S p?é"al“zleoé"ut% 'S

kept at 80[err]C for the tine needed for the dispersing system

di ssol ve i n éhecHepimiedutttohespetRisil¢hdigdephiah 88[ pe1d G velds @ 4 he
super absor bent powder obtained in Exanple 1 is i ntroduced into the

m xture, s%ithke mpeasdiony tevperratiede drops skightlyustithbuti Nadwdhare eater 92 ¢
of dry polyner,_ allow_ng . _ - 14 -
for the resi tRE}HnEHREIGWe 6571 AN dWesr rises again both because of the

heating by the jacket at 70°C and of the exothermicity of the
polymerization reaction, which soon recommences. The rate of
stirring is increased to 800 revolutions/minute and the

10 reactor is kept under these conditions for about twenty
minutes.

Final secquence f)

The target temperature is now raised to 115-130°C
to remove the water and heptane. After complete evaporation
15 a superabsorbent polymer is obtained in the form of a powder
which appears under the microscope to be formed of
agglomerates of polymer beads. Tﬁe powder fraction passing
through a_lOO-micron screen is less than 1 %. The salt water
absorptidn is 60 g/g of polymer.
20 Example 3: Two-stage process, polymerization and
agglomeration according to the invention.
To begin with, stages a), b) and ¢) are performed
as in Example 1.
The sequences d) and e) are next linked in series
25 as in Example 2, and the operation is finished with a final
sequence f), also as in Example 2.

A powder of superabsorbent pblymer is thus



Sequences b/ c) A quantity of water is introduced into the

react or such that, allowng for the noisture introduced by the 5
superabsorbent, there are 138 g of water in the reactor (wat er content
of the swollen superabsorbent polyner in suspension in the heptane
medi um equal to 60 % by wei ght of the total polynmer + water). The
tenperature of the heat transfer fluid is set a target of 70[err]C 10
Sequence d) Wil e the precedi ng sequence is in progress, 92
grans of aqueous sol ution contalnlng 80'9%%y'me|ght of acryllc aC|d are
neutralized with 135.59 qgra 62 % m hyd OXId 34

reactor equi ) %‘i‘j"’l“?‘?(e“’tffg’[ Tsr‘? sgqﬁgﬁ%%r °mé %g pegf%ér/med sl owl y

enough that (Depre AEMALR éﬂxd%rg S8 ety dﬁ}g&?% 30LSEELGec o 14 foél ut | on

of parti ralize acry I C aci noles 9% are added 2

grans of car by etdyla LS @aardwleds asdFptalonaisaguegpg of sol ution
contai ning 10 % of nonyl phenol ethoxylated with 50 20 noles of ethyl ene

oxi de (Rentopalymd250 from Ceca S. A ), and then 2.76 grans of an
aqueous sol ution containing 2 % by wei ght of potassiu rsul phate and
7 grans of 5an aqueous EzgmﬂlgL&QnAauﬁpuﬁrﬁ¢EPQEM¥#9PSe?ﬁ9P§$En@ISﬁxﬁhe

di gl yci dyl ether. Sequence e) The nononer

char ge prepaFEUePhlg%q%E4|E?WEeQQﬁﬂﬁ§ °°ntF91|?ﬁ??ﬁﬂﬁﬂ@ﬂtﬂrgﬁﬂﬁg8m?nto t he

oo matel y 30 ¢ i proceds 189HENER Bdamplt® 5! "eAYE EOR BRET G TS

following differences.
The inverse suspension polymerization of the
10 monomer resulting in the formation of a suspension of
individual beads of monomer in the hydrocarbon solvent is
carried out by performing the’ sequences a), b) and ¢) as in
Example 1, but at the end of sequence c¢) the target
tempefature of the reactor is set at 40°C so as to bring the
15 contents of the reactor to this temperature. When this
temperature is reached, the heating control of the jacket is
switched off. The following sequences are carried out.
Sequence d
While the preceding sequence is in progress, 92
20 grams of agqueousz solution conéaining 80 % by weight of
acrylic acid are neutralized with 135.59 grams of 22.62 %
sodium hydroxide lye in a reactor equipped like that in
sequence a), this being done slowly enough that the
temperature does not exceed 30°C. To this solution of
25 partially neutralized acrylic acid (75 moles %) are added 2
grams of carboxymethyl cellulose and 0.46 grams of an aqueous

solution containing 10 % of nonylphenol ethoxylated with 50



- 15 - m nutes, the tenperature of the fluid in the jacket remaining

set at 70[err]C, under nitrogen bubbling, the rate of stirring bei ng
mai nt ai ned at 400- 600 revolutions/mnute. As a result of the

i ntroduction of this charge, which is relatively cold, 5 the reactor
tenperature drops slightly w thout, however, ever falling bel ow
65[err] C, and then rises again both because of the heating by the
jacket at 70[err]C and of the exothermcity of the pol ymeri zati on
reaction, which soon recomences. The ratld of stirring is increased to

800 revolutig m nute.and the .10 act or_.i t .under, the ondi tj ons
for about tﬁ%éﬁ%ﬁ g¥]%%ﬁﬁ%€8§.8Xl%e (el Had %IESQaFrg%qé%%%éiﬁgfs' and

The target teperalil & lahs"QW Lal 36dedts Eauti0hetbhtaining & EARYe the
wat er and heptane. After conplete évaporation 15 a superabsorbert pol yner

i s obtai ned woidghe dOPBtAssaupOPELEulphatdliztld apgeans Bdeh ddeedlLr oscope

to be fornmed of aggl onerates of polyner beads. The powder fraction
passi ng sblotipgn cii@imiogoR $coferthyldnes glykad digdydhdyladthemt er
absorption is 60 g/g of polyner. 20 Exanpl e 3: Two- st age

process, polynerizati onSgauence @hgl| oneration according to the invention.
To begin with, stages a b) and c) .are perforne as, i n Exanple 1.
The sequences d) and e)%Efe;ﬁgﬁ?u?i?ﬁ&ﬁ?%ﬁ?%ﬁ???& a§§°5§1?% B HFESE and

the operati 08) i Ps fixﬁ}?&%e\& td?.ogwg.isga%nto tﬁsee%%{é%%rf ) wi@%sr?ia.sogi;gn Exanpl e
2. powder o uper absor bent “pol’ymel 'S thus
. bubbling, the rate of stirring being maintained at 400-600
revolutiogs/minute. The temperature of the reactor contents
10 decreases again to about 35°C. These conditions are
maintained for approximately 15 minutes for stabilization and
the heating control of the reactor is then brought back into
action, the temperature of the heat transfer fluid being set
a target of 70°C. The polymerization commences. These new
15 conditions are maintained for about twenty minutes from the
time when the temperature of the mixture has reached 70°C.
Final sequence £
As in Example 1.
A powder which is substantially identical with
20 that obtained in Example 3 is thus obtained, but at the
expense of a greater experimental complexity, a longer
production periocd and an appreciably higher consumption in
the cooliné/heating cycles in sequences c¢) and f).
Example 5: Aqueous compositions according to

25 Sumitomo, and temperature control according to the invention.

The procedure is as in Example 4, except for the

following differences.



- 16 - obtained in the formof a powder of aggl onerates of beads

(Figure 2), the undersize of which at 1 micronetre is | ower than 1 %
. and whose salt water absorption is 62 g/g of polymer. 5

‘Exanpl e 4: Aqueous conpositions according to the i nvention and _
tenperature control according to Sum tono. The process is as
i n Exanple 3, except for the follow ng differences. The
i nver se suspensi on polynerization of the _ 10 nononer resulting in the
formati on of a suspension of i ndi vi dud¥ Dbeads of nonomer in the

hydrocarbon solvent is g ggggigg out by perform ng the' sequences a), b)
and c) as in Exanpl ) the end of sequence c) the target

tenperature of the reachgs gSc2Cheptadll£Fd 1{0t3R3a83li01RES NEhd *lﬁwit _
contents of the reactor to this tenperature. VWen this tenperature is

reached, theabsetilmegi cantmeinplfe thanhagkethésted toSWotehathdfdf. 74Theof
foll ow ng sequences are carried out. Sequence d)

Wil e the prevedbsry Selfdmimaratienapdolr @3sg &R pddfeghgiene! modibets _
sol ution containing 80 % by weight of acrxlic acid are neutralized wth
135. 59 gr afs¥bFh 203 ki aanhydrddeyprry disgplced khenein washt etivvingpped |i ke

that in SEHUSDCE, ¢ io&éyﬁidﬁﬁqu done sl owly enough that the

Sequence b
92 g of an aqueocus solution containing 80 % by
weight of acrylic acid are separately neutralized with 135.59
10 g of 22 % sodium hydroxide lye. 1 g of carboxymethyl
cellulose is added, followed by 2.76 g of an aqueous solution
containing 2 % of potassium persulphate and 0.92 g of an

aqueous solution containing 2 % of ethylene glycol diglycidyl

ether.

15 . Sequence c¢)

While the reactor is kept stirred at 400
revolutions/minute and with nitrogen purging at the rate of
80 litres/minute, the aqueous phase prepared previously is
introduced into it a little at a time and chanées into
20 inverse suspension in the heptane. The temperature is raised
to 70°C to induce polymerization; it is kept at this level for
30 minutes. The temperature is then brought back to 45°C.
Sequence d)
While the preceding operation is in progress, 92 g
25 of aqueous solution containing 80 % by weight of acrylic acid
is separately neutralized with 135.59 g of.22.6 % sodium

hydroxide 1Ye and then 2.76 g of an aqueous solution



tenperature does not exceed 30[err]C. To this solution of 25 partially

neutralized acrylic acid (75 noles % are added 2 - granms of

car boxynet hyl cellul ose and 0.46 grans of an aqueous sol ution

contai ning 10 % of nonyl phenol ethoxylated with 50 '

- 17 - nol es of ethyl ene oxide (Rentopal 31250 from Ceca S. A ), and
then 2.76 grans of an aqueous sol ution containing 2 % by wei ght of

pot assi um persul phate and 2 grans of an aqueous solution containing 2 %
of ethylene glycol diglycidyl ether. 5 B Sequence e)

The aqueous charog, Qar%e@f?‘@‘é%gia{‘&mt eé&ﬂl‘bb‘?%bft%l and 9).%%5 igfr%?uced

dropwi se into the redactor, with nitrog Ing, t Jate stirring

bei ng mai nt ahpesodd ANUEHR conthENDhE2 ONY 4N enthg1{e8vedaaiiy e fy t he

reactor contents 10 decreases again to about 35[err]C. These conditions
are mai néehéee daforciapaddednt efie 1tempeatitanrd @f thabi hgdedbusd plaidk,

the heating control of the reactor is then brought back into action,

t he tenper at whichffotms Hiwt momgmeterhétae dIbeiiwy then brought abaek tof
70[err]C. _The polynerization commences. These new 15 conditions are
naintained5f69cgbout twenty mnutes fromthe time when the tenperature

of the m xture has reac@&g Lngrglc. Fi nal sequence f)

As in Exanple 1. powder which is substantially identical
Wi th The stirring in the reactor is raised to 800

revolutions/minute, the nitrogen purging being maintained at
80 litres/minute. The charge II is introduced into it a
10 little at a time. When the charge II has been introduced,
the absorption is allowed to continue for 5 minutes at a
temperature of 45°C. After this the temperature is raised to
70°C to start the secdnd stage of polymerization. The
polymerization is allowed to continue for 30 minutes.
15 Final sequence f£)
The heptane and most of the water are removed by
distillation.
The final product is a powder whose mean particle
size is 150 pym, whose undersize at 100 um is unacceptable,
20 with a value of more than 15 %, and whose abéorption of 0.9 %
salt water is 55 g/g.
Example 6
In this example the ability to conduct the
operation at high temperature is exploited to the full. This
25 is an advantageous alternative form of the preceding Example.

Sequence a

The procedure is as in Example 1, excépt for the



20 that obtained in Exanple 3 is thus obtai ned, but at the expense of a

greater experinental conplexity, a |onger production period and an
appreci ably higher consunption in t he cooling/ heating cycles in
sequences c¢) and f). Exanpl e 5: Aqueous conpositions
according to 25 Sumtono, and tenperature control according to the

I nventi on. The procedure is as in Exanple 4, except for the
foll owi ng differences. ' - 18 -
Sequence a) 275 g of heptane are introduced into the device

described in Exanple 1 and are heated to 80[err]C, and 0.74 g of

sucrose di/ tdiffiegmngecthatl atOthe erfd i \idrehpleanenapdbie PR LRtIF erdFei c
anhydride are dissolved therejn with stirring at 400
revol uti ons/BEghght back to 70°C by segéaagneg b}emperature of the bﬁab of an

I ut t.3i nisng 80, % b i g vl g aci
Coparately neTAdLEd Y kobadsebeqtey Ty BETHE HARAS .

of carboxynet hyl ceé%a%g&gehﬂ_added, foll owed by 2.76 g of an aqueous
sol ution cont ai ni ng o 01 pot assi um persul phate and 0.92 g of an

aqueous sod ution cont ai AhNgqeedadfsslindBnfgmpadnet Ob VStdbdred asctiher .
15 Sequence c)

Example 1.

Sequence ¢)

While the reactor with the heptane-based solution

is kept stirred at 400 revolutions/minute and with nitrogen

10 purging, the previously prepared aqueous phase is introduced
into it rapidly and changes into inverse suspension in the
heptane. The introduction of the aqueous phase into the
reactor causes a brief drop in the temperature of the
mixture, rapidly compensated by the fact that the jacket

15 temperature is set a target of 70°C. The polymerization
commences; its exothermicity can take the mixture to a higher
temperature,-brought back to 70°C by the same mechanism as
soon as the polymerization exothermicity ceases. A polymer
suspension is formed and stays automatically at 70°C.

20 Sequence d)

While the preceding operation is in progress, a
new charge of aqueous solution of monomer is prepared as
described in sequence d) of Example 3.

Sequences e) and £

25 These are conducted like sequences e) and f) in
Example 3.

A powder of superabsorbent polymer is thus



\MWile the reactor is kept stirred at 400 revol utions/mnute and with
nitrogen purging at the rate of 80 litres/mnute, the aqueous phase
prepared previously is introduced into it alittle at a time and
changes into 20 inverse suspension in the heptane. The tenperature is
rai sed to 70[err]C to induce polynerization; it is kept at this |evel
for 30 mnutes. The tenperature is then brought back to 45[err]C
Sequence d) Wil e the preceding operation is in progress,
92 g 25 of aqueous solution containing 8o % by wei ght of acrylic acid

s Separ at el v AUl 26 ebby 195 SOAAL 8 81508, or DU O Ve

and then 2. an aqueous so

- 19 - CoMA N RY et s Tl 2RO aaSi RN S UsPhakE aidh O 92 9 19fs 1&:
aqueous solution containing 2 % of ethylene glycol diglycidyl ether are
then added. Wi emporpiibn 98 6hig/qqueous phase, which fornms the
nononmer charge Il, is then brought back to 5 10[err]C.

Sequence e) Examp &7 stGonpargtiinet Beampbeg or is raised to 800
revol utions/ mnute, the nitrogen purgi ng bei ng maintai ned at 80

litres/mirute. The char§él| Fhessemiensasc&akenpdarce a¢ o Yhe precgdiagtine.
Vhen the charge Ll has et i DLLOUNEST or gedlRedPSP! PLL Shidh Floved to
aqueous solution of monomer is prepared omitting the addition
of the hydrophilic additive, that is to say of carboxymethyl
cellulose and of nonylphenol ethoxylated with 50 moles of
10 ethylene oxide.

A powder of superabsorbent polymer is thus
obtained, consisting essentially of beads with an
unacceptable.36 % uﬁdersize at 100 microns.

If the nonylphenol ethoxylated with 50 moles of

15 ethylene oxide is omitted, a powder containing 30 % of fines

is obtained. When it is the thickener that is omitted, the

powder cbtained contains 10 % of fines.



tenmperature of 45[err]C. After this the tenperature is raised to
70[err]Cto start the second stage of polynerization. The

Ei'qﬂlﬁ!lémﬂ TR ©" *Ohe”hept ane and most of ihe water are removed

* HistilMation. The final product is a powder whose
nean particle size is 150 [err]m whose undersize at 100 [err]mis
unacceptable, 20 with a value of nore than 15 % and whose absorption of
0.9 % salt water is 55 g/g. - 22 - Exanpl e 6

In this exanple the ability to conduct fh operation at high
tenperature is exploited to the full. f%#giEbS I s an advant ageous

alternative formof the_.precegdin .
The procedure is as in éxanpl% ﬂ excepogFgrePﬁratlon of suﬁ%%yﬂ%%Q%eﬁL

- 20 - ! &4 N3le 2brinBreRd,OhadnG 5 apdaRae-bbeat gEPOIAIAN ¢ | S
brought backﬁtgﬁggferr]cf%y settlngd?he t enperature gf thésheat égtransfer

fluid in theyheaetPFod Mk RlomplriEBESat§IPREPALIRy using, as aggloméetiiance b)
5 An aqueous sol ution of nmonomer is prepared as in Exanpl e
1. 5 agent, &ecupremscgoclution of monomer, particles of

superabsorbent polymer in suspension in a hydrocarbon liquid
medium which is a non-solvent for the polymer and for the
agglomerating agent, wherein:

- the agqueous solution of monomer is

10 introduced into the mixture at the temperature of
polymerization of the monomer,

- there is used between 50 % and 200 % by
weight of agglomerating monomer based on the weight of the
polymer to be agglomerated,

15 - the aqueous solution of monomer additionally
contains a hydrophilic additive comprising a thickener and a
surfactant with an HLB higher than or equal to 8.

2. A process accérding to Claim 1, wherein the
suspension of superabsorbent polymer to be agglomerated is

20 produced by suspending a powder of superabsorbing polymer in
a liquid hydrocarbon in which the polymer is not soluble.

3. 2 process according to Claim 2, wherein,
before the agglomeration, the superabsorbent polymer,
suspended in a liquid hydrocarbon, is swollen with water.

25 4. A process according to Claim 1, wherein the
suspension of superabsorbent polymer to be agglomerated is a

suspension as obtained by inverse suspension polymerization



Wi | e the reactor-wi th-the hept ane-based sol ution is kept stirred at

400 re and with nitrogen 10 purging, the previously
prepargﬂmuwmﬂm, %ﬁl i nt roduced into it rapidly and changes into
I nver se* SuUspenshu [ hept ane. The introduction of the aqueous
phase into the reactor causes a brief drop in the tenperature of the

m xture, rapidly conpensated by the fact that the jacket 15 tenperature is
set a target of 70[err]C. The pol ynerization comences; its
exothermcity can take the m xture to a higher t enperature, brought
back to 70[ &g he ByubB8sSA8BuPESH Y SHBritter inSQORydBodd¥bq0|MRAIWZ ahi on
exothermcity ceases. A pol yner suspension is forned and stays

aut onat i cal Iwhizth EBeepolfner28nd the agglomeSediiepcronidmer are not

Wil e the preceding operation is in progress, a new charge of aqueous
sol ution of ardmbder is prepared as described in sequence d) of Exanple
3. Sequences e) and f) 25 These are conduct ed
| i ke sequences e) and f§'|n PqB&%ﬁﬁ g@cgording to any one of Gladwf &f

super absorbent ,pol hus

D Bt 1ot hor oo thE T AFROUP ASARSL B %gBPBREPE EY of beads,
whose undersizf /r%t%ﬁf%eiﬁ@rbéuééésiﬁé@%h% HixthieStblpe Water
absorption is 65 o/ g.

agglomerated at a temperature of 60 to 75°C.

6. A process according to any one of the

preceding claims, wherein the said thickener is a modified
10 water-soluble cellulose or a water-soluble acrylic polymer or
copolymer,

7. A process according to any one of the
preceding Claims, wherein the said surfactant is én
ethoxylated alkylpheqol, ethoxylated sorbitan or ethoxylated

15 sorbitol derivative which contains 10 to 100 molecules of
ethylene oxide per molecule.

8. A process according to any one of Claims 1
to 5, wherein the hydrophilic agent contains carboxymethyl
cellulose as thickening agent and nonylphenol 'ethoxylated

20 with 50 moles of ethylene oxide as hydroxylated surfactant.

9. A process according to Claim 1 substantially
as described in any one of Examples 2, 3, 5 and 6.

10. Agglomerated particles of superabsorbent
polymer prepared by the process claimed in any one of the

25 preceding Claims.



Exanpl e 7: Conparative Exanples. 5 Al'l the sequences take place

as in the preceding exanple, with the exception of sequence d), in

whi ch t he aqueous sol ution of nonomer is prepared omtting the addition
of the hydrophilic additive, that is to say of carboxynethyl cel | ul ose
and of nonyl phenol ethoxylated with 50 noles of 10 ethyl ene oxi de.

A powder of superabsorbent polynmer is thus obt ai ned, consi sting
essentially of beads with an unacceptgbl e 36 % under si ze at 100

m crons. If the nonylphenol “ethoxylated with 50 nol es of

15 ethyl ene oxide is omtted, a powderpgaiairni ng 30 % of fines IS
obt ai ned. Wien it is the thlckener that Ts omtted, the powder obt ai ned
contains 10 % of fines. - 22 -
CLAI M5 1. A process for preparation of superabsorbent

polymer in the forBR . )4 3 ERATED (SUPERABSORBRENT ch process
conpri ses aggl onerating using, as a Ionerat|n 5 agent, an aqueous

sol ution of nononer, particles ofE——%HEEpBEEEEgHS%nt pol ymer in suspension
in a hydrocarbon quU|d medi um which is a non-solvent for the pol yner
and for the aggl onerati ng agent, wherein: - t he
aqueous_SO|Utlon of ”Dnggggra§ng to the present invention, fine particles

5 of superabsorbent polymer may be agglomerated by introducing
‘an aqueous solution of monomer into a slurry of aqueous
polymer dispersed within a hydrocarbon 1iéuid, this
introduction being performed directly at the temperature and
under the conditions of polymerization of the monomer.

10 A superabsorbent product is thus obtained in a
good yield, in the form of aggregates of particles whose

undersize at 100 micrometres is below 1 %.



A0 introduced into the m xture at the tenperature of pol ymeri zati on of
t he nonaner, - there is used between 50 % and 200 % by
wei ght of aggl onerati ng nononer based on the weight of the pol ymer to
be aggl onerated, 15 - t he agqueous sol ution of nononer
additional ly contains a hydrophilic additive conprising a thickener and
a surfactant with an HLB hi gher than or equal to 8. 2
A process according to Claim1, wherein, the suspensi on of

super absor bent polyner to be aggloneraﬂ@ﬁ Is 20 produced by suspending a
powder of superabsorbing polyner in a liquid hydrocarbon in which the
pol ymer is not sol uble. 3. A process according to Cl aim
2, wherein, before the aggl oneration, the superabsorbent pol yner,
suspended in a |iqui Gy S Kl wi th wat er 25

4. A process accor : - E RS £
super absor bent pol yn#
by inverse suspensio 4 i i SR y X
- 23 - of an aque (R P R R o : @eoon liquid in

‘ : sol ubl e.

erein the

pduced into the

5. A process accor @

. o
aqueous sol ution of
m xture to be




Rog7r6o S
aggl orerated-at- a tenperature of 60 to 75[err]C. 5 A
propessfaccohdinggpo?any one of the precedi ng clainms, wherein the said
t hi.:ckener is'da nodified 10 water-soluble cellulose or a water-soluble
acryl:i c.pol ymer.ori : copol yner. 7. A process according
to-any one’'6f the . preceding Cains, wherein the said surfactant is an
et hoxyl at-ed--al-kyl phenol , et hoxyl ated sorbitan or ethoxylated 15 sorbitol
derivative which contains 10 to 100 nol gcul es of et hyl ene oxi de per

nol ecul'e. "~ "PROCESS FOR. PREFARING ASSLONERATED (SUFERNBEORBEN®! Clains 1
to 5, wherein the hydrophilic agOUYMBRIPARTICLESboxynet hyl cel lul ose as
t hi ckeni ng agent and nonyl phenol ethoxylated 20 wth 50 noles of ethylene

oxi de as hydroxyl at ed r f rqce accordi ng
to Claim1 substantial f‘?‘e ggégésﬁ%eiggﬁl %ﬁniﬂelaar?fsog% %‘%éé’%é’?f%?ég" ,°Cf3, 5

and 6. polymer resind witAUSINRIFHRPLRRLtY (HAS wates URAT AkRBHRENT
pol ymer prepared by the proeess-clainmed in any one of the 25 preceding
Cl ai ns. fluids, in particular of absorbeit resins in the form of

agglomerated spherical particles.

Such absorbent resins are particularly useful in
the manufacture of sanitary products, 'i.ncluding disposable
napp:l.es for babies, sanitary towels and similar products.
They are also ugeful in other applications, for example in
agriculture, as soil conditioners or as water-retaining
10 agents; and in civil engineering, as anti-condensation or

dehydrating components in construction materials.
The choice of absorbent resin depends upon the
desired properties such as high absorbance, good

. compatibility with the other components of the sanitary

15 product, low rewetting tendency, good mechanical strength of

the water-swollen gel, which properties tend to depend on the

chemical nature of the polymer, as well as upon !aaving
L particle sizes of between 100 and 1,000 micrometres, with a

narrow particle size distribution and in particular upon

20 bhaving as few small-gized paﬂ:i.ciea as possible, which affect

the handling .and construction of the articles incorporating
them. Also high rates of ahsorptiox_x, and good diffusion of
liquids into, between and within the absorbent particles are

characteristics that are related to the particle gize and the

25 shape of the particles. In addition, good water-absorbent

reging must be nonirritant and inexpensive.

The most wi_.dely known water-absorbing systems



