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» production of acrylic polyner powder s capabl e of abs [
“quantities of water or of aqueous fluids. T,l l"TI ][ﬁ J"L
known now to produce materials which possess a high water 1 n

ﬁl\ C e\

:-1-: SUPERABSORBENT POLYACRYLI C ACI D PONDERS

DESCRIPTION 5 The present invention re-’i‘lﬁéﬁéeth%ée@x?keplaced

capacity by solution or inverse suspension polynerisation of nononers 10

possessi ng eDBAGRIRTIONat uration, nore particularly of acrylic nononers.

The powders whi ch are thus obtained swell strongly in the presence

of water, giving gels The pregant,dnyetia raliatas g?% h. These

properties are utilised for, inter alia, the Glure of sanitary
15

manuf a
articles for RIRAUHIA QRS I BRI SOUISRP ﬁama&[si_e
These products however contain nqQt..J.nsj g f | AU nonomner .
Thi s ig a ser‘?s‘%ﬁ%r V’E%d’t)aalfﬂealgoé“adg:laéuls%? ﬁ?esf'}eaq%o}tnorrers SBToxic or at

| east agyl ess‘);_. vl?.(*é)wards t he nucous nenbranes and the skin. Various nore or
| ess s]t stactory solutions have been proposed for reducing the

residual nononer contenfy js know Adie tB Frdlidd GnaAtdnaldiGs AIQIET S,
nanely: treatnment with 1sopropanol (EP 20 0262380, Cassella), with

hydr oxyl ani ngyddkeiss 49 W¥dH  wat & ket ion ddpasity by solmiiun amtd such
as lysine (U'S. 4766173, | co) or with azo compounds or per oxi des
(JP 1- 0103644 nveree) suspension pol ymeri sat t@aode sudnowershe mononer
content can be reduced to a | evel of 500 ppmeither by introducing an

) oxi datpossessingi ethybemie umsaturations nexerpprticularly of

pol ymeri sation, or by treating the polymer fornmed, but prior_to its

* final dry®ng,aekryhio. manenerso Peenpowders whigh e feiwkidtairedive to

t he pol yner (expressed as. 5 dry weight), 0,01 m bejng a | rlimt
beloalm%ich (swgll strongly in thg preégnge of waéEE, glvfhg gg¥§

having high mechanical strength. These pfoperties are
utilised for, inter alia, the manufacture of sanitary
articles for the absorption and retention of body

15 fluids.

These products however contain not
insignificant amounts of monomer. This is é serious
disadvantage because these monomers are toxic or at
least aggressive towards the mucous membranes and the

20 skin. Various more or less satisfactory solutions have
been proposed for reducing the residual monomer content
of the hydrophilic acrylic monomers, namely: txeatment
with isopropanol (EP 0262380, Cassella), with
hydroxylamine (U.S. 4929717, Stockhausen), with an

25 amino acid such as lysine (U.S. 4766173, Nalco) or with
azo compounds or peroxides (JP 1-0103644, Sanyo). Sanyo
in particular teaches that the monomer content can be -

reduced to a level of 500 ppm either by introducing an



no significant effect on the residual nonomer is observed any | onger

and 100 ppm bei ng an upper limt whi ch cannot be exce eplaced

adversely affecting t he absorption capacity of the fingl ulﬂ

An inportant inprovenent in the production of such ab

I s .descri bed in European Patent EP20, 441,507. It consists in carrying

out the pol ynerisation of the acrylic nononer in at |east two

stages. | n adxirsttistregedurt ion eyaplseusipasitire mbSs poldergoisat i on i s

carried out in a conventional manner, and this polynerisation |eads

to t he formaticdiymerigation, qut by treafdaehdher fed ymerm&Qralesh,gdudt nononer
caused to becone absorbed on this gel and the pol yneri sation

of this new (Bﬁﬂi”e t %L@Fﬂa]amln%o With (0t e 1% PPBUSE) for med gel .
Thi s tlon/ neyi satjon, sequence can, where ecessary,
be repeat ed r&rﬁféf ‘{%rree]c?cﬁ’é’eng" the % (@’ﬁpé’ﬁsﬁf %h are

val oo b%a“scf!aé 10810 s PARHSH égvéefrzﬁlglg@ﬁéﬁeﬁ'o% Wit " et
pol ymeri sati g, éﬂﬁflfff@&xﬂ: cg%s%(@g N %HS 28 QUBS SMrfomer is Of water and
the significantl nprove ul us elasticity, plast|C|ty and
resi stance t(bﬁgﬁivad'dﬁy longer, and 100 ppm being an upper limit
which cannot be exceeded without adversely affecting
the absorption capacity of the final product.
10 An important improvement in the production of
such absorbent powders is described in European Patent
EP 0,441,507. It consists in carrying out the
polymerisation of the acrylic monomer in at least two
stages. In a first stage, an inverse suspension
15 polymerisation is carried out in a conventional manner,
and this polymerisation leads to the formation of a
gel. In a second stage, a new charge of monomer is
caused to become absorbed on this gel and the
polymerisation of this new charge is brought about
20 within the previously formed gel. This
absorption/polymerisation sequence can, where
necessary, be repeated. In this manner, one obtains
polymeric resins which are valued because of their
significantly larger particle size than that of the
25 resins obtained by simple inverse suspension
polymerisation, their rate of swelling in the presence
of water and the significantly improved modulus of

elasticity, plasticity and resistance to deswelling



under_pressure, of the gel which they formin the presence

It has been found that provided this process conprises a fi lwajhsB%nRQmed
sequence of isolation of the polymer conprising a first ren m y
azeotropic distillation and a subsequent drying, it is possi lﬂ

the residual 5 nmononmer content of the finished product to a leve h

is as low as 50 ppm by i ntroduci ng hydrogen peroxi de between the
azeot ropi ¢ diwndeéer pressurel, td theigrl vhich theyw digrae ain echreesult is not
achieved if action is taken at a different stage of the process.

Accor di ng to P¥RsengeRf ofdtemere is provided a process for the

production of powder which is superabsorbent for water and aqueous |iquids

and 10 consi sts of Partashsemctrund i hart RIS i thiRiRFIRRASHg a very
| ow free nononer . ontent, which ocess conprises at least the
fol | owi ng seq?@ﬁ%’é%s.es a flnal séquence gf l%ﬁslatl%ﬁ)e%éréﬁ cﬁp]&meg

1l Ic|>f v(r]ater bxp)azeot%?ex%% ation of a

non- aquead!s %8$ P sf? sg’%irﬁ? remoYa ;
first agueous phnase of° partrTally neutralise acr aci d nononer

(charge 1), l@istillati d bédquen®ARH Y, (e {ONOIEL; rge |
into inverse st%plens?olr'\?naan% a sy %%??rrerﬁgél??bn t her eof t]bQ%(r:ér?a gel
(polynerisatipéqhde the residual monomer corlent &f 6fXeé afiwikwdq a second

aqueous phase of partially neutralised acrylic acid nononmer (charge
), product to a leve) whichsig pis orowfa€ g gspm by t he gel
formed in step ¢c) and 20 pol ynmeri sation thereof (polynerisation Il) and
f) i sol at i imtpbduding dhydreogénrperoxides tlegtwden vithe ha zsot o o

conprises at |east one azeotropi c dehydrati on operation and one drying
operati oh9  distillahioriandydhegdry ey oxA deonparabledoeselbni® notinto
the pol ymer between the said, . dehydration and drying operations-to
reduce the redfiavedohbneetionttpttaken at a different stage rofrhesses
for obtaining acrylic superabsorbents by two-stage pol ymeri sati on
noni oni ¢ sur fBEPEREE-are generally used, such as the esters of fatty

acids with sorbitan, mjih ol yal cergl or, Wwth,sucrose..or the

pol yoxyet hyl ene- n §T?¥%ﬁ%ﬁﬁl %fh%?gglﬁbW%viﬁFy}fchas been not ed
that it i i i . . 1.0O: t
the. absor pt1 oA BRESD=SYPHREY by tuorsc S LEMALEAEIOR BRbEIIREL LY T

hecessarysto QQPfa&{?ﬁn{:Ea&iQrg%xgé%‘%ﬂagat[ﬁé& Canély &9 OnL Ldtérs of

absorption at tenperatures of err{Cvery significantly |nproves

the econoni Csfatty acids with sorbitan, with polyglycerol or wit®a- of the
process, but for this it is necessary to enploy special surfactants for the

stage of the &uepbsapl ypethé apoDyokPetRyEene~SLURPEPRENY) dtigsesare either
surfactants of the polyethylene glycol/dodecyl glycol block copolyner type,
formed from aHpweyerhyitnkagl beeh nbted thatiiledis industrially very
‘- advantagecus to be able to carry out the absorption
20 phase of the multi-stage process without it being
necessary to cool the reactor very greatly. Carrying
out this absorption at temperatures of 35 to 45°C very
significantly improves the economics of the process,"
but for this it is necessary to employ special
25 surfactants for the stage of the first polymerisation
in inverse suspension. These are either surfactants of

the polyethylene glycol/dodecyl glycol block copolymer

type, formed from a polyethylene glycol chain provided



:at.bpe and/or the other of its ends with a plurality of i -ﬁggggpﬁ '
chai ns consisting of dodecyl gl ycol radi cal s and espe€?s§%Q “placed
pol yet hyl ene gl ycol / dodecyl gl ycol bl ock copol yners, uiﬂ!ﬂ[ﬂl“"rml |I|t“ls
possible to 5 carry out the absorption of the second charg : :
nmonomer, by the polynmeric gel fornmed inathe first pl ace, at
tenperatures of the order of 35[err]C or surfactants of a

pol yneri sabl att ype, andypesphedohbheroof itst gpdgewdth| afptwbadhityief
Rlerr]-O (CHerr]-CHerr]-Oferr]-Rerr] where R err] is a
hydr ocar bon bidraphebiggchains congigsing efr gefegydnglycol -
where Rierr] is a Eolynerisable %roup, nanmel y an rglo &,

met hacryl oyl radigalleopndr ggpesiallyspolyethylene gﬁﬁcﬂh2§8 Fﬁ% degree of
condensation n in respect of ethyl.ene oxide.is.het A d 70

tﬂese beigg §GWF&&tQﬁP§ka°$PﬁﬂH@r§F Of Vﬁ c&tééelgfpggglbigdggrption of
the second charge of oner _can . he arri o] a.tenperat ure of
45£ﬁrg%cﬁ ThEaEEE%Pyrg%$§£%h§°rpﬁﬁﬁge§FeFhofSﬁgﬁﬁFpﬁéﬁs eoggfethylenated

wth TR 8% VhLUMYARG1XIAS Forhddl §heithed sawstact ant

of this type.mo ; By the |5ﬁﬁa§ abgb been shown that in these nulti-

stage processAsdd, iat Campaldaures/ ¥ty thee order ofegbrd,i sation of the
aqueous phasées of "acrylic nmononer - and to use, for the phase to be

gglrzlrr:s‘rsl Zg?diéhﬂﬂ&‘(ﬁa?ﬁ:s of a PoifARAiFable typd, correlspoadingmiooneric
the general formula:
10 R,~O- (CH,~CH,-0) -R,
where R, is a hydrocarbon chain having at
least 9 carbon atoms,
where R, is a polymerisable group, namely an
acryloyl, methacryloyl or maleoyl radical,
15 and wheré the degree of condensation n in
respect of ethylene oxide is between 30 and 70,
these being surfactants by virtue of which the stage of
adsorption of the second charge of monomer can be
carried out at a temperature of 45°C. The maleic acid
20 monoester of nonylphenyl oxyethylenated with 50
molecules of ethylene oxide is a preferred surfactant
of this type.
It has also been shown that in these multi-
stage processes it is valuable to vary the
25 neutralisation of the agueous phases of acrylic monomer
and to use, for the phase to be polymerised in inverse
suspension in the first place, a monomeric acrylic acid

which is over-neutralised relative to the degree of



Wwhich is over-neutralised relative to the degree of TmsmnajhsB&nmwh“ﬁ
5 neutralisation envisaged for the final polynmer, and f

phase to be pol ynerised after absorption by the gel thﬂmmmm]m ul
nononeric acrylic acid which is under- neutralised. Th i
results therefromis a 5 powder consi sting no | onger of snooth spheres
but of spheroi dal particles having an irregular surface, the

shape of whi cheutrabisatienneéhvuisiged) fontthe final|pelymer, andafdrgh
particle size of between 100 and 500 [err] W th t he proportion
passing a 100therphaseckecdhe pephyrekised odf e{oabsaﬁﬂtiﬂ“ebﬁryh%aﬁﬁlIess

th 0.5 %b he manyfacturin
|e32| becausgtﬁﬁ%ggormegpr%c@gggﬁ?FéEt??r$¥bﬁuigégl3ﬁb€£p§?t?ﬁ$%§ whlchgare

because a posteaBERbNER | e oBrtaRce ShibHCeooiTes ERRLRERN I & oy i nd

poi nt of y1 eV glai3a8net Being no 16hGAY! 8F ORQ arxgﬂgrggebaersfcl es

ensures bett xatron®int rous ne greater ease of
use. . Thgg ﬁeEBQHHEt?aﬁffcb@&eﬂﬁﬁlﬂetaHGYQngQiaEeéhQEQEe the MDNOMErS
and it is very valuable to apply to themthe process of the

i nvention, ingRager ofOwRitAJishAoE0AiS8imilar £EEmSEhARLE! tFeEs1edhe
powder s whi ch t hus result, and

of a high particle size of between 100 and 500 um, with
the proportion passing a 100 um screen being very low,

10 and in every case less than 0.5 % by weight, this being
very helpful at the manufacturing level because the
process directly produces large particles which are the
only ones that can be used for the common applications,
and because a post-agglomeration séquence becomes

15 unnecessary. From the point of view of usage, the
irregular geometry of the particles ensures better
fixation in the fibrous medium and greater ease of use.
These products are however not devoid of residual
monomers and it is very valuable to apply to them the

20 process of the invention, in order to bring the content
to 50 ppm or less. The powders which thus result, and
which consist of spheroidal particles, having an
irregular surface, of polyacrylic-acid neutralised to a
degree of between 65 and 95 % and having a mean

25 diameter of between 100 and 500 um, with less than
0.5 % passing éhrough a 100 um screen, and a residual

monomer content which is at most equal to 50 ppm, are

novel and form part of the invention.



whi ch consi st of spheroidal particles, having an irregular X laced
of polyacrylic acid neutralised to a degree of betwee :
and having a nean 25 di anet er of between 100 and 500 [err] I |“

t han 0.5 % passing through a 100 [err]m screen, and a r

nmonomer content which is at nost equal té 50 ppm are novel and form
part of the invention.

- 6- The Thefuledmbunhsuaf shydrogen operoyidexave are

bet ween 0. 08 and 0.19 %relative to the dry polyner. The hydrogen
peroxi de is i PeF¥EEReR-@Btapd 0.19 %d¥¢h§$6ﬁepF%f%P%b@?YtBP%¥H¢§gen

per oxi de streng 1.to 20%into,the, reactor aving carried out

the azeotropit ée ¥6F3??Bnp$ﬁﬂx5 ?o?% th r??ﬁéégg?QF%ﬁ %*f?ﬁbo pol yrer .
The exanpl es 8@&%2r£8i§°%6“h§&r88éﬂkéﬁfﬁggé§eéﬁg£9§£ﬁtf”@é”@o%fiﬁ@g In the

i nventi on.
cxampl es ghi opnbobbaikofnerdbst hagthgEsrt a! Gt thazeotropBEIuences:

h
a) preparation o? a non-aqueous sélven b)

preparation 2§eﬁyéf£€ioﬁqﬂﬁauﬁe?8£%;@héyffﬁﬂir@¥§§ﬁg G?HQHErpg%y%ﬁr. phase

(charge 1), bringi ng t he nononer arge |
into inverse pHepeRamplesaWHich folloWOWITEI p&thieNal better

d) preparation of a second aqueous partially neutralised acrylic

aci d nononmer phdeestahdipng bF)the invention. e) absorpti on of
charge Il and polynerisation Il and 20 f) I sol ati on of
t he pol yner. EXAMPLES Exanple 1 (prior art)

The exanpl e corresponds to obtaining polyacrylic acid neutralised to 25
the exted® of 75 % in &Bctheasxamples vhichr 8phley,pePbeess of inverse

suspensi on . . - .
distinguishes the following sedquences:

a) separation of the solvent phase,
b) preparation of the agqueous monomer phase
{charge I),
15 c) bringing the monomer into suspension, and
polymerisation I,
d) preparation of the aqueous monomer phase
(charge II),
e) absorption of charge II and polymerisation
20 II and
f) isolation of the polymer.
Example 1 (prior art)
The example corresponds to obtaining
polyacrylic acid neutralised to the extent of 75 %, in
25 accordance witpﬂthe ordinary process of inverse
suspension polymerisation; accordingly it comprises
neither sequence d nor sequence e.

Sequence a: in a one-litre reactor equipped



polymerisation; accordingly it conprises neither sequence.ﬂfgﬁr,se uence e.
Sequence a: in a one-litre reactor equipped s sheet Has Been Replaced

7 - with a device for introducing solid or liquid rHH’l ;
propel ler stirrer or anchor stirrer, a tenperature pro or
flushing with neutral gas and a heating and cooling device, 1,38 g of
5 polyethylene nodified with mal ei c anhydri de, a product mar ket ed by
M tsui Petrowlithi aatievidasforesnCoodudéng solifhernddgui- Wax 1105A, and
0.92 g of sucrose di stearate/tristearate are dissolved in 376 g of

hept ane at abeactsptesr pCprapehlsri FEikgent ©523NFPRYT sStprrer, a

moryi 1o aci dterperatulheRephry saq Y aRPRs EoRe SPAH LA VL ERpBPUESRS bel ow
gf&[g{ L]OSC &mwatr@f %@8?539%{ 3@%&%&3@%@%?&%&323}Hg’lgzgif? EI fowed by 11 g
Sequence Y. BRLYaLRyIRpd nBRi%uea pitnd fhIRTC BuAGHE 1A S proauct, |

ngirgﬂgl;tp?%%g;g%ﬁrggeﬁigguﬁh%etrochehﬁbﬁloﬁnﬁgsEEEEESbEiﬂﬂhﬁr the
gueous phase 1s introduced a little at a tine,
and the name Hi-Wax 1105A, and 0.92 g of sucrose
distearate/tristearate are dissolved in 376 g of
heptane at about 80°C, with stirring at 325 rpm.

10 Sequence b: separately, 92 g of an 80 % by
weight aqueous solution of acrylic acid are
neutralised, whilst keeping the temperature below 30°c;
with 141.6 g of 21.66 % strength sodium hydroxide
solution. 0.276 g of hydroxyethylcellulose is added,

15 followed by 11 g of a 0.95 % aqueous.solution of
potassium persulphate.

Sequence ¢: whilst continuing to stir the
reactor at 400 rpm and flushing it with nitrogen at the
rate of 80 litres/minute, the previously prepared

20 aqueous phase is introduced a little at a time, and
passes into inverse suspension in the heptane. The
temperature is raised to 70°C to bring about the
polymerisation and is kept at this level for about
30 minutes. The temperature is then brought to 20°C.

25 Final sequence f: first of all, the
agglomeration of the polymer particles is brought about
by adding 0.55 g of colloidél silica (Tokusil P)

diluted in 45 g of heptane. The temperature is brought



passes into inverse suspension in the heptane. The
raised to 70[err]C to bring about the pol yneri sati
this | evel for about 30 m nutes. The tenperature
20[err]C. 25 Fi nal sequence f: first of al
aggl oneration of the polyner particles i brought about
0.55 g of colloidal silica (Tokusil P) diluted in

tenperature i s

" THA

by adding
45 g of hept ane.

The tenper at e 66° MOUPhtwith stirring at 1500 rpm. Thereafter, the 8
to 60[err]-70[err]C, with stirring at 1500 rpm Thereafter, the
hept ane and theptpneatand the greater wardr off fheeMak@r are nepayiesti| | ati on.

9.2 g of a 2 % aqueous so| ution of et hyl ene gl ycol

di.gl yci dyl ether

are t hendaddé&’ thigthiel 1at it itz Dokt e I BT SHY G &f i s

ti . The, whi.ch i h bt g h 2 %
;C)ggs: zget hr oYL &R ?%Y??%‘f%‘iﬁé@?fom,e‘{y&ncétﬁﬁl %Fte %%e?htﬁ?&(%gttfgﬁ@eacr ylic
bor sul phate. denintd of Plile Madtor, ana 't Ay Y Mk iadiy 205 1

The exanpl e correspondsyl® Ol ¢h is thu® AR et

the extent of 75 % in B accordance vﬁtth t

a first passing through a 100 pm screen, and has an
unacceptable acrylic monomer content of 100

the modest amounts of potassium persulphate

10 sequence b.

Examlle 2 rior art

‘(prior art)

Gadi8Utg alised to

e two-stage process, nanely

ppm, due to

used in

The example corresponds to obtaining a

polvacrylate, neutralised to the extent of 75 %, in

accordance with the two-stage process, namely a first

15 polymerisation in inverse suspension, absorption and a

second polymerisation in the gel.

Sequence a: in the apparatus described in

Example 1, 0.92 g of Hi~Wax 1105A modified polyethylene

and 0.736 g of sucrose distearate/tristearate are

20 dissolved in 376 g of heptane at 80°C, while stirring

at 400 rpm.

Sequence b: separately, 92 g of an 80 % by

weight aqueous solution of acrylic acid are neutralised

with 176.8 g of 17.35 % sodium hydroxide solution.

25 0.276 g of hydroxyethylcellulose is added, followed by

5.5 g of a 1 % strength agqueous solution of potassium

persulphate and 0.92 g of a 2 % strength aqueous

solution of ethylene glycol diglycidyl ether. This



15 - .pol.ynerisation in inverse suspension, absorption and
pol ynerisation in the gel. P Sequegce a: int his Shect Hak eenrweplaced
described in Exanple 1, 0.92 g of Hi -Wax 1105A m)dlfle Iﬂlmm

and 0.736 g of sucrose distearate/tristearate are di ss

of .heptane at 80[err]C, while stirring 9 at 400 rpm

Sequence b: separately, 92 g of an 80 % by wei ght aqueous sol ution of
acrylic acid asueqwsutph@lsesdd broughti the BB g of 17.35 % sodi um hydr oxi de
solution. 25 0.276 g of hydroxyethylcellulose s added fol |l owed by

5.5 g of a 1 % strengt ESMANNE G| %%ﬁ?(ﬁoﬂiﬁﬂ¥%ﬂ3ﬂﬁ° stir ¥he | phate and

0.92 of a 2 %strength aqueou
di gl ygl dyl etq%aorc topy, 00q rpm Sand flus 01|nugt Il 5 woifthetnr}. r%rclyeengla%:%lh

cont 1 nui n*g‘afﬁr%% SEHE LG, e raviows SERRRER L T
ni trogen ieous Bifllde s %Jt,{cf&fééana{'%&tf&eanoraevelwl Yarfy epared 5

aqueous p ase e at t1me passes into

Il nver se susp [ H Hes. MHesed to
70[err]Cto gé%\%bab%é&?ﬁé%%@%u%smn 1FT8R aldfita &

* temperature is raised to 70°C to bring about the

polymerisation and is kept at this level for about
30 minutes. The temperature is then brought to 20°C.

10 Sequence d: while the preceding operation is
taking place, 92 g of an 80 % by weight aqueous
solution of acrylic acid are separately neutralised
with 176.8 g of 17.35 % strength sodium hydroxide
solution, after which 5.5 g of a 1 $ strength aqueous

15 potassium persulphate solution and 0.92 g of a 2 %
strength aqueous ethylene glycol diglycidyl ether
solution are added. This aqueous phase, which
constitutes monomer charge II, is then brought to 20°C.

Sequence e: stirring in the reactor is

20 brought to 800 rpm, whilst continuing the flushing with
nitrogen at 80 litres/minute. Charge II is introduced a
little at a time, after which the temperature is raised
to 70°C to bring about the second polymerisation phase.
The polymerisation is allowed to continue for about

25 30 minutes.

Final sedquence f: first of all, the
agglomeration of the polymer particles is brought abouf

by adding 0.55 g of colloidal silica (Tokusil P)



pol ;}neri.sation and is kept at this level for about 30 mnutes. T 4

tenperature is then brought to 20[err]C. 10 S ScemPhiagse

t he precedi ng operation is taki ng place, 92 g of an 80 | 1 \ ’
| .

aqueous solution of acrylic acid are separately neutra

176.8 g of 17.35 % strength sodi um hydr ax de solution, after which 5.5
g of a 1 %strength aqueous 15 potassi um persul phate solution and 0.92 g
of a 2 % dibitehgih 48 urcad ledghdmne @he dembertatminmy |isetdmught
solution are added. This aqueous phase, which constitutes nononer
charge |1, isteredh Griayht witlRojeirgimg at 1500 rpm. TiExgafier e:
stirring in the reactor is 20 brought to 800 rpm whilst continuing the
f1ushi ng wit ithe heptane RRG 1tIBRRYSR RAFhigfuttde Grabge ave ixenouedduced a

little at a tinme,, affer which the tenperature is raise to 70[err]C
to bring aboRY t4ks PR yrkrd 9o phasadueous ecIlﬂ'@’]pi*'d'f"i/rn::ri sation is

glega\gﬁget : C?ﬁ%‘t[’]o fégé]rl?gfﬁl eztl‘:her %8@?%%‘%@%%% aoqd?%eﬁopoﬁ%er Flpgflt i cles
5 PO Sl oP AL S g 0115 ddselat T | P
The powder which is obtained contains 1 %
passing through a 100 pm screen and has a high free
monomer content of 414 ppmn.
10 Example 3
This is a comparative example which only
differs from Example 2 in that during thé sequence d of
preparation of the second aqueous charge of acrylic
monomer 5.5 g of 1 % strength hydrogen peroxide are
15 introduced at the same time as the potassium
persulphate and the ethylene glycol diglycidyl ether.
The powder thus obtained has 1 % passing
through a 100um screen and its free acrylic monomer
content has remained very high (490 ppm).
20 Example 4
This example according to the invention only
differs from Example 2 in that, between the dehydration
stage and the drying stage of sequence £, 0.552 g of
20 % strength hydrogen peroxide are intrbduced at the
25 same time as the 9.2 g of 2 % strength ethylene glycol
diglycidyl ether.

This gives a powder of which about 1 % passes

through a 100 um screen and in which the free acrylic



to 60[err]C-70[err]C, with stirring at 1500 rpm Thereafter t he

hept ane and a greater part of the water are renoved bYhigShedt Hihd Been Réplaced
9.2°g of a 2 % aqueous ethylene 5 gl ycol diglycidyl ethe

added to the contents of the reactor and the drying is %ﬂlmﬂ
The powder which is obtained contains 1% passi ng throug [err]m
screen and has a high free nononmer content of 414 ppm 10

Exanpl e 3 monomer contenthihas snew corgrRed itve ¥ amte which only

differs fromExanple 2 in that during the sequence d of preparation
of the second aqueous GHARRLS:S acrylic nonomer 5.5 g of 1 % strength

hydr ogen peroxi de are 5 Introduced at the.same tine t he potassi um
persul phate and the et iffEhe %P?/C%(?V%ﬁ 9/ RE 2ibpkgeess oz The

powder t hus O&@A%ﬂ‘ﬁﬁ &of@@&@%ﬂ%ﬂ%nﬁu%eraﬁ%w% ab\%?%‘ﬁ%%%én screen and

its free acrylic as renal ned (490 ppm .

20 5 sugﬁéﬂ@iﬁ?ﬁolym?risat'on, ag’gg,is%@fﬂg{%ﬁ%accordi}ng to the

i nvention only ers from Exanple 2 et ween t he

dehydration polymékAeee fow {merkls VgdD, SiR%eh Dén SRk e Sorpt b 9 of
20 % strength hydrogen peroxide are introduced at the 25 sane tine as

the 9.2 g of 2héotsécomditondhyt editafyey Ofds been caghied dnt edtheds c,

This gives a powder of which about 1 % passes through a 100 [err]m

screen and i nhawe (he¢hecdmieinedryitls the introduction of hydrogen
peroxide between the polymer dehydration stage and the

10 polymer drying.

Sequence a: in the appafatus described in
Example 1, 0.92 g of Hi-Wax 1105A modified polyethylene
is dissolved in 265.6 g of heptane at 80°C, while
stirring at 400 rpm.

15 Sequence b: separately, 92 g of an 80 % by
weight aqueous solution of acrylic acid are neutralised
with 139.4 g of a 22 % strength sodium hydroxide
solution. 0.276 g of hydroxyethylcellulose is added,
followed by 5.5 g of a 1 % strength aqueous solution of

20 potassium persulphate, 0.92 g of a 2 % aqueous solution
of ethylene glycol diglycidyl ether and 0.18 g of a
maleate ester of nonylphenol containing 50 mol of
ethylene oxide (Aerosol MEM-NP 50 from Cyanamid). It
should be noted that this emulsifier is introduced into

25 the system in solution in the aqueous charge, which is
rather unusual if it is desired to bring about the

formation of an inverse suspension.

Sequence c¢: while continuing to stir the



mononer content has now dropped to 30 ppm nple 5

superabsorbent by inverse 5 suspensi on pol yneri sati on,
polynmerisation in the gel, in which the absorption of

Here, the advantages of a process for obtai ning a po Tﬂ}l ﬁ‘lﬂa%:BeenReplaced

nononer charge has been carried out at 33[err]C, have been conj!llJ ﬂ

with the introduction of hydrogen peroxi de between the pol yner
dehydrati on stesgtaancatt MDO Ifpm qnd;ﬂhushﬁngli; with nitrogen at Bequence a:

in the apparatus described in

Exanple 1, 0.92 g of Hi-Wax 1105A

nmodi fi ed pol yeate/|ahé0 11tresymw,v¢me rprgeacals@mfpr}mrme at 80[err]C,
stirring at 400 rpm Sequence b: igfarately 92
g of an 80 %Aasneous phaseHs aidﬂéiﬁﬁ’él%qﬂ & ilgttde &b @ itdmsoi

ith 139.4 f 22 9% st h sod h d
PRSP megﬁe‘?ﬂfﬁrsaﬁnﬁw‘lo} A Srp deotahdY B80S by 55
f 1 Qb sty | ut | phat 0.92
gf Oa g % aqaeo(é‘ggé%‘ﬁ&]eoig Iso.slédfq-ﬂ’t e('zngzogl ycST%% Lﬁ yC| flelu gt Eﬁe(ra and °
0.18 g of a poyymd PSR forPShi & Hléiﬂ:y'ﬁq{iﬁs GUVA EdW P! of

whil e

neutralised
sol ution. O.

10

15

20

25

30 nminutes. The temperature is then brought to 15°C.

Sequence d: while the preceding operation is
taking place, 92 g of an 80 ‘% by weight aqueous
solution of acrylic acid are separately neutralised
with 139.4 g of a 22 % strength sodium hydroxide
solution, after which 5.5 g of a 1 % strength aqueous
potassium persulphate solution and 0.92 g of a 2 %
strength aqueous ethylene glycol diglycidyl ether
solution are added. This aqueous phase, which
constitutes monomer charge II, is then brought to 15°C.

Sequence e: the stirring in the reactor is
increased to 800 rpm whilst continuing the flushing
with nitrogen at 80 litres/minute. Charge II is
introduced a little at a time, after which the
temperature is raised to 70°C to bring about the second
polymerisation phase. The polymerisation is allowed to
proceed for about 30 minutes.

Final sequence f: a solution prepared from
1.84 g of a 2 % strength agqueous solution of ethylene
glycol diglycidyl ether and 0.552 g of 20 % strength
hydrogen peroxide is added to the contents of the

reactor, after which the drying of the product is



et hyl.ene oxi de (Aerosol MEMNP 50 from Cyanamid). It shoutd—be noted
that this emulsifier is introduced into 25 the systemi nTﬁlggﬁéLtI}ngéeﬁleﬂmed

aqueous charge, which is rather unusual if it is desir
about the formati on of an inverse suspension. “H I |“
Sequence c: while continuing to stir thd3

12 reactor at 400 rpmand flushing it with nitrogen at a rate of

80 I|tres/n1ﬁ@Féie@h@uﬁreV|ously prepared aqueous phase is introduced

alittle at a tinme, and sses i to ver suspensi on in the heptane.
-The 5 tenperature |§r%a°sfed: % ‘%’ﬁﬁ e

pol ymeri sat ¢ ﬁ% t?r ttp.%{ éhﬁe& evl%e 51‘%}?.1%[{[ monome?o c@n’l‘&-ﬁ:s The

t enperature | Sequence d: while
t he precedin Eﬁgdng pl ace, 92 g of an 80 % by wei ght
g)f) ut i on éf]'sacry4i ac

aqueous 10 id are separately neutralised W th
139.4 g of a 22 @6strength sodi um hydr oxi de solution, after which 5.5
g of a 1 % strength aqueous - Pot assi um per sul phat e sol ution and 0. 92 g
of a 2 % strength aqueous ethyl ene glycol diglycidyl ether 15
solution are added. This aqueous phase, which

5 Example 6

This example gathers together the advantage
of the combination of an over-neutralisation of the
first monomer charge and an under-neutralisation of the
second charge, the use of a surfactant of the block

10 polymer type which permits carrying out the absorption
of the second monomer charge by means of the gel formed
during the first polymerisation at a relatively high
temperature of 35°C, and the reduction in the residual
monomer content according to the invention.

15 Sequence a: using the apparatus of Example 1,
0.92 g of Hi-Wax 1105A modified polyethylene and 0.46 g
of a polyethylene glycol/dodecyl glycol block
copolymer, namely Dapral E348 from AKZO (the molecule
having about three dodecyl glycol radicals at one end

20 of a methoxypolyethylene glycol chain for about
22 ethylene glycol chain members) are dissolved in
285.1 g of heptane at 80°C, while stirring at 400 rpm.

‘Sequence b: separately, 92 g of an 80 % by
weight aqueous solution of acrylic acid are neutralised

25 with 160.65 g of a 24.17 % strength sodium hydroxide

solution. 0.276 of hydroxyethylcellulose is added,



,conétitutes nononer charge Il, is then brought to 15[er

.
Sequence e: the stirring in the reactor is i ncrea aced
whi'l st continuing the flushing with nitrogen at 80

Charge Il is 20 introduced a little at a tine, after

tenperature is raised to 70[err]C to brimng about the second

pol yneri sati on phase. The polynerisation is allowed to proceed for
about 30 m nffb@3owed by 2.75 g of ki pak segeagth &gueoms| sblahipnepared
from 25 1.84 g of a 2 %strength aqueous solution of ethylene

gl ycol di gl yeifdphtessénmapersuippageoand00y@et genft b 2 * stngugthen
peroxide is added to the contents of the reactor, after which the
dryi ng of thgqye@g§cﬁoﬂ§tlon of ethylene glycol dlglyc1dyl etheri3
carried out. % of the powder .t hys obtai ned passes

t hrough a 100 [err]n1s§283§£9$h§‘r¥§PaﬁglcﬁBﬁéﬁﬁﬁnaoﬁPeﬁFlr hegf the

wd 41 . I
ather s BogetRBPtoleidaR agn and EHSPRRS Jhowish: pitspagy 2t a8 2™ ©

over-neutralkgiglgg %5 &?ﬁges/miLhEEE FREOPREvIBALES 3Pdpdtea

under - neutralisation
aqueous phase is introduced a little at a time and

passes into inverse suspension in the heptane. The
temperature is raised to 70°C to bring about the

10 polymerisation and is kept at this level for about
30 minutes. The.temperature is then brought to 42°C.

Sequence d: whilst the preceding operation is

taking place, 92 g of an 80 % by weight aqueous
solution of acrylic acid are separately neutralised

15 with 135.75 g of 16.6 % strength sodium hydroxide
solution after which 2.75 g of a 2 % strength aqueous
solution of potassium persulphate and 0.92 g of a 2 %
strength aqueous solution of ethylene glycol diglycidyl
ether are added. This agueous phase, which constitutes

20 monomer charge II, is then brought to 15°C. The
stirring in the reactor is increased to 800 rpm, whilst
continuing the flushing with nitrogen at 80 litres per
minute. Charge II is introduced a little at a time,
after which the temperature is raised to 70°C to bring

25 about the second polymerisation phase. The
polymerisation is allowed to proceed for about

30 minutes.

Sequence f: after the azeotropic dehydration,



second charge, the use of a surfactant of the block 10 TiROShAERs BeyPRepibdaCh
permts carrying out the absorption of the second no

means of the gel forned during the first polynerisat Iﬂm umﬂﬂ
rel atively high tenmperature of 35C, and the reductio

mononer content according to the inventipgh. 15 Sequence a:
usi ng the apparatus of Exanple 1, 0.92 g of H -Wax 1105A nodified

pol yet hyl ene auak Oy 46 (r 2 % stfermytiol yhdyhs neo Dityon /ab desthyy1ane/col bl ock
copol ynmer, nanely Dapral E348 from AKZO (the nol ecul e havi ng about

t hree dodecylalygebldigiycidyl ethere amdl 02862 of of k9 Hoxstpoenatiy| ene

gl ycol chain for about 22 ethyl ene_glycol chain nenbers) are

di ssol ved i n hydrogemparexide xg shrtre W%r*l}@ e 1 xeactor aftex 400
rpm Seauenge b: separ at el of an_80 % by wei ght
aqueous sol utVW’bftlh%rW’c“%c?%l = %%¥%Y|%%§a§§19%?%t160 65 g of a

0,
ﬁsdrlz)xy/oets ;Fggf Pulsggleulr%h%dmv&éer which fglé’ltlﬁgnobgaizrzgd J:ons1sts of

follo
;gt assi umoper%lllflj ]Eéljfgaf%gﬁgﬁfeg @&ié&ﬁét Tehg rsﬁyaic]%%%ﬁs soll1 utl on of
ethyl ene gl yC@irﬂha@iﬂf'ﬁalmﬁ@F{al passing througlPCdUEHE Cu: sdbbéiRt

continuing to stir
the free monomer content of the powder is 45 ppm.




.5 .- reactor at 4q&ségghgpgﬁiﬁgaﬂé git with nitrogen at

litres/mnute, th epar ed aqueous phase i@

little at a tine %;Iﬂminmu Hm into inverse suspension i r“]“ml@ﬂmﬁmmm
The t enper at o0 70[err]C to bring about the ¢l10L n s '«
pol ynerisation and is kept at this |evehgfor about 30 m nutes. The
tenperature is then brought to 42C Seguence d: whilst the
precedi ng opIaliMeN i S taki ng place, 92 g of an 80 % by wei ght
aqueous solution of acrylic acid are separately neutralised 15 wth
135.75 g of 16.6 %.st @rgiessodormthed prodiiction ofsgowdess ahtish whi ch
2.75 g of a 2 % strength aqueous sol ution of potassium persul phate
and 0.92 g ofare Buperabsorbentndfior ¥e¥esuansoaAIeHNHIL i HfSe /@Yyl ycol

di gl yci dyl ether are added. This aqueous phase, which constitutes 20
monomer char gensist of partdaddyhneugradasethpolyacrydiliq @cig in the
reactor is increased to 80Q qug whi | st ontinuing,the:flushing with
ni trogen %t $RVING & vedy lo rlﬁenﬂ't"é‘.wﬁ’f'at"tfé‘%qnq's % %t}b(?lfc?é:(fsf little at
atine, af ter whi ch .t he.t er re..s. raise JO0[err]Cto brin

25  about t HETRIISIRF 5& W%}ﬁoﬁéﬂgg’&nﬁﬁ}&&é&ﬁol glrrer? sation i sg

all owed to proceed for gb 4330 JB Sequence f:
after the azeotropic déaayg’;#ftqagﬁtld% Jt 'Eﬂeessolvent phase,

b) preparation of the aqueous phase of
acrylic acid monomer (charge I),
10 c) bringing the monomer into inverse
suspension, and polymerisation I,
d) preparation of the aqueous phase of
acrylic acid monomer (charge II),
e) absorption of charge II and polymerisation
15 IT and
f) isolation of the polymer,
characterised in that the sequence of isolation of the
polymer comprises at least one azeotropic dehydration
operation and one drying operation and that hydrogen
20 peroxide is introduced onto or into the polymer between
the said dehydration and drying sperations.
2. Process for the production of superabsorbent
powders according to Claim 1, characterised in that °
charge I of monomeric acrylic acid is neutralised to a
25 degree greater than that of the final polyacrylic
polymer, whilst charge II of monomeric acrylic acid is

neutralised to a lower degree.



15 . 0.92 g of argd eous sol ution of ethylene .
di gl yci dyl ether an s 5B Ha Lo o lél% strength hydr ogen ptllﬁ“l@ﬁ[ﬁi}ﬂ"" !III
i nttroduced into the H lﬂml whi ch the drying of thes s

carried out. 5 er which is thus obtai ned consi sts of

spheroidal particles having an irregul at7surface, with virtually no

mat eri al passing through a 100 [err] m screen; - the free nononer content
of the powder is @5 ppRrocess according to Claim 2, chaxygcterised CLAI VS
1 Process for the production of powder which is superabsorbent for 5

water and aqdBotbati §hedshandesonfi BPBOBEYbar RPEYL{CaGiRalNsBR2B8Byacryl i ¢
acid having _a very | ow free nononger content, mththrgcess conpri ses
at |east theb and d pgpp| BRPRgredqdB egual amounts, tha eghge

ti f - | t _ph . b
P epar at | on OF BeRFFaiTaaRions OfnaBarar parti BPFYCRELPPaPPEed000% * acrylic
acid mon nFrﬁﬁﬁh%ﬁg% bhe degree of neutgalisatiﬁ%of§ Qﬁéggépﬁltﬁﬁennnonﬁr

of charg 0 I'nverse sSuUspensi on, an meri sati on thereof to

forma gel (B%E%%Ehi%%thﬂﬁ kb & d) preparation of a

second aqueous phase of parfially neutralised acrylic acid nonomner

(charge 11), 15 4, pProcess accorlling taPefePbiroBtAbrcbEr gealimsby the gel
formed in step ¢) and pol ymeri sation thereof (polynerisation I1)

and ' to 3, characteflised 49 &hia¢n thef mohempelignacridicedcid step e),
whi ch isol ation conprises at |east one azeotropic dehydration
operation andfotthedfiivst charge ds brought iwter dnweirgér syspepsion de i s

i ntroduced onto or into the polymer between the said 20 dehydrati on and
dryi ng der amidbs the edducs v fieetiants ofp ¥beeblesk eppolymer 2.
Process for the production of superabsorbent powder according to

Claim1, wheﬁmnﬁvcm&ﬁﬁ?IrQﬁﬂlﬁbﬁgﬁﬁ¥F@eaéﬁﬂ9¢é°§bpg F?°H§@§ngﬁ§ed to a

UEE o s S S, R et

degree. 5. Process according to Claim 4, characterised
in that the surfactant is a polyethylene glycol/dodecyl

15 glycol block copolymer.

6. Process according to Claim 4 or 5,
characterised in that the absorption of the second
monomer charge is carried out at a temperature of about
35°C.

20 7. Process according to one or other of Claims 1
to 3, characterised in that the monomeric acrylic acid
of charge I is brought into inverse suspension with the
aid of a polymerisable emulsifier corresponding to the
general formula:

25 R,-O- (CH,~CH,~0) -R,
where R, is a hydrocarbon chain having at least 9 carbon

atonms,

where R, is a polymerisable group, namely an acryloyl,



Pr ocess accor d| ng to Caim2, wherei, n

25 Thi

monormeri ¢ laceqd phases b) and d) are pre ﬁ‘"m,
anounts, the degre m eutralisation of charge | % betweem

and 100 %and the

6

aI i sation of charge Il is between
0.and 50 Procegs according to any one of Cains |
to 3, V\/nereln t he rmnorrerlc acrylic acid of the first charge is

br ought |ntomathabxglsyipem'smﬂewﬂ.hrakiecal and ajid of surfactant of the
bl ock copol ymer type, which results fromthe reaction of

-17- vr@pmy&hl@ad@gmeﬁhoﬁowalﬁ??ﬁéﬁé% ycdn sespechk Pfs nonoester.
5. Process according to Claim4, V\/nerel n .t surfactant is a
pol yet hyl ene ethylenegoxige d&dé’@}l"e&lrﬂl *copol yner.

6. P di t c 4 Wh f th 5
second ;rg(r:\g?r:ragﬁ rl‘g:i‘nl ¥ g’ﬁsﬁaé&n 8&%1&9‘ a tg!r% ?“ah}}re o?gct;!requg 95 e
' SOS PR IL R0 Qs Ol HRk i atidRRie dshe
of” Charge

I’T'DnOI’T'EI’I aCI']Sﬂ acCl IS broug t 1nto I nverse suspen3| on with

]Egrerrﬁi g of d’lonylph%n[?ﬁl WIEdtIRAlhatBd it s HI1RRARS #F 10 the general

Rierr] -0 ( CH&aiyyrdrd @xiadd @ird M [itRief idissolved in W agdedus is a

hydrocarbon chai'n havi ng at’ least 9 carbon atons, where R err] is a
pol ynori sabl enxigaip, nanely an acryloyl, nethacr yI oyl or nal eoyl

radi cal and 15 where the degree of condensation n in respect of ethylene
oxi de is between 30 an®Process acdhrding to Claim 6 @& 7, Process according
to daim?7, wherein the surfactant is the nmaleic acid ester of

nonyl pherwl cheatantierisad] mtﬁhaaothﬁ@hﬁ@@fe#oretqﬁlm s8G9 and it

is dissolved in the aqueous  phase. 9. Process according to
Claim6 or 7,mqpney F%%?@%bg%r‘iﬁﬁ%ﬁ‘?%fm%%ét a temperathre FRRFRET char ge

is carried out at a tenperature greater than or equal to 45[err]C
10. Pol yacri1an %‘Ei%ﬂr{g%]v\g'e‘? ftryalised to a degree of between 65 and
f

85% having a nea i aneter of e éQ O @ with |ess
than 0.5 % rﬁ"g‘a ?@Y?%ﬁg%vggg‘% % n;?scr%%]ﬂéalar acterised.in
that 1t consigle of SPELELLE) &2 ang #8'4) cﬁgélﬁ@va o dfdRAr surface
and that its ual ~ nononer content Is at 0 ppm
15 of between 100 and 500 um, and with less than 0.5 %
passing through a 100 pm screen, characterised in that
it consists of spheroidal particles having an irregular

surface and that its residual monomer content is at

most 50 ppm.



