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Hel fferich are illustrative thereof. Typically, a weak base resi n |s
prepared by contacting the hal oal kyl ated copol yner with ammonia, a primary
jam ne or a secondary am ne. Representative primary and secondary am nes

i nclude the nmethyl am ne, ethyl am ne, butyl am ne, 20 cycl ohexyl am ne,

di rethyl am ne, diethyl amne and the |ike. Strong base i on EXcamye=reses
are prepared wusing tertiary amnes such -as trinethyl am ne, triethyl




agents. Am nation generally conprises heating with reflux a m xture oW
hat oal kyl at ed copol ynmer beads and. at |east a stoichiometric anmount of §he
am nating -agent, i.e., amonia or the amne, to a tenperature - 25
sufficient to react the ami nating agent with the hal ogen atom attached]to
the carbon atom:[err] to ucl eus of -the polyner. A swellijg
agent such-as water, et hatnéo.f ¢4 amﬁ' nmet hyl ene chl ori de, ethyl ene !
di c8ﬂ°<bran¢ieqmmhsm51pn( qemeRVBydngd196.5 percano stpiens Theobeads Were eiidroinsthyged andal |y, put
advmagb@wswbeemprheyeuwuwmem Thernsoretties efitharhepdsaire Jescrided iniTalle but  at
condi tions such that anion exc%&&g& §|tes are uniformy dispersed
tshr oUERQgHnedal ocBllivé SiExiRAEs wailtepiated I fhusiy B8)GHrs 8103 ser@RAssdihkey Obt ai hed
Wi t $eled pattidies hddind) Gidinsters befieerd S5BGInH GO0 firk, MOE paids UDVE Sand 63.0p&1S styedne] Thend about
[erye ctlomt’(t\mgasmedmwefow reope mer[eeaebsnms-ma% pefeen styrene and 1
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anron exc ange groups, suc |un1 gr oups, o co ol ymer beads are -’
descri bed therern Generally, Ghﬁﬁmﬁﬁa resin beads are prepared fromthe

hal Oanﬁf ggggzdre e:nib ola;agg%gcm eg jaq:lg\?b é9 eag%r:é 035 P%'PR?}H%‘P%?“'&G‘! pegd Qgroups,
preparrng
e o Lt o g i h Rl ot

am naamadvdager weChaintsjhéaiSat BEC &ir nlaafrosda fl BBl dfftae thoaoTer 2 Hv@rsaTHe badde thug OOl yrrer

S Ubehtained iwere chiorarerthytitedi andh eminatedi bl desaribedbio ExdmpiohiThe piopgticsefiewnidn such as

gh| BFRPasierie thyt phjained areeprsibed B TsPle k he hal oal kyl at ed pol yner can be directly
reacted with (1) a suitable am no acid, such as dianm no acetic acid or
glyeine, or (2) an anmino pyridine such as 2-picolylanne and N- 40

met hyl - 2-picolylamne to forma chelate resin. Cation exchange resin beads
can be prepared using techniques well known in the art for converting the
25 . - . .

Crosslinked addition copol yner of nono- and pol yet hyl eni cally unsat urat ed
nononers to a cation exchange resin. Illustrative of such nethods of
preparing cation exchange resin are US Patents 2,500, 149; 2,631, 127;
%5764,564 and F. Helfferich. In general, the cation exchange resins useful
Rerein are strong acid resins which are prepared by sul fonating the

copol ynmer beads. Wile . the sulfonation may be conducted neat, generally,
the bead is swollen using a suitable swelling agent and the swoll en bead
reacted with the sulfonating agent such as sulfuric or chlorosul fonic acid
8t sulfur trioxide. Preferably, an excess amount of the sul fonating agent,
for exanple, from2 to 7 tines the weight of the copolyner bead, is ;
enpl oyed. The sulfonation is conducted at a tenperature fromO to [err].

= 50 '~ Because of the inproved strength of the resins of this invention,
fhey can be enpl oyed under harsher conditions than previous gel-type
resins. For exanple, the gel-type ion exchange resins can be advant ageously
enpl oyed in condensate polishing operations which now enpl oy nmacroporous
r&sins,-or in mning operations, wherein high capacity resins w th good
ffechani cal and osnotic properties are needed, as well as in other uses for
whi ch conventional ion exchange resins are now enpl oyed. 55 The '
~followi ng exanples are intended to illustrate the invention and are not.
intended to limt the scope thereof in any way. Al parts and percent ages

& e by wei ght based on the weight of the organic and water phases unl ess

ot herwi se noted. 60 65° EP O 101 943 Bl Exanple 1 Into a 3 liter,
stai nl ess steel reactor equipped with an agitator, 35 parts by wei ght of
0.3 percent crosslinked styrene/divinyl benzene copol yner seed having a
pfarticle size-of- 150-300 [err] and sufficient water to suspend the seed
particles were added. Further added, with agitation, was an initial nonomner
5 charge conprising 1.9 parts divinyl benzene . (DVB), 63 parts styrene, 0.036
part t-butyl peroctoate (TBPO (based on the total weight of all nonomers
&"mpl oyed), 0.025 part t-butyl perobenzoate (TBPB) (based on the total weight
of all mnonomers enployed), 0.15 part carboxymethyl nethylcell ul ose ( ;
and 0. 15 part sodiumdichromate. Water was then added in an anpunt suc
that the weight phase ratio was 1.0 after the addition of the nononer fjeed.
Phe reaction mixture was then heated to [err] and naintained at [err] flor
10 3 hours, at which time a nongyrer feed of 98.5 percent of styrene anc
percent of DVB was begun. The nononer feed was fed at a constant rate j
the reactor over a 10-hour period until said nononer feed conprised 74
percent by wei ght of the conbined weight of the initial charge and the
nonomner feed The reaction nrxture was heated at - [err] for an additional
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a graph such as depicted
¢hem cal
ol. 11,
¢rosslink density 20 (tol

following. A 100 g portion of the copol ymer beads were chl oronmethyl ated b
teacting the beads with an excess of chl oronet hyl net hyl
presence of ferric chloride.

ATporti

n@'a 20 m portion was neasured into a colum. The beads were then

H#mrersed in toluene and the change.in. volume of the beads neasured. From

ihe change in:volune, the effective crosslink density was determ ned usi ng
7
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el Dead [NUS ODU al ned were dri ef

i,rk- O hmer Encycl opedi a of
§66 by John Wl ey and Sons,
"l on Exchange". The effective
i nk percent) is shown in Table I
ester in the

t hyl at ed beads were then reacted

with trimethylamine to forma strong base anion exchange resin bearing a

period. Follow ng the ad
was held at [err] for 3

dition o¥
nor e hour

N

plurality of quaternary anmmoni umions. The ani on exchange resin was then
tested for percent, & ggi hal spheres, crusE strength, 25 resin size, osnoti
shock resi stance, Q@y§ge ght GcaBaciity2 ahd water retention capacity. The
results are as giva8mggn &bl € 1'* The ®rosh strength of the anion exchange
resin of this and tfe fo|l owi ng exanpl es Wwas deternined by testing about
beads using a Chatillon pcal e, Mdel DPP-1KG The force, in grans, requirg
to fracture each indi#@lpgl bead is recorfed, with the crush strength
reported as the avgra8& Jg agoui H uck tesEngs. SH 2 THE nunber
percent of the resi#8&fs having Y1aw s Spheees.ggoer gentagrigi nal |
spheres) was eval uated p|acing a smal | amau_@% ok t# r%s'inﬁn a petri dis
A i croscope havi i g, gafrera mount ed’ t her pof dnad agjusgegl lsﬁ'l?:il about 200
resin beads fell g [he yisjon field pfsEhelcagdrag & ghdt ograph was
therf taken. From tB& BRolBgr@pt® t°he st ofa -&gnber-gﬁ béagis Swre count ed,
the total nunber og~d7&ken or cracked couht® ,6§nds§he:dynﬁp$ per cent of
$pherical beads cal cul ated. 35 The si zeg@fé;he&ﬁes%r-ﬁ beagls, when
swol len with water, wag Ogternigied by ser eeglgegpglvygﬁs.éﬁegr:esi stance to |
osnotic shock of the gesjy t&ag s S e§t pdg 81 0@ & e BocRire descri bed;
her ei nbef ore wher ei n %#e| eatls gar & cont gp calEvd £ 849 cped e$ Pf al ternating
8 MHCO and 8 MNaOH, witfi the Tesults Pepofecds®s® 8he rguniged percent of
beads which renain unbg%ken after 10 cycl es.,,-'-ofagl:feg‘:ﬁes-f{.g Tlﬁeu-, dry wei ght
capacity of thegresirE ggsgdeg ergy @dgbygdryiﬁ@gﬁs‘?@pl of gige resin in th
¢hloride 40 for und&gan infrared | anp n?a§@)‘g,:§tgjge 3 afce until a ;
gonstant wei ght=was obtdi ned. The dried rles 8" W8 3 Bersgookasl to room
temperature in a closed [vessel . About 0.5 & ad E §Be 8E e gesin vas ]
wei ghed into a suitglfe [fbask. JThe rgsig WwesSthed heatpd t§_.:.70-[err] With;
100 m of distilled3vgEars R niR o sBI f8rf G ac@eahy £ & [§FF for 5
finutes. The mi xtur®@&By cool ed and TitTqt 2GS E D1 NE2AgEEEL 0 an i
,qéndpoi nt as indicated uding a chloride sgn 5@_2@ ectzgdquo dry wei ght
capacity was then rgpoftled as meq/g of r gsing g@g@@n’p@e 25E@ procedure
=xanpl e 1 was agai n%r'g'e_gqueq,vvg;thSg [@r|r gageﬁ'g@gtiiﬁ@g@g 0.3 part
After the reagtiog |Was ¥ oaded wht hot h%gé%ﬁ@gti@@@%a@ initial .
monorer charge, the"suSgension was heated too% G EinE %8 5B&H. The nonony
 was 100 percent styrene, fed over a 6 hoyr EEiHE TemMEEy H L. 5 hours 50:
after the resin m xture rea(':\hed [grr . Tkeg@ﬁ@t@gmaﬁﬁgg\ﬁ‘és heat ed f or
3 additional hours ai‘%’gerﬁ] Gf Ber Bal ¥ tdd SHERE X BeE pdsy 8dled, and t her
finished off at 100C7¥®1 2 hours. The beqd EHEs S 2o ES g
chl oronet hyl ated and amifnated in the s;c,_giﬁb@ﬁ f_}“éﬁ'g le 1 and the
properties of the amgnatfed beads arg é&iﬁihmgﬁﬁézggxarrpl e 3 55
The procedure of Exapé¢ 1 was_aggd Er;gg Eg-ﬁg@ht percent
crosslinked seed havig®|an averag of af= 2dbs kX 12 The sodi um
di chromate used in tHis|exanple , §.§3~‘;‘p-6§5§.9?_ reaction
m xture was heated to [err] for [R5 hquss¥at Mkl ch tine the nononer feed.
conprising 98.5 percent styrene land 2.5 . €f eeny-/DVB are added over a 6 hou

t he nDrg,Qher/f._:;,-é"ed, the reaction mixture
S and the/rl/-tf;_ﬁri shed off at [err] for 2 60

hours. The beads thus obtai ned merﬁ-..ﬁm_'a.m}ﬁyl ated and am nated as in

Exanple 1 and the proper

procedure of Exanple 3 was repeated,

ti thereof are™d

sscribed in Table |I.
this tinme using 35 parts of 0.3

Exanpl e 4 The

percent crosslinked seed particle with''a particle size between 250 and 300

derrl,
‘The reaction vessel .
reacti on m xture reached

6.5 parts DVB and 58.4 parts styrene in the initial
The mononer feed was begun 2.5 hours after fhe
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"styrene. The beads were chloromet hyl ated and aminated as described in e
previ ous exanpl es. The properties of the beads are described in Table I
Exanpl e 55 The general procedure of Exarrpl e 3 was repeated, this- tl me
using 35 parts of 0.3 percent crosslinked seed particles having dlaneters
bet ween 350 and 500 [err] EP. ommsras BYB and 63.4 parts styrene. The
reactlon mxture vvas heated to [err] for 3 hours and a mononer feed
ITg'osAlglzn%b 93( ZB as Fé%)e' b&adB ﬂhve A e gféqcn 6 hour
per{hQ nvertin % w& %?% Eth EEE ﬁ, csgg 3 hours and
f i naiehathgad h?&ro %Fué cid £Md xﬂe I : ht a@utyrl
ehl generaliv High, anuneaimandtmab&a&iadfdsarﬁiﬂatetescr| bed i n the previous exarrp es.i{ The
properties of the beads are de r| e;i in Table |I. Exanple 6 The procedure
of Exafphq udﬁas'iatﬁlgé's{éelrr@&ﬁ;% pe&rﬁlltmgn a2 B Sar@ b Qze%ﬁ: ARG CT 0SS| i nked
seectopmikid Syrem DVBicBpollin Rk @ psitidee hivaRn phhide sirdof dlodt asmh]weredto e@@a6t s DVB and
55. the npmmsyas@nes waTehfS ZﬁpmmyB 6 @ partsslyrene. 919pG weighti pe?cent TBED thesed oDVB and 97. 5

per!‘f’éﬁ‘t‘a' ﬁ d) 8 3:?16 g"af’?@r‘b{’%‘f é& W°§F 8 &t’e to the
rea@f eYr i 'F %d, g’%p“ﬁﬁhe o over a 6
N0 UivadB0f0 4 waatetﬁis ToE5 hus, 5:%@5 iAba MRSSRS fed@SontiBing Bﬁd eabvﬁerr] for 4
houarsl 9atﬁqbel‘ﬁ'.enn styfeadwasf Hegarl Ttﬁeeﬁdsriomfedeedzcohmmecstor qa h@r&)@ﬁd@e h’hhkﬂnem lde@i Nned were
chl gﬂ" l4aapeemafntue @awbnatwhas“*d’e@w thoesd eP‘?\USEﬁamﬂ‘% and thymengmepperti es of
the G res 31 30k ine 3 pated W%ﬂ‘déetteé(j?%%é’*ép%‘%i"ffﬁ' P'g The 20 25 30
ég trong cﬁ%& gi fonatln 2% Bl As can
t;e memo f;véuglmp'sabheulfunc bdke Tﬁ@aoéhyswerrgt sadercarit of briginal spyierad, radistaroélie bi t ed a
hi gmro"eslfoelctndw@tqrm@ybn cﬂnamnsme yulfqeatererasins veere rmmbdjeqqerd-sm the t han act ual
0s'§ tra‘ﬁn j;t d %‘h‘f’ H’E a’F ‘E’H" 'sl”df"’ef aF'fW@ﬁE‘?“Uﬁ'"@%hl bi t
exce‘ﬁ'entg c'rus 4 ?rr'tzang U HYFrde sp %"“Br AR AGE tHOADE g Stibj ected to 10
gycles of alternating 8 M hydr egdMpyd ¢ acid and 8 M hydrOX| de. In addition,
the drTye precegire oiExprople 1 wasirirested exeent that thegndnomgrferdicaritdinedinb OWB. Thevdsicat | ng t hat
besdasgprenprad wreip suf °’a¥ﬁ"ﬁeﬁ’€’d‘9 tpthemypIne ofExamplg 7. h‘ipfgfm"lea?f thesplfgngtedss st eel
reac?f'BP'eé’&TfP?)eﬁé'd e an agi tag;ymp,e?g's parts by wei ght of 0.3 percent
%OSSlThél&edadﬁrEy:f BXafple YRvas GgpRityd 1 @ing SRYAPOVE bridl 09 pBs/dtyichedn Malididat! € Si ze of
aboehergg he erlqn]erfamuembmd@dperéﬁot styfene drid ps-eemlnmnaslbedmsﬁ hﬁﬁs gharttes wat er,

3. 2%2 a'PFE’“‘ER/B“ fad pyepn® hopr meged. filte Pased on the
azﬁ?m TR e R
nononer s enp oy ed 15 part sodi um
|chr omate vvere added with agllbatnpleno V\at er was added unti | the wei ght
phas e Trapreepdyse of Example pryas mae!eq sing r{iSpary BVErns 57 heﬁrtsrféfa«trecnstgmp:rtal t he
e s vt e B T LR o RS A S ol ch e
nonm{he Qﬁﬁh.&‘sQﬁ&*. | iR Gab] percen SRR percen styrene was

Begun. The nononer feed conti ngkedlpit @ 6 -hours unt|I t he nononer feed
const iirteid 267 1720 gdllo )ewl!se-medméactbmulombmh enmlagitee pa@f bvtvteshn ahp-8 pesgentchar ge,

excHete finked ?°P°'a'ﬁ ‘i'e ai ned at
[,?Lgf] thiﬁt?al F’g?y ‘xﬁe@oé'uﬁlggp?%‘:% rﬁ*epbg fe%roﬁihe teHal v?eht% urs. The

monomers employed), 0.4 part stablhzer and 0.3 part sodium dichromate were added with agitation. Water
was added until the weight phase ratio, after the addition of the monomer feed, was 1.0. The reaction
mixture was then heated until the temperature reached 78°C and was held at 78°C for 2 75 hours, at which

time a monomer feed consisting of 2.5 percent DVB and 97.5 percent styren jhe monomer
s0 feed continued for 6 hours until the monomer feed constituted 71.4 weight pER ner bead.
. The reaction was maintained at 78°C for 3.25 hours and then finished off fre bBads so
obtained were sulfonated using 93 weight percent sulfuric acid. The sujix ads h_a)(e p! pp_ rties -
described in Table ll. 7 h v v

in order to further illustrate the resistance of these cation exchange #ghjn bedds pspotic sho k, a

ss portion of the beads were immersed in a 93 percent sulfuric acid solutio movtoﬁ nd mstantaneo sly

" washed with copious amounts of deionized water while draining the sullustt acid. ‘I'  this test, thie resin

beads are very rapidly hydrated. This test is generally even more severe thag 'W:"vchng between’8: M HCI

and 8 M NaOH described hereinbefore. Fewer than 5 percent of the resin s of this e art ple were
broken when sub|ected to this test. ST TT s

60 Example 12
The procedure of Example 11 was repeated using 1.9 parts DVB and 63.0 parts styrene in the initial
charge. The monomer feed was 98.5 percent styrene and 1.5 percent DVB. The beads thus obtained were
sulfonated as described in Example 8. The properties of the sulfonated beads are described in Table II.

The beads of this example were subjected to the instantaneous hydration test described in Example 11,
g5 Wwith fewer than 5 percent of the resin beads being broken.
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Ekanple 1. A100 g portlon of the beads were converted to strong acid
cation exchange resins by sulfonating the beads using a 20 98-100 wei ght
percent sulfuric acid. The crush strength and percent of original spheres
resistance to osnotic shock and water retention capacity of the sulfonate
resins were determ ned accordi ngEP00 1104 948 Bts described in Exanple 1, 4§
the results are given in Table I1. 'th capacity was determ ned by
titrating whg .% GbAodAed 460 eqsl é&%%%ﬁ.m AgyiS0r, 45 bR dy Wéidht 06,9 9&,@ 0

sodi um chlgsiskad stgiane DVE copolymer seed particles having a particle size in the range of 180X80U¥
pr ocedur e loafledEicethgreed partigtes, 65 pgye avaed 6 emmm/B,tsaabartshwrmnomercksedlgbthsad n e

no DVB.5 TH tqtaémorp §P%8°§(‘€?d‘ﬁ wcemie( sed on Pishmeramers TRABHY.¢ part gabjliprs e
of e B R e e
id ot 78° ez pﬁ&.eegfwh @ Exn% o
par t s DVBpertuht faftedd wda bédun Stthy ridRdindr Feell Eomtihuet fdr ahOlﬁhﬁ'ﬁlgﬁe mIrh’tﬁ'.ei’(&Bd)diﬁaﬁtltlftaﬁd
conpri 4¢ nﬁ_ﬁ@ﬁelm pereant ofgh eqi\en@aheid&eper CherreacBiviBvagawintyingd st 78°Clorid@hoers afd er
‘the react f8h fLWF’BFE’ Eé‘t i”é’ et hqusy The beads spedtained) wetpsuifonalgd prd fave tejpgmpertieg ¢ o
t he monomarcf8e{ ¥REYd, the reaction was maintained at [err] for 3.5 hour
and then finished off at [err] for 2 hours. The beads thus obtained were
sul fonat¢ed. The sul fonated beads have the properties described in Table
35 Exanpl e 10 The procedure of Exanple 9 was repeated using 7.8 parts DVB
and 57.1 parts styrene in the initial nononer charge. After the nonomer
feed was conpleted, the reaction m xture was held at 80C for 4 hours and
finished off at 1 10C for 2 hours. The beads thus obtai ned were sul fonate
The sul fonated beads 40 have the properties described in Table Il. Exanpl
117 Tnto a 75.7 1(20 gallon), glass-lined reactor equipped with an agitato
35 parts by weight of 0.3 percent crosslinked styrene DVB copol yner seed
particlzes having a particle size of about 280-300 pmwere | oaded. o the
seed particles, 65 parts water, 4.2 parts DVB, 60.7 parts styrene, 0.036
wei ght percent TBPO (based 45 on the total weight of nononers enpl oyed),
0. 025 wei ght percent TBPB (based on the total weight of nononers enpl oyed
0.4 pars stabilizer and 0.3 part sodiumdichromate were added with
agitation. Water was added until the weight phase ratio, after the additi
of the nononer feed, was 1.0. The reaction m xture was thenheated unnl

the tenperature reached [err] and was held at 78C for_2 75, hqus i C
ti me a,ponomer feed consisting of 2.5 percent DVB and%Q? 5 percentz-_gren:
was begun. The nononer 50 feed continued for 6 hours u fEL t'’he ‘mopsiger fe

constituted 71.4 weight percent of the copol ymer bead. T¥ €/ -<x§§‘ was
mai ntained at [err] for 3.25 hours and then finished off arlder
hours. ,Jhe beads so obtained were sul fonated using 93 wei ght percent

sul furic acid. The sul pfonated beads have properties described in Table I
n order to further illustrate the resistance of these cation exchange
[\err] beads to osnmotic shock, a 55 portion of the beads were inmersed in
93 perggnt sulfuric acid solution, renoved and instantaneously washed wt
copi ous amounts of deionized water while draining the sul acid. In this
test, the resin beads are very rapidly hydrated. This test is generally
even nore severe that the cycling between 8 M HCO and 8 M NaCH descri bed
herei nhgfore. Fewer than 5 percent of the resin beads of this exanple wer¢g
br oken when subjected to this test. 60 -

Exanpl e 12 The procedure of Exanple 11 was repeated using 1.9 parts DVB a
63.0 parts styrene in the initial charge. The nononer feed was 98.5 percen
styreng,and 1.5 percent DVB. The beads thus obtained were sul fonated as
described in Exanpl e 8. The properties of the sulfonated beads are
described in Table Il. The beads of this exanple were subjected to the

i nstant aneous hydration test described in Exanple 11, 65 with fewer than 5
percent of the resin beads being broken. 12 EP 0 101 943 Bl Exanple 13
Into a 3 liter, stainless steel reactor equipped with an agitator, 35 part
by wei ght of 0.3 percent crosslinked styrene DVB copol yner seed particles
having a particle size in the range of 180-300 [err] were

65
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‘di.acryl ate or an al kyl ene di net hacryl ate. 30 3. A process of Caim
wherein sai d second nmononer m x i s added continuously or intermttently
such that. the instantaneous conversion during said addition of nmonomer
is at |east "20 percent. 4. A process of Gaim1 which further conprises
attaching active ion exchange gpogR91t943 IB1 copol ymer beads to form an
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40 to 95 wei ght percent of said nononers are converted to polyner, then
continue adding to said suspension a second nononmer mXx, which second
nmononer mx conprises a nonoethylenically unsaturated nononmer but contai

essentially no free radical initi atfé sasi g 20 addition of said second
mononer ni x- bei ng nade under c &Rt 1@ nBludi ng a tenperature sufficisg
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