;e3e)1&(()t,, $16Z1T1MB C-03 44 2 s pc~ zoo2 ,r, THERVAL GRAFTS OF
POLYAM DES MBEl-B4¥ t he I nvention: The present invention relates an
efficient method of grafting conpounds which 10 15 contain an amih® (gt @b,
such as pol yoxyal kyl ene am nes, to polyam des, such as polyaspartic acid,
pol ygl utam c acid, and copol yners of aspartic and glutamc acids, with
pendant carboxylic acid groups. The present nethod al so rel ates tmwmmm ””m""”m
hod I’

graft polyners produced by such rQcess._Th resent invention

relates to conpositions which m#mmé{@-ﬁ%lymrs and met hods, of |

usi ng such graft polyners. Discussion of the Background: Polyasp

econom cal |y produced by t BTHERMAIIGRABTY G POAYIAMIES 20 25 asp%ﬂnmﬁ"ﬁﬂmﬁmmm

or precursors of aspartic acid such as malefic acid and ammoni a.

initial product is polysuccinimde (synonyns: anhydr oaspartic acaooo+

pol yaspdrtim de), which is cBpOK&RUTNDQF QIHEIMYENIEONNi m de, the cyclic

imde of aspartic acid..A review of patents and other literature dating to

1850 on theggm-ﬁgﬁ%(f%ol yaspartate and pol ysuccinim de is provided in

U.S. Patent No. P : TV A¥ hS nf i.n by
?héﬁ%s&? an(e@'n% 12bs A Jfficieh¥ Abh § o{ %ﬁ{%%@n@%ﬁkﬂ

reference. The production of polyaspartic acid

pol ymer i zat ¢caainkn asxar group,aatcilaapalybydikylereiaminds, tolydmisieghtiet med
pol ysucci nim de i s shown schematically below 0 0 ~~~g -~ NN_~o0. -. O
Aspartic AcPRlYFpRgis fsid, pplyghstanciacyd, pidcqpobynegryofaspartic apd |gluaipicracidse

Synt hesj s of . I f j i L NL m
pol yas piaoft aygﬁ%%@&&a%%%ﬁ%xﬂ%ﬁaé:%g?@f ;ﬁ}ef\f‘g%ﬁfr%ﬁtﬂggéggg%h&hg%g% en t he
nucl eophi | i golgh@tstireduced by shdh £pfd34st. Th8 peksént InvddBdn Zurfler MElktgs BT Nes such
as ethanol am ne to forman am de |inkage upon opening of the imde ring of
a succi ni mi denpastichgavhigh esaitain sechogrp® ppbyieess andanetbodd effuspensisheradv oups
(see: U S. Patent No. 3,846,380 (Fujinoto et al)). Because pol ysucci ni m de
i s insol ubl B&W%t er, the reactions are nornally acconplished in organic
solvents such as dinethyl 5 formam de or N-nethyl pyrrolidone. The
derivatized pol ysucci nimi de can be converted to a derivatized pol yaspartate
by m | d1&l kBliscngsi g he remaining imde rings. Thermnal
copol yneri zation_of aspartic acid %&d ot her, rs_also has frequently

t

nono
been reported be§phAsnagatgiis eapomicadlynapduckd by fieghermpd golymprzatione) and

t endi t : : : t .
5357, 004 10RSS Lrt Tpy s 35 SREn A B Ay dad S BBRELTRT. .
5,510, 426 ( Wand pedduat Js;pobyshddinihilde (shaohmed: palypnhyalrddkPartit Qcidod et al ) ;
5,521,279 (Wod et al); 5,371,179 (Paik et al); 5,371,177 (Paik et al);
5,410, 017 ( Bebesmagimide), syhjch issamposedelgesidyen s Rugqinimide; the ek waide of

I b . . . .
copo y”ﬁ@ iy?é %gt'rbca%i% p%(f%ﬁ%\?/%ﬁ?hl%n{s%a Bth ¥p?e§vathﬂé9iaﬂg§?ot {%\/3@20@{?8? ?%mﬂéms f

pol yoxya nes. such as detergent a spersants,
corrosi on 1polyasabateqind poBRtdcitialidaisprovidet nily.8sPatentMNy, 5139477 Grad@dt t i ves
to oral health care products and cosnetics, and others were discl osed.
Japanese Pa@bnwhishps ingemppusitedhergindggeferagat bhopreduation ofipsbilaspasic and bvat i ves
of pol ysuccii m de.an ol yas t at repared.by nu ophiligc.addition of
monoam nes e e‘&@@f’ﬁ'gﬁ&?éﬂﬁ‘ﬁ@*‘éﬂﬂ%{;Eﬂﬁiaﬂg‘g{%mé’éivg ¢ F'ﬁl"g’@elgn di net hyl
f or mam de O?o}%ﬁéﬁnin‘g& FRRRM s@dfattallyesel&RNt ai ning pol yaspartic acid and

t hese derivatives are disclosed, and sone effects on the flow of Portl and
cenent are disclosed. Derivatives of polyaspartate have al so been forned by
thermal addition of coreactahts to a prefornmed polygspartagte. U S.| Patent
Nos. 5,247,0 (Donachy et al); % 2600272 (Donaghy et lal)i and 5, 284, 936
(Donachy et mﬁ)sma t u pLefbrN § ate as a
reactant |ead fog i nprovenent S ® t& the cool ygeri gatipn of
nononeric reactants. U S. Pat ent™Nos. 05, 52, 516/ (Ross et al); 5, 61p, 384
(Ross et al); 5,461,085 (Nag md et aba 5, 525L682 (Nagat ono et -aly ;

5, S25, 703 (Kalota) and WO 95/35337 (Ross et al); WD 96/08523 (Ross et al);
and EP 0 658 . . Nagat ono . 30 disclo eactions of
di ami nes wi t’*rmsgg‘g’l")%d‘gci ni ni dePﬁélsg#%nelgl[%é;ucl eophi | SO Py EBARat ) U at ed
pH with the obj ect of producing water-soluble, high MN crosslinked

pol yaspartates upon al kaline treatnent of the crosslinked pol ysuccinim des.
VMBC- 0344 Synthesis of potentially useful derivatives of polysuccinimide and polyaspartate

On

also has a long history. A common approach has been the nucleophilic addition of



2 ~0CT 2002 Alternatively, if the degree of crosslinking is sufficient,
wat er - absorM8-0344nsol ubl e materials were produced. A problemwth this
-approach is that the O+ groups in water at elevated pH conpete with the
NH2 groups of the dianines to donate electrons to inide rings of 9tHd 20l
pol yner, thus ring-opening the polysuccifimde residues by hydrolysis.
Anot her problemis that the polysuccininmde is hydrophobic and
wat er -i nsol ubl e such that nuch of the ?ol ysuccj nil,igkde is not r eagi |y
avai | abl e fRIFIFHABURGTECH AS eHANOADIS (R I HEAMIGSE HEKREFROPPPERING PATIE]

anount s of di.am. { r . i a_Lneffi Gl d
ncom et ¢, MEaUTagt pakel Ry R Bl i AR e M ARl
10 U . S. Pat@ged: UNS.: ParerR 38, 8 3246(IS0TREim6to eh)). dB ecahs@stydudeinpfide ¥ imsdlgiiet i on
of nobnoam no conpounds such as anino et hyl sul fonate (taurine), other am no

a?:i dsi andeéja?ﬁmaembypampwhemlﬁ}f &Chmpfﬁ@ﬁg’gm/gamw wnmﬁuyga&:?_irr]mﬁthﬁlde at
el evat e aft efficiency np,hi r than. 60% was reported. e

Tt ori oS piogHARIS BRI SYEPTAnsS iR e Bal et BS S tecRTariedor
reactants disty ' r e as
bei ng usef %%a%%get er ?gﬁ%asg%t%g@?i agf@ﬁéhg‘??’? ?sl da}gcﬁéle %ﬁﬁ@%ﬁ@rﬁazﬁgfn

addi tion to pol yisgaat edppdymeridadion pbispanicainidcandaltyerencnosnszalas has
pol yacryl ates have been derivatized wth pol yoxyal E%I ene side chains via

t her mal ~ r eafequsatipPeenrsperiadchassming Wb (S Ratent fto. 49594 i(Bonet dloidound and

t he carboxyl .greu : 3,343
(Darwi n et %ﬁt?“cg%é)%ﬁ%ﬁ%%?éﬁ%\%%%%ﬁgﬁ%H%%’§%%§e\a\} 5\11)(\)"9_55’:?]5?, erivatized
pol yacryj at ggodd & A0, Se40986 (weoodet BY, 31561, ul7 fWood ernRBicNg,LBgWdiact agi cal
roperties of cenment, acting as water-reducing and plasticizing additives.
Di sper sant s541@4%5 60 oodei atpriei®, 110 Wdodwet ehaf.a81.879 6Wed etodl); Seddrlt79s| ur nes
by 25 breaki up.c t | r.at eel t he i Vi.ng
Che ol urr 1 o0 R0 SHabhar 1122 8EH Ry Hhch B4 st 801 ey ip bt Pare T
be obt ai ned,@gly; ;- Renes hang '
Adm xt ures ?%Ztr%g%%o {SOP%:F%E%Q ?OZ%EE%? Sé%ggncand Tg%hngflaaggc\l/?lo%g%gﬁ{deg%i tion,
Noyes Publ i pallydxyedkyld295 Applications sudhras defpogeat edtlitiessedispdyyants tenresice.
Super pl astici zers such as sul fonated ngl am ne, formal dehyde 30 copdensate
(SMF) ahd sinhitiieas éanmbmsmdém%f%g%h%féwggﬂweméﬁ%ld}eélﬂe mspr%ﬁétS%Mm y
used as dis ! . conpounds require nore than the desired
anount of ngf&g?&g%,%g%%’gé:gcgﬁg%gﬁ ed |l evel of concrete workability or
wat er  MBC- 0344 Japaresd Patent ApplibdiongdLmis88 (INagatorad @i 41) @idclobddaRavirdieebf al s
do not achieve the full range of water reducing capability for the various
types of conelysucsinimifeandmetyaspartpte prepased lay aneleophwiec FddisorefmerRaaminesASTM
494 etc.). & 1S, rt.ant that di S .he. u L NsC A si.tuations
where st endtdh SrdBRRaR tnd AR LR HER mEe s EES DATBREHE & RubbEcary
conponepd | Tehedtadetik@inGdontiting balyashdrtaddcid 406 wescdegl edvesedikodddcanise of
llow wat er anobunts in the high performance concretes, sonetines high
di spersant asmeaffectaprethedtors sbPortland eanminé gee dignlesgBl e concretes. Hi gh BNS

| evel s can | ead to .undesi r.abl e retardation.of set d.,may not..provi de the
Fequi red wor kabi FEFY PR ah PP ReraR Hars a0 bt ERhe R R B o0 ge o
material thabreh&afE¥EE flefdrhiBDoRESarld 11015 PhteRONGs. §2URI06S oA teAIS,

di spersant than the traditional materials such as BNS and SMF. | hproVi ng
ef ficiency 560262 (Dheachpetal); and 528469364 Donachyi at el) disslaae tiad the we d€si r ed

| evel of concrete workability or water C{jeduction. Wth respect to BNS and

SMF, it2Ps RFSOFMRAINOIYASPAIARAS HisrEHR 1s3diRdmPEEREnS RS RATIPE AP Hiai ni ng
normal setti, lg\xg@x[iﬁa‘fitoﬁr St dnSserid 2 a%faﬂt’si ding a dispersant with full range
(Type A and fer-reduc ng capa%l ify is also a desirable

characteristic. Th8sPatérheNas. §,55R5 16 (Roskeesl); 061256 8aaRbedetall); Sr4spA8Eng
pol yam des, such as pol yaszpartati c acid and pol zﬁ%laut am c acid, which
cont ai n penddagateme B3y S 8 2dNgedlape e pBf $.645.W08 KKalkeial ané MPAIRSS37 such

as net hoxyl ated pol.y. am nes, i j j el.d without,the use
and expense%%?sseegéféswg&@g%ﬁ;ﬁogs 89&??5%%}) cdﬂl@{)g %ﬁ%g&ﬁ?ﬁ'ﬂ%e@ ?‘Fﬁﬁ woul d
i nvol ve3po \w@ifRe dyifBaS AacREl JTIRANESs WRh BaFyThddiniPYdY 18 deethuclddghgical so
remains a need for inproved surfactants and di spersants for use” as

addi ti ves t additiorat ¢levadedspiiewit thalobjectdd pBudvivixizYw &er- b1 NAYEINIM VIN
Accordingly, it is _one obj ect of fh resent invention t rovi de a novel
met hod of gﬂ&%klwd@eﬁﬁmsmpe abcafd Gravmns inha?reaﬁﬁigkffgptﬁéswawa&s- such
as pol yaspartic acid and pol yglutam c acid, which contain pendant
carboxylic acid groups. It is another obj ect of the present invention to
provi de a nmethod of grafting 30 conpounds which contain am no groups to

pol yam des , such as polyaspartic acid and polyglutam c aci dﬁ, whi ch contain

o o o .




03-07-2000 MBC-0344 E P 009904378 2 9 0 CT 2042 5 grafting agent. It is
anot her owa&the present invention to provide a nethod of grafting
. conpounds ich contain am no groups to pol yam des, such as p(élﬁ/as %LI C
acid and pol yglutam c acid, which contain pendant carboxylic BLB ps
whi ch net hod does 5 not require the use of organic solvents. It is another
obj ect of the present invention to provide a method of grafting conpounds
whi ch contain am no groups to pol yam des, such as polyaspartic acid and

pol ygl ut am gltamativel Wik e degreeaif Brassliittaty!is eaffloieny, wateratbisckbentoi3slubly ch
met hod affords graft polyners with a high graft density. °~ 10 It is another
obj ect of tmetepielsyeste prasitestti on to provi de novel graft polymers in which

ds whi ch t Al ' : -ed to.pol ] h
pol yaspar L1 aci f RReBor ot SAreechdf i et Lok ik R AR edPlouy i c
aci d groupscorh}get% %itﬁrﬂi’é%_g?&lp@%?tlﬁfdiérﬂﬁc@{oeﬁﬁ@k \A%&‘gxﬁﬁi tﬂ%i&@ﬁﬂéﬁ%f} tgﬁ novel

graft polyners, having a hijgh graft density, iIn conpounds

cont ai n :m pelygieguipss rargodcning the pelystoinhaldeansidess, bydiydtolpss. pAhytaspari i ¢
acid and pol y%l utam c acid, whjch, cqontajn pendant carboxylic acid groups.

I't is anot hfoblssy chatghe polysyseiaamide is Aydspphasie 44l witewingeluplswaeh Behpushti ons
whi ch cont ai p,,su r af:t .pol BN Whi i.ch i.n am no
aroups. are i 4F Pol-H SR Ralailefld SRRAICH, R 6l Rg A

pol ygl ut am coagdgdentW) ebate® aindivits 30 diagmtiante RaLRAXM the fsaclordrReips. It is
anot her object of the present invention to provide novel nethods of

i mprovi ng t ineffidienty apd dprempleds, legvingpastially reacie@aniell as wincappratsddlighinehe
present _inventio ich.w LI a rent. duri the foll owi ng detail ed
tescr i pg(;)on, havgj'%'\ég]eaﬁenégm é\ﬁég’%ggg{?@%p%\?@rélﬁ? esg’%aﬂ_}lg@é\fgarcfo‘? Iﬁ’gt heat i ng
an I ntinmat e {gh i &Blcpﬁuﬁ@é é(ﬁH‘aE’@mir%%‘iyl%ﬁlf&?ité/(%&ﬂﬁ{ewo@he?‘%hﬁn@%ds, and

pol yglutam c acid, which contains pendarnt carboxylic acid groups, which

m xture i s swdnstmitol mly(propytaepthyateiglyml wothgeiysocanimiénat eleviatdd FH.compound
whi ch contai ns_an. am no glfrioup affords a graft ol ynmer, .in which the conpound

whi ch cont aiGiaft §HicagrcH §o Sighep thas 6QvayesePered: nehegBatsmat arsiuged Bhtheont ai n
dant | of| . I i d t hat

Phe graf s porkhesg v Bh0L Y cftinillol BYFALALS AAKRAILE Y Hlanlbenes 1 1o

mat eri aljs. AdMchBIDaSHiclosed WBbeiag 4deftl a3 dStePgdnt AR, BRpdrkantd-oadR PTI ON OF

THE DRAW NG?mtiscalants.

In addition to polyaspartates, other polyanionic polymers such as polyacrylates
have been derivatized with polyoxyalkylene side chains via thermal reaction of
monofunctional groups of the derivatizing compound and the carboxyl groups of the

20  polymer (see: U.S. Patent Nos. 5,393,343 (Darwin et al); 5,614,017 (Shawl); and
5,670,578 (Shawl)). The derivatized polyacrylates are disclosed as being useful for
improving the rheological properties of cement, acting as water-reducing and
plasticizing additives.

Dispersants are used to improve the flow characteristics of cement slurries by

25  breaking up cement agglomerates and freeing the water, thus giving the slurries of
lower viscosity and allowing desirable flow conditions to be obtained at lower pump
pressures. V.S. Ramachandran, Concrete Admixtures Handbook: Properties, Science,
and Technology, Second Edition, Noyes Publications, 1995, which is incorporated
herein by reference. Superplasticizers such as sulfonated melamine formaldehyde

30  condensate (SMF) and sulfonated naphthalene formaldehyde condensate (BNS) are

commonly used as dispersants. However, these compounds require more than the

desired amount of material to achieve a desired level of concrete workability or water



"Anore conpl ete appreciation of the invention and many of the attendant
advant ages er f4 will be readily obtained as the same becones better

~.understood by reference to the follow ng detail ed description when

considered in connection with the acconpanyi ng draw ngs, wherein: Figure 1
is the infrared spectrum of the pol ysuccinimde prepared in Pr epezrga{q[ih]vmz
Exanpl e 1, thernmal polynmer of aspartic atid, 220C, 8 hours. Notice the

prom nent imde peak at 1716 cm 1. There also is sone indication of am de

li nkages ase@it@on. 19adiitiéh, SHek mapgnlks & not a&Rid0e weinlll bk of SvatdQstaRingt 0 be
associated with a small nunber of branch zm nts of this type of

pol ysucci nicapaelityTie thearabions/ typed efreoincrste alagdtuces (6.8i, L yas foandT vt vt h t he
Ctermini of .the, maj I r .chains and the branches; Figure 2 is the

i nfrared sd%@?%ﬁ%e{vﬂg%%%?aspartat e prepared by mld al kaline hydrolysis
of the polysucci s?rﬁbg I f i XAIR ) L 5
characteristic aIrrt;'1i e gﬁ%ﬁ@?ﬁ%e&%ﬁ%ﬁ%&%&é (c:m 1,l gtgo%/\s/evlvwggﬁt em%]adrlboxyl
signal &t I1:08biliyard inviolvgds & Bspessahard nheasady sgrpdnettindfigh heenget andat | zed
pol yaspart at e g&;\gar ed in Exanple 2, a graft of |ow MV pol yoxyal |l cyl ene

am ne and Hiigh By genepries. JPee toNbe Neecotdevevataamayarls inthekishipgifamagnce ~

1710 cm 1', the. ani de. signals,. 1600 _and 20 1650 cm | boxy!
i gnal at SOHGE O o RS hRas A heEhenttid sl bl W 1 1

the pol yoxyahkitanetigh BNTRAI sartlead ddhdeSirdble Fet@8tRnbisst ifd8nBPhot |
perneation chronotography profile of the product of Exanple 2, "an efficient

t her mal syntrheisle sheafequiregd wbtkabiflity menkion puentorg.al kyl ene ami ne and hi gh MV
ol yaspartate. The derivatized, pol yaspartate el uted at aboyt .28 m nutes 25
peak 119, with ﬁﬁfegqsgéblaa%psowﬂ%ae%etpﬁg“ 6t|1§/6%é3?54t1 KSRiee MOTE FlIaFIhAS 84 t o 35
m nut es (pe i ey MREGeEt 0
Figures 5 a%é‘“%& P ra?&%)r(eiﬂ%{sg%%# ﬁ%gg{}%ég?ﬂ%g%r yeréa}r?é;%!té %gg gﬁoxyawyl ene
am ne underImgmodingieffidenly redeks theiaemiunt efmbierial ragditedpo laylsisee s desiied devet

sodi um aspartate; Figure 5 is the gel K perneation chronpt ogrﬁ%hy,pr ofile of
t he product olofongtecymkapiity oewtearsareion. Withrespee toBNS #rdd3 M g also

pol yoxyal kyl,en 1 R . UGl NIm C 4

a1 on 1 poa R PSP e rhiib yRE: baneh e Bora e BB

reacti ors el pioRiling a disgerdbitalittbRlivesse @ACard ) v atertredudi ability is aldB C 03
44 2 9 0 CT 2Q0§§7 V\sl?th the mgjori ty@?)? t he pol yoxyal ky?%ﬁég am]br'\e

remai ni ng uadedwsblsd-haragtesisie.i ng at about 34 minutes (peak 2): peak 3, salt;
Figure 6 is the infi ,ared spectrumof th uri fied, derivatize

pol yaspartate of Jrgus@g?%%egﬁ“efea‘ﬁ?gkﬁ aemf&‘og O PLPATNG PRIY RSP as

pol yoxyal ky},engsaihiieaddend ARAL ¥SHCHhidh BbatinPenii l-e@RRItid sci@ddi tion

i n di net hyl i)f(SJ}r mam dezj1 The gynlgy%lewsi gnals are seelrr11qia(rf%1 1680 an%116‘:130 cml,
the uol voxvgtoups gradied wjthedmiao carpdunglsy siich ah erchoxpibtedpodyrrdiyalklylenn emindsde

signal,_porpally at.1710 cm 1; Figure 7 i.s the gel rmeatiqn

oot &l aBryEb ¥ Feiher 5} Binroidnpise a5 s eGASIBIT GrorEBHp AL e

anple 2, §{i‘c(:jh’5£ hietidd @&lﬂﬁﬁzfolve%ol x@é(!té%é;?&'a%ﬁﬂ%ﬁb&%‘e%@%aﬁﬁhﬂ% lctg | ow MV
pol ysucci ni mde by nucl eophilic addition in the absence of solfvent. Peak 1,

grafted pol Taspatsatmaingealeed forumpeved earfavdngoandadibperants famiseess adéditives,

salt; Figures 8a and 8b are the gel perneation chronotography profiles of
product s of t© cementitious materials.

25 SUMMARY OF THE INVENTION
Accordingly, it is one object of the present invention to provide a novel method
of grafting compounds which contain amino groups to polyamides, such as polyaspartic
acid and polyglutamic acid, which contain pendant carboxylic acid groups.
It is another object of the present invention to provide a method of grafting
30 compounds which contain amino groups to polyamides , such as polyaspartic acid and
polyglutamic acid, which contain pendant carboxylic acid groups, which method

achieves a high graft efficiency and which therefore does not require the use of excess



03}@%‘%@;&{ eaction of Conparative Exanple 4, an attenpt to copol ymer EReQGISH437T8
. va te and pol yoxyal kyl ene am ne by thermal treatnent at 180C. Figure
. 8a: sanpl MBE0844 2 hours of thermal treatnment. Figure 8b: sanple after 20.5
" hours of .thermal treatnent. Peak 1, pol yoxyal kyl ene am ne: peak 2, salt.
DET~TT~ED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 20 25 Thuz dnm Bnfirst
enbodi nent, the present invention provides a nethod for prod gi g graft
pol ymers in which conpounds which contdin am no groups are grafted to
pol yasparti &,aci d. The present nethod involves heating an intimte m xture
of a pol yah WPeh contains pendant carboxylic acid groups, such as

pol yaspart i ¢ agiid uy RALIGHiL BIIE pfbhl infllioh OB BRI SinBhho DR R ifg AN
glutam c acids, Wth a conmpoun I ch contai n§ an am no groap. e

pol yam desombdwtds esdti¢tacontgin andmt groapdnoxpolyatnides, sudiras ppd/agpdriic aeidmady cases
have the general forpula. (1): 0 30 CHZ H2N-(~H-'C N~'_.d COOX (CH2)m H (1)
(CH (CHZ) RO&? tamlczcgd*)('%& cogtumppensianirarnxytis a0id greups Mhiclsmethod§oen 04378 2

9UCq 2#812??@9@%5&59%8%%2{%1@&5; he other is hydrogen, an alkali netal

ion, an a ne eart I on, ammoni umion, or substituted anmoni um
with the provi $tsthetheradbjéat @$ thedesent iaveéntionrte pesvadd ymathoiedgtafithg nol e %
nor e preferaby | east 100 mple % of X is hydrogen; each -NHZ- is a
monomer ufPEPH S\}‘éngl? FOHE BEURHBIHES Wﬂocl)’?‘%‘g\gﬁ’ é‘f‘crg?sas Polyagpariippcidasdp and
(i) a - tafic SREOURILiPBERf caRigRERER - fiprdsS O OF
an intege 85‘159&?”?13 20, pre era%ﬁ?g 0 tocaz; ach m%&l)%égilg%giﬁt O;Iéedggorcishe

ot her, i s ghafopolgmeiswitlyehighfgrdft densty, preferably 0 to 10 2; g, r, and s

reflect the nole fractian of .each type of.nononer. . unit erein the 15 sum
of ¢ 10, 3 Tedtin0tm sttt P LS ot Syt BB T e fos,

pref er abl ¥y1ick orpdifhds Which d¥nBhiehRloVerOustard grhPed ko %&yﬁnﬂﬁ&isﬁ@l’x ayal ue of
0.05 to 1, preferably 0.50 to 1, nore preferably 0.75to 1, and s is a

deci mal vaglolyasprrtioacid 20d polygprahigragisl whirht aontpippendantrearymxglic reidi gyowps. The

total nunber of, nonoper uNit s dn t mgde is.5 t0.10 referably 10
20 25 30 to 260t eRainet ed%oT ahlebr Pt R AT b ok et R ulEE o
tri-, and HeRldgaer 16k atdfydnenP ih witichdnipanads which cofitbin-amif® Groups are

tetra- C2~- al koxyanmoni um Exanpl es of .the _coppound which contains: (i) a

NH2 gridup Siaied foipplypmidesy spchraspolyasparicpat gnd polyehitrnig pgid; Waichgoptite,
Lol e e BRrgepe 0 e, 6 U o e, p-an nobenzorc acl o
It is another object of the present invention to provide novel compositions which
contain such graft polymers in which compounds which contain amino groups are
grafied to polyamides, such as polyaspartic acid and polyglutamic acid, which contain

20 pendant carboxylic acid groups.

It is another object of the present invention to provide novel methods of
improving the flow properties of cement.

These and other objects of the present invention, which will become apparent
during the following detailed description, have been achieved by the inventors’

25  discovery that heating an intimate mixture of a polyamide, such as polyaspartic acid and
polyglutamic acid, which contains pendant carboxylic acid groups, which mixture is
substantially free of water or organic solvent, with a compound which contains an
amino group affords a graft polymer in which the compound which contains an amino
group is grafted to the polyamides which contain pendant carboxylic acid groups. The

30 inventors have also discovered that the graft polymers so produced are useful as

additives to cementitious materials.
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I nteger of 2-8, preferably 6), etc. Thus, Z may be, e.g.: Conpound Z
glycine 0 -KEC-Q344l anine CH3 O -' CH'-' C AMENDED SHEET MB C-03 44

-l eucine isoleucine 5 valine 10 asparagne 15 gl utan ne 20 p-an nobenzoic
acid sulfanilic acid 25 HZN(CHZ) " ~, CO2H CONH(CHz) ~_ 6SG3X 30 ] HZ HZNCHCO2H
9290CT 2002 (CH3)zCHCHz O - CHC CH3CHZCH 0 - CH - C(CI-B)UnghU?
CHC OHZNC I | H2 O[l H CO[I HzZN CHZOIII-CH—C002~9 11

OO0T[I - (CHZ)n~~"-"C "~ CC]\IHECHZE-SSCBXCHZ - HNCHCOz MBC-0344 2 9 0 CT
2002 THE DRAWIN
A more complete appreciation of the invention and many of the attendant
advantages thereof will be readily obtained as the same becomes better understood by
reference to the following detailed description when considered in connection with the

5  accompanying drawings, wherein:

Figure 1 is the infrared spectrum of the polysuccinimide prepared in Preparative
Example 1, thermal polymer of aspartic acid, 220°C, 8 hours. Notice the prominent

imide peak at ~1716 em’.

There also is some indication of amide linkages as shown
( 10 by asmall peak at ~ 1630 cm’ that is thought to be associated with a small number of
branch points of this type of polysuccinimide. The carboxyl signal at 1400 cm™ is
associated with the C-termini of the main polymer chains and the branches;
Figure 2 is the infrared spectrum of the polyaspartate prepared by mild alkaline
hydrolysis of the polysuccinimide prepared in Preparative Example 1. Notice the
15  characteristic amide doublet at ~1600 and 1650 cm™, as well as the carboxyl signal at
1400 cm ™'
Figure 3 is the infrared spectrum of the derivatized polyaspartate prepared in
Example 2, a graft of low MW polyoxyalkylene amine and high MW polyaspartate.
Notice some residual imide signal at ~ 1710 cm™, the amide signals around 1600 and
20 1650 cm™, the carboxyl signal at ~ 1400 cm” and 1540 cm™, and a prominent peak
associated with the polyoxyalkylene side chains at 1103 cm’;
Figure 4 is the gel permeation chromotography profile of the product of
Example 2, an efficient thermal synthesis of a graft of low MW polyoxyalkylene amine
and high MW polyaspartate. The derivatized polyaspartate eluted at about 28 minutes
25  (peak 1), with the residual, unreacted polyoxyalkylene amine at 34 to 35 minutes (peak
2). The salt eluted at 43 minutes (peak 3). Compare to Figures 5 and 6 for examples of
peaks of poorly grafted polyoxyalkylene amine under conditions of inefficient reaction
with polysuccinimide or sodium aspartate;
Figure 5 is the gel permeation chromotography profile of the product of
30  Comparative Example 1, grafting of a medium MW polyoxyalkylene amine on to a low
MW polysuccinimide by nucleophilic addition in dimethyl formamide. The derivatized

polyaspartate of this reaction eluted as a doublet between 22 and 28 minutes (peak 1),



10 CONH( CHz) 1~P03X2 i Hz HZNCHCOZH CONH(CHz)i - 6p03xz CHz -HNCHCOz In a
preferred epimglipsent, the pol yam de whi ch contai ns pendant carboxylic 10 15
-acid groups is polyaspartic acid (nis O or I and mis O or 1) or
polyglutamc acid (nis O or 2 and mis O or 2). In a particulgglmﬂnnm
preferred enbodi nent, the polyam de which contains pendant carboxylic acid
groups is polyaspartic acid. Although theé present process will be discussed
bel ow with particular reference to polyaspartic acid, it is to be
under st ood wtthtthe/mejmria)p@f the pblyexydikylemnanie rabdining virectedsad elutinghe cont ext
of polyaspartic_aci.d nol ecul ar wei ght, degree of neutralization,
resi due sub@qu éf'PBﬂme%(P@akz}aI%@( 2098ity to the other pol yani des which

cont ai n pendant r n e type
o "ol yabpar t1c SR Gt b e 08 o B Bne Mypt e R RPu &
particul ar, Cofnpsfagub BxRapkndepsdfoetimtdiadn Ndb»epdl%)y}f&ﬁ@@érid £miae bed Kerwn the

present process nmay contain either a or 13 amide type residues or any
conbi nat# onp@it'swcmmldp@ymctbephlweddlegnduélmethmhuf@maanée shboemiselsignals20 QzC

VBC: 0344 o e & 1508anq {8HEcrd e Rl Rt mp p b ifge wad @9

pol yaspar ti gssaeiyuracthisdsibhg, Reaffht {v&at.on may be in a formin which a
certain nunber of the aspartic aC|d residues are in the imde or

succi ni m de for nFighr&7 s the gbl permBatibnahemnetbgrhapley profikaefpraucthofthe up to 9S

% preferably up to SO % .nore preferably up to 10 % even nore preferably
essent i al | yTiieien olffompaaticpErample 30W¢e€§t%§§ﬂ@d9wd\§w Rolypeydliilens or

The pol yaspartrd (CEMY RRRRERgeR Y Buto it NP SRE R BERE, v g

of 1000 to 3OvE&R0Peliit, gtaﬁb@ﬁ@m@aahe heali3 ampkita pRafdikly slkghelgmufdi ch have
a nol ecul ar wei ght outside this range. Good results have been achi eved

usi ng pol yapeakiseltiaci d havi ng a gel perneation nolecular weight of 1000 to
30, 000, and even_more 200 to 10,000. 20 Th acj d
may be prepared Eti%“é?ﬂi}%%ﬁfﬁg H‘r?ﬁe RFBIeaLn ¢ q’d‘?mﬁ @y% % @%ﬁ@’rﬂﬁ

aci d. For emtalont&teontﬂayaﬁze@ran@l@&laﬁ alfBYipta8 cBpOIYHERTe BydigR L hrSleat e

synthesis or the thermal polynerization of aspartic-acid or precursors of
asparti ¢5 aCIadd poighxmbdaieedmme hytlmbrmnktr@mmaam&?[] digarel®p: sarhple aftkkal | ne

hydrolysis u00|n| de t o prodyce,_pq art and fol | owed by
acidificati Hurtsé’ H-Fe téeaﬁ'éerﬁ g]l) FEORE @]‘g Zgyc%%‘ﬁ’ﬁaﬂfl Aoy al
of cations. of,;pol yaspartic aci d is provided in
U S. Patent Pﬁ%{.ﬁ\g g%&ﬁ%%ﬂﬁmﬁ?ﬁ%é‘l ld?%c%l% porated herein by reference. O her

nmet hods of produci ng pol yaspartic acid are disclosed in PCT Application No.
WO 97/ 18249, G eat Br itain Patent No 2307689 and Jaanese Patent
Appl i cati on No. . . BRIV L P e a !-.- ,f’ '-ﬂ\s g bk 0 farence. 30

The presgt process, U 45 el XaRRALLIG.A% s, aRpORS apyechar ate.

In the Context o resent I nventio yaspar

i'ncl udes po Ipydaaeaglgi\aﬂ\/pblgﬂeas igRRtlith euaﬂfstﬁmd@tvhtcheoﬁandaﬁﬁmcg%@gwe ghaeps are
neutralized. Thus, in the 03-07-2
to polyasparttc acid. The present method involves heating an intimate mixture of a

polyamide which contains pendant carboxylic acid groups, such as polyaspartic acid,
polyglutamic acid, and copolymers of aspartic and glutamic acids, with a compound
25  which contains an amino group.
The polyamides which contain pendant carboxylic acid groups will in many

cases have the general formula (I):

I\ COOX
30 CH; C (CH,),, H 0
HzN_(gH _(|3 IlT)q (EH (CHy)— (“T)F‘—GLT — Z)0X




MB C-0344 12 E P 009904378 2 9 0 C T 2002 pxesent nethod, at |eastEFp008904378
i 03p9—é bly at least 75 % nore preferably at |east 100 % of the pendant

. carboxy gmaB@s0344 the pol yaspartic acid are acidified as opposed to being

- salified. In a preferred enbodi nent, the polyaspartic acid is essentially
free of extraneous ions. As noted above, polyaspartic acid may gen ﬁrzﬁﬁuced
by the acidification of polyaspartate. Ln polyaspartate the pezl nlt
car boxyl ate groups are associated with cation, typically sodium Thus,
the acidification of the sodium polyaspartate with an acid, e.g.,
hydrochl orWRET&iBi d, will yield, in addition to the desired pol yaspartic

acid, a salt s ; I i : i r.ef arn h ol yaspartic
acid used in th%%?g?%gﬁ@t&?ﬁ%@&ggbggg ﬁlgiaglla%ahﬁg%ttgﬁo%’ ge%(%ﬁ]kglﬁé%us i ons
from such aathtrsetalAoprafeoniam jonyortsabsitaied agmedhiea| dith itise provize fve ki lebdie

pol yaspartate ﬁeeo. g., .sqdi um pol yaspartate) to pol yaspartic acid bsg,di al ysi s
agai nst aqit®q refega xaNerim% TRYE Ve \RRRFe BYeipsab) At Jerstd00amole Mol of s
essentisal I%,d%)%gﬁl etely renoved by |yophilization). Alternatively, it is
possi bl’'e t'0 use such a dialysate as is without |yophilization. It is also
possi ble to 15 ewhvNH-Zt Ba mohomanmitidetieed fromod ymspamdivehials tehtiiys (ipans of

an ion exchange resinp, such as anber|lyst. In the context of the present

i nvent i on,'}ﬁﬁbgrp’éj’ ﬁ‘?‘gggérfﬁ%@ﬂ‘ifq EuHFOW r aneous i ons means that the

pol yaspartic acj omdgg' % - I W . %
mor e pref erabl yé#gglé t ér?%fhgfaggi Q%?I %’gfptoz éé?l 91]1& Egg{la%zﬁ)%égh@%%%gyp ﬁgzt ot al
wei ght of the pedchasadépendantiychf tRdothtre ischapainttgenof hic20)préfaablhnd o gr oup
may be]r@ny mediumto | ow nol ecul ar wei ght (MWtom 600 to 25,000, preferably
( es% t han _2L=0,000) am ne whi ch does not contain any other functional group

whi ch woul d i nt grf gR®s Wiflebt thB endlé BhEAILRAE tpL R nIRRRIcE kit S¥RFBInGRe Of SuCh
conpounds containing an am no group include sSinple am nes, such as i ncl ude

al i phati c snedaitiess eqmlyon reiRg iis2 Gxcimal valug/from 02ie (h9S; Ipsefeyshin § to

ey alkyl y 0B ROR eIy 1o b s hclintit vofie o B 1 Plebreb 030 B onat es
(such as HaldEpreraB$D37S toaThOPhaSERANANERC( I 0250, HRIEGHE) G PRS-, and

hydr ophobi ¢ am ng acl ds. Preferred nonoam nes i ncl ude et hanol am ne,

propy! &#%i n&ore gisésrARly G sol euci ne, valine, nmonoani no .

copol yet hyl ene: ﬁgﬁ? ] : LG 1 et @y |y
preferred nonoa%’rhgggﬁhl nc ‘?Jéég’?%g@gf]glﬁsﬁg%%‘gﬂ& ne,eX% gg% gﬁ%(%’ Egeﬁrfélj\a}g ilg)tra, and
| auryl am nég 2ahd nmonoani no copol yet hyl ene: propyl ene. A preferred cl ass of

conpounds cont aini ng, an .am n oup include the pol yoxyal kyl ene,AMENDED
SHEET  03-07- 2&8‘6’“%§S€f6@fﬁ‘%¥géﬁﬁnr?é‘§mb’fm W&’ﬁ%ﬁ?@raﬁb héﬁ e (1) :
HZN- CH( RZ) =Rg1&intbsihaddRASid-; &6, tfil,ank tdtr002 203 FandmEnilnd> T 2002 5 wherein
RZ and R6 are, each independently, H, phenyl, substituted phenyl, or Cl to

C4 |in@fr or br diremwlesaiihe conppumd yéhicheayans: £9) gy NHogropn/and @i 2abGOgH 0rRS i s

henyl ene qr_ I Neal. .: [ anc allryle hyl ene,

gt hy{/ene, %r gpgﬁ}lleg%gl}pqgrrlél%%t @?%‘%é’;a?‘@%’ gﬁg}eh; 8%3’, ﬂglﬁ%a%%gl Sﬁ%a%? é’sent

random y orglutamire) plantinotenzeiciasid] sulfandieticid) EBNECHD),MCLH (vehe3Of" ishd i S

propyl ene, . and R4Q s esent. rangom y_or in block form f is O to 180, 10
preferably ‘Weﬁﬁ%f%rﬁglﬁgge%ﬁ%&é%f’tc B3 Zfay 8- 981 0 40: 60. Thus, in a
preferred enbodi nent, the invention provides a graft polynmer, produced by a
process conprising heating an intimate m xture of: (a) a pol yam de which
cont ai ¥ pendantCompély| i ¢ aci d groups; and (h)_aZcoppound which contains
an am no group, t,0.obtain said graft polyner, 15 whergi n said conpound

whi ch cont ai ns aﬂy‘aﬁfno group has the fornmula (I1]: i

HZN- CH(R2) - RS- O (R30) - (R40) ~R6 (| ~ wherei n R2 -argufRé-@re, each

i ndependently, H, phenyl, substituted phenyl,or Cl to C4 20 |linear or
branched al kyl; RS is phenylene or O to C4 linear or branched al kyl ene; R3
is ethylene; R30 1is. gresent randomy or in block H:Jhr ais lto 30D R4 is
propyl ene; R40 iga?)lp sent randomy or in block f$ nd f is O to 180; and

30 —CH—C—
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wherein said pol yam de whi ch contai ns pendant carboxylic acid groups and
sai d conpowrigdCowhg4gh contains an am no group are present in relative anounts
.such that said 25 graft polynmer has a graft density of at |east 25%
preferably at |least 30% In the graft polyner as herei nabove defined, said
heating is preferably carried out witho condensi ng and returni gf @ﬁ@ﬁfnt
to said intimate mxture. The pol yam de i ch contai ns pendant d Q) C
acid groups for use in the preparation of the graft polyners as herei nabove
defined is is prlei@nably selected from 30 t he @HhwSCHOAsi & i ng of

pol yaspartic acid, polyglutam c acid, and copolyners éﬁ_a_ artic acid and
glutamc acid, and is nost preferably polyaspartic acttd. DED SHEET
03-07-2000 MBC-0344 14 E P 009904378 2 9 0 C T 2002 Exanpl es of substituted
phenyl include nono-, di-, tri-, and tetrahal ophenyl; nono-, di-, tri-, and
tetra- Cl~- al koxyisglbedigd ; nono-, di-, tri-, and tetreaCK;l. ~-al kyl phenyl;
mono- and dinitrophenyl; etc. Specific exanples of sbbstituted phenyl

i ncl udeSo-, p-, and mchl orophenyl; o-, p-, an@Hm@ﬁE@ﬁyl enyl; o-, p-, and
m ni trophenyl; o-, 5 p-, and mcyanophenyl; and o-_,_(EH

m met hoxyphenyl . Another particularly preferred clas$ of CTonpounds

contai ning an am no group includes nonoam nes, having the general formula
(rrr): H2N-CH(CH3) - CHZ- (CCH(R )CH2) XR* (111) 10 in which each R

i ndependent |y ofvdline other is H or nethyl, R' (C8;aCHesiQue derived froma
nonohydri c al cohol (e.g., nethoxy, ethoxy, propo_x_yI (g_t_d| L. and x has a

val ue such that the nol ecul ar weight of the corrpou%1 ofoor mula (I'11) is
tom 60010to 25,000. The ratio of R = methyl to R = H typically ranges from
B:19 to 9:1. Comrercial exanples of 15 such nonoam nes include the

JEFFAM | ~TE nonoam n. es of Huntsman. Specific exanples of such conpounds

i ncl ude JEFFAM NE XTJ-505 (M 600), JEFFAM NE XTJ-506 (M 1000), JEFFAM NE
XTJ-507 (M 2005) aspgERH&M NE XTJ- 508 (M2070), and J‘?FFAM NE 234. Thus, in a
further enbodi nent, the invention provides a ﬂé Rol ymgr, produced 20 by
the process of heating an intimate m xture of q{(’a bol ypm de whi ch

cont ai ns pendant carboxylic acid groups; and (b)_a q@und whi ch cont ai ns
an amno group, to obtain said graft polyner, wherein said conmpound which
contai nk an anino group has the formula (I111) 25 H2N- CH( CH3) - CH2- (OCH(R
JCHZ) XR* * (la) in which each R independently of.the other is H or nethyl,
R' is a residue 8¥Aa%88& from a nonohydric al coholly and x has a val ue such
that the nolecular weight of said conpound of fra¢cmhack11T)ois from600 to
25,000. 30 In this particular enbodi nent, said heat | ng 1s greferably

carried out in the solid —~—CH— C—
20 p-aminobenzoic acid (l)l
t -0+
sulfanilic acid ([DI
25 ﬁ_
O
I
H,N(CH,),«CO,H — (CHy)p—C —
CONH(CH,),.,80:X CONH(CH,),.£805X
30
CH2 CHZ

|

H,NCHCO,H -HNCHCO,-



state. It is preferred that the conpound containing an am no group exhibit

a wat er AN@NEEQBQMEET MBC-0344 15 2 9 0 C T 2002 solubility of at least 5
-g/1l, preferably at |east 500 g/1, at roomtenperature. The ratio of the
pol yaspartic acid to the conpound containing the am no group mﬁl?QQﬁﬁgm@ on
the graft density (G) desired. In the context of the present inventiomn,
the termgraft density (G) refers to t R aver age, nunerical percentage of
pendant carboxyl groups of the polyaspartic acid which are grafted with the
conpound cont ai ni ng aCONH(GH,QPOPIX, CD = CAg/ (CAg +CONH(CH,J0POLH, wher e CAg
is the nunmber of pendpnt carboxyl groups of the pol yaspartic acid which are
grafted and CAu is t nunber of pendant carboxyl gggups of the

pol yaspartic acid whigh®are ungrafted. For exanple,llf t he pol yaspartic
acid contains x e 'Kglgg of pendant car boxyl fgram and 0. 25x
equivalénts/gran1ggh' endant car boxyl grouﬁgﬁﬁﬂgé pafted with the
conpound contai ning an am no group and 0. 75x of these 15 pendant carboxyl
groups are ungr dhtaguefetraéambbdin@dt,itise RByamidevhiclOcaBaing PerRiant certthxyhir) x 100
= 25 The graft eff ciepcy of the reaction js.sych that the cqnpaund,
Contalm o aK BEvE S REGIH 198 1) Bten 1 Srdiadel o) chRabe SR R 4 is 0

equi val ent Iy QF J I : et ired to
achi eve the&rgeeglldrrg %P g?jt qgtear?séln 1%1% urg&ﬂ% gn Iﬁ@@égﬁgfgg#@gﬁ% v%ﬁl)}rﬁglguce a
graft pol yrentamstjendagreafbox fiénsdid grombs & pedydspartic peikic elthageh sieggredeng Wi th a
pol yaspartic acid which contains Y equival ents of pendant garboxy] gr oups
per gram tmecessipldbadisarisehbelowtwithparieularseienpede polyaspaitia epd.yt isdebd i n

an amount of .25 A..according,to.the fol.low.ng formula: A = xY) +

27/ 100" wher @R 4o A FMARIPIL AR DRSBTS et pbr Tgram
of pol yaspaydiyfspaicaeidde. gGhdleuldrveisiTEddoedd oMRUEGEIMBEE, reéidaesibsesition af t
density, Y's tﬁe eqU|vaFents of pendant car boxyl groups per gram of

pol yaspar t i etc.aalbal appdio theiothed polyabidégwhpcle entaiblpgndant carbsxghicofcidroupsi ng
the present nmethod it is_ possible to achjeve graft densities MBC-0344 2 9
0 C T 2802 16 apph@aémihlimitaitomgn the dynsofipolyaspartic agf yauphean ke used én B5d t he

conpound contai ni hg _an,am ngo group a COMmi ne orman i.ntipmate . .n xture
rior o halergRedr o Brrguth St ol bt R b R At A b Tt e
pol yaspart i e ?ﬁésénte}ﬂdcdshﬁlay‘éﬂmwﬁth@ﬂ@ToaB Aihiige 6/e Peskifich Or SiyOeHEnBiGatich dfor m
an aqueous solution or dispersion of the polyaspartic acid and the conpound
cont ai ni ng @aandfianvdetypapesidigpivdsth gre Shhwné)qﬁm;us di spersion is forned by

m xi ng the pol yaspartic acid and the conpound containing an anm no group in
the desired ratio with sufficient water to result in a solution or

di spersjpn with a total solidsGhtent of 700 g/|, preferably 500 g/l. It
is also possible to include spone |lo i 0 organic solvent which is

m scible with water, such as or acetone, to assist in
sol ubilizing or dispersing th 7 an am no group. The

wat er (and possi ble organic solvagnpt) i di spersion or solution
ey be renpved prior to the heating st®p to\aff@d a dry, intimte mxture
of the polyaspartic acid and the conpound coanZning an am no group. The
wat er (and 15 possi bl e organic sol vent), mgy be renoved by any conventi onal
process, such as rotary evaporationf*?%“ggé*ég? at SOC to 80C, or

| yophi I3%Zation. It is preferred that the water be renoved under conditions
in which the hydrolysis of the polyaspartic acid is mnim zed.
Alternatively, the heating step nay be conmenced prior to the renoval of
the 20 water (and possible organic solvent). In this case, the heating is -
carried out in either an open vessel or .with sone provision for renoving
vapors, and the water (and possible organic solvent) is driven off during
the initial stages of the heating. The nixture ©f the polyaspartic acid and
t he conpound containing an am nofgroup is italjl y heated at a tenperature
of greajer than 100C, preferakl 0 ; e preferably 150 to
200C, for a tine of 0.1 to 2 ours reflerablly 0.2%to 12 hours, nore
preferably 0.5 to 8 hours. The heat{ spep be carried out w thout any
stirnng or the use of any special apparatus or &&i pnent. Good results have
been achi eved using an inert atnosphere sch%%§ N2. After the heating step
is conplete, the product is typical ?”38? P in the form30 of an oil or
a solid. Then product may be used as is. In this state, ungrafted aspartic
acid residues typically have been converted to succini mde residues, but
upon addition with water to cenentitious materials, the succinimde

resi dues are ring-opened to the




03-07-2000 EP 009904378 1viBC-0344 2 9 0 C T 2002 17 aspartate formdue to
t he al kal i ngpagigse of the hydrating cenent mxture. In the period of

-ri ng-openi ng, the presence of the succinimde residues nay provide sone

i ncreased di spersancy to the polymer. Alternatively, the product ngagf[hm[]z
subj ected to mld, alkaline hydrolysis to open the imde rings in the
succinimde residues prior to use. 5 sudr hydr ol ysis may be acconpli shed by
treating the product (in water, up to 60 % by wei ght solids) with NaCH,

KOH, or any sucHt slordalsb be haderstood that thelpelyaspatic acibase] inthe peeseri nt ai ni ng
the pHin the range of 8 to 12, preferably 8 to 10, and the tenperature at
40C to 90C,inpensioaredi Be ipadorms iswhichagertgin pumbeg pf thegspaitie acidresidgasgres t o
about 8 hours referabl.y. 0 2 hours, or just until the product is

sol ubi |'i zeéhgﬁa&eﬁé%%%“f%‘@#og?abl e, indicating that no nore COON groups
are being generated as a result of the ring opening of the succinimde

resi dues. The product solution may be used g is at that point, but is
preferaldly neutralized about 100% re typ¥cally 80 to about 100% In the
context of the present invention t ter aft ,efficiency is defined as:
GE = A /A x 100 where CE is the efficip ; i s the nunber of

No aspartic acid added to the

equi val ents of am no groups per

reaction, and A" is the nunbe ui val eft s of am no groups per gram of
pyaspartﬁ)c acid. The present nmethod al so
d

pol yaspartic acid grafted to” tthe po
affords the desired products in yieMs of) typically, 50 25 to 100% nore
typically 80 to 100% based on pauyasipdds linkaei d, and 50 to 100% nore

typi cal on 80 to 100% based on the conpound containing an am no group. It
fs to ble understood that the graft polynmers in which conmpounds which
contain to a pH of about 7 to 9 to avoid the possibility of allcaline
hydrol ysis of the polyner itself. Alternatively, the product may be

spray- dri edTlous, op hep /s prefenablorupdo £6 %, motei tefendblyrypiocld) Yoy evdnemgreaf t i ng
reaction proceeds with.a high ft efficiency, of 50,t0 20 .am no groups are
Orafted o Borgap SRt ihs e A bRy op PoBesBNAR Then be
partially o i AW S ; I’E)éj%l@ ed by the present
process 30 %Xﬁﬁ%%#nfgﬁg%&{egégqu%@?ﬁﬁl?ggﬁh@éh hgeengfe)%gg%f car boxyl groups
whi ch at®e not gr@ht palytspattheacibwiibiypitalip hted agel peaneadion meolgeudarpreightaifn i n
the salt formor all or sone of. AVENDED SHEET. MBC-0344 1s 2 9 Q C T 2002
t hese car bok§40 {93899 éwét isposHile 4@ pap ndyaspartiniagids Sihehaye gmolgeylary)
neutralizat|] ] : ied ' . glggrg%n% i t:h  a am neral
acid or or gg%%gpg%tfl gé}ﬁlgﬁu{ﬂgg g%ggf%%ggﬁg% ié%&? veetdful%n 1© P %S%I{t:l? a?lg to be
used in a cramng ialdedpermdadibnimdlashiae veighlt bf be00 to 30@00aaid eMehnst edlically
reinforcing bars, it nmay be preferred to use a mneral acid which does not
contai n chl 899%© 1008% as sulfuric acid. The method of the pr esent

i nventi afford ' ' ' i.h am no

gr oups g(?e graft 289% gfytﬁ%%&g%ﬁ# ﬁ]iag %Sgpéﬁ?&v‘&%% ng%lﬁ%iﬁtbé&%ﬁge%ﬁse of

rgani ¢ sol ygyausing Pos/aspirhesiof Fbxh@aﬁfp@es,qmpdlyasgmmaidah@pb@mud&dtﬁye
production of hazardous byproducts or wastes. 10 In another enbodinent, the
present i nveelid sate symhesieer the thermal palymenatajion of agpartic acid or precursors of

aspartic acid such as maleic acid and ammonia followed by mild, alkaline hydrolysis of
the polysuccinimide to produce polyaspartate and followed by acidification to produce

25  polyaspartic acid, accompanied by the removal of cations. A review of the synthesis of
polyaspartic acid is provided in U.S. Patent No. 5,594,077, which is incorporated herein
by reference. Other methods of producing polyaspartic acid are disclosed in PCT
Application No. WO 97/18249, Great Britain Patent No. 2307689, and Japanese Patent
Application No. 5-321720, which are incorporated herein by reference.

30 The present process utilizes polyaspartic acid as opposed to polyaspartate. In
the context of the present invention, the term polyaspartic acid includes polymers in

which a small number of the pendant carboxy groups are neutralized. Thus, in the



: g conpound containing an amno group is grafted to a pol yanE#eQ09904878
03a%78 p@aspart Ic acid or polyglutamc acid, containing pendant carboxylic
aci d groupdBCr3d4graft density of at | east 5 % preferably at |east 10 %
nore preferably at least 20 % In the context of this enbodi nent, the
pol yam de cont ai ni ng pendant carboxylic acid 15 groups is the SuoE) (2007 at
described and defined above in the contgxt of the method for producing
graft polyners. In this enbodi nment , it I's also preferred that the polyam de

pol yol ut areeRcr Ao K3 Srcf{f% et Srmbre Baein &l O gr oup

I s definegfage Isdﬁawcbaﬂﬁ)xy@ﬁﬁ% ol nle/%lsﬂ;égg@ﬁ@id% D8&ified ab B?p&@@%@él%t hod

formulae (11) "and (111) ve in the context of the
for producehgedyr af t polyrrers Al t hough sone graft polyrrers i n which

nown. pri or & QP EHEe BB BRPOPRFER R O AE R MeRvaly BB oLFaeriaNg

conpl ex anbAesAs ﬁé’c@cﬁ'a@&et PaI§asp Qifucfa@fdﬂ’l%ﬁSe }»&ddhcmbﬂhlelahdsﬁbaﬁ%ws part ic
acid in a graft eff|C|ency as high as or a graft density as high as 20

% 25 As @oéyaapmede abcméyaspaltaﬁetlm@n@m caboxyletegreunsiare mpbaetsbdfvmh »roduci ng

graft poly g e presen nv may exi st
ina formia fof t?'é‘fg%lbﬂgmﬁ%ﬂ gﬁ gger%)c\ﬂrgfabopom -lgﬂpgtygsrﬁgfﬁ taléd to the
conpound Cc4d, aigi Hydreuhlcte Aok, WD Y1A e addifive td B d%ﬂreﬁlwy:ﬁpﬁ*tldﬁcfdeﬁl dues
and subsequently may . be converted to the salt formor the acid form of

aspartic awitfuelpas %991@531 chlgridneltppprsfergd dhat thopeiespartistacidieseg e dient
ty t h f
(pol ool kPLrE PR AR Sitafin) e BPOUAHLRTER RGN KR, bk aE 2000
]ICVBC- 0|344( Il@) d&ogd)sﬁmealmmi ccgivaxfttthd)lﬁdlyaipmtete & bﬁbdihlirﬁ ntaspmaed)tw ? ?:H ha\lqg) the
or mul a N~~~ ~
O opofsespationsts B falybi GEpBFyBFR LAt OIS HED foombbbrer uni o) E

P 00999437138?1:1%&%& @éqggﬁséﬂt}ﬁlyac)ompﬁé}él?]gﬁrﬂo tﬁﬁﬁﬂpmhkﬂ%‘iﬁfetﬂﬁiﬂeﬂﬁu%lyt he

other is h ogen Iron e ear
anmoni um i gnis pmibénﬂostsasunlmjdaa}yw.'n wmmﬁmhlydph&lﬁatwm Ia1snaismpmslhlmiot

derived fram a u ont ai.ns a 15 - and (ii - CO2H
o b “Tou Egr et R AP atile S ad iR acld et p T RGBSttt Bt egor
between 1 giberbfbt. Bft‘ﬁfa%ﬂ@it)bf@hé Pregent BhveRtior mhdjteﬁﬁ@&ehﬁiﬂ}eﬁée &he nole

fraction of each unit wherein the sumof a + b +
extraneous ions means that the polyaspartic acid contains less than 20 wt.%, preferably

less than 5 wt.%, more preferably less than 1 wt.%, of salt (e.g., NaCl), based on the

total weight of the polyaspartic acid.

20 The compound containing the amino group may be any medium to low

( ) molecular weight (MW from 600 to 25,000, preferably less than 10,000) amine which

does not contain any other functional group which would interfere with the grafting
reaction. Specific examples of such compounds containing an amino group include
simple amines, such as include aliphatic monoamines (H,NR, where R is Cy.; alkyl),

25  arylaliphatic monoamines, (H,NR' where R' is Cs.10 aryl, Cy.15 alkylaryl, or C7.15
arylalkyl), C,4 alkanolamines, polyoxyalkylene monoamines, aminosulfonates (such as
H;N(CH,);.6S03X), aminophosphonates (such as HoN(CH;),.sP03X), and hydrophobic
amino acids. Preferred monoamines include ethanolamine, propylamine, leucine,
isoleucine, valine, monoamino copolyethylene:propylene, laurylamine, and

30  stearylamine. Particularly preferred monoamines include ethanolamine, leucine,
isoleucine, valine, and laurylamine, and monoamino copolyethylene:propylene. A

preferred class of compounds containing an amino group include the polyoxyalkylene

AMENDED SHEET
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#@7%@) equal s one, wherein a is a decimal value of 0 to 0.75, preEErGIA9P4G78
: (5) nor e &referanyOto 0.60; b is a decinmal value of 0 to 0.75,
pr ef er abl >MBCr 4. 70, nore preferably 0 to 0.60; c is a decinal val ue of

" 0.25to I, preferably 0.3 to 1, nore preferably 0.4 to 1; and d is a

deci.mal value of 0 to 0.5, preferably 0 to 0.25; and Q has a g%%gtgr[qﬂm
wei ght of fiom 600-25,000 and has the figrmulae ('~ or (Vl): - ) - RS- C- ~3
COe-~40)f R6 25 30 wherein R2 and R6 are, each independently, H, phenyl,
substituteg - ~ isnear or branched al kyl, such as nethyl,
et hyl, propy ?Seéc#h%é%ﬁr%qﬂi&fo??%n@%yl ene or C1to G4 linear or branched
all ryl ene, such as nethyl ene, ethylene, propylene, or butylene; R3 is
ethyl ene, and R30 is_present rgndorgﬁé or, in_plock form ais 1 to 300,
preferably 11 to 300H2DREHR bRo® (BHD:-(BafIrRA0 is @hHesent randonmly or in
block form f is O to 180, preferably wth a nole ratio of R3: R4 of 100:0
to 40: 60. AMENDED SHEET  03-07-2000 5 E P 009904378 MBC-0344 2 9 OCT 2002
20 - CH(3CH3vh&sein KA Q@Id(HR ar € eat XRdepeddentty) Hybhedyl easbitRedipidspesdentl g, of the
other is Hor methyl, R' is a residue derived froma roonohydric al cohol
(e.g., nethesayor brhched alkyl.opeh gs msthyl, pthyhmaonylnerdbuiyly BT ifcphenpliene pufr the

nol ecul ar i 0 \Vn _j Lo 0Q.3he
ot o of R o ofbreh AR ot B o el bR G 8 BRgS RY
not ed t hat istetteylérieginet Rihiz preseporandomlyadr ip bluek ifeme; «ixilds 3pogseftablylt he si de
chain, the |ess _hydrophilic the side chain will be. In fornula (1V),

pr ef er abl yti00 R 1s propylere, gnd By @ g present rapd pabneiiny BlogkHform g to180phet ween 0
and, 2. S 3.h% gkhCc acid (nis 0O or 1 and mis
(0 o)r 13(5\/&{3%30 rj%?t%g}rg%magﬁgp?ﬂﬁi 5 BPgdrd{g&gﬁ%g?ﬁ is 0 or 2). Exanples of
substit ut ed anmmiihus)mm a preiferdel emboaliment] the invention providestargrafCpolymer,

al I cyl ammoni um and nono-, di-,. tri-, . and.tetra-Cz~-al koxya ni u The
novel  gr af PGP SPgRess ST E LB A A A E e Ot IP) f RORRNEeLS

appl i cat i oRghidh ot 1nditt cBPlox{lidhdi®Brolifs; @hd PSY SadthSound Y IREIDEHaiAdM t | ves,
cenment additives, water treatnent addrtives, and others. The novel graft

pol yner s okminegionpde nbtaimsasthgiaBpodymerparti cul arly useful for nodifying the

flow properties_of cenent. | not.her i pent., the, pr nt i, nxention

b ovi G88 movel - SOESE TR boreb OB RO ot RO R A8 erbliSnpl 88 I UBY | 01

bi nder; and (b) the graft polynmer of fornmula (1Va): OH ~[ | 0 COOX C- N
QCH2 C (CH2) m (CH2) rI‘-izN-CHI%I’\(i%?ﬁs- (()%_{'36;:&-(11@055116(: ~~~I—(|ﬁ)CHz) n

wherein R? and R® are, each independently, H, phenyl, substituted phenyl,or C; to C4
20  linear or branched alkyl; R’ is phenylene or C; to Cy linear or branched alkylene; R® is
{ ) ethylene; R0 is present randomly or in block form; ¢ is 1 to 300; R%is propylene; R0
is present randomly or in block form; and fis 0 to 180; and
wherein said polyamide which contains pendant carboxylic acid groups and said
compound which contains an amino group are present in relative amounts such that said
25  graft polymer has a graft density of at least 25%, preferably at least 30%.
In the graft polymer as hereinabove defined, said heating is preferably carried
out without condensing and returning solvent to said intimate mixture.
The polyamide which contains pendant carboxylic acid groups for use in the
preparation of the graft polymers as hereinabove defined is is preferably selected from
30 the group consisting of polyaspartic acid, polyglutamic acid, and copolymers of aspartic
acid and glutamic acid, and is most preferably polyaspartic acid.

AMENDED SHEET



70% rein: the polymer has from5 to 1000 nonomer units; (IVa) EPQ099643%8
0300 58 X i ndependent of the other is hydrogen, an alkali netal ion, an
- al kal i ne d@CH3detal ion, amoniumion, or substituted amoni unm each
-NHZ- i,s a nononer unit derived fioma conpound which contains ((ﬂli) a
AVENDED SHEET (') 3-07-2000 MBC-0344 E P 009904378 2 9 0 C T 28d12802- NHZz
group and (ii) a -Q02H or a -S03H grougy m m, n, and n' are each
i ndependently O or an integer betmeen I" 'and 0, preferably 0 to 2; a, b, c,

d each reflect _t he l e fracti e uni t V\herelnthe sumof a + b + ¢
5 + d equal s orEé‘aI“Rj'FTgPZFHbSRWE‘?gh éﬁ?ﬁﬁqe@%‘}n@e @, > gpd Eﬁtlﬁ@alobliﬁ%b’ér ably 0
to 0. 85, 0. 95,

oferabl ARG HRL B ek 80D b8 AofESLIT 84 etk Dk,

preferably nore prefe c’ls a val ue of

0.05 to 1,phpm3é;‘ ®oad! qudmmlﬁopbenyl;ahmr@epﬁ‘mfaamblqs owsﬂﬁtlmedph@i?ﬂuﬂlddﬁ a
deci mal value of_ 0 referably and Q has, a rml ecul ar
wei ght of Or*Rin‘PI@O‘@ C%‘&IGEIEF dP s &t 'W‘Eﬁ‘ﬁlﬂgﬁé’? qr)p-@laHQm WTOP qul; o-,

P are, each independently,
H phenyl saqbstl é’E‘é’%ﬂ Bﬂ %@wm%(ﬁ%eﬁ?near or branched al kyl,

such as net hyl Amiﬂnqupmtmumwl prefﬂ:rreﬂ elagd of dﬁ&po&n@&leowélmfg &0 ainihe gidup C4

| i near or ,branched all.r uch as et hyl ene, propyl ene, or
but yl ene; R&ULS TRPIRFURS: %g(gepgrabfge %t(?&)andorﬂy or in block form a

is 1 to 300, preferably 11 to 300; R4 15 propylene, and R40 i s present
randomy or in block form f is O to 180, preferably with a nole ratio of
R3: R4 of 100:0 to 4CHgG-CHCHEAGHOCHIR)CHR'R ) CH2) XRAIDVN i n whi ch each
R gng pendently of the other is Hor nethyl, R' is a residue derived from
(a non dric alcohol (e.g., methoxy, ethoxy, propoxy, etc.), and x has a

val ue suchythaéy t48 w%@éaéhaémwfgm otﬁér ik E'Fo:gflét‘ﬁ?l ®F i€ Qr&Bihit deMTed frof OM
600 to 25,000. The rati o of = Htypically ranges from

3:19 to %mon&umw@hobm,tmcm@m emqameprgpvm letsde 21bX hhasia daloe seahcthat
al um na ce ce c
coent - or BEdiclectar HABNER iR Mot 8F rHRIPI RHEL1B0 16 2560 tne 2130

pol yner of off Rr=ethyd 10/R) =IE5 typileddly rintget o3 .68 end: 1¢ Copombicid) BSarhpledf anount

tom 0.001 to 5.0% prefer rom0.01.t0 3.0% nore 30 preferably 0.05 to
1. 0% bl wesHhmonoaERes 3Re! th?f'e%?l 3 Amé?tmwws%%mm%%e%ﬁﬁder

AVENDED SHEET ples of such compounds include JEFFAMINE® XTJ-505 (M-600), JEFFAMINE®
XTJ-506 (M-1000), JEFFAMINE® XTJ-507 (M-2005), JEFFAMINE® XTJ-508 (M-
2070), and JEFFAMINE® 234,
Thus, in a further embodiment, the invention provides a graft polymer, produced

\

20 by the process of heating an intimate mixture of: (a) a polyamide which contains
pendant carboxylic acid groups; and (b) a compound which contains an amino group, to
obtain said graft polymer,

wherein said compound which contains an amino group has the formula (III)

25 H,N-CH(CH:)-CH,-(OCH(R")CH,)xR" ()

in which each R’ independently of the other is H or methyl, R*“ is a residue
derived from a monohydric alcohol, and x has a value such that the molecular weight of
said compound of formula (III) is from 600 to 25,000.
30 In this particular embodiment, said heating is preferably carried out in the solid
state.

It is preferred that the compound containing an amino group exhibit a water

AMENDED SHEET



03-0 7 -2000 MB C-03 44 E P 009904378 Z 9 0 C T 2002 22 In a preferred
enbodi nent ,MB®e04ft pol yner of fornmula (Na) is the graft pol ynmer of
“formula (1V). Wien actually used, water is typically added to the present
conpositions. The water is typically added in an anmount of 20 to 70 % by
wei ght, preferably 25 to 50 % by wei ght,, based on the total wei gl*g @fmpe
cenentitious binder. The present corrposi]tl on may further conprise gin
aggregat e such sand, stone, slag, and m xtures thereof. Thus, the present
conposi t i onsaheylityaket idast I gil,preferabbynateast 58 g/hraf ravontengtesgtuet c. Sui t abl vy,
for exanple, the_dispersant is preferably added prior to, during, or after
1 10 initial mxFhgo oot dheeahinbrtic6d 2 RYUBH Cﬂetﬁmmgetﬂswmgrmm ic
cement, wat i i : be
ised compar ! (&R B EEAREenl ) (I Wefed, BIGPCLAIRUPIn-Yre B EREERE, 00
cenent, wat g terggrafg@hegatGD Y deferamythe mseskd, Auhbect paRBithid Oifend@ITPOSi ti on
m xture depends upon the end use desired, and is wthin the know edge of

t he ski I3 edcabeyys groups of eqwlysspatic aeid whidh arparafiederith the cpmbgwrd  di sper sant
may be added to ymany di.fferent types of cenentitious m xtures, and is not
limted to THEPMRAUAELYEELPI bed above. Cenentitious mxes in which the

i nventive polynmer dispersant can be used as additives are nortars and
concretes. The hydraulic binder used in the cenentitious conposition nay be
Portland cement, alum na c&iemt CAQICH] edbedxcdPent, for exanple pozzol anic
cenment, 20 slag cenment, or other types, Portland cenment being the
preferred. Conventional adm xtures in cenent technol ogy, such as set

accel er g or g0, ¢ L1 i@lrtﬁeexg befrrogégncﬂﬁ%a%%?groﬁgg ?f‘ t:f)ﬁ ggi;y%%aﬁlﬁéa&ﬁ'@‘}%@earé ke,

fray al so be present e cenentitious es o I on.

inventive pglafte®andlCapeas samuniber 6opadie cafboryDatotpsef the Jylpaspartindidlype F
wat er -reduci ng effect, as defined in ASTM C494, Standard Specification for
25 Cheni cal whihhiaxe ungrsfiedrFaoempliceif thapaliieippgic asitrsataims cquiraens eEent

: ! e or® i TP EHEPREY : f
coment | L1 onB SR P T ares s il Zh A AG el B BBE denii e rrte
graf t pol y o8 aleQirM (il ) colpofind EFRAhlrig ARG RRABIU N 4 Ghese

conprises a cenentitious binder. The cenentitious binder may be Portl and
cement , 130 atndamheerbe gtoups ardoingrafted, themthet GDfip25 ékanpl e pozzol ani ¢
cenent, slag cenent, or other types, Portland cenent being the preferred.
The graft polyner of forrmula (Na) is added to the cenentitious conposition

in an amount from 0. 001 to@Q%.zﬁ&@I}i@gQ(§ T 100032996, 2000 MBC-0344 E P
009904378 2 9 0 C T 2002 23 preferably fromD. 01 to 3.0% preferably 0.05

to 1.0% by weight, based on the total weight of the cenentitious binder. In
a preferred enbodi nent he gra pol ymer of fornula (I is added to the
Cement i L ous. compb8 ErbTcER BéPF ﬁilaye%éoraﬁoﬁeeh#@t %éowéﬁﬁé PRNtRgE an

conposi thon i f : 9 i e 0 %
oy ey it BEmees R Fbicthy Ftiahy ety R S e PUETE D 500,

[

i't is to bethundbstshenetidatigtrediiedwabeticvrabe dexited lpeafbdhaeidy.t Thid)evheeEnt i ti ous
conposition until just prior to pouring. Thus, the graft polynmer may be
m xed with tpsreddapraduce agsatbpeiyaer wWith aerdt desily of agertaix percentags /staréingt or ed

A tornat [vely ™ RO iR R VRl YR YOl GRERF R B srgemencs,
prior to mxrdg, the ESmpHighdOeRBR tbiithiben Binfideroup I sARably added in an amount of

25 A, according to the following formula:
A=({(GDxY)+2Z)/100

where A is the number of equivalents of amino groups added per gram of polyaspartic

30 acid, GD is the numerical percentage of desired graft density, Y is the equivalents of
pendant carboxyl groups per gram of polyaspartic acid, and Z is 0 to 50 %, preferably 0
to 25 % of GD. Using the present method it is possible to achieve graft densities



amount of fromO0.001 to 5.0% preferably fromO0.0l to 3.0% nore preferably
0.05 to 1. 0UB(og3aei ght, based on the total weight of the cenentitious
.binder. The cenmentitious conmposition to which the graft polymer of formula
(I'va) is added may further conprise an aggregate such sand, stdn@)($0eD,
and m xtures thereof. 15 Thus, the cene t6i tious conposition nmay be a
cenent, nortar, concrete, etc. It shoul d"be understood that the aggregate
need not be added to the cenentitious conposition until just prior to
pouring, i fappmeachingtl®Oe. added at all. Thus, the graft polyner may be nixed

with the cenmentifiqus binder and the,resulting m xture,may be stored or
Sol d as i wi th PIEGTRIH B RGP A GRS PO BRI h AR AT B@PRD
anot her enbggdi : j L I f reeduci ng
fhe amount BF canpaedihiorhl SRSl AL B R R P e g Tt o
wi t h sui t abjoemidgoa intigpehixese of drpoly@kmatiaded agd dr ehfpeaid ventaiitigtn of a
graft polynmer of forpmula (l1Va) to a cenentitious conposition which

conpri ses adTeReEEeuR isd0 £01B1 frqueousfolion s disprisies dfithrdraly#pagrtiseciomd and

. al upi Bl 25 f | | ani
comont | ol 2l ORERET somtbind R Arfie BT rynita e AT foRRET I Ersd oo
The graft pgy wiBhg e Jdydiphdic @bid@ahd it RAGRRAINE QokiBR iinb| iaQRgOSi tion

in an amount” fiom 0.001 to 5.0% preferably fromO0.01 to 3.0% preferably
0.05 to 1. 08esrgd waioghith siffiskedt watet toaresudt inla spditiphtor dispetsinowitte atatal solids

binder. In a preferred_enbodi ne .gr.aft l ymer of fornul J~1is
added to t hPREHELIDY g&&re%aab&b%%/#-[]ﬁbﬁ%ls Odpp SO%T%V%%@@

MBC- 0344, E X - 0. : t hi i .S
bossi bl D ORI R e R i PmbspibIC I waler, ScHBERR O DrendTbRIcht, 10
properties. askistii soleiiBzingey diipersidd eltk dotnpioned cemreining dnamsine gegapsi tion in an

anount of 20 to 70 % by weight, preferably 25 to 50 % by wei ght, based on
the total wei ght TBe Waks (snsrossiblei Q5ganiasalalt) inttediepus digparsion gr grdution

understood 5 that the wmater peed not .be a&ﬁ t,0 t nentitious

conposi ti onITWtbFlrelPa‘éﬁ_d pﬁ'gcircg? Hlegwf)%?ﬁ ?t?‘Pgt.o Sgad?%éﬁg?%g t lﬁ%f%/%gt‘rﬂe may be

m xed W th bigagRRRMAd bhitte RbRgein@dtlitifg b Shfidd feupll RhdretefBindbe stored
or sold as Is'with the addition of any water occurring |later.

Al t er nal$ vebyssitileierggnigfsplvysol) yrayrberramoned kidastcanyentivaalpreress, suah @8 rotpwyi or to
mxing wth the ceneptitd ou pRder..A n_an unt .from0.001 .to 5. 0%
preferably %appragmnzl'odcledtaér %5@0/5?9‘?789 éj’ o g’f@ﬁg‘%iﬁo%%g p[r?){%g%g}éa%gy Vé?rght ,
based on t hget@h@lediBli ionaftichd &1 WRIFRMd fydask si@bﬂﬂﬁrpoly-ﬁgg?arﬁ@ﬂﬁmd tious
conposition rnay further conprise an aggregate such sand, stone, slag, and

m xt ur es t herieipfizedThus, the cenmentitious conposition may be a cenent,
nortar, concrete, .etc.. |t should be understood that the regat.e .need not
bo added to 15 t AdieEivpb: eGSR MB ARy Pe FOTMEPFeGRSr HErarmtrlosda ng. i 1

any is b ; Ik ; s | 1 he
cenmenti tblgougvag\?gﬁgirﬁééﬁ%%é@%iﬂ?%%ﬁgﬁ%%f%%mrér’arfgsc&ttl)ﬁega%tcgl?l eeg] d&?qls%%%pgé IS

With the adadipen eesselfor avith soggr oesendocemoring vapowy andGhéentelr éatdpossiblefl t he

invention will beconme apparent _in the ¢ourse of e foll ow ng descriptions
of exenpl ar ?r%aﬁifoiﬂ’il‘f?é‘ﬁt%gﬁﬁ?‘b‘l’ffélﬂ"éngg?%\?é‘ﬁtlﬁloﬁtageﬁI° glerhéﬁti‘rt&ﬂ of the 20

i nvention and ar q.“h@%ixwé Spfﬂgﬂﬁw%‘%&éﬂ 174 Elixcp@letcpﬁ%gﬁﬁ{d comh:;‘g ahind Bt hods:

25 A Infrared Spectrtoscopy: spectra o ol'ysuccl ni es and
pol yaspar t atgesupak euitdbkphidaeel L1\ teidperafurasy drédtt hpe Co0 apparansiyanot ker ki n.

El i ner, nodel 1600). Sanples are m xed in KBr
25  220°C, more preferably 150° to 200°C, for a time of 0.1 to 24 hours, preferably 0.25 to
12 hours, more preferably 0.5 to 8 hours. The heating step may be carried out without
any stirring or the use of any special apparatus or equipment. Good results have been
achieved using an inert atmosphere such as N,.
After the heating step is complete, the product is typically obtained in the form
30 ofanoil or asolid. Then product may be used as is. In this state, ungrafted aspartic

acid residues typically have been converted to succinimide residues, but upon addition

with water to cementitious materials, the succinimide residues are ring-opened to the



g}n}j aé c pellets (13 mm) are made at 9000 |bs. for 3 minutes by uEE 9994378

03 2 gectratech) and press (Carver, Inc.). 30 Infrared spectra of grafted
_ pol yaspar dMiB€L34#e neasured by use of a Bio Rad FTIR (rmodel FTS 175) with a
si ngl e-bounce ATR (attenuated total.refl ectance) apparatus coftgal(i 280 a
silicon window. The spectra are ATR corrected. AVENDED SHEET  MBC- 0344 25
B. Mzecul ~r Weight: Ml ecul ar weights gf polynmers are determ ned by gel
perneation 2 9 0 C T 2002 chromat ography. For pol ysuccini m des and

Co1 ) 6 phaedRtoioae CRlp L AhgRh AR P Rre B Be ane oy BBaPFiRLs (up

to 32, 000 o¥hglRpehiaBothe p résmrofmﬁ@mcﬁﬁﬂide%mms nﬁygffsvﬁewne%&masédl i quid
chr omat ogr aph (Varlan m)de S500) with a 7.5 mm x cm colum (G 4000 PW

Phenorrene>d)8p|el§ams§e@ thahelymsbi Alemhtigay.ithe prcmcﬂ\mzy bessub(j)ecled\mmamﬂ pH 8. 00,
flow of 1 th WV det.ect . nat 2 run.

r.af
pol yaspar t P PR R i GG Sl i ee Dt b Bces) . A
Vat er s 560(Sdch%9t1ﬂ>1§§"§ ﬂﬁ?h@%e’éﬂ{bhs}?éd E}ﬁﬁ&tﬁ{%r@?m&d (irfRhtes ﬁrto 688Lyhodex
OH Pak columms are used ymers that are synthesized in’'the presence of
phosphor i cmghtasloyés)swglmNa@Ht, KCZIS, caragy st@nimorgininybase oh simgplantRadicdiagsi s.  The

Cpct ropnOYPCP ARSI T et b ion PR BRpPc LA PRE¥S: e

in the pregageg t&bo@'p&'&‘eﬁbly%"@%@'89°(@@§9Hﬁie%f(ﬁ%‘z§%u@'l@E‘mﬁ&te@{o about

Env~-onmental Letters, 9, pp. 43-53 (1975)). The polyners thensel ves
al so test &hqa’smrefeyah‘iy)l tcphdleqn‘ﬂmmust ufatil thg\prmglcmslsdlulbﬂmedla;ldﬂmplmsrel ease

bound phos rus as | i C 20 osphorlc
[ Conbn Y ok ek Bl Bored QB pBulerE SRR e eeR s sl Fbring of
Ashgrove | oSaimids the blbciihfle reqd@fdt ain a final 0.35 water to cenent ratio
(Ww, including the water added with 25 the dispersant. The additive
solution is t he%hqpm@ucwaommonmydmmd apisaat dappoins dubts nyeferabhapeusalized xer

Cransterri Bt BB0LRaR ooyt She PSRRI s trelp BRI ¢ crrount

of paste thedif f Ahwaetifelnnhé frodbdt sl bespiaudridd srothawiseaondbee asSpsodidd i s
rreasured by filling a cylindrical 4 cm diapeter,. 7 cm hei g%@%qvvlth

past e, 1Toveri ng ™ w@a%gwg%anaﬁu%ng@g%dsm 3high gaf; efificieacy p ing the

cup, then i os T aidn ver age

spread di aﬁ%@grm?oé) ’ %neogg}yg 3ﬂ y%bl\%%é g%”’zgﬁt&%%%%% tétg%ges {yé}ﬁOﬁZOOZ

Pr epar at i otheFramgtaft dfficieneypmdafinehasof | ow nol ecul ar wei ght

(~yl W=~ol ysuc~i ni m de and sodi um pol ~nartate bv~a therma ~ol vieri zati on of

asnartic acid. A sanple of 100 g of aspartic acid (Sigma Chem cal Conpany)

in a 600 mM 5 beaker is placed in gg-08en «quopped with a J-Kemtenperature
control | er, nodel 250, and the tenperature is maintained at 220Ct 1 C

Af ter 80hours of reaction, the sarrpl e is renoved, allowed to cool, and

) aee 0, SRS, B A R R e S R {2 e

spect r oscofyarh € poﬁhgiaﬁﬁz ﬂcld added to the reaction, and A’ is the number of equivalents of

amino groups per gram of polyaspartic acid grafted to the polyaspartic acid.
The present method also affords the desired products in yields of, typically, 50
25  to 100%, more typically 80 to 100%, based on polyaspartic acid, and 50 to 100%, more
typically 80 to 100%, based on the compound containing an amino group.

It is to be understood that the graft polymers in which compounds which contain
amino groups are grafted to polyaspartic acid produced by the present process may then
be partially or wholly neutralized. Thus, the product produced by the present process

30 may ultimately take a form in which the pendant carboxyl groups which are not grafted

to the compound containing an amine group remain in the salt form or all or some of

AMENDED SHEET



10 A sanple of the polysuccinimde is converted to pol yaspartate in aqueous
sol uti on byMBC-8344 kal i ne hydrolysis at pH 10 at 60C for 2 hours via
*dropwi se addition of 10 N NaOH The solution is dialyzed (Spectrapor
tubi ng, MW cutoff of 1000) against distilled water, then lyophilized to
yi el d sodi um pol yaspartate, as al so shomngby infrared spectra éEE@TF' ure
2). The gel perneation MNis 2700. Pol yaspartates made 15 in-h 8@9
sol i d- phase peptide synthesis are used as standards. rei 2 aci i i as
to b t her mathesecarhorsi Bxups ais inftheagihorme Thes epmmete pppartialngidraligation may

pol ~h~phori¢ aci.d sanpl e .of 250 f .aspartic acid is placed iin a pyrex
baki ng.di shot srid off ey Enatehilef sl RIS, 10,65 bl B8 Supple™ o
pol yphosphotigicaeidd Wikoie feaeifoaadt is GaRYUstyira ceriBlitibss ARLER vHch wixed
manual ly with the aspartic acid on a hotplate at 80C to forma paste. The
el evat ed t ebpér amntaoe withrstket sethfotongolodrs; pthrospbopietersedita ubes minvirslcoidswhioh

pi pettable, and permtted honbgeneous mxing wth the aspartic powler. The
baki ng d? shdpe noheenigingRigrdensigh ¢g sy Co'%‘ﬂ (WWR) at 190 C for 4.5 hours at

a 25 pressure of f : ' [ [ very
i ght crusty nmat é[?i ?a qr%a%fl{?esp%g%llt %Vgglg@{a%fgﬁaggr a? 33 Oﬁeergfl}sﬁgfscg C?l%ﬁ)?] er
(What man #3)yhadhbonash edinengdelipsges paged acpolmsphiti adidsvithb@deywtigs theWsen t he
pH of the filtrate becomes neutral, the product polysuccinimde is dried
and obt ai nedf prganisaplvgniquahe meshadved the pregent Tyentiwl glsueseids the deodustion of ght |
creamcolor, It .is.free of phosphoric acid as neasured 30

spect r ophot SAEFFUE QPP uﬂsggﬁ‘ﬁftgs‘of this polysuccininide is hydrolyzed at

80C andjpH 10 fofy 3ncklﬁétre§n%ﬁirﬂélﬁ,pm’}a ?gsé}gq’ﬁ\tejnﬁ@n gifovﬂdés %mgﬁ%ﬁ g&(}grzneﬁ%l ting

Solution is dialyzed against distilfed M C0344 2 9 0 27 wat er

t hen | yophi Mtdeda tonyiuad dosteiiingrapahirasgpeun iatgefied <o 8 holyamidde, st dsR
spectrum The gel perneatiqn MVi,s 3Q, 000. .Conmmeycial, polyaspartates (Sigma
Cheni cal ) arpelya&aatwa%cqg@mﬁwla?me aﬁgaqﬂnraimn& Perggt ‘Eaiﬂ?fg‘yh)‘f’ ARSI RRSINA

met hoxy pol @%’%@Ehﬁéh?&ﬁe A &Qé‘feia%g)ea%McP% #2P e?e'r&blg%{ Qa&@%? al

treat nent ~. e polysuccinim prepared 1n Preparation Exanple 1 is

converted tehsamitdxiopliyanpaiihantetheypotidrdidalckatinie fendaralcptbosylid fgd to t he
pol yaspartic acid by treatment with an insoluble acidic resin (Anberlyst

15). ThéSsolameupsis BF spor patshdesribetand defingdabavgin Bresaniexoeh thaaethedifar by

fil i on. _Th ' f. nal yas: i.c.acid i fr h
wei gt of s BT s TR pREE iR i Ak erdeBr gl B BB EaifT o
0.54 g of pobiasR ﬁ)érﬁlaﬁitc‘daibd%cgli@a55 gidupebe polyaspattsc RIBEESbIY FluRmdOadill.

round- bottom fl ask. Next, g of methoxy pol yoxyal kyl ene_ani ne
(JEFFAM NE M 2070n ciatras00iss canmpoand athieh esmtainogndreine gxiupds defimgd asneoxi de

of - ret hoxy BUBHBE (e AN AR b et smefa SO Bt GO M AL aipart

aci d resipdugRfihed RRAIVEXRXHRI kM eRNE BERthddTFoPprbduddd glafaelyBnés, are sol uble.
lhe flask is purged with dry NZ and heated at 180C for 1.5 hours, producing

vi scous anber oAlthougheome lgrafispalymers|in adhidhreomposndssviNalDepipinrapune
tenperature, yieldin 2& an .aqueous sol ution at. neutral $H.of 20% sol i ds by
wel Ght . 1 nf PR S5 ETHYIER 0 TRIVARES AGHLEY KPQVaris” 1 1 Bess IR AR flaks
i ndi cative ) L 7 i oise jat ed
w th der vatTSagt QB Aink G| S ERLAUT B30 iucke bPAIRURETIN BETREIS) o
the product ityaspartibecidries grafeeffitichiyeasdeph w60 Zest apgrhfy desityias highndsy20 %.

resi dual anmounts of unreacted polyneric npnoam ne and )
25 As explained above in the context of the present method for producing graft

polymers, the novel graft polymers of the present invention may exist in a form in
which the pendant carboxyl groups which are not grafted to the compound containing
an amine group are converted to succinimide residues and subsequently may be
converted to the salt form or the acid form of aspartic acid residues.

30 The novel graft polymers of the present invention may be prepared by the
method described above, with the use of a polyoxyalkylene amines of the general

formulae (IT) or (III).



" 25 with an estimated density of underivatized:derivatized resi duessmHhpd0d4378
_ 0FRIMRAY. Grafti ng of | ow MV rnethoxx op |voxval kvl ene am ne on to high MV

. pol ~a_spaript-g544d ~v thermal treatnent at 18QC. The pol ysucci ni m de

- prepared.in Preparation Exanple 2 is converted to 30 pol yaspart%g D@;igghgby
the met hod of Exanple 1. A sanple of 1.13 g of polyaspartic acid in 6.21 ml
of water is placed in a 50 m round-bottom flask. Next, 2.01 g of nethoxy
pol yoxyal kyl ene am ne (JEFFAM NE M M3E. 0344 2 9 0 C T 2002 28 1000, MW
1000, nmole ratio of propyl eneoxi de: et hyl eneoxi de 3:19, 0.98 neq NH2/g,
Hunt sman Chleemaevsl praftopodicoerd of tHequesent inkerGichzhaye de formela{®Xyphenol . The
reactant nolar ratio of aspartic acid residues to pol yoxyal kylene amne is
5:1. The clear solution in the flask is purged with NZ and heated at 180C
for 2 5 hours, producing an honbgeneous, visgougyoil. The oil is dissolved
i n agueous NaOH at roomtenperature, yieldinf al agueous solution at pH 7.6
of 20% solids by weigh®. |K8Q@Ked and gel pefrediToR chronpt ographyiVv)

anal ysis shows %m;igd”am&g_@m de pol yner gé,\f_t?s:g derivatized side chains
(see Fisgs;ure 3),rwth q?nly es¥dual anounts oiy ‘eact ed potyyneric nobnoam ne
and with a Cpeteegyaf by~ @2 Sy {.7-ed¢ g ot

resi dues 0115[212: (sep Fi aur(g}g\)et@%)}a{trrﬂl e g\lﬂgﬂg‘iwr@j}gt%ﬂgw n%jc}:_?%g{MN

met hox, ~! pol Xoxyal Rvl ene amine on t& high MV ~o0_~vasp~Oc acid v thermal
treatment at 180C. The procedures and reaction conditions of Exanple 2 are
repeat ed except for use of 4.18 g of nethoxy pol yoxyal kyl ene am ne

(JEFFAM NEywMer®0). The reactant 15 nolar ratio of aspartic acid residues

to pol yoxyal kyl ene amine is S : | . Again, an_ anmber, honpgeneous oil is
(produck® and sofhemalymerchas froxmdrp 4000 worementseat ure to give an aqueous

5olution at pH f. 9 ' ' n analk ysi s _shows a m xed
ani de/ i ni de pol é?r@lrﬁﬁ%@c&r%‘?eg‘lébﬁ@gti eﬁ?}g{a%"ege%‘h;a‘{ %{s?j%gwepaﬁléal‘h a3 oAE o graft
density of etufilfl@ietal &in, 2@ iof@irh Yo, bZ Sgbstisdddimesonifum}: 1. 20 Accordingly, the
graft efficiency is_high, as shown hy gel .perneation chronptograph

profiles that r&euNG -%amwrmWQWaﬁpmewwhyﬁm%(l a

nonoani ne. _ I X - | of medi um MW et hoxv

nol Xoxyal kvﬁg{r%g al’?laél’l]llg\(gk to 0\§vr m%}fgﬁ‘ %ci ni m de by nucl eophilic

additi @h in di moetrhyn fapd mhardeach 2adeperstzntly € apfandntdgey befwaehnd and 20,

pol ysucci ni_m de. pr ed in Preparation Exanple 1 is dissolved in 20 g of
di net hyl fé’ff?éﬁbg'e&%%nsi ty at 20C, 0.9487, Burdick and Jackson). Next, an

anount of 21.9 @, Bfc, @dabioefleROihy dxdla it e eadh it (hEfe\de MemMf 2070} d S
added with magnetic stirnng. The reaction is allowed to proceed for 23

hours at 80Td equals oneaBharein #if adecimeljvalusrofdite O 19, preferablyd) @0, mpre

pol yoxyal k } i ok ey icS ddi sh oil
in ethyl et Ter fabﬁg%ﬂ;?'ﬁg’rﬂ ?’sadd(fqe:g%%?gl&lggﬁg ?Egsb ﬁ%?&g?@gtgﬁge d T ﬁnogget one,

fol | ow2@ bypréfardbiyed tavd 60y aig adecimadtvialpe of 0128rto 1Treferably 0.3 to 1, more

( ) preferably 0.4 to 1; and d is a decimal value of 0 to 0.5, preferably 0 to 0.25; and

Q has a molecular weight of from 600-25,000 and has the formulae (V) or (VI):

-CHR?)-R*-0-R’0)e-(R*O)rR°® W)
25
wherein R? and RS are, each independently, H, phenyl, substituted phenyl, or Cy to Cs4
linear or branched alkyl, such as methyl, ethyl, propyl, or butyl; R® is phenylene or C; to
C4 linear or branched alkylene, such as methylene, ethylene, propylene, or butylene; R®
is ethylene, and R?0 is present randomly or in block form; e is 1 to 300, preferably 11
30 10 300; R*is propylene, and R*O is present randomly or in block form; £is 0 to 180,
preferably with a mole ratio of R*:R* of 100:0 to 40:60.
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g{%%g 44 2 9 0 C T 2002 29 product oil is then solidified by cooEPMRLIN4378
20 , followed by decanting of the ether and drying in vacuo. The
product i MBC€H3d4ved i n aqueous NaOH at 75C for 1.5 hours to 9.2‘960[?1 2[0[?]2
solution.at pH 7 of 40 % solids by weight. Based on the analysi's o e
peak sizes in the gel perneation profile (see Figure 5 5), the graft
efficiency is about 40% w th about GO%Of t he pol yoxyal kyl ene am ne
ungrafted. The purif ed product is estinmated to have a graft density with a
residue ratio of aspartate.gr t f .9:1. The infrared spectrum
of the purified product r@ﬁ&?’égﬁbgmm an ani@structure with no
measurabl e i m de residues and a prom nent peak at 1 104 cm| associ ated
with the derivatized side chains (see Figure 6). 10 Exanple 4. Uility of
agr fts ofin gdiicheesoh R’ iindependbndp i the-otharlie Heoranéthel, BS iva thskine dednid frén

cenent. The perfaqrmapnce of the grafted pol yaspartic acids of the present

i nventi on aég-g%‘?ﬁ’ﬁpf:\?@@ﬁ?loge(geﬁ% 0X¥% e§’§§£§§%ﬁﬂ"pﬁﬁ@-)pﬂ'§lﬂéh%§aﬁ?ﬁlwuﬁﬁ@% xed
as deseri j t o i ] pri or
o testl o oo o B P o 22 O el oL
exanpl e 2, Rwhinethyl $0 Ri xdfitypirally@angen fibes3:19 ket 1t est ed. The products of

exanples 1, 2, and 3 are tested without ,purjfication, the prodyct of
Conpar at i ve Exalﬁfﬂ@t Jﬁhé“&’_@;lé’_&r IHI‘BRMIWQP TOPYIEng P BIFECHR thesideal i ne
hydrol ysi sgphf %]X%rlgvdgd;{ﬁgﬂ'i%@sﬁﬁc gsiviles, to the aspartate form All

cement paste m.xture 20 tested at a water to cenent ratio of 0.35
(W w) . Repr esenindbimaglaBé), btedereblytmhan'ehfandtn' ene eableindependantlly ampindepdr of

t t ' h int fol | ow tahle. . MC 0344 90C
(72002150 TAEVER AP 2 IR GEHPLIATHERRE FOVEBRE BPEdR)S AFE | 87 B Dac
(cm povder ok palysPkiMRSRA (1800 PALRAR ¢ 7ol yoxyal kyl eneai ne of

Exanpl e 1graft of pol yasparticO.1 %6010aci d: pol yoxyal kyl eneam ne of Exanpl e
2graft of pol yaBpamples of subsiimtedasmmonumyingdyds rphen dantrneanstftet®«&mpl e 3graft

of 0.1 9961 | celnim.de: pol yoxya m ti veExanpl e
1control, %ﬁ%@?l%@%&% n@&r%%\ﬁ‘f %&/eeeﬁg?ﬁﬁl'ag&j& artt nE of | ow MV
met hoxy ~ol yox Y@h&yibes) @raftpslgmerslaf theopveddit hveptiaicat nb¢futinimayaci d by
nucl eg~zhiljc¢ addition_in the absence of solvent. 5 T gi\wgol yoxyal kyl ene
ani ne 1% i eRplicptionsdpelyding byt notdimpijedse dispersants fAstaesim sAdiineneementn  hi s

exanple, a : J . i yatd p m 1 ilic
addi tion o?dcgﬁ{rir%%%&ﬁg aoﬁg/%%gﬁfi/?ﬁgndéﬂ ?/ %h%(/llﬁﬁé&g t cgﬁ}lg%g? g@m;g%%ﬂtt he
absence of invebon are particoteghynisefud fdnreedifyingthe flompropertibeofrsimesticci ni m de of
the type prepared in, Preparative.Exanple 1 10 is conbingd in a.glass test
Lube W th 1. 74 5 BroU PR anealt B e Savirran PRRERARPRE SHPP00696 58 g
NH2/g) to fv@ﬁm@_n@mry with a reactant ratio of 6:1 succinimde

resi dues: pol yneric am ne. The test tube is purged with dry Nz and heated
for 2420ours” at (BoC. amsEeBHERMIINGSS: #dxt treated with 0.4 g of 50% NaOH

plus)5 mM of wa a ! onvert the succinimde residues
{ 6 2ankk %%g%mﬁ& Flforifta iV af:

o the aspartate form

03

g ¥
?l) (|300X Cli “NTQ (Iva)
25 Fﬂz — F (Cl:Hz)m (Cl:Hz)m' I‘f
HzN"(CH_ﬁ"‘N)Z‘ (CH™TCHW™ ﬁ)b" (NHCH(CHy)x ICll)c‘ N=Zj 0~ X
0 o)
wherein:
30 the polymer has from 5 to 1000 monomer units;

each X independent of the other is hydrogen, an alkali metal ion, an alkaline
earth metal ion, ammonium ion, or substituted ammonium;

each -NH-Z- is 2 monomer unit derived from a compound which contains (i) a

AMENDED SHEET



Ogﬁ %0 429 0CT 2002 31 resulting, two-phase solution has a pHERD09904378
5 tely 7 at about 36% by weight solids. The formation of two
- sol uti on pHBSe@34t hi gher solids content coincides with poor graft
efficiencies. Gel perneation chronotography of the final product shows poor
grafting of the polyneric am ne to the pol yaspartate, w th nostg@§CT Qe
pol yoxyal | cyl ene am ne eluting separatelyy fromthe polyaspartate (see
Fi gure 7) The performance of the final product as an additive to cenent is

poor . f&yinE of [ ow MV et ho~y ~, ol yQxyal kvl ene
am ne on tmzoé%@m%@%& églpéra%@ gcgir%flpowucl eo~hi | ~ addi t| on in wate, ~.
The reactants arﬁdmpr@cm efre @hchGaaRRA ANt NA @ﬁm{ege?béﬁv%eﬂ Paﬁ@bed except

that 4 m of water is added to the m xturé of pol ySucci ni m de and
pol yoxyal kBFFﬁ@f?é’lia%T%& The nmixture is warmed to 50C and maintained at that

t t f f. to th t at
form by i L o el PriesDar s RS Haf i onsh sR R St b e S0 1
appr oxisnatehwqddls 46 G hedein RYs 1ebdaR] vaaed oip@fomi‘% 'p%fef‘aBI)DW @95 %B!%é of the

final product shows poor grafting of the pol neric amne to
pol yaspar tereferably P o foét b o 2 desimploialus,ofd) ﬂ@ﬂ @rfzfmah]e’ (tad. Bﬁgnta'epar ately

Lo cemont TERRAT 0 8% s &8 RS (0 oairiofomdl Pt sftet sodium

aspartat e ReftrdiR}023it6Q; Pl ¥ Ba cra%hnawameaflmytoto@&)a@fbrabrﬁ@imﬁs #g~80C. A

m xt ure of 10 g of aspartic acid (0.0751 nole) in n~ of water plus 26.6
g of nonoani no Rd1ay&welrRiarerrigt PELERIMV G2 5400 mh@.mefmlm{zfl)@; (¥No125
nol ) is mxed with 4.7 g of 50% NaCH. The salt of sodium aspartate and

(25 pol yoxyal kyl ene amine is formed by |yophilization, and a sanpl e of 0.05
g of 4 methoxyphenol is adOE@RBIR’aD-RIO)GRIARRS. This nmi(yyure is heated in
a flask in an oil bath at 180C for 20.5 hours. Subsanples are taken at 2,
4, 7, and 13.5 hours. The sanples are water-soluble, and are not further

(reated bywibleth R fil ROEcNYAh hdepl:dienfip|  ATIAPELIRARLY {1 gﬁhedc% ofeveal s

little changelntheeutlon pro time ction

suggest i ngCptivearohhranchehgkyilemichgs @mlwlﬁt]gyl; propyl, Oﬂ'hﬂ'yhé?:sflﬂ phamyt er 6f td he
final od ct._as a additi to cenment oor MBC- 0344 C 15200z
32 Co ra#ﬁ&?‘g gg‘i ]é'elﬁ’fl? i° ﬁéﬁeﬁ?nwmﬁ RSRY 6881‘?;&?‘38?% *am ne
on t~ | ow M/émqknes whE RAO MR PrRsdht rdnde@nﬁobmdalw@foﬁﬁnéusln 1 F000pileheapHi1 1

treat nent at 180g
to 300; R

preferably with a mole ratio of R*:R* of 100:0 to 40:60.

is propylene, and R*O is present randomly or in block form; fis 0 to 180,

20 -CH(CHj)-CH;-(OCH(R*)CHy),R* VD)

in which each R’ independently of the other is H or methyl, R“ is a residue derived from

a monohydric alcohol (e.g., methoxy, ethoxy, propoxy, etc.), and x has a value such that

the molecular weight of the group of formula (VI) is from 600 to 25,000. The ratio of
25 R’=methyl to R’ = H typically ranges from 3:19 to 9:1.

Suitable cementitious binders include Portland cement, alumina cement, or
blended cement, for example pozzolanic cement, slag cement, or other types, Portland
cement being the preferred. The graft polymer of formula (IVa) is added to the present
compositions in an amount from 0.001 to 5.0%, preferably from 0.01 to 3.0%, more

30 preferably 0.05 to 1.0% by weight, based on the total weight of the cementitious binder.
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OSM_ g)b@nms of the pol ysuccininide prepared in Preparative Exanpl e EP0@9904378
.UV 3 ith 7.30 g of polyoxyal kyl ene nonoam ne (JEFFAM NE M 2070) plus 0.5
-m of 5 wa¥BL-0341 g of 50% NaOH sol ution, and 0.02 g of 4-nethoxyphenol in
a 50 m round bottomflask. The m xture is heated at 180C under a stream of
NZ f.or 12 hours. The reactant nolar ratio of succinimde resi dzﬁsﬂ[ﬂ&@4
pol yoxyal kyl ene amne is 6:1. The produgt is dissolved in aquebus at
roomtenperature to yield a solution of 40% solids by weight. GCel

perneation chr t Qgra f ,the oduct 10 sh orgraft effjiciency,
with a dom nanﬂgp?aepggfeﬁgﬁﬁﬁggﬁ%‘&%%ng&?iﬂzfﬁ%rﬁﬁ?@)ﬁée&? or mance of
the final gmgﬁucdfiaﬁn@qa (pp)di tive to cenent is poor. Cbviously, numerous
nodi fications and variations of the present invention are possible in |ight

of the above te¥dlnagaally usadswetee istypically addsé to thearescobebrprsitionsi fThen t he

2s 15 spect FrEanT A SRR Then uGr o 2005 78 12 B s Bt e bt Bia e 2
9 0 C X2Cwéigh{ChbAlin the tofalRdi SR iRd cepiRBabIdBindergr af t pol ymer, said
met hod conpri sugg@heatl ng an intimate m xture which is substantially free

of water or orghh presentgemposition yay furthssicompriseawgmegatoschisasd, sondant
S The et i 258 FERARE 808 cPyenE SRt B ARk S TR o Ry °°

car boxyl i cnafthd cafi@bRsetts sel ected $om the group consisting of polyaspartic

acid, polyglutam c acid, and _copolynmers of aspartic acid and gl utam c acid.
') 10 3. The nebhidbipiiorexgmale, thegispasant ixprafepdily added ®rinhie dupbpitcaiafier
pendani, ca | ' DS, arti [ . Claim
e here nraiiihixinen £oiidntul SorRSlet BHAbE BEarstic SRl bHaR B 1 2
(1~ H2N- Chffdrégat&35n @hidRBO)ed(E0Imdmt 6f Whtenbat bs iseBR2ompareRfo aivturssaoh

i ndependently,, H,  phenyl, substituted phenyl, or C~ to C4 20 Jinear or

br anched aP‘PIFt?/‘F’%ngF{ge EBSPE‘ﬁ%‘Hy |1@F @reporEgn ?ﬁefe@f% ekety m@ra%%ﬁa@nﬁﬁkﬁ% ne;

RS LS et Ny ke ceRahibusRof368tion UAR depBhad ihodl BE knd Belesifed, Sndisl 0 300

R415 propylene; R40 is present randomy or bl oc orm and sO0Oto
180; the cwithoutid knbwiwigeof theFkilled\artisgn domms$edentddarsemei ght of from 600 to

25,000,.25 5. T net had of, Clai.m 1. wherein said co d i ch _gontains
oo ant B o oup 1S VY Poiias® pifb et fiehaRBh b SRR RREIof o X 1T
30 i n whi chemagtitidds mirtlees Baeiztdoy ligfitel fethetnigfurésSddstrifedridbhiy | CefRentitfoud

resi due derived froma nonohydric al cohol, and_x has a val ue such that the

mol ecul ar WEKgHID Whick ghednyentiye palymst disgersaitcan be pyed as addiivesens meytars| 000.

and concretes. The hydraulic binder used in the cementitious composition may be

Portland cement, alumina cement, or blended cement, for example pozzolanic cement,
20  slag cement, or other types, Portland cement being the preferred. Conventional
( ) admixtures in cement technélogy, such as set accelerators or retarders, frost protection
agents, pigments and the like, may also be present in the cementitious mixes of the
invention. The inventive polymer dispersant is capable of providing a Type A and Type
F water-reducing effect, as defined in ASTM C494, Standard Specification for
25  Chemical Admixtures for Concrete.

In another embodiment, the present invention provides a method for improving
the flow properties of a cementitious composition, comprising adding an effective
amount of the graft polymer of formula (IVa) to a cementitious composition which
comprises a cementitious binder. The cementitious binder may be Portland cement,

30 alumina cement, or blended cement, for example pozzolanic cement, slag cement, or
other types, Portland cement being the preferred. The graft polymer of formula (IVa) is

added to the cementitious composition in an amount from 0.001 to 5.0%,
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- wherein: .10 the polyner has from5 to 1000 nononmer units; each X
ind'ependent of the other is hydrogen, an alkali netal ion, ard BP0 ne
earth netal ion, ammoniumion, or subsk4tuted ammoni um each -NH-Z- is a
nmononer unit derived froma conpound Ich contains (i) a -NH2 group and

0 or an i Aoy O R prerrbhe s 01 pRRY et s O%thendeﬁendem Y
reflect t h&%@ﬂ?b?t}fe%ﬁeﬁf‘u&fs s Hﬂﬁ ﬁre‘!@iﬁrdeénﬁb&dli}ﬁexﬁumec%aﬁgdlgﬂl 1ot of rral vaI Je

equal s one, wherein a is a decimal value of 0 to
of 0to ofmlaﬂv‘)ss addgd ¢o thelcemahiigousfcompRBitibn. 1; and d is a decimal val ue

f 0to O.5; d f t f the f
e} RS, & ~30] METRRSpF el Ui s AR e b A b y.
phenyl 5 sub%welrgmdpremw 25 wsd%s}ow&%h%aéearmhe%am;oagmﬁ%@l kyl; RSis

phenyl ene ‘or ' C 1°to C4 linear or branched al kyl'ene; R3 is ethylene; R30 is
present ra;nm@mtyowrblmdf:r bHQWvafrolrtntha‘%utmd@_rst@dm thq)wetfeena@ not’be addedo 300

R4 is propyl,ene; resent dom i.n.bl LS
180 “and_ (oTe cemgnitiopscooieRaion ol SR rtandt negtin Stten Bpieaf Pyt ey 1 °

i ndependengelnfixed vﬁﬂh&h@&éh%nuh%ud‘blﬁﬂemﬁhué resﬁiﬁn iRt EHIad IR sEREd ¥egbld rom
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monohydr i asds wishdhe addifipnofisay weteracouring daten Hlternativelis e giafimolienght  of the

f f | . Th f, d 6,
oot i moal Be faded et VA8 b8 SR O R R wRbgr bl
]cc:orrpolm t |( cha{i/m?)map&bml 01001 to3)0%, Is:efaiemy &bmobtm:eie%, nerd p{digrablymmdy/er of
or mul a

0%,

by weight, based on the total weight of the cementitious binder.
The cementitious composition to which the graft polymer of formula (IVa) is
added may further comprise an aggregate such sand, stone, slag, and mixtures thereof.
15  Thus, the cementitious composition may be a cement, mortar, concrete, etc. It should
be understood that the aggregate need not be added to the cementitious composition
until just prior to pouring, if any is to be added at all. Thus, the graft polymer may be
mixed with the cementitious binder and the resulting mixture may be stored or sold as is
with the addition of any aggregate occurring later.
20 In another embodiment, the present invention provides a method for reducing
) the amount of water which is needed to prepare a cementitious composition with
suitable flow properties, comprising adding an effective amount of a graft polymer of
formula (IVa) to a cementitious composition which comprises a cementitious binder.
The cementitious binder may be Portland cement, alumina cement, or blended cement,
25  for example pozzolanic cement, slag cement, or other types, Portland cement being the
preferred. The grafi polymer of formula (IVa) is added to the cementitious
composition in an amount from 0.001 to 5.0%, preferably from 0.01 to 3.0%, preferably
0.05 to 1.0% by weight, based on the total weight of the cementitious binder. Ina
preferred embodiment, the graft polymer of formula (IV) is added to the cementitious

30 composition.
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. ~~ ""~CH2)n' Co ~-~~ X Il Il 'l 15 O O O wherein: the polyner has fiom

. 5 to 1000MAfm8R#4 units; each X independent of the other is hydrogen, an

"~ alkali netal ion, an alkaline 20 earth metal ion, ammoniumiorn,g OET 2
substituted amoni um each -NHZ- is a nononmer unit derived froma %(%’pound
whi ch contains (i) a -NH2 group and (ip} a -CO2H or a -SO3H group; m m, n
, and n' are each independently 0 or an integer between 1 and 20,
preferably O t ’ . , : e di,.actiaqn, of each
unit wherein t%é’%g%%??g? ﬂ’égg}egmgqtcﬁig% @g&‘g%?h%én@fg Vgﬁéerroéfaﬁi dgmpél%gde et8i mal
val ue of Qchievedyddd;fldw pRpartide.ciThm, watdrigaytie Alided tdth8ementigod deci mal val ue
of 0.05to 1; and d is a decimal value of, 0O to 0.5; and [ noi et

sel ect ed FPBRPHRAN MMt 020 t37(% pHyREht, Rsi@abh@ﬁpei%(i&fbm)aweim ( il/)

wher ei n , iynd A o I henyl ,
or Cl to%ﬁﬁp%ﬁ(@g‘? ?d(’%fﬁ %erqgﬁ&%% gﬁ@lﬁ%@%&p%%%%g %';EQ%E, E}‘Q{%&&&)I i near
or br agpcheght fdwyhiengsedBt bs adENDER dBhiehfitioudebnibosRRAAnMBlasOpdet t& P

009904378 2 9 0 C T 2002 36 ethylene; R30_.is present randomy or in block

form a i®owing o, thereseltpelymer meyihs iped with the cemmesijioan bindrumnditse pr esent
dom ' f i 1:80; ) : .
"o ) - St ol R by i S it e RBoh ko Sater copumig

other is huter. ARérfytively3the sraft pobgheturaydsy added td themiaingowamly,iioetoal cohol |
and x has a val ug such that the polecul ar weiiggt of the group of formula

(V) is f gtk hensmsptiovsdinderinpamaynb el from ORALHG 014, PretsFadY oper ti es
of merd 4.4 i L £Esd Do [ LV, of a
(pol Jret or Pa O e STPERLE e m S a0S § S Rel by SR BT 000 m
(CH2) a, ~ Hf thi2dementifiOb bib9m- i ~' (NH''CH' (CH2)n~ i )~ (N-2~0-' X OO O 20
wherein: the p nmer h from5 to 1000 noner units: each X.i ndependent
of Lhe ot her | ST HRSIRRO SRR T S BOTPLERLlfe 4P REETRECSHFA Ot | T on,
amoni UM i @éhe, Hag SitaThixtistLHeRBNOThsMhe@BARNt s ZompssifioH MR R 2 déficht,
derived froma conpound which contains (i) a 25 NH2 group and (ii) a -CO2H
or a - SO3Hngrtawponcastegtc. i showd bie nndexsteodtahthierngesarid @sed poibemddehto nt eger
bet we 1 and_20...preferabl.y O 2. & . . refl e ol e
fract ielgn o) eé:%r(’:lﬁm%}gqutg c\%‘ géen}{%nﬁtgéﬁl%ngﬁdap oiﬂ%lg’ﬁgﬁﬁlsc}gé’c?ﬁagﬁcs& %nag,' wherein
a i s a decThul theagrafe polfynier oy ®e Hnxedwith the chapdntitibus/Binder 0id tRe fesullg0. 95; C
is a decimal val ue of is .a decimal value of Q é?ato'S; and

0.05 tao.1; .and
Qis a noi @PW@P@&%%W&&W@H@S%W%&&@@\W of any aggregate occurring later.

Other features of the invention will become apparent in the course of the

.

following descriptions of exemplary embodiments which are given for illustration of the

20  invention and are not intended to be limiting thereof.

EXAMPLES

1. Methods:
25 A. Infrared Spectroscopy:

Infrared spectra of polysuccinimides and polyaspartates are measured by use of
an FTIR spectrophotometer (Perkin Elmer, model 1600). Samples are mixed in KBr
and disc pellets (13 mm) are made at 9000 1bs. for 3 minutes by use of a die
(Spectratech) and press (Carver, Inc.).

30 Infrared spectra of grafted polyaspartates are measured by use of a Bio Rad
FTIR (model FTS 175) with a single-bounce ATR (attenuated total reflectance)

apparatus containing a silicon window. The spectra are ATR corrected.
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-CH(RZ) - RS- MHRBYI4L (R40)f'R6 ~) wherein R2 and R6 are, each independently,
.H, phenyl, substituted phenyl, or Cl to C4 |linear or branched allcyl; RS is
phenylene or Cl to C4 linear or branched al kyl ene; R3 is 5 ethylene; R30 is

present randomy or in block form a i52]5to 300, preferably ]219 B@@@P
is propylene; R40 is present randomly or“in block form and f 180

and (Ml): -CH(CH3)-CH2-(OCH(R )CH2) XR" (VI) 10 i in which each R
independently of the other is Hor methyl, R' is a residue derived froma

nmonohydri c hol d. x has a value such that the nol ecul ar wei ght of the
BNl Reseg Weighs
group of fo rom 600 to 25,000; to a cenentitious conposition
whi ch conpri ses educing the
% %ﬁﬁ?%e&%ﬁ&%f lﬁg%rs areléetérgun rgﬁ%{f?gnﬁé)a&loﬁ

anount of water eded t0 prepare a I'oUS conposition with

sui tabl e fl ehvopraaiRedghlye For pelpmicciiimiflen shed pkgyaspaﬂitégcmd sendapdgrt of a
polymer of forrmula (1V): 20 OH 1! O COOX C (?(IS\J/QCHZ C (CH2)m (CH2) m~
H2N~~~a § CHpelagpartates ma@mhpusg;bysolqctp@gsemelhgc@ ARps-tarough@Psdapsd wher ei n:

ot ner 14y G BGIE AR DARREI ot 1 0 MR B i Sl O SRR S
anmoni um | 0Cheflcadl RSl i RRAIBEIH(Varidn n6d 3500 275 maow uni t

derived from a corpound whi ch contains (i) a NHz group and (ii) a - CO2H or
a -503H gr ogplumaNENDED PS¥EHenon®@8ex) s 200 The @bile pRaGO9OMI M1, §.12M9 0 C T

2002 m m, _n are_each | nde tl r_an integer between 1 and
20, preferaNap’G’Hgoﬁfﬂ%wog I ml/mig, @&BWE %t)bl‘in%%é SRBle fraction of each
uni t whegrein the E?déﬂ# is a decinal

Val ue o?bo to O. &y%ﬂgd&ﬁy (?‘lrtarlr% ?t %Qp&ygﬁfgﬁgggwﬁlss a deci nal

val ue of 0. @BolystidnceNdh Wateds 60@&@11&3hroﬁﬁkdg@apﬁ AQltdoh Warbx MIQHT Rtedorg Noi ety

selected fromthe fornmulae (V): -CH2)-RS-0~30)e (R-Ot~R6 ~) 10 wherein
R2 and R- ared Shedsr QX e enlamsiate used. phenyl, substituted phenyl, or C- to

C4 |inear or anched ,al kvl RS is phenylene or C1 to C4 linear or
branched aL@%&Mhyl ene; R30 is present randomly or in block
form ais 1 to 3QQmdk eaeial théﬁzédQn:ﬁ@preR‘hcé 5f PR dlﬂﬁ@m Osdlgems esent
randomy or in blogﬁnform anzﬁ IS to 180; andlm\/*SN e
- CH( CH3)15 CHzard sl hyemayhiome atqd,ﬂh)ilysm The removal of the catalyst/solvent is confirmed
by use of the spectrophotometric assay for the phosphomolybdate complex which is
formed in the presence of soluble inorganic phosphate (Eisenreich et al., Environmental
Letters, vol. 9, pp. 43-53 (1975)). The polymers themselves also test negatively for
phosphorus, following acid hydrolysis to release bound phosphorus, if any, as inorganic

20  phosphoric acid.

D. Ce ispersan
Cement paste samples are prepared by mixing 500 g of Ashgrove I cement with

water to obtain a final 0.35 water to cement ratio (w/w), including the water added with
25  the dispersant. The additive solution is then mixed with the cement paste by use of a

mechanical mixer at 700 revolutions per minute for one minute. Flow is measured by

transferring 300 g of paste to a 7.5 cm, 60-degree glass funnel. The amount of paste

that flowed from the funnel versus time is recorded. Spread is measured by filling a

cylindrical cup (4 cm diameter, 7 cm height) with paste, covering the open end with a
30 23 cm by 23 cm plate, inverting the cup, then placing it on a level surface. The cup is

lifted and the average spread diameter is recorded.
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The flask is purged with dry N, and heated at 180°C for 1.5 hours, producing a

viscous amber oil. The oil is dissolved in aqueous NaOH at room temperature, yielding
20  an aqueous solution at neutral pH of 20% solids by weight.

Infrared analysis of the product reveals a spectrum with peaks indicative of both
amide and imide residues, and a large peak associated with derivatized side chains.
Similarly, gel permeation chromotography of the product shows the presence of the
derivatized polymer with only residual amounts of unreacted polymeric monoamine and

25  with an estimated density of underivatized:derivatized residues of 5:1.

e 2, Grafti low ol ene amine on to high MW
olyaspartic aci e °C.
The polysuccinimide prepared in Preparation Example 2 is converted to
30 polyaspartic acid by the method of Example 1.
A sample of 1.13 g of polyaspartic acid in 6.21 ml of water is placed in a 50 ml
round-bottom flask. Next, 2.01 g of methoxy polyoxyalkylene amine (JEFFAMINE M-
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The procedures and reaction conditions of Example 2 are repeated except for use
of 4.18 g of methoxy polyoxyalkylene amine (JEFFAMINE M-2070). The reactant

15  molar ratio of aspartic acid residues to polyoxyalkylene amine is 5:1.

Again, an amber, homogeneous oil is produced and solubilized in NaOH at
room temperature to give an aqueous solution at pH 7.0 of 40% solids by weight.
Infrared analysis shows a mixed amide/imide polymer having derivatized side chains,
with an estimated graft density of underivatized:derivatized residues of 4:1.

20  Accordingly, the graft efficiency is high, as shown by gel permeation chromotography

profiles that reveal only residual amounts of unreacted polymeric monoamine.

w M hilj ition in di ami

25 A sample of 4.0 g of the polysuccinimide prepared in Preparation Example 1 is
dissolved in 20 g of dimethyl formamide (density at 20°C, 0.9487, Burdick and
Jackson). Next, an amount of 21.9 g of methoxy polyoxyalkylene amine (JEFFAMINE
M-2070) is added with magnetic stirring. The reaction is allowed to proceed for 23
hours at 80°C. The reactant molar ratio of succinimide residues to polyoxyalkylene

30 amineis 4:1.

The product is separated as a reddish oil in ethyl ether. The ether is decanted
and the oil dissolved in acetone, followed by further washing with ethyl ether. The
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ungrafted. The purified product is estimated to have a graft density with a residue ratio

of aspartate:grafted aspartate of 9:1. The infrared spectrum of the purified product

reveals a polymer having an amide structure with no measurable imide residues and a

prominent peak at 1104 cm™ associated with the derivatized side chains (see Figure 6).

xample 4. Utility of ic acid amine as a
dispersant in cement.
The performance of the grafted polyaspartic acids of the present invention as

additives to cement is assessed. The paste samples are mixed as described in the

15  Cement Dispersancy section above for 1 minute prior to testing, with the exception of
the sample treated with material of example 2, which is mixed for 10 minutes, then
tested. The products of examples 1, 2, and 3 are tested without purification, the product
of Comparative Example 1 is tested following purification and mild alkaline hydrolysis
to convert succinimide residues to the aspartate form. All cement paste mixtures are

20  tested at a water to cement ratio of 0.35 (w/w). Representative results of the effect on

the flow and spread of cement paste mixtures are shown in the following table.
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acid:

polyoxyalkylene

amine of Example 2
( graft of polyaspartic 0.1 % 46 10

acid:

polyoxyalkylene

amine of Example 3

graft of 0.1% 96 15

polysuccinimide:

polyoxyalkylene

amine of

Comparative

Example 1

control, no additive 0% 1 0

mparative Exa 2. Grafti W 0 lkylene amine on to
(
low MW polysuccinimide aci ilic addition in the vent.

5 The polyoxyalkylene amine is itself a colorless, low-viscosity liquid when
warmed. In this example, an attempt is made to derivatize polysuccinimide by
nucleophilic addition of a monoamino polyoxyalkylene by mixing of the reactants in
the absence of water or an organic solvent.

One gram of the polysuccinimide of the type prepared in Preparative Example 1
10 is combined in a glass test tube with 1.74 g of polyoxyalkylene monoamine
(JEFFAMINE M-1000, 0.98 meq NH,/g) to form a slurry with a reactant ratio of 6:1
succinimide residues:polymeric amine. The test tube is purged with dry N, and heated
for 24 hours at 80°C.
The product is next treated with 0.4 g of 50% NaOH plus 5 ml of water and
15  warmed at 40°C to convert the succinimide residues to the aspartate form. The
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that 4 m! of water is added to the mixture of polysuccinimide and polyoxyalkylene
amine. The mixture is warmed to 50°C and maintained at that temperature for 24 hours.
The product again is converted to the aspartate form by mild alkaline hydrolysis,

15 yielding a two-phase solution of approximately 40 % solids by weight.

Gel permeation chromotography of the final product shows poor grafiing of the
polymeric amine to the polyaspartate, with most of the polyoxyalkylene amine eluting
separately from the polyaspartate. The performance of the final product as an additive
to cement is poor.

20 iv ed ization o i and monoami
( X lene ermal tre °C.

A mixture of 10 g of aspartic acid (0.0751 mole) in 28 m! of water plus 26.6 g of
monoamino polyoxyalkylene (JEFFAMINE M-2070, 0.47 meq NH,/g, 0.0125 mole
NH,) is mixed with 4.7 g of 50% NaOH. The salt of sodium aspartate and

25  polyoxyalkylene amine is formed by lyophilization, and a sample of 0.05 g of 4-
methoxyphenol is added as an antioxidant. This mixture is heated in a flask in an oil
bath at 180°C for 20.5 hours. Subsamples are taken at 2, 4, 7, and 13.5 hours.

The samples are water-soluble, and are not further treated by mild alkaline
hydrolysis. Gel permeation of the products reveals little change in the elution profiles

30  versus time of reaction, suggesting poor chain lengthening (see Figure 8). The

performance of the final product as an additive to cement is poor.
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solution of 40% solids by weight. Gel permeation chromotography of the product

¢ 10 shows poor graft efficiency, with a dominant peak of unreacted polyoxyalkylene
amine. The performance of the final product as an additive to cement is poor.
Obviously, numerous modifications and variations of the present invention are
possible in light of the above teachings. It is therefore to be understood that, within the
scope of the appended claims, the invention may be practiced otherwise than as

15  specifically described herein.
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intimate mixture which is substantially free of water or organic solvent of: (a) a
polyamide which contains pendant carboxylic acid groups; and (b) a compound which

5  contains an amino group.

2. The method of Claim 1, wherein said polyamide which contains pendant
carboxylic acid groups is selected from the group consisting of polyaspartic acid,

polyglutamic acid, and copolymers of aspartic acid and glutamic acid.

3. The method of Claim 1, wherein said polyamide which contains pendant

carboxylic acid groups is polyaspartic acid.

4. The method of Claim 1, wherein said compound which contains an amino
15  group has the formula (IT):

H,N-CH(R?)-R*-0O-(R*0)-(R*O)r-R° )

wherein R? and R® are, each independently, H, phenyl, substituted phenyl, or C; to Cs4
20  linear or branched alkyl; R® is phenylene or C; to Cy linear or branched alkylene; R? is
( ) ethylene; R0 is present randomly or in block form; e is 1 to 300; R* is
\ propylene; R*O is present randomly or in block form; and f is 0 to 180; the compound
of formula IT having a molecular weight of from 600 to 25,000.

25 5. The method of Claim 1, wherein said compound which contains an amino
group has the formula (IIT):
H,N-CH(CH3;)-CH,-(OCH(R")CH)(R* (1)

30  inwhich each R’ independently of the other is H or methyl, R" is a residue derived from
a monohydric alcohol, and x has a value such that the molecular weight of said

compound of formula (III) is from 600 to 25,000.

AMENDED SHEET
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wherein:
( )10 the polymer has from 5 to 1000 monomer units;

each X independent of the other is hydrogen, an alkali metal ion, an alkaline
earth metal ion, ammonium ion, or substituted ammonium;
"each -NH-Z- is a monomer unit derived from a compound which contains (i) a
-NH; group and (ii) a -CO,H or a2 -SO3H group;
15 m, m', n,andn' are each independently 0 or an integer between 1 and 20,
preferably O to 2;

a, b, ¢, d each reflect the mole fraction of each unit wherein the sum ofa+b+c¢
+ d equals one, wherein a is a decimal value of 0 to 0.75; b is a decimal value of 0 to
0.75; ¢ is a decimal value of 0.25 to 1; and d is a decimal value of 0 to 0.5; and
20 Q is selected from moieties of the formulae (V):

-CH(RZ)-RS-O—(RBO)c-(R4O)fR6‘ )

wherein R* and R® are, each independently, H, phenyl, substituted phenyl, or C; to Cy
25  linear or branched alkyl; R’ is phenylene or C; to C4 linear or branched alkylene; R? is
ethylene; R?0 is present randomly or in block form; e is 1 to 300, preferably
" 11 t0 300; R* is propylene; RO is present randomly or in block form; and fis 0 to 180;

and (VI):
30

-CH(CH;)-CH-(OCH(R")CHz)xR" (VD

in which each R’ independently of the other is H or methyl, R“ is a residue derived from

AMENDED SHEET
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8. A composition, comprising:
(a) a cementitious binder; and

(b)  apolymer of formula (IVa):

10
)
0 GooX ¢—N—Q (IVa)
CH, ™ C  (GHom (CHr H
HN(CH TN~ (CH (CH)™ ﬁ){"(’NH—‘CH"‘(CHz);,T OF (=25 0" X
15 0 o)

wherein:
the polymer has from 5 to 1000 monomer units;
each X independent of the other is hydrogen, an alkali metal ion, an alkaline
20  earth metal ion, ammonium ion, or substituted ammonium;
) each -NH-Z- is a monomer unit derived from a compound which contains (i) a
-NH; group and (ii) a -CO,H or a -SOsH group;
m,m', n,andn' are each independently 0 or an integer between 1 and 20,
preferably O to 2;
25 a, b, ¢, d each reflect the mole fraction of each unit wherein the sum ofa+b+¢
+ d equals one, wherein a is a decimal value of 0 to 0.95; b is a decimal value of 0 to
0.95; ¢ is a decimal value of 0.05 to 1; and d is a decimal value of 0 to 0.5; and
Q is a moiety selected from the formulae (V):

30 -CHR?)-R*-0-R30)-R*0)¢-R° W)

wherein R? and R® are, each independently, H, phenyl, substituted phenyl, or C, to C4
linear or branched alkyl; R® is phenylene or C; to Cy linear or branched alkylene; R? is
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comprising adding an effective amount of a polymer of formula (IV):
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20  wherein:
) the polymer has from 5 to 1000 monomer units;
each X independent of the other is hydrogen, an alkali metal ion, an alkaline
earth metal ion, ammonium ion, or substituted ammonium;
each -NH-Z- is a monomer unit derived from a compound which contains (i) a -
25  NH; group and (ii) a -CO,H or a -SO3H group;
m,m', n,andn' are each independently 0 or an integer between 1 and 20,
preferably 0 to 2;
a, b, ¢, d each reflect the mole fraction of each unit wherein the sumofa+b+c¢c
+ d equals one, wherein a is a decimal value of 0 to 0.95; b is a decimal value of 0 to
30 0.95; cis adecimal value of 0.05 to 1; and d is a decimal value of 0 to0 0.5; and
Q is a moiety selected from the formulae (V):
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the polymer has from 5 to 1000 monomer units;
each X independent of the other is hydrogen, an alkali metal ion, an alkaline
earth metal ion, ammonium ion, or substituted ammonium;
30 each -NH-Z- is a monomer unit derived from a compound which contains (i) a -

NH group and (ii) a -CO,H or a -SO3H group;
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11. A graft polymer, produced by a process comprising heating an intimate
mixture of: (a) a polyamide which contains pendant carboxylic acid groups; and (b) a
25  compound which contains an amino group, to obtain said graft polymer,
wherein said compound which contains an amino group has a molecular weight of from
600-25,000 and corresponds to the formula (II):

H,N-CHR?)-R*-O-R°0)e-(R*0)rR® 1)
30
wherein R? and R® are, each independently, H, phenyl, substituted phenyl,or C; to C4
linear or branched alkyl; R® is phenylene or C; to C4 linear or branched alkylene; R is
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ethylene; R*O is present randomly or in block form; e is 1 to 300; R* is propylene; R*O
is present randomly or in block form; and fis 0 to 180; and

wherein said polyamide which contains pendant carboxylic acid groups and said
compound which contains an amino group are present in relative amounts such that said

5  grafi polymer has a graft density of at least 25%.

12. A graft polymer, produced by a process comprising heating an intimate
mixture of: (a) a polyamide which contains pendant carboxylic acid groups; and (b) a
compound which contains an amino group, to obtain said graft polymer,

10 wherein said compound which contains an amino group has the formula (III)
H,N-CH(CH;)-CH,-(OCH([R)CH) R (I1n)

in which each R’ independently of the other is H or methyl, R is a residue derived from
15  amonohydric alcohol, and x has a value such that the molecular weight of said
compound of formula (1) is from 600 to 25,000; and
wherein said polyamide which contains pendant carboxylic acid groups and said
compound which contains an amino group are present in relative amounts such that said

graft polymer has a graft density of at least 25%.
20
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