11 SEPT 2006 ATTORNEY CASE 1, 3759-02 BENEFI Cl ATED WATER REDUCI NG
COVWOST TTONS  Tnventors: Byong-wa Chun, Benita Dair, Charlotte B.
Porteneuve, Ara Avedis Jeknavorian, 5 Josephine H.:Cheung, and Law ence it
Roberts Field of the Invention The pr esent inventi'on relates to

conposi t BKGHERNBY CAGHAPIPPAY hydratable cenmentitious materials, and nore
particularly to conpositions containing an al dopentonic acid or salt

t hereof, and optionally conprising a |lignosul fonate, an 10 al dopexonic acid
or its salt, or mxtures thereof, and processes for making these

conposi tions. Bagkg ik YD GEdgNges have been known
to increase flowabrtT TEd T cenmentitious
conpositions, such as nortar and concrete, wthout 15 increasi ng t he water
content of the initial HypentarsrelyentnSinnBenitsRsir, addi tives, or "adni xtures”
as they are al so cal(fauioite Be Petterpuid, ed Anedis Jeknevoringducer s" or

"supebpl astici zers" sephing &l Chenng, hind Lpwrepos8. Réeetsof t he nost commonly
used of these vvater reducers are |ignin-sulfonate conmpounds, also called

"l ignosul fonates, obt ai ned 4 @ ;gli %ﬁ"ﬁul pi ng processes wherein
cellulose is extracted from called sulfite pul ping process
i nvol ves m Xi sul fur .di o ueol sol of base to
generate the ?/vpirfs(% mv 6 relé t%‘)%%ﬁnaﬂs Sf@?’ H‘r’iiéqgﬂ?f ur di oxi de
forms sulcéxﬁé;ﬁmu@qndseﬁﬁ@z atd Fﬁ@ecpmeuthﬂﬁ%) cftbedtiondegsmaiamgang eventual |y

sul fonates the lignin by replacing a hydroxyl group with a sulfonate group,
aI lowi ng aldepentoriie 281l oo 3l ﬂ@amén s@ﬁ&’Péﬂ!kﬁorﬂP%‘%ﬁa Religepilfnaiseat n non 25

B! A RHeloRIMcid F fsCo! by bbb e fseﬁﬁmiugség 6 b hesd 55-) 200

co al ns I'gnosu Fonat'e and sugars, prinari rmnosacc ari that need to
be renovedmpssitiest royed so as to permit the Iignosul fonate to be used
effectively as a water-reducing concrete additive. O herw se, high sugar

| evel s acconpanying the Ii %E&Séc ul fogg!lt‘ & gan Significantly retard the setting
of the concrete to the poi iaI delay of 30 initial set \
time outwel ghg, Lhe WAlSks hEULH R BNANGELE nolab il (ouEMDNE tmsy'92ar s are 1

"slump") in cementitious compositions, such as mortar and concrete, without
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15  increasing the water content of the initially formed composition. Such additives, or
“admixtures” as they are also called, are classified as “water reducers” or
"superplasticizers” when used for this purpose. Omne of the most commonly used of
these water reducers are lignin-sulfonate compounds, also called “lignosulfonates,”

obtained from sulfite pulping processes wherein cellulose is extracted from wood.

( 20 The so-called sulfite pulping process involves mixing sulfir dioxide (80,)
' with an aqueous solution of base to generate the raw liguor for cooking the wood. In
water, the sulfur dioxide forms sutfurous acid (SO; + H,O <---> H,80,) which

degrades and eventually sulfonates the lignin by replacing a hydroxyl group with a

sulfonate group, allowing it to be solubilized and separated from the cellulose in non-

25  precipitated form. The result is called “spent sulfite liguor” (SSL) and contains
lignosulfonate and sugars, primarily monosaccharides, that need o be removed or

destroyed so as to permit the lignosulfonate to be used effectively as a water-reducing

concrete additive. Otherwise, high sugar levels accompanying the lignosulfonate can
significantly retard the setting of the concrete to the point at which substantial delay of

30  initial set time outweighs the water reduction advantage. If not removed, sugars are



11 SEPT 2006 ATTORNEY CASE L3759-02 usual |y destroyed (e.g., throughsgpT 2006
degradati on, deconposition, etc.) and confer no appreciable benefit to the
operation of |ignosulfonate in concrete. One of themobj ectives of the
present invention i to row de conpositions containing a lignin and/or

| i gnosul f%%%”%ﬁ/ ' ng, into useful acid or salt form 5 the al dose

sugars that are present in agricultural residues (e.g., plant, tree, and

ot her cell ul,0s ont ai.ni ng, mat.eri al s).. resent inventors.believe that

al doni ¢ a‘&sf‘%lg’ ﬁ% Oyeé‘ cél’ﬁhrﬁflghcéiﬁ%‘“fa}‘a?’ %EDIQ Eﬁpﬂﬂm&%p%{f)ylai“ i 985 40d can

t her ef or eapp: "h:,eﬁafel&nafﬁz& Hehwetiftcdfi@Rosultbndté gnesukfeonat es, in particular, as
wat er reduci ng additives. Another objective of the present invention is to
avoi d, during ¢QCey et ofjbetivad of @NmBseat idveaias fooﬁlx%tv%ef&ﬂ{ﬂoﬁgéﬁscm tural
materials, the very step of renoving or destroying sugars an the attendant
expense. Retaag aéﬂg@r@d@r ézusseldorats byvaeavetieg.snto FHgl sudar saltafoemt ypi cal |y

o, Smal P SRR Pt R b AR BRI P W BlBher™® Porovi ng.

or dest r o)liiBsé-bentStiza hiucrROWE VR predeRinPERGE BElidvBVIRA LRILRIcRERPASR t O convert
15 them using enzymatic or microbiological nmeans that are environmentally

friendly exqellenseement dippersmg Sanalyfities apd cum thepaferg ebenegpiatel theofunction can be
al doses, ‘%& fonSid (gg qlar Q%%??edu@iﬂ@%ﬁ‘:ﬁ{we%nd no |l ess significant
t

objectlve 0 preéen invention is to-convert al dopentose sugars into
sitions t al nlc cjd r.their 20 salts), and,
particul ar, coﬂrlr%o%r]%clng%gkt aPr(ggefBgH% % { V@?\‘?cduggfgdr?c &erPfe?faexerrpl ary
OR) t | PESn fof AbsutloARE it a.gmaltd@hammmm &ea dersarswpt & feloving€ord. , gl uconic
aC| d/ gl uconate). The present inventors_sur prl singly discovered that xylonic
acid (or @qsﬁfo}q%&ﬁ‘fgmcﬂ“ﬁ)t © Hiknemt paynteReBewdiueet Aeouethaoriedunsen of xyl ose

sugar, preyd Iagwpmﬁﬁtmﬁ&%@rbg%éssms&@.ﬁl@a&' HEPRIE RGHHedhr glﬂconat es,

whi ch previously were known as wat er Teducers in the c¢oncre |ndustry,
at equal dbdagexidatet sio ﬁmﬁk orfeamie eglds quadsmtdl'mdmndt&hgen nugipddiefn conpri ses

a converted su ar al dopent nlc dohexoni c
aci d/ sal t "By ﬁ‘te%}mgfng% g%’ 110“%6 ?ﬁeﬁ% h?‘?%%PmBB?eZlBPi’Véﬂof t he
presepd | mw@nhs;@glenzgmta@a ROl R lakidal @£ Shd h@tmmmdnmuprﬁ@aﬁgy £ al donic

aci d- beneficiated Iignosul fonate- contalnlng conpositions can be used
for addi ngffisiggarise 15‘1‘3% i tthfetrudolipeadiopgegcan o55% s¥eh asprmissai  so t hat
hexose.

Another and no less significant objective of the present invention is to convert

aldopentose sugars into compositions that are rich in aldopentonic acids (or their

( 20 salts), and, in patticular, compositions that are nich in xylonic acid. Other exemplary
( compositions further comprise an aldchexonic acid or its salt {e.g, gluconic
acid/gluconate). The present inventors surprisingly discovered that xylonic acid (or its

salt form), which may be obtained throngh oxidation of xylose sugar, provides lower

set retardation than gluconic acid or gluconates, which previously were known as

25  water reducers in the concrete industry, at equal dosage levels. A preferred
composition of the invention comprises a converted sugar in a ratio (aldopentonic

acid/salt to aldohexonic acid/salt by weight) of 20:1 to 1:10.

A still further objective of the present invention is to provide a process that,

while producing aldonic acid-beneficiated lignosulfonate-contaiming compositions,

30  can be used for adding sugars from other sources (e.g.. com syrup, molasses), so that
these can be converted as well into useful byproducts for modifying one or more

properties of a hydratable cementitious matenal.



thgsé can be converted as well into useful byproducts for nodifying @RerPhoss
more properties of a hydratable cenentitious material. 2 ---- 11 SEPT 2006
ATTORNEY CASE L3759-02 Summary, of the Invention |n:isurnounting the

di sadvant ages of th rior art, the present invention provides conpositions
for modi f4 ééﬁiﬁﬁﬁﬂmproperties of hydratable cenentitious materials,
and di scl oses processes for nmaeking such conpositions. 5 An exenpl ary
conposition of the inventi o&_‘@_a ri : (vA .a lignosulfonic acid or salt

t hereof; an al dohexoni c aci O, 2 an hexuronic acid or salt
thereof; an hexaric acids,or,.salt thereof; or mxture thereof; and (B) at

| east one al abpeiEHt ga%FOdzgﬁv%gtest e'&gd?r?or,dﬁ%t BrPrESEBh PSPy conposi t i on
conpri sessrofdéd Haagekition GoaGhslifing bde S8t tmorbO pfdefies 8¢ Hyanesw fonate) ;
and at | east one aldopentonic acid (e.g., xylonic acid) or "salt thereof,
and opt i otealehijticns ragtefelie Ristditclaes progessey for phliemnick cempations. sal t t her eof .
Exenpl ary processes of the invention for maki ng such a conposition involve
subj ect i ng agraim wikemoplaty eeagicsfties of tsuaivertsncampriehdAd a Bgmhulfmicobs,

stal ks, and/ or sks)., bagasse,. straw, 00, ri.,ce hulls, wheat chaff,

har d mood“%%?bgépﬁﬁ?ﬁ&mﬂbﬁgﬂ XiG aed; o Bag%F?%fmJFXW85V6¥@h°b§ﬁ%r, or a
mxture t{ere0fm hdxalt GEi@PRAY tiRFeofEHZ WiBLieCREAYS QX GB) iV el g&ESSEs. The
products of oxidation provide water-reducing conpositions for use in
cement i t i ddepenigniardcll @ salkiigisoas concrete, while avoiding excessive

retefdation. This is because the preferred process for obtaining such
byproduct s doesnethtr templany cahpisiwnstagaprisesora hgmewénihemdforom sgri cul t ur al

resi-dues, , 20 but instead all t he 0 he .praocessed . n sityu with lignin

an oﬁ?otﬁﬁ5’%F%ﬁﬁ@@nmggd?gggﬂ%ﬁC?Fg%%@agﬂﬂgﬁ?ézaﬁr5WPB§dwFﬁ°ﬁ§%§celIulose
hydr ol ysaii@rebf, @u@bstonaifgiraildohbi @nosid feqnaleoh@acily dalaBkrédT spent sulfite
liquor). In further exenplary enbodiments, higher yields of desired al donic
and bypr oduct Bxdi@ary @rdcBEELHIRE ifPunaR! fop Rakiny shdM 4 &aMsdshbnageiiid onal al dose
sugars (e.g., 25 corn sy&gf, nmol asses from external sources) into the

oxi dat | vesyppiestag sengiligral fepedugg rised supHp fhess Guds as Aeksorstilisglagd/onan exenpl ary

brocess o, ey LONENLEAN nABR, kEefund WEAMEE e PwBbELRRE 43 SOLT enzy e
Ive d gars

whi ch is oper to convert 'al'dose’su
15  sawdust, newsprint or recycled paper, or a mixture thereof- to microbially or

enzymatically oxidative processes. The products of oxidation provide water-reducing
compositions for use i cementitious materials, such as concrete, while avoiding
excessive retardation. This is because the preferred process for obtaining such
byproducts does not desiroy aldose sugars or remove them from agricultural residues,
( 20  but instead allows them to be processed in situ with lignin and/or other biomass
(_ sources of aldose sugar(as provided in hemicellulose hydrolysate liguors) and/or

lignosulfonate (as provided in spent sulfite liquor).

In further exemplary embodimenis, higher yields of desired aldonic acid

byproducts may be increased by optionally introducing additional aldose sugars (e.g.,

25 com syrup, molasses from external sources) into the oxidative processing of the
agricultural residues. Accordingly, an exemplary process of the invention comprises
introducing 2 microorganism or enzyme which is operative to convert aldose sugars

into ajdonic acids or salts, into (A) a hemicellulose hydrolysate (HH) liguor
comprising primarily at least one aldose or aldourose, preferably including at least one

30  aldopentose sugar; (B) a spent sulfite liquor (SSI.) comprising a lignosulfonate and at

least one aldose sugar (e.g., preferably an aldopentose sugar); or (C) a Liquor mixture




into aldonic acids or salts, into (A a hemcellul ose hydrol ysate (HHEPT 2006
| i quor conprising prlnarlly at | east one al dose or al dourose, preferably
including at | east one 3 al dopentose sugar; (B) a: spent sulfite Iiquor
(SSL) conpsTRIRNEYCASEIPESHIf onat e and at | east oné al dose sugar (e.g
preferably an al dopentose sugar); or (C a liquor mxture 3 I | SEPT 2006
ATTORNEY CASE L37S9-02 of (A) and (B); and obtaining at |east one al donic
acid or salft(A) et éBF 3H¢Wéfap’¥i@$éinfﬁds’f iohw eldeiio acid o tshly sherentt Hie rdésceict ed t o
corrp05|t|on i [ I 0 nat i Qn. W|th

al doni ¢ ac’|n nﬁigﬁ% t’ﬁm ;iglg%?eg tgc?@bgﬁmﬁl esg 5%“ :ﬁlﬂf I]Eeigctr?é scglsf'i %o

m xt ures tdwﬂmh)m ISW’}ﬂﬂ&Id@dﬁ ttidQugth sajgihsqmmmmm&aﬁdrﬂhb;ersm@(,e@ypl ar y
processes further copprise introducing said sulfite process |iquor, after
conver si ongfurs hereet) srgared ¢ B‘r?f‘%h HABM°ES&ci ds, into a hydratable
cementitious conposition. The present inventors surprisingly discovered that
xyl oni & aci d priowheresxerpiary procegatseirtha gampries ‘abpducing said awife aresbise
cenmentiti % t he
di sadvantoilfl 8525@& 9{1“%?@ %gtdm% tg?%/a?s ?195?%§%1ﬁ%%8g§ il on| 87511?%8% Cand its
derivati ve&n’fmﬁt@oracﬁmphdimn. advantage in that t hey do not give rise to air
entrai nnment problens. No w despread or econom cal |y advant ageous process is

comer ci al i zed Bie pREseoERtent@s sprashISy Migoovie® HaEx AGhiE acitiQYEN®E nsdrfle pr esent
inventors realize that certain agricultural residues, such as corn stover,

can _provi dwatsr refugiee Bhility [ib Judphiccenephudg maERaR beb iy degriBnddstgeo xyl oni ¢
aCI en?@d Tﬁb&? q?{lﬁ’é){l{ ih%%i@aﬁv bfsUWet féfa?t!hné gﬁ {i‘)“Sﬁ%lU@eﬁ%tek LB Qhigno lignin

T resent |n ention a ositions conprising
xyloni ¢ aciud ztatﬂénvdmcd’lhmm & dalbdr yade@midgai in t:hatethey hierncﬁogwem:tse am alr
adm xtures, such as %wat er.. reducer éiféﬁg? nosulfonate

super pl ast frifagegt EEoblems. ) Jfq, #age5BLced yv%jtvéli‘m%f@“? é’ﬁ‘é’le?‘seﬁt agent s,
corrosion ihhhbkting a@ﬁﬁ@érﬁ? for%ﬂfduﬂﬂﬁ%g?lnﬁzﬁ %&Kl Pﬁw@@&nﬂhé pre@éfl ihigks. N

further exenplary conpositions of e invention, the péentose sugar
conponent s mé@bWM@WWbWS@ua%lsédblﬁs icpre soNer, cagnprovidast Wxeseeds in

oronm! 435" SRRAO et oRliatle® cORlehich! IniWMlonicTAY, ahfl AN pddlbdiller .

exenpl éry ¢H rrp03| fons anmount Cc acl
aci d/salt agchnﬁrﬁabamheyhavaﬁtﬁeormih@auoéontenﬂ to 25 1: 1. Furt her advant ages
and features of the invention are described hereinafter,

Thus, the present invention also claimms compositions comprising xylonic acid

and which optionally contain one other conventional admixtures, such as a water
reducer (e.g., Lgnosulfonate), superplasticizers (e.g., polycarboxylate-type), water
20  repellent agents, corrosion inhibiting agents, shrinkage cracking agents, and others.

In further exemplary compositions of the invemtion, the pentose sugar
component is predominantly xylonic acid or its salf, and thus exceeds in amount
arabinonic acid or its salt (if any). Thus, in such {urther exemplary compositions the
amount of xylonic acid/salt to arabinonic acid/salt is preferably in the ratio of 1:0 to

25  1:1. Further advantages and features of the invention are described hereinafter.



4 1 | SEPT 2006 ATTORNEY CASE L3759-02 Brief Description of Draw ngsskEpf2006
1(a) is a flowchart illustrating a PRIOR ART process for naking

| i gnosul fonates fromcel Lyt osic materials; Fig. 1(b).is a flow chart

illust ratiﬁg‘g a PRI OR ART Br ocess for nmaking 5 hemicéllul ose hydrol ysate
product s RRNEY EPREAEI®0%i g. 2(a) is a flow chart illustrating an

exenpl ary process of the present invention for making sugar acid products

useful for nodifying hydratahl cenentitjious materials; Fig. 2(b) is a flow
chart illustrating anot her %@%—%@%@w the present 10 invention
for maki ng sug i.d products useful for fying hydratable cenentitious
materials; Fi g%1g3%$ rfg’b‘h E’“T R Erfti%t?dﬂg vl BERSesoithi REHIHNSs of

l'i gnosul f ¢ Sggmyytgsr}rmpgemmsﬁqﬁgterﬁ ar components; Fig. 4(a) is a graphic
illustration of rmrtar vvorkabl lity characterl stics of four 15 sanples of

| i gnosul fonate Sisth ; ohlg 1!11%& m‘%lo§ I"RJ@'i{aQEhC Jc%éésl“ rE] u%Of set tine:

for four di ffer i gnos onat e sitirons 1n cerren m xt ure;
Figs. 5 armdmﬁ:emﬂesegtydmﬂﬂsmelpdemaﬂna@a&amﬂ, set tine for vari ous dosages of
sodi um gl uconate and xylonic acid in different cenentitious m xes; 20 Fig.

7 is a graphi crig |2t kad ilow cHarisiupiatihg randibiplentoromdisebf ROpeiRD addi ti ves
at various dosages Fig. 8 is a graphic illustration of set tinme for various

dosages ofin¥FAHY édf‘j‘élflﬁg St 444y g¥odueisg usgfuf sfop gpdifing Midradis ati on of
al kal i ne bl QBrefliEi Ng the microbial 25 bioconversion of non-desugared
SSL;~Fig %8&?%@ g?xatgﬂjfﬂc illustration of the xylose to xylonic acid

co p(efgnsing 0 b PSR £ Torbf WGt A kR IncP LAGHINF HRIER i Hslpougar ed SSL

mvention for making sugar acid products useful for modifying hydratable

cementitious materials;

Fig. 3 is a graphic illustration of various combinations of lignosulfonates with

or without sugar components;

Fig. 4(a) 1s a graphic illustration of mortar workability charactenistics of four

15  samples of lignosulfonate compositions;

Fig. 4(b) is a graphic illustration of set time for four different lignosulfonate

compositions in a cementitious mixture;

Figs. 5 and 6 are graphic itlustrations of set time for various dosages of sodium

f/’-\“

gluconate and xylonic acid in different cementitious mixes;
20 Fig. 7 s a graphic illustration of slamp for different water reducing additives
at various dosages;
Fig, 8 is a graphic illustration of set time for various dosages of water reducing
addifives;
Fig. 9 is a graphic illustration of alkaline consumption during the microbial

25  bhioconversion of non-desugared SSL;

Fig 10 is a graphic illustration of the xylose to xylonic acid comversion
progress during the microbial bioconversion of non-desugared SSL determined by

HPLC,




11 SEPT 2006 ATTORNEY CASE L3759-02 Fig. 1l is a graphic illustrafl] 8fig¥00s
nortar testing workability results of the bioconverted SSL; Fig. 12 is a

graphic illustration of nortar testing set time results of the bioconverted
SSL; 5 Fig. i phig illustration of cement-paste test flowabilit

’ hrThRN Y Gadl BRLG _ ! past ¢ ( y
results o?athe I%lloconverted SSL; Fig- 14 is a .graphic illustration of

cenent paste test calorinetric setting tine results of the bioconverted
SSL; and Figs. gl 11Sisaa Y-8RRI iBudtdalibts bI aok@n c@fingS @bridabit®, RefaVHOf0f an
exenplary 10 conposition of the invention conprising xylonic acid and

tri et hanolaronesrted®$LFi gs. 16 is a graphic illustration of set time behavior
of an exenplary conposition of the invention conprising xylonic acid and

di et hanobsopr ofagol 2ans regrapis Gh@trktionSEPTMREO GestiAT FORNEY 1GASE ¢4f3Th69- 02

Det ai | ed scripti of Exenpl ary Enbodinents A first exenplary conposition
of the in ﬁPPB%“@ ises a lignosul fonate and at |east one al dopentonic
acid or salt, and aptionally at Leasg one al dohexgnic acid or _salt, which
conposi%tion i s M&eRuls & BAPHOERFTALAR 4 CHYHY REsihiet Lttty csglisohlierial, 5
The initigl partinangft this detailed description section focuses on

| i gni n-base processés, whereby a |ignosul fonate appears in the resultant
conposi tion. Ligni{yyj el St L.ndi ] -pet ween t he
cell walls of ggglﬂﬁ%?ﬁ%'nﬁ%g&%%@%%%fgucﬁﬁégﬁg?%ggﬂgﬁ@a%k%ﬁﬁggﬁgﬁd provi des
an appr opriegilie o therticcogvepied 8SLfad present purposes. However, in |atter
portions of this detailed description section, the present 10 inventors
fogus on pr ocessgs Whey abyraphibStiankiial by sutiemcabeapontadnim eaanligal t s
(without lignin or |ignosulfonate) can be produced using processes of the

i n{ent 1bn, compegition efithe drvealics CTBHERE BYaa aeld aadiireihpayamvg: Hdni xt ures for use

in nodifying cenents and concretes. ) )
Figs. 16 is a graphic illustration of set time behavior of an exemplary

composition of the invention comprising xylonic acid and diethanolisopropanolamine.



A li‘gnocel lul osic biomass is subjected to acid hydrolysis in a di gestsaprTzo06
render 15 a nonsol uble portion, such as cellulose, which can be separated
for meking paper productis such as papper, and a soluble portion which is

t he hydrol ysate _ contains |ignin and hem cel | ul ose.
Hem cel | uI’&QWt@?ﬁém%{}%grs and sugar polyners, e.g., nonosaccharides,
ol igosaccharides, and polysaccharides. In lignosulfonate production, the

process is simlar exlgqg)ltledt]ljl Ly B ijXr tF%]E_jao%i}ﬁ ged at a high 20
tenperature with su 1T nat ed (thereby

producing |igno fona ?'g and t OI)? el |.ul oses. osed .to
nonosacchar i deg“ EE S’éemq fm%ﬂémf(' b ﬁ{ylﬁveélt ?%%05’} B Soa‘rah%}otg g‘?‘@&ee@ges for
conver ti ngy idagnaeediddpenshic ac:ﬂ&i gili, ahs of or@lly awmdonegﬁmxo@m@dvmst es, waste
paper) into useful products. gure illustrates the prior art acid

sul fite puhlpi W@Cbr‘?@é’@%mfhﬁdlsﬁfu Lﬁféﬂ‘l‘f{lé}nﬁ 3 hysptatle é%m@t@?ubﬂaéﬁmhrt process

npl oyi.ng Iute y I p i e sugar
bypr odact sﬂ'ﬁr Em? ﬂls ﬁét?‘hsgng#ﬁé&feg% eéHafri 14%J\é"f)gatraat ed and
processed ;}r{ﬁﬁeﬁhe§V\ﬁEérelf}e£ hgidadﬂﬁm‘a& dphexrs krunﬁnemrtammmpdasnrtmnsn@m ®#n). In the

process of Figure wood and ot her nocel lulosi¢c materials are
processed he chprgfit Pglﬁéﬁmdﬂ%'foné‘gﬁ?%lq’?g’ve&&“ge %fi?:ll vilisee! cpfulopisaBieiitie materi al

of such a é%PaerPé‘e@ CAmal % GRLidkl Q81 ol Suddtfl pB® e PRYed and used

for maki ng paper an er products; Whl| he sol portion contains
sul fonat edhukpoges. nHQWc\g!n.as ddttfeonatla)s ofghd dmﬂ@‘s@@@'mapn dagion, 7the ptcs&EPT 2006

AT ORNEY CASE L3759-02 | n exenpl ar Qcess of t r.esent ention,
:egvelro BV SOt 8B HRCHCY. Whef%i)é’ ﬁ@“ﬁv%‘ﬁ? (?Elcgjpg?t%’(gs%c ‘FSvoi d
Ving Qqiyigestk@ BOligodasnasy el e ﬁ@a&@u Reidg nfbcesRE bTME iWedliod, €si dues by
aIIOW| ng theminstead to be processed in situ wth the Ilgnosulfonate to

convert t tradalsadde gnakarystamdeipmasd adies Fabadraliorssi g e gomodifiseds, 5 by
t hensel ves ormj_sgngg igation with Iignosul fonate, are found by the present
e

. enle
i nventors t0 provi wat er reducing abilities when incorporated into

hydrat abl e cernelifndceiulssicanpesiit subjrstedAs améhydrmmdmattbgfster Ed gndet( b)

illTustrates prior, art roc sSses er ei oceII terials
(cel | ulbsé? ng@ﬁ}“&q P‘fﬂ’ f‘%c?:lﬁﬁq?fg’r?’ tﬁ/}g |Sﬁlgﬁé gg’i%) PARAr ol ysi s

into heni %&k&ﬁ%ﬁ@g%@aﬁtﬁe& WM p6IBE it ﬁugaanﬁmwde tifoy diatdr ol ysate

contains lignin and hemicellulose. Hemicellulose contains sugars and sugar polymers,
¢.g., monosaccharides, oligosaccharides, and polysaccharides. In lignosulfonate
production, the process is similar except that the hydrolysate is cocked at a high
20  temperature with sulfite such that the lignin is sulfonated (thereby producing

( lignosulfonate) and the hemicelluloses are decomposed to monosaccharides.
( Figs. 1{a) and 1{b) illustrate prior art processes for converting lignocelulosic
materials {e.g., wood, grass, crop wastes, waste paper) mto useful products. Figure
1¢a) illustrates the prior art acid sulfite pulping process, and figure 1(b} illustrates a
25  prior art process employing dilute acid hydrolysis. In both processes, typically the
sugar byproducts are fermented into cthanol by yeast, or they are separated and

processed into sweetener products (for human or animal consumption).

In the process of Figure 1(a), wood and other lignocellulosic materials are
processed in a digester that contains acid sulfite. The insoluble material of such a
30 process contains cellulosic fibers that are removed and used for making paper and
paper products; while the soluble portion contains sulfonated lignin (lignosulfonate)

and monosaccharides.



is usually fernmented to provide ethanol. Hem cellul ose, a pol ysaccharSeg® 2046s
t he non- cellul osic conmponent of plant fibers. One type of hemcellulose is
xylan, which is a polyner of predom nantly D-xylose and a small amount of
ot her sugar ds. Dilute acid hydrol ysis of the Ii gnocel | ul osi ¢
material s %ﬁ@&ﬁf%ﬁ?&% nmoval 15 of the insoluble cellulose and Iignin

| eaves -t he sol ubl e hem cel |l ul ose hydrol ysate, which contains predom nantly
nononers (and i r |1 as sone
vari ous aromat 3% géﬁ&g% ?Swgft%é%%'e%ﬁw%?%n O%Qgﬁ’ ﬁﬁ at&? ﬁ[rr\gcel | ul ose

hydr ol ysat®aj, sefigvamend ;&dposascb agideastinglor mmgbgsmosecsugh’s ablﬁm@&dna;nol (See
Fig. 1(b), bottom. 20 In present invention, an exenplary nethod of
which is isgrigeiural egidpes Iﬂ/@ﬂﬁwz’(gbsheﬂ% H‘étefﬁr & BRDTPIRISHL B sitprpode to enpl oy

the hem cq Oén]‘%ﬂ %‘ﬁa@g«g&&{v\éﬁ%eealdoﬁ§ RECH I?lnlux a%@?. nTﬁJH&]ﬁ%%QM@{:E%ﬁQg' osperm
speci es an W00 as a precursor I 0-convertl 0Se ’sugar

cont ents i riiyo tledndelneT cacn ctsn(bénatimlneaiiﬂl ézgmssl)fqnaesmmcifalddyby ahelqpssaitoni ¢ aci ds
or salts, which prowd red u0| pqi ities when used, in &ghdratable
cement it i OREHRE P Eﬂo% & U328 86‘ r‘%ﬁ Hies, Rheppheogporalg Bempiarpler ocess of

the present.iANealsicBRp&HigHsi ses introducing a mcroorgani smor enzyne,
which is operative to convert al dopentose sugars into aldonic acids or

salts, into (A)A?a thentioned Iah@@seplﬁydlﬂﬁl Vibustreted |p@]!90ral‘tmm¢96®sng’haem gnin and
at | east oy 1gﬁpento eéla &aﬁuloé mégep% e)su f(l:otng ‘J&)dqg %Ful rrprl SI ng a 30

i g osul f o one sugar m xt ure

Of (A) 1@Ndy; dﬂ“(ﬁj/sm alwhmmfsélm{memmrysawﬁmh c&htdiﬁpa{gtameucsmﬁsm a@bt ai ning at
t one aI donic and or salt thereof. 8 | SEPT 2006 ATTORNEY CASE
%29 02 |ﬁ%v%rfewnﬁsttwwvwceé@%.H%ﬁﬂ”ﬂ%?, % polyspechanids, & B pett ose sugars

that can b [ufcRRNRh Bk 'aﬁ%aﬂ HRRETORN e BRIl Bytard YA 2<Y! 0N C

acid, the hem cel |l ulose ysate |iquor andi or spe te i quor nust
be deri vedpélyoen dagredaubinityalD-syloss iandi e "smailtagroual of vthert s‘igameankil @gazal dopent ose

content or theil. precursors % ferr resi dues” useful in
processes 879y ?Pé‘“%r aé;édéwfd“lee tﬁ%ﬁ @ﬂ‘é %’?‘Q&P%E %é“bsgg?”@?i ¥0°%fant and
tree g4 er hahs Baduily RERIMS! Sid lighel wdtrd%gthe \8bii:Bie WemitdiM k@ thiy@Bdiys&@rn mlling
waste (such as corn stal ks, corn husks, corn cobs, corn steep

which contains predonmnantly monomers (and oligomers) of the D-xylose and other

sugars (as well as some various aromatic compounds from the lignin), Typically, the

hemicellulose hydrolysate is fermented, using yeast or microbes, to obtain ethanol

(See Fig. 1(b), bottom).

20 In the present invention, an exemplary method of which is illustrated in Fig.

2{b), the present inventors propose to employ the hemicellutose hydrolysate,

especially when extracted from angiosperm species and hardwoods, as a precursor for

bio-converting aldose sugar content into aldonic acids {or their salts), especially
aldopentonic acids or salts, which provide reducing capabilities when used in
25  hydratable cementitious materials such as concrete and mortar.

An exemplary process of the present invention comprises introducing a
microorganism or enzyme, which is operative to convert aldopentose sugars into
aldonic acids or salts, into (A) a hemicellulose hydrotysate liquor comprising a lignin
and at least one aldopentose sugar, (B) a spent sulfite liquor comprising a

30 lignosulfonate and at least one aldopentose sugar; (C) or a liquor mixture of {A) and
(B}, and, after conversion of aldopentose sugar(s), obtaining at least one aldonic acid

or zalt thereof.



| i quor); bagasse (sugar cane or grape residues); rice hulls; wheat 1thEelf2006
(debris separated fromthe seed); grasses (e.g., alfalfa, esparto grass,
napi er grass, etc.); cefigal 6 10 straws; sorghum ::hardwood (e.g., birch,
mapl e, eucg{ypiwsy calE %o anboo; recycled C newsprint or other brown
papers having at least a | to 100 % hardwood content by weight. O her
exenpl ary agricultural residues useful in the present invention should be
preferably choggmrasch obhat a seHdsdsimh itiah hsyridhi ih bl®@p&ios8Qupdrg fHah e be

| i gnosul fonate is present 15 in the byproduct_ after acid hydrolysis. For
exanpl e, conrergdoVEp AfdPHETEIEd posBE Hck s plogicdwsishihe hewcsligare (xyl ose)

but has litti J god t ) agr i ral residue
i s sugar cl%igf ys\%;ﬁ gﬁu‘%’fs%g%{}i %\%@dg{i%teh%g; P‘?L{S‘f pée%fi{%%gﬁofngn%‘%%w&}r ose sugars
in such agfhiaud trisa@tiale ést thve hightaéiopaltssecameber teirpesctsdrs. i cr obi ol ogi cal |y
or enzymatically to qrgani¢c acids, sugar, alcohols, or solvents (e.g., 20
ethanoly. Al do |f§feé¥?ﬂd§g"éﬁ“§m§ﬁfﬁﬁdu%§ci . gluf Br BFRLSISy Géﬁ?edﬁrte?%hnﬁffm%“dose.s. In
the C 111 ehgltie indtRNRELORIA ol R 8 Hp AR, dRSEfd Riggh oxi dative
met abol i sm nayxﬁe achieved using mcroorganis such as uconobacter,
Pseudononalmitaivth: Acetmliag taste (fuoh aexamplatks, cbhrebskgrdrotdberenhaewp been
remarked in the literafure: Acetobacter. sp. (.Bernhauer, K nd Ri edl - Tunova,
E. (1950), ligopk Hagesss (sigsg cgag or p%?‘*’ezée-s%%?’ %Eepé‘?’ Vgt (%&e@d?‘ﬁ‘ US Pat ent
5, 620, 877 Qf . ERHGRR) theAEBOoRAREN BNalui, Yians cfaB0haded PadsespmneRat ent
4317488 of %astassiadis%EQBCIJ§$%idiun1s%%ﬂ(ﬁgted§?ngﬁs Pa?2n535,620,877 of
Farfone)0 Esttaavspberehun: birdeewh (e shirckariaplepucalyplap.cetc 5 bamdaes reowdidt ake, J.
1973), N ppaon. .30 ' i.shi e 12 ' 006
ATfoRNeY RSP abORS PRH Rathl R Hlp Alger B, 10 100 Raranbod BBt Y T 5
(1965), ppwe#hR-470, Uchida. et al., N ppon Nogei Kagaku Kaishi 49 (1975),
pp. 257-262). Fusarium |l fni (Hayasi dg et aﬁll Bi ochem Z. 298 (1938), pp.
169-178); M crgtsE Expnndyy 2peitirg] regifuegusetulg thepresgptgpventiga shouslpe 1970), pp.
357- 363) . af bk i YRR ABUGREE T no Thnin 0Bl Ab&ERANAE & prl¥hdat i on of
D xyl ose aﬁﬁgk%%ﬁgggllulose Fwdroﬂyggtes ﬁm uégnggacter fogans,"

Techni ¢al Rethe bymhd@anfiprecid hydrolysis. For example, comn stover is believed to be rich

in aldopentonic sugar (xylose} but has little or no lignin content. Another preferred

agricultural residue is sugar cane, which is believed to have lLittle or no lignin.
Aldose sugars in such agricultural residue materials can be converted
microbiologically or enzymatically to orgamc acids, sugar alcohols, or solvents {e.g,,
20 ethanol). Aldonic acids are sugar acids formed by oxidation of aldoses. In the
(‘ literature, production of aldonic acids from aldoses through oxidative metabolism,
may be achieved using microorganisms such as Gluconobacter, Pseudomonas, and

Acerobacier, for example. These and others have been remarked in the literature:

Acetobacter sp. (Bernhauer, K. and Riedl-Tumova, E. (1950}, Biochem. Z.
25 321, pp. 26-30).

Aspergillis (noted in US Patent 5,620,877 of Farone).
Aurecbasidivum pullulans (noted in German Patent 4317488 of Anastassiadis).
Clostridium sp. (noted in US Patent 5,620,877 of Farone).

Enterobacter cloacea (Ishizaki, H., Thara, T., and Yoshitake, J. 1973}, Nippon
30  Nogei Kagaku Kaishi 47, pp. 755-761.



of Finland, Publications 70 (Espoo, Novenber 1990), pp. 17-20). 11 SEPT 2006
Lactobacillis (noted in US Patent 5,620,877 of Farone). C M crococcus sp.

(Ohsugi et al., "Oxidatiye Dissimlation by Mcrocgecus sp. 10 O D-xylose
into D-xyl g Ael @ sgRegi | | i um corvl ophilum (I keda et al., N ppon Nogei
Kagaku Kai sﬁliréR (1963), pp. 514-517); Pichia quercuum (Suzuki et al.,

Appl. Mcrobiol, 25 (1973), pp. 850-852); Propioni bacteria (noted in US
Patent 5, 620, 87%9””5? @mm elﬁl Bsée@dgmpmms@m@lw)cwnﬁd £, @J;ma G E N

J. Bacteriol. 586; See al so Yokosawa et al Ni ppon
Nogei Kagakleﬁrmn&f&e(E%ﬂyKaﬁﬁb 4941%75423@)237 -¥gdudononas fragl (J Buchert
et al., "Production of Xylonic Acid by Psuedononas Fragi," Biotechnol ogy

Letters Vol . 8Fuddoiung I(nlqudppﬁt 841BBdign).. Z. PBS (1938 appubd-ufsns

Ki I t Act d 19 20 1862 Sasaki
a0 et QN épahgff%%%ﬁ%w 9%@@7@? B tdonas mbi s
(noted in US Patent 5,620,877 of Farone): s. faoregaing, list is not
intendedl to be ERRUEIFE Oxptous EYBE oo E%ff"b%l ! ‘%F‘B’FO fBrivtpse Bk di gestion

of al doses Q}Hﬁ gﬁggi@m f Pul I ul ari
a pul I ul ansHeﬂlgé Hgﬁger naﬁ?@%ﬁ%ggri%gﬁdgﬁgg%oo I"doni c§:gici|i%%?r om al doses
t hr ough en»yFmtand, Pudnatems i7o (Esprey Nowcmbdri89@dpmd7420). al dose oxi dase enzynes,
such as, for exanple glucose oxidase (EC 1.1.1.118; EC 1.1.1.119; EC
1 1 1. 47; EC 1. laBoBgeilBCrbtefi9OUS PatenB0620,87799 Firdhe). xy| ose oxi dase (EC
1. 175 EC 1.1.1.179; EC 1.1.3.5); or aldose oxidase (EC1.1.1.121). 10
11 @EPT 2006  AHFERBMERYuCASEOLRIE] ot-A2 “Coidpoel DisgndatmeduMidotoctmdipf yi ng one
re properties of hydratable cenentitious conpositions thus conprise at
ee@? dAe fébﬁﬂﬁ%%‘ﬁf@é&"&‘“d’iﬂ%élt derived from an al dopentose (e.g.,
xyl ose, arabinose) and, optionally, an al dohexose (e. gl ucose,
gal act ose, mann8eeyil E%é"’ﬁil@fhéwﬁeé‘eéﬁ R pRnthHAPRD Al gagaéml Kaighi| ¥hic acid. 5
The oxi datl Szgﬁ ?Ftﬁ ?c-gonpl i shed by conbi ni ng one of the aforenmenti oned
m cr oor ganl sns d e into an agueous suspension, optionally but

preferably Pichia quercuum (Suzuki et al., Appl. Microbiol. 25 (1973), pp. 850-852);
Prapioni bacteria (noted in US Patent 5,620,877 of Farone),
15 Pseudomonas sp. (Lockwood et al,, G. E. N. J. Bacteriol. 52 (1946), pp. 581-

586; See also Yokosawa et al., Nippon Nogei Kagaku Kaishi 26 {1952}, pp. 415-420);

Pseudomonas fragi (J. Buchert et al., “Production of Xylonic Acid by
Psuedomonas Fragi,” Biotechnology I etters, Vol. 8, No. 8 (1986), pp. 541-546.).

Pullularia pullulans {(Kiessling et al., Acta Chem. Scand. 16 {(1962), pp. 1858-
20 1862); Sasaki et al., J. Ferment. Technol. 48 (1970), pp. 368-373).

Zymomonas mobilis (noted in US Patent 5,620,877 of Farone);

This foregoing list is not intended to be exhaustive. Preferred microorganisms for
oxidative digestion of aldoses inciede Gluconobacter oxydans, Pseudomonas fragi,

and Pullulana pullulans.

25 Alternatively, production of aldonic acids from aldoses through enzymatic
conversion may be achieved using aldecse oxidase enzymes, such as, for example
glucose oxidase (EC 1.1.1.118; EC 1.1.1.119; .EC 1.1.1.47; EC 1.1.3.4; EC 1.199.16;
EC 1.1.99.17); xylose oxidase (EC 1.1.1.175; EC 1.1.1.179; EC 1.1.3.5); or aldose
oxidase (EC 1.1.1.121}.

10



suppl enment ed by nol asses, corn syrup, or glucose, to provide fuel flOSErhe00s
.oxidative netabolismas may be required by the m croorgani sm and/or by
conbi ning the al dose ang.one or nore oxidase enzypes into an aqueous
suspenS|onATﬁm@QEﬁcggggﬁgﬂﬁescrlptlon of methods f6r converting glucose into
gluconic acid via enzyne may be found in US Patent 5,897,995 of Vroenen et
al.; while nethods of glucose conversion via m crobial activity may be
found in Ger mrCRap@itionNausedE ford 3bdd88y ohe Anasbassiopetiss of ngliratab®l | of which
are incorporated herein by reference. Methods, of xyl ose conversion through

m crobi al EEERUIPYS SHEIPAYU I BUSEPIEEE & dst are f@"ﬂ%’ﬁ‘?‘%‘e‘i‘q’%?b@@ daytrdol ysat es
may be fo i 0 se and

Hem cel | uluig‘gﬂe1 gllrdg gégteegsgbf iC%’}il'sucono g@%nﬂ%%ﬁg% Iaol%};?%’éafé g(?’Resear ch
Centre of ﬁuasdse.nghlaem;bl mezatoscjnsTHaOpr(aEsp&baLdap&nﬁemﬂmndfﬂa@Qﬁ)xylmrs acid.

i ncorporated herein b referenc Pr fera the migrobja oxldatlon i's
acconpli shedf BE5eHPR o%‘ﬂc]i’%ﬁo?ﬂn gbri:é’m ?%“?of‘mf h‘gt] %’

descri bed ARONRANAs dnd uidmet gﬂ@%@%ﬁﬁ&uk 'sﬂéﬁ)@ﬁﬁ&h%h@@a‘-ﬂyb@ﬁ xef@a§§par at ed
fromcel |l ul ose as a result of the sulfite pul processin

agri cul t ur sippleeshitd dysuohsses chay Yrupo ot glutose, r@mrbwﬂeﬁpei debs oxndqmmr t hus

cont ai ns npngsacch de and .l i nosulfonat st.ea vi.ng t he
nonosacchalt tﬁg 13%% gere?lﬁredrwesen]tcmmgnvéﬁlt &t orbglcgté‘ggu goalfiﬂ sulfite

process | i giiine@amdBeorléRd esmis BRVACAubaE sddpe@sd. 25 sugars that can be
m crobially oxidized into aldonic acids and incorporated directly into a

hydrat gpl e CemeRishipRR WRscHigiBOSH rhetadsusqar RVGHSY glhSY GltH gludslad hdiy Qia( t her eby
"be eficiating” the process_|iquor g avoi di ng the excessive set retarding

per t i esengmeanaibafosad imb§rRetmt &8 @8@%?%}’1"0%@ es all fwhile metbedssef | i quor may
aI so be su Ierren t t I nig.acids to
further F?Sgl %lsg?lﬂ'té%%r%%é%b\é\ﬁl %Bﬂﬁdﬁ‘%??%ﬁﬁﬁs‘gﬁ%’%ﬁé’%ﬁ gﬁy %Pocess of
the i nvent kDIT48D P rArmesssiadisr dillc i @f whithoare incatilobdtéehpreinagsefdrdngelor derived

frompulp mlling_of hardwood and cont.ai al. dose 11 11 SEPT 2006
ATTORNEY CNsthoda 6155 GEREn MRSt At cioRe, Ry PiiE VB SHBSSA) uor and! or

suppl efgent ﬁgﬁéla]@lﬂ&% 1EAshtes fhay e GHQRN 8 SRIcEIR, AT, “BANIRIPELRkidAE O
met abol 1 ze the al dose sugars into aldonic acids. Optionally, softwood can

be i ncor po{hxyé@eamngemcp}ﬂplgq@eﬂmmdby Gluconobacter Oxydans,” Technical
Research Centre of Finland, Publications 70 (Espoo, November 1990), also

incorporated herein by reference.

Preferably, the microbial oxidation is accomplished by introducing at least one

20  of the microorganisms as described above into a sulfite process liquor that has been

(_ separated from cellulose as a result of the sulfite pulp mill processing of agricultural
( residue such as hard wood. The sulfite process liquor thus contains monosaccharides
and lignosuifonate. Instead of removing the monosaccharides, however, the present

inventors believe that the sulfite process liquor can be used as a source for aldose

25  sugars that can be microbially oxidized into aldonic acids and incorporated directly

into a hydratable cementitious composition as a water-reducing additive (thereby
“beneficiating” the process liquor by avoiding the excessive set retarding properties of

otherwise unconverted sugars). The sulfite process liquor may also be supplemented

further with additional aldoses or aldonic acids to further beneficiate the process
30 hquor.

Thus, an exemplary process of the invention comprises introducing, into a

sulfite process liquor derived from pulp milling of hardwood and containing aldose

11



Accordi ngly, an exenplary conposition for nodifying one or nore prope&EPTE806
5 of hydratable cenentitious materials, conprises (A a lignosulfonic acid
or salt thereof an al dahexonic acid or salt thereof; an hexouronic acid or
sal t there@froaReyexarisgsoaei ds salt thereof; or mixture thereof; (B) at

| east one al dopentonic acid or its salt. Preferably, the conponent (A) is
present in an anmount of 5-90% nore preferably 5-70% (the percentages
herei n bei pgahagedran idnye wifightro@ed ligisoriandbheupbleh®noanposktsugay,. = For
exanpl e, an exenpl ary conposition conprises a qunosulfonhc acid or salt;
an al dopenfUHPEEARISH BF POTCSHFEIVE Y PRI EFa ey 1985 aEERaREndidomEi d or its

salt. In 11 EXBNPLAo PERATRSoorRrateididngSAHT RERAHRN.AS 0l ucose, corn
syrup, andgﬁg%ggéés nag{/)c’be ioncorpolra{pg{j I nt ggt he HH or SDSL | i quor before

conver si on of I Q@%ﬁ 1 S 8 . far | to provide
further sugar agﬁcgg ”@‘gr‘“’% ct t%nﬁ(}sglrag?bc{)r rg?%giﬁ%genﬁec%a%%%(?g‘%?%gf for the
M cr oor ganio$ Mydfagible xamphtaioug lnmoni, tayphes i (Afor ienatonit i theaitH | i quor,

t he SSL li,%mr’ Ordiiéjl[]‘)ﬁio a.xylose broth (for agricultural wastes such as
corn st oveithSiicHe Boniralrd Py 8 thyrepls ap deXrenit écidB-sak dkRreatsfon of the

al dopent os %e)i(a?itscé?girs%ﬂ itl?er&?;i Hhig@kd tﬁere@ire ERAUS fea&ink %idap‘fiﬂt&{je 9apjiss

require glucose nmet abol 1 ¢ support. [n ™Biotechnical Oxidation of
D- xyl ose assit. 20Peifarildpl thel oswpopgadr (@) yis atresnibn @h umonobadt 20X yoans, "

Techni cal Resear.ch tre Cof Fipland,.Publications 7 spao, . Novenber
1990) , Bucﬂ?é& ‘%ﬂgt Se'gﬁc?’h@?e PEH §ﬁsoﬁ%8lfl eu@)ﬂ%ﬁgf‘é@bw 358‘8%1‘5 STRJBT red 5%

gl Ucosgpaddegipb@rion) Feeelaaiple, BRbRRPlArEcomHRBRbA corffites 8ligds\ifodihgidr esent
inventors believe that conbinations of al dopentose and al dohexose sugars
ma;(e provi der bat pepldeRerdenis 4ed erritsi splbring Aptionaldy an déphexeme pridipr isgrlier si on i n
sone cases. Further exenplary conpositions may conprise an al cohol, such as
met hanol and efihamsher eperoplaryaipopss, m szgar somnsriucloss QuEHe. carmdsymy; endr ef er abl y

0.01-2. 0% based on dry.weiaht .of . sali i.n . gsition. Still further
exenpl ary o f’}aggbsey%lacﬁrpg%&rrgr {ngoe%(?eﬁ%u %glggeqf‘?q’(ég% gﬁllmﬁ ANSY Shount  of
0-50% and a!ﬂ%%@lt@dfeei@mam'Dhi@nﬁﬁ_-ba.cﬁ%,tfaﬁexhn@ﬂb, ds yrovideghiirthaf sugad dls i n the
conposition. 12 11 SEPT 2006. ATTORNEY CASE L3759-02 The al dopentonic acid
or sal t!5of hypiegestedbd/PRle RERYIde dRsteiode Tug! 4o g dpigroorganism.  For examplie,

glucose may be incorporated into the HH liquor, the SSL liquor, or into a xylose broth

(for agricultural wastes such as corn stover which do not have lignin) to facilitate bio-

conversion of the aldopentose into aldonic acids/salts, because certain microorganisms

require glucose for metabolic supporf. In “Biotechnical Oxidation of D-xylose and

_ 20  Hemiceliulose Hydrolyzates by Gluconobacter Oxydans,” Technical Research Centre
(\ of Finland, Publications 70 (Espoo, November 1990), Buchert noted that
(__ Giuconobacter oxydans sub oxydans required 5% glucose added to xylose for
metabolic support. Accordingly, the present inventors believe that combinations of

aldopentose and aldohexose sugars may provide better oxidative environments for

75  microbial conversion in some cases.

Further exemplary compositions may comprise an alcohol, such as methanol
and ethanol, preferably in an amount of 0-5%, and more preferably 0.01-2.0% based

on dry weight of solids in the composition.

Stil} further exemplary compositions may comprise celiulosic fibers in an
30 amount of 0-50%, and more preferably 0.01-2.0% based on dry wetght of solids in the

COmpOSition.
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xylonic acid, or mxture thereof, but preferably xylonic acid. As nardsroness
above, xylonic acid is preferably present in the conposition in the anount
of at least 10% nore pgeferably at |east 30% and:nost preferably at |east

50% based gn.dr [ 5 solids. Further conpositifons conprise at |east one
al dohexonﬁqggﬁﬁ?%g%%%ﬁﬁg be gluconic acid, mannonic acid, gal actonic

acid, their salts, or mxtures thereof. Exenplary cenentitious conpositions
of the inventi have at .|l east one hydrat abl ementitious binder and at

| east one al doglg%tag&r{f?%ﬁg%?: c??%s?fc%ﬁaos ?ﬁpgrﬁ?né%ggcﬁm O ETE WP opti onal |y
wth a |igpesidldanic reeiute tierchf, Hus pleferabn xAbaio keXonA€ naaiiche@rabok) its salt,
or m xture thereof, Such cenentitious binder-caontaining corrposi:gi on may C
further coMERCSEIS ISHRCIERBNIewpERIRT SRgrstisndn hmampe oAt lepsi 8 i on al so
provi des &, 1BA05h I Al 1R HobY 1aA8 R HAEAE R e SE5RA bhlddhSa gition by

i ntroduci ngong? thast one ai délpent%%e acrd or ng?to toéd%ﬁ’e %%t%i tious

bi nder 5 suclidsasudiher ognpmsitionn tengTse adieag cop etdahéxamioduéd, ethicit ey bt i nker i s
bei ng ground to ohtain a. hydratabl e 15 cement; or.such_as by conbining the
al dopent o ”(9”’38?‘6‘30‘?13%“[0 %t?H%??Woﬂi"}ﬁg‘ﬁf’égltsc%@mmﬁ?%@fapbefore, duri ng,
or after water is added to hydrate the cenentitious binder. The present

i nvention al soEpFBRiate SSRGS FPRPEEREN (o t 11e UEVEREPR (e%F £ Hetst 988 t he

af or ement i opele! SRABHESRMNifIRGh aPlead Tk HidplnBhic! RESLudNR hgdgpent oni ©

acid or al't thereof e terns "cenen cenentitious conposition”
(V\:h(L-Ch mascider sty saihyaptiosally with 4 bgwerifoncorepbe it wit,' in ddgheheniused oherein to
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The present invention also provides hydratable cementitious materials having

the aforementioned lignosuifonic acid or salt with at least one aldopentonic acid or

20  salt thereof The terms “cement” and “cementitious composition” (which may be

/-\

synonymous with “cement composition”) may be used herein to refer to dry powders
( as well as to pastes, mortars, shotcrete, grouts such as o1l well cementing grouts, and
concrete compositions comprising a hydratable cement binder. The terms “pasie™,
“mortar’” and “concrete” are terms of arf: pastes are mixtures composed of a
25  hydratable cement binder (usually, but not exclusively, Portland cement, plaster,
masonry cement, or mortar cement and may alse include limestone, hydrated lime, fly
ash, granulated blast fumace slag, pozzolans, silica fume, metakaolin, or other
materials commonly included in such cements) and water, mortars are pastes
additionally including fine aggregate (e.g, sand), and concrete are mortars

30  additionally including coarse aggregate {(e.g., crushed gravel, stone).
Cementitious compositions of the present invention may be formed by mixing

required amounts of certain materials, &.g., a hydratable cement, water, and optionally



11 SEPT 2006 ATTORNEY CASE L3i59-02 a fine aggregate (e.g., sand) !t $gdr2ae
aggregate (e.g., crushed stone or gravel), or mxture of both fine and
coarse aggregates, as may:. be applicable to nmake the: particul ar cenment
conposi t i oprhstxgy Easpedse.ds previously nentioned."the inventors realize
that substantially pure xylose 5 can be obtained fromcorn stover w thout
substantial lignin content and which can be subjected to oxidative

degr adat i on finaraggrHzatei ©reabiaad), anaiorggamien®td. corogdestsicoon graWily,hort hei r

di scovery that x nic.aci d, provi des advant ages, as_g. water reduci ng
additive f‘BfX“EEn‘}e/‘Jng?‘%‘i BFs b LT PEETRRA f‘seg%yrtéet ﬁ?ﬁ&?\A@Sn’”tWﬁW uconi ¢ aci d
at equal chﬁgﬁl@mp@g}gﬂowé@fe@@e context of the fact that there are
no comrercial 10 processes for producing xylonic acid on a econom c or

wi despread scals preyioupyanasfipned; heanvdngns sabize Prowibsiestialydives ydownd

adm xt ure conposi.t.i f.or use | niitiQus. materials) comprising

pr edoni ani@%@k% e:ﬁgt%)ané icgm(soor‘ e%‘g{ﬁf@? glgbﬁ%h%%? llgglrli’aﬁof' @nia%n%l‘@ﬁ%l{ ¢ nﬂ’@ ot her
conponent  &patkieg ddl skidgivaddaeianoh Bubhgh wydrass bafpreazyritici @verdbnafter it is
converted into xylonic acid. 15 An exenplary conposition therefore conprises
xyl oni ¢ acWithi trendissayaryt thet xylewe 1960p1y1des \RAvRTAgRS 28 Gt MaET tePcitgnal |y one
or nore mafegtal Sk r e A oni,¢ acid
(e.qg., dl u%@éﬁ% %{:I%%. or%gsafnta{%t lgr%%gggé&%gﬁgg%i ona?icg‘{e%%%t g ditives and
adm xt ur esdosagrc hevatidiahd weihio rthea donixtt usfetie nfagt  than tlendlere hiorcomnemphie, a

pol ycar boxyl at e ttyEe uperplasticizer; triet hano&am’ ne, é;)

tr iO\% sop? opBiETsEsti e Prosic1a ypse ﬁ?mé’PI@aEfCP‘i’fg'_“égFf"ﬂ FECH e the mgesgot cal ci um
nitrite, Gueal Gidun Bbliia Alitve inPidknAlSndottiess (1B elb&YaRAkent i al I'y
symergistic benefits. Accordingly, another "exenplary process of the

i nventi on petpeissennprsingquiesommeantly nilonio a¢id 401 sshi, end eptiopally atibrstdnei s
operative tQ convert aldo e ugars. into aldoni ¢ acids or .salts, into a
bypr oduct T H 6 t'?t gﬁtngogl?%ggéa%qeg \ggbaﬁyjﬁé%sﬁalbse FESor AR %rg?i?e(r:dﬁsur al

resi due notorenddinti Ngpsamst. anti al amounts of lignin (e.g., corn stover,
corn cob), and obtaining an al dopentonic acid or derivative (e.g., xylonic

acid ofssalt) hayicRemplalSdoppblindd Wetforb c@Rpriked kyibhig neLh f2a nadont of
Consequent the present inventors believe that substantially pure xylonic

|y, )
acid can bégﬂﬁ@%i%éfyaﬁélghhé‘%’éé MEOERM & MAT BalgEplsrseleslgd dromy 2addi ti ve or
admi xture Lor, LRI | il WGnsthadPleld b8, dlRidPRAEFSs SAD R&.H0d; i ed by
conbi ni ng stigars trom ot her sources
conventional cement additives and admixtures. Such additives or admixtures may
include, for example, a polycarboxylate type superplasticizer; triethapolamine,
20 triisopropanolamine, an alkali or alkaline earth metal salt {e.g., calcium nitrite,

( calelum nitrate), or other admixtures, to achieve potentially synergistic benefits.

( Accordingly, another exemplary process of the invention comprises
introducing 2 microorganism or enzyme, which is operative to convert aldopentose
sugars into aldomc acids or salts, into a byproduct material obtained by acid

25  hydrolysis of an agricultural residue not contaming substantial amounts of lignin (e.g,,
corn stover, corn cob), and obtaining an aldopentonic acid or derivative {e.g., xylonic
acid or salt) having substantially no lignin or lignosulfonate. Consequently, the
present inventors believe that substantially pure xylonic acid can be obtained and
used, for example, as a water reducing additive or admixture for cementitious

30 materials. This process can be modified by combining sugars from other sources
(e.g., comn syrup, molasses, glucose) to obtain customized blends of byproducts before

or after the oxidation of the sugars.
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(e.g., corn syrup, nolasses, glucose) to obtain custom zed bl ends offt SEPT 2006
byproducts before or after the oxidation of the sugars. 14 11 SEPT 2006
ATTORNEY CASE L3759-02 The al donic acid may be conbi.ned with other additives

r after tt}ﬁmﬁé@@w@%zwgars into the sugar acid. Such other additive
may, for exanple, 1nclude one or nore of the follow ng materials: nol asses,

nmel am ne sul fonate forml dehyde pol yner, naphthal ene sul fonate forml dehyde

pol yner, al kal it@raidddkdbdid8ia@8E bdmBin&d W 0F bokes addFBRL derehOLSivBsion
al kanolam ne, tall oil fatty acid, fatty acid or derivative thereof, fatty

ester or dérigaat ine thhareorcid aPrel ¢tharadgitive Makefos gratpityiaeiodeyowrdsoxyl i ¢
acid salt of glucani id, he LC id. citric acid . tartaric acid,
nuci e aci d"**n8 itge ag‘illg‘?“k“ga#lcey‘lﬁﬁ‘c Iﬁ%:ilg%la‘s I ’?‘é‘ﬁ%“s”& | f @%qn%teacqral’aldg@ée sucr ose,

gl ucose, IRndry risphthaletd WotfoiRer cagiafishgle pblga@bol slkphenodikaldeeda® aci d,
sodi um hydr oxi de, potassi um hydroxide, 10 sodium|inear alkylate sulfonate,
f or el dehydioridsi Presaide. qreieipe pisarcdamipe| ohneilf2tradniaty aridrdeyiaativgl ene
groups, calci r £, j i) : esin and
rosin aci g‘é;gge%%t crg%!?%r &aegll gﬁ?\%p%%gfl, r?y ai]%raap%? IF%S%%H, Bgc%ﬁuﬁrg?x ,hcsi l'icate,
car bonat e, achpsaat ef girhaspbhadagiecohb@otiataeid, sitdd atid, tattdricosid, fnddcl, addgnzoat e,

acetate, oxal ate ferricyani de,. and .succi nate, glycols, borate ester,
phosphonat Baligsacish sal g% %éﬁ'@“‘é‘%‘{fﬁ? a@% ‘%ﬁ’esﬂﬁ‘f’sea ﬁg“%@'@r TIRETER SeHWReof , a

natural  gumcoginseaafkBnolObhddBl, i Xatd Y88, {Rilh hy®Bkids) pQRhssRBY hy@bxilidle
fongm ng. Alternatively the al dose sugar and above-nentioned additive may

be ( cohbi nedivandlindse alkdeie seifyaic. sighsddawde,| yilioxi dighwindyy pélgmprsocedur es of
this invenion, providing the additive is not .nor. sily oxi.dized than the
fl dose sugartitghEEHEIGE &b il Smate, AHRTRIR FREAeY SR GET 4 o7 ¢ o
salt form @y andOrokir s8] peRRRYiic &i@t pdieas pIneiaAs] XNumkate, SHGht@s a set
accelerator, retarder, air detrainer, air entrainer, alkali-reactivity

reducer, beselingg. BerRicxehpsrionglss lavtate sttt fatentios s, oenroate. asgigter p1aliei ci zer)
I P R, s o . oy . - 1
col oran fe%ﬁc&%%ﬁ& Mkt Nt r&lyg?la,, e RED0 ggcflg%ﬂ'%f@x%t ?",g:,ﬁms R Seslepr Mer

per meabi | i ucer, punpin ungi ci erm ci dal
admi xt U§ e, phenslenidideridaive dbrdof tauneatiral @umaa mech.ur detiveeivedk. gTlsatsh of asgoi ng

adm xt ures e_25 generally known.in the art,and describ for exanple, in
Vor | o Par off CABETAEIE DIty B ol ks o R R e g% 5% conn
i ncor por at ggniigdeand B aliedeCHRAC edbsequently oxidized by the procedures of this

invenion, providing the additive is not more easily oxidized than the aldose sugar.

Compositions of the invention comprising xylonic acid or its salt form may

20  fwther comprise at least one admixture, such as a set accelerator, retarder, air

( detrainer, air ertrainer, alkali-reactivity reducer, bonding admixture, water-reducing
( admixture, superplasticizer), colorant, corrosion inhibitor, a damp proofing admixture,
gas former, permeability reducer, pumping aid, fungicidal admixture, germicidal
admixture, insecticidal admixture, or a mixture thereof. The foregoing admixtures are

25  generally known in the art and described, for example, in World Patent Application

No. PCT/US98/17441 of W. R. Grace & Ce.-Conn., incorporated herein by

reference).

Polycarboxylic acid type superplasticizers are conventionally known in the

concrete arts. Exemplary polycarboxylic acid/salt type superplasticizers which are

30  contemplated for use in combination with the aldopentonic acid/salt compositions of
the invention mclude so-called “EO/PO type comb polymers,” a term which rmeans

ang refers to a polymer having a backbone such as a carbon backbone to which are

15



Pol ycar boxylic acid type superplasticizers are conventional |y knowh! PFPH&6
concrete arts. Exenplary pol ycarboxylic acid/salt type superplasticizers
whi ch are 30 contenpl ated for use in conbination:w th the al dopentonic

aci d/ salt gprmesiy cassiLHbedzhe i nvention include so-called "EQ PO type conb
polymers," a termwhich means and refers to a polyner having a backbone
such as a carbon backbone to which are 15 11 SEPT 2006 ATTORNEY CASE
L379- 02 at siachadbdiotdbeatdroxylst(ehghacgislifwiditc Funatien dyaleivewedch@ingunct i on as

cenment anchori ng roups.in the cenentitious,mxture) and ethyl ene oxide
(EO  gr oUp@ouprgghe SR BT HaP RO FUBES SURIELD B BSrBrATFORST £Q) PO
groups in g*&_ﬁ PEGKDUNRC0f cSHBInSVRDLE INOPYTBbLRN n D bEKBERS &f ABl¥mpl N pendant
groups attached to the backbone. The pendant 5 groups nay be ionic or

non- i oni c. pExaspiremorsfprEeLp@ inypoedagbgrbugscligehed 1o bapackpbees Thepadam and wat er

reducers are di scussed or described i Pat .352,952 of Jardine et
al .. US Paf@HRS 81%Y93° 395 of BRHRAY etbj}(ﬁﬁg{f’s aosfe &Qﬁ&é@‘% KOS PPNt s
4,946, 904; sldSfhsddiderd Ohid Hatkd e@fRdis aRdiIBU3RY, $OGicyhibed idesisr PhgniconD

pol ymers which are for exanple copolymers of polycarboxylic nononers such as
10 mal ei ¢ 63529% ohfaigiae cdd. Aht P genty B3 Aa i arvmpdabont wethishép WSnomer s such

as polyal Egt'g,g‘% Yo ¥fp8! U?‘.)zﬂ?ﬁ' 106! sabheksE; anlﬂtﬁggﬁ Js“&rﬁiﬁﬁr SHBIRGLARY

conpositio t'He i'nventi on c¢onpri'ses dt [edst "one al dopentonic acid or
sal t, suchp@smy|ohiic asciod exanpie abpdligast dnehexpatitizl eeengrowph aont ai ni ng
compound, preferably a polyoxyl akyl ene c ound havi ng repeating 15 et hyl ene
0X ?ge {&D) m@k&uﬁfé‘? %&P@MI%&@O%‘?&@‘S’@@ “G’Bfﬁgl,f’mgr’g%“ﬁ’i‘?% $#E Fher eof .
Sucé oxyal E& AR AR £aRd Al Ndths e@npounds, i f further having

cefent -anchofing groups such as carboxylate noieties, can function as

super pl asti Ci Zeg S g O Walifplarl %@g&gggﬁm 88 UHCRELIRACARIUE: 25UGD one .
oxyal kyl ene- gr oup- cont al ning” conpounds may also function as air entraining
agent s andadopssitvninkader sal goth orxydgentad, 484 atndasisorsfox3tikpryaghkyt-ene t ype
shrinkage reducti onl_%%en s are. i scl gsed f}o_r exan‘?l ’hi n US Patent Nos.

5, 556, 460 SPHEBING 3ErEREnd preterably & pofigkylakyists SORRFRI NP DG BPS W ce. Furt her
exenmpl g5y GRIRAS biiﬂ@@ﬁ@??rohﬁ@ poN@RIeh® BxigOMP0) SRuf, of @asikned eheredkdopent oni ¢
acid or salt; such as xylonic acid, in conbination with at |east two

oxyal | ryl efuechyporikyienn EERi WEAHEHHYSIROUBHs I Bitber g ®meBanghgiE which is

operative tgtooups such as carboxylate moieties, can function as superplasticizers or water

reducers, as described above, Such oxyalkylene-group-containing compounds may
also function as air entraining agents and/or shrinkage reduction agents. Examples of
20 oxyalkylene type shrinkage reduction agents are disclosed, for example, in US Patent
(' Nos. 5,556,460 and 5,938,835, which are incorporated hersin by reference.

Further exemplary compositions of the invention comprise at least one
aldopentonic acid or sait, such as xylomic acid, in combination with at least two
oxyalkylene group containing compositions, such as a first group which is operative to

25 fluidify a cementitious composition, and a second group which is operative to reduce

shrinkage or shrinkage cracking in hydratable cementitious compositions,

Another exemplary composition of the invention comprises at least one
aldopentonic acid or sakt, such as xylonic acid or salt thereof, in combination with an
alkanolamine additive {or admixture), including but not limited to triethanolamine

30 (TEA), methvi{diethanol}amine: diethanolisopropanclamine (DEIPAY;
inisopropanolamine (TIPA); tetra hydroxyethyl ethylene diamine (THEED); and other

alkanolamines. The xvlonic acid or us salt (“X¥A”) may be used In an

16



25 fluidify a cenentitious conposition, and a second group which i silSEPT 2006
operative to reduce shrinkage or shrinkage cracking in hydratable
cenmentitious conpositiofs. Another exenplary conpesition of the invention
conpri ses aitiRagty ORE: I'Abwnpent oni ¢ acid or salt,*such as xylonic acid or
salt thereof, in conbination with an al kanol am ne additive (or adm xture),
including but not limted to triethanolam ne 30 (TEA);

met hyl (di ethankyataiie: addiiet kanalfilsepnepanok anmn pefddit PAe 10:1. For
triisopropanol amne (TIPA); tetra_hydroxyethyl efhylene diam ne (THEED); and
ot her  al k&HemE ‘ili‘ééi&ka*?ﬂég‘WI“B’ﬁib& 1\5%%65(%%3; P Veg‘ébtz‘ﬁrﬁwﬁ’})a“‘r‘wf%?qused in an
16 | | SEPTL. @w%g 59, XA: apol -ne . 1,14 rati o of
100:1 to 1Ei§g%8drr?§r§% pref e(r abl yylc%ﬂli ?dggﬁ%: 1. q{lgl(;r exia%I ec,@ﬂtg%tfeﬂog kanol am ne
may be N, N-doimpO&tibmy af theyimvémyibd 112is praid ohmise mehydratafeNsementitious binder

bi s(2- hydr oxypr |)- N-{ hydr gxyet hyl). am ne. An.exenpl a mentitious
conposi Pi 0@nﬁﬁhqogé/%inﬁ.ﬁ{rgﬁ%ﬁ%ﬁgC%%pﬁog cfthe émﬁ% P%’ﬁb PREERENt i ti ous
bi nder 5 aﬂ@e.bb?z&@i@dﬂgmph&%imt%m%imo@ﬂs@@érﬂ&lﬂtﬁ@ﬁhmﬁ@e&ei n the amount of
the XA present is 0.005 to 0.5% by dry wei ght based on wei ght of the

cerment  ti ous bi Ndfne ANRIBALY CURRIRY of APAVEAIANcprsbS af TENLHON

5
conpri ses at | east one dopentonic acid or salt, such as xylonic acid or
sal t t her eafldopemogimrsidratsalbrsuct ashxydomic eichpr sa taagedift in wempiostiadwitix tur )  havi ng

at | east one  hyd |, group. and/ or ioni [ Qu 0 including. but not limted
t o _sarcosi r?é"‘ﬁ%ﬁ‘{‘ﬁﬁgecﬁoﬂg&gﬁ'éé} V’gﬁidg{éﬁsﬁioﬂe gﬂ%’f@ EORP A 0% gﬁcg@r‘é’y be used

i n(an X anh§8diag St hot BndiRd kdsatdosib® Qad glyeind ‘The &ﬂl@ni!m&ia Pitekar ﬁm) 10:1 to
3:1. An exenplary cenmentitious conmposition of the invention thus would

cofiprise amiybir aredih én ESHERPF efdie Biinaei0khep t:handgrordeieterably Kohbi nat i on
wher i n thetﬁ é&alrm Dby Blp1d0 BhGERS Isnc! glipgsiggéo Be vl ¥ WoulteL B8 é) ased on

wei ght of t 15 cenentitious not her exenplary conposition of the
i nventi on compiasbl atmdnedsis binder aldddpeiAomiditivaciothbanatisal wherdniahe as xyl oni ¢

acid or salt thereq in conbjnatio ith an additive (or adm_xture)
sel ected fr%’ﬁﬁ“ﬁ‘hé’%&%‘éﬁesﬁ%‘fi @?%1@0 gfs\{)y&h’ya‘?rl%a‘?"f‘ rbaéﬁdka‘% i”‘f‘iﬂég%t At
hydroxylg,ar boxxhisoBGifdesal t of gluconic acid, glucoheptonic acid, citric
acid, 20 tartaric acid, mucic acid, malic acid, and salicylic acid. The

xyl onic acid or j ciheﬁaéxtemgw ‘ciipdsitiRY oP fnd! $RAntidh BhpRe@ddliitdsveng ati o of
1:99 to 99:1 and nore preferably 3:10
aldopentonic acid or salt, such as xylonic acid or salt thereof, i combination with an
additive (or admixture) selected from the group comsisting of an alkali or alkaline
earth hydroxycarboxylic acid salt of gluconic acid, glicoheptonic acid, citric acid,
20  tartaric acid, mucic acid, malic acid, and salicylic acid. The xylonic acid or its salt

(“XA*) may be used in an XA:additive ratio of 1:99 to 9%:1 and more preferably 3:10

|A /’\

to 10:3. An exemplary cementitious composition of the invention thus would

comprise a hydratable cementitious hinder angd the X A:additive combination wherein

the amount of XA is 0.005 to 0.5% by dry weight based on weight of the cementitious
25 binder.

Another exemplary composition of the invention comprises at least one
aldopentonic acid or salt, such as xylonic acid or sait thereof, in combination with an
additive (or admixture) selected from the group consisting of an alkali, alkaline earth,
Group I, or transition metal choride and/or bromide. The xylonic acid or its salt may

30 {“XA”) be used in a XA:additive ratio of 1:20 to 500:1 and more preferably 1:5 10
10:1. An exemplary cementitious composition of the invention thus would comprise a

hydratable cementifious binder and the X A:additive combination wherein the amount

17



to 10:3. An exenplary cenentitious conposition of the invention thugSEdTRes6
conprise a hydratable cenentitious binder and the XA: additive conbination
wherein the anmount of XA is 0.005 to 0.5% by dry.weight based on wei ght of

the cenent k%@ﬂﬁE@A@@@mg Anot her exenpl ary conposi tion of the invention
conprises at [east one aldopentonic acid or salt, such as xylonic acid or
salt thereof, in conbination with an additive (or adm xture) selected from

t he group gpﬂggi)@i}lﬁgseﬁﬂcis amoRtK@S % by @Arkakigheag@rohRveighCo OBIR chrhéniiti@hs transi tion
nmetal choride and/or brom de. The xylonic acid or its salt may 30 ("XA") be
used in a Madedditive ratio of 1:20 to 500:1 and nore preferably 1:5 to
10:1. An exenplary cenentitious conposition of the invention thus would
conprise a hydaapdlirexg@plent remnprsgiop; pddie Bientionecolmrigendiat ilsaet ouerbi nati on
wherein the anount. 17 | PT. - ALT E L3759-02 of the XA
present i s 2ORHEOS %{dﬁ)sgﬁﬁﬁhyas\%gf?og it é%bdacgsgi% g}?%%\,\\gﬁ% Ry 3P RV ELMent i ti ous

bi nder . s Angihig¥e @rempliate) soapdsidn @ giuptdiasisting ek ORalg AlRLhseshat | east
one al dopentonic acid or salt, such as xylonic acid or salt thereof, in

conbi nat i oféreupt HL.aRT TB0HeRR peigl sqliofor 261 ¥t tFEprseheee ffancHmnivetegr oup
consi st ngFﬁl% a8 ol b%ﬁﬂe,kéﬂo'sﬂﬁn ’rlm?te’%%?’ thilogusllfa vhLARE! Lbof metal salt

(or acid o erivative'thereof) of an al um nat’e, I cate, car%ohate,

bor at e, pheggitensteicydniit ate@inatylof adisturd Hieostl|l fBiexyldenacdt @, itaedt at e,

oxal ate, ferricyanide, succinate, . or mxture thereof. The xylonic acid or
its salt ("3RH)mAYPeHES é“eﬂ%a‘@%:rﬁ%i:’ﬂggé ImaE‘?OOI grd _f‘.“_ifb%te?%a 00: 1 and
mof e prgf enahly £:10 A 8)%18 Bemohtitié¥s kigk ¥r eRMBMkibA QS wRPOsi tion of
the-invention thus would conprise a hydratabl e cementitious binder and
ch_ XA: addicbinpeseco htsiaable spmenidioed binderisad Fivolheddiivegonenatign pyhesant i s 0. 005
to 0.5% by dry wei d | f ®matlLious Dbi . In a
further exé’r‘&%‘é‘i"\?tgg%g%f ip(g%&g\fﬁ\%'ﬁ(gg"log)v%}ﬁp ?%ﬁ%@é“ﬁ%‘i as g%gﬁe 15

al dopent onicgmagitduebirdal t, such as xylonic acid or salt thereof, may be
conbined with at |east one other additive (or adm xture) selected fromthe

group consi sting, of farthd! Bediplate.cOmpogndy &fF hitk eineengby,C tHe) at deatd uEEr Ol ,
borate ester, phosphonate ester, hosphate ester, a phenol or phenolic
deri vatliSve aldgperdonie a’!pldg{lj rzﬁﬁt, Fuddy apy §Gid, gigpalt thereof, may be combined with

at least one other addifive (or admuxture) selected from the group consisting of a

glycol (e.g., polyethylene glycol), a glycerol, borate ester, phosphonate ester,

phosphate ester, a phenol or phenolic derivative, a natural gum, a starch-derived

compound, a hydrocolloid, or a mixture thereof. The xylonic acid or its salt ("XA")

20 may be used in a XA:additive ratio of 500:1 to 1:1 and more preferably 10:1 to 2:1.

(» An exemplary cementitious composition of the invention thus would compsise a
(_ hydratable cementiticus binder and the XA/additive wherein the amount of the
xylonic acid or its salt being present is 0.005 to 0.5% by dry weight based on weight

of the cemnentitious binder.

25 In a2 further exemplary composition of the invention, the at least one
aldopentonic acid or salt, such as xytonic acid or salt thereof, may be combined with
at least one other additive (or admixture} selected from the group consisting of 2
waterproofing agent (e.g., calcium stearate); a finishing aid {e.g., polyether); an anti-
freeze agent {e.g., Ca nitrate or Ca nifrite); a viscosity modifying agent (e.g.,
30  biopolymer S-657 or diwtan gum, welan gum); a strinkage reducing agent (e.g.,
oxyalkylene type); a strength enhancing agent {e.g., chloride thiocya:nate,

alkanolamine); an anti-efflorescent agent (e.g., calcium stearate, calcium stearate
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conmpound, a hydrocolloid, or a mxture thereof. The xylonic acid oriidpT00d
("XA") 20 may be used in a XA additive ratio of 500:1 to 1:1 and nore
preferably 10:1 to 2:1. :An exenplary cenentitiousigonposition of the

i nventi on ti‘ﬁ)ﬁ‘}@é&l’ grsPMEd@e a C hydratable cenmentitious binder and the
XA/ addi tive wherein the anount of the xylonic acid or its salt being present
is 0.005 to 0.5% by dry wei ght based on weight of the cenentitious binder.
25 In a fUr&i;l.b%rsi&i},eawleaﬁssyxsjeeﬁmi(ez,g.p&}@%tam&mhm@;nmd%ictdgeagaﬁz {egast one

al dopentoni e ‘acid or salt, such as xylonic acid or salt thereof, may be
conbi ned widhkpridgsaltegbcoldne other additive (or adnixture) selected fromthe
group consisting of a waterproofing agent (e.g., calciumstearate); a
finishing aid (g , ahispyeeher ) scicepragpipg f eamnpaitigifentanfe. genefiCatedi trate or

Ca nitrite),, a Vviscosit di fyi a . (e.0,..:.30 biopolymer S-657 or
i ut an gum ieRrigly s R Bt Wt iy Pup B PBNE R cne
type); & stienghincenhasehdy agents @l Goncréd ldmid@cd, hiro B¢ARaHEI have
al kanolam Il e); an_anti-efflorescent a%ent (e.gg. , calciumstearate, calcium
stearate lmtantiapher ppbertionsT TRORRNEYRREIons areholigysd i heye pdyasigges, syshexpansi ve
agent (e.g. | Gl L : -k G : 1 G l,ori de
salts, gl yc%r’lfﬁspe%ﬁe al gglp?é :ngotrq?%}gég?l -8%%%?%}%6@%%%0‘&% ‘?rgﬁgg gﬁgg
benefi ci at egkstiditig nglikdionat eabanpdsdkt i(eps ok thk pignvewnt diepersant); adldi tion to
providing excellent 5 gerf%#gan'ce as cenent add(ii.ti ves ancl concrete
adnixt ur es, MARHIGHEE; PEGT TBURRRS BBERAEFMETI bl er IRTFIERE L6 S DUgTEN
COWQOS' {4 0nl%gc?fa@idbﬁitteﬁlé@,dlc&tﬁerhﬁ%ﬁﬁnéd?ﬁ%%rﬁa&%%ts étg%rmeﬁﬁ cﬂélétﬁ%lr geils§ Or

Ifi ol

flzt;rdi ty no ers, when used as additives in: wel | drilling nuds;
pestici de ajmghstcatdlemss (ear omelsit kor(dartgmetal plRangrid oysi epveiattins(ser,sant ) ; dye
manuf act ur e;., asphal Si X t tre (e. g, . dispersant, scale

i nhibitor); mfﬁmﬁegﬁ{a{agl%%gﬁgéﬁd‘ﬁ;r@{oga h@% %%hlgnﬁlg{}?heﬁ‘ls'c‘r onutrients (e.g.,
nmetal chel ating ents): . industrial cleaner e.0., dispersants for dirt,
netal cleaner); ﬂ%epﬁé%%fl?‘&epg‘t"? 8H° (FETHS ® I“l"‘f%holgjﬁr%%? C%Fgﬁg%rfsa }1‘?{5”“ enhanced
oil recover m%geaﬁ,ui@h&i@nm 3altlc@itdEng cohpddiiondr @S@BtinVoAMERt is0desadited pert ai ns

to nmet hods and conpositigns wherein al dqgent onic acid- or salt-containing
conposi t§ ongbaye, arhassdnpeditnerants & naeensngiens (1.5, apbliviratahle) Rpsidesay

di spersants for, NONGEHRN bl OHS nela CoxiddiOfe 41y ki@ BBy, thyeh 68O

anthraquinone dye, azo dye, aniline dye, stilbene, dye), pigments (e.g., zinc oxide,

carbon biack), fine silicas (¢.g., silica fume, finely granulated silica), talc, clay (e.g.,
kaolin, bentonite), and other such particulate, particulated, or ground minerals,
20  organic, or inorganic materials. Preferably, the dispersions are agueous in nature.

Accordingly, further exemplary composttions of the mvention comprise an aqueous

Pl Fan

suspension comprising an aldopentonic acid or salt thereof operative to disperse one

or more of the above-identified minerals or matenals in particulate form.

The following examples are provided for illustrative purposes only and not

75 intended to limit the scope of the present invention.

Example 1
{Lignosulfonate + Aldonic {Xylonic) acid)

Experiments were performed to demonstrate the benefit of converting xylose

in spent sulfite liquor (SSL). Two lignosulfonate products, availabie from Fraser

30  Paper, were used in the experiments. One is a lignosnlfonate with sugars not
removed; it contains 34% by weight xylose. The other is a lignosulfonate that was de-

sugared (such that it had neglegible sugar content and could be incorporated into a
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particul ate matter, such as netal oxides (e.g., titanium dioxide), OyEFPT2006
(e.g., anthraqui none dye, azo dye, aniline dye, stil bene, dye), pignents
(e.g., zinc oxide, carban black), fine silicas (esg., silica fume, finely
granul at ed giddiedy chekeisedzay (e.g., kaolin, bentonite), and other such
particul ate, particulated, or ground mnerals, 20 organic, or inorganic
materials. Preferably, the dispersions are aqueous in nature, Accordingly,
further exemplar Yorcomgposict ivatheuiofappfeeiablav eait irardatanmpr i SEheandeagyaegis C
suspensi on conprising an al do‘g)[e)gétgni c acid or salt thereof operative to

di sperse orfe@noB{oRBice™et coRRN -3 §EHI iofide 1‘1?P’?Pé‘“r & SYBPhEr Mat s i n
particul at g, g{/n%dﬁ ndRQub R hRVb M. X @EReLS S hkPh MidamhplOfor thhpalsbat i ve

pur poses ont ané’ not “25 intended to |imt the scope of the present

i nvent i on Bxiginiedighosfongta osuildse fiat.chernonddadogural) cXyparion) Pacd ghloExperi nent s

were performed to denopstrate the.benefit .of converting xylose in spent
sulfitei cﬁ&lﬂ'w‘(sé’ablﬁlpe%"?%“B?f%@ﬁcﬁ?{ﬁ'ﬁ%ls’ﬁ?coduct s, available from Fraser 30
Paper, were used in the experinments. One is a lignosul fonate with sugars not
removed; i tIMBREAPTE834% by wei ght xyl ose. The other is a |ignosul fonate

that was de- suggpesl ASWCBstdbahe el REnAEILEH RISHISUSRT 1 6RRNIRRLAPd coul d be
incorporated into a 19 Il SEPT 2006 "ATTORNEY SE L3A9- (2 cenent or

concr et e Wi ghxmnbte apasmedomizddn swrordatea withtlTSof 520 T HBhecheortan gyex prbportion

| i gnosul fonate S cQnbi W th aci | ucopat e or._xylonic acid) at
a ré;i gnosulW%a&%@%’t@ﬁ?&/%?%ro_oﬁ@%ig@?{%’i g é’ﬁ‘gfe‘?e&pnﬁ?g 2Vt M8 sanpl e for
corfpar i gpn (mgkb.st.herwegwmmimmbmam ¥t Qnd istafdard HNesAh@Nwéle SugAr ed)
conposition. Pure xylonic 5 acid was obtained from Ori cron Bi ochem cal s,

| nc. [ Mor t aiRotifasartas gjunkbindaflo st measuregrang e whrkalility yroklgrmawdie sanpl es
and lignosulfo + te was perfornmed in accoordanee with JIS A
5201. The n%??rgf%%?mptrg%%%?‘ i'on  was Cenent/Sand/Wter = 460/ 13501235,

wat er -t o- cenent rat i ofvoyrkabdlitghhm]6 | {uviys, )nm0] -5 flovlyge]} 1100. ordi nary portl and
cement and standard. EN: S%Ind wer e

measur ed ant® WerkaBHRAET et%?’%%re‘gggg’w{c}%@g? ﬁ%-g%%%%gﬂfmﬁgt% ‘{elhgwf \glrermejl a
15  sugared lignosulfonate + gluconate, and de-sugared lignosulfonate + xylonic acid for
different dosages are shown in figure 4. The combination of the lignosulfonate with
xylonic acid had a fludizing effect that was greater than the lignosuifonate with
xylose, as shown in figure 4, thus demonstrating that the lignosulfonate was greatly
beneficiated by the xylonic acid and was more effective as a water reducing additive
20 for cementitious materials.

( _ [Concrete testing]

(7 The lignosulfonate samples were also tested in concrete in accordance with
ASTM C 192 (Standard Practice for Making and Curing Concrete Test Specimens in
the Laboratory), ASTM C 143 (Standard Test Method for Slump of Hydraulic-Cement

25 (oncrete), and ASTM C 39 (Test Method for Compressive Strength of Cylindrical
Concrete Specimens). The properties of interest in the testing were S-minute slump,
water-reduction, air conteni of the fresh concrete, initial set-time, and compressive
strength.

Two cements sourced from different geographic locations were used in the

30  concrete testing and will be designated as ‘Cement A’ and ‘Cement B’. The cement
factor (amount per cubic yard of concrete made) used for both cements was 3564

Ibsx’yd3~concrete. The w/c ratios of the reference concretes were 0.546 and 0.541 for
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[workability, my = [slunp, m + [flow, nm] - 100. The workability;fsmgpitidoes
de-sugared |ignosul fonate, non-desugared |ignosul fonate, de- 15 sugared

| i gnosul fonate + gluconate, and de-sugared |ignosul.fonate + xylonic acid for
different dosages %rg hown in figure 4. The conbihation of the

| i gnosul fo‘ﬁfg%&m/t ASRUIB%c acid had a fluidizing effect that was greater
than the lignosulfonate with xylose, as shown in figure 4, thus

denonstratjng that e Lignosul fonate.was areatly..eneficiated by the
xyl oni ¢ acéeﬁ%ghé %ée%?né%gfefséeé{l‘fe\% “ai%j\/\%ar\/%gtt SZ“Fm? é’d}ﬁéi g (g&rﬁﬁﬁ?%& 20 for

cenentiti GuguRBh@ihaklit. stindad sheieedne Stding] as Bagribeg rOSSTHONAYS). SBED! es were
al so tested in concrete in accordance with ASTM C 192 (Standard Practice
for Maki ngvaido-CaPIcRErate i icdicse e stmauEp fyakofithe conpiste laBBe atg¥ss | ASTM C
143 (St andar , [+ Shanp. I.Co te), and
ASTM C SQqWQ%%TS%%E%%?‘% F Jggé’ﬁg'f‘ éﬂggs% f’%e“%ﬁ%ﬁﬁ%%%&@%%@?‘?@%@ncr ete

Speci mans)founkthe har ©PEL tndeS50Af for Oémere gt andrCetrlret B ¢t iayoand 7%-waiarut e sl unp,
wat er -reduction, _air co%}tent of the fresh concrete, initial set-tinme, and

conpr essi veduclen Eiogh e TGN ESRRITIES. E5PR¥AY) rom di fferent geogr aphi ¢

| ocations were I Rt GRRG 1 il |1 he. i.gnat ed as
"Cenent A and Tsé%&eﬁéjrrén“%t&wBﬂ).%h‘Iﬁé‘fa) C'ceme%'? ésg?éag?%lr@(ggﬁoﬂglng}tm%g]rgg&u%i@(ﬁ:étgar d of

concr et e nmciples us ddsdnbed Hovh Choemtisrewantaibfyg thd deugddd dignesntrafe The w c
rati os of the.ref.erence concretes wer 46 .and 0.541 for 20 i 1 SEPT 2006
ATTORNEY CHSRIY 87 80 0B e S A A ecatan . o e P RRery Brgre Shee ot ar get

sl uop @f 1R he(Brienahgs yitathoPer Fithgtiese. fusbirgrbdapshaniaddushgdhp cone

nmethod as described in ASTM C 143). The water-to-cenment ratio to achieve
t he.same stfubpxyiepis|acgfmphee Bopkeledus 't akarsh s tmpplrcgsmentioys sxiinsonat e at t he

dosage of % y ] [ h r e, hfound to be
0.559 and Gb3% arig, ATl SRR 26idal Sedell Sl B2 MRITAC o1
reduct i on hixant tlse desbesterd euEenioc cet@sssive espritsiforel §xjay ratdtiein spiets forth
the concrete testi results involyij the lignosulfonate samples as
descri bed ‘écﬁbwmﬁ'g%’r’ﬁfﬂ SO ﬁf\fh‘iﬁ%&&’t* C"&gr’% it Bl‘“ia&ﬁ@[‘}&‘%nate +
xyl oni 1[:5 acgbgit{,ggﬂjcr;%goﬁﬁg@@@gﬁstbg@gﬁcm@ng%ic%ildess than |ignosul fonate

0

al one

Fable 1
DOSE [SLUMP; AIR |Inifial Set| 2-day T-day 28-day
(%osis) | (mm) | (%) time strength { strength | streagth
{hh:mm) | (MPa) | (MPa) | (MPa)
Cement A
( Reference B 133 1.8 6:09 19.6 338 412
( De-sugared 0.2 140 2.2 10:42 I8.5 346 43.2
lignosulfonate
Non-de-sugared 0.2 151 2.2 13:28 15.6 358 413
lignosuifonate i .
De-sugared 0.14 159 23 10:19 i9.2 357 44.5
lignosnifonate +
xylopic acid
Cement B
Reference _ 172 24 3:35 16.6 25.6 325
De-sugared 0.2 159 2.4 6:15 202 347 442
lignosulfonate ,
Non-desugared 02 159 2 11:29 20.8 37.4 47.0
lignosulfonate ‘
De-sugared 0.11 165 2 8:04 211 343 421
lignosulfonate +
xylonic acid ]

20
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10 obtain the sanme slunp with shorter setting tinme. The observed supeEPHR006
2-day strength of the xylonic acid mxture is likely due to shorter
set-time. In cementitiouy§ systenms, |onger set tines typically yield higher
28- day Str%ﬂ%bﬁ&ﬁ@Qﬂﬁ%ﬁk%ﬁhge xylonic acid mixture also denonstrated
superior conpressive strengths for 28-day strength in spite of it having
shorter initial set-time. Al the results confirnmed that the water reducing
15 ability of the lignosul fonates was beneficiated by xylonic acid. Table 1
DOSE SLUMP AIR Initial Set 2-day 7-day 28-day (%ls) (nm (% tinme strength
strength strength hh:mm MPa MPa MPa) C Cenent A Reference 133 1.8 6:09
19.6 33.8 41.2 C De-sugared 0.2 13@ 2.§ %0:42 18.5 34.6 43.2 osulfonate
Non- de-sugared 0.2 121 2.2 13: 156 . 413 osul fonate De-sugared 0. 14
159 2.3510:19 19.2 35.7 44.5 PVGRSLEHFEIHETE™ x ionic acid Cement B
Reference _ 172 2.4 5:35 16.6 25.6 32.5 De-sugared 0.2 159 2.4 9:15 20.2
34.7 44.2 osul Kolaiaqubiag esigd ar e dergenp her galpripeiep i stgd gitgetpgime

osul fonat e, De- sug : i]17515 : 8; 42. ' | fpnate + x
i oni ¢ aci dba%dmfi%ﬁqgg &é‘gé ‘%fl I%ﬂ@z@eﬁﬁﬁé&(}% h%%%%{' RS
cements were used for this calorimetric testing, herein referred to as “Cement B” and
10 “Cement C.” Cement B had a lower soluble alkali content than Cement C.
Figs. 5 and 6 show the initial setting time results for xylonic acid and

gluconate in Cement B and Cement C, respectively. The results demonstrate that

xylonic acid has linear set retardation response (o iis dosage, in contrast to sodium
gluconate. The inventors therefore believe that the retardation characteristic of
15  xylonic acid is beneficial, in that it can be used to obtain predictable retardation

behavior with dosage as compared to gliconic acid/gluconate in cementitious systems.

Example 3
(Xylonic acid produced via enzyme process)

20 D-xylose was oxidized to D-xylonic acid using enzymes to demonstrate
feasibility of enzymatic conversion and to investigate the water reducing capabilities
of a solution bearing the resulting conversion product. The enzymes used for
conversion were glucose oxidase (F.C. 1.1.3.4) from Aspergillus niger and catalase

(-— (E.C. 1.11.1.6), both of which are available from Genencor International under the

(., 25  iradenames OxyGo 1500 and Fermcolase 1000, respectively.

In a 500-mL jacketed reaction flask, 50 grams D-xylose (from Sigma-Aldrich

Chemicals) was dissolved into 525 grams distilled water to make an 8% sugar
solution. The solution was stirred continuously at 350 rpm, The jacketed reaction
vessel was connected to a circulating water bath kept at 55°C. Upon xylose

30 dissolution and temperature stabilization 0.052 gram OxyGo per gram dissolved
solids (approx. 68 GOU/ gram dissolved solid xylose) and 0.015-0.032 gram
Fermcolase per gram dissolved solids (approx. 2000-4000 CU/gram dissolved solid
xylose) were added. Air was used as the oxygen source and was bubbled into the

broth at a rate of 3 standard cubic feet per hour (scth).



Example 2 5 (Xylonic acid calorinetey) Xylonic acid was tested in alcsEmEmG
heat calorinmeter to study its setting time behavior. The initial set tine
was determ ned by the onset of the heat peak. Two :i:cenents were used for

this cal oriTg%ﬁ'gct Qsthnd,, herein referred to as "Cement B" and 10 "Cement
c" Oem::ntA 'é}'g aAI ower soluble alkali content than Cenent C. Figs. 5 and 6

show the initial setting tinme results for xylonic acid and gluconate in

Cenent B and CefBRlicfon HESRSFHiES Y by HRGuaRSHLE S sdeumystiakedbal Xyl onic

5
acid has linear set retardation response to its dosage, In tontrast to
sodi um glrerctioratidie WH{eH icovsmtdios wah el oroedyalei igomesshvat oft the reaetian.dat i on

characteristic of 15 xyloni cid. is beneficial, inthat it can he used to
obtain pr dgfoéigll é‘r’aaaa_tﬁlg%cﬁat @%#a@?%%ﬁcfchp%c%%ém&glv %ﬁ‘f}&gé’é‘ to gluconic
aci d/ gl ucaAlse.032 GRIEFehbdoddE BY L@ Tdissol¥@ Bli@ Svdrkyl-onids ag hepr oduced
via enzyne process) 20 D-xylose was oxidized to D-xylonic acid using enzynes
t o dendnstreastien. Teexspaioniyay haltedarhop i sreovebeiies 3 eprsamdd poréspordsti gat e t he

wat er red%{ﬁigg,% c%%\Pe"i‘Q&ru:ch?sgrs@ar%@gc)lnﬁ’ézicﬁin bearing the resulting conversion

product . e enzynes use conversion were glucose oxidase (E.C.
1.1.3.4) from ergillus niger and catalase,~- .C 1.11.1.8),  both of
whi ch are avai ﬁi‘gf W%ﬂ%@%ﬁ%ﬁ%?lyﬁ%g’é’?‘ﬁgﬂ‘agwgIp“%ﬁ&tecron%'f‘}’é]s::‘ﬁ8 r%dename‘s.
OxyCo 150Qca ey Werghtof 88 erddRf) . of BRREE WhUA! Was driittRORomliht 3pKkplegd reaction
flask, 50 granms D-xylose (from Sigma-Aldrich Chem cals) was dissolved into

525 grans We&tilled water to make an 8% sugar solution. The sol ution was
stifred continuously at 350 rpm The jacketed reaction vessel was connected
to a cit cuCanérelg testitglr bat h kept at 55C. Upon xyl ose 30 dissol ution and
ter@er ature stabilization 0.052 gram OxyGo per gram dissolved solids
(approx. 68 GOJhegrdenidiasis opremdeds afbdve wapl tose) immdndetd 145-i10. S3Rplr &m

Ferncol ase per. gra | ed | pRrox. .2000- 4000 r.am di ssol ved
solid xyl ‘ifﬁ%r)mgé? ggghgégbxﬁﬁ ﬁ%]%id@éé% Q.ée ?WEDB evﬁ?‘gﬁ%%‘gl%ﬂ]ﬁtms bubbl ed
into the Hreth @ncltd 8t Seofylchichandiind vabicembaet waer thbeups (heedd) . 22 11
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sugared lignosulfonate, sodiun gluconate alone, and D-xylose (the starting material)
15 alone. Cement A was used with a cement factor of 564 Ibs/vd -concrete and the

water-to-cement ratio was 0.567. Various dosages of each sample were tested.

Figs. 7 and 8 show the resulfs for slump and set time, respectively. As shown
in Fig. 7, xylonic actd performed sigmficantly better in shump for a given dosage than
de-sugared lignosulfonate, and almdst nearly as well ag sodium gluconate alone. Fig,

( 20 8 shows that xylonic acid has a significantly shorter set time than gluconate and a
(“ similar set time performance compared to de-sugared lignosulfonate. It should be
noted, however, that a part of set-time reduction was likely due to the presence of

chioride in this particular sample. The present inventors note that the xylonic acid was

nearly twice as effective as de-sugared lignosulfonate, as only about half the amount

25  of the xylonic acid was needed to obtain a similar slump in fresh concrete when
compared to the de-sugared lignosulfonate. Considering the results of this example

with those of example 2, the present inventors believe that Xylonic acid, with its linear

set retardation response within the practical dosage range and its concrete-plasticizing

capability, provides a surprisingly beneficial water reducing ability.

30
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The reaction was kept at pH 5.2 by the addition of 0.5M NaOH t hr oughiosRPTt20€6
reaction- The NaCH consunption was used to neasure progression of the
reaction. Additional enzyne was added at 0-052 gram OxyGo per gram

di ssol ved J 0. 032 gram Ferntol ase pér gram di ssol ved sol i ds
Soi Uy A

every 3-5 reaction. The reaction was halted when the anmount of
NaCH consumed corresponded to 90% conversion of xylose sugar to xylonic

acid. The ion chromat ography anal : %g gwed that the product contains 5.5 -
9.3 % (on dry ch originated from
t he enzynes us\e\%}’%géi%jvf’t ncre es%cleno e xy on| ¢ és\gs?gl prepared above

vas tested in GPRGEA! G ﬁm@o@ Pl gﬁt@f&%gmat iR 7 ppnd ASTM C

143. The 9-min slunp values an Ifmes i'n” concre
Xyl oni ¢ acdytbnitl miteusivgy Eméadm ganesh Wdehtohhmseefeﬁ)ﬁblhﬂ%fdﬁcroﬁl@.ﬂ@ﬁt@éi‘smn

| i gnosul fonate, sodi um Iuco e al and D-xylose (the starting material)
15 al one. VGghg‘ﬁt PIRSSRES Og PG '@En’é‘ﬁtmofr%aé’%sﬁ’r ugsd @S@OPY%‘?‘%?!aéoncr ete and

t he mterGﬁponggmgtompsd%ﬁd&sgﬁﬁ @/@ilr)oﬂfe $0S 80880 s &PG K RGPl € were

tested. Figs. 7 and 8 show the results fo unp and set tine, respectively.
As shown desughied ligiosuifphanfromdtvisdr Papef duserdald i Gninfrilcant |y better in slunp
for a given dosage than de-sugared |ignosul fonate, and al nost nearly as
wel | as sdBiaiGoglersioriat e al one. Fig. 20 8 shows that xylonic acid has a
significantly shorter set time than gluconate and a simlar set tine

perfor mance coMpar ie-cofivelgos UFassl Wwisgpegethicd n@cerdingt 1 has!l @ndging Not ed,
ver, that a part, of set-tine reduction was |likely due to the presence of

chI Qe)r i e |R¥°‘teﬁ‘i‘f§ basgd; o thedteratiysy (Rucharh .o BitesimephQaidetgnsohBrwlashat t he
xyloni ¢ acid wasicr ! HydrityEeby RILBGLNE: WM Susahhflal kapasy) Tonate, as

onl'y about hal e amount of the xylonic a &d was nee to obtain a
simlar s|lCeyxei qsf Frodapid, cfblhht@pes WheEspopnBareetet d S8l mhe-1SedfBr ate
h those of

| i gnosul fonat Cg i de the re S,. X .
exanpl e 2, n‘t"‘h’ im, 0 g’i ?ﬁ g Wft%?eeqttaﬁ%tme@t“bﬁ%n}g@l ’8 WK ts |inear
set retar dlﬂkﬂaﬁk?e £ SPAUIS 6f WishininBdib BentBn txlyﬁ@é afiDSagRe [ANGR phidded £ S
concrete- plast|C|Z|ng capability, prOV|des sur pri sing I nef%C|aI wat er
reduci hy aBll By in gph 230m flask was inoculated with G. oxydans (vxable counts = 10
cfu) and incubate at 25 degC on a shaker table (200 rpm). Within 5 days, the pH of the
culture media dropped to 3 and the viable counts increased to over 107 cfu. Total
100mL of the culture media was then spun down to | mL. Thus prepared inoculum
was added to a 100 mL of the sterile hardwood SSL (5 wt.%) with basal media except
20  xylose and glucose. The bio-converison was done in a sterilized bio-reactor (500 mlL
(_ i scale) equipped with a mechanical stirrer, filtered air bubbling tabe and pH controller.
(_ The pH was maintained at 5.5 using a NaOH solution. The conversion was manitored
by the consumption of NaOH and HPL.C. The progress of the conversion are shown

in Fig. 9 (NaOH consumption} and Fig. 10 (HPLC).
25 It was also demonstrated that the conversion rate can be significantly improved
by simply adding more G. Oxydans in the bio-reactor.

[Mortar Testing}

The obtained bio-converted SSL was tested in mortar as described in Example
1. The mortar mix proportion was Cement / Sand / Water = 384 / 1350 / 230. The
30 dosage used was 0.1 wt.% of solid on the weight of cement. Fig, 11 and Fig. 12

shows the workability and Setting time results, respectively. As shown in the figures,
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|1 SEPT 2006 ATTORNEY CASE L3759-02 Exanple 4 (Xyl ose conversi on by SEPT 2006
A uconobact er oxydans, A TCC 621. in SSL) D-xylose in hardwood spent sulfite
l'i quor (SSL) was bio-con¥erted to D- xylonic and using a mcroorganismto

denonst r at gﬁg@#ﬂidﬂﬁ&%&{ﬁ crobi al conversion 5%with the presence of
| i gnosul f onat e. e m croorgani smused for conversion was G uconobacter

Oxydans suboxi dans (ATCC 621). The SSL substrate used was non- desugared
|'i gnosul f owﬁe%mfr@ﬁ wRARSILnAe% Ghd BedediedktalBl ealibws [Bi @=Cagver si on]

The bi o- conversion of was performed according to the following C 10
procedur e bmsed, ol onecahentiy thetser-ang Buslidrerequiyalentgiepipabhbelal  Oxi dation of
D-xyl ose and Hem cel | ul ose Hydrol yzates by d uconobacter Oxydans," Techni cal
Research Centre of Finland, Publications 70 (Espoo, Novenber 1990), pp.
17-20). The inoculumof G oxydans was prepared with the basal nedi um
descri bed [msklresdtglve literature. A 50 nL of basal nedia containing xylose
and gl ucose (xylose:glucose = 15 20:1 g/L) in each 250nL fl ask was

i nocul a§ ed Wi t hife bRxyERB%d(SSIalke aBOURKE Fpaklbsiatihy)SSANghd AGwdiedde at 25
degC on a shaker table (200 rpm. Wthin 5 days, the pH of the «culture

medi a dr opp8H in Sheacamrmt pake. ThaBrestt Bt st vies Reaoured with isrw/sgaticsly. Tot al
100nmL of t | re,ﬂ@tﬂi a . I A red
i nocul um @\gs%;eéé&’éég toa 18%%#€b?yt\%g%§!¥gé¥¥?é%ﬁgrp v%otaggséﬁc%é%o .9% wth

basal nedi deerbrpils@iherylegsB.-anthuy| UGeoge and OendietoRewankri15@00N@s9-done in a
sterilized bio-reactor, (500 cal e) equipped with a nmechanical stirrer,
fiftered af9§3)bﬁ’c$c)|1§r?§;‘dtli(i%el4aﬁ%w 8‘3?1%“? (HPEF%%F’W ‘%é‘*rﬂg GRS ned at

5. 5.-usifg H%qgg il As THEVERNMET B! 812 IRSorVRRdA @B R: AYwi gnsunpt i on
of (I_\laOll—Iélan PL .I% he pe?%gr ess of t%e conversion are ghownW I eI]Céi g. 9 (NaCH
consunpt i ofipwalsitityFiAgcording (ke @sult XBe raquirebdabgrooidenbinsoreraa $$ato t he

conversion rate can be sian.fi.cant Ldmroved .. b i addi n re G
Oxydans i na?}ﬂ%veﬁﬁ%g’%ea%?%%dl?h}ﬁ? %asiagtfae@ﬁ?sﬁ\gﬁ?mfﬁee&%rg?glg %ﬁe/&“ Eﬂﬁgegg%{)eﬁer ted SSL
was test edskn, TRY deltingaindle3ls ibeshvieRcERSIFHoald bk eqlivelefity leddn I8dsxhdar oportion
was Cenent / Sand /Water = 384 / 1350 / 230. The @30 dosage used was 0.1 wt
. % of sol i thestesugaeedaiign thegiosaganaditstedpe e saope wogkapslily. 12

15 Example 3

The inventors discovered a synergistic behavior in set time behavior when
xylonic acid or its salt was combined in mortar with an alkanolamine, such as
tricthanolamine (TEA) or a diethanolisopropanolamine such as N,N-bis(2-

hydroxyethy!)-2-propanolamine or N,N-bis(2-hydroxypropyl)-N-(hydroxyethyDamine.

k 20 A mortar was prepared using a Type I Portland cement, sand (such that the
(7 sand to cement weight ratio was 2.935), and water {(such that the water to cement ratic
was 0.543). Five different samples were tested having an admixture comprising
xylonic acid andfor TEA or DEIPA, wherein the amount of xylonic acid was
progressively 0%, 25%, 50%, 75%, and 100%. These samples were tested for set time

25  behavior,

The results for xylonic acid and/or TEA are depicted in Fig. 15, while the
results for xylonic acid and/or DEIPA are depicted in Fig. 16. From these figures, it
can be seen that the addition of alkanolamine decreases the set time for a given
xylonic acid percentage in comparison to what would typicaily be expected as a matter

30  of normal addifive effect.

25



shows the workability and Setting tine results, respectively. As shawBep12006
the Tigures, 24 11 SEPT 2006 ATTORNEY CASE L3759-02 SSL. However, higher
wor kabi lity of the bio-cefiveretd SSL allows to use_}Jess anpunt, and
consequently the set-time should be equivalent to desugared SSL. [Paste
Testi ng] ATARNE{ eA8Hh7eH2ed SSL was al so tested against starting SSL and
desugared SSL in the cenent paste. The cenent paste test was perforned with

the wc ratio of Q.5. |.ayed addition of chencals was enpl ogyed. The paste
test procedur Vp& ﬂ&e‘%‘t‘f’?ﬁ’b’é‘é Oglﬂ“see\?@ﬁ‘@}lse’“(l%’?b?c‘%%‘%d@ﬁ‘ﬁﬁF‘”@@ 8R¢1sand Concrete
Resear ch, 31 {2801)00033%, 963) 75%i Shd 1H3vARGofik Acidl hoRBOW L hesGRNRNt Ppaste
flow data and calorinetric setting 10 tine data respectively. As shown in
Fig. 13, thitehbibehooevel velshyphve shmsisaddipyer(icothe worsuibityl fetged tdccording to
the result, the required dosage of .the bi.o-convereted SSl. to, achieve the
sanme wor Iéﬁff??sleﬁk‘?e EY%SJEE?%%?’?%F |°§"‘¥18%‘§ WS qu‘f%ea%eggirﬂi‘%gh@;ﬁ?hﬁﬁﬂ desugar ed
SSL. Bhe &eivhiBOFizkMes ahd tinewbleObatiomaetdt a@icBSLhishIo WhAbrbRtie Behsadent or even
| ess than the desugared SSL at the dosages adjusted to the same

wor kabi | i hepveenshexxlfpir acibandvdkanglranecsis teanselgvdiagbeiawpner gi stic behavior in
set time behavior when xylonic acid or its salt was conbined in nortar with
an al kanol ani rd¥sncgueiempdiry compesitzons | ko ervention) cogiprige an aldopentonic

di et hanol i sppr.opanol.am ne .such .as N, N-bi s(2- hydroxyethyl)-2-propanol am ne
or N, N-bi %t -ﬂ%ﬁﬁ%‘}ﬁr?ﬁ eyt y&?d&%&’?@ﬁﬁyﬁfr&ﬂ%&cﬁ“)@%r‘f’ﬁﬁ Ras prepared
usiﬁg a TypRolant?ed, shand Tear@ DEPAN (such that the sand to cenent weight
ratio was 2.935), and water (such that the water to cenent ratio was

0. 5(33?9 Five ditlef B%&fHon SARBY BShoBhRed 6§W@Fb@¥h§%xﬁﬂpi@9%%%fé@&re@om“ sing
xyl'oni ¢ acid and/or TEA or DEI PA, wherein the anount” of xylonic acid was
progr essi sehogirgents, ¥4ush soppvidebbor awgosks ofillustradereorlunpl es were tested for set
time 25 behavior. The results for xylonic acid and/or TEA are depicted in
Fig. 15, while the results for xylonic acid and/ or DElIPA are depicted in
Fig. 16. Fromthese figures, it can be seen that the addition of

al kanol am ne decreases the set tinme for a given xylonic acid percentage in
conparison to what would typically be expected as a matter
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30 of normal additive effect. 25 11 SEPT 2006 ATTORNEY CASE L3759- Q2spMeivos
the workability of the various xylonic acid/al kanol am nc conbi nati ons were
tested at 0% 25% 50% 75% and 100% (xylonic acid), however, it was found
that the behavior of workability was nerely additive (ie. the workability
tended to. increase linearly as the percentage of xylonic acid was

i ncr easel)s C9ME: the behavior 5 shown in Figs. 16 and 17 were believed to

i ndi cate highly synergistic behavior between the xylonic acid and

al kanolam nes in terns of set tine behavior. Hence, exenplary conpositions
of the i hventAmnmosﬁpiphsmnmismgdbfp)amﬁtmb@nptawhdsel@clt@bﬁn@mhﬁ grogp icopsistingi r
salts, tur s .t her.eof conbin al.kanol am such as
TEA and B 0SB A0 st 1BieSf B b G Bkt Sl erE FRET HEU P AGY

exanpd esﬂﬁﬂ@‘%@éxﬁlf I\ %r@éier R 909 MBEPon Wg'v@él Ws%h@sf i‘iﬁ\/théi@&n SitidHi bR EPSa O
illustration only. C 26 11 SEPT 200 % is clainmed . A conp05|t|on

conpri si srgonq gymponeht amprsiordenic seid o saltithereofin feamew po dem dhast iWgandf  a

| i gnosul fonic¢, agid er eof uconi ¢ Cld or salt thereof in an
amount ng’ PE8%r Pﬁé ,égﬂgnﬁgegppgﬁgﬁrﬂhgﬁogeag ded on dry wei ght solids
in the conposition; and (B) a second conponent conprising xylonic acid or

salt thereof in an anpunt no |less than 10% and no greater than 95% based on
dry wei ght sollheieomppsiting afsiadesh furbar comprisie i sqleniecbfrom) the gioRPf ur t her

conprd si f S hanol and
ethag%l &%E?Q g%co?o gpﬁ%hﬁgggéﬁ?]Fﬁﬁ%ﬁ%ﬁ#ﬁne%ﬁ égég ?g0%£5ﬁ% % and
sai d al cobo%, bl sued ﬂb@l&ﬂrb%mgrpr@santalmuratndnﬁt 5 geber thah3r0%, A% pGainthges
percentages being based on dry weight solids in the conposition. 3. The
conposi t PERE queépaldfﬁ wereht solids 1R BiesPPesigorel | ul ose fibers being present in
an 15 anmount no less than 0.01% and said cellulose fibers being present in
an anount no greater than 5.0% said percentages being based on dry wei ght
solids iB theThoopogisitionof claim 1 further comprising cellulose fibers being present in an

15 amount no less than 0.01%, and said cellulose fibers being present in an amount no greater

than 5.0%, said percentages being based on dry weight solids in the composition.
4. The composition of claim 1 further comprising arabinonic acid or salt thereof.

20 5. The composition of claim 1 wherein xylonic acid is present in the amount of at least

30% based on dry weight solids in the composition.

6. The composition of claim 1 wherein said xylonic acid is present in the amount of at
least 50% wt. based on dry weight solids in the composition.

25
7. The composition of claim 4 wherein the amount of said xylonic acid or salt thereof

exceeds that of said arabinonic acid or salt thereof.

8. The composition of claim 7 wherein said arabinonic acid or salt thereof is in an

30  amount that is no greater than 30% by weight of total composition.

9. The composition of claim 1 comprising a gluconic acid or salt thereof.
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4. The conposition of claim1 further conprising arabinonic acid or1issaPtr 2006
thereof. 20 5. The conposition of claim1l wherein xylonic acid is present in
t he amount of at |east 30% based on dry weight solids in the conposition.

6. The conposition of claiml wherein said xylonic acid is present in the
amount of at [|east 50% wt. based on dry weight soljids in the conposition.
25 7. TH®. corlpesomposition of ¢lainkd fusihes cemprising amangaric @rids galactRyic 3pideOfaci d or

salt thereaqf [ s t f said arabinonic acid or salt thereof. 8. The
conposif?@ﬂwg?%é gﬁ%? @ﬁ%?gin said arabinonic acid or salt thereof is in an

30 amount that is no greater than 30% by wei ght of total conposition. 9. The

conposition of claiml conprising a gluconic acid. or salt thereof. 27 11
SEPT 2008- 10 herrmpesippel tlaum ddavingan ‘g’PF%FPPlﬁéFldéEﬁﬁ#‘ COEY 18 2HAMREH ¢

acids g a}'!oa}ggsqgﬂng(?g‘:ﬂ%%d ﬁransfﬂllléuntt he Fg%fer HanM0¥) BAs8d bheaELREighl dolidb e the

conposition o aving an a pentonic acid or salt” content in an
anmount compositiess than 0.1% and in an anount no greater than 40% based on
dry weight solids in the conposition. 12. The conposition of claim!]l
further conprising a plurality of hydratable particles or non-hydratable

particl 9. 16rhL3ompR6it6R EPERImk 1 FhrtRr colPtibing alfirh G ofGOERIALI patidles beast one
other additive or "adm xture. 14. The conposition of claim 13 said additive
or admi xtourlerdrasatdmpatikigmol ami ne. 15 15. The conposition of claim 14 wherein
sai d al kanol am ne is selected fromthe group consisting of triethanol anm ne,
a di'dt hanol ani ne, a di et hanol i sopropanol am ne, a triisopropanol am ne, and

m xt ur esj3t hergRfcondBsilibn of PRIk QMRARcb@PrisSihg Gt RhsNohd oMenddiivear d

al kanol am ne is N, N-bi s(2-hydroxyet hyl)- 2-propanol am ne or

N, N- bi s(@mhytdreoxypr opyl ) - N- (hydr oxyet hyl )am ne. 17. The conposition of claim
14 wherein the ratio of said xylonic acid or salt thereof to said

al kanolam ne is not less than 1:1 and not greater than 100: 1.

14, The composition of claim 13 said additive or admixture is an alkanolamine.

15
15.  The composition of claim 14 wherein said alkanolamine is selected from the group
consisting of triethanolamine, a diethanolamine, a diethanolisopropanolamine, a

triisopropanolamine, and mixtures thereof.

20 16.  The composition of claim 15 wherein said alkanolamine is N,N-bis(2-hydroxyethyl)-
2-propanolamine or N,N-bis(2-hydroxypropyl)-N-(hydroxyethyl)amine.

17.  The composition of claim 14 wherein the ratio of said xylonic acid or salt thereof to
said alkanolamine is not less than 1:1 and not greater than 100:1.

25
18.  The composition of claim 17 wherein said ratio of said xylonic acid or salt thereof to

said alkanolamine is 2-10:1.

19.  The composition of claim 13 further comprising an additive selected from the group
30 consisting of molasses, melamine sulfonate formaldehyde polymer, naphthalene sulfonate
formaldehyde polymer, ammonium, alkali, alkaline earth, trivalent, or transition metal
chloride and bromide, protein, alkanolamine, tall oil fatty acid, fatty acid or derivative thereof,
fatty ester or derivative thereof, ammonium, alkali, alkaline earth, trivalent, and transition

metal salts of hydroxycarboxylic acids including gluconic acid, glucoheptonic acid, ¢itric
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25 18. The conposition of claim17 wherein said ratio of said xyl onics@at Bos
or salt thereof to said alkanolamne is 2-10:1. 19. The conposition of
claim13 further conprising an additive selected fromthe group 30

consi sting of nol asses, nelam ne sul fonate formal dehyde pol yner, naphthal ene
sul fonate_  formal dehyde pol ammonj um al kali, alkaline earth

tri val ericid. dgrtagic apih musis am:c%/ grahcémdo?%r@haﬂ& w%ﬁﬁlé%ofkltﬂnaﬁlé‘fww s 46%ani ne,

tall oilg Eﬁ}SEYgI\g%ngco m;}r a;aa &'J%fdaTéaa b&}?oltﬁ%hSﬁBceucfa%}& ¥ofigher or

derivative t | ne ‘eart trivalent, and )

transi t i lgrlroxidd, qnbtassaumshydfom@a;is@dqwmdnbm@lkylcteau]fwm rfcﬂmaidedgdg,l silisani ¢ aci d,
gl ucohept ni ¢ acid, ﬁ‘é’i 11 SEPT12006 aci d tarta(g (i rr%I tj'% aci d,
malic adf msrmogtamuaamy& 51, raups; GalGpPmy FogRS forBis 451 & axanay%gur Likose,

gl UCCSseweElﬁraHd %ﬁrpibldssﬁglyﬁé?yﬁ@'é&gsﬂ)d]ﬁlﬁ l[f}ln%‘ﬂﬁ&lle aﬁlmm ARAL lafkafigd d,
sodi um hydroxi de, potassi um hydroxide,” sodium | inear al kyl ate sulfonate

f or mal dedayttietrivgleht, end tramﬂlmﬁgil saitsmnahmngatg,ﬁylmakﬁ/ Ic@nbenzgc WP, cal ci um

formate, .form c, agi ant ci ds,

ol yacr e et s, SE sy B der@h SR i et Ry Arf e ear
trival enducciae, gii@s ibolAdedt® phospRbriate &teraphb¥phiaé esters phérioRhfd d&'ﬁfaﬁﬁé\at e,

bor at e, phosphonat e, lactate, sulfate, thiosul fate, benzoate, acetate,

oxal at e, theispk, vl gsm, anda seidci nat e, gl ycols, borate ester, phosphonate
ester, phosphate ester, phenol and derivative thereof, a natural gum and a
starch. 10 20. The corrposi tion of claim13 wherein said conposition

conpri sex).an BedoxtposRionDEcRihad Whepdhh kdie cOmPusitiew Bempiided gn @fimaniure
accelerator, retarder, air detrainer, air entrainer, alkali-reactivity
reducer , sel§kdi W&&rﬁf&@me@sw@m of an aagaleratey, BRI Al detrainge PISICRERINGY, zer |

I t t,
oot e 1SRRI AR RAELARRT Ao G- EAR 20"
adm xt ur @lorhins eartdseindahibadiyideingrpeoofingaideripmen thnfpraggrdgent, bemeabiling ai ds,

ant i -freeze agents, viscosjity nodjfying agents shri nkage, reduci ng agents,
shr i Wk ag8I&SHIRHPHE HE- f&g@lﬁt(él adgv&xaﬁ@tgﬁnewmheérﬁatlaaelﬁ&c iciggt gdmixture,

efflore m Xt ures
t her eof S&%gﬁ) g ﬁﬂx%rhgé%%ﬁ%g%?? %ﬁso ezei,z?r?%gltsgglrs'% ﬁs!l&qgon%?%%? i'jsélt | east one
addi t i veshoinkagdnediicingeagehsy stoimkage- b@np&nsamg ageya) dtehetheengamigg agféﬁts anti-

efflorescence agents, expansive agents, and de-icing agent, and mixtures thereof.

20 21.  The composition of claim 13 further comprising at least one additive or admixture

having at least one oxyalkylene group.
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