ATTORNEY CASE L3759-02 BENEFI Cl ATED WATER REDUCI NG COMPCSI TIONS | nvent ors:
F = X itaDair, Charlotte B. Porteneuve, Ara Avedis Jeknavori an,
5 Josephine H Cheung, apnd Lawence R Roberts Field of the Invention The
present invention relates®to conpositions for nodifying hydratable

cenent i t \PHSRNEY eAbalL&s9@and nore particularly to conpositions containing an
al dopentonic acid or salt thereof and optionally conprising a

| i gnosul fonate, an 10 al dohexonic acid or its salt, or m xtures thereof, and
processes for nmaking these conpositions. Background of the Invention
Various additive own ta i GBS CaME il (otherw se terned
"slunp") in cen& 3V IULING CAOMELIILIO concrete, without
15 increasing the water content of the initially fanned conposition. Such
addi tives, or "adm Xt uf@sntoas Bieig-ad Chiat, Ten@Danrgl, are classified as "water
reducers" or "supergH.pplk B ESiSiend) APa USQkk JeRhatdtan, pur pose. One of the

nost gonmonly used Of,schAiRS . Whkfig, kRANERFRcARERSBARI N- sul fonat e conpounds,
al so called "lignosul fonates,™ obtained fromsulfite pul pi ng processes

wherein cellul ose is extracted from wood. 20 The so-called sulfite pul ping
process invol ves m xi ng sul f Jfieldiofshedaventiony \with an aqueous sol ution of
base to generate the raw |liquor for cooking the wood. In water, the sulfur
di oxi de f or msThalpfrencniudnvgoiien (daps fo Hr@pesitions EIS@Odiftnechydrefelje ades and
eventual |y suylfonates.t,he lignin by.replacin hydroxyl .group with a

sul f onat éxrﬁ?”gﬁﬁ?s aff‘?tgl\}\?l?'ig ap ?18rengr§18ﬁwl 2 g%‘%g\?\%%?gpé?%%gﬁgf Mm t he

cel( ul osgido Abidpé:e edip tepdo€ darfdospiondine cobpriting bShgakilestatespent sulfite
l'iquor" (SSL) and contains_|ignosul fonate and sugars, primrily

noros&cc latioheresic aadior ettt o7 puxperdleeriornd grsessey &Y wakigg these pernit t he
| i gnosul fc&%gé]s?tiotrﬁ be used effectively as a water-reducing concrete
additive. erw se, high sugar |evels acconpanying the |ignosul fonate can
significantly retard the setting of the concrete to the point at which
substantial delay of 30 i niBackdroned ofthadnventiomi ghs t he water reduction

advantage. If not renoved, sur are | ATTORNEY CASE L3759- 02
Various additives have been known to increase flowability {(otherwise termed

H

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

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

Fh

( 20 The so-called sulfite pulping process involves mixing sulfur dioxide (SO»)
with an agueous solution of base to generate the raw liquor for cooking the wood. In
water, the sulfur dioxide forms suifurous acid (SO; + HoO <---> H;80s) which
degrades and eventnally 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 liquor” (SSL) and contains
lignosulfonate and sugars, primarily monosaccharides, that nieed to be removed or
destroyed 50 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
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usual |y destroyed (e.g., through degradation, deconposition, etc.) and
confer no appreciable benefit to the operation of |ignosulfonate in
concrete. One of the objegctives of the present invention is to provide
conpositions containing-a lignin and/or |ignosul forate by converting, into
usef ul acA I HINBACASEBYPRC2 5 t he al dose sugars that are present in
agricultural residues (e.g., plant, tree, and other cell ul ose-containing
material s). The present inventors believe that aldonic acids have excellent

cement diupehsiAgroyEhABR: iTIoee: dasteiotian feferersren genentcicafe na he function
of "Q”OZAﬁ%%egﬁﬂfe%neﬁt%B@{oﬁkﬁﬂ&rﬁ&ﬁﬁgﬁ&uﬂ%ﬁﬁé ﬁ{%%gteng addi tives. Anot her

obj ectiv the present vention1s to avol uring recovery of 10

lignin or lig ul , i g mat erials..the very step of
removi ng or 32%‘1 Pgﬁéﬁgﬁgg%ngggﬁdﬁ? eéygﬂegﬁ%aﬁs{ {Oe %éﬁ%e‘?““?ﬂg?%%‘*d sugars are

used as sw@eiane s digninlde/os ligeossifane Hyyneatihy, inermyvalady oy edSformSugars are
ot herwi se destroyed through alkaline oxjdation into small organic acids and
car bord di g alflesepugaliaihal arc presens iy smionitpahissidiey 62 ddanty wse Al ether sugar s,
however, ) S . , kng enzymati c
o i or oby S isBl-Ea R ARG TR ERACI L BRBARRL, ot sl iR, PR
The sugar&cckifent bemer ulikpetsing nasabilftion ané sac drrdiere abeaesierte” Sk undtioppent ose and
hexose. Angther .and ng | ess _significant. objective of the present invention
is to coﬂW@E@DﬂéUﬁﬁﬁ%ﬁfﬁgﬁm@ﬂd%ﬁgﬂq CRREAHYEYE ons that are rich in

al dopentonic acids (or their 20 salts), .and, in particular, conpositions

that are rich W@Vf@ﬁ?‘-‘é"’%@ﬁhﬁ DiCHfEE LVEBYRN Hy (P R oI gBePVEDYr ether conpri se
| gdoh 1 i ] iy i i . Th
i é‘eﬁ? SO or AsPlonket S 7 yagndglﬁmql malhEOML verd Shdll G KRR e)p The

NVeNntors” surprisin I'scovered that xyfonrc a rits salt
form, whishoyiay sigprobtighastnidnt expghseoRemlatddongot areylsed es sugtehers.pr ovi des

| ower set retardation than gluyconic acid or gluconates, which previously
were knowhtaEesss %tt-‘é‘}mﬁl%ﬂ%‘giﬁg%?ﬁeﬁegﬁ%%?‘@tﬂﬁﬂ?rﬂ’éfﬁé@?tﬁye‘éfm%‘éﬁ?al dosage

level s.  Ajpuigfaixi®fon GR9BASI bigaic afidd bRy LRNLbAR: GRIMLES SRsdaLanvert ed
sugar in a ratio (aldopentonic acid/salt to al dohexonic acid/salt by

wei ght) ofenR@ing arglegtroyy@, thsugafs| hovayen herprefspicavenias pfoppsedto spmsdnt i nvent i on

is to,proyide a proces f . - WwWhi i oni ci.d-benefici at ed
i gnoégl f%‘ﬁ%’t g%lggﬁffé gfﬁﬁﬁ%%}%&%@méagrﬁ% %qgag a%an%gn%?gaﬁ%?mgy ng sugars
f rom ot hekfAsRUf. &S st@urdin, the misignsp Hommea s8H%) ald@es, shat astgaese: #an be

converted as well into useful byproducts for nodifying one or nore
properti e8e¥9fe-a hydratabl e cenentitious naterial,

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

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

( 20 salts), and, in particular, compositions that are rich in xylonic acid. Other exemplary
( compositions further comprise an aldohexonic 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 through oxidation of xylose sugar, provides lower

set retardation than giuconic 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 compnses 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 aldomc acid-beneficiated lignosulfonate-containing 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 hvdratable cementitious material.



2 ATTORNEY CASE 1, 3759-02 Sunmary of the Invention In surnounting the
dirSadvantages of the prior art, the present invention provides conpositions
for nmodifying one or nore properties of hydratable ;cementitious materials,
and di scl oses processes f'or maki ng such conpositions: 5 An exenplary
conposi t iAaTOBINEYHAFEMET2on conpri ses: (A) a lignosulfonic acid or salt

t hereof. an al dohexonic acid or salt thereof; an hexuronic acid or salt

t hereof; an hexaric acids or salt thereof; or mxture thereof; and (B) at

| east one al dopentonic aci duB¥narx|of thaluvesfion C Anot her exenpl ary
conposition conprises: a lignosulfonic acid or its salt 10 (e.g., a

| i gnosul f onat &) ;suapelrding| e sksagyratagey 9bethe anice aileithe (pseygnt invghldmi ¢ aci d) or
salt thereof, and 1 onal | - al _d XQni Ci . g. l.yconic acid) or
sal t theﬂ€8?¢mEf8ﬁ%§§§§%p§%bé@%@%ﬁgf%Pge&?ﬁ@gﬁtF%ﬁgﬁgg ﬁ%&pﬁﬁg% th a
conposi t | @mehiicdls ieaterBUh peicdidcRBea@bEaasds it kikeaitll b@Bpositidseh as corn fibers
(such as cobs, stal ks, and/or husks), bagasse, straw, banboo, rice hulls,

wheat chaff, haf dxungityRiesiidnod tﬂpﬂﬁﬁﬂtlﬁmsé%\‘\ﬂ)‘fﬁ%sz (AP SRRt T ecycl ed

paper, or a mxture théreof-- to mcrobially or enzymatically oxidative

pr ocessesacidThesght dureof, satofldehekerat izoid @rwiti thercotatr hexwduici asgl oceriposi ti ons
f i titi mat er i,al h i i di
RcesstvelPET ARt ol of PP BRieelod TRt rBRETT e SBLGEAERTHIC OBy ai ni ng

excessi ve

such  bypighesfofiicherior B4 thekest r oy al dose sugars or rempve them from
agr%cultural resi dues, 20 but instead allows themto be processed in situ

with lignin ar}%&&ﬁ@@@ﬂ SPRSRitioROonaRBeLls AbRbeaRnSUIaR (GSiPLgyi ded in
heni cel | ul ose hydrol ysate Iiquors) and/or |ighosulfonate (as provided in

spént 1&ul feighe dngsefonate); rpad gt lehs rone isloperdenjc e Gulg-neylosic aidyhesalyi el ds of
desired al donic_aci.d r clS. e incr ed. b ional l'y introducing
addi ti onaﬁherﬁ?{da‘%‘zo%[t?gaaigg (@%3‘?’?“‘2@%@% E@“ P ﬁ’%?"“ﬁb‘i”{%’g glier?oggm ext er nal

sources) into the oxidative cessing of the agricul tural residues.

Accor di ngl y, aé?‘eé‘?P %Ipﬁﬂpﬁssﬁr%_ﬁ%?‘%’?n%r F’ﬁ'géﬁﬂg%‘r? CEmsieadnvlysg oducing a
M Cr oor gagLRify a 1 \WRidEBs L-SuddPg adrh VdhebsO(sGENYE LobAlBD&E afdIgaAr s into
aldonic acids or salts, into (A) a hem cellul ose hydrolysate (HH |iquor

conpri si nusi#) hegapseyste, baskeo, sae hells gdeatohafhl tasliveedohips diet wend) i ncl udi ng
a m'orQ? [ OGs) d%ggﬁpggéﬁgggygéﬁagqer,< B 2nSRERAt msHbEl 48 dlcfbifhny(S5L1)
enzymatically oxidative processes. The products of oxidation provide water-reducing
compositions for use in cementitious matenals, such as concrete, while avoiding
excessive retardation. This is because the preferred process for obtaining such
byproducts does not destroy aldose sugars or remove them from agricultural residues,
( 20  but instead allows them to be processed ir situ with lignin and/or other biomass
( sources of aldose sugar(as provided in hemicellulose hydrolysate lguors) and/or

lignosulfonate (as provided in spent sulfite liguor).

In further exemplary embodiments, higher yields of desired aldonic acid

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

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

into aldonmic acids or salts, into (A) a hemiceilulose hydrolysate {(HH) lquor
comprising primarily at least one aldose or aldourose, preferably including at least one

30  ajdopentose sugar; (B) a spent sulfite liquor (SS1) comprising a lignosulfonate and at

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




| east one al dose sugar (e.g., preferably an al dopentose sugar); or (C) a
liquor mxture 3 ATTORNEY CASE L37S9-02 of (A) and (B); and obtaining at
| east one al donic acid @ salt thereof The present: invention is thus

further disreekReyiAseesRasitions (e.g., lignosulfonic acids or salts in
conmbi nation wth aldonic acids, such as gluconic acid, xylonic acid, their

salts , or mxtures thereof) produced through such processes. 5 Further

exenpl ary op{OCAESES; bl bhehing QIFkSenel MdIrRIMGE BOsBihdresHl Thé BreérRCESS
l'iquor, after conversjion of aldose sugars into aldonic acids, into a
hydr at abl é&vepeqneintins iHaer dorpes 14 §5oSTRES (SitedResuliavie e o1 salispri si ngl y

di scover ed, L iakudivhafiafoof! iddl Qichd8 i3k Ukia, YabRE JRAYELEADIJT LY 1N

hydr at abl e cenentitious nmaterials but5 at certain dosage Vel S, W thout
t he di sadvgniuageous{pebducet drdighguduabedssesof gl uconates, Xylonic acid C and
its derivatives have a further advantage in that they do not give rise to

air  estrai nep Rt QREBEry PNceticd G e adhn s SRATIAALE ahik SuBHlY platageous

process is commercialized at present for produci r)é; xylonic acid. However,
t he presediquim\adist gosversieny|gizddessatuganr g nidgyici swds uintd ar bydrlalde, such as
corn stover ide. a large 15 xyl ose source for oxidative conversion
into xyl oﬁF%‘efgg‘?B?E%Xn%’gﬁ 0g‘se particular agricultural residues have little

or no lignin cqontent. Thus, the present invention also,clains conpositions
conpri sing xyl gﬂ? RrE PVENRy S%Fﬁ“éwggp‘{‘]ﬁ°8‘ﬁ%i’f@at&¥??r’%ﬁ W%?f@v’élf%‘éﬁeg‘éonventi onal
adni Xt Ur eSyatUghuchsy abitiBt BY hydr@ahie RkmbRitdus mat@aRsHilf @Naé®ilin dosage

sugerpl asticizers (e.g., ﬁ‘5)0I ycar boxyl ate-type), water 20 repellént agents,
cor r oslilon lgvels Bitthpwghe gspdvantagipup artagardmezserlingf slaspates. afdonde bads. | n
fufther exe aky. cor I.Li,0 LoV [ nt ose sugar
cogponent a\ngp}%‘r% o"%ﬁg‘%g?alvé axy (:1)1%f 3&%}%@6‘? @%a%tgﬂ?afi?%og% etﬁ%es%e Eeeds in
anount  arslhipeBiC p@biethsor Not Sidegiréad( orf ecayhicalludyanagesusC probest tiber

exenpl ary conpositions the _anmount of Xxylonic _acid/salt to arabinonic

aci d/ sal t GoTTHTEREEA BRI Rresept PREFOARTREX AN acd. ¢ oveyes, the presept imgenteslvant ages

and f eat ures; ofp Qb AVERLRRaIRtS dHRS ShdnbRd. P sRVBATLE Throvide éT;;[,gBNEY CASE
L3759-02 é‘réla]ezf Descri pt?%{r? of Dreavm' ngs Fi g.C I ( §) i S Ca f"f‘SGv char
i || ust¥sat indpsa PROEROARKIfaNYE espnvérgion nnlei Hyfonic acid, and these particular

agricultural residues have little or no lignin content.

Thus, the present invention also claims compositions comprising xylonic acid
and which optionally contain one other conventional admixtures, such as a water
reducer (e.g., lignosutfonate), superplasticizers (e.g., polycarboxylate-type), water

20  repellent agents, corrosion inhibiting agents, shrinkage cracking agents, and others.

In further exemplary compositions of the invention, the pentose sugar
component is predominantly xylonic acid or its salt, and thus exceeds in amount
arabinonic acid or its salt (if any). Thus, in such further 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.



| i gnosul fonates fromcellulosic materials; Fig. 1(b) is a flow chart
itlustrating a PRIOR ART process for naking 5 hem cellul ose hydrol ysate
products such as ethanol ;;:Fig. 2(a) is a flow chart .illustrating an

exenpl ary process of the*present invention for makiing sugar acid products
useful foaTnERNEYWTASE 878G able cenmentitious materials; Fig. 2(b) is a flow

chart illustrating another exenplary process of the present 10 invention
for meking sugar acid products useful for nodifying hydratable cenentitious
materials; Fig. 3 is a graphid Debdrintionsf Daawisies var i ous conbi nati ons of

| i gnosul fonates with or w thout sugar conmponents; Fig. 4(a) is a graphic
il lustration dfignmbfahas avdiokabidr tilpsichiap ac PRAIOBt ABY pfocéssufor mikiiganpl es of
| i gnosul fognate_.co sitigns;. Fig, 4(b) is a graphic illustration of set tine
for four H??*@ﬁ@ﬁgg P@ﬁ€§@9P8H§&Fahconpositions in a cenmentitious mxture;
Figs. 5 and 6 are graphic illustrations of _set tinme for various dosages of

sodi um gl uconfige! d‘sx‘“\/!ﬂﬁf'ﬁ ghaglc jlnstrating; § ?&@Rt ABJnﬁWPF%Si@D@mé’eS; 20 Fig.
71is asgrﬁ‘&%'c&hﬂ SIG?ﬁ§%§,%étggfog{%§%#gg%&ﬁa{mﬁl fferent water reducing additives

at various dosages Ic 1l'lustration of set tine for various

dosages of water ucing . additives: Fig. 9 is_a graphic.illustration of

al kal i ne cons t?gag 1%uar g%"g“ fg’%g ]%us%r%g‘fézég cx%@p%pog%&%r%tic%ﬁ pé?seﬂén- desugar ed
SSL; Fig #Rehtfona for apilitg i dughstachlt ippminek  tivguix bo SRodifyingy | aiatabaei d
conversion praogress during the mcrobial bioconversion of non-desugared SSL
det er i ne@emEPtEIIEREIAINTTORNEY CASE L3759-02 Fig. | | is a graphic

il I@strati on of nortar testing workability results of the bioconverted SSL;
Fig 12 is a gFigphibeisa fowtchar ilbwrangmpether cxcawptarngrosess of theepresssul t s of t he
bi G@:oqger Ejle'szcei:ntxso%L’for making sugar acid products useful for modifying hydratable

cementitious matenials,

Fig. 3 1s a graphic illustration of various combinations of lignosulfonates with

or without sugar components;

Fig. 4(a) is a graphic illustration of mortar workability characteristics 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 illustrations of set time for various dosages of sodium

('- | glaconate and xylonic acid in different cementitious mixes;
20 Fig. 7 is a graphic illustration of slump for different water reducing additives
at various dosages;
Fig, 8 is a graphic illustration of set time for varicus dosages of water reducing
additives;
Fig. 9 is a graphic illustration of alkaline consumption during the microbial

25  bioconversion of non-desugared SSL;

Fig 10 is a graphic illustration of the xylose to xylonic acid conversion

progress during the microbial bioconversion of non-desugared SSL determined by

HPLC,

Ay




5 FHg. 13 is a graphic illustration of cenent paste test flowability results
of the bioconverted SSL; Fig- 14 is a graphic illustration of cenment paste
test calorinmetric setting time results of the bioconverted SSL; and Figs.
15 is a gr @ i | traiion of set tinme behavior-of an exenplary 10
conpositi c‘iﬁq ng{Ekeé/}%%vLé’?lgtgiogn conprising xylonic acid and tri et hanol am ne;
and Figs. 16 is a graphic illustration of set tinme behavior of an exenplary

conposi tion of i QV.eNLLQP ; 1.Si i i dand e
di reTPhanoI i sopr gﬁ 'ﬁ%l {ealrﬁe%bﬁgéﬁ%&f\l@g}gﬁgE%%%gg%gbl tf’;leis‘l’lteSdOthehsecri ption of

Exenpl ar Embedhverti$SA. first exenplary conposition of the invention conprises
a lignosul fonate and at |east one al dopentonic acid or salt, and optionally
at | east one alpgohpxeniaCeraghid iDlstratial b mblita RestOBaSHiink 0Bsils afsekul for

modi fying a hydratabl e cenentitious material, 5 The initial portion of this
detail ed d%@ﬁ?%@@ﬁbsecti on focuses on |ignin-based processes, whereby a

| i gnosul fonate appears in the resultant conposition. Ligninis the

char actSeri st i c Fig-ndi ng sanhst dlusieatipn 06 comesm pasie teglefldwabality sesolts ebthieul osi ¢
materials, . such a4 f ees and plants, and provides an appropriate starting
poi nt for PIOSEAL ié ? poses. However, in latter portions of this detailed

description section,. the present 10 inventors focus on processes whereby
Subst anti al |y piel s doBEINOACIR B SHRRY PondshoRRrsibh Sty tme

|'i gnosul f opafie ks 8RMiREnANEEHSEGNHSI Ng processes of the invention, and used
to make custom bl ended additives and adm xtures for use in nodifying

cenents and CcORg tS‘A%:%';Q{?' 0S| | QOASEH-S; ] £c ,acid
hyg‘reol ysis in ga(%%sl(?glg’s%Ser:'1 r‘g%‘gﬁegrn%él}g Dg S%O%E%H% agwf)g)?ti&o%?gnsﬁl}%h as

cel’l ul gee, contpiogitioe ahthb envseparcatmpdsihg kylnsik ceid aphpiethangaothacand such as papper,
and a soluble portion which is the hydrolysate |iquor that contains |lignin
and hem cel | ul gggs. Hetd eefrbphio SBustanibmiofiSses tigRr Belamdr SFQAY cpahpla®rs, e.g.,
nonosacchari des,. ol igosacchari des, and pol ysaccharides. In |jgnosul fonate
product i orcompRaitign gEEE &vieuhan RIPHFINE X UapE a%/‘ﬁé?d HIR MR IEPRIPRAEGEB RS cooked at
a high 20 tenperature with sulfite such that the lignin is sulfonated
(thereby producing 1lignosulfonate) and the hem cell ul oses are deconposed to
nonosaccharides. Figs. 1(a) and 1(b) illustrate prior art processes for
converting |ignocellulosic



materials (e.g., wood, grass, crop wastes, waste paper) into useful
products. Figure 1(a) illustrates the prior art acid sulfite pul ping
process, and figure 1(b)..illustrates a 25 prior art. process enploying dilute
acid hydrolysis. In both=processes, typically the ::sugar byproducts are

f er nent ed NIRORNEYHahdi LB %Peast, or they are separated and processed into
sweet ener products (for human or aninmal consunption). In the process of
Figure 1(a), wood and other |ignocel]ulosic materjals are processed in a
di gester that contai ndetadgdPese: of Byemnplay diadimesforj al of such a 30
process contains cellulosic fibers that are renoved and used for making
paper and paper frsbairnndary Gpinpesitionet sl lnnEopenmnrses togncailfenaidnionat ed
lignin (lignosulfo and non | ORNG, 3759-02 In
exenpl ary ag?"%‘e"s“s%%@%"? l)ltt‘} ﬂlgr&g]rd e%gesﬁt? %ﬁg\ggﬁ%{ﬁgﬁ o Ié%qﬁg%;er, §§g@?ﬁﬁigﬁrat ed in
Fig. 2(a)alt!hsicheapbsfisn prapis dortmodifiiiga hedraublageraenttiost hoyirhy al dose
sugars contained_in _agri ch%]ls]tgral resi dues by allowi ng theminstead to be

processed The u1%3) QPHAT tHe grlrdu LP5HBER £5tien 0wrEs PReRZIBE®E i nto

al doni c acj ! ' i t VS -

conbi nat i rrlgc\%nsste% P%@%F‘%gﬁﬂﬂﬁe?’%ﬂ%g& ut é"g‘?‘gg%{r‘\ét&ﬁ ?‘%’/ﬂé{n{gor s to
provi de wahechdrsdertstin pimding cdns@senttbenwden alor por ablisdofi cellolobiy dn it e
cenmentitious conpositions. As nentjoned above, Fig, 1(b) illustrates prior
art processel siHERS B9 PRYRHoWS PRIEET @nnmp@ppgtpssté%%g &’81)"6;8‘," PHéfftcel | ul ose)

are convertad by Ghities, iﬁgd't?f] pdBoRalrBls ¥elaged a&&;ﬂ%flaris&%hyﬂhe%?es drol ysate

which contai’ns sugars, an I's hydrolysate is usually fernented to provide
et hanold. Hewdintet | fotesen progesiey swltssdiyyr pubstaniiadivt prse rddppestehicubadsaisconponent

of (plant fibers... One type hem.cel | ul gse i s. xylan, whigh.is pol ynmer of
pr e(dom' narff"?@”‘ﬁl}(@'l%greﬁ%r?aﬁao ngtﬁg}’:f‘n %e rﬁg'tlccgfus%gﬁ’g}rcegssﬁsgg; %‘eéﬂ%ﬁgﬁfbar aci ds.
Di | ute acigdhwda ab tpike @ftoinhBlehdegnaiaaivkybas hémiraier oalse anchatpmequent

renoval 15 of the insoluble cellulose and lignin | eaves the sol uble
heni cel | ul wwaentjpad 6PF54%%, which contains predoni nantly nononers (and

ar omat | ¢ compoth g e A T Ra et Apoiy aa 1oy HE g ARcsRg Py ous
hydr ol ysat £ nisssofubtenpation, sudls angeljiders] whichniag reelresarattd f@bmaking eepanol  ( See
Fig. 1(0), DOLLOM s 20abn,t NG PLESSIL okt SILCR md Ry ENSIR Rior Tl NOY Of
contains lignin and hemicellnlose. Hemicellulose contains sugars and sugar polymers,
e.g., monosaccharides, oligosaccharides, and polysaccharides. In lignosulfonate
production, the process is similar except that the hydrolysate is cooked at a high
20  temperature with sulfite such that the lignin is sulfonated (thereby producing
( lignosulfonate) and the hemicelluloses are decomposed to monosaccharides.
(7 Figs. 1(a) and 1(b) illustrate prior art processes for converting lignocellulosic
materials (e.g., wood, grass, crop wastes, waste paper) into useful products. Figure
1{a) iilusirates 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 ethanol by yeast, or they are separated and
processed mto sweetener products (for human or animal consumption).
In the process of Figure 1(a), wood and other lignoceliulosic 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 monocsaccharides,



2(b), the present inventors propose to enploy the hem cellul ose hydrol ysate,
C especially when extracted from angi osper m speci es and hardwoods, as a
precursor for b|o convertlng al dose sugar content -i.-nto al donic aci ds (or
their salts), ecral “‘aldopentonrc acids or sakts, which provide

reduci ng G%E%ﬁﬁﬂﬁ Lﬁﬁéﬁ 2used in 25 hydratable cenmentitious materials
such as concrete and nortar. An exenplary process of the present invention

COI’TpI’ISGS i ntroducin a m cr ooy gani sm or enzyne, which is o eratlve to

convert al doperﬁ‘t%’?@l JBFOSESSFR G heprgRsat ‘6‘“%?&@0&1‘3"%‘&?%%1“5?%% nEAg. a

heni cel I ul ’ L AR CRBPIE 3 Adadyind B t one

al dopent oslgagggglgegéf%iﬁgﬁgpent sul %l teg I quoré,ylcéorrprs:gsﬂri%gga(gj}%%)ilj I gnosul fonat e
and at | eaagnctdmea}aﬂedorpmnlbsosﬁoﬂsmgathom(@tem toa bt ipgensesedi it pine voth () and (B),
and, after, conyersi on of dopent os bt a i‘n t |east one

al doni ¢ adiggos P’@S\I C‘f“ﬁﬁr? ﬂg@‘a%\ %%%Eﬂ?f %‘?gg?]ﬁo‘of:&@ris=to obtain a
conposist i oy fHRAkell& bl & cbMbRLAGP MMOSERUERES, WA GANbP e m&&rted Into
al dopentoni'c acids or salts, such as xylonic acid, the hemcellulose

hydr ol y s atievdniagu do rarn'dﬂom%qremiuoug fabtlidied iwhgoringrusaraiod gty hydmdtableom

‘agricul tural . resi .mat erials that have high al dopent ose content or
their precﬁ%ﬁ?téousgowoegféﬁed “agricultural residues” useful in processes of
the present inventhéfondiheb@fepr@gi nedudrssatseetiod 4 PrdceaRd Whaemmaterials
and byproducts including, without Iimtation: corn mllin ste (such as
cor n stal k&;ﬂ%ﬁé‘r@?ﬂ@uﬁl@?ﬂa@oﬁcﬁm@@ﬂﬁs hepiénelulatep e dopymtsd) by lﬁagla%%ld(sugar cane
or (gr ; SR r omthe
seed) alQ)Sra koq%%she Hellrﬁ%fumé éﬁ"’drwg%?‘% %ﬁl@?génst&gsemgké’r gra% gqtq%s% cereal 10
st (aws S Ol gty flrateched arlproeidg ethahalr m;mlplcea, agobakoepinits, rse;hem)n- banboo;

recycled C newsprint or other bro havj.n I least a 1 to 100 %
har dwood c%HHEHE CB’SPPU‘WEF aﬁ?l"m@‘??ésr i&‘? I?ig?:ﬁ By phighdsés useful in

the presené]ozyﬂéreaﬁﬁredbnﬁmﬁwm?m@aﬁ@ ﬁ@zmmsmtﬁém m%d%ug stantially

little or no lignin or hosul fonate is present 15 in"the byproduct after
aci d hydr ooydsi Erlurécwmdéwdmbﬂ@@ ofghe hgrocoldesid matpmdls embdxbtso:rubat refnphali n

al dope on| su t has |itt RS Anot her
pr ef erp %% gstﬂli'f ur a‘?]R‘?Oé%l i h g 1selsf‘g’jc“‘aflrd‘m 3 %b;e Flﬂs%g‘ﬁrgg’ésd “to have
little or RRichicEMbins p:%ﬁ&aﬁmrwgm@mm (-&umgagem)cw ﬁhbl rmkylb&smuﬁhﬁat erials
can be converted . . o )
sugars {as well as some various aromatic compounds from the lignin). Typically, the
hemicellulose hydrolysate is fermented, using yeast or microbes, 1o obtain ethanol

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

20 In the present invention, an exemplary method of which is illustrated in Fig.
( 2(b), the preseni inventors propose to employ the hemicellulose 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 1o convert akdopentose sugars into
aldonic acids or salts, into (A) a hemicellulose hydrolysate liquor comprising a lignin
and at least one aldopentose sugar; (B) a spent sulfite liguor comprising a

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

or salt thereof.



m crobi ol ogically or enzymatically to organic acids, sugar al cohols, or
solvents (e.g., 20 ethanol). Aldonic acids are sugar acids formed by
oxi dation of aldoses. Inm:the literature, productien of aldonic acids from

al doses t %@Fggﬁt ~(get abolism may be achieved using microorgani sms

such as 4 eudormnas and Acetobacter, for exanple. These and
ot hers have been remarked in the Ilterature Acet obacter sp. (Bernhauer, K

and Ri edl - Tunoya, i erglllls
(noted in US Pa gﬁ&rggégtg%%ﬁﬁgggﬁﬁgsniu?é%% n?aréﬁ% fans (noted in
Ger man Pat(ﬁﬁ{ferl@ahmaldﬁﬁenmmcrashlts)Such@19 asiomcchcumthqi) het(m:eﬂtédsel n US

Pat ent 5, 620, 877 o Faraol%{(?FS Enter cter cl oEcea\g i zaki I—{mf Thara, T.,
and Yoshi tideelyate; § : dRAyshirony aggisumisgds 761, 9
ATTCRNEY %ﬁé@&é@ﬁ@aﬁ{%@ h@«h %mop&mwtcﬁbr akir prefisin&: Biol . Chem 29
(1965), pp 470; Uchida ét al., N ppon Nogei Kagaku Kai shi 49 (1975),

pp. 25% 262) Rrsfortied r‘r‘agmnlmr@l—b;ylémsdalsdm al prpcele@@ﬁ@m prZsenQQﬁeﬁtﬂc&38), pp.

169-178); roco Ohsugqgi_ et Bi, ol. (1970), pp.
357-363) . “‘l’zﬁ@? E"chgl %&@Waar‘?g L?&q%eéﬂs ypm@i‘%sfé'ﬁ%] %ﬁ‘l‘tdati on of
D-xyl ose axgﬂuadéﬁm &2h bishias e;aédugsr @A U7 B StalRY, c%yﬁ@.ﬁ@laaﬁtg%s,%mﬁ%

Techni cal Research Centre i nl and, Publications 70 (Espoo, Novenber

1990), pp. 11@3?)203)3864_8510&5@333@11@ ios &St eecidies) USceP uks t wisab 20368 Aehyts Far one) .

M crococcus_s &{%’IS on.b coccus sp.
10 O D xyi BE‘gtefl ‘“rdérﬁ%?ic ?( Kéamgsg’a% gr%gm%ﬁ fl%%sﬁi%‘ mr’frﬁ eda et al .,
N l?ponid\bgﬁiawKagﬁgmn&ahmmoBiQ(e oA, JJﬁﬁ:B) mapls, e&iwpﬁi7e)c) Riagib& @tyeicauum ( Suzuki
et tal., Appl. M crobiol . 25 (1973 . o, Propioni bacteria (noted
i n(US Pat ePfvsBIIE Y, et %Pwraﬁ%%sm‘fl%a‘fﬁsaéhadﬁedgg 78 hardmogd KOEH Wt al ., G
E. N J. Bag riol. 52 (1946), pp. 581- 586; See al so Yokosawa et al.
Ni ppon Nogel "Kagaku Kai shi 26 (1952), pp. 415-420); Pseudononas f ragl (J.
Buchert et al.,Other edugidrpagrohitityl residhes Asdfl ibme@suemdmaen $troafi be"
Bi ot echnol ;?r%}{aralﬁ?}z ;[:}?Orsgn su\c{g lth'at gdbstlz\ilgﬁaﬂ?f h(tt}egc%@o’ liggi or?é%és%f'fghgté is present
13 in the byproduct after acid hydrolysis. For example, cormn stover is believed to be rich
in aldopentonic sugar (xylose) but has little or no lignin content. Another preferred
agricultural residue s sugar cane, which is believed to have little or no lignin.
Aldose sugars in such agricoltural residue materials can be converted
microbiologically or enzymatically to organic 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

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

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

Aspergillis (noted in US Patent 5,620,877 of Farone).
Aureobasidium 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.



C Pullularia pullulans (Kiessling et al., Acta Chem Scand. 16 (1962), pp.
1858- 20 1862); Sasaki et al., J. Fernent. Technol. 48 (1970), pp. 368-373),
Zynononas nobilis (noted.i.n US Patent 5,620,877 of .Farone); This foregoing

list is not intended %% '}ggg?gxhausti ve. Preferred ni:eroorgani sns for
oxi dati ve HTHENFORASE MPdtses i ncl ude @ uconobacter oxydans, Pseudoronas

fragi, and Pullularia pullulans. 25 Alternatively, production of aldonic
acids from al doses. thro 2N t1.C q.conversi y_be achieved, usi ng
al dose oxi dase ERZYHEY; @8%’%1 Ezf’fl%»j;’ For’ %Qg%f’%' “{8{13 s%p‘g?? ég’g&( 1.1.1.118;

EC 1.1. 1. 1&91., Wepdn Nokedlligabl K distli 48 (HR75EEp12579%210; EC 1.1.99.17); xylose
oxidase (EC1.1.1.175; EC 1.1.1.179; EC 1.135); or aldose oxidase (EC
1.1.1.121). 10 ALLCRMNEYmCASEbidd w9-02 desmasi 2. o9 (188§ uby f ogg.mmgi fyi ng one
or nore properties of hydratable cenentitious conpositions thus conprise at
| east one Mictoect (Okpepic!t 8k, Apgict Bige Cbved34 f1PEh pm3aT-d6pent ose (e. g.,

xyl ose, arabinose) and, optionally, an al dohexose (e.g., gl ucose,

gal act 05e, mannGheprobiner Prefier (Badheat, do Rinteomic! Axiddtisabf Dixylosy lsahi ¢ acid. 5

The oxi dation. can be C lish by .caonbi ni ng one. of the aforenentioned

m cr oor ganH%e%WHS%F@%ggggﬁ%%’§ﬂl€%fé\9§9§ﬁs @@%‘g‘enjg‘?cgﬂ‘fsal YRR Pt _

pref erabl y,rshppl eBIERBNPYO S SR Semice@ N DS Yt P7-20F 9l ucose, to provide
fuel for tﬁe oxi dative nmetabolismas may bé required by the microorganism

and/ or by Co”bimcl?cgbécﬂﬁs@b@@%ﬁus@ﬁk@n@]@mf’ﬁj%@ﬁ&o%dase enzynes into an
aqueous suspension. 6 10 A sanple description of thods for converting

gl ucose into gl i I = g Vg, ; : i t..5, 897, 995
of L(\/r oenmen et a#?c?’gﬁcf%gpd r’rig(;%gﬁls&%? ’ (B;ff‘g%‘%é te%Si Sésglﬁg%%g i Gl nM\%(gC%?n&% robi al

act(i vi 4y may Dbgidseungd D-aylGer deit”Pat ent No. DE 4317488 of Anastassiadis et
al., all of which are incorporated herein by reference. Methods of xylose
conver si on t hr opghciig @biddphaddh | (Wetly et Sil.N QGPpInE NS Ydi OB 8380 K dighi 15

hem cel tul ose hydrol ysates may be found in Buchert, J., "Biotechnical

Oxi dati on 6¥963)pPRyi1dsE 74nd Heni cel | ul ose Hydrol yzates by G uconobact er
Oxydans," Technical Research Centre of Finland, Publications 70 (Espoo,
Novenber 1990),Pighisoruetqru(Peukt b al M Micppigl el ERoer. BHEEEabl y, the

m crobi al oxidation is acconplished by introducing at |east one
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 Letters, 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 fofegoing list is not intended to be exhaustive. Preferred microorganisms for
oxidative digestion of aldoses include Gluconobacter oxydans, Pseudomonas fragi,

and Puthilana pullulans.

25 Altematively, production of aldonic acids from aldoses through enzymatic
conversion may be achieved using aldose 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 1.199.10;
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}.
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20 .of the m croorgani sns as described above into a sulfite process |iquor
that has been C separated fromcellulose as a result of the sulfite pulp
Nulll proce53|ng of agrlcultural C residue such as.hard wood. The sulfite
process Iqug; taips nonosaccharides and Ilgnosulfonate | nst ead of
removi ng the %%nosacc ari'des, however, the present inventors believe that
the sulfite process |iquor can be used as a source for aldose 25 sugars

that can be ni g 3;@4110;4 Rl 7R0nbAkALAORE tnde! H5ea0E bPRALRALAL ed

directly into ah rata l'e cementitious conpositi o as a water-reducing
addi tive (dhentebyus cbinposstidns Itlal'swngbniehe 1qa$t@ce31§0ﬂsﬁntpnﬂrachyombﬁdnng t he

excessive set retardi n properties t herwi se unconverted sugars). The
sulfite priggess 3t ‘CR?BP ayeal ¥ 88%@”@@&%@371?@?“ Xaraf‘h%&’i\ﬁ‘?% ddi t 1 onal

al doses or ﬁdggf NeGachifEe, olﬁm{nesepurﬁhfeegref@ﬁaﬁ&m&ﬂea{oﬁmt REURIOE mcSQQA I quor.

Thus, an nmpl'dary process of the invention conprises introducing, into a
sulfite prieessidkiioucan der puwethphisted lpyJICpmmnlttlg nge off frar dwoognamtkdcont ai ni ng

al dost 11 AT"r ORNEY SE,13759-02 sugars i nherent. .in,t su e rocess
li quor andP5Fe%% n&‘@[gé‘“’& P58 LUTRPS Susgenst‘ﬂ PBB‘?’EQH%%PS?{Té p

operative stugpz%%ﬁ@@lbyzr@omé@& %relcz@ﬁlpsy:g%&@ose Nb GréViglORIEL for Akd Q}'ﬁdatgét' onal |y,

sof twood can” be i ncorporat ed al on t he hardwood. Accordingly, an
exenpl ary werpdsm 4sona}fh9rre¢mﬁbyithvrgm@werg@msmmr@/ogbmp@mbm th&alddsehydr at abl e
cementitious materials, ses nosul fanic acid or salt thereof;

(
an al dohex®Hi%Re SE§r % T%Trl%?qﬁes}gﬁm)agn exosﬁ?lglnolnc acid or salt thereof; an
hexari e acids salt thereaof tur.e thereof | east 0
aI opeltonic a aaravie%ﬁ&ﬂp%% (Efm‘ﬁ‘( é?fefBF‘gﬁm}%u%’é‘%ﬁgﬁhglﬁfU%%w Yapresent in
gan‘ount Ay %Qa@bc‘%ﬁﬁ‘d 11PUSff%fe%95$959550%‘(’§0€&e@@f fenlRRSs.th&&ifn bei ng
ed on dry wei ght solids in the 10 conp05|t|on) For exanple, an exenpl ary

corrp05| t i ogluoBaEeIGERoTy viaj !gﬁwmlfaefm‘ﬁ%’ mey be fond ga|Germam PatentoenPBni ¢ acid or

ooy EN94800r AR NP Unen 36k theBloolded RALL 1y R-AQO! e

exenplary sugar “sourte such a , COrn up, 8%id ol asses

may be i nCMeﬂ@aabthy}ogﬁ @ortvblemkﬂl-ﬂmﬂsahcrbbzqmmvbgfu@mg pRenygos o iaf
al dopent ose sugars. This may be done, far exanp provide further sugar

t
acid 15 bhprietlieess hé(ﬂ’d’}%?te-‘t Bap b PEd Prdteghesh e “Plf’é‘?cgf“ﬁ?i PHEHoor gani sm
For exanpl g, y%sg a1 elpx‘?oécrﬁﬁfr&%a@ése@ G@}cgnéﬂﬁgteﬁﬂng&aﬂﬁ@r’rechﬂ@alSSL I'i quor,

or into a xy ose rotﬂ (for agriculturdl wastes such”as corn stover which
do not havRedehghi Gpntteo of aEmlalnﬂ,at‘kbb@auens 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 suifite pulp mill processing of agricultural
( residue such as hard wood. The sulfite process liguor thus contains monosaccharides
and lignosulfonate. 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
“heneficiating” 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  lhquor.

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

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

11



[ — i st e bbb e A b e

conversion of the al dopentose into al donic acids/salts, because certain
m croorgani sns  require glucose for netabolic support. In "Biotechnical
Oxi dation of D-xylose and 20 Hem cel | ul ose Hydrol yzates by G ueonobacter

Oxydans, " Techni cal Centre C of Finland, “Publications 70 (Espoo,
Novenber 19@6??“]3?{0@33%&%& that @ uconobacter oxydans sub oxydans
requi red 5% gl ucose added to xylose for netabolic support. Accordingly, the

present inventors believe that conbinations of | dopent,ose and al dohexose
Blgar s mygrsvitergort e sITGAFRTS Baor AoRRe ReEsTPURELH0RE et ot

CONVEr Si ONpjiRoS0RRIsAASE Snzylidr SHREN v XE MRkAbNC MRPAGIsE | QPSS TRY 4GS i se an

al cohol, such as nethanol and ethanol, preferably in an amount of 0-5% and

nore pref epcfd. \OWiolly. Dipeked begiromeipistalaigrvidrthe barilgeod.-n t he conpositi on.
Still further exenplary conpositions may conprise cellulosic fibers in an
30 anount of 0- B6&erdmglly, moerermiaf evrajyisyiod i0lmediHivgoasean nome dropenies ght  of
solids in th conpositiaon. 12 AVFORNEY CASE | 3759-02 The al dopentonic acid
o sal 5 of O GHIGHENT. PEFTHEY EHIE e SORPEGE e & RERYITHF AU h by m xt ur o
thereof , byt Rreferaohixont RN 6r 80 Ueredts BBt IPNRE 8B V¢ Qe i¥bANEE acid i's
preferably present in the conposition in the amount of at |east 10% nore
pr ef er abl y hatarik easls s89dherepfichr mixsurephetel &bl ay least dneaklopGoonbasgeédr dn dry

wei ght 5 sol.id urit.her conpositiQRs._conprise at | east .o | dohexoni ¢

2o 0, whi Ry TR s o eranreh, (AT OER. 368, “HEPR O chPe R ¢ hel
salts, Or QifdK19Ss- /0B @ perfrCER Bdryin QR Maséd oS MIRAskéiidens wf the

i nyention have at | east one hydratable cenentitious binder and at | east one

al topenfonicempesitnn)s FEheXEE PRy FogHeRmPaREsalmepitipR gorspiises a Ggnasuliit seidi t h a
| i gnosul foni c,aci i : ) [ i . its.salt, or
m e ¢ nat o8 o Spokde AR brisBRe B QARRN & e sl iRy C
further conprise fi nge %r}ggi ar C(r)gc%%e a ;ec%gte%m};rhe fgresen;{_rl i nvention al so
provi des a net FTEF Ho Wipng ”?’ly atapie ce?“?e%l AR SRS %%%8’% tion by
i ntroduci ngydMssdsCatly beONRoRbAGTACIHIOMeCHHCbA SAL Balot Heforé henean@Nb ti ous

bi nder, such as during an_ intergrindi ng operation whereby the clinker is
bei ng gr oustiopentenst Weprsa Hytray dB1dens Soc efaie. 1@ prasigenfugibenspganiid ni ng t he

or ar e werveBSids BhyBaYY pRHE Al B 2ot FERBlaaliACFo By U1 N0
glucose may be incorporated into the HH liquor, the SSL hquor, or into a xylose broth
{for agricultural wastes such as comn stover which do not have lighin} to facilitate bio-
conversion of the aldopentose into aldonic acids/salts, because certain microorganisms
require ghacose for metabolic support. In “Biotechnical Oxidation of D-xylose and
20  Hemicellulose Hydrolyzates by Gluconobacter Oxydans,” Technical Research Centre

of Finland, Publications 70 (Espoo, November 1990), Buchert noted that

(_ Gluconobacter oxydans sub oxydans required 5% glucose added to xviese for
metabelic support. Accordingly, the present iventors 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 alechol, 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.

Sl further exemplary compositions may comprise cellulosic 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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bi nder. The present invention also provides hydratable cenentitious
materials having the aforenentioned |lignosulfonic acid or salt with at
| east one al dopentonic agjd or C 20 salt thereof. The ternms "cenment"” and

"cenentitious conposition’ (which nmay be synonynous with "cenent

conposi ti gntormyChsE ussdoherein to refer to dry powders as well as to
pastes, nortars, shotcrete, grouts such as oil well cenenting grouts, and
concrete conpositions conprising a hydratable cenment binder. The terns
"paste", "norTiar ildamshtdnio nad et esilt af eomeommt OB) aral : copasike Srahivenid Xt ur es

conposed of a 25 hydratable cenent binder (usually, but not exclusively,
Port| and EEfERecidpphLEpEre I%?Fﬁ%fgﬁ?typrﬁflgwgﬁ't }fy(i?ﬂm ASft 4 EerRamed 2t emay al so

i ncl ude 'L}%ﬁ% 9&@@@&1@@5@%&;&1&% tffe ébmp%&ﬂon%ﬁﬁ%ﬁiuﬁﬂo@h%&s@ fignace sl ag,

pozzol ans,” silica fume, metakaolin, or other materials commonly included in
such cenenios) praiwthbiabicleast Yt andsmast ergfershblp st leadtdills besstllop drneleight ng fi ne

aggregate (e.g., .sand and concrete are nortars 30 dit i, onal i ncl udi ng
coar se?ag&fhéi_@a? Bﬁﬁf'er. cd’?“}poéltllﬁ%%p&s%@telﬁs(%&%ﬁ@?.ew{ - PSR B M osi t ons of
the presepf, i Rvenl i RimBRY b8, J0eR 0, FerkAg, of BSHiESHREDUNt S Of certain
materials,” e.g., a hydratable cenent, water, and optionally 13 ATTORNEY

CASE L S9-02 agfli - 4 , ., crushed
?é,dﬁ%?@g%”%g{?g“g ?’“%’&Slﬁg’?‘%qgl th€ QN eARPIHE IR sl End

stone or grave ne and coarse aggregates, as nay be
appl i cabl aydrataiialkentegtious ditder abdnt eetent atopprosiit iacd, behng fydomed. As

reviously nmentioned, .the inyentors realize that, sub ntiall ure xyl ose
" Can bo SHEAT Heaal CEHPEDY T O O RBP SIOTRGSE Wbt SRR FELBht ant > and

whi'ch 16an 0.1 S 8GR dhdrBofOX B Ik MEntRRE BEALLOM DAL ehpdtifhoRk@l and/ or
enarratl c conversion. Wth their discovery that xylonic acid provides
adva

nt agedurtisr eompriserinegddor pearseagaicgdte: e Thopresamirinyentianoals pravides @l s wit h
| ess retardati,on than. .gl uconi cid at.equal dosage. | eyels nd within the
cont ext ofnegﬁ’g %Et"%{}}?g% atckﬁ'g’fagab Brcgnﬁ%lt%lﬁﬁ%?]g?s 1o a%, WS%&%@%%? produci ng
xyl oni ¢ aghé MbpaniOgiRN8HTH CoroEalitsl aBPT@MENIRRAL EhindRE sELL S MurinkN¥ENt i on al so
provi des additive and adm xture conpositions (for use in cenentitious
mat eri al s)intergripding ioperatiere dbmecha e shinkss| 1 ez e end( ©robsan t2) hydsavblopt i onal | y
at | east an 0 C ‘ de bt 0.4 he bef ore,
uri g ofoBeyo b St BTBELaAbulhe tRidbéRR. 0SS, th! i Nyt R

cement binder before, during, or after water is added to hydrate the cementiticus

binder.

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 “‘cernent composition”) may be used herein to refer to dry powders
(7 as well as to pastes, mortars, shotcrete, grouts such as oil well cementing grouts, and
concrete compositions comprising a hydratable cement binder. The terms “paste”,
“mortar’” and “concrete” are terms of arf: pasies are mixtures composed of 2
25  hydratable cement binder (usually, but not exclusively, Portland cement, plaster,
masonry cement, or mortar cement and may also 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 imcluding fine aggregate (e.g, sand), and concrete are mortars

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

required amounts of certain materials, €.g., 2 hydratable cement, water, and optionally
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15 An exenpl ary conposition therefore conprises xylonic acid in an anount of
10-100% by dry wei ght solids, optionally one or nore materials selected from
a |lignosul fonate, an al:dohexonic acid (e.g., glugenic acid) or salt

t hereof, or._ ianal. cement additives and admi‘xtures. Such additives or
adm xt ur e?@&m\gﬁ@*é&g‘%,@bgﬂgr exanpl e, a pol ycarboxyl ate type

superpl asticizer; triethanolamne, 20 triisopropanolam ne, an alkali or

al kal ine qacth, pikgle Sat ngﬁ),gcgar&aig%ég%%e%&i&ﬁshea%ﬁ%;%i&%Qiglﬁae e), or

ot her adni’x o achiteve’potential I'y synergistic benefTt ccordingly,
anot her exgirptany pribdessadf cdale iggveeaes, o wonpr gedicatie nodudienthca

m croorgani smor enzynme, which js operative to convert al dopentose sugars
into al dorﬂaE‘CB@FB%mg% capgsgionbging f product material obtained by acid 25

hydrol ysis of afl A8lifi kiéhadnet Sk %n@%treﬁ%tzﬁét@uﬂﬁaxﬁﬂﬁf a%%%seamun_t s of
lignin (e.g., corn stover, corn cob), and obtalning an al doperitonic acid or

deri vatsi vesaf e gbtaineylfom com aloivet vathogadubjtatiay lignn solsttant mdlidhycandel | gni n or
| i gnosul fonate. Conseguently,. the resent _inventors bel.ieve that
subst ant i alPiFciEdiie WAEBH éeéﬂaﬁo‘bgﬁg IB’SE@?%@BR}%G”ZW@H,WFW‘@@WI e, as a

wat er red U\ﬁﬂnggmékﬂddi&dov&y%azamxﬁé YER $alidGe A hidptous a3Qfat@Ptr§€fui:§1F5- Thi's
process can be nodified by conbining sugars fromother sources e.g., corn

syrup, nol=dsiss fogtapabityust matenlsa mith ders tromidatden thee glisont abidprteduwdt s before
or after the oxjdation, of the sugars. T EY CASE L3759-02.The al donic
acid may b‘g’s‘%&?njﬁiv%é’d a4 ﬁlfr ch’ge&?tqfv %Q?Jéﬁ?l\ge%efehgﬁc%%%meﬁcﬁ; of sugars
inte the SHIREsed Ghidpro@uedl DI acieldh bickEnofRY or Wlles¥ANREIR, th Pedseide one or

nore of the following materials: nolasses, mnelam ne sul fonate formal dehyde

pokyrrer . napitihalasaereods sadities tngradaitgamemppolignsefor uat icadementitiaiiskal i ne

eakrth 5 chlori.de, brom [ j : am e i qil fatty acid.,
fatty aci dmﬁtfrizgg)rﬁo\l}{ﬁnlsi\l/lg%retdﬁ%i?n%%?)?mf@wg& (gtcfrg}rﬂ Bb?n d‘gort]iogigbi YER B ecof , al kal i
or al kal i ngn@adoidponyrihatyaldoaxydded witcihe xshlst beforglducioni @ @k 6, is

gl ucoheptonic acid, citric_acid, tartaric acid, nucic acid, nmalic acid,
salicylic %‘i"@?ﬁdlqﬂﬁﬁ‘dk‘%ﬂcf%’rﬁ‘i c acid, dye, sucrose, glucose, corn syrup,

sodi um sarcosi nate, al cohol, phenol, acetic acid, sodium hydroxide,

pot assium hydr o GEmplgy SORPeRIan tﬁ%’&fm’%ﬂ@}ﬂfﬁ?‘éxﬂﬂﬂiﬁ gridtie an pEeRiidehyde,

silica, di g yeonah CaryPRLUTEGTds, SpRORS! SHelt ABXAIELADS AR gal Ci um
formate, formc aci d; SIfroxane, surfactant, resin and rosin acids,
pol yacr yl i Bgraeilthnaeol anviattiphexpyier atiddne, chlconicnadié) i kdlcabeeof, or
conventional cement additives and admixtures. Such additives or admixtures may
include, for example, a polycarboxylate type superplasticizer; triethanolamine,
20  triisopropanolamine, an alkali or alkaline earth metal salt (e.g., calcium nitrite,

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

Accordingly, another exemplary process of the invention comprises

'

introducing a microorganism or enzymie, which is operafive to convert aldopentose
sugars into aldonic acids or salts, into a byproduct material obtained by acid
25  hydrolysis of an agriculiura} residue not containing substantial amounts of lignin (e.g,,
com stover, com cob), and obtaining an aldopentonic acid or derivative (e.g., xylonic
acid or sait) having substanfially no lignin or hgnosulfonate. Consequently, the
present inventors belicve 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., corn syrup, molasses, glucose) to obtain customized blends of byproducts before

or after the oxidation of the sugars.
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carbonate, borate, phosphonate, |actate, sulfate, thiosulfate, benzoate,
acetate, oxalate, ferricyanide, and succinate, glycols, borate ester,
phosphonate ester, phosphate ester, 15 phenol and_.derivative thereof, a

natural gum a starch or derrvatrves (e.g., salts) of any of the
f or egoi ngATRPRNEX£4SFdPP0he al dose sugar and above-nentioned additive may
be conbined and the aldose sugar subsequently oxi di zed by the procedures of

this invenion provi din addi.tive .is . ily oxidized than the
al dose sugar-. ?rﬁ@?f‘%craﬁ sm ebet‘f?é“q‘ e"ﬁ#ﬁ?ﬁ‘ﬁ 8%??555% i%elc(?ﬁr"?fﬂ%i dor its
sal t for m ey .20 el i8dr £RMIEDIRF alBEH maN ForHinpldIifludURBE /S a set
accel erator, retarder, air ( detrainer, air entrainér, alkali-reactivity

reducer, Irmamjlcrfg tlasd rfolowing , mplatigls:- m@éﬂamsngnfémﬁtw@natsufmnﬂﬂaaﬂﬁcr zer),

col orant COrrosio hi bi tor, a.da roof ad ture as forner,

per meabi | ﬂ’?@’qﬁédﬁﬁ&d‘ﬂﬁﬁnﬁ‘lﬂﬁé‘mﬁr @Tm;ﬁg?{g Erlﬁ’ 'ube anfjlgg‘?ﬁeéﬁg

adm xt yr e o bNgE HWrbfhi &b lpr AR AkAHCBMIRY, a1 B xit@r ald hyenk 2 e omenm'v@go' ng
adm xtures are 25 generally known in the art and described, for exanple, in

Worl d Pat elmreeé,pﬁat@'c@mrm derwtxvpcﬁwrmgakajmmlkeirnwam hy@rexyear®oxgtc - Conn.

i ncorporate b er ca i, C, acid. 4 ,

super pl astaFg SEE ?é?%%éco%c\l/ér‘f?l on%%cfm {”18 ﬁﬁtaﬂaﬁl&%‘r émgr?{céd Exenpl ary
pol ycar boxydtic GciaCticsied deid, Yipesoifins :ﬁﬁ(ﬁ%ﬁr«t @uowfre§ Wbdse o Srup3thdagat enpl at ed
for use in conbination with the al do{gentonr C acr d/salt conpositions of the

| nventr on sinedinage alechoh| pheaol: peytipactd pediganbydseorigeraiciassiug Bkonidehi ch neans

ore " T6° sl R R Sl B AEARERL COIEE HRENAT BARKBRVD (D e
beyi eved teantabbitgl oxyaligiene gromps, cakiiao firmgte, gimwpmd Rilohde c:ea&fht:mhn ous

m xture) and ethyl ene oxide (EQ groups,.propylene oxide roups,
and/ or a deWbERATPHER SHSERIIBEE Ass Piol'YV’c“th }@BB?reai‘B’Fm@We %%ﬁi*g“ pol ymer

or, more prgf, g&@alaraeﬁ%&&@ﬁ@@ﬁﬂ@%@%@%@&ﬁﬁ@ b&blle Raskbaafe The pendant

5 groups nay ionic or non-ionic anpl es of EQYPOtype co pol yner
super pl astfegicgamide, an@swamte, plychis domtaesterditmeplonetd esicr, pbsphitbested, n US Pat ent
6, 352, 952 of i.ne US Patent 5,393,343.0f Darwin.,et al.; as well
a5t Vs mardapd ek Bt ada o0 of il e i Shaldni oo ani oh
describe o roRLMIE Ateiaiitdly e QldbeT sugXamm ksoveaRakiyARY fidRive BRY year boxyl ic
mononers such as 10 nal eic acid or anhydride and pol yneri zabl e

EQ PO contwimbineg #nshteetdoss uparagpbsequently 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  further comprise zt 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, Amgicidal admixture, germicidal
admixture, msecticidal admixture, or a mixture thereof. The foregoing admixtures are

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

No. PCT/US98/17441 of W. R. Grace & Co.-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 include so-called “EO/PO type comb polymers,” a term which means

and refers to a polymer having a backbone such as a carbon backbone io which are

15



pol yal kyl ene gl ycol nonoallyl ethers, etc. C A further exenplary conposition
of the invention conprises at |east one al dopentoni c acid or salt, such as

xylonic acid, and at Iea§t one oxyal kyl ene-group..:.. containing conpound,
pref er ably Cﬁﬁ@&oe_(x ggRe conpound having repeatl ng 15 et hyl ene oxi de
(EO) gr oups pol'yeth ne oxi de (PO groups, or a mxture thereof Such

oxyal kyl ene group contalnlng conpounds, if further having cenent-anchoring

groups such as; %%&P%ydngaﬁa SR ILESR afeaarekéx%a%' eﬁt&asas%gﬁ%%am i zers or

wat er reducéers, as descCribed above. Such oxya ene- gr oup- cont &i ni ng
conmpounds grayps imkisocefgngidus miasraaiand ehylem mdidagEé)ggms,mn@Uymanesylsfdenkage

e di Sol GEER EP. SR SIS SHLURD SRS BB KT S sous, o35,

whi ch are \ﬁo”&;?ér%?ﬁﬁ&%%réf@fﬁiﬁ% Nn eymra@tfgfa@machgwotth@ﬁa&wtﬁé Yer@QUIPOSI ti ons
of the invention conprise at | east one  al dopentonic acid or salt, such as

xyl oni & acgrdypsi magom:nwmct iconnapi-phicat Hxemsies tofoEOFLy ayiey bene }gadmm cont ai ni ng

t t h t t. | ui di f
Conbnt1 11 cUGUEBRRIET 1, “ER ‘EREHRONE Gratou, drerEcbyBr 401 V8o 1 Lduce

shrinkage ©fss45i Wﬁﬁﬁn&é@eﬁkmﬁt&ﬁmE@H@é?@aﬁﬁma 1404811 GOTPORI ti ons.
Anot her exenplary conposition of the invention conprises at |east one

al dopent onPatendc #P46:906aU8  4.461clP0a 8. 149 Péhi and o389, 198 whirk dessabespmbn

conbi nation wth k@na | ture | udi ng but
not i mi t kPR Y ?lhgrr?o xaallﬂ«s}ﬂ ggg}f%ﬁé Dﬁj{’ ﬁ'y?rf’oof(yﬁnf Evated eg’nfuﬁg as
G{ happl i &Q@fc%@dl@k abifydiide GEREPERrerizdbid E@ﬁﬂﬁ@@ﬂﬂﬁxh?%cﬁt@n{e@ Rih;astetra
roxyet hyl et hyl ene di am ne TREED) and ot her kanol ar ni nes. The

xytonl ¢ achdyadeyiencglial mogoeliybeheragiche used in an 16 ATT ORNEY CASE 67" 5M2
XA>al kanol am ne additive ratio of 100:1 to 1:1 and nore preferably 2:1 to
10: 1. For exanpl fartherhexemiplean shanpesiionnel) thgeinvention comprises at least one

, N- bi d ,
b1 S( 2+ hyclr SRSER N AL R PRI i anbaleas one rogiotsncmnia  ous

conposi t i opur@finih§ econipuedmt, | meafeiablys aV\lﬂﬂﬂrdiymafmfd S@n@auh&dﬁzﬁiz@bk@cﬂﬁx@'ﬁ ntitious
bi nder 5 and the XAl al kanol am ne dditiv onbi nati on wherein the anpunt of
the XAlpregbrene padp gdssrErs PB’%’ ViR o ERURSe 8T 8RBT Herest. t he

cementiti 04 11]%,@9&5@&\@5&9 %msmgp&wuﬁ&mq’aﬁﬁ&%ﬁa@ cefinil AYRSRHO

COITpI’I SesS a
groups such as carboxylaie moieties, can function as superplasticizers or water

reducers, as described above. Such oxyalkylene-group-containing compounds may
also function as air enfraining 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 herein by reference.

( Further exemplary compositions of the Invention comprise at least one
‘ aldopentonic acid or salt, such as xylonic acid, in combination with at least two
oxyalkylene gronp 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 krydratable cementitious compositions,

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

30 (TEA) methvl{ diethanoljamine: diethanolisopropanolamine (DEIPA);
triisopropanolamine (TIPA); tetra hydroxyethyl ethylene diamine (THEED); and other

alkanolamines. The xyvionic acid or its salt ("XA”) may be used in an

16



al dopentonic acid or salt, such as xylonic acid or salt thereof, in
conbination with an amne additive (or adm xture) having at |east one
hydroxyl group and/or ignic group, 10 including but not limted to sarcosine
and gl yci ne. TheEéyloniﬁﬁacid or its salt ("XA") =may be used in an XA: anine
additive rATORFENEHHLYFO: 1 and nore preferably 10:1 to 3:1. An

exenpl ary cenentitious conposition of the invention thus would conprise a
hydr at abl e

cenmentitious hinder. a he XA: additive_.conbjnati erein the
amount of )?)’Qﬁﬁpfé%%}ﬁfm?esadg{“@@%a“too&g9@1%?%31/:1 TRET B??{er%}%é%ﬂ t‘E’)ﬁSﬁeﬁgﬁt of the
15 cenenti te&@fi&e})éh%qﬁiamléﬂmem% b@’éﬁﬂ@is@-ﬁy&@@é@@i}bﬁﬁ@paﬁgla}m drygDt i on

conprises at l[east one aldopentonic acid or salt, 'such as xylonic acid or
sal t t her edfis(2ihpdroamiropdl-Nehydsphhthah  awdoé-t | vesn( oexeampiryt wempntgmhect ed from

the group consisting_.of an al kali or . alkaline, ear hydr oxyear boxylie acid
salt of gl LF@HWPE“%’B?’é?heglpﬁ?f%ﬁ’%glf%r?'i’oéﬂcgﬁrﬁﬁmsgiat}}}ﬁ@t%& ‘if?(”e%u‘%/"éﬁf‘ fc acid,
nuci ¢ agi d,,;,A%hd L AMKEholaet Bl € YdrhKinaloh Grherbhlfh¥ ¥t 6r 86X Sfesdnt s salt  C_
("XA") maybe used in an XA:additive ratio of 1:99 to 99:1 and nore

pr ef er abl y i80.005 ta ©.5¥by3iry maishiduagsl arwyeighi v e icemedioednpdsi ti on of the
invention thus would conprise a hydratable cenentitious binder and the

XA: addi ti ve contimdhdrosxewiplreicompesditgnanD it roknioh com@iseO 5t tleas0.0b86 by dry

wei ght based _on wej ght. of the cenentitious 5 bi nder. of her , exenpl ary
conposi t i orAlIPERRBG "’r‘f%’iie‘ﬂ_tsf'lérf“%‘?‘ﬁ)’fylkg’é%acé o %‘_ﬁ&‘m&‘gel_“ Ca'inﬁ@ﬂfé?& BHF &2 acid or
salt, such A%, XYARALE (RGldixAle) 3Rl ing N REROhe hidloSP FRIP ALY B Mt R 2additive

(or-adm xture) selected fromthe group consisting of an alkali, alkaline
earth, 10G cugudihg bubmot tirnisd ite sesvsime red glytios-iThe iedicarcidor orisde(“"XMe xyl oni c

acid or its salt Vi 30 (" XA" used i XA additive ratio.of.1:20 to
506: 1 and. BFECbEREP Anpy st pffeSo bR R KR B bl Wik ffer Pl
conposi ti ongafi t K ekavaay icanedtitiues waipostic® oPht sfemionivdraiuddienrRIENt i ti OUS
bi nder and the XA:additive conbination wherein the amount 17 AT' T' ORNEY
CASE L3759-02yékiable comenipae hinders aggl (s X4 dadyitts, entapajioneyvlmein pheed on
wei ght of the ¢ htd - Di I the I Jo T 1 of the
i nvention c%??pupfs%ggk%tér?%gts%sbggg? t%l 'o/géﬁt%rﬁ?%(g%i %rs%dr Bgﬁ@tsduc ®as xyl oni c
aci d orisal ¢enfchgfi@afhinden conbination with an 5 additive (or adm xture)
selected fromthe group consisting of an alkali, alkaline earth,

Another exemplary composition of the invention comprises at least one

aldopentonic acid or salt, such as xylonic acid or salt thereof, in combination with an
additive (or admixture) selected from the group consisting of an alkali or alkaline
earth hydroxycarboxylic acid salt of glucomic acid, glucoheptomic 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 99:1 and more preferably 3:10
( to 10:3. An exemplary cementitious composition of the invention thus would
comprise a hydratable cementitious binder and the XA'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 salt thereof, in combination with an
additive (or admixture) selected from the group consisting of an alkali, alkaline earth,
Group 111, 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 to
10:1. An exemplary cementitious composition of the invention thus would comprise a

hydratable cementitious binder and the XA:additive combination wherein the amount

17



G oup III or tran5|t|on rretal salt (or aC|d or derlvatlve t hereof) of an
al um nate, silicate, carbonate, borate, phosphonate, |actate, sulfate,
thi osul fate, benzoate, acetate, oxalate, ferricyanide, succinate, or

m xture thereof. The xyt@nlc acid or its salt ("XA") may be used in a
XA: addi ti veTT@RNBYSIASELIT002t 0 100: 1 and nore preferably 10 1:20 to 20:1. An
exenpl ary cenentitious conposition of the invention thus would C conprise a
hydr at abl e cenentitious binder and the XA:additive, conbi nati on wherein the
amount of omhcbaﬁngrw@s%@}fjﬂﬁ@Ue%bsdmmgls%%?oawlshfe%tﬁﬁ CHBFEEOMN wei ght of
the cene t| ious binder. In a further exenplary conposition of the

i nvention, “P#& at |east one 15 al dopentonic acid or salt, such as xylonic

aci d or tart | DERGH FRNRS COTRINEE W 1 nBnihS3haRN8 M 3L ggdi tive (or

adm xture) sel rom up consisting o

pol yet hyl engo@hsQt Jacid@r gélt{@@ihclis xvivatcadcal @Sﬁiefhﬁrepﬂ%@&tﬁﬁiaitﬁmaﬂﬁﬁﬁn
phosphat e ester, a phenol or @henol ic derivative, a natural gum a

st ar ch-fler additive (OprAdEUREe) lasird foabibe STRP corisingphanslial plkakieteartfhe xyl oni ¢

acid or Tta,Sal by (ot AR B 798 5 ArUAUILLY SR Gnl 500 L 1O

1:1 and nD n exenplary ce ntltlous cbnp05|t|on

of the i nVﬁﬁ&dx@ r&at«Mﬁtey\mhze osfohae, lactathysdifat, abbelfebatzbite ciasiae] nder and
the XA:additive wherein the anount of the %(I onic acid or its salt being

present ' SO@IQ@S&E@GW 595 Wc’aﬁt}? Re KR sl ont NGefyiic agf ehes sdhent i ti ous
bi nder. J f e at | east
Al d opé R{'ﬁbﬁlr%g% S&, A2 3% tﬁ@%bﬁ ! Qf & I(f{)hleaﬁcf‘}{ﬁﬂ% %;Qféﬁabﬁ

on sal't, such as xylonic acid or ereof, may be
conbi ngd wip bl to &0: 1 .east exam@laqt brementitiolist dowgpogiton alithiextwenedn ek ectuedl from the
p consisting o terproofin ent. ( cal ciumstearate); a
i shing &PPYSE. agh)"?i%*? & St 15“0“%1 %f‘d t}Fr)gfég@dlﬁ‘éee‘fﬁm(‘%alﬂ nWheBlhitrate or
Ca nitri tel ﬁ}&ﬂh?Spﬁht%zng%FEs@M'lmo@ﬂ%@:% By gry,we?%@t Biso@eh YRkt RS oF
di utan gum m; a shrinkage reducing age (e.g., oxyal kyl ene
type); a sb&mﬂglt1buehimdm| ng agent (e.g., chloride thiocyanate,
al kanol am ne); an anti-efflorescent agent (e.g., calciumstearate, calcium
stearate 18 ATiI}CR[\IEfM‘tt@ASﬁemsmﬁg{ﬁmpdiiéqsemﬁitbn)ipv&mticmx]dansﬁ \D@stagmmt (e.qg.,

a1 dopertEon FOBGHEE SH AT A h g CLTIRGRE b0 s e B epminct ol Y601 )+ The

at least one other additive (or admixture) sclected from the group consm{mg of a

glycol (e.8. polyethylene glycol), a glycerol, borate ester, phosphonate ester,

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

compound, 2 hydrocolloid, or a mixture thereof. The xylonic acid or its salt (XA”)

20  may be used in 2 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 comprise a
(_ hydratable cementitious 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 cementitious binder.

25 In a further exemplary composition of the invention, the at least one
aldopentonic acid or salt, such as xylonic acid or salt thereof, may be combined with
at least one other additive (or admixture) selected from the group consisting of a
waterproofing agent (e.g., calcium stearate); a fimushing aid {(e.g., polyether); an anti-
freeze agent (e.g, Ca nitrate or Ca nitrite); a viscosity modifying agent (e.g,
30 biopolymer S-657 or diwtan gum, welan gum), a shrinkage reducing agent (e.g.,
oxyalkylene type); a strength enphancing agent (e.g, chloride thiocye;natc,

alkanolamine); an anti-efflorescent agent (e.g., calcium stearate, calcium stearate

18



| i gnosul fonate conpositions of the invention, in addition to providing
excellent 5 performance as cenent additives and concrete adm xtures, are

ot her applications. Such.conpositions are
bel i eved to have advant ages, such as dispersants “of fluidity nodifiers,
when used ASITAFRNEY GASEIHFS-Bi| well drilling muds; pesticide applications:
carbon bl ack (e.g., ink and pignent dispersant); dye manufacture; asphalt
enul sions; water treatnment. (e.qg., di sq;?ersapt _scale inphibitor); 10 |ead acid
bat tor i os. PATHEY ERRHIHYY® ACH bt FGNTE UIgSS). RSt RS, (g-agent s) :
C industri aéhlogdggﬂgg,ggyeg%‘g. , dispersants for dirt, netal cleaner); ore
beneficiation (e.g., ‘lithiunm); netal plating;, enhanced oil recovery;
 nsul ation; and Qnergopbmdile PLABEHANRY CiddlsBbR0 RAR! AblRabO Rt Nods and
conposi tions wherein alpoflopentonl c acid-"or salt-contal ning conpositions of
t he i nvent ijgRosagndes comprsiond 51 aboveendore useiditas wi ppeidsan escellot
noncenentitious (i.e., non- hygir_at able) particles or partjculate matter, such
as netalS oxpegeanqneeg?s cament Fifin e &g gecretypdrixigesy are belevstal@uh#Ene dye,
azo dye, amoltén?iﬁl SHEr a(pgﬁédtigﬁ'é:‘_esucﬁi}lﬁﬁposmo%r%@boéﬁe(v@d f-havé bilem@¥Ld&,cn car bon
bl ack), fi ne Silicas .g., silica fume, tinely granulated sili cac)h, tal c,
clay (e.qg.,as dispotsants obEntdgnintoéifiersandiemtised ras sdditivep an: toilowdibdrdlingandis;cul at ed,

or ground mnerals, 20 organi r._ L, norgani erials. Preferably, the

di sper si pnspeé?‘édeaqﬂ’é’éffgwfl _ ﬁﬁgi’ﬂ gl?lac_kAg%g'rd g%f WW?‘%e?}IS’é‘?{%’I’?ﬁI’ a‘&é o
conposi ti ong, Qfrdilie; hiPreR thRRidNMRhicP Gre@heREE0 USispetzant USAE Ak ONPr i Si ng
an @l dopentonic acid or salt thereof operative to disperse one or nore of

t he' aboie- | @ahtarifli baitenfyideahs orningit wicrepuEicnly (sar.t heta] ghalatingr agenEhe

f old owi ng ex l.es .are provigded f il ].ustrati.ye Rurpases.onl nd not 25
ot nden ;R e RE B fiBedl e dlioREE LR RRORSER SO B

(Li gnosul f of@hsnyrmlaigBiit; exahedicreavts) inkapimi sRnjseryver e performed to
denonstrate the benefit of converti ng xylose in spent sulfite liquor (SSL).

Two |ignosul fonafi, Pregid Ghventid aish alht@ing 1O MHAS Ghd 3MpRARSHs whEER used in
the experinents. One is a |lignosul fonate with sugars not renoved; it

cont ai ns 348kidmentveicyheidx 91 saleconpyenp chmpositiony 4fj §n daysintion aasedashidtedwas de-

Tnio o 1o RpterRivs L aE RS B ol o AT AR B e BC e st

retardati onyartidiifte Opasitigated as metal oxides (e.g. titanium dioxide), dyes (e.g,

anthraguinone dye, azo dye, aniline dye, stilbene, dye), pigments {e.g., zinc oxide,
carbon black), fine silicas (¢.g., silica fume, finely granulated silica), tale, clay {e.g.,
kaolin, bentonite}, and other such particulate, particulated, or ground minerals,
20  organic, or inorganic materials. Preferably, the dispersions are aqueous in nature,

Q Accordingly, further exemplary compositions of the invention comprise an aqueous

N

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

25 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, available from Fraser

30  Paper, were used in the experiments. One is a lignosulfonate 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

19



| i gnosul fonate was conbined with a sugar acid (gluconate or xylonic acid) at
a lignosulfonate:sugar ratio of 66:34 (figure 3) to nake a third sanple for
comparison wth the |ignosul fonate + xylose (i.e., the non-desugared)

conposition, P o aci d was obt ai ned front Ori cron Biochenical s,

I nc. [Nbrté‘?vr‘?g.&?i‘)r%%r%gg? flow test of the three Iignosul fonate sanpl es
and |ignosul fonate + gluconate was perfornmed in aeccordance with ITS A
5201. The nortar m X, Or.L : / ; er ,,460/ 13 235,

wat er - t o- cEFBHt “at i“SR‘ﬁgg‘Qmé‘{l%’ﬁ‘P é‘)‘@»ﬁm?ﬁﬁ%&o%ﬁ%%%e I IQ%rSé’f’%gdrly portl and
cement and jshesipasniste ENss amebingdr @ithiseshgar Bod hghoodasr o kyiepicamsh)f dtow wer e
nmeasured and the workability was determ ned in accordance with the formula

[ wor kabi | i tignossifpnatesugay o ¢hP 3¢ (figyrey) mpke 2 tod sample RRpFaERF Sy for the
de- sugared _|.] I , - u el :ﬁpgﬁ - gar ed

| i gnosul foﬁ”éihgﬂgﬁéf'é%gggaﬁ%f}g%ggéfglﬁeérgoﬁegk lg g?\igé% onlg) 'e%%ex’gyﬁ%l?ﬁjc acid for
di fferent degagesbatitseddhomOmidaod Boliemmidals, Tive conbi nati on of the

| i gnosul fonate with xylonic acid had a fluidizing effect that was greater
than the |igpesutd@ngte with xylose, as shown in figure 4, thus

denonstrating that the |ignosul fonate was greatly beneficiated by the
xyl oni ¢ aci d andcs By desbiof deg thyes Hanosulipnaisr sapipips cind gligigenlfongie + 20 f or

cenentitious materi.al i T [ - QF | es were
al so teste qcﬂnaé%ﬁ'@rg 8%0%“%8%%%03%%\%%&% ?% A S@M%@%@g&% Mrgﬁgggr actice
for Maki ng wRd (RuenbBariddWeret € RE6M 3 BPEIS| Neaer-ioccenichie 1ad®0obat oejpght ASTM C

14?{(St andard Test Method for Slu of Hydraulic-Cenent 25 Concrete), and
ASTM C 139 (Wést0-fet no@e fidh odiepr eudpifecestenbawt pagterfN-fu8 iteat usedoncr et e
Spéci mens) ., Ih ﬁhﬁ;i L Lol r -m.aut e sl unp,
M/ager-reducﬁo;[%ﬁl,opt%?rg c n%gng%%%eﬁg%?rrgg%n%gﬁc%‘grtﬂe}%ﬁ?r%i%fe%ngg?- ime, and
conpr essi veccatdreagtth thefwndenment s sourced from different geographic

[ocatone wer s woed | & LS 0 GOIEAELS s SR, A0 M oF desi gnated o
concrete Jwdip RSy Gor e tdR-s6 LBt oW HnRE nonl 28 -@Bﬁmﬁ@e, dgkhe Ve
rati os of the reference concretes were 0.546 and 541 for 20
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 bad a fluidizing effect that was greater than the lignosulfonate 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.
(7 [Concrete testing]
(‘ The lignosulfonate sarples were also tested in concrete in accordance with
ASTM C 192 (Standard Practice for Making and Cuiing Concrete Test Specimens in
the Laboratory), ASTM C 143 {Standard Test Method for Slump of Hydraulic-Cement
25  (Concrete), and ASTM C 39 (Test Method for Compressive Strength of Cylindrical
Concrete Specimens). The properties of interest in the testing were 9-minute slump,
water-reduction, air content 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 564

lbsfde-concrete_ The w/e ratios of the reference concretes were 0.546 and §.541 for

20



ATTORNEY CASE L3759-02 Cenment A and Cenent B, respectively, wth a target
slunmp of 152 mm (6 inches) at 9 mnutes (using the standard slunp cone

met hod as described in ASTM C 143). The water-to-cenent ratio to achieve

t he same slunp | evel of ‘tthe concrete having a typi¢al |ignosulfonate at the
dosage of AQr2%mnEd CAHSE@FS%BBnent adm xed into the concrete were 5 found to be
0.532 and 0.502 for Cenent A and Cenent B (i,e., a 3.6% and 7% wat er -
reduction fromthe reference concretes, respectively). Table 1 sets forth

t he concr étemenies tandgCanesst Bt siieptialy invild 4t traet sluprosfiul > ewat @ mchesirpt s as

descri bed abaove, The.m xture cantaining t.he de-sugared._]l,i ulLfonate +

xyl oni ¢ aé‘?*ﬁ“‘?%a’tf’ln?%gle Eaggas'@éfémiphcgpe\%e og 53 E?%}og ?(g@sgmn@ﬁ?%nggﬁl f onat e

al one t0 1,10 (QbtRicht ahi€ toSRiRvSihE Bmelihp SRerdfede c%ﬁ&r%ﬂe%vih%(ﬁ@ypiéﬁ'ﬂe obser ved
superior 2-day strength of the xylonic acid mxture is likely due to
shorter sdignesulfenatierst deverer of Od% selds erpsment adpgid itettha jonerstetwase cal |y yi el d
hi gher _28-day, str : ; i bd r | so_denonstrat ed
superi or d3 r%i’gﬁgﬁ; rd gﬁég? \ﬁg?eéé&géx%g?% rsnt%rrltZ’%Gt&H ai"r‘lgg)}s"plc??}J %a(f?eﬁ't havi ng
shorter i RiducBbn Hdhr thi Ffere boridhges @spiktigelgonfi rmed that the water reducing

|5 ability of the Iignosul fonates was beneficiated by xylonic acid. Table 1
DOSE SLUMP Al RTehlet i Sets Jefth sbey sgporats) St regails invokying) the ignogudpagte | i ne

5 05" 30" SFREH] gl DT 0yl BB e e, 00 2.8
osul f ona, tidRNadglesuged edide? hlwd. B-13228:d hab 13Ro8BAatS aloas yb f onat e

De;g‘ugared 0.14 159 2,3 10:19 19.2 35,7 44.5 Il%ﬁg‘Posul,fonate + X lonic acid
Cenent! 0B Rbisiethesampsiump wvigh gurigrgegingdime. She epserel WpgheTedday sirengly 2. 4 9: 15

20'(2 343 AEﬂ’tl?e xylonic acid mixture is likely due to shorter set-time. In cementitious systems,

longer set times typically yield higher 28-day strength; however, the xylonic acid
mixture also demonstrated superior compressive strengths for 28-day strength in spite
of it having shorter initial set-time. All the results confirmed that the water reducing

15  ability of the lignosulfonates was beneficiated by xylonic acid.

Table 1

DOGSE (SLUMP: AIR | Inifial Set{ 2-day T-day Z8-day
{%s/s) | (mm} | (%) time strength | strength | strength
{hh:mm) | (MPa) (MPa) {MPa)

Cement A
( Reference N 133 1.8 6:09 19.6 333 412
( De-sugared 0.2 140 2.2 10:42 1R.5 34.6 43.2
hignosulfonate
Non-de-sugared 0.2 121 2.2 13:28 15.6 35.8 413
lignoguifonate , ,
De-sugared 0.14 159 23 10:19 192 387 445

lignosutfonate +
xylonic acid

Cement B

Reference _ 172 2.4 335 16.6 256 325

De-sugared 0.2 159 24 915 202 347 44.2
lignosulfonats
Non-desugared 0.2 159 2 11:29 203 374 47.0
lignosulfonate

De-sugared 0.1% 165 2 8:04 211 343 421

lignosulfonate +
xylonis acid

20
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osul fonate Non-desugared 0.2 159 2 11:29 20.8 37.4 47.0 1i osul fauate
De-sugared 0.11 165 2 8:04 21.1 34.3 42.1 lignosulfonate + x lonic acid 20
21 ATTORNEY CASE L3759-02 Exanple 2 5 (Xylonic aci-d calorinetry) Xylonic
acid was tested in a cement heat calorimeter to study its setting tine
behavi or. FREORNEY CHEdeP? P me was deternmined by the onset of the heat peak.
Two cenents were used for this calorinetric testing, herein referred to as
"Cenment B" and 10 "Cenent C." Cenent B had a | ower soluble alkali content
than Cenment C. Figs. 5 and 6 showthe initial setting time results for
xylonic acid and gluconate in Cenent B and Cenent C, respectively. The
results denonstrate that xylonic acid has |linear set retardation response
to its dosage, in contrast to sodi Examglekonate. The inventors therefore
believesthat the retardation ohgbseueticslbrigiens; 15 xylonic acid is
beneficial, in that it can be used to obtain predictable retardation

behavi or wi th d 21%9& &3 GRIRAEET § Collint GORCRIoARLA! B HERNA &uld) GRIENTI ti OUs
systens. Exanp 3 (Xylonic acid produced via enzyme process) 20 D-xyl ose

was oxi di zeehavmrDlky lwhilcsehting wisi degersied mysthe onshembist heat @eak. clved bi ity of
enzymati c conversion an vestl te t he wat ducl abilities

a sol ut i onCHREHS WETS & ?‘&ﬁfg ffr'} ﬂ g ﬁmﬁ'%g}ﬂ(@?? e&‘g}?ﬂ/ ‘Lsed for
conver %bonﬂgﬁé&u@ U%&%npgmQ@mu(eEs&améamaxscoﬁieni hancaspergi | 1 us niger and
cat al ase both of which are avail able from Genencor

I nt ernati onal uRiger 5t mﬂ 5’2310Wr ﬁ@eméﬁéﬁ‘@t&@mﬂ%@ﬁ%ﬁa‘ Fdeme gicis endl 000,

ectivel In a ted act i ans D-x e (from
ma- Al dr B0 & cf’flegt) 8@“‘%’0 veﬁp‘fcﬁt %1315 ° re%lg%q%fr?flﬁalt é’gvater to
ma e an 8%x§léﬁﬁracu§thulime@flsetTEthdSﬁﬂﬂJﬁels;mﬁsél\&SItssﬂcbs&ge@% eorttakina0isglyn at 350
rp The jacketed reaction
gluconate.  The mventors therefore believe that the retardation characteristic of
15 xylomc acid is beneficial, in that it can be used to obtain predictable retardation

behavior with dosage as compared to gluconic 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 uvsed for
conversion were ghucose oxidase (Y¥.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
Fermoolase 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).



vessel was connected to a circulating water bath kept at 55C. Upon xyl ose 30
di ssolution and tenperature stabilization 0.052 gram OxyGo per gram

di ssol ved solids (apprex. 68 GOU gram di ssol ved, solid xyl ose) and
0.015-0.032 grain_ Fernvol ase per gram dissol ved solids (approx. 2000-4000
CU grain TR ol 02y| ose) 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 (scfh). 22 ATTORNEY 3759-02 The, r i.on was kept at pH 5.2
by the additi oﬁ‘edFacé‘F’%M‘iF\lg@Ii_afcﬁigﬁéfydg? a‘?dlitém_ ‘?‘fé)asde‘?i&{?g% PreeRaE I onsunpt i on
vwas used [.o.IBaFHL KBIORISbE Vis (28 & 8RGHEOProgrefddh b AL, 807y TE Was

added at 0.052 gram OxyGo per gram di ssol ved solids and 0.015-0.032 grain
Fer ntol asadgiesnalearyne weohdded at 61068 gramv €xyG8-p6r daysdiefolvddeschids emtt i on. The
reaction h ed n _the anount of,. consuned corresponded to 90%
conver si om%gff'oib# A=E"s ﬁ%&f‘%’f RY Ehife d’é%&% Ei‘ﬁjgisi%'ﬁrycﬁf%r‘flﬁi’%@?ébﬁy anal ysi s
showeds t halci e TRE PeeEsn RRAIRAAMShen BeamBunt ofNaOBIN ol Ml SRk filied he product)
of chloride which was originated fromthe enzynmes used. 10 T Concrete
testing] TR%gdnveisonad kdopr wpartedylabiovsdwas tested in concrete as in
exanple | according to ASTM C 192 and ASTM C 143. The 9-mn sl unp val ues
and initial setheibhnEsmatnzephy retwisghowdighatthombducacodaiat 656 Wvepe conpar ed

with those of the de- sugared_ | osul fonate, sodi um gluconate al one, and
D- xyl ose (‘tﬂh@ys“t’%ﬁkﬁiqgéhqrﬁﬁoéi“f%%c eride whien wes QERpatad HFEetNANeh a cenent
factor of 584 |bs/yd3-concrete and the water-to-cenent ratio was 0.567.
Vartous dosages of each sanple were tested. Figs. 7 and 8 show the results
for-slunm i.ge, respectively. As shown in Fig. 7, xylonic acid
pe fo#ﬁed[gﬁgﬁ Sctgdﬁﬁy better in slunp for a given dosage than de-sugared
| i gnosul f onat e, and, al npst nearl,y | 1 odi u | uconat e .al one. Fig. 20
8 shows that x%eor}%?lgglﬁc C?f; Rag gd sﬁbgﬁﬁ \?erigsééens?ﬁﬁy%sﬁ%lfzﬁerg a%é‘? ef‘?%letlhan
gl uconat e xgdeiige toASTN AT 1ERIndtASTM URI430T TRIC&iCAaRa N gded Addgitisugar ed
| i gnosul fonate. It should be noted, however, that a part of set-tine
reduct i on tifgs i jcRREe dddhe SYionE gside dlenk @ert congitaresy Wi thesetadi e gar ti cul ar
sanpl e. The FDYEN QL t i i %qﬁ early tw ce
as effect isg%apasﬁgglggusﬂﬁg%rg’e%g[%gosﬁaﬁe%%eé%a%ﬂgm%&gggﬁg‘ a ?te{l]’rﬁjg anount

15  alone. Cement A was used with a cement factor of 564 Ibs/vd’-concrete and the

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

Figs, 7 and 8 show the results for shump and set time, respectively. As shown
in Fig. 7, xvlonic acid performed significantly better in slump for a given dosage than
de-sugared lignosulfonate, and almost nearly as well as 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 fo de-sngared 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 lignosuifonate, 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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25 of the xylonic acid was needed to obtain a simlar slunp in fresh
concrete when conpared to the de-sugared |ignosul fonate. Considering the
results of this exanple W th those of exanple 2, the present inventors
believe that xylonic acifd; with its linear set retardati on response wthin
t he pract AEEPRMBSEHEE FHAYE and its concrete-plasticizing capability,
provides a surprisingly beneficial water reducing ability. 30 23 ATTORNEY
CASE L3759-02 Exanple 4 (Xyl ose conversi on by G uconobacter oxydans, ATCC
621. in SSL) D-xyl ose in. hardwoBxamBled syl fite |iquor (SSL) was

bi o- convert ed téz}liﬁseﬁwwf@l acPacersbageromies.obifadi’s i 9/ denonst rat e
feasibility of mcrobial conversion 5 with the presence of |ignosulfonate.
The ni cr oor ganP-girioge edl Haskwoed ripaitsivdiie s o SR 0 esaioson@igd dasDsuboxi dans

(ATCC 621)., The .SSL._substr used .was non-. desugared |ignosul fonate from
Fraser Papef™&egri'bed rﬁnﬁro%gg%mgo ﬁc?mttr}gﬁ%y &Slﬁl\ggg"sﬁ%rﬁﬁcmb\agfgo%‘f%@%nver si on of
SSL was pih Ghdeebsaceosdlifpsiltonkiae The lnkivbianist Quispd geeehtersasqss on the
literature (Buehert, J., "Biotechnical Oxidation of D xylose and

Hemi cel i ulGbgendigdien Cyydins subsridany tioHob et e ThoRplistibsirateTesef iag alon-Resear ch
Cent f . Finl Publ j.cat | 1990), pp. 17-20). Th
Crocur um B Sl s EHPRRT BbEapRR RYSIRR L5000 P 1200, The

ans was prepar nedi um descri bed in the
above Iit@r ure.. A 50 nL of basal nedia containing xylose and gl ucose
(xyl ose: ghtlROLEVESMB! 20: 1 g/L) in each 250 flask was inoculated with G

oxydans (Vi ablﬁilc%g?nts = 105 _.c 'fx)) and ipcub te af, 25 degC.on a shaker table
(300 rpm. Wth ey Ersiony, af /38 HRETICERFY GFTSiBdi e BFofid e 3 and the
vi'abl g Coynt.Sidt 16528 $8%NE Breppele (BAher! U, “BRtcRhnicat QWkauh 033? fild ure media
wag then Spun down to | nli. Thus prepared inoculum was a eé to a 100 nL of
t he steri bmd MamdwiivdsSSlydolyzates dy Givcdnobagal Onpldhg” Gecleytal Reseagdhose and

gl ucose. e bi Q-converison was in sterili bi o- ctaor (500 nL
scal e) eq&gﬁbee(??vacl{}ﬁmg hibglr‘f%?"éa?é)ggfﬂpf’eﬁwfﬁ’?e:ﬁe% aPP: 6&%@% t ube and pH
cont rol | efpoculliEofit] WRgw iR adpard vath the BaddPmbliud N8 M tHeiBhve The

conversi on was nonitored b>l/ t he consunption of NaOH and HPLC. The progress

of the cofiteateieof B mLsdwpal mediamogtaimng Kigesq 388 dugagsn xylepeglierseitg. 10
(HPL C)i'.'i 20:1 g/L) in each 250mL flask was inoculated with G. oxydans (viable 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 1 mL. Thus prepared inoculum
was added to a 100 mL of the sterile hardwood SSL (5 wt.%) with basal media except
20 xylose and ghicose. The bio-converison was done in a sterilized bio-reactor (500 mL
(_ ] scale) equipped with a mechanical stirrer, filtered air bubbling tube and pH controller,
(\ The pH was maintained at 5.5 using a NaOH solution. The conversion was monitored
by the consumption of NaOH and HPLC. The progress of the conversion are shown
in Fig. 9 (NaO¥ consurnption) 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

Cad
<

dosage used was 0.1 wt.% of solid on the weight of cement. Fig. 11 and Fig. 12
shows the workability and Setting time resalts, respectively. As shown in the figures,



25 it was al so denonstrated that the conversion rate can be significantly
i nproved by sinply adding nore G Oxydans in the bio-reactor. [Mrtar
Testing] The obtained bi.o-converted SSL was tested in nortar as described in
Exanple 1. The nortar X proportion was Cenent £:Sand /Water = 384 / 1350
[ 230. TheaTBIRNIE8GBE L¥BH2Was 0.1 wt. % of solid on the weight of cenent.
Fig. 11 and Fig. 12 shows the workability and Setting tinme results,
respectively. As shown in the figures, 24 ATTORNEY CASE L3759-02 SSL.
However, HSjheiowevdabigher yodwbiine obithy- breparaetd 38 aHpveve u4se lese | ess

, d | =1 ' d d SSL.
[past o' Todtriigh doetrmemcatf eS8 ke MR Rk ey WM Bl nct ot art g ssi

and desugared SSL in the cenent paste. The cenent paste test was perfornmed
with the wc ratio of 0.5. Delayed addition of chem cals was enpl oyed. The
paste test procedure is described el sewhere (e.g. B.-w. Chun, Cenent and
Concr et e R®swadesingdl (2001) 959- 963). Fig. 13 and Fig. 14 show the cement
paste flow data and calorinmetric setting 10 tinme data respectively. As shown

in Fig.513, thells biocwnvesied SHlsuppplec swstpisrzsuperitng SPLowdbIsrigaed Accor di ng

Same or kol 1 e ek TR B’ O e SR iElhe g o pccugarea

SSL. The sgb! pRfuykil r@dion t dfecHeiirabomue rehptbySEL Thh uttel the moeddwl RNt or even
| ess than the desugared SSL at the dosages adjusted to the sane

wor kabi | i t descritgdmteembrie (62 ey (e dronet srdeonprsieRessarel,fd (§P%0 PE9-behavi or in
set.tinme b Vi.Qr . i cid I I i.ned in nmortar with
2 2l kanol Sromie LG8 pig i BRLF lhell phl R s SRRRIBR clhg

di f-t hanp! | QP dapaageeativielye As dedwraia Hig. N3 bihs bRr-cdnyeltedxypapleyth)wsupemganol am ne

1S G Ty REvbIRs: ARG BB Ub NP S PR i OSHAEd Snnt s gnt
rati o was écg%gz?} e@M%ﬁmlﬂgsy%smxym@m&@wsmgcw&d dedldaRq Was

0.543). Fi erent sanples were teSted having an adm xture conprising
xyl oni ¢ ach$i.afe/setting Emea tRRBIPA Vet $ilnshohld beroumilersfor rydndessdheaci d was

progr essi vl y 0% 2% 90%,8%, Al 10R2dDSSRARP! o0 Vere tested for set

15 Example 5

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

hydroxyethyl)-2-propanclamine or N,N-bis(2-hydroxypropyl)-N-(thydroxyethyl)amine.

(-_ 20 A mortar was prepared using a Type I Portland cement, sand (such that the
( sand to cement weight ratio was 2.935), and water (such that the water to cement ratio
was 0.543). Five different samples were tested having an admixture comprising
xylonic acid and/or 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 alkanolamiine decreases the set time for a given
xylonic acid percentage in comparison to what would typically be expected as a matter

30 of normal addifive effect.

25



25 behavior. The results for xylonie acid and/or TEA are depicted in Fig.
¥S—whrte—the—Tesults for xylonic acid and/or DElIPA are depicted in Fig.
16, Fromthese figures, ;iit can be seen that the addition of al kanol am ne

[

decreases the set tinme fér a given xylonie acid péfcentage in conparison t
what woukehrdyRice alasy Limse-expected as a matter 30 of normal additive effect.
25 ATTORNEY CASE L3759-02 When the workability of the various xylonic

aci d/ al kanol am ne conbi nations were tested at 0% 25% 50% 75% and 100%
(xyl oni ¢ aci dyhehokewerkability ofdbe faund xylbhataciifkabehauicorondfirasonkabi | i ty was

nmerely additive, (ig. A il ended.to. .increase linearly as the
per ce%t agféfleélﬁs\g% fg“i)f%‘ﬁ‘cg%i DWVQS% ﬁ;&‘i g%@é ﬁﬁy.?m%@" AREVEe ﬁta‘(“ié‘soﬁ%“gd ghown in
Fi gs. 16 %c]{?ch‘ﬁ%? obslligumey Qs hneilg ab@ihi Ghl ke SYRGBYILS tifedebavi or

between the Xxylonic acid and "al kanol arnines in terns of set tine behavior.
Hence, exenpieslineadyrpisipriconageoft xylnaid asvdemtsiioneasetipilihgs tanbdiadopent oni ¢

aci d, _al dohexoni ¢ acid, ;their salts r.m.xtures, thereof., 1n conbination
with an g'irkf,""’ﬁ’l Khﬁﬁgsaﬁlénéél,d %c‘}ﬁreagdﬂd g?ldnﬂBﬁl&ﬁDh{g%WOSW@lﬁtﬁv!é%\aV’(% is not to
be I'imi t golv, & yfoRl-eoRiAG JREATRhRS: ANeR beée e BehaRtdhodi NeNt's, which are

provi ded for purposes of illustration only. C C26 It is clained: 1. A
cement i tious HONNOSk iy GOMbERbRIA HRYHTAlHP LemsEIER! hidBiRodi nder and an
additive or glgﬁn%’(t urdéﬁ%gnp(@i tli on ?:orrpri Si r%g (A" a first gon%gnent sel ect ed

from t he agd oufdohomeicssaidgthal salt o gmasues flemiod, accombinatial twithhex eof and a

gl uconic acid or sal é“‘“&t/\ﬂf eoJ E}H} an anmount no less than 5% and no greater
th@/n 909akardemys: §F ‘é)ﬁ’? B5%s in said additive or adnmixture
conposition; and (B) .a , second cuor@gr}g,n %onpr,i sing xylonic acid or salt
thérdBf in anTRAGIHTRINOISIOELO PHAFIEGRYARG 'HELomE Sabwies WeProisysbased on dry
wei ght sql | P S [ 1@;%1:' ; comResj tion. 10 2. The

cenent i t%@hg&%ﬂg{%ﬁ'b‘g?lg?%g%%ﬁdégai r‘g 1 \Ahgegrf‘gﬁlﬁﬁsai d ﬁjydr at abl e cenentitious

bi nder conprises Portland cenent, masonry cenent, nortar cenent, |inmestone,

hydrated |line, fly ash, granulated blast furnace slag, a pozzolan, silica
fume, netakaolin, or m xture thereof.

26



3. The cenentitious conmposition of claim2 further conprising an aggregate
conprising sand, 15 gravel, crushed stone, or mxture thereof. 4. A nethod
for nodifying a hydratable cenentitious conposition conprising: conbining
with a cementitious material an additive or adm xture conposition
conprising (A a first conponent selected fromthe group consisting of a

| i gnosullf enlagnedci d or salt thereof and a gluconic acid or salt 20 thereof in
an amount no |l ess than 5% and no greater than 90% based on dry wei ght solids
in said additive or adm xture conposition, and (B) a second conponent
conpri silng X camieatitiais doropossiah tomprhefgadfydﬂamblamelamiﬁnms Hiddel @Risantabiditiveld?% and

no great han 95% .based on ht sol i s i,n said additive

adm xt urgmg‘gﬁf)ﬁ%ﬁlqoislgﬂn wag'“gféﬁi ﬁ% RO/ 8 §fefjr1?r2?"\?\th°égr8llf?1cc§1é‘?t81 gﬁbl ni ng
step SCOrﬂghd)s‘ﬁEfGnnt fdid eduie thB@oSz&idd gnddmt bl ovalt tHREHAT Mtad atho GNP Ok thlaﬁ) R%ta@d cenent
clinker duri n di n rati on wher eby the clinker, bei ng

ground t'8 gbaﬁfe hﬁ“ géﬁ%ﬁf’ PhAYe s inga ?ﬂ‘é‘“YFe‘irﬁS'E}‘XBfre 8‘?“&?%“&“ \ﬁﬂ%?@l n said

conbi Nni RgeoRll EdmHRM cbis BiSsil g My ldeUeidg safthéteddflhd ANRInOfo les3QhaadiXdnd h6
conposition to tﬁ%/drata e cenent before or after adding water to the

hydr at afFgte Bkt baspd on Ay veebahh §1d8 INRIdGHdit yegrRamINaYE EQBROSEISADYr i si ng an
al cohol selected fromthe group consisting of nethanol and ethanol, said

al cohol Dbei ngr present. in an amount no |l ess than 0.01% and said al cohol
bei 1§ prresent!t ﬁewtlawwﬁwwwgroéal@@rlt}vh%fwnsalé%dfgtablacw&@wég@sr bei ng

based oneflpNse¥RbaMd RRkAIRadoRry c3mertarhhAddhdt, iR stOe, BEIFAXA hE ﬂf%QHIDOS' tion.
27 8. The corrp05| tion of claiml! further conpri si ng "cel | ul ose bers bei ng

pr esent &aulgred Slestfmageslag) arozzelar gilicn Qs mefpkdolmopmbeyre thetsg€ fi bers bei ng
present in an amount no greater than 5.0% said percentages being based on
dry weight solids in said addictive or adm xture conposition. 5 9. The
corrp05| t3 on  dfhe e¢radnitiqusfoamperitionb alpim 3 funerombtiviesinagateeee eempsising saider eof .

he erein xylonlc acid is present in the anount
of a}- egg@?i) %éé}ﬁehgfgné) rﬁlxﬁl mhgr\g\h

ry wel ght solids in said addictive or adm xture
conposition. 10 11. The corrp05| tion of claim1 wherein said xylonic acid is

present 4 n t h@mQtHPngymm)%{i ll:)ﬂﬁg 4 ﬁy%ﬁtaé@céq‘ne%nogp@@ﬁ%sﬁgn gdfnésfpr{ gcQJ bﬁl(?llré W LN

sai d addl ctive or re’ conmposition co alm 9
wher ei n atChmelammatgial slaaddllt)«y loo adngix @ qdmosltmlcpmphmg@f) aé'meetdsonenthat of

sai d ar gy, &%’d‘#ro‘%n Eh% o hg bl %ﬁ{mfo&{? ac]re? r sh hefBFRQS r%hc%ﬁlc% id G %‘nm 9

wher ei n “sal ar a on C acli I'S 1N an

gr e@0er thdnenf il3O04noyntvueilegh thaoﬁ‘%wud do gaduet:man/%)%)basaﬂam iy we@ht:smﬂrps)msald on.
additive or admixture composition, and (B} a second component comprising xylonic acid or salt
thereof in an amount no less than 10% and no greater than 95% based on dry weight solids in said

additive or admixture composition.

25 5. The method of claim 4 wherein said combining step comprises introducing said additive or
admixture composition to cement clinker during an intergrinding operation whereby the clinker is

being ground to obtain a hydratable cement.

6. The method of claim 4 wherein said combining step comprises introducing said additive or

30  admixture composition to hydratable cement before or after adding water to the hydratable cement.

7. The composition of claim 1 further comprising an alcohol selected from the group consisting
of methanol and ethanol, said alcohol being present in an amount no less than 0.01%, and said alcohol
being present in an amount no greater than 5.0%, said percentages being based on dry weight solids in

35  said addictive or admixture composition.
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14. The conposition of claiml| conprising a gluconic acid or salt thereof.
20 15. The conposition of claim 14 further conprising a mannoni c acid,

gal actonic acid, or salt or mxture thereof. 16. The conposition of claim
14 having an al dopentonic acid or salt content in an anount no |less 25 than
0.1 %and in an anmobunt no greater than 40% based on dry weight solids in

sai d addsi Cti Vigre edsmpoadm i ¢lhith CRRRSbinp®ng ctifulostTes ®ERL Bicbdn® i MlanGliding) 1

furt her i t her additive or adm xture. 0 18. The
conposi 0553 a‘bP%ﬁ:‘}?a‘i“%ST‘?‘ CElFae herS e BIERSTRD G ugon B R e B § o

al kanol geicaaged Beinglthhee CaaRP Sieight0B i@ in 6didhdticli®e WhRk@itive 38 bosalokanol am ne i's
sel ected fromthe group consisting of triethanolam ne, a diethanolam ne, a
di et hanol i sopropanol am ne, a triisopropanol am ne, and m xtures thereof. 35
20. The cconpasik tipbsRion 6F dhim 11RArHMELREApisidirdbihicadmloadlNBerksE. N, N- bi s

(2- hydr oxyet hyl )-2- propanol am ne or

N, N- bi s(2- hydr oxypropyl) - N (hydroxyethyl)am ne. 28 21. The conposition of

cl ai m 1§owher@k BothfRitioAbf Qaiff | $Rdréln X))’Ibﬂ@h&d AGkderin tﬁ@hﬁoar@sfﬁ@efast@@vs ai d

al kanolamne is not less than 1:1 and not greater than 10 The
conposi trisA 0B ArcYeaghtsdifs {iheidaddicdys o admixiuge ermpstien- xy| oni c aC| d or salt
thereof to said 5 alkanolamne is 2-10:1. 23. The conposition of clain111

further conpr|5|ng an additive selected fromthe group consisting

nol d8sed ] melTaptererosiion sheleim ¥ whasein %ﬁy)d@upwywresmﬁavh@ papumhel aﬂwsftéﬂét e
for mal dehygle.dRldlhEighABRRH UM adidil dradlikitt LapcRRGRN, trival ent, or
transition netal ride and 10 brom de, proteln, kanol am ne, taII oi
fatty aC|d fatty acid or derivative thereof, fatty ester or derivative
t her eof 12 EU&H‘lpO@ tlléf?‘t)f Glala’ll Ml{lf!ré]ﬁ th%%hm‘lt oi'g )@Jl(ﬁ‘ln(,t ammgaﬁ {hgllg§f 'c&'as met al
salts of oxycar oxyl1c acids 1ncluding g oni c aci gl ucoheptoni c
aci d, cithat pﬁsaaicﬂratlnonalat:léror@altabfrrdqf mucic acid, malic acid, and salicylic
aci ds salts of lignosulfonic acid, dyes, sucrose, glucose, corn syrup,
sodi um sar cosi nate, al cohol, phenol, acetic acid, sodium hydroxide,

pot assi Uk hy dihoxéramsitiondf damibwhdrsie said arhbdydnat widsulsilothedeef is fnommedodithed &,
SiLi ca, BAl PRy SPALALBLAC QXY A Dea bR SomiRY Ghum  formate, formi ¢
acid, sildxane, a sur resin and pol yacrylic acid,
ponV|nyI pyrrolidone annnnlun1 alkall, alkallne earth, trivalent, and
transiti gn 0 |t10 f 1§ ulrgonatlselh ] 7 c1d or sz?lElgnereait e, borate,
phosphonate 58?2&5 01 ve LT %Fg AtE % deetate, oxal ate,

20
15. The composition of claim 14 further comprising a mannonic acid, galactonic acid, or salt or

mixture thereof.

16. The composition of claim 14 having an aldopentonic acid or salt content in an amount no less
25  than 0.1% and in an amount no greater than 40% based on dry weight solids in said addictive or

admixture composition.

17. The composition of claim 1 further comprising at least one other additive or admixture.
30 18 The composition of claim 17 wherein said additive or admixtures is an alkanolamine.
19. The composition of claim 18 wherein said alkanolamine is selected from the group consisting

of triethanolamine, a diethanolamine, a diethanolisopropanolamine, a triisopropanolamine, and
mixtures thereof.

35
20. The composition of claim 19 wherein said alkanolamine is N,N-bis (2-hydroxyethyl)-2-
propanolamine or N,N-bis(2-hydroxypropyl)}-N-(hydroxyethyl)amine.
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ferricyani de, and succinate, glycols, borate ester, phosphonate ester,
phosphate ester, phenol and 20 derivative thereof, a natural gum and a
starch. 24. The conposition of claim11l wherein said conposition further
conprises an adm xture selected fromthe group consisting of an

accel erator, retarder, air detrainer, air entrainer, alkali- reactivity
reducer?i. bonvﬂengn@dmloﬂdfrc&im & tvRérein lebUrati o ef said Ry bshid aeid ossateligpdod st daki zer ,
colorant rrosion 25.in |b| i ng adm xture, gas form ng
agent , me s 1Y 19se tha rla“é)l?ﬁ?ﬁfeﬁ{jng'ﬂ'g (ﬂ)f bingicidal admi xture, germicidal
adnixture I nsecti ci dal adn1xture wat er proofing agents, finishing aids,
anti- freeze agents VISC d|f I.n shri pkage .reduci ng agents,
shri nkaffe- coMSRERPTIHE %fﬁ é}/ ?F‘r“é%‘@ffﬁ‘oé’g 41’8’1‘?{@" Aiofsalt thereof 6 said

ant i 5 ef filkRLREGRNER-18gent s, expansi ve agents, and de-icing agent. 30 25. The

conposition of claiml | further conprising at |east one additive or
adm xture having at |east one oxyal kyl ene group. 29
23. The composition of claim 11 further comprising an additive selected from the group

consisting of molasses, melamine sulfonate formaldehyde polymer, naphthalene sulfonate
formaldehyde polymer, ammonium, alkali, alkaline earth, trivalent, or transition metal chloride and
10 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, citric acid, tartaric acid, mucic
acid, malic acid, and salicylic acid, salts of lignosulfonic acid, dyes, sucrose, glucose, corn syrup,
sodium sarcosinate, alcohol, phenol, acetic acid, sodium hydroxide, potassium hydroxide, sodium
15 linear alkylate sulfonate, formaldehyde, silica, polymers containing oxyalkylene groups, calcium
formate, formic acid, siloxane, a surfactant, resin and rosin acids, polyacrylic acid, polyvinyl
pyrrolidone, ammonium, alkali, alkaline earth, trivalent, and transition metal salts of aluminate,
silicate, carbonate, borate, phosphonate, lactate, sulfate, thiosulfate, benzoate, acetate, oxalate,
ferricyanide, and succinate, glycols, borate ester, phosphonate ester, phosphate ester, phenol and

20  derivative thereof, a natural gum, and a starch.

24, The composition of claim 11 wherein said composition further comprises an admixture
selected from the group consisting of an accelerator, retarder, air detrainer, air entrainer, alkali-
reactivity reducer, bonding admixture, water-reducing admixture, superplasticizer, colorant, corrosion
25 inhibitor, damp proofing admixture, gas forming agent, permeability reducer, pumping aid, fungicidal
admixture, germicidal admixture, insecticidal admixture, waterproofing agents, finishing aids, anti-
freeze agents, viscosity modifying agents, shrinkage reducing agents, shrinkage-compensating agents,

strength enhancing agents, anti-efflorescence agents, expansive agents, and de-icing agent.

30 25, The composition of claim 11 further comprising at least one additive or admixture having at

least one oxyalkylene group.
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