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T JTCONATE BROTH FOR CEMENT AND CONCRETE ADM XTURE

I nventors: Byong-wa Chun, A Jeknavorian, Charlotte
w@eooserduye Field of the Invention The presentPCT/US2004/038915

invention relates to gluconate concrete adm xtures,

GIUCONA TEBRETHFOR CIoMERN T adéD @@N% i@ PAKTURE
erein a crude fermentation Dro
i ndepaatarst Evengire diuw, dra defnavaiges Charigelartaienses e

fermentation process, is used for nodifying
cementitious COWOSM‘M_mmJnd of the Invention

onate as_ a requl atin
ag e PROUR RFeiEh AL BERAE] nlied sl o more
partictlaHgs t@emnthusmhndncdxﬁ;b@ﬁtidtﬁl WhBkiE 4 @hfle ﬁ?ﬂieﬂ{ﬂt on broth
gl uconate is a_sodiumsalt of gluconic acid, ch

obtaingd s @catemediaticgbymredust 9f ane idusirial-swie gmcose)sfmnentatlon
t duct f
o AR BB T,

such as Aspergillus (hereinafter referred to as "A

ni ger ", Acetoba(llaelggroﬁi&didflthélnﬁiﬁ%ﬂomnas
obact er, icilliumare known to be able to

ox td'ls od‘f%@olégs SP PB‘ PeRISHARS R TeRHIRURE FEERti 1B coBpIgte, Sed up

untllechQ glres?éﬁirf) glggxﬁﬁf’nql‘f‘%x%sg%@{i 'uQﬁHS fn%ltam&ﬁ{/ 4 Oﬁ)ﬁl%s S g@ﬁﬁgﬂfconate

is al\/SOdmm aad o ghsonicaacidhavistte pna3b3bev\lpmdlucdks fegi flubsse by

dans.or Ps oval.i s pro ce gluconic
rerm 308, GG HOENE B e drny B aRPIar A s oonates and
gluc@ﬁﬂ atfd Aredn6in! MickRRBIhNUcRbs stH fas g?erel ait’[er referred to
gl uco- pyranose, and subsequent nov i

b-
as “A;yuggzg énAg@tQh@tm Bﬁﬁlﬂu@-]@ﬂeu@nmaﬁhmnbhactﬂr,ehnﬂ Penicillium

lLact and the dr o] the |atter
are lf%% co% i"ﬂgie &2 Pél %u%qsa &%tﬂ&% con '§gé‘n§> Elcomq acHh B9ee-8
Worl@@atéﬁt@&ﬁphcaﬁwmﬁ%/ 183887 bt A§eﬂﬂ1‘r§eﬁﬁ' f8ee 2, llnes 10-15
Conpr ehensi ve Bi ot echnol ogy PergonDn t ess .

Ox 0l dhyp%ﬂ&'sﬁ@(‘fj b% gﬁ?go& 5ae ﬁﬁ[e@&?thaf:ﬁ?ep%?};e ?35 wﬂclhﬁff%rgz‘}lus

illustrates a ant suit rso
nigeyy| i corhanyglaan dr gﬂswohs proalucsd ghlconﬁuca‘cl(bar glabmt@ are relatively
m cro rgani sm suc &See P. E M | son and

fow I B oS TR3E, Go e cORHIoN oo EOR P o D-lucopyranose, and

AN
gL sbaDELt g0 St SO S iy D

gluceree¢rdaconarsail the hydroly51s of the latter to gluconic acid or a gluconate.
(See P.E. Milson and J.L. Meers, “Glucomc and Itaconic Acids,” Comprehensive

Biotechnology (Pergomon Press Ltd., Oxford, England 1985), Page 687, Chapter
35.4).

Fig. 1 illustrates a layout of a plant suitable for sodium gluconate and gluconic
acid production using a microorganism such as 4. niger. (See P.E. Milson and J.L.
Meers, “Gluconic and Haconic Acids,” Comprehensive Biotechnology (Pergomon
Press Ltd., Oxford, England 1985), Page 684, Chapter 35.3.3). The prepared medium,
which may include glucose, nutrients, and water, is sterilized continuously before the
fermentation stage. Sterilization can alternatively be achieved in a fermenter, but this

could lead to excessive darkening of the medium, and thus it is preferred to sterilize
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whi ch may include glucose, nutrients, and water, is

sterilized continuously before the fernentation stage.
wEe@siob41zat i on can alternatively be achi eved i PCHUS2004/038915

fernenter t,this could | ead to excessive darkening
theofn?ﬁ'émrrg%tls@% the terRier. which piays b stsgined and thus separately
stepilligéd.| | zet he medi um outside the fernenter, which may

be steaned and thus separately sterilized. The

t i duct i on typi gal |
 Cor oA et BULGREHBIRLAM b bt ey iR ources
indluding flugise cither imtiehfeiabe ghicdsé ahdnoRYddRXERQEB% or dextrose

syrup. .Addifionally, sources of nitrogen (such as
S%otgﬁ‘émf’%lf% SourGesaf nitkagan &yush ns| anguoniym plsspicas egm steep

: ' ' row th . .
liof PR P S TRAT I h Ol e Gtk e iproosgpmisms. 1
hasbetnpiaib fhiatierads nitrapes and phofhatiolres S8 dsi BHPEeERRqRS can
b avoi.d g to .m.nim ze _excessive cell growth which could
ejagoidgd fo FeRipuzg excgpsivaerllt sropitlo aibich emmld in tutrededyeasn giuconate
NS aidr e LI | egsary to include
prﬁugﬁgﬁa#gunt%go i ron‘,\ﬂ?cg:%ug%)éesf ,}’8% 7 A cﬁsﬁaﬁ%tmﬁl‘}ﬂ%m"e
amdhatsfof ion, eipage and zihe indrtmediam. i s t he growt h of
vegetative i noculum A suspension of cultured and
sel auicefirsAspge Wifl foimeniatlen i§ @hd groWBRLE Ibedtstive i
i ntroduced iﬁ%t o the inocul Jm_f ergrrr%nt er, a%ééétlwrﬁ %’f°§}‘1“8h A
suspsnsien @f cutured ang gelecgdsAsgergillun digem(bgd NRRHE) Bdhtoduced

: Is t and, prpducti on.fernenter, ar .
inth e AR PehfCoBE L AR BRL T Bl o BB Bisy Widh sodium
hydrakidee d Botin thes rescghehn etnlerdr’ and\prdduedh TomagesH areCfiBically
Stagg fed i:ontl nuousl%gl nto both fernenters to counteract

isteg! Bnks that g stigpdyhsfiler, epd spatReshwitlTnis. detidoaming agents

g9edl Sont t: fe ' " | .

carf YEORd, SonthhBEF inlo" BRIy (et femingc dhede the
spargiogopbmatibnr st stage. After spore gernination and

growm h of myceliumat 30-33 C, inoculumis transferred

to (The spearduigeo “pesdiRp fdeatation dathedy, tBD %ﬁne]'l%é?i%ﬁtof the

i nocul umto_ about parts production nmedium Transter
glugese medim Wifhethg inqeniune fiom thefirsitagsf Afjerspongrgermination and

) : s Ao ' | ucose .0xj dase, acti yit

grolt Y Rt DL et S RaiSfRlRa i the, Piagiuction Yerménter
at gpragyiefCibionn] pant iMThRin tRybouo M0 Phls HlodGEtfod thédidm. Transfer may

congentration of, for_exanple, 220 kg glucose m 3, and

OCqUF IS 2SHHI B REIOHD LP HRYCHAND Hrelf PR QTyWien 2. incispge ipyglucose
oxidhdd 'cfclﬁ_{fitﬁ & dMdcleddin ﬁfﬁ/ggﬁsl{ngd $he ﬁ{%ﬁ& ithe %Eéc%&_:ﬁgrléiementer

sterl.lzable,-and addi odi um roxide
majyeoptFnglpcose in a concentration of, for example, 220 kg glucose m?, and its

pH can be maintained automatically (~ 6-7 pH) by monitoring with a pH electrode,
which is preferably sterilizable, and adding sodium hydroxide (NaOH) as necessary.

The fermentation broth is usually kept at about 30-33°C and agitated by
sparging with air (e.g., 1.5 volume air/1.0 volume medium/minute), preferably with
back pressure up to 2 bar on the production fermenter. The progress of gluconate
production may be gauged by observing the rate of sodium hydroxide addition.

Fermentation can be completed in as little as 19 hours.
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The fernmentation broth is usually kept at about 30-33
C and agitated by sparging with air (e.g., 1.5 volune
W@Re0505404% 0l urre medi uni m nute), preferably w tPCDES2004/038915

pressure u bar .on the production fernenter., The
or ogPes¥egd éP{? g g%l&a@ﬁ% iRy 5 é‘I Sg&uBfiepjntermediate
ferBBSSHNA 'F)%th RBat' 8t @e®fsub fégﬂeﬂ rﬁaﬁ%g At fSa tat%gbésls Ot? a number of

Fermentation can be conplete
purlﬁmtlgn Fapss éfdlﬁrrdm(ﬁ@abdw step® n)chicbrthe mseabf Gitratomga decolorizer,

and) 1315 € DR BPHHJE P s o s .  The

purﬁicaﬁblﬁ'sfeb@ ﬂltehﬁﬁ‘sn%tt&ﬁ% Fig! hﬁaxflfﬁlbcfdsgéatﬂeﬁﬂv steps include
the use of filtration, a decolorizer, and a cl arlfler

to a »l bst al |
purfe}pp‘?y ?r% iﬁﬁeﬂ %ﬁ% ?%Sé%ag%;ﬂo s ré%lsﬁg%e lﬁlljﬁg ? T Jréanp tation
broHl g}s filterodd(atld/or mmldeeb@mfugéu)t foerepiove frhgdlingd cell §Raterial,
S ghat ed bg’othfllter in Fi 1, the fernmentation
oth cousaapently destroyed by mcmsraljoneor ofervisey é@t)loml The
e ri e
mybERY RoTe G UREE O] PR P it e BRBT SR hinimat
res:ﬂyal@lucmecan be di scarded or re-used. At this point,
the broth contains mninmal residual glucose. h the

neXIn e i hexgaph@ficionp sepsidesighAsd "dReObALIREIn F t
1, the fgrrrent at i o%%grot%lﬂ s then passred thr%u ]h e

1 g.
fena@ma%n beotle i them passed dhrough ediveted aattionHoirembuee lcekoe,dwluloh is
erials. | n t he
belf%@ (g{eb:%ée@'feq{)g)trn% :%ﬁérgfa{ten §eS| ghated "clarifier" in
Flg fer nta nbrothls clarjfied to.r ve
fi ngt 35%‘? e@B"' 0P §eRy %‘iﬁb%b‘é‘ﬁg Aichita dig. 1, the
fer&&[t@&kﬁlhbfo’ﬂﬁs%f(&‘d 16 @&thb\d HESpAABles ﬁ‘f)fn%e "ﬂuﬁd {lipE&sion, such
urification stages, the fernentation broth is
ast bithg es¢ of sentnidrgadion. gl uconi ¢ aci d/ gl uconat e
concentration. If a 50% gluconic acid solution is
desAfted allt thecebpwificationt sikges, flreofarmbetatorm bostht ier evaporated to

: asse through a cation exchange enpve sodj um
incfegis Eptepye Apleesiiis BRHERIO r Moo SO BBHTHRAcd Solution i
desBEdlARE Bfdth ‘i@taﬁen S4B evh Jio‘ﬁtoif %@ﬁa%bédqﬁrou'gﬁ% Adtlgﬁ %&cﬁaﬁger

dri’ed directly by spra ? pur e grade
to rem@ve sodirnciona(agi b). ddsA teeh;tnca tgeadecnfcsedmnaghzdonatq (mg 98%

) T B R B BB b e o
soditig glueenée itedksired)ah€ bhenteaiod @IS trdkdiféhr & KSthdhs e:PBrator

be obtained in salt form The gluconate
to a crystallizer. An appropriate organic solvent, such as ethanol, may then be added,

whereupon D-gluconic acid crystals can be obtained in salt form. The gluconate

crystals are centrifuged to separate them from the so-called “mother liquor.”

This mother liquor, containing gluconate in the amount of about 60-75% based
on total solids in the composition, may be re-circulated back to an earlier process step,
or may be used as a liquid concrete admixture, as has been the customary practice in

the concrete industry.
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crystals are centrifuged to separate themfromthe
so-called "nother liquor." This nother |iquor,
wa@omsas4iung gl uconate in the anmobunt of about 6PETB32004/038915

based on total soli in.th ol osj.tion, may be
re-circul ated back Ss step, or may

be \Bied passent inventiah Bopronmited Byl Mok BEvery?thab @udeBlermediate
t he cust%g% y r.aé:élce in the concrete |
ferrpeniaen hnqiﬁ neft fiop theningdpstrish fermentptiars efiglucose-containing
' j ' r t iscoyvery that, crude .
SUIHE PO © LI Syttt BFuf KOGRIEEPY Bl ompletion of
the tites abowe-déseribehpadt ficurionisteph,ysoFibes £ A Nhdhate- or gluconic

stfarting products (e.g., glucose syrup), before
ac 'ﬁ%t%‘t“%&éha(&m‘éedﬂsafi%% o s19di fringmemefititidve compesitions.
above-descri bed purification steps, provides a useful
gl ucHiedy amategial gy be ebiinedi witlc fan less Bnergy, e, ahd @xpénditure of
' di f vi cenmentitious_ conpositions.
1B, Sl RO b B s WPPrinE o dnentiamed gidustria
feiniemtaticanghderepBREY processn Habgsh ANGrd ffch
woul d be the casepvvere t he afore-rrer?ﬁﬁ'giﬁg [ nsggﬁs{']ri al
f er BtV ThRidehtBROVEE iLhreugh all ,
three purificati on st eps?é r&é%@iﬁeq{%lécqvﬁvgﬁfigﬂg CRRuparison
to purepgluserntiythe kside infesnediate fetntatationbretMaevilé@R fefformance
angrt_c(legegl uconate, the crude. i ntermedi ate fernmentation
#F> pFBUERe 02 a IFEKTTo SFHINEe tHRRy a s e demayeas) yin gementitious
cofipbsili6hs. S¥eL, irhddRiterMiant IR | SroGESE DL L QuUs :
cg ositions. Yet, the cr ude %%?ﬁ%{d‘l&g@ﬁ glrd S8 ACampygssive
strex anﬂ_aﬁ/ica@dnfmwnmmp@lw sbmpagble to thdteattributed to pure
gl\{bgﬂﬁgtaiédeous conposition conparable to that attri buted
0 pure gluconate alone. The crude internediate
fergentati on’.dlgrot H renmoved fromthe industrial

gl udGfiafRds, iiermediate, fermendation, browWat eenegved nfrainmghe industrial
1uc884te Usdoc&dsU &8ffainsP bYREAEYS ch,as.oxalic
Sraci d gl?l ‘sl t thernéq'o% I,ﬁé?lg%?%gl X@#ﬁ%ﬁs@%éﬁ%r@&%ﬁe’ f other
byprofusts isyph eslwsekic agidenmpsadtr thetwofit fesidaali dliokchiddds 8nd Bther

h resent jnvention. onpr.i se 5-95% by w
b rf’g%‘%ﬁ'i XS%‘P’&‘%% esuétgﬁté ffc”h d8rthg @r.ea?n,tc;ref&n@om may comprise
5-9394 89 ShUuglucOic SO/l a i ' he :
broth. T ug, ngerrp?&{;%lfl Qﬁgtq ﬁ%rg(? 6af%d’ %:%ﬁp&lgé g?ﬁagﬁgﬁbg feflium)

based patetabsplids i thedwothc onbi ni ng a hydr at abl e cementi t ous
bi nder with crude fernentation broth obtained fromthe

aboVbusiesxsmplery nmdhstsr bad @nyeiRdnk S5 3hvRfon comprise:
IH]';-OCGSS’ 8} %n i nter r{edi la)t e . .
combining 4 hydratable cementitous binder with crude fermentation broth obtained

from the above-described industrial glucose fermentation process, at an intermediate
step before the “clarifier” step, more preferably before the “decolorizer” step, and,

most preferably, before the “broth filter” that removes mycelium cell material.

In preferred embodiments, the crude fermentation broth is obtained from
industrial fermentation process at an intermediate step prior to completion of
purification steps, whereby glucose and starch hydrolysate (e.g., corn syrup) are
employed in the fermentation medium. The advantage of doing this is that glucose
contained in the starch hydrolysate can be reduced into usable gluconic acid or its salt

(e.g., 5-98% by wt solids), and the broth may contain oligosaccharides (2-95% by wt

A}
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step before the "clarifier" step, nore preferably
before the "decol orizer" step, and, nost preferably,
whedosnsiishe br oth fi I ter" that renoves rrycel | POT/T81004/038915

h'.i ts, the cr
so@@ﬁ %@ﬁl on n Ny s Oglggl ne%ﬂe%ryor?ﬂc 9T P tﬁﬁ €afmicroorganisms.

Acdordimghy,ait llsoblelmvexb that thetusa pf istkdl IRFbBLRe, S\Mﬁgh Présehst aolower
conp i fication steps, wher eby gl uCose and

t
DesfoRechabipaleth (BR caripngsomress me ;heumedafoe snptativech snitable

P oi this
ook oS oo tinali3h 7588, B8 O, APurabe et used
exchsivebg im ﬁwunmmaitgmcumibhﬁerﬁhthkﬁpﬁb@es@% efdnti ts salt

(e.g., 5-98% by w solids), and the broth nay contain
ol i Bashec banpekeisons Wased | of1. Bl Qhgr -
sugars |eft unaffect e %SSMQC“ oén og?tﬂe Rhide élu&& fermentation
brof ayidor eeaviestienal ﬁ(@mﬂﬂdl Eidgitwvé\:; i anhd s:ohexiete:e‘ﬁedmf)ftai ddBfixtures.
rol ysat.e i C esents a | ower
CotfirRuse SERERIEN YR & Someub i dyeebmlecre also
contediplglder ati ng a sui tabl e cement dispersion product,
i n conparison to the high DE dextrose syrup used
exc [ vhdsst f Nt at I
pr o%@fgﬁigybr e(glé%?ﬁ Fur eéﬂdggeaa%éc? f g}lesﬁlg’ g& ot 88 ﬁr}’e further
appreciated adhepfconsidered il ¢hegtanted e:ffthas detailed demnpﬁ@ﬁ Bf Wkéhiplary
embgi% ,{7 onalaée ment qaddltlves and concrete or nortar
|h§§ ‘{ Dus conpositions conprising a
cenment bi nder and the broth are al so contenpl at ed.
Accordi ngly, other. advantages and features of the
invention will be further appreciated when consi dered
in the context of the detail ed description of
exenpl ary enbodi nents herei nafter provided. Brief
Description of the Drawing Fig. 1 is a plan di agram of
a PRIOR ART industrial-scale glucose fernentation
process that produces sodi um gluconate in the form of
solid crystals and a 50% gl uconi c acid solution; Fig.
2 is a chromat ogram of an exenplary crude gl ucose
fermentation broth in accordance with the present
invention; Fig. 3 is a chromatogram of another
exenpl ary crude glucose fernentation broth in
accordance with the present invention; Fig. 4 is a
graphic illustration of proton NWVR spectrum of anot her
exenpl ary conposition of the invention;
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Fig. 5is a graphic illustration of proton NWR

spectrum of pure sodi um gluconate (PRI OR ART); and
WO-2@5/08414s a chr omat ogr am of gl ucose- cont ai ni NBCT/US2004/038915

starting material conpared to that of fernentation

broth after ferpeief Bedcoiptiontdfahe Dahivi

naterin“Detailed,Descrlpt|on of _Exe ary Enbodi nents
ThE18-erlmi® @ 18R cdipgiape fiafi SRIORARE tshugnnlseds s ghucose

fermAREHieRYproced HizP a?ﬂ‘%ﬁégmg}%? gfggcc S i 18 Torrh BF ggﬂa Bfstals and

conposi'tions conht ari des an
a 50% glgosmnic @bwirsotia®n; ar e processed usi ng a m croor gani sm
that contains an enzyne that oxidi zes glucose into
VaFi@UBishydirEuo bRt U b SSeniPlatg el Agheste Fermititaiorf6th in
in turn hydrolyzed to gluconic acid and its salt form
aC@O(@J@?,WIQJé@W@t)mem@m erm "cenentitious conposition"
as may be used herein includes pastes (or slurries),
noFigar 3 is anchrgmetogsmm sfichothsr exdmplety cmdewiidosg fermentation
routs, ,shotcrete, and.concrete conpositions
brotgghﬁq.qogqla}pgegn%? BUASPH WORBAR: bi nder. The terns
"paste", "nor and "concrete” are terns of art:

tar’ i
padigst ﬁ%Whﬁ&P@@%@ﬁ}?é@@&o%MWgﬁm@f @npther exemplary
comgégfigﬂ!ok‘ o ifiCORRd,: bi nder (usual ly, but not

clasively, Portland cenent, Masonry cenent, Mortar

cenpent nd/ 9 um ..and .may, al incl ude | i peSt one,.

hy &P 21§ Reptpy WGRacioy of Brbtah, RIVIR Sectriip of pritg Sodium
clucBBABBRIOR. ART@ndiul | ash, and silica funme or ot her

materials commonly included in such cenents) and

WalEgE ; 6 1R bhidhifodhf TRH@e-86ihinii Qg ALHA dnpared to
fine aggregate (e.g., sand), and "concre?es" are

that 1o feraventasiodibroth adiet fernemthtict ofthe starton mafgriggat e (e. g. ,
crushed rock or gravel). The cenent conpositions
described in this invention are formed by m xing
required amounts of certain materials, e.g., a
hydraul ic cenent, water, and fine and/or coarse
aggregate, as may be required for naking a particul ar
cementitious conposition. As summarized previously,
exenpl ary met hods and conpositions of the present
i nvention conprise: conbining a hydratable cenentitous
bi nder with a crude internedi ate glucose fernentation
broth, obtained fromthe above-described industria
gl ucose fernmentation process before conpletion of al
of the purification steps (broth filtration,
decol ori zer, and clarif er steps) as illustrated in
Fig. . In other words, the
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"broth filtration" step, the "decolorizer" step,"
and/or the "clarifier" step nay be bypassed and
worhsosiise avoi ded. The fernmented broth may opP€DI&004038915

be condenged.jn.an evaporator to i ,cregﬁe t he

- concent r at+&+ GHUBYRRE Lxemplagy J en d/or .
ot frRe turir Ogluedse; fepmbntalidh 2§ 48Ca rb&esh rv@ﬁé}_eb% a glucose-
renoved before either the "spray drying" or "io

containinga §§BPOsiPRAs Bsluding sompesitgorisncagitayning  polysaoehyrides yand/or

oA, DSl BN § REGSD SRR i Sl

oxidiHeyl RS0t itTBIkiBLE BPproHRY SRt Al NBChroIRIBRE WRMMSEE iR turm

gl ucose fernentation process. The term "crude” here 1s

hydrolyserd to glicenicagidiand itsrselt fiorwi (scghi gusnmated.ubj ect ed to al |

three filtration, decolorizer, and clarifier steps,
al Theugtm i“cethentjtimis icotpositiowbas inclg beassed dietatie ‘influddsqidates

ich is subjected to only one two of these steps.
(or %@P&» JB?'?I?IS’t ?ﬂé‘t E10ltfo SEFbEHON ¥4l cqRenting; 87w, shotorete, and
i ﬁ' .S i | | f j ic (33
concEHE RN oo o BN SarkRt pieR Thie ik Bikee,
“mortaiioaed ‘fconeretelieatpr totths sflspenspastes &xempitarey corip®ed of a

hydep G lEn o ST cateRt bkt dudibity Bt (e QepfStvalpporiand
ceméft, MBIty @bment MR C&¥entt IndBd ggt)sdn?,a%d also inf:lude

_ollgosaccharide selected fromthe oup consisting o
limestahe, deyalrated limst, dlycash, granelated ditest fiwnaarsdag, takaolin, rice hull

ol i acchari de .bei ng, sent _in t.h unt of 1 to
ash, Gid SRAETAEE o o B PPHE, Fhimuty BT 1 5k smeRis) pnd
wate®! ¥mBABRE NHragRsteh QdeitonDRS Al WA fnet Alord¥atdld o ( dh¥d), and

. solids in the broth. l\/tgrecgreferred brot hs conprise”™
“congretasd iire megtars additionally analuding pearsreagenegate (e dhe casiedniock or
t 9 ...and . t,.Qne ol.i gosagcchar.ide . .
vl ettt B aflrte it il dRilof G R 6 mixing
required iubuhie o€ cenzid rhatehas, estigekwdradlit dbn@nt, 3026¢ @R Find Qnd/or
being present in the anount of 2 to 80% by wt. Mst
coarsgy AEEFGEALE: LAY chfrpiedwiEedy for grrking c  d pEticalar t cementitious
combdigef in the amount of 40 to 98% by wt and at | east
ne ol i gosacchari de selected fromthe group consisting

of . I [ ase hi gher .sugars, sai.d
ol ﬁ&%@@%ﬁ%%ggﬁé@# ,per:xggn g%atryl Ig'ei%ﬂgs uRmgesidonsyof the
preséid ¥aventioh cepiprids: dombihiag rigidhatatitel céhientitouSBRdeF With a crude

. broths may contain fernentatjon by-products such as
intergiediateglieqsg fermgniationdpth, obtainer &roge the abgye-dpseribed industrial

gluc%sggfgxgﬁ%ﬂg%tﬁ)g@{oﬁ?%?% e g})lﬁﬁageﬁoﬁ‘%?ldﬂ torthe PartBARY o (broth

filtration, decolorizer, and clarifier steps) as illustrated in Fig. 1. In other words, the

X

“broth filtration™ step, the “decolorizer” step,” and/or the “clarifier” step may be
bypassed and otherwise avoided. The fermented broth may optionally be condensed
in an evaporator to increase the concentration of gluconic acid, gluconate, and/or
other byproducts; but, in any case, the broth is removed before either the “spray

drying” or “ion exchanger” phases illustrated in Fig. 1.

An exemplary method of the invention therefore comprises combining (1) a
hydratable cementitious binder with (2) a crude glucose fermentation broth obtained

from an industrial glucose fermentation process. The term “‘crude” here is used to
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In exenplary nmethods, the broth is derived froma
m xture of glucose and starch hydrol ysate, wherein the
wgar@somiydr ol ysate is present in an anount noPCEES2004/038915

reterltb @i bYothyvine ighivt sudjudtedns all phret italtion, dRbWeRRr, hnd 3%&;
by wei ght, and_contalns an ol i gosacchari de sel ecte

steps; plthwuglitgs pogitdetessopsidanasotorude adweth wikich it subjented wrmhly

hi aher r T €.l dij,at ugose proth .
one b Q5 LIS shps T BREEHAC ek i TRl n M FPETab? Sishgpsion
that {¥inot gbydctdd toahe dlarifitdtivatepRhesy Hheldsuigradéd Particles have

i ntergrinding_process for manufacturing hydratable

beengemened fom Biedeothisgwensionor ot h can be mi xed directly
wi th cement binder powder in the manner of a concrete
or Exentplary ‘cautlei frmoendation(bFbths suitablefhriuee in therpargsdne invention

cop BRGS0 5 ot BB s PO 50 e s
one bIddRaCERERIde delcBtéd GRS A8 ?*&B%nsi’s‘l‘?x‘fg 8f raltBseC i Fotn'oseh and

__internediate glucose broth can be conbined with cene
highersuigers; itke pligastecheridabeing prgsend it theramamt ofié tdO6Vd) andiynore

prefegtyingte BROSER B3t 2rt = oRBRERRr feria pentd 0otk Beight
(dryPeoHdRt inofhe Brotho Mtloge g»;wérﬁ{d BHotHR Qdtpride igfhdofict BGd ¥ Ghd palt

and this anount can corr(?ut ed based on the anmount o
formgthgrasfatnethgcmaamt afdOcte @B%el b avti andagiclsrst oneeoligashedhhrde

engr of these.in th enent d.concrete .
selecl 0P (8 BB Hind BERBIGE. IO i Hiee o
oligdsadiHasis bemperesittnpicinsat oy 2@o 86%1y W0 Mb& 1{réRtred Broths

based on soljds cenent). Alternatively, the anount of

comprigs glpeRmc reidm el thaeridndhnamapntind 4900 8% b vecrndrat least
. ' ( i ' . i ght of
one o Hide Sbleethd (i Bk o3y B RrltBE, il Rfipe”nd
higheredugack, said clignsaxhatidnbeing prasest mothbianiougt af Celwesl% by wt
,vvi,tg‘ﬁehrcrude fermentation broth taken from an
solids gy PE: fernmentation process wherein starch
hydrol ysate is added with glucose in the fernentation
pr Bertlesr exsmpizdy brathspray eeniaindemrenttioa diyrigodusts such asipaelic

acid, Bfn @ ae@@%sctfe%fq?iop Bl Ifeséﬁaegﬁveélﬁa{ﬁaﬁnm LR %&E&go%%y

converted as we Into u gl ucondte or gluconi
wt baed dn tdfab(dryusbdids.nt er medi ate fernentati on broth may be
used in conbination with conventional cenent additives

asInTeyerhislaksnasthods, theebrattt is dediveeXpdtR| LmiB8ALBE glucose and
starch hydfolysate, wherein the starch hydrolysate is present in an amount no less than
1% by weight, and more preferably between 1-50% by weight, and contains an
oligosaccharide selected from the group consisting of maltose, maltotriose, and higher

sugars.

The crude intermediate glucose broth may be combined with a cementitious
binder such as by mixing with cement clinker béfore or during the intergrinding
process for manufacturing hydratable cement, or otherwise the broth can be mixed
directly with cement binder powder in the manner of a concrete’ or mortar
“admixture.” (The term admixture may be taken to mean and refer to materials other

than cement, water, and aggregates which are incorporated into cementitious
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addi tives may include one or nore of the follow ng
mat eri al s: nol asses, nel am ne sul fonate fornmal dehyde
w@oendesndar e, napht hal ene sul fonate for mal dehydrCT/US2004/038915

HOSEOSH! ekt kikicr@le Btdaabd 0
Cor%r om de, pr%t ein, caI I?ano amlﬁg §1ﬁ5<f§& lﬁlmh (]Eag?fe comblged with

cerhett Whikgthe beath @ﬁelma\lmd/@rmher &loﬂa,‘rothamtwbesmedrandmsed as a dry

corSBFRy oL BROTT S5 6 e M gF dhb Rraedariy depend upon the
amBhniCoh apiddhie ﬁﬁl’d} glabdri¢ Qo ifl thd BFSRY hkd W55 hmdTHE! a:%.n be
acid, malic acid, salicylic acid, Iignosulfonic acl

cordpeted bas:qdc@ethe gmgunismf glusonate hneh;adr whychavid, besm dccumiance with

ic acjid

t
the el Ko plsB e ) emisnt 560 aPartre ML oy amoun
m1§H|HeQB&h@ran§@ bfTﬁIOdﬁ Rysley, s |dn€§n01@'p9$f¥&bm 65 t(ppi/oy rT{sﬁhds

cont al ni ng oxya 6&/ ene groups, cal ¢ci um f or mat e,
basgdiom, sqhdsoz@m@t) liamativelyathe amewntrofzhel cmdslfmmntaimn broth

car B YR it ol Oy SRR oo G e, P Bt B coment

binaaosphonat e, lactate, sulfate, thiosulfate, benzoate,
acetate, oxalate, ferricyanide, and succi nate,
9l Y&Q! BrevRRUR! SuchBibila, & t&la
ester, 51rrJehenoE’t and derf va?’?ve t ereo?a g{dngt u?gﬁﬁ%%nwgves
combmm@ a oemeidr witht 2 voeede( dermentagiaht biotlofialeeny frofn taheindustrial

fore ng. The crude inter iate fermentatign Qroth of
formRRSHT CHPFOR TR S35 ORI ComIHaYEn SHaH an the
ferMMUAOA IRERICtiER MRS, Orhd Rdvadfag8 U dﬂlﬁ’% Shis $3 @t @ Blucose

set accélerator, a set retarder, air rainer, air
corémnﬁhirn&e startlk hydrolysate chw be porentteders, waibmthi negble gluconate or

adm. x wat er - reduci ng admi xture (e.g.,
glug?mggéll astl ci zer), colorant, corrosion inhibitor, a

r oo admi xt ure, gas forner, permneabilit
r egﬁfég cru JH%PH&E“ afe fermmeniaogs Rt Bt e i g@mmnetlalawwth
corR@fliodal [ BmehN &ALV S £ fHY KW in Me &t mPStrtérxﬁmple cement

thereof. See e.g., Wrld Patent Application
adeSUBSBﬁlchdblomﬁ ONNmOR OfSt}wcﬁ)ll&vm!g n@oeriels: mkdassm brhelgmine
novvn dre S Pol ycar lic

sul L‘i’ﬁtgr fydsondgisate, 3 ?I@nséﬁf ﬁ?:%&ﬁalﬁj‘?byflﬁ gondensate,

alksloraﬁramaamareta&h duX{de] Bfomide) m@eéﬁbomhﬂ&maﬁe dfafiadil fAtkPSoid,
superpl astici zers whi ch are cont errpl ated for use in

fatty gish erederigativa thereph dattsy estrs or dedvatistsi thereot, alkat ot alikaline earth
hycﬂ&%%c%bq?c&h& tagid' s‘&)‘c%qgrl@c% \A}]cn&%&’ ﬁégﬁ%eg%l c %%1%53 acgy Reitaric

ac1¢b ahyeie racfdamaﬂlg aaidp sailcyhio acidytipn@slfonicachh dybankhnaelieose,
whi ch are attached both carboxyl ate groups (which are

staygh| nydrolysats: £ FATEH o Saraesinaere #CokRb h BREHMY @ttrpsacinda spdum
hydt&XRA! g&ﬂa%ﬁn%})ﬁr&lﬁg, aRfurfit YR kPt d G fne, S5 MISehyde,

propyl ene oxi 4
silica, diglycinate, polymers containing oxyalkylene groups, calcium formate, formic

acid, siloxane, a surfactant, resin and rosin acids, polyacrylic acid, polyvinyl
pyrrolidone, aluminate, nitrite, nitrate, silicate, carbonate, borate, phosphonate,
lactate, sulfate, thiosulfate, benzoate, acetate, oxalate, ferricyanide, and succinate,
glycols, borate ester, phosphonate ester, phosphate ester, phenol and derivative

thereof, a natural gum, a starch, or derivatives (e.g., salts) of any of the foregoing.
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(PO groups, and/or a conbination of EQ PO groups in
t he backbone of the conb polyner or, nore preferably,
w0 poosesdant groups attached to the backbone. TPET/US2004/038915
PengRaterieOuRimaBMteDRm &RMbnBroOSF the Hhent
EQ PO type conb pofyner supgrgoastlC|zer31§§3H§%?§?Qélmed
in cedbination awigh di smsb@aab rcoderster oberbrian ddfiRarensuch as a set
6, 352,952 o ar d. et al.., US Patent 5, 393, 343 of
acoplgFajiph, AgEt Tefarder & (girdinercaif ptfainesylkeli-tohiiiokbresiyeer, bepding
adtﬂrxﬁﬁé ]v%ier-l%dﬁ&ﬁg 9§ﬂmxﬁﬂg ®@: g36§ur1|%§€1 &P) d@(ﬁ&[dn?, corrosion
comb polyners whrch are for exa copolyners
1nhﬂntoy,ceadamgy>lr¢crﬁlmdmmme gas:formsr Ipetmeabilityiredarer, pumping aid,
anhydri r EO’ PO caont.ai pi hg nononers
funglrde adtEisPifey ROTURER AdRistueo i H el ot Tenirea ot & Ayriure
theilégk' SBE el eweRAd Pa mﬁbﬁ&tﬁhf}@{] RIGUSOYAT4E e W R. Grace &
m xtur€s nmentioned hérein, thé superplasticizers o
CooChmr., descubingdaowaradmaxtnrdse conbi ned with or
i ncorporated into the crude fernmentation broth, before
bei Rglysaddxylic acideiype tshp&lﬁla@tilﬂzv@ latd oOrBientiondlRe¥ndWy in the
be added ﬁepar ately to t ntitious corrp03| tion
congredn @i t FremRlay n%caf%?w@ﬁta&t W Bpstpenlastigiperswhich are
corRHRIGY tor GUBOMBIARI A witl trd AHEY ik Gh BRI R RAeabiBE proths
afo nmentioned crude I nternediate ternentati on broth
of the dnwentionemiludti spealled CEOAR mypesmhﬂxpcﬂmnérsﬁm teln® witioh heans

o RUS83% oe AR YTGRBREE B b o e e
auéeﬁ&@s@mmmdxwt@ loflgs antddch iR ikl thTREERh BB teMRhShcRoring

t he hydroxycarboxylic acids and salts thereof are
groa;ps ] féleac@mntltlmramhuehmdﬁthﬁama exide (B0) gioyps Ipemt)dem*: oxide

cid,. and dro 0|c and the,salts. ther
(P eg‘“Psg%ﬁY 8%? ﬁf%§¥P9| ﬂ?PSE&Hﬁg? Eb ﬁ@wcmnm
polb?ﬂltef)(‘o'ir gork | ?@fe@@dlﬁsnﬂ@@nddﬁe &alhsS aftAAREE Qb MeCHAXLSNE. CThe
acid, benzoylform c acid, acetoacetic acid,
pesleny SpHRE maw&ea@m O | NORCIPTI; @)@mpéeStfcfrﬁ@/ﬁCbmpucomb@olymer
S o) of ass
suRfiibcats Wi Rt Dielideh e Molhiosed 9 WY 85°pH abatent

6,362,96D toif Jardimnptr als €8S tPh&naB,G% 34& f iDHreth er aloleas Well as in US
| east _on

Patggts 1 DAA s 5 G o ki o O o Rp AE0. P Peiat gscgibe comb
polgei %ﬁ%}ﬁl&kéﬁefi’gﬁ gg%ﬂa&u tﬁiﬁyéﬁ o g%ﬁga}u(oggléhg&g}gﬁg?s such as

maleigrasitivsreantiydride fand S:ﬁjzmexxgahlekﬁoé?@-cgmaunng artnaietn gJ.Ch as

polyalkyiene gf’}fco monoalfyli] gtlirlergac\a/tlc ng cement-anchoring

As will be the case with the other additives and admixtures mentioned herein,
the superplasticizers or other water reducers can be combined with or incorporated
into the crude fermentation broth, before being used in cementitious compositions, or
they may be added separately to the cementitious composition along with the crude

fermentation broth.

A further exemplary composition of the invention comprises the afore-
mentioned crude intermediate fermentation broth and a cement dispersion agent
selected from the group consisting of hydroxycarboxylic acids and the salts thereof

(other than gluconic acid or gluconate) and ketocarboxylic acids and the salts thereof,
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groups such as carboxyl ate noieties, can function as
super pl asticizers or water reducers. Such

W@200al0k41tene- gr oup- cont ai ni ng conmpounds may al BOT/US2004/038915
functiQqn.ag air entrainin ts and/or. shrinkage. .
Examali e i I gy bR Ao dnf SR RrrRl R bicid held Bfric acia,
i Rl nlgg&%h ' bEnAicS6di@sall theQal@%AMRLE(e.g.
mali¢ S0 A eﬁ‘?%&wsﬁgggfdzoé% and 5, 938, 835. F_utr%t paRieee.
sodin epptassiyme calpei)t | Emamples wfidhe dstonuboxylivoagids smdtthe salts
af ore nent.i ongd CrUdszoi nt er nedi a{e fernmentation

therqof, 266 ATHAR #5KL BETFP MOS0y S66VRS5HE Rite GV IRRERC i

levul”vl\%lfz g%%l?d B&%gwﬁigmeoampaha iﬂ%‘&lts&ﬁ@x@oﬁ@ei. % fdditin, PoRYSum,

s opérative to fluidify a cenentitious
and eab¢ipgi ti on, and a second group which is operative to
reduce shrinkage or shrinkage cracking in hydratable
C e A Fiithéro egermslapo Soinposition Afotheeinventiorplcamprises the afore-

conposi tion of the invention conp isles the afore
mentippad; eridel iernediate famepiaion gr%ﬁrré%& g3st 9pe Bmlisylieﬁe-gmup-
LComj ' i | i it . )
conGl R3S RIS FOREALT ARt ind Savig repeating
ethy}je!h'b &iﬁhw l(E@)T‘gthlpé,T;Erkyethﬂemm gxifdi(BOh grmippaoi aenixtuDeEAhsreof.
i et hanol i sopropanql am ne (DE| PA). triisapropano] am ne
Sucl PRIRY ohe SRy SR BB TP IRTSe ALO et HEvIod RERS-irine
a ' ; ant ]
g R SRR ERO Moicids, SETRIHion’ e sEpPIARL AR rfiter

reduberst Buslf 2xfygiltylonggrapytontaining ycompeyedshyiay zgm rfanction as air
entrSHRE SRR ROATaE AP Rarele SUE e wpe

shrififide rB@uckh® b Serli® Bid @BEBseal Bsteexiafipts, TR ATSPatent Nos. 5,556,460
fermentation broth in conbination with any of the

and 5H38F3Ong al kanol ami nes. - - Anot her exenplary
conposition of the invention conprises the afore
me Muirthee dexemplayi nompositorst of f therpmmeatiponcdinpsge ithe afore-
conbjnatjon wth an_am ne.additive (or.adm xtuye
merjigprhgrise PR FREREgT Divbh RABToF oIt % defh oo
oxy%]ﬁgfegg-lggcﬁprniﬁntéﬂ%édoEﬂﬂo@i@oﬁQ sBedl 898G @66 9hieH RS®perative

y be uUsed in a ratio wherein the contained
to fiylidifyp macamentitioan compasitien,andi & ispeondogiornt whigh 1ig pperatiye to

1:1 d f b ' : . .
S R R R T S

' hydr at abl tit, bi nd d. th
at ORER R GHBITY RPN, REcE: B PRISIEACRITR Pe Hore

mentdonE@ "RHRR! liRRmEdiRteaeARdMMion broth in combination with an
alkanolamine additive (or admixture), including but not limited to triethanolamine

(TEA); methyl(diethanol)amine (MDEA); diethanolisopropanolamine (DEIPA);

triisopropanolamine (TIPA); tetrahydroxyethylethylenediamine (THEED); and other
alkanolamines. For example, the alkanolamine may be N,N-bis(2-hydroxyethyl)-2-
propanolamine or N,N—bis(2-hydroxypropy1)~N-(hydroxyethyl) amine. An exemplary
cementitious composjtion of the invention thus would comprise a hydratable
cementitious binder and the afore-mentioned crude intermediate fermentation broth in

combination with any of the foregoing alkanolamines.
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Anot her exenpl ary conposition of the invention

conprises the aforenentioned crude internediate
WO esos®Mf132 i on broth in conbi nation with an addP€T/Us2000038915

adm xture) selected fromthe group consisting of an

al kimothen | emphley eeamappsitigno@p the| IMVERLIQN Logprisen thet afore-

hor i, d d/ Qi : y id L GA. :
meird Syt oSl BLRE ol bR e oBfibfpton it gn amine
addifRJ(drN admixdire) haGhgCGat Reaeti e/ @ydoky! ZEoupoaldBi o6 deroup,

~ nore preferably 1:5 to 10:1. Another exenplary . )
inckedmg duttnop Ainptedtn Sarcsiap end Blycsiep A P8 Hsoth mravab@peed in a ratio

i q . ate . . | .
whEE A STl TS ROyl B e 0 111 ana
mofd R8fctdtty §0:QuP 3€10nAh Skémplasf cefentitiddl domprkiishiof¢he invention

earth, Goup Ill, or transition netal salt (or acid_or
thugiwonidheompriserrehysisptpblgcementiionyibindes and therafpre-mantiqned erude
. .Sili.cat C : Ao , lactate,
mteiﬁlﬂlie\hl_gfeei,%n_fl h@%@%ﬁe{n%é%rggg? _g %glg%to%?g?’ oxal at e,

A O | TR DR RO AR ¢ o atore-
me%%&df@ d'lrﬁdelin]g&&eaﬁtelféﬁhémm PR inéditahatnywith 2 aliditive (or

;1. In a

urther exenplary conposition of the
admintae) $ederted fremathe rssonmednsisting of vl @lkak alkpkes earth, Group I,

fernentati rQ - C [ i t. l.ea e
or SEREROAGHFR BRI (TP s of . ulrtnf ptfing G dCpaor
glubSHed B1GT) LoffenBoOihy Bbth(1Baydbe ugediy aland ¢GA,G) ydiNive) of 1:20
gl ycerol, borate ester, phosphonate ester, phosphate
to ¥k leand moptyatrabdy 1i3Heddi-c derivative, a natural gum
a starch-derived conpound, a hydrocolloid, or a
m xAnothet heweswlary Thempoesition aofd thed dinventien heorapmsey the afore-

oo GRRAF G el BERS0LE L Solid nSye o
adiRAREP LA Bbm the droe BérisRiing lofen aflgilie BRALAO BAh, TGrdde 11,

I ntermedi ate fernmentation broth may be conbined with
or transitirsmetsh salb {draacidoidder viative Wr%ca%@&@ru playnigge dyirie nitrate,

oo f h isti . '
ST SR RIS, e, M BELER0 e, st

oxf@ky firh€yahided Buckitiate, for agikeuragiesitof( €Tl brotiakbad udditive may be
nitrite, calciumnitrtrate); a vi scosit(){ rmdig%i ngl )
usedgrach thas the GAGEERIRartiaissbF0G o IHQT aRd ginws PrederaPly 1:20 to
2Oqun); a shrinkage reduci ng agent (e.g., oxyal kyl ene
type); a strength enhancing agent (e.g., chloride,
t hi ocyanat e, al kanol am : I.- .
(0 SV e RE ARl AP SPRA PR e
int&n iR ArinéBtafigr Bioth ndd: be Eoxhisihethwith at least one other additive (or

admixture) selected from the group consisting of a glycol (e.g., polyethylene glycol),

a glycerol, borate ester, phosphonate ester, phosphate ester, a phenol or phenolic
derivative, a natural gum, a starch-derived compound, a hydrocolloid, or a mixture
thereof. The broth and additive here may be combined in a GA,G:additive ratio of
500:1 to 1:1 and more preferably 10:1 to 2:1.

In a further exemplary composition of the invention, the aforementioned crude
intermediate fermentation broth may be combined with at least one other additive (or

admixture) selected from the group consisting of a waterproofing agent (e.g., calcium
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alum nates); a defoaner; a surface etching agent
(e.g., water, oil, and solvent based surface
WO ed0dt08ans) , and de-icing agent (e.g., chlori deCHEB1084/038915
glycol ). The crude internedi ate fernmentation broth is
steatnéd)i @viBnishing 16 (i@ f pelyethen; %éﬂ'@iﬁ?éﬁ agenf (¢ gicelpium nitrite,

di f
catefiy e A3 Beibreifne BBt €, blopBBmBy Sos PR Y,
well SiRa); S@ﬂﬁl}xkagé)&Edﬁtﬁﬁ\glﬁmt (5.g,; 0 ﬁ)&mt}%ﬂe tepa)] $stcdftg’,th wi{afting

tr eat nent g di spersant, scal e inhj géfko | ead
agenic (e Iaaﬁhll@'rdee hiopyametce 2lanrlmnge); Ao ABhE TR aeny (e.8-

sant S

almhﬁia%‘s) Ci défomner, @ gufact tchingmgentngd.gl wptea,t il gndesobant based
oi |l recovery; .insulation; and athers. %‘ﬁ broth is

surfapesrtardpish wad dedoing agrnb(4:8- shlogdepaliseglycal) f or
noncenentitious (i.e., non-hydratable) particles or
parThe uirade inrmetiate strementation tpthois deticyed. ¢o  be useful as
ti ta | um ( a ui

dlsw ﬂH@th od;siféff bengve?l 4 3}% )8 S h\rvglg HH% Ig}ﬁ&s géﬁwme

app‘ﬁéétﬂﬁns %afﬂéﬁnbiablacﬂﬁ)g;, ﬁﬂmandslﬂxgme@t ﬂﬁp@sant)sl dyeC mafnufmture
finely granulated silica), talc, clay

asphalht cmnilsions; aater ofreptmenyy &ﬁgpaﬁlﬁp%ﬁnat écalepavlﬂlbgm)aﬂ%aﬂi acid

et iy TRHE P RE G, LABLIABEALR i
cledifesd (éng@llls)SersﬁME tfoe dirg xasipl areﬂnﬁg;nmesbmemmmf (d.ge lithium);
i nvention conprise an aqueous suspendf,1 g}r% haﬁéjn tql% 1
metp} (et DhARGEIaP TERANTER WEVIBHOD Bt B o Tty ig also
behefve(% ?@ch\é ANy | dilgetkall 6F oﬁcé}ﬁ%ﬂm&% i@t do-hydratable)

par ate orm di spersed wthin the suspen3| on.
parfitlasier fnﬁtmﬂateanattm soch shnstil aflee (6.9 titagien diokide), dyes (e.g.,
resent |nvent|&’ s.re vedi om& Elndustrla d
Bmge SFofzo 8% SRS $5n SHIvPRedYSi TIETET | (BRs PG g¥ide,
carbbn Elacl@ AR (€ ? @ﬁ%a%@oﬂ%lb)grﬁﬁllﬁémgﬁﬁ Jr aligtlay (e.g.,
suc evaporation of liquid, 1s believe
kadmrﬂranwllebeaﬁd)ldﬂmm sughc panpionletes spar@mllni@;h er mlgld minerals,

t J 8%
plc, CogRT BRAP AT Frate g 8 bRl oo navure
Ac@&@iﬂ@l ,OfirtBer2&04miMlary s codipdsitivht 0F Qhe’iﬁﬁéﬂioﬂﬁd;cgﬂ;ﬁﬁse an aqueous

ol i gosacchan des in an amount of 2-95% w .,

suspenenbayges thxprde sdarmmsiale fermeatgon rbr@tbtaaﬁ qnéuogmiore of the
sol i.ds th 9! 0

sbifpgatd, lierB BEpabihs 47 pffe, 68 MRl binin the
sudpehfbe the broth filtration step) will likely contain
nycelial nmass fromthem croorgani sns used in the
fer '@iﬁﬁ&@féﬂﬁ@ntahéh Bbtladitible B e @R th0prekcht hasALbOR removed
tota

from the industrial process prior to completion of the purifications steps (Fig. 1), and

, calche?}tgal axlaﬁl %%cﬂﬂn gs?&?été)dl%ﬁeﬁgﬂﬁ)g;nalnjﬁ%hﬁ@g ng%n& %e.9., ' calcium

which may optionally be concentrated, such as by evaporation of liquid, is believed to
comprise the following components: gluconic acid, gluconate, or glucono-lactone in
an amount of 5-98% wt.; (optionally oxalic acid or salt thereof in an amount of 0-20%
wt.); and maltose and/or higher oligosaccharides in an amount of 2-95% wt., all

percentages expressed herein based on total weight solids in the composition.

Moreover, the pre-“broth filter” crude fermentation broth (i.e., broth removed

before the broth filtration step) will likely contain mycelial mass from the
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solids of the three conponents described above.

Accordi ngly, exenplary nethods and conpositions of the
WO pwsfsd41en conpri se conbi ning a hydrat abl e cenRet/US2004/038915
. binder with.c et af | IS

i HRLEF SRR o g B9 P Sasston o

soliddust ey TREE corfipatatsf dusertidadions. bAaiohdingllyc exemmplagnmetttds
fromthe industrial process priaor, to the, decol orizer .

and sompogitions lpf\tke Hyyenliane Forapits combipigeh Rylrgtadls esment ynder

.ITet ho nd.c i L - Of i [ ri
witl P et Setie TRAR. cobfeRint mbdifal BUG"H ALAANRIEF0S-20 we
o, fermentation broth conprising an anber color. Finally,
crude fernentation broth which is renoved fromthe
In drbre ARG Tt Alont BrotN@hichak irbrhévedstrém el thdustrial
have tfine material suspended within the | I&UI d .
procoss e om thedgdealbiizerf stee wills payriag #mbar PRlpr. s Accordingly,

bel i eved .t ' .esi d f.mcr i :
exeRIEY CTieHeds B SPREPTRGH aniten eligt B Teectiigine o
hydRiiH1E GBinnt BiRdepelith Gidé ReBematicbrotf@niprisaiFauaber color.

generated by the fernmentation process, including, but

no.tF'hEd'&,tc cftfé QN B}o?l%lqéh 4 RelovEd BBmThs frftksial process
aci'd, cordi ngPy, exenpl ary nethods and conpositions
prictf tdt e i dlarifindri step cwilphese fineniiateriag saspepdeditvaiihio the liquid

iR St s e LT a0 LS T80 o
micgéé‘{rrg%gi?’% Rad gﬁ%%uﬁ% ofigimbhy GOR theTuHdhSoRREs bitBhitrients, as

t1ves originating fromthe carbon sources .
welk aplesy sdluble selieompowedstsentrated totthe Hemeatation P&psess, including,

butc\n'g)%ﬁ%]jliiqqa g)g ogé)an cg\séiéﬁiqg %{ ﬁ%gt élﬁ oiéllquéf/re @lhla ?%c%?d&@%l?é Exénplary
mefh%ﬁm 2binPBsikGMRLIT themvessed thapriahonstiiniaga HyBratable cement

east one conventional cenent additjive, or concrete or
binders wnthy caulei frmertatiam drefho cemPBYng Herma@Rtion, gesifues and by-

dm xture, w | |. k [ . b . N
progighiuns el o g BRI, oAq ey idonicotlen o their ervatives
oriSIREEHY dromahel carbsi shirbesl eynpilod-in 1@9fefrhyntatidal  wei ght on

cenment). The invention therefore al so provides

cenpiihdr Qs RPRsibildAsd cRfmokiEiony of thy divingloh ecomprise a
cenentitious binder and the conbination aof broth aHd .
combinuiert P664) thedernds interediptpishicape fermgpigtion Jrofh, as described

exe i1 0Si.ti ; dy |
b brra (P OB ht e SHFr BTG ner? Audieie, By Ei 88 ok masonry
adiaBARe! TheRkicant of the additive or admixture will be known in the art, but can

be anywhere from 0.005-5% by wt (based on total weight on cement), and most likely
0.05-1.0% (by total weight on cement).

The invention therefore also provides cementitious compositions comprising a
hydratable cementitious binder and the combination of broth and conventional
additive or admixture. Thus, in an exemplary cementitious composition, the
hydratable cementitious binder comprises Portland cement, masonry cement, mortar
cement, limestone, hydrated lime, fly ash, granulated blast furnace slag, a pozzolan,

silica fume, metakaolin, or mixture thereof. Still further exemplary cementitious
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cement, linmestone, hydrated line, fly ash, granul ated
bl ast furnace slag, a pozzolan, silica fune,
woredoaloaahd n, or mxture thereof. Still furtherPCT/US2004/038915
exenpl ary cenentitiousconpositions conpyise one Qr
CoOmPEsItEDTERY ITRRARCYIE O TR0 ABSEEHES, YFApe Is?m{z B ocrgﬁciﬁﬁéfone’
or mxture thereof. A preferred conventional cenent
or MRS § 5’gr admi xture that may be conbined with the

crude fernentation broth is..an al kangl ammne, .
e i bRl B ST P ohbined
ithd bt ARARALAMBG iRl AkhRIAninE) besh eonwiethhelamine,
Mthcg%eﬁ?ﬁﬁagdg‘lgtw%s, usfef uIl in combination with the crude
triisopropanalamatecdigthanolpmpheslamineasidetheisot h as descri bed
above, may be selected fromthe group consisting of

NOIRESE Sonvenbibhdl aaiest additiedsanisefel sulcomhatation with the crude
formal dehyde condensate, a naphthal ene sul on%t e from h
intefraediate diwepde famsatationbwth andesribsd-ahogri ey by §gpgad from the
sy 85t 30, B0, SURSIELD o R SRR i
condlédshitd, ashaphthleske siMaate dotnddetyfle ainkensatearmalcaikathlorde,

eart h hydroxycarboxylic acid salts of gluconic .d, .
sodigmueldpEge.cM Anine; HProfein, @P@llﬁapglfnl?%rti‘%gﬂ Lé‘a‘gxz?“d‘}’af%x ped or

acl ' @,{%{,’,d, | 4rC ¥k | thefed?y ka3l GhAS Blkaline earth
den&?t‘ge’ostg,&legﬁka I, egﬁéﬁa(}ri ﬁéhgaéﬁgh, a choride, a _brg_rlrliledeei )
hydesxycapionplic acidisalts sbgloaminatia, gloegheptomicoacid sifirigracid, tartaric

acida g Gt ot et BRI CHT oy bt BT B ritkine
carthy Af %Jﬁj(%, f%%rﬂ{@e,l thpatyrap Kyddi sddsRiafy, &alcium or sodium
ehyde, silic

brma a, a‘diglycinate, polyners .
ligroeulfaiane, Aignin vt dhplse phengl.casetic aeid) entuidrous Gastc sedgs spdium
aci.d, sil oxane syrfactant, resi .n..aG
hydrgih, DUERCRAuEPade SRS i SEEhHT Thhnaldyce
silié/ "4 _Qiigﬂ'@ﬁﬁte_, aﬁd‘i brs @rfahinBeofRillylenca gratipsnicalaive farmate,
nrtriteé,” a nitrate, a silicate, a carhgnate,. borate, .
foryito apido reélprand, e sufastang,y p {18818, 2t 1¥F¥s #flfaf OSFe iz BRI acids,
acetate,. oxgl at fenr Ide, n SHGClpat  nitri
Polypr G agds RS va?l’ oor%lgk’ Igéi gg{ag? ?lkpﬁosép at gn &%ﬁé’%m rite, 2
nitRRENP|sijfdace, derdavisinateg Hokete,e phosphomae,utaatateg usnlfate, sthinsuHate,
or “derivative thereqof, and hydrocoll o:ld%. agjonventi onﬁl i
benwonier acatater oxalatenFayriexsRider syasunale, ELyqols, borale GRieT Ahophonate
Wt | ' i RlgallaRsD 1] 8rIBRbRLLAY DEREdR or
estels pg‘gé?:r}%t%ggtggb }\%{Sf r%@ (%e Selected from t hetggr oup
deS@utive shdregf, afd Bydracadllidsr at or, retarder, air detrainer,
air entrainer, alkalireactivity reducer, bonding _
admophvERionaREGicréte At fiasehra ddinittures, ussfip én porabinego with the

crude intermediate glucose fermentation broth as described above, may be selected
from the group consisting of an accelerator, retarder, air detrainer, air entrainer, alkali-
reactivity reducer, bonding admixture, water-reducing admixture, superplasticizer,
colorant, corrosion 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
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colorant, corrosion inhibitor, danp proofing

adm xture, gas form ng agent, perneability reducer,
w@eossiong4ai d, fungi ci dal adm xture, germ ci dal PCT/US2004/038915

adm xture, insecticidal adm xture, waterproofing
de-mgrenagentf i Bieferiably, dhel sonaetei admizbre hagent sor micse @xivilkylene

nodi fyi ng agents, shrinkage reduci ng agents,
8IO0URY-i nkage- conpensati ng agents, strength enhancing

agents, anti-efflorescence agents, expansive agents,

anddBe f@iqwn&Qéﬁflplepﬁ@fmméﬁfgfOYtlﬂ‘éSff@Bﬁ%P‘@Péseéd@ﬂlx st are not
intd}Sa BBl BB YA foyling 0T oups. The fol I ow ng

exanpl es are provi de or illustrative purposes only

and are not intended to limt the scope of the

i nvention. Exanple 1 Cr medi ate fernentation

br ot hs_cont aieg%‘ ng gl uconate were obtained from PWP ]
Fer frEileaiitermestabe femsntating brths siontuining plugqgate were obtained

: [ ( , i I e
frot DA PRl ioh BB R0 Feebi. 2P S0 T il Bitmationat
AQ @usels Sntitzentan®)l es of the crude internedi ate

fermentation broths contenplated for use in the

pr eyast followaiy maferiulss wiiich Qrd ®elevedBloOtdprebentV@Radifles of the
unfiltered broth obtained fromPMP. "Broth 2" was an

crudp fiptepraediate fpanentationrhrpths sanispplaied fiar aise én therpagsent invention
J | 5 " i « ”
arc UIINDE] St 17 e bl a8 pRbuk bbLEAHAN M. ot 27 was

. an 9AfiPtred andreenbsitiaedastothoothained BeanTuibaniamtrf rESwthe was a

i ndustrial glucose fernentation_process (simlar that
filteyed Py %qnéamrﬂecg%qt{i pptaipedsGpw fiich Br khege samples were
(& ' u .11h 0 [ .
L D o S e RO Rt Blof poess
(sitndfuothet illwstrited ireRigaf) atrsowespainitrfiec thecroductipn fgrnoksnyationp such

or. i on exchan see Fig. affer "Eyaporator! step).
thaf e (T 8" PR EBTCE PP 5 3R STl ARG Br bt before
: r SERIC [ r 0 :
thegﬁég?%l?%%(g{rﬂ ;’p%?%lﬁ%r gan iﬁ)c E%Ig? dcg%iglg uﬁnnB?Z%%ﬁmn xéégglg%‘mh "bfter
“Egaperage0rsiepdi t h the fol | owi ng paraneters. Guard col unmn:

30mm x 4.6mm 5 mcron; Mbile Phase: 0.01M Sul furic
aci #aglke ofjthe three sgpnpie bfotlsowben ttheut @wlywead fusinigchiglt-pekformance

. dissolved in 1 . of i ter).; | unm

ot ep GeEPK P LR i ¢ EARATOE S8 SrEii i cotimn (250 rm x
4.dt ﬂhg_%trh%oﬁﬁ%iﬂffﬁie oSV ingPaRarhdiBR: GhRrdLEHNAS 308 £9l6¥im, 5
micr)ég; Mobile Phase: 0.01M Sulfuric acid (e.g., one gram of concentrated sulfuric

acid dissolved in 1000 ml of polished water); Column Temperature: Ambient; Flow
rate: 0.6 ml/min.; Injection volume: 15ul; Run time: 15 minutes; Detector type:
WATERS® 2487 UV detector set at 210 nm; WATERS® 410 Refractive Index

Detector.

Glucose (97%) and sodium gluconate (96%) were used as standards during
HPLC testing. Solutions of these standards were made using water. Different
volumes (5, 10, 15, 20, and 30 microliters) were injected to calibrate the two detectors
over a range of zero to 1% in solution. Typical HPLC elution profiles of Broth 3 are

shown using RI detector and UV detector, respectively, in Figs. 2 and 3.
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WATERS(r) 2487 UV detector set at 210 ran; WATERS(r)

410 Refractive Index Detector. d ucose (97% and
wa@omsomige uconate (96% were used as st andar dsPA/UB2004/038915

HPLC testing. Solutions of these standards were nmade

usi nEpeeery threpi distincting paawgl et dltlix_iogﬂ&oﬁﬂe@h T fird5kaR 3t 7.12
ers).were injected tq caljbrate the two
/ gét ctdc}bsmé S Ee‘?e&‘ﬁg%f& SIE@EB ogglic) agif.n Thel RE detector uses the
diffyRheAbf - efbdchive rOf | of-h re shown.
tusi ng R det ect or gfril%&ﬁ %}gﬁg%?‘ élrv ?ﬁtr{é’s%éé% i PEFgRiraton of the

substgrce congided in theselition @olvest. t Binee nbss toif 16 ioy%xﬁ)@e&ﬁ ounds
in t{ge etl?ﬁuthggr grofiles. The first peak at 7.12 / 7.%
COPEIY R G (R HOEFT oY ¥BTTeARdifrages a3\ haye @ssimiler refiactive index,
thd Rtk flethemborT We ' the refractiy
i ndteﬂxﬁ of el uting s%lét\?gﬁstgj 3f g@t&%g{}gctgéccgn%mlfm ight per
voiunee)sefbde snbeanssroataied inntht tutidhuolvent. SThy€nhe 18 dd&tor is

f ih - nd i f bon,
b O L RPRBAEES S S v s
enipRdysaAg Vi NghtiaBSHbandens &EchHg)aﬁfcﬁfﬁrtsﬁﬁs(%F gﬁttﬁ%tgﬁlr‘uon solvent.

. closely represents the concentratio

ThedVVimbyorbanaeris significeatly diffwentairore dompotibtoeddtbh@ihd, and thus
. aJhus, the R detector js sonetines referred

18 ?‘ g{ \zg(gegga for g%ec 8 WV alygqncentipton dgteatoni (Tee diffsrengas of the

respoh s i@ePbpyte WV dndgtt ;
esqbart i Eﬁ?gr sujgst,ance in t%eg&z%ti go‘l%%%%ﬁ“ﬂ?@ﬁfs to the.

nalEe o the semppendsiig view efoharagtedistic peakntetectodbyamionnd t o
conmpound, and thus is not ideal for use as a universal
condexerdinglpnextetpday arudeT placdic foenenmaitorobrotieof the invention,

i ded. by the W .and R d
o SRS B b T S o atctor o
U\ Qemesnaks o TRWIight, aBRpAG A éﬁ%ﬂgﬁo g%gizee 4S54 585 Dance)

HPLC. Accordingly, "exenplary cru g
havigg pileesittvorpepksalfirsigieak verospoaringan glusbaie iubbers &t form,

P i i oni c.resir ked col d RI

and BpEER U, SRRy SRA BEFSTH e e o B
e DitereS kolengiogt &im iT God LK deieetorssvazest ine 7276
migite EkCalas iskledesi 4 §oﬁ?é)ﬁndf %ﬁﬂlo@@@mf éﬁfr{%ﬂgg Pc%%ﬁicient than

corresponding with oxalic acid or its sa
oxahief 43 nEheptssrod main Ptk as 8¥/Bth mimmtdR! is detietdd to be gluconic

. S S the .7. 2- ] hut es peak al so
scif A EHAE asiélgegn'p%}dﬂd B 171 dne T eedic ot obelioved to be o
glicasfifdt@icebecaibathepakli @iaghshrs TREr 3 H&Qfdgﬁhﬁoﬁ S nBlbroth

8.8/9.2 minutes is believed to be glucon
samples.

The first peak is believed to be distinctive for the broth samples, since the
chromatogram of pure gluconate does not show a peak in that area. Table 1 below
summarizes the HPLC results of all three broths. Under each of the headings (RI) and
(UV) are given the percentages of oxalic acid, gluconic acid (GA), Glucoﬁate (G),

respectively:
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aci d/ gluconate. The third peak at 10.2/10.5 mnutes is

believed to be a gl uconol act one because the peak
wale@appaar s after the neutralization of the brPCTUS2004/038915

sanples. The first peak is believed to be distinctive

for the broth sanples, siTsigletthe chromat ogram of pure

g Hcoe Iat£4nae -Rot chnuu | n tha area Tabhle 1
‘bel-ov ;%kggt‘ +he ‘—'59" Cresullts of all t®Pee braths
Unetar| /S umpeakl 9.2 min peak|1:9.7 ain 740 paakA 8.8 pin paki) 8.8 minpsak
apple poalicacdde (GAI o o 7 O " o) [ Qupheac] oy | o
ol L0 o 20% b A% Tonl o 945% (2% riln 28%K
T 03_’ N %-‘95\%,\1 o A% pe %7 o | 17%%34(_._3__@_"/% nlnedikt%
. CATY R g 0, Ilfl u. F.r T o . ™t i 1
B e T Sl AV O e A At
Bro 9% Br qt 1. 96% 74%

00/ % 29% 0. 15% 26%
82% 6"%’4%/8@ eég §108 é‘? ieopaalmepop fQShS)/Z 8938 4% seen
in T, Phatigchiary Sé‘ﬁﬁﬁﬁ‘“ﬁra ‘1%%%%@#&‘?@# Al Sosetbod dry
suhssanaﬂ cen@ut.c Ut as isormided! thattmcuewe«sﬁ)ﬂndpmmﬁaltlbss of water by

orf B SR e AR GO B e 4 Bivrabsssmotsn seater.

It isalsél@wd 1t Th@ lbESR Yohitakidddethth ﬁlaﬁ“rﬁd%aﬁétt det&Qt b HB¥Rved by
been even greater. It is believed that the brot ﬁ

HPd $nt i adslétion, ﬂ@rreﬁdufdrglmose nmpuntevmwnmedrteém inehble bapge of

C. resi du cos unt

1§72 it 1286 h e OV, Spsigine, ot 7S5yt FReBiactRiviges in e
ferireh@tios @fdtﬁ@are aogRSdtedr febisived B EHIPIC.

ol i gosaccharides in the fernmentati on broths are not

detected or resolved through HPLC. Table 2 Key: Col um

A (%oxalic acid at 7.6 min.. by R) Colum B (% Tot al

G uconic Acid, W) Col umaT-'i‘i"-lE% Sodi um G uconat e,

cal cul at ed from %\la from I &P*) Colum D (% d uconic

Kepci Gprapd(% owdr aidnt 26098 ypRAI G uconi ¢ acid, RI)

Column B'(% Total Glucomc Acid, UV)

+ Column C (% Sodium Gluconate, calculated from % Na from ICP*)
Column D (% Gluconic Acid(“GA”))
Column E (% Total Gluconic acid, RI)
Column F (% Glucose (% Gluconic Acid by RI - % Gluconic Acid by UV))
Column G (% Total (GA + Sodium Gluconate + Glucose + 7.6 min)
Cotumn H (%Sodium Gluconate + Gluconic Acid)
Colurmn I (%Total Solids by oven drying)

Sample A B C D B F G H i
Broth 2 1.96 | 72.99 | 32.89 | 4342 | 73.97 0.98 79.3 763 | 78.95
Broth 3 244 | 75.54 | 23.22 { 54.66 | 78.07 2.53 82.9 | 779 | 8033

Example 2

Another sample (“broth 4”) supplied by PMP, which was deemed equivalent
to broth 3 above, was analyzed by proton NMR spectroscopy. Broth 4 is a
concentrated acidic broth. Proton NMR spectra of broth 4 and of a pure sodium

gluconate solution are provided, respectively, in Figs. 4 and 5.

As seen in Fig. 4, the proton NMR spectrum of broth 4 indicates
approximately 2% unconverted glucopyranose, plus 6-9% of side reaction products
(not characterized). It is estimated that other isomeric forms (e.g. lactone) of glucose

fermentation by-product are present.
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Colum F (% d ucose (% A uconic Acid by Rl - %

A uconic Acid by W)) Colum G (% Total (GA + Sodi um
w@wsosase + J ucose + 7.6 nmin) Colum H ( %SodPCimuUsS2004/038915

G uconate + A uconic Acid) Colum | (% otal Solids by

oven drying) Sanple A BEample® G H | Broth 2 1.96

72.99 32. 89 43 42 73 (DhcRRteIBestiigB 76.3 78.95 Broth 3

2 44 7 22 54.66 78,07 2. 3 82.9
tg swr-‘é? aﬁﬁﬂaﬂg BRI I FE<BRfRHEF 43S BEC 192
(St 'a.ff' VahENCudih beQichets abav Spe(‘!i’ﬁr%ns in the
anal yzed y proton

spectroscopy. Broth 4°is a
Latwoator)t ARTdd Gid#3i(Btabdarti HTesPMxtiood NNFSIBmechr Hydsfaulc-Gement

Conrdaft X5 P 5 30 Rl AR LBy ey o, Cylrica

Cofitrbte %&ecﬁrﬁﬁlswﬂsm MRz eﬁsﬁdm& Metbl fBr Imkeqats%&mg of

approxi mat el y 2% unconverted gl ucopyranose, plus 9%
ComewlMecmwabyﬂ’enﬁtmtlou&cssta(lc@t characterized). It is

estimated that other isonmeric fornms (e.g. |actone) of

gl UThe prépertissnif atterest inythetesting tverr Bnpines ehimxeatitediction,

(Concre esting) Broth sanples. were. al so tested
RN S IR U AT > 9% COUaPLERRe engh. The

t n t
o545t Sl dentl R4 BOIELS oS RO
(nelnraliZsidu natepial)Hyyl vecighit cofCeameant, @bxcbrwa%jfypASTﬂrﬁnag Portland

Cetssit [P eorB e A G Enid Sbunat o kPt fispend.

Cefreht FAdtr Q%()fﬁ@@hhh @o(ﬁfse% glee= M&t Kg/a8, W/C ratio = 0.677 and

Penetrati on Resistance %?g properties of interest in
0.658 dapperetimatelnsVewaters te sl unp, water-reduction, air

content of the fresh concrete paste, initial set-tineg,

and Thepoth Ssimpkes sltsecbmgtab folldves: comotlr Et@nfilésred hrpth sample from

PGS rah S DRt PR SRT B JOCy Ul GRh Sinebbgyer brow 3:
F ll‘l’g?écf; ggﬁﬂ@%ﬁ;{ﬁé@ BrbtHYatipi b Rnbbakdee r@ﬁtPlﬁé 8B4k GRBonate

0 Standard Specification for Portland
Po%memat jeference. Each broth was tested in triplicate. Air contents in the concrete

mixtures were below 2%.

Table 3 below displays the slump results of the broths. As seen in Table 2, all
the slump data are unexpectedly comparable to pure sodium gluconate powder

reference, despite lower purity of the broth samples.

Table 3
Average concrete slump (mm) of Broth
Slump Pure Sodium Gluconate | Broth1 Broth 2 Broth 3
Test 1 191 191 184 191
Test 2 191 184 191 184
Test 3 165 165 159 140
Average 182 180 178 171
Std 15 13 17 28

Table 4 below shows the initial setting time data of the broth samples.

samples produced faster setting times than the pure gluconate reference. Thus, the
present inventors surmise that the faster setting times are due to the unremoved

components in the crude intermediate fermentation broth.

-19-



5

10

15

Cement Factor = 307 kg/nB, Coarse aggregate

1062

kg/n8, WCratio 0.677 and 0.658 (approximately 5%

WOR08/05401ud ) .
Unfiltered broth sa

broth 1:
Unfiltered Concentrat ed

JUNGREHIZ intid Bk teind it IR Brbth (Rdukst@hed) Concentrated Broth

sanple from

S¢
Pg

fond I
r as

O IPurd B3 gL RHAL
ref erence. Each

B8y U
broth w

Brof!
as test

4d

[3tHSO
in

Ty

| [ekiClat

. Ar enatents |

n ke c

pncy:4t e

M %ioar es

b4

| s t2%0

Tabl e 8:2bel ow di

spkays

[ hes:a51 unf

B5S3Ul

th

e Tt h

5. As sée2n |1 n Tal

) e627 a

1 gdse {

['uspsda

unexpesdee

Il y conpasabl e td

) pEne S

digoe gl

ucaat e

powdekd r ef

erence@:0tlespite

| oome p

ricyg of

t b@sbr

sanpl es.

Sl urah1Bu5e 6 SRkt YBefdw GpRlvEcdh
Test 191 191 184 191 Test 2 1

Tabl e 3 Average concrete slunp (nm of

1

184
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The broth sanples used are as f ol POWES2004/038915
le fromPWP;, broth 2:

ate

wer e
s of
a are
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days.osspestivelydfontherthrpe breth sad@ples 28d thelpie dodibml Glutdnad8 control.

Tabl e 4 .be

Thr;-t

ow,sho

the ini.tial

t RIS b o e A CPTBER B o°

sg&{li@ggfoti me data of

Faacs: feths fgude

ferthérRSort Bdfhsi 6 Qv Aeit! b BRRBE fure @hRbgAEe. Thus, the

present

inventors surm se that the faster setting

tinmes are due to the unrenoved conponents in the crude
intermedi ate fermentati o pjosh. Tabl e 4 Average

)
51

initial setting tinme of Brotn (hours:mnutes) Set Tine
PUr Lvenipel 145 c@n}a&@s@ﬂ@&ﬁn% @iy imBhot h 2 Broth 3 (IN
TésT 67 78] purKSodiuth Glficolsde [EBFoti1 O] o214 Brolf 30
TeSTTest 161 P6 6. 17186576 5759 193 19.9 19.0
Test 2 18.9 18.7 19.1 18.5
Test 3 18.1 17.8 17.6 17.7
Average 18.8 18.6 18.9 18.4
Std 0.7 0.8 1.1 0.7
Table 6
Average 7-day compressive strength (units in MPa)
Pure Sodium Gluconate | Broth 1 Broth 2 Broth 3
Test 1 23.6 23.0 23.9 23.2
Test 2 22.9 22.7 22.8 23.3
Test 3 23.7 23.6 24.1 23.1
Average 234 23.1 23.6 23.2
Std 0.4 0.5 0.7 0.1
Table 7
Average 28-day compressive strength (units in MPa)
Pure Sodium Gluconate | Broth (1) { Broeth (2) | Breth (3)
Test 1 29.5 28.4 29.5 28.6
Test 2 28.7 27.5 29.7 28.2
Test 3 30.8 31.3 30.6 30.8
Average 29.6 29.1 29.9 29.2
Std 1.1 2.0 0.6 14
Example 4

In order to demonstrate the effectiveness of the bioconversion or fermentation

of lower Dextrose Equivalent (D.E.) starch hydrolysate as a cement dispersant, the

bioconversion experiment of D.E. 63 corn syrup with glucose oxidase enzyme was

performed. The sugar analysis of the com syrup is shown in Table 8.
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Average 6:26 6:09 6:06 5:56 Std 0:01 0:10 0:19 0:05
Tables 5 6, and 7 bel ow di splay conpressive strength
waolau0a/054148, 7, and 28 days, respectively for tPEeT/URI00€038915
broth sanples and the pure sodi um gl uconate control.
The data indicates that {lable®npressive strength
performance of the crude fermentation broths are

L . |

B(.“]E."a' = De&ﬁoé@‘fé@l E psgcoTary %Tf SHoars
3-"ddy cor strengt U?Lts =$ ég%@ it}
@%@W redt e _1 Q
63.4 Test 308 o 18 7 14 2B¥8 5 Tekild%g 1 2289%7. 6 .

17.7 Average 18.8 18.6 18.9 18.4 Std 0.7 0.8 1.1 0.7
TheTailymeustdevag@XV-GRTM & 500 meb SERMGOLASET 1000idbsaihddl from

Sod uconat e Br Ih 1 Brot Broth 3
Genpaeyr (Rgchessas B 35 Fapomantaondiions weress oflows:o 53 3
Test 3 23,7 23.6 24.1 23.1 Average 23.4 23.1 23.6 23.2
Std 0.4 0.5 0.7 0.1 Table 7 Average 28-day conpressive
Gemsor O30Y 601508 Glucok@Oxidase €580 (GQHnd) uconat e Brot h
Gericb} FBRMOOLASERMA0D0 (B)aléEeS(IZSE)@()@w&lm 29.5 28.6 Test
ANR2031 7 27.5 29.7 28.2 Test 3 30.8 31.3 30.6 30.8

Run Conditions

Run Temperature: 35 C
Concentration: 30% Total Solids
Air Flow Rate: 4.0 SLPM
Mixing Speed: 300 RPM

Reactant Charges

Corn syrup (D.E. = 63/43): 0.268 Moles (based on glucose content)
OXYGO™ 1500: 27 GOU/g of ds glucose

FERMCOLASE™ 1000: 1599 CU/g of ds glucose

Distilled water added to adjust reaction mix to 30% TS

The DE 63 corn syrup and distilled water are charged into a 1 liter jacketed
resin kettle equipped with an overhead stirring motor and a circulating water bath.
The bath temperature is set at 35°C, and the mixer at 300 RPM. Once the reactor
contents reach 35°C, the FERMCOLASE™ 1000 and the OXYGO™ 1500 were
added. The pH of the reaction is maintained at 6.0 pH with the addition of 4N NaOH
(controlled by a pH process controller). The airflow is added below the surface by an
aeration stone at a rate of 4.0 SLPM (throughout the reaction). Each day, additional
water is added to maintain the original solution volume. Total run times were 45 - 90
hours. Once the reaction is complete, reaction mass is cooled and analyzed by HPLC.

The yield of the glucose to gluconate conversion was determined to be 86.0 — 89.9%.

Example 5

The product of example 4 was tested in cement paste. The paste test involved
the measurement of “mini-slump” (see e.g., D. L. Kantro, Influence of Water-

Reducing Admixtures on Properties of Cement Paste - A Miniature Slump Test, Cem.

-21-




10

15

20

Average 29.6 29.1 29.9 29.2 Std 1.1 2.0 0.6 1.4
Exanple 4 h order to denonstrate the effectiveness of

wo b@slsasonver si on or fernmentation of | ower DeRCT/OSM04/038915
Equi val ent (D.E.) starch hydrol ysate as a cenent

Cogir s pegr.an (1980 &5bi (330 riberwatentocogpemi it was 0B. EDo&ge of the

CRIN-SYr Wi, L | u oxi dase enzy s perforned.
profll SR doFed R0 A S Byt CoLnant bpapis ae
sh&®wd &bT&189D. E. Dextrose / glucose Maltose Malttriose
Hi gher sugars (DP =) (DP = 2) (DP =3) (DP > 3) 63.4
36.6% 28. 8% 11. 1% 22. 9% The enzyne used was
OXYGO(t m) 1500 and FERMCOLE#e®Im) 1000 obt ai ned from

Genenc chester EX iment al copdi tions were
as fol Sarh pencor X @os&-&gg@g@m
|3 HCOr FERMOOLASE (£1) 1000 Cat al ase (43db00
cu 4 Bn Condi ti on¥SRun Tenper at ur e: 0%89C
Concer®¥28iReA: 30% Total Sol23ds Air Fl ow Rat e98:460
SLPM M xi ng Speed: 300 RPM React ant Charges Corn syrup

As(shopn-ingEabig)9, the seenpilispersipa perfounange (pase flowntafithy com

- ds glucose FER AS .
svilf Gy il Bt o SRR Sy rrPR b Tecting he
settingltthetod thel¢dnsdnt paaaet i on mi x to 30% TS The DE 63 corn

syrup and distilled water are charged into a 1 liter

jacketed resin kettle e%_i%@_r?with an over head

stirring motor and a circu Tng water bath. The bath
B‘:g’gﬁ{a erH(‘rhg;g 'lel% : In 8lcos®iice Wth 'Eglgmﬂlexg Fwddl an%%%eﬁa Fl))'\}/rl HPLC
using carbohydrate column, Biorad Aminex 42A column, and RI detector. Mobile

sy

phase was deionized water. The flow rate was 0.6 mi/min. The temperature of the

colurmnn was 85°C. Detector temperature was 45°C. Injection volume was 15 pl.

Fig. 6 shows the HPLC chromatogram of the product of Example 4 and the
starting material, D.E. 63 corn syrup. Table 10 shows the assigment of each peak in

the chromatogram.

Table 10
RT (min) Identity
17.1 Glucose
15.1 Maltose
13.4 Maltotriose
12.1 Maltotetraose
11t06 Higher sugars

The results demonstrate that glucose in the corn syrup was converted to gluconic acid

while the other oligomers and higher sugars are more or less intact.

In summary, the crude fermentation broths can be favorably used as
admixtures for concrete and additives for cement (e.g., clinker grinding addition). In
particular, they are found to function well as water reducers and to render
unexpectedly superior water reduction performance. They aiso exhibited setting

times shorter than that obtained by pure gluconate powder, and also exhibited good air
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contents reach 35 C the FERMCOLASE(tm 1000 and the
OXYG(tn) 1500 were added. The pH of the reaction is
worahosaiimed at 6. 0 pH with the additi on of 4i VINIDHIS2004/038915

(controlled by a rocess contr Ier? The_airfl ow
conmsl mrae@mm%wet qﬁ@n rdyslopmient Withesubstaptially ders wncopverted
o p Ry, B RGO oA GEPR O s GRA7Bunen
afted ﬁ{ntiﬁbﬁﬁon/ of theesoditai gluconke thdatiliver & 4 Soncr& ddmiksure), the

Once the reactlon |s conpl.ete, reaction mass i s cool ed
broths o albjehes layp! oiglisonaty éV1§h wibgraptalbhless npeensesried glucose.
gl uconat e conversion was determned to be 86.0 -

89. T fexegopige cHbdhmento dadt emn;dﬁsamm epmwda@, forsillugtrative

I n cenent paste,

purpRSSS G Bianl Aot el L it (8 eeb Of e Thyeionycapy o,
I nfl uence of Water- Reducing Admi xt ures on Properties
of Cenent Paste - A Mniature Slunp Test, Cem Cone.
Aggr., 2 (1980) 95-102). The water to cenent ratio was
0.5. Dosage of the product fromexanple 4 was 0. 1% dry
solids by weight of cement. The results are shown in
Table 9. Table 9 Sanple Average paste flow (nmm
Setting tinme (hh:np Blank paste 87 03:31 D.E. 63 Corn
syrup 108 08:59 Exanple 4 123 08:46 As shown in Table
9, the cenment dispersion performance (paste flow) of
the corn syrup was significantly inproved by the
enzyme bi o-conversion without effecting the setting
time of the cenent paste. Exanple 6 The product nade
in accordance with Exanple 4 was anal yzed by HPLC
usi ng car bohydrate col um, Biorad Am nex 4 columm, and
Rl detector. Mbile phase was dei oni zed water. The
flowrate was 0.6 m/mn. The tenperature of the
col uimm was 85C. Detector tenperature was 45C.
Injection volune was m. Fig. 6 shows the HPLC
chromat ogram of the product of Exanple 4 and the
starting material, D.E. 63 comsyrup. Table 10 shows
t he assignment of each peak in
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the chromatogram Table 10 RT (mn) ldentity 17.1
G ucose 15.1 Maltose 13.4 Maltotriose 12.1
wOoRIs054a8Y aose 11 to 6 Higher sugars The resul PGT/US2004/038915
denonstrate that glucose in the corn syrup was
converted to gluconic acid while the other oligoners
and hi gher sugars are nore or less intact. In sunmary,
e gl@igncy ude fernentation broths can be favorably used as

(et s CRRELES oBRMIAREIS) ¥ Flornable o pigder

withafB) focmde tgludose denmentaieh | brath whtairedr Bomcat $nduseidl Oglucose

render unexgectedly superior water reduction
fermgaleaf@RAERSES: They al so exhibited setting times shorter

than that obtained by pure gluconate powder, and al so

exBi bi t ebhegasthod Pﬁd‘gﬁlmoll reip rAgice dxith eissebtaingtihfrom an

incufFNF BB, rebbiRato WA Srickos TRl SR b Ricgtg e

eover, | arrson w
diffdaitgpes of puyificatidn: yorethtfHiragsh, @bt AoriRutiohf indailidicadibnt he
sodi um gl uconate and utilized as a concrete

admi Xt Urgle nidR®AD6OIIREmMNAY {1Rrdih HART br&Mels Obtained from an
gl uconate wth substantially bless unconverted

indugtriat gg@gsir&@nﬁ?iré@bpwg% hdwubbavisg @n?n sibjertideto daréfication
whel et P 4Rish it ol BRETP B2iine A Subaion
Seffont BRI G § 7RO Bt B B Fom i

indu%ﬁfaﬁ%ﬂ&&é fmBhiatibh pRkEs wgerigh&ﬁ %20 Yt Mt &t to%éeemer,

erment ati on process. 2. e method of claiml erern

whegbiycsalst onoth has aplsmbieneadof.r om an i ndustrial gl ucose

fermentation process w thout having been subjected to

t hisee diTHeenettodt ypemimf 4 puhértinc sdid dmrothbisobbtained from said
. filtration, decolorization, and clarification. 3. The
indusiziah gHcgpe frmppption propess Wl%uaﬂw% hesnsuBlseizdtea trprdter
opeidfivd 79 %ﬁfo‘v@lmgéeﬂﬁﬁ’ls@elf ARG bR saR] BESRESwhbLBYUhaid broth

havi ng been subjected to clarification
comprises no less than 0.05% and no greater than 20% of mycelium cell material by

weight of total solids in said broth.

6. The method of claim 1 wherein said broth, when subjected to high
pressure liquid chromatography using a cationic resin packed column and an RI
detector or UV detector at 210 nm UV light, demonstrates an elution profile (time vs.
refractance) having at least two peaks, a first peak corresponding to gluconic acid or

its salt form, and a second peak corresponding to oxalic acid or its salt form.

7. The method of claim 1 wherein said crude fermentation broth
comprises: gluconic acid or its salt form, in the amount no less than 20% by wt no
greater than 98% by wt, and at least one oligosaccharide selected from the group
consisting of maltose, maltotriose, and high sugars, said oligosaccharide being present
in an amount no less than 2% by wt and no greater than 80% by wt, all percentages

herein being based upon total weight (wt) solids in said broth.
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whereby finely suspended particles have been renoved

fromthe broth suspension. 4. The nmethod of claim3
wob@ses414sai d broth is obtai ned from said i nduBCT/U8§2004/038915

gl ucose fernentati on process w thout having been

subf-ect ebha methed of clanmelr wheer sdyg camlie glimose ferirestation broth

o o0 358 Qb3 e SH e LS et BB e e
1% fagd teOthaROGOLBS tdvhl Welsht Bﬁgdada&;}ﬁﬁﬁé’s Sh ﬁ%o‘%‘g:ch%des
a broth filter operative to renove nycelium cel

beinggsetgcies) from dhn mmm consting ofimations; neadiottidse cirid o gy singars.
no |l ess than 0.05% and no greater than 20% of mycelium
cel9. matBhd mbthbgt ofiefaghtl whertintsald isroth idsletinedsfronh dmbdithre of
6. The neth cl ai ein said broth, when

el B CH Gy D Lfielsr S0 SHECh aholy el Rswis BSFRNG Ay o

1 athaﬁtmm eRft AndBeHR0se QU R

oS det ectygvrV %tﬁ 210 nm%UV [ 1 ght 0§gglm) sﬁi’a{%g%lsgﬁrgw%ahose’

malmtuoseonmbhnghmsega(m me vs. refractance) having at | east
two peaks, a first peak corresponding to gluconic acid
or its sAlcomposition ande by gacmshogedklaipnr espondi ng to
oxalic acid or its salt form 7. The method of claiml

wheriei N Axbehp6sitieendaé BR Mhb@Bd BF 8fafin 90N i ses:
gluconic acid or its salt form in the anount no | ess

t hayy, 20% Ry c b R SBLIEm 4 R ARG
one oli gosa%charl %Jle ?2‘? ect edqpno% toﬁémgr uége%gn5|als1§| ng or
conofetenadnizee. mal t ot ri ose, and hi gh sugars, said

ol i gosacchari de being present in an anount no | ess

t hatB.2% Ay cethemitidus Cogipodaition l:(hﬂphs%lfﬁ)abhr databy |cement1ﬁous
bi ercgnt ages herein bei n based upon total weight (w)
111

she gomposifiog,of ki 10The net hod of claim 1 wherein
said crude glucose fernentation broth is derived from
a mMturd W@Sﬁwns@mlfg’ dAor bipde dbyscatationdoroti nbtained

10/ n ater th 5%
froldn SRl uchts ABeRSh SRty a3 JBLE chiibnt kiRt pgrorete
adnﬁﬁhmw&llimmbﬁefgr oup consisting of naltose,
mal totri ose, and hi gher sugars. 9. The method of claim

1 wwerei the @eﬁe&fmﬁﬁ do‘ﬁlpdﬁftioﬁeéf LG %élfeﬁ{ 8aifl hydratable
gl ucose and starch drol ysate, said starch

cemwtm@lllsybmd@r bempgsqw d josmgnib Lmasonxy bersentt hmnat%em,ent

hm?m?rgo hé/ﬁrr}ﬂﬁ,acf fg}tré Sel Ctgﬁ%m t%ﬁg f]%%’%p lconashgztzlopa%, silica
fumeoReRkhblig) br ﬁﬁﬂ@rd)&eﬁebﬁ met hod of claim.

16.  The cementitious composition of claim 15 further comprising an

aggregate comprising sand, gravel, crushed stone or mixture thereof.

17. The composition of cléim 14 wherein said at least one other additive or

admixture comprises at least one alkanolamine.

18.  The composition of claim 14 wherein said component (B) is a
conventional cement additive selected from the group conmsisting of molasses, a
sulfonate, a melamine sulfonate formaldehyde condensate, a naphthalene sulfonate
formaldehyde condensate, calcium chloride, sodium chloride, an amine, a protein, an
alkanolamine, tall oil fatty acid, fatty acid or derivative thereof, fatty ester or

derivative thereof, alkali and alkaline earth hydroxycarboxylic acid salts of gluconic
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11. A conposition nmade by the nmethod of claim. 12.
The conposition of claimfurther conprising a cenent
wW@odasos44e9 or concrete admi xture. 13. A cenentiPCDUS2004/038915
conposi tion conprising a hydratable cenentitious
acidyi glahepinuict aved,caiirsoanid,i tartané acidaimmci® acid4malic acid, salicylic

.conposition conpri S| : a crude, fernmentati.on broth
acid) P P o BIOar et TR bine G 8 Shp RNy erhrai G comm Syiup,
sodRin® $RE8sinAé) CalcRim dr SEHTBM 1 B ldnies, H‘%ﬁﬁ‘n‘} ERbRols, phenol, acetic

adm xture, or mxture thereof. 15. The cementiti ous

acid; ombpdrons eanstie sedaqispinm hydeoxiide, pradsdiuhy bydroxideesodium linear
ement it Qus binder, conpr.i.ses Por.t] and, ce t, masonry.

kg Aoy SBhBREnERTHIEES of ikl cHobfirs " fupidhing

oxyfaﬂmengrg&wsgwféhﬂh Fsimahe)ORAR idOsiloRal %Z%’&tanﬁid &, a

fume, netakaolin, or. mxture thereof. 16 )
resipedaitht 4 11080 acosiio 8¢14s, opolpdcriliciand] polyminyd epyrrolidone, alkali,

Qnpri si ng. an._agaregate.conpri,si.ng sand ravel ,
Al Rt ot ALy R, ey REPUBRS 4 2cHR % SRS BRlS; prate,
phodphditaty, Madidte)RaIRe) tisidéuifatd, b&RshteORBREN kIR ¥§anide,

or adm xture conprises at |east one al kanol am ne. .
sucqinatec @hye3s, t Parateoesten aphophanaip egstsrn pbasphateo gpion eplenpoB)and

| Se: ti ddi,t i.ve. | d f )
derlyfifh AN AARNR b Mlrc BE W B TSR S PR e
| te f | dehyd d te, ht hal )
sul 1na: 4 SoRoaBRYas Siacddabberen el AroRogmt @ is a
convestiond] &dHcité 8L madthr AMSstuRe eIl ffom Mk ?{d\;@@%ﬁ%ﬂggﬁof an

tall oil fatty acid, fatty acid or deriva
accelgratqr, astarder,odir dlsitaipgt, i aie entrainenf alkali-keattivityh dedulcéra | ionding

earth hydroxvcarboxylic acid sal.t.s of gluconicacid, ... .
aarfR S PR 60 ol AEbéraiicifar paffrant Srfilan, nhibitor,
dan@f ipfoofiR! hdmikGird, gakdrkithg Ggéftl BefnddlBity TH@ICRE Spumping aid,

gl ucose, alkali, alkaline eartfh, a choride, a brom de,
fungisidgl agmipture; ozarmieidad radoaix e einsecdicisial pdwmixtyrsd i waterproofing

1.0 . ok g0 0, ohals....phenal... acetic aei.d
aechisd RIS IRES, ard RO oRp80 WAk oitP OB IyinE Ok, Afiflkage
rediiifg Gigetls, shiliageacbinpemsating kigeatse ssetdiioahancing agents, anti-

f or mal dehyde, siljica, a diglycinate, polyners
efflggsseeticn @&aﬂ%Wawwe@ﬁém&raeg&wwagm}m formate, formc
acid, siloxane, a surfactant, a resin, aresin acid, a

rostth, aTheeempesitiensof qluimy b wipretn wid enmprutent/(Bydomprises at
leadtBhE Sk ARG SOl |

21. A cementitious composition comprising a hydratable cementitious

binder and the composition of claim 14.

22. A process for grinding cement, comprising: introducing to cement
clinker, in a cement grinding mill operative to manufacture hydratable cement, a

composition made according to claim 1.

23.  Method for modifying a cementitious composition comprising

combining a cement binder with the composition of claim 14.

24. A process for grinding cement, comprising: introducing to cement

clinker, in a cement grinding mill operative to manufacture hydratable cement, a
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al kaline earth, an alumnate, a nitrite, a nitrate, a
silicate, a carbonate, borate, phosphonate, | actate,

wemokasda49 t hi osul fate, benzoate, acetate, oxal P€BUSI064/038915

i cyani de, succinate, glycols, borate ester, phophonate

crufSERtosd Rpmpitatien bedtierand pesust oan donlentivadl i cemenh edéitive or

a natural a starch or derivative thereof, and
conmquravasomdglmlzglre The conposition of claim 14 wherein
said conmponent (B) is a conventional concrete or
masonry adm xture selected fromthe group consisting
of an accelerator, retarder, air detrainer, air
entrai ner, alkali-reactivity reducer, bonding
adm xture, water-reduci ng adm xture, superplasticizer,
colorant, corrosion inhibitor, danp proofing
adm xture, gas form ng agent, perneability reducer,
punpi ng aid, fungicidal adm xture, germ cida
adm xture, insecticidal adm xture, waterproofing .
agents, finishing aids, anti-freeze agents, viscosity
nodi fyi ng agents, shrinkage reduci ng agents,
shri nkage- conpensati ng agents, strength enhancing
agents, antiefflorescence agents, expansive agents,
and de-icing agent. 20. The conposition of claim 14
wherein said conponent (B) conprises at |east one
oxyal kyl ene group. 21. A cenentitious conposition
conprising a hydratable cenentitious binder and the
conposition of claim14. 22. A process for grinding
cenent, conprising: introducing to cenent clinker, in
a cement grinding mll operative to nanufacture
hydr at abl e cenent, a conposition nade according to
claim. 23. N@thod for nodifying a cenmentitious
conmposi tion conprising conbining a cenent binder with
the conposition of claim14. 24. A process for
grinding cenent, conprising: introducing to cenent
clinker, in a cenent grinding mll operative to
manuf act ure hydrat abl e cenent, acrude gl ucose
fernentation broth and at | east one conventiona
cenent additive or concrete or masonry adm xture.
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