WO 2013/ 029864PCT/ EP2012/ 063914 ALTERNATI VE LI GAND FORMULATI ONS FOR
CELLULOSE PRODUCTS CROSS REFERENCE TO RELATED APPLI CATIONS [1] This

appl i cat iwo 20132084t he benefit of U. S. Provisional Appl PCatEPoo 263914

61/ 528,942 filed August 30, 2011, the disclosure of which is incorporated
herein by reference inits entirety. TECHNI CAL FI ELD OF THE DI SCLOSURE [ 2]
This disclosure relates to conpositions that provide shal e inhibiting,

ther nost abi l'i zi ng, viscosifying, and/or fluid |oss reducing effects when
used as drilling fl U'ﬁﬁTEﬁNKﬁﬁ@E'L@GAND‘F@RMMQA’fWSBFOH ui ds, or
stimulation/fracking fluids. BACK [3] The convent|onaI practice when
drilling oil and gas wells |sCEbLU§@SEIH%?DUCW§ fluid or "nud" to provide
certain engineering functions and to enhance the efficiency of the drilling
operation. Typically, a drilling fluid is continuously circulated froma
storage area on the surface, down through the drill pipe, and then returned
t hrough t he bor ehol €R@SS REFERENGEET O Rk ATHIZ APBhICATIONS drilling fluid is
to act as a carrier to renove drilled solids, such as cuttings and

f or mat ij@1]car \ff}ﬁgspphf:zlitﬁiﬂﬂ ddims tlmrteheﬁte)onS.tPnevisiumaﬂ aq)ehcaifioﬁ No. anst&p4of

cuttin t he s ace s effective because t 0sses a certain
r heol o%@ec{fgu%tﬁ%oe fl!%fnsyfentévlg@t 1§ COTnQRRC ?18 ¥r?/fF‘s%86€slianE§ieH6rety-
conponents are usually included in the drilling fluid for this purpose.
[4] The fluid can also function to cool and lubricate the drill bit, to
prevent pressure frombeing lost if a void or éa ﬁocket IS encountered
and to reduce the intrdHﬂ%@NB%A%tHE@%ﬁHETHgénﬁ LOgH&Esol i ds into the
geol ogi cal formation encountered in the operation. This latter function
beconed0®tt r enkhiydiseipore whtcsihepmpesitians Myt provsleghale oiikitindns of clay or
shal e. b ifsifis SATBARATD Qha/Bl AR Vil oREL Rl fen WII GO, EiR! L o1 ed
when contacted ¥h or exanp e°Smect It es are notorious fo
their compkdmnﬂMHewmﬂﬂwmm@nandrﬁxmdemﬁwﬁhgdhmﬂntacted\MtktWﬁter, due to
wat er penetrating the interlayer spaces of the clay. As a result, WD
2013/ 029864PCT/ EP2012/ 063914 when clay and shale are encountered in a

drilling operation, their contact wwth water can i nduce swelling, which may
cause deformati on of the well bor 8AEGROURGNMCEd wel | di ameter, and bindi ng
of the drill pipe or bit in the formation. Brittle fractures of the

f or mat ij@yB]al soreaRnEeviehPracabdwhireddiiacsu alednl & vals o RSe Witillinpreed ¢ t at e
to the bottontof the well adjacent the drill % possi bly blocking its

r et ri evENdalRdPTRYde AEHEN STZIMCRENG RFYAE BPA eﬂhﬂ%creé%tfémea%ofdhe fnldingpst

desir a%#)@raﬂtlowcf};p?&ﬁ Ojdlﬁhg%ﬂ{llldllpgonftllnHé)lg ccirchﬁtéd' fmntt a@trore%]c 'Mc@omhé he effects
of watef on shales & s that are erncountered in a l'ing operation.
[5] As serfzroesqldwn thtchlgh ¢hg d;ﬂhplpo rnd then mqumeétthr‘blcgh thebprdhal¢ ta thg strfage.dOne
conp05|t| hat .are effective mnimzing the

£ e act arvisgoR ol aRpR o PShesdt Ffhsr CLiPut MRS S PR FHo0

cont actferiakies earfzmrggr&tdnoﬂﬁ botethoww thd shefadde Sihe adheer If cefntngctol tHeswfack is ng
fluid conpositions could be devel oped that are nore environpentally benign
t han t §HsEVebesang thy flugls pegses ¢ ee%%theﬁ@%t%ﬁnspwdeﬁé Ry thssplids andh wiHQuEY ds

Thi s enwsRRNtRpoAAN arB@Sualt ?Stﬁlﬁ’%d@n ﬂl%‘ﬁrﬁlﬁ@slﬁu@for‘t'ﬁlgﬁﬁ%&eas for exanple,
regul atory pressures such as the European Union's (E

(Regi SE g1 on, T}EVEIL&‘@% A8 A8 bédbh@MibRede B% fii tﬁ% 'tcﬁ f? %’}r&ﬁbﬁ
2006) egulatlons seek to I nprove protection o uman and the

envir oﬂ»nmgtlost rfarmoccherdas abckel skscounterab ahditoat due e idesducabi ef fldidyeaits,

conpl et i r fluids nd, st mul ati on/ cki f|UIdS coul d
o hevardRui e Rlogieal Pl feuERnL i b Pyl id o ThE

| NVENT lbeddmds @ktrdihiéls iflp&ednostieedillioy ideshf formadtiews vedler olxhsied Sealepasi ti ons
suitable for use.in drilling fluids, conpletiaon fluids, work- over fluids,

or sti SOMAPSCHRS PHERR SRy mtnﬁtaéﬁsw Yohineay @a#tietﬁdtwlgeﬁapea@t%wﬂh fhaggyy, For

ther m%&ﬁﬁ%ﬂe | Bé QectiVdsSEOR b bR Gor BRAERHsidet b AW PHS B ANGINIYn WHecgCt S When
used for ese purposes. |In one aspect, the new water-based conpositions
can cowprtged weh watcoghicpe wdise penctriarg B anplayerspaeds|ofithesdayprisdurssulac cor di ng
to this disclosure can conprise the contact product of a cellulosic ether,
a polyvalent netal salt, and a |ligand or a salt of the ligand, in which the
| i gand can be selected froma tertiary-nitrogen-free pol y(carboxylic) acid
ligand or a salt thereof In sonme aspects and enbodi nents, the |igand can be
selected fromparticular tertiary-nitrogen containing poly(carboxylic) acid
| igands or a salt thereof. For exanple, in an aspect, the ligand can be

sel ected from particul ar tertiary-nitrogen cont ai ni ng pol y(carboxylic) acid
| igands or a salt thereof, for exanple, L-glutamc acid /V,Ndiacetic acid,
nethngIyC|ned|acet|c aC|d 2- MD 2013/029864PCT/EP2012/063914
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al so provide inproved performance as illustrated by filtrate reduction,
better tenperature stability, and enhanced viscosity, all of which are
useful drwbDl2orsg2pd6ai d parameters. [0011] Cel | ul ose pr odu®C3/EPR1210639m4 Whi ch
nitrilo-tri-acetic acid (NTA) has been used as a chelating |igand, along
with various netal salts, for producing nodified a cellul ose product. The
use of NTA in such applications will be disallowed because of its
carcinogeni c and environnmental risks. Therefore, the present disclosure

provi d;%heﬂ %l@(y%ﬁéi LibOs€ eRJof’aqféFetdﬁny@l?ﬁlin%%eﬁﬁo&stﬁgr S ef @Rﬁ&%teg thd fnling fluid
conpositions that are environnmental |y sound than those using NTA

[ 0012] Thekiag.anbiclomiag casss deformatamcd f éhrebod |beenvall, a¢ducpewdil d@m@mn@bm tions
and met S..are descr.i be e f i i descripiign. Patents
and pubt T5ar R G R BRI, Brlote ARASOR RSy LORECLRI Ah B8, C0ene
di scl oshe feadtured cide chipPwill DE88Bitste 1dSh6 b303n DAthe walichdfaRerk 188K APbit, PEIA ED
DESCRI PTI ON OF THE | NVENTI ON [ 0013] Thi s di scl osure provides conpositions
sui t ablP@CKESAF FFTIPYRY 2F WPH%IPe“(L& 8}%? éflﬂ%fﬁngm thgeioraagpieidhemop GHERIE or

sti mul gicaBAd srRACING Abilid. linhbChingX Dt Bid oftb@lo? wiaR bR kRdIAGnd clays that

t hernost abi | i zi ng, viscosifying, and/or fluid | oss reducing efféects when
used f @rc anewserpdiinpodidbng pperdgivd. enbodi ment, there is provided a cellul ose
product, including a cellulose product which can have less than 10 wt %

wat er i[005desi rask resdhpphdrs isrggontnuisgngedifei mey driléng nidaomppsivehscindof : a)

a cel lul osic..ether l ected from carbox thyl cellul nse .

nyar oxJsERyE ELIRGAEELEERER IR BRLDTITE By uPBiytenbe dalibrinet cweg
met hyl skatd dandesss Wheh 2HBA D288 a4R0IS ER2Q1i2H0 68 9ddld(bvdesirdbedil oftyeeitvhy| net hyl
cel I ul ose. MO), ethyl hydroxyl ethyl cellul ose. (EHEC dr oxypr.opyl

cel I ul &gﬁlﬂéﬁgggomﬂ%mﬁ%ﬁ? fg%ﬁ?ﬁ%?héb?ﬁe more enVer)lman%Hv/ B?%%n f&a{gm%m ent
met al ic@Rcffy iRAL kd MeBPmITBIRREEH M duSRalithiBar & TAR VI nA@Edl YPAI Hat t @ni um
vanadi um chrom um rmanganese, iron, cobalt, nickel, zinc, alumnum tin,
or comnbbswarci emswishesced firgeaeddas, for exanpple.aeguletartpresserch bushred thedfwrenead from at
| east ) IG): . AGH I ri ondary
i 17 ogoh ot ol SERPACH (REkBEl, Ly AuhRihaBh shd R R e BB 0 Y
of eit R606)Rqrolayifwsascbooyilipegveatotdctmn of hsmahi hafthtahé theahy femndnofrymi c) aci d,

it isiptended to dis se both the acid formand the salt_form Exanpl es
of t he °pYTYt gkﬁo&mu@ﬁ%ocl?ﬁ‘o@%bﬁj%§|nﬁ\gf CPW@%&BIF _%P&’éﬁmﬁﬁoéfﬁr fElH§S=|aP and can be
sel ect gAmuREbYELckikHLIAE Soul@be HdvlohEdthhPare Sinfifakl§ cAtikchmdmBlllyGodsd. d, nal eic
acid, fumaric acid, oxal oacetic acid, aconitic acid, iso-citric acid, a, -
k eto g lut ari c acid, il-ketoglutaric acid, succinic acid, ascorbic
acid, 2,2'-azanediyldisuccinic acid, tetrasodi um i m nodi succi nate,

di carboxynet hyl gl utam ¢ agyfaRRYOERGEHE AN EeTIONN - di succinic acid,
oxalic acid, aspartic acid, glutaric acid, glutam c acid, salts thereof,
and confidat i : Q : uh < t DRl Y ISls) ds or
salts me eof rsoérlﬁg(agsﬁlcipljtoﬂlggﬁ foga%\g%éaéeﬁ%ggegscg ?tﬁté |§rlllct%g§jgoq éutrl aartlr e hot

|'i m t edluids, cdmm¢tiongiids, svorkdovey flbkdd) @cemubtiasiideking {limdh ghhich erdhibshetei ¢ aci d,

21 B SHPESL! RSk SRAL ST SO AR EOTRAALLEDS Bl

conpri erpaséellh bhOsbectehbatw watdRohydabapbsifi®isabn tofpriendlldodd gandssel ect ed
froma citric _acid cycle substrate or product. The cellul ose product can
cont ai Mor e haeelbsapoadieiassorimg de iy derlerasanspmarisaibe gontacd Rrodysitodi n

| ess thapdout ¥yl ‘55%&1&%&51%@11, anfl 2 GTERRHL TR DT tﬁemgt%n&j,'iﬁ GhAsURSlRmavi des
a cellul ose product that conprises the conponents a) through c) recited
above, car bé selactadi founs a &drtigymattageadice polysiashaxybg)sent ligahdl yr ofalt thompl ilses t he
contact_product o oppri.s .he .reaction. product .of, ar.consists

cosent raft FHSFS el emBATRENS T BSe GH 6} bR BN BB it onent s a)
t hr ougRogthintr@Gioly& chrbkaVie) acidBddmiid or Didaheresth @di enips, in hedpedtsthpligridded a
cel lul ose product, including a cellulose product which can have |ess than
10 wt ucimbetelsefeddinm parfculprgriapsifggerorontanipg Py (rarberdicd aeid dgandsopaself of -
VO 2013 D2986#BGHIFP204i2{063934 N, N-diaccticibinkly il Gl FacBlidigsia, 3¢l ect ed from
car boxymet hyl cel l'ul ose (CMC), hydroxyethyl cel'l'ul ose (HEC), carboxynet hyl
hydr oxyet hyl cel |l ul ose (CVHEC), nethyl cellul ose (MO, hydroxyethyl nethyl
cellul ose (HEMC), ethyl hydroxyl ethyl2 cellul ose (EHEC), hydroxypropyl
cellul ose (HPC), and conbi nati ons thereof; b) a salt of a polyval ent
metal ion of magnesium calcium strontium barium titanium chrom um
manganese, iron, cobalt, nickel, zinc, alumnum tin, or conbinations

t hereof ; and c) at least one ligand selected fromat |east one

pol y(carboxylic) acid or a salt thereof that conprises secondary nitrogen
atons, primary nitrogen atons, or no nitrogen atons, for exanple, citric

o o - .



pol yval ent netal ion that has a standard reduction potential E(V) of
greater than or equal to -2.9 V. In further enbodi nents, the polyval ent
nmet al i orwoam3iryss4a st andard reduction potential E(V) eCT@gre@ares3dhan -2.4
V; alternatively, greater than -1.7 V; alternatively, greater than -1.2 V;
or alternatively, greater than -0.8 V. For these enbodi nents, an upper
limt standard reduction potential can be about +0.8 V, and val ues between
t hese | ower and upper val ues are enconpassed. Further, the pol yval ent netal
1on Ca@y@%x?&ﬁﬁﬁﬁiﬁ@diﬁ&ﬁ%ﬁﬂ, Al ak cOBLBAGIR BER! 1n Aurfobf ShbéAWeE ARSI tion
metal, a second row transition netal, and a main group netal. For exanple,
t he polpylyaklentmetaltsalt cirobe sshastaddroammamilkalincrverte arctdh satbadirst raw tranninen mefal/, a
first r transition tal, t {vely, a second row transition netal
sﬁ‘é"gﬁr% fy3 %&al JIh 6 a Ogj‘g’l!lp ng{ gg{al é@t

or alter mal n’ gr pically, the salts are water

| ubl ' di I I : | .. : i ded
2 o AP e Oty e SOMERE s LR Bt 7 S R AR B0 E 08

or gani @atticipsdn ag@iettinglihbiSelluldree dtBdrd fsal 4 celililode PRty dhidle RLG ini ON" can
i nclude organonetallic agents, as well as conventional salts, [0020] One

aspect dgtingluidsqiTde pasentelisclospigduthes pryides ameiod af gaking a qeplogs product

car ci NnQgRBGnPLorfakyihf HNRNEBLiL ¥ihef witRY ARl saVhridh lidA8 RS sIM ddRaibivhhese
properties. According to certain enbodi nents, suitable |igands or chel ators
t hat canddeoudbonstsoffpriaw idermhectebscuirodist. pAakiedd cfamingyhe cellulose product

2013/ 020864PCT| ERAALLOSINA, bei 7L SGhatl,l RO A LELL ARy ni Ly ogen-f e

pol y(car%ox‘i}ll IC) actd. at Fs, ¢ he& IinPgand can be a po y(dt:araboxyl ic) acid
t hat cetipulasesfisddonfladys dsd disdesrdat ons, primary nitrogen atons, or no

ni trogen atons. Exanples of such ligands include, but are not limted to,
the poljgusgar baxyhiicys aapdcts sdR&ibbahRStsathdres pebitcd atcbidilo@roduevol ved in the
citric acid cycle. For, exanple, the poly(carboxylic) acid can be citric

aci d, KeMPEsiagiod compidngthy spfactdirdies of aci d, oxal oacetic acid, aconitic
acid, iso-citric acid, a-ketoglutaric acid, 1l-ketoglutaric acid, succinic
acid, ascorbic ald]lcapt onecghhpselpYrdi succi nic acid, tetrasodi um

i m nodi succi nate, dicarboxynethyl glutam c acid, ethylenediam ne-/V, AP-

di succi ni ¢ aci d, bbxagascongsily of applavalent meddldon; ghdit ari ¢ acid, glutamc acid,
and the like, including and conbinations thereof Suitable |igands also can
be at |east two eeathesiincdiganbyoussog fane gpafvarbokplic) esidrthrt eomprigss t hr ee,
four, or fi Y& o @ b%é%l e htond! Q% l "rai'ftreo g1 od Ss'orAr(]%ti)S(‘?‘let Sa‘to%nuscpefeaffsed to
wat er - sol ubPe°8al't 8 OF°T hése IACi are arso sli'ta tlreg P& as I'T gands or
chel ators, aadinsalattsrtinryelittogdngfrowaioby(eabbuybracsdl ts of any acid recited in
this disclosure can also be used to prepare the cellul ose product. [0021]1In
vari ougogybodilaems aspetiand pabydisantdakiyldiselos@eipebidgandBulbsairodRapri se
secondary nitrogen atqons, primary pitrogen atons, or no nitrogen atons that
can be PRBUSIEY 9 FYPRTHNG e CARRIITRYCLf | ul ose product include, but are not
limted to, 2,2'-azanediyldjsuccinic acid, tetrasodi umi m nodi succi nate,

di car boxymet hyl &) aifesss icgellgosigethgl enedi ani ne-/ V, AP- di succi ni ¢ aci d
(EDDS), oxalic acid, aspartic acid, glutaric acid, glutamc acid, and the

| i ke. Some of thbk# leastarcgplyohi pelyy@dentimetd igvlayd car boxylic) acid al so can
be described as a-am no acids, and a-am no acids and salts thereof also
constitute a usefldt lqayiymedigand gpdastbdtfrrm cidgadie mpdie deidompleispaide funhgaic

cel lul ose produ anpl e. part i iy, 1:Cn @G re usef ul
n the. compaart aisetl SEHEMRufe SR Rhicifia 264, R0uRlitk AT 6L o

descri bed batib, @scihieratidass¢eibid dodd)@rp-brapediplisycaic hoidyletragodami ds and as t he
a-am no aci ds. her exanples of a-am npo acids thaf can be, used.i.ncl.yde,
but are not lfmnﬁ%w%; gg@a%%?th@sﬁut%&i ar‘i}dnét,?lylﬁgﬁft\"ir{“inﬁ']\g& P ASUSFRIRRGR e,
gl utam c acigalicOlcht adPaRR, acldy Slubiic aTdORIutali Soid Qa1tEMBRbN ahd &SbihAIRE Of

[ 0022] According to certain enbodi nents, suitable |ligands or chel ators that
can be usedtheeeobr ovi de the cel | ul ose product can be sel ected from a
tertiary-nitrogen containing poly(carboxylic) acid other than
nitrilo-tri-acetic acid (NTA) or a salt thereof. That is, the Iigand can be
a poly(carboxylic) acid that conprises one or nore tertiary nitrogen atons,
but is not a poly(carboxylic) acid of the formula N(CH2CO2H) 3. These

pol y(carboxylic) acid |ligands conprising at |east one tertiary nitrogen
atomcan be, but are not |limted to: L-glutamc acid WO

2013/ 029864PCT/ EP2012/ 063914 N, N-di acetic acid and/or salts thereof, such
as the tetra sodiumsalt; nethylglycinediacetic acid (M3A) and/or salts

t hereof, such as the trisodiumsalt; and 2-hydroxyethylim nodi acetic acid
and/ or salts thereof, such as the disodiumsalt. According to another
aspect, the tertiary-nitrogen containing poly(carboxylic) acid other than
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In accordance with this aspect, exanples of various enbodi nents include one
in which the cellulosic ether is carboxynethyl cellulose (CMJ); the

pol yval erwormet3al2of6en is cal ciunm(ll), alumnun(111), iromrCTIEP2012/063%(411),
zinc(ll), nickel(Il), tin(ll), or tin (1V); the ligand is a citric acid
cycle substrate or product; and the cellul ose product has less than 10 wt %
wat er. [0030] Enbodi nents of this disclosure provide a cellul ose product
conprising or a cellulose product conprising the contact product of:

car box Wirt il el eth& WaQ3ic @ga\l@ can®ALALME frboh cRFic aiHhAWYCl, alci€hdidi ¢ acid,
malic acid, or nmaleic aci and wherein the cellul ose product has |ess than
10 wt vfwmarer acidwtyddiavtinpeid.siconiic seidi isebigsamcad, atHetoghrteawd aed, $-lotddluthos e

D > careiTREpRU, oo SRUL A s BT R TR RS BT BP AG Lo
caI ci umi{datboxgmethl ugtutanmid dchd, ethybantdib@ina eV, o' @lﬁsuaahicacﬁtg:b;da,hcaad NBbEﬂtleiaﬂd]l he

cel | ul ose procﬂglhas | ess han.Sg% ter. 031 nothr enbo nts

t here |g [P G 8 aie @ik @Hitergie 461 b "tﬂeB% %"1 B e Y&’é‘ﬁ%?“?eé‘F ﬁlj‘

techni %§hrogff@ﬁiﬁm§1§l)dlweﬁ§ 8cil! QAU GLr O IRY cShPbatidi t1Qrasd any @dikele l‘igand@

cel lul osic ether such as carboxynethyl cellulose (CMJ); a pol yval ent netal
i on sue®hthgy sals iediyiduprlly.; at | east one |igand selected fromcitric acid,
malic acid, maleic acid, fumaric acid, oxaloacetic acid, aconitic acid,

i so- ci 19018] aciThe meskettatqgtmtsaompoaﬁctrd cxhibitigbalo ghdutlay inbibatedndhropanaesi bitc aci d,
o ast; aroresl ot TonBe B R IR Ry AT eBFISi g the
ceIIuI@s@ﬂmy@ﬂmamma&ﬁahahanzabbfwhgha&mﬂkﬂﬂﬂgumgﬂAthRE&amB-1/ISO 14014- 1
is greater than or equal to 10 centi Poise. In these enbodi nents, the
Filtrageolrpss (atae giodgcett oxifRh wRRhdifed-trl-86tit 40U4NTN ) Gfis Becd upills a
concentratlon drilling fluid co ris the cellul gse product after_hot
rol | i ngh¢laténeoisgnhgleng ) vaoys tf%hgd%ta@ﬂml&s modified g sellass predugt. Thezp

M nut eg. &ﬁ@ﬁgL@a{@hla@f)lll(}étlohsnwf?ltﬂ%%ﬁsaﬁmg&ib%ﬁ'ste%f itk RECRObGiPLRVI ded a
techni cal grade cel ose product conprising or a technical grade cellul ose
pr oduc engioanprengil nngt Hérersbort.ghe plpsamd distlopfre peviksh hew odludose phalucts it cars

car box cellu | ent net al n_su

o un naened oLt AT rp BB RS TR o M D E s aci o
mal ei cNlGA.d, fumaric acid, oxaloacetlc acid, aconitic acid, iso-citric
acid, a-ketoglutaric acid, il-ketoglutaric acid, succinic acid, and

ascor bijgoi2¢i d, THead ikl dthe ragfdcts aa0 €mbodiRi AR BRSlidclBE€eSmpIshiRne it hb@o® asti ¢
Viscosity of a 2 pph concentration drilling fluid conprising the cellulose
pr oductarea#e@@rbeﬁatort Billyiin fheletdledi dergripipnaplaionsiand publiqagensithpimaaybg of great er
than OfuEauab ViR (GRRKIGFAlFeschlildRaR: BARAEPaRER937L 08 didisal fdaass
(according to APl RP13 B-1/1SO 14014-1) of a 2 ppb concentration drilling
fluid do®pt72si ng the cel l ul ose product after hot rolling (according to AP
RP13 B-1/1SO 14014-1) is less than 18 nL / 30 mnutes. [0033]Still other
enbodi nents provided a purified grade cellul ose product conprising or a
purified grade cellul ose product conprising the contact product of: a

cel lul osi c et her suchDEFSAdDOBIGRIAYION OIF THBESSVESVEDN a pol yval ent net al
ion such as calcium(ll1); at |east one ligand selected fromcitric acid,
nalic 4e01d] meltds diseledute prbuiatey &cﬁn@@itﬂns slmablea@atﬂlmgamndd comgyiétioni ftuidsci d,

iso-citric aci a- ket ogl ut a etaq aCId succini c acid,
and ase‘aﬂspﬁerafgt idf; ossiinyulation a@@fi %ahfa wjtsﬁﬁ tg’tt i U8 - wherein the
Pl asti ¢nheYindGasiitif Q/flsc@m 31@% Qn&‘/@ﬁﬁlﬁﬂtlcfs@-}é(ﬂemg "eff&!té {i‘fﬁen WA for these purposes.

2013/029864PCT/E 012/ 0 | uid conprising the cellul ose product after
hot r ollh preyeralasionentigereas WPVIdFEPi gelplase psguey ochding ascefploag produdiavhidy  equal

RP13 BeT) T oA ) b o OB AR ng ™

the cell ul ose pro duc fter, hot, rollin accordi 3.B-1/1 S0
19010 1) i o1 ebs SRy Snef il i SubBEGRAY TR GO L BT
provi ded a patulctsleQHE@D addogphtttllagargxyetivicdellcLRPAMHRQ) ahicthylpullilbdced gr ade
cel l ul ose product conprising the contact product of: a cellulosic ether
such as carboxynet hyl cellulose (CMC); a polyvalent netal ion such as

alumnum(111); at |east one ligand selsected fromcitric acid, nmalic acid,
mal ei ¢ acid, fumaric acid, oxal oacetic acid, aconitic acid, iso-citric

acid, a-ketoglutaric acid, il-ketoglutaric acid, succinic acid, and
ascorbic acid, salts thereof, and conbi nati ons thereof; wherein the Plastic
Viscosity of a 1 ppb concentration drilling fluid conprising the cellul ose

product after hot rolling according to APl RP13 B-1/1SO 14014-1 is greater
than or equal to 10 centi Poise. In these enbodlnents the F|Itrate Loss
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the salt of a polyvalent netal ion, the ligand, or both can be provided in
0.1-20 mt % based on WO 2013/ 029864PCT/ EP2012/ 063914 the wei ght of the

cel | ul osiwoentsan9seThat i s, using the weight of the cell eCogireoiebidns as a
reference weight, the weight of salt of a polyvalent netal ion, the |igand,
or both can be 0.1-20 wt% of this reference weight. The weights of the

pol yval ent netal ion and the ligand are independent of each other. In
addition, the salt of a polyvalent netal ion, the ligand, or both can be
provided inmQc?: h]yérd%c/ﬂlyl%gthyh(z:e%lc@e (@TEl\QCﬁe yl"ﬁ)ﬁ&r&%ﬁ%ﬁt PRIuRRe vaEhy, of the
cellulosic ether whére t he wei ghts of the weights “of ? pol yval ent met al
i on and thehY®gaﬂ@0mmedhn@emﬁﬁﬂémndgwn@a@hneﬁhmwof [ 0038] Ot her enbodi nents
of the method of making a cellul ose product include the conditions such as
tinme of reactionbhmdﬂméhnebahhnemtmhbnafbmuﬁmdlmhgmmhmecebnpDHEWHBmare

cont act ed. ecau%e t.he s @Cte and i n_conbi nat i ﬁ .ngﬁh.th%>netal sal t
and the cel PUi'8Yi a%‘tIHeYana 3R f P?Pm é“é%t?&%%‘tst’l%"r? %‘t}’a abf & o tigE
drilling fl dhds cobthatiomahéeonsnduch as tinme and tenperature can be
adjusted to obtain the desired conposition properties. In various

embodi nent's, t hecrnmdkinakilRnEdidd (RS aCladt 6LV EabaxJIRVRAH 8f Mtgr of at

| east 30C, at |east 40C, at |east 50C, at |east 60C, at |east 70C, at | east
80C, or at Hherof tabeommapics eccapdary PItIOBBIOMS,HENASY BITORFThItpMafor I @itrogen
tenperature,js,typically considered to the reflux tenperature of the
particular so vent which will very according to its conposition. Wen

usi ng t Egsg tions;

t herefo Cﬁ{ Os’ﬁfe Olf%g}rle;rt 33%3’ (%gfn i %g(?r?lja %Ltt()fg%% tydé%a{ tEflj%: dg:ntq%'he cont act
tinme fmﬂmkhdt@dﬂﬁbﬂﬂﬂﬂbﬂmabﬂdbmmmmbmead]meheHxhnpbbb&hmpﬁh@aﬂmsyMQd

conposi t. operti n ontact tinme t 10 u at | east
O LS Or DA PRty i3 e eI RA s a8l bt TR hugyioy vl B it oo
at | eastid6ald &id, @Salcidhcill Sambrid Qi Jxdlo8Soticatidl mﬁmc&@ldmsméttﬁ@aclata-l east 90
m nut es, at | east 100 nlnutes at Ieast 110 m nutes, or at |east 120

m nut ekceaktasis agisled: ketpﬁbltatmﬁetd pcinic as1d, prrortie At rransdividiiseinisractd. cal |
and it t&?agocﬁﬁmtﬂ%ﬁl%qlsﬁ&lﬁl?ﬁf Ak &&ﬁf@&ﬂaﬁ&dact)d QU [eht(ﬁanﬂlf é\? sougs tion

such as viscosity, as well as t L he sary conve I'ence an |C|ency,
with | @mgecvxaboatld,c*;tsptrh(msdtglmuahctlgk dhahmip asreledalfsdherbcdv\md ctoel’mpetraanajr es.

Ther ef t f ut
[0056] T ot Ritbst aPERaBt BrsGrlesionethacr-Br MitehgoR L BeeaEiagauct
conpri $kB@ected include Eb)ltﬂt’e(hw mhn@ite p%tdtdhmaeldpvwcw@denaeear ding to this

di scl osure; conbi nj ng the cel | ul ose product with an aqueous
carri eméthyl $1t5?1ﬁ?daac\%t aqid paledioxystiviimane diaspiiqacis salisdhgsal prdgombagpgions c)
usi ng the.opat er-based nodified cellul ose conposition as a drilling fluid, a

conpletion fluid, a work-over fluid, or a stinulation/fracking fluid. WO
2013/0 P r, | Li.ng,
conpl e ?@ﬁf ﬁﬁ%ﬁé@é&%ﬁ%ﬁe\%ﬁﬂ“ n? (?lr ggﬁﬁ%g&ﬁ%ﬁ% chh gﬂtﬁeplfl:%np%g}ﬂtolggns can
be coniheed mi}tvlalehtmt:thblpn,sqmdcal lfgand serh@teeicfrcemasuncﬁ adé syqicembsnme paproductt he
partic articul ar rt i ment the .

ot or - fag sa i rr el b Sty OF sRRE Mo AP g ik 1
cross- lidspkiaA@ vgeRhter Hdcdirtdl D EdBiY iR this Ais¢loS@eptdwdedd cali@bde pradidct | trat e
redUC|ng agent, a thermal stabilizing agent, a shear strength stabilizing
agent , thet BIIRPIESH the cempgnengy)ithonghec)dPe(F aO\SHREH REOR aliga gV%m%n llonite
clay, ssléﬂt@ehl to? &)Inﬂ%rsesbﬂé LHBAR lrofdﬁét%f &%{Iﬂs&% ?erapl@&%rgduclf'gfrﬁt bdn‘glsts

starch, a degloccu I'ant, an anionic po yel'ectrolyte, an acrylate, a

pol yph@whmlh/ ofghd aogta@smqilmn at e r¢aahon prodedtdf cemplerehts al fhz@ghtcarmited aci d, an
unnodi f ed cellulosic material, a lubricant, a weighting agent, a fluid

| oss ad "t ve, a brine, a f or mat e salt, or conbinations thereof, as will be
appr eci e of .o d|nar ski | 0 neraI nuf a ture of

0P AR, D e b SRR ok P9 A BB AL, O

pr epar eebdayt wEIBRHEA e WROHrmh a8 §d%0rat&af a@nea\nﬁlr%phaﬁg%rrcewpﬂﬁhgfﬂea;lonmﬁ h a
reacti on nedi um such as al cohol or acetone, and by nmercerizing it with an
al kal i PEastefnce such as sodi um hydroxide, to activate the celiulose. An

et herifying chem cal such as nonochloracetic acid (MCA) or its Na-salt
(NaMCA) can then be added and allowed 20 react. The end product can be
neutralized or its pH adjusted to the desired range. By-products, such as
salts generated in the reaction, generally are washed out with al cohol, for
exanpl e, when purified cellulose ether is manufactured. This purified
cellulose is contrasted to the technical grade or crude cellul ose ether
product in which the by-products such as salts generated in its preparation
are | ef t |n the product or onIy partlally reaned The solvent used can be
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WO 2013/ 029864PCT/ EP2012/ 063914 be re-drilled to go deeper, or the down
hol e di aneter of the well can be enlarged if desired. During all these
mani pul atworne13/ebsys are often present and need to be proraErPe@d/06390Mm
contact with fluids that will induce swelling. The di scl osed conpositions
can provide the inhibition and fluid | oss properties to achi eve these
goal s. [0048] When horizontal or deviate wells are drilled in shale
formations that contain gas or oil, fracturing of the payzone (shale

formations) my g sqifsRRRRPdIoFal b6k AMbemURIciRGl @V ARIERAyN || be

i nduced by nmeans of injecting |liquid and/or gas under high pressure,
process t hatelbpensHER) tchbokpmethyli hydraxpethyh eslivlose (VMBERdmosthylyecliyldse

perneabi it r i i . 1

i scussed. IOV ESSAFHLRsItRs (IENCR b Ph b8 AP HORRRE RS, oy
fluid ingredy@okgpropyil beliutdbc HPCRGnaobsmbinhddnatieerécfduci ng properties. The

di scl osed conpositions can provide the inhibition and filtrate reducing
properties to ach)ewst ifaese vgral Getal idn af magesksivphasieived, strieivenetadrhons, the
pol ynmer fraction of the fluid can be renoved in various ways, for exanple,
by enzynes, HEEHEkiCHEONERIM3RAneTsiPh £PRAL NisEesTIBE-#YHEBn- 98t i on wi t h
acids, in oggghinhQorkliR3kbri iy crevices that have been created. [0049] Thus,
when the present conpositions are used to prepare or are used as a
conponent i n dri b} Gl i lSng CRRIGHIOR 1A biSpo RIS QHRS oJik b 5 O
stinulation/frack%ng quﬁé% %% t he vap?ousStf%é%i%@%eggﬂn%%éria s can and
wi I | i nhi bi thered6tat venpisay sccoidsany olitiop¢n aigms,primagh nigregtrogdmal or b musigam es. | n
this nanneraktsL% gosngI%.to.gx%Hg:%qE I%§s q%fﬁxgepsL e qkilhingdtine and
capi tal . W18 not "TRUGF B ARE, MIHC 18- fESET Bi'e THATC Phe GIF U688 “pr oduct
can i nt er achcotditiducid)@&oddift@racidn@kedRiir apidep&blogiufaricheidy alck@itsacid,ui d types
to formfurther beneficial properties as a desired effect. Further, the
drilling fl 8iqinedtmersniciytedsring ckhistradiresmasditys s | penetrat es
deeper I nt 0 chlgfn&fihiosy S uSlociAEid REck ! i1 RAREARRENG £ the
tenperature gradient of ‘the particul’ar geol odical position of the formation
bei ng dri | | gbitanhin apideN, X ahwcatic aid,Inhdtimdelyeiaediaastis acidr3-hydroxy cfylindiso diagstic
endure pr ol gnged, elievaf oy LSARSLALNT R gposur es, Therefore, the
thernnstablﬁfy’o} e drlﬁflng andlconﬁ19t|on fluids nust be high, and the
conpositions of thi.s disclosure.provide this.thermal stabilit nd

o of oot PR g ahsre i Puss iy SPGB e B EPar e Pubmdallr e of the
f or mat iceiMulodeQOMI}) T atepibbil 1§ atht 0f1R1l@CetRétcamn bs hyd@ bty ety deliulost HECHI scl osur e
are incorporated herein b¥%reference in their éertinent parts, for the

pur pos éltgmatiele crbprgnethd hydiesysthidics dpy ((M{HBEL rBgnE shhmethyhrgitosse used
|0 coneetl an ikt Uitk dbael Ry RecilBed (MEES Gitmbitaly 201 ARELILEGD Of
WO 2013/0 9864PéT/E6§61£?068914 %sgge %r@@?de% bfmaﬁy %og%hgﬁ% ?%co?porated
her ei n chjulosef(EHEASmliconfilélythy dwixy propylecctelosnittAOnommlteuetigdy pnpvi ded her ei n,
t he de%i&kﬁ%lghﬁyﬁyﬁage provi ded herein controls. [0051] Unl ess indicated
ot her W%, gh''g Pange of any type is disclosed or clained, for exanple a

t enper e r e, .weight ratios, tinme of reactiq and the like, it is

nt enadt7D G RAER U At iR b T sy BRER VB B AR B nat such a
range ¢elullski¢ &8&0b@tbyn eREMITPRFoduch@litdblie Tg 128 Yn &illing AMAESTRNGOIPAKS ed
therein. For exanple, when describing a tenperature range of from90 Cto
100 C, cahbh? phidrfvirebarlenhigighian. Huvasiops abedinety the pelpgdend metal salt encbe

POI Nt S yoi0ke RO AUNRER B REAAR, Y bhanakish aftid ARt i f mbbAANL he_end
poi nts and the end points thenselves, are enconpassed therein. Therefore,

i n thioregamplld makenlt.di scl osing a range such as from 90C to 100C,
Applicants' intent is to recite that the tenperature can be 90C, 91C, 92C,
93C, 94M1895C, A6 inDBCertYd8 CmbodiGientsr the @CIGH osmroduesa bepidpactsl wingaeskr i bi ng

such a range are interchangeabl e licants.al so, intend for .t he disclosure
of  sucht APpSuget b idT SRR e ped Bl GRS SR Sy Bamand. ai
sub- r arig@sundRAnSRNR] (hadh RS ndigSiebe, BAJRDaIE D aES eduhh@ietin, orAccor di ngl y,
Applicants reserve the right to proviso out or_ exclude any individual

member §ogbinatiens thergefo lipsonmispegih theapphaglenpmetshipncanbs rrasdtshisorsralgiypL r anges
within the group, if for any reason Applicants choose to claimless than
the full measure of the disclosure. [@52]1In any application before the
United States Patent and Trademark O fice, the Abstract of this application
is provided for the purpose of satisfying the requirenents of 37 CF. R
1.72 and the purpose stated in 37 CF. R 1.72(b) "to enable the United
States Patent and Trademark O fice and the public generally to determ ne
qui ckly froma cursory inspection the nature and gi st of the technica

di sclosure."” Therefore, the Abstract of this application is not intended to

. T " Y b1 e o o Y .




WO 2013/ 029864PCT/ EP2012/ 063914 together in a horizontal m xer having a
heating jacket and nitrogen atnosphere as an option. 9146 Grans of sodium
hydr oxi dew(281332%6% acti ve solution in water) was addedpCarmi2o639ed | ul ose
was nercerized for 25 mnutes at 45C. After this tinme, 6278 g of

nmonochl oracetic acid (79.8 w% active solution in water) was added, and the
tenperature of this mxture was raised to 75C. After this m xture was

mai ntai ned at 75C for 20 m nutes, 560 g of alum num sul fate solution (27
Wt % actihu@iche? 8fc hilel il o SQHUHRBAS thbdeBe ITHe BR8FA 501?@&1911‘[%@‘[&19&9&4 NTA,
40 wt % active, for exanple, TrilonO A BASF) were added’to the m xture.

Et hanolbe wagitarvalpbleatiedof exampldie wetorselpbleselit b inmypuhéaf bangliamtDunder
pressure Ll ngna AU g per i e h I tion. -t he
it or S Pt by MR Rl e Bl IR BYAP RA R Ry

pr oduc tvafa@amp(ve, chfgmis@g 1T ¢1edmMni (D) inap Parctd(TR tnhamgarddse(BD), Coh(@I) airdPiIBE ur e

content of | ess an 10 w % .Therefore, - product Cl and.Na-gl ycol ate
wer e _nGPbaxMéghéﬂb%‘zltﬂ)o‘?“’l‘f%‘{ﬁlQfgubtaqu?in‘frﬁ@ﬁ?’é@%’ LN a?ﬁﬂoagv}na[ﬂe@%g] For the
puri fi egbr@rodyCixafnpRIMcQalt B) a pdihealdtt AEd ton\@S bRI SR oMednibolrd Wt % Et OH and

neutralized wth hydrochloric acid. The product was washed four tinmes using
75 wt vberyHamdllD agrmetiedy vnagreoem(ioslearpriryely. calgivaflly Aberpdivelyal i zat i on step

and be : ' - { ' : . - ! roduct
oyt i1 eT SRS A a8 ekt Db kAR B RN S SRBERL G, MO P

puri f i eblerpatoaiyc tvans@sundlV edtcatati8€lE tanadiumoV stltermaticantcdrnimiom(llBss t han 10
wt % [0060].. LE .2 61] Al um num Sul f -Citric, Acid Modified CMC
[0062] 1’*8%‘?1 ?Vgﬁ w@?ﬁlﬁﬂwg@ﬂmﬁlx’man@?ﬁa&ﬁ lﬁera%twmynm%%ﬁe&{lhi citric acid
nodi f i @feeMiv e iBn@n) eRRHMHYAGCiRIINYaliPndiiRelydeipera@l); Rfcpeadal ecobhit@pnpl e 1,

except that the tri-sodiumnitrilo-tri acetic acid solution was repl aced
wi t h 2ebergatifelys intckelelDa elternaisielit a1 40tomaty elys dlvaingsi(ibi dermativolat (1)

[ 0063] 5 ; S . . N
[ 0065] '?‘ecﬁnldcegi’ %?Wéﬁll gﬁl?#g]dp% M&g@%%@éﬂeg? Agkufrlé\ér?llt%}!r%g ggg fogtvec- mal i c acid
nodi f i ethnGMEn{AHE) sucprae plmaitina@ld psuliiategant! calctuen (Y sedts alichprsae ke dumn(él) oflofstampl e 1,
except that M} 4ri.asodi um nj tlri | g-tri acetic acid solution was repl aced

wi th 2690 RS e g distity 81130 we o6 act i ve sol ution in vater). WO
2013/ 029864PCT/ EP2012/ 063914 [ 0066] EXANPLE 4 [0067] Al um num Sul f at e- Mal ei c
Aci o NOITR] og T%Sgﬂg?@&‘?ﬁ{%@ ’)Suléa%ieffﬁéfw# FUBPUBYS GILIBWTIEE 2 al uni num
sul f at @oRRhIBhtG @Sl 6 MRS 2ehnGME rWRIcBoP pEBRTL 8@ 6O b hROthhR of HflapRNeDal
procedur e of Exa]rjjglgi 1, except that the tri-sodiumnitrilo-tri acetic acid

eEE WS

sol uti oh kdurtheag t the pslyvefersimetel|ien eandraivela sighdard sduetam netadiakt i ve
| uti @onj ' i i.de- NTA
Vo 11 Sa CRELREE AL ER e ehE sl AR £ R Al BB GG V. e

sanpl esr altercaiveiyupgncatat than b8 VINFAr thesk ¢misdiiGbATs, we nppprimpastedlaatedudiong t o

t he general. .progcedur anpl.e except that the alum num sul fate
Sotut: ontniu a6 o SR e g e B e i b i T R cact por20

di | ut edndnifass2d2 Fartedr, a6ty aledt MbfaliorFebVRLsElcbred @OHInGAkLink Barth metal, a
Chloride-Citric Acid Mddified CMC [Q074] Technical (T) and Purified (P)

gr ades 6t re repiiereREtsl i deconil roWy &rangtien hefah pr&ymeMEraet Betdl dipacssmils. i n
Exanpl ] : ' : L.hh 433
qof s EAf AP el b o 8 WD I R Bl H L GG SEE .

[ 0075] aERxAMPIcE, 7 sp@0d 63 vCakusition i@tk or derdivily aAviid ghvbgimdtad T@Meally, the

of calciumc lic acid

[0077] Techni cal and Purified (P) grade | ori de-

rodi 11 St gk M Ep tviaemtotesg e P e EB HEE Y HE Al G R

sul f at ehBeldeita mfmatwassulfeR] aagficyd plospidide, @r of ofgafid 2ingal AlchOMMHud Ahe graf

CaCl22H20 diluted with 312 g of water). W) 2013/029864PCT/ EP2012/063914

[ 0078] “EMaNpLebgacobmaploanc FaminerfooiearomEi s azeats; 8 WeIbiRY oayentional salts.

[ 0080] Technical (T) and Purified (P) grades of calciumchloride-nmaleic acid

modi fi é8020)c One aspect of this disclosure is the replacement of ligands that are carcinogenic or
environmentally disfavored, with ligands without these properties. According to certain

embodiments, suitable ligands or chelators that can be used to provide the cellulose product can

7



were prepared as in Exanple 4, except that the al um num sul fate sol ution
was replaced with 433 g of CaCl2 solution (121 g of CaCl22H20 diluted with
312 g of wet2er3)n29§60081] Table 1 summari zes sone cel | ul os@eCpmEPdUCHcIMDOperti es
for the Exanple 1-8 sanples in both technical (T) and purified (P) forns.
The various polymer paraneters are described in detail in the Table
footnotes. Table 1. Summary of Cellul ose Product Properties A Exanple

Chem cals % 1120 Viscosity (2% DS % NaCMC % NaCl pH 1T Al 2(SO4)3 + Tril onO

A 6.7 aiic I 7 (v ac nae 8 1.08
0000 %ggeg%ct%ﬁ%g ng%érﬁQt %% I %Bl;ﬁk%ﬁggﬁg?;% C”g&?d’% hsCth’éQfgq 6 a%b%%

poly(carboxylic) acid that comprises secondary nitrogen atoms, primary nltrogen atoms or no
nitrogen atoms. Examples of such ligands include, but are not limited to, the poly(carboxylic)
acid substrates and products that are involved in the citric acid cycle. For example, the
poly(carboxylic) acid can be citric acid, malic acid, maleic acid, fumaric acid, oxaloacetic acid,
aconitic acid, iso-citric acid, a-ketoglutaric acid, B-ketoglutaric acid, succinic acid, ascorbic acid,
2,2'-azanediyldisuccinic acid, tetrasodium iminodisuccinate, dicarboxymethyl glutamic acid,
cthylenediamine-N,N'- disuccinic acid, oxalic acid, aspartic acid, glutaric acid, glutamic acid,
and the like, including and combinations thereof. Suitable ligands also can be at least two
carboxyl or carboxylate groups, for example, two, three, four, or five carboxyl or carboxylate
groups. Any salts such as water-soluble salts of these acids are also suitable for use as ligands or
chelators, and salts including water-soluble salts of any acid recited in this disclosure can also be

used to prepare the cellulose product.

[0021] In various embodiments, other poly(carboxylic) acid ligands that comprise secondary
nitrogen atoms, primary nitrogen atoms, or no nitrogen atoms that can be used to prepare the
modified cellulose product include, but are not limited to, 2,2'-azanediyldisuccinic acid,
tetrasodium iminodisuccinate, dicarboxymethyl glutamic acid, cthylenediamine-N,N'-disuccinic
acid (EDDS), oxalic acid, aspartic acid, glutaric acid, glutamic acid, and the like. Some of these
tertiary-nitrogen-free poly(carboxylic) acid also can be described as a-amino acids, and a-amino
acids and salts thereof also constitute a useful type of ligand that can be used to prepare the
cellulose product. For example, aspartic acid and glutamic acid are useful in the compositions
and methods of this disclosure, and they may be described both as tertiary-nitrogen-free
poly(carboxylic) acids and as the a-amino acids. Other examples of a-amino acids that can be
used include, but are not limited to, asparagines, arginine, aspartic acid, methionine, glutamic

acid, glutamine, lysine, oronithine, or combinations thereof.

[0022] According to certain embodiments, suitable ligands or chelators that can be used to
provide the cellulose product can be selected from a tertiary-nitrogen containing
poly(carboxylic) acid other than nitrilo-tri-acetic acid (NTA) or a salt therecof. That is, the ligand
can be a poly(carboxylic) acid that comprises one or more tertiary nitrogen atoms, but is not a
poly(carboxylic) acid of the formula N(CH,CO,H)3. These poly(carboxylic) acid ligands

comprising at least one tertiary nitrogen atom can be, but are not limited to: L-glutamic acid

8



23.10 8.90 4T Al 2(SO4)3 + maleic acid 7.6 338 1.04 61.50 22.90 9.90 5T
CaCl2+ Trilon A 7.3 285 1.12 60.90 24.20 11.30 6T CaCl2+ citric and 6.7 230
1.11 60. 2902413409862. 10 7T CaCl2+ malic acid 6.5 200 1. 1eCH#EPZO22439TO 11. 10
8T

N,N-diacetic acid and/or salts thereof, such as the tetra sodium salt; methylglycinediacetic acid
(MGDA) and/or salts thereof, such as the trisodium salt; and 2-hydroxyethyliminodiacetic acid
and/or salts thereof, such as the disodium salt. According to another aspect, the tertiary-nitrogen
containing poly(carboxylic) acid other than nitrilo-tri-acetic acid (NTA) can have the formula
N(CH2CO;H)»(XCO;H) or N(CH2CO,H)»[Y(CO:H),], wherein X and Y is a C, to Cg
hydrocarbyl group, for example, an alkylene group, which can be linear or branched as permitted

by the number of carbon atoms.

[0023] According to other embodiments, suitable ligands or chelators can be selected from
particular tertiary-nitrogen containing poly(carboxylic) acids or their salts. For example, while
not intending to be limited by particular embodiments or theory, in an aspect the ligand can be
selected from a tertiary-nitrogen containing poly(carboxylic) acid ligands or a salt thercof, with
the proviso the ligand generally is not selected from nitrilo-tri-acetic acid (NTA); 1,2-cyclo-
hexan-diamin-N,N,N',N'-tetraacetic acid; diethylene triamine pentaacetic acid; ethylene-di-oxy-
bis(ethylene-nitrilo)tetraacetic acid; (N-(2-hydroxyethyl) ethylene-diamino-N, N',N' tri-acetic
acid; triethylene tetraamine hexaacetic acid; and N-(hydroxyethyl) ethylene diamine triacetic

acid; or is not any of these ligands individually.

[0024] In some embodiments, the composition can be devoid of acrylic or acrylate polymers
and devoid of synthetic latex materials. The compositions can also be devoid of combinations
that include these acrylic or acrylate polymers and synthetic latex materials with acids from the
citric acid cycle, such as citric acid and malic acid. As disclosed, the citric acid cycle acids and

the other ligands in the absence of synthetic latex materials and acrylic polymers are useful.

[0025] According to some embodiments, particularly useful ligands or chelators that can be
employed according to this disclosure include, but are not limited to, citric acid, malic acid,
maleic acid, fumaric acid, oxaloacetic acid, aconitic acid, iso-citric acid, a-ketoglutaric acid, -
ketoglutaric acid, succinic acid, ascorbic acid, and any combination thercof. In some
embodiments, the ligand can be citric acid; alternatively, malic acid; alternatively, maleic acid;
alternatively, fumaric acid; alternatively, oxaloacetic acid; alternatively, aconitic acid;
alternatively, iso-citric acid; alternatively, a-ketoglutaric acid; alternatively, B-ketoglutaric acid;
alternatively, succinic acid; alternatively, ascorbic acid; or alternatively, any combination

thereof,



CaCl2+ maleic acid 8.2 280 1.25 61.30 24.40 11.00 1P AI2(SO4)3 + Trilon0 A
3.2 1840 1.10 97.60 1.60 7.50 2P Al 2(SO4)3 + citric acid 4.6 1800 1.06

98. 80 0. 3WOANBM2%B4Al 2(SO4)3 + malic acid 4.1 3500 1.07Pe8/EPR010/08D16. 50 4P
Al2(SH4)3 + maleic acid 4.8 3340

[0026] While any number of ligands and chelator types can be employed in the cellulose
product, chelator sclection may be based on the lack of carcinogenic properties, in which known
or even suspected carcinogens are avoided. According to certain embodiments, chelator
selection may be based upon increasing or optimizing the environmental safety of the selected
compound. This latter criterion is expected to become increasingly important, as new
environmental regulations such as REACH, OSPAR (the Convention for the Protection of the
Marine Environment of the North-East Atlantic) or GHS (Globally Harmonized System of
Classification and Labeling of Chemicals) may create obstacles for using existing compounds,
despite their excellent performance. In particular, reference is made to the substances on the
PLONOR (Pose Little Or No Risk to the environment) list from the OSPAR List of Substances.
For example, substances that appear in the PLONOR list include cellulosic ethers such as
hydroxyethyl cellulose (HEC) and carboxymethyl hydroxyethyl cellulose (CMHEC). Ligands
that appear in the PLONOR list include citric acid and its monohydroate. Salt of a polyvalent
metal ion that appear in the PLONOR list include aluminum(I1I) sulfate, calcium(II) chloride,
and calcium(II) chloride dihydrate, all of which can be used alone or in combinations according

to this disclosure.

[0027] Of the components used to prepare the cellulose product, certain combinations and
methods have been particularly useful. According to embodiments, useful combinations include
those in which the cellulosic ether is carboxymethyl cellulose (CMC), hydroxyethyl cellulose
(HEC), carboxymethyl hydroxyethyl cellulose (CMHEC), methyl cellulose (MC), hydroxyethyl
methyl cellulose (HEMC), ethyl hydroxyl ethyl cellulose (EHEC), or hydroxypropyl cellulose
(HPC); the polyvalent metal ion is calcium (II), aluminum(III), iron(II), iron(I1I), zinc(II),
nickel(II), tin(IT), or tin (IV); and the ligand is a citric acid cycle substrate or product. Typically,
the isolated and cellulose product has been dried to less than 10 wt% water. Other useful
combinations include those in which the cellulosic cther is carboxymethyl cellulose (CMC); the
polyvalent metal ion is calcium (IT) or aluminum(III); the ligand is citric acid, malic acid, or
maleic acid; and the cellulose product has less than 10 wt% water. In various embodiments, a
useful source of the polyvalent metal ion is aluminum sulfate, that this salt has been used in
combination with carboxymethyl cellulose (CMC) and a ligand selected from citric acid, malic
acid, maleic acid, and combinations therecof. In other embodiments, a useful source of the

polyvalent metal ion is calcium chloride, that this salt has been used in combination with
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carboxymethyl cellulose (CMC) and a ligand selected from citric acid, malic acid, maleic acid,

and combinations thereof.

[0028] As indicated, the cellulose product can be dried to have less than 10% by weight
water. The cellulose product also can be dried to have less than 15% by weight, less than 14%
by weight, less than 13% by weight, less than 12% by weight, less than 11% by weight, less than
10% by weight, less than 9% by weight, less than 8% by weight, less than 7% by weight, less
than 6% by weight, or less than 5% by weight water. The water content is usually stated as less
than 10% by weight water, which works well, but water content of less than 9% by weight and

less than 8% by weight are also commonly provided.

[0029] By way of example, one aspect of this disclosure provides a cellulose product

comprising or a cellulose product comprising the contact product of:
a) at least one cellulosic cther;
b) at least one salt of a polyvalent metal ion; and

c) at least one ligand selected from citric acid, malic acid, maleic acid, fumaric
acid, oxaloacetic acid, aconitic acid, iso-citric acid, a-ketoglutaric acid, B-ketoglutaric
acid, succinic acid, ascorbic acid, 2,2'-azanediyldisuccinic acid, tetrasodium
iminodisuccinate, dicarboxymethyl glutamic acid, ethylenediamine-N,N-disuccinic acid,
oxalic acid, aspartic acid, glutaric acid, glutamic acid, salts thereof, and combinations

thereof,

In accordance with this aspect, examples of various embodiments include one in which the
cellulosic ether is carboxymethyl cellulose (CMC); the polyvalent metal ion is calcium(II),
aluminum(III), iron(II), iron(I1I), zinc(II), nickel(Il), tin(II), or tin (IV); the ligand is a citric acid
cycle substrate or product; and the cellulose product has less than 10 wt% water.

[0030] Embodiments of this disclosure provide a cellulose product comprising or a cellulose
product comprising the contact product of: carboxymethyl cellulose (CMC); calcium(II) or
aluminum(I1I); citric acid, malic acid, or maleic acid; and wherein the cellulose product has less
than 10 wt% water. Embodiments of this disclosure also provide a cellulose product comprising

or a cellulose product comprising the contact product of: carboxymethyl cellulose (CMC);
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fluid comprising the cellulose product after hot rolling according to API RP13 B-1/ISO 14014-1
is greater than or equal to 15 centiPoise. In these embodiments, the Filtrate Loss (according to
APIRPI13 B-1/ISO 14014-1) of a 2 ppb concentration drilling fluid comprising the cellulose
product after hot rolling (according to APIRP13 B-1/ISO 14014-1) is less than 13 mL / 30

minutes.

[0034] Yet other embodiments provided a purified grade cellulose product comprising or a
purified grade cellulose product comprising the contact product of: a cellulosic ether such as
carboxymethyl cellulose (CMC); a polyvalent metal ion such as aluminum(III); at least one
ligand selected from citric acid, malic acid, maleic acid, fumaric acid, oxaloacetic acid, aconitic
acid, iso-citric acid, a-ketoglutaric acid, B-ketoglutaric acid, succinic acid, and ascorbic acid,
salts thereof, and combinations thercof; wherein the Plastic Viscosity of a 1 ppb concentration
drilling fluid comprising the cellulose product after hot rolling according to APIRP13 B-1/ISO
14014-1 is greater than or equal to 10 centiPoise. In these embodiments, the Filtrate Loss
(according to API RP13 B-1/ISO 14014-1) of a 1 ppb concentration drilling fluid comprising the
cellulose product after hot rolling (according to API RP13 B-1/ISO 14014-1) is less than 18 mL /

30 minutes.

[0035] In a further aspect, there is provided a method of making a cellulose product, the

method comprising:
a) providing at least one cellulosic ether;

b) in a solvent medium, contacting the cellulosic ether with at least one salt of a
polyvalent metal ion and a ligand or a salt of the ligand under conditions sufficient to

form a cellulose product;

wherein the ligand is: a poly(carboxylic) acid that comprises secondary nitrogen
atoms, primary nitrogen atoms, or no nitrogen atoms, referred to herein as a tertiary-
nitrogen-free poly(carboxylic) acid. Alternatively, the ligand can be a tertiary-nitrogen
containing poly(carboxylic) acid other than nitrilo-tri-acetic acid (NTA), 1,2-cyclo-
hexan-diamin-N,N,N',N'-tetraacctic acid, dicthylene triamine pentaacetic acid, cthylene-
di-oxy-bis(ethylene-nitrilo)tetraacetic acid, (N-(2-hydroxyethyl) ethylene-diamino-N,
N',N',tri-acetic acid, triethylene tetraamine hexaacetic acid, and N-(hydroxyethyl)

ethylene diamine triacetic acid.
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Particularly useful ligands in the method of making a cellulose product include, but are not
limited to, citric acid, malic acid, maleic acid, fumaric acid, oxaloacetic acid, aconitic acid, iso-
citric acid, a-ketoglutaric acid, B-ketoglutaric acid, succinic acid, ascorbic acid, salts thercof, and

combinations thereof.

[0036] In a further aspect, there is provided a method of making a cellulose product, the

method comprising:

a) providing a cellulosic ether selected from carboxymethyl cellulose (CMC),
hydroxyethyl cellulose (HEC), carboxymethyl hydroxyethyl cellulose (CMHEC), methyl
cellulose (MC), hydroxyethyl methyl cellulose (HEMC), ethyl hydroxyl ethyl cellulose
(EHEC), hydroxypropyl cellulose (HPC), and combinations thereof;

b) in a solvent medium, contacting the cellulosic ether with a salt of a polyvalent
metal ion and a ligand or a salt of the ligand under conditions sufficient to form a

cellulose product;

wherein the polyvalent metal ion is calcium, aluminum, iron, zinc, nickel, tin, or
combinations thereof; and the ligand is citric acid, malic acid, maleic acid, fumaric acid,
oxaloacetic acid, aconitic acid, iso-citric acid, a-ketoglutaric acid, B-ketoglutaric acid,

succinic acid, ascorbic acid, or combinations thereof; and
¢) neutralizing the solvent medium containing the cellulose product.

If desired, in some embodiments, this method can further include the step of: d) isolating the
cellulose product. Also if so desired, this method can further include the steps of: d) isolating the
cellulose product; and e) drying the isolated cellulose product. Moreover, this step of contacting
the cellulosic ether, the salt of a polyvalent metal ion, and a ligand or a salt of the ligand occurs
in any order. While the solvent medium is an aqueous medium, it can further include other
components and solvents. For example, the solvent medium can comprises water, an alcohol
such as ethanol or propanol, or combinations thereof. Also in this method, the cellulosic ether
used can be derived from wood pulp, cotton, hemp, or bacterial cellulose, or combinations, with

wood pulp being commonly used.

[0037] In accordance with another embodiment of the method of making a cellulose product,

the salt of a polyvalent metal ion, the ligand, or both can be provided in 0.1-20 wt%, based on
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the weight of the cellulosic ether. That is, using the weight of the cellulosic ether as a reference
weight, the weight of salt of a polyvalent metal ion, the ligand, or both can be 0.1-20 wt% of this
reference weight. The weights of the polyvalent metal ion and the ligand are independent of
cach other. In addition, the salt of a polyvalent metal ion, the ligand, or both can be provided in
0.2-15 wt%, 0.3-10 wt%, or 0.5-5 wt% based on the weight of the cellulosic ether, where the

weights of the weights of the polyvalent metal ion and the ligand are independent of cach other.

[0038] Other embodiments of the method of making a cellulose product include the
conditions such as time of reaction and temperature that are used when the components are
contacted. Because the selected ligand, in combination with the metal salt and the cellulosic
cther, can form a composition suitable for use in drilling fluids, the conditions such as time and
temperature can be adjusted to obtain the desired composition properties. In various
embodiments, the combination conditions can comprise a temperature of at least 30°C, at lcast
40°C, at least 50°C, at least 60°C, at least 70°C, at least 80°C, or at least 90°C. While not
critical, the upper limit of the temperature is typically considered to the reflux temperature of the
particular solvent, which will very according to its composition. When using water, around
100°C is the upper limit under standard conditions; therefore the temperature can be from about
30°C to about 100°C. The contact time for the combination also can be adjusted to obtain the
desired composition properties, and a contact time of at least 10 minutes, at least 20 minutes, at
least 30 minutes, at lecast 40 minutes, at least 50 minutes, at least 60 minutes, at least 70 minutes,
at least 80 minutes, at least 90 minutes, at least 100 minutes, at least 110 minutes, or at least 120
minutes can be used. The upper limit of the contact time is not critical, and it can be based on
obtaining the desired properties of the composition such as viscosity, as well as the necessary
convenience and efficiency, with longer contact times typically being used for lower

temperatures. Therefore, contact times are usually from 10 minutes to 180 minutes.
[0039] This disclosure also provides a method of using a cellulose product comprising:
a) providing a cellulose product according to this disclosure;

b) combining the cellulose product with an aqueous carrier to form a water-based

modified cellulose composition; and

¢) using the water-based modified cellulose composition as a drilling fluid, a

completion fluid, a work-over fluid, or a stimulation/fracking fluid.
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When using these compositions for drilling, completion, work-over, or stimulation/fracking
fluids, the compositions can be combined with further specific ingredients if desired, to tailor the
particular fluid to a particular use. In certain embodiments, the water-based modified cellulose
composition can be further combined with a cross-linking agent, an inhibition agent, a
viscosifying agent, a filtrate reducing agent, a thermal stabilizing agent, a shear strength
stabilizing agent, a bentonite clay, an illite clay, a smectite clay, a montmorillonite clay, a kaolite
clay, barium sulfate, calcium carbonate, hematite, a starch, a deflocculant, an anionic
polyelectrolyte, an acrylate, a polyphosphate, a lignosulfonate, tannic acid, a derivatized tannic
acid, an unmodified cellulosic material, a lubricant, a weighting agent, a fluid loss additive, a

brine, a formate salt, or combinations thereof, as will be appreciated by one of ordinary skill.

[0040] The general manufacture of cellulose ethers is well-established. Typically, cellulose
ethers are prepared by combining wood-based or cotton wool-based raw material with a reaction
medium, such as alcohol or acetone, and by mercerizing it with an alkali substance such as
sodium hydroxide, to activate the cellulose. An etherifying chemical such as monochloracetic
acid (MCA) or its Na-salt (NaMCA) can then be added and allowed to react. The end product
can be neutralized or its pH adjusted to the desired range. By-products, such as salts generated
in the reaction, generally are washed out with alcohol, for example, when purified cellulose ether
is manufactured. This purified cellulose is contrasted to the technical grade or crude cellulose
ether product in which the by-products such as salts generated in its preparation are left in the

product or only partially removed. The solvent used can be separated and the product dried.

[0041] Once the technical or purified is prepared, the particle size and the bulk density can
be adjusted by grinding the product into powder or by granulating it. The product can also be
screened to desired particle size. In this disclosure, the polyvalent metal ion and ligand or salt of
the ligand can be added to the cellulose ether at any point of the production before the drying of
the product, but preferably are added early in the reaction process, for example, after the
etherifying chemical such as monochloracetic acid or its sodium salt are added. For a purified

product these components can be applied after the washing step if desired.

[0042] The products of this disclosure can be used as drilling fluids, completion fluids, work-
over fluids, stimulation/fracking fluids, and the like in technical or in purified form. If purified

materials are desired, the resulting polymer products can be cleaned of their reaction by-products
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performance of technical carboxymethyl cellulose (CMC) and purified polyanionic cellulose
(PAC) materials. Morcover, there are no standard or agreed upon definitions of these two
materials, which makes performance characteristics difficult to compare unless accompanied by
complete characterization of the cellulose product. The functional properties of CMC and PAC
depend on the degree of substitution (DS) the cellulose structure achieved during its synthesis.
For example, the somewhat arbitrary definitions of CMC versus PAC is shown by the degree of
substitution (DS) of CMC assigned values ranging from 0.6 to 0.95, and the DS of PAC has been
assigned values ranging from 0.95 to 3.00. Another somewhat arbitrary definition of CMC
assigns a DS 0f 0.70 to 0.90, and the DS of PAC from 0.90 to 3.00.

[0044] One goal in developing new cellulose products for use as drilling fluids, completion
fluids, work-over fluids, or stimulation/fracking fluids is to improve the performance of technical
grade materials, such that they provide shale inhibiting, thermostabilizing, viscosifying, and/or
fluid loss reducing performance closer to that obtained using purified materials. Desirably, new
cellulose products may also allow a reduction in the amount of costly potassium chloride

required in the fluid system.

[0045] While not intending to be bound by theory, it is thought that this novel composition is
particularly useful because it can provide shale inhibiting, thermostabilizing, viscosifying, fluid
loss reducing effects, or combinations thereof when used as drilling fluids, completion fluids,
work-over fluids, or stimulation/fracking fluids. As demonstrated by the data in the Examples,
the shale inhibiting properties of the present cellulose products are improved over conventional
compositions, including compositions that include cellulosic ethers modified with nitrilo-tri-
acetic acid (NTA). “Shale” is a general term that refers to fine-grained sedimentary rock formed

from consolidation of clay minerals with clay- and silt-sized particles into relatively
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havi ng fiRkieehs pMucing well. Completion fluids typically can be formulations that contain water,

salts and various shale-inhibiting ingredients. In the completion stage of well drilling, the well

will be provided with the necessary equipment to facilitate the final production. Because clays

are possible or even likely in the “payzone” (hydrocarbon carrying layers), desirable completion

fluids protect the shale and clays from swelling during the completion phase. For these

completion operations to be successful, the payzone formation cannot be plugged with solids or

swollen clays, which could hamper the equipment manipulation and the flow of liquids and /or

gas. This phenomenon is called “impairment” and polymers such as those of this disclosure, can

be added to restrict the flow of filtrate fluids into the formation. Therefore, both inhibition and

fluid loss will be addressed by fluids containing the present cellulose products, as described.

[0047] In a further aspect, when a well has been operating and producing for an extended
period of time, it may be desirable or necessary to overhaul the well and stimulate the production
to higher levels. The fluids that are designed for such purposes are called work-over fluids.
When work-over is needed, production will be shut down by injection of an adequate density,

formulated liquid volume, in order to balance the pressure and flow. When needed, the well can
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% Brookfield viscosity (at 25C) of 3,000-10,000 nPas, and a target degree
of substitution of >0.9. For Exanples 9-16, the conparative exanples using
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and 13, respectively. WD 2013/029864PCT/ EP2012/ 063914 Table 4. High
Viscosity Cellul ose Product Properties Product Type Exanple No. Product A
Viscosity DS B NaCMC ¢ Hi gh Viscosity Technical 9T Al -NTA-CMC 4300(2% 1.05
61.4 10T Al-Citric-CMC 4500 0.97 60.6 11T Al-Malic-CMC 5800 1.00 63.0

12T A *o%é-éﬂiﬁe-cﬁ%/%o Q@%r,QJr% down hole diameter of the well can be enlarged if desired.
During all these manipulations, clays are often present and need to be protected from contact
with fluids that will induce swelling. The disclosed compositions can provide the inhibition and

fluid loss properties to achicve these goals.

[0048] When horizontal or deviate wells are drilled in shale formations that contain gas or
oil, fracturing of the payzone (shale formations) may also be needed. For example, well section
fractures will be induced by means of injecting liquid and/or gas under high pressure, a process
that opens up the formation and creates more porosity and permeability for extracting the oil or
gas. For the same reasons as discussed, any shales that are encountered will need to be protected
by fluid ingredients with inhibiting and filtrate reducing properties. The disclosed compositions
can provide the inhibition and filtrate reducing properties to achieve these goals. In a later phase
of the operations, the polymer fraction of the fluid can be removed in various ways, for example,
by enzymes, peroxides and/or persulfates, possibly in combination with acids, in order to clean

the crevices that have been created.

[0049] Thus, when the present compositions are used to prepare or are used as a component
in drilling fluids, completion fluids, work-over fluids, or stimulation/fracking fluids of the
various types, these materials can and will inhibit reactive clays when drilling through geological
structures. In this manner it is possible to avoid the loss of expensive drilling time and capital.
While not theory bound, it is possible that the cellulose product can interact with the other
ingredients present in the various fluid types to form further beneficial properties as a desired
effect. Further, the drilling fluid encounters increasing temperatures as the well penectrates
deeper into the earth’s crust, and the rate of increase depends on the temperature gradient of the
particular geological position of the formation being drilled. In horizontal drilling practices,
drilling fluids must endure prolonged elevated temperature exposures. Therefore, the
thermostabilty of the drilling and completion fluids must be high, and the compositions of this
disclosure provide this thermal stability and protection against deterioration caused by the

clevated temperature of the formation.

[0050] The publications and patents mentioned in this disclosure are incorporated herein by
reference in their pertinent parts, for the purpose of describing the constructs and methodologies

which might be used in connection with this disclosure. To the extent that any definition or
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usage provided by any document incorporated herein by reference conflicts with the definition or

usage provided herein, the definition or usage provided herein controls.

[0051] Unless indicated otherwise, when a range of any type is disclosed or claimed, for
example a temperature range, weight ratios, time of reaction, and the like, it is intended to
disclose or claim individually each possible number that such a range could reasonably
encompass, including any sub-ranges encompassed therein. For example, when describing a
temperature range of from 90 °C to 100 °C, each individual integral number within this range
and its end points, or each number having one additional significant digit than the end points and
the end points themselves, are encompassed therein. Therefore, in this example, when disclosing
a range such as from 90°C to 100°C, Applicants’ intent is to recite that the temperature can be
90°C, 91°C, 92°C, 93°C, 94°C, 95°C, 96°C, 97°C, 98°C, 99°C, or 100°C, and these methods of
describing such a range are interchangeable. Applicants also intend for the disclosure of such a
range to reflect, and be equivalent to, disclosing any and all sub-ranges and combinations of sub-
ranges encompassed therein. Accordingly, Applicants reserve the right to proviso out or exclude
any individual members of such a group, any sub-ranges, or any combinations of sub-ranges
within the group, if for any reason Applicants choose to claim less than the full measure of the

disclosure.

[0052] In any application before the United States Patent and Trademark Office, the Abstract
of this application is provided for the purpose of satisfying the requirements of 37 C.F.R. § 1.72
and the purpose stated in 37 C.F.R. § 1.72(b) “to enable the United States Patent and Trademark
Office and the public generally to determine quickly from a cursory inspection the nature and
gist of the technical disclosure.” Therefore, the Abstract of this application is not intended to be
used to construe the scope of the claims or to limit the scope of the subject matter that is
disclosed herein. Any headings are also not intended to be used to construe the scope of the
claims or to limit the scope of the subject matter disclosed herein. Any use of the past tense to
describe an example otherwise indicated as constructive or prophetic is not intended to reflect

that the constructive or prophetic example has actually been carried out.

[0053] For any particular ligand or other compound disclosed, the general name, formula, or
structure presented is intended to encompasses all conformational isomers and stereoisomers that

may arise from a particular set of substituents, unless indicated otherwise. Thus, the general
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structure encompasses all enantiomers, diastereomers, and other optical isomers whether in
enantiomeric or racemic forms, as well as mixtures of stercoisomers, as the context permits or
requires. Accordingly, Applicants also reserve the right to proviso out or exclude any individual

isomer of any such group, should they elect to claim less than the full measure of the disclosure.

[0054] The present disclosure is further illustrated by the following examples, which are not

to be construed in any way as imposing limitations upon the scope of the disclosure.

EXAMPLES

[0055] General Details. In the syntheses described in the Examples, the resulting polymer
products can be cleaned of their reaction by-products to obtain the purified polymer. For
example, the sodium chloride and the glycolates from the carboxy-methylating portion of the
reaction can be washed away if so desired. However, it is also possible to use the non-purified
“technical” or so-called “tech” materials if desired. In some cases it can be beneficial to

maintain the reaction ingredients except the liquid clements.

SYNTHESIS AND CHARACTERIZATION OF TECHNICAL AND PURIFIED GRADE
CELLULOSE PRODUCTS

The following examples set out the general synthetic procedures for both technical and
purified grade cellulose products according to this disclosure. The exemplified procedures can
be adapted to the preparation and purification, if desired, of any of the cellulose products
disclosed herein. Table 1 summarizes some characterization parameters for the various cellulose

products prepared according to the respective Examples.
[0056] EXAMPLE I

[0057] Comparative Aluminum Sulfate-Trisodium Nitrilo-Tri Acetic Acid (NTA) Modified
CMC, Technical (T) and Purified (P) Grades

[0058] A sample of a cellulose product having a moisture content of less than 10 wt% was
prepared using tri-sodium nitrilo-tri acetic acid (NTA), for comparative studies. 5342 Grams of

wood pulp (wood pulp “A”, moisture 6.4 wt%) and 11300 g of cthanol (92.7 wt%), were mixed
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9146 Grams of sodium hydroxide (48.8 wt% active solution in water) was added, and the
cellulose was mercerized for 25 minutes at 45°C. After this time, 6278 g of monochloracetic
acid (79.8 wt% active solution in water) was added, and the temperature of this mixture was
raised to 75°C. After this mixture was maintained at 75°C for 20 minutes, 560 g of aluminum
sulfate solution (27 wt% active) and 280 g of tri-sodium nitrilo-tri acetic acid solution (NTA, 40
wt% active, for example, Trilon® A, BASF) were added to the mixture. Ethanol was evaporated
from the mixture utilizing heating and under pressure during a 90 minute time period. After
cthanol evaporation, the mixture was kept at 60 °C for an additional 60 minutes. The technical
product (Sample 1T) was dried without purification at 80 °C to a moisture content of less than 10
wt%. Therefore, by-product NaCl and Na-glycolate were not washed out of the product in the

technical samples.

[0059] For the purified product (Sample 1P), the product was mixed with 75 wt% EtOH and
neutralized with hydrochloric acid. The product was washed four times using 75 wt% cthanol
and once with 90 wt% ethanol. After the neutralization step and between each washing step, the
filtrate was separated from the product by filtration. After the washings, the ethanol was

recovered, and the purified product was dried at 80°C to a moisture content of less than 10 wt%.
[0060] EXAMPLE 2
[0061] Aluminum Sulfate-Citric Acid Modified CMC

[0062] Technical (T) and Purified (P) grades of aluminum sulfate-citric acid modified CMC
were prepared according to the general procedure of Example 1, except that the tri-sodium
nitrilo-tri acetic acid solution was replaced with 209 g of citric acid solution (40 wt% active

solution in water).
[0063] EXAMPLE 3
[0064] Aluminum Sulfate-Malic Acid Modified CMC

[0065] Technical (T) and Purified (P) grades of aluminum sulfate-malic acid modified CMC
were prepared according to the general procedure of Example 1, except that the tri-sodium
nitrilo-tri acetic acid solution was replaced with 292 g of malic acid solution (30 wt% active

solution in water).
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[0066] EXAMPLE 4
[0067] Aluminum Sulfate-Maleic Acid Modified CMC

[0068] Technical (T) and Purified (P) grades of aluminum sulfate-maleic acid modified
CMC were prepared according to the general procedure of Example 1, except that the tri-sodium
nitrilo-tri acetic acid solution was replaced with 252 g of maleic acid solution (30 wt% active

solution in water).
[0069] EXAMPLE 5
[0070] Comparative Calcium Chloride-NTA Modified CMC

[0071] Technical (T) and Purified (P) grades of comparative samples of calcium chloride-
NTA modified CMC were prepared according to the general procedure of Example 1, except that
the aluminum sulfate solution was replaced with 433 g of CaCl; solution (121 g of CaCl,*2H,0
diluted with 312 g of water).

[0072] EXAMPLE 6
[0073] Calcium Chloride-Citric Acid Modified CMC

[0074] Technical (T) and Purified (P) grades of calcium chloride-citric acid modified CMC
were prepared as in Example 1, except that the aluminum sulfate solution was replaced with 433

g of CaCl, solution (121 g of CaCl,*2H,0 diluted with 312 g of water).
[0075] EXAMPLE 7
[0076] Calcium Chloride-Malic Acid Modified CMC

[0077] Technical (T) and Purified (P) grades of calcium chloride-malic acid modified CMC
were prepared as in Example 3, except that the aluminum sulfate solution was replaced with 433

g of CaCl, solution (121 g of CaCl,*2H,0 diluted with 312 g of water).
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[0079] Calcium Chloride-Maleic Acid Modified CMC
[0080] Technical (T) and Purified (P) grades of calcium chloride-maleic acid modified CMC

were prepared as in Example 4, except that the aluminum sulfate solution was replaced with 433

g of CaCl, solution (121 g of CaCl,*2H,0 diluted with 312 g of water).

[0081] Table 1 summarizes some cellulose product properties for the Example 1-8 samples
in both technical (T) and purified (P) forms. The various polymer parameters are described in

detail in the Table footnotes.

Table 1. Summary of Cellulose Product Properties A

Example Chemicals % H,0 Vi(szc;}:;ty DS | % NaCMC | % NaCl | pH
IT | AL(SOL); + Trilon® A 6.7 370 104 | 599 23.00 | 10.70
2T | Al(SO.), + citric acid 6.9 388 108 | 6210 2290 | 10.00
3T | AL(SOs)s + malic acid 56 375 1.03 | 60.00 2310 | 890
4T | Al(SOs) + maleicacid | 7.6 338 1.04 | 6150 2290 | 9.90
ST | CaCly+ Trilon A 73 285 112 | 60.90 2420 | 11.30
6T | CaCl+ citric and 6.7 230 L1 | 6020 2440 | 11.10
7T | CaCl, + malic acid 6.5 200 110 | 60.70 2470 | 11.10
8T | CaCl, + maleic acid 8.2 280 125 | 6130 2440 | 11.00
IP | Ala(SO4)s + Trilon® A 32 1840 | 110 |  97.60 160 | 7.50
P | AL(SO.), + citric acid 4.6 1800 | 1.06 | 98.80 080 | 6.60
3P | AL(SO,); + malic acid 4.1 3500 | 1.07 | 98.80 080 | 6.50
4P | AL(SO,) + malcicacid | 4.8 3340 | 1.08 | 9835 110 | 680
5P| CaCly+ Trilon A 39 1270 | 120 | 9730 180 | 8.10
6P | CaCl, + citric acid 42 1440 | 119 | 9870 090 | 6.90
7P | CaCl, + malic acid 36 880 118 | 9670 220 | 7.10
8P | CaCl, + maleic acid 4.7 1480 | 121 | 98.58 095 | 7.00

A Abbreviations for Table 1

Example, “T” samples are unpurified technical samples, and “P” samples are purified as
described in the respective Example.

% H,0, moisture content in wt%.
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Is the filtrate reduction, in nL / 30 mnutes, according to APl Fluid Loss
Test, APl RP13 B-1 or |1SO 14014-1, at the indicated test dosage of 1 ppb or
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mPass.
DS, degree of substitution of the CMC.
% NaCMC, wt% of sodium carboxymethyl cellulose equivalent.
% NaCl, wt% of NaCl.
pH, pH of a 1% solution in distilled water.

TEST PROCEDURE AND PERFORMANCE RESULTS

[0082] The performance of the modified CMC samples prepared according to this disclosure
was tested using a shale inhibiting test called the hot rolling test, which measures the

dispersability of shale chips.

[0083] Generally, a drilling fluid or “mud” compositions according to this disclosure was
prepared using water, either a 1, 2, 4, OR 8 ppb concentration of the compositions according to
the Examples, and NaOH to adjust the pH to 8. The abbreviation “ppb” refers to a unit of
concentration of pounds-per-barrel, where a barrel is 42 U.S. gallons [0.16 m3] (1 oilfield barrel).
The preparations of this disclosure were made using the standard “barrel equivalent” volume of
350 cm’ (used as 350 mL of distilled water in this disclosure) to represent 42 U.S. gallons, so
that 1.0 gram mass added to make 350 mL of test fluid represents 1.0 ppb concentration.
Therefore, preparing a 1 ppb, 2 ppb and 4 ppb mud formulation for testing purposes, is carried
out by adding 1.0, 2.0, 4.0, and 8.0 gram of modified CMC, respectively, to 350 cm’ of resulting
fluid. The conversion factor is also 1 ppb equals 2.85 kg per m” or 2.85 g/L. The technical
samples of the mud formulation were prepared and tested at 2 ppb and 4 ppb, and the purified
samples of the mud formulation were prepared and tested at 1 ppb and 2 ppb, as recorded in the

Tables.

[0084] The drilling fluid test samples were prepared using a common Hamilton Beach™
mixer as typically used in the drilling fluids industry for test purposes. The mixer container was
charged with 350 mL of distilled water. The stirrer was then activated, and the polymer prepared
according to the Examples was dosed according to the protocol for drilling fluid materials in ISO
13500, for CMC (carboxymethyl cellulose) and polyanionic cellulose (PAC) materials. When

the liquid samples were ready after 20 minutes of mixing the drilling fluids were determined
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375 1. 03 60. Al - Mal ei c-
(HV) and low Vlsc051ty (LV) tests.

[0085] To determine the shale inhibition capability of each sample, the “hot-rolling”
dispersion test was applied, which resistance of a shale to disintegration and which allows an
evaluation of cutting dispersion. The samples prepared as described were than transferred into a
stainless steel hot rolling bomb, along with 100 g of crushed Pierre shale chips. The cylindrical
stainless steel hot rolling bomb includes a bottom portion and a cap that incorporates a
TEFLON® secal. The cap was secured tightly with the threaded screw-top lid, which includes
three separate tightening screws to securely lock the lid. The cap includes a central gas port
which facilitates pressuring the bomb or maintaining and/or venting any pressure that develops
in the bomb if desired. See test protocol API 13 B-1/ISO 13501. After the bomb was sealed, it
was placed in a hot rolling oven at 100 °C and “hot rolled” for 16 hours at approximately 40 rpm

(revolutions per minute).

[0086] After the 16-hour test period, the bomb was allowed to cool to room temperature, and
the contents were poured through a 1.18 mm sieve. The collected chips were washed of excess
drilling fluid with water. The chips were then dried to a constant weight at 105°C, after which
the chips were weighed to determine the loss of shale when in contact with the polymer solution

under the test conditions.

[0087] The filtrate fluid that was passed through the sieve when recovering the chips was
then further analyzed, and drilling fluid parameters such as plastic viscosity (PV) and filtrate loss
were determined. Filtrate loss is the same as API fluid loss and was determined according to
APIRPI13 B-1 or ISO 14014-1. Based on measured weight differences, before and after the hot
rolling test, the performance of the new polymers was determined. These results are also
provided in Table 2, in which the tri-sodium nitrilo-tri acetic acid (NT A)-modified CMC sample

prepared according to Example 1, sample 1T, was used as a comparative sample and reference.
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Table 2. Summary of the Application Results*

PV PV Filtrate Filtrate % %
Example Chemicals after after loss loss Recovery | Recovery

2 ppb 4 ppb 2 ppb 4 ppb 2 ppb 4 ppb
1T AL(SO,); + Trilon® A 4 9 18.9 16.3 93.81 92.88
2T AL(SO,); + citric acid 5 7 15.0 13.4 91.83 91.42
3T AL(SOy); + malic acid 8 14 17.2 16.2 94.51 95.21
4T AL(S0O,); + maleic acid 6 7 15.1 13.4 95.36 96.30
5T CaCl,+ Trilon® A 3 8 20.0 16.2 91.13 95.26
6T CaCl, + citric acid 13 18 16.2 14.7 92.38 95.44
7T CaCl, + malic acid 12 22 16.2 14.7 92.38 96.24
8T CaCl, + maleic acid - 10 - 14.2 - 97.83

PV PV Filtrate Filtrate % %
Example Chemicals after after loss loss Recovery | Recovery

1 ppb 2 ppb 1 ppb 2 ppb 1 ppb 2 ppb
1P AL(SO,); + Trilon® A 9 16 20.1 21.4 93.28 91.65
2p AL(SQOy); + citric acid 11 10 14.1 11.5 90.53 91.70
3P AL(SO4); + malic acid 14 14 16.5 17.3 90.21 95.65
4p AL(S0O,); + maleic acid 4 9 17.8 11.8 95.04 93.47
5P CaCl, + Trilon® A 4 9 21.5 13.1 93.68 92.98
6P CaCl, + citric acid 11 21 17.4 11.7 97.33 97.54
7P CaCl, +malic acid 10 21 15.3 12.8 96.64 98.74
8P CaCl, + maleic acid - 21 - 11.9 - 97.97

A Abbreviations for Table 2

PV, Plastic Viscosity in centiPoise

Filtrate loss, API fluid loss reduction, in mL /30 minutes, according to API Fluid Loss
Test, APIRP13 B-1 or ISO 14014-1.

% Recovery, wt % shale chips recovered after hot rolling test and collection by 1.18 mm

sieve

[0088]

The Table 2 data show improved performance of the newly modified grades. For

example, significantly lower API fluid loss (filtrate loss) for the citric-, malic-, and maleic-acid

modified CMC as compared the NTA-modified CMC was demonstrated, as well as significantly

higher plastic viscosity (PV) for the new materials. Plastic Viscosity (PV) represents the
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viscosity of a mud when extrapolated to infinite shear rate on the basis of the mathematics of the
Bingham model. Thus, PV is the slope of the shear stress/shear rate line above the yield point.
In addition, the Table 2 data also show improved performance with respect to the percent
recovery (wt%) of the shale chips after the hot rolling test, demonstrated the lower propensity of

these modified cellulosic materials to disperse the shale.

PROPERTIES AND PERFORMANCE RESULTS OF TECHNICAL AND PURIFIED GRADE
CELLULOSE PRODUCTS IN TARGET VISCOSITY RANGES

[0089] The properties of the cellulose products of this disclosure can be adjusted for
viscosity and degree of substitution (DS), as well as other parameters, to tailor the cellulose
product for a particular utility. A series of cellulose products were prepared according to a target
viscosity that would be applicable to specific uses, and comparative examples using NTA
modified CMC with both aluminum and calcium salts were prepared and examined. Synthesis,
characterization, and performance tests used for the cellulose products of Examples 9-32 were
analogous to those used for the Examples 1-8 products. Target polymer viscosities and their
designations are illustrated in Table 3, and the data tables characterizing the cellulose products

and their performance characteristics are listed.

Table 3. Product Designation by Target Viscosity and Degree of Substitution

2 wt % Brookfield
Product . . Degree of
Designation Viscosity Substitution (DS) Data Tables
at 25°C (mPaes)

High Viscosity 3,000-10,000 >0.9 4-6
Standard 500-1,000 >0.9 7-0
Viscosity

Ultra Low 0.2-20 ~0.9 10-12
Viscosity

[0090] Both technical and purified grade products are prepared and compared. For the
characterization data for the cellulose product of Tables 4, 7, and 10, the viscosities were
measured at the indicated concentrations, which depended on the technical grade and the target

viscosity, as noted. The column labeled “DS” is the degree of substitution of the CMC, as
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Ca- Mal ei c-CMC 1480 1.21 98.6 A Viscosities neasured at 2 ww% B DS, degree
of substitution of the CMC C Wi ght percent sodi um carboxynet hyl cel |l ul ose
equi val erwo0 2014022613/ 029864PCT/ EP2012/ 063914 Tabl e 8. Sramgzed2M63¢osSity
Techni cal G ade Cellul ose Product Performance Exanpl e Product Recovery AP
Fl uid Loss 2 ppb 4 ppb 2 ppb 4 ppb 17T Al -NTA-CMC 90.7 89.5 18.9 12.3 18T
Al-Citric-CMC 94.0 95.3 15.0 13.4 19T Al -Malic-CMC

disclosed herein. The column labeled “NaCMC” is the weight percent sodium carboxymethyl

cellulose equivalent in the dry product.

[0091] For the performance data presented in Tables 5-6, 8-9, and 11-12, performance is
reported in terms of percent recovery and API Fluid loss for inhibition of Pierre shale, when
subjected to the “hot-rolling” dispersion test. The “Recovery” is the wt % shale chips recovered
after hot rolling test and collection by 1.18 mm sieve, at the indicated test dosage. The test
dosage varied according to viscosity and grade and generally ranged from 1 ppb to 8 ppb, as
indicated. The “API Fluid Loss” refers to the filtrate reduction, in mL / 30 minutes, according to

API Fluid Loss Test, API RP13 B-1 or ISO 14014-1, at the indicated test dosage of 1 ppb or 2
ppb.

[0092] EXAMPLES 9-16

[0093] The Example 9-16 cellulose products are high viscosity products, having target 2 wt
% Brookfield viscosity (at 25°C) of 3,000-10,000 mPaes, and a target degree of substitution of
>0.9. For Examples 9-16, the comparative examples using NTA modified CMC with aluminum

and calcium salts are reported in Examples 9 and 13, respectively.
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91.4 94.0 18.2 16.5 20T Al-Maleic-CMC 93.6 94.2 17.4 16.2 21T Ca- NTA-CMC
87.1 88.2 22.5 13.5 22T Ca-Citric-CMC 95.5 97.1 16.6 12.2 23T Ca-Malic-CMC
95. 3 96. SWO20B/022864 24T Ca- Mal ei c-CMC 95.2 96.8 17.8 12PTT/EP2012/063914

Table 4. High Viscosity Cellulose Product Properties

Product Type | Example No. Product Viscosity A Ds® NaCMC ©
High Viscosity 9T Al-NTA-CMC 4300 (2%) 1.05 61.4
Technical 10T Al-Citric-CMC 4500 0.97 60.6
11T Al-Malic-CMC 5800 1.00 63.0
12T Al-Maleic-CMC 6300 0.98 60.2
13T Ca-NTA-CMC 2650 1.08 62.6
14T Ca-Citric-CMC 3250 1.03 61.8
15T Ca-Malic-CMC 4420 1.14 62.9
16T Ca-Maleic-CMC 3050 1.04 60.3
High Viscosity 9P Al-NTA-CMC 1880 (1%) 1.19 99.7
Purified 10P Al-Citric-CMC 3920 0.99 99.6
1P Al-Malic-CMC 1940 1.04 99.3
12P Al-Maleic-CMC 2500 1.07 98.7
13P Ca-NTA-CMC 1140 1.22 99.5
14P Ca-Citric-CMC 1380 1.15 98.5
15P Ca-Malic-CMC 1620 1.17 99.0
16P Ca-Maleic-CMC 1480 1.14 99.0

A Technical grade viscosities measured at 2 wt%; purified grade viscosities measured at 1
wt% (2 wt% viscosities for purified product will be 10-fold higher).

® DS, degree of substitution of the CMC

© Weight percent sodium carboxymethyl cellulose equivalent in the dry product.
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A Abbrevi ati ons: Recovery is the wt % shal e chi ps recovered after hot
rolling test (16 hours at 100C) and collection by 1.18 mmsieve, at the

i ndi cat eawoest3/dossage of 2 ppb or 4 ppb. APl fluid | @ss/EP2012I0639f4 | trat e
reduction, in nL / 30 mnutes, according to APl Fluid Loss Test, APl RP13
B-1 or SO 14014-1, at the indicated test dosage of 1 ppb or 2 ppb. Table
9. Standard Viscosity Purified Grade Cellul ose Product Perfornmance A
Exanpl e Product Recovery APl Fluid Loss 1 ppb 2 ppb 1 ppb 2 ppb 17P

Al - NTA-1GMEe £ O0ibn88is Qs Tdciinical Gi8le Melifdobd ProdeMp&Forinshce3 11.0 10.5 19P
2.8 17.3 11.6 20P Al - Mal CMC 92. 4

Al -Malic-CMC 92. 3 92. . : P Al - ei c-
Example Product Recovery API Fluid Loss

1 ppb 2 ppb 1 ppb 2 ppb
9T Al-NTA-CMC 91.8 89.7 18.7 16.5
10T Al-Citric-CMC 92.5 93.8 172 14.0
11T Al-Malic-CMC 929 92.5 16.7 154
12T Al-Maleic-CMC 92.4 92.6 17.3 132
13T Ca-NTA-CMC 91.6 90.3 14.6 12.5
14T Ca-Citric-CMC 93.3 92.0 12.8 124
15T Ca-Malic-CMC 92.5 93.1 124 11.5
16T Ca-Maleic-CMC 92.9 92.0 129 12.0
A Abbreviations:

Recovery is the wt % shale chips recovered after hot rolling test (16 hours at 100°C) and
collection by 1.18 mm sieve, at the indicated test dosage of 1 ppb or 2 ppb.

API fluid loss is the filtrate reduction, in mL / 30 minutes, according to API Fluid Loss
Test, API RP13 B-1 or ISO 14014-1, at the indicated test dosage of 1 ppb or 2 ppb.

Table 6. High Viscosity Purified Grade Cellulose Product Performance *

Example Product Recovery API Fluid Loss

1 ppb 2 ppb 1 ppb 2 ppb
9P AI-NTA-CMC 90.3 88.9 18.0 112
1OP Al-Citric-CMC 92.8 89.4 17.6 124
11P Al-Malic-CMC 92.5 89.8 226 124
12P Al-Maleic-CMC 91.4 90.8 14.3 142
13P Ca-NTA-CMC 89.6 89.0 20.1 12.8
14P Ca-Citric-CMC 95.2 98.2 159 12.6
15P Ca-Malic-CMC 90.8 92.1 16.2 13.6
16P Ca-Maleic-CMC 94.2 95.1 16.8 13.5
A Abbreviations:

Recovery is the wt % shale chips recovered after hot rolling test (16 hours at 100°C) and
collection by 1.18 mm sieve, at the indicated test dosage of 1 ppb or 2 ppb.

API fluid loss is the filtrate reduction, in mL / 30 minutes, according to API Fluid Loss
Test, API RP13 B-1 or ISO 14014-1, at the indicated test dosage of 1 ppb or 2 ppb.
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93.0 16.8 10.8 21P Ca-NTA-CMC 87.4 89.8 21.5 16.5 22P Ca-Citric-CMC 94.9
96.8 17.2 13.1 23P Ca-Malic-CMC 93.2 94.5 18.8 14.8 24P Ca-Mal ei c-CMC 92. 6

95. 8 17. 3v020iB/02986Abbr evi at i ons: Recovery is the wt WCIIERR@ 2063906
recovered after hot rolling test (16 hours at 100C) and collection by 1.18
nm si eve, at the indicated test dosage of 1 ppb or 2 ppb. APl fluid | oss

Is the filtrate reduction, in nL / 30 mnutes, according to APl Fluid Loss
Test, APl RP13 B-1 or |1SO 14014-1, at the indicated test dosage of 1 ppb or
2 ppb. 00k 20134 QRPPF4AGIIFEP2012/ 063914 [ 0096] EXAMPLES 25-32 [0097] The
Exanpl e 25-32 cellul ose products are regular or standard viscosity

pr OdUCt[(?095] The Examplel7-24 cellulose products are regular or standard viscosity products,
having target 2 wt % Brookfield viscosity (at 25°C) of 500-1,000 mPass, and a target degree of
substitution of >0.9. For Examples 17-24, the comparative examples using NTA modified CMC

with aluminum and calcium salts are reported in Examples 17 and 21, respectively.

Table 7. Standard Viscosity Cellulose Product Properties

Product Type | Example No. Product Viscosity A Ds® NaCMC ©
Standard 17T Al-NTA-CMC 370 1.04 59.9
Viscosity 18T Al-Citric-CMC 388 1.08 62.1
Technical -

19T Al-Malic-CMC 375 1.03 60.0
20T Al-Maleic-CMC 338 1.04 61.5
21T Ca-NTA-CMC 285 1.12 60.9
22T Ca-Citric-CMC 230 1.11 60.2
23T Ca-Malic-CMC 200 1.10 60.7
24T Ca-Maleic-CMC 280 1.25 61.3
Standard 17P Al-NTA-CMC 1840 1.10 97.6
Viscosity 18P Al-Citric-CMC 1800 1.06 98.8
Purified .
19pP Al-Malic-CMC 3500 1.07 98.8
20P Al-Maleic-CMC 3340 1.08 98.4
21P Ca-NTA-CMC 1270 1.20 97.3
22P Ca-Citric-CMC 1440 1.19 98.7
23P Ca-Malic-CMC 1880 1.18 96.7
24P Ca-Maleic-CMC 1480 1.21 98.6

A Viscosities measured at 2 wt%.
DS, degree of substitution of the CMC

© Weight percent sodium carboxymethyl cellulose equivalent.
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having target 2 wt % Brookfield viscosity (at 25C) of 500-1,000 nPas, and a
target degree of substitution of >0.9. For Exanples 25-32, the conparative
exanpl es woi2np/a8&4nodi fied CMC wi t h al um num and cal ci BOTERRA12/063984
reported in Exanples 25 and 29, respectively. Table 10. Utra Low Viscosity
Cel | ul ose Product Properties Product Type Exanple No. Product Viscosity A
DS B NaCMC ¢ U tra Low Viscosity Technical 25T Al -NTA-CMC 82 1.00 58.7 26T
Al-Ctric-CMC 85 1.08 59.7 27T Al-Malic-CMC 130 0.81 58.5 28T

Al - Mal qiap1e @S Rdark @éc&gy Technical Grade Cellulose Product Performance

Example Product Recovery API Fluid Loss

2 ppb 4 ppb 2 ppb 4 ppb
17T AI-NTA-CMC 90.7 89.5 18.9 12.3
18T Al-Citric-CMC 94.0 95.3 15.0 134
19T Al-Malic-CMC 91.4 94.0 18.2 16.5
20T Al-Maleic-CMC 93.6 94.2 17.4 16.2
21T Ca-NTA-CMC 87.1 88.2 225 13.5
22T Ca-Citric-CMC 95.5 97.1 16.6 122
23T Ca-Malic-CMC 95.3 96.5 17.6 124
24T Ca-Maleic-CMC 95.2 96.8 17.8 12.7
A Abbreviations:

Recovery is the wt % shale chips recovered after hot rolling test (16 hours at 100°C) and
collection by 1.18 mm sieve, at the indicated test dosage of 2 ppb or 4 ppb.

API fluid loss is the filtrate reduction, in mL / 30 minutes, according to API Fluid Loss
Test, API RP13 B-1 or ISO 14014-1, at the indicated test dosage of 1 ppb or 2 ppb.

Table 9. Standard Viscosity Purified Grade Cellulose Product Performance *

Example Product Recovery API Fluid Loss

1 ppb 2 ppb 1 ppb 2 ppb
17P AI-NTA-CMC 90.1 88.6 20.0 11.7
18P Al-Citric-CMC 93.5 97.3 11.0 10.5
19P Al-Malic-CMC 923 92.8 17.3 11.6
20P Al-Maleic-CMC 924 93.0 16.8 10.8
21P Ca-NTA-CMC 87.4 89.8 215 16.5
22P Ca-Citric-CMC 94.9 96.8 172 13.1
23P Ca-Malic-CMC 93.2 94.5 18.8 14.8
24P Ca-Maleic-CMC 92.6 95.8 17.3 13.7
A Abbreviations:

Recovery is the wt % shale chips recovered after hot rolling test (16 hours at 100°C) and
collection by 1.18 mm sieve, at the indicated test dosage of 1 ppb or 2 ppb.

API fluid loss is the filtrate reduction, in mL / 30 minutes, according to API Fluid Loss
Test, API RP13 B-1 or ISO 14014-1, at the indicated test dosage of 1 ppb or 2 ppb.
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29T Ca-NTA-CMC 71 1.20 61.5 30T Ca-Citric-CMC 80 1.18 60.7 31T
Ca-Malic-CMC 140 0.93 59.8 32T Ca-Maleic-CMC 58 1.12 61.9 Utra Low
Vi scosi t ywbunifiess425P Al - NTA-CMC 520 0.98 99.9 26P Al PCIriRP2@2/@h4314165

[0096] EXAMPLES 25-32

[0097] The Example 25-32 cellulose products are regular or standard viscosity products,

having target 2 wt % Brookfield viscosity (at 25°C) of 500-1,000 mPass, and a target degree of

substitution of >0.9. For Examples 25-32, the comparative examples using NTA modified CMC

with aluminum and calcium salts are reported in Examples 25 and 29, respectively.

Table 10. Ultra Low Viscosity Cellulose Product Properties

Product Type | Example No. Product Viscosity A Ds® NaCMC ©
Ultra Low 25T Al-NTA-CMC 82 1.00 58.7
Viscosity 26T Al-Citric-CMC 85 1.08 59.7
Technical -

27T Al-Malic-CMC 130 0.81 58.5
28T Al-Maleic-CMC 105 1.05 60.5
29T Ca-NTA-CMC 71 1.20 61.5
30T Ca-Citric-CMC 80 1.18 60.7
31T Ca-Malic-CMC 140 0.93 59.8
32T Ca-Maleic-CMC 58 1.12 61.9
Ultra Low 25P Al-NTA-CMC 520 0.98 99.9
Viscosity 26P Al-Citric-CMC 465 0.98 99.9
Purified .
27P Al-Malic-CMC 1530 0.83 100.0
28P Al-Maleic-CMC 890 0.99 99.9
29P Ca-NTA-CMC 345 1.07 99.9
30P Ca-Citric-CMC 465 1.11 100.0
31P Ca-Malic-CMC 890 0.99 99.9
32P Ca-Maleic-CMC 255 1.05 99.9

A Viscosities measured at 4 wt%.

DS, degree of substitution of the CMC

© Weight percent sodium carboxymethyl cellulose equivalent.
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0.98 99.9 27P Al-Malic-CMC 1530 0.83 100.0 28P Al -Mnal eic-CMC 890 0.99
09.9 29P Ca-NTA-CMC 345 1.07 99.9 30P Ca-Citric-CMC 465 1.11 100.0 31P
Ca- Mal i c-vEDR0BANIH499 99.9 32P Ca- Mal ei c- CMC PCT/EP2012/063914

Table 11. Ultra Low Viscosity Technical Grade Cellulose Product Performance

Example Product Recovery API Fluid Loss

4 ppb 8 ppb 4 ppb 8 ppb
25T AI-NTA-CMC 90.1 924 18.3 8.8
26T Al-Citric-CMC 90.0 91.8 16.8 8.1
27T Al-Malic-CMC 92.2 923 18.8 144
28T Al-Maleic-CMC 89.9 92.6 16.2 8.4
29T Ca-NTA-CMC 92.1 94.1 194 10.2
30T Ca-Citric-CMC 95.5 98.4 14.3 8.0
31T Ca-Malic-CMC 94.2 98.1 15.6 12.5
32T Ca-Maleic-CMC 94.8 98.2 16.1 9.0
A Abbreviations:

Recovery is the wt % shale chips recovered after hot rolling test (16 hours at 100°C) and
collection by 1.18 mm sieve, at the indicated test dosage of 4 ppb or 8 ppb.

API fluid loss is the filtrate reduction, in mL / 30 minutes, according to API Fluid Loss
Test, API RP13 B-1 or ISO 14014-1, at the indicated test dosage of 1 ppb or 2 ppb.

Table 12. Ultra Low Viscosity Purified Grade Cellulose Product Performance *

Example Product Recovery API Fluid Loss
2 ppb 4 ppb 2 ppb 4 ppb

25P AI-NTA-CMC 91.3 94.6 19.5 15
26P Al-Citric-CMC 95.8 95.7 151 8.2
27P Al-Malic-CMC 94.1 95.6 15.8 8.9
28P Al-Maleic-CMC 93.7 94.6 16.4 10.2
29P Ca-NTA-CMC 92.2 86.8 18.4 12.3
30P Ca-Citric-CMC 92.6 89.5 16.2 8.8
31P Ca-Malic-CMC 92.0 89.7 172 9.8
32P Ca-Maleic-CMC 90.8 923 152 149
A Abbreviations:

Recovery is the wt % shale chips recovered after hot rolling test (16 hours at 100°C) and
collection by 1.18 mm sieve, at the indicated test dosage of 2 ppb or 4 ppb.

API fluid loss is the filtrate reduction, in mL / 30 minutes, according to API Fluid Loss
Test, API RP13 B-1 or ISO 14014-1, at the indicated test dosage of 1 ppb or 2 ppb.
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255 1.05 99.9 A Viscosities neasured at 4 wt% B DS, degree of

substituti

on of the CMC C Wi ght percent sodi um car boxynet hyl cell ul ose

equi val erw0 2014022613/ 029864PCT/ EP2012/ 063914 Tabl e 11. BCTER2010M63di1$COSitYy

Techni cal
Fl uid Loss
Al-Citric-

G ade Cel | ul ose Product Performance Exanpl e Product Recovery AP
4 ppb 8 ppb 4 ppb 8 ppb 25T Al -NTA-CMC 90.1 92.4 18.3 8.8 26T
CMC 90.0 91.8 16.8 8.1 27T Al-Malic-CMC 92.2

[0098] The laboratory tests illustrated by Example 9-32 and the data of Tables 4-12 show

clear performance improvements in shale recoveries and fluid losses after hot rolling as

compared to conventional products. Virtually every cellulose product prepared according to the

present disclosure exhibits improved recovery and lower fluid loss than the comparative samples

of NTA modified CMC with aluminum and calcium salts. Moreover, the technical grade

cellulose products of this disclosure often outperformed the purified grade products of the

comparative NTA modified CMC with aluminum and calcium samples. These improvements

occurred in all three viscosity ranges. While not intending to be bound by theory, it is expected

that reduction in the amounts of potassium chloride as a shale inhibition additive will be possible

using

the compositions and methods disclosed herein. It is significant that all the components

used in the disclosed cellulose products have top rated environmental credentials and all are

PLONOR listed, which should simplify national environmental certifications and approvals.

[0099] It is to be understood that the foregoing disclosure relates only to the preferred

embodiments of the present application and that numerous changes and modifications may be

made

herein without departing from the general scope of the invention as defined by the

following claims and the equivalents thereof.
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92.3 18.8 14.4 28T Al-Maleic-CMC 89.9 92.6 16.2 8.4 2
94.1 19.4 10.2 30T Ca-Gitric-CMC 95.5 98.4 14.3 8.0 3
98.1 15. 6W02053/1328b4 Ca- Mal ei c-CMC 94.8 98.2 16.1 9.0

T Ca-NTA-CMC 92.1
T Ca-Malic-CMC 94.
A RODMEPLI1210639MS :

9
1

CLAIMS

What is claimed is:
1. A cellulose product comprising the contact product of:
a) at least one cellulosic ether;
b) at least one salt of a polyvalent metal ion; and
c) at least one ligand selected from at least one poly(carboxylic) acid or a salt
thereof that comprises secondary nitrogen atoms, primary nitrogen atoms, or no nitrogen

atoms.

2. A cellulose product according to claim 1, wherein the poly(carboxylic) acid or the salt
thereof'is selected from citric acid, malic acid, maleic acid, fumaric acid, oxaloacetic acid,
aconitic acid, iso-citric acid, a-ketoglutaric acid, B-ketoglutaric acid, succinic acid, ascorbic acid,
2,2'-azanediyldisuccinic acid, tetrasodium iminodisuccinate, dicarboxymethyl glutamic acid,
ethylenediamine-N, N'-disuccinic acid, oxalic acid, aspartic acid, glutaric acid, glutamic acid,

salts thereof, and combinations thereof.

3. A cellulose product according to claim 1, wherein the cellulosic ether is selected from
carboxymethyl cellulose (CMC), hydroxyethyl cellulose (HEC), carboxymethyl hydroxyethyl
cellulose (CMHEC), methyl cellulose (MC), hydroxyethyl methyl cellulose (HEMC), ethyl
hydroxyl ethyl cellulose (EHEC), hydroxypropyl cellulose (HPC), and combinations thereof.

4. A cellulose product according to claim 1, wherein the cellulose product has less than

10 wt% water.

5. A cellulose product according to claim 1, wherein the salt of a polyvalent metal ion is a
water soluble salt of beryllium(II), magnesium(II), calcium(Il), strontium(Il), barium(II),
titanium(Il), vanadium(Il), vanadium(IV), vanadium(V), chromium(III), chromium(I'V),
manganese(Il), manganese(I), iron(II), iron(III), cobalt(1l), cobalt(IIl), nickel(II), zinc(IT),

aluminum(III), tin(II), tin (IV), or combinations thereof.
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Recovery is the wt % shal e chips recovered after hot rolling test (16 hours
at 100C) and collection by 1.18 nmmsieve, at the indicated test dosage of 4
ppb or 8 Wwplz013/02998®1 fluid loss is the filtrate reducti @0T/EPR01210639180

m nutes, according to APl Fluid Loss Test, APl RP13 B-1 or |SO 14014-1, at

the indicated test dosage of 1 ppb or 2 ppb. Table 12. Utra Low Viscosity
Purified Grade Cellul ose Product Perfornmance A Exanpl e Product Recovery API
Fluid Loss 2 ppb 4 ppb 2 ppb 4 ppb 25P Al -NTA-CMC 91.3 94.6 19.5 15 26P

ﬁ S/B][ ;: g %A%@llﬁos%}r%d&gac%oﬁﬁr?g 8 ¢Rid I; %Etjeﬁft%hg&-a]po%ﬁ/a@ntléeﬁl Bn% £8P
water soluble salt of calcium(II), aluminum(III), iron(II), iron(II), zinc(II), nickel(II), tin(II), tin

(IV), or combinations thercof.

7. A cellulose product according to claim 1, wherein the salt of a polyvalent metal ion is
aluminum sulfate or calcium chloride or a combination thereof, and wherein the ligand is citric

acid, malic acid, maleic acid, or combinations thereof.

8. A cellulose product according to claim 1, wherein:

the cellulosic ether is carboxymethyl cellulose (CMC);

the polyvalent metal ion is calcium(II), aluminum(III), iron(II), iron(I1I), zinc(II),
nickel(II), tin(II), or tin (IV);

the ligand is a citric acid cycle substrate or product; and

the cellulose product has less than 10 wt% water.

9. A cellulose product according to claim 1, wherein:
the cellulosic ether is carboxymethyl cellulose (CMC);
the polyvalent metal ion is calcium(II) or aluminum(III);
the ligand is citric acid, malic acid, or maleic acid; and

the cellulose product has less than 10 wt% water.

10. A cellulose product according to claim 1, wherein the cellulose product is technical
grade, and wherein:

the cellulosic cther is carboxymethyl cellulose (CMC), the polyvalent metal ion is
aluminum(III) or calcium(Il); and the ligand is citric acid, malic acid, maleic acid, fumaric acid,
oxaloacetic acid, aconitic acid, iso-citric acid, a-ketoglutaric acid, B-ketoglutaric acid, succinic
acid, ascorbic acid, or combinations thereof;

the cellulose product is characterized by 2 wt % Brookfield viscosity at 25°C of from
3,000 to 8,000 mPaes;

38



16.4 10.2 29P Ca-NTA-CMC 92.2 86.8 18.4 12.3 30P Ca-Citric-CMC 92.6 89.5
16.2 8.8 31P Ca-Malic-CMC 92.0 89.7 17.2 9.8 32P Ca-Maleic-CMC 90.8 92.3

15. 2 14. wWoAIalessei at i ons: Recovery is the wt % shalPeTare@2/063¢over ed
after hot rolling test (16 hours at 100C) and collection by 1.18 nm sieve,
at the indicated test dosage of 2 ppb or 4 ppb. APl fluid loss is the

filtrate reduction, in nL / 30 mnutes, according to APl Fluid Loss Test,
APl RP13 B-1 or 1SO 14014-1, at the indicated test dosage of 1 ppb or 2

ppb. WO 2033/ (:Qﬁl%%gé%: QﬁchP?c%%étQﬁ i@&%ﬁﬂ&ﬂ%nﬂ RBQVA! O ale %ﬁfp§ ona

illustrated by Exanple 9-32 and the data of Tables 4-12 show cl ear

per f or rddagemismgye oftenton tcslhmgnfos h@ heurs eCldWEr iabs 1 apkltehl dosagd dgswter dfand2 “hot
rollin n@S conpared to conventional products. Virtually every cellul ose
product prepared according to the present disclosure exhibits inproved
recovery anchel dalltelbsef]bruﬂtdzt isQ:ShSrabtlaﬁtbdtH’yeaanOIPﬂ]Hﬁiatﬂo‘sea@afmigetS 190 1NOA-rada fi ed
CMC with %Iunlnun1a dc un1ss|ts Mor eover, the technical grade
cel | ul dIWPAFsbaerRESOIdFsstt Ibéﬁm%é BEUPWCHT t en outperforned the purified grade
products of the conparative NTA nodified CMC with al um num and cal ci um
sanpl es. These inprovenments occurred in all three viscosity ranges. \Wile
not int endl M; A eclbdosspuettictaecodigrty clajm 1j whergipdlag eadlutosgprodegfusrurdiedi n t he
anount gafa Hn1ch|or|de as a shale inhibition additive will be
possib e u5|n e conpositions and net hods di sclosed herein. It is
signif|cantﬂmhaﬂdahbeﬂMEBGmmpmnﬁﬂmﬂcuﬂmdxuﬁmmﬁﬁﬂdm@qwakadmcwlmnhwse

product have rated envir ntal credentials agnd al r
Pl ot eqstumrerabpBusd SRl AR Te s it g A Sl e BkerR BATAS dand
approv @kﬁoadeﬁ@ 284 atcoinﬁc ta@ld bigo-binescsd, Oektd dhathrid Ni8d, fPorLPitBge Uid Ghastit e

relates only to the pref erred
acid, ascorbic acid, or combinations thereof;

the cellulose product is characterized by 1 wt % Brookfield viscosity at 25°C of from
1,200 to 4,000 mPaes;

the cellulose product is characterized by a weight percent recovery of shale chips on a
1.18 mm sieve after hot rolling for 16 hours at 100°C at a 2 ppb test dosage of greater than 89%;
and

the cellulose product is characterized by an API Fluid Loss according to ISO 14014-1 at a
2 ppb test dosage of less than 14 mL / 30 minutes.

12. A cellulose product according to claim 1, wherein the cellulose product is technical
grade, and wherein:

the cellulosic cther is carboxymethyl cellulose (CMC), the polyvalent metal ion is
aluminum(I1I) or calcium(Il); and the ligand is citric acid, malic acid, maleic acid, fumaric acid,
oxaloacetic acid, aconitic acid, iso-citric acid, a-ketoglutaric acid, B-ketoglutaric acid, succinic
acid, ascorbic acid, or combinations thereof;

the cellulose product is characterized by 2 wt % Brookfield viscosity at 25°C of from 200
to 1,000 mPa-s;

the cellulose product is characterized by a weight percent recovery of shale chips on a
1.18 mm sieve after hot rolling for 16 hours at 100°C at a 2 ppb test dosage of greater than 91%;

and
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enbodi nents of the present application and that nunerous changes and
nodi fi cati ons may be nade herein w thout departing fromthe general scope
of the irwennimsws defi ned by the foll ow ng clains andPCh&Peguicghent s

t hereof WD 2013/ 029864PCT/ EP2012/ 063914 CLAI M5 What is clainmed is: 1. A
cel l ul ose product conprising the contact product of: a) at |east one
cellulosic ether; b) at |least one salt of a polyvalent netal ion; and

c) at least one ligand selected fromat |east one pol y(carboxylic) acid or
a salt thergf.hihgle GOMRY Essc%ra%t%ﬁé’é?ﬂj%f a)ﬁ AP1HIRQGN s@4QBRInPO 1B M0 M- T hpgen
atons, or no nitrogen atons. . A cellulose product according to
clalntZimhhgﬁéWﬁgth@ewdhyxﬁkﬁb@NVMMnmumsld or the salt thereof is selected
fromcitric acid, malic acid, nmaleic acid, fumaric acid, oxal oacetic acid,
aconitic acid, iso-citric acid, a-ketoglutaric acid, il-ketoglutaric acid,
succi ni ¢ acil8l,A aslidsdeipeodact atcoding'te alan e dwitdreinsheedllinlose poidost i @irffegodi um

i m nodi succi nate, .di carboxynethyl glutamc acid,

etherﬁE@Fdﬂtﬁ@“W%“AP di succinic acid, oxalic acid, aspartic acid, glutaric
acid, glutamcCeptlofic it k2atbbeyiRQhyl c@ﬂtﬂo&qm(ﬂ)atﬂe%ﬁrvtaféﬁfﬁ@tfa} jonis 3. A
cel I ul ose product according to claim1, wherein the cellulosic ether is
sel ect elnfipgmIBapireiguratRyanddhe figandgecitrionvcyd. nwig peidyrelniglacide fimaris seidg HEC) |

cor borTakil IRk o Ethaleae R 5L Rl a3 1y

( EHEC) ,aclldyzti;mﬂo;cmcapysf cabihatlons the(ddBC) , and conbi nati ons t her eof 4. A
cel |l ul ose pr,odugt. according,to cl.a e. cel |l ul rodu has
ess than TOREON e mpdset R g riZdRy w ek tp iR iC g o R T r)

wher ei i, 8 380 sdhts; of a pol yvalent netal ion is a water soluble salt of

beryl | I magnes |1 cal c I stront I bar I
Uit ani Llrjr(ml( | )126 wb\ﬁg@ﬁ mlﬁéju% s, C)h@laﬁ'fﬁﬁlﬁiﬂ%( nggbtawmntﬁﬁlfjc\n)}ﬁry )ﬁﬁﬂl@lmclml;aengn ag

Cobal t (1T sBERERIRT Rk for IFRPRT SR C ol 1 ) PG Rme TR éfkﬁa’nﬁﬁﬁs

(1V), endconbi nations thereof WO 2013/029864PCT/EP2012/063914

cel | ul ose pr,odu accordln to C the sal.t of ent
rotal bon | Rl ST aie s arriBin AP Seditn s 0l ¥8Jh"tl N,

i ron( 1 lilppb t@&t Bedabd 3 leRithdeeIAhl) 30tiipgtkd.), tin (1V), or conbinations thereof
7. A cellulose product according to claim1, wherein the salt of a
polyval ent nmetal ion is alumnumsulfate or calciumchloride or a

conbi nati onyj heragf se%%hu\’éﬂf&rc&'d ttt'glatrh qa\wﬂertﬁ tﬁé 4 hfos@gtoquct@ obifnidf! d,

mal eic acid, or co {1ons ther . e product accordlng
to cl aigmdg, andhydreedin: the cellulosic ether |s carboxynethyl cellulose (CVO) ;

ron(ii1 - S chPbRaReb R ToRTe L ey denl B8 e 1 < o

Citrican@iifubyld) 6r GUdSHh(ID! ghddthe PEAAUE Eitricedrel, trﬂ’hﬁc @ahl mhioRecidl achiglc dbils | ess
than 10 wt % water. 9. A cellu]ose roduct accordlng to claim1, wherein:
the celPrHP#rsiie aefipspnifis agidyipRsgiimetd l-kesralupiseeid Eusfos!yinde i, yUeiEat et al
ion 'Sa&%h%hH%khkklQfaﬁhMﬂhﬂMgﬁkk%} the ligand is citric acid, malic acid,
or maleic acid; and the cellulose product has |ess than 10 w % wat er.

10. A cel | utlsssllppgdueducascbraictayzaddyct i th Brookiinad wisepsithet ¥ aflfose2(pr oduct
i's technb&? rade, and wherein: the cellulosic ether is carboxynethyl
cel | ul 838 ( " the polyvalent metal ionis aluminun(lll) or calciun(ll);
and the |i géanctellslosd prodwet '&Q:ihdracﬂa‘ﬁkédby%\ivéightfmhﬁht)reaﬁ«ie@/ offshnlarchips asad,

oxal oacetic acid, _aconit SO-Cl § Cld a-ketoglutaric acid,

i | - ket dgIBurRSIYe afFrdhot gﬁ&ﬁ%& i ég hesprga la@cérabt 4 bl oot daseccd atofratins

t her eofgp 59. andt he cel lul ose product is characterized by 2 wt % Brookfield
viscosity at 25C of from 3,000 to 8,000 nPas; WO

2013/ 029864 HETeiFpeEp B3 GIcharacterizaddy @e‘bltltﬁlwsiéqst agosking to 18Qdratt-éri zed by
a wei ght s on a 1.18 mm sieve after hot
rolllng B?&ﬁg&%%5§ﬁ8%§ﬁ%b§%pﬁb%b &QE test dosage of greater than 92%
and the cellul ose product is characterlzed by an APl Fluid Loss according
to 1 SO 14014-1 at a 1 ppb test dosage of less than 18 nL / 30 m nutes.

11. A cellul ose product according to claim1l1, wherein the cellul ose product
is purified grade, and wherein: gfe cellul osic ether is carboxynethyl
cellulose (CMC), the polyvalent netal ion is alumnun(lll) or calciun(ll);
and the ligand is citric acid, malic acid, maleic acid, fumaric acid,

oxal oacetic acid, aconitic acid, iso-citric acid, a-ketoglutaric acid,
il-ketoglutaric acid, succinic acid, ascorbic acid, or conbinations

t her eof ; t he cellul ose product is characterized by 1 w % Brookfield
V|5005|ty at 25C of frontl 200 to 4 000 nPas the cellulose product i's

I I T 1 o a



the cel lul ose product is characterized by an APl Fluid Loss according to

| SO 14014-1 at a 2 ppb test dosage of less than 14 nL / 30 m nutes.

12. A celwol2os2psseduct according to claim1, wherein tireTmEpPRI2I0639¢4 pr oduct
is technical grade, and wherein: the cellulosic ether is carboxynethyl
cellulose (CMC), the polyvalent netal ion is alumnun(lll) or calciun(ll);
and the ligand is citric acid, malic acid, maleic acid, fumaric acid,

oxal oacetic acid, aconitic acid, iso-citric acid, a-ketoglutaric acid,

i 1 - ket ogl Ut 351 ¢ cARiIGke PRUGEL Ric6raffitd clafiS O Rlr€inahd ShiluRke %aﬁet@@}surm}a _

t her eof ; the cel l'ul ose product is characterized by 2 Brookfield
V|scosﬁxwhaﬂﬁzﬂ@ﬁuﬁ from 200 to 1,000 nPas; the cellul ose product is
characteriz t n e I 18 mm

si eve afterﬁ%(BMu% ?%ﬂ@@ CB% %1%&5¥h§ﬂ¥8%%6§ﬁ%§ﬁ%Iébﬂhhﬁf lﬁgé%ge of

gr eat enlintiaum@Uyor (Bllltdum(\l‘@ :HQIJIBé ﬁgﬁﬁﬁéaﬁfd dchR Gkt @EiaQtilélelc acid, funearicekidyl ose
product is charag}erlzed an, APkgf %{ ggoss ac i{dln to SO 14014-1 at a
2 ppb r&dpacgleage aspnifigad lﬁ%ﬁltri%a (RO g ctoglutaric acjey SUCIYE| | y| ose

pr oductciacsesBid@id, or &dnbiMatbns WMagloei N the cel lul ose product is purified
grade, and wherein: the cellul’osic ether is carboxynethyl cellul ose

(CVO), the pisioplalbeanrodist &) chpgateriseddyuhivhriBiopkijeld wiseesity iat2q 1 of froamdl t he

l'i gand, 5§(ﬁ%b£|c acid, malic acid, maleic acid, fumaric acid, oxal oacetic
acid, aconitic acid, iso-citric aC|d a- ketoglutarlc aci d, iI-ketoqutaric
aci d, succi [hea:elmlbsh praguo rsbnharaauermbd hyra wagim matenmam\tebeasfeshﬁlg chipsonthe

Lg% B e AL B et o B RLE t BSP 2

wei ght jpg@rcent recovery of shale chips on a 1.18 mm si eve after hot roII|ng
for 16 hours at 100C at a ppb test dosage of greater than 92% and
t he cel | ul o8 gsHelgsscrroguet @W@ﬁ@é&e@zqdz@&nb@&'aﬁluﬂmosqu;pﬂhrlgd@§S@d6614ﬂ A2 t o

| SO 14 S ess than 19 nL / 30 m nutes.
1o A catpliSlofedoRER daths 650G Bl

ing to claim1, wherein the cellul ose product
is technical grade, and wherein: the cellulosic ether is carboxynethyl

cel lul ose ( . th ol.yval net a on is.alumnun(lil) or calciumll);
and the IiggﬁgiP§h§%tEugx%él%ﬂhﬂﬁﬂ¥%£ﬁt?%quﬂﬂﬁelc acid, fumaric acid,

oxal oacetic aci dy) Iﬁsﬁﬂintglacbenﬁlbgbprb&m §¢J0fd1§g Bl dm 1a- ket oglutaric aci d
il-ketoglutaric acid, succinic acid, ascorbic acid, aor caonbinations

t her eof ; t hB) coanining g csHgarcrrogust witha afesons euripnto for a wrwr-dewedi el d
VISCOSIty ah§%ggdQ%H&BQﬂ%%%o&Ho@QSd”Pas the cellul ose product is
characterized by a weight percent recovery of shale chips on a 1.18 mm

si eve after hot c)alSImgnge feter-b@ el maddicatcc @0 @mpasitioppha trelbing floslage of

greater than 8 th el | ul os haracterized by an
APt i d L oeaisten s en- e sbiyior P BREbe i "iocage of Iess than
19 nL / 30 minutes. WD 2013/029864PCT/ EP2012/ 063914 15. A cellul ose
product according to claim1l, wherein the cellul ose product is purified
grade, and Whetr eﬁhodofusmg A&CIUesereslicbacspidae tp slaga Eoﬁe%%rtqqmpﬂé@m ul ose
(CMO), cbRGinRQY rxé/%%%agaawcilﬁéa%nﬁo@é AR JOkimhA bith aQfross nkingMbddt)an @and the
ligand is citric acid, malic acid, nmaleic acid, fumaric acid, oxal oacetic
aci d, aduabition sgeatiadiscogtyng agent adilfrats reduking @@nmaahfrrmahmwllmg%eoglaut aric
acid, suyccinic ascor bi or ¢ i nations thereof

col | ul SHET PRt B ERRL b ROLE o aRAIRSE) SRR ERT Loy b5 o
from 2@1atypa Eﬁﬂhtmﬂ’aﬁ barlum sulfhe calelunutob@any; bdumte JassteEig halefledcuzma aby a
meight ercen ecovery of shale chips on nm si eve after hot rolling
f or 16 *RGOKSObETHOE %rﬂaﬁp%p?légiosa%%@ lga@s BAF dFr g Vel

the Celtalrmcoa%ﬁi BA gglusalﬁbéc&m@asﬁs%ﬁeﬂwaeﬂuwcﬁm aAE’él lﬁldg'agerLtO@ﬁulﬁQ&Qrd' ng to

| SO 14014-1 at a pb test dosage of |ess % 30 mnutes. 16. A
nethodaé¢ﬂw%@ﬁgmaﬁt Hhﬂﬁ@ébopﬁﬁﬂheﬁﬁméﬂWﬂﬁﬁlng. a) provi ding a
cel l ul ose product according to claim1l; b) conbi ning the cellul ose
product with an aqueous carrier to forma water-based nodified cellul ose
conposition; and c) using the water-based nodified cellul ose
conposition as a drilling fluid, a conpletion fluid, a work-over fluid, or
a stinulation/fracking fluid. 17. A nethod of using a cellul ose
product according to claim 16, furthesiconprising conbining the water-based
nodi fied cellul ose conposition with a cross-1linking agent, an inhibition
agent, a viscosifying agent, a filtrate reducing agent, a thermnal
stabilizing agent, a shear strength stabilizing agent, a bentonite clay, an
illite clay, a snectite clay, a nontnorillonite clay, a kaolite clay,
barium sul fate, cal cium carbonate, hematite, a starch, a defloccul ant, an
ani oni ¢ polyelectrolyte, an acrylate, a polyphosphate a Ilgnosulfonate

e



b) at |least one salt of a polyvalent netal ion; and c) at |east one
| i gand selected fromcitric acid, malic acid, maleic acid, fumaric acid,
oxal oacetwo 2at3/md986aconi tic acid, iso-citric acid, a-ket®@grErPari2m63914

acid, P-ketoglutaric acid, succinic acid, ascorbic acid,

2,2' -azanedi yl di succinic acid, tetrasodi umim nodi succi nate,

di car boxynet hyl glutam c acid, ethyl enedi am ne-/V, AP-di succinic acid,
oxalic acid, aspartic acid, glutaric acid, glutamc acid, L-glutamc acid
IV, N-di acetijg QekithlosBtoMbO G REYIRC&IkL RBiisht o8- hydr oxyet hyl i mi nodi aceti c
acid, salts thereof, and conbinations thereof. 19. A nethod of using a

cel | ul ose product) adesplransicalgulosic cther; a) provi ding a cel | ul ose product
according to cl aj X Wl -1 h el I ul ose product with an
aqueous carrier H(;At#%rs?r?ng S\?\}é%f%gﬁg%%{tn%oeggﬁglggmgel | ul ose conposition; and
C) using the wat eyathaseshenigand $obed tedletdnu bidseactd mpbis iatidpmak@i a@id)furhdricng
fluid, a conpletion fluid, a work-over fluid, or stimul ation/fracking

f1 uid. atigePxaRaRRICHGH. Brontiasy. Bowdrif aflgs‘é'ﬁ?}Pglﬂﬁef _a&écé;?apﬁﬂgt% clai m
19, further ;ganREéidicRGidCAIRILY N8, bhre matayrdRasasic i tirgddrel | ul ose
conposition wth a cross-1inking agent, an inhibition agent, a viscosifying
agent, a fi Immadisugcadtre disgrbagenethylglutpraicragid, sthalsnedisting Naljedisuccmicsivédar

t th stabiilizi . nt oni .av.. i[lite.chay,. ot
o1t < SR R ARy BRI e LA R

ay, ‘barium sulTfate,

car bonat e, herpidgly@ncdiacstiasdd,2-laydoedybthgbmimdtacctamcal)sdtsitherpd] yrel ect r ol yt e,

an acrylate, a 'E)’IOL%EEI?S?EM& a lignosulfonate, tannic acid, a derivatized
ORGP F TS

tanni c acid® d cellulosic material, a lubricant, a weighting

agent, a fluid loss additive, a brine, a formate salt, or conbi nations

t her eof . o
19. A method of using a cellulose product comprising:

a) providing a cellulose product according to claim 18;

b) combining the cellulose product with an aqueous carrier to form a water-based
modified cellulose composition; and

¢) using the water-based modified cellulose composition as a drilling fluid, a

completion fluid, a work-over fluid, or a stimulation/fracking fluid.

20. A method of using a cellulose product according to claim 19, further comprising
combining the water-based modified cellulose composition with a cross-linking agent, an
inhibition agent, a viscosifying agent, a filtrate reducing agent, a thermal stabilizing agent, a
shear strength stabilizing agent, a bentonite clay, an illite clay, a smectite clay, a montmorillonite
clay, a kaolite clay, barium sulfate, calcium carbonate, hematite, a starch, a deflocculant, an
anionic polyelectrolyte, an acrylate, a polyphosphate, a lignosulfonate, tannic acid, a derivatized
tannic acid, an unmodified cellulosic material, a lubricant, a weighting agent, a fluid loss

additive, a brine, a formate salt, or combinations thercof.
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