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- 1,.PROCESS FOR PREPARI NG AN ALKALI METAL 2111058 SALT OF CAPBOXYMETHYL
CELLULGSE\The present invention relates to a process for the preparation of
al kal i al salts of carboxynmethyl cellu- 5 l-ose, sonetines referred to in
the it ure as alkali netal cellul ose~-gkycol ates. The alkali netal salts

of carbexymnethyl cellul ose, hereinafter sometines referred to as "CMC',

that are prepared by the process of this inven- tion possess enhanced h a
viscosity and fluid loss control 10 characteristics when di spe?i(il an (
aqueous nedi um con- tap L 0 I | R}
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t hree hydroxyl groups. BL CAPBOX PNETHELr €5 & sonme of the 15

cel lul ose hydroxyls with sodlun1nonochloroacetate usi ng sodium as a
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call ed the "degree of "substi tuti on he aver age
nunber of thetiomepongassxenhanngsts viscosityhaudogluddsdoss tcmmlhave

reacted. GonEREELaLoPL ey IR IR B Habd O BATLACHRATRALLR dof- The

nost conmon grade, has_a I's comrercially avail e in
several diffecfdhping dissolved calcium ions.

Cellulose is a linear polymer of p-anhvdroglucose

units. Each anhydroglucose unit contains three hydroxyl
groups. CMC is prepared by the reaction of some of the
15 cellulose hydroxyvls with sodium monochlorcacetate, using
_sodium as a typical alkali metal, or monochloroacetlc
" acid as follows: o '
Sodium Monochloroacetate
ce'll(OH)3 + b NaOH + b ClCH2COONa >
- 20 cell(OH)3_x' (OCHZCOONa)_x + (b-x) HOCHZCOONa +
(b + x) H,0 + b NaCl

2 .
Monochloroacetic Acid

cell(OH)3 + 2b NaOH + b ClCHZCOOH 3

cell(OH)3_x (OCHZCOONa) + (b-x) HOCHZCOONa +

25 (b + x) H.O + b NaCl

2
where b indicates reaction stoichiometry and x indicates
the DS achieved in the reaction. The extent of the reac-
tion of cellulose hydroxyl groups to form a derivative is
called the "degree of substitution" (DS), and is defined

30 as the average number of the three hydroxyl groups in the
anhydroglucose unit which have reacted. Commercial pro-
ducts have DS values ranging from 0.4 to 1.4 The most
common grade has a DS of 0.7 to 0O.8. )

CMC is commercially available in several different

35 viscosity grades, generally ranging from 4500 centipoise



35 viscosity grades, generally ranging from 4500 centi poi se -2- -2 -
(cp)yM™ a 1%:by wei ght solution of CMC in deionized water to 10 cp jn 3 2%
ky wei ght solution. The various viscos- ity grades correspond to p qggp.s”w
havi ng nol ecul ar wei ghts from substantial Ly_1, 000, 000 to 40, 000. 5 .
Al kali netal or amnium salts of carboxyn€thyl cellul ose are water=sel uble
pol#vrers. |If calciumion is present at a concentration normally found in
hartenat er, these salts of carbox met hyl cellulose will not normally
devel op their fidR) inscosk% oy A{eifalgh@%utémnpﬁoﬁ?‘goﬁm deiopdgeltaliades,
CMC preci pi tat g5, PR AAItd Oy bW&Ld{ﬁt bEYR¥Ehn . MOTRe! 9hiall Qfisldeal i
nmetal ions in solution than are naqg ot her water-sol uble polyners. The

tol erance i s grididt grades moxkasRARG staderadusts bRVizg mRlsFulRz, wek

is added to a GHIMPBUYHHN©IR1sP 1,000,000heo0caonBO0l. 2l production of CMC
I nvol ves treatnment of | lul ose wth aqueous sodi ym hydroxi de, followed by
reaction-w th sodi um ?iﬁ]dadﬁ%ﬂvi Xr %B"ﬁ%ﬁ}”ar 533&& ﬁga&??a. °?$Y§‘F&b¥\ie
reaction al so -cedQulovsehansbwd ter-<soiulehboloneesat eIfeaaleivmt Ronodisum
hydr oxi de to give sodi um 20 | ycaol at e. and_sodi chloride. ,Cellulose is a
fibrous solid.pﬁﬁ%§ﬁ£x§E(ﬁﬂ?éh%%é%ﬁﬁﬁ%ﬁniggﬁgggg% ESPn?hénngﬁﬁﬁ %& tdr'e of
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conducted at 50 to 70[err]C. In sone instances, a greater anognt of NaCH i s
added, and t he than are many other water-soluble pdlymers. The tolerance

is greater if the cation is added to a CMC solution than
if CMC is added to a cation solution.

15 The commercial production of CMC involves treatment
of cellulose with aqueous sodium hydroxide, followed by
reaction- with sodium chloroacetate or monochlorocacetic
‘acid. A side reaction also .otcurs whereby the sodium
chloroacetate reacts with sodium hydroxide to give sodium

20 glycolate and sodium chloride. Cellulose is a fibrous
solid. Chemical cellulose which is useful for the manu-
facture of CMC is derived from cotton linters or wood pulp.
To obtain uniform reaction, it is essential that all the
fibers be wetted with the agueous NaOH. One process for

25 accomplishing this is to steep sheeted cellulose in aqueous
NaOH, and then to press out the excess. The sheets are
then shredded and the sodium chloroacetate is added.
Reactions are generally conducted at 50 to 70°C. In some
instances, a greater amount of NaOH is_added, and the

30 monochloroacetic acid is added as such, the sodium salt
being formed in_the'presenCe of the cellulose.

Alternative processes have been developed wherein
the steeping and pressing éteps are eliminated by conduct-
ing the reaction in the presence of an inert water- |

35 miscible diluent such as tertiary butanol, acetone, or
isopropanol. At the end of the reaction, ﬁhe excess
alkali is neutralized and the crude product, which con-



3Q npnochl oroacetic acid is added as such, the sodi im sai't. being formed in
t hefpresence of the cellul ose. Alternatlve processes have been devel oped
whg

red on in the presence of an inert wager- 35 mscible diluent such as

“tertyary butanol, acetone, or isopropanol. At the end of the reaction, the,

excess alkali is neutralized and the crude product whi ch con- - 3- talns
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function not only ehd her daw aodi &é@ﬂ:&ﬁ:yé'ﬁEOPEBEiéES@fOEN@Q&mé ormty
of substitution. Solutlogﬁg g ertjes, can be_c¢ ed from 15 thixotropic to
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the degree of substitution, but also of the uniformity of
substitution. Solution properties can be changed from
15 thixotropic to non-thixotropic with no change in DS by
using special reéction schedules and by selection of raw
materials. Uniformity of substitution also increases
tolerance to acid systems and dissolved ions. K The pres-
ence of salts in solution represses the disaggregation of
20 CMC, and therefore affects the viscosity and other pro-
_ perties. |
In the drilling, mining, and other industries, drill-
ing fluids are used to: carry the cuttings to the surface;
Clean and cool the drill bit; reduce friction between the
25 drill string and the sides of the borehole; maintain the
stability of uncased sections of the borehole; prevent
the inflow of fluids from the formations penetrated; and
Hrm a thin, low permeability filter cake on the sides of
the borehole to prevent or decrease the loss of fluid from
30 the drilling fluid to the formations penetrated.
In order to prevent formatlon fluids from entering
the borehole, the hydrostatic pressure of the mud column
must be greater than the pressure of the fluids in the
formation. As a result, drilling fluids tend to invade
35 the permeable formations. Solids in the drilling fluid
are filtered out into the walls of the hole, forming a
cake of relativély low permeability, through whiéh only

the steeping and pressing steps are elininated by conduct- ing the
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¢l ean and cool the diill bit; reduce friction between the 25 drill string
and_the sides of.the borehole mai ntain the stability of uncased secti ongk,
of’ the borehole; prevent the inflow of fluids fromthe formations f;
penetrated; and forma thin, |ow perneabiliLy filter cake on the sides{o

t he borehol e to prevent or decrease the loss of fluid from30 the dril
flukd to the for mati ons penetrated. In order to prevent formation fl uids

freg}enterlng the borehole, the hydrostatic pressure of the nud colum nust
be greater tharfatlferap#escsmwessr heDridldngi £1lupdst Bugh: Pon treated t&ult,
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drilling fluid [tered out 1nto the wal hol form ng a cake
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cake perneabH|dakds¥nﬁﬁ£chncahsekmanytprobabmsﬂ whi ch cause nany probl ens.
CMC has been used for s 1o u s s t vol ume
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of filtrate, of aqueo such as potassi um
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the cuttings b vV are renov fromt bor.ehol However
presence oﬂﬂhﬂQMQmueﬁﬁec%ﬂ?@h%aﬁﬁagﬁiBaPF?sﬁﬂFeéFsdFHéhﬁ“ﬂr@%q%ﬂ? %o help

characteristi csselabiofi jdorilai 51588 bEukde blé%bh%iet ey &U%Cﬂe\iéiﬁ: excess-

r heol ogi cal roperties as di scussed abov Th ollo . Pat ent
dISCUSg t he Es w§ Rygakdown og the cuttgngs gefore Qﬁ %'are removeg from

the borehole. However, the presence of multivalent
cations drastically affects the filtration characteristics

15 of the drilling fluids just as they affect the rheological
properties as discussed above.

' The following U.S. Patents discuss the use of CMC
in @rilling fluids: 2,425,768; 2, 536 »113; 2,606, lSl.
2,957,822; 3,076, 758; and 3,954, 628. '

20 Thus there is a need for an additive for use in
decreasing the fluid loss of drilling fluids containing
calcium ions. There is also a need for an additive for
use in increasing the viscosity of agqueous fluids contain-

ing calcium ions.

25 It is an object of this invention to prov1de a
process for the manufacture of CMC which possesses
enhanced stablllty in aqueous solutions containing calcium
ions.

_ It is another object of this invention to provide a

30 CcMC which possesses enhanced rheological characteristics

- in aqueous fluids containing calcium ioms.

It is still another object of this invention to
provide‘aqueous compositions containing calcium ions,’
particularly adapted for use as well working compositions,

35 which possess enhanced rheological characteristics.

A further object of this invention is to provide a

_ process for the manufacture of CHMC which pqssesses
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in drilling fluids: 2,425, 768; 2, 536,113; 2,606,151 2, 957, 822; 3,076, 758;
‘apg. 3, 954, 628. 20 Thus there is a need for an additive fer use in
easi ng the fluid loss of drilling fluids containing calciumions. There .,

-

so'a need for an additive for usesin increasing the viscosity of
gous fluids contain- ing calciumions. 25 It is an opject of
this invention to provide a process for the manufacture of CMC which

possesses enhanced. s jLi L n ' S Lyt Qnt ai.ni C Ic'un1ioh§45
e anot Rerabes L ifle idss oBRERRE" B85 HEE R E 1 i K ooseocee.
enhanced r Hdalicls cxdntcdimimy ecattium ianaqueous fluids containing cal cium

fons. 1t is still NG SPLEGhePbat Bhiel BMENELATER 1R il OuS
conposi tions contal hing calclium rons, partrcul arfy adapted tor use as well
wor ki ng compesilagimal PrapechipdsinsSaihancdutibosl cgincdle prepared
charact §f | gl 5 weht dd4 141003 8DpRGLOE LI nk BHCRAEORaS aal/RMIdlP gt PI OCesS
for the manUfacture o C whi ch possesses - 5 - enhance l'urd | oss
control ch&Pgcieelilsiiese i gerdustefuiasaroRKIBANNT edatcadu AtinaaRhere have

di scover ed athal teMpdrsnessi 1gss npnanedsPbeghodi aalprreReit iRmpridiafg [err]
sol utions can be prepared by a wetted-solid process in which the
causti Ci zalainor‘?z(ﬁdpti JC%IW{)PFB‘g’éei\gﬂgcbﬁGHE?EﬁnP AR PRGET. Wd & fFhe
at mospher e cefl la Josgeratintenrebeelnash8aredi ataadsolventtc e liwlidie an
't enoibel yesnb &rtad SRR PandlCerPhracl He gt ratio in the range
from2/1 to 7.5/ 1THid sinverpionrppovidessaappoceess fioar prepzaring am
alkali metal salt of carboxymethyl cellulose having a yield
of at least 130 ml of 15 centipoise fluid containing 4%
calcium chloride,lper g. of said alkali metal salt, which
15 comprises reacting cellulose with an alkali metal hydrox-
ide in the absence of air at a temperature less than 35°%
in an aqueous solution containing from 84.9% to 88.9% by
. weight of isopropanol, and at an isopropanol-water solution:
cellulose weight ratio from 2:1 to 7.5:1, and reacting
20 the resulting alkali metal cellulose with monochloroacetic
' acid containing léss than 2% by weight of dichloroacetic
acid, wherein the amount of alkali metal hydroxide is such
that the alkali metal hydroxide to monochloroacetic acid
molar ratio during the subsequent carboxymethylation of
25 the cellulose is greater than 2.00 to 1. |
A preferred embodiment of the process of this inven-
tion comprises': } _ _
(a) forming a élgrry of swollen cellulose by inten-
sively shearing and agitating a mixture of high molecular

30 weight celluldse, isopropanol and water;
(b) gemoviné oxygen from the reaction vessel;
(c) pressurizing'the reaction vessel with an inert
gas: | _ : o :
‘ (d) adding alkali metal hydroxide, while maintain-
35 ing the temperature of the agueous isopropanol solution -
less than 35°C; - | _
- (e) forﬁiny alkali metal cellulose by reacting the



al kali nmetal salt of'barbokynethyl cellul ose having a yield of at |east 130

m of™.15 cent:i poi'se fluid containing 4% cal ciumchloride, per g. of sai
alkali” netal salt, which 15 conprises reacting cellulose with an al ka
met al hydrox- i.de in the absence of air at.a tenperature |ess than 3
an.aqueous sol utioh containing from84.9%1to 88.9% by wei ght of
| sopropanol, and at an isopropanol -water solution: cellulose weight ratio
from2:1 to 7.5:1, and reacting 20 the resulting alkali netal cellul ose

wi t h monochl or 83kalicrmatad dydraxidr Wik tharcebiplosei grilefmaintain-
di chl oroaceti c14gi gheVfBhPe? dtied BRNhS ladiidcths {FSBtopIN6LXEdEutsoRUCH

that the al kali metal hydroxi ge to nonochl oroacetic acid nolar ratio during
t he subsequent 28atB8Ry#BaRy 3% Gn of 25 the cellulose is greater than 2.00

to 1. A preferred enbqghneForafirih @ ra0esE Qletdl SsATWEPE &hPPoRORRENFES

(a) formng_a slurry of swollen cellulo by inten- siyel hearj ng _and

agi tating asniﬁ?gi8¥8fehﬁgh %EEHQQn9§FiﬁgéﬁﬁeE%ﬁlﬁ?b e%hgsﬁﬁféﬁgﬁol and
wat er; (b) remgthglaxigen theomellmloesmrtiatomn vieassdrafuye @f eSsomi 365ngot he
reaction vessegom%th an inert gas; (d) adding alkali netal hydroxide, while

mai ntai n- 35 ing tThe tenperature of the aqueous. i sopropanol solution |ess
than 35 C (e) fornidg)al kemovimglisantapanel birorathe messel by- §zeo-
al kali netal hydegxida;wth 149 on8l |dHgPse while maintain- ing the

t enper at ur e _of t?g aquéous %soprodaﬁg1 solution at.|ess than 3§gerr]c't(f)

fornming anl@l kali net 4h)saBrydng: ansoBHieriz g cthe abkabi mebrAgsal
nonochl or oacetbg agrBorPRethi10¥E11ulose; "

wherein the concentration of isopropanol in the aqueous
isopropanol solution in step (e) is from 84.9% to 88.9%
by weight, the aqueous isopropancl solution to cellulose
15 weight ratio in step (f) is from 2:1 to 7.5:1, the amount
of alkali metal hydroxide in step (d).is such that the
alkali metal hydroxide to monochloroacetic acid molar
ratio in step (f) is greater than 2.00 to 1, the mono-.
chloroacetic acid contains less than 2% by weight of di-
20 chloroacetic acid, and the molar ratio of dry cellulose:
alkali metal hydroxide: monochlorcacetic acid in step (£f)
is from 1:1.725-2.415:0.85-~1.15.
The isopropanol can conveniently be in the form of

an azeotropic solution of isopropanol and water at 0.98
25 bars, i.e., 86.9% by weight isopropanol, 13.1% by weight
water hereinafter sometimes referred to as "azeotrope".
Optionally the concentration of Watér in" the iso-
propanol-wéter solution in step (a) can be less than that
required to form the azeotrope, and a solution of sodium
30 hydroxide in water can be aaded in step (d), provided that
. the combined concentration of isopropanol and water added
in steps (a) and (d) is such that the ézeotrope-is formed
and is present thereafter in step (e). |
Also optionally, the solid sodium hydroxideé can be
35 miked with the azeotrope and added as such in step (d)
provided that the azeotrope/dry cellulose ratio is main-
tained .in the required range of frbm 2:1 to 7.5:1,



,ﬂpthylatlng the cellulose at a tenperature of from 55 to 90[err] C (9
zg:j.VIng | sopropanol fromthe vessel by azeo- tropic distillation; and 10
)
"

drying and pul verizing the alkali metal salt of carboxynethyl

ul ose; wherein the concentration-of=i sopropanol in the aqueous
opropanol solution in step (e) is from84.9%to 88.9% by weight, the
aqueous isopropanol solution to cellulose 15 weight ratio in step (f) is-

from2:1 t h nt Jqali metal hydroxide in step (d) is sweh
ﬁaféréblgl %ﬁ%ﬁ@% W Qo &40

that the a roxi de to nonochl oroacetic acid nolar ratio in
step (f) is great@hetP@ﬁd@qﬁ)qpiaﬂnﬁﬁu?Yn#hﬁ PEPEesSaeEt tBigciavednt ai ns

| ess than 2%Hyeﬂﬁmhftsofen@hanc%@ rHE I SACEA 1 caﬁ&lﬂlmﬁadlésg BBhakohatio of
dry cellul ose: alkali rmetal hydroxide: nonochl orpaceti ¢ acid |n step (f) is

from 1: 1. 7PEOPeEtEES 45. RAPECUR, SYSERNSD ROEREaEBHDT 0RO LRPERL FPLEAUM ¢ he
formof 5ansa;ggt ARl Bavandt IaOIPI-Dflds%Dmﬁnm anthaebeef8tr@dd8rdsd bars,

.e., . 9% 13 1% b ht h ft
Iso(raretl nmes ﬁ{'é?é?rghgtaénlgéogrg Oés;fé’ sli)t‘?%n%ﬁ'g Tlﬁ‘\é\g%gi?,%ﬁ ggg?&ne(r)f wat er
i'n the |sodrpnmpngoElw&ﬁeyﬁeﬂdﬂoﬁnatrneasm 120 wbhygbembstspraferabay
dt h d
water can 86 Ladel LeOsRlsinel SRt thre 28 R Y EREETP "
|sopropano$0huﬂiqaberAadaddhumqnﬁ%niqeﬂleidlQﬂ)xlmléuchndhaatehe azeot rope
s f0f£§d gnde! ¢ BESACRE EMR SANCHIdURE X () -of §0dPPi%3H§' £Yughhe solid

sodi u droxi de €an be 35 m xe e_azeotrope and as such in
step (d) phéViﬂﬁdaPh&PPﬁﬁgnézé@ﬁﬁﬂﬁyﬁﬁ3P 64$Lﬁ55ea$a@¢ésﬂ§eﬁabﬁ AP&ined in

t he requi rpgoégaggeokpf N3® 2:1to 7.5:1, )
' In practicing the process of this invention, the
cellulose starting material is added to an isopropanol-~
15 water solution in a suitable reaction vessel and inten-
sively sheared and agitated'to wet the celiulose. The
vessel is then evatuated to remove air (orygen) from the
vessel and the veseeliis pressurized with an inert. (non-.
oxygen containing) gas, preferably_nitrogen; It is pre-
20 ferred that the reaction vessel be capable of: (1) being
heated and cooled, such as by passing a fluid through a
jaoket surrounding the'interior'of the vessel: (2) being
evacuated and pressurizedf and (3) imparting high shear
and agitation to the cellulose at the desired'cellulose
25 concentration. _

' The amount of the isopropanol-water solution util-
ized is such that- the combined total amount of isopropanol
and water added throughout the etherificatlon process is
sufficient to provide a we;ght ratio of isopropanol-water

30 solution to dry cellulose of from 2:1 to 7.5:1. The com-
bined total amount of isopropanol and water includes the
isopropanoi_and water added initially, as well as any iso-
propanol and water added with the alkali metal hydroxide
and the monochloroacetic acid.

35 - Thereafter the cellulose is causticized by adding
a suitable alkali metal hydroxide, preferably sodium
- hydroxide, while maintaining the temperature at less than



-7- preferably from3:1 to 6:1. The product obtained by the process g
inven- tion exhibits enhanced rheol ogical and fluid loss control prapT @l:
A agqueous systens containing soluble calcium5 salts and having a [pH!I
than 10. The preferred pro- ducts obtained by the process of this ixventi¥on
have a drilling fluid yield of at |east 3% m /g, nost preferably at [east
150--m / g, when evaluated in a 4% by weight Cad[err] solution. A drilling
fluMeryield of X n1/g indicates 10 that 1 gramof CMC will produce X m of
a drilling fluidgg®tavi o ds appigiasdl virscetse tyrodeds of, thisméavenedony AP
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t he vessel and e vesSse an 1 ner non- %
cont ai ni ng) Sgatheprepstdigizatiioroqh.the ¢ellulose(is feprductadt fokea

reaction vessebebeogapy#m fent Yo DI é}@tm@rﬁ E8P16TosesUCReARRY 1y,

passing a fluid through a jacket. surrounding the_ interior, of the vessel;
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et heri fi calOontemperature mﬂMﬂha<maintain@w|de Bemelghanras G bfy con-

| SOpr 0panol - v g1 F9nes Qhial biiftd ALl 058 Ble 1188 GnlnbBrdyTal, The

com bined tota anou |sopropano I"Sopropganol
and wat er addegirguipging, wn;anﬂqreg;hﬁg/flnﬁdp#hxnwah the nacbetaaae@he

with the al kal fogRt2bnh¥ds®e1de 13 G AdEed®N O BERLSE]L a2t Jevacuating
the vessel, thus evaporating a portion of the isopropanol-

15 water solution (evaporative cooling).

Monochloroacetic acid (hereinafter sometimes refer-
red to as MCA) is added to the alkali cellulose and the
' temperature is raised to the range of from 55 to 90°C for
a period sufficient to convert all of the MCA into the

20 carboxymethyl cellulose ether and into alkali metal glycol-
ate. Generally a reaction time of 30 minutes is sufficient,
although longer times can be utilized. The MCA is con-
veniently added to the vessel in the form of a sofﬁtion
in water or in an isopropanol-water solution. '

25 Subsequently the isopropanol and water are:removed
from the CMC, and the cMe is pulverized to form the novel
viscosifiers of this invention. Preferably the isopropanol
is removed from the CMC by heatlng and evacuating the
reaction vessel and collectlng the azeotrope for re-

30 cycling in the process. The water-wet CMC remaining can
then be dried to obtain a ‘moisture content less than 15%
by weight, preferably from 5 to 10% by welght. Alternat-
;vely, the water-wet CMC, after removing the azeotropic
solution of isopropanol and water, cén_be sprayed with

35 water to increase the moisture content of the CMC to from

40 to 65% by weight. Subsequent drying and pulverizing'
'.of'this water-wet CMC produégs a more dense product which



35 Thereafter the cellulose is causticized by adding a suitable

al kali nmetal hydroxide, preferably sodi um hydroxi de, while maintaining the
terprerature at | ess than -8- 35[err]C.. It is critical in the process of .
yvention that the concentrati on~8% i sopropanol in the isopropanol -

dJol ution during caustization of the cellul ose be 86.9 + 2% by wei ght,
ably from85 to 88% by weight. 5 The causticization of the ceIIquse

..-.-

i duct t | o
Goneral 'y, e Rt Hd Hodtle: 0P8 thPorarErran Tha bl ClEr 1 i
when al | aIWIaetler rlpaaaddg@rmubl@ehagabténnaae%elabﬂf@@ghne@wg’émg the

al kal i zat %egg%ibf@%&&ﬁé | £86m tﬁaevégsetle”p@'h@suk%e?yt% Bt ai ned

at | ess than con ling the rate of addition he sodi um

hydr oxi de, i& ra:mealtataigf%x ckrep—5lP¥ing, upEAnrBuSEIRT: FEFTECIBMTIAT t he
reactiomn Vea%%%rdﬁe FeEeRd 1, aﬂduaepredeﬁehhg é‘ﬁ%QU%‘alr&QoUéQ- vasgel , thus

evaporating.a portion -of t he' | sopr gpanpl - sol utiqn (evaporative

cool i ng). ARASHEFRARSR I RRRMG- (hiFef éPtBFegﬁ |ﬁ§§%§§%¥e Y as
I\/EA) is add_f%g_f st ridis adrkathie Codhotogemandrt b&etn&ﬁ}t&r ,atamde fairditeared IoI f

t he- range 0 54 t r eri i ci ent rt all o
the MCA' ‘{“rﬁ? fgl %ﬁ’fé) y#?}e?’ﬂy]%gef'gﬁﬁs %‘ raﬁﬁalqthtofaﬁ% nmet al

gl ycol - at etldﬁmemedﬁga: aad@d:tbeﬁoremazebt%bpm memesrails isufsuiah e:hat :
al t hou I e E{IE% [ L1 ' 1 Y%y ed to

t he veg'g)el %?% E”F# orm é%;b'%@sy#%mfggnl\?g?g%g%%ltn %r? %{%anoﬁater

sol ution. z®ntain froguiRARdeenddy PYiewpigbtopinwiatesd water are renoved

fromthe CMC, andﬁ‘{ﬁ% ae¥ CHEZEMC! Bah0bR DRRpARL, \ﬂﬁ%%ﬂe?ds of
this invention. Pre erably he | sopropanol is renmpvéd from the

heati ng an@y@ﬁgﬁﬁ*ﬂqKFQQ] C with aqueous alcohol solutions, prefegL
ably methanol, of about 75% by weight, to remove the

15 alkali metal chlorlde and alkal:. metal glycolate from the
CMC.

‘The amount of alkali metal used is varied, depend-
ing upon the desired degree of substltution (D.S.) of ’
carboxymethyl groups on the cellulose, however, the alkall

20 metal hydroxide to monochlorocacetic acid molar ratio must
be greater than 2 to 1 to obtain CMC having the superior

.rheological characteristics in calcium chloride solution
as required by this invention.
For a technical grade CMC in which the by-products

25 of the reaction remain in the product, it is preferred
that the molar ratio of the cellulose (dry): alkali metal
hydroxide: MCA be in the range from 1:1.725-2.415:0.85-
1.15 and that the molar ratio of alkali metal hydroxide
to MCA be in the rénge from 2.03 to 1 to 2.1 to 1. The

30 upper limit on the caustic to MCA ratio is necessary since

' the excess caustic will raise the pH of the agueous solu-
tions to which the technical grade CMC is added. As will
be explained hereinafter, the superior viscosity charac-
teristics of the CMC of this invention in calcium chloride

35 solutions is dependent upon the pH of the solutions.

For a purified grade of CMC in which the by-product
of the reaction and the neutralized excess caustic have



reaction vessel and colleéting the azeotrope for re- .30 cycling in the

prqtess. The.water-wet CMC renmining can then be drled to obtain a noi sture
gontent |ess than 15% by weight, preferably from5 to 10% by weight. A
Alternat- ively, the water-wet CMC, after,nenoving the azeotropic sol
of. i sopropanol. and water, can be sprayed “With 35 water to increase thg
noi sture content of the CMCto from40 to 65% by weight. Subsequent ng
ar'rdg-pul verizing of this water-wet CMC produces_a nore dense product which

is easier to reerp cremoved FremethedprRduckddithiesifaisvdieuRReR W0 t he

reaction vess r tBe a1RalNORiek a30hYidrokiddred Mcapssel .
Thi s keeps th?%%?nﬁ%iggngth?ggl y free-fl ow ng w dUSJ:[I ng st at eﬁdurl ng 5

azeot r ope renmh¢h°4%se’ﬁﬁé§§ﬁf’?n§m89§ﬂ:scélrreym ¥opdoF
vapour. |t al §a,pfeyeat §red€85stie mBlAsNratid) dﬁra£¥Sd§11dmb§£ﬁQMnm m xer

elements, and facilitates rod ct discharge.froqmth The of
addi- tiondl vﬁﬁrérb%o%%%aﬁ FoF aﬁzg&rr 5FE 195 W‘t e A Jf-:%ém
wat er - wet CIVC;[ﬁ:maamlm dtlep.azeotrope renoval will contain from 20 to 30%

by wei ght of water. |f| E°§f‘2 ﬁ%la%fe&gu\f/ﬁacc% Q%re%f' er-rtq% }kfo SLrggl, by

washi ng the CMC W|th Tie0T ons anol’, of
about 75% by vidiightintentiopvBushends aiondlainnwoale dhasy i2fe hih el &t | of

metal gl ycol at a ed,
depend- ing up‘f(;j'nél{"ﬁ&l'-(S e&% gmgeen%ﬁgﬁg{staﬂ% OH¥D§§W%% %%/rret hyl
groups on e agid Lﬂms@‘ehﬁ%vﬁmdpﬁé al MG hay haolegical

monochl or oacetiy g ¢h &0i 8ks’ ehIaQaeu&E:ila@;wseatnercaIﬂarth dmdridle b BiA CMC
havi ng the superior rheological characteristics in calciumchloride

sol ution as reatfM®d by this invention.
As noted, it is critical in practiecing the process

of this invention to conduct the causticization of the

15 cellulose in the absence of oxygen, at a temperature less
than 35°C, in an aqueous solution containing from 84.9 to
88.9% by weight of iso?ropanol, at an isopropanoifwater

~ solution to ¢ellulose weight ratio from 2 to 1 to 7.5 to 1,

and in the presence of sufficient alkali metal hydroxide

20 to ensure that the alkali metal hydroxide to MCA molar
ratio during the etherification of the alkali cellulose
is greater than 2.00 to 1. For unpurified CMC, the molar
ratio of alkali metal hydroxide to MCA must not exceed 2.1
to 1. Additionally, the monochloroacetic acid must not

25 contain more than 2% by weight of dichloroacetic acid.
This combination of variables results in the production of
a.CMC which exhibits enhanced rheol¢gical and fluid loss
charaqteristics'in agueous calcium chloride solutions.

Such solutions are of value as driiling, workover and

30 completion fluids in the oil and gas industry.
' The concentration of isopropanol in the solution
initially éharged to the reactor is advantageousiy greater
than that required to form the azeotrope, i.e. greater
than 86.9% by weight, provided that additiohal,water is

35 later added such that the.reguired amount of water is
present during the causticization of the cellulose (1l.1
to 15.1% by weight of water, preferably 12 to 15% by



Fot, a technlcal grade CMC in which the by-products 25 of the reaction

remaifim \n the product, it is preferred that the nolar ratio of the

cel | 2& (dry): alkali nmetal hydroxide: MCA be in the range from ]
1:1. R5/2.415:0.85- 1.15 and that the-idl-ar ratio of alkali netal hydroxide ¥
to MCA be in the range from2.03 to 1 to 2.1 to 1. The 30 upper,limt on

the caustic to MCAratio is necessary since .the excess caustic wll raise

t he pH of t&@??gg fous solu- tions to which the technical grade CMC is gd™
added. W e” expl ai ned herei nafter, the superior vi scosity charac- '
teristics of the CXH?O?MChP§°ﬂH¢GﬁtPM1ﬁh¢(RﬂQQQﬁﬁc%#othﬂ% aveRsigni ons is

dependent UPé’”cﬁQfaEt‘éQizéﬁe a80hlies sxfﬁn%no%ﬁééf&gﬂééﬂecﬂar%ern

whi ch the by-product of the reaction andthe neutraljzed excess_caustic

have -101515%%% }RBYREORE oRALEE WY man%ewww upbe?r PHNLESSEN the
ol ar radi ocidn aidaaolasewuhwdr exgdedtedGh wHd fmwﬁpré@eséwﬁ anmpyat s

tefu F fied d |
el | Ui ose: oL £ have mokiBle, he a0 4 45 M E Gt b Buekude 11 om
1:0.85 to lcdnEhlﬂmmgnm%obylwemghttbahnmumtnh&brraéhepmeﬂersblpfathls
[ ti % d.
Larger ampaastrisf 20D (hE EIE ot e et nlich (B A1 He 1BV g
reduced- r hetd iy cdgight calcumochlowddectsaliuttiors wilkapredacehiori de
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I nvention to conduct 't causti ci zation of the 15 cel Ul 0se 1 n The absence
of oxygen, at a tchpRrinvestiensighidlwsiciabed by the fpbbewing| nenon

cont ai ni ng jfmxﬁiﬁ§5ﬁiém§§e§?bby wei ght of isopropanol, at an
| sopropanol - wat er The reaction vessel utilized in conducting the fol-
lowing Examples was a jacketed vessel capable of use at
15 high temperatures and pressures ranglng from full vacuum
to 5 bars. The mlxing of ingredients was accompllshed by
means of four ploughs connected to a horizontal shaft and
.one chopper (a- whirling - blade with its shaft perpendicular
to the horizontal shaft). This type of reactor allows
20 intensive mixing and chemical reaction at much higher
solids to liquid ratios than are possible in most other
types of reactions. |
The CMC manufacturlng process con51sted of the fol-
lowing steps, unless otherwise indicated:
25 (1) The desired amount of cellulose and isopropanol
solution were added to the vessel and mixed intensively for
15 to 20 minutes while circulating cooling water through
the jacket;’ |
(2) The vessel was e&acuated to 0.95 to 0.98 bars
30 and thereafter pressurized with nitrogen while mixing;
(3) The desired amount of sodium hydroxide, either
'99% by weight solid prills. or a 48-50% by weight aqueous
solution, was added at a controlled rate to keep the caus-
ticization reaction temperature below 35°%C while mix1ng,
35 (4) The caustlcizatlon reaction was allowed to
continue for 20 to 90 minutes at a temperature less than
35% while mixing;



solution to cellulose weight ratio from2 to 1to 7.5to 1, and in th
pregence of sufficient alkali metal hydroxide 20 to ensure that the a
fret al’ hydroxide to MCA nolar ratio during the etherification of the gl
cellulose is greater than 2.00 to 1. For ﬁg urified CMC, the nolar ra .
al kali netal hydroxide to MCA nust not ext€ed 2.1 to 1. Additionally, the .
monochl oroaceti ¢ acid nmust not 25 contain nore than 2% by wei ght of )
di Chtor oacetic acid. This conbination-of variables results in the

producti on of a CMC wB)h Morndhloreatabiedachdovagi ediednehiille dilkdissy
characteristi 0 I r tihon 0 ngAre
of val ue as d%ﬁ'ltlh%réaa%\;\o&rlE%@%r%%gég@go%%?u??éﬁ #ﬁu?ﬁgglk!%tgp% w'l 61% &hd gas
i ndustry. The 868nd&yntwesitghin ariufzmrmhtmbionn ahd sbeutiemneirnrtuirel Was _
charged to thereardr qgg% a t Qan uired to form -
t he. azeotropePa . e. grteaaf"'er t%ﬁr\éB % m%%ﬁat greow gégigﬁgt addi tional -
water is 35 later adddd Stheh vergel Heas eﬁ%@?@é éﬁDGhFCEﬂaMPSr hp Wadeant

during the Ca%&w e cﬁ@@ &e&Ieﬁ@setﬁéhéitﬁtiénl%a&t%hgberasofcon-
wat er, preferably to 15% -11- vve 9\% groduced b%
process of th@é‘cltr?@erﬂ"? ¢h ‘?‘?"%‘H&?ﬁb’f%ﬂ"ie %s ﬂ’éﬁ?na BER 8f ERedi’ofi cal
character- i Stfiogs a PeALRD USE cixtom U0 chd 040 deifatesi, owhide Aiglinkgess 5 than
10.0 as will be indicajed.n th e el d
of at least 130 m/g Of 15’}*&%* Qﬁﬁo%%h?gf‘g?‘#\ r4§/289%ﬁ898hwa§afigg\ﬁ'ﬁe\g
chl ori de, 1pr effeombltheatvdssmesk mmagvac'ﬁhmm Qt 98 bamser(BbadRodso~ 5.7
g/l in 4% by al I roduce a 10 fluid
havi ng an appg?oﬁ;%vﬁscgsjlj%ézg*ﬂ%"d e% %Jomtyw h’éal nventi-on is
illustrated by the fol&owiTherrafter the CMC, which contains from 15 to

25% by weight of water was dried to a moisture content

less than 15% by weight, preferably from about 5 to 10% by

15 weight moisture. | '
The cellulose utilized in the Examples was a high

molecular weight, purified grade of cotton linters

obtained from the Buckeye Cellulose Corp., ER 4500, in the

form of sheets, chips (6.35 x 6. 35 mm), or flakes.

20 The monochloroacetic acid utilized was obtained
from American Hoechst, and contained a maximum of 0.5% by
weight of dichloroacetic acid.



| i ting Exanpl es. The reaction vessel utilized in conducting the fol-
|-om ng Exanpl es was a jacketed vessel capable of use at 15 high -
nperatures and pressures ranging fromfull vacuumto 5 bars. The mxing
ifigredi ents was acconpl i shed by nmeamd3ef four ploughs connected to a

I zonttal shaft and one chopper (a whirling blade wth its shaf.t

pendi cul ar to the horizontal shaft). This type of reactor allows 20

i nt ensi ve m xi ng and chem cal reactgggm faM@h higher solids to I|qU|d Tﬁf;
rati os than are possible in nost ot hET‘gyEES—bf reactions. The CMC
manuf act uri ng pr ocebsB%brikd sefdBurkele Faltlulemen§oFpepSakhans st HIFRF wi se

indi cated: Zhips ER 43d0 (9b€ H?swésgnerrasfnta ?haceﬂéllﬂlﬂ%eeand ¢c§o@é9@anol
solution were: added to the vesse m xed ensjvely for 15 to

m nut es whi %% -AR RY HetIsti af VALEF VRFSUFH*Ere Widdk &t 71%) ‘31?1% a
vessel was el don€adbihe 86 9B%bhy5waagh&nd>ﬂ Heopaidpamql essdir i zed

with nitrog I l.e n1x1 The desir of sodi um hydr oxi de,

ei ther 99% ‘:/I% dﬁ{ élgt ﬁe%egts?pg 4??&%3% %& a\%l? Dl ution,
was added a&emnarauuﬁeexhrthe r@ngeeprbmeldaus-lel .zamha1we&ﬁﬂlcwas
tenperature ] I zation
reaction ms&%ﬁ%\d&mt}? te%é c‘%n nﬂﬁgr pf%égt}r%zr%itg(é g“t nlr%ter%{?a%cgre | ess
t han 35[ er r ]Chaius ehiide rrgixing iiqr §5y~iwnns§h| 0Bededt Kg &f. dodiumdded

whi | e myy %ﬁf&ﬁd@%é’aé@%@i‘e“&&&é& #Rk Yl ﬁﬁﬁﬂgaza?x R 13g o 80%

by melght aqueous sol ution, and the tenperature was to |ncrease due
to the heat i MawtesH Rt R temperapeye #ﬁetbssﬁng\ﬁagﬁmfaq% ¥R to

circul ati ng Jyflc watife causticization reaction was then conducted for
47 minutes while mixing at a'temperature in the range of
from 15 to 20°c. Monechlo:oacetic acid was added as a
15 50% by weight selution (azeotrope) over a mixing period
of 18 minutes during which the temperature increased to
45.5°C. The batch was heated. to 65°C in 9 minutes and
the etherification reaction conducted -at a temperature in
the range from 65 to 70°C for 33 minutes, while mixing.
20 Thereafter the azeotrope was removed under 0.98 bars wvacuum
at a temperature from 43 to 91°C, and the CMC dried at
65 to 83°C to a moisture content of 8.2% by weight.
Analysis of this technical grade CMC showed a D.S. of 0.87
and a purity of 77.6% dry basis. It contained 17.1% by
25 weight of sodium chloride and 5.6% by weight of sodium
glycolate, dry basis. The reaction was conducted at a
molar ratio of cellulose: NaOH: MCA of 1:2.03:1.
‘ | Example 1B
The CMC produced in Example 1A was washed with an
30 80% by weight methanol solution (20% by weight water) to
remove the sodium chloride and sodium glycolate byproducts,
thus producing a purified grade of CMC.
ample 2
A procedure similar to Example 1A was conduéted
35 utillzing Buckeye Cellulose Corp. purlfied cotton linters
in flake form.




through the jacket and the etherification reaction was con- ducted at g
tenperature in the range of from64 to 77 C for a period of from 30 tc dfj
M nutes, while mxing; (7) The isopropanol/water azeotrope was. distil\'e ;
10 fromthe vessel under a vacuum of 0.98;bars (86.9%iso- propanol, 137I%
wat er, by weight); and (8) Thereafter the . Whi ch contai ns fron115 to
25% by wei ght of water was dried to a noisture content |ess than 15% by
wei-ght, preferably from about 5 to 10@6by 15 melght nmoj sture. The cel |l ul ose
utilized in the Exanples was -a=Higs 2ified grade of

cotton 11 nters obt ai ngdpEpeautie Busiake G Imﬂa@ecwai%diﬁﬂﬂcte@ t he.
f orm of sheets,

or flake
monochl or oacet PEL %ﬂ:?ﬂnét F?‘Fz é&mﬁaé’egg%’% Slaﬁre‘zggqla‘hr‘?%e’cfhs&e ™
contai ned a W%fﬁaﬁfmbcooﬁ%ahneuebg‘htnlaﬂldigc ey afnigds ofi@xhmple - 18-

Ex le 1A 854 K f _Buck I I hi ER 4500
(Qngbs weléhté%fo‘gggha gc e%f‘gcg)lﬂ ﬁtvé'i ciéso%mbglégv:v:élg ’tlgfs wat er
were mxed with 36.774 Kg of a 5 sol uExam Eggnianlng 86. 9% by wei ght of

| sopropanol and 13.1% bér?@bﬁﬁ%z( %&ﬁz?.&a%p‘izl? ‘ﬁ%ia‘?z[ f 2l %d8 M Efudled at

tenperature in the rang he ve was evacuated to 0.98
bars and press@rmééérmrﬁﬁlﬁlPﬁog@%1@é°§ebaN?QHhIM?AH9§rk33(9581ﬂ1nutes
3.723 Kg of. sodium 10 hydr oxi decl gd@@y% hig e m xi ng and coollng
for- 13 mnutes at a tenperature™ rom 15 to_240C. _The

caustici zat®on react i BnPRASSENER ééﬁ'&l}ét"ed'-q (ﬁxéﬂ“P]Tﬁ nLtaS R PR TRCEP
tenperature i nthfe thageoftehtedriont @ £2Q soprddatnsinlint q&wtisnmmplaM/

added as a water mixture initially added to the vessel was 77.0% by
weight. '
Comparative Example D
15 A procedure similar to Example 3 was followed except
that the concentration of isopropanol in the isopropanol/
water solution orlglnally added to the vessel was 94.0% by
weioht.

Comparative Examnle E

20 A procedure similar to Example 3 was followed except
that the sodium hydroxide was added to the reactor as a
50% by weight solution in water which resulted in an iso-
propanol /water concentration of 84.5%/15.5% in the reac-
tor during the causticization reaction.
25 - . Example 4
A procedure similar to Example 3 was followed except
that the concentration of isopropanol in the solution
initially added to the vessel was 85.4% by weight and the
s causticization time was 960 minutes.
30 Examgle 5
' A procedure similar to Example 1A was followed
except that the concentration of isopropanol in the solu-
tion initially added to the vessel was 94.6% by weight
- .and the sodium hydroxlde was added to the reactor as a
35 50% by welght solution in water, resulting in an isoprop-
anol/water concentratlons of 86.9/13.1% by weight (azeo-
'.trope) in the reactor during the caustlclzation reaction.



g by wei ght solution (azeotrope) over a mXing periad of 18 m nutes
’ mhlch the tenperature increased to 45.5[err]C.  The batch was heated

tenperAture in the range from65 to 7061 6er 33 minutes, while mxi ng 20
"Thereafter the azeotrope was renoved under 0.98 bars vacuum:at a
tenperature from43 to 91 C, and the CMC dried at 65 to 83[err]Cto a

noi sture content of 8.2% by wei ght .. I¥5| of this technical grade CMC-y
showed a D.S. of 0.87 and a puritysgﬁgéiJaﬂgdry basis. It contained 17. 1@6
by 25 wei ght of sod& pmdﬂduziejesianﬂ&%b‘g‘?xmpgét 1Aaf wasdifoblgweeb| ate, dry
basis. The oRp t I OH: MCA
of 12, 03 12XESRE RRUES BTG Sad adud, €5 LAL Polbrifn YeEBRL T an
30 80% by @mi gﬁuthmuté&mtqmqmqayZQ\hlgyltweagbt:) wagersnove t he

sodi um cgl oride and sodi um gl ycol atg, hypyQd4icts, thus producing a purified
grade of CMC. Exangee 2 A rocedure‘grﬁggar'to Exanpl e 1A was conducted 35

utilizing Buckeye &cPF@I XS igimikar @ Exyrebe §ivesr Soldowedk &xeanh
- 14- Conpar ghayethsanuhe whsanlddd 48 0geslUr a6t fbh aveb8e EXa8PLe hAuddus

conducted uti Lng the sane cel sein,: qu forn1and in the formof a
f1 oc obt ai n%‘aiﬁélﬂgl FPH&atlﬁé'r{,ng&% 3? Y3ERTt hr ough a Rayrmond mil |
arak

having a 3.175 nm screen. Exaigump ;ggyﬁthﬂaslm1lar to Exanple 1A was
conduct at a mol gr pE@tc'e(&uge %Tnli}ilﬁs %o I\ﬁgfl!ip e was conduct:o%m)6}:r ative

Exanpl e
a molar ratio of cellulose: NaOH: MCA of 1:2.0:1. The
CMC had a D.S. of 0.72.
Comparative Example G
A procedure similar to Example lA was repeatéd

15 except that the tempefature was allowed to increase to

51°C during the causticization reaction. -

Example 8
‘A procedure similar to Example 3 was repeated

except that the temperature was allowed to increase to
20 30.5°% during the qausticization reaction. The CMC had

a D.S. of .74. .

Compérative Example H
A procedure. similar to Example 1A was repeated
except that the vessel was not evacuated and pressurized
25 with nitrogen, i.e., it was conducted in the presence of
air at atmospheric pressure. -
These CMC samples were evaluated as viscosifiers
at a concentration of_5.72 g/l at a comparable moisture
content of 8% by weight, in an aqueoué solution contaiﬁing
- 30 4% by weight of calcium chloride.
' The reaction conditions for all of the above
examples are given in Table 1 and the form of the materials
used in the examples are given in Table 2,'iﬁ which all

percentages of componenﬁs are by weight.



10 A procedure si mlar to Exanple 3 was foll owed except th o
concentration of isopropanol in the isopropanol/ water mxture ini BRI
added to the vessel was 77.0% by wei ght. npar ati ve Exanple D 15 A
pr ocedure sinilar to Exanplg 3 was fol,l ov\/eg gxcept [t hat fLhe congentration

of. isopropanol.in the isop Qpﬁﬂ%/ ‘\yva,t_, n#lo_q H@I[,,y dded to the
vessel was 94.0% b Cgnar gt é % ét fr ocedure

si mN=ar to Exanpl egd G}P E}(c‘ept‘“tﬁat“‘th@ 3‘(0digum3 h@jr@x@je was

added to the reactv,rs s a 3% \yFWE dBt BoButBon i Bwat¢® which resulted in
an i so- propanol/\/\g Ecentratlon of 84. 5% 15. 5%| n the reac- tor during

the causticizationkr§ g e & Q R RERKR & 8 d3 ExEReH A

procedure sinilar to En |l e 3 was foI | owed except that t he concentration
of isopropanol in thel sl It O | Ni i ahl y» addesl to the vessel was 85. 4% by
wei ght and the caustgci@®} i nutlgewvas %Ommmutes;.nSG !
ExarrpIeSAprocedur rrlar %o Exarrple 1R Was sPol“?oweélpexcept that t he
concentration of isqy ned £h fhe sol w O|@n|ﬂ|t\qa¢\ly~adlde=dt-{)the
vessel was 94. 6% by Eé andthe sodi um hydrOX|de was added to the
reactor as a 35 50% by wei ghtsol u¥) on in Patpr, reédulting inQam i soprop-
anol /wat er concentratj gns| & 86.8/ L3. @%;,by“’w& glﬂ @z8oQtRom) @ n the
reactor during the ¢ r|.,za1;'.,|Ql:J deabt idpnd & Ekagpld & Adhpripcédure
simlar to Exanple_l s! 731 Powgd“exdept T‘hﬁ] tde MK WasSaddel to the
reaction vessel as aqueous sdTution contai'hi nfy 2H%by wei ght water.
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' Exanmple 7 A procedure srmlar to Exanole 5 was
%owed except that the MCA was added to the reaction vessel
Conpar ative Exanple F 10

i on contai ning 20% by wei ght water.

Yovedure similar to Exanple 1A was coddlrcted at a nmolar ratio of
NaOH MCA of 1:2.0:1. The CMC had a D.S. of 0.72. Conparative

“cel | ul ose:

as:an aqueous

A

Exanple G A procedure simlar to Exanple 1A was repeated 15 except that the

tenperature wa a&lo
reacti on. Exa g 8,
that the tenperatyre
caustrcrzatroniig (0
A procedure si i #ar 3%
not evacuat ed a'ng: PRk
the presence omnad|r ?
eval uated as vrsc sifi
noi st ure cont ent
by wei ght of c @umﬁr
exanpl es are given R
exanpl es are giay i
by wei ght.

_ﬁﬂh

3
IPA

Causticizatioh
86.9

Weight Ratio Isopropa

Total Liquid/

%_ Stoichiometry Dry Cellulose

Table 2

Molar

%
99 50

NaOH MCA
99 50
99 50
99 50 -

. 50 50

%
_IPA Water

%

Isopropanol
Solution

[
Example
No.

d to increase to 51[err]C during the caustici zati o«
procedure simlar to Exanple-3 was repeat ed except

s allgwed to |n%bease to 20 3

e

n .

gisurized 25 with nitrogen,
at nospheric pressure.
ers at a concentration of 5.72 g/l

hl orlde
Table T
Table
err]

86.9 13.1 "
86.9 13.1
86.9 13.1

85.4 14.¢

1a
2
3

5/1
5/1

1/2.03/1
1/2.03/1
1/2.05/1
1/2.05/1
1/2.02/1
1/2.03/1
1/2.03/1

86.9

2 JInSwhck

£6.9

5/1
5/1

»f 8% by wei ght,
Jhe rga

and { he

85.4

.

86.9

5/1
5/1
5/1

96.4 3.6

5
6
7

86.9 13.1

86.9

99 80

50 - 80

f

86.9

9€.2 3.8

I‘Qn

rmo

1/2.05/1. 5/1 86.9

99 50

86.9 13.1

8

Braiers afesio

86.9

5/1

1/2.05/1
1/2.03/1
1/2.05/1
1/2.05/1
1/2.05/1

99 50

86.9 13.1
86.9 13.1

A
B

. €.

ndi td

the ma-err-als used in the
c.errponents are

86.9

5/1
5/1

99 50
99 50
99 50
48 50
99 50

77.0 23.0

77.0

c

94.0

5/1
5/1

94.0 6.0

D
E

84.5

C dur.i

-Co%‘p% abi

v

Exanple H
Ex{ipie jAﬂ/\/aS ﬂepﬁaté(tl %‘xé‘ép?‘ tHaf¥ tHe Vessel was
it was conducted in
These CMC sanpl es were

at a conparabl e
in an aqueous sol ution containing 30 4%

s for, all pf the above

86.9 13.1
86.9 13.1

86.9

5/1
5/1
5/1

1/2.00/1
1/2.03/1
1/2.03/1

F
G

8€.9

99 50
99 50

86.9 13.1

86.9

86.9 13.1

H

¥.



=17 - [err] Cbnpérisoh of the data in Tables 1 and 2 indicates the -
folTowi ng: (1) Exanples 1, 2, A, B - The type of cellulose suitable for=\
the preparation of CMC having superior vis- 5 cosity characteristics /i ./}
cal ciumchloride solutions is very criticpk. The cellul ose nust be of (& gW"
nmol ecul ar wei ght and nust not have undergone sufficient chem cal or
mechani cal degradation to substantially reduce the rheo- |ogical
chiracteristics of the CMC., Any cel | ul ose which_10_produces a C whi ch
exhi bits an APl RP 15omRarkeon of Sehridatar &3 Tabiasnligng ¢p fates
eval uated in qpddofd MRiGHY: cal ci um chloride solution, when produced by the
process of this irnuﬂzicwn Is sufficiepnt for_use hn Qre- g rigg %Be
superior COMC vi scosi fi¥dr s Bfamptes i hyetie i dn: B15 The type ? CRLIMIPES 1A,
4, C, D, E - Ehdte®ieerfogmttitnsorévasapionasd CROChuairg snpelrdoteadisi-on
medi um duri_ng the causticization of the cellulose is Ltical t be
controlIedstoc§§}§y4é%%ﬁiﬁ%ﬁﬁkﬁ#l?ﬁ +%o%?%5%ﬁ%l&hégfgé%x§§§P§§8%ﬁ?H§, 6, 7
- The concent vatriyorrdft iz} sofioparel luhos@éemusbvpprepafiohight mpleghuliiron
before causti gleZghleon £ 'Z@&iaé oREShukeslbAt CALmELAAPlSS
1A, 3, F - Thee%rr%?’é:r. rat ?%ﬂ%f t}g‘%di unﬁv rox?%e to 1r':lr't)nochl or oacet F)é%aci d
must be great eechismd a2l slegnadaien nte upeks brnthabl Bgredrcenshacrdecstics
in 25 cal ci umglgliidideneddidertst{&s sxapmbeaMEA BnyCGeellli¢okenpariahur e
during the _causticization of the cellu!qfe nmust _ be kep& geIOM/BSOC in
10 produces a CMC which exhibits an API RP 1l3B apparent
viscosity greater than 10.0 cp when evaluated in a 4% by
weight calcium chloride solution, when produced by the
process of this invention, is sufficient for use in pre-
paring the superior CMC viscosifiers of this invention:;
15 (2) Examples 1A, 4, C, D, E -~ The concentrations
of isopropanol and water in the reaction medium during
the causticization of the cellulose is critical and must
- be controlled to 86.9- # 2% by weight of isopropanol;
(3) Examples 1A, 5, 6, 7 - The concentration of
20 isopropanol in the isopropanol/water solution before
causticization ‘should be maximized for best results;

(4) BExamples 1A, 3, F - The molar ratio of sodium
hvdroxide to monochloroacetic acid must be greater than 2
to 1 to obtain superior rheological characteristics in

25 calcium chloride solutions.

(5) Examples 1A, 8, G - The temperature during the
causticization of the cellulose must be kept below 35°C in
order to obtain a CMC having superior rheological charac-
teristics in calcium chloride sclutions; and

30 (6) Examples 1A, H - The CMC must be prepared in
" the absence of oxygen so as to eliminate the oxidative
degradation of the cellulose.

The rheological characteristics of -the CMC samples

_from Example 1A and 1B were compared with those of several
35 commercial CMC products in a 4% by weightlgalcium chloride
solution. The data obtained, given in Table 3 below,
indicate the superior viscosification properties of the
CMC produced by the process of this invention.



order..to obtain a CMC having superior rheol ogical charac- teristics in

ca#ge~ym chl ori de sol utions; and 30 (6) Exanples 1A, H - The CMC
e. prepared in the absence of oxygen so as to elinmnate the oxidative

ati on of the cellulose. The rheoTd3rcal characteristics of the CMC i

‘sanpl es from Exanpl e 1A and 1B -were conpared with those of several 35
comercial CMC products in a 4% by wei ght cal ciumchloride solution. The

data obtained, given in Table 3 bel ow, indicate thegsuperior P
vi scosification propgrties of the CMC prdduced by tﬁeq)rocess of this '
i nvention. - 19 Aiferq © ©29- Qh® rfjeol ogBc® ©h&FP agteristics of the

CMC from Exanpl e 1A were conpared with tQose of DRI SPAE, Ta purified prem um
grade CMC, by nixi nfijt hege EMg PROBICES LN aquUQOUS solit i ons cont ai ni ng.
vari ous concentrations of calciumb5 chldride. Th& data, given in Table 4
bel ow, indicate the superior viscosifigcation proper&i es of the CMC of this
i nvention at all coﬁﬁent atoors of saktiggm chldrileg A8 the data in Table 4
al so i ndicate, the aqueous sol utions Ebntai nj f1om 10 o 35% by wei ght

ht

g
CaCl[err], preferabky 10 _from 12 t 9 by Blei ght , Je$hi bi t hi gher
vi scosities than thg*ot h& éag [ér rc? %I‘ ti gs‘\cc‘fnt?\i >r%ng the CMC of this
invention. Indeed, the data indicatg that agjeous s@ly; tions containing
between 20 and 39% 8} weigpht Q2 Hog §ess|sypyigr Lhermal stability. 15
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Ef fect of Cal cium Ch_l ori de Concentration 11.4 g/l CMC in Various CaCL[ e+

Sol utions Apparent Viscosity, cP. Exanple 1A ' DRI SPAC

(A)by weight) Initial 65.5 C Final Initial 65.5 C Final O

78.5 47.5 77 121 62.5 108 2 58 4.5

5.5 1 . 44 a7 5 =20~ 40 3 1.5

5 7 45.5 6.5 40 3 . 1 2.5 25 6

46. 8 8 41 3 1.5 38 , 52 15.5 48
3.5 1.5 3 10The rheciadical chlaractedsbics of ¥hé CMC Zrom 4
ég 8674' Examgize' iA we;'?és%ompan?%%j&h tl'?d%% of I?Résggg, a purg?igd
70 4 premi® gradelEME], by mn.xﬂﬁ_y these aMC prodddts in agdebus

11.5 h th

CMC sanpl es [ nﬁfl‘c‘g}%; %°$%%1§%&}(‘€\§ragla m xe éj’? 9%55;%@;?9&;@%%29%@
shal e, rol Bedchdpridehoufbeadag® Sadven Gn Rk kel iob¢b@%tbnéé¢atar gheand
eval uat ed forsésérioBPvl%%ofslllﬂ%alc%% %éiaéfe@bé@mé cacvsa tpidable 5,

i ndi cate the superior fluid_|loss contro characteristics of the CMC of this
i nvention in eavepﬁﬁfpehﬁarﬁael somgendratinnd £5 ealetemehigrides ] As

Concent r at i onthét a&tSh&heTQQflbam &d@@&rﬁicé‘&, the aqueous solutioffsby

EBHI ght copdtaggéﬁg' g rom 1?)t 1135% %y dve:.ght CaCl2 ¢ %r%Lragly 6.0

2 10 fxod 12 to 32%1by weight, exhibit higher viscosities than
the other CaCl2 solutions containing the CMC of this
invention. . Indeed, the data indicate that agueous solu-
tions containing between 20 and 30% by weight C:aCl2 pos-

sess superior thermal stability.

15 Table 4
Effect of Calcium Chloride Concentration

11.4 g/1 OC in Various Cacl, Solutions
Apparent Viscosity, cp.

cacl, Example 18 _ DRISPAC
20 (% by welght) Initial 65.5°C Final Initial 65.5°C Final
o 78.5 -47.5 77 121 . 62.5 108
2 .58 4.5 48 5.5 1 4
4 47 . 5 40 3 1.5 2.5
5° 45.5 6.5 40 3 1 2.5
25 6 46.5 8 41 3 1.5 3
8 © 52 15.5 48 3.5 1.5 3
10 55.5 21.5 52.5 4.5 2 4
15 74.5. 42.5 73.5 11.5 3.5 9.5
20 85 55 86 " 26 7.5 2.4
30 0 63 81.5 70 "4 27.5 16
37 32 88 44.5 4.5 11.5 9.5
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68

8. €
37
7.3

6.8
15

the rheologF%bl%%ﬁ%rgﬁgﬁq t*?gﬁgﬁt?ﬂeiﬂmé?gﬁetﬁ

wi th NaCH ag
was &rnlar
t hat the5pH

7.0
10. 2 10
6.2
5.3
7.2
268 25

12.0 15
6.6

15.2 30

2.8 DRI SPAEL-

166 4

10

9.6 15

7.

5.7

0

. .6.4
7.5 20
0 8. 4
272 8
6.6 286 _

6. 4The aquélifs 2€alcium chlorlae3solutLOnEZQdﬂlalnln
22- The ? fect of p

Yersy Arie®

i nvesti gat ed4l§y625djg/§t iofy Glen iRose ashakbeef rel4ﬁ£ﬁb;fowellghlhoﬁa:@| %tsol uti on
cQ rgi-al '

F1ERES Sokuabde

f 18Be fdatid dmsd orThie datat obhakned, bng3881thBb1h(5,

8§BeEbHErEEegh

evalugfﬁ}éﬁg#é {?@%}gﬁ@gé%égur

preferably kgasbikan +he Qmﬁé?.’cf&)} af

characteristics. of the

i nventi on.

o6

produced f%iée

the CMC of this 1nvent10n1§5|@agcgﬂwegblgrigﬁ @@Mﬂﬁ;ons

2N 2haCe

gi'ven i R

e Pprocess of

a

%9 rlstics

Viscosity of CMC in 4% by weight CaCl[err] 11.4 g/1 OC in 4% by wei ght

CaCl[err] Solution Apparent

Vi scosity

Poi nt  Fi nal

Pl asti ¢
15 cve Tabl 5

pH

Yield Initial

cp.

Viscosity
cP

Kg/m[err] Efpélct of CaC12,Concentration After Shale Contamination

10

11.4 g/1 CMC

15

20

25

Example 1A

DRISPAC

% by weight

CaCl

o)
2

4

8

10
‘15
20
30
37

2 B N O

10
15
20
30
37

2

~N N
'oio:u'g’

[+)}
0

6.6

6.4

6.2
5.7
5.3

8.4

7.0
6.8

6.6
6.4

6.3
5.6
5.5

API
Filtrate
ml

6.0
11.6
12.0
10.2

9.6

8.6
15.2

7.5

2.8

7.3
166
272
268
286
228
120

70
136



Exanple 1A 7.0 57 22 3.42 7.2 8.5
8. 2

207 3.27 7.4 10.5 52 21 2.98

17 7 - 2.10 9.7 20 11.0 5.5

0.2 11.5 2.5 2.5 0  =25-11.0 DRI SPAC

3.5 3 - 0.05 7.1 8.5. % 3

10.:5 3 2 0. 1 8.4 11.5

0.85 10.9 23 CLAI V5. rocess _for eparl n al kal i met al
salt of carboxymet h§pe Eglfﬁﬁltogg PFhghe T jtﬁaglatc%%‘é%‘t’ti’%smcsof

15t Cleng | poi seI {:f%ﬂecgncabm &ﬁiéo/m.ﬁarle(hltwarﬁ éay Iﬁﬁzesﬁ?:rgl&ed)fbﬁﬁdijﬂkkﬂhgl

net a Ssa (0] I’IS reac. ulose, W a al i

metal hydroxi dEi¢ ni’\é\ﬂt 3558& bé’t %ﬂ"g&% escf%%%"‘?’ha"ﬁl%%g@%)ﬁ

aqgeogs sol ut | ad cabkdngi LY. #r gm8¢m/ot&rer%rii‘]ﬂﬁ.by DRI SHERC pfalcsmtam@paﬁa].,

and at an iso | ce a rom
7 SORREL a5 BLELISY, pfruiteq {Pe Bia, Mined ' fyeh

2:1 to esulting ul ose
with m)nochl oxmdbeble Gacu.ndicemeartmartg thee pil qﬂ]a:rheﬂ%ah;aum\eq:kghoriée

di chl d
i chl or oacetlc @Ei A a\l%g%gl 'ietsget %ggg)l?_lritde t é&ﬁ?]'oyr el al tll,%qr oxi de

is such 15 t at t net al oacetic acid
nmolar ratio Janf(PngtOtﬁbtaéab§éauéﬁperé-§rrb6%¢°1rﬁ& igalatgharaeteriseics

cel lulose isggotie@temc pPaBude@ObyO the %ﬁ'ocess of2-the RSP SiRPention.
claimed in daim1l wherein the aqueous solution contains from 85% to

88%
10 Table 6

Effect of pH on the Viscositvy of OMC in 4% by weight Ca:nt:l2

11.4 g/1 OC in 4% by weicht CaCl, Solution

Apparent’ Plastic Yield
Initial Viscosity Viscosity Poin Final

{15 CMC "’ pH cP. cP. Kg/m pH
Example 1A 7.0 57 22 3.42 7.2
- 8.5 " 54 20 3.27 0 1.4
10.5 52 21 2.98 8.2
| 10.7 39 17 2.10 9.7
20 11.0 5.5 2 0.34 10.2°
11.5 2.5 2.5 0 11.0
DRISPAC 7.0 3.5 3 0.05 7.1
8.5 3.5 3 0.05 7.3
10.5 3 2 0.1 8.4
11.5 2 1.5 0.05 10.9



T e S iy

I oroacefict dtid molar ratio is from 2.03:1to 2.1:1, the

metal hydr oxi de is sodium hydroxide, and the nolar ratio
of ~dry cellglas: sodium hydroxi de: nonochl oroacetic acid is in the
range from 17T.725- 2.415:0.85-1.15. 30 3. A process as clained in .-

Claim 1 which conprises: (a)° forming a slurry of swollen celluloser
by intensively shd&aring sanpragdss i fora y'réparenQS anofalkaph metaacul ar

i gh [ h
Feact on vesSELY | o RIS YHY Y'Y £ ol WGP 81 b DL
gas; (d) addfi rat heaatl 13Retml . Wdlsxcdetipwhusbefiuld mmruaamrrm t he
tenperature Qtt)‘tlgg F; cgoangé lrsol tlgg %f?t%rkaqfa e;,{]e] (e)

a |

form ng al kal i rreta ce y reactingthe rOX|de
with ti%e c@lﬂhﬂ,osemql'b mqquﬁg t Reacding at ped ldilqQsee aquéﬂm 10

i sopropanol g utalmaﬁ | fs€al h%&ﬁiﬁd& Cinf)eHor Moyt aldel iajyet al

salt of carboxy- th cel |l ul ose by addi nonochl or oacetic acid and
car boxynet hy &t i i) tﬂé"‘E‘EFPE‘r’Sge 3ess te'?ﬂé‘?atﬁ?e of 1Py oS5 a0y eI r 1| C;
15 (g)solutddryi Rpntmigpimpatdom B4Q9% t ke 88s9%| By @edYPHOPi C

distillation,and (0 paf8y! "dna®d B! YELHE P S0l NeaBb ko1 TE A :
10 cellulose weight ratio from 2:1 to 7.5: 1, and
reacting the resulting alkali metal cellulose
with monochlorocacetic acid containing -less than
2% by weight of dichloroacetic acid, wherein
the amount of alkali metal hydroxide is such
15 that the alkali metal hydroxide to monochloroacetic
acid molar ratio during the subsequent carboxy-
methylation of. the cellulose 1is greater than

2.00 to 1. '

20 2. A process as claimed in Claim 1 wherein
. the aqueous solution contains from 85% to 88%
isopropanol, the  isopropanol-water solution:
cellulose weight ratio is from 3:1 to 6:1, the
alkali metal hydroxide to monochloroacetic acid

25 molar ratio is from 2.03:1 to 2.1:1, the alkali

' metal hydroxide is sodium hydroxide, and the
molar ratio of' dry cellulose: sodium hydroxide:
monochloroacetic acid is in the range from 1:1.725-
2.415:0.85-1.15.

30

" 3. -' A process as claimed in Claim 1 which
comprises: _ '

(a) forming a slurry of swollen cellulose

by intensively shearing and agitating a mixture

35 -of__" high molecular weight cellulose, isoﬁropanol' ..
and water; : '



Salt of carboxymet hyl" cel lul ose; wherein the concent ration
i sppropanol .in -the 20 aqueous i sopro lml")'lml"m,m
from84.9%to 88.9% by wei ght, the aqueous sopro

cellulose weight ratio in step (f) is from2:1to 7 Sth& anou
~alkali nmetal hydroxide in. step (d) is such t hat the al kaI| 25 met al
hydrexide to nono Ioroacetlc t1 % ﬁ}eﬁ) ‘9 % 5. gr eat’e
thag~2.00 to 1,. th&P) ndRESY &%&8‘&%‘*&‘ o fhe reactien vessel:% o0 20,
by weight of dicledroacpressuntziing arthe t heeactaonr atviesssl dryith

cel lul ose: al kg},i HE&,%I droxi de: 30 nonochl oroacetic acid in step (f)
is from1l:1.72 2 -1.15. 4. A process as clained in daim3
wherein the alkali (dletal addjngoxiakkals gmbakm hydroxide, 35while A

process &S Cinaiﬂ'egln'lﬂ]g Ehal “E‘en%etqt(lﬂ‘e WEerdid adllfoud e8G9 sop anol

i sopropanol  sol ution contains” nore than 90% by
wei ght of isopPbphhen 1568 tM’er35°|Csv added in step (d) to form an

aqueous i sopropanole)solfgrmdihg i 1kaLEP rr(e&)alhadenﬂulbger i redcting

\S\ggfglntr\r?th:aogoﬁéﬁlr\tsfglf%ﬁ{]gl‘ "Pgég‘rop%‘ag %ﬁe%%q ou sop?%)g‘ﬁg%’se

solution in stwhile) maihtaining o tht) Mempergttyreandf heth®| aaquedus of
sodi um 10,q Ny ggpEpaht) TRAGHIGH 93 st dfddl agdk; step (f) is from

2.03:1 to process i any preceding
(£) forming an alkali metal salt of carboxy-

methyl cellulose by adding monochloroacetic acid

and carboxymethylating the cellulose at a temperature
of from 55 to 90°C; |
15 (g) removing isopropanol from the vessel
by'ézeotropic distillation; and |
(h) drying and pulverizing the alkali metal
salt of carboxymethyl cellulose; '
wherein the concentration of isopropanol in the .
20 aqueous isopropanol solution in step (e) is from
84.9% to 88.9% by weight, the aqueous isopropanol
solution to cellulose weight ratio in step (f)
~is from 2:1 to 7.5:1, the amount of alkali metal
hydroxide in step (d) is such that the alkali
25 metal  hydroxide to monochlorocacetic acid molar
ratio- in step (f) is greater than 2.00 to 1,.
the monochloroacetic acid contains less than
2% by weight of dichloroacetic acid, and the
molar ratio of dry cellulose: alkali metal hydroxide:
30 monochloroacetic acid in step (f) is from .1:1.725-
2.415:0.85-1.15. ' |

4. A process as cléimed in Claim 3 whérein
the alkali metal hydroxide is sodium hy&roxide.'
35 o :

5. A process as claimed in Claim 3 or
. 4 wherein the aqueous isoprqpanol solution of
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isopropanol and water is added in step (d) to
form an aqueous isopropanocl solution in step
(e) having the required concentration of isopropanol.

6. A process as claimed in Clai'm 4 wherein
the concentration of isopropanol in the aqueous
isopropanol solution in step (e) is from 85 to
88% by weight, and the molar ratio of sodium

hydroxide to _mor_lochi'oroacetic acid in step (£)

is from 2.03:1 to 2.1:1,

7. A pfocess as claimed in any preceding
Claim, wherein the concentration of isopropanol
in the aqueous isopropanol solution is substantially
86.9% by weight. '

_ 8. A proc'e_ss as claimed in Claim 1 and
substantially . as. ‘hereinbefore described . with
reference to any of Examples 1 to 8.- ' '

9. An alkali metal salt of carboxymethyl
cellulose produced by a process as claimed in
ahy of the preceding Claims.
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