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t hi ckened brine for use in ‘aqueous well dri'lling and servicing fluids and
to the preggyation of such brine. In the drilling of subterranean wells,
aqueous fl s containing 5 no suspegded solids have been used extensively

I n conpl etion and work- over operations in order to mnimze danage to the
production stratum caused primarily by fluid and solids invasion. After
hi gh solids dril ling nuds have been enpl oyefl,_these fluids are flushed
through the well in order to renove any noveabl e solids which may cause
clogging and in 10 turn prevent 0|I fronrfreely flomrng |nto the producrng
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crystallizati onaduutifd e & ikhend |éﬂd§’ sdRiihd S/ ahraas toedHeo the
devel opment of a nunmber of useful brines with densities ranging up to 2.3

kg. /1. (19.2 pprepapmiiuis gprswet [ndne Additives are used in the br| ne
solutions to control and increase
In the drilling of subterranean wells, aqueous fluids containing
5 no suspended solids have been used extensively in completion and work-
~ over operations in order to minimize damage to the production stratum
caused primarily b§ fluid aﬁd solids invasion. After high.sblids dril-
11ng muds have been empIeyed. these fluids are flushed through the well
~ 1n order to remove any moveable solids uhich‘lay cause clogging and in
10 turn prevent ofl from freely flowing into the producing zone. The
fluids also function to control subsurface pressure and maintain hole
stability while remaining stable at working temperatures. The fluids
are concentrated iater solutions of metal salts including, for example,
KC1, NaCl, Nabr, ca512, _CaBrp, ZnCl, and ZnBrp. The salt or salts
U 1Sse1ected and the concentration employed are determined by the desired
~densfty and crystallization temperature of the fluid. Modern résearch
hes Ted to the development of a number of useful brines with.densi;ies
ranging up to 2.3 kg./1. (19.2 ppg. - pounds per galion).
Additives are used jn the brine solutions to control and increase
2Dtheir viscosity which in turn enhances the cuttings carrying capacity
of the brines, reduces fiuid 1oss.-and conditions and minimizes caving

and water damage of the water-sensitive formation. Polysaccharide gums

‘such as xanthan gum, guar gum, locust bean gum, carrageenan, and

!
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25 their viscosity.whi.ch in turn enhances the cuttings carrying capacity of
the brines, reduces fluid | oss, and conditions and m nim zes caving and _
wat er danmge of the water-sensitive formation. Polysaccharide guns such
Xx&pt han gum guar gum |ocust bean gum carrageenan, and = -2-
hydr.oxyet hyl cel l ul ose (HEC) have been enpl oyed to thicken brine systens.
These additives, normally supplied in dry powder . form require special
preparation and/ or mixing and di spersing equi pnrent when added to the brine
systens. HEC and ot her pol ysaccharide additi+¥es 5 surface-hydrate too
rapidly and nonuniformy, resulting in clunps referred to as "fish eyes”

whi ch can cause cl oggi ng and formati on danage. Many of these Eolysaccharidé
addi ti ves hydr d¥dremethyt tcen Telaseafiild bave g@ﬁpm oresd ¢p thicken ibréne As
these additives dissolvi upon exposure to higher downhol e tenperatures,

they cause bri ¥S¥PSi stRRSe; P4ty 34 pormally Pemnliied g ARy (AYpAeTiferanl e and -
AR R R i ey A AT B
v oS 2L e AR, DR TR SRl L VLB bR AN o RRRER
' 5 surface-hydrate too rapidly and nonuniformly, resulting in clumps
referred to as "fish eyes" which can cause clogging and-formatidn_
damage. Many of these polysaccharide additives hydrate only after
elevating the temperature of the brine. As these additives dissolve
upon exposure to higher downhole temperatures, they cause brine
10 viscosities to fluctuate resulting in unpredictable and undesirable
latent viscosities. Moreover, many of the polysaccharides tend to also
form separate gummy polymer layers in the higher density brines.
Various attempts have been made involving additional time and
expense to overcome the dissolution problems.described above. For ex-
15 ample, in U.S. Pat. No. 4ﬂ392,964'1ssued on July 12, 1983 to R. House
et al., a polymer composition prepared by mixing 5-30 parts of HEC with
Wi | at least 40 parts of isopropanol is mixed with 3-40 parts water in
| ordér to thoroughly wet the HEC prior to addition io the brine system.
1In U.S. Pat. No. 4,415,463 issued on November 15, 1983 to B. Mosier et
20 al., natural polysaccharide gums such as-carageenan and locust bean are
treated with a2 basic nitrogen reagent to wet the polymer prfor to addi-
tion to the brine system. In U.S. Pat. Nos. 4,435,564 and 4,439,333
| issued on March 6, 1984 and March 27, 1984, respectively, to R. Hodse,
HEC is first activated such -that the HEC will disperse and hydrate in
25 heavy brines. The #ctivation process comprises admixing HEC in a solu-
tion of either an amino or phenolic compound and a water soluble organic

1iquid prior to brine addition. Some of the additives also become in-



15 anple, in U S Pat. No. 4,392,964 issued on July 12, 1983 to R House
et al., a polyner conposition prepared by m xi ng 5-30 parts of HEC with at

| east 40 parts of isopropanol: is mxed with 3-40 parts water in order to -?
t hor oug wet the HEC prior to dddition to the brine system In U S. Pat ¢
No. 4,4%/463 issued on Novenber 15, 1983 to B. Mosier et 20al., natural

pol ysaccharide gunms such as carageenan angl.l ocust bean are treated with a
basic nitrogen reagent to wet the polyner prior to addi- tion to the brine
system In U S Pat. Nos. 4,435,564 and 4, 439,333 issued on March 6, 1984

and March 27ffeklve whesnudedved Brife sBstéﬂcsuaendgEa‘enssties bo 7 labyit ed such
that the HEC wi |l disperse and hydrate in 25 heavy brines. The activation

process conpré kgs/bdrl2ippg. HEC InnUaS . s@at- Noi oh, 4@D, 406t HesuetnomDiegember 13,
phenol i c conaﬁynd and a water soluble organic liquid prior to brine

addi tion. b R hdlousriieti #bs 14 was (ddsolnsed that healy lufifnecsdweiuimen added
to brine systens having densities above about 1.4 kg./lI. g.).

U.S. Pat. NBavingsgonaroewidessity sangeefnbeh tosl.fogg.fle (4. Er%el5e§ rm) |t
was di scl osed thgt heav brine .sol utjons haying a narrow density range of
1.7 to 1. 97 RgHYd e effesty vs‘xstfécgsgsd R eRatng: PR VEhey PrESEBR.AEd wi t h

HEC depend'nﬁkéﬂ}eto CQ&Fsengetﬁg'specific amount of ZnBry in the brine.

Other problems still exist when the polysaccharides described above

are added to brine solutions. Many of the polysaccharides are subject g;}
to incompatibility problems in the brines after a period of time. The

10 polysaccharides also become thermally unstab!e when subjected to down-
hole temperatures above about 82°C (180°F). Furthermore some of the
polysaccharides employed are subject to bacterial attack. For these
reasons the subterranean well drilling industry is searching for other
means to effectively thicken brine solutions.

15 There is therefore a need for brine thickeners which will easily
dissolve, be compatible in the brines, be thermally resistant, and not
be subject to bacterial attack.

The present invention provides a thickened aqueous brine solution
having a density of at least 1.7 kg./1. (14.4 ppg) and a cationic

20 water-in-oil emulsion polymer of acrylamide or methacrylamide and a
cationic monomer having an intrinsic viscosity (I.V.) measured in 1.0 N
KCT1 of 1 -to 7.0 dl./g. . The cationic polymers have
acrylamide or methacrylamide to cationic monomer molar
ratios of about 60:40 to 95:5. Preferably the cationic monomers are

25 selected from the group consisting of dimethyldiallyl ammonium chloride,
me thacrylamidopropyltrimethy) ammonium chloride, trimethyiaminoethyl

methacrylate and dimethylaminopropyl methacﬁylamide.
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absence of [err] and the specific amount of ZnBr2 in the brine. O her
probl ens still exist when the pol ysaccharides described above are added to
bri ne solutions. Mny of the polysiccharides are subject to
|dbﬁnpat|blllty problens in the brines after a period of time. The 10
pol ysacchari des al so becone thernally unstable when subjected to down hol e
t enper at ures above about [err] Furthernnrg sone of the pol ysaccharides
enpl oyed are subject to bacterial attack. For these reasons the

subterranean well drilling industry is searching for other neans to
effectively thickem el méthodl héredRs. thkScationid Nemudsicn pbEymerons sddegess for
brine thickeners which will easily dissolve, be conpatible in the brines,

be thermal |y sreaiqpésust brived sohitilon tnilaneahount Sufftietértl tatthicken Bheely esent
i nvention provides a thickened aqueous brine solution having a-density of
at |east 1.7 dnjlliing (or4servipdng fildid. cati onic 20 water-in-oil enul sion
polymer of acrylam de or nmethacrylam de and a cationic nononer having an
inttinsic viscosi The cetionicnemelsion palymexs Mseful berein aoe pbsained §y the The
cationic polynmers-have acrylani de or nethacrylam de to cationic nononer

‘nol ar rati oS RAYmeoiRatéon Aﬂf peryjamide Wemsl‘xﬂ amide détthohl‘?@ti‘rﬂh%nﬁ@“ﬁr e
25 selected fromthe 2roup consistin f di net Id| chlorlde

met hacryl ani dopr oy t prignic| menamsns RICH are; icab tfﬁyl H?)’é’c .
methacryl ate %ﬂ%émd¥§fDQFHH{HHHf¥p@ 'H%JH#H@@;THM¥%es, trl-alkylamlnoalkyf

(meth)acrylamides, trialkylaminoalkyl (meth)acrylates and

- dialkyldially! ammonium halides.

10 Most preferably the monomers are selected from the grbup consisting of
dimethyIdiq11y1 ammonium3chlorfdé and methachy1amidopr0py1trimethy1
ammonium chloride, hereinafter referred to.és DMDAAC and MAPTAC respec-
tively. Other cationic monomefs'preférably emplqyed include dimethyl-
aminopropyl methacrylamide (referred to as DMAPMA) and the quaterniza-

15 tion products of dimethy1aminoethy1'hethaénylaté with methyl chloride
(referred to herein as triméthy1am1noethy1 méthacnylate or TMAEMA) and
" dimethylaminoethy)] methacrylate with dimethyl sulfate. In addition,
W/ minor amounts of other p61ymerizab1e monomers may be employed in the
preparation of ;he cationic emulsion pdlymer; however, no improvement
20 over a polymer prepared with on1y'i¢ny1amide or methacrylamide and a-
cationic monomer s expected. |
The cationic pb1ymers'w111 6rdinafi1y havé an acrylamide (ACM) or
methacrylamide to cationic monomer molar ratio of about 60:40 to 95:5.
The preferred molar ratio fdﬁgé:fdr-a'g1ven polymer will vary depending
25 on the cationic monomer employed and the density of the brine to be
treated. For instance, the bréferred molar ratio for ACM:TMAEMA copoly-
mer s about 70:30 to 80:20, whereas ACM:DMDAAC and ACM:MAPTAC copolymer



4 In the nethod herein, the cationic enmulsion polyner is added to an _
aqueous brine solution in an anount sufficient to thicken a well drilling
or -servicing fluid. The cationic enul sion polynmers useful hereirn are

obtainedlﬁalthe 5 pol ymeri zation ‘of acrylanide or methacrylamide with a **

cationic &. onmer. The cationic nononers which are applicable for use
herein, ®{re¢/ dial kyl am noal kyl (nmeth)acrylam des, tri-alkylam noal kyl
(meth)acryl am des, trial kyl am noal kyl els(rleth)acrylates and di al kyl di al |yl
ammoni’'um hal i des. 10 Most preferably the nononers are sel ected fromthe
group consisting of dinethyldiallyl ammoni um chloride and -
nmet hacryl am htri I U 1l o jfle reinafter referred to as
DVDAAC angﬁpl\ﬁ%%wgé%éeg&F?vrgﬁggpgfhg#oq(}agé‘o%i ko %ﬁgh\er s preferably
enpl oyed i ncl ug | AR ' g&ﬁp ?ﬂﬁ{ ' ( r S
DVAPMA) and theﬁ%]?aa{{géniazg?%?tg I 0 g#o‘{cﬁ% S 0¥L§épr?gﬁ %yfogrgnﬁino@&%fﬁ
met hacr yl agghventiondat & s§Bh Yo' JRerkizg t £ 2echm 3b@§ RhBwflto those skilled
trimethyl am noethyl methacrylate or TMAEMA) and di met hyl am noet hy
net hacryl ajg thetdr¢li NSETRb16 Yroaksses Tnc1adel £Hose . talighe i 2 UDSINtPA tOTNGRL her
pol ynmeri zabl e nononers may be enployed in the

53,284,393 (issued November 8, 1966 to J. Vanderhoff et al.), 3,826,771

(issued July 30, 1974 to D. Anderson et al.) and 4,077,930 (§ssued
March 7, 1978 to S. Lim et al.). The polymers will generally be pre-
sent in the emulsion in amounts of about 25-50% solids by weight.

It should be noted that any emulsion polymerization technique may
10be employed as long as the resultant polymers are of sufficiently high
molecular weight, as represented by intrinsic viscosities measured in
1.0 N KC) of about 1 to 7.0 preferably 3.5 to 6.5, and most preferably
5.0 to 6.0. It has been found that as the intrinsic viscosity of the
cationic polymer increases above about 7.0, there is a tendency in some
15brine systems for such a polymer to not'only thicken the brine solution

but also to cguée the soiution to become dilatant. Such a physical

trait may be noted by evaluating the rheological data obtained from a \;3

treated brine solution. If the apparent viscosity of the solution (the

Baroid reading at 600 rpm divided by 2) is greater‘than the Baroid
20reading taken at 300 rpm, the solution is said to be dilatant to some

extent. As the difference between these two values increases, the

fluid is pumped with Iess.ease which in tyrn puts an added strain on

the pumping equipment. Lirge fluctuations in viscosity readings are

observed in a very dilatant system. When describing the brine
-25solutions herein, a soidtion referred to as being stringy does not

connote the same meaning as being dilatant. A solution is referred to

as stringy if {t exhibits a slightly cohesive texture upon visual



A .
preparation of the.cationic enulsion polymer; however, no inprovement 20
over a polyner prepared wth onIy acryl am de or nethacrylan1de and a
cationic nononer is expected. The cationic polymers will ordinarily_have an

rylanlde (ACM. or methacryl amide to cationic nonomer nol ar rati o bout
60 40-to 95:5. The preferred molar ratio range for a given pol yner.
~vary depending 25 on the cationic nmonomer euapgayed and the density
brine to be treated. For instance, the preferred nolar ratio for
ACM TMAEMA copol y- ner is about 70:30 to 80:20, whereas ACM DVDAAC and
ACM MAPTAC copobbsenva tiompuntier afonysheavecomdidfonat | p6 shou PO Vet nS&LehiOa
91:9. The cationic polymers may be prepared according to any number of
conventional enfteingy polutienidorsi oot Pestrfunping ipnoblemsotd thecsamkei degréei 8s a
the art. Suitable ocesses include those taught in U S. Pat. Nos.
53, 284, 393 (i ssﬁb!ﬁ&ldbéﬁh)éﬁ ¢ilatept. to J. Vanderhoff et al.), 3,826,771
(i ssued July 30, 19%4 to D. , Anderson et al and 4,077,930 (issued March 7,
1978 to S. Limet al'hp quantityofnthe %tivﬂige%}mry Wtd 1jzed withtvary witd
ermul sion in angsﬂts of about, 25- 0@6sollds It shoul d be noted

S

that any enul rﬁi‘d’l’%‘b‘?‘zﬁ?‘?m PR AT SHLfE ﬂgy"]sog& thepdenaidy and GamPosd-t he

resul tant pol yngfgn %fett(:)ef b?’i'ff' Ctlepitonyto'b% treated. The cationic emulsion

polymers are extremely effective as thickeners for heavy brine solu-

he

tions, having densities of.at least 1.7 kg./1. (14.4 ppg), which comprise
aqueous solutions of a water soluble salt of a multivalent metal
10including CaClp, CaBrz, ZnClp, ZnBrp, and mixtures thereof. We
have found the cationic emu]sfon polymers to be especially effective in
the denser, more difficult to thicken zinc-containing brines having
densities of 1.9 ug./1. (16.0 pbg) and greater. Other factors
influencing the treatment levels of the polymers employed include the
15formation strata type encountered, drilling depths, and temperatures
anq_pressures encountered. Ordinarily the poiymerc'uill fmpart a
viscosifying effect to heavy brfne solutions when used in amounts
i . (based on dry solids) of abouf 0.0006-0.0119 kg./1., i.e., 0.25 to 5.0
pounds per 42-galion barrel -ﬁpb). _Preferably the polymer is added at
20 the 0.0012-0.0071 kg./1. (0.5 to 3.0 ppb) treatment level. The exact
amount to be added can be determined by simple_routine tests known to
those skilled in the art at the time the addition is made..
| In the examples which follow. 211 percentages are given by weight
unless otherwise indicated. Ail physical property measurements were
25 made 1n accordance with testing procedures set forth in Standard
Procedure For Testing Drilling Fluids API Recommended Practice. 138,
May 1982, Section; 2 and 3.



mol ecul ar wei ght, as represented by intrinsic viscosities measured in 1.0 N
KGO of, about 1 to 7.0 preferably 3.5 to 6.5, and nost preferably 5.0 to
6.0. It has been found that as the intrinsic viscosity of the cationic

pol yher ingreases above about 7.0, there is a tendency in sone 15 brine
systens f such a polynmer to not only thicken the brine solution but also
to cause solution to becone dilatant. Such a physical trait may be
noted by eval uating the rheol ogi cal data obtained froma treated brine
solution. If the apparent viscosity-of7 the solution (the Baroid reading at
600 rpm di vi ded by 2? is greater than the Baroid 20 reading taken at 300
rpm the sol utPoffrmulatding the BEiRg Isalutionse WhenfoBlewdng saAt sdie tilérsf er ence

bet ween t hese t val ues increases, the fluid is punped with | ess ease
whi ch i n Y&*n® edh added strain on the punping equi pnent. Large

fluctuati

.3cosity readings are observ%d in a very dilatant system
i 2550IuL+ens—heLeLd2LﬁﬁégﬂﬁﬂiEHBEeLeLLed_Ln_as

bei ng str ot connote the nme api ng_as, hein ?i apt. A
solutiof 15 referréd to as stri n%ﬁ:??uzézrgzz(ﬁll%i fy 5?'?%?‘? t k'Bﬂi%i ve
: . rz
texture upon visual C -6- .
1.7 14.4 aqueous solution containing 30.7% CaBr
' and 35.8% CaCl,
1.8 16.0 aqueous solution containing 6.35% ZnBry,
10 14.5% CaCly, and 45.92 CaBr, T
\o’
2.3 18.2 agueous solution containing 26.7% ZnBr;
and 43.03% CaBr;
EXAMPLE 1
This example illustrates the ability of ACM:DMDAAC copolymers to
15 effectively thicken various heavy brine solutions. The copo1ymers-
evaluated are described below:
Intrinsic
_ Viscosity
Copolymer ACM:DMOAAC Molar Ratio dl./g.
20 A 80:20 3.8
B8 . 80:20 5.2 )
c 90:10 5.0
D 90:10 7.8 ~
E 8s5:5 10.8
25 The copolymers were evaluated in 1.4 and 1.9 kg./1. (11.6 and 16.C

ppg) dense brine solutioné. To 350 ml. of each brine was added 0.5 or
1.0 g. (based on dry solids) éf each copolymer. This is equivalent to
treatment levels of 0.0012 and 0.0024 kg./1. (0.5 and 1.0 ppb). The
treated brines were mixed with a Hamilton Beach Multimixer for 20

30 minutes, qualitatively evaluated for coﬁpatibi]ity, then sealed in
glass jars and statically aged at 82°C (180°F) for 16 hours, The flow
properties énd gel strengths of the samples were measured at 82°C
(180'F); 46°C (115°F), and room temperature; The apparatus used to

evaluate the treated brine solutions was a Baroid Viscometer Model

&



observati on under non-.shear conditions. It should be noted that=sa stringy
sol uti on does not" pose punping problens to the sane degree.a ui d which
is dilatant. ,The quantity of the cationic polynmers utilized- vary with
5&ir cumst ances dependi ng on such factors as-t#e-density and corrposr- tion -

R e R R e
densities of at HhWaii‘le f'f'gm/ﬂﬁrcﬁ s)4w999hs ‘2’?#%:?9 oksgonfb‘ipf%in this

sol utions of a water ubl e sa a nultivalent ne I'nc

[err] and m xtuegsmiiCasQie1) ¥¥ aN3VEuseqlent leka tesommemuﬁ'tewbxrwm

to be especially effective in the denser, nore ficult to thicken

zi nc-cont ai ni ngthrTaxdeshhwndolrensiti es of 1.9 kg. /1. (16.0 ppg) and
greater. O her factors influencing the treatnent Ievels of the polyners

enpl oyed i ncl &de t h&heSrésanutofofablesilaanddd éndivane cthede 1 al ${gnd filcarithgi ¢~
and tenperatures and pressures encountered. Ordinarily the polynmers wll

i npart a vi scosifepenae dnfeompattbiidsy between thel AGM :DMAMNcopalyaers mndniifhtis
(based on dry solids) of about 0.0006-0.0119 kg./Il., i.e., 0.25t0o 5.0

pounds per 42- g&hcobritoam elThepqsti)ionm c0pP Tymey st ﬂ%sq@dvmnsibr dadthe drips whﬂe
the 0.0012-0. OOZé kg. /| ﬁéo 5to pb) treatnent .| evel. The_exact ,amount
to be added canPbe Ravid H@d“'lﬂ”r € 9Vt iPR mers dyer dnntheole hdga/1. (11.6

skilled in th.e %EBF’Ean%H E{Futn'}en?sdo uBLIes n tﬁrgqu kg./1. (16.0 ppg) brine, It

o 10was noted that he ACM:DMDAAC 'copo1ymers thickened both brine solutions
~ while being more effective in the denser brine. Copolymer E, the 95:5
molar ratio ACM:DMDAAC copolymer having an IV of 10.8 caused the brines
to be dilatant. It was noted that as the molecular weight and molar
ratio of AMC to DMDAAC increased, the brines treated therewith became
15more dilatant. _ |
] EXAMPLE 2
This example 11lustrates the ability of ACM:MAPTAC and ACM:TMAEMA
copolymers to effectively thfcken various heavy brine solutions. The.
'copoUmers evaluated are described below:
W 20 | Intrinsic

ACM:Comonomer  Viscosity
Copolymer Comonomer  Molar Ratio dl./g.

F ‘MAPTAC ' 70:30 2.3
G ‘MAPTAC : 70:30 . 4.2
H MAPTAC . 80:20 . 4.15
25 1 MAPTAC '91:9 4.15
J MAPTAC 81:9 6.05
K TMAEMA 70:30 6.2
L TMAEMA 80:20 7.3
30 The copolymers were evaluated in 1.7 and 2.3 kg./1. (14.4 and 19.2

pPpg) dense brine so1ution§ by the procedure described in Example 1. The
fluid loss of the treated brines at room temperature was also mezsured.

The results may be found in Tables 111 and 1V,
*Natrosol is a registered trade mark



In the. exanples which follow, all percentages are given by weight -unl ess

otherwi se indicated. Al physical property neasurenents were 25 nade in

accordances th testing procedures set forth in Standard Procedure for i
4 i ng Fluids APl Reconmmended Practice, 13B, May 1982. Sections™?

Testing D
and 3 In formulating the brine solutions, the follow ng salt
sol uti ons\wer e enpl oyed: Brine Density?$ - Brine
Conposition 5 1.4 11.6 aqueous sol ution containing
37.6% [err] apd 1,65% 9aBr2 1.7 14. 4 gueous sol ution
cont ai ni ng 30#7%?@“?-] and 35.8% [err] 1.9 16.@ = g
aqueous sol utivon contraini Ng™6. 35% [erf] 10« > T o8 lc
14.5% [err] aBdL4529% [prr] 2.3 19.2 _ ™ ggueous|sol ution
containing 2672 & ] fand 43.03% [err] EXAMPLE 1 This exanRle illustrates
the ability of QGMDRDAAC copol ymers to
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15 effectlvely t hi cken.various heavy brine sol utions.
eval uated are described bel ow Intrinsic V'5005|ty Copol ymer

The copol yner

AGM DVDAAC Mblar Ratio dl./g. 0+ A
8020 . 3.8 B 80: 20 -
52°¢C . 90:10 - 10 - 5.0 D o
90: 10 7.8 E 95: 5 :
10.8 25 The capol yreerg were evaluated in 1.4 and. 1.9 kg.{&. (114 6 and
16.0 pps) dense briR&-8d utli ons. To 350 m. of each brine W& kgded 0.5 or
1.0 g. (based on dr sdITd<) f"eachcopd”yrrer Thi® is quBval®nt td
treatment |evels oﬁm and 0.0024 kg./l. (0.5 and 1.0 pﬁb):zThe tir eat ed
brines were m xed v Ham | ton Beach Multim xer for 20 30 mautes,
qualitatively eval or conpatibility, then sealed in-glass jars Jand
statically aged at -'[ flora 1 hQys. o dhef owcpéopgry es ,and gel
strengths of the sa.r:rplg reolgas&u@d ét [egr- [8rE] - 220d redm
tenperature. The afpag lﬁ&i tﬁ Evaglﬁt e°t e gatchbrl =g utifons
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#
#286-76163. Readi ngs were taken at 600 and 300 rpm NEC (Natrosol* 250 MR
obt ai ned from Hercul es) was al so evaluated for conparison in this exanple

"
3

as well as_all subsequent exanples.: The results may be found in Tables | )
and 11. The results of Tables I and Il indicate there is a - -
significa f- ference In conpatibility between the ACM DVDAAC copol yners
and HEC i brines. The cationic copolyners dissolved easily in the

bri nes whi HEC provi ded an undesirable gumy polyner layer in the 1.4
kg./l. (11.6 ppg) brine and gr& A} Tnsolubles in the 1.9 kg./1. (16.0 ppg)
brine. It 10 was noted that he ACM DVDAAC copol yners thickened both brine

sol utions while, lgei hg nore effective in the denFe® HE ne. Copol ymer E, the
95:5 nol ar rat*i®rACM DVDAAC copol yner havi ng an®l8/ dfg 10. 6 cqused the
brines to be divtataht™ IT whs rmote® tifat Bs t he MoljEcul ar wei ght and nol ar
rati o of AMC £'¢ BVDPAC i ncreased, the brines treated® herewi th becane 15
nmore dil at ant® MPLE 2 This exanple illustrates tH& ability of ACM MAPTAC
and ACM TMAEMA ¢ @polyners to effectively thicken. various heayy brine
sol utions. Thg §&o ylﬁsrszevﬁ ua‘?ed.‘;ar cdegcrlbgd Elog 20
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MAPTAC
4.2 H

-.. MAPT,
~ 76.05
- 7780:2
(14. 4 and
focedure described in Exanple 1.

.1g. F
91: 9

- TMAEMA

70: 30
The copol yners.were evaluated in 1.7 and 2.3 kg./1.

dl
roomtenperature was al so nmeasur ed,

e

| oss of the treated brines at

Rati o

4.15 25
MAPTAC
6.2 L

MAPTAC

_Nblar

70: 30

2.3 6
80: 20
4.15 J

Comononer

TMAENA

L

Copol yner

70: 30

MAPTAC

19.2 ppg) dense brine solutions by th
The fluid

91D

7.3 30

©

(D)

bt TABLE IV

wn

k=)

s 2.3 kg./1. .z 2 ppg) DENSE BRINE SOLUTION .

© . RHEOLUGY IN DEGRELS BARVID _
TREATMENT - 082°C (IB0°F) ©46°C (II5°F) ® Room Temp. APl Fluid Loss

QOPOLYMER LEVEL COMPATIBILITY 600 300  ~600 300 :aua _ _...._umq (cc. at 30 min.)
kg./1. ppb _ :

Blank - - 16 8 k)1 16 53 217 CFL

o. . : _ . -

S HEC 0.0012 0.5 gummy polymer layer* 44 24 64 - 36 108 62 -

g -0.0024 1.0 gummy polymer layer* 28 15 54 28 89 48 4

* .

g F 6.0012 0.5 "+ 217 14 48 25 72 37 11

26 - 0.0024 1.0  few tiny lumps 52 27 % 39 143 14 60

T H 0.0012 0.5 4t 26 14 3 20 75 39 9

-1 0.0012 0.5 w28 15 45 2 87 45 -

3J 0.0012 0.5 4+ S 16 5 30 107 54 5

oo : . .

S * 0.0024 1.0 + 35 18 517 29 . 114 56 .31

4 0.0024 1.0 + 80- 45-50 110~ 65-85 120~ 120-140 13

-7 905 1608 1808

= _

o

“= 4+ = good compatibility (no insolubles)

Q= layer observed upon m:..?no of brine solution

os = stringy

mﬁﬂ. = complete fluid loss (>300 cc.)

= o

— X

5 & |

o -

e ) J

e
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2
- 11 - [err] - 12 - [err] - 13 - As can be seen:in the tables, the
cationic copolyners effectively.thickened and were e€onpatible with both the
1.7 and 2.3 kg./Il'. (14.4 and.19.2 ppg) brines while HEC produced gumy ;}'
pol ymer £l/gyers whi ch had the appearance of gels on top of the brines. The™
cati onighfelopol yners 5 were seen to provide good to excellent fluid | oss
control the 1.7 kg./1. (14.4 ppg) brine and many provi ded good fluid
| oss conirol in the 2.3 kg./I. (19.2 ppg) brine as well. Sanple L, an 80: 20
ACM TMAEMA copol yner having an |.V. of= 24337 was noted to thicken the
bri nes; '

As can be seen in the tables, the cationic copolymers effectively
thickened and were compatible with both the 1.7 and 2.3 kg./1. (14.4
and 19.2 ppg) brines while HEC produced gummy polymer layers which had
the appearance of gels on top of the brines. The cationic copolymers
5 were seen to provide good to excellent fluid loss control in the
1.7 kg./1. (14.4 ppg) brine and many provided good fluid loss control in-
the 2.3 kg./1. (19.2 ppg) brine as well. Sample L, an 80:20 ACM:TMAEMA -
copolymer having an 1.V. of 7.3, was noted to thicken the brines;
however, the fluctuations in Baroid rheology observed in the 2.3 kg./1.
10 (19.2 ppg) brine indicated the solution to be very dilatant.
EXAMPLE 3
An 80:20 and a 90:10 molar ratio ACM:DMDAAC emulsion copolymer
(samples B and C respectively of Example 1) were evaluated in four brine
solutions at treatment levels of 0.0012 to 0.0048 kg./1. (0.5 toc 2.0
15ppb). Excellent results were obtained. The data is given in Table V.
) EXA&PLE 4 .
This example illustrates the ability of an ACM:DMAPMA cobo]ymer to v/
effectively thicken various heavy brine solutions. The cationic acryl-
amide emulsion copolymer employed contained 20 mole percent of‘the
20 cationic tertiary amine comonomer and had an I.V. of 1.35 dl./g. The
treated brines were evaluated by the procedure described in Example 1.
Rheology data may be found in Table VI.
In addition to being compatible in all the brines, the results
showed that the ACM:DMAPMA copolymer did thicken each as well. The
25 copolymer was seen to be especially effective in the 2.3 kg./1. (19.2
ppg) zinc-containing brine.



hgmever, the fluctuations in Baroid rheol ogy observed in the 2.3 kg./| 10

(19.2 ppg) brine indicated the solution to be very dil atant.
8Q: 20 and.a 9Q: 10 nol ar
C %espectively of Exanple 1) were eval uated i

treatment levels of 0.0012 .to 0.0048 kg./| =
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5 TABLE v - (cont'a)
(7]

0o RHEOLOGY IN DEGREES BAROID

w - BRINE TREATMENT COMPATI- U B2°C (180°F]) #46°C II5F

W.m s COPOLYMER  DENSITY LEVEL BILITY  G0O 300 G5 600 300 G5
gs ko.7T. ppg kq.7T. ppb _

myy ¢ 1.7 14.4 0.0012 0.5 + 22 11 0.45 (1) 40 21 0.45 (1) 63 32 0.91 (2)

= 1.7 14.4 0.0024 1.0 ++ 26 15 0.45 (1) 74 39 0.91 (2) 67 34 0.45 (1)

_ WM 1.7 14.4 0.0036 1.5 ++ 4 25 0.45 (1) 88 46 1.36 (3) 102 53 0.91 (2)

® oL 1.7 14.4 0.0048 2.0 + 55 29 0.45 (1) 42 24 0.45 (1) 124 64 0.91 (2)
(OS]

' o Blank 1.9 16.0 - - - 17 8 0.45 (1) 27 14 0.45 (1) 41 20 0.45 (1)
R HEC 1.9 16.0 0.0012 0.5 .. 17 10 0.91(2) 30 15 0.91(2) 48 25 0.91 (2)
S 1.9 16.0 0.0024 1.0 4. 15 8 .0.91(2) 30 14 0.91(2) 5 25 0.9 (2)

=5 , 1.9 16.0 0.0036 1.5 _. 14 7 0.91(2) 34 15 0.91(2) 48 24 0.91 (2)

aum “ 1.9 16.0 0.0048 2.0 * 15 8 0.91 (2) 34 16 0.91(2) 52 26 0.91 (2)

—— (o ]

.S wn B 1.9 16.0 0.0012 0.5 ++ 19 9 0.91(2) 44 22 0.45 (1) 58 27 0.45 (1)

e 1.9 16.0 0.0024 1.0 ++ 31 15 0.45 (1) 66 34 0.45(1) 78 32 0.45 (1)

el ol 1.9 16.0 0.0036 1.5 ++ 51 25 0.45 (1) 64 32 0.91(2) 98 47 0.91 (2) -

mw 1.9 16.0 0.0048 2.0 * 66 32 0.91(2) 67 35 0.91(2) 118 60 0.91 (2)
> c 1.9 16.0 0.0012 0.5 . 23 12 0.45 (1) 40 20 0.45 (1) 71 31 0.45 (1)

—e O 1.9 16.0 0.0024 1.0 ++ 34 18 0.45(1) 78 35 0.45 (1) 96 45 0.45 (1)

- g<c 1.9 16.0 0.0036 1.5 ++ 3¢ 18 0.91(2) S0 27 0.91(2) 144 80 0.91 (2)

@0 1.9 16,0 0.0048 2.0 . 42 22 0.91(2) 58 30 1,36 (3) 158 52 0.91 (2)
o O

S+ Blank 2.3 19.2 - - - 16 8 0 (0) 31 16 0.45(1) 83 27 0 (0)

— S HEC 2.3 19.2 0.0012 0.5 * 44 24 0.45(1) 64 36 0.45 (1) 102 62 0.45 (1)

‘oo 2.3 19.2 0.0024 1.0 * 24 12 0.45 (1) 42 24 0.45 (1) o4 89 1.36 (3)
®C 2.3 19.2 10,0036 1.5 * 24 12 0.45 (1) 42 24 0.45 (1) 215 133 1.8l (4)

]um 2.3 19,2 0.0048 2.0 * 26 13 0.45 (1) 42 25 0.45 (1) 242 157 3.18 (2)

m 25 .

—— @ GS = 10 second gel strength kg./9.29 m.2 (10,7100 £t.2)

o ++ = good compatibility (no insolubles)
- * = layer observed upon surface of brine solution

R
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as brine thickeners. A 1.7 kg. /1.

| gvel .- Sanppl es vvere'aged at [err] for

i nExanple 1. A duplicate series of sanmpl g -was aged at

and eval uated for conparison.
viscosity, measured at roomtenperature, o
Copol ymer G (described in Exanple 2) affer
the viscosity of the roomtenper ature 'éq‘ed
copolyner was fully dissolved in the lene
viscosities of the heat-aged brines grese
and xant-han gum however, were al nosg ‘elgub
t enper at ure-aged sanples. The | atent Vg €co
t hat the pol ysaccharide gums di d- not @ =&p

roomtenperature. Such viscosity fl ugtiati
are undesirable in well servicing op&rgflo
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25 Bl ank 60 29 . 67 32

HEC 0.0024 1.0 149 81 ' . " 67 30

Xant han gum 0.0024 1.0 : 112 57 63, 29 -
Copol yner 0.0024 1.0 128 67 125 64 -
19 - EXA 6 This exanples illustrates the ability of the copol yners N

descri be rein to effectively thicken brine solutions after exposure to

hi gh tenperatures. Four dense brine sgutions were treated at a 0.0024
kg./l1. (1.0 5 ppb) addition level with a 90:10 nolar ratio copol yner of
ACM DVDAAC or an 80:20 nolar ratio copol ymer of ACM MAPTAC (copolyners C

and H respectfully) and aged at [err] for 16 hours. The sol ytion
rheol ogi es were evaluated"at roomY¥enperatgre. The yesul t g ge found in
Table VIII1. 10 g ~ TABLE VI I | y in
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Brine Density . Copol yner 600 300
kg. /1 .. ppg 1.4° 11.6 Bl ank 22
0

t hi cken as

0445 (1).HEC. 18 9 . 0 (0 C

10~ 0 7(0) N 20 10° 0 (0) 20 1.7, 14.4
Bl ank ‘ 66 34  0.45 (1) HEC 75/. 38
<0.45 (<1) C 120 56 0.45 (1) H - 80
39 - 0 (0) 1.9 16.0 -Bignk 41 20
0.45 (1) 25 o HEC 50 25 -
0 (0) C 51 25 0 (0) H 60
31 (0) 2.3 - 19.2 E XRMRUEK 5 53 27

0 (0) HEC 58 280 0 (0) 25

C This exampP8 illuskrates the) ittproved solubility of 26O copolydirs
0 (0) The results show that the cationic copolyners described herein

wel desgridad heredn ifccorpardhom toECthert polymepod Nvich tarencagmonly used

t enper at ur es i n various dense brine systens.

as brine thickeners.
A 1.7 kg./1. (14.4 ppg) dense brine solution was treated with
5 various polymers at the 0.0024 kg./1. (1.0 ppb) addition level. Samples
were aged at 82°C (180°F) for 16 hours and evaluated as described in
Example 1. - A duplicate series of sampies was aged at réom temperature
and evaluated for comparison. As can be seen by the data in Table VII,
the viscosity, measured at room temperature, of the sample containing
10 Copolymer G (described in Example 2) after 82°C aging was very similar
to the viscosity of the room temperature aged sample. This indicates
the copolymer was fully dissolved in the brine at room temperature.
The viscosities of the heat-égéd brines treated with the hydroxyethyl
cellulose and xanthan gum, houever._uere almost doubled that of the
15 room temperature-aged samples. The latent viscosities of these samples
indicate that the polysaccharide gums did not completely dissolve in
'tﬁe brinés at room temperature., Such viscosity fluctuations caused by

exposure to heat are undesirable in well servicing operations.

IMBLE VLI
20 ' : - RHEOLOGY IN DEGREES BAROID AT ROOM TEMP.
: After Aging 16 Hours After Aging 16 Hours
Treatment @ 82°C (180°F) € Room Temp.
Polymer Level 800 300 600 300
kg./1. ppb
25 Blank - 60 29 | 67 32
HEC 0.0024 1.0 - 149 81 67 30
Xanthan gum 0.0024 1.0 112 57 63 29

Copolymer G 0.0024 1.0 128 - 67 125 64



- 20 - Summarizing, the cationic enulsion polynmers herein have been found
to be useful as thickeners in dense brine solutions.. Treated brines use-

ful as drilling and servicing-fluids in drilling operations are obtained ;}
when t he tionic enul sion polyners are enployed as brine thickeners. R
21 - CL 1. A thickened, solids-frge.non-dilatant aqueous brine having a

density at least 1.7 kg./1. (14. 4ppg) conprising an aqueous sol ution of
at | east e water-soluble salt of a nmultivalent netal and a viscosifying
anount of a cationic water-in-oil ENANPLEOS pol ynmer of acrylami de or

met hacryl am de and a cationi c nononer, which is a dial kyl am noal kyl

acryl am de oThirseEhmxr‘lylsaiﬂ'lcﬁetratetsr ithé lqblilim\oﬁoﬂlekybpmwl'arﬂederww

met hacryl am de, a trial kyl am noal kyl acrylate or nethacryl ate or

di al kyl meahﬁyltmnﬁ&ﬂﬁmkmhdeken tbeipe | spietidnava fitgraexposure to high

temperatures.
Four dense brine solutions were treated at a 0.0024 kg./}. (1.0
5 ppb) addition level with a 90:10 molar ratio copolymer of ACM:DMDAAC or
an 80:?0 molar ratio copolymer of ACM:MAPTAC (copolymers C and H
respectfully) and aged at 149°C (300°F) for 16 hours. The solution
rheologies were evaluated at room temperature. The results may be N
found fn Table VIII.. |
10 TABLE VIII
Rheology in Degrees

Baroid at Room Temp. After
Aging 16 Hours @ 143°C (300°F)

Brine Density Copolymer 600 300 GS
1.4 11.6 Blank . 22 11 0.45 (1)
HEC : 18 9 0 (0)
C 20 10 0 (0)
H 20 10 0 (0)
20 1.7 14.4 Blank 66 34 0.45 (1) .
HEC 75 38 <0.45 (<1) hd
C 120 56 0.45 (1)
H 80 39 0 (0)
1.9 16.0 Blank 41 20 0,45 (1)
25 HEC §0 25 0 (0)
c 51 25 0 (0)
H 60 31 0 (0)
2.3 19.2 Blank 53 27 0 (0)
HEC 58 28 0 {0)
25 c 57 28 0 (0)
H 160 83 0 (0)

The results show that the cationic copolymers described herein
thicken as well as and often better than HEC after exposure to high

temperatures in various dense brine systems.
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intrinsic viscosity in.1.0 NKO of 1to 7.0 dl./g, and the nolar ratio of
acryl am de or nethacryl anide to cationic nonener being from60:40 to 95:5.
2.. The aqueous brine of Claim1, wherein the cationic nmononer is
diset hyl di al | yl anmmoni um chl ori de and the acryl am.de or nethacrylaniqggﬁb
cationic nononer- nolar ratio is 80:20 to 91:9. 3. The aqueous brine..,
solution of Claim1l, wherein the cationic nononer is Ly
met hacryl am dopropyl trimet hyl amoni um chlLogd de, the quaternization™product
of di met hyl am noet hyl nethacrylate with nmethyl chloride or dinethyl
sul fate, or dinethylam nopropyl nethacrylam de. 4. The aqueous brine of
Claim3, wherein tgemredizPAy.C tHONATEONT S ebIdianT po 1z cOMereir haveraiely| found
anmoni um chl ori de and the cat.i onic enul sion polymer has the intrinsic -
22 - viscosityt®fbeSubefud &s thibkenbrs  tijwenss brinesodhtidnsi mTreatektbeines luse-
cationic nononer is the quaternization product of

ful as drilling and servicing fluids in drilling operations are obtained

~ when the cationic emulsion polymers are employedlas brine thickeners.



di met hyl am noet hyl nethacrylate with methyl chloride or. dinethyl sulfate,
the acrylami de or nethacryl anide.to cationic nononer. nolar ratio is 70:30
to 80:20, and the cationic enulsion polymer _has the intrinsic viscosity of—= .
5.0 to 6.0. 6. The aqueous brine of aim1 substantially as described in“%
any one t he enbodi nents in the foregoi n%lﬂumﬂ"jmr"mumgr ocess for '
t hi ckeni a heavy solids-free non-dil atant ving a density
of at le 1.7 kg./|. (14.4ppg) conprising an ‘agteolls $ol'ution of at |east
one water-soluble salt of a nmultivalent netal, which conprises adm xing in
the said brine a viscosifying anount of a cationic water-in-oil enul sion
polynmer as defined in any one of Clai2s 4 to 6. 8. The process of Caim?7,
wherein 0.0006 to 0.0119 kg./Il. (0.25 to 5.0 ppb) of the cati.onic emul sion
pol ymer is adnixed in the said brinebADMS The process of Claim7 or 8,

wherein the said ter-soluble salt |s err] or m xture thereof. 10.
The process of CI§?H15 gﬁbg 5ﬂ?$al?9iégs'fLee hosaftdtahe aqueous

brine having a density of at least 1.7 kg./l. (14.4ppg)

comprising an aqueous solution of at least one water-soluble
salt of a multivalent metal and a viscosifying amount of a
cationic water-in-oil emulsion polymer of acrylamide or

. methacrylamide and a cationic monomer, which is a
dialkylaminoalkyl acrylamide or methacrylamide, a trialkyl-
aminoalkyl acrylamide or methacrylamide, a
trialkylaminoalkyl acrylate or methacrylate or
dialkyldiallyl ammonium halide, the polymer having an
intrinsic viscosity in 1.0 N KCl1 of 1 to 7.0 dl./g, and the
molar ratio of acrylamide or methacrylamide to cationic
monomer being from 60:40 to 95:5.

2. The aqueous brine of Ciaim 1, wherein the
cationic monomer is dimethyldiallyl ammonium chloride and
the acrylamide or methacrylamide to cationic monomer ﬁolar \J
ratio is 80:20 to 91:9.

3. The aqueous brine solution of Claim 1, wherein
the cationic monomer is methacrylamidopropyltrimethyl
ammonium chloride, the qﬁaternizatibn product of
dimethylaminoethyl methacrylate with methyl chloride or
dimethyl sulfate, or.dimethylaminopropyl methacrylamide.

4. The aqueous brine of Claim 3, wherein the
cationic monomer is methacrylamidopropyltrimethyl ammonium

chloride and the cationic emulsion polymer has the intrinsic
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viscosity of 3.5 to 6.5.

S. The aqueous brine of Claim 3, wherein the
cationic monomer is the quaternization product of
dimethylaminoethyl methacrylate with methyl chloride or
dimethyl sulfate, the acrylamide or methacrylamide to
cafionic monomer molar ratio is 70:30 to 80:20, and the
cationic emulsion polymer has the intrinsic viscosity of 5.0
to 6.0.

6. The aquéous_brine of Claim 1 substantially as
described in any one of the embodiments in the foregoing
Examples.

~ 7. A process for thickening a heavy solids-free
non-dilatant aquéOus brine having a density of at least 1.7
kg./1. (14.4ppg) comprising an aquebus solution of at least
one water-soluble salt of a multivalent metal,-&hich
comprises admixing in the said brine a viscosifying amount
of a cationic water-in-oil emulsion polymer as defined in
any one of Clgims l to 6.

8. The process of Claim 7, wherein 0.0006 to(.0119
kg./1. (0.25 to 5.0 ppb) of the cationic-emulsion polymer is
admixed in the said brine. _

9. The process of élaim 7 or 8, wherein the said
water-soluble salt ié caCl,, CaBr,, ZnCl,, ZnBr, or a
mixture thereof.

10. The process of Claim'7 substantially as

hereinbefore described.




