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ABSTRACT

An agueous geliable composition having a delayed

gelling time 1s disclosed, whicnh contains a water-soluble
polymer crosslinkable with Cr3t and a crosslinking and gel-

- SN " T4 | - - .
retarding system containing a Cr°7 lon and a salicylic acid

ligand, wherein said ligand can be 1n free form, or in the

r—

form of a complex with Cr3t, or partially 1n free form and

partially 1n complexed form. Such a composition 1s useful

for modifying the permeability 1n petroleum reservolrs,
within a wide range of temperatures, of from about 60°C to

120°C, or higher temperatures.
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1A petrdteum- reservoinrs, in particutar 10 nign-
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CASE 3395

"AQUEOUS GELLABLE COMPOSIT O, FOR MODIFYIWG THE
PERMEABILITY OF A PETROLEUM RESERVOIR"
The preSent invention relates to an aqueous gelliablez

#

compbsitioﬁ,, 'w1th detayﬁd gelling time, wuseful for

. F.

'Mudifying 'the1permeabitity'or highn—-permeabitity regions

temper ature Fr2servoinrs.

The invention relates also to a process for reducing

the'permeabitityfof-a_reSErvoir, " which process uses said

‘gellable composition.

it is well-known that at the end of the primary step

of recovery of petroleum from s petroleum reservoir, in
T

'encrgy :to'edfin-the'petroleum;reservair, or with tn=s uss

of mecnanicat'energy,.'inside tne reservoir still a large

. Y

amount of pctrolﬂum rema1na.€ Therefore, in order to

increase the amount o f pctFOLﬂum which can be extracied,

;feChﬁiques.-oT secondary-recovery are customarily used,

4 o

which essentially consist in injecting into the reservoir

& 'fLuid;  generaLLy water or a poLymeric soLutiOn, or a
gas, such as carbon dioxide or steam, Wwhich conveys
petroteum to the product1on weLL.

However, owing to the heterogeneity of the petroleum

bearing 'rock which7'is' constituted by regions with

 d1fferent ‘ permeab1l1ty, such.:_fLuids‘._ tend to

fprefcrentxalty tftow through the ‘.higheb~permeability

reg1on5._ Tne Low permeab1l1ty regxons rema1n hence non-

;fLuxed or onLy part1aLLy fLUXcd, and th1> natter of faut
";preyents- 'thé"_extraction~ of  the .therewn contained

'petroLeum;‘

A proposed solution to solve such a problem consists
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generation ipn_situ of poiymeric.

preferably from among the aliphatic monocarboxy acids, in

i modifyihg the permeability of the resevair by either
compLetéLy Or paftié[ty occluding the high~permeability
regiohs, S O thdt the flow of the Liquid subsequently
1n3cpted'1nto th reservo1r for the reCUvery of petroteum

can be diverted towdrds the LOw-permeab?Lity rEgions.

Onej~among :n»-tecun1quea mo:t widely used for tnat

- purpose is based on the 1ﬁJPCt1Uﬁ, into the reservoir, of
‘an agqueous solution of a geitabte"potymer, whnich can D=

- gellted by means of a multivalent metat 1on, and tne

eLs.

*nl_S{noe‘tﬁe-ﬁégions:wnﬁcr]éh 'wants tu gcclude may De

o veiy ‘{arge and/or may be ati a Lony u?StaﬂC€ ~from thne
'aihjectiOh'yeﬁL) }it,is_nECesapyxtnat'rne formation of ine
getl 'tak#S'jﬁﬁace  with a delay, so. as to =enable 1ins

-chLach 5uLut1on to reaCh tﬁéfdeéir&d region and Fill 1t

- . 2

to'a.compLutu, or suostantlauty comptutc, extent.

in part1cuaar, thu use is known in the art, of

geLLabLe comp031t1oms hav1ng dPLayed geLL1ng time, wnich

compositions generaLL/ consist of a polymer which can be
crossliﬁkedf by means of a multivalent mﬁtaL fon, 2.9.,
poLyaCEyLam1de, 'a'muLtwvaLent metal 1on Cross slinkg agent
and a Ligahd Or sequestering 6gent for said multivalent

metal 10n.
ao,‘ &g, in UK patent appLication 2,18?,?73, a

geLLabLe -cqmposiiipn  having.é detayed getling time 15

'discLosed, _whi ch contaxns a water- soLubLe polymer, a

-croSsLihkiﬁé"agent const1tutcd by a uompLex of Cr3+ with

a carboxytate- 1on, 1n part1cutar acetate '1on, and a

.deLay1ng' agent 'selected from“among-the  carboxy acids,

¢

particular acetic acid.
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Such a system shows the advantage that low-cost
ligand, such as acetic acid, 1s used, but 1n case of high-
temperature reservolrs, the delay gelling rate which can be
obtained 1s at all 1insufficient 1n order to perform the
occlusion of large recions and/or regions slituated far away

from the 1njection well.

In European patent applications EP 390282 and EP
390279, the use 1s disclosed of compositions which can be
gelled by means of Cr3+, containing as the retardant agent
and organic ligand selected from among the aliphatic and
aromatic dicarboxy acids, or the  o-hydroxyacids or

g—aminoacids.

Unfortunately, such compositions did not prove to

be satisfactory under all wviewpolints; 1n particular, the
proposed ligands are mostly expensive, rendering the
process of modification of permeability a4 burdensome one.

The present Applicant has found now a new agueous
gellable composition having a delayved gelling time, which
makes 1t possible the drawbacks which affect the prior art,
as above briefly mentioned, to be overcome.

Therefore, a purpose of the present i1nvention 1s

said aqueous gellable composition with delayed gelling

time.
In accordance therewith, according to the present

invention, salid aqueous gellable composition comprilses:

(a) a water-soluble organic polymer crosslikable with
Cr3+;

(b) a crosslinking and gel-retarding system containing a
cr3t ion and salicylic acid ligand, wherein said

ligand can be ir frees form, or 1n the form of a
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complex with Cr>" ion, or partially in free form and

partially 1in complexed form.
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The water-soluble organic polymers which can Dbe
crosslinked by using Cr2*, wuseful according to the
purposes of the present invention, are generally setlzcted

from the group consisting of acrylamide polymers. In

particutar,  there  can be wused either acryLamide

homopolymers, or acrytamide copolymers with one or more

copolymerisable unsaturated monomer{(s), sucn as, €.9.,

acryL1c ;écid.  :metﬁac:ytam1de,' sodium c-~acrylamido=2~
 ‘meLnyL propane auLfOnaae and vwhyl-Z“pyPPOLidone; AMONYg
iLhc quoLymcf:;: thé.'bpoLymer ,of.anyLamide‘wit%.sodium
 2  FyLadeu.; metnynﬂpropah.”'u fonate, ine .cbpoiymcrs
”7 0f' -facryLam1av-'-thn_ .N V1nyt pyr: ol dohe and the
.terp0ayner: i§fﬁ  o yLaﬁidH w1tn d1§;  Z-acryLamido—2-

metnyl- propane :uLTonate'fand»'N*viﬁyt-z-pyfrotidone are

fprefcrabty u:ed

< B

. baxd-;aurylam1dﬁ numOpoLyme: and copolymers can De

either SUDStant1aLLy ~non.nydroty5cd (Less"than V7% of

amidic groups hydroLy:ed 1nrc,free carboxy groupsi, or

'partiaLLy. hydrolysed (more than 1% of amidic groups

‘hydroLysed' into:]free-'caﬂbaxy groupsl). The nmolecular

weight of these acrylamide polymers may 'generatty be
comprised'within'the-range'of from 100,000 to 20,000,000,

and, prafsrabty,' within the range of from 200,000 to

12,000, 000.

The concentrat1on ,of  the';waterfSOLubLe -organic

polymer ;3h: the geLLabLe compo:1t1on . according to the

'fpresent 1nvent1on :bah’ gunvpatly range from 1,000 +to

'80 DOO ppm,. and preferably 15 compr1:ed w1tn1n the range

of from 3 000 tu 50 000 ppm and, in most preferred form of

practical embodimﬂnt 1“'comprised-within:the range of

from J,GDG to 10 000 ppm when fresh water is used, and of
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from 10,000 to 30,000 ppm when salt water 1s used (such as,
e.g., sea water).

The ligand of cr3t ion  contained 1n  the
crosslinking and gel-retarding system according to the
present 1nvention 1s salicylic acid.

Said ligand can be present 1in the crosslinking/

retardant system 1in free form, as the acid, or 1n the form

of a complex with cr3t ion, or partlially 1n free form and

gl

partially 1in complexed form.

According to the preferred form o©of practical

embodiment of the present inverntion, said ligand 1s present

N—

partially in free form and partia:ly 1n the form of a
complex with cr3t, because in that way the best results are
obtained as regards the gelling rate, in particular at high
temperatures, 1i.e., temperatures equal tc, or higher than,
90°C.

In practice, in saild preferred form of practical
embodiment, the crosslinking and gel-retarding system 1s
constituted by a comp.ex of Cr3% with salicylate 1ions, 1n
which the molar ratio of salicylate: cr3t can be comprised
within the range of from 1:1 to 3:1, and preferably 1s 3:1,
and salicylic acid, or a scluble salt thereof, 1n free
form, i.e., not bonded in said complex.

The crosslonking and gel-retarding system
according to the present invention can additionally contain
one or more hydroxy ions and/or neutral molecules, e.g.,
water, and other monovalent or divalent 1onorganlc 10nNS

suitable for balancing the charge of the same system.

f-‘-
S

In those forms of practical embodiment of the

invention in which the crosiinking and gel-retarding system

contains an amount of ligand 1n free form, the molar

peraee ttenal i G s M i RN N A - R DM P T 141 L Bt H U et d G o d ol i et bl I 1 1 N et VB b d 1L B 11 L 1 Lo B b 2 2 S b e o e Nt 2l rrtes e oagdd it et
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ratio of saild salicylic acid Lligand in free form to Cr3¢
ion can be comprised within the range of from 1:1 to
50:1, and ié.preferabLy comprised within the range of
from 3:1 to 10:1.

Such .é m§Léf ra{io is selected as a function of the

1ich one wisnes t ¢

A

extent"cf-the detay‘in'geiling time.w

attain, also on conéﬁdering'ihe‘Eemperature.of the region

of the reservoir, which oheluishéé_to-otciude.

” Twe _éohcehtrafion» 6f TCr3fj750h..1n the yeilaole

compdsitidﬁ ¢aﬁ-be comprised wft%in tue f8H9

 ?6_ 57000 bbm,[and oreferably is comprfsed “within the

Pamge oT frum 2j”to.8fo ppm, 'witﬁm0st‘pref:rred Vairugs

.béingof.from 10u to ouO DOMm.

The geLL bLe comp051t1oh dr fhe present invention

'cah "dif ﬁaLLy bntaTn one Os-mure stabilizer agentis)
. | | ..

ffOr tne poLymer, as cu:tomar1ty ubed ¢.9., thiourea

The pH vaLUu of the chLaoLe compos1t1on according
to the'_present_1nvent1on can[be comprised within the
range of'ffom:abouf 2'toiabout 9, and preferably 1s of
from 4 to_7;'Théref0re, whepn either mecessary or desired,
the pH.vaLUefof the composition is adjusted by means of
the addition. of a mineraL actd or pase, @ eG.,
hydrochlorid acid, or sodium hydroxide.

The::achous geLLach comp051t1on ace urdwng to tne
ﬂpresent{ 1nvent1on can be prepared by s1mply olend1ng its
.ccmponénts Jn‘watef, nd adVantdQBOUbLy aqueous 5uLut1ona
of the same cdmponent$ are u:ed the sequenue oT add1t1on
bf thé.ﬁompbnents is ﬁdt r1t15;. . ) N o

HoweVer,_preferabLz,.an aQueOus sbLution is prepared
first,‘ whi;h 7cdntain$ the ;polymer and the optional

stabilizer agent, then an aqueous solution of salicylic
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acld ligand 1s added, 1n case one wilishes to operate with a
crosslinking and gel-retarding system 1n which the ligand

is totally or partially 1n non-complexed form, and an

agqueous solution 1s tinally added of a complex of Cr3t with
salicylate, or an aqgqueous solution of an aqguecus solution

o
——

of an 1inorganic Cr°%* salt, such as, e.g. nitrate or

chloride, 1s added.

The salicylate complex ot cr3t can be prepared Dy
using known procedures of 1norganic chemlistry. For example,
it can be prepared ky reacting chrome hydroxide Cr(0OH) 3
wilith sodium salicylate, substantially following the
procedure as reported 1n "Inorganic Syntheses™, Vol. 1o,

pages 80-81.
Water used 1n the preparation of the gellable

composition of the present 1nvention can pe free from
salts, or 1t can contain salts and, advantageously, the
same water contained 11 the same reservolr can be used.

A further purpose of the present 1nvention 1s a
process for reducing the permeability 1n a petroleum

reservolir, which process uses the composition disclosed

hereilnapove.
More particalarly, according to the present
invention, said process comprises the followlng steps:
(a) preparing an AQUEeOoUSs gellable composition, as
disclosed hereinabove;
(b) 1njecting said gellable composition 1nto the petroleum
reservolr through at least one well;

(c) causing saild composition Lo tlow through the

reservolr, until 1t reaches and supstantially fi1lls
the high-permeabi.ity region which has to be treated;

and
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(d) causing said composition to turn into afgeL, with tne

permeability of the above said redion Oeing

consequently decreased.

" Such a composition is wuseful for modifying the
permeabitity in a petroleum reservoir, within a wide
range of temperatures, of from 60°C up to 1200C, or once

more.

Said  composition dOVdﬁtBQEOUbLy enables the
..perméabitify.of'high-ber DiLity regions situated deeply

vl
-
s
:,‘-
4

we L tb,beﬂ educeu, without ithat an early getling occurs.

In gcncrat 1t was found that detays in geilling rate

can be oota11ed _wniCﬁQcan be as Long as one week, when

one operatesgat'tempeﬁanPes of the order of 20~-120°C.

Thé;-Low_~c05t  of, salicylic acid makes 1t also

po:>1bte economwc advantag 5 to be attained additiomally

to tne'ébove oenéfits

The'_fottowing 'exéMpLes are to be considered as
1LLustrat1ve of the invention,  and shoutd not be
construed as being L1m1tat1ve of the purview of the same

invention.

Example.l
An  aqueous solution of a commercial copolymer of
.acryLamide'_and'SOdium 2~methyL~1~pﬁopane-SULfonate in  a

He1ght--rat1o, of approx1matety 7).2), :uith about 4% of

£

'-the copotymef, th}pqrga“j§ éddgd as'tﬁe stabiLizeb agent.
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An aqueous solution is prepared of Crisalicylateis
comptex,.obtained'as follows.

200 ml of an 1.7 # solution of ammonium hydroxide 1is
added, :-w{th stirhing; to a solution of commerciat

CrCiy . HgO (13 .g; 0. OJ mot) in 200 ml of water.

The 'ao formed cnrome oxide Cr{OH)y is centrifuged

o

of f and  then is purified from any chlorine traces, y

~being repeatedly washed with water and centrifuged, as

fa

—
O~
v
T
uil
(]
(r

uescr1oed in flﬂorgan1 Syntheses', vol.

~d1Lured nyd;ocntur1c aCid-is added, in order to adjust

an'pH vétue.at 3.

Thé' Cr(saLiCyLate)3compLex precipitates off and
then ié“f?Ltéred off and washed with a solution o f
diluted hydrochtdric acid at pH' 3. -

The elemental analysis of the obtained product
demonstrates.that'the catic of chromeicarban by weight 15
of 0.21 (theoretical vaLue:'O;ZO).

Then, samples of geLLabLa composition are orepared
by miXing, _insidé.a test tube With screw-threaded cap,

the solutwon- of _the; opolymer and of the stabitizing

agent; w1th suLut1ons conta1n1ng d1vferent COﬁCcﬂtFatiuﬂb

of saticyLiC_aCid,: and aUusuquentLy adding the agqueous

_scLutidh:of Cr(saLﬁcyLate)3 comptex.

ALt  éambLes* 50 prepared uontain 5000 ppm of
copolymet, 5000 ppm af.thiOUPea, 200 ppm of Cr3* and

concentrations o f non-complexed salicylic acid
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10.
respectively of 0.008 ¥ (molar ratio of salicylic
acid:Cr3+ = 2.13, 0.024 # (molar ratio of salicylic
scid:cr3t = 6:1) and 0.040 M (molar ratio of salicylic
acid:Cr?* = 10:1).
The ph Vatﬁe is adjusted_at > fD.? by means of tne
addition of $Qdium hydroxide'orhydrochtoric acid.
'Thé"so prepafed'samptes,are fihaLLy charged to an
ot batﬁ at 120 C for 15 m{nutés;, and then to an oven at
the same femperatuF?4_ o
The getling ”t{mes of the several samplLes are
ceported in Table 1. |
"', Table_l
ﬁotar:rétwoi§1*of Geliing time
satigylic_acid/€rl3z) {hours) .-
25 30 1 46
. .
651 55 = 116
' o 10:7 150 % 165
(a) The molar ratio ralates to the salicylic acid whicn
15 not in the cdmptexed fohm.
Example_g
Example 1 is bepeated using sea water for preparing

the aqueous gellawble compqsitions.

copotymer , 5000

ALL.sampLes prepared contain 5000 ppm of

ras Cr(saticylatelsl and

S

ppm of thiourea, 200 ppm of Crdt
concenttatioUs__

respectivety;.

acwd Crd+

'.ac1d Cr3*_' 

ac1d:Cr3+ '

'-0.1) and o 040 E (moLa:
10:1).

ratio

,_of  :nqn~compLexed‘
of '0 008 .?’-(moLaf
2.1y, O. 044 I (motar

saticylic

of
ratio

ratio of

of

acid,
salicylic
salicylic

salicylic

The sampLe geLL1ng times at 1200C are reported in

following table.a,
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11.
Table_ g
Molar ratiofa) of . Gelling time
agkzng_,_ﬂ,1QL£££§*> Choursl) ...
211 5 5 2145
6:1 . 57 2 117
.10{1 o _  - 140

(a) The molar ratio relates to the saticylic acid Wi ich

is not in the complexed form.

‘Example_3
oy -6pé)at1ﬁg au-in Ex@mﬁte 1, an agueous geliaole
uompu:1tio .is preparéd, 'Qﬂich contains 3060' opim of
opOLYyHE: f Exampts 1,.3008'ppm of thiourea and 200 ppu
6f Crd3t suppt1ed as ‘Cr{saticyiateis. tﬂcrmure, YRV
gelLlabte comp051t1ohs afe prepared, which contain,

Crd+ 'reSpecfiveLy'of Zzﬂlandf6:1.'_7he gelling times o©

the dif reréht éomposiﬁions, at_fhe temperature of 709¢C,
are reported 1N foLLowingTabLé 3.
. Table.3
Molar ratio<41 of  ' Gelling timeg
5 zLis_gﬁiaigﬁﬁémi ' (hours) -
- 12 - 15ta)
2 ' 22 - 46
ei1 _ :.' S 168- 190

(a) This geLLwng t1me reLate: to tne gellable composition

-onLy contalnxng Cr(sat1cytate)d..
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CLAIMS

1. Aqueous gellable composition having a
delayed gelling time, comprising:
(a) a water—-soluble organic polymer crosslinkable with
Cr3t;

(b) crosslinking and gel-retarding system containing a

cr3t ion and a salicylic acid ligand, wherein said

g -

ligand can be 1n free form, or 1in the form of a

complex with cr3t ion, or partilially 1n free form and

10 partly 1n complexed form.

2 . Composition according to c¢laim 1, charac-
terized 1in that 1in the «<crosslinking and gel retarding
system, the molar ratio of the salicylic acid ligand 1in
free form to Cr3t ion is comprised within the range of from

1:1 to 50:1.

3. Composition according to claim 2, charac-
terized 1n that said molar ratio 1s comprised within the

range of from 3:1 to 1l0:1.

4 . Composition according to c¢laim 1, charac-
20 terized 1in that 1in the crosslinking and gel retarding
system the salicylic acid ligand 1s partially in free form

and partially in complexed form.

5. Composition according tce claim 1, charac-

terized 1n that the cconcentration ot the (a) water-soluble

organic polymer 1s comprised within the range of from 1,000

to 50,000 ppm.
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o . Composition according to c¢laim 5, charac-
terized 1n that the concentration of the water-soluble

organic polymer 1is comprised within the range of from 1,000

to 80,000 ppmn.

7. Composition according to c<¢laim 6, charac-

terized 1n that the concentration of tThe water-soluble

organic polymer 1s comprised wilithin the range of from 3,000

to 50,000 ppm when fresh water i1s used, and of from 10,000

to 30,000 when salt water 1s used.

o . Composition according to claim 1, charac-

terized in that the concentration of Cr-tion 1is comprised

within the range of from 10 to 5,000 ppm.

. Composition according to c¢laim 8, charac-
terized in that the concentration of Cr3t ion is comprised

r—
-

within the range of from 25 to 800 ppm.

10. Composition according to claim 9, charac-

terized in that the concentration of Cr>%t ion is comprised

within the range of from 100 to 600 ppm.

11. Composition according to c¢laim 1, charac-
terized in that the said water-soluble organic polymer 1s

selected from the group consisting of acrylamide

homopolymers and acrylamide copolymers with one or more
copolymerisable unsaturated monomer(s), which acrylamide
homopolymers or copolymers have a molecular weilght
comprised within the range of from 100,000 to 20,000,000,

said acrylamide homopolyvmers anrd copolymers beling

substantially non-hydrolysed (less than 1% of amidic groups
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hydrolysed 1nto  free carboxy  groups), or partially
hydrolysed (more than 1% ¢f amidic groups hydrolysed 1into

free carboxy groups).

1Z2. Composition according to c¢laim 11, charac-
terized 1n that said acrylamide homopolymers anc copolymers

have a molecular weight comprised within the range of from

200,000 to 12,000, 000.

13. Compoesition according to claim 11, charac-

terized 1n that said copolymerisable unsaturated monomers

are selected from the group consisting of acrylic acid,

methacrylamide, SOd1um Z—acrylamido-Z-methyl-propane-

sulfonate and N-vinvyl-Z-pyrrolidcne.

14. Composition according to claim 11, charac-

terized 1n that saild water—-soluble co¢rganic polymer 1s

selected from the grcup consisting of the copolymers of

acrylamide with sodium J—acrylamido-Z-methyl-propane-

sulfonate, the copolymers of acrylamide with N-vinyl-

pyrrolidone and the terpolymers of acrylamide with sodium
?2—acrylamido-Z-methyl-propane-sulfonate and N-vinyl-2-

pyrrolidone.

15. Composition according to <c<¢laim 1, charac-
terized in that said compositicn additionally contains one

or  more stabilizer agent (s) tor the polymer and,

preferably, thiourea.

lo. Composition according to c¢laim 1, charac-
terized 1n that 1t has a pH wvalue comprised within the

range of from about 2 tc about 9.
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17. Composition according to claim 16, charac-

terized 1n that 1t has a pH value comprised within the

L

range of from 4 to /.

18. Process for reducing the permeability of a
petrocleum reservolr, which process comprises the followilng

steps:

(a) preparing an aqueous gellable composition as claimed

in claim 1;

(b) 1njecting said gellable composition i1into the petroleum

10 reservolr through at le=ast one well;
(C) causing sald Ccomposltion o fow through the

reservolr, untail 1t reaches and substantially fills

the high-permeabilility regiron which has to be treated;

and
(d) causing sald composition to turn into a gel, with the
permeability of L he above sald region pe1ng

consequently decreased.
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