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Oil is an imporfant source of energy and is also used as a

raw material in ih?e’mical .manufacturing industry. Worldwide oil

reserves are bein ted raplély Stringent environmental regulations
coupled with glo ﬁmmc at_lgl political . instability are restraining
the oil industry fr )'gbloratlo& ‘and development of new oil-fields.
There is an increasing feq uement to recover as much oil as possible from
the existing producing lﬁelds by \ﬁlng, different improved oil recovery
techniques. Certain water-soiuble/hy@ogel polymers are especially suited
for various mlﬁqld appTlcatlons mcludmg a mumber of enhanced oil

-

recovery (EOR) pjocesses _-f_;'

In oil- bearmg formations, hydrocarbons are trapped  under
pressure in the pores of the rock matrix. The pressure and the
temperature | of|.jan | oil |reservoir cvary | from| reservoir to reservoir,
depending on the depth and the nature of, the crude oil'(heavy or light)
deposit in the, \reservoir,| (The /.préssure - can (vary {from 200 -1500 psi
(1.4 x 10’ - 1.055 x 10" kgm?) and the temperature from 25 to 150 °C.
When a productive hydrocarbon formation is tapped, the oil and gas are
prdduced by this natural energy (the pressure differential) of the
reservoir. This pressure, which is the driving force for oil and gas to
come to the surface, gradually diminishes to the point where pumps are

required to lift the oil to the surface. This phase, known as primary
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production, accounts for the recovery of approximately 20% of the
original oil in the reservoir.

Pressure depletion with time gradually reaches a point where
sufficient energy is no longer available to displace oil through the
reservoir to the well. So, new injection wells are drilled around the
producing wells or suitable producirig‘_yvells are converted into injection
wells to facilitate injection of water c;f‘rgas in order to restore the
original reservoir pressure. This fstage o operation is called secondary
recovery, whereby i;}_jccted"‘ flid \continues to force the oil out from the
rock pores to the Fp'l'od,lzlcmg well‘L ThlS produces an additional 10-20%
of the oil originally / ,plpce How_ever water tends to pass through the
higher permeability ,ior;és fractureé or channels leaving a substantial
amount of oil behmd; Tﬁus the pracace of water flooding becomes

uneconomical because gf thc h]gh Jé@t for lifting and separatlon of a
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augmented water- ﬂoodmg is a more efﬁc1ent a}tematlve to just water

flooding. This pr§cess 1s known as polymer ﬂoodmg Water-soluble
polymer, which mcreases the viscosity of water and thereby reduces its
mobility, is used in this=process(1). However, full-scale polymer flooding
requires the| injection of a large | volume | of aqueous polymer solution.
This is capital intensive and’ often needs a long “time to produce
results®A /popular “option. is /the. use of hydrogele prepared by the
crosslinking of water-soluble polymers for fluid diversion during the
profile control of injection wells or for the treatment of water-coning
problems in producing well. These processes require  substantially
lower costs and shorter payout times than those of full-scale polymer
flooding.

Although  water-soluble polymers play an important role in a

number of oil recovery processes, these polymers may also be used in
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other oilfield application such as drilling mud, additives for fluid loss
control, shale stabilization, flocculation, filtration control, etc., under harsh

conditions of high temperature and high salinity and/or hardness.

Scientific and Technological Rationale

Different kinds of water-solublé -ﬁoiymers can be used for EOR

J
processes. These polymers.are classified into three main groups:

- Natural pglym;rs(blopol mers)  such. as starch,  guar gum,

xanthan apd/ sCIerogluc
- Chemlcall}/ modlﬁed ggltural polymers such as  starch,

cellulose e};é’rs?f and” hgn&sulfonates
- Synthetic poWrs such as © polyacrylamide and  synthetic

copolymers. ; ’ ; R ;f:‘- <
= =,
There are several 1eqmremen&—‘fbr polymers to be used in the

2 'ﬁ. ﬂ—-

EOR processes. Some of t'ﬁese unportant and qutlcal requlrements are

solubility, v1sc051ty; and shear stability, compatllnh‘ty with injection and
formation water, crude oil and minerals of the reservoir, corrosion and scale
inhibitors, and biocides, et c.; long-term thermohydrolytic stability;
injectibility; 10w adsorption; ease of field handling; and cost efficiency.

Only a few types of polymers haye. been successful in showing
suitabley properties ‘to (meet ‘these . EOR requirements.| In particular, the
EOR applicability of polymers is determined by the salinity of both the
reservoir and the injection water as well as by the temperature of the
Ireservoir.

Polyacrylamide and partially hydrolyzed polyacrylamide are
suitable for low temperature and low salinity reservoir conditions.
Biopolymer, such as, xanthan gum, are suitable for low to moderate

temperature and high salinity conditions. Specially tailored synthetic
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copolymers, such as HE polymers (HE is a registered trade mark of the
Drilling specialties company for suitable synthetic polymers for hostile
environments), are suitable for high salinity and high temperature
reservoir conditions. These polymers are also used as drilling mud
additives to reduce water loss from the mud, specially in higher
temperature applications. 'y

Most of the worldwide polymér:;iﬂed EOR projects to-date have
been carried out by fhe injecti'(;n of fluids containing polyacrylamide
and/or parially hydrolyZedpolyacrylamide. The polyacrylamides used are
very high moleculas® weight' potymers (usually > 1 x 10°) and, thus, are
very effective visc ty bmldmg Bolymers Polyacrylamides reduce the
mobility of dlsplac??en}' Wafel m\) porous media by a combination of

d

both increasing the w,ﬁter $ vlscosw;s and reducing the permeability of

the rock matrix to watezr ald 'i“r:'-:.

While polyacrylanudeswe suttab]e for most reservoirs, they cannot

withstand the hxgher temperature anf sahmtyf and/or hardness levels

encountered in | geeper TESEIVOIrs. Polyacxyla_@kies undergo extensive
hydrolysis at elev{&d temperatures. The resulﬁng hydrolyzed polymers
precipitate with divalent.cations, commenly present in oilfield waters, leading
to a substantial loss | in| viscosity.| This | seriously| dimits their use as
mobility control agents in highs temperature. resevoirs.

In/recent) yeats, the. trend | i water-soluble polymer research for
EOR applications has been to develop acrylamide-based polymers that are
resistant to thermal hydrolysis. It appears that the copolymerization of
acrylamide with a co-monomer such as N-vinylpyrrolidone can effectively
protect the amide groups against thermal hydrolysis. Thus, the research
efforts have produced commercial products based on acrylamide, which
can tolerate the hardness at elevated temperatures without precipitation

and viscosity loss. Various other acrylamide-based polymer systems,
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namely, hydrophobically associating, zwitterionic and ampholytic systems
have been reported for their improved solubilities, enhanced viscosities
and improved shear stabilities in hard brine solution. However, these

systems are yet to be evaluated for high temperature stability.

Objectives f 4

9
The objectives of this research are. the following:

L. To studi,-&l/"és"ﬁitable '.imethod of synthesis for polyacrylamide

by gamma irradiations” ,
2. To study/( g.tlmum cgpdltlon for hydrolysis of polyacrylamide
to produce a partially

/l}éed pohsacrylamme(HPAM)

3. To study the fsuitablé in'ethod for synthesising the partially

hydrolyzed poly(acryl e- co-‘l-vmyil‘-(’ﬁp‘lyrrohdone) by gamma irradiation.

4. To study the optxmum :Hﬁo of the partially hydrolyzed

'\. .4_

polyacrylamlde(HPAM) and l-vmyl 2-pyrrohdone, Jr'whlch was used in the

o I

copolymerlzatlon jf s
5. To cha};acterize the copolymers of  partially  hydrolyzed
polyacrylamide(HP AM)-4-vinyl-2-pyrrolidone by using _spectrophotographic

and thermal analyses.

Expectéd Benefits Obtainahlé, for Future Development! of the Research

Different kinds of water-soluble polymers can be used for
- enhanced oil recovery(EOR) processes through its water absorption.
Polyacrylamide, in its partially hydrolyzed form(HPAM), has been used in
oil recovery processes far more frequently than biopolymer(1). The
degree of hydrolysis may be important in certain physical properties

’lﬂﬂljlnh'ﬂ ﬂﬁ'ﬂl ‘l) YI!J’.H nn
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such as polymer absorption, shear stability and thermal stability.
However, since the polyacrylamide chain is flexible, it may respond much
more to the ionic strength of the aqueous solvents, and its solution
properties are suitable to salt/hardness. Copolymerization of partially
hydrolyzed polyacrylamide(HPAM) with a co-monomer such as 1-vinyl-2-
pyrrolidone  can effectively prété&f;hg_ amide group against thermal
hydrolysis, which can tolerate the Hostile . environmental conditions of
high salinity and hardness-at elé:vated températures without precipitation

and viscosity loss(1)€opolyterization of themodified acrylamide with a
co-monomer, l-wny/o

benefits for the fu plopmgnt_.can be:
1. To obtam /{eﬂlod for*xisynthems of polyacrylamide by gamma

yrrohdone can be ‘induced by radiation. The

irradiation
2. To obtain the ﬁethod‘ for hyémlfysm of polyacrylamide to produce
a partially hydrolyzed polyacrylmmde@AM)

-

3. 16 obtgln the ‘method for synthesming partially hydrolyzed

poly(acrylanude(HE’AM)-co- 1-vinyl- 2-pyrrohdone) Mﬂy gamma irradiation.
4. To obtam copolymers, which can be used for enhanced oil
recovery (EOR) processes through its Water absorption.

Preparation Scheme

In order to ease understanding of the entire synthesis process,
Figure 1 reveals the preparation of partially hydrolyzed polyacrylamide
(HPAM)-1-vinyl-2-pyrrolidone copolymer by gamma irradiation. Further
details of which is covered in Chapter III.
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Partially hydrolyzed polyacrylamide(HPAM)-1 -vinyl-2-pyrrolidone
copolymers

Figure 1.1 Preparation scheme for synthesis of partially hydrolyzed
polyacrylamide(HPAM)-1-vinyl-2-pylrolidone copolymers.



Scopes of the Investigation

In this research, the necessary procedures of copolymerization of
partially  hydrolyzed polyacrylamide(HPAM)-1-vinyl-2-pyrrolidone by
gamma irradiation to achieve the best product is as follows:

1. Literature survey and m-déptp study of this research work.

2. Preparing polyacrylamlde vid ga‘fn,ma radiation by simultaneous

irradiation method, by studying the following parameters so as to select
the suitable techmq;?o/ to att the appropriate reaction conditions:

a) The o quantl of total. dese (kGy).
b) The qué}m

polymerization of acry

quantlty, of dose rate (kGy/min).

}’i cone&,nt‘ratlon of acrylamide for the
3. Hydrolysis of olyacfylamxd’éi

:——J‘l

To achieve the deg;eé of hﬂfolysxs which was suitable to

l_;‘

copolymerize w1ht 1-vinyl- f-pyrrohdone and gaye the product that had

the highest water v absorptlon value, important paframeters on hydrolysis
were carried out as follows i)

a) The optithum quantity of polyacrylamide (g).

b) The.optimum temperature (°C).

c) The optimum reaction time (h).

d) The suitable base for hydrolysis;

e) The optimum degree of hydrolysis of polyacrylamide (%)

4. Copolymerization of partially hydrolyzed polyacrylamide

(HPAM)-1-vinyl-2-pyrrolidone.

To obtain a good yield of the copolymer with a high water
absorption value, important effects on the copolymerization were carried

out as follows:

a) The optimum quantity of total dose (kGy).



b) The optimum quantity of dose rate (kGy/min).

c) The optimum ratio of partially hydrolyzed polyacrylamide
(HPAM) (g)/ 1-vinyl-2- pyrrolidone monomer (cm?®).

d) The suitable solvent for precipitating the product.

3. Charactenzatlon and T
a) Investlgatlon A p al groups of polyacrylamide,

partially

hydrolyzed ' /o cgl _____.(HPAM) 1-vinyl-2-pyrrolidone
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