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Introduction

Drilling fluids are a critical component in the oil and
gas industry, playing a significant role in drilling and
increasing recovery. The volume of drilling fluid
consumption in the oil and gas industry is growing due
to the increasing need for exploration and production
in complex and deeper areas. The drilling fluids market
is valued at around $12 billion in 2023 and is expected
to reach $15.5 billion by 2032 [1,2]. Viscosifiers are
used as one of the main ingredients in the formulation
of these fluids to improve flow properties and increase
fluid viscosity. These materials help to stabilize fluids
and prevent performance degradation, especially in
complex operating conditions, such as drilling in high
salinity environments and high temperatures [3-5].
One of the main challenges in using viscosifiers
in drilling fluids is the high salinity of the water. In
many cases, oil reservoirs have high salinity and it
reduces the effectiveness of viscosity-controlling
polymers [6,7]. One effective way to overcome this
challenge is to use modified polymers. For example,
the combination of acrylamide with 2-acrylamido
2-methylpropanesulfonic acid (AMPS) can increase
the polymer’s resistance to salinity due to the presence
of sulfonic groups in AMPS, which are more resistant
to salt [8-10].

The main objective of this paper is to investigate the
synthesis of polyacrylamide along with other effective
materials (including monomers such as acrylamide
and AMPS) with the aim of achieving a copolymer
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and even terpolymer resistant to salinity. Therefore,
the results of this research, considering the synthesis
process and the possibility of high-volume production,
can significantly help in improving the performance of
viscosifiers in drilling fluids and increasing recovery.
On the other hand, by explaining the basics of polymer
synthesis, this research provides a better understanding
of the chemical and physical mechanisms in the
formation of salinity-resistant viscosifiers and can
provide a suitable path in the future to improve the
performance of these materials in drilling operations
in complex environments.

Materials and Methods

Synthesis Method

According to the studies conducted on different
environments for the synthesis of polyacrylamide and
its derivatives, solution polymerization was found
to be suitable in terms of economy and parameter
controllability, and for this reason, this method was
used for planned syntheses. Also, regarding the method
of polymer synthesis and the connection of existing
monomers, free radical polymerization was used.

In this study, two methods, thermal and oxidation-
reduction, were investigated, and ultimately thermal
breakdown of the initiators showed better results than
the oxidation-reduction method in terms of simplifying
the reaction, as well as the formation of polymer
filaments and final properties (Fig. 1).
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Fig. 1 Synthesized polymer solution with a concentration
of 10% (left: oxidation-reduction method, right: thermal
method).

In the thermal breakdown method of initiators in a
solution environment, first the monomer and also the
initiator are dissolved in deionized water based on the
determined ratios and the obtained solution is placed
in the isolated environment of the reactor. Then, grade
4 nitrogen gas (99.99% purity) is injected into the
solution for 30 minutes through the reactor inlet and a
bubbling state is created in the solution. This process
is carried out with the aim of removing the oxygen
present in the solution and also the entire reaction
environment. Then, the initiator breakdown agent is
applied, which causes the production of free radicals
and the polymerization reaction begins. After the
desired reaction is complete, the final solution is added
to methanol with a volume 5 times the solution, during
which the water present in the polymer structure is
removed. This dehydration process is repeated 3 times
and the remaining material will be in the form of a
brittle and white solid. This material is heated at 40
degrees until it is completely dry and then crushed

(Fig. 2).

Fig. 2 Water extraction and polymer drying steps (from right
to left).

After obtaining the powdered polymer, these materials
were dissolved in water or salt water at a determined
concentration (using a magnetic stirrer at 500 rpm
for 1 hour), and then the viscosity of the solution was
measured at ambient temperature using a viscometer

(Fig 3).

Fig. 3 OFITE Viscometer used for the test.

Results and Discussion

As mentioned in the previous section, the synthesis of
acrylamide-based copolymers is carried out in order to
obtain a suitable viscosifier that is relatively resistant
to salinity. For this reason, the parameters affecting
this process (including the solvent to monomer ratio,
initiator to monomer ratio, initiator type, hydrolysis
percentage, and the ratio of monomers to each other)
havebeen thoroughly investigated and the optimal value
of each has been determined separately. Finally, the
optimized items have been simultaneously examined
in the final synthesis to observe the effectiveness of
all parameters in a product. The steps of parameter
optimization are described below. It should be noted
that all tests have been carried out with the polymer
dissolved in water at a concentration of 2%.

Optimization the Solvent and Initiator

In order to examine and determine the appropriate
amount of solvent for carrying out the polymerization
reaction, it should be done in such a way that on the
one hand the final polymer has an appropriate molecular
weight and on the other hand the volume of the solvent is
such that it preferably occupies less space in the reactor.
Therefore, the molecular weight of the polymer and the
space occupied by the solvent should be in balance. To
determine the ratio of Initiator to monomer, the amount
of monomer and solvent was kept constant and the
ratio of initiator to monomer was examined and finally
by examining the viscosity of the final product, the
approximate molecular weight was compared and the
best ratio for the initiator was determined (Fig 4). Next,
the amount of monomer and initiator was kept constant
and the amount of solvent was changed, which was
similar to the previous explanation, the final properties
were examined and the best amount for the solvent was
also determined (Fig. 5). Also, regarding the selection
of the best initiator for this reaction, three different
initiators including sodium persulfate, potassium
persulfate, and ammonium persulfate were investigated
at a fixed ratio (0.6% relative to the monomer). The
final results of the polymers synthesized with each of
the aforementioned initiators are shown in the Fig. 6.
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Fig. 6 Viscosity vs types of Initiators.

Synthesis of Acrylamide copolymer

According to the above, hydrolysis of polyacrylamide
in salt environments will greatly lose its properties,
which will also cause a sharp drop in polymer viscosity;
therefore, the polymer structure should be designed so
that the polymer is not hydrolyzed so that the ions in
the environment do not have a significant effect on
viscosity. For this purpose, various methods of polymer
resistance to salts were investigated, and finally, the
use of a side monomer along with acrylamide and the
synthesis of a resistant copolymer were selected due to
their more stable structure and lower cost. Regarding
secondary monomers, it should be noted that due to the
use of acrylamide as the main monomer and the need
to maintain its properties, it is better for the desired
monomers to be structurally close to acrylamide so
that there is no significant change in both the synthesis
process and the final properties. In this regard, due to
its availability and reasonable price, acrylic acid was
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used as a secondary monomer along with acrylamide.
During the optimizations, the copolymer of acrylamide
and acrylic acid (AM-AA) with a ratio of 70 to 30 (AM
to AA) showed better viscosity compared to the initial
polyacrylamide (Fig. 7).
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Fig. 7 Copolymer Viscosity vs Acrylic acid concentration.

Synthesis of Copolymer with AMPS

As mentioned, the use of AMPS alongside acrylamide,
due to the presence of sulfur-containing groups in this
material, can help increase the salt resistance of the
final polymer. However, it should be noted that the
presence of these groups, unlike carboxyl and amide
groups, will not increase the viscosity, so the amount
of AMPS in the copolymer structure increases, despite
the improvement in salt resistance, it will have a
negative effect on the viscosity. The results related to
the optimization of the AM/AMPS ratio are presented
in Fig. 8.
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Fig. 8 Synthesized Copolymers
Concentration.

After optimizing and confirming the results of the
synthesized copolymer, in order to summarize and
finalize the formulation, the AMPS monomer was
again combined with the same concentration along
with the optimized copolymer of acrylamide and
acrylic acid (AM-AA). Finally, the properties of the
terpolymer synthesized from acrylamide, acrylic acid
and acrylamide methylpropane sulfonic acid (AM-
AA-AMPS) were investigated and determined in
comparison with the AM-AMPS copolymer (Fig. 9).

viscosity vs Salt
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Fig. 9 Terpolymer and Copolymer Viscosity vs Salt Concen-
tration.

Conclusions

According to the results obtained from the syntheses,
it was initially determined that polyacrylamide with
40% hydrolysis showed the best viscosity, but this
was not only not stable in the presence of salt, but
also had the opposite effect and would have a greater
viscosity drop than unhydrolyzed acrylamide. Also, in
the next stage, it was determined that the copolymer
combination of acrylamide and acrylic acid had
more stable conditions, and the best viscosity was
obtained from this combination in the ratio of 70
to 30 for acrylamide-acrylic acid. Finally, in order
to increase the stability of the properties of the
synthesized polymers in the presence of salt ions, the
monomer 2-acrylamido 2-methylpropane sulfonic
acid (AMPS) was used along with other monomers.
Due to the presence of a sulfonate functional group
in its structure, this monomer appropriately increased
the salt resistance of the final polymer, and finally,
the ratio of 15:25:60 (acrylamide: acrylic acid:
2-acrylamido 2-methylpropane sulfonic acid) showed
the best viscosity in salty conditions.

References

1. Abidin, A. Z., Puspasari, T., & Nugroho, W. A.
(2012). Polymers for Enhanced Oil Recovery
Technology. Procedia Chemistry, 4, 11-16. doi:
10.1016/j.proche.2012.06.002.

2. Akpan, E. U., Enyi, G. C.,, Nasr, G., Yahaya,
A. A., Ahmadu, A. A, & Saidu, B. (2019).
Water-based drilling fluids for high-temperature
applications and water-sensitive and dispersible
shale formations. Journal of Petroleum Science
and Engineering, 175, 1028-1038. doi: 10.1016/j.
petrol.2019.01.002.

10.

Akbari, S., Mahmood, S. M., Tan, I. M., Ghaedi,
H.,, & Ling, O. L. (2017). Assessment of
Polyacrylamide Based Co-Polymers Enhanced
by Functional Group Modifications with Regards
to Salinity and Hardness. Polymers, 9(12). doi:
10.3390/polym9120647.

Nasiri, A., Shahrabi, M. J. A., Nik, M. A. S,
Heidari, H., & Valizadeh, M. (2018). Influence of
monoethanolamine on thermal stability of starch
in water based drilling fluid system. Petroleum
Exploration and Development, 45(1), 167-171.
https://doi.org/10.1016/S1876-3804(18)30017-X
doi: 10.1016/S1876-3804(18)30017-X.

Sepehri, S., Soleyman, R., Varamesh, A.,
Valizadeh, M., & Nasiri, A. (2018). Effect of
synthetic water-soluble polymers on the properties
of the heavy water-based drilling fluid at high
pressure-high temperature (HPHT) conditions.
Journal of Petroleum Science and Engineering,
166, 850-856. doi: 10.1016/j.petrol.2018.03.055.

Alfazazi, U., AlAmeri, W., & Hashmet, M. R.
(2018). Screening of New HPAM Base Polymers
for Applications in High Temperature and
High Salinity Carbonate Reservoirs Abu Dhabi
International Petroleum Exhibition & Conference.
doi: 10.2118/192805-MS.

Ali, 1., Ahmad, M., & Ganat, T. (2022).
Biopolymeric formulations for filtrate control
applications in water-based drilling muds:
A review. Journal of Petroleum Science and
Engineering, 210, 110021. doi: 10.1016/.
petrol.2021.110021.

Roy, P. K., Swami, V., Kumar, D., & Rajagopal,
C. (2011). Removal of toxic metals using
superabsorbent  polyelectrolytic ~ hydrogels.
Journal of Applied Polymer Science, 122(4),
2415-2423. doi: 10.1002/app.34384.

Chu, Q., & Lin, L. (2019). Effect of molecular
flexibility on the rheological and filtration
properties of synthetic polymers used as fluid
loss additives in water-based drilling fluid.
RSC advances, 9(15), 8608-8619. doi: 10.1039/
CI9RA00038K.

Davoodi, S., Al-Shargabi, M., Woodc, D. A,
Rukavishnikov, V. S., & Minaev, K. M. (2023).
Thermally stable and salt-resistant synthetic
polymers as drilling fluid additives for deployment
in harsh sub-surface conditions: A review. Journal
of Molecular Liquids, 121117. doi: 10.1016/].
molliq.2022.121117.



- ] :' “. . - .
gy dllie VM‘; JA-FY amio AFF bl 5 p0 JFY oylad

getods 98 ey o5 6.55‘—/~43-:-€€ 9 o
=l 98 polie (89,1 s J 5
(S ) G

' 6250 (i doxo g (6 i Lo pude 'y it M lw Slod e
U‘J‘" ‘Q‘)‘ef‘ ‘)JJM‘ w olKisls 46)]" w) 9 Cas g_g"“’"“"e(" oaSeisls -
Ol el i Caro oBipghy ( SiwoVl mlio dawgd ud (i cwdigee 00Sighy -V

oy b S

oS
YU B g il i a g U gilas Jw aS coulaiily o lize Jslge 4 55 5 css sl ols (5 las Sldec
S g S Gadlen dnmagi polis 0 4 azgi L g amo oo poliatsl 0p 2 an ) (g i Sldes ainsa JS 1Y sga >
kel 5 (S (plarjeSmns) 9,515 0o J5uS slgs il (B S Lo )0 5 55l slaall il dlw o
AL o g8 S8 (g )i lmodiS olonle ¢ sy lin ey 05 ag s 45 Eal (g, Li U 53 o0liaal 050 (515>
3 sl ;5 05 o Lol Slgs jl ains (ol SaS a4y 5 jlitd o (3l bt cdlop slysilan T (3, b
Olee =l o a5 adls (6 Seiizr 0l oodle (ol g S JHB alaend LSl s a6y Slgs jlosliiu
59 e DT 51 (S ailosls s 993 5l (g s Gl (e sle yady Mo 23, o an (s sl peudy
Ll 55 Siaiyymim ador 5l Slilas aelial Lyl, 5 (o Cnto ;5 ooliiul 8 j50 55,01,8 clponiiS JyiS _pyas
el ST anly s il glapocly vaalllan (ol 55 95 Soe Loy (pls s spud cdl el a8 ol g )i Sl
a3l (sLayagige Slooliinl 5 ok g am i by, gl olye o g g5 aiile calisee Jalse Sl S 00
=S5 L i (magise ¥ IS jod) joddy 5 el po ol a5 )05 a1 5 (2Ll S0 eek PleS 59, =
| ammd Gty YO YYD OV o Ly sl gl g Jmie Y gl Y g sl Sy ST ool 51

Slo sl og s 5l 1F Sews O Jodome jema> 0

..b.‘wid.g‘;' ‘).o{‘.b ‘dsf‘; aS J):JS cwhf DLQ‘J)’ ‘LS)Lb' Jhw s gals Olols’

Sl Jogumat
m_sharifi@aut.ac.ir SS9y Sl pw o]
(DOI: 10.22078/pr.2025.5623.3494) : Jluzws awliss



A=Y amino AFF T 5 s IFY 0l -u_)d",}
7

ol 2 9515 Slooais U S sy s ¥ S
Soesla il o ol sl 5l S
aterlye (s, Jlow 55 55,515 slooass oS
OB 0l 5 (6 i o il O YL (90 L
Eel aio oyl 5 im0 5 (6 50 lylo S
4,.,)9i_,.~9 OEA—A-ASJ)A-AS ‘_gufo.»la ‘5")5 Hls
30 Jlsd slog )5 Lo o lgs oo LacSles 09— o0
Sy (51 sLnogS 05a38) (s rmls L
Cl g (6 ey L (g lanl il el g ano
b by ol o 5 F] e s Ll elys
e Y Cnglio L (55,515 slwonsss” J,us
s ca cmio jo Jol Glacal 5l SO an (S
3 45 Gaes lool> (o lax )0 o5gd .l 00l
J=lsag g.j S0 3l 6, S ol g Lid o,la g5 asy
Lngo.\....SJ)....S f|)_b Wg—b o u‘l—“-"‘ ol_?

Ll (§ )52 59— A pslie 59,18
il ol L alie ol m 1550 sl 5l (S
0‘9—'&4" el oA_wC)La‘ (_ng)_o..Ja )| oolar il
gl b SHY Lo ol byST S5 o Jlie
J—ds 4 (AMPS) ol Syl pdete-Y
oy Sl Wilgs oo i lo Sead ol jo (g i
DREC NS B ) PN N SN S PR
g lasls sla sl w sl eel  Jool o ady
o=l eadly yo bl a Bl Y (gye—3 Ll iy

RENTIpUES

Aodo
oy Sl slial 5l S g e YL
3 @l A S e et a5y s
Jl Syman om0l cily p olosjl g s les
S Gl o a5 g e cmio o (g)La>
0% S Ges g o0t bl jo udsi g SlaasT 4y
Yory Jlo e ol oYhew L ceul ass, Js
S,y g oo ol Yo oLl VY sgu >
D acay Yo o ,Llae V00 as ¥o¥Y JLow L as
5o olas SV Il e 4 g jo Sl

el 00 ool s ) s

(]
(et
N
i
3
]
i

D e Jlw Sl Ik oz ) S5

I S— Gl a5 slseans S
R e S
Jbo @588y APl s Gl > els2 09—
Silmtinte Sl &3l 5o Sl ol iS00 A
3 eaLize gloacs 5l g la> oYL o o, Slas
G g )l oo ol S A0l 4 Lox
lmols o clio Jsd sl 5 wel> @l
S35 slposisS JyuS aiiwn (59,0 (S
3 Gl b sz Sliles Ll b )0 o554
ol am ol slobes s Y (5505 slalane
o 0y Shae bl 5l 5 oS o oS YL oly s
Lo pocky adoa 5l (adisee olys 0 iS 0 5,55l
et il as a2z Lo ok g 0l o g
Ay e ol gladsse Ly (olrord JLail g 05>
W ooliiul (59,515 eaiS J U8 plgie 4y
=S a by je (gt ¥V IS y0 Y Y]
sl 00 0olo i (69,15 slmons



olyen g zlw Slodw e

@laiond iy o adgl layuw cl ;55 an 05Y
oS ol plax 5ok 5l 5 1Sy 9,5 Cgzr oY
RN NI R SPIAPSN RCHN TUPSINIE UK S NI
J=o5 J =S pae g 05w 79,2 Jdo 4 aslol
Lo asles ¥ o glass o ST, 5l io 0 anl s
Az ])® S 6y JS 4SS Y mL e d L
N2 USR] UL S WX FW) PR UL G B [ S
o clyd o il ool Hlas gV gla IS0 o
OBl ymioran g gmio Fuw gilwand s laie
VL 58T, s0ce SO oodjiw youk oz i3
sl c LB L Y F Sous ol e L
b O 550 J S mmen g Les g LS
oB_ils cdd  pwdige 0aSiile jo g ad aSlw g
)_:yaaga_ﬁjf)‘ﬁodhh_m‘é)s.oﬁjﬁ‘&.w
oY el soi sols Las 0 STi o 4953 495,
Flains jouST) 0 oV o)l > aS ol 53 4
Gk 5 plizmen (Juiul 5538T,) o ioen 5 asilas

St 9 Fow (09,
alox I alie Loy, ooy s jolate a4
3929 (Sg—dgal g (A JgIe cslosg s g,
Sy f—w Ba A Al S ;e a S il

S e )55 oalil

S i 5o o 52 ¥ S5

 yoclysS (sl 5 i

by S plyea JeSge sloadign
seglie 5 (olend (( Sl ole S 05y sl
DY) ] oS e e (5905 (slmoniss S

el STy s oy adlie ) Lol Bua
Sl (olejegige alox ) ;55 Slys plw LS s
S an ohiws Gua L (AMPS 5 ol | 51
Ll (69 il 50 polie ey 5 (S g eekisS
S il S an 4z L Gadied ol mols ol pl
J=B sbay algs oo o gz jo s (Sl
S9-15 sloosisS S8 o, Slas S92 )0 (ks
B8 S8 ails poluosl g gyl YL (o
o by Sl mais L gl =l B
et oS g3l ;tp 5y 4 L perdy i
S5 slweans S JSis 0 (S—pd s
e 03| 50 alg oo g ABN0 (6590 4 pglie
Sldeas jo olgn oyl 0, Slos 35y 6l y— (mmlio

A adll ooz slalase o 5 )las

5020 9 adgl dlge
SIS s 05 18910 Lpeds L (AM) ol s )51
(AA) ol STy (ST pngigo ylgie 4y (CAS: 79-06-1)
(CAS: 79-10-7) LT S 0 0 22410 Loeds Lo
Ol d—ie ¥ gael J SV (ngise (lye g
A= p 180 esd> Lo (AMPS) ool Sigalg—
agige Hlg—ie 4 (CAS: 15214-89-8) LoJT S,
CAS: 7727-21-) 789/0 peds L Sldgs ol
WAS g, g e 4y (CAS: 7775-27-1) Ll
b olinsS (o s 5l s ol olsie 4 (Lo
oauS odas loe an Ao ;iS5 05, 720 psls
Je_’l.‘.a 9 LJ)L‘> u‘a_«.c 4 )_Ja_ﬁ )La Y 0y uigsd g_)] pH
4 (CAS: 67-56-1) Lol S 50 05 122/2 ogds L



-~ o? o &
14-YY axio NFF L] AFY ol - = g alio
oLl 3 540 IFY oy VM{' b g}

Srmdid S ) Jste gl ey ol o
Pl (gobatdl Cmlis izen g Jiw ail 3
)9 Wi (sl g 9t aSlid Loy, 4l |
(Fome by, 5o b esliiul by, ) 5l
o ol Sl ey g 00l Jo Pl y3 Lo jegise
FRSG A e L Lo jegise csilw JUsd Ll
Dg—ben JoSmi L 0 je0 el g 00 fate
Job GmlBl L )lss (S o ol ;S5 amo3Y
039 S= 53 g 0dh 05 (Pl ey S
2= S Jslme eIl ey ol (IS5
Sl sl s STy Ll oS e gy b o

Obs)y S D9 oo gy Lz 5 005 Jsdome O 5o
e )5 0aniS e, b plsie oS goly )5S e
G 5] oot 5L 45 0 35
s Gl oS alon 5l (A Lide Lo,
S s (ol il eST) (plams 2T,
S iy RSy sl (B 50 Al 40 5 oa
S g o LS5 L a o "SI IS0l e
DS go pol 1) Le jagige (g Jloail QS
9 oM gyt TSl sla g, A PSS o
FS53 s ¥ il sos o Ll of5T ol LSis
5 =2 4o T Lo Jbol; 8,55 5 & jy 0 50
S S5 S 3 e slosi 5,55 L
byt b 33, a waiia ol IS, 5l
plassl T as ol 1y aSTy aalsl Sl 5 ouss VL el ST s ey s & g0

St e g el ST sy Pl 4 Uy

Initiator %-— 21In+ 50 4 HSO;, — S0+ 80, - 4 HSO, - L
. = In 3
s o - —= _\}—R 5,0, — 250, 2

In + - .
1R g I"'\J’\/\R R-+HO — RO +OH oo 3
R R
I"\/'L‘\./l' N =\R = I“\/’l\_/l'\.,)'
R+ =
S L—
—_— In R
J?) 0" OH 0% “on

(s} (2l
DY WY (o)l Loy o eialS= ialaST oy, ill) ofyT JSool, JSas ogos § JSi




Ol 9 gl gilodw e

DS (om) 2 yobate dmioad (L Slondgs olhae
L egige bl (rali=(ialusT i) 5 2le )8 )
Lo s 0auiSgg i g oo Jo ol 07/ e chale
Ot 509 S Ol 4o pagise a o U [P o il
Ve eidS 5l e eiSTy bl o 5lwesle] )
J—ol> plgebl oS 5 b ay STy ploal jlas
5 (s o9=b i Lo yery (JoSge (59 w9
Fimw sl yorly (6ol Dol 1 ogdle a4l
59 s pebly M| L il SV IS 40 ead
50 039 el JnSh oy i L Jodxe
ladisel (pgazs) GPC inlosl ok 5l 5 Ll
Btogsy (555 0 oBtale] jo (o jo Jsoe
20l s as byl Ol serd i 5 ek
A0 598 § (e el 00 00l lis A IS
vy 4ol glacdale (o oud puw slo ey
S 50 ol loges 4 ai (6 e jlusl Brookfield

el 00 u‘)‘

[ //\

(log M) J5S0s= Q9 s

(= (D) \Jj" e

o yordy oS (g 3ldingy g i

el aluST g (Fl o) 90 caalllae 0l 0
S Sl 2 S A 5B s 25
STy 55lmosles , ogdle Lo S5kT 5, >
s 2l ele g e A s, LS5, L )
5 Gl G LS (g d Sl (5 g 4z
Sl STl sl dslome jmgai Sls Gloti oy >
5 ol Uy Gk ol e aliw cclale L ol o
VS 5 ead pia il iglST

JOUN PR

(&)

gyl ) Y e cdale boads e yeuds Jgloe YV IS
(G2el5- GialuST g, 10« 5l

W

YYD - A

=Yd - .
= | \
ITé—

(log M) J 55930 g =2) 9

(D) (D)o ppr

(Rl Gl sy o ool by ) sl e Sl (550 (335 omess GPC g A JS&

—— e ! iy

lep 3 5rs

=

Y

L ¥ T

"-'-:'ITII' el T

aliso QSL"”uf’ﬁ) L 03l Y M]J’)ﬂgsl‘ 4_,_,)51“_,5 i q |$ B



-~ o? o &
1YY azmio AFeF LT g o0 Y o Lo -u_u",/
,

ol 00 o0l s ey 50,5 08—

o0 plil sl 5l S pp el ;S5 a3y
Gl pae Sypo )0 et S5 L) Sl
00 gy 3 ) S5 5 e )l sl @l
2 38y gl iales] ogas o o
Ok & g0 a i g oas 1S5 LY inle]
30 z=ls A crul 53 an o3V asloass 155
A 039 1) 5l e o lgad 00| S5 sla yiole;]
el Gl s il S

dged (5 lwodlel
s by slagtalesl sl p3¥ s sly Jstno
ey g ol 3 bl 55 nny (s Sl
plodl (STl ©D Pl o (535 1Y e bale Ly
et a8 L T o odly oo el o0
—wlin alo T a S0 rpm Co s Ly g bl
ebate a5 o0 ploml ol S o sl O o
aslol #4075 Jgdome oy j—ed ool )8 ¢ JalS Mo
oolel (6 oy Jotomo aiy 355y caalol ;5 0l o
L (Y0 °C sLoes 5 pH=7) s L, 5 15 oas
oK ymgal a5 ,—5o;lul Brookfield g,
oo aShI VY IS s j0 ol ! 85y5—0 eSS ung
g 5 Jlsbisn camo PH S5 (o 5o C
solit ol Sy 5 aos diile s b L3
bl am abg o moli s iso 00,5
Sl oY somngez 5 Jlod Lol e 00 plodl

s, alie

(Fodome bazmo po Lo ST 5o S g 00
ol |y oS g9 b (rizmen 9 Lo agige la
03,5 Jo ojnigo ol jo0ud s slaCaud
S8 STy Ao e )0 sosl s Jodoe g
ool ) ¥ a5 55s 5B G 9 o
s eST, 60ays b 5 T e 4y (139739
s )3 ol b g oad 55 Jodoe S5
OST o Sae Lol ol ogb e sl
plsl (iiSly laome JS (rizmen g Jodome ;0 09290
DAt £y S [ ale 45 Lo S s 055 o
iy e ol3T sl IS0, o g Eel g 005y
STy b e (glss L5 ooy JUael 35 5o
doaS gg b CnSl Jdoan g w p PY °C 4
sl 5l Gy 03,5 L8l (sl porly (55T
g 09 ploml JalS' jobo a 13 3550 (AiSTy Y-
Jlo VIt b golhae a5 oled Jodoee (g
YL Sy Lo 6k slwo oy oSt
0 e L ol ol By b ay s
Ot STy o a4 o0 Lol (6 ey Jodxe
Sl Jbait ol ol (b ool s Jsibe slasSUse
gl anlf ol ot e o ad oy sl L
e ¥ ey 5Ol JlS g5laliz e liie 4 (O]
ol Sy S5 s oaile 3L 05l 5 0o ), S
loo o ool ol g aalys S5 0w g0,
5 05 St ShelS L5 o eols &l > £+ °C
ao bgye Jolie Vo Sl )0 09800 055 s
5 00 S (30,5 9,5 ol ST gl pe

oely 9,8 S 5 Ol gl Jolhe Ve S



olyen g zlw Slodw e

3 RSy an ol sla iG]y 8,55 eaiiSgg b
Gladi b, 4203 5 oad ;S Pl il e
Lol g ge JeSmis VL (J5-SJge (335 Lo ey
dpoaiSeg b o> 5l i oS Dyem
09— LSy 5l O j9—o dy Lo pegise (5w Jud
sl i asr shls (ol ok conled jo 5
ol S oglas a5 095 o0 (J9Sge (3
egige A M E9, D (S S Gt (51—
Vool g ol fo STV e @) Pl g egise ol
DS gy e 5 A ALl 4S5 el (]
L cled 50 9S85 J8 (o 8590 yagie 4
S O e 28 Jg—ame 40595y (o)

O yp9ige Ay S 000iS €93 (5l (539
Vo gr) odiiSEg,d g yagige Gyl e cdlol jo 0l
A50SS5 el (oS gg s /& gr 5 ol fs S
o990 039 =R Vo =l VTPl lie g 0
el el (Jd Doy alie a5 0,5 0
= Pl S5 e e 9 00t (o)
Sl moll an bynye Jlogod o jas i
s T sla St o e e (Pl g oaniSeg b

A j9Swn 9
. - © ~0

(cp)

Y ¥ Vi /A \
(1) o999 4 0038 £950 (39 S
00LiS gy e ok b Al 5o s VY SO

(cp) axs 395 g

- <« 4 t ©

\K) Yo Yo

709950 & JH> Coond

Pl s posi b 4 j98ung s VWSSO0

=]

C Caxieo oﬁ.wﬁgfv OFITE )‘uo}iws Ko 1Y J&w

& o)
oehsS i 0l Gl 8 S 0 4 s hailes
A ol je e ay ol b ST o e
pslie L 5 ol (59,1, 00iiS JuiS Sy
J—o o 4 09 B plosl (90 1l 0
S Jals) a8 ol 5o 38,80 gL el
egige A OIS £9 b S ¢y agige 4 >
e miZro § 59 e 9o 0aiiS 5,0 93
g 00d (o JalS jo b (006 4 La pegige
00l (el Aoz jobay Sy e 4 Ol
sk A e B(giluaingy Ol (ld s ol
4B 8 o) 5 2l o jo plajen
Js—ame S o Layilily (el (o il e L
Lo yiol,b (g 3lwdigy Jol e cdalol jo 050 canl i

RUIW PR W N

DS £9d 9 JY ()l iae (5Lt

Sl ol Pl Gliee (et 9 (o) 2 9 aie 4
e lassS am ol gl pocdy 2S5 el
Frge 055 S (2l ek (o 5l aS 090
b o a Pl e ge—w jl g L YL
S Jls | 4538T, 5l sy sl Loz 5 45
ool Juil gload g el (JsSge (59 ol nle
5o sl acaly e ol S5 po sl Pl vy
e oS £ )b (6l At S et o9
Ol el L aSlz el 7y las (ol 2 i



A=Y amino AFF T 5 s IFY 0l -uu",}
7

—+CH,— ?HH CHZ—C|H 1 .
(I; == (Ij =0 * {/j;l'n
NH, 0-Na

(<) (<

g0 call) MU.‘)SLJ.. U] SONUL L E I [ I LS
[\? 9 \V] (oA..i) )’JB)M H- OIS

A YEFY/SY
; I
] g S
iy \ ) PAY/A0
. ] [ yrayy

U yrae A\
- S

od> Ol

N/ \. o
/

T T T T T T T
oo YA Yeoo YA - Yeoo Y- - Yeoo D

(1/cm) zgo 0ae

ooy duel o ST s bgs o FTIR Jloges V8 JSCi
Gelgyoe 9

YEEF em' ogo > a >l ,0 g S S jea>
Caad (NH2) ol glog 5 caiS olas))as
2 el (Lsle 09,5 09 29, Slo a5 055 0 00l
ool srizmon el yacly Jy g L
ool easas s VT em™! a>U o msly Sy
el 05,5 4y bysye (C=0) ise S gy oS
A S VYV em? Sy 0 S0 Sy ol
b 5 005 e sl 05, 8 i a3l
Al ge dsiged S5 p0 Sl b ST 5>
3y (2lond LS Lw oo Loy ool dcgama

2 J ‘)_‘Ml’ ).) \ “TJ-’)S‘ )l L':";‘
dax i Loy oual_in poe (0 S

3wl o

20 05298 ¢ g D Sy S (GLmog S a by e
it sl an bg e V£ o VOO em? g
ool )l gl VFO--1F - em? 6 (COOY) ¢y lials
do,0ue a5 aes e Llis (COO) ) late oS
] IR PR 1 IO W G U P JPUUION [ A
w0 a3l o ooyl by ol solas ) 4 Sges
GiiSlg g9 dwel b ST aJgl sl L, Sl

s, alie

Pl 5 0aisSeg 8 dne (Sig S G 3l o
o Jol) Sl slooniiS ey agige 4
oS (Sligy pyigel § Slalgnyy opnliy (Dlilgs
S bl |y STy oyl i o )l el Il
Coled 50 gaimd S 13 okl 890 alde slace
el L oo i poy VF ST Jlogai L 3llas

el oatiSgg - pls 3l (5 et Slilg oy

N

—— il sy pnly

Yo

(cp) 4 395us

—O— il s 5y o 50 el

[EHPpTNIMY

Y ¥ N A )
(1) yogign &1 00isS £90d (359 S

SALS £9ph £98 S AL 9y uetd VPSS

F9pud 0> (g 5lwaing
Sl 1oy 35Ky il sLmel, 51 S
OO =gy i Ll b (gilwange LS 0
)‘)_3 6~)~_.~41 °5)‘j 6L_> el s —— ‘gw
25k 48 G ge 0wl b ST L (50, g e
adgi el 0, o 1) g menly A by JlS
Pu AS (S0 ;0 g oot O, ST L paw
JS—is el S 50 1) ol Loy 55
V] sgiga aalde ST 5 3 ST madss 1 (6 o5
4 by e oot sl coul ,S3as a3V N0
S 50 00bnls e 5 ootislsyaee ael SIS
ool STl 4 by o FTIR islosl Jlogaig )0
sl oa ools s VPSS o il jdg 0
olas V7 Sl o 4 dai 0550 yeuls FTIR abs
l_g S el dl_m&g 65L> ] 00l 00l



olyen g zlw Slodw e

NP | PR/ (R IOWWE BN [P W WY PE
St 3 93,5 8l oS K3l alys e
Al b STk (1 g yem 0o )d (e e
o pe—as 0 Ll b e Y
Aol aS o)l op g et 4SS el b S1 L
ol Ll p0 0ol b STl 810, S azg )]
At dg e 0l Gl 45 jglailas g oolii ]
S8 Pl St 9 4y il eely
Joad s sl Ol s el b STy Sy e
SLINY STl 50 ol pladl g5lwaigs a4 bgn o

] 00

Jsowe jo (ol slayg cbale as al b yo Ll
5 e 5SS aSa oiile g0lys 5 el YL
OADds e s je > oo )5 (8 g
9=t s9—a 9 Bl GugSae 53 ael SISk
L Golbhe el b S1h gloasls o o
9 ek gloaid) Ja,w pldl eel VA IS
o ol anh aoals oSy Gioals 4o o
Pl ll o s e pady Sleslaul g i
ailen 5Jgpam ol plosl (YU sleod 5 (555-5)
SIS 36 g2 09 walyss ;Sge (i b
A Gmorky A8 (59, = lamee 50 09250 Sl

Dy dple> o ISb

(cp) e j95ums g

A\l

Y
(1/5) s £

 yoclysS (sl 5 i

4o boe sles o el ST ST ol slgs (S
gy g ool (ASTy oSy ol oo Ly S,
J—do as ol ST o sile (g0ls—o Lol 255 o
L oo o 5l gloes 0 055 (aloerd LSl
aalg3s g a5 eolas ASTy denS g s puiw
SS90 i Sl ooliinl Jds (e 4 0
2ol slagn oamd iy sl ol sl o
s og—bos bome pH (Aol aoniye g Jotoee
PH (i) oS5 000 Loy j9—a> S-b
9 0oiS g9 b (il Jled Ll o pss el
) oslitol il s A o alss L agige Ll
el L as (s sloos )0 0eS g o
5 50d &Sy S5t 5 Solfe ST g 000
bes 3 gl yocdy STy 51 (6 2T ol Cels 4 S
Ol 3)ls—s d a2 gi L 0B aales FY°C Joose
o il b ol ST 50,5 5dgpae (sl cous
|y S g pema s <y gmmsl 2y a1 eS|
STy slocil o L g 0,5 adlol LSy Lo 4
oo b (5 ol Gl ST o STea
3,5 ooliswl apel o ST LSS 50 (0pnS'g j0umma 0

RO Iy PR Y 0 PR PR VPSR WSS WP C O PP WA K

m&_.a] Cwddy C_JLu u»l..w‘ = RS P 4..3‘)‘
el 18 50 L ol STl 0,5 —dg 0
dol b STk Jodoe (Sujglss, oly5 35—

—o— HPAM(20%Hyd)
o HPAM(30%Hyd)
HPAM(40%Hyd)
—o— HPAM(100%Hyd)
—o— HPAM (0%Hyd)

\E O 7

ol o 7Y cdale b alise js 00 ax 30 b ol )81y 4598y oy VY S5



A=Y amino AFF T 5 s IFY 0l -uu",}
7

o okl 955 sy 5l Layerdy ol )l bl
390,050 dad g o solaiwl Ctl Cmio o8 gy
Jolne 1 cbile o b eSS ey Ly S U]

WAl gy Teo oo ppm

S Sl 551301 5T ol oS
76 Sll ot e ool ol 0)lgs 4 4zl L
2O oy 40595 (69) 1 sdg e an T
0351 osSne il (o byl yo Lol ke
S L) 095 jeSnng coad 5y 0 el
S jaate an il e co s Sl g0l
g el SleSas 1ol )0 pglie , ek oS ST
Lo 1005250 slaye Lo sod oolaiwl il

Omred Ay Bl 4Bl 4 oSy 1 (65 5
e S e silwpglie b sla s jslae
regge 3l osliiwl il )3 5 0h (o) i LaS
kS S i g ol ST LS s il
s oLl S A g g 5k sl L pglds
4y 4SS mlan ool sl slesegise (p5-as o
Olg—e damy aol o )S1 5l ool Jo 4y e85, S
Sl ;g ool oles B o 5L g Lol asise
Al ST an bl 5l L5 o550 (sla jagige
PleS )0 o g Fw ] d 0 o L ar il ST
Lo Ly ol yo 09ti sl (ool s s 2l
(i SLB iR g% 40 S92 g0 DLl 5l oola il
ol S 5 (35 s 5 el 4 Ll
S 3 agll pegise ploie 4 ol SCL ST
A ohows jp b a o sesli wl aal L ST
ks 4 ] S ST Jge o ity o
WjsSmy ado e ;0 ;0 50,8 iSO LT
)l Seiol g ke Of o sabitin enlysS
JEPOU I g WY LIUNWR Vi S 4, ) G| V% A W
am Ve o Comd Lo el SOl ST aal 2 ST
L aaolio ;o (ol Sy ST ay ol ST Y-
P sl yochisS plow izmen 5 0l b STk
aolol o ols (s 092 3l (6 e Al j 9Ky ol

roehsS g ol Sl ST plerd sl

a b L
- whk st TP o 2@, >{'f)
. / . - = )(z\*gl
s -
. i = % - . \7 @
v
E
e e gl _oz\
@
v

e 5 yoely JESLo 5 Kb glagysy 3l ogos VA S
DYAT w3800

S Pl baze ;0 G5y Y mpad ubl -
oy Sl o adlr Jds a1 a5
Szl o ay sl a3l OF Lo JsSUge 5
oy ) (Sodper del Sam andlr 59,
b el Jlow anyjsSany als il o
J3—a> 5o 0d by e ‘-)‘—.:“]J‘)S‘gsj" J—=Is (e
S r A 555y Sl Sad alize slays
Al oo tizds e ael hySIly 4 Co
=SS slapg jmam OBl Jds an il
= Leos o=l =5 (sl Sl (o (Sm8ybes g
alh Sl oizmen 5 aelh STl s,
PRIC UL RN WD pUWSNIY G PSRVE WA B IRV PSRV

wloalds ools i ca by o s V4 S

Youe
—8— Non-Hyd
—8—40% Hyd (80% Na+, 20%
Ca2+)
40% Hyd (100% Na+)

(ep) 4 355w 3

Yevun Yooor Teeon Fooon Bevee

(ppm) S cdale

Seod jgaz o el oSy 5555 18 IS

Son 63y = oo ploml gy cnl LSS A 03V
Ol el B L o g0 g (S8 LSS
S r—ozh Jooe 4 jeSmnng )3 S o (6,105 15U
Gilwaz LSy jotate 4y aslsl o Ll ot pl sl




olyen g zlw Slodw e

V.
a 0 054l
Voo b 05 05
ps 0sa)l

(& )

(cp) 4395 s
@

b ]

). o §

T8y sl L1 o el

2 AM-AA oy 22398y Galej] 1S5 b VY U
Shie O

NELOYRREIYY

el L yarns

I WIEARR
I\\‘IA\’/M

O SYEEY

A

eF X

. Y\VAEA
Y ) A X VJV,..TY'/V\’

A T S S A T T
(1/Cm)c9oééc

Sl S5 2l 5 ol sS o Lo po FTIR Jlages YV S

VeVe oo cod b ol
FTIR ca_b o S VY IS o oad a Sl log oS
Sl Sl s o G | ot kS
4 by FTIR b 4y co i 255 HB
aslN g IS e a S crwl ja s ol b ST L
Azl jo g So mogdle TV IS o cewl sus
«(NHz-) sl 2og,S 4 by y0 YEFF cm™! sq0 >

ool ol WWF em™ Al o et i Sy SO
(C=0) JsigS g (o2isS sl 4 by S
NN ——
FSle go—dsm § Sl 352y a s sl 5]
—ebioS LSl jo ol L ST sloasly joa>
em ! Aol o S Gud ili8l o ioren o]

i Sl )l Glbges 4y ol o) FOY
&y 5o aS ol by e (OH-) 5 (NHz-) (slwog S
M‘—&».L;‘ )9_»2:} )‘ th_: sJ_:.mgjjd.:.Q Oj)j
Ao ik ol w ol acgemme ol pl ol

 yoclysS (sl 5 i

CEET VNN N G N W B I B VO SV A
TV St 50 enhsS 40598y 4 Lo o jlog—o

el 00l
Yin
: * 07 oH

0
H,C
i Sy . QJ\OH

(=) (=)

1) orisS g sl jegise (loerd LSl Yo JS&
Lo s8] (AM-AA ol oS o canl S ST

= s
\i —&— AM-AA (0% salt)
j‘ Ace —8— AM-AA (4% salt)
o
IC2

¥a

$us

. Ve Yo ¥ 'Y

(1) gl Sl 51 30 il

o chale Golul 5 AM-AA joilysS 4y jeSuss VY S
el 4 jagise

U WA oy
B b 03ld by i By 50 45 Hehailes
o L5 ool 1S5 adye ¥ 558y Gimlej]
yorksS i Gt po anl Gials ol an by e
plosl S5 ol 5 sl Sl Sl ST
il 00 aB YT S s gy e el 5 0
reSile 5 005y VIOD e 51 Bl ol oy iy &S
oty iny o] il e DA JLme 51 3l
S 4 s s L ] 155 5 S
Loools Sileo 51 )l oo oyl b 009 7010 Sga>
S i Lo yloged plw ogaz 0 0,5 colaiul
iSTas 5 45 oa ool TV IS5 sl Lo jiule;]
05 e Sies 4 4 S s (s IS

ol 005 7Y A

S99 shle Glooy S (o) jolite 4 (rpizen
Jaj_gfc FTIR )|O9_o.§ ‘ou}l.;,..) y—o ,; )L?'Lw 3
sl ol L VY S5 53 andS ol 4



A=Y amino AFF T 5 s IFY 0l -J}M}
’

Aialgse 555y il el w5 JnS S
Cel Sod Cnglin Sg—gy o=t yude il ili8l
Al s a5 ung (59 — (i il Sl
Ao 9 AMPS olend sl aalsl o [Y7-7)]
YO S5 g VF ISt 0 e 5 a s FTIR kel
Gilwdinge a0 bo o mols ioren Sloa s ol

el o ools Lis V7 IS o oSl o

9 CHs
CH,=CH—C—NH CH,SOzH
CHs

oban JeteY ol b SHY sleons Ll YE S
1YE] (AMPS) sl Sssilgun

vy 4
ARE
Ve o] \:;
E [
. a
;{ a3 >
L E| o
= =
Q' .,\.i &
< 5
)' Y- 3 i
M £

RENTIpUES

LY S SO O PSP IS V]
Sl S ST L aeT ST gl ey sS
Lbles i3 ol a il olgs sl o
S S L aul ST ST g ool i ST s oS
azgi Ly a il e (JoSse LBl Ve an Ve
e Jseyd Olgie s coad oloul a5 g 4
Ot ol o Lol s ey S ol (sl
(Sod b 50 A oSy el S Glizen
ool coads plosl gl oy 2 Ly 45 Cils 542
2 pglde (dle slaog 5 Ly il> ,egige S
&35 Gl oly e Oleme 4o o Sai Gl il

AMPS— sl Sols j51 - aol Jo ST youds 5
LS 50 AMPS 5l ool ul s yl a5 s biles
shls slmeg S g lls aa g Ly ol S

Coglin i3l ay 0 iles o coslw (] ;0 0, 55

-
;": =
oo a-
- > -~
a - a =
> T = =~
= =
w IS =
= -
a > =
o I a | =
= =| =
o = & 3
hy H B S —
-3 == I s
= =
= =
'S w

Eooions  WhEe  Wesie  Nliess

Y.l.. \é.. \.’.. 0‘,,

(I/Cm) TooSe

AMPS 4 L 1 FTIR l3ge YO JSCi

(cp) axj95mg

AM (% mol)
—

/o \ V/o

Y Y/o Y Y/o ¥
S (339 SABLE(L)

AMPS Jlaie o5 b ol o 2V edale b (AM-AMPS) youdy oS 4 598y il YF Sl



olyen g zlw Slodw e

Og—=Y9ed ol 5 Gauger Sos L
IY0 o cbile \Lon Ly Iso s AMPS , cgige
Sol o ,ST 5l oo (o3lwdigy ouboS LS jo
o=l A b oS 5 (AM-AA) ol SOl ST
5 9ol yST ymerkisS Ay bgye (J5o VO i 3
oY A Vo) ol S ST g ol s ,ST (sl
Gyt s 5 4 YO YYD OVID Jos o syl

PSS e At

shoslaiwl oa b et i moll A ags L

Aise S5t sl dal o ST LIS 50 el G ST
45 o (g ey 4l 5 Ol Lo sSse (olans
oolaiwl a ool jo o adgl 4l 595 oy 9t g0
(AMPS) sl Sigtlgns olygy e Sl ST 5
598y Sl Eel (oS Al el oS LIS s
Sos adale polial L aslol jo Ll o i aJsl
9 S slagg lp 50 ey Cnglio 99pp Eiely
O=b (el Jodome 4598y oS Sl A (o

(VY S)

(cp) 455wy

 yoclysS (sl 5 i

44.195_,).0\‘& Ji_w“.\._..uo)l_w‘)_u)l.ddjjj_laaw
Olmsndee V-gouel S sgise FTIR ol
GL_ALC- duos)f )9_»é.> P ﬁ‘—?u‘ ks‘—bgs'“’))"
A Y 0S e ool | AMPS sl o asls
YY ou¥YVer om™ >l o o oo Wb cul (S5
09,5 (N-H) usgn oS ol lay by e
S0y oo dedslie Sy 5 005 (gl
by e C=0 0 g S 4 33 VPO cm™!
o GM] )L&Lw S9—=>9 u\_’}o s &HGA
Guu_iu ‘\))‘9_4 U_" — 09>LC ) u_»SJ.’
Ay Vo FeoNY
as d"ﬁ—""gsn oolo S (SOsH-) &uyz‘?_.w
Qe Sen

cm™! 0390 —te O o0 _dodolivwe

em! 4> g YA cm! oga > o Lawil
by e (S-0) 3 (C-H) sloawgy olobs,lay s
Al gollas sl oyl (JeSge Ll Lo 5 009
= s i lead esliul pegige il nly
39— c0d=B Gl 8)lg—o elwl g 00 (o)

| 06— A_»)L)

0 i yandysS 2ol ..\_»..)L’ 5 & 3lwdige 5l o

—@— AM-AA-AMPS (60:15:25)
—@— AM-AMPS (75:25)
®—PAM

AM-AA (70:30)

(1) Sl clale

(AM-AA-AMPS) joily 5 9 (AM-AMPS) joilysS a5 dunlio YV SO



A=Y amino AFF T 5 s IFY 0l -uu",}
’

23 el Csty S5 ol 5l A 555 s e
Sl oy ol (gl Gimlil jstaie an il
—egse 3l S slagm je—ax ;S ea Al
Sl Ssdlo— g eV gl o ST
aS o ool wl L yogige plw LS 0 (AMPS)
5 Wiy lole 05,5 joa Js a4y jagise o
s3]y el ey (Seod Cnglie 055 Sl
YYD : O Comnd Cyles o 5 ol iliél cuilio
goel Jo SHY ol S ST ol b ,ST) YO

RENTIpUES

S 5 o
ezl slopiw 5l oo el Cwots ol an a>g L
(EPUION 1 . 5 U = KU PR
R P g T W Gy YR/A S SN SRV
Sl Seas jgma 50 gl 45 g4dg0 ol Lol amo
A58 n g Sl g Al Dl g Sae pSU A Sl Cd
o0 g o ool ST ey cu il o
A Al dox dd> e (0 ioren bl dales
S Al Sl ST g 0ol o ST oy oS S5

AL 595y (e (Bl Siglao Lagp Jie Y
I NS ST P S WEDN N 9 S )

&ln
[1].Abidin, A. Z., Puspasari, T., & Nugroho, W. A. (2012). Polymers for enhanced oil recovery technology.
Procedia Chemistry, 4, 11-16. doi.org/10.1016/j.proche.2012.06.002.
[2]. Akbari, S., Mahmood, S. M., Tan, I. M., Ghaedi, H., & Ling, O. L. (2017). Assessment of polyacrylamide
based Co-Polymers enhanced by functional group modifications with regards to salinity and hardness. Polymers,
9(12). doi.org/10.3390/polym9120647.
[3].Hamad, B. A, He, M., Xu, M., Liu, W., Mpelwa, M., Tang, S., Jin, L., & Song, J. (2020). A novel amphoteric
polymer as arheology enhancer and fluid-loss control agent for water-based drilling muds at elevated temperatures.
ACSomega,5(15),8483-8495.doi.org/10.1021/acsomega.9b03774.
[4]. Sepehri, S., Soleyman, R., Varamesh, A., Valizadeh, M., & Nasiri, A. (2018). Effect of synthetic water-
soluble polymers on the properties of the heavy water-based drilling fluid at high pressure-high temperature
(HPHT) conditions. Journal of Petroleum Science and Engineering, 166, 850-856. https://doi.org/10.1016/j.
petrol.2018.03.055.
[5]. Nasiri, A., Shahrabi, M. J. A., Nik, M. A. S., Heidari, H., & Valizadeh, M. (2018). Influence of
monoethanolamine on thermal stability of starch in water based drilling fluid system. Petroleum Exploration and
Development, 45(1), 167-171. https://doi.org/10.1016/S1876-3804(18)30017-X.
[6].Akpan, E. U., Enyi, G. C., Nasr, G., Yahaya, A. A., Ahmadu, A. A., & Saidu, B. (2019). Water-based drilling
fluids for high-temperature applications and water-sensitive and dispersible shale formations. Journal of
Petroleum Science and Engineering, 175, 1028-1038. https://doi.org/10.1016/j.petrol.2019.01.002.
[7].Davoodi, S., Al-Shargabi, M., Woodc, D. A., Rukavishnikov, V. S., & Minaev, K. M. (2023). Thermally stable
and salt-resistant synthetic polymers as drilling fluid additives for deployment in harsh sub-surface conditions: A
review. Journal of Molecular Liquids, 121117. https://doi.org/10.1016/j.molliq.2022.121117.
[8].Davoodi, S., SA, A. R., Soleimanian, A., & Jahromi, A. F. (2019). Application of a novel acrylamide
copolymer containing highly hydrophobic comonomer as filtration control and rheology modifier additive in
water-based drilling mud. Journal of Petroleum Science and Engineering, 180, 747-755. https://doi.org/10.1016/].
petrol.2019.04.069.
[9].Alfazazi, U., AlAmeri, W., & Hashmet, M. R. (2018). Screening of new HPAM base polymers for applications
in high temperature and high salinity carbonate reservoirs Abu Dhabi International Petroleum Exhibition &
Conference. doi.org/10.2118/192805-MS.
[10].Ali, I., Ahmad, M., & Ganat, T. (2022). Biopolymeric formulations for filtrate control applications in water-
based drilling muds: A review. Journal of Petroleum Science and Engineering, 210, 110021. doi.org/10.1016/].
petrol.2021.110021.
[11].Chu, Q., & Lin, L. (2019). Effect of molecular flexibility on the rheological and filtration properties of
synthetic polymers used as fluid loss additives in water-based drilling fluid. RSC Advances, 9(15), 8608-8619.
https://doi.org/10.1039/CO9RA00038K.
[12].www.pharmacy180.com/article/free-radical-polymerization-1531/
[13].Roy, P. K., Swami, V., Kumar, D., & Rajagopal, C. (2011). Removal of toxic metals using superabsorbent



ol)od g zlow Slobuw e e youksS (Gileaige g o

polyelectrolytic hydrogels. Journal of Applied Polymer Science, 122(4), 2415-2423. doi.org/10.1002/app.34384.
[14]. Lai, N., Dong, W., Ye, Z., Dong, J., Qin, X., Chen, W., & Chen, K. (2013). A water-soluble acrylamide
hydrophobically associating polymer: synthesis, characterization, and properties as EOR chemical. Journal of
Applied Polymer Science, 129(4), 1888-1896. doi.org/10.1002/app.38893.

[15]. Dupuis, G., Antignard, S., Giovannetti, B., Gaillard, N., Jouenne, S., Bourdarot, G., Morel, D., & Zaitoun,
A.(2017). A new thermally stable synthetic polymer for harsh conditions of Middle East Reservoirs. Part I. Ther-
mal Stability and Injection in Carbonate Cores Abu Dhabi International Petroleum Exhibition & Conference. doi.
org/10.2118/188479-MS.

[16]. www.polymersource.ca.

[17]. Sajad, Kiani & Alexander, Shirin & Barron, Andrew. (2020). Nanoparticles, polymers, and surfac-
tants as emerging platforms in fluid flow transport. 10.13140/RG.2.2.20954.36809. doi.org/10.13140/
RG.2.2.20954.36809.

[18]. Turkoz, E., Perazzo, A., Arnold, C. B., & Stone, H. A. (2018). Salt type and concentration affect the visco-
elasticity of polyelectrolyte solutions. Applied Physics Letters, 112(20). doi.org/10.1063/1.5026573.
[19].www.westernchems.com/Product Details/Acrylic-Acid.

[20].www.polymersource.ca.

[21]. Arok, Z. V., Saringer, S., Takacs, D., Bretz, C., Juhész, A, & Szilagyi, 1. (2023). Effect of salinity on
solution properties of a partially hydrolyzed polyacrylamide. Journal of Molecular Liquids, 384, 122192. doi.
org/10.1016/j.molliq.2023.122192.

[22]. Zhou, H., Galindo, K. A., & Zha, W. (2017). Synergistic effect of thermally stable polymers for HPHT
brine-based drill-in fluids. SPE Middle East Oil & Gas Show and Conference, doi.org/10.2118/183872-MS.
[23]. Sarsenbekuly, B., Kang, W., Yang, H., Zhao, B., Aidarova, S., Yu, B., & Issakhov, M. (2017). Evaluation of
rheological properties of a novel thermo-viscosifying functional polymer for enhanced oil recovery. Colloids and
Surfaces A: Physicochemical and Engineering Aspects, 532, 405-410. https://doi.org/https://doi.org/10.1016/j.
colsurfa.2017.04.053 .

[24].www.tcichemicals.com/IN/en/p/A0926.



