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Introduction

In recent years, most oil fields worldwide have entered
the mature phase of their production cycles. Relying
solely on natural reservoir pressure for production
becomes impractical at this stage. Therefore, it has
become crucial to adopt methods that enhance reservoir
pressure and facilitate the recovery of oil trapped in
the porous reservoir spaces [ | |. Polyacrylamide-based
polymers were introduced in the 1960s for this purpose,
primarily by increasing the viscosity of injected fluids.
However, their widespread application in the industry
has been hindered by their poor performance under
harsh reservoir conditions, such as high temperature
and salinity [2].

To address these challenges and improve effectiveness,
a new type of polymer called polymer gels has
been developed. These gels are made up of a three-
dimensional network of polymers with cross-linkers.
Much of the research and literature on polymer gels
in oil recovery focuses on their use in improving
conformance control and reducing water cut. The
customizable structure of polymer gels allows for
tailoring their properties through different compound
formulations, making them suitable for various
applications in enhanced oil recovery (EOR) [3].
Preformed Particle Gels (PPGs) are powdered products
formed by polymerizing one or more polymers, cross-
linkers, and initiators on the surface before injection
into the reservoir. PPGs offer several advantages over
in-situ gels, including shorter gelation times, greater
resistance to formation water, reduced susceptibility
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to gel deformation from shear stresses, and minimized
changes in gel composition upon contact with
formation water [4].

Efforts have been focused on developing stable and
biodegradable hydrogels. Challenges such as material
heterogeneity, purity of natural materials, weaker
structural integrity compared to synthetic polymers,
and limited thermal stability have historically hindered
the widespread adoption of these hydrogels. However,
advancements in engineered fabrication methods,
along with their integration into traditional techniques,
have largely mitigated these concerns [5].
Carboxymethyl cellulose (CMC) is a versatile natural
polymer widely utilized in various industrial and
food applications. Derived from cellulose, the most
abundant natural polymer, CMC is an anionic, water-
soluble polymer [6]. This article aims to delve into
the applications of carboxymethyl cellulose (CMC) in
enhanced oil recovery (EOR) processes, with a specific
focus on its role in simultaneous conformance control.
CMC is highly regarded for its multi-functionality,
cost-effective synthesis, environmental compatibility,
and unique surface properties, making it a valuable
resource across diverse industries such as oil and gas,
pharmaceuticals, and food products [7].

In the oil industry, CMC plays a pivotal role as an
additive in drilling fluids, contributing to its widespread
application on an operational level. Despite its
extensive use in various applications, there is a limited
documented research on its specific contributions to
EOR operations within the oil and gas sector.



Therefore, this article delves into the use of CMC
in formulating hydrogels tailored for EOR. The
synthesis of hydrogels involved combining CMC
with AM (acrylamide) and AMPS (2-acrylamido-2-
methylpropane sulfonic acid) copolymers to create a
robust structural base.

Emphasizing the preformed particle gel (PPG)
mechanism, the study evaluates the performance of the
hydrogel in EOR applications, including its interaction
with reservoir conditions, swelling behavior, structural
integrity, thermal stability, and viscoelastic properties.
Furthermore, the study explores the potential of CMC-
based PPGs to alter wettability in carbonate cores
and assesses their effectiveness in enhancing sweep
efficiency compared to conventional polyacrylamide
polymers through micromodel flooding tests.s.

Materials and Methods

To prepare the hydrogel, carboxymethyl cellulose
(CMC) with 95% purity was purchased from PDH.
Acrylamide (AM) with 99% purity and solubility
of 2.5 g in 10 mL was obtained from Merck,
2-acrylamido-2-methylpropane sulfonic acid (AMPS)
with 98% purity was sourced from Fisher. N,N’-
methylenebisacrylamide (MBA) with 97% purity
was procured from Merck, and ammonium persulfate
(APS) was acquired from Exir.

The structure of the preformed particle gel (PPG) was
evaluated using FTIR, TGA, rheology, and swelling
tests. Subsequently, the mechanism of wettability
alteration by the PPG sample on a carbonate core was
examined. Finally, the efficiency of PPG in enhanced
oil recovery (EOR) was assessed using a glass
micromodel.

Results and Discussion

The FTIR test thoroughly identified the primary
bonds of the components forming the PPG sample,
confirming the formation of the hydrogel structure. The
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synthesized PPG sample showed minimal weight loss
at typical reservoir temperatures ranging from 60 °C to
120 °C, demonstrating adequate structural integrity for
field operations in high-temperature reservoirs.

The glass micromodel was initially saturated with oil.
To simulate reservoir production, 1 pore volume (PV)
of brine was injected into the micromodel at a flow
rate of 0.5 cc/h, resulting in an average oil recovery
of 51%. Subsequently, 0.5 PV of two solutions —
0.5 wt.% polymer and CMC-based PPGs — were
injected as the third stage, followed by 0.5 PV of
brine flooding to complete the process. Brine flooding
across all stages yielded a final recovery of 56%. The
pore volume invasion occurred at approximately 1.1
PV, after which the oil production rate decreased
significantly. The injected fluid followed defined
paths to the micromodel outlet, leaving residual oil in
untouched areas. The presence of the polymer broke
this cycle by increasing fluid viscosity, accessing
previously untapped channels and enhancing oil
recovery to 71%. Furthermore, injecting 0.5 wt.%
CMC-based PPG solution as the third stage yielded the
best result with an 80% oil recovery. The synthesized
PPG, with its high swelling and increased viscosity
of the injected fluid, effectively reduced the mobility
ratio. The PPG facilitated broader flow distribution
within the micromodel, as shown in Figure 1, thereby
improving sweep efficiency. Additionally, the hydrogel
suspension altered surface wettability, further boosting
production rates from each channel. Notably, the
CMC-based PPG achieved these results with half the
injection volume of the polymer.

The produced water fraction curve in Fig. 1 shows
that after injecting 0.5 PV of brine, the oil production
fraction declined sharply, with a significant portion of
the output being water. However, the presence of PPGs
substantially reduced the produced water fraction,
underscoring the hydrogel’s role in more evenly
distributing injected flows.
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Conclusions

This research explores the use of carboxymethyl
cellulose-based hydrogels in enhanced oil recovery
(EOR) processes for carbonate reservoirs. First, FTIR
analysis was used to confirm the correct synthesis of the
hydrogel by examining chemical reactions. Thermal
gravimetric analysis (TGA) showed that the hydrogels
must maintain high thermal stability up to 120°C, with
less than 5% weight loss due to trapped water within
the hydrogel structure. Equilibrium swelling tests
indicated that the hydrogels swelled 5 times in distilled
water and 18 times in brine at room temperature,
increasing to 15 and 60 times respectively at reservoir
temperature. A strain sweep test at 90°C confirmed the
hydrogel's structural integrity and its suitability for
reservoir injection, as it exhibited linear viscoelastic
behavior up to a strain of 70%, indicating the ability
to recover structure after stress and deformation. At
strains exceeding 230%, the hydrogel transitioned
gradually from a pseudo-solid to a fluid phase.
Furthermore, the study looked at the wettability
alteration mechanism of the hydrogels on oil-wet
carbonate cores. The contact angle of the core
decreased from 115° to 67° upon contact with the
hydrogel, indicating a shift toward a water-wet
state. To evaluate the performance of carboxymethyl
cellulose-based hydrogels in EOR, injections were
carried out in a glass micromodel. Injecting 1 PV of
brine resulted in an average secondary oil recovery of
51%. In the third production stage, injecting 0.5 PV
of hydrogels led to a 15% increase in oil recovery
compared to the second stage; similarly, injecting an
equal amount of polyacrylamide resulted in a 24%
increase. These results demonstrate the potential of the
synthesized carboxymethyl cellulose-based hydrogel
as a stable and economically viable polymer for field
applications.

References

1.

Saghandali, F., Salehi, B. M., & Taghikhani,
V. (2023). Hydrogel nanocomposite network
elasticity parameters as a function of swelling
ratio: From micro to macro flooding. Journal of
Industrial and Engineering Chemistry, 125(1),
163-177. doi.org/10.1016/j.jiec.2023.05.025.
Thakuria, C., Al-Amri, M. S., Al-Saqri, K. A.,
Jaspers, H. F., Al-Hashmi, H., & Zuhaimi. K.
(2013). Performance Review of Polymer Flooding
in a Major Brown Oil Field of Sultanate of Oman.
In SPE Enhanced Oil Recovery Conference, All
Days. doi.org/10.2118/165262-MS.

Salehi, B.M., & Moghadam, A.M. (2023).
Sustainable production of hydrogels. Sustainable
Hydrogels, 23-46. doi.org/10.1016/b978-0-323-
91753-7.00006-5.

Rafipoor, M., Vafaie Sefti, M., HaghTalab, A.,
Razzaghi Kashani, M., & Salimi, F. (2013).
Investigation of Rheological Properties and
Performance of Polymeric Gel Systems (Based on
Polyacrylamide) in High Temperature Reservoirs.
Journal of Petroleum Research, 22(69), 3-16. doi.
org/10.22078/pr.2013.95.

Karchoubi, F., Salehi, B.M., & Pahlevani, H.
(2019).A review on Nanocomposite Hydrogels:
Rheology, Morphology, and Applications. Journal
of Applied Research of Chemical -Polymer
Engineering. 3(3), 3-38.

Benchabane, A., & Bekkour, k. (2008).
Rheological properties of carboxymethyl cellulose
(CMC) solutions. Colloid Polym Sci, 286(10),
1173-1180. doi.org/10.1007/s00396-008-1882-2.
Tamsilian, Y., & Ramezani S.A. (2013).
Comparison of Prepared Hydrogels based on
Chitosan by Heating and Irradiation Methods
and Investigation of their Effects on Rheological
Properties of Drilling Mud. Journal of Petroleum
Research, 21(68), 3-18. doi.org/10.22078/
pr.2013.86.



W FY amiio AFF 15 g 318 ,5 IFD o)leds .~,ﬂu_J;4 iung iy allio

2wl sl g, jf soliiw b cudi Cdisls o 360 5/ dolis 31 5

S 92,5 4l (rab Jjg e 2,8es (ow)
Cld ot boww Coild 39 30351 35 Jokw Lo

S w2y 9 T (Lol Lo (o y> (roge
Ol el iy Saio LKA (A g cond omsdigee 0ASNS -
Ol I8 Ol (ol (ot 5 (sourd olRaRgT (L 5 (ol (pwikige 00SERgT, -T
(S, ol ol 355 e pologs i oS0l ¢ pushigs g K jud 00l Y

VEYYNA 18y VEYANF 0 b

LRV

Lo g s Sl 0ol 00 ol pp Sonio (ol (ol slasls 5 (S 2 ams jo i cdls p slosjl (g5lwaings 9,50,
S jlazs Hlocngs g 593 blas (o dn JBSLw (9omen 355 0, S pazie Lo Sy dm 4z Lo oje> 0l o
g plizren i cdls oLl o La g e 0,5 L b e wliddllas (Jlo ol L ol (oprsd S0 )18
Cils sl jelarady ol fio S8 anly o oloail 5l eud LSas iy 5l J5gy0e cadlis ol o o]
3 sk die (oS58 4l 2 PPGs o, Shoe () 9 )3 (plwlits jolaioay cwl oa b wislv 5 o>l b ook
ool 5, S ooy (5o Cmled 50 5 elad sl e <8530, ¢35 > 2388 U FTIR (gl ygas]
4505 TGA (903l bl 5,5 0B |, PPG LS5 )0 3850 ygnlipords § (oloond JLSLW FTIR (50l moli i
Jsspimen il Liie Uy O i 5 py90 bl il (T Ul 5l o)lmly oyl VY- C slas s su jius
oah il ages 45 el ;53 (LLs i e 0 °C sles § Seeio] lauma jo adgl Sid 59 ol V0 5l i
FVIAA LialS c b8 SIsl s e aSyr,S 4yl ;s PPGs )l Y+ i yS LS | sgs sl oljl 5 bk o LS
L cois o UV (il coled 5o 0 )la 1) (55 Siw Cmgaol an Cngdcds S (Swisg b i 5 uled dly a0
S BlS (gl (235k S5t Slomp il L pgs ado o 35 A S (lacind Joeg S S )0 (Ml
albio bl )3 ey )5 a8 Sl (Al o (ml ot ol g 008 0, Shes ol gl (SWisb 5 350 9 S 5
Slgi S9rte 5 sk e (aS'9)S 4l p PPG (VL Jomuily 5l (Sl ol and pomie cds 0 Jgi N0 iljbl o Les
95 b slapedy 4l o Ladio s (o) p lm Fo0 S Sliiion Sveal g 009 (55 S Ll 8 o cis

BT YN . & g A N U L"’Q" &5l

(Jom09 350 (& )M 19yl (B HU (s il 3 3L 331 PPG lamsly S5 50 1 gamnlS SLolS
Sieg)

Sl J”M
m.bsalehi@ccerci.ac.ir S9,5S ywol
(DOLI: 10.22078/pr.2024.5405.3407) : Jiuzns awlis




B e 5 i o oosn

oo ool wl cai cblo ol el gl
Anl o e slaanse (Lol 55 e
3heslawl ol sl .acils wales Jlds an | oy
o)_ilo.c o2 oolw RIS L ..\_'>-‘5 oole SO
O] 05wl po i 2Bl 5L 55 gl
L7] aT le—say e csls sl gl — S5l
Slop il jl 0o (S0 5 (SV—S e
LIV ol e Jlemtias laciliSs g 5l oolix il Ly
e Olemed o9yl (c233k S 4 4z
A (eogae DY 2o Lo poly 5l oolai il ansl i
Lol casilasls y Saied 3 s jo Loyl 6,105 31
S A e S elyS S92 Ul Lo ey
ool wl b ()80 5 (H o o 1) o dgy Jp—d
Gl YYIY oo agly i alSiasl og g
Iy e sleod ;o la> 0 VF/P § 5Ll slwo o
M e oyl 2, cgr am AL ass S sl
o Lo ek 5l amae i Lop il 09—
O gm0t ably 40 45 Wad 7yl g ey Lo
slosas Jlasl Lo Lo pods 51 (gomaw glasi—
5 Sliehord 5l (5,5 e D5-Ss0 i (0
Sl ‘_g)b)_go).@‘). 59 ‘5)_o...l.t (_ngJ) a)_;)lS Yl ae
YL o adgs a8 el sly L] ccil sas

1. Mature Fields

2. Enhanced Oil Recovery (EOR)

3. Polymers

4. Chemical Enhanced Oil Recovery (CEOR)
5. Polyacrylamide (PAM)

6. Surfactants

7. Core Flooding

8. Sulfonated Polyacrylamide Polymer (SPAM)
9. Gel Polymer

10. Crosslinker

e J59y0e2 0,5 o)

Ao
aJgi 31 Lds sl 35T, 3 slaJlw o
b a8 ol Lol 5o Je a5 o
Lzl jgtate pod A i o SG] 5Bre
OV G—o St R_AJl))lJ 9 ‘5:‘).9‘)_“.9 6‘)_: gs:lboy_w
03— u_»..o.b‘).: )L«._m.: u)_>u J._z.l?u.q (_gL»a.‘J o
fobg0 il 3 =5 olml eS8 o3 [NV ] el
60 =ly 4ol S oloul an Ld 5 00g—d s
olaidl Sl g Al slols ay amg L asl>
=l by, a6l 5 Ck Cmio 4y a8
san | jeTea cils poluosl gl s jlaie
s lails el 4 S > 0 ls 8y S0y
ot 5 e el b 00 9 5l
lho—i clo ool Lol glaasl s 5l SO
At e 55 o glas )5 L Tec s
b = e Lo ey (gD £ ans (o [v]
oolai__wl Sy9—0 g H).xn )9_'4..;.6 O AA_..JJJ;‘
Vo) S| [ PND SN [ 1021 [P ST L GRS JX g U
Syo—is g Lad (s (e S bl iy Loyl
5O 0‘9_4@ u_:‘ o»))l_mf Q)_g)ls ('r’Lo U_’)'“j)]’ ‘}!l_,
5 olge oyl @ Bly o [F] o] o et e aio
dm G0 Gl Y Sl s e plienl
Ple 5 a2 Yo slales ;5 9 009 pg 200 (550
03 S Oladss Ly ol aalgs cws 3l 09 >
slcd, i bl ol (b o Lo el 69,
G52 slacusgiom &8, pe—as s glata>de L1
olSes g oYl o] el ass 3 o je 0 , U
0d il g pgrinegll ly3g S Ly & S PVP ol
Sy 50 TaciliSE s liBlen Lo g 05
s ader TNVAS o lidl Swanle Voo ke ay
5o .;x..jo/S ‘5_.9)’.,0 il A..‘Jy £ g— 4..l>).a 59 ‘)
sl cole S lgmedy 8,5 ks SYLas ol



\WeV\FPY axio NF-Y ).g 9 O‘J)’. AYH °)L°":" ;‘5-22

o LaPPG [A] il oo, S o dgi 1) s o s
—bly Sl Ly, haie Ol o o ygabge
PPGs sLslie 3l S0 S N F] wigis oy 995
090> 4 el ol Lol e Lol (5o )35 <l
315 o am J5 03 L ol sl (550 5 ol
Jdie glaa¥ an g ool 30,5 a5
St s esly )il ool S BB e o
6)‘4—.'.[-.3. 9 (_g)l.‘;_">L_...: ﬁlS:;L';_..u‘ l_> o‘jdo.to £ r9—o o>
O Ll s o 1y Jig,0me o Ses cnise o Sl >
Al ioli8l Gue LPPGs o g (g5, = g0l
ol 6olamb s (SSdls, L) veke s S
Sl Ly Gy 3 kil 05t izmes 5 3150 (]
Sl oy 5l e 5 05 VAL el sai sl
Segdls 0lugn eV mganal o SHY iz
.J._S‘oé; ool (f’)‘)} B.A_ASLM Sg—pp 6‘)_: iu\a_ml‘
Sz gy il jo |y el clile slaey S
=l @l wss ol Y oL S byl s
=) (Sl DY 5l (gl )0 35 39,0
AS Conl ppeo 4SS ol a a8 Ll sl oals
l_,.:.'{)‘)} LS)“'\—.’.L.i 9 6)13_5-[_.» (:li.?r.';_u;‘ u.._>‘)5| )_f‘

Dymdy Oye—0 PPG &l )3

Ssl= o

1. Disproportional Permeability Reduction (DPR)

2. Relative Permeability

3. Tailor-Made

4. In-situ Gels

5. Preformed Particle Gels (PPG)

6. Gelant

7.0riginal Oil in Place (OOIP)

8. Acrylamide (AM)

9. 2-Acrylamido-2-Methylpropane Sulfonic Acid (AMPS)

g5 allio

S ey g aslS sz Ol ady e
Ols=ear el J5 loailolos 05 009581 (oJgs
onmilxiel ials o5 ilse L (Shles jSal) S
sloay jl ol eS > e (i (Ul )y
T il bl e g Bl | gl
Vel oS es slonl ct (coand (sl )0 (6 i
oo el 6 ey slo )3 a0 bls sl 1)
o ple e lisee SLnS 5 5l esliil Ly lsy L
930l 05 e (S sles )5 sl ) Slse
R KPR MUY YOOI PRI B e E LA L 1
slaJs Y] il ass 8 1,8 oolauls j90 cis
glsl 5l g5 59 e tala iyl slaJs 5 " La
Sy30 S (6,10 o e ) AS s (5 ok Lo
bl Lr o sla Jj alecs 5,5 aalllas s azgs
AS awn oy slaonias Jlail g Lo edysS
Gles ;0 500 (5,5 (e TV B o
) ek J5 gl slo STy 31, (5
¥gams LaPPG Jlie po VY] ot oo LSis
Ol ol G )b 5l aS i (6505
S 5 e ooz Jlasl parly 4 Ly S
JSiS (35 a3 5l e 9 b g) 2 ST
sl s cmlas 5l PPGs caslin plin 1o 05— 0
e il s ol 5 by wibe La o
S92y Jmedods J5 alys b JSi s gl
ool 3l (=30 5 Sl 5 s g (0 sle i
VE] o e 50 SV g (i Slge Lo
5 & bl plSoxi il 34— 5 ]33l Sl V0
B39 S 5 03581 Ly LaPPG (5 sl
Slao yml 0,05 4 S il a0 3 LSl yo
g S 1) cii ccalo p oloosl claanl s o
o il s e alS ) lbes S
J5 50 e @139 Sb eolai il Lo )
1, s, bl plSoviul Lgis a5 CO[AM/AMPS]/PEI
ey S wYIgSs g ples a S sasals a5l
Aiel imer i) 5SSl
SR 3 G Joeg S am (55Dl ) 553



BRA o 5 o oosn

Dyliie slpas I gl 5 jmlete (xbw
Lot 5l (ool 5o 035 joboay (55T ;500
=g Slgo gilwgylo 5 5 s o alax
IS oleeadl egdle sy b e ool
a5 i S sLagsgiil o
s el e 45T 09, o0 jloBy S Sk
S5 (oo Jeted (Slhles Gulde o ool ol any
31 6ol ;0 CMC 00 S (sloo )5 ot ) e Lyo]
Sldes o) ol s (o5 s Ol dLaaio;
30 el 00,87 5155 518 g e s p olos)
Jis9ep b ;0 CMC s adlis ool o aoees
Al dple ) cis cblo p olosl Bue L
2 AMPS s AM (sLs jory o5 51 J55,0m0 s 5o
oo ooliil 3L Lol Ll lsmiea; CMC ,LsS
S5 iy 3 3 5, Slae 3ilSe ully
Ol 0 rShos (i 5 00t (b Jig s oad
(e sl i L agalae g s cils p oluol o
ol ol sl ol (o5 L3,
=S Lo Lo i 000 apcia¥lsSins o>
Sassl )3 Jigsoe asged sloap e Sl
Smled )2 EB S I (05 ik il
4=l 2 PPG asges (Saig 05 ,is (lly
oz 45,S slaesie o ol Jie (oSS
alie )5 (gl Gloly lidl jo o, Sles
&3 a3l Gyl 5l ool ST ey L

A ) e e

B g, 9 dlg
Holw e (S90S oy (59,000 as sl =
L (AM) ol ;ST PDH ;| 740 g5 Ls (CMC)
Sl Sighlew Loy p Je Vool J SEY
ol B T s &8 b 51N ee 15 L (AMPS)

1. Carboxymethylcellulose (CMC)
2. Merck Company
3. Fisher Scientific

e J59y0e2 0,5 o)

2 1, PPG o, Slos Cddgo pd LS 0 4w ol
LV 918l asS oo i 1, Y slws Ly 3l
Sk = ploln s 1y Ladis e
il e o R
Ao )o xb Gl 5,008 0,5 (ganai o
—=ymae sloyedy o i Gl Jig e Lo
slaisydee Codd> o 0

2 el g (ot
J—ot b sl oy sl oa b sl ol
aSlazs )5 18 (6 iy Az g3 90 (615l
IV el oo Lyl ol anwgs a4y poxio 4 S
=l sla s e wdsi sl ool sla b
Oy (el Sl 4SS D500 ok oS
ol (b Sy o9 5 Slye (gSenls
b e slo el 4 S i ams g L
3les S eolaiwl (gl ym ibe > silal g
sleslaiwl Ly a s el oogm Lo 59,000 g9 oy
L Ll S5 5 oa b quiige <3l slag b,
OMie = g3l 399 S (i Lot
P RSN WY ESCHRIR UK S0 4 § CHIW PR P P
3 Eran 3y 3, )5 5 (crb sl yeddy £lol
ey S o0l oyl i (i g ixto elihe
=3Ol ols—sar Jela 51Ty Jsdome (sl
e e Rt
Ly S oo LS5 5 S5l5 claasls 51 CMC
0y=) S g Jmaie po (0SS slanisn
o peten VY] e o LS5 1) (s (315l
=9 gl ol oy s 0ol il (55
ilond L ;503 o 5l ol Gl (Gmgo
Sile (63,3 4 amis (plg > CMC (H5Sse
Sl (=l 5 69,55 el (S SaS e
g i3l 5o Of ol molie )oK g
o ol 5l aca [YF] il ooz Tas |,
3 Polew it (S90S sloo )5 (g0 S
el lajer J,uS o 5 bay s EOR oy b
Ol s gl Fiw w63, 5 15 oz JJoa CMC
Sla Shy e ey 5w (gl



\WeV\FPY axio NF-Y ).g 9 J‘J)’. AYH °)L°":" ;‘5-22

&l § b g owld la L Slallae

o33l eigme Jlslow JSas ()l jstiieny
S—aS 4y e B0gole 4y b o (il
L FO- Vs Lo ,leis o0gaze 4o YV« Nicolet olSws
Slosana g L 0 (gg—w ol plol Fee e
=l bl plsebl pd 5 (3l YL
2558 5T gl oo Gimaliil asy o S5 )00
ol basi ()59 Shall T 5
Ve min/"C glos ili8l &=, 5 L Netzsch 209 F1

A plo!

5 15 G 3
Sz Gl y 35S las T obles T Jolad 6,95 G
O a il bl p ) adaly golae g0l oyl
Gl sl el Sl @iz 5l Gy s 8 55,020 05
L gdsls ks o Jig 00 Szos sloaskad 5
OV G—To u_>5.3 Ko 41*.«»54) uj)—i"ﬁ g uw_o
g5 Loyl 0,8 o 8 (ol lazme j3 500
33 B il ol o i Lo 5 (ol e
3o Lo S 590 diged adlie ol j0 s
Cny Lr')9 /\ . x_Lo.au" o )_in) )l_’ﬁ)_'a.a.n g_j
59, Ve ol o b C slos g lazme slwo

285 8 ) s (ol 55 e e, U

g5 allio

AV ogds Ly 5 (MBA) ol Jo ST (o oL
S s 5 (APS) Slilgns 1y posigel 9 S yo &5 5 |
30 3lgs ol (eSS SleMbl .l 00l Ay ST
Glas aS cwlazg B .ccuwl ool , 53 Jou>
BYSSA SETCE S PUNS| D G- | g PRSI IS YU
el oo solatwl Lo olesl o iy (sl

S50 s 3bwosle

<CMC sls poclysS 5l 9o (sl Jolons laul 5o
VIO 50 ) b pa (9 slacu—s Ly AMPS 3 AM
0+ C slws o Ol plas 49,0 lgo ol o a s
A 00938l nSTy 8y b an Y min by Jolsd jo
MBA 5 ,e oo Jlasl Jotows 5l <[+ 0 g
odls i3l oz 05 O jgmods £0 C Al Loo g aslal
Sl Gisr b ol sl L a0 s
5T Jyone 52358 Ly g s ) (530S i
S5 S50 5 ST (ysemslia yorly w8 APS
59790 el yorh 018 oSS )5 lateds 0
O b Ba e Lol Jls 0 YE h oo
g Saal ol 5l ey 5 S Gl ol
A Al Ol g gl L wolas STy sla ol
9 09 0y SzgS Dlsad ay J5g 00 Lol o
Oy Sl an Linled g Sis Mals ol 08 0

RS VW) 3909—=,

PPG oo LSis slge Sledbl ) Jgus

6.!5SJ5.4 o> g L;).a.‘lé‘ ‘al.? osle ol
AT\ prsisesS cme Pober s S50
v-vivs Pl AMPS Sl Ssigdlom (g n e Vogonal b STV
YOFNY 2, o Jlas! MBA Ael ST o e
ple cas Oledbl ¥ Jgus
LPeate ()8 (cp) A+ F sloo ;o 4365 (Ib/ft3) J& APl a> o
<IN QY oY Y¥/A

1. Fourier-Transform Infrared Spectroscopy (FTIR)

2. Thermo Gravimetric Analysis (TGA)

3. Equilibrium Swelling Ratio
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1. Linear Viscoelastic Region (LVR)
2. Fluid Aging
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