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Introduction

Injection of preformed particle gels (PPG) into oil
reservoirs for reducing the fractures or channels
permeability and diverting the injected fluid to the
unswept areas is the most effective method in reducing
unwanted water production. This process is called
front conformance control [1]. One of the effective
parameters on the performance of PPG is its swelling
ratio. The swelling ratio of the PPG depends on
different parameters such as the amount and type of
water salinity, gel components, temperature and pH [2].
In order to optimize the gel treatment operation, it is
very important to investigate the different behaviors of
the gel, such as injectivity, propagation, plugging and
dehydration during its transport in the fractures. Several
factors such as flow rate of water injection, salinity, gel
strength of PPGs and its particle size are effective on the
fracture plugging efficiency of PPGs. Zhang and Bai in
2010 stated that increasing the flow rate of secondary
injected water causes the gels to be washed away and
create larger paths for water to pass through the fracture,
and therefore reduces the residual resistance factor [3].
Abbeasi et al. in 2020 stated that larger particles create
better plugging efficiency in the fracture, but the mixture
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of fine and coarse particles creates the highest plugging
due to better sorting [4]. Paprouschi et al. in 2021 stated
that the PPGs swelled in higher salinity shows a better
plugging efficiency in the fracture due to higher gel
strength of the PPGs [5].

In this research, a desired PPG sample is synthesized
and along with routine static and dynamic evaluations,
laboratory studies have been also conducted to
investigate the effect of change of water salinity,
presence of carbon dioxide and the effect of oil and
formation water interactions on the PPG performance
fracture plugging against water flow. Also, the increase
in the oil recovery due to gel treatment operation and
low salinity water injection has been investigated in a
heterogeneous micromodel.

Materials and Methods

Synthesis of PPG

The PPG samples were synthesized in the laboratory
by free radical polymerization method. Figure 1
schematically shows the process for the synthesis of
preformed particle gel.
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Fig. 1 The schematic of the process of preformed particle gel synthesis.
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The process of PPG synthesizing consists of the
following steps:

* Preparation of monomer solution consisting of
27.6% acrylamide and 3.41% 2-acrylamide2-
methylpropanesulfonic acid sodium salt in 67.47%
deionized water.

* 0.36% of sodium montmorillonite (Nano-clay) and
0.8% of Nano-silica are mixed with the solution by
ultrasonic method, as a strengthening agent.

*0.1% of polyethylene glycol diacrylate as a crosslinker
and 0.21% of ammonium chloride as a swelling agent
are mixed with the solution and stirred for 60 minutes.
In this step, nitrogen purging must be done to remove
oxygen from the reaction container.

* 0.05% of potassium persulfide is added to the
solution as initiator, and the temperature of the reaction
container is set to 40 °C to speed up the reaction.

* The bulk gel forms after a few minutes, and after
drying, it must be grinded to get preformed particles
and then sieved to obtain the PPG samples in the
desired sizes.

In this research, heating is used as a reaction catalyst
instead of using chemical catalysts. In conventional
synthesis methods, TEMED! catalyst is used which
incredibly increase the gelation speed, hence many
monomers might not get a chance to bond and remain
as separate monomers, which cause the gel strength of
the PPG decrease.

Static Bulk Tests

In this section, after the complete swelling of the PPG
in the aqueous solution, its volumetric swelling ratio is
determined. When the PPG is injected into the reservoir,
it is placed in different conditions than the ground
surface, which it can affect the performance of the gel.
Therefore, in these experiments, the effect of salinity,
gel particle size, temperature, pH, and water soluble oil
fractions on gel swelling capacity are studied.

Hele-Shaw Cell Tests

The performance of the PPG in blocking the fractures
has been investigated using the Hele-Shaw cell
system. To evaluate the gel’s resistance to water flow,

the residual resistance factor (Frr; which defines as the
ratio of brine injection pressure after gel placement
to brine injection pressure before gel placement),
gel network permeability and breakthrough pressure
were determined. In these experiments, the effects of
injected water flow rate and its salinity as well as PPG
particle size on the fracture plugging efficiency are
investigated. Table 1 shows the design of Hele-Shaw
cell experiments.

Micromodel Tests

A fractured micromodel was built by laser etching
on a transparent glass, and it was used to investigate
the performance of PPG treatment in reducing water
production and increase in oil recovery.

Results and Discussion

Swelling Capacity Evaluation

Due to the repulsive force between polymer chains
(which comes from the surface charge of hydrophilic
functional groups), a porous and three-dimensional
network is formed in the gel structure, which its pores
contain water phase [2]. With the increase in salt
concentration, more cations penetrate the gel structure
and reduce the repulsive force between the polymer
chains, so less water penetrates into the gel structure
and its swelling capacity decreases.

When the particle size becomes smaller from 20-30
mesh to 40-50 mesh, the swelling capacity of the gel
increases due to the increase in the ratio of the surface
area to the volume of the particles. We know that
water can also be absorbed into gel network pores.
Therefore, by increasing the surface of gel particles,
its swelling capacity increases. When the gel particles
are crushed too much (mesh 100-120), it is destructive
to some of the pores in the 3D network of the gel and
as the gel lose its ability to keep the water, the swelling
capacity reduces.

With increasing the temperature and decreasing the
pH, more hydrophilic functional groups will be formed
on the polymer chains and this led to an increase in
swelling capacity of the PPG.

Table 1 Design of dynamic experiments in hele shaw cell system.

. Particle mesh | Matching  size | Brine for gel . . Secondary water flowrate
Experiment number . . . Injected brine .
size ratio swelling (cc/min)

1 16-12 2.9 SW! SW

2 16-12 2.9 100xdSW? SW

3 16-12 29 SW 100xdSW

1,2, 4,8 cc/min

4 20-18 1.9 SW SW

5 30-20 1.3 SW SW

6 50-40 0.7 SW SW

1. Tetra Methyl Ethylene Diamine

2. Seawater

3. 100 Times Diluted Seawater




Also, due to the presence of hydrophilic organic
groups, the interactions of oil and formation water
lead to an increase in the swelling ratio of gel particles.
The swelling capacity of the synthesized gel has
good stability against the change in salinity and the
presence of carbon dioxide. The results show that the
swelled PPG can maintain more than 80% of its initial
volume which shows its satisfactory stability in harsh
conditions.

Hele-Shaw Cell Results

Table 2 summarizes the results of Hele-Shaw cell tests.
After placing the PPG in the fracture, secondary water
is injected into the fracture with a flow rate of 1, 2, 4
and 8 cc/min, sequentially. According to the results of
experiment 4 in Table 2, with the increase in flow rate
up to 4 cc/min, the breakthrough pressure gradient and
stabilized pressure gradient decrease due to increase in
size of water path in the gel network. As a result, the
residual resistance factor decreases and the permeability
of the gel network increases. By further increase in the
injection flow rate to 8 cc/min, the breakthrough pressure
gradient and stabilized pressure gradient increase.
In fact, at this stage, the number and size of the paths
formed in the gel network have reached their maximum,
and a further increase in the injected flow rate leads to
an increase in the pressure gradient according to the
Darcy equation, and as a result, the residual resistance
coefficient increases.

To investigate the effect of particle size on the plugging
performance of the gel, the results of experiments 1, 4,
5 and 6 in Table 2 are compared. Increasing the size of
the particles first causes an increase in the breakthrough
pressure gradient and stabilizes pressure gradient. This
can be attributed to the fact that larger particles create
more obstruction in the fracture and hence increase the
residual resistance factor and decrease the permeability
of the gel network. With the further increase in particle
size, the breakthrough pressure gradient stabilized
pressure gradient decrease. In fact, particles with a
matching size ratio equal or higher than 2.9 create a
lower blocking efficiency, so that the residual resistance
factor decreases and the permeability of the gel network
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increases. Therefore, according to these experiments,
the matching size ratio of 2.9 is the critical ratio, which
is in agreement with Wang et al. in 2017 and Zhao and
Bai in 2022 reported critical ratio of 3 [6,7]. Since the
type of gel used and the injection conditions in this
work are completely different from the previous works,
it seems that the breaking of the particles occurs in a
certain matching size ratio, which is independent of the
gel properties and operating conditions.

In order to study the effect of salinity on the PPG
plugging performance in the fracture, two different
scenarios are tested through experiments 2 and 3.
According to the results of experiment 2 in Table 2, the
gel particles swollen in sea water have resulted higher
breakthrough pressure gradient and stabilized pressure
gradient than the gel particles swollen in 100x diluted
sea water due to their higher gel strength. Therefore,
increasing the salinity of water in gels increases the
residual resistance factor and decreases the permeability
of the gel network. On the other hand, according to the
results of experiment 3 in Table 2, reducing the salinity
of the secondary injection water causes an increase
in the breakthrough pressure gradient and stabilized
pressure gradient. In fact, the injection of 100x diluted
sea water, after placement of the gel that is swollen in
sea water, increases the swelling ratio of the gel particles
and improves the plugging of the fracture. Therefore,
reducing the salinity of the secondary injection water
causes an increase in the residual resistance factor and a
decrease in the permeability of the gel network.

Micromodel Results

Figure 2 shows different stages of the designed injection
scenario in the fractured micromodel. Figure 2-a shows
the amount of residual oil at the end of the initial
water flooding with low salinity water (10xdSW). The
injected fluid flow through the fracture, which has very
little resistance compared to the matrix, and displaces
only a small amount of the oil in the matrix close to
the outlet corner. So that the oil recovery of the matrix
after injecting 4 pore volumes of 10xdSW is equal to
29%. Figure 2-b shows the results of PPG injection
stage.

Table 2 The results of PPG plugging performance evaluation (designed in Table 1) in Hele-Shaw cell system.

Experiment | Secondary water | Breakthrough pressure | Stabilized pressure | Gel network per- | Residual resis-
number flowrate (cc/min) | gradient (psi/ft) gradient (psi/ft) meability (mD) tance factor
1 1 24.8 9.1 429 124
2 1 20.7 7.8 500 106
3 1 26.2 9.6 406 130
1 37.9 19.1 207 249
4 2 29.5 13.3 593 110
4 17 8.2 1321 56
8 19 11.9 3820 66
5 1 252 15.8 250 207
6 1 5.3 5 790 66
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Fig. 2 Results of different stages of the designed gel treatment scenario in fractured micromodel.

At this stage, a considerable amount of matrix oil has
been displaced by dehydrated water from PPG, so
that the matrix oil recovery coefficient reaches 56%.
Figure 2-c shows the results of subsequent secondary
low salinity water injection. The oil in the matrix has
been dramatically drained by injected fluid, and at the
end of this stage, the oil recovery of the matrix reaches

94%.

Conclusions

* Gel swelling capacity is an important parameter in
determining the success of a gel treatment operation.
The swelling ratio of the synthesized PPG sample
reaches its maximum value in the mesh size of 40-50.

* The swollen PPG shows a good stability against
change in salinity and presence of carbon dioxide.
Also, the sensitivity of the swelling capacity of this
PPG to changes in pH and temperature is low.

* The presence of hydrophilic organic compounds such
as carboxylic acids and naphthenic acids, which are
soluble in formation water, lead to increase in PPG
swelling capacity.

* Hele-Shaw cell dynamic experiments show that the
gel particles do not completely block the fracture, but
create a porous medium along it. The permeability of
this gel network depends on the secondary injection
water flow rate, its salinity and size of gel particles.

* Injecting larger gel particles provides better plugging
efficiency up to an optimum value. The critical match-
ing size ratio for this PPG is equal to 2.9, which con-
sidering the good agreement with the results of other
researches, it seems that this ratio is independent of gel
properties and injection conditions.

* Injection of PPG into the heterogeneous micromodel
increased the matrix oil recovery coefficient by 65% in
the secondary flooding stage. As a result, the synthe-
sized PPG is efficient to block the fractures and reduce
unwanted excess water production in severely hetero-
geneous porous media.

References
1. Bai, B., Wei, M., Liu, Y. (2013, March). Field
and lab experience with a successful preformed

particle gel conformance control technology. In
SPE production and operations symposium. Doi:
https://doi.org/10.2118/164511-MS.

Bai, B., Li, L., Liu, Y., Liu, H., Wang, Z., &
You, C. (2007). Preformed particle gel for con-
formance control: factors affecting its properties
and applications. SPE Reservoir Evaluation &
Engineering, 10(04), 415-422. Doi: https://doi.
org/10.2118/89389-PA

Zhang, H., & Bai, B. (2011). Preformed-particle-
gel transport through open fractures and its effect
on water flow. SPE Journal, 16(02), 388-400. Doi:
https://doi.org/10.2118/129908-PA.

Khoshkar, P. A., Fatemi, M., & Ghazanfari, M.
H. (2020). Static and dynamic evaluation of the
effect of nanomaterials on the performance of
a novel synthesized PPG for water shut-off and
improved oil recovery in fractured reservoirs.
Journal of Petroleum Science and Engineering,
189, 107019. Doi: https://doi.org/10.1016/j.pet-
r0l.2020.107019.

Paprouschi, A., Fatemi, M., & Ghazanfari, M.
H. (2021). Effect of silicate sodium and gra-
phene nanoplatelets on morphology and rheol-
ogy characteristics of new synthesized preformed
particle gel (PPG) for water shut-off treatment.
Journal of Petroleum Science and Engineering,
204, 108736. Doi: https://doi.org/10.1016/j.pet-
rol.2021.108736.

Jing, W., Hongling, Z., Huiqing, L., Wei, Z., Hao-
min, L., Chuanjin, Y., & Yinghao, S. (2017, Octo-
ber). Quantification of transportation of deform-
able gel particles in porous media. In SPE Annual
Technical Conference and Exhibition. Doi: https://
doi.org/10.2118/187266-MS.

Zhao, Y., & Bai, B. (2022). Selective penetration
behavior of microgels in superpermeable channels
and reservoir matrices. Journal of Petroleum Sci-
ence and Engineering, 210, 109897. Doi: https://
doi.org/10.1016/j.petrol.2021.109897.



*? o 3
s aats aflie -y VoYY amio AFY 15 g 0lo,5 VA oled
s =F

Mool b asblow gw 50150 —=b 3
J9=triod) el d 9 eCilimu! (Sl ool
=P > S (TP J =S

GMMMQGwBWM‘)y)Mlm‘@MMM

U‘)"‘ ‘u‘]@‘; ‘JJ)»J ;AJ.AA@ o oliils (ks 9 (O G..:A..Q,u ouSiials

VENNNVE iy VYN il s s

2SS

Pgmne Skl Sl i3l g aiwlySU ST as el o Ly, m 5o 51 (S 0B s an ais b iy S5 23 Gy
e 55 T 35kt 5 el ot 3 35T JISeusly oyl oy s A5 iy 5 5 5l aigad Sy gty ol 9 99000
o 38, Ve e sy O o a S 0 o ojlasl L as b i J5 Ol oo (b)) (B dger 5SS
Sty 35 s L J5 S 3 el 37 +IA L3 pymin isls (Lt 355 511, 95 sl 5y o 9
1y 09— adsl O 51TAY 5l o Ladiin L5 J5 &3 45655kt g oo saST (65 (5 )5 35 j9—a> 5 5595 imal3dl ol 5o L]
155 o gy £ I3 Ay yomte Eamgas] (T sliog,S yo9m Lo cle asy ST o U Jll ot (glyn] g i o ik
48,8 sl lo s 0md )y Jw slim o o bawgy GBI ool o aislw iy J5 0, Sloe aslsl jo 055 0 J5 @l )3
Lms el Laio el 5 sl oS e oLyl agl G 51 5 2aS e s gl s 1y csampir i L oms IS 4o
Sl S ot SIS g gl T 5,55 il Ay 5 S o3 (59 gl (g5 ol (g A ot LS5 [l
A Caeglite Bl pidin ()P (0 a9 S e 5l 5 At (e 50 Sl oS o gl | ol adlre S gl s Lo
IR e 5 (G5 e 4 o g J5 3 b ) J5 1,8 Gl ot sl s slS o Ly ol 5o s
Caglie o S e 4l YU i Y/ Bl o U 3 Lal g o T sz Jsllio 5o 5 45h Cnglie iyl53l a5 i
i Jj s il (5 Bl 5 5 ol 1 s o Bl G S o sl o ol i 9
i2ls | Lo lads o8 sz )0 ta Ol ansill G35 aS Iy o)l ST ol e )0 Yk csslie jiy5-3 O o o0y
Gl g ol adys als jo 5 B Lbe) 8l e o a9tiee ol playz ln 50 Lads Seglie (il 4 ;oo Lal cans e
3o le el a8l o 1o 5 oand SIS slocuil 4 e 5L las,s gy el a0 Jomeg S j0 Cis 0y

b oo il an gl Sy ads e 0 VA an A Jgl Sy O ads 0 0 /YA lais

o gl o o y9 Cd )b (3 5 3 A g (B IPSG J S S L iy J5 03 i gadS Ol
Jo—eg S0

) . Ol Joguneit
fatemi@sharif.edu S xSl w0l
(DOI:10.22078/PR.2022.4728.3123) : Jluous awlis



YoVY axio AFeY y g0l ,5 AV o)leds “UU”;
’

Al o STy algas Lz yo lo 5 oy (s
Sy pyrivasll 5 (HPAM) Tou sy 5 Jg a0 o552
101 S0 a5 e 25,5 e
Jolt (ol adlie 90 hlo Lo ys 5 slapics
slsosasJlail g Yo (o HsSge 9 Lo slos pordy
iyl Ji Ll e a S s e o
Al sk sl oy e Joail a5 Sl
ok JoSge 90 (b od sy Wl e
2 dm b Lo b b O oar ) 5l
Gy A Al S AoxS )0 AS (oo Jmatle
WS ol wsBee St e bl e
el b goSwg Sl Slpogas boi> (pwd
el (sS850 oloie jo mle-ai L8, il
L Ll 28 oamssisn (pls5 e azgi Lo
N oy s T g 5518 atm 90 40 losis
2 5 &9 ol S9b Gae g i J5 by VY
OBl gy o=l 5y il (o i J2B = 05
sleolz 5l cws 90 Ly ol slaaY o J5 G5
o=l sladasgazs plw S ped pal 3 ) )5
G5, e G 5l U A el pit
e J5 ol 5 cti g sl ol L o
Dyaol ceal U5 6,5 Jeb

sl o dl=jo J5 sloacusgame a3, sl,—
U8 &l= T(PPG) aslw i (slo,d sla 5 s
ool (y3tre Cwd jgo bl o g SIS
g (6 ymody 0,0 S Al oy 5 I3 Lailoals
5 G U5 0l e 0] jgma j0 4 S el Wil
AWy 09— py9—0 09— aJgl o5l ol Ve -
e G sl B sl e U5 e s sla s
Omlnle st oe A3l (e a3 (55 (990
Lads ol apo oo &) g 5o oob 5 ST
Dl s S LS G e o Vsons

1. Conformance Control

2. Partially Hydrolyzed Poly Acryl Amide
3. Gelant

4. Preformed Particle Gels

FENTIUER

dodo

50 Gz S S alwleSl g Sl Ol o Jg
S S)gbar S9—d oo wo—ime b (5 (LS
sy s T L ol ol O (3 e
i3 el sl o Jold alilgi o gady o
Cdioly e o dy Ol il azdl Ll ol L
Sane sl oly o S (5995 2 ge
Lsoly golaill joe ials 5 (azme S
L olad 1 6 sl jotaiody aomis o 0900
oty de i sy claay cl oy Sas o]
ek =l slain Soyoee 5l sola) e 9925
oy dbel il (=Kol V] wigms La, Ll o
8 mobee Sl l (Sl Ol o g Ll
Ll Ly oeeb) Lo JUS Ly g SISty e
—Seal 5l (mladiges (egias O)gods 00l
ol oy el 4 S a e 5l 0 89 >ge
Sllas )0 Wy o o cudlysl Lials 5 3Ll
G 3 0l (a5 ol ojloe A Gyl
ol oy oy sleely oty by
LY vl oa s sla 1y e 5l ool S g
e 9 sy sl il ol ol ple
e S SBb 5k sl gy Smles )0 3B
La JULS 5 bl 30,5 Sgome 0 05 o,
o) (ilBee (Keals (3,5 o5 s jlea Ly
adg il s ol ol Gials gl clie (>
G5 3l el (mlaghsy obane (il ol ol
Ojg—od po—? 35 5 «lSE e 3,5 —edhy
e sbaig, 5l =S L] wloai plssl 08 S
L o35 am Lo s ey Gy ool oy (pals o
g La U L g S (sl 5 pals Bua
o0 o)l (>l 4 (O (5 Sl s
1S S8 au T ol el (a5l
sl rody 058G L0V ] 0yt oo 4t Na g
)90 At (—IpSs J S Slodee (6l (il
slaJs 3l o lgo ,uST 0 a S alais 8 1,8 colaul
135 Al il o olil 08 S g boay Lo



B sen s oLy i doo

o5 AL py J5 JUES! s lS 5 S Sl
syt IS SIS sLaosae yo |, HPAM-cL! (TI0)
S o b 5 lasl e 0 aS 0,5 o go,S
2B ol sle 5l 5 00s Gas o 5l ol pisu
og&_aLoc’JL: J) U_"J"L"’ ‘09_3)69 uM_>JJLo 0)‘5 9 03—
SS9y lehml oo )b SIS S Sy Bl o
sl )5 )0 iren Lyl A2 oy yilo o
S G=lB e J5 R P e el g S
J5 o a0 g oad Lo J5 o s oo
VE ogco 3l 0)90 35 Slades gl (i
u_JT (5)9—'*’ ‘&50“’))" = dsle EOd—=n L)_A‘}C [Y& 9
olosl g aslu iew J5 slady a8 (BlSs o e
S J5 dawgy B slasl asjb o T @l
S a30,8 l GBS slausl o aslw i 5
SR RV WP SO P Y IR A ¢
&_J Py m— 6‘)—3 6)—:5)}% (_ng).:_a.M Sl 9 Lﬁsd)
LaJs ol sy LimlBl.aeo o ials Msasle Sb
i o 5 0 Lol glads pud inl8l cge
B o, (i3l ol o S gy SIS slal
o le B sloil o9 jo ez e5 S8 JUN{
L ol oldes VL 03l oans liasas
vl el iy Kealb s oo o 5
G J5 ol taten] jlas (L) oS es g sl
z=lS 000 S ) p slady) slal e oy asl
iyl g glady s m ol a S ols i Lyl
3o J5 oS wbew] Jlad aoliBl camw O3 o5la]

g—bon | e

1. Swelling Ratio

2. Injectivity

3. Propagation

4. Plugging

5. Dehydration

6. Gel Strength

7. Residual Resistance Factor
8. Threshold Pressure

e aitlo i J5 oy ol

et s (S b e oS Coules
(b b vz slapn (6,50 PH ol 55
DY srrlasls s p g5 Las (g asdls
P b Syget atln Ay 5 ol
o el i
—ikizee glgl o NV FL e Lo Ly iag Sa 03l
ol slaJiady DAl Lass See ol
se2s [Vo] Lo any v sla J5,00ky 5 [V2] pH
G 5 S 0y Ses po 5550 Jalye 5l S50l

o J) 4 Lo )l - VSN ‘_guo)’bd‘

5 Lo o5 003l sl ol (5,95 g9 g o)l immots
Wb Gieals O (g)9-b 5T .ol asly pH a0
glalexde 0B jgbay als i J5 ey Somnd
> )95 S (09— Yl S e gy 2l
= 1y J5 Smeglite i )0 g amo oo AmlN) 3
A J5olda s os b o el gaao o ials
130 Ui 4y La JUlS 4 laoslSs 5 b 5l SL]
sammo Jlasl clale [V 7] wed Jiie o3t S
G J5 DS 5955 Sy ity ;b o se
S 050,5 le San 5 ki 0,5 e axs L
oo—as Jlasl clale 2ol Lo Lo 5 oy Comus
2 Sgm Smell Sle ) il el (b e
Smbioo S G 9 (S ks Sl ey Ol
ele slwog T o 5l i ot S pmae Sde 4
Sl d95b 5l eoliiwl iman (5 Ll o Cmgaul
J5 28 55 St G381 o s gl
o318 3L 5l sslizwl a5 Jlo o [V ] 09— o
o lyd y0 cewgnl ale slasy,S b ae cle 4
J5 Sy 3555 bl sl e e JLa
L g balss o o ola,e aeals VY] wg—s
L oleys olades 5o YU Jlne sl L sla JUls
= OIS sy s (6 )k Sldlas o (3
L ol wlodes (gilwange jotaiea .l 00
Sy aibe J5 bt sla )b, (o o3
A 20T ol s 51 g T slous] g9 i



+? &
YoYY axio APV 1 g 310,85 Y o)leds -u_,ﬂ’g/",/
,

Slallas oSG VY] oS o sl 6,5V
sla,5 5 w5 0, Shae =L, Gl—m 5
(i TroR R P ﬁL?u‘ a8y 9 Yl_> (f"?‘f’
Sl slalase 30 izmed g LIS g0
o=l ye el a8 3 1 8 a>g0 0,50 S SNeal
ol s e a5 e ey
—r Lol golanl g as b iy 5 3 ey
& i PE ool Sladllae aalol jo 04 5 o
JURNYCI P S C S SO P [y P
=l e Bs slaidl o ans o o J5 olyd
Lzl (5lamd) (i g (oS Dysmons ol Gl >
Clil e pe Sl Hlade s ey o 0
5 J5 3=y olades 0,0 )5 4 5l ol s
JEBRGSVRRIE OV iy KUPYSL VONSRISPEIL SN gy iy S

sl 0o

Ty

wdlw il Jj Ol and

orgy Lo adlw i J5 ol)d iagh ol jo
primmw blL&.ll.a)‘T 4 olﬂ JE ol gl podsy
Sl Y ol Sl & ygoas ) SIS i

S

Oleets a5l iy J5 sl @08 o ol o
ojlaslas &lyd eslasl o 5l pin ez ed J=B
A5t s G 5 mdiBp — s S
plias) lawgs 6,550 sla oy ,0 [YV] 5,135
5 LGSt sl i Jj 45 ass plw sl g
Job o a Sl 0 as 3g9e MalS 1, L JULS
slaul 1) gomazr JSdie b S SIS
=0 4o JAdRe b (ol (gl S a8 (e
Sl ily J5 an¥ ol g O ()35
old oy Shae )y Lo o 5e g (—wle [VA]
aS 00,8 s B slaudl o aslu in 5
oloml BB [0 (6, dlaudl o3l 8,5 &l)d
ey b0 g 5, Old by e Ll S 0
Slaml 1y shamdl i (n s e (55l o
Gy aS al s sl e S e
Sl O3 p)ye5 Camnd (il o an gl ot
s i il 4 5 85 IS o 4 S
gl V] g5 e B2 slal 55
5 e Sl T8 L s
Gl sl iy J5 )3 s jo (81550
olisl asols inli8l Les g pH (69 il o 0 1,1
slawsl Gldes ;o Lo J5 51 g9 il 0bo )8 Lo
5 3T B35k 0B sl 5 4y S SIS
> 9 WS (oo Jee 5 3390 (i DL
0abo Bl Cnglio oy ol sbog o0 50

&b J5

w3l G J5 3 sl o3 olge g i la Jolpe Silad ) JSCid

1. Sorting



o1)5en 5 o2l o doo

Bgis g0 S a5 0550 slaoslail jo 5
9=l ple—eds (ol &)l 5l aghy (ol o
e g yo Sl g, 5ol sul solaiwl STy
(TEMED) ' 'yl (60 oLl it |5 550615 ;)
oSy ey i lidl el a S 0l o ool
Seop b Sy Bk sl (8 Vb 5 ot ()
Oyl oy A1y 45 (B9 09D Vo0 TC Ao
Ay Cemoyd Lo pogige Sl (gl 090 ploil s
oz slsesige ©jg—ods g ol o |) (8L
Seely ol ) asle o B STy By B s o
Dol g0 Sl i 5 solSouinl Coglin yioalS

SIL Uiyl

sl Gy J5 J=el8 55 51 Gy Slialesl ol 5o
oz D50t o] p 5 S ol Jgdome 5
Dg—bse et ) alal) by

Ve Va )

Va i

o0 o5 J5 px> Vi epy55 Comd SR o] po a8
Sedyb (s S S S2S e Vg
S il O sasiged izl iy 5 05
B el gl ol s ol sz (i o3l
ooliiwl 0,40 g ags B iolo;l o) Joom> Gollae

SR =

wtl i loyd 5 as —elfin o S )3
gl Ll 5 0y Gy e
> g0 oo )l ey i o S
s i J5 oS o b 5 (Susd ol
56 5 0 Shee s 0l e 45 2ig oo (i
o3Il (s y9 ;3 Sltalojl il yo ol ple 0,05
= (WSF) " > B s 1521 5 pH s o J5 &l

s amillls Jj o5 e b s

e aitlo i J5 oy ol

ST yogige LYVIS w0 ki JLoso ol LEVIEY
oD ra&zl_w‘ J_ol.c u‘s_ﬁ.céb m u‘)és_ab 1o IA
Sl gl g5 4S5 WgB oo a8LSl Jolore 4y
L59l—>' d)_la U] )‘ o— 9 00— )L.\_:L’ J5_1?u )o
e—blise )0 (59,,— VO mMin Suody Jodo

g ga 00l I, 8
Slameds 9IS g gel 14/ § o e soas Jlas]
9 ‘»5—“’6" a_slsl J}—L>‘-'° a4 od._i.b»)r:)ss J_ALC
S3 bl e (59— £ min Do
o olSL oldas al> o sl jo 595 o 00lo
plosl STy Lo 5l (yeaST Ao sl 039 0
u“-’-ﬂﬁ 09_».0‘5,4 p_».]a.u f.°C Sy~ L)"‘—’S‘ﬁ s_‘i)_lc
Do J5 09— o0 plosl VO min Saedy o 5
S8 dhie Of ;o YF h Goeds oo JSis aslw
Saeds YO 'C sloo L (sloy0-5 o ooy JSis J5e
s § S5 St MlS L5 5,5 o ), 3 YF h
x_:‘)b G 6‘;—’ 9 W) 9909 UJQ)D d\LA—AAJﬁAJ

Ly ol 5 gaijlo ol owsilo lizl oS5 a0 ) Jouzr

TDS (ppm) NaCl KCl MgCl, CaCl, Na,SO, NaHCO, | CaCO, S
\FZNAIN VY \ARE <10 <IYY <\Y N D) gl O
fy-vy YIV.Y R4 AR ANAT </fYA oo -9 ) bys ol

1. Tetramethylethylenediamine
2. Water Soluble Fractions (WSF)




VoYY amio  OFeY 5 g0l ,5 YA oyleds -uu",}
’

00 el Joe (59, SV i 9 3,5 Sl
CAlw 0gm g gl o oo 5 (Soleis ]
B Jgb ol oo oolo plas ¥ s o ]
B slad o > ol Veem o] o, c5F om
A4S 4o 90 o dalold g ol YF em Bl
eV Amm L ol el Bs oo Sl
oo ¥ sl S talegl il Gy sl
= L Lo STPV) Yoyt oz ¥ ol ol
= ¥ e 09 o0 By B 4 ¥ ce/min
Bl an ¥ ee/min o Ly oo oo J§ 0 0>
S o L5 6 =508 5l e s G F
o> o O sl sladl o, Sloe () j5-laioy
aAce/min g ¥V gle oo Lo yan ol e
03 J5 Seglie (bl lm st oe G F S
Toaile B cemglin oy po ,al)ly 5l Bl il
G Voa el O ygody 45 050 oo eolail (Frr)

Dy—sse

_ AP,

i AP» M

s,

Gl s eat pyete 5 6ol iaren
o = deeS1 (65 )5 B je—am 5 5y
A g5 £ 9 o (5 S 03l Sliole;l 09— oo
plesl LT slws ¢V atm [Lis o aslw iy 5
loai

o gl U Ol o

Sladl 5o J5 o Shee wliole] 5l oo 0l jo
00y )y ol oS 5l enlial Ly IS
Slioleyl plssl gl p3¥ Sligzs ¥ IS .ol
o slim o s yo Sl iy 5 Sl
DBR oy ol ailal s (sl s o i ]
Joce g JUanl il olzd Sledlbl E pies
S e i (65l BISLE o ] SIS
5 5 4 Cl (Sl ST Blass amio 5o
S et S 5 5l enli ol Ly GBS Lyl
ooliiwl amio 55 (0,5 St (sl 05t 5 T
Syl S alwgay S gload g og o

‘5?5)5 959959 J.o_».a 3.) ] 00 ‘_gd_ug_j U_.,;L,c

SIS Joe Silecd (0 5 oalKtnlasT ol (Al 1w 5La o liglesl olSus ¥ S0

1. Pore Volume
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