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Table 1. Properties of the porous media.
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1- Straining



oS 5 Sl a5 ree

(NeM™) il 36 55 Clae ey S Sy O 3 68
o oa |y Ol ol 81l
53l dul b s pd (55 5 350 wnds (5781%S))
Ol LY daly ol Cplane O 51 S o

S el 25 e

P%Z\VtkaC—deSH(m\VxC )
PIA 2S¢ b IR BTN FRVRPY PRI BT
WS eap S s s Sl Clls wb Wy
32y Ll O 5 Ol 4 atly o S
SV T b S S 58 (1) Ol
A Sy Gl L e a4 el
oy s s de QTJJA\S.,\;S& S 25 dolas
bl s OsSB B s St s 5l Aol X

AY) el vty

dc+x—x0)_5
d

C

P=( ™)
B °"\“:';5"“"U’:““'i ﬁﬁuﬂ C,.AL.\I: U’:’:&; 9 LAJ.,\A

(15953 CJLx_:JA CM gj':{’L?‘ 4..:.4) T8 oo L5f§°)\"l"\

(0,-B)

n

RMSE=,|X. \)
5 ek Seilkl slie s P O Of s oS
polie 5l cl Slaalie sl 1ol )0,
San Ui 2051 g 55 R Gl 2
sdigsluans glaesls 5 (glodalin slacsls -

.,\{.sjf oslaiul

6- Depth-dependent straining process

oy

0s
pbaze‘l/tkac_kdpbs M

ML) S 5,8l o gases o iy Ol s &S
Ole 5l b Olseas S350 cdli S b P
il 5 e £ el Sa Kk s ke (s 05
Jde b O35t odr lde ol (T ol 3 5t
1l ol 15 VL (655 SIS
_3(1-9)

k
a 2d nav ™)

C

Cusbs 0 (T Gl oo Ko 0l s S
de (LT gdive of o v (L2 L?) Loz
O3) S e 0 (L) i Dl kS
FU oy Gl s e e ST 5 (Wn
Ve T oS Soaliys woilSn 53 el " (ny 050

(V) 58 0 Ol 5 dalae L (Any O50)

=1- (#)

36 L3 Sl3st chle e Sl S Ol s &S

Tl s ol Jae b Olse 1 Tods

()5S ooy
¥=1-4a+3.3082" +1.4069a° for S<<0.8S,,
3
Y= a bZS); for  S>0.8S,.
2dS,’b’
b= (0)
S
a=0546—>

1- Filtration theory model
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Figure 1. SEM images of synthesized ZVINs (a) Bare-ZVINs , (b) PAM-ZVINs, (¢) GG-ZVINs, (d) PSS-ZVINs

and (e) PVP-ZVINs.
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Figure 2. TEM images of synthesized ZVINs (a) Bare-ZVINs , (b) PAM-ZVINs, (¢c) GG-ZVINs, (d) PSS-ZVINs

and (e) PVP-ZVINs.
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Figure 3. Measured and fitted Breakthrough curve upon to the ZVINs dosage (ZVINs dosage: 1, 2 and 3 g/L,
ionic strength of 1 mM sodium chloride and 1 mM sodium bicarbonate, pH=7.5).
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Figure 4. Measured and fitted Breakthrough curve of ZVINs upon to the ionic strength (ZVINs dosage: 2 g/L,

ionic strength 1, 10 and 100 Mm, pH=7).
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Figure 5. Measured and fitted Breakthrough curve of chloride transport in sand columns (calcium chloride
dosage 0.05 molar).
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Table 2. Chloride transport parameters in porous media using CXTFIT software.

Srtplasl ool Skl o Sie s
R? Dispersivity coefficient Diffusivity coefficient Pore velocity o O
(cm Jd=D/v) (cm’sec™) (cmsec™) Sand column

0.995 0.128 0.00811 0.0633 1

0.992 0.134 0.00734 0.0544 2
0.983 0.121 0.00755 0.0619 3

0.927 0.07 0.00452 0.0587 4
0.970 0.06 0.00311 0.0495 5

0.987 0.12 0.00612 0.0510 6
0.979 0.08 0.00291 0.0359 7
0.992 0.06 0.00157 0.0258 8
0.962 0.168 0.00692 0.0411 9
0.974 0.175 0.00546 0.0311 10
0.936 0.06 0.00171 0.0248 11
0.951 0.193 0.00213 0.0110 12
0.967 0.07 0.00414 0.0579 13
0.955 0.08 0.00383 0.0443 14
0.983 0.09 0.00535 0.0551 15
0.925 0.156 0.00722 0.0462 16
0.937 0.17 0.00656 0.0386 17
0.966 0.244 0.00318 0.0130 18
0.933 0.197 0.00469 0.0238 19
0.980 0.207 0.00530 0.0256 20
0.954 0.163 0.00558 0.0341 21
0.919 0.386 0.00406 0.0105 22
0.979 0.436 0.00916 0.0210 23
0.941 0.556 0.00785 0.0141 24
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Abstract

Background and Objectives: One of the newest techniques for pollutant removal from soil and
water resources is utilizing nanotechnology. Application of zerovalent iron nanoparticles
(ZVINs) for filtration of soil and water resources is growing as fast as possible due to non-toxic,
high reactivity, high surface area, and high adsorbent power characteristics. By increasing
ZVINs transport, the reduction and removal efficiency of different pollutants from the goal
media will increase. So analyzing the effective factors on ZVINs mobility and transport and
realizing the effective mechanisms on ZVINs transport and retention of them in the soil is so
vital. Utilizing the guar gum as the natural and green polymer will cause to improve the ZVINs
stability. The guar gum as a water soluble and natural polymer from polysaccharide groups has
beneficial characteristics comprising of non-toxic, hydrophilic, high stability, low sedimentation
due to high static viscosity, low injection pressure due to low dynamic viscosity and especially
non-expensive and reducing project costs. The objective of this research was to simulate
biodegradable polymer stabilized ZVINs transport in sand columns using HYDRUS-1D
software and investigation the effects of initial particles concentration and ionic strength on
ZVINs transport and retention in porous media.

Materials and Methods: The ZVINs were synthesized using chemical reduction of ferrous
sulfate by sodium borohydride. In this research, five different ZVINs stabilized with different
polymers including biodegradable polyacrylamide (PAM) and polyvinylpyrrolidone (PVP),
green natural guar gum (GG) and polystyrene sulfonate (PSS), and bare zero-valent iron
nanoparticles were synthesized for preventing ZVINs from being aggregated. The ZVINs were
injected in the sand columns in the form of pulse input for a fixed period of time (15 minutes.)
using peristaltic pump. The research was conducted using two separate factorial experiments
designs as a completely randomized with two factors and three replications (factors of
experiment 1: ZVINs types and ZVINs dosages; factors of experiment 2: ZVINs types and ionic
strength). Transport of ZVINs and chloride (CI"") were simulated by HYDRUS-1D and CXTFIT
software, respectively. Kinetic attachment-detachment model colloid with filtration theory
(CFT), physical straining, lungmuirian, and blocking models were used to simulate ZVINs
transport in soil.

Results: The results revealed that with increasing ZVINs concentration and solution ionic
strength, the ZVINs transport in the sand columns decreased. The results also indicated that
colloid filtration theory (CFT), physical straining and lungmuirian blocking mechanisms had
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more accurate to predict ZVINs transport in the porous media, respectively. The results showed
that PAM, PVP, PSS, GG stabilized ZVINs and the bare ones had maximum transport in sand
columns, respectively.

Conclusion: Transport of ZVINs in the sand columns were increased by stabilizing and
application of biodegradable polyacrylamide (PAM), polyvinylpyrrolidone (PVP) and Gurgum
(GG) coatings as natural and green biopolymers. The findings of this research showed that
applying of guar gum as a natural and green polymer improves the ZVINs stability. Therefore,
current polymer is a suitable substitute for artificial polymers. The results also revealed that
guar gum due to non- expensive, non-toxic, abundance, and low dynamic viscosity could be
used as the ZVINs stabilizer for field scales; therefore, the field injection and target pollutants
reduction costs would be diminished as a result. Overall, simulation ZVINs transport is so vital
for understanding of mechanisms which control ZVINs transport and retention in soil.
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