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EXTENDED ABSTRACT

Introduction: The Chadormalu iron deposit is located in the Bafgh-Saghand iron-bearing
region. This deposit is located in Yazd province, 180 km east-northeast of Yazd city.
Chadormalu contains two iron-bearing reserves. Large amounts of mineral waste have
accumulated around the Chadormalu mine and its processing factory. Wind and rainfall have
caused the dispersion and spread of soil particles in these accumulations. Some of these soils
contain heavy elements such as nickel, vanadium, and chromium, which are harmful to human
health and the environment, and their dispersion in the environment should be prevented.
Molasses and lignin sulfate are used for dust control. These additives are non-toxic and low-
cost. The aim of this study is to investigate the effectiveness of mulch in controlling erosion
and dust caused by the waste of the Chadormalu iron mine.

Materials and methods: In order to prepare suitable mulch in this study with the
environmental conditions of the region, 10 variables (montmorillonite, lignosulfonate, perlite,
zeolite, molasses, magnesium chloride, calcium chloride, potassium chloride, calcium
carbonate, water) were investigated and used in a randomized manner in 6 stages. Chemical
analysis by ICP-OES, scanning electron microscopy (SEM), granulation, shear strength, wind
tunnel, and thickness determination were performed on the samples.

Results and discussion: A combination of lignosulfonate, molasses, and calcium chloride has been
used to stabilize a mineral waste dump. The operation of stabilizing the waste dump with mulch
has led to an increase in the shear strength of the mulched samples compared to the unmulched
sample. Increasing the vertical load on the samples has led to an increase in the strength of the
samples and prevention of wind erosion. One of the most important characteristics of the mulch
used in this study is the thickness of the mulch on the samples. Measurement of the thickness of the
mulch layer on the Chadormalu samples showed that the thickness of the mulch layer varies from
2 to 4 centimeters, which is in the very good quality category, which indicates the durability and
high resistance of the mulched samples. The wind erosion index in the Chadormalu samples is on
average in the 10 to 25 percent category, which indicates the good quality of these samples.

Conclusion: The results of ICP-OES analysis showed that the concentration of heavy metals
was lower than the permissible limit. Imaging and SEM analysis results clearly showed the
creation of a coating layer on the soil surface and the creation of adhesion and cohesion between
soil particles due to the use of mulch. As a result of the stabilization operation, the shear strength
and adhesion of the samples showed a significant increase. The results of the wind tunnel test
showed that the stabilization and mulching operation led to a significant reduction in the
concentration of sediment particles, and that increasing the amount of mulch spraying caused
greater penetration of the mulch into the soil and that increasing the concentration of mulch,
despite reducing its penetration depth in the soil, increased its resistance to wind erosion by
increasing the amount of adhesion between soil particles. The results of SEM analysis clearly
showed the creation of a coating layer on the soil surface and the creation of adhesion and
cohesion between soil particles due to the use of mulch. As a result of the stabilization
operation, the shear strength and adhesion of the samples showed a significant increase. The
stabilization operation of the samples caused a significant increase in the shear strength and
adhesion of the samples. The results of the wind tunnel test over a 2-minute period at different
speeds showed that the stabilization operation resulted in a significant reduction in the
concentration of sediment particles. The results showed that increasing the mulch application
rate resulted in greater penetration of the mulch into the soil and increasing the mulch
concentration, despite decreasing its penetration depth into the soil, increased its resistance to
wind erosion by increasing the amount of adhesion between soil particles.
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Table 1. The most common controllers used in mineral deposits (Morera and Gonzilez, 2018).

N .
4 ) 2
9 ] & 4, " jf
3 2 2 “ ) 9 3
Py 1 T v, 3 “ 2
9 % R S M Y
3 ) 3 = 4
3 9 A 9 §
9 & E)
EN a
N ~
9
\_j O X X X
rdS 0 IS [N X X x
RESUUINTINY \a4 X X X X X
U s g5 <Y X
oo <Af x X
i sl ygnd gl >0 X
Eoeae sl yorly o--¥-

Slp S Cengjlame 4 plus 585 9 45 S, 5]
oslisal SigilamngiS) ) oolas 5 e 5 8,5 S8
Sy S 0 S 5l e (Adams, 1998) wisS
098 oole cpl sl saloslaisl [Legs S S
3 o e et s SIST g 0k 93 1uE g (gom el
—ige Jold) gt Vo Geho Gpl o (B sk @
SIS e pdle ey ed py (bldlg S g 90
(2 ¢ pmedS DLy ol IS ol 018 o 50
plsl Sy 5l ewon orl 5o S8 I8 (s 3590
Slasle;] g ol oo oolazul olay O jsoa Sliokes]

VP EH PSS N

3 5 JAS sl odle 51 et pladl Sl ez
Shlo g o g F09380 oolo (pl 05l o colaiul Hle
I Gy dhowcwg) Ol g cwl o5 ane
Omane et al., 2018; Kotta et al., 2019; Parsakhoo )
Y e N sbaws,s 5l e 059 ) 4o (et al, 2020
&l p Dlsd)gugi S 5l pimran ol oolawl 70 JY ¢
30 99938l oole (pl el ouls colaiul Jle g 05 S
2é 500538, Ol b (ol 5 et o5 Glano)s
el s oy ST Gl slaas s 1o g 0ai )55
YA IPRARY A PRI A BT R VS LN OV - VISR

g Wgu 03 5uS Hobody yiomen (Cawl sadoslawl 7 Y/O

V¥ 50l ¥ o)lod YY 0,90 (9 (oo pole anlilad

48



gbalbl 5l (A6 JLe 95,5 5 Gl b 28 50 e (2l (o

Oloie 1) Cond S5 5 00,5 o (Solis Suond dns
3o B asile a5 Sl annlio (gl y 00,558 Cawd diges
o s @y ool Lol e sladiges 15U aan SO
odds aiBlu gdlo am Al o j0 00,5 aslie S5 gadsl
—ged o) 2 AV JSB) Wb i ) 500 Ceend 93 55 2
ol e as ol olas aise G5l o oals 3L @l sl
o pll i st 4 5T slaalll talas]
0,58 Sl s Glid oS Jlesl b og wings oais

NEREXUS]

ol sl oS 5 s gile g gl 0aliiiad 3,50 olye
501y Slge ol 51 S5 ya 5l e 5 /Y anib e ol wliy,S
byl alBisle;l o o0 dlwg 40 Ol Ve v co b o
Lgd 8k g Jo Sl olge (09> 4 T o

AL 5l o 5ok Sy ke & il Sl 5B Y s

@l byl )0 sezge albl e Al 4y sle ol

Jol GinlesT 50 shoyole ol uze ouid g ouds (bl glo albly S5 diges —F Sl
Fig. 2- Sample of mulched and unmulched waste soil from the Chadormalou iron mine in the first experiment.

S0 as ab ad 3 b o Oglaie @b Jow £ el
Comnd 43 pl 90 ao,0 L olge 51 (SO Lol ol 51 SO
Sgo 5,185 ,56 vwoye B wo,S bl eolge ple
2900 A5 S5 (g AR S SWBAS Sl ey Alise
oo S S 4 b 90,5 i e 51 3Ll 35
AJL‘> 9 u—‘ ).").’ o ).L:.’ Sy 6[&&5[} ‘BlSJL’Z.w‘ PR
o 0A oo).‘t)lsd.?\)‘}n 0)9.4%)" p.a.’Ll Cawd Ol.g k5’L>
S plloul o a8 gl 5l sae £ daglle sl
ok sl b olge g 4y g a5l0 (6,5 Fae il
gad £ el ool 0ols LS Y Joux 0 a5 jeblen
apd ould 00 p LI olge I il slacens b Hle

=

VRN Y

poo iales]
slr @l as uz sl Gialejl 5o oolizul 550 olse
25l 1D 28 518 okl 050 55 e Siales]
s 28 bl DT (g o Ve Lslge ol 1S
W) ghoysly albl sladiges (59, p oud asle &l
wan Sl aw el b gl sldiged gwyyp 0l
@55 4 55 %o glaalbly 53 Giolesl ol )0 a5 ol s
s | Y el g dings ok gaz g palls L 5|

poms Sl
ek So b del coly sae ¥ talosl al 5o
5 et & |, Cerly n 0y ole ol albl ST

o 0,8 e 500 Cad ds 0 |y Cod o

VE-F 50l ¥ o,led YV 0,50 (s k_;Ia.;m pole aolilad

#YY



OhlSen 5 Sl

g G lo3T 50 Blo Autd cugr ooliiuw] 330 Slge Y Jgur

Table 2. Materials used to prepare mulch in the third experiment.
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Table 3. Materials used to prepare mulch in the fifth experiment.
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Table 4. Materials used to prepare mulch in the sixth experiment.
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Table 5. Results of geochemical analysis of mulch using ICP-OES method.

Elements Ag Al As Ba Be Ca Cd Co Cr Cu Fe K
(ppb) (ppm)  (ppb)  (ppb) (ppb) (ppm) (ppb) (ppb) (ppb) (ppb)  (ppm) (ppm)
LOQ' 10 (ppb)  10(ppb)  10(ppb) 5(ppb) S(ppb) 100(ppb) 5(ppb) 20(ppb) 10(ppb) 10(ppb) 100(ppb)  100(ppb)
Chadormalu <10 0.10 67 116 <5 24852 <5 <20 <10 19 0.58 117.41
Elements Li Mg (ppm) Mn Na Ni P Pb Sr Ti \Y% /n Zr
(epb) TSP (opb)  (ppm)  (ppb)  (ppb)  (ppb) (ppb)  (ppb) (ppb)  (ppb) (ppb)
LOQ 10(ppb) ~ 100(ppb)  5(ppb) 100(ppb) 20(ppb) S0(ppb) S0(ppb) 10(ppb) 10(ppb) 10(ppb) 100(ppb) 5(ppb)
Chadormalu <10 26.06 574 1922 <20 493 <50 1153 <10 <10 <100 <5
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Table 6. Wind tunnel test results for seven-day mulched soil samples from the Chadormalou iron mine (in grams).
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Table 7. Wind tunnel test results for thirty-day mulched soil samples from the Chadormalou iron mine (in grams).
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Table 8. The data obtained from the shear strength test of Chadormello iron mine tailings soil
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Fig. 3- Granulation diagram of Chadormello iron mine tailings soil sample.
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Table 9. Calculated values of soil pollution standards (Quality standards of soil resources and its guidelines, 2021 .(

Elements Ag As

Cd

Co Cr Cu Ni Pb \'% Zn

Soil (ppm) 20 17 500 5

39

20 64 63 50 300 130 200
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Table 10. Description of the characteristics of the heavy element index for evaluating the efficiency of soil stabilizing materials
(Islamic Republic of Iran Plan and Budget Organization, 2019).
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Fig. 4- Amount of tailings sediment produced in the Chadormelou iron mine (grams) at different wind speeds.
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Table 11. Relative estimation of soil or mulch resistance to wind erosion using a wind erosion measuring device (Ekhtesasi and
Bahrami, 2018).
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Table 12. Description of the characteristics of the wind erosion index in soil to evaluate the effectiveness of soil stabilization materials
(Islamic Republic of Iran Plan and Budget Organization, 2019).
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Fig. 5 - Comparison of adhesion in mulched samples and control samples from the Chadormalou iron mine
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Fig. 6- Investigating the effect of time on adhesion in mulched samples of Chadormello iron mine.

V¥ 50l ¥ o)lod YY 0,90 (9 (oo pole anlilad



O 5 (Sl

Islamic Republic of Iran Plan and ) S 00008 ol Slgo (o)l (cw)yp St (o p9 Conglin ol sbb S g g pid -1Y oo

.(Budget Organization, 2019

Tablel3. Description of the characteristics of the shear strength index to evaluate the effectiveness of soil stabilization materials

(Islamic Republic of Iran Plan and Budget Organization, 2019.(
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Table 14. Characteristics of the layer thickness index for evaluating the efficiency of soil stabilization materials (Islamic Republic of

Iran Plan and Budget Organization, 2019.(

S’ olib olisd by b ol elo Slexe
Card Y S
by S NERYAY o5lail b 50 3
50 ) )‘9‘/0"’" O b b edsS B oY cubrs SuilSe oy
o5 V6o 5 5
o k= o 3l ey

by SB(59) » Y JSas g Soush 4 2 Gl
JS) SEM 5 LT a8 ol S5 e oY 04 o ateine gllo
V US5) (EDS) oS0l 555 (655 Gl (e o 9 (1Y
VS o jehilen .88 sl cibadle 5l ow ole £ (o
Olid b loges aldS o 0alds asine yolie Cwl asuise
ol 4wl o glle satms LSt SluS 5 ol sins
Obey 135k 5 2Bk oo ladigas (55, 2 @le (55luly oo (i
SIS e (SN b g oad did s digesd (5, 3l e

3l oo ladigas GYU alSo (gl L

SEM-EDS ;JGf
S9rSI CgSng Son bangs &5 (s pslai byl Budod o
Sl s Stz o i gdle by (0,5 jaie g
Jol> pglar .o soliiwl S il a0 ) 3485 4 ,Ko0SG @
5 shopolz oad b gllo aiged 59, » SEM (tlej]
5 o0 a old Jlasl S8 el el oo odls las VS
Sileee oo |y D3 (g5 p wile ez Y S eSS

5o ool 0y50 gle idey 8 moly ok 4 pizmes

V¥ 50l ¥ o)lod YY 0,90 (9 (oo pole anlilad



csmalll | 56 L 505 5 ialod S o glle S oz

cps/eV

4

keV

~digad GuSl 8 (5551 Gl (o b (0 glo ol (T (puize albly suds (LDl Ello S (gLraiged SEM  guai (A1 -V S
oud Ll b g

Fig. 7- (a) SEM image of mulched soil samples from Chadormaloo iron mine tailings,(b) X-ray energy dispersive spectroscopy of

mulched samples.
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