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1-Introduction

Bentonite deposits of Iran occur in six zones: Semnan-Torud, Alborz-Azerbaijan, Eastern Iran, Central Iran,
Tafresh - Takab, and Zagros. They are mostly related to Cenozoic volcanic activity. Momen Abad Mining area is
located in the northeast of Sarbisheh in South Khorasan province and southeast of Birjand and is a part of the
Eastern Iranian Bentonite Zone (Hejazi and Ghorbani, 1994; Modabberi et al., 2019) (Fig. 1).

Bentonite is one of the main additives in the pelletizing industry. Sodium bentonite is suitable for iron ore
pelletizing due to its higher swelling power and water absorption above 600 (Murray, 1991; Devaney, 1956) and
high dry strength in iron ore pellets after iron ore sintering and condensation (Murray, 2002; 2007). Bentonite is
the best bonding agent for iron ore particles as well as the major strength factor and an essential factor in
preventing cracking of pellets (Mohamed et al., 2003).

Previous studies on mineralogy, geochemistry, mass changes, and bentonite formation processes have been
performed on bentonite deposits in the Eastern Bentonite Zone of Iran (Karimpour et al., 2003; Karimpour and
Malekzadeh Shafarodi, 2015; Namayandeh et al., 2012 and 2015; Modabberi et al., 2015; 2019; Tarabi et al.,
2017a-b, 2019; Tarabi, 2018). Also, researchers have investigated the use of Eastern Iranian bentonites in the
pharmaceutical applications (Modabberi et al., 2015), oil drilling (Tarabi et al., 2019), and casting (Karimpour et
al., 2003). Since bentonites have been studied all over the world in the iron pelletizing industry (Murray, 1991—
2002 and 2007; Mohamed et al., 2003; Allo and Murray., 2004) however, the mineralogy and industrial
applications of bentonites in Iran and especially in Momen-Abad area have not been yet studied in this industry.
To study the application of bentonites in the pelletizing industry, as well as water absorption factor in sodium
bentonites of the Momen-Abad area and 8 other mines in Eastern Iranian Bentonite Zone, are investigated in this

paper.
2- Methodology

About 100 samples of bentonite and altered rocks were collected from Momen Abad and other deposits. To
perform water absorption tests, 86 samples were taken from trenches, wells, and high-quality dumps in the central
part of the mine. Also, 16 bentonite samples from eight mine in the Eastern Iranian Bentonite Zone, namely
Sanajan, Tighab, Deheshk, Gholegolkon, Khoshal, Ebrahimi, Mortezanejad and Shirazi, as well as 2 samples
from Momen Abad mine. A total of 104 samples have been sent to Pars Gohar Powder Company for water
absorption testing. X-Ray Diffraction (XRD) studies were performed on three air-dried and ethylene glycol
solvated samples to study mineralogy and the mineralogical effect composition on water absorption. Scanning
Electron Microscopy Image (SEM) and SEM-Energy Dispersive X-Ray Spectrometer (SEM-EDX) were also
performed on one bentonite lump sample, and two bentonite powder samples (B05-B06) and 12 points were
analyzed.
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Fig. 1. Distribution of Iranian bentonite deposits on a geological framework on which the Momen Abad area is shown by a
red solid square in the Eastern Iranian Bentonite zone. EIBZ: Eastern Iranian Bentonite Zone, green: CIBZ, blue: Zagros
Bentonite Zone, TTBZ: Tefresh - Takab Bentonite Zone, AABZ: Alborz - Azerbaijan Bentonite Zone, STBZ: Semnan -
Toroud Bentonite Zone) Tarabi et al., 2019).

3-Findings
3-1- X-ray diffraction (XRD)

Mineralogical studies revealed the presence of cristobalite and smectite as the main phases, and plagioclase
feldspar, alkali feldspar, zeolite (heulandite and/or clinoptilolite), mica-illite, amorphous silica, and calcite occur
as the minor phases.

3-2- Scanning Electron Microscopy (SEM) — Energy Dispersive X-Ray Spectrometry (EDS/EDX)

Scanning electron microscopy of bentonite clumps indicates that smectite clays show wavy sheet-like
morphology with overgrowth of cristobalite, and bentonite sheet grains occur as aggregates flocculated
appearance and spherical and angular grains with popcorn texture. Energy Dispersive X-ray Spectrometer of 12
points show that montmorillonite is a significant component of bentonite. It was found out, based on the Na and
Ca contents, that the bentonites are compositionally Na members (Table. 1).

Table 1. Numerical results of EDX spectroscopy at 12 points.

phases O‘Na‘Mg‘AI‘Si’Fe’K’Ca’Ti’CI‘Cu

(Wt%)
BO5- Spot 1 Qz 5321151079 |4.81|387]0.68]0.14]0.2
BO5- Spot 2 Qz+Clay | 45.9 1156 | 1.84 | 833 | 36 |1.65]|243|05]12]0.7
BO5- Spot 3 Qz+Clay | 50 |1.40|0.77 | 454 | 418 | 0.26 | 0.28 | 0.6 0.4
BO5- Spot 4 Qz 52211111070 | 231 | 43 | 042 0.26

BO5- Spot 1 Na-Sme | 48.9 | 156 | 1.67 | 9.53 | 349 |2.01|1.04 |04
BO5- Spot2 Na-Sme | 51.6 | 140 | 186 | 93 | 335]123]091]0.2
BO5- Spot 1 Na-Sme | 484 | 7 |1.09| 11 |289|0.46|0.68 |25

BO5- Spot 2 Na-Sme | 47.7 1160|141 |6.79]395]103] 1 |06 0.5

BO5- Spot 3 Na-Sme | 50.8 | 193 |1.70 | 7.01 | 357 | 1.05]0.98 | 0.4 0.4

B06- Spot 1 Na-Sme | 494 | 1.62 | 1.50 | 7.47 | 359|159 ]2.02|0.3]0.2

B06- Spot3 Na-Sme | 533|148 | 171|956 | 30 |1.34]207|0.3 0.3

B06- Spot 1 Na-Sme | 47.4 |1 1.07 | 0.99 | 564 | 424 | 0.8 | 1.23 | 0.5

3-3-Water absorption
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Figure 2 presents the water absorption results of the Momen Abad mine. Accordingly, the percentage of water
absorption from the base to the bottom of the trench (about 15 meters deep) and the stored materials in dumps is
variable. Thus, from the trench base to the location of sample 52, the average water adsorption is about 401;
however, from sample 53 to the bottom of the trench, the percentage of water adsorption is 503. Examination of
boreholes indicates that only BH-03 has more than 400% water absorption, and the rest has less than 300%
water absorption. TR1-2M, TR1-39M, and DP1-4M show the lowest water absorption of samples. The highest
water absorption was reported for TR1-3M, TR1-27M, TR1-68M, and DP1-8M samples. The average water
absorption percentage of the main bentonite dump is about 440, and the small dump at the base of the trench has
a 540% water absorption. These studies show that the quality of bentonites in deeper zones increases in
bentonite zones due to the leaching of the elements (Ozdamar et al., 2014). Since the samples with these values
were taken from the surface, it is proposed that bentonites have much better quality in deeper parts.

Table 2 shows the results of water absorption from other mines. These results show that two mines of Deheshk
(sample B151) with 680 water absorption and Gholegolkon mine (sample B142) with 342 water adsorption have
acceptable water absorption results the bentonite mines in the eastern bentonite zone of Iran. Considering the
vital factor of water absorption of bentonites in the pellet industry (water absorption above 600) and their
sodium type, it seems that these three mines, respectively, two mines of Deheshk and Momen Abad, are suitable
for the pelleting industry.

Table 2. Water absorption results of 18 samples from different mines.

No. Mines Wate_r No. Mines Wate_r No. Mines Wate_r
absorption absorption absorption
B139 | Sanajan 108 B153 Gholegolkon 228 B146 Shirazi 158
B140 | Sanajan 182 B151 Deheshk 680 B147 Shirazi 146
B141 | Khoshal 78 B154 Tighab 148 B152 Mortezanejad 190
B143 | Khoshal 110 B156 Tighab 94 B155 Mortezanejad 130
B149 | Khoshal 126 B144 Ebrahimi 182 B148 Momen Abad 626
B142 Ghlzl)?]gol 304 B145 Ebrahimi 198 B150 Momen Abad 446

4-Conclusions

The mineralogical studies indicate that cristobalite and smectite occur as major phases in bentonite samples, and
the lack or scarcity of crystalline phases like quartz as a minor phase may be an advantage in the application of
bentonites in the pelletizing industry. According to electronic imaging, the bentonites are composed of smectitic
clays with wavy sheets and irregular rims that favor the pelletizing application. Sheet-like grains of bentonite
show flocculated appearance and spherical and angular grains with popcorn texture. The XRD results prove that
bentonites are composed of Na-montmorillonite type, swelling, and high water absorption capacities that follow
the specification needed for pelletizing usage.

Water absorption tests were performed on 88 samples of Momen Abad (74 samples from trenches, 11 samples
from dumps, three samples from boreholes), and 16 samples taken from other mines in the area. The tests show
that samples from Momen Abad possess a lower water absorption of 401 despite the favorable morphology and
mineralogy because they were taken from the surface so that the surface samples are not qualified for this
purpose. The deep-seated samples were proved to have higher absorption of 600-800% favorable for pelletizing.
Compared with other bentonite mines in the area, Momen Abad samples show acceptable water absorption
levels and are applicable in pelletizing according to their tests and mineralogy, and Deheshk mine samples are
also favorable based on their water absorption tests.
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Fig. 2. Water absorption percentages of Momen-Abad mine.
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Fig. 2. (a) Overview of Momen-Abad mine, (b) Overview of the extractive trench, and (c) Overview of the trench and
location of deposit and wells.
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Tablel. X-ray diffraction (XRD) results of bentonite samples in the Momen-Abad area.

SAMPLE RESULT
Main minerals Secondary Minerals
) . . . Plagioclase Feldspar + Alkali Feldspar + Zeolite (Heulandite
B-05 Cristobalite + Smectite and/or Clinoptilolite) + Quartz + Mica-Illite
Montmorilonite+ . . . .
B-87 Cristobalite Plagioclase+ Calcite+ Mica-lllite+ Amorphous
B-90 Cristobalite Plagioclase+ Montmorilonite+ Alkali Feldspar + Illite+ Morphous
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Fig. 3. XRD pattern on the initial bentonites.
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Fig. 4. SEM electron imaging, (a) Smectite clay with laminar morphology - rugged edges of spherical cristobalite, and (b)
combination of smectite clay with poor laminate morphology and rough edges, laminated glass, and quartz.
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Fig. 5. SEM- EDX electron and spectroscopy imaging of samples B05 and B07, (a) Quartz lepispher crystals that show
somewhen clay mineral, with smectite lepispher crystals with magnification 20 my, (b) Semi angular Smectiteand cristobalite

lepispher crystals with magnification 10 my, (c-d) Spherical to semicircular crystals and smectite sheet morphology with the
morphology of cristobalite lepispher crystals, and (e) EDX spectroscopy graph on quartz and sodium smectite.
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Table 2. Numerical results of EDX spectroscopy at 12 points.

Kind | 0 [ Na|Mg| Al [ si|F | K |[ca|Ti|cl|cu
(wt%)
BO5- Spot 1 Qz | 532151079481 387]068]0.14]02
BO5-Spot2 | Qz+Clay | 45.9 | 1.56 | 1.84 | 8.33 | 36 | 1.65 | 2.43 | 05 | 1.2 | 0.7
BO5-Spot3 | Qz+Clay | 50 | 1.40 | 0.77 | 4.54 | 41.8 | 0.26 | 0.28 | 0.6 0.4
BOS5- Spot 4 Qz | 522111070231 43 | 042 | 026
BO5-Spot 1 | Na-Sme | 48.9 | 1.56 | 1.67 | 9.53 | 34.9 | 2.01 | 1.04 | 0.4
BO5- Spot2 Na-Sme | 51.6 | 1.40 | 1.86 | 9.3 | 335 | 1.23 | 0.91 | 0.2
BO5-Spot1 | Na-Sme | 484 | 7 | 1.09 | 11 | 28.9 | 0.46 | 0.68 | 2.5
BO5-Spot2 | Na-Sme | 47.7 | 1.60 | 1.41 | 6.79 | 395 | .03 | 1 | 0.6 05
BO5-Spot3 | Na-Sme | 50.8 | 1.93 | 1.70 | 7.01 | 35.7 | 1.05 | 0.98 | 0.4 0.4
B06-Spot1 | Na-Sme | 49.4 | 1.62 | 1.50 | 7.47 | 35.9 | 1.59 | 2.02 | 0.3 | 0.2
BO6 - Spot3 | Na-Sme | 53.3 | 1.48 | 1.71 | 956 | 30 | 1.34 | 2.07 | 0.3 0.3
BO6- Spotl | Na-Sme | 47.4 | 1.07 | 0.99 | 5.64 | 42.4 | 0.8 | 1.23 | 05
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Table 3. Water absorption results of 86 samples from Momen-Abad mine.
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1 TR1-1M 456 21 | TR1-21M | 450 41 TR1-23M 226 61 TR1-59M 488 81 DP1-4M 80
2 TR1-2M 154 22 | TR1-22M | 314 42 TR1-24M 294 62 TR1-60M 458 82 DP1-5M 532
3 TR1-3M 626 23 | TR1-28M | 474 43 TR1-25M 206 63 TR1-61M 486 83 DP1-6M 384
4 TR1-4M 412 24 | TR1-29M | 502 44 TR1-26M 288 64 TR1-62M 436 84 DP1-7M 490
5 TR1-5M 600 25 | TR1-30M | 334 45 TR1-27TM 620 65 TR1-63M 546 85 DP1-8M 754
6 TR1-6M 572 26 | TR1-31IM | 434 46 TR1-42M 270 66 TR1-64M 528 86 DP2-1M 526
7 TR1-7M 344 27 | TR1-32M | 386 47 TR1-43M 268 67 TR1-65M 590
8 TR1-8M 526 28 | TR1-33M | 284 48 TR1-44M 230 68 TR1-66M 472
9 TR1-9M 446 29 | TR1-34M | 228 49 TR1-45M 352 69 TR1-67M 580
10 | TR1-10M 480 30 | TR1-35M | 368 50 TR1-46M 358 70 TR1-68M 670
11 | TR1-11M 460 31 | TR1-36M | 198 51 TR1-47TM 336 71 TR1-69M 596
12 | TR1-12M 424 32 | TR1-37M | 350 52 TR1-48M 304 72 TR1-70M 574
13 | TR1-13M 402 33 | TR1-38M | 232 53 TR1-49M 290 73 TR1-71M 572
14 | TR1-14M 228 34 | TR1-39M | 144 54 TR1-52M 292 74 TR1-72M 424
15 | TR1-15M 486 35 | TR1-40M | 352 55 TR1-53M 458 75 BH-01 258
16 | TR1-16M 250 36 | TR1-41M | 280 56 TR1-54M 442 76 BH-02 208
17 | TR1-17M 304 37 | TR1-50M | 320 57 TR1-55M 306 77 BH-03 410
18 | TR1-18M 508 38 | TR1-51M | 344 58 TR1-56M 564 78 DP1-1M 390
19 | TR1-19M 436 39 DP1-6M 422 59 TR1-57M 394 79 DP1-2M 458
20 | TR1-20M 374 40 DP1-2M 554 60 TR1-58M 474 80 DP1-3M 454
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Table 4. Water absorption results of 18 samples from different mines.

Sample Mine Water Sample Mine Water Sample Mine Water
Number Name Absorption Number Name Absorption | Number Name Absorption
Gholeh 158
B139 Sanajan 108 B153 Gol Kon 228 B146 Shirazi
B140 182 B151 Deheshk 680 B147 146
B141 78 B154 Tighab 148 B152 MortezaN 190
B143 Khoshhal 110 B156 g 94 B155 ejad 130
B149 126 B144 182 B148 Momen 626
B142 Gholeh 324 B1gs | EPranimi 198 B150 Abad 446
Gol Kon
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Fig. 6. Diagram of water absorption percentages of Momen-Abad mine.
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