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1-Introduction

One of Iran's coal-bearing units is in Yazd province, Chah Badam coal mine, Bahabad city. Its approximate
area is 10 square kilometers, and it is on geological sheet 1:250000 Raver and sheet 1:100000 Bahabad.
Structural geology is considered a part of the central Iran zone. The introduction of trace elements in coal,
especially environmentally sensitive or economically valuable elements, has continuously attracted the
interest of coal geologists and geochemists worldwide. Related scientific topics such as the content,
distribution, occurrence, and origin of trace elements have been widely studied (Lin et al., 2012; Arbuzov,
2014; Chen et al., 2015; Yawooz and Cortland. 2017; Karayigit et al., 2017, Ding et al., 2018).In the last
decade, the geochemical characteristics of rare earth elements in coals have been considered economically
(Shao et al. 2022, Huang et al. 2021). In this study, the geological, mineralogical, and geochemical features
of this mine are investigated, and the economic conditions of the mineral deposits are analyzed and
evaluated with a particular attitude toward rare earth elements.

2-Material and methods

Fifteen samples were taken from the Bahabad coal mine using a lithogeochemical sampling method. The
collected samples include nine coal samples and six coal shale samples. Nine samples were analyzed to
measure the principal oxides by XRF device, and 15 samples were analyzed by ICP-MS device to measure
rare and rare earth elements. Mineralogical composition of 9 coal samples was studied by X-ray diffraction
(XRD). Also, five polished thin sections and five polished sections of coals were analyzed using optical
and mineralogical characteristics using an optical-reflective microscope.

3-Results and discussions

According to petrographic studies, vitrinite is the essential maceral in the coals of the study area, and exinite
and inertinite macerals are less abundant. XRD studies indicate the presence of quartz, illite, dolomite, and
gypsum minerals in the coals and shaly coal of the study area. In this research, the Pb element was found
to have a concentration coefficient of more than 7 (CC>7) compared to the global average of coal. Most of
the samples are slightly enriched (CC=2-5)with other rare elements, including Bi, Mo, Sc, Zn, W. Elements
such as Pb, Mo, Zn, Ag, As, Cu, Mo, Mn, Se, Ti, Zn, Co, B, Ba show a positive correlation with SO3,
which indicates the association of these elements with sulfide and sulfate phases. The results of geochemical
analysis for all rare earth elements had lower values than the average of bituminous coal in the world, which
is affected by the nature of their primary constituent minerals, which entered the coal field in the form of
debris under the influence of erosion. The positive correlation between rare earth elements with oxides such
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as Si02, Al203, and K20 and the negative correlation of these elements with SO3 and CaO indicates the
detrital origin (presence of clay minerals such as kaolinite and illite) for rare earth elements.

4-Conclusion

The coal of the Chah Badam Yazd mine consists of a group of mineral and organic materials. Minerals
consist of minerals such as illite, quartz, clinochlore, dolomite, gypsum, and natrojarosite. The most
important macerals forming coal are vitrinite macerals, and exinite and inertinite macerals are less
important. In this research, the average of rare elements in the coals of the Chah Badam mine in Yazd has
been compared with the standard of these elements in the coals of the world. Based on the geochemistry
results of coal samples, trace elements with enrichment factors of more than 7 (CC>7) are limited only to
Pb in coal samples, which have an average of 57.07 and a maximum of 180.81 ppm. Most of the samples
are only slightly enriched in other studied trace elements. All the rare earth elements in the coal samples
had lower values than the average bituminous coal of the world.
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Fig.4. (a) Interruption of shale containing organic matter with silica veins, (b) Coal shale with scattered quartz and
carbonate grains, (c) Euhedral pyrite grown from framboidal pyrite, (d) Granular pyrite filled along the fracture, € vitrinite
macerals with fine interconnected structures with interference growth in the coal,which its pores are filled with clay
minerals, (f) the formation of colinite macerals under the influence of gelification, (g) vitrinite macerals, colinite and
exinite, and (h and i): Exinite, fusinite and colinite macerals (all studies have done by reflective microscope and in ppl

light)
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Fig . 5. Identified phases by XRD studies in Chah Badam mine, (a) quartz, illite, calcite, (b) pyrite, (c) clinochlore, illite,
pyrite, (d) gypsum, quartz, sphalerite, (€) dolomite, sphalerite, (f) quartz, natrojarosite, (g) pyrite Quartz, (h) Quartz, Illite,
Clinachlore, Pyrite, abbreviations taken from (Donna L. Whitney, 2010)
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Table 1. Chemical analysis of the main oxides of Bahabad coal mine samples (values are in weight percent)

Compound  Unit C-2 Cc-3 C-5 C-7 C-8 C-13 C-17 C-18 C-19
Al;03 % 21.32 0.124 1197 6.734 1.102 21.889 2535 0.309 10.24
CaO % 0.15 0.246 0.33 13433 1.145 0.185 0.476 0.247 0.56
Fe;0s % 273 3317 526 4773 0585 0.610 6.582 5.803 1.73
K20 % 0.10 0.009 0.13 0.141 0.004 0.242 0.114 0.043 0.16
MgO % 052 0.077 033 0104 0.547 0.090 0.048 0.097 0.45
Na,O % 0.06 0.034 005 0406 0.040 0.211 0.677 0.040 0.07
SOs % 1.35 5582 6.16 16.106 1.103 0.413 3.194 9.225 1.36
SiO; %  65.23 0.327 48.16 2543 513 69.12 9.87 4.12 57.31
LOI % 829 89.97 2731 3242 89.63 431 7613 79.36 25.88
SiOy/ Al,Os 3.05 263 4.02 3.77 4.65 3.15. 3.89 13.35 5.59

plobolr Sow e (yome slaaiges jo (Jol (slanST (Siwcsd o po =Y Jgor
Table 2. Correlation coefficient of main oxides in Chah Badam coal mine samples

A|203 CaOo Fe203 Kzo MgO Nazo SOg SiOz
Al,Os  1.00
Cao -0.30 1.00
Fe:0s3 -0.30 0.03 1.00
K20 733" 0.03 -0.05 1.00
MgO  0.27 022 -057 -015 1.00
Na.O 0.52 0.22 0.25 733" -0.28 1.00
SOs -0.43 0.33 .750" -0.07 -0.27 0.00 1.00
SiO; .983™ -0.27 -0.37 767" 0.28 0.55 -0.48 1.00
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Table 3. Correlation of main oxides and trace elements in Bahabad coal mine

AI203 CaQ Fe203 K20 Mg0 Na20 SO03  Si02 Ag As B Ba Co Cs Cu Mo Ph Bh H Se 5 Th Ti vV In

AI203 100

a0 @30 100
Fe203 030 003 100

K20 73% 003 005 100

Mgo 027 022 057 045 100

Na2o 052 022 025 733 -028 100

503 043 033 7500 047 027 000 100

sipz 983 Az 037 767 028 055 048 100

Ag 053 033 47 009 060 033 7127 053 100

As -042 -012 783" -038 -037 -030 7T -055 o4z 100

B -043 -0.07 nr -023  -700" oo03s 062 -052 712" 7337 100

Ba 040 -040 042 023 -065 002 052 -018 037 055 733 100

Co -009 -025 011 -028 02s -038 04a -013 008 035 033 o023 100

Cs 9137 058 038 058 024 020 053 895" -720° 035 046 005 000 100

Cu -038 -035 050 -022 -028 -045 053 -0.40 013 062 04z 0as o052 -013 100

Mo -03z2 -037 038 -033 -0.10 -038 056 -033 023 051 051 033 A95™ -017 762" 100

pp 032 002 8507 005 060 023 783 038 785 767 17 043 044 40 043 082 1m0

Rp &7 057 010 683 040 033 023 &507 046 048 035 002 005 9137 002 002 007 100

§ 007 048 065 02z 003 040 7500 -005 053 040 017 005 008 027 008 011 6677 005 100

Se 007 036 763 043 047 046 0538 045 061 054 049 010 041 035 008 003 7290 045 700 100

s 003 700 025 037 -020 053 035 -002 042 003 033 037 011 031 015 018 012 032 033 039 100

Th 8T 030 031 854 008 053 038 9297 046 051 036 008 -006 8627 -048 020 035 AT 044 029 043 100

T 018 008 060 003 045 002 055 025 037 06 8177 7337 049 016 060 058 047 043 042 032 048 002 100

vy 035 -g83° 020 032 -032 402 030 037 031 045 015 043 027 057 033 031 023 045 062 056 -008 061 040 100
In 035 -033 025 04z 010 085 053 -033F 009 055 025 020 795 -013 767 4797 033 003 015 -008 045 -032 028 010 100
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Table 4. Chemical analysis of minor and trace elements of Chah Badam coal mine samples (values in grams per ton)

Compound Ag As B Ba Bi Ce Co Cs Cu Ga Gd Hag La Li Mo
Unit ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
c-2 =0.1 2878 47.05 19.37 5.10 1.28 17 .61 1.51 3321 277 =0.1 =0.1 0.83 7.98 923
C-3 0.54 56.42 62.93 183.02 0.21 471 15.19 =0.1 49.91 38 1.68 0.18 1.25 52.84 15.19
C-4 =0.1 1.30 48.36 83.77 =0.1 475 3.96 071 2073 259 0.65 =0.1 1.88 9.02 173
c-5 =0.1 72050 5584 14519 =0.1 1.25 7.84 092 38.66 258 =0.1 =0.1 074 G.65 258
c-7 5.42 3812 56.96 81.37 =0.1 0.49 14.24 =0.1 3.14 1.81 =0.1 =0.1 =01 234 452
Cc-8 =0.1 25.29 3510 18.84 229 0.66 0.51 =0.1 257 =0.1 =0.1 =0.1 =0.1 1.24 =0.1
c-9 =0.1 3.20 44 36 18.48 =0.1 285 3.55 =0.1 3235 277 0.49 =0.1 1.24 9.57 =01
C-10 =0.1 1.38 57.66 22.38 =0.1 3.60 9.09 0.50 14.63 344 0.64 =0.1 1.54 9.80 =01
c-11 =0.1 280 4519 71.71 =0.1 4.00 9.11 1.04 11.79 1.96 =0.1 =0.1 1.86 25.07 =0.1
c-13 =0.1 1211 3743 40.31 =0.1 7.79 =0.1 235 7.68 1.92 =0.1 =0.1 5.61 20.36 =01
C-16 =0.1 1.33 3217 2870 =0.1 1.44 0.95 3.03 20.00 1.74 =01 =0.1 0.95 2540 =01
c-17 3.68 56.37 60.77 3223 =01 1.67 =0.1 =0.1 19.34 368 =0.1 =01 137 =0.1 049z
C-18 0.85 5717 4924 24 62 =0.1 =01 4.45 =0.1 4754 1.70 =0.1 =0.1 =01 4.85 5.09
c-19 =0.1 3.74 3223 2091 =0.1 332 241 0.88 35.71 1.74 =0.1 =0.1 1.53 8.34 1.74
Ave 262 7225 4752 56.49 253 291 741 1.37 24 45 250 0.87 0.18 1.71 14.34 512
Min 0.54 1.30 3217 18.48 0.21 049 0.51 0.50 257 170 0.49 0.18 074 1.24 0.92
Max 542 720.50 62.93 183.02 510 7.79 17.61 3.03 49.91 3.80 1.68 0.15 5.61 52.84 15.19

Compound Mi Fhb Rb s Sh Sc Se Sr Th Ti ] v W Y Zn
Unit ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
Cc-2 52.84 29.52 453 541144 112 0.95 1.18 1015 0.85 554 =0.1 5.02 =0.1 0.70 67.34
c-3 3599 G872 0.55 1311.31 561 296 =0.1 17.18 0.11 18175 013 3563 3.07 3.59 26259
C-4 26.68 777 374 380.82 =0.1 55.89 0.64 10.36 240 8.64 =0.1 6.40 433 143 21.09
C-5 22.02 73.02 426 24657.22 113 59.02 1.81 19.76 0.62 10.31 =0.1 4.03 =01 0.57 46.39
c-7 6.02 90.42 129 G4425.86 =0.1 0.60 1.86 1365.28 0.58 6.33 0.76 214 499 =0.1 37.07
c-8 1.80 3.56 =0.1 441267 =0.1 073 0.45 1370 =0.1 171 0.62 0.97 =01 0.85 12.84
C-9 17.04 12.94 273 319593 =0.1 1.28 =0.1 12.01 0.82 277 =0.1 6.58 =0.1 1.22 68.39
c-10 18.76 78.31 4.05 335112 =0.1 227 0.52 1549 131 9.47 =0.1 7.30 =01 1.48 4647
C-11 10.64 3045 338 756.39 =0.1 0.64 0.58 27.50 1.36 7.86 =01 5.14 =01 0.60 9528
C-13 8.14 15.36 10.38 1652.59 076 0.94 =0.1 13.44 350 288 =0.1 6.16 =0.1 =0.1 8.64
C-16 5.55 7.83 10.08 71912 =0.1 1.16 =0.1 13.04 0.81 1.74 =0.1 5.64 =01 =0.1 1913
C-17 177 18048 0.52 12775.32 =0.1 0.94 219 158.38 0.54 7.37 =01 312 =01 1.01 552
c-18 11.74 180.81 147 2689813 0.69 0.82 1.34 6.79 =0.1 340 =0.1 203 =0.1 0.67 269.95
c-18 8.41 14.81 3.99 542334 =01 1.18 =0.1 2178 0.92 5.23 =0.1 453 =01 0.74 14.81
Ave 16.24 57.07 394 1181223 1.86 9.24 1.18 12178 1.15 18.21 0.50 6.76 413 1.7 70.39
Min 177 777 0.55 38083 0.69 0.60 048 6.79 011 171 013 0.97 3.07 0.57 5.52
Max 52.84 18081 1038 6442586 5.61 59.02 219 1365.28 3.50 181.75 0.76 35.63 4.99 3.59 269.95

SxEE Sl el & S S pais i
oolo L L) ;3 wilss oo St i ol 45 el o0l o)L
a5 clb axg b and! asl Kis e sases LSas JI
oS Ll S)ly (S2ly A s edm 6,00 yae LSS
Lol ool 5l (e Sl 455 a0 calply wsd oo
! Ay jo a5 358 Jol> lebl 9 305 (o) 5 Ll
Ozad ABb odis Ol K oS Gl 5 g9l
ol sl alosy 2y o Jom L 51 Uzl Sl 51 5

AN

Ga, ) Sow i) JT 52! 40 39290 polic ~Y-F-F

U, Y, Be, W
5 (U, Y, Be) iy (Ga) JbsSIS jolie 5
Syzge (I olse b (K05 bls,l asily o (W) by 00
Firouzi, 1993, Shahraz and ) aisb acsls Saw L5 5o
cov g byl gile 8 5 o595 989 (Kouhsari, 2014
50 99dse S (Il olge g (ol pulidie Ll
00 oolo C....oy L,>.L»_‘3 ‘_gLQ:gM ) as )9.’00[.0.&: axJUas u;‘



Y oo,lad Y 6,90 NFY iy

w

PN s, . &s
A iy (69 )5 (glids (e j.',;forf/:,‘.-;a@b

Ll il ploloole Ko JL 5 gu—u 00, -#-F
2l o o] A lin § (St 5 )5

oln! sbw Ji;
2k b plobols osgame Siw Jlé5 sla Sy ¥ Jour o
el S
S Sy bl p gaie g )b kil S e
oy ol I S 5ng ool isS o (6%l L T glie
Gyl S do ;0 18 lge do s wlush ) Bo s )T
a2y 5 Sane lerd oS5 egane (i oSl
il ;o o S cnl 5l (S 4l el (Sus &
S e sanaib sl 2 5 W)l s Coeal
Slge oy daxfllas pl 10 .0g, 0 )5 4 Jule aun |y g0 Laid
O sladigad )3 Cugb) 5 ()5 3,595 S )8
Slotigas ;5 1,3 olga ke el 00id (6,5 031l plobsols

ool dwslis sass> ol

ool el sy WYY slobols o S JLEj
G YA I8 olge Jlase b ol i) e o slalailinl
B LYYVL ooyl s w8 sl Sw Jléj as, 0 YV
adlas 5,50 o Jlé 5 aiiwa UL 13 sl S ) s o
003l o ganaib by Ll S ) (e 4
O 3l oad (6.5 olail diges g0 0 K Jlé; S
L w00, j0 aS ey duoyo Ve Ly a5 o5 plobol>
e slos il 3y 8,5 o B bgie S
Soys Vel S xS el b L S 6 e
Sy de,a Ve B e 08 )l oS> b Sew e
S X iy wsye Yo b Y S oGS
o 5 e U S oy B B Ty e
GSle LAY B LoV Il Sw e 0,555 ol (Qig
sl Jles -+ 0 }ljlddfajf;)\mb@.l.m‘_]&} YR
Sl dles aoys ) B 0 b plapl 5 65 e 3,55
Olyre a2 35 ploboly Game Siw JUoj aiian o5 5,555
ar b ganaib bugie B pS 0555 L S Ji;
o S il iy S JUE sl 5 5,555 oy
Fu et al., ) ol asls 1,3 Lo of 5l g i 56

(2016

£18

plo cbile og S imes (Dunn, 2007) wileos
0ol o3 65 31 o3 Uboiol Sl Sl Sl 05,8 ol yolis
anlllas 5,50 4l slacKiw Jle; a5 ool ST 0lge 4o yolie
RSV P Y W o

SB obeS pole onbgd) -0-F

b s Saw ) 0 oS SB olie Sabad
Sl Sl slaasl s -) sl oo 3l soas Jole au
Gy Y oiny slo ol 5l e Qi oY
«(Bahar Firouzi, 2003) JT sole L Soxs osle ylejeb
» e Sl JSas b abassl Gl Geiores
Taheri et al., ) cul jge OleS S ole clale
2 SE b jole cble poSle 5 25l (2014
aS ool o5 50 £, 0,AY-VYNA slobols oo sladigas
GRad (S ol sl L) (nSke 4 o
Syl b Ul as (P Jgun) ams oo olis
JSa gy beze 5 Slhga; Liie 4ol olordisd
ol jo jolie cpl clale og sgumme g i )
Sl oo hsis glaal jslre (o))
yole jo Sab 5 ! Logase (Lin et al., 2018)
Sew 4 Cos (Yb, Lu, Tm, Er, HO) S S
aS Cowl sanline L z5o4 4 (La, Ce, Pr, Nd,Sm)
2 ol Sdle 05,8 (nl (S olie pales gl Loy
b jolie 5 opl cul oo olKiws (g5l ST o
SE polie pop Uk ol (oo 1) oS 0 S S5
e (S polie i S g Lide aml )0 S
&5 (Alimolaei and Aminzadeh, 2019) sls cous
oles s L Jbgl adhie slaSiw Jlé; ,0 Gd
Sl sl olliws (o5l 8aT o 5 el a5 as o
5 b slool Ko 5 (obeyS Sl 36 e Gd
2 oo Jlogil 4 e ally oo 90 e 45 29 o0
sdalie pas (Hower and Dai. 2016) wigs Ko JI¢;
saipd ylas wilgs oo dadlate sla s Jle; 0 Gd Jlegl

cov sl Sl ol leosgase 45wl oy
Zhao et al., 2016, ) wilad 55 1,8 Sl ,5 wllew 56
.Xue et al., 2021



Yoojlad O 0,50 AFY il

w

PN s, . &s
A iy (69 )5 (glids (e j.',;forf/:,‘.-;a@b

L ploboly ane S le 5o Jedgydum 5 Judsid (Ju3gSIE 09,5 aw OleaS” pobie 5l (S 2STas g Plas ((Sle aslie -0 Jooxr

(Zhao et al., 2016 ;| o osls) yo ) dwgy SHUS ¢ Lis law Jlé; uS5leo
Table 5. Comparison of the average, minimum and maximum of some trace elements of three groups of chalcophile,
lithophile and sidrophile in the coal of Chah Badam mine with the average of coal world and Clark of the earth's crust

(data from Zhao et al., 2016)

Compound Unit Ave Min Max Clark World* cc
Pb ppm 57.07 .07 180.81 13.00 7.8 7.31
Zn ppm 70.39 5.52 269.95 70.00 23 3.06
Cu ppm 24.45 2.57 49.91 55.00 16 1.52
Ga ppm 2.50 1.70 3.80 15.00 5.8 0.43
As ppm 72.25 1.30 720.50 1.80 8.3 8.70
Bi ppm 2.53 0.21 5.10 0.20 0.97 2.60
Sc ppm 9.24 0.60 59.02 22.00 39 2.36
Li ppm 14.34 1.24 52.84 20.00 12 1.19
Sr ppm 121.78 6.79 1365.28 375.00 110 1.10
Cs ppm 1.37 0.50 3.03 3.00 1 1.36
Ba ppm 56.49 18.48 183.02 425.00 150 0.37
Ce ppm 291 0.49 7.79 60.00 23 0.12
Rb ppm 3.94 0.55 10.38 90.00 14 0.28
La ppm 1.71 0.74 5.61 30.00 11 0.15
Th ppm 1.15 0.11 3.50 7.20 3.3 0.34
u ppm 0.50 0.13 0.76 1.80 2.4 0.21
\ ppm 6.76 0.97 35.63 135.00 25 0.27
Y ppm 1.17 0.57 3.59 33.00 8.4 0.13
Ni ppm 16.24 177 52.84 75.00 13 1.24
Co ppm 7.41 0.51 17.61 25.00 51 1.45
Mo ppm 5.12 0.92 15.19 1.50 2.2 232
W ppm 4.13 3.07 4.99 1.50 1.1 3.75
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Fig.4. The enrichment factor of some rare elements in the Chah Badam mine of Yazd compared to the average of world
coal, CC=1 is shown with a line (CC, the ratio of elemental concentration between the studied coal and world hard coal).

Youdovich and Krtris, ) Sl slecKw Jlé; b plobols yome Ko Ji& sladiges ;o SB ol jole clale Kl dunlio —F Jgax
(2009

Table 6. Comparison of the average concentration of rare earth elements in the coal samples of Chah
Badam mine with world coals (Youdovich and Krtris, 2009)
Compou Ce Dy Er Eu Gd Ho La Lu Nd Pr Sm Tbh Tm Yb RE LRE HRE
nd E E E

Unit PP pp PO PP PP PP PP PP PP PP PP PP PP PP PP ppm ppm
m m m m m m m m m m m m m m m

C-2 12 <0. <0. <0. <0. <0. 08 <0. 07 <0. <0. <0. <0. <0. 28 288 <01
8 1 1 1 1 1 3 1 7 1 1 1 1 1 8

C-3 47 05 <0. <0. 16 <0. 12 <0. 20 10 09 <0. <0. 09 13 997 093
1 4 1 1 8 1 5 1 6 1 4 1 1 3 12

C-4 47 <0. <0. <0. 06 <0. 18 <0. 24 <0. 07 <0. <0. <0. 10. 09.76 <01
5 1 1 1 5 1 8 1 1 1 2 1 1 1 40

C-5 12 <0. <0. <0. <0. <0. 07 <0. 08 <0. <0. <0. <0. <0. 28 282 <01
5 1 1 1 1 1 4 1 3 1 1 1 1 1 1

C-7 04 <0. <0. <0. <0. <0. <0. <0. <0. <0. <0. <0. <0. <0. 04 049 <01
9 1 1 1 1 1 1 1 1 1 1 1 1 1 8

C-8 06 <0. <0. <0. <0. <0. <0. <0. 05 <0. <0. <0. <0. <0. 11 118 <01
6 1 1 1 1 1 1 1 2 1 1 1 1 1 8

C-9 28 <0. <0. <0. 04 <0. 12 <0. 13 <0. <0. <0. <0. <0. 59 543 <01

5 1 1 1 9 1 4 1 4 1 1 1 1 1 2

C-10 36 <0. <0. <0. 06 <0. 15 <0. 19 <0. 06 <0. <0. <0. 83 767 <01
0 1 1 1 4 1 4 1 0 1 3 1 1 1 1

C-11 40 <0. <0. <0. <0. <0. 18 <0. 14 <0. <0. <0. <0. <0. 72 729 <01
0 1 1 1 1 1 6 1 3 1 1 1 1 1 8
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C-13 77 <0. <0. <0. <0. <0. 56 <0. 27 05 05 <0. <0. <0. 17. 171 <01
9 1 1 1 1 1 1 1 7 3 0 1 1 1 19 9

C-16 14 <0. <0. <0. <0. <0. 09 <0. 08 <0. <0. <0. <0. <0. 32 323 <01
4 1 1 1 1 1 5 1 4 1 1 1 1 1 2

C-17 16 <0. <0. <0. <0. <0. 13 <0. 09 <0. <0. <0. <0. <0. 39 397 <01
7 1 1 1 1 1 7 1 3 1 1 1 1 1 7

C-18 <0. <0. <0. <0. <0. <0. <0. <0. <0. <0. <0. <0. <0. <0. <0. <01 <01
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

C-19 33 <0. <0. <0. <0. <0. 15 <0. 12 <0. <0. <0. <0. <0. 6.1 6.14 <01
2 1 1 1 1 1 3 1 9 1 1 1 1 1 4

Ave 27 00 <0. <0. 02 <0. 13 <0. 12 01 02 <0. <0. 00 59 557 0.07
0 4 1 1 5 1 4 1 2 1 0 1 1 7 3

Min <0. <0. <0. <0. <0. <0. <0. <0. <0. <0. <0. <0. <0. <0. <0. <01 <01
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Max 77 05 <0. <0. 16 <0. 56 <0. 27 10 09 <0. <0. 09 17. 171 0.93

9 4 1 1 8 1 1 1 7 1 4 1 1 3 19 9
World 23 21 09 04 27 05 11 02 12 35 2 03 03 1 60. 515 298
Coal 3 7 4 2 1 07 0

(Yazi, 2003) Sw Jl&; Sl gamaids ¢ ol Siw ) oles & sbeond 9 (S8 s Sy -V Jgu
Table 7 Physical and chemical characteristics of some Iranian coal mines and coal brand classification (Yazdi, 2003)

coal mine coal mark calorific value Sulfure (%) Ash (%) Volatile
(Kcal/Kg) matter (%)
Lushan (Sangrod) K-KF 8700 0-5-4 3-10 17-25
Glendrud KG-KF 5500 1.3 25 35
Karmozd G 8200 0.75 15 36
Karsang KF 8600 0.7 20 27
Kerman Coal Zone G-A 8000-9400 0.1-7.4 2-40 3-43
Chah Badam A 5816 1.1 20 13

plobol> Kiw &5 b o1 awslia 4 (Khalili and Parsapour., 2019) 1! slacKiw Ji&5 woe slo S5 -A Jgox

Table 8. Main properties of coal mine of the Iran (Khalili and Parsapour., 2019) and its comporision with Chah Badam
coal mine

Structural Zone Age Type of Coal Host Rock Macerals _sls mine
Western Alborz Late Fatty and coking Sandstone, vitrinite, lipteniteand  Sangrud
Triassic- siltstone, shale fusinite

Middle
Jurassic
Central Alborz Late Fatty and coking, Vitrinite, fusinite, Zirab
Triassic- gassy and fatty Shale, fine semi-fusininite,
Middle sandstone, coarse liptenite
Jurassic sandstone
Eastern Alborz Late Coking, Fatty and Clariz
Triassic- coking, Sandstone, shale, Liptnite, fusinite
Middle high flame siltstone
Jurassic
Kerman-Nayband Late gassy and fatty, Fatty ~ Sandstone, shale, Vitrinite, semi- Pabdana
Triassic- and coking siltstone, coaly vitrinite
Middle argillite
Jurassic
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Tabas Late Fatty, coking vitrinite, semi- Parvardeh
Triassic- Limestone, vitrinite, fusinite
Middle dolomite, schist,
Jurassic sandstone,
quartzite
Central Iran Early Thermal and Non- Mica sandstones, vitrinite, a small Chah ol>
Jurassic coking shale with coal amount of liptenite Badam
layers (exinite), and fusinite (study
(inertinite) area)
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