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To clear chemical forms of boron in coals and its origin, specific gravity separation tests for 4 coal samples
were performed, and the boron concentration in each sample was measured. The boron concentration in coal has
a high positive correlation with the vitrinite content in coal. Other maceral, exinite containing a large amount of
resinite, indicates extremely low boron concentration. It is found that the boron concentration in coal decreases
with increase of resinite content. In minerals such as quartz, kaolinite, montmollironite, illite, dolomite, and
calcite, illite contains the highest concentration of boron. However, the boron concentration of illite does not
affect on that of coal, because illite content in coals is very little (bellow about 1%). Since the boron
concentration in minerals is low, consequently, it is difficult to remove boron in coal by the deashing operation.
The origin and the chemical form of boron are discussed. It is seemed that boron in coal is consisted by water-
soluble compounds and water-insoluble compounds. As the water-soluble compound, it is estimated some
compounds such as boric acid and borate originated from immersion of seawater or ground water and biogenic
fixation by plants. The water-insoluble compounds will probably borosilicate originated from flowing into

sedimentary layer with ground water or seawater
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Table 1 Results of the proximate, ultimate and boron analysis for 32 sample Table 2 Results of the maceral analysis for
coals. IND:Indonesia, PRC:China, SAF: South Africa, AUS: Australia specific gravity test sample coals.
Coal Proximate Analysis [%,db] Fuel ratio Ultimate Analysis [%,daf] Boron Maceral Analysis [% ]
No. COMMY T VM FC 8] C H N S O [mgkgdb Coal ID — — —
Exinite Vitrinite Inertinite
1 IDN 33 494 474 096 7417 543 116 0.8 19.02 128
2 IDN 22 490 487 099 7495 423 110 0.05 1967 78 IND1 32 92.6 42
3 PRC 81 327 592 181 8195 4979 0938 0.19 1194 35 PRC4 12 97.0 18
4 PRC 198 369 433 117 7633 4.00 1.69 075 17.22 245 SAF7 0.8 424 56.8
5 PRC 77 348 575 165 8313 518 150 047 972 89 AUS31 24 80.4 17.2
6 PRC 103 325 573 176 8289 516 148 057 990 60
7 SAF 144 285 570 200 8326 4.60 2.03 058 952 21 PR & D 5 7 [E 32 RFED A U FPE % 54T Lz,
8 SAF 135 276 589 214 8220 453 2.04 0.63 10.61 22 Table 1 IZZFDGHHERZRT. ZORBRICEDEFRD
9 SAF 112 336 551  1.64 8223 488 212 059 10.18 62 59 o i B 1 13me/kg ~ 245mgkg & o1k L, EH X
10 SAF 110 342 548  1.60 8182 5.06 2.02 0.60 1050 44 HTmgke T o 7. 5 HIR O T 1325 B 23me/ke,
11 USA 95 400 505 126 7826 530 147 046 1452 84 I B Timgke, HE R 107mgke, BT 7 U 5 3Tme/
12 USA 71 429 500 116 8164 577 149 0.15 1095 85 R .
13 USA 7.8 422 500 118 82.10 5.85 1.49 0.98 9.59 48 kg, A ¥ R 7B 103mghkg & 720, OREER, FHER,
14 USA 87 387 526 136 8091 535 161 072 1140 76 A YRR T IRBEBREORIEZ R L, SR, M7 7
15 AUS 138 319 543 170 8401 514 175 035 875 21 U BRDMEN R EE 2R LT,
16 AUS 116 343 541 158  83.07 536 191 029 937 42 BT RONFIRE & 2 D3 H KOV DR E T 57
17 AUS 129 336 551  1.64 80.86 564 210 052 1087 32 W, RSB O AR E LT, ahko 32 AR s L
18 AUS 92 376 532 142 8275 558 206 0.60 901 16 TORM AL L TAF TR 4 7 EOHREEE L,
19 AUS 127 361 512 142 8299 548 195 050 9.07 20 TRk @ A b B F R - TR L. X
20 AUS 168 338 494 146 8235 553 1.99 059 954 17 - A a ;
21 AUS 144 317 540 170 8323 516 1.64 043 954 20 yﬂj i:)\’(ﬁﬁi’ji;{lﬁjﬁfﬂg??ﬁ%ﬁ“é e JI%O?T
2 AUS 137 312 551 176  84.03 504 1.87 058 848 15 VRIRENI~ORBEN <DL EBEL, BT RRE
23 AUS 137 332 531 1.60  82.69 538 183 057 952 14 IR Db O HEER (Nod) Z385E L7e,
24 AUS 123 332 545 164 818 483 1.84 0.69 1083 21 JRAGIE DR D 25545 ~ OB AR T 5 72 DI i bR
25 AUS 122 376 502 134 8176 5.64 2.04 057 9.99 23 HO/NSWNA v R TR (No.l) EBREBHE O RX W T 7
26 AUS 91 346 563  1.63 8278 538 170 045 9.68 13 Y (No7) Z38E LT, 77, EREZZELTIND
27 AUS 137 296 567 192  84.05 499 1.83 055 857 31 DR OB % 754220 B2 (No.31) 2385 L7,
28 AUS 88 288 625 217 8218 4.04 176 035 1168 35 BB O 52 % BALJE DR T % & A o 1% o7
29 AUS 149 278 573 206 8414 486 1.82 039 880 13
30 AUS 110 356 534 150 8201 524 219 073 984 38 (No.1) & FFEE (No.4) IZBALEDR VAR, ZhbIzx L
31 AUS 151 329 519 158 8313 550 213 045 879 30 T, M7 7Y AR (No7) &5 (No.31) (L LA biefL
32 AUS 147 314 539 172 8340 5.14 204 063 879 17 DEWAIREND ZENRTE S,
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Fig.1 Correlation of boron concentration with fuel ratio.
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Fig.2 Correlation of boron concentration with ash content.
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Fig.3 Yield of each specific gravity fraction.
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Fig.4 Boron concentration of each specific gravity fraction.
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Fig.5 Mineral content of each specific gravity fraction.
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Fig.6 Correlation of boron concentration with H/C.
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Table 3 Results of the maceral analysis based on organic matter in coal.

Caol Maceral Specific gravity fraction [-]
group -1.2 1.2-1.3 1.3-14 14-15 1.5-1.6 +1.6
Exinite 824 2.0 3.2 0.4 0.4 0.4
IND1 Vitrinite 156 88.0 91.6 89.6 90.6 96.4
Inertinite 2.0 100 52 100 9.0 3.2
Exinite 86.4 4.0 2.0 3.6 3.2 0.0
PRC4 Vitrinite 132 93.6 968 932 912 92.0
Inertinite 0.4 2.4 1.2 3.2 5.6 8.0
Exinite - 4.8 2.0 24 0.4 0.8
SAF7 Vitrinite - 872 684 244 144 152
Inertinite - 80 296 732 852 84.0
Exinite 1.2 3.2 3.2 24 2.0 1.6

AUS31 Vitrinite 84.0 920 832 640 440 488
Inertinite 14.8 48 13.6 33.6 540 49.6
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Fig.7 Correlation of boron concentration with vitrinite content.
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Fig.8 Correlation of boron concentration with inertinite content.
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Fig.9 Correlation of boron concentration with mineral content.
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