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H, 0, oxidation of Xianfeng lignite and its thermal extraction residue
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Abstract: Thermal extraction of Xianfeng lignite ( XL) with 1-methylnaphthalene (1-MN) was carried out at
320 C, and the H,0, oxidation of the thermal extraction residue ( TR) was compared with that of XL raw coal.
The thermal extract (TE) , TR and the oxidized residues were characterized by element analysis and FT-IR. The
aqueous products from oxidation reaction were esterified and analyzed by GC/MS. The result shows that the
yield of TR from XL in 1-MN is 81.01% . It indicates that XL is mainly composed of macromolecular structure
cross-linked by covalent bond, with less low molecular compounds associated by non-covalent bond interactions.
The TE is mainly composed of aliphatic hydrocarbons, carboxylic acid esters with less aromatic structures and
hydroxyl group. GC/MS results suggest that the water-soluble products contained highest content of a, w-
dicarboxylic acids, especially malonic acid and succinic acid, with much amount of benzoic acid and
tricarboxylic acids. The low molecular weight compounds associated in the macromolecular structure of raw coal
can be easily oxidized under the conditions and more species of oxidation products are obtained. Compared with
the structure of raw coal, the structure of TR is more regular. The oxidation of TR mainly occurs on the
macromolecular structure cross-linked by covalent bond, resulting in the higher yield of oxidized residue and less
species of water-soluble products from TR. The high yields of malonic acid and succinic acid in the water-soluble
products suggest that —-CH,- and —CH,—-CH, — are the main cross-linking bonds in the macromolecular network
structure of XL.
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Table 1  Properties of XL and its derivatives

(D)

A, Wgor ®co Ultimate analysis w,./ % Atomic ratio

Sample :
/% /% (mol) /% C H N o S 4 H/C 0/C
XL 18.45 - - 63.07 6.01 1.79 28.73 0.40 1.14 0.34
TR 21.34 81.01 - 69.53 4.99 2.24 22.56 0.68 0.86 0.24
FC, 16.08 45.84 5.66 69.28 6.55 1.67 21.93 0.57 1.13 0.24
FC, 19.32 62.27°/50.44°  2.86°/2.32° 66.33 4.82 2.16 26.19 0.50 0.87 0.30

*. by difference; ®. based on TR; °: based on XL
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Figure 2 FT-IR spectra of XL and its derivatives
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®2 GC/MS KMEIMLEY
Table 2 Products detected in E, and E,

Relative content w/ %

Relative content w/ %

Peak Compound E E, Peak Compound E E,
1 dimethyl malonate 30.97 45.07 17 dimethyl 2-hydroxy-2-methylsuccinate 0.57 0.40
methyl 2, - 0.29 18 benzeneformic acid 2.17 2.59
2-dimethoxypropanoate
3 methyl 2-hydroxybutyrate 0.20 - 19 dimethyl 2-methyl glutarate 0.50 -
4 dimethyl 2-methylmalonate 0. 85 0.66 20 tetralin - 3.23
methyl 3, 0.51 0.07 21 dodecyl 0.62 0.38
3-dimethoxypropionate
6 methyl acetopropionat 2.13 2.23 22 1,3,5-triethylbenzene - 0.26
7 methyl malonate 0.61 - 23 dimethyl adipate 1.08 -
8 dimethyl maleate 2.81 0.70 24 trimethyl ethane-1,1,2-tricarboxylate 3.77 1.79
9 dimethyl succinate 26.45 26.87 25 2-methylnaphthalene 1.04 0.40
10 1-methylpyrrolidin-2-one 1.65 3.71 26 dimethyl 3-oxo-glutarate 0.44 0.25
11 dimethyl methylsuccinate 4.18 2.33 27 dimethyloxaloylglycine 0.38 0.83
12 methyl 2-methylmalonate 0.84 - 28 dimethyl 2-methoxy fumarate 2.06 -
13 methyl succinate 0.36 0.66 29 trimethyl 1,2 ,3-propanetricarboxylate 2.58 3.20
14 dimethyl methylmaleate 1.57 0.47 30 trimethyl butane-1,3 ,3-tricarboxylate 0.41 0.15
15 methyl benzoate 7.48 2.07 31 trimethyl 1-propene-1,2,3-tricarboxylate 0. 50 -
16 dimethyl glutarate 2.48 1.04 32 trimethyl butane-1,2 ,4-tricarboxylate 0.81 0.35
aliphatics
COOH
H 0, COOH COOH
oxldatlon HOOC COOH
O~ o,
{ COOH COOH
HOOC COOH
n, n, residue
thermal water soluble products
extraction
—H CH,
HOOC COOH COOH
V7
H,0, ’ N
oxidation COOH
HOOCWCOOH COOH
n, n,
residue

water soluble products

B4 Seemm R AL SR LD

Figure 4 Possible mechanism for thermal extraction and oxidation degradation of XL

(circled A, B and C indicate other macromolecule. clusters 1 ~2,

3 ~4 and 5 ~6 are bonded to one, two, and three bridges, respectively)

AR EAG B o, P 1R SRS R LA

— &, Hoi XS REERAAYI o, 0- "R



1420 woBk b 2= 2 il 41 %

BERRIERIL™ R £, U N R BT = B TR AR K, AR SR

[

R SRS, OB NIR BRI L T R . RO T EAM R, AL RIRE A 5 R A e & A B RE A

HER A & A, R IR C —RIERAL ™Y WOFER L R R BUE RO F AR IR W2, AR

=X
[SN=EN

BN TRRAT RS2, RISHSCENRA AR h —OURMRM = ORI i A L

FRPLEL T O BRI R A Z R IR AT E B

F2h-CH,-FI-CH,-CH, -, 1 = JuhkefR R b4
(RSt IE B AR A — 8 i 3 = A 05 B R AS A m i
I HesE R BESR UL C, Fil C, E, F5
YRR T /0 R ZE A JEZE LIS, BB T
2 R R R PR T, 06 T I K 3 e 7 g v O A
Mg FBAT R R I HLREE A0 S A0 A5 21028 B R ) &5
e I R AR R R 1 AU, T B R /N Ay
THEAWEMRR], (G5 R0, i
R LA B3 R 1 S K U M T A AR AR S Y
GC/MS Z5 8] DL & B, 7246 A9 4 5, XL Y
A& 814 .28 31 M & B A TR

3 4 »

320 C R IEAE 1-MN P A9 G5 B L) 15
SERR B BRI DL D R R N O
450 .

GC/MS 34 S R W T A 2% 1 T Se 8 I
FFRIS T ) 2ok S b SR A KR PE P ) B AR — 3
Hrb o, o- TR FEBEIR & i, [F B & A [A] 5
R R K ORI I H o, 0- TR IELE R
FEUNZRAMT RN E,

ey AR AE 32 B DL A B SR IR () R 40T 45 H ) 4R
TRff o0 3, RS B2 R A e 55 IR 4540 1, 5 I

s ENTER S A T RRIEH BOZAUR R

NPT EEHAACTT IR S =1 B e I A
ARSI PLEE LA 4, R TS0 e A 25 Ak IR
A%
LRGN AL B IR R R A i R, JRUR
AT /Ny T S A A OF B R
e CE REA /N 105 B AL B R A AL AR

o EUE REIT, SR SRR S A AR 5 10 JRORERR TR
TR RIS, J Iy AT N TR B R
o, (A DO 4L AR 3R 0K, AL R B A S 5 4 S T %
&, - WIFRE %, 5350, IR AL COo, R
B, OISR XHR GBS AT P, Pl AR
b, AE XSS DTFE | 3 B GE IR A 7850 F T L K
TE [ FRIBUA 7 i AT AT B T8 S

PR ARB A 1-MN X H R 32 22 R 7 1

B o AR R | & R S B A 55 21 00 T B4 A n
27 3k

[9]

[10]

[11]

YOSHIDA T, LI C, TAKANOHASHI T, MATSUMURA A, SATO S, SAITO 1. Effect of extraction condition on “hypercoal” production
(2) . Effect of polar solvents under hot filtration[ J]. Fuel Process Technol, 2004, 86(1) : 61-72.
MIURA K, NAKAGAWA H, ASHIDA R, IHARA T. Production of clean fuels by solvent skimming of coal at around 350 °C[J]. Fuel,
2004, 83(6) : 733-738.
ASHIDA R, NAKAGAWA K, OGA M, NAKAGAWA H, MIURA K. Fractionation of coal by use of high temperature solvent extraction
technique and characterization of the fractions[ J]. Fuel, 2008, 87(4/5) : 576-582.
TAKANOHASHI T, SHISHIDO T, KAWASHIMA H, SAITO 1. Characterisation of Hypercoals from coals of various ranks[J]. Fuel, 2008,
87(4/5) : 592-598.
MIURA K, SHIMADA M, MAE K, SOCK H Y. Extraction of coal below 350°C in flowing non-polar solvent[ J]. Fuel, 2001, 80(11):
1573-1582.
ASHIDA R, MORIMOTO M, MAKINO Y, UMEMOTO S, NAKAGAWA H, MIURA K, SAITO K, KATO K. Fractionation of brown coal
by sequential high temperature solvent extraction[ J]. Fuel, 2009, 88(8) ; 1485-1490.
TR, R, KfEfE, WEF, Y, LN, BES. SCEEERE RPN B RIE[T]. oMz, 2011, 39(6) :
401406.
(WANG Zhi-cai, LI Liang, SHUI Heng-fu, LEI Zhi-ping, REN Shi-biao, KANG Shi-gang, PAN Chun-xiu. High temperature thermal
extraction of Xianfeng lignite and FT-IR characterization of its extracts and residues[ J]. Journal of Fuel Chemistry and Technology, 2011, 39
(6) : 401406. )
WUGME, WSO, SRAERE, R, EERAL T RS A T AR AR [ 7], R, 2005, 30(1) : 90-94.
(CHANG Hong-yan, HAN Wen-yu, ZHANG De-xiang, GAO Jin-sheng. Study on thermally dissolved product changes of coal-oilslurry
during direct coal liquefaction[J]. Journal of China Coal Society, 2005, 30(1) ; 90-94.
SHUI HF, ZHOU Y, LIHP, WANG Z C, LEI Z P, REN S B, PAN C X, WANG W W. Thermal dissolution of Shenfu coal in different
solvents[ J]. Fuel, 2013, 108 385-390.
R, BT, PR ISR T]. BEaEEdk, 2000, 23(4) : 7-10.
(LIU Zhen-xue, WEI Xian-yong, LIU Ze-chang. Advance of coal oxidizing reaction studies[ J]. Coal Conversion, 2000, 23(4) ;: 7-10.
MIURA K, MAE K, OKUTSU H, MIZUTANI N. Production of organic acids in high yields from brown coal through the liquid phase



5512 3 WA A BRI SRR BRI Y i A U 1421

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[21]

[22]

oxidation with H,O, at low temperature[ J]. Am Chem Soc Div Fuel Chem, 1996, 41(2) . 734-738.

MIURA K, MAE K, OKUTSU H, MIZUTANI N. New oxidative degradation method for producing fatty acids in high yields and high
selectivity from low-rank coals[ J]. Energy Fuels, 1996, 10(6) : 1196-1201.

MAE K, MAKI T, ARAKI J, MIURA K. Extraction of low-rank coals oxidized with hydrogen peroxide in conventionally used solvents at
room temperature J|. Energy Fuels, 1997, 11(4) . 825-831.

i, H, sKEE, IVINE, L. 55 RS R R R E AT LT ] 1A 4T, 2009, 29(1) : 21-24.

(FENG Bo, QI Lu, ZHANG lJin-hua, SUN Xiao-man, YANG Fan. Qualitiative analysis of brown coal oxidation products in mild oxidizing
atmosphere[ J]. Metallurgical Analysis, 2009, 29(1) ;: 21-24.

BRT, SR, skAfh, #OR, 5, EME, SN E. AR T RS AR BEK S T [T, RS R R,
2008, 37(3) : 347-353.

(CHEN Hong, ZONG Zhi-min, ZHANG Jia-wei, HUANG Bin, HAN Yong, WANG Tao-xia, WEI Xian-yong. Analysis of products from
the oxidation of Heidaigou coal residue with H, O, aqueous under mild condition[J]. Journal of China University of Mining & Technology,
2008, 37(3): 347-353.)

LIU Z, LIU Z, ZONG Z, WEI X, WANG J, LEE C W. GC/MS analysis of water-soluble products from the mild oxidation of Longkou
brown coal with H,O,[J]. Energy Fuels, 2003, 17(2) . 424-426.

PAN C, WEI X, SHUI H, WANG Z, GAO J, WEIC, CAO X, ZONG Z. Investigation of the macromolecular network structure of Xianfeng
lignite by a new two-step depolymerization[ J]. Fuel, 2013, 109 49-53.

ALVAREZ R, CLEMENTE C, GOMEZ-LIMON D. The influence of nitric acid oxidation of low rank coal and its impact on coal structure
[J]. 2003, Fuel, 82(15/17) : 2007-2015.

DENO N C, GREIGGER B A, STROUND S G. New method for elucidating the structures of coal[ J]. Fuel, 1978, 57(8) ; 455-459.
HUANG Y, ZONG Z, YAO Z, ZHENG Y, MOU J, LIU G, CAO J, DING M, CAI K, WANG F, ZHAO W, XIA Z, WU L, WEI X.
Ruthenium ion-catalyzed oxidation of Shenfucoal and its residues[ J]. Energy Fuels, 2008, 22(3) : 1799-1806.

YAO Z, WEL X, LVJ, LIU F, HUANG Y, XU J, CHEN F, HUANG Y, LI Y, LU Y, ZONG Z. Oxidation of Shenfu coal with RuO, and
NaOCI[ J]. Energy Fuels, 2010, 24(3) . 1801-1808.

VERHEYEN T V, JOHNS R B. Analysis of peroxytrifluoroacetic acid oxidation products from Victorian brown coal[ J]. Anal Chem, 1983,
55(9) . 1564-1568.



