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Abstract

The structure of five kinds of coal was characterized by 13C NMR and X-ray photoelectron spec-
troscopy (XPS). The relationship between the carbon content of different types of coal, the main
gas yield of coal pyrolysis volatile and the carbon content of different types of coal was obtained.
The precursor of CO; and CO was determined to be carboxyl carbon and carbonyl carbon in coal,
and the precursor of CHs and H; was methyl component in coal.
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1. 58
BRI R SR S AL OB R R Y, TR B GE A ML 2 G5 R RN T A L
FE ISR -

JREERII TR E VR RAE T Bt 25, I X S ERATa, 2rdikils, b - vl ok k2| 7t
LW ER(CT) [1]. RS IRSRE (2] RS BB (STM) [3]. R T 1 BB (AFM) [3] & & T
P R [415 o P ARG B X P BB 2R AT RAE, B33 TR . XPS R SR I E AR
(R A A T R A AW 8. ERRIE Rt T2 N, E8H PO R 6 E
TETEAS FOT R HR[S] [6] [7], 240 E B ST acd 72 o 1) A AR [8] [9], R Hh AN [ 288 2R i &5 & 1)l 52 [ 10]
L.

AR SCR AL IEIRAT XPS X J& 1A R 1 FOA BRI AT RAE, 133 T JE A AN R SR BB AR &5 &
SEE RPCE AR R oy E AR R SRS B ROC R, FE R AT U R R A AE R R AR

ESitR
2. FREESTTRISER 75
2.1, R

S BT FHAERE N N SR (SL) MBI . TR AR (ZD) AN KB . 7 BRI (YC) AR . Bk 78 i 45 (FG) M A
A SERIL(TL) T, R Tk oy #r Aoz 7 i Wk 1.

Table 1. Proximate and ultimate analyses of coals

F 1L RIS RAMITES

Tk T (ad, wt.%) JG 2 4T (daf, wt.%)
SR
M \Y; A FC c H o N S

SL 12.52 31.66 14.6 41.22 74.29 427 19.24 1.08 1.12
ZD 11.58 26.54 757 54.31 77.95 3.98 16.28 0.74 1.05
YC 15.22 28.96 468 51.14 79.23 433 1457 0.95 0.92
FG 457 33.75 4.44 57.24 82.92 4.66 10.94 1.26 0.22
TL 1.97 7.9 11.77 78.36 91.54 3.2 3.64 1.25 0.37

2.2, SEIG BTN 5%

FEFF FHRPASLZIGAE SH AT ) TG/DTA 6300 #EE 43AX _EHEAT , JEFE & 8~10 mg, SL36 5N Ny,
B 100 ml/min, FHEIEZ 4% 10°C/min, 20°C/min 1 30°C/min, #HfEZE A 850°C .
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WA RAGR IR B ] 1 FoR. REEAFE R NVAE A, FEREERERY, BRI KR R 5.
AR 20 mm, A SRPRLE 80~100 H, “FHIRIEN 0.168 mm, i+HIHE/NALEE A 0.00837 mis
(650°C), “SMEEMIPAEN 3 mm, SN A% AR B B AR R L8 20 mL.

SEEORT, SRR (2 28~33 mo) N EERERS, AR AARTHRE R IR, SR B R, SRR
T 1 o T Bk v A B 10528 N AR I A PR S 8 A R AT IROBE, To 3 4% (Ametek, Dycor  2000) H 2lic 5%
COy. CO. CHy Hy HIfE 5. SRR B E /120 2 atm FIGSSE, HURE IR — KRB AZ) 10 mL <44,
FEL B W (1 Bh VI 1] /T 0.1 s

—— Exhaust
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M) Sintered plate Mass spectra
Q Temperature controller
Thermocouple D5 .

Sample

e
\
Quartz sand

Sintered plate
Ar

—-——: l—
—>< —{ o —

Electromagnetic
valve

mmmn TAVAVAY,VAN\VAR

Mass flowmeter

Figure 1. The schematic diagram of experimental system of micro fluidized bed
Bl BEBERUCAIRARGERER

AMGERTTIE, SeRIECH AR bR E B, AR P USRI 2, TEONE . LRSS
SE VR ARSI DR B2, AR SEZI0 2 A T AR r 2% 4L Y A R R 5 8 5 0 e i A 5 B
LA R AT E '

Table 2. Standard gas volume concentration (%)

=2 RSP ESEERTE(%)

Gas H. CH, Co CO; Ar

Concentration 1.84 1.2 3.61 2.39 90.96

2.3. BEHA BC NMR izt

TEHESARNRA 23R F Bruker AV 300 3 [ AR AZ i, S50 773K FH 28 WA JBE f1 Te e (JBE 1 h 54°447)
3C CP/IMAS NMR.

Kl 2 SRR BN AR R A R R S AR T ], NIRRT DA B TL SE4h, e MR R iR 1 3
S AN K, — AN IR A7 B 7E 50~0 ppm Ao A5, ARG AR W B 43, 53— AN ¥4 & 7E 220~90 ppm
Fodi, ARRRBEERATT B o B AN TR RRAR G KN B AN, e 7 AN RIS A R 2R AL
TARX & EAE . TL LS T IO R, AR &, R R B i o0 & B8P, B AE B B 3
— N5 B R A3 KU
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Figure 2. 3C NMR Spectra of different coal samples
& 2. FEIEHER °C NMR iEE

1 3 AN 4 73 T SHEAS B A LA A A R SR I ] b i A5 4L rh R B (A R R LEAN L IR S5 4 2
B, CIENEE, S ETIMRENT S A5 RITH I EE . WTHSAR R D7 A B (R 0T B i R
SRR L) BE KA, TR RACRE I B R BRI O SL A HE, ZD AKSKE, YC I, FG MK
ANTL MK, ek ZD A YC AR 57 7 Bt LU BRI, eI A MR RERN A . LT XA A 45
WZH R UL T AR, JFRRE .

Table 3. The calculation results of *C NMR spectra for different coal samples

# 3. FREEHA °C NMR GBI ELR

1541 F% (ppm) RAELH 5 (C BEIREL, %) SL ZD YC FG TL
35~0 CIE-S 19.2 17.8 17.9 19.4 3.6
50~35 A R B AR A ER e 5.1 2.9 3.4 1.5 1.2
75~50 AR ik 3.1 15 1.3 0.6 0.7
90~75 BN AR 0.9 1.1 0.8 1.4 0.6
165~90 P 53.4 62.3 63.0 66.0 88.7
128~126 BiF. M5 e 29 38 4.6 4.1 9.2
148~130 P AT A 20.2 20.5 22.4 211 26.7
165~148 AR B ER 117 10.3 10.2 9.4 43
220~165 FREE. IRER 18.6 14.2 135 11.1 45

Table 4. Structural parameters of coal samples calculated according to **C NMR spectra
4. 1R °C NMR BT HERIMEHNEHRS Y

i H FEEY B (BER L, %) SL ZD YC FG TL
R

2(—) L LTI = . 76.4 714 66.6 69.4
Cly
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Continued
Ry T ILIVIEIS 241 248 2.36 2.30 2.65
B-B M 215 315 30.4 355 57.7
c-s’ FR I 9.2 8.5 7.8 3.0 1.4
c-T PRI 9.4 5.7 5.7 8.1 31

o BRIEBRIBIERE E °C NMR Fl XPS FAEL ST

P 3 R RS EARIAT ) R | R 2 R AR S R AR (TR TE K3, daf) BE LS 157 7 L AR 1
M AT AR Y BEAE J7 A BRI R, B rp TR SR AN R SR i & R L B TR, B
F P MG PR S0 o 5 B AR A B [ o < PR ™ 2 B 7 75 B AL AR 9% 2 5 R RIS 5
KEAAE, HAEFTAE 0.6~0.65 [Al, K exfil™ %G BT TR, HTRRIERECN, wlaeh TR
I, TR A B I R R R BTk
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Figure 3. The relationship of coal samples aromaticity with tar yield, C mole ratios of methyl and submethyl groups

B 3. AR, BREEMRPELBEARERIESSERNXR
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Figure 4. The relationship of C mole ratio of oxygen-containing compounds in coal with aromaticity and coal type

E 4. RPEENEYMEFEEMEME X R

V4 DR e 0 SR 0 (R B BE R bL (B R E I W, 9 & BB e PRI BRI BRI 1t B 07 7 JEE
Kl A(a), JERRTE 4(0)RAELL. P 4(D)HER 1% 07 A BE MR IR BOIRUP 45t IR RTLAE Y, b
B~ I BRI S A7 A B B VK L 5 e R P38 KRR SR P A1, 110 P 5 Ui S A & BB 57 i FE AR AL TE W
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R, AR R, B RS BT, AT R, TR R IR SRR AN R B B 3 U
Bt 75 A PG R T A o PN 2 S A S 0 T O B AE R P R 2 380 00 s A E SR R P AR R LR R E
FIt LA 35 S S A A P B SRR A2 40 T B S L

N T ARG HEATIRN T, S TP e, A EREDT FERARL. K 5(a) Bk, A
SAREHERE DT B KA, K 5(0) Rk A ABEAFEM KA. BT, BERE PR & R T A
(I3 RIS 0, EBABE IR BEAR T, N B0 KB 0 B A 07 B ik o BREARE P O S0 BB 7 4 JEE (08 K R g A
NS . AT BRI B A R BB S, R SO A R T A R RE B, AR R R
FEFUR B AN E RERI L RR (AR, T LU e 0 4035 B A A P58 PO 38 KT 2 A1

2F (@ 421 L —ic
5 100F ® p—_— B
\\\ 418 I YO
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Figure 5. The relationship of C, H and O contents in coal with aromaticity and coal type

E 5 Fhik, S SEHNAESHFRIEMEMEIXR

P 6 Juk BRI A (daf) S5 B P VB L 1A 6(a) » o R RE SR 4] 6(b) 5% 2 » NI 6(a) AN HE A L
A% <A i 7 AR A B AR e U B AR KT T v s e — A s BRI L By, EAR e iih  ARE A FEAR
K 6(b)rh, A% AR AR B AR ARIN AR ) R S SRY PR B 2 TG R, H S RS S R A
KT 0.175 I, AWM R RIEEE . 2, SRR ARG 2R, e e
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Figure 6. The relationship of tar yield with H/C and methyl mole ratios
6. EEmMPm RS SRt AR AR FRRERILH X R
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V7 S AR b 28 2 B T Hh B PR (RU) R < AR ™ SR B O B B AR . NI e] I,
B 77 A FEAOHE R, RU AU gl il 7 3 (0 A (b P JE W A, (HZ RU ARG BRI A MR 5%
Fo BIREA D7 A L AOIE R, RU SEIE KRRV, fea K, MR A% e faith 7 3R S TR T, o
BEAK. RU ORI, A&7 2R A8 RU BN, MG 2 im. JRE TN RU 5B R
%, RU K, ATV RE R, Bk e Al ™ B RU AN, BACEEBAIG, ARR R A% ARl S .
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Figure 7. The relationship of Ry and tar yield with aromaticy

E 7. Ry FBEEMTRETRTENXR

2.4, EEERY XPS MK

BT FHAX #4782 Axis Ultra, i3 7 Kratos Analytical Ltd o a8 2% 11 45 FH AT B 28 AR T X ST 2R TR (Al Ka,
hv = 1486.7 V) s X FH AR (FR/BEHE) X-ST2RUE, ThR%) 225 W (TA/EHE 15KV, KEFHIT 15 mA). 540
(NF7) 284.8 eV I/MigHE 73 7 0.48 eV (Ag 3d5/2).

8 STl AR AR XPS 1. MBI ERTUAE H, FraEREm XPS i E#a A RIE, 45
Cls 1 Ols. U5 R/INE—EREE EROREFREI TR S &, MBI ERTEH, TL, YC F FG
() OLs VEBHE, Vi HA A 8%, BALEE S 0 SL MR Ols Weim, Uil SLIE S HRZ A, I
BAR, HIoE o RS IR A HT i 45 R — 2.
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Figure 8. The XPS spectra of coal samples
8. JEHERY XPS & E
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A TR AL IR oy, FRIEBRANBRIL BRI A B AR B . 7RISR A XPS [111/E X 7>
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Figure 9. The C1s section in XPS spectra of coal samples

& 9. R Cls 284 XPS &

XPS 1 1) CLs WL 3 A TT 73 4 DN REEAF 0. 284.51 eV J& T I AN AWK IRFIEIE,
285.88 eV J& THkE R I FFAEIE, 287.45 eV J& T AR IURHELE, 289.31 eV J& TR ALAK I RFAE 15[ 11] o
10 2 TL Bt & B, DA a0 i SRR o & 2B SR UL F2 . 20 ) 4 AN 23 AR 2 4 Fls
RURIRR, W AR T A FE R GRS &, 43 A & A VTR AR ik DL Frg e T AR A 1 8L mh AN [ 28 2R e

.

Intensity (x 104)

1k

(1] 3

275 280 285 290 295 300 305
Binding Energy (eV)

Figure 10. Peak separation and fitting of C1s peak of TL coal
B 10. BT Cls IR IEHNE E

% 5 NIHEAR SR AR SRAIR &8, AT, BT RRSRE O T R R A R
BRI, XPS R SR bf e SR B S BRI IE B I L 5 R . MR AT B H, SRR B ERA
EBEEALEE B G R A, 5u R as R 8 TL AR BRI & B, 5T
T AE X N
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Table 5. The oxygen-containing compounds content in coal samples

=5 REPHIREENEYAE

Gt (eV) K SL ZD YC FG TL
289.31 coo 0.089 0.103 0.081 0.0322 0.018
287.45 c=0 0.0904 0.07 0.059 0.0873 0.0382
285.88 c-0 0.1347 0.126 0.151 0.1422 0.1473
284,51 C-H,C-C 0.6859 0.701 0.709 0.7383 0.7965

3. REHSFAMITRXR

B 11 D9 T ERE IR A5 S oy B A BRI FZ 0S4 . NIRRT AR Y i AR 1 25
R RS R AR E T A P8 2 o RERR AR KT 800°CJ5, H, I AR T
VL] H 72 IR T R BE 40 SRS A o FRAR 4 R R PSR A B )™ 3 I B R AR L S T v T K
ESEANRE R o EEA M i e R IEA 2 SRR IR R, X5 A R K 0 3 2SR R
AR AARAS [ B B SRR A [F)BRERE ) B B A A 6o T~ SLOHEAT ZD B, el T 322552 CO Iy ik
R X FG, YC M TL A, il & Hp M- SR ok, IR RE SHA 2%, HEHEnr, SHEKE
REHIRIX B, SRR S E 2 1) CO.
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Figure 11. The volatile gases yield of coal samples at different temperatures

11. BHETRRE THELTEESK~E

Kl 12 79 CO, A1 CO RGPS R(a), REEMK. RIS R O) MR ()RR NETRTLLE
i, COp AR AR P S & B MG AN TG0, B 2 e Al S B 5 e B 3 I 389 n Bt R e
HITH T AR XU AR ) CO, P R G A & A MKK R, MTHERN T, AR
AFERRES, Fre AR CO, P RN MR K R . BT A S ENT 145%N, CO, /&%
ERIGINTIE R, HZRIAREUN, B RERRIEEEAK, T A S BT 14.5%H, CO, - F
S RGN PRSI, Bl R AR R e RR S, AR ) CO, 7 R I A 5 B I AL AR AR UK
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Figure 12. The relationship of CO,and CO yields with coal type, oxygen content and carboxyl, carbonyl total C mole ratio in coal
12. CO, M CO =R S5RHEETE, REKR, RERERLLEEFMEMINXR

K 13(a)y CO, 5 R AP R IR BE R ELII R AR, 1] 13(b) Ay CO 773 55 R F R i R /R LE 1 5
Fo MEHHEIL, CO, ™ FHEEHRIERREE /R LG 2 M0 BTt 2 SRR iR K BE /R 0 BN T 8%I . CO,
FEE EFHENG, MG RIETR VI BER 73 BT 8%, CO, f e RIH Tk, CO ™ 22 Bl [ rh B SL ik (1 14 2
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Figure 13. The relationship of tar yield with H/C and methyl mole ratios
13. MRS SR R R AR AR E R X R
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Kl 14(a)2h CHy Fl Hy 7= 3R 5 JRUG SR 4 BE R LU G &R, 1] 14(b)SA CHy Rl Hy 7= R 5 TR AR A Ik
PR 73 BE R LU G R, 1] 14(C) A CHy Al Hy P 5 JEE R A S BRI OC R, K] 14(d) CH, f Hy 772
HIFEERRIEIE R BRI, CH, Fl Hy 7= S AR A& A AR, BB IX R R o SR P ek B T
A — AT IR A4 7E 5 T R FE v, 52 CH, R Hap [ 11 B (A g S o 1 B 6 SR ot , 3k 2 DR O ST SR A
HBREME. FEAELHMAERN, FEERE — € RE LR B A a5 & =,
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Figure 14. The relationship of CH, and H, yields with C mole ratios of methyl, submethyl groups, H content and H/C in coal
[ 14. CH, A H, =R 5B R RERMRPELRERL, SEEMEMRENXR

4. &g

K BC MHESEIRAN X B2 o T RE R FR RS M AT RAE, 753 T B AS [ 8RR 5 S A
IR ML Z

1) JERAE S R 5 BC NMR W5 1 (1 KL P S B YK AR
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AT F 43 Sl 5 R R BRI BRI B S B B VIR R, CHy A1 Hy 7= 28 5 v FR R SR I 8 21 43 &5
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