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R 20 5 B 3 5 i 4 B )2 A0 A5 M i T 5 (Dong
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EIMERI R (L) HEJRFE (L,) I ITik B B
PR TH (5K PR A%, 2010) , FLER B & 20 WL A PR
fB( 5, 1994 ; R JF,2014) , I BEA B K/
BRI 7= 2 (07 P85, 1993) R, 4R 4 45 A 1k
e ] ) I Rt =R o T TR N Ry
K, e 2H B 82454 R 1 HES 7 =X (2206 [
4 2020)

AR AR SRR FH 2SR A 254 BT A Y
S, DA R B R 0 A7 B0 i T A, S5 AR
b it 23 % il A 7= W 0 PE SR AR R o (R e
2019) . MEREEfMAR BT AE FIAE R — il 21 ) 5 # 34
AR AR {8 A2 55 i 0 O3 2 B R K A
JRAT T2 38 R R 43 77 Z B REAE , A Bl AT T = 1Y
W0 i SR A 00 A, R IR AR
FRRIT . N T IR 5T 4 2 S A R 48 177 B P A
I B A PR TR AIE , 58 5 R X I 5 2 19 IX 3 0
A A FH SRR B VR AR HEA T X L 3 e 2
JRA 5 20T g i 2 B g I, I ) okt
il 28 7= W S s T EAT K R S R S
2 fil A2 SR PRI 25 P D SRR IR 1

1 RS L

1.1 HEm*E&E

WG T 1L PE 48 KR T 75 F 29 30 km, HiL Ak
KI5 ) A P AR B 2 R [ i ) b —2R 1l )
R B R4 (fT 4 ,2006) o FH A A DL B A&
MTABIGER | A2 2N AR ERAKE 2
55 SRR EENCRIEZ (RAE, 2007) .

FESH RIEECT KR 2 52 WERFA K
TR Z AR AT B U, (A5 0% A8 03 A B Pl
IV 2 TR (B 2 AR, 2020) , KR BEA 1R
A I A2 20 5 i )R B K o K A3 SRR SR
o (H/C) BRIRER I i R A A Ak ¥ & 0y R A
A W BRI ORI S 2020) , LUASRIR AR
S T B AR AR 7 T AT oRAE S O h AR 4k
ZE SRR I A T B AR TR BB B
FRIRE S IR S5 N TS-2-1 ,TS-2-2 TS-2-3, % 1 &
IR T A8 RE N SRR B B R I BB R AR R SR 7
W NS R B, TS-2-1 BEfh B — & B I K AR
£ R A 41, T T 5 52 1 AR A R e ™
(R IEAE R ) 5 = P T 9% 5 TS-2-2 WU & A T
e KB AR R S 2 A8 b, 76 B AMUBE T IR & I
B R A R R AE 5 TS-2-3 D) 5 J ] SR B P A
HA IR RHE

Xof B2 1 FH DA Db A FH ol F2 0 LL e 45
by b DI AR T A Sz S P R P AN 52 TR A8 It
Y S0 8 L PG 5 20 I A 320 AL T K ) T
KB, FHRL) 3 AT 5, S AR I PR A, R R B K
R AR F IR T A —Bd A TR A B 1)
AR R IE )2 (XA, 2007 ), 6% FE fhid
ShTYY AR SR AR FH RSP L o 2% g A AR
fh o I H T B 22 i) LR B, 52 0 3k 44 1 i 22 A
PR B TRR BRI, AR R TR JE 4 8 St
2 PR 3.26 m, EET & 22T,
R EE S % B UG 3 B b B e
fIE (BRI R ,2015) B HAm 240 TL, JCUHBEARE i ok
PETFIPE S (L v 41 TR 3 S0 )2, b s
JEARK BEARZEFY T 50, 0o SH, SH HA KA A%
HOK R 2 AR R A (S RS ,2014)

F 1 ILAXEMXELEFERAORELER
EHRANRFRSET
Table 1 Sampling location and reflectance statistics

of Tashan coal samples

FE M TS-2-1 TS-2-2 TS-2-3
S5RAAERMEEE (m) 0.01 3.50 20.0
R, (%) 3.08 1.89 0. 81

2 ROR T BB RS B SE AR BRRAE, TS R
HURE il AT B K 4 77 % 3l 3 b A g o 1 R
B, BRI TR Y, HRIR A 5 4
TSI LB, X5 — e o 2 R AR AR 3 1)
FlA s A R e B — o AR R, T
IR B FLBR  fb 25 M kA T AR 1k
iR B Al AR AR S e ™ E Y TS-2-1 B T
e IR T X35 3 A8 B A %) SHORE 1 7K 43
(M) LA AR C JGE & & (Cyy) (JE BN,
2014) , [EE}, B2k & & (FC,, ) il FIL, 2i
Hor i mEE R, A R RAKRE TS2-1 5
TS-2-2 I HA B & 0 P & i, 5 0 K45 5 b
AR, A EIE T Tk 434 v B A K 43 7 % [
BF,TS-2-3 5 TYY 194 T o0 5040 245 SR AR 4200, X
AT B Rk 8 M 2 b X At A2 J3 A P 18 5 i) Y
(ZR%,2011)

1.2 AEBEFAFEIN

(D) FRYEW W), A 525638 35 fh 2 ik (R 1]
45,2018 M B BRBE P ™ BT, B 20 g BERE 2
200 HAYHEFE A 200 mL TR BRIA T (#E4EK

R 2 FRRE R IR R
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Table 2 Petrography and coal quality characteristics of raw coal

B g R,y s My Vat FCyy Sy dat Cour H N o 0y V 1 L M

(%) (%)) (%) (%) (%) (%) (%) | (%) | (%) (%) (%) (%) (%)

TYY 0.79 2.15 15.39 | 39.40 | 61.55 0.78 82. 81 5.09 1.51 9. 81 30.6 45.5 15.6 8.3
TS-2-3 0. 81 1.79 27.05 | 42.42 | 58.74 0.39 81.97 4.48 1.34 | 11.82 56. 1 21.7 5.3 16.9
TL 1.71 0.59 17.66 | 23.04 | 57.58 1.45 87.23 4.31 1.23 5.78 35.7 53.9 - 10. 4
TS-2-2 1.89 1.38 54.07 | 23.23 | 76.77 0.19 78.92 4.35 1.37 15.17 54. 4 10.5 - 35.1
SH 3.36 2.76 7.45 92.55 0.32 92.46 | 2.70 1.18 3.34 64.7 31.7 - 3.6
TS-2-1 3.08 8.92 60.52 | 23.81 76.19 0.02 79.95 2.44 0.50 | 17.09 55.0 5.2 - 39.8

HIR(0%=37%) : DR (0%=40%)=5:3:2)
Hr AR 90°C AYTEIR K T PRE o mBse $E 4 b, g of:
B LK S A Ve, EZR IO i, TR 3R
P ERE  IC SRR S X WA S it AT Toll
TN ACE BRI T3 (A IR T 1% I FRF] T
JBRBR A4 B ) H Y

(2) EF B (Ye Ruquan et al. , 2013) il &
ORISR TN, FREL0.3 ¢ BRI K IERE B T 4%
B, IA 40 mL A2 (0% = 68% ) K 60mL B2 (w%
=98%) (Huan Xuan et al. , 2020) . B 3R45 A9 &k
WRAE 25 CHYPREE S 2 hi JFLE 100°C A9 7lIA 2R
Bk 24 h RS TR AW, [ NaOH 3l
(€=5 mol/L) FATHH, RIUI LI IENE (D =0. 45
pm ) IS RAT 0 P R, BT A AT AR (Mw = 3500
Da) HiZE#T 3 d,12 h K —k, TR, 2045 R
ORI AT S50 7 RURE AL ARIE N GQDs-X
1.3 HmiXERE

PR TR A B I R R
XRD ( X-ray diffraction, X £ i1 #1) . Raman %
(Raman spectra, 7.2 i ) X I KA 1 & 1R 45 44
54627 B BE B A 8k 1T 2 B R AT XPS ((Xeray
photoelectron spectroscopy, X 5 4% Y6 HL T HETE ) X 1l
FHIEPROCR AL (AR S & AE RERTRY
e ) AT FAE, K FH TEM ( Transmission
Electron Microscope, i Hf H + W ) 5 PL
( Photoluminescence Spectroscopy , Yo EU A& Y61 ) 43

S 2% 7 0 8 2 T 3 S G RR I EA T 24T

B AR XRD 4 FH Empyrean %1 X B4 75
IGHATAREL, DL 4°/min (73R HL 20 =10° ~ 80°3E
FINRIAT S 06, AR Bragg 7R 5 Scherrer 2333k
HUZMEE (dog, ) ARARMERD =5 BE (L, ) | & 1A SE Ji JiE
(L), SR PEEEN,, SFMRE 25

i 2L RS in Via BUEOGH S 6% 047 K
B 2GR oE . AR ] 532 nm K B 6HEAT
Wk I ETE 1000~3000 em™ 8 B A4 1 22
it OISR HEREAMET 2 em™ IR AE T 1 mW,

{371 JEM-F200 #7570 B 5 L5, 75 80 kV %
200 kV By i R T AR EUCA S0 SRR B4
PEF 0. 19 nm 253 HEF 0. 14 nm, #4200 HAESHTE
S TR TS R O 8 LR RE e R = i rh b AT
WEE

{#i [} Thermo Fisher Nexsa %! X H£& Yt T A
PGHATHI B = R TT R A F AR E  FE 5L
K Al-Ka HLE Al X 4R REER/N 400 pm, 2238
H#E W HIE K 1.0 eV PR 4iis 434 10 W, 334
A 0.1eV,

ffi FH FLS980 B Z St Y AN i AT - a5 1 2l
WISE AR 297 nm WG TRIEITECR I AE
400~700 nm PTG N B DEGETE

2 ZER51E

=3 BN X HETHREENSE

Table 3 XRD crystal structure parameters of coal samples

i Area, Area ), dpp(nm) L,(nm) L.(nm) N,.(nm) Sa
TYY 1308. 755 2297.936 0. 352569 2.079323 1. 712694 5.857753 0.637131
TS-2-3 320. 191 557.209 0. 348827 2. 158651 1. 320779 4.786341 0. 635068
TL 1627.729 5640. 215 0. 353051 1. 943206 1. 855727 6.256252 0. 776040
TS-2-2 275.090 918. 349 0. 347405 1.995885 1. 449263 5.171682 0. 769498
SH 1246. 198 8774. 427 0. 349680 3.268479 1.723841 5.929769 0. 875637
TS-2-1 341.188 2668. 331 0. 345432 3.080017 1. 686509 5. 882325 0. 886630
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Fig. 1 Gaussian peak fitting image of XRD spectrum of coal sample
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Ay HR /D 4 i 1 000 5 45 ) ( TR A, 1997) o [,
WEE LR T, BE(100) IR A7 S ] 2., £ 5
PR LTI

R 4 EBURRERRL 2SI HiR

Table 4 Raman spectrum data of selected coal samples

D, G

FEARS | W el G WAy g | I/l

(em™) (em™) (em™) (em™)
TYY 1368.90 110. 06 1597.91 58.99 1.87
TS-2-3 | 1356.49 86.61 1606. 63 44.87 1.93
TL 1346. 05 106. 72 1607. 44 50. 61 2.11
TS-2-2 1349. 83 108. 31 1594. 81 48.93 2.21
SH 1335. 81 83. 81 1605. 38 32.33 2.59
TS-2-1 1343. 88 67.39 1592. 15 23.28 2.89

2.2 Raman 547

¥ Raman 3 €] F1 i % 7E 800 ~ 1800 cm ™" 7 [H]
PR EHE EA T W40, T T AR IBOCHRRE rh 32 B 254
A RIFFAEIE 205 B (225545 ,2009) . [R]EHA 2~
(ORI AT, 2016) 5 1, B KA F 06 58 3 H Bk
BN IT B R 22

T GE b R ECRE AR Y 07 A 45 R AE S, R
Raman 3§ EIHEFT T /081G SRAFEE R 4 iR,
DL D W G WYY T8 22 HLARAS I 1, /1, RS
B, TR R R S5 A A TP R A R (R E AR,
2016) . AT AR, QUK B TN 5832 (1) D
WA T D AT R B R R T A s b R TR Y R

(Cuesta et al. , 1994) , 75 BIE ) TG e A0 72 2 il o Jo
RO TF R B W AR, XL 2 B BT 230, 45 R i
1) D, WM G AR I R E ZH T FIG
YIny C—C SRR EN, G 47 I 08 58 SO0 A 554k
fEREA RIFF5 /R~ EH (Wang et al. , 1995) , &
R 22 0 Tt R AR 2 T A SRR AR, [RIR A
TS-2-1 19 D, WSk FE & T G WERY5R B, I /& T[] A2
Jo AR BEAEE T X B R A FH Y SH A b, A
HREHBAW SIS A T RE (& LA,
2016) .
2.3 TEM %#f

fifi 1] HRTEM W% i £ 1) A7 A0 5 o5, R
SERFIEUNEL 3 Fros, ATRURIR, gt i A 1Y
A7 55 I o SR 7 A R B 23 TE 5 (Huan Xuan et
al. , 2020) EHLARXTIN 5 , 52 $2 fih 28 5 VR FH 5% i i)
il 28 ) A SR i TEAR RIS R T, e igE
FIHEZ I REMR, X6 NS R o i 1T 5
T, R E 4, WSS BEGURR B0 A BM
SrATRLAR , FL F R v 5 SR A v () o B ) £ 1
SRS, B i fl ), 5 Van 4% (2018)
XS BT A B AN KA L A T B I RS B 251828
oL, BEAh, 30 A8 ) X be & R, A R) B2 3 AR R R

T2 U A A2 SR 3 2 FA BORAREAR , S 4k
AR O AT BRI R R B AR [ A A2 1k
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Fig. 2 Curve fitting results for the first order Raman spectra of demineralized coal samples
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Fig. 3 Aromatic structure of coal-based graphene quantum dots under TEM
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Fig. 4 Particle size distribution of selected samples

L5 S B il i i 05 7 % R AR UK HRTEM
18, A EG 53 AR R Ze T B B 2D-FFT ( 4k ek
AR ) R, AT e R I, 25 FE Y A%
[B]BEAE 0. 202 ~0. 249 nm Z[8], 547 224 14 (100) T
) RS [B] BEAE X6 V7 ( Zhang Chenguang et al. , 2018)
Xt GQDs-TS-2-1 5 GQDs-SH, GQDs-TS-2-2 5
GQDs-TL 7] LA IR, 32 42 fil 22 A FH 52 el (R iy, L
pn e B HES 7 AR S A HES I B
T U B 2 Ml A8 T AR ) S AR AT RB I TR

TR AL ERE (SRR MG, 2012) s MIBEA SR A
HURBE B I K BLAR GQDs-TS-2-3 1/ 5 4 1A A H
AT B TALAR L3245 il 2 A P RS M /N EAH S
B IEC 52 B EE MUY GQDs-TYY 2257 A
K (Zhao Zhengbao et al. , 2000) ,
2.4 XPS &#T

6 BRI XPS SRR, 4G4 TT
RIS LA G RE X TR], & B A5 7 W 0 T 2R 2k
FEEE C O(5HES,2014) , ILAh i AH — i &
1) Na S N, Cd 2574715, i X NS JLR
MR, L EEAAAEE AN NO, 5 S0, MR Ye
S5(2013) RIBFFERB , 2> il 5 1 £ B0 i 7 Y
FeEUEEIETE ( Photoluminescence Spectroscopy , PL)
RAANLHR R EDFE L, MG Peak Table” 15
L AFERRY Cls = Ols=~7 @ 3, MHE T IERMEM €0
JRFH(E2)  Hl& =0 0 JTLR S AR,
R ot B B AR i s g R v, I S A TR
A SAUH BRI (R IRIRAE,2013) .

XA S A Cls (B 1s Bl i+
B A I i I A543 O H - RE B ) R A AT 20 AT
ZiaBhE W ¢ T R AT (N AR,
2006) , %% 1] v AT BEAF A8 19 A 7E T8 St 47 43 e 410
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Fig. 5 HRTEM images of aromatic nuclear aggregates in samples

G(ET) . SRR, FEH &0 A BERTF AT, C
TR R TE N C—C/C—H(284.5 eV),
C—0 (286.3 eV), C=0 (287.5 eV), COO—
(289.0 eV),
FEBEHUAE S BT R Y Cls W82y 204
H— A0 )8 el i, HAR T FE L C—C/

C—H MIAFIRSAETE . AR 5 19 4 B0
TR ES FEARBAE G WA & (R
5). ATLAKBR, bifi 5 15 A8 IR B A IR, 767 ) v
JIr & By C—C/C—H WY& B bR, M7 BB )
ghkgh B AR TR PR T R AL 2 2R 1)
A1 S ARRFE 4R = 9 5 M) 64T (Stach et al. , 1935),
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R 5 TNEALBRIEARH EHMAE XPS Cls 947
o S f\ | GQDs-TS-2-1 Table 5 XPS Cls analysis of coal samples prepared
- e Peicinn from different metamorphism
| GQDs-5H ‘ R TR (%)
: e TR '
= (%) |c—C/C—H| C—0 | C=0 | 00—
= GQDs-TS-2-2.
% WL’J— GQDs-TYY 0.79 80.92 2.25 9.92 6.92
;.E ‘ GQDs-TS-2-3| 0.81 82.72 2.65 9.39 5.24
R . GQDs-TL
GQDs-TL 1.71 75.05 9.55 5.80 9. 60
GQDs-TS-2-2| 1.89 78.62 5.11 7.02 9.26
WLW3 GQDs-SH 3.36 71.53 11.50 2.57 14.38
GQDs-TS-2-1| 3.08 71.06 5.62 7.13 16.20
ﬂ /n . | GQDs-TYY
— M | .
. . . L il IR T, COO— (S EL R 5. 24% 1Tt h
1200 1000 ?E(L . 600 400 200 0 16.20% ,C—0 W 2. 65% L F+R 5. 62% 1 C=0
i G fe (eV) =
‘ B BT — AN T WS, 5 2 b A ) A e
6 KR X BT T AEIE 4G K18

Fig. 6 XPS full spectrum images of the prepared products

M5 2 sl /b AR P FE B i A A B B AR &G
1Y C—C By i LN, T (58, 1994) , s
A B B, TE A 2B 0 B S ) & o
O TRES I AR E REHTECR 28 AR T 1 5
JEEE B 50 P ( Zhao Yang et al. , 2012)

Xof T8 I 2 A A8 o A ot AT M R I, BE A
BN ERI IR BB s/, C—C/C—H #EAE Cls
BB Ery o LB AR, (B S R T IR E
TAE R A X E R, O ) T AT IR 2

AR 5L A, S2 A Al AR TV R BA A (S5

() HABARERE |t B AR [R] A9 A8 Ak 34 (0 e A B )
T C—0 5 C=0 WMMEAZ, i CO0O— K& &A%
b5 1 i AR IR 25 2

PATRIAE ) o7 200 ) 28 7= vh i SR T R kAT 53
Mro FTLARBL(IE 8) , & HE i O1s W (48 i+ rp
Is BUIE HLFROR I Ir A A B F e ) v DL
Mk 3 AS/NgE, 235 C=0(531.3 eV) .C—O
(532.4 eV) .COO— (533.8 eV) (Bt/BZESE 2010) ,
IFRZ FEE TR C—0 BRI GIETER N, Hik
S C=0 ., Ols & Wm0 AL & L 5 A0 B 1Y
Cls A UEEALMIMFHE(E6) .
2.5 PL &1

Xl 5 19 GQDs A4 7 J% H FRARF 4 19 A 5 (K]

. e GQDs-TL 30Ds-S
60000 GQDs-TYY 60000 wae 60000 SRbE—RR
S 40000 = 40000 S 40000
= = =
£ o =
z5 20000 =2 20000 g2l 20000 [
0 /.\ 0 l 0 /_\
294 290 286 282 278 294 290 286 282 278 294 290 286 282 278
ZEf (eV) ZAEfE (eV) AR (eV)
GQDs-TS-2-3 GQDs-TS-2-2 60000 GQDs-TS-2-1
~ 40000 |
=
=
= 20000 |
0 e
294 290 286 282 278 294 290 286 282 278
EEE (V) i Gt (V)
24 _ C-C/C—Hg C-Of C=04t COO-t A&
baseline C-C/C-H Cc-0 Cc=0 COO- cumulative fit peak

P 7 JRIORE Y X SFEOEH T REIE AUBROT R 1s PUERE A5 15113
Fig. 7 Cls fine peak fitting image of XPS of selected samples



7H BEVLEAE - B2 A A G IR A 8507 1 e A5 TR A 5 9
60000
co000L. FUDTYE 600001 GQDs-TL GQDs-SH
= = 40000
= 40000 = 40000 =
== 20000 == 20000 o 20000
0 : 0p— A -~ 0
538 534 530 526 538 534 530 526 538 534 530 526
i e (eV) i (eV) ZE e (eV)
100000
60000} GQDs-T8-2-1 80000f GQDs-TS-2-2 20000l O TS23
= 40000f £ 60000 3 60000
B i 100007 i 40000
== 20000 ‘ = 20000} = 20000
0 0 0
538 534 530 526 538 534 530 526 538 534 530 526
ZERE (eV) Z5m (eV) ZE e (eV)
K2 C=0%# C-Ofgt COO-%# C-C/C-H%# LA h 28
baseline C=0 C-0 COO- C-C/C-H cumulative fit peak
&1 8 TEHURE S X STEG L FREIE AT E 1s FUBNEMIGERLA EIR
Fig. 8 Ols fine peak fitting image of XPS of selected samples
9), HIEl 6 ATl il £ 1 A1 S50 i a5 FE e &b A7 T 6 ERURH M X SR TRIENATR
N, . 3 A2 M
MR, 2854 —E A Na SN . Cd T, 1l Na 1s HUB K 5 AT
RS — i 2 AR T AR A ,H:FEI] AN N Table 6 XPS Ols analysis of selected coal samples
S I RAEAE , pH R0 T 0 B3 K 2 0 K jj;?ﬁ fAV*; TR (%)
. s . A | (e TYY | TS-23| TL [TS-22| SH |TS-2-1
gy ALY fs Y Ve i =) A # 3
E?XTFJEI’J/BZK/%E&%Z,‘ﬁﬁizlimﬁtéﬁﬁuu H95 6 C=0 |531.3(12.60| 33.79 [27.90 | 28.64 | 28.09 | 34.61
B (PMBEFFAE, 2016) KA U TS RN B C—0 | 532.4 | 64.04 | 63.15 | 63.96 | 68.80 | 65.57 | 60.45
BITe . e I, BEAR AR R AR C00—|533.8 |23.34| 3.05 | 8.13 | 2.56 | 6.34 | 4.94
Jo R %) 1 B 7 0 D R R R S R M AT )
XA HK A S e O SO & 7=, IR B 3 489

JoRE IR e

250000 k ———=/GODs-TYY
——  GQDs-TS-2-3
200000 | GQDs-TL
—— GQDs-TS-2-2
— AN —  GQDs-SH
= 150000 | S
s GQDs-TS-2-1
#X
o
100000
50000
or 7
1 1 1 1
400 500 600 700
W (nm)

&l 9 Hl&F=Y7E 297 nm KA T HTERE
Fig. 9 Fluorescence spectra of the prepared product

excited at 297 nm

(1)XRD 5 Raman Z5 5 0E 52, H2 fil 28 i /E P
LR IX Sl 2 A8 SV PR ) SR B A T s Y D5
FrRE R B A e FE 5 s /N E LB JF AR T
A SRR AR T SH RS, TS-2-1 HA B iNs& M D,
VRN, BRI T R A 5 A A 4544

(2) BRI AR | DX 30 AR AR B A A
FAERIE BRI, 0T T 0 & F AU il &
TEM Z5 5L 00, il 45 7= 0 9 325 — 1 4, A [ A% Joit
FRIE  H5 A2 B A P e ) 48 1) A SR i R T
KERST, HUAE LN A 7y 005 & 45k 4R

(3)XPS 5 PL W5 REH], A BT C
LR, FEPL C—C/C—H.C—0.C=0,C00— JE
KAETE, H UL C—C Wi 32, Bl AR 5T % B2 04 in
W LU REAR, A T 2/ 0 JTTRB A
WM ;0 TR EE C—0 MR TET
SEER TR ST, 32 4% Al AR AR S e 5 0 Y



10 Mo R

it

2022 4

i HAT B AR A AT B D/ T B 5383 ) 2 D1 i
ARALIFIE

Brigh: BAPRAR S g s PR BE A 34k T S
ARSI E AT B AL R A (BT 14
JR AL S SE A AEAR R S g At T o AT

£ % X W / References

(The literature whose publishing year followed by a “&” is in Chinese
with English abstract; The literature whose publishing year followed by a
“#” is in Chinese without English abstract)

WHFW, TAEH, 8RR, B, B0, WA, 2006. ARk )5
TR T ZH Ay L R T 258 XPS X LL b, SRR 2R 2540, 34
(4): 389~394.

Wifid, =3, XI3CH, VIR, W, BREE. 2021, A IR AR LS
MR PEiR. BEARRABOR , 49(6) : 170~178.

FERIEE. 2015. =% 8 SR> TE MBI N H A it R h AR5
Wb st %, 0. WU, KRR RIEH TR0 +i6
X

BORE, EHIA. 2010 MR >R E AE GEHIH XPS ST
T TARFEARRFEAMARBERR) , 29(3) : 498~501.

FRE, HEX, HE, Baksg. 1993, HARBAEEE5 I
JRE . R S, 21(5) : 21~25, 33.

R, BB, EFME, B, REISE. 2016, MR OLIE S
M. SHRkEASR, 32(3) : 377~380.

SREMS. 2012, Hefh A8 5T I 0 ) B 2 45 F K B U R A AR AR A
EORE P RN (PR TN B N 2 1T R

HEEERE. 1996, PEBESY:. M. chEEL .

farfl. 2006. IRV LA B 4 A A Re Ak B IR ol R ARE et e
18(3): 23~25.

s 2019. MEELAT ARG S A7 S0 T RS mIETY. 5
Ui, FEERNI. dbmt. RSk R (Ja) M

EMF, TR, RS, AR, SRR, SRTUE, JrikEk. 2020 )
T FE LI DX PAVIE SRS R A0 B L ) 2 R AR i o 4 B2
e, 94(11): 3503~3514.

EUH, FRET, @80, HIFE, B, £ 2011, NS TEHIX
Moty A A Q2 4 AR B AR B SR A0R. A1 2%, 18(2) : 223
~230.

ZEFIF, WUE, SR, IMETS. 2009. ASFIHEZUE R Raman 54
it} 5 XRD 45 S8 SC &R, ik 5oLk 4T, 29(9):
2446 ~2449.

A8, WUE, T, FEEE. 2016, IR AL MBS
FAE. BEAFE, 41(9) : 2298~2304.

ZEHESA. 2000, BEHLBE. dERC. HUBUT R

XUZRES. 2007 IR HRE B A o — 5 2 O A J08E 8 2 R0 b B A 27
g8, I JE . KR RJFEBE TR 2 iR S

FEERER, XIS, KUWS, BR/NE. 2014, A BRI T SR a5 R AE
SRS, BEEA, 33(3): 1~5.

B, 2R 2004, IR AR SRR BE R B A S R A T AE R 1Y
XRD AF5E. HEm2EdR, 29(3) : 338~341.

DR, RBEE, YN, R4S, TR, Md-F. 2020. KK
P i AR OB R e B S I A . BT 3 BT 5 B ¢, 48(2)
99~105.

g, kP, WM. 2014 SRR S RO 5 ) 4 R 4
BB Ba X, BRI HAR , 42(3) : 49~52.

RES, SHAM, 22R5T. 1998. S5 H AT & 5 B nUmALE iy

FHAR. BhoEiidi, 43(18) : 1912~1918.

ZE55. 1994, b RGO Y A G 2 PR AE R A R AR TR
Hh A R 2 A

RIEE, D, U, RRIE, B4 5, Bl 20200 KR
FH A e— % R A2 M 78 TR A o 2 R AR AT 5T B AR B 2
A, 48(12): 182~191.

TP, \F, REeR. 2016, BRSO CIERHE. B 2EHR, 41
(5): 1197~1202.

IMGEFE, XU, B, 2016, 7 80t A5 A i A S A= W v A
TeHLA LR, 31(4) ; 337~344.

TEAME, ZE, BE. 2015, MR HURSAEgR. RON. RED
FEA A

T, W, AL, 2013, AR TAH &, gk, 25

(1): 86~94.
T, 5KEM. 1997. KRS XRD RYZ5HI 8T, BEacieie, 20(1) ;50
~53.

SIE, ISR, X R AWE. 2013, RS B A MR Y
JEETIE. G 5O6IE 4T, 33(10) : 2861 ~2864.

S, 2014, WERGIH H L B 200 I R Mk AR TR R S S R S
S0 X AR, hERRER AR RE A E AR S

SRR, 2007, P KR S L R R L. TR, 28
(11): 112.

i, WG, BN, FER, LT, 1987, KA HVE FifE
FH BB R AR, BRI, 1(1) ; 125~132.

e, SCHOR, 2R, SREDE, RO, ZEER, RE, M. 2010
FIF XRD BERII 5 B 2R I F A R A, 58 F b o 5 B R

38(2): 1~4.
JHWGWE. 2014, FHHARBAGETmN. FHiiEEAR, 20(1) . 37
~40.

RN, ARTE, WA, BRI, 2018, 30 BURRHIT SR B I R
WA, TR, 24(6) : 27~31.

Stach E. 1935. i, 1990. {H[H. HiBffer##m. Junt.
2Tl AL

Chang Haizhou, Wang Chuange, Zeng Fangui, Li Jun, Li Wenying, Xie
Kechang. 2006 &. XPS comparative analysis of coal macerals with
different reducibility. Journal of Fuel Chemistry and Technology, 34
(4): 389~394.

Chen Jian, Li Yang, Liu Wenzhong, Jiang Peijun, Zeng Jian, Chen
Ping. 2021 &. Review on impacts of igneous in coal measures on
coal texture. Coal Science and Technology, 49(6): 170~178.

Cheng Liyuan. 2021 &. Macromolecular structure model of Tunlan 8 coal
and its kinetics of hydrogen and methane formation during pyrolysis.
Instructor; Zeng Fangui. Taiyuan: Dissertation submitted to Taiyuan
University of Technology for master degree: 1~145.

Cuesta A, Dhamelincourt P, Laureyns J, Martinez-Alonso A, Tascon J.
1994. Raman microprobes studies on carbon material. Carbon, 32
(8): 1523~1532.

Dong Yongqgiang, Lin Jianpeng, Chen Yingmei, Fu Fengfu, Chi Yuwu.
2014. Graphene quantum dots, graphene oxide, carbon quantum
dots and graphite nanocrystals in coals. Nanoscale, 6(13) . 7410.

Duan Xuqin, Wang Zune. 2010 &. XPS analysis of oxygen contained
functional group in coal macerals. Journal of Liaoning Technology
University ( Natural Science), 29(3) : 498 ~501.

Fang Jiahu, Tang Xiuyi, Yang Yichun, Zhao Jiyao. 1993 &. The optical
texture of the thermally altered coals and their geological
implications. Coal Geology & Exploration, 21(5): 21~25+33.

Gao Fei, Deng Hanzhong, Wang Xuefeng, Deng Fengwei, Wu Siyuan.

2016 &. Raman spectroscopic analysis of bituminous coal. Journal



7H BT P 25 AR A8 B G B A S8 0 BT AR R T 11

of Analytical Science, 32(3) . 377~380.

Guo Guopeng. 2012 &. Study on physicochemical structure and gas
occurrence characteristics of coal in contact metamorphic zone.
Instructor; Chen Jiangfeng. Jiaozuo: Dissertation submitted to
Henan Polytechnic University for master degree: 1~153.

Han Dexin. 1996 &. Chinese Coal Petrology. Xuzhou: China University
of mining and Technology Press.

He Zhuang. 2006 &. Mass origin and genesis of claystone in Tashan
coalmine, Datong. Coal Geology of China, 18(3) . 23~25.

Hu Shengliang, Wei Zhijia, Chang Qing, Adrian Trinchi, Yang Jinlong.
2016. A facile and green method towards coal-based fluorescent
carbon dots with photocatalytic activity. Applied Surface Science,
378(15) : 402~407.

Huan Xuan, Tang Yuegang, Xu Jingjie, Xu Miaoxin. 2020. Nano-level
resolution determination of aromatic nucleus in coal. Fuel, 262
(15): 116532.

Huan Xuan. 2019 &. Influence of coal based graphene and coal based
graphene quantum dot structure. Instructor; Tang Yuegang.
Beijing: Dissertation submitted to China University of Mining &
Technology, Beijing for doctoral degree; 1~ 245.

Li Huantong, Wang Nan, Zhu Zhirong, Shi Yuan, Mo Jiafeng, Zhang
Weiguo, Fang Shiyue. 2020 &. Structural evolution and
mineralogical characteristics of magmatic metamorphic coals in the
Hanpoao coal mining area, Hunan province. Acta Geologica Sinica,
94(11): 3503~3514.

Li Juan, Zheng Changqing, Jin Wei, Cui Fanghua, Shi Lu, Wang Hu.
2011 &. A study of contact metamorphism of late paleozoic strata in
the middle of Inner mongolia. Earth Science Frontiers, 18(2) : 223
~230.

Li Meifen, Zeng Fangui, Qi Fuhui, Sun Beilei. 2009 &. Raman
spectroscopic characteristics of different rank coals and the relation
with  XRD structural parameters.  Spectroscopy and Spectral
Analysis, 29(9) : 2446 ~2449.

Li Xia, Zeng Fangui, Wang Wei, Dong Kui. 2016 &. Raman
characterization of structural evolution in the low—middle rank
coals. Journal of China Coal Society, 41(9) : 2298 ~2304.

Li Zengxue. 2009 &. Coal Geology. Beijing: Geological Publishing
House.

Liu Dongna. 2019 &. Study on coal petrology and coal geochemistry of
Permo Carboniferous coal in Datong Coalfield. Instructor; Zhou
Anchao. Taiyuan: Dissertation submitted to Taiyuan University of
Technology for master degree: 1~187.

Lu Li, Sahajwalla V, Kong C, Harris D. 2001. Quantitative X-ray
diffraction analysis and its application to various coals. Carbon, 39
(12): 1821~1833.

Lu Ruirui, Liu Yisi, Liu Peng, Chen Xiaojuan. 2014 &. Preparation,
characterization and application of graphene quantum dots. Carbon
Techniques, 33(3): 1~5.

Luo Yunfei, Li Wenhua. 2004 &. X-ray diffraction analysis on the
different macerals of several low-to-medium metamorpic grade coals.
Journal of China Coal Geology, 29(3): 338~341.

Ma Guolong, Zhang Qinghua, Zhao Bin. 2014 &. Analysis of main
control factors of coal and gas outburst in Sihe coal mine and its
prevention countermeasures. Coal Science and Technology, 42(3) ;
49~52.

Ma Hongtai, Song Xiaoxia, Li Kaijie, Zhao Jingui, Zhang Tianguang,
Liu Jianping. 2020 &. Changes of petrographic characteristics and

quality of contact-metamorphosed coals in the Datong coalfield. Coal

geology & Exploration, 48(2): 99~105.

Qin Kuangzong, Guo Shaohui, Li Shuyuan. 1998 &. New concept of
coal structure and recognition of coal oil forming mechanism.
Chinese Science Bulletin, 43(18) : 1912~1918.

Qin Yong. 1994 &. Micropetrological Characteristics and Structural
Evolution of High Rank Coals in China. Xuzhou: China University
of mining and Technology Press.

Song Xiaoxia, Ma Hongtao, Li Kaijie, Liu Dongna, Zhao Jingui, Xue
Desheng. 2020 &. Study on coal petrology characteristics of contact
metamorphosed coal from Carboniferous — Permian in Datong
coalfield. Coal Science and Technology, 48(12) . 182~191.

Su Xianbo, Si Qing, Song Jinxing. 2016 &. Characteristics of coal
raman spectrum. Journal of China Coal Society, 41(5): 1197 ~
1202.

Sun Xiaodan, Liu Zhongqun, Yan Hao. 2016 &. Preparation and
biological. Journal of Inorganic Material, 31(4) : 337 ~344.

Tan Haiqgiao, Xi Yantao, Zhao Chengxi. 2015 &. New Edition of Coal
Mine Geology. Xuzhou: China University of Mining and Technology
Press.

Tang Yuegang, Huan Xuan, Lan Chunyuan, Xu Miaoxin. 2018. Effects
of coal rank and high organic sulfur on the structure and optical
properties of coal-based graphene quantum dots. Acta Geologica
Sinica ( English Edition) , 92(3) . 1218~1230.

Van Chinh Hoang, Mahbub Hassan, Vincent G. Gomes. 2018. Coal

derived carbon nanomaterials

Recent advances in synthesis and
applications. Applied Materials Today, 12 342~358.

Wang Jiaojiao, Feng Miao, Zhan Hongbing. 2013 &. Advances in
preparation of graphene quantum dots. Progress in Chemistry, 25
(1): 86~9%4.

Wang Li, Zhang Pengzhou. 1997 &. XRD study of coal structure. Coal
Conversion, 20(1) : 50~53.

Wang Lu, Zhang Hao, Li Yu. 2020. On the difference of
characterization and supercapacitive performance of graphene
nanosheets from precursors of Inertinite and Vitrinite-rich coal.
Journal of Alloys and Compounds, 815: 152502

Wang W X. , Thomas K M, Poultney R M, Willmers R R. 1995. Iron
catalysed graphitization in the blast furnace. Carbon, 33 (11):
1525~1535.

Wu Dun, Sun Ruoyu, Liu Guijian. Yuan Zijiao. 2013 &. The spectrum
studies of structure characteristics in magma contact metamorphic
coal. Spectroscopy and Spectral Analysis, 33(10) : 2861 ~2864.

Wu Dun. 2014 &. Study on nanoscale structure of Early Permian
magmatic contact metamorphic coal in Huainan coalfield. Instructor:
Liu Guijian. Hefei: Dissertation submitted to University of Science
and Technology of China for master degree, 1~264.

Wu Youxia. 2007 #. Comparison of coal seams in Tashan mine field,
Datong coalfield, Shanxi Province. Neijiang Technology, 28(11) :
112.

Yang Qi, Pan Zhigui, Weng Chengmin, Su Yuchun, Wang Zhengping.
1987 &. Regional magmatic thermal metamorphism and its influence
on coal quality in China. Geoscience, 1(1): 125~132.

Ye Ruquan, Peng Zhiwei, Metzger A M, Lin Jian, Mann A J, Huang
Kewei, Xiang Changsheng, Fan Xiujun, Samuel E L G, Alemany L
B, Marti A A, Tour J. 2015. Bandgap engineering of coal-derived
graphene quantum dots. ACS Applied Materials & Interfaces, 7
(12): 7041~7048.

Ye Ruquan, Xiang Changsheng, Lin Jian, Peng Zhiwei, Huang Kewei,
Yan Zheng, Nathan P C, Errol . G S, Hwang Chih-Chau, Ruan



12 Mo R

it I 2022 4F

G, Ceriotti G, Abdul-Rahman O R, Angel A M, James M T.
2013. Coal as an abundant source of graphene quantum dots. Nature
Communications, 4; 2943,

Zhang Chenguang, Li Jiajun, Zeng Xianshun, Yuan Zhidao, Zhao
Naiqin. 2018. Graphene quantum dots derived from hollow carbon
nano-onions. Nano Research, 11(1): 174~184.

Zhang Lusuo, Guan Yingbin, Li Haimei, Zhang Guobin, Zhao Ping, Li

Cui  Sheng. 2010 &.
metamorphic coal of Longdong coalfield in Xingtai by X-ray
diffraction method. Coal Geology & Exploration, 38(2);: 1~4.

Zhang Yating, Li Keke, Ren Shaozhao, Dang Yonggiang, Liu Guoyang,

Su, Zheng Jian, Variety regular of

Chemistry & Engineering, 7(11) : 9793~9799.

Zhao Yang, Hu Chuangang, Hu Yue, Cheng Huhu, Shi Gaoquan, Qu
Liangti. 2012. Inside cover: a versatile, ultralight, Nitrogen-doped
graphene framework. Angewandte Chemie, 124 (45). 11533 ~
11537.

Zhao Zhengbao, Liu Kunlei, Xie Wei, Pan Weiping, Riley J T. 2000.
Soluble polycyclic aromatic hydrocarbons in raw coals. Journal of
Hazardous Materials, 73(1) . 77~85.

Zhou Lili. 2014 &. Influence of magmatic rock intrusion on coal quality.
Clean Coal Technology, 38(2): 1~4.

Zhu Chuan, Bai Xiangfei, Tu fei, Chen Hongbo. 2018 &. Deep de-

Zhang Ruizhe , Zhang Kaibo, Long Xueying, Jia Kaili. 2019. Coal-

derived graphene quantum dots produced by ultrasonic physical

ashing influence factors of typical ultra-low. Clean Coal Technology,
24(6) . 27~31.
tailoring and their capacity for Cu (II) detection. ACS Sustainable

Effect of contact metamorphism on coal-based graphene quantum dots

FAN Jiangtao" , TANG Yuegang , SONG Xiaoxia® , WANG Shaoging" , LI Ruiqing” , DONG Min®
1 ) China University of Mining and Technology ( Beijing ), Beijing, 100083 ;
2 ) Taiyuan University of Technology, Taiyuan, 030024 ;
3 ) Shanxi Geological and Mineral Research Institute, Taiyuan, 030001

Objectives: Coal is a kind of sedimentary rock seriously affected by geological action, and its properties will
have a profound impact on the properties of carbon-based materials. In order to explore the influence of contact
metamorphism on the properties of coal-based graphene quantum dots, coal formed in plutonic metamorphism and
regional magmatic metamorphism was selected for comparison to explore the difference in properties of prepared
products.

Meththods: Preparation of coal-based graphene quantum dots by oxidative exfoliation method. Graphene
quantum dots were obtained from deashed coal by ultrasonic, acid bathing, neutralization, dialysis and drying
processes. The structures of raw coal and prepared products were analyzed by X-ray diffraction ( XRD ), Raman
spectroscopy ( Raman ) , Transmission electron microscopy ( TEM ), X-ray photoelectron spectroscopy ( XPS) and
Fluorescence spectroscopy ( PL).

Results; With the increase of coal rank, the structural defects of deashing coal decrease, the aromatic
structure increases gradually, and the crystal structure proceeds in the direction of ordering. The particle size
uniformity of quantum dots prepared with coal as carbon source is good, and the particle size tends to be larger with
the increase of coal rank. Carbon element is mainly in the form of C—C / C—H, and oxygen mainly exists in
carbon and oxygen functional groups, C : O < 7 : 3, and the oxygen content increases with the increase of coal
rank. In ultraviolet licht (A = Under the irradiation of 297 nm), the sample emits blue fluorescence, and the
fluorescence intensity is higher in lower rank coal and gradually decreases with coal rank increasing. Compared with
coal formed by plutonic metamorphism and regional magmatic metamorphism, the thermal coal formed by contact
metamorphism has more COO— structure, and the content of C = O bond decreases; The rising trend of
fluorescence intensity is more obvious when the coal rank is lower, and reaches the maximum in high rank
bituminous coal; The coal affected by contact metamorphism has a more regular graphitization structure.

Conclusions; Coal formed by contact metamorphism can be used to prepare graphene quantum dots, and the
prepared products have higher aromaticity, greater ductility and smaller interlayer spacing, and show higher
graphitization degree. At the same time, the prepared graphene quantum dots have good uniformity, larger size than
other metamorphism, and are arranged in a more regular and orderly aromatic structure. With the deepening of

metamorphism, the C—C ratio of the prepared products gradually decreases, and more O elements are doped into
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the quantum dot structure.
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