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1.1 FEMPEEE

FERBE SR R A A A R T
ONFVREIIBN) T, B S B, & B
TR MR Tk K2 S5 2= 4

FE AL #%: Regulus 8100 %Y 9 4 My, 1 W ¥ 45
(SEM) \F=7000 #5056 R, HA H A7 8w
TA Discovery I P H 43 BT A, £ E TA A H]; UV -
1800PC HYEeAh—n] WO /3 FE 1 (UV-Vis ) , i
| ¥ 25153k /3 ) ; Thermo Scientific Nicolet 6700 %{d
FLIH A 0 21 AR 6 3% AL (FTIR ), 36 [ 58 2R K4S 7
JEM-2100F #4375 §f 7 B i (TEM ) , H A HL 74k
A 2%k PHI-5300ESCA #Y X 4 £k 5% i 7 A i 12
(XPS) , EEI4-HIRERA A,
1.2 k¥R LI

FREL 3.0 g Bt A FE4H K ( Tobacco Waste,
TW) & THEA 20 mL 25 B 17K By 7K B Ak S vy 48
o BRI A) JE R RN A R TR B TR
(160 °C 180 °C ,200 °C 220 °C 240 °C) (HEH b,
S ZEBEE B RS 4 S 22 B ki 2 2 % i
Jei B BN AR ZR AT Ak U RIASBORE R AR 8

L AH = P 2k e T A AR B Rk B, Bk
TR B B RAE T 5 SR i 43 BT 5 AR
JFUEWAE 10 000 v/min FYE5HF T i B0 10 min,
DLEBRIURE R 1 2 T, SR 5 # 8 T i 4e b i
BT 24 h BBR/NTF22 50, BUEHTRE N RAA, Bk i
F RO, B T UKAR TR . ASIR SO S5 i
TKIRBRAE T 543 5E A HTC-X-Y Al CD-X-Y, H
e X ARRSOVIREE (°C) Y ARV TE] (h) .
1.3 HmRPRIE
1.3.1 KPREAREHRIE AR H Ik
ZIESCHR 21 1 E AR S Koy (M) F8 &5 (V) LT
FEMKR(F) KT (A) 5 Tk s Mrda s, K ) & or
AE HHV(M)/kg) AR

HHV = 0.3536F + 0. 1559V — 0. 00784
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TR 7 S A XL K e 3 T 1) fd O T
SRR 10 kY, TAEREESN 10 mm; FIFHLLAMGRE
SO 7K B (14 B R A A7 43 BT < 8 9 LD 4000 ~
400 cm™',

1.3.2 JK#URBRR B BRI A FH AR EE S A AY
XK #0 AT R 8 1 BE A BT R URGHE R A
20 mg SRR UM T(V(N,)  V(0,)=4:1),
SR EA 50 mL/min, FHEEE R K 20 C/min, K5
ZRA 750 °C R HIEE -5 AT (TG-DTG ) Ik
TR BRI SR T, FIRSRIE 7,
1.3.3 BMEFRREREHNSRLEENK @
137 SF FL - OB 0 e i R RORLAR TR A AR
R4 200 kV, | FH Nano Measurer 3 {F 48 i1k 2 1
SRR R X S L T BB A M ik it 1
RS E RE A R A Al Ka—1 486.6 eV 5
22, FIFH XPSPEAK JP#EA T 8 407 43 W 4006 Kb 34 feff
FH M3 0 BE TG D i - 5 ZE AN [R) A T
W, L CD-200~2 fifk & 5~ s 73 HOBCH 91, SR 200
TSI 2 L 5 % K B MR, AE AN TR IR K
(320~440 nm ) K 1 A5 0 BROR Y 28 e S
S, R BB R IR 360 nm , WA [7] 52 i
SRAF PR B RS I POOGE

2 RS0

2.1 KPHKFERITAUSHIERER

1 RASE K B SN S5 A T A K B i
FREE T TR AR & i SR VE, B 1 AT
BE SO SR B BN, K AR 7 A A R ek
H HTC-160-2 ) 30. 72% [% ik & HTC-240-2 Ay
27. 58% , 33X J2 SV SR BE I KA i T MR h 4F 4 %
KT 3 T, KR 2k A P42 sy
JR K B R SO S Bt A 7 40 , ] s RS B 1 T 3
PEWEFNZE A 55853 3 itk DAL 23 7R K IV T B 1 ok
TR IR TE MU BURE , TN S 0] 58 B 1 18 K 3 A i
TR AT 2 SR P T 43 A, AT fif K A
R X5 280 E W K B b i AR K A
BePEARARA A — B GORIRIK AR AL S 21
Frs K AR K o3 S BT IR SRR A , R B K Ak
AR K P o TR SRR, 45 43P 1t i T 8 T v B

O i ) B A AN AR AT [ o 31 e 13 AR L 8 44
TS AHARH5 K 415 1 5 B 9 0T f LU B B A1, 100
/K IR IR B i R M T >, Tk 3ok
() HHV S5 F IR S RA ) 15. 40 M)/ kg, HLBEE [
SR IR, K 3R Y HHY #5288 i #, IF 7
240 °C i 2 h BHE# e, - 18. 66 M/ kg,

R RRRABEACR . Fe bk T ATAF A 50
FER Ty e A e A HHV
Table 1 Yield, proximate analysis and HHV of
hydrochar obtained under different hydrothermal
carbonation conditions
R Fegs Dl bR & % HHV/
M % KO FERSE FERE RS (MIke)
™ 5.56 75.34 10.52 8.58 15.40
HTC-160-2 30.72 5.02 73.21 15.35 6.42 16.79
HTC-180-2 30.21 5.18 71.84 16.32 6.66 16.92
HTC-200-2 29.21 4.87 72.51 18.21 4.41 17.71
HTC-200-4 29.01 4.95 72.38 18.14 4.53 17.66
HTC-200-8 28.14 4.56 69.54 21.07 4.83 18.25
HTC-220-2 28.54 4.02 68.21 22.31 5.46 18.48
HTC-240-2 27.58 3.51 67.52 23.14 5.83 18.66
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PERALIG  7F 880 em™ Ab B I i A W e , k7 T
F5EI C—H BTN PR sh i , 3 % K #uiik b
J N R 2 e A A A B I ) LY R s [ 45
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Fig. 2 FTIR spectral for TW and the hydrochars

produced under different conditions
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Table 2 Characteristic combustion parameters of the TW and the hydrochars produced under different conditions

BrEcTl BB I
PR T/ WE - kE o oo DG, WE KkE o DTG, /T
WH/C /% " /(%-min”') WWHE/C /% " /(% +min™")

™ 221 222~398  38.92 307 7.38 398~578  28.80 472 5.60 532
HTC-160-2 303 222~411  40.96 350 10. 50 411~639 23.20 491 2.68 589
HTC-200-2 305 222~401  35.47 353 9.37 401~618 25.80 484 3.24 567
HTC-200-8 307 222~383  29.61 347 7.86 383~573  28.64 465 4.43 544
HTC-240-2 303 222~398  27.31 355 6.09 398~621 31.44 481 3.55 577

B BE S A TR E R 307 °C, K IEsRALJS B T
AR YEZR I3 B 3 TR K AR, KRR
i CE T Bl 2 o IR S e v 1 5 [ i %, U {3
JERHEIN 2 350 °C AcAT, I BB K IR AL S0 e B
TR FE S TERY BEILRY DTG, F 2 T &4, 76 35 W
i, BIAIXT T HTC—-240-2 FE 5, B BE 11 59 2 55 R AN
DTG, 5 HIFEAK N 27.31%F1 6. 09 %/min, TELFE
P RE BBAR 58 1 T2 %) B B I, 3 0 S ) 4 T ok SR A
15,24 5. 60 %/ min, iX W] e SHE i AL 2R ST
ARRHIE T BN KB FLBREE ), AR TR e
AL IABEL T D) KRR I B B A1 ) 2 3ok
BRI IR OV B AR . X Tk bt | B
TR ERRAR S R BE (R IR i B Be i DTG, TR
RT3 BB R K BB Ak S N SR A R
[ SRR BT B S5 0kpe ikt 532 1 P agt ke in 4% [ 2
e % i — 5, KA A R T E )  T I AR , #9R
BERFEE RS 534k, i DTG HIZen] W, , & 5300 A
FEMREE N 650 CH — I iR E I 102 i THE S R e
BLER AR BT, T AR 7 it I R DL | 5 3R BTk
A SN A BT BRAE i A JCAILER 2 B G7
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i R 3 HOR S Vb € R PR i 4
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i) TEM EIFRAR gt 8, B 4 ATRLE
CD-200-2 ¥ R BKIE | 73 BB, R R AL T4
B SEHPRIAR N 2. 14 nm, RT3 de 34
—, CD=-240-2 ¥t AR BRI B A5 22 | H AT /D3B3
REMS  EEPRAE N 3. 02 nm, H R 4346 i 4 —
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Fig. 4 TEM image and the corresponding diameter
histogram of CD-200-2 and CD-240-2 samples
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H1286.1 eV AL BLY Cls W, 43 51H A T ¢—C/
C=C f1 C—OH/C—O0—C Wi Flt B & 0 45 &k
U4 7E 532.9 eV 532.2 eV F1531.5 eV Ab I FLHY
O1s W, 43 5% F C—OH ,C =0 Fl C—O0 #,iX
5 Cls 920 Hr & R A — 3 £E 401.0 eV A
399.4 eV LAY N1s I, 73 HIIH T C—N Fl 0 =
C—NH PiFF SR AL A
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Fig. 6 Photos of CD-200-2 dispersion under

sunlight and ultraviolet lamp

AL HY B IR DK 3 K, CD-200-2 43k
P14 o R A S IR A B =2 48 8 P 2 7 0 AR o 4 1
fii et~ i [ TR AT 5 A A S R R I A T ) R
T, SRS B B A I R I s IRAL RS B4 i
TRt S 3 o SR I R4 S 2 € AR AL T T
RETE,

Pl 9 SRy AN [) S5 Io7 2% P BT A5l et (820 1 e 5
Jeitk, HE 9 T LLE Y, Y oK Bk Ak S I BE
200 °C HZIE 4 h B, 4 i 29860 B B e, B T
JOLEF TG AN ZE 8 h B, D8O B AR, T Y
IR AR TR 28 240 °C I, 98 % & S e R
2L, H R 5o BE B Ik, 33X T e -5 3 e Ak AV Ak s
IR AR T i R T U BB S A G,
51E 4 b BB s RSB R SR AR B
S—3,

MG /a.u.
POLHRE(x 107

0 1 1 L O
200 300 400 500 600
WK /nm

A7 CD-200-2 %-#k o % st
BOM ST Ao 5 B
Fig. 7 Ultraviolet absorption and fluorescence

emission spectra of CD-200-2 dispersion
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Fig. 9  Fluorescence emission spectra of carbon

quantum dots produced under different conditions
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based on hydrothermal carbonization technology
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Abstract ; In order to explore the high-value resource utilization of waste tobacco powder, the hydrothermal carbon-
ization method was employed to simultaneously convert tobacco powder into hydrochar and carbon quantum dot in
one-pot manner. The effect of hydrothermal temperature and reaction time on the combustion performance of hydro-
char was investigated. The morphology, structure and properties of the samples were characterized by infrared
spectroscopy, X-ray photoelectron spectroscopy, thermogravimetric analysis and fluorescence spectroscopy. The
results showed that; With the increase of hydrothermal reaction intensity, the yields of hydrochar decreased, while
the fixed carbon content and higher heating value increased. When the reaction temperature and time were 240 °C
and 2 h respectively, the higher heating value reached to the highest of 18. 66 MJ/kg. SEM analysis showed that
the degree of fragmentation of hydrochar increased with the increase of reaction intensity, and carbon microsphere

particles were attached to its surface. The infrared spectrum confirmed that the cellulose structure in the waste
tobacco powder was continuously decomposed and destroyed during the hydrothermal carbonization process. The
thermogravimetric analysis of hydrochar indicated that the combustion processes of hydrochar could be divided into
three stages. The weight loss during the fixed carbon combustion stage increased to 31.44% with the increase of
hydrothermal reaction intensity, and the ignition temperature and combustion stability of the hydrochar were better
than that of the raw tobacco powder. The average particle size of the prepared nitrogen-doped carbon quantum dots
was around 2. 14~3. 02 nm. The particle size distribution was relatively uniform. Moreover, the storage stability of
carbon dots was relatively good. The carbon quantum dots exibited a blue fluorescence emission under the excitation
wavelength of 365 nm. In addition, the fluorescence emission spectrum showed a wavelength dependence of excita-
tion light, and the fluorescence emission intensity of carbon quantum dots produced under hydrothermal temperature

of 200 °C for 4 h was the highest.

Key words : tobacco waste ; hydrothermal carbonization ; hydrochar ; carbon quantum dot; combustion performance
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