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Influence of fruit charcoal combustion on air composition based
on laser-induced breakdown spectroscopy
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Abstract: Fruit charcoal is a kind of common fuel, and the gases and aerosols produced in its combustion
process can affect environmental air quality and harm human health. Therefore, it is of great significance
to detect and identify the air composition during the combustion process of fruit charcoal. Laser-induced

breakdown spectroscopy (LIBS) is used to detect the air and aerosol during the combustion of fruit
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charcoal, and at the same time, fruit charcoal and its combustion ash are also detected as auxiliary
analysis. The spectral lines of four samples are calibrated, and it is found that when the charcoal is
burning, the carbon concentration in the air increases, and the generated aerosols contain Ca, Mg, K, Si
and other elements. The elemental composition of fruit charcoal and ash is similar, both containing C, Fe,
Mg, Ca, Sr, K, Na, Ba, and the intensity of C and H in fruit charcoal spectrum is higher than that in ash
spectrum. Considering that the combustion of fruit charcoal produce more gas and less particulate matter,
it is difficult to judge whether the fruit charcoal is burning or has burned in the room from the perspective
of image recognition, so the air with and without combustion of fruit charcoal are further distinguished by
principal component analysis (PCA) algorithm, and the bands where the characteristic spectral lines of C
and CN are selected as the original features of cluster analysis. The results show that the two kinds of air
with and without fruit charcoal combustion can be well distinguished, which proves that LIBS combined
with PCA can effectively identify the combustion of fruit charcoal and can be used to detect the air
pollution caused by the combustion of fruit charcoal. Furthermore, the composition of fruit charcoal and
ash are also distinguished in the same way, and it is found that the distinction effect is good, which

provides a reference for the recovery and utilization of fruit charcoal after combustion.

Key words: spectroscopy; laser-induced breakdown spectroscopy; fruit charcoal; air pollution; carbon

emission; principal component analysis
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Fig. 1  Schematic diagram of LIBS experimental scheme
1.2 ZWHE
SR BT 2 SR 3 AW S AR ) T e AU I R AR B SR B B R R T A 25 B A% 5T, AT
ARSI R R IR 22 o B S, R RACRFE WA R, (A IR i i 2% . 3G, RIRARAK,

THOL NIRRT NS E HIGIEE 5o BT RIS 227 A M A2 SR I, S8 v 75 AN I i 3 SRR R O oL
B, RO s R BE S AL AR AR, SEBLA A SR I, 25 8 AR HESOE £R A, SR 2B A R A
o R RARTRAE b 78 R WRIR AN, A8 R 1 Cu B4, HOE B AW i TEON P L P A R AR R s v Y DA
o BEAh, FEXF RATRAM AN HEAT LIBS A5l i 72 b 75 EEAN MRS S i, IO AR RUIR 2 A0 T-F 2R T /)



Fa R e MEde: R THOL TS T o 76 B9 AR RGNS 23 U 73 FE i HIE 7E 439

V00 B DX A DA/ IN R 22 0 R SIS BT 6 T o A7 A B0 0 WO 6T S I DG 1S MR AT B 1, 75 ZOR X el 2 A
TERR. AJCHESCREE SRR GRS o AT DU S i 1 R R

2 HREHE

2.1 RARRRIEZEIFEZT SHIRN

X AR MR IE S FE R (A 25 SEAT TR . b4k, TESEIG TR T 100 4175 R R I B T 5k
P ER T . TR ERKIERINE, &5 % 5 E EH S A E S H AT S (NIST) 23 5 ik 4 i
AT ICHE, A3 E Ja BTS2 From o w] ORISR AR MR BRI 25 S C 70 2% 3 28 1) R B5F 308 355 199 5, 3 31 4903
arb. units, 11 TG AR A RIREET 25 C oo 3 IS 2658 24 102 arb. units, #ibe FA R AL & Bl 7S C 1 415 542
m VI 50 M. IFH H,« Hp W5 B AR X BOK . 7E58 IlIE o, ISR 2 T CN 2 F (1 = AR 4k . Ot
W I CN 3 72 B T EROGIE R T CITU M N R A SOBTE R | CNo SR TG SR AR IR BRI, 5
S CILRMEEART /DN, R4 7 ON 2l b i e 75 prie 56 . 7E A S8 mT DLBH BB 1) CN 42 F 1
SRRV, U0 RACR MBI IR P COU R & R R & T R RN o iR be i 72 OB U
CItE EZE LI A D (CO, M CO) MTERAFAE . HH L HEWT AR 7SR J8 1) i it mb 2 B SRR S8 A0 2 7K 5
A, REEN TR PRIKRE K.
2.2 HESIBEREN

SRR MR o 1o 2 v 2 A TS 43 A A7) 168 B3] 2 A r T TR FA R M v PR A A IR, LA o 52 B R TR AU
(1 532 0 T 3 550 8 3 2 AT AN 350, A S5 MRS U 3] 100 0 2 A0 B RS 2 e B B T AR BB AT
— BT T, AR SR G TE A E 3 FTR, BT AR PLEIE R AR Z Ny O n &R iS4k, itk R BoR &8t
RITE I B . WA SIE IR A i ] LLR L Cay Mgy K& @m0k LR Sie R ik . [Fi, i
FRREE A T B RIK IR, WLk C H G R RIS (50 i
2.3 RARRFNIRIR B

S0 A SR A R 5 I 5 — PRI = M AR A St B 43 v, R T A6 E SR A R A e it B T R S LS Y A3
ST, HON G B X A R B o 0 A FR A ) A R AN AR AR R HEAT LIBS AL, i 5 1ok 1
SN 4y SFR . BT ORI B AE A SR kAT, AR I 6 R A A 2 R e R AR

MIE 4. SHRTLUE B, RAR AR F) LIBS Y61l H 154 C. Fe. Mg, Ca. Sr. K. NafllBa%$ 0%
FRFAE I, 7F SRR RGP AL T Siv ALJCER A LR, —H R4 EZE RN [FR, 6 b S A 3R A
IKIR C. HIGRIBZRIE, i 6 frox. ARG T C Io 3R B2 9% 7y 12544 arb. units, B &5 T KM
W C UG 3R RS 4258 % 959 arb. units, 38 10F T 2.1 THAEE 2 S0 rh C IR BE 138 0@ th R AR ARG BT . b4k, 3
ARG T H, H 58 5 35 B IR w8 T AR MRS 18 o R B3 4 1 5 B, SHE ok SR A AT RS- I, 7E 380~390 nm
BRI T CNor T RIS LR, MAERIB P E %A .
2.4 RARBREREIRA
2.4.1 A RERAKFEBRBEE = A 09IR5)

T AR R Ioe 2 77 A2 KR AR, TR A /b, KB ARG R 1) 58 I T 25 P A 75 T AR R e i



40 %
| FF 5 B 28 2 =) L P 1 PCA BHLE N &5

]l

N
v

v

B 7R TR

RARRAFAE—E I ME. A FH LIBS X 035 22 AT K

<

puE

N

ke

y
o

£

IEATIX Y, — AR AT PSR A BRIRBE AR S o

ZS

g2

440

O&‘OSTOSSO

o

2

g

2

Wavelength/nm

RARTRIRBES PR B2 1B

Fig. 2 The spectra of air when charcoal is burning
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Fig. 6 Comparison of characteristic spectral lines of (a) C and (b) H in the fruit charcoal and ash
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