Fa3E F11H fu % TR

2022 4 9 PACKAGING ENGINEERING <11 -

=i he Bl 2 e EL7E PR R4S U R B R

F%, M, AYE, FW, KEF, HFKE
(R Epol Ry MERR: 5 TR, Bat 210037 )

WE: B8 AZBROEREFDWO R RAREHGREZE, T FEFOZHBROEEARR, K
Aemsg ER#MGE, £ 180°CTF AR 10h, ##F =48 4 (Spruce carbon dots, S—CDs ), FH¥ & & A T
WEsen, ddEg s (HRTEM ), R A 284 (AFM ), X H&ATHAL (XRD) A% #F S—CDs
M, SN, LFARF R FHAERITEIE, %R S-CDs ZE#H4k, FH4E4%EH 349 nm, &
FEEH 045%, HEABAEA C-0. C=0, N-H FHAH, KgkidF, £ 365 nm ¥ TFTLRBEE
MR, R ALK Bk S-CDs B A T Flsshml, S—CDs xF Bk I th BUF v BLbk, 1 T BERE A
0~1 mmol/L A, HIE&M K KIBIE FinrlFao s TEEKEZ 1A ZHRAFHEMERX R (R™=0.968), g
FR4E (LOD) £ %] 0.045 mmol/L., £ UZHEFRCENLE—BIR, KA EETEN T FEE
My S-CDs, FIT EF=HBAREEHG KA AAh ki,

KW : BERAZAHRGE,; Kkik,; i, FEEN

REISHES: TQI27.1 X#ERIREE: A  XEHS: 1001-3563(2022)17-0011-09

DOI: 10.19554/j.cnki.1001-3563.2022.17.002

Preparation of Carbon Dots from Spruce Wood and Its Application in
Detection of Formaldehyde

LI Ying, LIU Kai, HU Miao-yan, XU Li, ZHANG Wen-qing, XU Chang-yan

(College of Materials Science and Engineering, Nanjing Forestry University, Nanjing 210037, China)

ABSTRACT: The work aims to provide a new way for the secondary utilization of waste spruce wood packaging. Waste
spruce wood packaging was used as carbon source. Then, spruce carbon dots (S-CDs) were derived from carbon source by
the hydrothermal method (180 °C, 10 h) and applied to detection of formaldehyde. High-resolution transmission electron
microscopy (HRTEM), atomic force microscopy (AFM) X-ray diffraction (XRD) and other instruments were used to in-
vestigate the morphology, crystallinity, chemical composition and optical properties of the S-CDs. In brief, S-CDs were
spheroid with an average particle size of 3.49 nm, and the quantum yield was 0.45%. The surface contained C—O, C=0,
N—H and other groups, which could be evenly dispersed in water. S-CDs were fluorescent blue excited at 365 nm. In ad-
dition, ratio fluorescence method was used to apply S-CDs in detection of formaldehyde. S-CDs showed a good response
to formaldehyde. In the range of 0-1 mmol/L, the values of Fy,7/F 490 showed a good linear relationship with formaldehyde
concentration (R*=0.968). The detection limit (LOD) was 0.045 mmol/L. Waste spruce wood packaging can be used as a
single carbon source to prepare S-CDs which can be used for formaldehyde detection, thus realizing the secondary utili-

zation and functionalization of waste spruce wood packaging.
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Tab.1 Scheme of FA detection with S-CDs

S-CDs #WIARY  WREFRIARY  WESREE,  KEEBY

mL mL (mmol-L™") mL
0.5 0 0 9.5
0.5 L5 0.02 8
0.5 L5 0.2 8
0.5 1.5 0.6 8
0.5 L5 1 8
0.5 1.5 2 8
0.5 L5 3 8
0.5 1.5 4 8
0.5 1.5 5 8
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Fig.1 Characterization result of optical properties of S-CDs
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Fig.2 Characterization result of morphology and particle size of S-CDs
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Tab.2 Elemental analysis of S-CDs and spruce
wood powder

S-CDs H Y N £ EZ S E&E T EAMH R N It
EoE, XUHE S K PGETT LU s AR N
TCEER R E 409 S-CDs H, X1k S—CDs i3

BT R I B4t Tl g 1] 4b—d HAAREL T

S—CDs )i Z B itk FI'E R4 . M S—CDs 1)

. JoT i 3 %
FE
Cls O 1s N Is
S—CDs 74.54 24.49 0.97
AR 68.56 31.01 0.42

C1s Eliik ( 4b) nJLIE ), 7F 284.6. 286.2, 288.8 eV
F 3 g, ArlstR; c=C/C—C. C—O/C—N,
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K3 WL 4c, 7 399.8. 401.2 eV AbF 2 4N, 4
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2T+ T S—-CDs L JHF H kI ) ol g4 . S—CDs
O JLE Y XPS EE N 4d Fi, O 1s BEAEFE
2 AN I, AR AT 531.8 eV C=0 )PFi1 533.2 eV
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H 4R sh oI, 762939 cm ™' 1 2 880 cm ' ALAY K
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1T FT-IR RAE, X =42 ARy S 0 5% 8 4T T
FT-IR EAE5 4. HIE 5 fJULAEWE, ANk
H#EA O—H/N—H (3319 cm '), C—H(2880cm '),
C=C (1594, 1518cm '), C—N (1412cm ). C—O
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KRGt KSR JE PR R T — S AR [ 2540 (AR R
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Fig.5 FT-IR spectra of S-CDs, spruce powder and residue

MRYE LA B34, FEEh & O RIE A ek, IS 1
T S—CDs HIE ML, S—CDs & MR 43 3
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5% 8 1Y 21 48 618 78
FAME 1 768 cm ' &b

&3 FRAKRFEHRALL
Tab.3 Comparison of different wood-based CDs

Ko RV T HAWR A AR, 2 EES R
IR A ] 8 A A R

/3l il 4 7 i Bl P T /% AR/ nm Z:7% Sk
PN IKAGE 0.45 456 X
FRST KA 1.60 423 [25]
AR KA 4.69 447 [10]
AR KL FrigmR 400 [26]
AR TR MR . LT 47.4 430 [27]
AR KL 440 [28]
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HH, XA RES SRR RN, A, XN
0.5 mL PRE/R MR (FEEA, FA) BN 0.5 mL
) S—CDs AW, HAE 365 nm LEHM AT g8 i i
ININETIG S—CDs 26 ARLIE ML, S5 5RanE 6 frn .
& 6 nfLIEH, S—CDs IFWAE 365 nm £4MT N &
RS, MAER I B, O AR
FEAS B HE F B 4 T o 3 UE B B EE T LA 58 S—CDs
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0.6. 1.2, 3. 4, 5mmol/L) ¥/NF| S—CDs iFWi T},
TERN 10 s J& , FIHZOEEEEETTXT S-CDs/FA 1A
WEWGATRAE, FRARLERAE 7 Fis. WE 7a s,
TE 365 nm EIMEHUA T, AEMEERHEXT S—CDs
VTR 6o FEAT 25 AN R B ) 3865 Bt FP TSR P 1Y)
Hahn, S—CDs MYZGHR BB, HIE 7o AT%1,

1E 0~1 mmol/L N, S—CDs 1Y% G i i F 4o ; 78
1~5 mmol/L P, S—CDs [ 2¢ 0 B2 S22 34 . an &l 7¢
fii7R, 7E 0~1 mmol/L PN, Fayr/Faoo 5 WM FE 22 6] 4
— MR EERR, BEREWN L TR

3=0.088x+1.417,R*=0.968 ; £ 1~5 mmol/L N, F1427/F a0
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Fig.6 Images of S-CDs and S-CDs+FA under
the 365 nm UV light
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Fig.7 Formaldehyde detection performance of S-CDs
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L5 R e R =2 A) A 9% AR AT LR O R 3=0.003x7—
0.006x+1.507 F78, R*=0.993, iid= (2) &%
FI| S—CDs A6 I FF I i 46 0 BR (& 4 0.045 mmol/L, iX
AR T (5K &4 HEohn e ) POT e AIL5E Y P I e v
VFHERCHEE (0.17 mmol/L ), [a]iHisdE & #r T [
CA AR K bR ) PO A AR R 7K v FR RS 35 S
AeH A9 (0.030 mmol/L ). HILFI L, S—-CDs A
EA AR A DGR R R T A 5 K RN AR K R )
I

H T 5T S—CDs A FHEE (Y AILER , 3 L X S—-CDs
SN S—CDs/FA W BGIEAT T 440 AT WL 1E T o
WE 8 Fr7n,, S—CDs % U S—CDs/FA ¥ I 58 A AT
DG OGTERRL, YI7E 224 nm F1 280 nm 404 2 4>
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