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Preparation and properties of nitrogen-doped carbon dotswith carbon
black from waste tires powder pyrolysisas carbon source
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Abstract: Extensive accumulation of waste tires, which is hard to decompose naturally, have led to serious
resource waste and environmental pollution. Carbon element, primarily contained in waste tire, making
them an ideal precursor for the synthesis of carbon dots. N-doped carbon dots (N-CDs) were synthesized by
acid-free one-step hydrothermal synthesis method using waste tires powder pyrolysic carbon black (CBp) as
carbon source and ammonium persulfate (APS)-triethanolamine (TEA) oxidation-reduction system as
oxidant and N element as doping agent, respectively. The synthesis conditions of N-CDs were optimized by
orthogonal experiments, while the composition, structure and fluorescence properties of N-CDs were
characterized by FTIR, XPS, TEM and steady-state fluorescence spectrometer. A fluorescent ink for
anti-counterfeiting was further prepared from N-CDs and evaluated for its performance. The results showed
that N-CDs exhibited a basic spherical structure with a particle size of 3~6 nm. Under excitation at 325 nm,
N-CDs displayed a maximum fluorescence emission intensity at 410 nm, indicating its wavelength-
dependent fluorescence emission property. The photoluminescence quantum yield of N-CDs was 5.14%,
which was 12.5 times higher than that of carbon dots (CDs) synthesized by chemical oxidation method
using nitric acid as oxidant. The anti-counterfeiting fluorescent ink emitted blue-green fluorescence under a
365 nm UV light, and luminescence phenomenon still remained stable and obvious after 7-day storage.
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1.2 FHik
1.2.1  #FE5% 204 &

W PR ik A2 & I R L B oK R K &
FEA VRS 1K, BRR S min, SR T 40 °CHi X T4
FETPT R 10 h, FRBIFUALEE IR, &,

1 10.00 g Tl ik 35 5 itk I A SR £ A4, ik
ANAGE g yh, WEPNIETI R-0.5 Pa; 88
J&, VA 10 °C/min FHEERFHE 2 400 °C, #Af# 1 h;
e, ARBHIZERE, 55 3.75 g ik, b
&b (200 H ), idk CBp-1, #&H.

H4 10.00 g ToUAL3E P 4 B by in A 20 R E S il
ANRFE ey, WEPNE S -0.5 Pa; 88
J&, LA 10 °C/min BYERTHEZ 300 °C, #4i# 1h 5,
THEZ 400 °C, FE## 1 h, A0, BB, 1585 3.45 g
7=, ek CBp-2.

H4 10.00 g THUALIE P 5e A Ry i A 20 W E S, i
ANEGE B, B NE T N-0.5 Pa; &
J&, LL10 °C/min BEEFEFHR E 300 °C, #A4f# 3 h,
B, WHEE, 53] 3.52 g 754, idh CBp-3.

1.2.2 N-CDs # %) %

K TCIR — K Al $5 N-CDs, K 0.40 g
CBp-1. 4.00 g ( 17.5 mmol ) APS, 0.52 g ( 3.5 mmol )
TEA. 60 mL £ & F KM ANAF] 100 mL 7K i
S BEFPE AR K IR N AR, 7E 180 °C
TRMN 15 hy B ARGHBIEER, BBy,
8000 r/min E§.L> 10 min, B LA KBORL AR S 47
FH 22 pm PR EIS , TERE KT ENLE (8
BT A 1000 ) iBAT 72 h BEFREEEN,
SRIGE R T (=50 °C, 3 d), 193] 6 mg B (A [#
&, BI-h N-CDs, =% 1.5%, it & N-CDs-1, Hfil

AR ERLA 1,
I
APS/TEA e

—_—> e .
180°C,15h ”{%
! N

CBp N-CDs

Kl 1 N-CDs il #id fm EIE
Fig. 1 Schematic diagram of preparation process of N-CDs
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CBp-1 IMAZ] 100 mL #JF 6 mol/L i HNO; H', 7E
110 °C NN 24 h, B0, W398, fELE TR HIE
BrASC R EAARXT 40 i 1000 )iEHT, FRT(-50 °C,
3d), 53] 4 mg AR OMA, BBk, idh CDs-1,

1.3 ZHHRESHEREMIK

TGA MK : N, 4UF, FHEHA 10 °C/min, =
15~800 °C, EA Mlik: CHNS/O #i=, #ifk Jy i
R, o S S A . FTIR M: KBr
JEF 2, PBGE R 4000~500 cm ™', 4338 4 cm !,
FREER 32 WK RLARIMNE « RGN KALEE 53 B A3
SE L MRIEEE 25 °C, TEM . TAEHE 120 kV,
SAHER 024 nm, BORREEL 1.1x10° £, I &
200 KV, A4FEER 0.23 nm, 4% 0.10 nm, {5
B 0.12 nm, H/NRHFERSF 0.2 nm, ] Nano
Measurer #42:%] N-CDs AY40 KK A2 5041 T £k
XPS i : Al K, AHFEIE, JFLLC 1s (284.8 V)
R WS BARSEATALOE, R STHE 10 kV, KETH
Wi S mA. UV OGS : 8 /> & N-CDs By K%
FEREFK, i HN-AT W38 21 785 Y606 B -
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WTRBE K, i FL MRS S 7 A A3 % B
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i N-CDs i RIE T LB TK, UEBETFKITIE,
D7 A S TE B AR B R I B R ek, I
LA BRI 4% N-CDs 19 QY.
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(1) ZESNHAE] A 16 h, CBp-10.40 g, m(APS) :
m(CBp-1)=5 : 1. n(APS) : n(TEA)=5 : 1 &MFF,
HE VIR (160, 180, 200, 220, 240 °C) Xf
N-CDs 7 Z [} 50

(2) FER BN 220 °C. CBp-1 040 g,
m(APS) : m(CBp-1)=5 : 1, n(APS) : n(TEA)=5 : 1 Y
MR, BERBAE] (12, 14, 16, 18, 20h) Xf
N-CDs J= 2[5

(3) TERBIRIE R 220 °C . S AfE] N 16 h,
APS 2.00g. n(APS) : n(TEA)=5 : 1 &AM, %%
YR (Cm(APS) : m(CBp-1)=1:1, 5:1, 10: 1,
15: 1, 20 : 1) X% N-CDs =R {50 .

(4) fERBRIE RN 220 °C . JBEFE]N 16 h,
CBp-10.40 g. m(APS) : m(CBp-1)=5 : 1 FU&MTF, %
K n(APS) : m(TEA)=2: 1, 3:1,4:1,5:1, 6:
1 %} N-CDs J= 5 {5200 .
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142 ERXFEHEHT
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B [m(APS) : m(CBp-1) ). C [n(APS) : n(TEA) ). D
(JViRstE] ) AR ZE, P N-CDs f= R NF8hs, #iT
VU R = A RIEAS LS (R 1), B TR &M
X} N-CDs j= #1520 , LA E G 8 N-CDs H e
IRy o

# 1 OIEEE BT

Table 1  Orthogonal test design table
2 K-
1 2 3
A/°C 220 200 180
B 5:1 7.5:1 10 : 1
C 5:1 4:1 3:1
D/h 16 15 14

15 WHBIHERE

N-CDs FY%¢ 6B P LR R AR AT . o sext
AR R IEATAE IR, PRFFFEE T4 . 5 N-CDs # K
A OE LB K, B R ER B 40 g/L K
AYEOR, R ALEE 30 min, VENBIONERK, TEHRA
LEBEFR “SYUCT”, I 365 nm /MR LT HE S,
MEEH AL .

2 ZRE5i{Tie
2.1 CBp WI#IZF RS

JRE AR R E R . B, C TEF
H Ik 76%, SRR S AR ERARERIE . B 2 MK
BIEH) TGA 1 DTG k.

391.6 °C—> 1-0.7
0.8

30

0 100 200 300 400 500 600 700 800
B/ C

K2 REHRB TGA I DTG HiZk
Fig. 2 TGA and DTG curves of waste tires powder

M 2 FTLLE W, RERIG kA BBk R
300~450 °C, IRJETHZE 800 °Cl, iS5 m,,
ol % A = I I E S BCh 35.5% 0 AR R $A i
FHA N 3 AP B S — I Be & AR AE 30~300 °C,
JRE IR A 4.7%, F B R K A3 B AR v Bl 3
VER TSN o B EEA L EXE], DTG ik
FE 300~450 °CHIBL T A Ay L F g, IR KAFE
TR B TR X (R Py K A B A, BEAE C—C ERER T,

R H W3, 251 kR KaFHEMEE; 5=k
BtAE 450~800 °C, LB Bzmy B 416 3228 2 th $A i
B 1 B — SO ik 1) B 7R 2 — 25 A O o

K 3 MA@ T 2T CBp B9 FTIR 3K . A
MLICE i 80 % CBp-1 FIZR M N330 [(RiAR 5 i
S

1 1
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Fig. 3 FTIR spectra (a) and organic element mass fraction

(b) of CBp, as well as particle size distribution
curves of CBp-1 and carbon black N330 (c)
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W I ) & T3 | C—H s th g sh 7, AR
P T2 B R = P I E FN ISR 5 N330 AH2E
K,

MIE 3b 7] L i, CBp-2 5 CBp-3 #7853,
H G5 E, C JuE e B ik .
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CBp-1 #if5E 4, H.O JLE w4 N330 #1124,
M 3¢ iTLAH, CBp-1 FH4i4% (831 nm)
W% KF N330 (722 nm ), XAIHEEHN, R
FE S o T BT T AR A 7= 0 2 LA R 46 e e Ok B
e O] BRI RN AR A R P A R K Gy, S U
AL R CBp BLAR IS K
25 R, HI4 ) CBp-1 B9 C. H. O Fif4y
BN 88.93%. 0.34%., 0.24%.
22 N-CDsH#l&. Ak, SFHREBEST
221 RHEEEBSMN
4 g N R EE ST N-CDs =R B 520 .
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SRR BE/°C
K4 SR N-CDs 7 3 ) 3]
Fig. 4 Effect of reaction temperature on yield of N-CDs

M 4 vT LA, Bl N B A T, N-CDs
FERGNE R ETE, 7E 220 CRBARIRK, RIF T
Rk R A e, TRLEE (9 i — 20 T e T 2 T 3 B e
b, Er=giie, F=RpE, Mk, w3 4=
RIS fe (U BE AR R IE 28 S0 AR i

5 Ry SR ) N-CDs 7= 3R A 521
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;g EIN
Bl s SB[ X N-CDs 7 31 5

Fig. 5 Effect of reaction time on yield of N-CDs
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mE S rTRVE H, Bl KON B[] 9 20 i K
N-CDs = 35385 TR, MRS 16 h B,
N-CDs =R IAF K, 16~20 h P2 R T [, [
1 N PO TR A% 1 Vi A e VA G| BU R IS5 '8
AL, SRR, R RN K,

SEIRCRAR T IR, BT & B N-CDs 7= % i =
14 52 7 B ) B S DT s i) Ay 1 528 52 06 A8 o
& 6 & m(APS) : m(CBp-1)%} N-CDs j= 3R A 50
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P

Kl 6 m(APS) : m(CBp)Xf N-CDs 7= {5 i
Fig. 6 Effect of m(APS) : m(CBp) on yield of N-CDs

Hi1E 6 AT LI i, B m(APS) : m(CBp-1)i&
WK, N-CDs PRSI TR GE TREMN
R BVE AT APS FHE BN 20, 1Eh
IRAY CBp-1 JHFEE 4, L, W= R TR,
24 m(APS) : m(CBp-1)=10 : 1 i}, N-CDs F=&iA %]
R, TR S % i, EE TR A
772 N-CDs B A A AR A IE A L AR

&l 7 4 n(APS) : n(TEA)XF N-CDs 7= 3R [ 521 .
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0.6 o — & >

§ 05+

04t
03}
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Kl 7  n(APS) : n(TEA)X} N-CDs 7= {52 i
Fig. 7 Effect of n(APS) : n(TEA) on yield of N-CDs
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N-CDs = Z5EH 5 6, 24 n(APS) : n(TEA)=5 : 1 i,
N-CDs ;=% iz k. TEA fERBEF], BEUWEIEIE APS
(o U ER e, AR s 2,
FEAAT T AR T 5 M SRR S B IR, & 5 APS
Ko He RN T AR 4 F 3R, N-CDs 7= 3R I .
I, ARSI R 777 R85 1 n(APS) @ n(TEA)
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5, TR SRR ROR SOMRE 2N R, DU
i (220, 200, 180 °C ). JZMiAfE (16, 15, 14 h),
m(APS) : m(CBp-1) (10 : 1, 75:1, 5:1) Al
n(APS) : n(TEA) (5:1,4:1,3:1) WHERHNE,
WFFEAN IR B 6 A:%F N-CDs 7= R 1520, LITHE &
& N-CDs 9 fiefE 5514

222 ERXRFHLER

7 2 4 N-CDs % 1Y IEAC LR 45 2R .

# 2  N-CDs il £ %) 1IE 38 SL 560 45

Table 2 Orthogonal experimental results of preparation of

N-CDs
e 4&@ Bm(APS) : Cn(APS) : D?@ pa—
IRE/,C m(CBp-1) n(TEA) M TE)/h
1 220 5:1 5:1 15 0.80
2 220 75:1 4:1 16 0.58
3220 10: 1 3:1 14 0.90
4 200 5:1 4:1 14 0.68
5 200 75:1 3:1 15 0.93
6 200 10:1 5:1 16 0.88
7 180 5:1 3:1 16 0.53
8 180 75:1 5:1 14 1.05
9 180 10: 1 4:1 15 1.42
K, 2.28 2.01 2.73 3.15
K, 2.49 2.56 2.68 1.99
K; 3.00 3.20 2.36 2.63
ki 0.76 0.67 0.91 1.05
ks 0.83 0.85 0.89 0.66
ks 1.00 1.07 0.79 0.88
R 0.24 0.40 0.12 0.39
B ZE EK B>D>A>C
K A3B;C\D,

M 2 TLLAESE, m(APS) : m(CBp-1) %}
N-CDs /= #5200 iz i 3 ( R=0.40 ), HIK 73 52
BN BT ( R=0.39 ). B i BE ( R=0.24 ) FI
n(APS) : n(TEA) ( R=0.12 ). ¥ 1E3C L5 7 M 45
B, W N-CDs seAEH 5 RN 4540 m(APS) :
m(CBp-1)=10 : 1, n(APS) : n(TEA)=5 : 1, XV i
FE 180 °C . S JWiMt[E] 15 h, TEA it 5 APS &4
FALIRIF N, AEHET APS By, 04l il
APS 1B R K A A A AL EE DT, BRAR T S
T P R I R
223 HUH oM

[ 8 3 N-CDs-1 ) TEM & FRLAR 43 A 11 26

ME 8 ATLIFE Y, N-CDs-1 FA BRI, 208
B8], FAEW A A S80Ik (18] 8a. b)), HokIfR
FEAAE 3~6 nm, e RRAEH 5.31 nm, H/hkE
%4 3.58 nm, “FIKiEN 4.26 nm,

g

3.0 3.5 4.0 4.5 5.0 5.5 6.0
ALAE/nm
Kl 8 N-CDs-1 FEAFFAMEEC T TEM B (a, b) K&
kA2 (¢)
Fig. 8 TEM images at different magnifications (a, b) and
particle size distribution curve (c) of N-CDs-1

2.2.4 LR

[l 9y N-CDs-1 (1) XPS 1% /4 .

ME 9 FILLEH, N-CDs-1 7E454HE 282.7.
399.5 1 523.8 eV &b A7 3 AN, 3 HIXF AL F C 1s. N
Is 1 O 1s, JEFH 380 HA 70.83% . 4.30%F1
24.88% ([ 7a). C 1s WyE43#E XPS & (& 9b)
Al or iR 4 N, 435k 288.0 eV (C=0/C=N ),
286.5 eV (C—0O). 285.6 eV (C—N) F1284.5 eV
(C=C/C—C) " N 1s BIF53 9 XPS & (K 9¢)
A 43 A 400.8. 399.7 F1398.5 eV 3 NI, 25Xt
N7 88 N, kg N OFIIERE N, —#53 N i F15 24 2|
Az, 53— T N-CDs-1 £EY, 128 N it
AR 2R AR C T, 395 T N-CDs-1 [y 35
B, AEREE TIRT ;A N Rt —XF IR T, B
SRR sp? LB R, BETR e TR, 4R
DEICHRSE ; MERE N A Tiigk, I TFAS S
IRR, HINER ST BRE A R SO0 BBk G, SR E T
PR AL, %k N B2 SRk SR PUE ) e e
JE 22 5 SR SRR a R

a c1s C 70.83%
Ols N 4.30%
O 24.88%

N

800 700 600 500 400 300 200 100
A ReleV




555 S, S BERE IR R A SE o 0 DR 4 SRS A R T S

© 1027

204 292 290 288 286 284 282 280
ey Y

404 402 400 398 396 394
Gitrh/eV

d
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Fig. 9 XPS spectra of N-CDs-1
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