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Abstract: The porous two-dimensional carbon nanosheets with high graphitization and defect sites, designated M-C and M-N, were
successfully synthesized via molten salt-assisted pyrolysis of glucose, with oxysalts (K,CO; or KNO;) as additives, respectively. The
oxysalts significantly enhanced the specific surface area of the carbon nanosheets. Particularly, KNO; promoted nitrogen doping in
M-N, resulting in a maximum adsorption capacity for acid orange 7 (AO7) of 480.77mg/g, surpassing that of biochar (BC) from
direct pyrolysis and M-BC from molten salt-assisted pyrolysis without oxysalts. The adsorption and catalytic degradation of AO7
removal over carbon materials exhibited a synergistic effect. The catalytic activity of M-N in peroxymonosulfate (PMS) activation
was 22.64times that of M-BC and 33.48times that of BC. Additionally, the impact of nitrogen doping and other structural defects on
the non-radical pathway-dominated catalytic processes was preliminarily assessed using density functional theory (DFT) calculations.
This study indicates that oxysalts can significantly reduce the amount of molten salt required in the preparation of carbon nanosheets,
and also provides theoretical guidance for developing bifunctional biomass-based carbon materials for highly efficient organic
pollutants adsorption and PMS activation.
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Fig.8 Adsorption kinetic of AO7 with different concentrations on M—N fitted by different models
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Table 2 Kinetic parameters of AO7 adsorption on M—N 1
- =—1 Z (16)
) ) o AO7 s + kG,
224 7] E 4 _ _ — S N .
%*Ej: CTZOmg/L CrSOmg/L Cy 40mg/L itl:l:‘ kl(L/lTlg)%D kf((mg/g)(L/mg)l/n)%%Ujg Langmulr
Geen(mg/g) 3820680  402.7477  421.5474 R o s . e
2 Geca(mg/g)  363.6693  382.6278  396.2608 ~5t 7 BOR Freundlich 25t 7 40k Al f 9 Temkin %5
AIE ki) 0412 0501 0703 MU EIH B, SRR R B K I A
R 0.9808 0.9752 0.9844
mg/g.
Geexp(mg/g) 382.0680  402.7477  421.5474 A N
\ . " - .
Mo Geca(mglg) 3824218  400.1595  408.8154 A Mg S8 WK 9 IR 3 AT
Ik ka(g/(mg min)) 0.0025 0.0029 0.0044 Freundlich #% 7 ( R2=O.9623) - Temkin A% 7
R 0.9980 0.9939 0.9944

kg (mg/(gmin') 353421 200589 163038 (R’=0.9513),Langmuir 1571 (R*=0.9973) & fi& Y f 4

it BB T Cimgle) 231.0666 2924213 328.4456 R M-N X} AO7 W it 45 26§87 AO7 7E M-N &
LY TA

ot R 099% 0868 ORI8 {fityg Ah A A8 b 2 O e
kiga(mg/(gmin'?))  7.2512 7.6988 8.9969 N .
i pidl A I M 2 ok
" Bt 2 Cy(mg/g) 328.2782 347.2233 351.6653 Langmulr *%j:VI‘ﬁ E/]E_X‘j( & Izﬁ‘/ﬁ’ijj 48077mg/g,
e 09369  0.9341 0.9859 HHEOWRIER AO7 W FIAHILGER 4),M-N EIL
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4. k4 4n (16))FMETE 0.0486~0.1328 2 ], B34 7E 0~1 1)
1 PLIX— &5 454 Freundlich A8 1/n /N T 1 ()45
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Fig.9 Adsorption isotherms of AO7 with different concentrations on M—N fitted by different models
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Table 3 Regression parameters of adsorption isotherms of

AO7 on M-N
WS B A5 e R ZH Bl
gm(mg/g) 480.7692
Langmuir F£7! k(L/mg) 0.3265
R 0.9973
k((mg/g)-(L/mg)"™) 300.5097
Freundlich 4574 n 9.4065
R 0.9623
ke 443359
Temkin FE7! f 556.3633
R 0.9513

x4 ZSMEHFI AOT MEABRMAERE
Table 4 The maximum adsorption capacities of various

adsorbents for AO7 removal

W B 51) gm(mg/g)
kBT 82.56
TR M K S A R B8 180.04
FNEEHE = H IR 2 A ) 355.89
AL R 99.00
M-N 480.77

2.3 MBI IERE

BT MANFE ST AOT DI W B PE e, Se 064 T
T 30min (17U B S 56 AT W B - i B 5N
PMS i3 Bl AL R AR I 2 1 A0 SR HE B IR B A FH S
EALILRE T AOT IR JEEREAR K ook, i LRI AOT
PR AT S

#*5 AO7 WRHIFNREAE R 289 pH 1E
Table 5 The pH value of AO7 adsorption and degradation

reaction
Wb : _pHE —
WPt RIAE  WPHSFST JWAPMS X 24min J5§
M-N 5.0 5.9 3.7 3.5
M-C 5.0 5.5 3.6 3.4
M-BC 5.0 5.2 3.5 3.4
BC 5.0 5.2 3.5 3.4

AOT F A LS pH AR 5.0,I% i S50 A1 PMS
I G A AL R TR ) pH (EZAS AL 3R S .
HT AO7 1 pK, {H A 1,7E pH {HAZIL VLN (3.0~
6.0),A07 = ZE LU A7 F far PRk Rk (A1 PRI B 125 1 T X
ELEPMS SIANJETIEH pH HARMA S s LB
A 1T PMS 51N G pH A8 38 4% B kA R HR B 2
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Fig.10 The adsorption removal of AO7 by different carbon

materials under various initial pH
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Table 6 The kg, of AO7 degradation in the carbon
material/PMS systems

2

LA 5 happmin™) R
PMS 0.0013 £0.0003 0.7307
BC/PMS 0.0119 £+ 0.0027 0.9512
M-BC/PMS 0.0176 £ 0.0046 0.9351
M-C/PMS 0.0781 £0.0126 0.9745
M-N/PMS 0.3984 + 0.0285 0.9849
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Fig.12  Adsorption of PMS on different graphene structure models (top view)
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PMS 55 R A28 A7 shio ik 1 45 5 I PR WY, tha v 1
PMS {E G 2 VAT S i B A1 fX Wi B e X 35
s AN SR AR L B A A7 SRR ) P 5
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) 0-0 g

Table 7 The adsorption

energies of PMS on graphene and the

0-0 bond length in PMS in different DFT models

gkl Eugs(eV) lo-o(A)
PMS — 1357
SR A -1.227 1.458
/XA -1.473 1.472
uRib Uk < ] -1.875 1.479
FRTF 130 Sk BB -1.839 1.475
L R 5L -1.949 1.477
e 44 -1.896 1.479
A TF S -2.474 1.479
B A S -2.200 1.480
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Fig.13  The effect of quenching agents on AO7 degradation in the M—N/PMS and M-C/PMS systems; comparison of k,, in the

quenching tests
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Fig.14 EPR spectra using DMPO (aqueous solution) as spin—trapping regent for M—N/PMS and M-C/PMS systems, and using
TEMP and DMPO (MeOH) as spin—trapping regent for M—N/PMS system
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