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Abstract

This study utilized enzymatic hydrolysis lignin as the raw material and successfully fabricated a
hierarchical porous carbon adsorbent (K-NHPC) through a combined process involving hydrother-
mal pretreatment (with urea as the nitrogen source) and KOH activation, aiming to explore its ad-
sorption performance toward perfluoroalkyl substances (represented by OBS). The results indi-
cated that the prepared K-NHPC possessed a high specific surface area, abundant pore structure,
and uniformly dispersed nitrogen elements. Adsorption experiments demonstrated that K-NHPC
exhibited excellent adsorption performance for OBS, and the adsorption process conformed to the
pseudo-second-order Kkinetic model and the Langmuir adsorption isotherm model, indicating mon-
olayer adsorption dominated by chemical adsorption accompanied by physical adsorption. Ther-
modynamic analysis revealed that the process was spontaneous, endothermic, and entropy-in-
creasing, with all AG values being negative. This study provides a novel adsorbent material for the
efficient removal of perfluoroalkyl substances from water, demonstrating promising application
potential.
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Figure 1. OBS standard curve
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Figure 2. SEM images of EHL ((a) and (b)) and SEM-EDS images of K-NHPC ((c), (d), (e) and (f))
& 2. EHL & SEM [E((a)F(b))F1 K-NHPC K SEM-EDS BLEEE((c), (d), (e)FA(F)
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Figure 3. TEM images of K-NHPC
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Figure 4. (a) N2 adsorption-desorption isotherms and (b) pore size distribution curves of EHL and K-NHPC
[ 4. EHL #1 K-NHPC YRS - Bt fiS5iR 2k (a) FLIZ 2 Ik (b)

(4) hr2XiE(Raman)

N T T RRARI SR KT TE AR SRR, 3 T B2 ik K-NHPC BEATRFEFI 2347
K-NHPC )42 i (4] 5)7F 1353 cm L Fil 1578 em ™ [T 7 Hi i i D AN G i, b D W& 5 0% %

DOI: 10.12677/japc.2026.152008

76

YrE AL st it


https://doi.org/10.12677/japc.2026.152008

BEF 55

FERFALE A G, G U5 A BT sp? & kF k. D IS G giymAR Lt (Io/1e) AT FH T PPN B A L
(2R TH Sk B 7K~ A 5540 FE B . D-band F1 G-band #35#AT ., K-NHPC 1] In/lc fH£1°8 1, D g5 G I
(UG fE e P L P AR . X AT RE R %R i R B A R ROBR S A L, (R B — LB IE O T X 3,
HEA—mmasummE, GFFRH5 5.

D-band G-band
\ /

3

g

oy

172}

=

2
=

1 1 1
0 1000 2000 3000 4000

Wavenumber (cm™)

Figure 5. Raman spectrum of K-NHPC
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Figure 6. Kinetic curve of adsorption of OBS by K-NHPC
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Table 1. Correlation parameters of kinetic models for OBS onto K-NHPC
% 1. K-NHPC I} Fff OBS BIEhHFRBEASH

Co (mg/L) 50 100 150
Dy — B
ki/(1/min) 0.108 0.0970 0.0623
Qe (cal)/(mg/qg) 118.65 212.12 299.63
R? 0.990 0.962 0.954
Py iy
k2/(g/mg-min) 0.00199 7.20 x 107 3.09 x 107
ge(cal)/(mg/g) 121.08 221.12 316.15
R? 0.924 0.987 0.984
Elovich 752
a 47379.74 17565.26 571.03
b 0.119 0.0585 0.0276
R? 0.967 0.778 0.978
K79 B
K1/(mg/g-min®5) 20.17 20.75 40.48
C1/(mg/g) 4.93 37.15 12.93
R 0.968 0.824 0.946
K2/(mg/g-min°®®) 0.45 1.74 11.35
Ca/(mg/g) 111.16 185.87 161.34
R 0.302 0.621 0.947
Ka/(mg/g-min®3) / / 1.99
Ca/(mg/g) / / 270.96
R / / 0.346

N 1R, K-NHPC Wt OBS It R K WIS RIAL 2 B, (B UG EI B e O =40 J1 A4
R E TR M R AT REVE, IX AT REMERE 1 vt AFE SRR N ety — sh 2R S5 4.
— B AR B I R — BRI B 5, R E T A R TR R . SR, ETRE
ANTERI T HR B A B AR, G 2 B 5 T AN 8 50 s B I R 0 S A 22 R B o Elovich A7
P 3R AR Yo SR A T AR BRI R S AR 30 A 24 B B R o S T AR AR o B RS S PR 3 4 [ PR B 4%
TIRTIT /1N » 3K AT B A2 FE T VB RS 30 T o7 e ) R 0 A AN 45 50 B B it 7 W B 750 i e 8 52 PR

WO R — i Al PRBCRCGRIY H. W3O M =BGRERIY G 2 W oL g™
1), FLrpRl AR KRR I IR . W B OBS I Ky > Ko > Ka, R BIREAE I AUIEAT, WAL RZ A o5 9
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3.3. MR

K-NHPC W [ff OBS HIZEIR AR AU 7 Fior, sh /Al & s 35 2 fros . s — R %ol
Al LA SRR 301.15 K. 311.15 K 36 /& 321.15 K i, $L& Wt OBS ) Langmuir [R5 A& e d 1
{2 Freundlich BEAYF1 Temkin BEALAHSC RECA B KT 0.95, A RBCRELF, R\AGFIEIEII SRR
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Figure 7. Isotherm fitting curves of OBS adsorption onto K-NHPC
& 7. K-NHPC IR Mt OBS BRI & BhZk
Table 2. Isotherm-related parameters for OBS adsorption onto K-NHPC
7 2. K-NHPC I Hf OBS MR MR A S H
T (K) 301.15K 311.15K 321.15K
Langmuir
gm/(mg/g) 325.56 419.16 464.39
Ku/(L/mg) 6.95 17.31 12.04
R? 0.941 0.979 0.987
Freundlich
Kr 134.16 79.90 108.75
n 0.188 0.340 0.314
R? 0.857 0.951 0.952
Temkin
b 49.99 28.02 27.29
Kr 5.66 0.56 0.91
R? 0.890 0.970 0.974

3.4. WMiRAZE

EAFRIRE R, K-NHPC Xf OBS f] AG (kJ/mol) Ayfifl, XMW FE R B ABTH(LE 3). Ff
FEIREM TR, AG MAAXHER K, R R B R, IX5h s, miEa AT . F,
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OBS ] AS (J/(mol-K)) AIEME (L7 3), EMREWIMILFER RGHITE 7R IN. IE{ER AH (kJ/mol) Il 5 B
W B I R AR I, DR LR e A B I A BT R B R A 3 5

Table 3. Thermodynamic parameters of OBS adsorption by K-NHPC
Fz 3. K-NHPC IR Ff OBS By 1 5%

T (K) AG (kJ/mol) AH (kJ/mol) AS (I/mol-K)
301 ~2.993

311 ~3.884 22.89 860

321 ~4.711

3.5. WRBHHLERHEN

I EE R AR AT R, AR BRI AR LRI FLES K, HORER 7 FLBR I EAR /N T 2 nm.
X —RIKH, WX G 7 T I B FE 52 B LR /N s, FLRR A 78 70 W B 72 H ] B 45
TERE . B EOGIEFI EDS BEIE M HTIESE, K-NHPC & & 75 & sty ER M EF5, (B0 SRR
BK. XU FARLEM T EHREE RBGVE ¢ BTIXE, B%WAIER o B IRk, 5153945
FRAE m-n AHEAER . BT HREME K-NHPC #4717 N &0, H#EM OBS 7l iS5 K-NHPC H1 1) &%
BRI A EERSEE . 25T DU XTI B R R AR S SRS IR B )% SR AT ER, K-
NHPC f OBS W B ALEE 24 fLRER . SRkl SN o A EAEH .

4, g5ig

AT TEIE T MR A BRI, DK - 3SR AT e, Dl % 1 R 5T 2R 2k AR o B B
7 R BR RK  B A R ) o DURR 3 9 R, Sl I /K IATIAL B, JFAI T KOH 1 9id (LRl AT s 1k,
% T K-NHPC AR, iZA1REXE OBS JEILH L7 W BN TR RE, B RPN &0 410 mglg, T [RISE )
WRBRFR . B TR - TR RO . B B M ERAEEOR . HEE RIS IR AT A, IR
T T KN - IR R 25 1R 00 2 2 SLBRAE K AR P 0 s I RA S TS G 0 5 B il . OBS fEAEMIR 1)
W B AT NS 5 BRI AR, R IIR Y 2 B AR AR AR R R HT . RN, WRP AR R B AR 1, BER
AW BAR AT AE 22 PR R s o WRBRTATLAR AL 20 B O T 5 RTINS P BE AT BRI B A1 ] - K-NHPC Xt OBS
AR P ALEE B G SLBIR T sl AR -n MEAE M . A0S E OBS JRAKHMERIRAL T
R PREACU I AARL, BT R R T

E&WE

AW FEIRAF I R Tk K AR B I 25 (FBF 2yl ) W H (No. KYXL2025082) i /g Tl oK 2240 2%
A T2 B AR A G138 5 Bt Rl B 1 H (No. HGCXPY 2502) 1) % B .
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