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Abstract: Hexavalent chromium (Cr(VI)) contamination in water bodies poses a growing threat to environmental and
human health. In this study, a novel quaternized hydrothermal carbon was synthesized from tea stem waste via a
one—step hydrothermal carbonization method. Quaternary ammonium groups (N * (CH 3) 3) were successfully
introduced, significantly enhancing the surface positive charge and thus improving the material’s affinity for Cr(VI)
anions. The adsorption performance and underlying mechanism were systematically investigated through batch
experiments and comprehensive characterization. The optimized material, TSHAN15-220, exhibited excellent
adsorption capacity, reaching a maximum of 464.96 mg+g ™' under acidic conditions. The adsorption process
followed a pseudo-second-order kinetic model and was best described by the Freundlich isotherm, indicating
multilayer chemisorption as the dominant mechanism. The Ci(VI) removal involved electrostatic attraction,

reduction, complexation, and pore—filling effects. Moreover, TSH4N15-220 retained a Cr(VI) removal efficiency
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above 46.36% after five adsorption — desorption cycles. Overall, this work presents a green, simple, and efficient

strategy for Cr(VI) removal from wastewater and demonstrates the potential of agricultural biomass for environmental

remediation applications.
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Fig.1 Schematic diagram of the preparation of quaternized modified hydrothermal carbon
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H, P 328 T Ol 55 O O R I VR RRAIG, Cr
(VD)W Bt b 2 B

AR, FT-IR 1 XPS 45 KW, TSHAN15-220 3
A A7 7F 240 35 A R 2 S0 3 VB RE AT, 1T 2k Co(VI)FH
B AR S Cr Wy 4 5 P B M 67 251 5 5 4 IR B 5
5 v A [ 8 % Co( VD)W B A B S 41 ), i —
5 15 BH A P 52 M0 Co (VIR BRI EEZE R 3R
I, TSHAN15-220 7E A% pH 2541 14 785 Wz B 1 E 2
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Freundlich BYAH ¢ 2 %0 (R?) .3 5 T Langmuir B Y |
H. 1 Freundlich 155 7Y £5 H 1) f5e FC I B 25 1 () 5 52
B {8 A W A, % B Freundlich #5 #0745 &
TSH4N15-220 X Cr(VI) Y Wz B A7 A7, 3 158 BH 1 of 5=
T2 A R Y A R LR B A R 9 I 22 2 0 B AL
il , 3 ] fE 5 TSHAN15-220 2 1 B g 143 4 A5
HW5 L 5] g Fa [ A 45 Z2 R B HILEA G
Freundlich i) Z %0 1/m /N F 1, B2 &) F it
P00 o T3, W B 25k i il ) e T 3 e, 3R
TSH4N15-220 X Cr(VI) 1% 0 B 2 — A~ 0 A 72 78
45 °CF , Hae R i 75 B2 ik 3] 464.96 mg/g. Hitk—
AP IR B MERE K, A SO TSHANT5-220 52
0 3H 1 el K A A S R R B 7 B AH OC Cr(VT)
W B A REEAT T HedE . AnER 2 i s, TSH4AN15-220
F14) i R W B 255 ik v T 22 0 3B 1 Cr(V W B 551
g5 4 B3 5 BTG R R AC B X L 45 R
TSHAN15-220 I H BN F 19 Cr(VI) B RE

233 BRWHAF FEWIHEE(C) R 50,100,
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Table 1 Parameters of isothermal model for adsorption of
Cr(VI) by TSH4N15-220

Langmuir Freundlich
! & K K
(C) (mglg) L ™ F D R2
(L/mg)  (mg/g) (L/mg)  (mg/g)

25 361.50 0.0604 347.38 0.832 124.23 362.21 0.175 0.987
35 408.06 0.1931 375.09 0.682 175.20 409.95 0.140 0.988
45 464.96 0.7071 415.47 0.579 217.88 469.08 0.127 0.975

Fz2 AEWEHFIF Cr(VI)ERARMEFEH LR
Table 2 Comparison of maximum adsorption capacity of
Cr(VI) on different adsorbents

dosage q,, (mg/

Adsorbents T/AK) PH  t/(h) reference
(g/L) g

MPHC-HDA 298 2 24 1 142.86 [27]
SNHC 293 2 36 1 171.33 [33]
HT-N 298 2 24 2 171.23 [34]
PEIMW@MNHC 328 2 5 0.5 205.37 [21]
Fe,0,/¢g-C,N,/CL 308 3 24 0.25 53.09 [35]
0CS-160 298 2 24 3 190.48 [36]
CFHC 308 2 12 0.8 424.09 [24]
NPHC 323 1 2 0.5 343.67 [37]

TSH4N15-220 318 2 24 0.4 464.96 This work

G WE LB 1 FAER K Elovich K575 X 5256 B0
FHUA M o SEHANE 7 (c) FNZE 3 iR, fEWIHA Cr
(VD) g 50 mg/L I, i =2 5 1 2# A m i 4l 40
£ (R?=0.996) &} 3 = T — A A (R?=0.913) Al
Elovich B! (R?=0.852) , & BAR Mk B W B o 2 2
B A BHL ] 3 X AT REJE BT AR S A R
P ZE4 L (N*(CHa)s ) 22 18] 1) i FAH BLVE FE o
TG o H T R R I B FE LA A A
XF¥A], Co(VI)ES T 0l Pl 5 36 PR S 25 A, W B
A G D R A7 A M R R 1 Ak
2R BB

Bifi 25 497 4 1 & T 155 2 150 mg/L, Elovich A& & ()
P PLEE (R?=0.999) i 2 T 1 — 2% (R*=0.803 ) F1l
HE GBI (R?=0.928) , 3¢ B 5y Mk B2 T WA o ok 2 o
FF B B389 0 2 1 ) W BRI o 3 RTRB S T Cr(VT)
BT R 98 3 RE R TR A5 TR A R B A Y
B o0 A 2 B 2 S v . o R S B0 W R
G (B SE 4 B, (4540 B f2E 67 2 s AL B4 i BH 7
BRI DX S0 350 7 5 55 W B Ao e, SR 3k 23 B
) IR AE L, 5548, TSHAN15-220 R 11 & 4%
1)L R 25 44 VR g 141 9 A1 23 1 — 20 1 5 1 0 B A7

PRI UR S iy
£ 3 TSH4AN15-220 i Cr(VI) B3h 1 2E RS

Table 3 Parameters of isothermal model for adsorption of
Cr(VI) by TSH4N15-220

C, Pseudo—First—order ~ Pseudo—second—order Elovich
9.

(mg/ (mgle) k, q, ) k, q, 5 R

L) (I/min) (mg/g) (I/min) (mg/g)

50 125.00 0.043 121.31 0.913 0.00057 127.09 0.996 0.852
100 241.31 0.022 211.4 0.801 0.00013 229.15 0.939 0.996
150 277.38 0.0174 232.87 0.803 0.00089 256.20 0.928 0.999

234 ZHERAWAERAELEL N THEFEILS
B R OPE JE AR TSHAN 15-220 W2 Fff Cr(VI)ERE 1Y
S, AR5 30 o IR )R R 1) 5 4 5 T (AP
SO;"\NO; F1CO3 ) HEA TR BTS00 . 25 R anf&l 8 (a) i
7N, BHES - AL 52 /N 1 B S - NOS . CO3 ™ il
SO; ™ A FHAR U 58 o R FE R 100 mg/LL 1 2L
FEBS T X TSHAN15-220 W Bt Cr(VI)H: g 52 i 47 FR
W o T A 3 2 /N T 20% ., E Bt 5 LA B Tk
JEE B B85, TSHAN15-220 %5F Cr(VI) Fé W B 25 B
TR R IR BE R 500 me/L 14 SO B 7, T Wi i
BB 41.23%., X F 22 F 2 TSHAN15-220 3R [ 47
T BT F0) 25 R A (N (CHs )5 ) T8 et #8 Fi A FH I B Cor
(VDB B F (40 HCrO3) 45 5 52 B[Rl A 47 i far 2 1
(A ], S0 P A R/ 8 55 A B A 1) f A
BB PR A G FESEIR Il Y 3 FP B &5 1
IAFE T, SO HAT 5K 1) L 285 5 R A5 K )
T4t N, X TSHAN15-220 W B Co(VI)H0 i
YER A .

25 X 2 e A AU A B K A X Cr (VI
B 7 96 2R P A= M e E AT IR Y . AR R,
NaOH X} Cr(VI) Tt 2% W B 7] i) ik iz 20k 2R 38 85 8
HC1.EDTA .NaHCO;H1 HsPOL %5 i i 77055, 3 2 A
g Co(VITERRME 4 F EZ LA HCrO4 25 B T
5508 B 750 R 1T E F A 57 05045 L 1T NaOHL i B AIGAE
L 1w T AL AR O ) OH -8 4 /B AR i2F Cr
(VDB . ML Z R, HCl 21 i b R 2 1 1 e
H T A B9 35 I 1 M 06 R 700 0 LA 58 4 fie R A= ) e
FIE A C(VD™, L, A58 FH 0.1 mol/L. NaOH
VEREIS AR . 25 3 an1& 8 (b) i, ZE 5 —
TR o —fige W A7 PRS2 86, TSHAN 15-220 X Cr( V)G
BRI BE T B T 34.99%, Ja Bk TRaE , &l 51K
PG G K Cr(V L) W B R 111.6mg/g (5 VR Je W Bff
IR FF=46.36%) TSR B ad— & I RE T -
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Fig. 7 Effect of pH on the adsorption (a), adsorption isotherms and the corresponding fitting curves (b), adsorption kinetic curves and
the corresponding fitting curves (c) plot of q,~T(d) and InK~1/T(e) for Cx(VI) adsorption by TSH4N15-220(CO (Cr(VI)) = 50~600 mg/L,
dosage = 20 mg, pH=2~8, V=50 mL, T = 298~318 K, t =0~24h)
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Fig.8 Competitive adsorption (a), cyclic adsorption (b) and dynamic adsorption experiments
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Fig.9 FT-IR spectra of TSH4N15-220 before and after
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Fig. 10 XPS plots of TSH4N15-220 before and after adsorption of Cx(VI) (a) full spectrum, (b) O 1s fine spectrum before adsorption,

(c) N 1s fine spectrum before adsorption, (d) Cr 2p fine spectrum after adsorption, (e) O 1s fine spectrum after adsorption and (f) N 1s
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Fig.12 The mechanism diagram of Cr(VI) adsorption on
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