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Abstract
The high ash content of waste tire pyrolysis carbon black severely restricts its high-value applications,
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and traditional acid leaching processes often lead to secondary pollution and resource wastage. In this
study, waste tire pyrolysis carbon black (CBp) was used as the raw material for a combined modifica-
tion process involving HCI acid washing and NaOH hydrothermal treatment to optimize ash removal
and achieve zinc recovery. The results showed that the optimal ash removal conditions were achieved
with an HCI concentration of 4 mol-L-1, a reaction temperature of 60°C, a reaction time of 4 hours, and
a liquid-to-solid ratio of 12 mL-g-1. This was followed by hydrothermal treatment with 20% NaOH at
180°C for 10 hours, which reduced the ash content to 1.73%. When the acid concentration was = 2
mol-L-1, Zn2+ was efficiently enriched in the acid washing solution, and after seven cycles of solution
reuse, Zn%* reached saturation, effectively reducing both acid consumption and waste liquid dis-
charge. The modified carbon black (CBp-OH) exhibited a significantly improved adsorption capacity
of 80.43 mg-g-1 for Cr(VI) at pH = 2°C and 25°C, 2.7 times higher than that of pristine CBp. The adsorp-
tion mechanisms involved electrostatic attraction, reduction, and complexation. Through the syner-
gistic strategy of “ash removal—zinc enrichment—adsorption”, this study achieved an effective inte-
gration of high-value utilization of waste tire pyrolysis carbon black and heavy metal wastewater
treatment, providing a novel technical approach for solid waste valorization and environmental re-
mediation.
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Figure 1. Effect of HCI leaching process conditions on ash content. (a) HCI concentration, (b) reaction temperature, (c) reac-
tion time, (d) liquid-to-solid ratio
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Figure 2. Effect of NaOH hydrothermal treatment on ash content. (a) NaOH mass fraction, (b) hydrothermal temperature, (c)

hydrothermal time
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Figure 3. (a) Effect of leaching cycles on ash content and HCI concentration, (b) Relationship between leaching cycles and

the enrichment concentration of Zn2" in relation to ash content
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Figure 4. Material characterization before and after ash leaching: (a) FT-IR, (b) Nitrogen adsorption-desorption isotherms
(Inset: Pore size distribution curve)
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Figure 7. Effect of coexisting ions on adsorption performance
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Figure 8. Fitting plots of pseudo-first-order and pseudo-second-order kinetic models
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Figure 9. Fitting of the intra-particle diffusion model
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Table 2. Fitting parameters of the intra-particle diffusion model
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Figure 10. Langmuir and Freundlich adsorption isotherm fitting
[& 10. Langmuir 0 Freundlich I} MR L& &

Table 3. Fitting parameters of adsorption isotherms

3. RMFREIE S

Langmuir %4 Freundlich 1574
T/C
gmax/mg-g”!  Ki/L'mg™! R? RMSE b I/n Kr R? RMSE x
25 128.18 0.0211 0.971 6.04 36.46  0.3021 20.695 0.865 7.63 58.15
40 130.73 0.0343 0.997 4.02 16.13 0.2330 33.070 0.935 4.67 21.78
50 138.25 0.0441 0.978 2.71 7.37 0.2060 41.673 0.958 3.72 13.86

3.2.6. ARSI

K5 (AHO) 5 (ASO) A5 A i BE(AGO) I AZ A AT DL W B I R R R 0 2RI, AN TR RE T BV B 4
FZHANE A FR. AG <0 HELAEXHERR T smiig ok, RE] CBp-OH X Cr(VD)HIW i FE 5 B At
17H, AH > 0 R B G AE,  Th el B TR SN 3R T, 5 IR IR AR e 18—
B, AS>0, KWW IERE f BE A TE R S TR L RE AN, M I R T K EN

3.2.7. WPHHIE ST

R FL CBp-OH TEMR  Cr(VI) AT J5 76 3R 4 RORIR AL SRS 1R Ak, WEAPRLEEST XPS 208, 2550
11 oo & 11(a)y XPS 2t B, 7T 284.8 eV. 532.4 ¢V Fll 168.5 eV ML S REMIE, 7RI T C
Is. O1s. F1S2p FIHFAEN T 0 . XTIt Cr(VI)JE ) CBp-OH-Cr, fEZ] 577.6 eV AL F B B U447,
TN Cr 2p BEZ, & 11(b)N Cr 2p 18, MG CBp-OH 1 LA Cr(I) N E (5 HE 84.91%), FFtEA /L&
Cr(VI), B Cr(VI)F i i J5 UK B PE ) Cr(ID) £ RBR[13] [24].

DOI: 10.12677/hjcet.2026.163022 229 =AW EESES VN


https://doi.org/10.12677/hjcet.2026.163022

W7, 2RI

Table 4. Adsorption thermodynamic parameters

4. MR NESH

T/C AGYkJ-mol™ AHYkJ-mol™! AS%J-mol-mol™
25 —2.45
40 —3.84 25.00 92.12
55 -5.21

E 11(e)h C1s ), 24 Cr(VI) I 21 CBp-OH 5, C-C/C-H AR &M 78.32% F %% 70.88%,
1 O-C=0 HIFHXT E &M 8.14%IE N2 9.02%, X ] g2 K8 CBp-OH 3 [ ik J5 4 3 [ C-C/C-H Rk
B Cr(VDIR RN Cr(1), 1 H St TERRBRME LR & F(pH = 2) F, Cr(VDFI Cr(IID) 3 243 71 LA
HCrO, fl Cr3" TR RAFLE[24] [25]0 DAL, HEWT B3RS0 IR S A% LR RO E(T) (2)s (3)iEAT

-C-H+HCrO; +5H" — -C-OH +Cr’* +3H,0 (1)
-C-OH + HCrO; +6H" — -C =0 +Cr’" +4H,0 )
-C=0+HCrO; +6H" —-COOH +Cr’" +3H,0 3)
-C-SH+HCrO; +6H" — -C =S+Cr’* +4H,0 )

K 11(d)N O 1s i1, W5 CBp-OH-Cr 1] O 1s Z5 &Rk AW, XE I CBp-OH I [ & & 3
H15 Cr(VI)Z IR A 18I S5 s S AR/ B BC A7 AH ELAE (2510 14 11(e) A S 2p w5, 7E 162.78 eV 1 163.98
eV 551 J& F C-SH F1 C=S, Wt Cr(VI)J5 i) CBp-OH, C-SH FIAHN &5 M 52.48% FF4ZE 47.19%,
-C=S HIFHXT & EM 29.45% T 2 35.97%, KB C-SH %NS E T Cr(VDIIEJFE M [26].

3.2.8. BEMRESR

PR AR B2 VA R B 7R S B L 22 B PR A OGS A . AT FOIEIE TE SR 4 A - B IE A S0 %
27 CBp-OH B HITERE, 4R 12 s, MEITA LA, CBp-OH X Cr(VI)FWR B 2 B HE1E
IR INZ T TR, BRI - AL RER SR BRI S S Cr(VDIEJE & AU H e K A
FIIE R ARE, PR AR I RE AT 20 4 DR, LR E YT IR A K 75%, RYIIZAMRER
A€ RIEAF I 7o
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Figure 11. XPS spectra of CBp-OH before and after adsorption. (a) Survey spectrum, (b) Cr 2p, (c) C 1s, (d) O 1s, (e) S 2p
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Figure 12. The removal efficiency of Cr(VI) by CBp-OH in different cycles
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4. g
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