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PEEE, #1&5 A B EMN A AIE L R A (AQ-COF), it ASLS. AQ-COF. AQ-COF/ASLS A4t Rl 3 41 64 B M 2L & .
[ % ] FTIR fo SEM A 424 R 2 7. KR LS R L, ASLS 5 AQ-COF £ &) AL E mAE R K 45 H)
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JE 80 min ML B R B -FAT, RS RS A E BB S FAEA e Langmuir FIR R AR, BT EEHILFR
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Preparation of sodium lignosulfonate adsorption materials and
their adsorption properties for Congo red

LI Junyang', HUO Lizhu', GONG Zhuxiang', XU Hao', WANG Yuxuan'?,
GUO Chaofei'?, YANG Xuejuan'?, LUO Xiping'?

(1. College of Chemistry and Materials Engineering, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China;
2. Zhejiang Provincial Key Laboratory of Chemical Utilization of Forestry Biomass, Zhejiang A&F University,
Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] Aminated sodium lignosulfonate (SLS) and covalent organic framework
polymer/aminated sodium lignosulfonate composites were prepared with SLS as raw materials, and their
adsorption properties for the Congo red (CR) were investigated. [Method] Aminated sodium lignosulfonate
(ASLS) was prepared by Mannich reaction of sodium lignosulfonate with formaldehyde and diethylenetriamine.
The surface functional groups and morphology of ASLS were characterized by infrared spectroscopy (FTIR)
and scanning electron microscopy (SEM). The effects of initial concentration of CR, ASLS dosage, the pH
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value of the solution, and the adsorption time on the adsorption efficiency of the materials were investigated.
The adsorption kinetics and regeneration performance of ASLS were analyzed. The AQ-COF was prepared, and
the ASLS, AQ-COF, AQ-COF/ASLS on the adsorption for CR was compared. [Result] FTIR and SEM
characterization results showed that sodium lignosulfonate was successfully aminated, and rod-like
nanostructures were self-assembled after the combination of ASLS and AQ-COF. ASLS adsorption experiment
showed that when the initial concentration of CR was 200 mg- L', the dosage of ASLS was 70 mg, and the pH
was 1 — 5, the adsorption rate reached above 95%, and adsorption equilibrium was achieved within 80 minutes.
The adsorption process was in line with the quasi second order adsorption kinetics model and Langmuir
isotherm adsorption model, and the adsorption process was mainly chemical adsorption. When a small amount
of AQ-COF (2 mg) was added to 30 mg ASLS, the adsorption rate of the composite adsorbent could reach more
than 80%. [Conclusion] The modified aminated lignin has good adsorption effect on CR and excellent
regeneration property, which can be used as an excellent adsorbent for CR. The composite adsorbent prepared
by combining covalent organic framework polymer AQ-COF with ASLS can significantly improve the
adsorption capacity of ASLS for CR, indicating that covalent organic frame polymers have good application
prospects in the adsorption of organic pollutant CR. [Ch, 9 fig. 2 tab. 25 ref.]

Key words: sodium lignosulfonate; amination modification; organic framework polymers; Congo red;
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ARTFER IR E AR T A", A5 P (07 B B 5 | IR 7 e LA R A ) 97 R ey B 4]
A RO MR R R SOR E T R R T, RIS A RERRIE E REM], B RAFBIKEE . e i
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FART W SRZL AW SR T - Bl S0 F P =2 Je Ay SOBDR AN R EE B B AR BOR S REVEM B 5, il & 1 R
PER TR RE, X RIS LT W B ik 234.1 mg- g™, [RIEF 2 it 1 52 R A Aok e Tl g o) 0 4 22 G
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AR PR RERREN , JRR S I A PUEZRR G Y S & MR, oE— 2o bR I AR,
Pl AR R R 60 LA B IS AT HIUHE R SRS W e A LTS e B B U oz PRI S %

[ I

1.1 BB ERSH&E
111 B R Z#cm4h (ASLS) #9H1 & 10.0 g KFTREEREN, 0.5 ¢ RA N (NaOH) % T 23.0 mL
K, A 3.0 g 20 = HTHEZE 85 °C; LRI N 4.5 mL B E /KU 36% M KW, WEEIRNR
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SRR 4 hy RS RS HI R, AN 1.0 mol- L™ $h2 (HC) B & AR UTIENT Y, ik, 2%
it FH 5 DI B FN A YRR ) BRI T €6, AT IRAR TP T o DRSS PR OB, HZE IR K VR IR
T, SRR LY) ASLS, F{E N 2.34 mmol- g,
1.12 FABMENAPIERRE S (AQ-COF)/ASLS A &4 H#14& ¥ 36 mg PUFH-1,4-750 (TFBQ). 96 mg
TR AL E R (DHAQ). 4 mL 1,4-— 48 NH . 156 uL = Z B AR A &AW 10 mL Uy i, IREH
5], #H Smin, BESECA 120 °C BN 72 hy RVZEHRGRHBE=R, B0, WERGTEY; b
JE AR ENE . & F b . PR IRIRER A= . HINEI RN 24 h JFIREE =), 60 C B2 T A1
FEER AN AQ-COF, FREL—E Fif Y ASLS BiK . AQ-COF My A AWtk rp , IRGIHWFESS], Hl15
AQ-COF/ASLS &4 #1k .
1.2 ZHRIE
12.1 RM A L9k (FTIR) 247 R Nicolet 6700 {8 HLIH- 754 1 AP G REARIAE S #E AT R AE 047, B
RO o B 1~2 mg A 78 FD B AR o AIF S A0 8 A S5 AR 0 TRAL B A X 5], S ABELN, TEE
A AL RS I, S 400~4 000 cm ™',
122 meAamE  EFFRE 2 g FEE] 250 mL BEdi, A 50 mL 48, A 1 min IBRI0]HE
FEAERITIF RS 2, WAV . TN 5 IR BEHE /A~ T, (1 0.2 mol- L™ AYFERBRAR HEA WO & 2 8
LRI, ESRIHFER) HCUAR, BB () HHEAX R A=56.1VN/S, Hr: v RFE i e s
7 HCLAAR (mL); N 24 HCLIE WA EE (mol- L5 S Al HAFE M BT i (g)o
123 fafh v T 244 (SEM) 247 fHifH] S20206414 SU 8010 335k 5 SEM, WELKE SRS . Frk
M AR T B, B IS, YRR R T A A B, AR RE R R .
1.3 RPHLIE

e il o 2 B R 200 mg- L' A RISR LIS, AR SO0 75 2 EA TG Rl 1 pHL IR S50 Ay HL A
ABRANE . B 25 mL — @ VR EE M NISR LR TR, 20 BN A—E BTt e 5%, ZEmE P dkas L
L 300 v+ min ' S5 UEATHEFER . BN — @ BHES , CRERIEIRE 8 000 reominT' N ELOE LI, A
FECEE T E RO, THERERLL TR A, IR LA 223 WSR2 0 W B 258 R i B ot
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K (D)~Q2) F: R MWIRLFHWI R oM PIIRETRIRZL TSR (mg-L7'); o i W45 35 IR 21 5
HIRE (mg-LY); g KA i B I B i (mge g ) VONTRAHAR R (mL); m A B ().
W SR 1 s o VA R X WA AT 28R 5 i S oy, W SR 2R IR B vk B2 43 5310 50, 100, 150, 200,
250 mg- L5 pH X W BiPERE A 82 M S aé b, 1A 0.1 mol- L™ HCI 8%, NaOH ¥ 15 Wil H- 21 ¥ Wi pH 251k
1~11,
1.4 W B 3h f1 2 A0 0% i R 4%
141 BW3h A% %% B 25 mL FEWRE K 200 mg- L' WISRLIAW, fTA 70 mg ASLS, 43 576 W f
FE] A 20, 40, 60, 80, 100, 120 min A2 MR LT AR WG RE , 18 ¢« IS 2R R ¢, RAHE—
R8N 1 FRFAE R B ) AR BRI TS o R R R
In(ge — q;) = Inge — k115 3
1t _ 1 1t
a ka2 ’ ge”
K Q@) ke BE—HE I I B R TR ky FE B 15 Dy B R R ¢ SRR (]
(min); g, N F-HW R (mg-g™); g, 72 ¢ BF 2R NIZRZT A I B i (mg- g 7)o
142 2R M % ASLS X RI R 2T % W B i 2 43 531 % H Langmuir F1 Freundlich W 455 0 057160 14748
G, HARRLEI IR s .
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S350 P e R o £ (mge g 7'); Ay O Langmuir S8R AR 5 B REA I 4L; ke 4 Freundlich 5514k
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Figure 1 Infrared spectra of SLS, ASLS, AQ-COF, AQ-COF/ASLS
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COF/ASLS 24Nk I, JoH g e e e i, 58 SR, AQ-COF Fl ASLS A4 fIE M i
VERITCI AL, ULEHIE Z RIJCfk2: RN &R, T REKEE Y BA BEAEFHE & o
2.1.2 SEM o #7 Wl 2 FiyR . ASLS FR I & A MRS 5 7 IR 254 1 SR AR IR 254 ;. AQ-COF Ay ki {k 2R 4
A&, BRI ELAE N 0.5~1.0 um; AQ-COF/ASLS H & A7 K M H R GOK S5 1, R &V 2 ihn, #BRes

ASLS. JEAWA T R B I 77 : AQ-COF. ‘& ERILINEWIHESL I GH: AQ-COF/ASLS. & & W bt 7.

B2 ASLS. AQ-COF. AQ-COF/ ASLS #4a4s ¥ F 2445 (SEM) 1B K
Figure 2 Scanning electron microscope (SEM) images of ASLS, AQ-COF, AQ-COF/ASLS
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B A2 2 500 nm, XFEIRZEH fy ASLS 7E AQ-COF FIFEFH T H 434 i, #H] ASLS Hil AQ-COF &
GG RETES LA 02484, ASLS # AQ-COF 43 A 345), v 1 Bsal iy LR AR, aT Sy Wi by
TP T 22 1 mT g A7 5

2.2 MR B e 220w E &
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TRAFRIR ZL00 i pH AAS S BL T, 85 T MR L0046 Tt ik B2 X e B it iy sz . AAIED 3 W] LU
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T2 p A B3 A 0 S5 A A AL T AR A R T R R AR, MR Z15r 5 ASLS H R B
PO 5 P2 A R ZUW R, I ARPRIR B, Bt I SR 20400 0 o e o B (B, O SRR 2 5 0 B ) 2 o 14 4 f
VRS by NN e ) VAT | s 1A E IR S P W) e TP B A R Gl i a7 35 By
200 mg- L' B, WRBHERK, 1K 153 mg-g s AREE INRIRLI TG B i, o 22 A RIS L0 07 W B
ASLS FR1f, A R0 S P Ao A . SRR 1R R T el S T S B H B, ASLS B
7 1 B B 3 s A P s e 1S4 W g7 5 4 0 N 2

222 KM A (ASLS) A Z xR M2 R ey Fvm NI L0004 B W EE o 200 mg- L', {&RFh 25 mL
BF, PREFNIZRZIWI IR pHAAEANAE , o028 ASLS FH 3, 0050 ISR 21 W B S Fn g [ 3 Bl ASLS FH it 1 225 4k .
ME 4 AT 1. Bl ASLS FHEHE N, X NISRZE R W B 2R M 29.6% 2 i £ 98.3%, {H B it & 1
ASLS i [ SR 21 (2 B DA 148.00 mg- g ! A3 70.19 mg- g XN HBEE ASLS R AN, W
FRRE B T AR R, T P A B S B S, R AT TSR 2T ) WA B SRR 2R TR A 5 (R AR R TP ISR £ 5
Wl —x2, Bl ASLS F¥n, #B5r ASLS 4 FRIATRES K AR, SEGE M IEEA S g EME, BT
W2 22081 PR b B S 1) ASLS Xof P SR 2T g i o4 AR A1
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Figure 3 Adsorption of congo red dyes at different initial Figure 4 Relationship between congo red adsorption rate and
concentrations by ASLS adsorption capacity with ASLS dosage

223 FF pH AR M ARG Hra B pH &5 W W AR SRR 0SSN 3R 22—, Yol RIIR B bt
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FE pH KT S B, ASLS XJRIERLL LR TRt RE T, ABRFE 96.8% LU L5 Bl pH MBER, WM
BORFEML, M pH KT S, KBRFTHRIE., X R7ERIERTEF, ASLS # 5—NH, # 5 11k,
TEREH IEFL NHT o NIRRT B ekl 45k & A 2 i i iR R A, AT LS i1k
JHe e Z AR s ZU R B AH BAE T, IR PEIREE b, XTRISRLLA KRR L& BEE pH B, W
W OH 3K, OH SNIRLLZ M AAETe S, BRI NI LT A 25 BB i AR

2.3 WRFHLE

23.1 BEMBAFHH MNE 6 ATLIFH : ASLS Xt WIRLL A RF438 2 4B BE, W B A AR T 70 min
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BF, BEAS ARG I, W SR Rt s W BB (1K 70 min B, IR B REAET 98%; ARSEIEAS WA ], WL
WER G TF- 42, 80 min IR B WM . X2 N I, ASLS A Z W a8, HAGWIRAT
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Figure 5 Effect of pH on adsorption
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Figure 6 Adsorption rate of Congo red by ASLS at different times
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Figure 7 Quasi-first-order kinetics (A) and quasi -second-order kinetics (B) fitting of ASLS adsorption

232 BRWFREZLEZ,>H MNFE20 U Langmuir £
AU R? 24 0.990 4, KF Freundlich #5754 (it P 72 22 5%
(R* 4 0.958 9), 17 ASLS 1 BRI SR 2T (1% 4: 75 5 10
Langmuir B8, Sy 800 R0 R, FHCR e A R Bt
i A 174 mgeg ', Freundlich A h n 2206 25K,
WHE Un/NF BRI TSR, Un KT 1EPAR
FIF B . ARBFIEAY 1n 2 0.283 1, i B It
G FikT.
2.4 ASLS HITEINE AERE

i 18 8 W LLE . ASLS Z85 6 UAIE BRI 5
B0, ATRBERS IR 91.38% MWL FFT 3R, /b i ik
P T BE SR i T ASLS HhER 4B RE M A A AT 5

&1 ASLS 3R R LT 0% Bt 09 i — R 3 ) F A0
“ R NFEBSH
Table 1 Quasi-first-order kinetic and quasi-second-order kinetic model

parameters for the adsorption of congo red adsorbed by ASLS

Bl 1 2R g/Amg-g)  EAREH(K) R
E—H5h 1% 50.63 -0.083 6 0.953 0
HEZ 3 12 71.94 0.0139 0.999 9

®2 FRMMEHNESH
Table 2  Fitting parameters for isothermal adsorption lines
Langmuir /5 2 Freundlich /5 2
K. qu/(mgg) R Ky Un R
0.042 173.913 0.990 4 1.2809 0.2831 0.9589

254G, FBORMM S, S EBOR MR TR Zf F, ULU] ASLS 1Efff HTad 72 b HAT R 4F i F4:

PEfE
2.5 AQ-COF/ASLS £ & W Bt 771 3 U Bt 350 SR B89 =2 Fi

J T 5% AQ-COF Xt ASLS W [t BE A 520, K 2 mg AQ-COF 5 30 mg ASLS B4, #il# AQ-COF/
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ASLS Z AW . iRy 25 C, WIRLFTEWEE R 200 mg- L™, KFH 25 mL B, WF55 5 4 W Ff 5]
S RIS LT AW B RCR . anl&l 9 Fian . B2 B HiT ASLS AWK Fff %K 58.90%, AQ-COF Xif W SR 21 W fif R AV Ky
8.20%, & A )5 AQ-COF/ASLS MY [ 77 % W 2 21 i) W B %35 83.15%, WL B R BH W 4R 71, eI 7F AQ-
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A PE R R I P SE 454 5 ASLS sy i rL i) il 11 3k S FL 1 2 9% B3 260 vy 178 e Ot =2 (R AR B/ AT F 4
LU ffi ASLS G PEA SR LR Sk, X5 SEM B Hras SBAH—E, ISR L0015 W) =2 1) 3=
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Figure 8 Recycling performance of ASLS adsorbent Figure 9 Adsorption effect of different adsorbents on congo red
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HEE R A KRR AN . (PRE e, wTLLEEF A . SEEER . v RSN Yk o1tk
AT BRE, DRI RTS8 SR A 48, 0 — 2 U I 7 R S 2R s R 5 | A9 2 e P EL G O SR 21 R B 3 2R
BRI

Ueah, SN HUHESE AR F2 8 AOTE PR s R g LL R T AL, v 5 e R R R R R A4S &, R
PiE Z RIS AU VE T, PTG R0 R e A A T 2 s R Ak W B3R A b e i AR, S B Rl 4R A s 2 1
AT BTG PED o ANBFIE R . A HT ASLS X NISELT B %0 58.90%, & A& J5 AQ-COF/ASLS Wy fff
FXF W21 W B3R 5K 83.15% . RIUL, FIHIREALA G AR 4h 5 COF &4 ml LABH S 42 THbA e} i IR o i
R, R EE A R A I SR 21 R B v g 1 AR 1B 0 S B . AQ-COF /M A A 5t 28 itk R i A2 5 WAL o 551 45
PR . MBS Ak, AR R SR 21 0 B B ) 10— 2545 o8 T 7 S kit — 2B AT o

4 it

DIA R Z e R EOR, mIHI4 T ASLS. AQ-COF/ASLS 2 Rl FHFI, 32 B A 5 25k 15 4 1, D e
1k, HEABRWFRCE ., 24 ASLS &0 10 mg, JeRHIiG W E N 200 mg- L', JRE N 25 C B,
S e KR B P 3k 153.0 mg- g™, JFAE 80 min B IR B M FH T, Rt AR T I AR R L R AR s A
LR R I [ 50 127 3 1456 Langmuir 75 FEFIAE 208l Ji2p 5 e, 2 WA o (4 A o 25k 1 4k o



5 41 5 4 ) ZERITRAE . R RH TR MR B AA R ) ] 28 B Xk ISR ) B A 877

SRLT HAT B R W B8 SR NG M P P fiE . itk Ah, AQ-COF/ASLS f KW Bt o4 216.7 mg-g ', A
e, FIMALAR R Z RN S COF &4 245 v a0 BN 31 0 A8 2807 s

5 5% X

[1] AL-SALIHI S, JASIM A M, FIDALGO M M, et al. Removal of Congo red dyes from aqueous solutions by porous y-
alumina nanoshells [J/OL]. Chemosphere, 2022, 286: 131769[2023-12-01]. doi: 10.1016/j.jscs.2010.12.003.

[2] AMEN R, BASHIR H, BIBI I, ef al. A critical review on arsenic removal from water using biochar-based sorbents: the
significance of modification and redox reactions [J/OL]. Chemical Engineering Journal, 2020, 396: 125195[2023-12-01].
doi: 10.1016/j.cej.2020.125195.

[3] HAN Guihong, DU Yifan, HUANG Yanfang, et al. Study on the removal of hazardous Congo red from aqueous solutions by
chelation flocculation and precipitation flotation process [J/OL]. Chemosphere, 2022, 289: 133109[2023-12-01]. doi:
10.1016/j.chemosphere.2021.133109.

[4] KHUMALO N P, VILAKATI G D, MHLANGA S D, et al. Dual-functional ultrafiltration nano-enabled PSf/PVA membrane
for the removal of Congo red dye [J/OL]. Journal of Water Process Engineering, 2019, 31: 100878[2023-12-01]. doi:
10.1016/j.jwpe.2019.100878.

[5] XIANG Dong, LU Siyu, MA Yugqin, et al. Synergistic photocatalysis-fenton reaction of flower-shaped CeO,/Fe;0, magnetic
catalyst for decolorization of high concentration Congo red dye [J/OL]. Colloids and Surfaces A: Physicochemical and
Engineering Aspects, 2022, 647: 129021[2023-12-01]. doi: 10.1016/j.colsurfa.2022.129021.

[6] LI Kezhuo, YUAN Gaogian, DONG Long, et al. Boehmite aerogel with ultrahigh adsorption capacity for Congo red
removal: preparation and adsorption mechanism [J/OL]. Separation and Purification Technology, 2022, 302: 122065[2023-
12-01]. doi: 10.1016/j.seppur.2022.122065.

[7] SAJJADI M, AHMADPOOR F, NASROLLAHZADEH M, et al. Lignin-derived (nano) materials for environmental
pollution remediation: current challenges and future perspectives [J]. International Journal of Biological Macromolecules,
2021, 178: 394 — 423.

[8] XU Wenjing, CHEN Yizhen, KANG Jianxun, ef al. Synthesis of polyaniline/lignosulfonate for highly efficient removal of
acid red 94 from aqueous solution [J]. Polymer Bulletin, 2019, 76: 4103 — 4116.

[9] SHABAN M, ABUKHADRA M R, SHAHIEN M G, et al. Novel bentonite/zeolite-NaP composite efficiently removes
methylene blue and Congo red dyes [J1. Environmental Chemistry Letters, 2018, 16: 275 — 280.

[10] MENG Xianzhi, SCHEIDEMANTLE B, LI Mi, et al. Synthesis, characterization, and utilization of a lignin-based adsorbent
for effective removal of azo dye from aqueous solution [J]. ACS Omega, 2020, 5(6): 2865 — 2877.

[11] TENG Xiaoxu, XU Hui, SONG Wenjia, et al. Preparation and properties of hydrogels based on PEGylated lignosulfonate
amine [J]. ACS Omega, 2017, 2(1): 251 — 259.

[12] A% RBTR BB AL SRR 85 SO B RERITFE (D] Lt Jbatholl k2, 2022.

GU Fei. Preparation and Adsorption Properties of Lignosulfonic Acid Matrix Composites [D]. Beijing: Beijing Forestry
University, 2022.

[13] RS, Dt 28, BYR, 45, WEMEA TR il 8 B HOW et B PERE (0] Molk TR 412, 2019, 4(4): 85— 92.

XUE Bei, FANG Lingyan, LIANG Chen, et al. Preparation of magnetic lignin and its adsorption properties on dyes [J].
Journal of Forestry Engineering, 2019, 4(4): 85 —92.

[14] ARHEMS, A3, XVECH, 2. ARBTR -SRNG5 PR o Lo IR 2L W B (7], A T3 i, 2023, 42(6): 3087 —
3096.

REN Jianpeng, WU Caiwen, LIU Huijun, et al. Preparation of lignin-polyaniline composites and adsorption of Congo red
[J]. Chemical Industry and Engineering Progress, 2023, 42(6): 3087 — 3096.

(157 5K 3ChR, 25308k, &1 3¢, 4. 1T S aRoe RMEXS Zn® W B 2l 77 2% B AL 434 (0] iAok 72241, 2010, 27(5):
641 — 645.

ZHANG Wenbiao, LI Wenzhu, JIN Shouwen, ef al. Adsorption kinetics with Zn>* on bamboo charcoal loaded with chitosan
[J]. Journal of Zhejiang A&F University, 2010, 27(5): 641 — 645.
[16] i, 250, WAL DIREALRIRIZ G W A kit il 4 B B Cr( VD RE [V WV RO 72417, 2022, 39(2): 396 —


https://doi.org/${refdoi}
https://doi.org/10.1016/j.ijbiomac.2021.02.165
https://doi.org/10.1007/s00289-018-2586-5
https://doi.org/10.1007/s10311-017-0658-7

878 WroIL R R K A R 2024 4E 8 F 20 H

404.
SHI Hang, LI Bing, GUO Jianzhong. Preparation of functional dendritic composite adsorbents and their adsorption
properties for Cr(VI) [T1. Journal of Zhejiang A&F University, 2022, 39(2): 396 — 404.

[17] HEO J W, AN Liangliang, CHEN Jiansong, et al. Preparation of amine-functionalized lignins for the selective adsorption of
methylene blue and Congo red [J/OL]. Chemosphere, 2022, 295: 133815[2023-12-01]. doi: 10.1016/j.chemosphere.
2022.133815.

(18] e, AR, by b, 26, 21 4l 3 BRI A il # Boos W SRZL AW BRI RE [0, ARAEAMRl 2741z, 2019, 47(2): 95 — 103.
NONG Jingyuan, ZOU Zheng, YANG Huiyue, ef al. Preparation of cellulose aerogel and its adsorption properties for Congo
red [J]. Journal of Northeast Forestry University, 2019, 47(2): 95 — 103.

(19] BReAl, TWRRAR, 5K 55 . £F 4k K- BRI IR A RH 1 8 SRR RE PR (1], WiV B TR S22 4 (A SRR 22 1), 2019,
41(2): 154 - 159.

TAN Xuesong, FAN Zhilei, ZHANG Yong. Preparation of cellulose-aminothiourea adsorption materials and their
performance evaluation [J]. Journal of Zhejiang Sci-Tech University (Natural Science Edition), 2019, 41(2): 154 — 159.

[20] CHATTERIJEE S, TRAN H N, GODFRED O B, ef al. Supersorption capacity of anionic dye by newer chitosan hydrogel
capsules via green surfactant exchange method [J]. ACS Sustainable Chemistry & Engineering, 2018, 6(3): 3604 — 3614,

[21] MAQBOOL M, SADAF S, BHATTI H N, ef al. Sodium alginate and polypyrrole composites with algal dead biomass for
the adsorption of Congo red dye: kinetics, thermodynamics and desorption studies [J/OL]. Surfaces and Interfaces, 2021,
25:101183[2023-12-01]. doi: 10.1016/j.surfin.2021.101183.

(22] BX U, BOERAR, SRULES, 55, BRI A= ) 5 I 25 B R IR LR FE (1], 42710, 2024, 46(3): 81 — 90.

ZHAO Qingrui, HUANG Yukun, ZHANG Hongpei, et al. Study on the adsorption and removal of Congo red in water by
iron-modified cattail biochar [J]. Chemical Reagents, 2024, 46(3): 81 — 90.

(23] FISF, FR/NKS, B4 D5, 45 FeyO,@st FMERE BRI i £ Kok WIS 211 W B PERERIF 72 (1], A2 11 5L, 2023, 64(5): 336 —
341.

HE Qin, GUO Xiaosong, WEI Jinfang, et al. Preparation of Fe;O,@chitosan magnetic spheres and their adsorption
properties on Congo red [J]. Chemical World, 2023, 64(5): 336 — 341.

(24] Wik, Ehisitk, R EE, 5. AR ENIRA 22 FLION MR LD AW PRV EDFSE (1], ZKAR R, 2023, 49(10): 41 — 46.
CHEN Feng, MA Lulu, ZHU Sijia, et al. Adsorption characteristics of porous carbon derived from sodium gluconate on
Congo red [J]. Water Treatment Technology, 2023, 49(10): 41 — 46.

[25] ZONG Enmin, FAN Runfang, HUA Hao, et al. A magnetically recyclable lignin-based bio-adsorbent for efficient removal of

Congo red from aqueous solution [J]. International Journal of Biological Macromolecules, 2023, 226: 443 — 453.


https://doi.org/10.1021/acsomega.6b00296

	1 材料与方法
	1.1 吸附材料的合成与制备
	1.1.1 胺化木质素磺酸钠(ASLS)的制备
	1.1.2 富含醌共价有机框架聚合物(AQ-COF)/ASLS复合材料制备

	1.2 结构表征
	1.2.1 吸附剂红外光谱(FTIR)分析
	1.2.2 胺值测定
	1.2.3 扫描电子显微镜(SEM)分析

	1.3 吸附实验
	1.4 吸附动力学和吸附等温线
	1.4.1 吸附动力学实验
	1.4.2 等温吸附实验

	1.5 吸附剂循环再生性能

	2 结果与分析
	2.1 表征分析
	2.1.1 FTIR分析
	2.1.2 SEM分析

	2.2 吸附性能影响因素
	2.2.1 刚果红初始质量浓度对吸附效果的影响
	2.2.2 吸附剂(ASLS)用量对吸附效果的影响
	2.2.3 不同pH对吸附效果的影响

	2.3 吸附机制
	2.3.1 吸附动力学分析
	2.3.2 吸附等温线分析

	2.4 ASLS的循环使用性能
	2.5 AQ-COF/ASLS复合吸附剂对吸附效果的影响

	3 讨论
	4 结论
	参考文献

