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Abstract

With the continuous expansion of mineral mining scales, tailings wastewater has become a major
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source of global environmental pollution. Such wastewater contains substantial amounts of toxic
and harmful chemicals such as potassium butyl xanthate. In this work, a novel three-dimensional
porous graphene oxide aerogel (GO-aerogel) adsorbent was prepared via a hydrothermal method.
The adsorption performance of GO-aerogel for xanthate (KBX) in flotation tailings wastewater was
systematically investigated in combination with Kinetics. The adsorption kinetics followed a
pseudo-second-order model. Adsorption experiments showed that the adsorption behavior was
well described by the Freundlich isotherm, with a maximum adsorption capacity reaching 2482.69
mg/g. The adsorption process was primarily dominated by chemical adsorption and multilayer ad-
sorption. The results demonstrate that GO-aerogel holds great potential as an effective adsorbent
for the removal of xanthates from tailings wastewater.
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1. 5|18

BEER = FERAI TR RIS K, R K C o 23k B IR S QR . [N KT &E KE
BEEELEDR, AR R I AR E5[2]. FIRRREL xanthate (KBX) A A8 XS ¥R 7744 ™ 5 s
B, BRER SR B ) A A E R D s R R S R BE(3], B BRER R A AR, EATTA A A A K A
P ZIRAGTR(CS,), X & — PRI R S A[4], W N KRR, 23 S EO 28 22 Ge5m AT 2 B 495 ( 5]
BRI, R 3 —Fh e A A2 B 8 R 2R 1) ik = AR A L

Y24 NIE, RZCEAS ORI T A SRR B AL ) ik, ELtniREE . . FEAL(RE. SR, o
FALER AL ZEEE) A AR DTIEVE . AEIRRMASE[6] [7]-[11]. BH T PR 7K Hh Bk B B S R #h vk 2 AH
MR, XEEH AR BAEA R my, WE B A R & IRy . AR 0E « BRI, Rk
AAREEA AT [12]0 Bl WA — A R B 5 TR 3R v AT I U732 9 22 2 S8 A 4 Sk xo) 2 5 R R 1)
W Bt B AE 313 KR T 56 %2 Wik %) 400 mg/g [13]. Baoxun Zhao 5 A\ [6]18 F B T4 7 3 A A0 — ALt
(IFS)/E N B MK 225 KBX, i W B & AT ik 202.84 mg/g.

AR FH B B IEAT R IR SR JF ), i ) B i — POk U N 4% T A AR (GO-aeroge) B &
AR I SRR Bl ) AT 2 R G AT 7T T GO-aerogel X T 2 B R R AR (KBX) WL 1 GE . Lt
Ab, BT TR R R LG . BOINE,  RAE SEER AR AR, 40 T W] GO-aerogel X KBX
(IR B AL o AHIE 85 ) GO-aerogel A7 8 A 25 Bk KBX () —MiAT RO AL, 34 3D 2 L BEIRAE
TEA R AKAFA TR I S SRt T — 8 I BB

2. SCROERSy
2.1. RFISLES

HZE AT SRIE (GO B 5 B A SR IE R A R A F, AR — /K (CA)IY B AR T FHE 1L 2 5
FRATE], Jo/KLEE(CHsON)IE H LR BH M AR AR . T 23 E R (CsHKOS,) W B _ifg 2= 1 L
Bl A R A HE]
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2.2. GO-Aerogel #H H%HI &

HSEI0.2 g GO AN 20 ml /KW, ER A TEGACTREA 1 h, ZJS R RS R 1 h, B
0.2 g FFERIR NN GO T, ZkZitdE 1 h, BN 100 ml B3, FEFRA T EL 120°C BiRE 1R
12h, FRAEER, BUHFEMAN ORESK 11 BB, SEATERIESR 12h BLE, JEH 2L £ETK
Vel BJa N VKFEAT T VR 12 hy TNV VR T340 LT3 48 ho 75 8L R A =4 2 fL45H 1) GO-aerogel.

2.3. #LEWRHSELE

7E 50 ml 250 HHFREL 0.01 g il %% J5 1) GO-aerogel ££ 5, F A 20 mL e & 47 19— &€ R E 1) KBX
W, FETER 25°C, B 220 r/min FIZRAE R RS R N — BRI TR S, FH 0.45 wm (3 588 ECH R
Ja B L 2TEWL B R AR L T R R — 5 RS B B 5 VT, BSR40 6 e B 100 e A

R KBX WKE. it ER M E, AR ):
q.=[(C,—C.)V [m] (1)

Hrh, g. 9 GO-aerogel Wt KBX 1A 2147 I (1)1 47 W Bt B (mg/g),  Co Wi W Bt 1 Y KBX Jig B
(mg/L), C. NPt 52 e I h KBX R B EE (mg/L), VTR I BT AR R (mL), m J9RRECA W b
FUFAN 5 (mg) -

2.3.1. HRRELLX MBI
TEHRRER T, 43 GO #1 CA LL 2:1, 1:1, 2:3, 1:2 LR 2:5 W&, KR ERI&E B
RARFLEFIFES, 4 BIFRE 10 mg AT GO-aerogel JIABIWI 4G R &K E N 100 mg/L ) KBX i+ .

2.3.2. FMEX R ENFI

7y HIFRE 2mg, 4mg, 6mg, 8mg, 10mg i) GO-acrogel HIFEN:, HIAF] 20 ml i) 100 mg/L f) KBX
.
2.3.3. ERMNMIsEIE

TEMR B SEEG H, Hil4% T 6000 mg/L 1) KBX fifi &35, FikE KBX I F] 100, 200, 400, 600, 800,
1000, 2000, 3000, 4000, 5000, FI 6000 mg/L. fEREAILFHMIEH, H 0.01 g WFHFIIA 20 mL KBX
RN EOE R B, HEOETE 298 K FIMERKBREIR L 220 rpm &% 24 he 2AJ5, 045
pm (RVESREICGH FRTER, o EEIERAE L O AR — e AR, JRIEIE AE 301 nm A{EFH SRS - W]
D43 66 B 1 B P 7K KBX IR B R FE
2.3.4. IRFIENIEELE

FEW P SEEs . #4517 1000 mg/L (1) KBX fifi 8 5, Mg KBX A E) 100, 500, F1 1000 mg/L.
FERFANR IR, K 0.01 g RN 20 mL KBX _FiRRERE L& . BEE, KB 087 298K 1
{EIR KRR LA 220 rpm 73598 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 18 f124 h. )5, M
0.45 um ERZREHE LEER, B L2 EE s PR — 2 a5, JHEITE 301 nm A L
A = BT DL A3 6 BE I B R K KBX IR 5R B R

3. ERE5 9
3.1. HLEL IR B B R A
1 £ GO Ml CA A [Ff & Hoond KBX (W 82, MR o] DL HBE % CA R & 19381, GO-aerogel
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X KBX KW BE 056 9%, 2 GO 5 CA MIBE LR T 1:1 i, WP BE I RIMEEAK 17, 2 CA fIiEL
i, 2RI CA EHAE A SR b, TEAIRBEUR A VR TR R g 5 B, [R5 22500 1% 4% GO:CA
= 1:1 AT — D W 5.
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Figure 1. Effect of the mass ratio of GO to CA on the adsorption of 200 mg/L KBX
[ 1. GO #1 CA HIRELEXT 200 mg/L KBX KWK MIFZAE

3.2. BT IR EIRZ AR
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Figure 2. Effect of GO-aerogel dosage on the adsorption of 80 mg/L KBX
2. GO-aerogel FEIFZMEXT 80 mg/L KBX KK B2

M2 T BLB R E Y, KBX [ 2R FEHHE GO-aerogel HI & KIS NN N, X2 K 945 52 £ nf HI 1Y
WAL 08 B E AL i n] F TR PR KBX . B A LR ARF R, 10 mg CRIRZ, LW 2 A
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F)2 50 ml B0, W KBX BIVE IR EE—FF IR E 7 20 ml, FH &R AR S R 78 40 #efid, 1 10
mg B L&A 2] 90%LL |, F&JEIEHFZ 10 mg.

3.3. FiRIRAISELE
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Figure 3. (a) Effect of initial KBX concentration on GO-aerogel adsorption and (b) adsorption isotherm models fitting at 298

& 3. (a) IE KBX #&KREXT GO-acrogel BIZLIHHT (b) 298 K FEHEL&ERBIA

4 3(a)’y GO-aerogel 7F 298 K iR JE N X ARG E KBX HISEE M #iZk. B 35, BEE
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KBX MIWIEEIRER KT LR, GO-aerogel X KBX M bt ftH 2 36 K. BARE ZUR GBI R?
0.9564, KT 52 DR 4 F] 75 S IR 2B A R2 58 0.981, IX R B GO-aerogel X KBX ¥ Fff 3 &k A 78 2 2]
B, o R B R AT IA 2 2482.69 mg/
N1 BIRAIR I GO-aerogel Xf KBX (KM P 77 XA W BEALEE, 7374 Langmuir B4,
Freundlich BEHY 2 Bl B ARSI 15 S0 B Hs AT JR 2R vEALE, Hor R WA (2) (3)
q.=9,K,C./(1+K,C,) @
1
4, =K.Cl 3)
X, ge 9 GO-aerogel 1EM I i BT 7 if (K] KBX W B 5 (mg/g) s g J9W B 77 B AR B B (mg/g), Ko A
Langmuir B 50(L/mg), C. WA ¥ KBX 1I3R  (mg/L); Kr A Freundlich [0 B 25 &
#, n N Freundlich (W [} 56 & %k
P PRI LA S50, RS I 5 AT, GO-aeroge Wt KBX (W P AT A B8 44F & Freundlich
R, A B E T Langmuir, 0GB R U, A3 R? 4 0.981, Ui GO-acroge Mt KBX FE R AEEL
RO, AEARIR BERT, T B 5 5 T B 77026 1 PR P i PR 3R, S B PR SR e, WP 25 & B i
WK, FEREE Co BT R, WAL RUZ TR, IR B 25 B K AR 27, (RAR 20T 35 B W B4 . A\ Freundlich
BRI ZH 1n <1, 0] LATS BN B )2 35 ST VR, R B 77026 i vl VA s R &2 3R e & — 2.

Table 1. Fitted isothermal parameters for KBX absorption by GO-aerogel
#z 1. GO-aerogel ¥ KBX RIEBIN ML E &R

Langmuir Freundlich
qm (mg/g) K. R? Kr n R?
3213.04 7.8 0.9564 48.79 2.107 0.9849

3.4. WFIzNHFEE

800
. [ 100 mg/L
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600
500
~
= Q
£ 400 é
N’
S &~

300

200
100
0
1 2 3 4 5 6 7 8 9 10 11 12 18 24
t (h)
(@)

DOI: 10.12677/ms.2026.163060 140 PR R


https://doi.org/10.12677/ms.2026.163060

D, B

7
- Pseudo-first-order ® 00 mg/L
6 ® 500 mg/L
AN A 1000 mg/L
5k
~4r
4
i=
2k
1
=
1 1 1 1 1 1
0 5 10 15 20 25
t(h)
(b)
0.22
I = 100 mg/L
020 - Pseudo-second-order e 500 mg/L
0.18 | A 1000 mg/L
0.16 |
0.14 -
g o012t
< I
< 010
o 008}
0.06 |-
0.04
0.02
0.00 |
7002 [ 1 " 1 " 1 " 1 " 1 " 1
0 5 10 15 20 25
t (h)
()

Figure 4. (a) Effect of contact time on KBX adsorption, (b) pseudo-first-order kinetic model, and (c) pseudo-second-order
kinetic model

4. (a) NEWRFIETERS KBX BIFZME, (b) A—RENNFREY, (o) h_RahHFRKRE

N IR R AR B AR, ST T KBX X GO-aerogel 7EI ARG _EHIFZI, Wik 4(a)fiR, GO-
aerogel XL E 100 mg/L KBX 1 500 mg/L KBX (WL FI7E 12 h P SEATE 21 5 KR B, 1 R TR e
SRIMXT 1000 mg/L KBX FIWRFHTE 18 h WA REB BB KR M, JEWR M & TR e . BTl g2 2% mT Ll
T AT SE A AL AORBAT IR, MUS SO ARE 5 S8 25 A T IR B BT, K R B Sk e g o e )
BN 24 ho WE 40BN IR REKY, E=MAFRKE T, GO-aerogel " fff KBX [ PFO. IPD FlI
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Elovich 2 Jy 22 RUAH 26 R4 R*E KT PSO KM, R rpidlnitt— 203 WY, PSO WS FRHASEAY Tt fi et B 2%
BHLRW AR+ YA, XU GO-aerogel X KBX AW B 2 52 52 W B 771 2 1 A 282 (14 % Jds

N T HEIRARTT GO-aerogel X KBX MW M5 OL, FIME— AL E — A RUR IS 51 71 2
2, TR IR K@) (5).

In(q, —¢,)=Ing, =kt (4)
t 1 t
S 5)
9 kg q,

A &y (min~ ) HE— W IHEFE R ke (g/(mg-min)) Ay R R

PASHNE 2, HBAERTR, BTSRRI s A L, 6T
100 mg/L 3K, R2Z1N 0.999 KFHE—KH) 0.962. &4k R K GO-acrogel X KBX M I 524k 2
B A GOE R ALK S 3 VR FE AR . 24 KBX KB 100 mg/L 34 n %] 500 mg/L # )5 1G
Jn% 1000 mg/L i, GO-aerogel ] Kz 18 M 0.0062 g/(mg-h)F#KZE 0.0022 g/(mg-h)fx )5 £ 0.0013 g/(mg-h),
ST A7 AR A U R W BRAE 35 4 2508, AEARIRPE R, BX- 53R IS M AL A BLARH & = S fr, 78 mnk e
AT, BEESEGNE], FEOR AR AR, TS SR R

Table 2. Fitted kinetic parameters for KBX absorption by GO-aerogel
Fz 2. GO-aerogel ¥ KBX RIIRMIEh HFMEER

WE—H3) SRR

Co (mg/L) Qeexp (Mg/g) K Q. (mg/g) R?
100 141 —0.149 276.08 0.962
500 436 -0.219 543.55 0.945
1000 718 —0.176 1000.93 0.988

it e A=y bid)

Co (mg/L) Qe,exp (/) K> Q. (mg/g) R?
100 141 0.007 152.9 0.999
500 436 0.0036 375.89 0.998
1000 718 0.0013 654.51 0.9915

4. &g

(1) LA GO-aerogel AMLF, it A PR () KBX JEAT IR, FF W P52 R A TR R 5 g 2 A R St
Hosenb ok RTINS, SRR 2R 77 & Freundlich 7Y, 572 M 4R 75 & 20 zh Jy 24,
FWZI P R A W B, I ELAS B KB 24 2482.69 mg/g, WL} 100 mg/L B, 720 min B} 1A

IR -1l

(2) GO-aerogel X} KBX [ IIEAE 10 mg IR RCR &, H GO Al CA B E A 1:1 B, I
B AR R B R B A
& H

HX BRI G E LT H, A=l 8 A SRR BERR I 1 SERE AT 7T, 52130406
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