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Abstract

Pyrite was used as adsorbent to study the different adsorption characteristics of pyrite powder on
cationic dye rhodamine B (RhB) and anionic dye sulforhodamine B (SRB). The effects of adsorp-
tion time, pH and temperature on the adsorption of RhB and SRB by pyrite powder were compared.
The results showed that the processes of pyrite to adsorb RhB and SRB conformed to
pseudo-second-order model. Pyrite can be better described by the Langmuir adsorption model for
the isothermal adsorption process of RhB and SRB. The increase of temperature is beneficial to
the adsorption of pyrite to RhB and SRB. At the same time, the thermodynamic study showed that
the two adsorption processes were spontaneous. After calcination for two times, the initial ad-
sorption of RhB and SRB was less than 40% of the initial adsorption, indicating that it did not have
the value of repeated reuse.
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2. SCIRERSY
2.1, EEMNSHF IR

FEALAG LA W6 e E T (V-1600BPC, LS i IA AN A4 PR A7), T4 HUA VR 2 R (HZ-9310K A,
MRS A R A D).

FERF: LI B R TTA M AR A F, FBER PO R, BRI
HE, WA RIS 100 H i, 5 35 B0 Ky R Ak AF T 25 F USRS A, it Aric LR SEG 8 FH ¥ FHEH B (RhB).
FRTERRLT (SRB), 4544 WL 1, 5.0 x 107" mol/L 7K IR E A FRAER TR, F R AN [RIVR FE 1R 7K Tk AT 512565
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Figure 1. Structure of RhB (a) and SRB (b)
1. RhB (a)F1 SRB (b)HuZ5#

22. SKRAE

2.2.1. ¥REHIZRLEE

WRHL 3 mL RhB ARV &% T 100 mL &, FZEBKMBEERL, 135 1.5x 10° mol/L ()
RhB ARER, #B51%H .

SrHIEL 0. 1.5, 3.0. 4.5. 6.0. 7.5 mL RhB dx#EiA T 6 32 50 mL B IELL (&, FHZEMEKE %,
PES] . IEERUE R 5 RhB [T E 73 )4 04 0.45 x 107°, 0.9 x 10°, 1.35 x 10>, 1.8 x 10, 2.25 x 10> mol/L.
R AT WA 66 BETHE B 554 nm NIE ROGRE A, i 15 3 1 B 22 i AR v h 22 .

SRB itk i £ 122 1 )57 7] RhB, Kl Kl 565 nm.

2.2.2. RMIsELE

WK — 5 B (R B AR AR A RhB I TREI N 500 mL 4TI, 78 SRS 46 1F IR I, %5344 180
r/min, &R AH [E R RIEURE 3 mL T 5 mL B5.08 H, 3600 r/min =id B0 5 min, HX EIEW T 554 nm &b
MEBSCEAE A, I Eds . SRB HIWL P Sge A .

RAE A R T 2R (%), H oo AWILEIRFE(MOl/L), ce WK BHIA 1 I ¥ 3¢ FE (mol/L) »

L% (%) = °°C_°e x100% (1)
0
A 22 20(2) tH 5 I 8] (PR PR B g (m/g)» e g o t IS T AR B & g (a/g) s o A HT4RHE (mol/L) 5
Co N tIRFAI RV 2 (mol/L) s v RV TRIAR R (ML) m NEE Bl M K &= (), FE1E t~q0 Bl TR PREATHE
—GRIE B )RR, IRt ~ log (g, —q, ) A1 t~tigq B, qe A1 g (mg/g)F3 5ol A 5 B ik 3~ A B
()t B, IR R SRR (TR B s K A2 7 — B0 0 I R 2R R () s ko R — 23 70 5 I B T e
(g/mmol/h), HRHEA R (EB)FI(@) I H B 1 F AL S S5

C,—C )V
qt:u @)
m
log(q, - ) =logq, — by ©)
e ° 2303
t 1t
= @)
G k0. 4,

A FH 22 2K(5) A1 (8) xof Wl B 584 2k 5 36 K 73 931 32E47 Langumir A1 Freundlich W PS5 IR 2GRS .
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Ce (MQ/L) AP BT 325 380 P-4 IR VA AR o % E) R A PO VAR B 5 e (/) PR 2 380 <1 45 G 20 2 R B )9k
ke (L/Q)A1 a, (L/mg)>ly Langmuir W% B 2505 28 5 30 ke A Freundlich WY P25 16 28 8 $(L/mg);  Ung &3R4 R
PS4
TR A ST AT LA R B AR FTAS®, Horp Ky (L/mg) 3R~ AN R T [ Langmuir W
B RG R OVERAR SRR %L 8.314 J/(mol K); T JAJF/RSCIl L. FIFTAR@)THE &1 A thfg AG® .

0 0
AG® =AH® -TAS® (8)

3. /R5WiE
3.1. FRAEHIZR AR

K 2 24 RhB A1 SRB 3k B X N W% B bR T ZE, RhB ArifE i 2k 2R v 7 f2 R
A=0.0013+0.9762¢(x10°° ), R*=0.9997: SRB Frif Hi L4777 )y A=0.0151+1.0851¢(x10°° ), R?=
0.9995.

25

(a) ®)

20}

=0.0013+0.9762x 20 y=0.0151+1.0851x

R=0.9997 R'=0.9995
150

15+
~ | ~
1.0 wl
05 05
0.0 1 1 1 1 0.0 1 1 1 1
0.0 05 1.0 15 2.0 0.0 05 1.0 15 2.0
¢ X 10°mol/L ¢ X 10°mol/L

Figure 2. Standard curves of RhB (a) and SRB (b)
[ 2. RhB (a)%1 SRB (b)AuFR EHhLZE

3.2. BMiENHE

PR B R RhB A1 SRB W B LA 3. WTRAE th, i 2 h B8 ¥ A% RhB Al SRB W it i B2 1R
P, JEHIZHTLNE, 5 h FUR A EIEET, R SRR KX RhB AT SRB (1 KR 543 il 2.89
1.70 mg/g. JISEF, HE LT K A S RhB Al SRB ({4l [al3& F 5 h DU IR B ik 11167 .

Xof SEBGAF ) 71 FBAE AT HE— O ) ) AR, R R 4@)FTE 4(b), HBNT)
R SHE 1o NEERFTLUEH, S0 BRI RhB A SRB #85F Gr itk — sl 775458, ZetkAH
KZH45r 518 0.9895 Fl 0.9876. AR L& 14 B T A3 21 1 S R ANIR B =43 )R 3.04 1 1.78 mglg, ik
S
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Figure 3. Adsorption kinetics

3. WMishh=

t(h) t (h)

Figure 4. Plot of pseudo-first-(a) and pseudo-second-order rate (b) for the adsorption of RhB and SRB on pyrite powder
4. FERH KRR FT RhB F1 SRB BYAE—R (a) FE Z 2K (D) BN 1 4%k

Table 1. Comparison of pseudo-first- and pseudo-second-order model parameters

= 1 BT HRIME RhB #1 SRB U/E—RFE RN FREBS AL

— RYETS k/k qe al qe ex 2
g ke (al ) R
ANFRE (g/mg/min) (mg/g) (mg/g)
W—% 0.9180 2.50 2.89 0.9561
RhB
2k 0.7390 3.04 2.89 0.9895
M—2% 0.9369 1.24 1.70 0.9029
SRB
b 1.4317 1.78 1.70 0.9876

3.3. MIERL

SR K R B RhB A1 SRB [ SE46 £ 85 43 7 24T Langumir A1 Freundlich W% B &5 2R B R HU 5
2R P LI 5, W B A5 2R AR AL A SR FE 2. 45 ORI, T AKX RhB i SRB W Fff #55 Langumir
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Figure 5. Adsorption isotherm of RhB and SRB on pyrite powder
[E] 5. EELH KR RhB %1 SRB &Y Langmuir (2)F7 Freundlich (b) IR B8 4%

Table 2. Parameters for Langmuir and Freundlich sorption isotherms
%% 2. Langmuir 1 Freundlich IR HMIZE 4S8

W o A5 2 A 1Y ku/ke (L/g) a./ng (L/mg) R?
RhB Langmuir W% B 250 2% 6.3857 1.3455 0.9987
RhB Freundlich W fH <5 2% 3.8768 18.5185 0.8015
SRB Langmuir 5 45 £k 9.4787 1.7867 0.9995
SRB Freundlich W i <5 2% 45403 24.3902 0.8220

3.4. RAOFEHR

AT FC AT DL A TH KSR B AR T RhB A SRB BB AR, 18R B 4k R Fft RhB
F1 SRB 52 1L 6.

InK, (mol/g)

03+
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Figure 6. Effect of temperature on adsorption of RhB and SRB by pyrite powder
B 6. IREEXTEREKH KWLM RhB %0 SRB HIFZME
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ANTFRLEE T IR 2 H BN 30 BT Ky K RhB 1 SRB 1) AH® #S N IEME, B S Ek0 H
A%t RhB Hl SRB WK B & 2 W A Pt o RIS, IR, —AGT K, 2 MR B s B Ry KX RhB
H1 SRB WK B ERZS 24T, WIRERH TER—IRE T, RS, RhB fl SRB 7 FigaRIzy, 14K
T S5EYN IREREAE S, (R PRI OR[13], B Rl A, SRR BT X RhB AT SRB R B
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Table 3. Thermodynamic parameters at different temperatures
3. TEIBE THARNFESH

AG®  (kJ/mol)

AH®  (kJ/mol) AS° (J/mol K)
293 K 303K 313K 323K
RhB —0.48 -1.50 —2.52 —3.54 29.40 101.99
SRB -0.37 -1.02 —-1.66 -2.31 18.61 64.77

3.5. &l pH X IR FZAI RN

W pH (3.0~10.0) % MR B FE AT WL IS 7. pH oA 4.0 i, B2k % RhB MIMREHARIEK, pH A
4.0~7.0 B IR PR EEAR IR/, iAW pH k2R3 K (>7.0), TR R SOZEHE K. RhB & —FiFHE 74k, A
A Wi (-NHR) FIFR F (—~COOH),  H T 3X A 45 K IR RE IR 12 A58 RhB 32 [H1 1 L Af X ok TV pH o 3T
FAERIE, pKa 4.0, MIFEW pH < 408, RhB 7 FE5#F N YIEM, FREAH BT 1MEeky S5
FUON 6.4, BRSNS AY IE R . ARAEER RIS JFEEE, FHE T4l RhB 20T 5 58 PH B+ EARHE
S, FEORMH R, 24 pH > 4.0 1, RIEZT10, RhB 70 T A TR R AR, 0 FRH AW H
faf, MITCVEMR P BB R . 24 pH > 7.0 iF, OH F15 COO 3a 4+ N, M 3 RhB 2 FHIRA
PR, AR P B K
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Figure 7. Adsorption of RhB and SRB by pyrite power at different pH
B 7. 7FE pH TEEA R3S RhB 71 SRB IR

¥ SRB, 5t rh& 7 smER I I ER FE (—SO3H), 24 pH < 6.4 i}, SRB FB 52 2| #i%], LLHE SRB 4
TR NS FLTT I kR R IE HL AT, Rl SRB 23 T IR B B Bk R S SO I BN, 24 pH >
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XIURE T RhB Al SRB I EE Ky R AT B e b3, DAY 2 BRI P 7E 35 kB K i ) RhB 11 SRB,
— L PN Iy AR EERIHZL, 55— J7 R PR S 0 B B R AR 3 AT 22 4 % 35 A 3 4o %) PR B 36
B RIGGs  WEER P 2 5 BB R K T 500°C FAREE 2 h, Wil G T B R RES, g5 R A s,
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Figure 8. Cyclic adsorption of RhB and SRB on pyrite powder
8. FET AR XS RhB F1 SRB EO{EERAR Fff

5. &g

T4 RhB A SRB 18 KRB 40 51 2.89 AT 1.70 mglg. Wi B ik R AR TF Gk — 2 5l )24 A,
PER e K WLUFIIR B 55371 3.04 F1 1.78 molg, FEirsKieE; B8 ¥y AKX RhB F1 SRB HW i 4R 5
Langumir A5 0L AR5 B o s T i A R T 350X RhB Al SRB IR Bt o W B J 28 3ok R R JB e Xt RhiB
H1 SRB IR B 73 S N RIAE 1) 67%- 73%, — UK SE MK T 40%, PRICAS B4 22 U0 E S R FH 0 A 4L

E&WE

WAt 8RR F R4 T H (2016CFB190), AL 25 5 5 28R AL 4 B S et = I L 4
(HHKF201510), 4T KRS 505 45 (BSQD14011), |~ A A K FIRHL 6137 5 H (2017-14), #idb T
MR ZE R ML Gt R« oM R IR AL & 7S FR A KR TR B ) BB S2 38 7T 7 (201810500054)
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