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Abstract

In order to fully understand the adsorption effect of nitrobenzene pollutants on suspended par-
ticles, the adsorption behavior and influencing factors of nitrobenzene on suspended particles in
the Lanzhou section of the Yellow River were studied. The study found that suspended particles in
water have a great influence on the adsorption capacity of nitrobenzene pollutants. Therefore, this
paper selects the suspended particles from the Lanzhou section of the Yellow River as the research
object, and uses the batch experiment method to explore the migration and adsorption characte-
ristics of nitrobenzene pollutants in suspended particles. The results show that the adsorption of
nitrobenzene pollutants on suspended particles in the Lanzhou section of the Yellow River is di-
vided into three stages, namely, fast, slow and equilibrium adsorption periods, and the adsorption
equilibrium time is 18 h. The kinetic adsorption process of suspended particulates to nitroben-
zene pollutants in the Lanzhou section of the Yellow River is in good agreement with the qua-
si-secondary adsorption Kinetics model; the thermodynamic adsorption is in good agreement with
the Freundlich isotherm adsorption model; during the adsorption process, the free energy change
of the adsorption of nitrobenzene AG® < 0, the enthalpy change AH® and the entropy change AS® are
all >0, which indicates that the adsorption of nitrobenzene pollutants by the suspended particles
in the Lanzhou section of the Yellow River is a spontaneous endothermic process and the chaotic
degree of the adsorption system increases. The initial concentration of nitrobenzene pollutants,
the pH of the solution and the particle size of the suspended particles have a great influence on the
adsorption. The specific performance is as follows: the adsorption capacity is proportional to the
initial concentration of nitrobenzene pollutants, and inversely proportional to the particle size of
suspended particles. When the pH is in the range of 3~5 and 8~10, the adsorption capacity is pro-
portional to the pH value. When the pH is in the range of 5~8, the adsorption capacity remains
basically unchanged. Generally speaking, the adsorption of nitrobenzene by suspended particles
in water is a spontaneous endothermic process affected by initial concentration of nitrobenzene,
solution pH and particle size of suspended particles.

Keywords

Suspended Particulate Matter, Nitrobenzenes, Kinetic Adsorption, Thermodynamic Adsorption,
Lanzhou Section of the Yellow River

WE5|F: ¥E%, Alounpadeth Phouangphet, IR4L, GKHT, X222, JRBRE, EI4RNE. BETR) 22 B RV UL X Al J
V5 G BAT A AL ). FREE AR RTYS, 2018, 8(6): 570-578. DOI: 10.12677/aep.2018.86070


http://www.hanspub.org/journal/aep
https://doi.org/10.12677/aep.2018.86070
https://doi.org/10.12677/aep.2018.86070
http://www.hanspub.org

g 55

A = M LB P R AR 2K S R IR M T
RAR

#J29%%, Alounpadeth Phouangphet, i& 4r, 7 ], X2 2, REY, H4E

ZINASE K, RS THBCLRESR, HR 220
Email: jiangyf7712@126.com

WekEH I 2018412 H1H; FHHM: 2018/F12H21H; KA HM: 2018412 H28H

HE

NEM T RS EBRLN RS T LI R, BT 3 22 MBS BRI B W BT R
MARE . BTTCRIL, KA b BRI AR5 R W B BE I A AEAR KRS . BRE, A SGREGET
ZMNBEEBAEATIAN R, RAMELRERRIHERRG RYTERFIR  HIT B AERAR AFE .
GEIRFTH] . HERR TS YTE B = M BRI B IR R =AB B, BIARGE. 8P R 3,

MR PRSP TR A 18 b 3R] 22 )H BB RN R ER SRS 4o 0 30 7 S0 B PR B AT v — IR P 31
TR AR AT B Freundlich<H R R FHRAY; ZENR SRR, AHEERITR MY B FIREZRAGO <

0, JFAZAHORIHARASOH>0, ROTE M BB BRI i R RT5 F M R R — A B R BLIR P
RENRELEE KRR . HERSEVOVRRE. B RpHA SRR SR A B R,

BRI N: BRRERESMERRSRYVEREEEW, S23BFhREERN, pHIE3~5H18~10%

ENE, RNARSpHERIEL, pHES~8WENE, RNFEEARRIFAZ. BHERE, KEFKSEF
ORI TR IR PR AR RN UG IR . ¥ VR p HAI S RLRLAR R ) H R IR Rt AR

KA
BERIRAY, WAEEK, HHERM, RAZERH, FRZNB

Copyright © 2018 by authors and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

(GROY oper e
1. 5|15

AR, TR AT EIREEAT AR S SRR . 10,000 try, Jf HEBFKEH[1].
SR TR HRA W RIR e, NPT AR E 4875 R bR D B A B ok, K2
FRBAE KRR, 3 ™ R BG R RE (2] [3]. HER, MOV HAEKRH — e, B
LA AT BEXT 7K AR I BRESA I 8] FR 75 e 4]0 PRI AU FE R AT DO I B BG . WRIRGE 55 i AR 1 N BN Zh )
RN, AT DGE R A AR Y, ERIA N E 5, S BB AN NS SE N,
T JE x5 F PRSI S D Re P 25 ™ BRI [S]. TR A SETS Qe sR 8O 1 . = B E M BUR A E A,
e DA AN TG Rt 4 6]

PO AN BB 22N T, D) ORI RS AT A T K e 22N A AL T 7 M e 4 4

DOI: 10.12677/aep.2018.86070 571 IR AT


https://doi.org/10.12677/aep.2018.86070
http://creativecommons.org/licenses/by/4.0/

g 55

SV HETC & A 2 ST R R R K HEN BT 22 M BOKIS, - SR 3 2 635 A B 22 M BUK AR+
b ORI . BRI R TR, BEA KR RIS S TON KR, BT VKT A I LE BB, ok
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2. RIS
2.1. MRS

IR TS, FlT BRI IR A ) KRR TS, 208 99.5%, | M hidHRiby
HWAEBR AR RER( A, 2085 98%, REMARHERHA A R]): SAMMrira, 405 96.6%,
I SRR RFIE R A T S oK bral, S (LTEKER ) 74%, RETTEUE b2 Tl
BRAED); SEXG KN — IR ZE K

THFERAE R E 500 ml AR I 200 ml FITEK FEL(BIE), SRJE000.21 ml AyEE, 7%
TKEZS, BRI A 500 mg- L™ (A3 2560 2 T (I F AT B0 ER ), P42 R PRHAR 6 1) LR AT R 45 P

UV-2102C BV AMA] WA e e BT Je bl A 884 PRA R ) 2 ThRg IR /KB IR 8 (V125 1E 54 2%
HBRAT]): TDL-40B &R OHL( 25 R4 ) PHS-3C AU pH (A R = A0S 1B 1
AIRATR], FHRAER ).
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R TFRURL AL I E 22N 77 2 7 XU R A 7] (1 3R] KA, 283 TS R IS 5 20 O HHRE A2 A 150 um
106 um F1 48 um & H, BIFHRIM pH N 7.94, EHLIMEEN 3.30%0-

2.3. R75E

2.3.1. IRMIEh AR IE S E

43 HIFREL 0.500 g it 300 H §ifi (B IF Bk 0T 10 32 50 mL B0, ARG AR EOF FIIA 50
mL W E A 80 mg L™ MIRSFEE M, BOLAFEERH O EROE), 25 CIHIEIR 160 rmin ") 0.5, 1, 2,
4, 6, 9, 12, 15, 18, 22h, HEUHJ5 LA 4000 rmin~' BLr 15 min, BN E R FE IR .

2.3.2. IRMIERAIE

53 HIAREL 0.500 g it 300 B 7 i 27 ok e T 3 ZH (B4 10 32) 50 mL &0, ALK KON 50 mL
WS 04 5. 104 204 30, 40. 50, 60 80. 100 mg-L™' MIRHIEIEIZW, =L HIFE 25°C. 35°CHI45C
TEIEIE (160 rmin ') 20 he #E 2h f5, LA 4000 rmin~' B> 15 min, B ISR E YL AR .

2.3.3. FEIFME R THEFW RN

WIHEHREE : 73 HIFREL 0.500 g i 300 H §ifi )& BURLURE T 10 3¢ 50 mL BS O H, L SOnz& 1K
s E, HES MmN 50 mL #KE 5. 102 20, 30. 40. 50. 60. 80. 100 mg-L ' R ZEAW, HAP
PRIF 2.3.2, #IERN25C,

TS pH: 3 AIFREL 0.500 g it 300 H i (277 0k xUFE T 8 32 50 mL B0, AR 50 mL ik
FEJ9 40 mg L™ (RS IERIEWG, AR pH & 2~10 (B 8 )2 ], #OGAHEREAEEOE). H
SDURRE 232, RN 25T,
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Figure 1. Adsorption kinetics of nitrobenzene on suspended particles in the
Lanzhou section of the Yellow River

B 1. BN RS BRI MR R E) HF sk

Table 1. Fitting eigenvalues of adsorption kinetics of nitrobenzene on suspended particles in the Lanzhou section of the
Yellow River

= 1. BN R FRIIRM s h F IS FHEE

Pseudo-first-order F %Y Pseudo-second-order f5% %! Intraparticle F Y
R % (mg/L)
ki Qi R/ ko Q2 Ry’ kp C R,
80 17.19 3.977 0.6152 0.0042 4.341 0.9978 0.0373 2912 0.9588
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Figure 2. Isothermal adsorption curve of nitrobenzene adsorbed by suspended
particles in the Lanzhou section of the Yellow River

2. AN B ROT BRI IR B B A SR IR Y e £

HH P 3 o] DAFE H, 8 VT B R T i ik 24 1) e PR 5 G 0 P52 1 P v B4, VA8 R B o R P )
BTN o AR LI, R B R i i R T AR R ) 3 I SR G K R IR R, B R i 2 2R
F1RY W o TR S o, (LR R R ) A AR B B AN AR, 3K 5 AR IRV [ 15 A AT A R AE SRR PR RRAE
FIZE AR — 8. IX AT A A R A 3] 24 M BBV 0k 5 ) 22+ (PR R A WL S E AN A S8R . BEA
E W 3 AL BTRT B AK VEAE HLA I IR B S = AR, A LT & S AR AR KRR B s ma i K Ve WL AE
B Rt AT ALL6] [17]. BONTEKRME A, IR A o SRR B K o 7 5 8, AR P 18R
TR AY A 47 T ol R S 0 1 2 4 3 T B A L HLAR 18] [FIRS, AHZESR B AKAER 1. 4
T 1A A0 v 77 2 W 5| 2 JORE G B Jo 2 T 3 2 PH 28 - SR A 7 L BB RGR T /N 1], i 2 2R
WK, RN Z o IR EE R K, B 528 58 A 4 2 T /NI (178 5, G B T 8 A v Vi
B B IR AN [19] .

VAN [ FEE TS SR VT 2 ] B Ak Vo A o i 2 2R 1) W P 8 7 2% S B0 48 43 73l Langmuwir A1 Freundlich %5
BRI AT M, A SEEWE 2. R2¥I/NT R, B 25°C, 35°CHI 45°C BT 2% JH Bk
TR Yo} i 2 (W B I FE 2 T AT 75 & Freundlich 53R FIAR RS , 58 BH 35 VAT 22 MY B2 V57 ST o) i ik
FRIPR BR o I B AA B R TR AN I ST ) 2 )2 B [20]: ARZMERR B n 3 > 0, UEWNZW BN 5 k17 .
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Figure 3. Adsorption thermodynamic curve of nitrobenzene adsorption by
suspended particles in the Lanzhou section of the Yellow River

B 3. BM =N B RIF BRI IR MR B R IR PR F 2k

Table 2. Thermodynamic fitting eigenvalues of nitrobenzene adsorbed by suspended particles in the Lanzhou section of the

Yellow River

2. AN R TR IR MR R AN F S HHIEE

Langmuir &7

Freundlich f 7!

W Bt 551 T/°C
Qn K. R.? n Kr R¢
25 1.853 0.05407 0.8203 1.793 0.1053 0.8307
300 35 1.846 0.07944 0.8145 2.029 0.1543 0.8864
45 2328 0.06373 0.8877 1.702 0.1619 0.9066

3.3. AR NESH

i InK~1/T &, 53550 E HAE AG . 15728 AH® Jo)iiAs AS I 3 Fiom. 25°C, 35°CAHI 45°C %M
N5 TR 22N B ORI T 35 2 P W B A v 1 T A BT B BE AGY < 0 kJemol !, B ZIR T 1 A
1710 48728 AHP (17.08 kJ'mol™") < 40 kJ-mol ™ 15 S8 TR 2 P B 2k V7 SOURE X i 35k 2 ) VR PRt = 2 & A 2 R
[21]: [, AH'>0, UEHIMRBH AR fea, W28 AS® >0, 5 BA ST 2 ] Bk FURE Xl 3 2K )

MR B R B e v A 2R TR RL FZ 08 K P IR R R RE [ 22]

Table 3. Thermodynamic parameters of isothermal adsorption of nitrobenzene on suspended particles in the Lanzhou section

of the Yellow River

3. WERERTZMNEEFIA ENFERMANFSHE

T AG® AH® AS®
W B 751
(C) (kJ/mol) (kJ/mol) (J/K-mol)
25 -5.577
FERE b 35 -4.786 17.08 39.04
45 ~4.814
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DU s T B SRR EE K, WIARIR I %5 60 mg L™ 2 )i, WP 2 5 3 48 K. 33 DR Dy sk v UL 7 R
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Figure 4. Effect of initial concentration on adsorption of nitrobenzene by
suspended particles in Lanzhou section of the Yellow River
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3.4.3. pH XS =M B B R FUALIR B H A R R M

HE 6 FI13, 24 pH £E 3~5 F1 8~10 I, SRR 22 M| Begi MURLAT S 2 2R AWK B & 5 pH (H 2 1 LE,
X pH £ 5~8 I, IR EmA s, (EEARIEAZ. WK pH 2508 ORI (A5 1 ) H A 70
A ML R 2% 5 BE T, TSRS ORI T 2R R B & BRVESRAE T, WP KEFAEN H 5 &
FERRLE AR 74565, 4R 1 IR AR = S, P DA 32 2030, S B0 E S pH 2R,
BRAESEAE R, ORI I S r AT A I, TR IR AR R A 28 5 RE v, IR AR A A Y, B AR
BYEERE pH G ANTTHS IN[24] [25]0 S9MRERPIESAE T, WA Hb o 2 O 5 4 2 THI F) P 4ef 23 AT
SN, P DA B BE A AN SZ 50, W B B R A 22
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Figure 5. Effect of the adsorption of nitrobenzene on suspended particles
with different particle sizes in the Lanzhou section of the Yellow River
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Figure 6. Effect of pH on the adsorption of nitrobenzene by suspended particles
in the Lanzhou section of the Yellow River
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AL AR TP, RORL A B O A U S

2. 25, 35 M1 45°C IR FE AR AE ST 22 M BRI RIURE L AR B i 2o BT S-T W PRSI ABE AR, 55 A7 o
HEAE AG" <0, J5728 AH' >0, B57E AS® > 0 UL B2 B RIEAT TR AL IO WA SOE, - =F T2 LA S P

3 B HE A UG VR L 55 A A DA 2 M B RURE b (W PR B ATV B - 2 R IE b kAR SR B &
S BRVEIA AN, BRI (e B B o
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