ISSN 0250-3301 CODEN HCKHDV

(HUANJING KEXUE)
ENVIRONMENTAL SCIENCLE




w % # 3 %37 % 120

( HUANJING KEXUE) ENVIRONMENTAL SCIENCE 2016 4E12 A 15 H

H kKB

ST BT A ANBORL )RR BEAL AR A oo BRI RT R, KRR, AP, & 7758 (4457)
Bt ARB T 4 B S I L TS TELANAIT ++ v evrmmrermmmseemm ettt Zd KEHE i b, Mk E (4467)
R AL ) R P R R KR B TR AT oo R 47, %ok, 205, S5, £ 5 (4475)
TR P, FFK IR TR ZE T AR TL PR IPHIT «ooeveeeeremmeee e
................................................... FAK KM MERY ,ERE HEKX  BE,EHF ,HaR , hEN(4482)
AR PE BB IX 7 PM, ;pﬁ%%ﬁ&ﬁﬁ@ﬁkﬁikﬂhﬂ:m ..................................................................
........................................................................ A BB, 2R KEE DR, HET, B AH(4490)
SRINTTR TR AP £ TC R MR AL SRR BORIGAAT -+ oooeememeeeeeeee KAFH, T 3%, WAL, B A, E 0t ¥ (4504)
TSR T" CULI AR CO, SRR --oeveee WA FHE, WAL, R, R R, X R AT, F(4514)
FEA AR Ko A A Ts %ﬁFﬁJUH‘?Eﬁﬁ .................................................................. B E A AR (4524)
B BRI P IRV E RSB YR ATIT oo 2 R RS, B MR E, TAH(4531)
BN U R BRI AT vvveeeerermrmereeesmmmmmneeeeen e ﬂi’ig]@"}%}%’ﬁ%ﬁ,ﬂﬁ% T H(4538)
ST DOC + COPF HRI/ASE ARV YA S EHEHGHE oo KU, K A 4, B 5, 41 08 (4545)
A B A K R TR R AE oeeeeeeeo BT, BB, WAL O M, R, B BB K F R (4552)
WL KRR 125 0 LB TG0 +oovvevoeeeees e D, AR, KA F AHFE A E (4560)
i(/r!ﬁEii”{JUMEfF’J_&EIE?EﬁXﬁKF‘%E’Jﬂl']f“ ......................................................... B R B EA B E 4 (4570)
R UV-vis B BN 4 A 58 R34 T AR B K FEFE A LI oo
......................................................... HHEMN, Y, REE AEE, S, EXE, 2%, B8, NiEEZ(4577)
IR B B WHRAE AR K K IR B RO - ooereeeeeem oo B, B HE, E 06 (4586)
T T K IR A V5 YR AT S A S R, +ovveeerererrmenmeee e, eIk, A5 K EE ) F 9 E (4596)
VAL AN R0 X U R ) TE A e R A A AT AR E L LRI 5 S0 o vvmevmeemn e
.................................................................. %ﬁﬁ;‘hj‘%’%%%,ﬁ—%}/ﬁh’%ﬂﬁjﬁ}%’gg%’%%ﬁ,%%g(4605)
TR A DR TR DU R, B A HUSIE [ S AR AE S5 W 22 5tk - 248 X2 R, T UF, 1R %, KA (4615)
B U R AL B LRI ++evoeveeesoeen e BT, EH AT, £ 0, #0808, H{R P (4626)
jﬂl}é}?ﬁlﬁ%}%{ﬁﬁq%ﬁﬁﬁ e Q{%#%??&{*Tétﬁﬂﬁ"ﬂ*wtﬂﬂﬂt ...................................................
.......................................................................................... WA, R, g@z%, =W, Z#(4633)
R M I S A BE (T A AL FIE ARG vvvverreeeeeeeeemremmmmiiii e x| A, EQL gz%%, ifjt\/)%(4644)
FHURBAR ST PG SEAE LA T T IT RSB AELISZIE oo eeeeer e AT, R B4 (4651)
AL 5 WK P LT U 0 R IR B SR AR . DA PR LTI BEI ] wvvvvoevvssnnmees i
................................................................................................... EEE BN, TR ,ﬁg , BB (4662)
FE K VTR AT WA AE JL BRI AR, weerereeeemsermmm e Bt R ERE, EAKE(4671)
T 7 BT A T KV 2 R AR TS SLARHE o ovveerene oo 545, fgﬁk?ﬁ ﬂ/ W, BET(4680)
KA A RNERIGE )37 2 A /s B AT Rt K BRIRER TS QeI I B - Bk de, JRAF, XIMRT, R MS, 22 (4690 )
ML T 23 (0 J2 TR 2 IR PRI HIRIIR + o veee oo /PJER?)‘ ﬁﬁg 2 | (4700)
IR A TR BT 22X OIS . ARSAIRBE G HLERBE oo B, RN, R, $8, HKE(4706)
QCM-D 5 AFM Be H 8T EfOM 7E Si0, Pt PVDF BRI ST AW FFAILTR] weoveeemeememernemernns
.............................................................................. 25R . IE B, EN ART ST, 255 (4712)
T AR IR YA O T 1 4 B B L v e 1”’%‘] @ .................................................................. B, T a8 B (4720)
KIS G A BN S T AL PERE RS v EXK, LR 3E R, X E K (4727)
SMINfHE: N,H, T SBR "IWMKMUEE%%@ ............................................................... Y, kR, f‘fixﬂ(4734)
i{gﬁ.}*ﬁﬁ,ﬂ: AGS SBR T.# E/J}—l Zj]&j&l\‘ﬁ:?ﬁ &H:ﬁ ........................................... ﬁfh 1z ﬁ’/’( %‘» ﬁﬁ‘},’(}fk %(4741)
SR T 23R 07 TG e Xfiiféliﬁhﬂﬂrﬁft%ﬁ?éétﬁﬁﬁﬁfﬂﬂ ------------ Bk, TH a,z«t/J R B, H*W%(MSO)
SR A 00 2 57 5 (MBR) AR BIAKAE — R — 206 (DEP) SR K BUEPIRRE LRI AT e e
................................................................................................ KA, kA, FHE pﬁc% MR, R 5% (4760)
TRV 6 T ORI W P B B B2 ST - oeeeveee v ROk, AR, EEA, M, S B E RE(4768)
LTRETR (PFOA) TR AE W T AR oo e e &% MBS RAEW, B, D, T B (4773)
IO X K 2 30 CO, HERUILEAFAI +eveevveeeeesesssenie i Wk, AR R, T, O (4780)
TRAE TGS 1 0K X T VIR BB SRR ooevrevvvvvonnssoss et AW B U B, KA, AR (4789)
TR VAT KR RS YL MU AL wevoeees e Bl R TF B E K, #H(4800)
AL EUAT AN R M X 338 B BR S 2 ZE 08 AR E B L5 B A PR TR G ZR covvernreree e
....................................................................................... SeST X AR, B, Bl (4806)
WEZR IR B PEY X R 35 T 4 B V5 e S KU B 2 TBI AR AERAIE <+ evvvveeremeeemmm e
............................................. X % T AR IR R {gj]jggﬁﬂ.gg»;]:;:;:%,}_ﬁ W&, B, T (4815)
STIETE N 4 B PIR BURARERIE ooeoovveeeesenseessns KA, B2 N, BA &, K, F0E A (4830)
T JE X IS BRI AS [ BEL [ BEI evverveemeerneeneenneeneeeeseeene e B E REN.EFL, D, 2R R(4841)
TR 31 o) 5 D8 4 T B M S M B 7 XoF A BRI UL LT JJ v eee oo nmemmeeee e e sttt e e sttt
............................................. REH, THRE, T, KGR EFH, ?9)3 , F %% ,Mukesh Kumar Awasthi (4848)
AT ORI ST BRI oo oo L, AIBWE, BB, EApEE, BRI (4857)
FPHE M3 S50 DX Sk PP S 5 BERAIE oo Bﬂ%f@‘,é#*’fﬁ E A8, R AR, F A, R K (4867)
Mg-Al-Me(Me = La, Ce, 7r) 5 2 LI f IR IUPERE --oovvvveeeoneeeneene BT, AR, KT, BN, 3 3 (4874 )
BRAE S 2 L)/ TEROBHER . — R IR SRR FEER] +oovvovevesseeesecnn s (65 B w K 2 (4s82)
RIRDBLAE R SELE IR T 4R TR B AT e IR, R, RHE, A, 2RE, TEE(4801)
<<ﬂ<fﬁﬂ-$">>% 37 %(2016 Qg) T ST e (4899)

(ABERFEVIERI T (4466)  (IRBERFAVEITIR G (4699) {5 KL (4489 ,4881)



55 37 5 12 1Y) 7 1% 3 2 Vol. 37,No. 12
2016 12 A ENVIRONMENTAL SCIENCE Dec. ,2016

A [5) 28 B SR TR A e X P A B T B R B Y 2 i

ML, e AR, SR, R

(1. ZJHACE KA ST TRE2ABE, 22 7300705 2. 220 SCH2=BEfb T 248, 290 730000)

FEE . DIPAUE o Boent g, SR E A SN (R BE T A5 0 A W et P b - W MR R s e, 53R R, B R
TEG NN ) A= e 85 1 %) 3l 7 24 W e R e A M A%F 45 1 — R B s g 2 A W oot A 3 240 R B B (O ~ 8 h) AT
PR (8 ~ 12 h) PINFT B, TE 12 h ZE A iR B4 1 #8FHAF & Freundlich SFIR W BRI 5 7510 A= ) 7 (1) 38 4 X 5 7L
I 118 W o e o o R ) T s T 38 R, LR R R AGY /NTF 0, AH® FAS® KT 05 ANINA:= 155 1 5 A 6 I e R B 2 T o
EIREE TR, B ART AGY T AH® /NF 0, AS® KT 0; TERREELEN, E(RHFEYAHMEE) M 1.29 ~
5.00 kJ-mol ", FRWITCILSERISIMA Y pic, 8 b XU R A W R LA S By 32, CsEma (R 32 A AT 25 SR o, B 2B 0
PSR L (R TR, VAT R R 0 A VA B AR, ST IR BRSO 5 SN ) R 9 B R RCRE R R M R AE 0.5 ~ 6 mg- L7V
JEE R LT, 25 W R B v B A T iR R N R T VAR pH N B R R R R — i e, (HY
MRl AN K.

KR . EWs; WA W1 WA R R

FESES, X53 XEIRIREG: A XEHS.: 0250-3301(2016)12-4857-10  DOI; 10. 13227/j. hjkx. 201606171

Adsorption and Influential Factors of Diuron on the Loess Soil by Adding

Different Biochar Prepared at Varying Temperatures

SUN Hang', JIANG Yu-feng' ", SHI Lei-ping', MU Zhong-feng' , ZHAN Hui-ying’

(1. School of Environmental & Municipal Engineering, Lanzhou Jiaotong University, Lanzhou 730070, China; 2. School of Chemical
Engineering, Lanzhou University of Arts and Sciences, Lanzhou 730000, China)

Abstract: The primary objective of this study was to investigate the effect of biochar, produced from maize and pine needles residue at
different temperatures, on the adsorption of diuron onto loess soil. Meanwhile, the effect of the systemic temperature, pH values and
the initial concentration of diuron were also investigated for the adsorption of diuron onto losses soil. And Kinetic parameters, such as
rate constants, equilibrium adsorption capacities and related correlation coefficients were also calculated and discussed. The results
showed that the adsorption of diuron onto loess soil by adding biochar could be described by the pseudo-second-order kinetic model,
and followed the intraparticle diffusion model, but diffusion was not only the rate-controlling step. The adsorption process was divided
into fast (0-8 h) and slow (8-12 h) adsorption stages, and equilibrium was reached at around 12 h. The adsorption thermodynamics
of diuron onto loess soil was nonlinear by nature, and well fitted with the Freundlich isothermal model. Thermodynamic parameter
analysis of diuron onto loess soil by adding biochar showed that Gibbs free energy (AG®) was less than zero, while Enthalpy ( AS®)
and Entropy (AH') were greater than zero, indicating a spontaneous endothermic adsorption, which increased the degree of disorder
during the process. And Thermodynamic parameter analysis of diuron onto loess soil without adding biochar showed that Gibbs free
energy (AG') and Entropy (AH®) were less than zero, while Enthalpy ( AS®) was greater than zero. The average adsorption free
energy E was in range of 1.29-5. 00 kJ-mol ~' when the temperatures increased from 25 to 45°C , indicated that adsorption of diuron
onto loess was a physical adsorption. The results also suggested that the influencing factors of diuron had significant effects on the
adsorptive behaviors of diuron on loess soil. With increasing pyrolysis temperature of biochar, the equilibrium concentration of diuron in
water decreased, while the amount of adsorption on loess soil increased. When the initial concentration of diuron increased from 0.5
mg-L™" to 6 mg-L™", the adsorption capacity of diuron onto loess soil by adding biochar showed a rapidly increasing trend. When the
initial concentration increased. the adsorption capacity showed a slow increasing trend and gradually tended to be stable. In the pH
range of 3 to 10, the adsorption capacity of diuron onto loess soil by adding biochar changed a little.

Key words: biochar; loess soil; adsorption kinetics; adsorption thermodynamics; diuron
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Fig. 1 SEM images of biochar samples prepared at varying pyrolytic temperatures
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Fig. 2 Distribution of pore size of biochar samples prepared at varying pyrolytic temperatures
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Table 1  Eigenvalue for the kinetic sorption equation of diuron on loess soil affected by different biochar
Pseudo-first-order 157! Pseudo-second-order 57! Intraparticle diffusion 557
Az s 551 ky a1 2 ky 9 2 kp C 2
/min~!  /mg-g”! ! /g+(mg+min) ~' /mg-g~! /mg- (g-min'?) 7!
soil 107 0.139 0.951 7.41 x10 73 0. 246 0. 962 0. 004 0. 009 0.937
soil + MBC200 86.5 0. 161 0. 905 1.32x1072 0.248 0.947 0. 005 0.017 0. 940
soil + MBC400 69.0 0.187 0. 842 1.34 x10 72 0.287 0.959 0. 006 0.029 0.944
soil + MBC600 55.5 0.238 0. 744 7.88 x10 72 0. 408 0.931 0. 008 0.034 0.925
soil + PBC200 122 0. 158 0. 958 1.51x1072 0.223 0. 961 0. 005 0.013 0.941
soil + PBC400 69.3 0. 161 0. 832 1.36 x10 ~2 0.258 0. 956 0. 005 0.022 0.953
soil + PBC600 54.0 0.204 0. 662 6.91 x10 2 0.391 0. 905 0. 008 0.018 0. 859
I3 9% FH Langmuir W B AERY  Freundlich WE R ZWME . ARFSEHEH, /MR, 35 E

BiAY Je D-R W S ALEE e B s ik A LG, 4540
2 FoR. A T PLR I Freundlich #1645 A
YR F Langmuir BRI AT D-R BLAY B LLES N A )
T V1RV, X 7SR A ) A f 45 Ui 2k B AT S Freundlich
IR RN R, R BN R AR S R £ 5T

(W R34 A R AE) /N T 8.0 kJ-mol ™ B, DAA IR
Bl E; 25 E >8 kJ-mol ™', T 32 %1 B Hy b4
BT R 2 IH, BRI AR PR A
E TERRIREEE R N /N T 8 k) -mol ™', FEHIHIK
B L B B 2.

R2 BEEERMEYRELFHRNFHGHIEE

Table 2 Eigenvalue of isothermal sorption equation of diuron on loess soil affected by biochar

. i~ Langmuir 557! Freundlich %% D-R A5

A /C On . KLil r? n Ky r On . Bx107 R g -1

/mg-g /L-g /mg-g /kJ+mol

25 0. 095 1.11 0.870 4.08 4.82x10°%  0.897 0. 086 1x1077 0. 800 2.24

soil 35 0.071 1.74  0.940 4.48 4.31x107%  0.965 0. 064 1x1077 0. 830 2.24

45 0. 056 3.02  0.838  6.58 4.01x107%  0.906 0. 536 6x1078 0.721 2.89

25 0. 307 0.567 0.928 6.34 9.98x107%  0.984 0.202 2x1077 0. 838 1.58

soil + MBC200 35 0.303 0.707 0.913 .17 1.04x107! 0. 967 0. 201 7 %108 0.773 2.68

45 0.243 1.42  0.979 0.727 1.13x107! 0. 985 0.223 1x1077 0.872 2.24

25 2.16 0.251 0.901 .19 1.31x107! 0. 960 0. 261 7x1078 0.756 2.68

soil + MBC400 35 1. 64 0.279  0.947 1.63  1.35x107! 0.972 0.235 6x10% 0. 836 2.89

45 1.04 0.374 0.981 .61 1.79x107! 0. 981 0.297 8§x1078 0.952 2.50

25 0.998 0.563 0.842 3.21 1.66x10"! 0. 901 0.417 1x1077 0.678 2.24

soil + MBC600 35 0.753 1.42  0.913  3.07 2.28x10"! 0.933 0. 620 5x1078 0. 969 3.16

45 0. 345 2.34  0.988  3.06 3.99x10°! 0. 989 0.301 4x10°% 0.956 3.56

25 0.237 0.248  0.967 1.67 1.37x107%  0.992 0. 147 3x1077 0. 840 1.29

soil + PBC200 35 0. 161 0.229 0.899 1.18  1.83x10°2  0.983 0. 105 3x1077 0.702 1.29

45 0.132 1.33  0.823 2.72 1.91x107%2  0.948 0.133 1x1077 0.429 2.24

25 0.297 0.463  0.961 2.05 1.26x107! 0.961 0.214 2x1077 0.855 1.58

soil + PBC400 35 0.288 0.769 0.977  2.11 1.67x10"! 0. 990 0. 325 1x1077 0.853 2.24

45 0. 285 1.04 0.986 2.18 2.21x10"! 0.99%4 0. 249 9x10°8 0.922 2.36

25 0. 679 0.305 0.831 3.17  1.84x10"! 0. 990 0.594 3x1078 0.910 4.08

soil + PBC600 35 0. 666 4.45  0.907 3.37 2.28x10°! 0. 909 0. 649 3x1078 0. 966 4.08

45 0. 547 9.28 0.946 3.55 3.26x10°! 0.971 0. 541 2x1078 0.877 5.00

2.6 IS

XT InK-1/T 50, AR i 500 EL 2R 1 R RN
FEAT ARG AR AH® FURAE AS° | THAEEE R ILF 3.
MHRTLIE H, FERGRE 25 ~45°CHERIN, A

A= ¢ T R o I e R v A T R
AG® FEAE AH® ¥I/NF 0, fi4E AS® KF o0, £
B O TR B B B SR R R AT B R R
JIA MBC 1 PBC. 4 8 = X i 50 A A Wi of o 2 o
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Fig. 5 Adsorption curves of diuron on soil in the presence

of MBC-400 and PBC-400 at different temperatures
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Table 3 Thermodynamic parameters calculated for the

sorption of diuron on loess soil affected by biochar

T AG® AH° AS°

i) /C /kJemol™'  /kJemol™!' /J-(K-mol) ~!
25 -9.60

soil 35 -9.64 -7.26 7.80
45 -9.76
25 -11.4

soil + MBC200 35 -11.8 4.87 54.6
45 -12.5
25 -12.1

soil + MBC400 35 -12.8 12.2 81.1
45 -13.6
25 -12.4

soil + MBC600 35 -13.9 34.4 157
45 -15.5
25 -6.58

soil + PBC200 35 -7.24 13.2 66.3
45 -7.91
25 -12.0

soil + PBC400 35 -13.1 22.1 114.4
45 -14.3
25 -12.8

soil + PBC400 35 -14.0 22.5 118.5
45 -15.2
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Fig. 6  Adsorption isotherms curves of diuron onto

loess soil in the presence of biochar
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