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Preparation and Pb’>* Electrosorption Characteristics of Graphene Hydrogels
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Abstract ; Electrosorption has the advantage fof high ddbOI’pthl’l capacity and electrod¢ regeneration in'the removal of heavy metal‘ions in
water. In this study, sgraphene hydrogels (GS) were preparf‘d by hydrothermal reduction of graphene oxide (GO) suspensiongzand, the
electrode was obtamed via compression of GS, Various elé’ctrocheml( al properties of GS were tested. The kinetics and thermodynamlcs
of the electrosorptlon of Pb** on GS electrode“azid GS"’ elee'trode reusability were mvcstlgdted THE results showed exceltent (,dpdutlve -
behavior (( 200. 4; = e Mat 1 A-g™') of GS. “THe electrosorptlon performance of GS 4 V{ndlcated that high voltage was fayored for the

removal of Pbh*[and the highest removal efflclen(y reached 96. 4% when the voltage Bluc fras T1 2 §. The elec trosorptlon (a_paclty

=1

for-PE** removal was found to be 461.20 mg-g"', |w 1ch was twice as high as the salurated adsorption capacity of GS. The GS

electl&pde could regen'erate after electrosorption whed thé Voltage value was + 1.2' V and the removal efficiency of Pb®* was still
malntamed above95% after electrosorption- desorptlon-for 15 cyc].es”
Key words: graphene lhydrogels; GS electrode ; electrosofption; Ph*>* ; electrochemical capacitance
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mol - L™ H,S0, 11 mol-L ™" Na,S0, ; 43 5% ]
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Fig. 2 XRD and Raman patterns of NG, GO, and GS
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Fig. 4 XPS patterns of GO, GS, and GS £1.2V
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m AR (mg) . AT LU R
F 1 A-g™ "B, 7E Na,SO, F1 H,S0, HLFEE ISR GS
LR A4 LU L 25 53 301 8 132.8 Feg ™' F1200.4 Feg™'
GS R AERRME AR h i LU L 25 R Tk (4 T
50.9% ) ,5 CV MIAEE R — 2. XN 684t
ST IR | R SRR A B A ﬁ@&ﬁ
R AT LIS W 255, KA A R, R GS HLI%
1’ ﬁT%ﬁ%B’JHﬁ%ﬁ AR S A EI’J,GS I
B2 T Xu' #”"’ %J%E’(JE%J?%E’J l:leEﬁ* 190
Feg (1 A- g ‘:1 mol - L ™" |H,SO0, )ﬂéu Hsmhff””
%‘J%E’JE%J%E‘JI:I:E%»& 175 F- g™ (50 mA-g"
1 mol-L~" H,80,). GS A 11 e Al 2 P R ﬂﬁ

ot et B, S 0 P

FHEE

b
o ©

HLIE/V

0 510 Ii;(} ISIU 2:;(}
i) /s
(a) GS AU IIEFMRZE ML (10 mV-s ™) 5 (b) GS HURIGATRA I (1 A-g™)
ARV 1 mol - L' 1) H, SO, 1 1 mol-L~' (¥ Na, SO,
BE5 GSHBiRrELFEE

Fig. 5 Electrochemical properties of GS electrode

TT—B =BG, AN ERZET,GS
HLAROGT Ph?* W BRFRECRAR A it I e R B, L Bl
SMITHL Fe 9 38 R, W B RGOSR B B 2 AN e R
—1.2 Vi, GS X Pb** iy v 0 B fe Je ik B AN, R



3752 2N 5%

B 38 %

[ L R — sl S A A S B 1 HA
) R* ¥KF0.9,GS I Pb> 4T HF &
1207 R U GS HLIZ B Ph* u%@%fmaz,
LW B R e TR R AE . X GS LR AN £ EE R
I, Bt A H R B T, GS HEL M 2 T SR 4R 1) f H
ffAk 2  SHA TR R Ph> A0 R 1 FH gt 1 ok
FLZ 1 Ph> T B FAR R T B RS 2 TP Y
Ph* " 4 W B 2B

qimgg’!

0 5 10 15 20 25 30
P ji)/min

pH =5, Ph** BIAEHE D 120 pg- L',
7 ELI00 mL Eﬁﬁ% NaNO, ¥ #7110 il - -4 4

B 67 S il po e manmﬁzm%aﬁﬁ/
Fig. 6 Elertrqsorptlon kinetics of the GS elertrode 2

7 K GS LT Ph** (IR A IRR , S H il
HLI f Ph? 1 Al I B 1 R T AL . R 2
Langmuir U Freundlich % B} 45 Vi 28 A5 U485 79
FIRSHL. GS R ALK Pb** £ Langmuir 57441
A 40.9870, KT Freundlich #5581 (1 481 & )&
0.857 6, 1T Langmuir W AL — 5 ok Hifi ik o —
(1 T B PRIk AT LAY GS AR XS Ph? 114 Hi I
BEEAT R A & B 53 T A WL B2 AR ST 56 % S
i, GS HL R LI B P A 1 AT B R 420. 71
mg-g - :.UAFJ? A A R B 5 A 461, 20 mg-g 1,
SELHE AR A, GS WK P Ay
Langmuir 1% 7 Fl Freundlich #& 71 (1) 1 & B 43 51 Ry
0.9679 #10.9984, GS X} Pb** (1 W Bt 07 £ &
Freundlich W B 7. M348 Langmuir #5740 Fr 5
AP AT B EA T 358 Bt - 1.2 V AL IR, GS
H BT Pl F LRI 20 R I 217

500

-~ m -2V
T ® 0V

400 - P s Langmuir

= Freundlich

00 /7

Oc/mgg™!
<

200 | |
+ e =

o
=

~%1 THEEJ_TGS FEAR F IR B Pb2* B ,ﬁzdm%éi#ﬁ

{ " Table 1

""‘ of Ph2*“at different potentials

Flr%t order ikinetics of ele(‘trosorptlon

A

R

e

.7
.'/

¥
0 50 100 150 200 250 300 350 400 450

!I
100 -
" e

|

L]

EEHT/Y‘ ky7min - q./mg-g” ce/mgL7!

0 0.0599 0.5152 0.987 4 pH =5,Pb2* WA E 9 10, 50, 100, 200, 300, 400 mg-L~",
-0.4 0.1159 0.4723 0.9307 PABL S0 L, FUBEE NaNOy I 5 10 mmol <L, B Y 3 b
-0 0.1698 0.4983 0.9479 7 GS BERH P MBIHSRE
-2 0.2859 0. 488 5 0.9902 Fig. 7 Adsorption isotherms of Ph** on GS electrode

%2 Langmuir 270 Freundlich B} &R E&E RIS MHEX S
Table 2 Fitting parameters of Langmuir and Freundlich adsorption isotherm models
R Langmuir 77 & Freundlich
HLH/V . 8
Q,/mg-g” K/L-mg~! R? K/L-mg~! n R?
-1.2 461.20 0. 057 0.9870 77.88 3.13 0.8576
0 224.12 0.001 0.9679 14. 15 2.31 0.998 4

L IR 6 R L T L R S A R A )
GS FE ARt i = 1) L, W B A Ph T S HE R FL )
(IAE R T [l 2] v, DT 38 3 H B P AR B B
(920 LI BRFESF ] GS BN — 1.2 V [ HL R, T
B 30 min ZJ&, [ GS HARAMIN + 1.2 V (9 HL R4 T
H G R, G RMESFIR] A 25 min. FH & 8 AT, HLIZ B 30

min J5, W PH> T BUMRBE R 119.4 pe-L 7' FE N
4.3 pg L7 Pb*" BYLBRAEGK 96. 4% 5 T +1.2 V
B, D P> Ve B T, 25 min J5, WD
Pb>* M BE N 57.5 wg L', Pb2T B B R Gk
46.2% . [E1'9 SRy - Td A B S5 35 R AT 15 IR 25
B0, 15 RAEHR 2 )5, GS XF Pb* ¥ f Z2 B SRR 45 1



9 4 TERRAE A1 SRR AR A ) # S FRLI B P T TR RE 3753

120 - m
100
Loso |
=]
=
# | =
® 60
&
o 40 - _—
= +1.2 VR Bt e
20 -
I-—-_.____- -
s
1 1
0 10 20 30 40 5U
B i) /min
pH =5 ,Pb? " WA R 120 pe-1L-" ML 100 mL,
L BT NaNO, ¥4 10 mmol - L~
B8 GS Fe R FE IR Bff- At B it 2%
Fig. 8 Electrosorption-desorption equilibrium
curve of the GS electrode
il SIS
100 };' ?_
[
80 {-
=
;:: 60 - . !
& T .
%
40 tm L
20 +
Hie = = " u @
1 1 L ! 1
0 90 270 360 450
N it i) /min
pH =5, Pb>* WIIAVEE K 120 pg-L~" KR 100 mL,
FEL M NaNO, ¥ 4 10 mmol -L~!

B9 GS FatREY AR IR B - B BB ER

Fig. 9 Electrosorption-desorption cycles of the GS electrode

95% FeAv , U ARG PRI L RE B 47

3 g

(1) R Hummers %4 # GO 4 mil /K Ak
JFIFZE R 13 GS . GS B B He Ak 2 1k i A
FELIE 1 mol-L™" i H,S0, Wl EE N1 A-g™
A, JFHC PR i i L A IR 200, 4 Feg ™'

(2)GS HLIWZ I} Ph>* (Y5 15 40 in i R A E E.
&HJHEEE%J —1.2 Vi, GS fAxF Ph* LR R A
3 96. 4% 5 E—Hsh12E L.

(3)GS EE”&M]L Pb** AT MAF A Langmuir WY Fff
MR GS HL W BfE Pt ) 1R AT B R 461. 20

mg-g_l, 25 R AN LB A R e B R
mg-g~") 12 f5.

(4) TR 1) H T A SIEBE Ph (10 G BFF, Ao B
HRA[IK 46. 2% 5 GS HUAAE PR A TP 5 F 2 B - At
BF 15 YO, IO Pb** B 2SR ARFAE 95% L L.
SE

[1] FuFL, Wang Q. Removal of heavy melal ions from wastewaters ;

(224.12

a review|[ J]. Journal of Environmental Management, 2011, 92
(3):407-418.

(2] ZEH, TH, e, % ZIItetenrfLoexs Ph( 1)

RIS 1A S LRI (D). SRR, 2014, 35(8): 3198-
3205.
Li K Q, Wang Y J, Yang M R, et al. Adsorption kinetics and
mechanism of lead ( I ) on polyamine-functionalized mesoporous
activated carbon [ J]. Environmental Science, 2014, 35(8):
3198-3205.

[3] Edk, sk, 840 EESEMA S0 6 & XX E 4R
BRI PEREL I ], RIAEE, 2014, 31(4) : 502-504.
Wang B, Zhang F, Huang F. Preparation of reduced ;gfgighene
oxide and its adsorplnion property for hea\;y me.l:a_.-l.:"'lbnsf J1.
Chinese Journal of Applied Chemistry, 201475.31(4)"; 502-504.

[4] Madadrang C ,]- Kim'H Y, Gao G H, et al. Adqm{)tion behavior
of EDTA-graphene oxide flpr Pb (1I) 1emova1[]] A!C-g Apphe-d
Malerlals & TnlerfaCES 201214(3); 1186-1193.% o .,:;.-’

[5] Bail, "Hu H,P Fu W, et al. Synthesis ofia no;;e‘l §lll(‘£l—
%upporled‘ dllhlocarhamate adsprbent and its propertle@ for the
removal ofheavy metal}onsf]] Journal of Ha/ardom Malerla‘l“s .
2011, 195 261-275. ==

[6] Guig Xt.&ang QQy Mo S M, et al. Sandwichlike maglnesil'lm
silicate/’ r"éduced graphene oxide nanocomposite for eni.ﬁ-é;lced
Pb?* and melh-)‘/lene blue adsorption[ J]. ACS Applied Materials
& Interfaces, 2014, 6(16) : 1.“4653—14659.

(7] ok, BB, ERA, 5 AT R A BIm e
TR R MEREL )], BRBEfRE, 2016, 35(9) : 1935-
1942.

Zhang J F, Liang C, Che D S, et al. Adsorption and desorption
of lead on graphene oxide surface under reduction condition[ J].
Environmental Chemistry, 2016, 35(9) : 1935-1942.

[ 8] Liu C, Zhang D X, Zhao L. T, et al. Synthesis of a thiacalix[ 4 ]
arenetetrasulfonate-functionalized ~ reduced  graphene  oxide
adsorbent for the removal of lead ( I ) and cadmium ( II ) from
aqueous solutions[ J]. RSC Advances, 2016, 6(114); 113352-
113365.

[9] LaasS, Singh P K, Samadder S R. Regeneration of adsorbents
and recovery of heavy metals; a review[ J]. International Journal
of Environmental Science and Technology, 2015, 12(4) . 1461-
1478.

[10] JiQH, An X Q, Liu H J, et al. Electric double-layer effects
induce separation of aqueous metal ions[ J]. ACS Nano, 2015, 9
(11) : 10922-10930.

[11] Huang Z, Lu L, Cai Z X, et al. Individual and competitive
removal of heavy metals using capacitive deionization[ ] ]. Journal
of Hazardous Materials, 2016, 302, 323-331.

(12] X5k, WK, 25Kk, 4. MnO,/CFP & & HUA Y il %
B PO AFPERGESE[ )], BREIREE, 2015, 36(2)



3754 2N 5%

il

2% 38 &

552-558.

LuF Y, Ho CZ, Li Y F,

electrosorption characteristics of MnO,/CFP composite electrode

[J]. Environmental Science, 2015, 36(2) : 552-558.

BRIEAR, RAFSC, INElE, 4. WL BB EhBOR i 52 5 i

JHHERE[T]. TolkKAbHE, 2011, 31(4) : 11-14.

Chen Z L, Song C Y, Sun X W, et al. Progress in the research

on the electrosorption desalination technology and its application

[J]. Industrial Water Treatment, 2011, 31(4) . 11-14.

[14] BEUE, FXE, 7000, & ORRERARE TRl
H@%ﬂ%}iﬁmbm. IRERTRL, 2014, 45(S2) ; 22-27, 31.
Mo Y H, Yan Y L, Su H C,

et al. Preparation and Ph2*

[13]

et al. The fabrication and
performance of graphene-based electrode materials for capacitive
deionization [ J ]. Journal of Functional Materials, 2014, 45
(S2).22-27, 31.

El-Deen A G, Barakat N A M, Khalil K A,

Sn0, nanocomposite as an effective electrode material for saline

[15] et al. Graphene/

water desalination using capacitive deionization [ J ]. Ceramics
International , 2014, 40(9) . 14627-14634.

Li C, Shi G Q. Functional gels based on chemically modified
2014, 26 (24): 3992-

[16]
graphenes [ J ]. Advanced Materials,
4012.
Hummers Jr W S, Offeman R E. Preparation of graphific oxide
[J]. Journal of the American Chemical Society, 1958, }0(6) :
1339.
Xu Y X, Sheng K X, Li C,
hydrogel via a on'e; step hydrothermal pr&ces'é [J]. ACS Naﬁo,
2010, 4(7) #4324-4330. WS ~F 4
[19} ChakrdVdrly S Mohanty A, Sudha T N, o al' ]?ﬂzva-l" of.Pb
" (1Il) ions from aqncous solution by adsorpllon usmg bael—leaves
| (Aegle mannplos‘) [J]. Journal of Hazardou% Matenals 2010
" 173(1-3),: 502- 509 "' ‘ | -" /

[20]', Tan 1AW, Ahmad A L, Hameed B H. Adsorptlon 1so'thP1ms,
Ikmetms th!srmodynamlcs “and desorption st.udles of 2, 4 61

[17]

[18] Sel .f“-assemblél(.i " graphene

et al.

J tn(‘hlornphenol on oil palm empty fruit hunrh based ae'trvath
carbun[.]]. 2009, 164(2-3):
473-482.

Wang J, Chen Z M, Chen B L. Adsorption of polycyclic aromatic

Journdl of Hazardous Materials,

[21]

[22]

[23]

[24]

[26]

[27]

(28]

#1291

hydrocarbons by graphene and graphene oxide nanosheets [ J].

Environmental Science & Technology, 2014, 48 (9). 4817-

4825.

AR YA IR TR S AR 8 Kl A RE T
F[D]. WAIREE: WRET R, 2012, 31-53.

Wang L. Research on preparation and electrochemical

performance of graphene based composites for supercapacitor

[D]. Harbin; Harbin Institute of Technology, 2012. 31-53.

Liu]J Y, Lu M, Yang J M,

7Zn0/activated carbon asymmetric capacitor and mechanism

analysis[ J]. Electrochimica Acta, 2015, 151 312-318.

Gao Y, Zhang W L, Yue Q Y,

hierarchical porous carbon from Enteromorpha prolifera by a self-

et al. Capacitive desalination of

et al. Simple synthesis of

template method for supercapacitor electrodes [ J]. Journal of
Power Sources, 2014, 270 . 403-410.

Wang HW, Wang Y L, Hu Z A, et al. Cutting and unzipping
multiwalled carbon nanotubes into curved graphene nanosheets
and their enhanced supercapacitor performance[ J]. ACS Applied
Materials & Interfaces, 2012, 4(12) : 6827-6834.

XuY X, Lin Z Y, Huang X Q, et al.
supercapacitors based_on three-dimensional g;aphér'lg hydrogel
films[ J]. A€S Nano, 2013, 7(5) : 4042-4049, ___-,3' F i
Hsieh C T, Lee WY, Lee CE, et al. Ele(trocheml_c'dl capacitors
fabricated WIth tin 0x1de/ graphene oxide nanncﬂmpo?tes{ J].
The ]ourrial of Physl(al Chemlstry C, 2014, IlS(Qg) 15146-
15153. F iy L
;J’K.fﬁ‘, JWJ/J\YEZ Jﬁiﬁ% VL Nk = @%/ﬁ@b@?iﬁﬁ
{#Extiﬁﬁ&m%wﬁﬁ Ejf?ﬁ . TSR SR 2016 .
38(5) . }2 17 # TR
Zhdng CZ Gao X B,fWu RP,

properltles of Cetyltrlmelhylammomum bromide modilisd. zeohg,e on
humie d(,ld[] J Environmental Pollution and Control , 2016 38

Flexible solid-state

et al. Reseduh on ddsorptlon

(5). 12-17.
T, RAFI, HIRE. %%*“FJA%M&%@MM&EHH%
HEREERE[J]. FREERI, 2016, 37(2) : 602-608.

Wang T, Zhu C S, Hu C Z. Preparation of NiAlI-MMO films
electrode and its property [ J .

Environmental Science, 2016, 37(2) : 602-608.

capacitive  deionization




HUANJING KEXUE Vol.38  No.9

Environmental Science ( monthly) Sep. 15, 2017

CONTENTS

Emission Characteristics of Vehicles from National Roads and Provincial Roads in China =««++«xessrerreenesmnmmnnimminninni, WANG Ren-jie, WANG Kun, ZHANG Fan, et al. (3553)
Impact of Gusty Northwesterly Winds on Biological Particles in Winter in Beijing ««+r«ssesrerrereeesenenssenenennenninnens YAN Wei-zhuo, WANG Bu-ying, Oscar Fajardo Montana, et al. (3361 )
Characteristics of Particulate Matter and Carbonaceous Species in Ambient Air at Different Air Quality Levels FANG Xiao-zhen, WU Lin, ZHANG Jing, et al. (3569)
Distribution and Health Risk Assessment of Heavy Metals in Atmospheric Particulate Matter and Dust -+ WANG Yong-xiao, CAO Hong-ying, DENG Ya-jia, et al. (3575)
Observational Study of Air Pollution Complex in Nanjing in June 2014 ++++xeserersererssrsensnetnsnntnnentnnnstie e HAO Jian-qi, GE Bao-zhu, WANG Zi-fa, et al. (3585)
Distribution Characteristics of Air Pollutants and Aerosol Chemical Components Under Different Weather Conditions in Jiaxing »+++++++++* WANG Hong-lei, SHEN Li-juan, TANG Qian, et al. (3594 )
Observations of Reactive Nitrogen and Sulfur Compounds During Haze Episodes Using a Denuder-based System «+:+eeeseereereeeseneneens TIAN Shi-li, LIU Xue-jun, PAN Yue-peng, e al. (3605)
Analysis of Anthropogenic Reactive Nitrogen Emissions and Its Features on a Prefecture-level City in Fujian Province -+ ZHANG Qian-hu, GAO Bing, HUANG Wei, et al. (3610)
Levels, Sources, and Health Risk Assessments of Heavy Metals in Indoor Dust in a College in the Pearl River Delta - CAI Yun-mei, HUANG Han-shu, REN Lu-lu, et al. (3620)
Influence of Noble Metal and Promoter Capacity in CDPF on Particulate Matter Emissions of Diesel Bus «++++s+sesseeseeeeee TAN Pi-giang, ZHONG Yi-mei, ZHENG Yuan-fei, et al. (3628)
Spatial Distribution, Source and Ecological Risk Assessment of Heavy Metals in the Coastal Sediments of Northern Dongying City *+++ LIU Qun-qun, MENG Fan-ping, WANG Fei-fei, et al. (3635)
Remote Sensing of Chlorophyll-a Concentrations in Lake Hongze Using Long Time Series MERIS Observations +««+«txesessessessesssenenennsencnennenes LIU Ge, LI Yun-mei, LU Heng, et al. (3645)
Analysis of Spatial Variability of Water Quality and Pollution Sources in Lihe River Watershed, Taihu Lake Basin LIAN Hui-shu, LIU Hong-bin, LI Xu-dong, et al. (3657)
Distribution of Different Phosphorus Species in Water and Sediments from Gaocun to Lijin Reaches of the Yellow River + ZHAO Tun, JIA Yan-xiang, JIANG Bing-qi, et al. (3666)
Characterization of Phosphorus Fractions in the Soil of Water-Level-Fluctuation Zone and Unflooded Bankside in Pengxi River, Three Gorges Reservoir «+«++sesreserrereersesenennensnnncninnnnees
.................................................................................................................................................................. HUANG Jun-jie, WANG Chao, FANG Bo, et al. (3673
Distribution of n-alkanes from Lake Wanghu Sediments in Relation to Environmental Changes «++++«+esseesessessenensnmnisininscnenns SHEN Bei-bei, WU Jing-lu, ZENG Hai-ao, et al. (3682
Hydrological Performance Assessment of Permeable Parking Lots in High Water Areag ««+eseereereeeeeenee JIN Jian-rong, LI Tian, WANG Sheng-si, et al. (3689

Analysis of the Characteristics of Groundwater Quality in a Typical Vegetable Field, Northern China YU Jing, YU Min-da, LAN Yan, et al. (3696

Composition, Evolution, and Complexation of Dissolved Organic Matter with Heavy Metals in Landfills =~ «+veeeeereerveresenenensincnenenes XIAO Xiao, HE Xiao-song, XI Bei-dou, et al. (3705
Correlations Between Substrate Structure and Microbial Community in Subsurface Flow Constructed Wetlands —««+sesseseersesseeseneneenees LI Zhen-ling, DING Yan-li, BAI Shao-yuan, et al. (3713
Impact of Tale Ore Mining on Periphyton Community Structure and Water Environment «-«+«ssesetseessessserennsimenenenninenenes ZANG Xiao-miao, ZHANG Yuan, LIN Jia-ning, et al. (3721
Physiological Characteristics and Nitrogen and Phosphorus Uptake of Myriophyllum aquaticum Under High Ammonium Conditions ~+++++++++ LIU Shao-bo, RAN Bin, ZENG Guan-jun, et al. (3731
Removal of Algal Organic Matter and Control of Disinfection By-products by Powder Activated Carhon =~ ««+sessereesreeserensennsncnennens MIAO Yu, ZHAT Hong-yan, YU Shan-shan, et al. (3738
Preparation and Ph? * Electrosorption Characteristics of Graphene Hydrogels Electrode «+++veeeveeevememsiiiin, WANG Yao, JI Qing-hua, LI Yong-feng, et al. (3747
Influence of Current Densities on Mineralization of Indole by BDD Electrode «««+-«sxessersersersssesnenmssnsnennmninininniessenien ZHANG Jia-wei, WANG Ting, ZHENG Tong, et al. (3755
Mechanism of Photochemical Degradation of MC-LR by Pyrite ++:ereeeeererenserssismeneniinininiii e ZHOU Wei, FANG Yan-fen, ZHANG Yu, et al. (

Enhanced Treatment of Printing and Dyeing Wastewater Using H,0,-Biochemical Method =~ ++++v+serereererrsrseerensensnneninssineinens YUE Xiu, TANG Jia-li, YU Guang-ping, et al. (3769
Effects of Influent C/N Ratios on Denitrifying Phosphorus Removal Performance Based on ABR-MBR Combined Process ++++«++++++-- WU Peng, CHENG Chao-yang, SHEN Yao-liang, et al. (3781
Start-up of a High Performance Nitrosation Reactor Through Continuous Growth of Aerobic Granular Sludge «+«+++«+veeeresesveerenees GAO Jun-jun, QIAN Fei-yue, WANG Jian-fang, et al. (3787
Activated Sludge Mineralization and Solutions in the Process of Zero-Valent Iron Autotrophic Denitrification ««+«ssesesssesresesessennseneens ZHANG Ning-bo, LI Xiang, HUANG Yong, et al. (3793

Analysis of Respirogram Characteristics of Filamentous Bulking Caused by Low Dissolved Oxygen MA Zhi-bo, LI Zhi-hua, YANG Cheng-jian, et al. (3801
++ LIU Guo-xin, WU Hai-zhen, SUN Sheng-li, et al. (3807

MENG Ting, YANG Hong (3816

Aerobic Degradation and Microbial Community Succession of Coking Wastewater with Municipal Sludge -

Rapid Culture, Microbial Community Structure, and Diversity of High-Efficiency Denitrifying Bacteria

Abundance of Cell-associated and Cell-free Antibiotic Resistance Genes in Two Wastewater Trealment Syslems «««+«ssessessessesessesnenessennes ZHANG Yan, CHEN Li-jun, XIE Hui, et al. (3823
Effect of Biochar on CH, and N,O Emissions from Lou Soil +++eteseeetseerseesesensinmenisiiniii s ZHOU Feng, XU Chen-yang, WANG Yue-ling, et al. (3831
Spatial Variability of C-to-N Ratio of Farmland Soil in Jiangxi Provinge «+:«+ssssssesessessessensetnenusnsininsnsininsss s JIANG Ye-feng, GUO Xi, SUN Kai, et al. (3840
Influence of Calcium Carbonate and Biochar Addition on Soil Nitrogen Retention in Acidified Vegetable Soil YU Ying-liang, YANG Lin-zhang, Alfred Oduor Odindo, et al. (3451
Comparison of Soil Hydraulic Characteristics Under the Conditions of Long-term Land Preparation and Natural Slope in Longtan Catchment of the Loess Hilly Region +:«+seseessesenessesseneenees
............................................................................................................................................................... FENG Tian-jiao, WEI Wei, CHEN Li-ding, et al. (3860)
Effects of Organic Carbon Content on the Residue and Migration of Polycyclic Aromatic Hydrocarbons in Soil Profiles ««+s«+ssssesererssersenssensnenmniniininsininnsi
......................................................................................................................................................... FEI Jia-jia, ZHANG Zhi-huan, WAN Tian-tian, et al. (3871)
Major Factors Influencing the Cd Content and Seasonal Dynamics in Different Land Cover Soils in a Typical Acid Rain Region + LIU Xiao-li, ZENG Zhao-xia, TIE Bai-qing, et al. (3882)
Application Potential and Assessment of Metallurgical Contaminated Soil After Remediation in Tongguan of Shaanxi +:«+esseeveesvereseesineens WANG Jiao, XIAO Ran, LI Rong-hua, ef al. (3888)
Effects and Mechanisms of In-situ Cement Solidification/Stabilization on a Pb-, Zn-, and Cd-Contaminated Site at Baiyin, China ~«++-+++++ LU Hao-yang, FEI Yang, WANG Ai-gin, et al. (3897)
Concentrations and Health Risk Assessment of Polycyclic Aromatic Hydrocarbons (PAHs) in Soils and Vegetables influenced by Facility Cultivation — «+r+seresserersesesssennesinnncninnnens
.......................................................................................................................................................... JIN Xiao-pei, JIA Jin-pu, BI Chun-juan, et al. (3907)
Effects of Arbuscular Mycorthizal Fungi on the Growth and Uptake of La and Pb by Maize Grown in La and Ph-Contaminated Soil -+ CHANG Qing, GUO Wei, PAN Liang, et al. (3915)
Effects of Straw Incorporation on Cadmium Accumulation and Subcellular Distribution in Rice «+esstseesreerssesemenmsensninninnininnenne DUAN Gui-lan, WANG Fang, CEN Kuang, et al. (3927)
Redox Transformation of Arsenic and Antimony in Soils Mediated by Pantoea sp. IMH = weeeeeseesnesusssesineinnimiiiniiis e ZHANG Lin, LU Jin-suo (3937)
Adsorption Characteristics of Biochar on Heavy Metals (Ph and Zn) in Soil = +e+reseesereressremssnmnsinninnsisss e WANG Hong, XIA Wen, LU Ping, et al. (3944)
Characteristics of Enteromorpha prolifera Biochars and Their Adsorption Performance and Mechanisms for Cr( V) «eeseveesesesnenienenns CHEN You-yuan, HUI Hong-xia, LU Shuang, et al. (3953)
External Phosphorus Adsorption and Immobility with the Addition of Ignited Water Purification Sludge -+ YU Sheng-nan, LI Yong, LI Da-peng, et al. (3962)
Preparation of Adsorption Ceramsite Derived from Sludge Biochar LI Jie, PAN Lan-jia, YU Guang-wei, et al. (3970)

Construction of Graphitic Carbon Nitride-Bismuth Oxyiodide Layered Heterostructures and Their Photocatalytic Antibacterial Performance —+««+eereeseeressererenenenienensnininennsinnennen



	9fm.pdf
	9fm
	zwml


