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Abstract; In order to extract palladium economically, efficiently and environment friendly, lignin is firstly extracted
from rice straw by sulfuric acid method, and then the quaternary ammonium rice straw lignin is synthesized through
chemical modification with the 3-chloro-2-hydroxy-propyl-trimethyl ammonium chloride ( CHMAC ). After that,
[ PdCl, ]* was adsorbed by the quaternary ammonium rice straw lignin. The lignin and its derivants were characterized by
the scanning electron microscope (SEM), Fourier transform infrared spectroscopy (FTIR), thermogravimetric analysis
and differential scanning calorimetry (TG —DSC ), respectively. Meanwhile, the effects of pH value, the initial
concentration of [ PACl, ]*", the adsorption time on the adsorption properties of quaternary ammonium rice straw lignin
were investigated. Furthermore, its selectivity for [ PACl, 1>~ was also discussed. The results show that the quaternary
ammonium rice straw lignin is porous, rough and irregular with excellent thermal stability below 200 °C and infrared
absorption peak at 1469 cm™' is attributed to the bending vibration of quaternary ammonium ion. Moreover, the optimum
value of pH for [ PdCl, 1> adsorption is 2 and the time of adsorption equilibrium is 8 h. The adsorption reaches saturation

when the concentration of [ PdCl, ]* is 4 mmol - L™ with 1.120 mmol - g'

of the saturated adsorption capacity. At the
same time, the adsorption process could be described by pseudo-second order kinetic equation and adsorption isotherm
could be simulated by Freundlich equilibrium adsorption equation, which indicates that the adsorption is chemical
adsorption of monomolecular and nonhomogeneous. In addition, the quaternary ammonium rice straw lignin presents
excellent selectivity for [ PACl, ]~ when the concentration of hydrochloric acid is less than 1 mol - L. The lower
concentration of hydrochloric acid, higher initial concentration of [ PdCl,]*" and longer adsorption indicate the better of
adsorption capacity and selectivity.
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Fig.1 The synthesis of Crosslinked lignophenol, Chlorinated crosslinked lignophenol and quaternary ammonium rice straw lignin
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Fig.2 SEM images of lignin, crosslinked lignophenol and quaternary ammonium rice straw lignin
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FEfLE AR ILER 3 M 9,38 3 R i O FEA G
FHCH 0.996, W5 FERATF VB 25 B B H A
4 0.463 mmol - gflli@;%zﬁ 0.449 mmol - gfljffg%ﬁ%
T, B9 KWL — O RN Ty 2 A M 2 b i e A
B NI, 2B P AR AR R I M PdCl, ] i 7
AEHE KB 177 R R A A A A R

R3 PHFEEBRINFESH

Tab.3  Kinetic models and parameters

Bl 2R EIPIE i
k,/min”" o car/mmol + o! o oxp /mmol - = R?
Pseudo-first order ! e ° Aesen &
5.27x1073 0.318 0.449 0.711
ky/ g+ mmol™" - min”! Gy /mmol - g7! 4, exp/ mmol -+ gl R?

Pseudo-second order ’ ’

5.77x1072 0.463 0.449 0.996

A B R?
Elovich
0.108 0.0493 0.944
k;;/ mmol + (g - min"?) 7! C, R,*>  k,/ mmol - (g - min"?)"! C, R,?
Intra-particle diffusion '
0.009 86 0.214 0978 0.001 5 0.402 0.639
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2.2.4  FRERUFEXS[ PACL, ] > R R
ERFRUR BEXT [ PACL, ] BE£EME RS2 LI 10,k
v B /T 1 mol -+ L7, 2 e TR B K JiiT 38 4
[PACL, 1> HA ARk £, 0 6 8 42 8 LT A g
B, 3R PR R 7 I vk B R R b A AU A R L
[PACL, 1" B AL, MW T Ni** | Cu® | Fe™ FI
Zo ML BHES FIEASAEAE X 2 PH S T ek 5 5
BT A T B AR R AT w@u%ﬂwﬁhi

AB| BRI R AR R . TR E KT 2 mol - L
BF, PR ZR H CL i BE B s iR 4 8 B 5 CI
TR &8 - A B A 1, & F s #ani ik A %
TG RIFRROR 2P, W) CL v B IS bl 2=
BRIRE B R Z 22 C17 5[ PdCl, ] > & T35k
FORE, s v B PR AR 25 A Uk, Rk R T
LB, R AR ORI R X[ PdCL, 17 B
TR BEREE.

1 mol -

0.4r
0.3F
o
é 0.2+ —— e \4
= — Cu™
——Zn”
0.1 —Ni¥
—— [PdCL >
0 1 1 1 l
1 2 3 4 5 6 7
HCl/(mol - L™
B 10 EHESREX[PACL ] EEEMNEME, FRAUBEAR

JREREAN 10 mg, AREFR A 10 mL,Ni**, Cu™
Fe** . Zn™ #1[ PACl, | BI¥IR KR E RS 0.5 mmol -
L7 k3% RS E A 25 h
Effect of the concentration of hydrochloric acid on
selectivity of [ PdCl, ]*

ammonium rice straw lignin was 10 mg, the volume of

Fig. 10
. The weight of quaternary

solution was 10 mL, the initial concentration of Ni**,
Cu®, Fe™, Zn" and [ PdCl, ]* was 0.5 mmol + L',
respectively, the shaking time was 25 h

3 % %

W B R ORY ROR IR WA R S X
[ PdC, > WEBHHPEREROBIFST , IR T LI R 4548,

1) R FHRRRIE IR IBOR T2, 2 4k 38k Ak
FREA 5 A L T 2R RS ROR LR | B i 1) 2 e 78
FERL A2 Ry 2L H 3R T HURE () JOIR A 7E 200 °C
AT RIS, BA R r G k.

2) AR B h W A A T 2 e RS R K B &R X
[ PdCL, ]* FY W B, S AR BT pH (B 2.

3) W B SF- fig B 1) k8 b, A R I B 2 R A
1.120 mmol « g, W Bff i i 35 0 o — R 3h 1 2%

P B AR Y 5 Freundlich 5 FEHL-G B4, 2 1H
WG B 3o Sy B3 SR AR 4 B A W

4) EFREM T 1 mol - LB}, AR HLR
JREXS [ PACL, | BA TR e .

2% ik

[1] FGR, KA, BREAR, 5. 1600 SR a4 10 DI s e 4
TUWHRL)]. hEA SR, 2014, 24(10) : 2692-2693.
DONG Haigang, ZHAO Jiachun, CHEN Jialin, et al. Recovery of
platinum group metal secondary resource by iron trapping method
based on solid state[ J]. The Chinese Journal of Nonferrous Metals,
2014, 24(10) : 2692-2693.

(2] KRR, SRBESC, JERENE, 45, DABZAEALTR o ml SRR 45 Jas i i
TEMFELI]. FEEE, 2009, 18(4) : 82-83.

DU Xin, ZHANG Xiaowen, ZHOU Yaohui, et al. Hydrometallurgi-
cal processes of platinum group metals recovery from exhaust cata-
lysts[J]. China Mining Magazine, 2009, 18(4) . 82-83.

[3] ALEKSANDAR N N, KWANG L A, DAN L. Recovery of platinum,
palladium and rhodium from acidic chloride leach solution using ion
exchange resins[ J|. Hydrometallurgy, 2015, 152, 20-32.

[4] P, BRKE. RBUR RIS SRR T 1] # B Ag+

WEMFPERELT]. wis> TAEELRRE 5 TR, 2015, 31(2) : 130-134.

LUO Jiajia, LU Qiufeng. Adsorption performance of silver ions on

lignin-polypyrrole composite nanoparticles [ J]. Polymer Materials

Science & Engineen'ng, 2015, 31 (2):130-134 .

g, AP, B A BT A PR B R X 0

BHERELT]. A @%Eﬁ'—i‘[x, 2012, 22(2): 599.

GUO Xueyi, GONG Qiqi, LIANG Sha, et al. Adsorption properties

of modified persimmon biosorbent onCu®** and Pb* [ J]. The Chi-

nese Journal of Nonferrous Metals, 2012, 22(2) ; 559.

[6] KHUNATHAI K, PARAJULI D, OHTO K. Adsorption behavior of

—
(9.3
[

quaternary amine types of lignophenol compounds for some precious
metals[ J]. Taylor & Francis Group, 2010, 28, 404-407.

TS, BRBHZE, BRAGIE, %6, ARBURBRRER R KAR H h AL
AR R NEIE )], =T MR RS TR, 2016, 32
(8):5-10.

WANG Xulan, OUYANG Qing, CHEN Yousi, et al. Preparation of

—
~
[

polyacrylonitrile by aqueous free-radical polymerization reaction with
lignosulfonate as regulator[ J]. Polymer Materials Science & Engi-
neering, 2016, 32(8): 5-10.

(8] #rHary, sk U, TG, 2. AT 2 oo i e M AR i
BRI S HERELT ). ST AR AR S TR, 2013, 29
(5):5-8.

JIN Yangiao, ZHANG Yizhuan, HE Zhoufeng, et al. Preparation and
properties of phenol-formaldehyde resin modified with lignin-polyol
[J]. Polymer Materials Science & Engineering, 2013, 29(5) ; 5-8.

[9] BZmi, mifh, BOCHL, &5 B RBRRBHIEENME NS
ZUBEMERE[ ], TPIEEATA, 2008, 23(2) : 60-63.

YANG Aili, GAO Wei, WEI Wenyun, et al. Synthesis and floccula-
tion performance of a new quaternary ammonium salt of lignin[ J].
Transactions of China Pulp and Paper, 2008, 23(2) . 60-63.

[10] BARAL S S, DAS N, CHAUDHURY G R, et al. A preliminary
study on the adsorptive removal of Cr( VI) using seaweed, Hydrilla
verticillata J]. Journal of Hazardous Materials, 2009, 171; 358—
369.

[ 11]HUBICKI Z, WOLOWICZ A, LESZCYNSKA M. Studies of removal



LR

AT, % FERREARE M AR LR PACI, 1 MM IHERE 17

of palladium(1I) ions from chloride solutions on weakly and strongly
basic anion exchangers[ J]. Journal of Hazardous Materials, 2008,
159. 282-283.

[12]AHMAD B A, ALA” A H A, NASIR A L, et al. Biosorption of tox-
ic chromium from aqueous phase by lignin: mechanism, effect of
other metal ions and salts[ J]. Chemical Engineering Journal, 2011,
169(1-3): 20-30.

[13]LIANG F B, SONG Y L, HUANG C P, et al. Adsorption of hexa-
valent chromium on a lignin-based resin; equilibrium, thermody-
namics, and kinetics[ J]. Journal of Environmental Chemical Engi-
neering, 2013, 1(4): 1301-1308.

[14]EMRE B, MUSTAFA G, ALI O A. Separation and recovery of pal-
ladium (1I) from base metal ions by melamine-formaldehyde-thiourea
(MFT) chelating resin[ J]. Hydrometallurgy, 2009, 95.15-21.

[15]MONIER M, ABDEL-LATIF D A, ABOU EL-REASH Y G. Ion-
imprinted modified chitosan resin for selective removal of Pd(1I) i-
ons [ J]. Journal of Colloid and Interface Science, 2016, 469 344—
354.

[16]SALVATORE C, ANTONIO G, ALBERTOI P. Sorption of Pd (1)
ion by calcium alginate gel beads at different chloride concentrations
and pH, a kinetic and equilibrium study[ J]. Arabian Journal of
Chemistry, 2016, 9: 656-667.

[17]DURGA P, KANJANA K, CHAITANYA R A. Total recovery of
gold, palladium, platinum using lignophenol derivative[ J]. Miner-
als Engineering, 2009, 22. 1173-1178.

[ 18] RAVINDRA K, ACKMEZ M, GIUSY L, et al. Biomass-derived
biosorbents for metal ions sequestration: Adsorbent modification and
activation methods and adsorbent regeneration[ J]. Journal of Envi-
ronmental Chemical Engineering, 2014, 2. 239-259.

[19]AFKHAMI A, MOOSAVI R. Adsorptive removal of congo red, a
carcinogenic textile dye, from aqueous solutions by maghemite nano-
particles[ J]. Journal of Hazardous Materials, 2010, 174 398-403.

[20] AFKHAMI A, MADRAKIAN T, AMINI A. Mo( VI) and W( VI)
removal from water samples by acid-treated high area carbon cloth
[J]. Desalination, 2009, 243, 258-264.

[21]TIAN Y, WU W, LIN X, et al. Synthesis of magnetic wheat straw

forarsenic adsorption [ J ]. Journal of Hazardous materials, 2011,

193 10-16.

[22]BIRENDRA B A, MANJU G, SHAFIQ A, et al. Kraft mill lignin—
a potential source of bio-adsorbents for gold recovery from acidic
chloride solution[ J]. Chemical Engineering Journal, 2013, 231;
190-197.

[23]NGUYEN V C, PHO Q H. Preparation of chitosan coated magnetic
hydroxyapatite nanoparticles and application for adsorption of reac-
tive blue 19 and Ni** ions[ J]. The Scientific World Journal , 2014,
2014, 273082-273091.

[24]CUI L M, WANG Y G, GAO L. Removal of Hg(II) from aqueous
solution by resin loaded magnetic b-cyclodextrin bead and graphene
oxide sheet:synthesis, adsorption mechanism and separation proper-
ties[ J]. Journal of Colloid and Interface Science, 2015, 456 42—
49.

[25]HUANG W Y, LI D, LIU Z Q. Kinetics, isotherm, thermodynam-
ic, and adsorption mechanism studies of La( OH) ;-modified exfolia-
ted vermiculites as highly efficient phosphate adsorbents[ J]. Chemi-
cal Engineering Journal, 2014, 236: 191-201.

[26]ZHANG B P, MA Z C, YANG F, et al. Adsorption properties of
ion recognition rice straw lignin on [ PdCl, ]*™; Equilibrium, kinet-
ics and mechanism [ J]. Colloids and Surfaces A Physicochemical
and Engineering Aspects, 2017, 514, 260-268.

[271ZFF 4T, WSO, S65rTt, 45, BRALEHEZ2 RIS Ph( 11 ) A R
FEPEL)]. PEA A RYER, 2013, 23(4) : 1152-1159.

LI Qingzhu, QIN Wenqing, CHAI Liyuan, et al. Characteristics of
Pb( II') adsorption on esterified spent grain[ J]. The Chinese Jour-
nal of Nonferrous Metals, 2013, 23(4) . 1152-1159.

(28 1150k, Wy, 44T, . Wi 28 s 0 IRE M A R 5 9 EPS-
07 Bt R Ph( ID) B4R (1] A G s 244, 2012, 22
(9): 2667-2672.

XIN Xin, YAO Li, CUI Ke, et al. Sorption characteristics of Pb
(1) from aqueous solution by extracellular polymeric substance
(EPS=07) of lead-resistant and producing flocculant strain Kleb-
siella pneumonia [ J ]. The Chinese Journal of Nonferrous Metals,

2012, 22(9) ; 2267-2672.
(HE BvHZ)



