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Research progress on preparation techniques of lignocellulose—based heavy metal adsorbents

DU Zhao-lin', CHEN Hong—an', AN Yi', GUO Xiao—yan®

(1.Agro—Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2.The College of Environ-
mental Science and Engineering, Nankai University, Tianjin 300350, China)

Abstract: Lignocellulose—based adsorbents are widely used for heavy metal wastewater treatment due to their abundant availability, rich-
ness in natural resources, low cost, and renewability of raw materials. This study analyzed the composition and morphological structures of
lignocellulose and summarized the preparation of lignocellulose—based adsorbents according to the up—to—date advances in pretreatment
and chemical modification techniques. Meanwhile, the main factors that affected the preparation process were analyzed. Furthermore, char-
acterization methods were adopted to reveal the adsorption mechanism. Adsorption and regeneration methods were then demonstrated in the
study. The results indicated that reactive functional groups could be introduced to cellulose through chemical modification to enhance the
adsorption capacity of lignocellulose for heavy metals. However, the cellulose was enclosed in a dense network which is composed of hemi-
cellulose and lignin, and possesses high crystallinity; both of these lead to a poor chemical modification performance. Thus, it was neces-
sary to conduct the pretreatment before chemical modification. In addition to physical, chemical, and biological methods, current pretreat-
ment techniques included new methods such as microwave and ultrasound. Modification techniques mainly included monomer grafting and
direct modification. Factors such as types and amounts of raw materials and reagent and reaction temperature and modes had a significant
impact on the preparation process. The adsorption mechanism of lignocellulose—based adsorbents for heavy metals was mainly complex-
ation and ion exchange. Current adsorption studies adopt mainly intermittent static adsorption methods and the solvent regeneration method
was often used in the regeneration research. Finally, this study concluded existing problems of the preparation, adsorption, and regeneration
of lignocellulose—based adsorbents, and suggestions were also made for future developments.
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Table 1 The contents of chemical components in different types of lignocellulose

GBS 2 YER % LT Ul 1% KRIF 1% K53 1% HABR 3% Sk
Types Cellulosic Hemicellulose Lignin Moisture Other ingredients References

UNZESAR N [F¥N 43 22 35 — — [11]
P 47 22 29 — — [11]

A 35 17 26 — — [11]

LA NE] 31.8 31.8 19.0 7.30 <1 [12]

LN EFEWLT AR MAEIR 80~95 5~20 0 — — [11]
IR L5 25-35 25~30 30~40 — — [11]

INAEREFE 30~35 26~32 16~21 — — [11]

IKFEREFT 31~39 19~25 16~25 12.0 <1 [13]

FOKFEFF 43.97 28.94 21.82 427 1 [14]

Tk 40~45 28~35 15~17 9.7 <1 [11]

T e 32~44 27~32 19~24 8.5 <1 [11]

RERAE LR A 70~80 8~11 1~7 1-2 <4 [15]
LR 70~77 12~15 0.5~2 6~9 <1 [15]

NS 55~67 20~25 6~10 10~13 <2 [15]

HRR 58~63 20~22 12~15 10.0 <1 [16]

2L 55.66 16.59 5.79 16.0 <2 [15]

i 26~43 15~26 21~31 9.2 <1 [11]

TE " FRIR S SOk AR DR A1) L XL A3 1) 2
Note: “—" indicates that content data of corresponding components are not listed in references.
R2 RAEAMERRAEZNLFZEBEF D
Table 2 Analysis of chemical functional groups in different types of lignocellulose
FhE Types TS R AE AL Main absorption band and characteristic wave number/cm™ SCHik References
oG PR A 3400 2900 1737 1640 1430 1373 897 [20]
RN — — 1735 1601 1499 1209 841 [21]
Frioc 3350 2900 1735 1650 1455 1370 830 [22]
KAEFREFE 3500~3570 3006 1767 1427~1462 — 1239 899 [23]
FARFEFF 3430 2920 — 1645 1380 1040 900 [24]
7 3414 2901 1639 1431 1385 1060 898 [25]
HRR 3435 2900 1739 1430 1338 1244 896 [21]
WWcgay  -OHM%E  CH.M4  C=0fh4idik3h -CH &l 4 5l -OH &l = 5h C-Ofh4ifesh p-MEiT e —
PR3 P ORBERFERANE) (FARRMAER) (4R R) (FIERFH L) k3
TE "R S SOk AR A H A0 B N MRS A 1
Note: “ — " indicates that wave number data of the corresponding absorption bands in materials are not listed in references.
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Figure 1 Roadmap for preparation of lignocellulose—based adsorbent
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Table 3 Adsorption capacity toward heavy metal ions on lignocellulose after different modification treatments

. 15 W1 ‘ Langmuir 1574 HEZ 8 I 2l
s R wiee "SI wwprst g it
Li (li 1/\ Chemical pH Initial Dosace/ T/K Adsorption o K./ ! . o'/ Z/-| Rl N
1griocetiitiose modifying agent concentration ()Sdée type me"8 Lemg’ mg-g’ R mg-g g-mg - R elerences
gL © min”’
6-M—-6-Bi% 2-FiH RIE 3.0 20mmol-L' 3 313 HAK Cu(ll) 36 - - = — — — [63]
augx =M 50 20mmol-L" 3 313 #tit# Ph(I) 105 09— @ @0— @ @0—  o— — —
50 20mmol-L" 3 313 HLKE Ni(D) 093 — — — — — —
R EAE 3.0 20mmol-L" 3 313 #tiEe cu(ll) 22 - - = — — —
BEE 50 20 mmel- L' 3 313 ik Po(Il) 28 — — — — — —
50 20mmol-L" 3 313 ik Ni(D) 8 — — — — — —
e BE 3.0 20mmol-L" 3 313 #tiRIE Ccu(l) 2 — — — — — —
il 50 20mmol-L' 3 313 #id% PH(I) 6 - - = = _ _
50 20 mmol-L" 3 313 HbiRE Ni(I) 10 — — — — _ _
3-FiE REE 3.0 20mmol-L 3 313 #HRH Cu(l) 24 - = — — — —
L 50 20mmol-L" 3 313 #tit®% Ph(D) 20 — — @— —  —  —
50 20mmol-L" 3 313 #ikE Ni(D) 1 - = — — — —
A 3.0 20mmol-L7 3 313 #tiREE cu(l) 6 - = — — — —
50 20mmol-L" 3 313 ks Pb(Il) 81 — — — — — —
50 20mmol-L" 3 313 #RH% Ni(I) 5 — — — — — —
HRR IR 3k 6.0 100 mg- L™ 1 298 HLIAE: Cu(Il) 43.98 0360 44.84 09999 44.44 0.018 09999 [44]
R IEF
SOK A3 60 300mg-Lt 1 298 HtikEE Cu(Il) 102 3.472 114.94 0.995 100.71 0.004 31 0.998  [64]
VU
/AN T HFEE 50 50 mg-L! 2 293 HtiREE As(V) 4230 041 4370 0994 3890 0.054 0993  [65]
ik 6.0 500mg-L" 2 303 ks Cr(VI) 218.33 215.52 4.556 0.991 1 50.10 0.009 41 0.9998  [66]

T "R S SR RS AR N2

Note: “—" means that the corresponding content dala are not listed in references.
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Figure 2 Adsorption mechanism of lignocellulose—based adsorbents
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Table 4 Characteristics of lignocellulose—based absorbents'”!

% o 70 BET 21 LA 1Lz EREET W 5 SCHk
Absorbents BET specific surface area/m’+g”"' Pore volume/cm’+g™" Pore size/nm Heavy metal ions Adsorption capacity/mg-g" References

PR(YTEN TER 1.50 0.009 1 1.93 Cu(T) 2.54 [70]
Zn( 1) 0.98

NaOH gt A sl & 2.99 0.0125 0.36 Cu(Il) 6.93 [70]
Zn( 1) 15.83

AT YR 1.64 0.008 39 20.41 — — [71]

IE AN B 4z 0.502 0.005 61 44.68 Ph( 1) 207.2 [71]

BRIRET Y % 0.002 33 0.003 34 5736.70 Ph(I) 232.06 [71]
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Table 5 Regeneration parameters of lignocellulose—based absorbents

% 5] EemEET A AR SCHK
Absorbents Heavy metal ions  Regenerants Regeneration effect References
TR P G A 2 4 3% Cu(1Il) NH; 8% (V/V) FEA T U B 4415 90% L) I [77]
MR AL LT 2 R Ni( 1) 0.01 mol- L™ FE 1 RS , WM 7Rk I OKR A9 99.7 % s FHE 4 WS FE - (78]
HNO; AR 24.48%
cd( 1) FHE AW W AR ] AR R
TR SN S bk R Ph(ID) HCI+# 74 T 10 YO, R a8 3 ORI 90% DL [56]
SULT LI REME LT dE R AV E B AR Cr(VI) NaOH FRARCRMT 98 % 5 FEAE 5 RS I 25t R I AR 2k [79]
ot e B AL 2T 2k 2% Cu(1Il) EDTA TR LG A R AT W R A 2 [80]
Cr(1D)
B R Cd( 1) EDTA-2Na AR I B RE T AT W) AR 81]

MR RS0 £ [ S PRI B T 2R

(3) BRBT BEA 5t 21 24 22 FE M B 551 F) 1 A F 5 32 2L
SRR AT D e B2 590, ik OB I ) 0 AR AN 24 55 5 |
KRG R EISUS 22T R RO R 4 i 5
LR T ZRINIFE
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