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Research progress on treatment of organic pollutants by

diatomite and its complexes
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Abstract The progress and research results of modified diatomite in the adsorption and catalytic treatment of
organic pollutants were reviewed.Literature studies shown that diatomite can greatly increase its pore size and specific
surface area after effective modification, and increase its adsorption sites, thereby greatly improving the catalytic
efficiency of diatomite for organic pollutants adsorption. Modified diatomaceous earth has a good adsorption or

degradation effect on many organic pollutants (such as methylene blue, Congo red, phenol, formaldehyde, etc.), and

some research results have been industrialized, playing an important role in daily production and life.

Key words modification,diatomite,organic pollutant,adsorbent,catalysis,research progress

Tk 3 2 A ) B PR R R TR, B R R
Z LB B R, LB A B o A LA T L
PKREREDK, E—F T oEENIESRET =,
HAL= WA LL Si0, A F .18 AL O, \Fe, 0, .CaO,
MgO 5 7% J5t 1 o3 FNA 42 J8 25 . J B4 A9 3 2% R i
b1 I A SR e S T S NN [ L et VAR (EN 8
A PR R, Ho R R R IR R Big R
TR0 i JOT A 9 A SR AT S o T R A R L
FETE— SO G, W2 TH 44 i) 2 B BALAR 35 2E 1
W B A7 A08>S AR AR . T DA i 5 45 e
PR R v RE L DU TG T LTS B
W o 5850 2%

PLF 38 3 ) R - M S A WA LTS e

75 B #:2020-09-25; & B H#8:2021-11-08
HEEWMB EERAKRIESE (51302123 7% H)

EE RN TG (1997 T B L W5 A o 2 BN SRR B AL O Tl i AT 52

(1 1952 B £ 107 T BRAR 2E A7 25558 A0 20 BT 9 4 T 1
R ETHEREBE LS ZS%,

1 BEEIHUEAZEZRESHHINGE

L1 EEREINENNE

B AL 32 R R W) B B Ak A R R
HEAT B 2l A 3 1 R PN Y AR B AR DA R R 5
Ji e Y e KW BT RE 7 o H SR R VR 12 e R vk FTRR 12
HA . RIRWEN B 0 R RV R be IR B T ik
PRAETAR A 7 0 Rk - AR MR S R R S AR
S R W LA BRE AR R A o K FE R I T e T A
RERREG AL B T 37 9% . T RIGIAED 12 ks be L iR
Bk eE s R T R AL RS T B P B Y

WIRAEE ke (1979 Lo T R B . B2 FR SR AL D5 T A BFE - E-mail: zhangting@lut.cn,



%1 TR A AR b R HAT A W AL SR AT LTS B B B S ot .+ 309 -

W B e 1. 4 R AL B Al S Rk P 2L
SiO, By & IR F) 90% (wt. R 4. FRD . H I
2 TH ARRD AL £ B S B X 2 B B I B A
S TR Al A AR L SR fER S R T A
FERC R bl Nk B i IR AR LN A
R 10 000, fE 3 1 19 B2 1w LR KL HL 25 A AR
2% 5 AN 76 Bk 5 ok 5 00 I B8 EF 9
FEMARAE T i R A B R LR, iy
T —E R B I HH W T L 0 W B R
by = T w5 e R T B -3 T S Bu )
77 5 HR At A G S R o L 4R 4l A R £ SIO,
T PR AR ME B 0 AR A KT R AR L TR
T B AT
L2 FEREIMNENHE

A LR A AL R B SRt e
il P A W BT ok £ 2 12 107 e i P M e i . 5K R
FH b7 be 3 = H R R AL B2 (CCTMAB) AR AR 1Y Y 3%
B CTMADB) WA e 550 i P ke i 1, S 30 R W 7 A
44T ., CTMAB f1 TMAB M E 3 1+ X 28 8 19
B R 4 Bk 57.55% M 61 29%. i R H
CTMAB.TMAB & £ o P 7 Ak 3 + 0, 2 H &
0. 8% ~1. 0% (CTMAB: TMAB=1:3, it & [t.) i ,
XTAER 5 B R R 72 75 %, W A T o — ok 1k 4
Rho 2R K T B ik A AR ) e
FEBL TR 5 (SDS) i e + o e A W B 2% 14, FE X
F 1 R AL A8 A S 1 5 R 2R 4y Sl Sk 7306 i 8504,
XSRS o 3 = P 3R TR A B 3 T bk
FRE R SR Ak 8 - O o S R T 3k o e M A R X
T TP AR K 43 45 R /N 1 ORE I B BB ) B AT
W BFF 280 SR 7€ 378 G- %o TR M 53X A 3 5 ) A R 1
o Liv MR A 12 H -2 N3 = &R
FERELE CAPTMS) 2l £k 3+, i 2% 68 9% A P
BIRERE TSR, SR 5] A APTMS 2%
TG A 3 o FY R 5L 5 2% D)L A 25°C B X
BB 174 3 A R Bt k9 8. 95mag/ g W o 2 SR B AR
T P B RN R SR v
L3 FEEEINETNHE

TCHL P 2 A — b 5 22 T B b R fel
AR IR L IE JF X9 50 70 150 B WA )2 R 466 45
o I 4 JBURE [R] S 03 R 2 ) L 47 5K i 38 2144
FLIE S DT 2 o 0 0 W B C2R ™ . Lin %59 R A
AEAE (BIOCD S ik 3 1, IF48 -SR] pH 7K
Pk il T BIOCL/ K + 52 A A1k, WF 58 X H
BER R BE ). LR, ek T2 &M pH=

3.BiOCl skt Fe )k 0. 3, L K pH=12,BiOCI i 4
Fe ik 0. 6 1 244 T il 4 10 10 52 b ), LG
1) 44 Ak M BB 32 U T 4l k8 + 1 BiOCL, Tao 45 LU
RESE + R 589 R A 25 6 7K PR R R el A R OF
I A Y v A D e R R R S
MR, SC6 e BH L Ak 0 P R s R RE X B
T YRR PEAE T M Y RL I R BRI BH B Yk
FLTEARA b W BR R . EIRBR R O 4 T R R
T Bk L HAE pH=2~9 B, %1% PE 4ok & 1 i A
B R Jr. 7E pH = 9 B 3k B A K W M R
53. 82mg/g. Zhang % 5a HI £ A7 ¥k . ol i
CuxSetE RIS T HHEEEEGM
b O JE Rk B+ R TS BAR N 50~100nm [
Cu,x SYPORRL T, LR REW, CuaS Bl ik 3
0 P S 0 6 R R AR T T H T A
FE L 05 1 6 i 1k B A 5% 43 1) 36 21 96. 9 %0 Al
99. 1%, Zhao 5" % F M) 5 L€ ¥ - & L T HE 3
+/ZnFe FARBUA A ALY 224052 & kL (DZF) L iF
FETAE AT DG R T L a2ob R X R LA 4R Y
L ERE. I R MR R RN
5% (wt, Fii 20O mF L DZF X B 5L % F 1L 48 4 1
fift e AT %, 43 BIAE 180min Al 150min A UL HE 5
Jo FEAR 2 R 94, 46 % F1 97, 02% ., I 4M, DZF & H
A R IE R AE J7 . 2038 5 IRIG s 47 Jm . 4 i
BE W AN AL BRIV B i CRAT IR R FE T30 0L I
L4 BHEITEEHBMNHERX

Rk + 5 A MRV E R0 A O A K Bk
e e 2 . Han 207 3% ) MnO, ohPE k3 1
G393z T R A 7K AR I ik AR R TR TS 3 R 3 o
MR RE B+ E A AL R Mnz /DM-AO Al
Mnx /DM-MT, 0] ] T fk 8 fk B . 9250 R 9,
ANERTEF R F B MR T . Mnx /DM-AO fi# 4L 5
Xif FF T 1 % fit 18 ) #0245 F Mine/DM-MT, JE Hi 7
HURE 250°C if, FE DA IR i R I 7
FUE TiO, /e 52 G MR 0015 3] 1 4 TiO,
ME B2t TiO, , 3 HA3 8 T 5 715 2
B, LR R, TiO, /aE e 2 A AR 4 Ah
6 AT UL B W e B AR . 4l TiO, /e
A MR TiO, / ik 3+ 52 A MRS T
FE S S T LG R B R AT T 2R A i . X R A
B R e B4 T VBT N &7tk
TiO, / ik + 2 AR, TR LR 5 b i B ik
JEM 6. 413mg/m’ WEFFFREME] T 0. 169mg/m’, #
e gt ds I RE 3 £ 703k IO, Se b B AR, DLk R



310 - b LB AR OB %50 &

DU T e o kR L SR A IR EE IS LA TG OK S BN A
HLIE . 25 0 TiO, /fEsE + =AMk, S5 &3,
RSB T AT .4 500°C FEEE 2h, W E &1L
TR R R R e i 1) B € 36 R 5k 93, 1%,

2 MMBREIRESEAMBXIEREBEN
0 B W Bt % A 3T 3 R

2.1 XF VOCs iYW Bt 1 4k

VOCs HeAHER B A7 R FPE A BE P, 25 %5 KRR
B K 2 X N 2 i R T L AE L AR R
LRI, X R IR R ERENE, B
FFE LA S AR W o R v Ry A8 R X I R e
PEAT W R IF 5T L H v de A T 25 2 o D o 1R %
TRE R 450°C B EEL BN 1 6. X PR S Ak ekt
fiEdE 7 pH=05 0,1 B 25°C , R W & 100mg/ L,
Bom A 2g/L i 6 R ) A BR AR K 85 5900, A&
JERERE - L RACRED 2 4 15 7E pH=6. 0, & JF
25°C  RZE W 100mg/ L, # it Ky 2g/L B, Xf 48
13 () 2 B 2R A 86, 53 %0, S R BE 4 L BRACR Y 3. 1
5o Liu PV LITEK 2R i 57, R 20 10 35 591
ok Il & T TiO, /R EE R TIO, 44
KR T BRI AR 2R 10~ 15nm, HK 4> 2 1E I,
5 L E R R . SR TIO, SRk +
Y T 6 Lo 0. 35 WO B A G AL R E AT GC-MS
MR g5 R F 0L 0. 35TiO, /fik i+ T A7 %2 B 14 iR
FIZR . Liu A5 R /K #hk il 46t 9 K ek o A e
REWE 5 G MR Bl LR ALY 398 8m® /g, A1
JRAEEE 40 5. R E A MR SR LT TR
FHOR A5 — PP & M DL 35 3 8 4 1 W B 1k g L
XF MR &R A BEUF I W  BE B SR R L U
5% (wt, ikt 4380 S-1 3 A R, 28 100°C oK s
RE Ad J5 s A 0B A AR 2R 2 TR 0 B R T R
L 3lmmol/g., BAM. R E A M B IEEH R
TEAF 68 J1 . % 218 T8 483k 5 vk W& B gt % 416
R, WE R AT ik 67 %, Deng = DIRE# + N
M KB T N ECE R 38 R K A 4 K
RS/ RE B R AR E AR SO IS RE B R
BT W B8 K. X 2R 1 A B m W B RE 1, R
121, 6mg/g. ZEFG Y LLRE B A R R 45
HRRE Ak AR+ BE AR L RN A+ B A A R = ol S 0
BERRE (i RE S+ 5 A A BHR A — 2 KT
RIS BIRE R RE . o0 O B R Y
FACROCR IR AR . 5250 3R BT L R E B 4 AObE BL X
T ORI Ak R L e oA 75 6%

46. 6 %6 , %t H P 1) 5 AR SR R 630 706 5 Al BE A
AR TR (0 R AP Fe R o 240 206, S K bR A
PARE 3 R 8K L kB8 SCA-1102 Sy e 1 751 il 7% &2
AR TREW AR TS A Nkt RE g £
Xof T ) 25 B o 79, 09 %6, 458 B RE v - 1 0% T fiE
TR T L 59 %5, I Bk A MR B A B 1R
Pl L RE AR R B A 5 WU AT R Y A A
(28R % (65, 94 %) . Gao 215 3R ] /K it 370 A2 1 i
UK TiO, M ik 3 4, 3 3 2 22 0 by 32
E AR R BRI S 650°C , BRI R M 320 95. 2%,
FLA A MR R 2O R e firt S — S AR AR K
2.2 XEYUGR R R L

Bl & Tl 9 K AR 5 A AT BIL G R Ok
Z X Ho A 10% 2 HEA K B 8K 6 B 58 18 il A 7]
W EE., ZAHET LR ERE B A (TS 1) bk
PEF L R FH JR A A HR 2 AEL7 [ sk L 4% T TS-1/
REdE Gk R HFLAL AN 0. 254em® /g, th
FMF R 521 3m* /g, WFEFE WL %A kL X 3
W F R CR S AT ik 99, 1%, fE F 4k TiO, %
AL . T dE LLRE R B AR, R I
Bl 2 T TiO, / Rk 4 R A e AL Rl . 25
T REBE IR E N 550°C 1, TiO, /i 3 4 1 e 1k
T PRI R AR SR A G BR G TR X I Y R A B A R A
)T 98 4%, A 4R E T4 TiO,/
F i L HEAT 0P L SR TR R e I AT Bk L A A )
BYMBR, GREH.BRHEN 1AW La*/
TiO, 8 + A9 64 Ak 76 P 5 i, FE A6 T BR 5
3h X SV FF VS VI B A SRR B T 99, 906, ARSI
BT WO 8 A R . TR BT X AT R
B BoME SR oY O LR IR 2T 1 R B RE . K
PR e A T2 R Rk 2 3l o AR Ak 1 AT AL B,
e FHBIF I ) 45 0 19 Mg (OHD, ok o sk o £, Hox)
W R 21 g R o 200 SR B &, E 25°C TR W 3hofs TR
i, PRI L% A R RIS 41 e K B A
147. 06mg/ g, 1 H &k B F+ &5 A F T 0 B s s i ik
1o ZEHmIA DAY S AL R 1R R 5K UR L 32 FH K A DL TE
ERBSOK TiO, /hE g £ Z A MR, K TE R fE
T2 T %k 5h R T IE, TiO, /iE# 2 &
JEAE AL R X B PRI B (6 % ik 96. 7% . Zhu
VR Agy PO, B PERESE £, 12 H B R Sl B Ul vE
BH T AR SR Ag PO, /REM E SRR, 52
B gk PR WL bk ST A0 R o e R R AT e R Y Ok
A B A AR X T D S T R R 2 R A
LLY R IR VR FE S 50mg/ L pH = 6. ffE AL 55 1]



%1 TR A AR b R HAT A W AL SR AT LTS B B B S ot . 311 -

HoA 1g/L i, Ag, PO, & &k 102 1 &= A 4 kHH
A e G 4 L VE P B R P8 92 5%, Ma
AEECV R K ik 3 TN M TR e CHPAMD X i 38 4 % 37
P EAT Ot SE 5 3R HPAM i o ik 3 + 7 30°C
BT 7 B L5 (pH=9. 0) MG 8 (pH=2. 0) i I
R B £ 5350 g 37, 12mg/g #1 32, 83mg/ g L T
Je Rk 9 = 14 W B BE 7
2.3 X POPs &Y W% Bt & 4k

B AMEA WIS YW (POPs) B m d 1k A
PR IR M KB B L 2 B AR T o e A 1 — 28
15 Yy, A N N 2SS IR R e AN ] 3 — 2 g
Wpo Liu 855 DURESE 4 o A, 7 3 A0 58 04 1 25
HEMEAM B, IR, SR LA, A8
HOPERESE + A MR X R 2 IR 55 KR R B SR A
W 3855 . Zhao ZE5 ST T Ah R AE B 1 (DM545
1 DM577)%F £ 355 52 3 (PHE) (1% W B L BRACR .
SR WY K WS B W B RO A AR R, pH
Aib F v P R L W R RS s pHFE 11 DL A
W RS S W R 050 SR o e 5 VA TR RS PR AR O 1 BT
& 1mol/L B, W B 25 5 8k B 47 5 7 ik 38 + X JE T
TR W BB, G 26 T R B AN 283K F T & 303K, 3iF B
DEWR B AT A Je F R TGRS . 53 41 K P A R
CHA) 254 ALY % e W B o B2 A7 B A 24 HA it
AR U B AR A B R R,

3 ZHIEERE

ZE LT fEEE AR R R L R AL Z LR
SRR A R I 2 1 R A 3R R O R e i AR T 2l
PR B T IR B AR A R R A Y — S
D5 . FE ST B ik e R A b P
B LTS G o Fp 2 2 AL i AE VOCs FiLA ALY K
PR T S K 43 b A 0 S R M A 0 S A R R AR
R fi Rk 21 95 %0 LA b s (H X POPs Y 9% i /9 B 5% IE
D HOW SR A AR AR

FR A8 SCHR 20 X4 5 ik e = 09 BF o8 3 s =
i

(1) H A& T ik 5 4 W B B A POPs (19 #F 5% 3E
H /D0 POPs — HiE ARSI, 23 ™ & HA
A3 S BT ABIE & A R R POPs 19 T. 2 80
ARk AE JE R

(2) BHETAYRF 5T N BB 38 B 06 1 R R R
B A4 B AE RFH BE J1 . % Tk Z 802 A 4R ik
F BRI AE R D AR 2 52 6 A REIG o R AR B
SO IR A E L BT LAR R T R S 4T A 25 4d 35 TR i

NI AE BT % I

(3D TE A5 W) WS¢ S 2808 A i 2 AT LA 3
AR REAS S 70 AR e A B R el HL B A B v
B SBRAE = AT

£ % Uk

C1] pe. 3 m, B8 30 fE S L7 & R IR Bl L] 4
4 BE R 25,2017, (7)1 17-19.

L2 ] VR o Bk 3 58 U RF AR B 4007 75 1) [T ] A T4 7 3t
i ,2018,40(4) :235-240.

L3 0 Ry, sk an. v B 6k o 1 Tl 3 BUOIR B oK o o T i 5% 43 #r
[J] Ak, 2015, 24(S1) :14-18.

4] RIRMEAR AL AEBE 1 00 $5 20 K 0% B A PR AR AT 52 [ DL w3 /K
I R Tk K% . 2018,

L5 EREN A KM, BRIR T 2. i 3 4 4l B H % B e T 5
[J]AE 4 JEH,2006(2) :3-5.

L6 lan. sk, i . 2 08 b ik 38 b e A9 52 o [T ). 7K b 38
HAR,2013,39(6) :34-36.

L7 RGP B0 X0 7T 5. F U AR B ik o - R el e 5 L.
4 JBH,2020,43(4) :78-79,102.

[ 81 iRar. ok s i 1 X5 /K AT HLYS Y R ) W M g 1
FE D] b b5t Tl K4, 2001.

90 2. ook WA b R o b 00 B A 2 R % K B 5 4 F o
[D1.#H & . F BRI, 2011,

[10] VS H A R4, W 3 45 A L oSO f b okl AT R R 1 2t
P il ) 25 g R R S 38 B S LT .07 ™ 5 BT, 2017, 31(2)
420-426.

[11] Liu Y Y,Jia HW,Li C Q,et al.Efficient removal of gaseous
formaldehyde by amine-modified diatomite:a combined exper-
imental and density functional theory study[ J ].Environmental
Science and Pollution Research,2019,26(24):25130-25141.

[12] Rl EF B W - 45l e e JOA o  J le  F kR (.
g Aol BB K2R 2E . 2012.32(12) 1 61-66.

[13] Liu M Y.Zheng L.Lin G L.et al.Synthesis and photocatalytic
activity of BiOCl/diatomite composite photocatalysts; natural
porous diatomite as photocatalyst support and dominant fac-
ets regulator[ ] ]. Advanced Powder Technology.2020.,31(1):
339-350.

[14] Tao X M,Wu Y H,Sha H T.Cuprous oxide-modified diatom-
ite waste from the brewery used as an effective adsorbent for
removal of organic dye:adsorption performance, kinetics and
mechanism studies[JJ]. Water, Air, & Soil Pollution,2018,229
(10):322.

[15] Zhang X Y,Zhou ] F,Yang D P,et al.Cus_, S loaded diatom
nanocomposites as novel photocatalysts {or efficient photocat-
alytic degradation of organic pollutants[J].Catalysis Today,
2019,335:228-235.

[16] Zhao G Q,Liu L K,Li C F,et al.Construction of diatomite/

ZnFe layered double hydroxides hybrid composites for en-



312 -

b LB AR OB

%5 50 &

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

a

[26]

hanced photocatalytic degradation of organic pollutants[ J].
Journal of Photochemistry & Photobiology, A: Chemistry,
2018,367.:302-311.

Han Z Y. Wang C,Zou X H.Diatomite-supported birnessite-
type MnQ); catalytic oxidation of formaldehyde: Preparation,
performance and mechanism [ J ]. Applied Surface Science,
2020,502:144201.

# A B TiO /il 38 0 525 bRk i 4 B W BRI A TP R
PEREWEFE [ D] WA AR 3%« B R I Tl 2% . 2016.

R B R 13 THO SR fh ol A K JHC X FRY B 1
firp b REL D75 % . 75 %2 SR 2, 2016,

H A Ph ot i R X K it A LTS G A 2 B R T Y
[DTALM BT Tl ks, 2015,

Liu X F,He Y G, Yang B B,et al.Highly efficient photo-deg-
radation of gaseous organic pollutants catalyzed by diatomite-
supported titanium dioxide[ J].Catalysts,2020,10(4) :380.
Liu Y T, Tian T,Fabrication of diatomite/silicalite-1 compos-
ites and their property for VOCs adsorption[ ] ]. Materials,
2019,12(4) .551.

Deng L L,Du P X,Yu W B,et al.Novel hierarchically porous
allophane/diatomite nanocomposite for benzene adsorption
[J].Applied Clay Science,2019,168:155-163.

2% Ji bR 9 e R FCHR O A B R W R R ST (DL L T
b A AL K2, 2017,

EERAT R BHER R KOb » A5 S0P fil 3 e T T R R R S
BEALEELT ] AE 4@ 87, 2019,42(3) :83-86.

Gao R Q,Sun Q.Fang Z, et al.Preparation of nano-TiO; /diat-

[27]

[28]

[29]

[30]

[31]

[32]

[33]

omite-based porous ceramics and their photocatalytic kinetics
for formaldehyde degradation [ J]. International Journal of
Minerals Metallurgy and Materials,2018,25(1) ; 73-79.
T A2 ALY B G BB A KO A LTS e
1) 2 B/ AR A B X LD 0 - op R 2 g B 5 26 Be (7 JH b
HRAL2EBEFEATD L2016,

EmA. A TiO, fil 4 | Biohk Bot b e 52 [ D1k
% K H T K%, 2016.

A% P Ak 98 e R R B 70 69 o i G R R B 9 T 5 [ DL 3 Ak
AL LB, 2018.

Zhu P F, Chen Y J, Duan M. Structure and properties of
Ag; PO, /diatomite photocatalysts for the degradation of or-
ganic dyes under visible light irradiation[ J].Powder Technol-
0gy+2018.336:230-239.

Ma T,Wu Y H, Liu N N, et al. Hydrolyzed polyacrylamide
modified diatomite waste as a novel adsorbent for organic dye
removal; adsorption performance and mechanism studies[ ] ].
Polyhedron,2020,175.:114227.

Liu Y M,Li Z L,Zhang Z Y.Determination of urinary hydrox-
vyl PAHs using graphene oxide @ diatomite based solid-phase
extraction and high-performance liquid chromatography[ ] ].
Molecules,2019,24(22) :4186.

Zhao S, Huang W W, Wang X Q. Sorption of phenanthrene
onto diatomite under the influences of solution chemistry: a
study of linear sorption based on maximal information coeffi-
cient[J].Journal of Environmental Informatics,2019,34(1):

35-44.

PIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIDD

[18]

[19]

[20]

[21]

[22]

[23]

(E#% 307 70)

Deng S B,Chen J P.Aminated polyacrylonitrile fibers for lead
and copper removal [ J ]. Langmuir, 2003, 19 (12);: 5058-
5064.

Subrahmanya T M, Naik N S, Padaki M, et al.Synthesis of po-
ly(4, 4'-biphenylene sulfonyl succinamide)-polysulfone blend
membranes for removal of toxic metal ions from water[]].
Journal of Applied Polymer Science,2019,139(19):1-11.

TR AT R 2R BRBHY 55 R B AR AR Y B A VR A
TWEM I L[] ] S 4,2016,45(3) :51-54.
Sh/INKE S XU IGE AR o J8 T AL HL B K Ak B 7 Y ) RS R figk 2k T
ZO AR B R 22 4R CA SR P2 B 2005, 24 (1) 2 107-
111.

Maatar W, Boufi S.Poly(methacylic acid-co-maleic acid) graf-
ted nanofibrillated cellulose as a reusable novel heavy metal i~
ons adsorbent [ ] ]. Carbohydrate Polymers, 2015, 126 199-
207.

T4 FRSCEE L INE TR S5 — IR G W Z LR 1 & O ik
[P].CN2016102237256,2018-07-30.

[24]

[25]

[26]

[27]

[28]

[29]

Lorenc-Grabowska E,Gryglewicz G.Adsorption of lignite-de-
rived humic acids on coal-based mesoporous activated carbons
[J].Journal of Colloid and Interface,2005,284(2) :416-423.
rhe R 3 [ B0 R 0 IR K BT R A O A 0 AR
GB 25466—2010.4F 8 Tlk 75 Je ¥y HE s e (ST AL 5T o
PR AL, 2010,

Xu Yanyan, Dang Qifeng, Liu Chengsheng, et al. Preparation
and characterization of carboxyl-functionalized chitosan mag-
netic microspheres and submicrospheres for Pb%" removal
[J]. Colloids &. Surfaces A Physicochemical & Engineering
Aspects,2015,482.:353-364.

Gong B,Peng Y,Pan Z, et al. Gram-scale synthesis of mono-
disperse sulfonated polystyrene nanospheres for rapid and ef-
ficient sequestration of heavy metal ions[ ] ]. Chemical Com-
munications,2017,53:12766.

JK T AL 3R T A R R 1 T A B TR 4 TR S WG e O
[D]. %% : VYA A AMRAL B K, 2019.

SRR 43 B fb TR SR TRk ) A R X T R B T Y
PR B 5D N < A g BT K%, 2018,



