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Abstract: Geopolymer is an inorganic gel material with a three—dimensional network structure, which has a wide
source of raw materials, simple preparation process, low energy consumption, and low pollution. It has the
characteristics of excellent adsorption, high acid, and alkali corrosion resistance, and strong mechanical properties.
Molecular sieve is an environmentally friendly adsorption materials with the advantages of uniform internal pore,
large specific surface area, and high reaction selectivity. Molecular sieves can be formed from geopolymer under
certain conditions due to the relationship of material transfer and structure inheritance with geopolymer. Industrial
waste residue rich in silicon and aluminum elements can be used to prepare geopolymers and molecular sieves. Due
to its own characteristics, molecular sieves are often used as adsorbent to treat industrial waste water, so as to realize
the purpose of resource utilization and "waste treatment with waste". This work summarizes the geological polymer—
based research progress of molecular sieve synthesis and application of industrial waste water, the introduction of
molecular sieve raw material sources and material performance characteristic. The utilization of fly ash, tailings, slag
geological polymer based material such as the preparation of molecular sieve synthesis method is summarized. The
present situation of the application of molecular sieve material handling industrial waste water is analyzed. To
explore more economical and advanced synthesis technology of molecular sieve and promote industrial application
are prospected.
Key learning points:
(1) The material sources and properties of waste—based geopolymers and molecular sieves are introduced.
(2) The advantages and disadvantages of waste—based geopolymer based molecular sieves synthesis methods are
analyzed and summarized.
(3) The application of waste—based geopolymer based molecular sieve in industrial wastewater is introduced.
(4) The development and application of waste—based geopolymer based molecular sieves are prospected.
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Table 1

Synthesis methods of waste—based geopolymer molecular sieves

Synthetic method Raw material Molecular sieve type

Advantage Disadvantage

Sol-gel synthesis

+139] _
method Metakaolin' ZSM-20 type
Metakaolin'*”),
[41]
Hydro—thermal Ezo?;}:[m : FAU, NaP, P, FAU,
synthesis method ; NaA and NaY type

attapulgite®,
perlite*?, illite™*!
Microwave-assisted N

Fl P li
synthesis method v as and sodalite type

Alkali fusion—
hydrothermal method

Bentonite”, A, 4A, NaP, P and X
fly ash!**! type

High homogeneity of products, low synthesis

Complete development of powder grains, small
particle size, uniform size, good crystallinity

Low consumption and high rate

High conversion rate and good product quality

Expensive raw materials, long reaction

temperature time, more microporous gel

Expensive raw materials, long post
forming reaction time

More by—products, low pure phase

Long crystallization time, high
consumption

3.4 BR-BEERE

AR PR — 58 PR 12 30 T R A T e o ¥ IR AR R R R AR
J PR LA 28 i EE LA IO UG SRR S 4 5 A s g e [
W LSy F-0 o HOUJTUR B W e A0 R o3 1 0 e B o 7%
LG MR TR A AK G o 3R 3o 2 T P 9 e — vt e
A UK ALO,=Si0, B 4 5 B /K B IR 4, T it
T2 2 v 1) A 247 5 S I A R RIS , #E — S A AL IR EE T
Hi 5T BB W A R 4y O AR O B SR S AL
PR o

% 2 PR T s - B R i i MCM-41 43 -1
FL P FBFLIR G5 M3 5 L LR T AR R, W DA B Ak 3L P
7K s S0 IR N IR RERR T L ZK S5 B0 S 7 R IR 45

B TR BB A B R 2 L 4 R I
TSR 54 T 07 1R s MRS PR, 36
72 AR ER L FE B 0 105 BB AR , ISR 5 R
7E ol b R BO T B BSR40 1 AL O,
nSIO, (n=1, 28} 1 15 7K BB iV JRe— BE IR V5 £ P NaA
TSR0 AR 07 T 0 AT SR OB
JR BT PbY, Cd, Cu™, Zn® 47 BLUF TR R P i, 1240 T
RSB A K P 1 B B e e B i L A o
UL K e BT TR 2 93 B BB 1207 Rk
KBRS BS RO AR, (BRI T /e s st
15 ST Ml B FE RO 90 7 05 B . 6 o 5
ALO, HHIE TN A 88 AT M, 34 15 45 R 03
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TR A % X B4y PTG MRk B &M Rl 4 1%
B, U7 ALO, V8 A I3 P i v M A K s R A
O3 22 R4 5 7 T PR G 5 AR S R AR B e
K A 100°C I AR 73 1 0 il A4 2, XRD ek U6
55 i 5, EL A AR P R A v T P R R W S AN B TR
BAREE AR A4, BomiR g TR RAR R A Ik
5 B AR A RN T ARAS TN 5 (50K FH b 2 A ik
B (1 JEORE A, A A TR AR I R B R 2R R
T AR F A v 0 N K B 3 ) A% ZSM-20 5 4 43
T 45 R FRY =R I H LK ZSM-20 73 F Jfi R4k
T T VG B 8, 3 S H T 3R P A ) 3o A R\ TS A7 RS
J AR ZSM=20 4310, B T) b K 77 40 v 4 B0 8
1 PGy i 40 BRI, DR AR5 A B G 2 9 B [R) A B
TS R R

T - B R 1 BE W SR AR RT3 S (K o 7, HLA Ak
TR PEAR , SO 25 5 HEAT 5 th TR R 4L 1 BUEE 4K
YO Rl N, B R 0 1 S A T LA A& SRR BRI A R, (H
B IR F i BT R RN A B 5%, A L D ) ads A 455
15 9%, AR ST B K A RE A AE AL 458 5 WSO 4 2 ik
BAE B o LB A RIREES R b 4 F0 Tl
[ PRz A JE Rk P b 5 5 B 0 o0 1 IR I B OO, , R 1
G5 T DL DU ol B B VR AR B 0= i R B S S, I B
Hb 5 SR A R 43 -0 R ) 2% R LUK RS OTVE N
Tt 5 R St 1) % T 25 2 B A2 AR % o ORI FE RN A B
b [ PR G e S A B B v AU R A O
I 23

4 REERFREAHHESTHET
A Ao 4 B

TP R KA BR ) 32 BT IR A DT L AL A
I JRAEP B AR W PR A ) K R T
o ASADTEIRII M) 536 BTSRRI B
Dy it AR BEAL , HL A REVH FEEOR L BB s R R
A A R R AR A4S 55 B 7 SR I P
i T B A AT ISR R A BE S 3R MR
NG LW 18 IE BRI T H .

W5 IS WA O3 1 R BT KR AL, AT R R
PR, S Ah A L BT T A S B R S A
SR 5 5K B 7 R A A A R b s 3
ENIE ST AR R IR B AL PR RE L 78 KR K
AbEE T TR TR R R SR . (E AT AR B R K AT
FFAEMZ AL IR LE [ 2 AR Gz o 307 it R I
P SRR 2 S 1 PR P B < o S 1 T P 5 Xt Wi RS 2%
RAE ARG . A5 W B 2R 2 R IR

HR P R B R T R il FH R T
SR B R TR T S A A R R T
U] fi 3 R B8 75 YT, (H A B B [ B = ) A
A FVR IR AT, it K R e
X7 b IE R Az A R HA B ISR L. FE K
AL T 25 A [R5 R 7K A 38 A5 R AR A AN R B2 i ™, by
I AR [RS4SR 22, (B R 5 T 78
3Bz ke, LA BCA R AT B A AT A RTOW ) S 75
JELZY A AL T B35 G AT I B 5 2 FLAPRI TR T 428 1
588 R T B 0@ T b A AR =0, SR Skt 58 1 5 1A 1 Joit 5%
E WIS T A BRI £ T 204k, il P R K ib
FERA R RS G 1 1)
4.1 ERREKRFPHER
RERIKERF FEG R — T ER KK
SR A B T A MR PR R AR 7 2 — D T A
i B AR T B B S A AR A5 G 99T A 5 5 NH, R AR
BT A s Ty — T o T IR LA K2 500 NH, 3 TR
BEBIFLA . —MRAEDL T, 2 F iR A AT, 5 5k
PRI RS & 279700 B /K A IR R e R T
B e R AR R B 7 RO, o e R R I R B 2
F2 B2 G BN UG FE AN pH F2 MK, 5538 pH N 7~8 5 1
T4 0t B BN B Be 8 B v E A 2 PR A L B A I [R] 8
K, 73 1R R 25 B 2Rl PRARAE , 38 A 38 W
SO, SAh A R B TR JE A A IR R B b ok
SR R A R R, Wei S T 7E £ FLA L
BRAE R B A ZIF-21 JE, 12 185 5L A 35 vy 1 208 1
S Bk BRI, SRS I Z08 F 1727 GPU. 5K 3%
SRR B A U T VR R AR 8 7, F 9T R I NaOH £
PR 73T 0 50O B 2, Re 1 a2 B 3R 20%, TERRPE
IRIER 5 430 2 11 P 67 ek P 398 o A1 777 44 v 6 N, 4
CIDAREERNEW = S SR e i ek Y DAY 4 91/3
B 28R 5 SR P HLCT 33 R AP WO VL AR D 5P ol P 52 R
Bt S BRI BE 7T, B AR 2R B 69% , K A 73 97
FH A A Tl 87 R g 3 o B AR KV . AR B
SISV Y 4A T 43 1 5 A T 7 9% 95 R 5 G UL FBE X 4
FU B T A e R R T2, S R IR I P T
BS T AC e fie ) Je T i JE BRI, T iR B 3G I SRR A e
TR 2370 G BB R (H I TR R PR AR A BBE 0 T
Bée s I3k R B v, Bl P T 4 0 AR e AR A
TARHBETIIET o 5 F 0 B B B B B R, 4
pH A 8, W B [F] A 40 min i, X NH,-N A1 COD ) 2%
Bk 2R 533 88% Fi1 74.2% , LLATF LAY AT LAYS 0 Jo5 2K
X TR BTG G , 2 w] DU 0w B 2K 1) 4 BE B R AL R
H BB LA 1R R H
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A IIE AR B TR, 2 TR R R R A R A S8
PERE S G b 2 THI AR RN BH 2 7 52 e i 7 5, T KRB
SR 7 TR R I 0 R ) AR BE 0, MR 22 A2 A A
LT ZBR IR E A, AR mk LR A5 K TR ES
FoAt 7 A I A A R 1 T A 3 23 T K
M D7 I BN 0 e K 7 G A A IR
158
4.2 EBREXFHIHE

R A AT SR A K P 75 B T 3R, (EL B IR R H I

BK AR 5 SR & E IR AL 2 o AN
PR R, 3G XA RGP R 15K BRI T iR
PR ACZE RN AW T3 3% BLAE R B AT i 45 A
PR ES 528 4 E PETS e A R L I A 5 R A o WA
TEANBL T 2 BT R0 AR I LW B S PR bR, R %
STk HH LT RIRIRB R, 3t o7 3R A 2k 7)1 i R B
Y B A PR VBE B 2R 5 T 2 B B Dy L AL B R AR 1 7 12
T » S T X W B ) 1 AT (RSO S 231 O P A
. MR & W 0 1 0 2 BT EORR JE 7 77 1) 2%
A Y R PR TR ), 3 2 %0 4 o SR 5 W 3 4 1 0 25
BTG KA A FYR I BCREAT 1 4.

*2 REEMRRSVHIES FHERBEXPHEENR

Table 2 Removal of harmful substances from waste water by waste—based geopolymer molecular sieves

Molecular sieve Removed substance pH Removal rate/% Reference
Nl componite modificuion ool N . 0.00-55.00 64
NH,-H 88.00
A C(3)D 8 74.20 (6]
X NH," - 70.20 [66]
AlI-NN-MCM41
Fe—NN—MCCM 4 1’ P 6 86.40, 91.40 [67]
Functional silicon zeolite P 6 98.90 [68]
CHMS PO, - 99.40 [69]
CaT-Z PO,-P 7 97.60 [70]
X Phenol wastewater 6~8 >80.00 [71]
HCI composite modification zeolite (X) C,H,OH - - [72]
CS-Z1 Methylphenol 12 95.00 [73]
Nano-mesoporous B—molecular sieves Cresol 12 95 [74]
MCM-41 (P-M, P-K) Pb** 6 95.00 [75]
Clinoptilolite Pb* 4~8 97.00 [76]
NaY@Ce Sb** > 65.00 [77]
FAU Pb** 3 91.07 [78]
NH,-SBA-15 Pb* 5 97.22 [79]
AIPO, -5 Rhodamine 6G dye, Cr® 7,2 89.4%, 91.0% [80]

VA YR pH RS Tl R B M AR 3 S e IR B 7R 3
T FEL MR R AL RR AR o W P 57 3R THT Zeta HLAL %
R AE RS, H 5 B RRAR B A AR 3 R B b
VR pH 8 7 AR AN [ A AE T 2 10 T8l DA T 55 i W R 7] 225
R8T P AEAS TE R B o R I 5 A5 1) A AL 4y
50 ThOIn N B R 4% D R A A FLEERDRL, 23 S N
AICI,, FeCl, A F- 13 206 ML/ TCHLA AL A4 KL IR
P45 S 6 5 SR SR, FORH R A B TR T AR a2
WRBR S 25 B 26wk 98.9% , W B 1) 755 & 3l g e — g 0y
5 A 2R 5 R B 25 e pHL 38 K S 38 0 5 T B
PRI pH<3 B ¥ 9 HP o = 2 DL HLPO, T 5K 5 W ff 71 3R T
AL Fe 31454, B% pH 71, H,PO, ATHPO,” H 25 %)
5 W PR 75 45 A L (HR pH>10 LU PO, 5 MR B 771 45 4 R

55T W B R AR 2 . Yuan 25T T 4k S A AL A2
-9 (CHMS) o] B2 22 114 W B2 B % L, CHMIS AT R 47
R W B A 0 R RT T A2 BE 7, CHMIS Bt 23R 0.4% B 6
TR 6 i 2 B R AT LA 99.40% , H. 5 UG I i R 1) 2=
B Ze AT A 86.94% , 1X 3 B PR 9 70 3 (U Se) 7E %
P R B 2 R S R S I VE o I SN o T
(1 ISR AR K R i T B A BRI T 5%
Mitrogiannis £ Fff Ca(OH), T &b B2 R} & 6 A1 (CaT-
Z)HEAT O, A 5T ORI FE 5 R £5.(0.5~10 mg/L) 19 2%
Brfef1. SRRV, S CaT-Z FEBEVI AR FE N 10 mg/
Ll pH 2y 7 B, X6 (4] 25 B 28 11 1.7% 2 =1 51 97.6% s K
M5 TR, oMk CaT-Z 5o B 1% 6 1 W B AL 1) 2 Bic A 22
e FN Ca—P R IHIYTIE » 10 X4 50 946 5 (200 mg/L) & K
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CaT-Z 1y B A R U RE 71(7.57 mg, /L), BEREA 2%
EMRIR AR, U T BEER SRR AT + 1% i AE SEBR R K
I B R N, HLFR A R v N BOAIG, B
TF I KA 5 o

SRR AR i AR SR VNN N R AT B2 NS = gy N>
PR, HL A3 0 S50 R DA I B T RN o B i — 2P 4
a1 15 pH AE 22 A A1 — L85 58 B 551 01 SO, % 43 ¥ i 5
WEV 5K [ 82 5 IR 701 B 188 i 1) — IR G 1) L
4.3 EBREKFRBHISED

W5 Gt NAR A s Bo@ v, 7 1 I A LK
K ) 25 i oz vy TS PR A 5 A2 — s A B B A R .
F ¥t 25 B A LTS AP0, B Lo B RN FI AR 4 2
oM EBRMCER N R ER R BRSNS T8 58
Bt /N o> 1A WL W R T T 2 K S R 4y 1 i 2%
Bro fLGAbIR TR A L IR A RERE R A &1,
R v DT G A0 8 v A A LA AR S % )8

R K B A ML, B 2 SR T
7 ALk B Ty P K e R T o SR A v AR R R ) L B S
15 BB 1 1A R R AR A BE AR 1) B 1. RS 5
SO A IR B B K B X B gy T R BIE R IR
Na,O/SiO, 5 Wi 7 1) 45 it 52 , 2838 73 10 BP0 - % iz
i AT SRR Ao S5 A BRI K ) 2R Y 3R 1S 80% 1 25 R
WK, 2 R R R v B B 0 AR N B = (E e e

nano-mesoporous

SR 50T e AR A5 4, R S v R T R B R SR T
232 7 B AR 24 T 0 e 559 T 3 S 1) B AP 22 RSP RS
PEm T T IR B K M §E , (E AR I8 FE 77 AR K SR 1 PR
T B RS 38 K TS e, %o R R VAN e Ath s . gl 7
Wit AT RIS 5 I N AR EESE

Dai ZE7F FH L 43 7 07 (CS-Z.1) %o TR 475 i A 7 I
IR 8 FlAN [F] 25 44 ()T B AL e G WL IS Gemidh AT 1
B S, 25 T2 W W B2 E R ) 38R B e 72 €S-
Z1 AL REDGE I B /N 73735 G dn 3—F L ntbm , W Bt
B IR 99% 5 1 8 05 178 £ M I B — 2 ] <F g K F CS-
Z1 LRI 1 0 1,328 B I Fs B L e R-1,2- — &
R 205, BB AR I CS=Z1 23 T 5 i A 25 H A il
RAg  FL O AT R AR SR AS , B R~ i KT LR 1
O3 T AT CAHENFLBR A o FT A3 B 7% 2 T B Rl 2R R
~ A B — (1% R 1) S i 1 ) U i o R B v T O
A 20 SR ) S

F Iy B s A T AR AL, B AEFE R . Yu
LUNERCT —FE R S A A A R T AL B R K
T 235 R M KR A AL o 7 . SER 45 SRR AL
Iy RAF M EAYERE , 75 pH=12 B H 3 (1 3% AL R
1A 95%. 1E R Z Hp SL A 5 A7) SR THT 19 52 05 N 4
fift H FR Ik B PR 3L, I BE OH %02 1 22 1 40 il R i e,
FH oy &8 ¥4 255 1) b 358 11 5 A 1 b e — St B R K . B
EAHLER W 1 FTm .

—molecular sieves
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Fig.1 Mechanism of catalytic ozonation of phenol™

44 KREKRFNEERET
AFRGTNEEN AWK TERM, ik
2ol BRI N A . DTSt A DR R
R AR b S R R A 2 A KR R PR K, i LR T
RUI A FL 53 0 2 W B 2 < JR - A B A A R 2 —

m-crescl o-cresol

W B A kLT 45 44 Dy e P PRI b 3 T RRR PR B <

JE B RCR R PEAE - 78 2 FLARE A IR e

9 P A R R R L R AR S R R A R
Du 5 F 5 it A A s b L1 %A L 20 7 9 (P-M

A P-K) H A 5 e Lo R TR B35 W B Po™ IO ROCR , Bk



26

HRIRSE: FRIRIEHT R S 48 01 0 (1 5 B ¥ AR T RK AR TR v [ 2 1 7 fe 729

WL B 220 )35 1 117.0 F1194.70 mg/g , 38 52 W Bt 450 26 11
HARH S HAF R NI . PR FE pH S2M I R I
pH 9 1~4 B, Pb(I1) 1) 22 B Z2 I 50% S 18 15K 21 60% , 24
pHIEINE] 6, Pb™ ) 2 bR % 2RI IN N2 95% , 17 24 pH>
10, 2 Br 3 R IR AR B0 R P [ B
AT TR A R B SR T 4 SO TR R ) pHL, A 4.1, 24
pH<pH, ., Pb™" 5 3% [ 45 1F FHLfif [ IR B 7510 47 76 FRL Al S5 7

zpc

11 32 BHL, T pH>pH, W52 B 771 38 181 7 57 FELART  PO™ 2% 2 4
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Mier S5V IR K 6 A1 73 - 9 76 pH 7E 4~8 B, %
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75 M7 R K A AR NaP B 43 7 7 W B 35 7K R i
Cu™, Pb™, Cr'", Ni*", R T 1 W O J58 %o R B 12 e s
[F) B R B0, pH=2 I} 1) W B 26 <10%, 1H 24 pH 14 K 3] 4 B,

Ce(lV)  Ce(I)

G- B 4 W B R ) KRBT
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AEFEHT . Yan S5 D ) o5 R B S E AL B Y BT 1O
(NaY@Ce)xf PR /K H A B 1 Bt e ) 2 o H il f ik
0.4% CeCl, )Y B4 73 59 , pH 4 7 15 XF Sb* AT Sb™
W2 B 5243 531 04 24.65 F17.28 mg/g, K Sb>* W b 3 2 2
JOEEAE TR F R ) BRI B, 17 Sb™ER T AR AR B LR
JINIERE ZE R B A R A5 s FE A P A K o

Yan 257 5t NaY @Ce 5 Sb 0% B ATLER , IR B 7712
I & R AL Sb IR IE i Ce-O-Sb A BR 3 1 4% &
Y, 5 Ak Ce* ¥ SH* A TE il Sb™ o XUt 4 't L 1 e i
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Fig.2 Mechanism of antimony adsorption by NaY@Ce
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