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Preparation of ZSM-5 zeolites and optimization of conditions for the

degradation of organic amine waste water

XU Guohao',MU Yue*, WANG Chaobing',LI Yuyan',ZHANG Yingying', DIAO Mingwei'

(1 School of Chemistry and Materials Engineering, Fuyang Normal University, Fuyang 236037, Anhui China; 2 School of
Chemical Engineering, East China University of Science and Technology, Shanghai 200237, China)

Abstract In order to treat high concentration organic amine wastewater, ZSM-5 zeolites were treated with NaOH,
Na,CO, and CH,COONa solution respectively. The samples were characterized by XRD, N, adsorption, ICP-AES and
SEM. The effects of NaOH, Na,CO, and CH,COONa solution on the structure and physicochemical properties of ZSM-5
zeolites were investigated. The ZSM-5 zeolites were loaded with Fe before and after the treatment with different alkali
solutions to oxidate and degradate the high concentration organic amine wastewater. The results showed that compared with
the conventional alkali NaOH and Na,CO,, CH,COONa solution could effectively introduce mesoporous structure.
Moreover, CH,COONa had less impact on the morphology and structure of ZSM-5 zeolite, and the pore formation rate and
depth were easier to control. When the concentration of CH,COONa solution was 4.0 mol-L™, the removal rate of chemical
oxygen demand (COD_) was up to 86.4%. On this basis, the uniform design method was used to further optimize the
conditions for catalytic degradation of organic amine waste water, and the optimal treatment conditions were determined as
follows: catalyst dosage of 40 g- L', reaction temperature of 95 “C, reaction time of 150 min, initial pH of the solution of
5, amount of H,0, of 120 mL+L™".Under these conditions, the COD,, removal rate could reach as high as 99.6%.

Keywords CH,COONa; ZSM-5 zeolite; mesoporous; organic amine waste water; homogeneous design method
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SR Fe(NO,), ] BREREH [ AL(SO,), ] kRN
[Na,CO,] . Z 4 [ CH,COONa] . & & 1L 4l (NaOH)
Sy MTEl, VL350 B T REfh 2 B A A BR A ) 5 VA I -
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FIAT AT .

X HH 647 511X (XRD) : D8 ADVANCE %Y, fi
Bruker; 4= H sh ¥ ¥4k 22 B : AUTOSORB-1C %!,
52 [ BRI 5 i ) P B G A5 B R R TR Y
(ICP-AES) : Varian 710-ES %Y | 3¢ [& Agilent; 14 F
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1.2 Fe/ZSM-5 4L FI R HI &

PUREIR BN EETR , AL (SO,), MR , il i Kk Py
B, A BCRERR Y ) 2 R S0 1) ZSM-51 K ZS M-
5% 10 43 3 m A2 500 mL 1.0 mol - L™ A NaOH
YW . 500 mL 2.0 mol - L™ f%) Na,CO, i& ¥ 1 500 mL
4.0 mol- L' ) CH,COONa ¥ 1 , 7F 80 “C/K VA i &
TFHEFE2 h SR JEHhUE (g R B PR R B E
TEREAR 28 120 "CT 1 . B b RS 1 4 07 45
TR FRIR B R 70 80 M 15.0% Fe(NO,), W H , 7E4E
FETHZ 120 CTRE R, B )5 550 “Chibe 3.5 h &
NaOH %5 WAL B (A i id o Fe/ZSM-5(0OH ™, 1.0) ; £
Na,CO, 7 1 Ab B (1) FF i o Fe/ZSM-5(CO,™,2.0) ;
% CH,COONa # W& &b B8 (%) K¢ i i i FelZSM-5
(CH,CO0™,4.0) 5 A 28 B, 5 W Ak B (%) ZSM-5 43 - i
iC N Fe/ZSM-5(0).
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XPAEAC T HEAT AR 20 B, I 25 - AT SR
Cu-Ka (A =0.15406 nm) , 4 HL J& 40 kV, 45 H i
40 mA, 5°~50° 4, A HEE 2(°) -min ™ ¥4 ZSM-5
(0)43F- 1 B AT &5 & B30 o 100% , ZSM-5 (n) 43 F
s B4 FH X5F 4% 5 BE O XRD % & 260 R 7.8° . 8.7° .
22.9°.23.6°Fl124.3° b ) 5 A4 AE A7 565 06 Ay i 32 =2
55 ZSM-5(0) 43 T 0 F i 5 AN BRAE AT 5 06 1) 38 J3E 2
I B AR N, P - 58 BAF 2 0F 2 6 8 4l 01 Ay W o
J0T L 38 5 BET J7 3 73 i 19 L 2R T AR, T t-plot 77
TRAFFAE A 0 A 2 T A FLAAR R AR E e
P ST ALF Fe 55 i IR S5 100 - e M
4 175~1050 nm , 43 % 200 nm , % F HF K & 5
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7.8°,8.7°,22.9°,23.6° F124.3° 4b ¥ MFT( XL+ JC R
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Ab FRUH JE YA X 45 & BE AT UL : NaOH ¥ 9 X ZSM-5
F 235 f B S R B K, 1.0 mol - L' 1Y) NaOH 21 ZSM-5
i, ZSM-5 B4 AR Xt 45 5 A R 26.0% 5 Na,CO, B X
ZE R IR 2, 242K 2.0 mol - L™ Y Na,CO, ¥ W
Qb FE ZSM-5 15, A X 2% & B A 74.8% ;5 CH,COONa
T WXT A - 5 () 445 i BE 52 e /)N L 4.0 mol - LT Y
CH,COONa I RAL PR , BE & B A XS 45 f B2 R 96.3%.
X & K A Na,CO, Al NaOH B il P 555 , XiF ZSM-5 f)
B AR R R B R AL, 4 T A
W d5e Ay W 17 5 T CH,COONa Bl PR 55 , % fh AR 45 4
WA AR #5042 I CH,COONa gk P ZSM-5 43 71

[ Relative crystallinity
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Fig. 1 XRD and relative crystallinity of ZSM-5 zeolites
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L2/ N dokE , FEW] ZSM-5 43715 UKL g b e 7 o
R AT A 15 3 AR 1Y ZSM-5 43 F Bl i T T2 555 SR A
CH,COONa & ¥ Ab B ZSM-5 43 1 0 J& , Fe/ZSM-5
(CH,CO0™,4.0) 73 F ¥ K A2 LA K, R Wi
iif CH,COONa B P ZSM-5 , % ZSM-5 % [fii 1 551 45 #)
AL

(a) Fe/ZSM-5(0);(b) Fe/ZSM-5(0OH ,1.0);
(c) Fe/ZSM-5(C0,*,2.0); (d) Fe/ZSM-5(CH,CO0™,4.0)
B2 B B S ZSM-5 3 70 i) SEM &
Fig. 2 SEM images of ZSM-5 before and after alkali treatment
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Fig. 3 Effect of alkali modification on pore structure of ZSM-5
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Tab. 1 Pore structure properties of ZSM-5 before and after alkali treatment

R Agerd (m*g™) A J(m*g™) A/ (m*g ™) V. Jlem’g™") Ay Ay 1(Si0,)/n(ALO;)
ZSM-5(0) 337.444 98.921 238.523 0.061 0.302 50
ZSM-5(0H, 1.0) 311.643 202.880 108.763 0.236 0.651 34
78M-5(C0,*,2.0) 335.608 176.865 158.743 0.173 0.527 39
ZSM-5(CH,C00™,4.0) 343.608 148.148 195.460 0.094 0.431 43

TR AR D, B R A AL e R AL A FLAL
ZERAFL L 2 TR 7 B b R T AR H A R R
] CH,COONa ¥4 1 BE S 75 X] T i B 2R 25 4 52 i 55
INEYEERT L5 I A FLES R, o 571 T A i XRD A
SEM EAELSSRAHFT . 53 4h , R NaOH %5 W AL 3XT 43
T 0 0 Rk R L2 A e K, 1.0 mol- L7 Y NaOH %5 W Ak
PRI , 43 T 0 AU RESD HE A 345 5K FH Na,CO, 7 TR AL B
SPEERS FE R IK 22, CH,COONa 75 VR AL B 5 1 £ /)N .
P T A FE ZSM-5 430 =32 2 B B 20 s PN A9
T, I B P 18, 8 Ak R B AN T I ¢, NaOHL T
Na,CO, 7B 558, X 43 i 10 1 SR 235 4 T ok
A, T LA ZSM-5 43U B RE AR HL AR FR A K 5 i
CH,COONa ¥4 W B 55 55 , JBS TR BEAR /)N
2.4 WM FEEEVAREKBRMm

FEAEAL R FH LR 20 g L7 R NERHE] R 2 h S
N BRI IE pH A 4 H,0, 1 F 184 90 mL- L™ 1 [ i
FER TS5 CHISRMES , EAT 53 0 A Ak B AT DL I
IR SRS, 3% 2 S 28 5 A [ e M 1 /S 2 O A AL R
fif A ML 7K 9 COD,, 5B . 2% 2 ] WL AN
LA Wk P, COD, 25 BR AN 44.9% , R B8 W
Bk, COD,, £ BRI Er, Horp 4% ] CH,COONa i
WAL EE ZSM-5 1, COD,, 22 bRk B i 5, K 86.4%.

2 Fenton F AL 2N Fe sl 1B 4 @ 25 1 11 4K
P AR ) A AR S AR AE AR R, A DA AR 1,0, 77
Az -OH [ B R A R A A ML JLAE FE AL EE 4n

F2 BIAISCEXT Fe/ZSM-5 43T 0 fi Akl i Ak B A
A BRI K 1) 50
Tab. 2 Effect of alkali solution modification on catalytic degradation of

organic amine wastewater by Fe/ZSM-5 catalyst

Rl w(Fe)/% COD,, EFRH/%
Fe/ZSM-5(0) 14.1 44.9
Fe/ZSM-5(0H™,1.0) 11.3 65.8
Fe/ZSM-5(C0,7,2.0) 12.7 783
Fe/ZSM-S(CH3COO’,4.O) 14.6 86.4
K (D-(7):

H,0, + Fe** — Fe?* + H' + HOO -, (1)

RH + Fe’* — R + Fe** + H, (2)

R + 0, — ROO -, (3)

R + H,0, = /7 +-0OH, (4)

ROO -+RH — ROOH + R, (5)

ROOH — RO -+-0H, (6)

RH +-0OH — /=¥ + H,0. (7)

1455 7SM-5 FLA2 254 0.5 nm, J& T 471 (1) i £L
AL, HAFLALAR 7E — o B B b S5 B il s 1o 4 =
Y3 8, B K T 43 F AL R 0, B AR AR
i 85 YR A 114 4 O A A I gt A ML B 7K 1Y) COD,
RN N 44.9%. 454 b SCHRAE AT, 20 ik
P ZSM-5 4> F- 0 , RS 5| A FLEER I/ T s 4y
=PIy wsH 1, R A — e B AR AT
1% B RE F1 , Ry i A B fift A ML P K BRI T R 4%
7, DR Y e S 1 A AR 7] COD, 25 B R 5 i
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ThEs AH R ] NaOH | Na,CO, 7 1 25 H FLBS A 1, %oF
43 Ui 16 2 T S50 R B 2R S5 R sg i 3K, 9 LR
FBRBEA Gy 11, 45 5 s o3 7 0 B 2R M L 4y
I 8 Ao L 2R T BN AR TG R 2 43 Fe 1) £ 25
(F2), AT R A AT ML P K B TG AN v T
K CH,COONa e , ASHARERS I A FLIAF,
FLIE B, N T AT R RCRE ), 3 R A% T Re
F3U T ELBE N T 4 0 ) R b R TR, BEAS A T
PELL A3 BT Z2 0% B2 0, A R TG R4 53 Fe 1
gk, L, Fe/ZSM-5(CH,COO0™, 4.0) i Ak W& fit A HL
R 1 7K A 25 R A 3 e
2.5 R

K FH 4.0 mol- L' i) CH,COONa ¥ & % HLIHAL
SER I ZSM-5 5y 0 R AT ot A 2 AL ZSM-5
g3V, T2 Fe, il 25 2 94 AL Fe/ZSM-5(CH,COO",
4.0) 5 FIRAE A A5 RS A AL, X B e
[i1] B2 S AR pH AL HL0, B0
55 M AT AL 12 7K AR AR AR A %) S g 2% A 1A T 5 5%
AN B A5 R K43 B 8 7K, 45 TR 3K -6 L
3R (8) B3R, by Ky COD, 23
A R AR W3R 4.

%3 KHBKTE
Tab. 3 Level table of factors

ENEIEES
KV RONREE RNESE AR B H,0,HE
/°C /min gl WlhpH /(mL-L™")
1 60 10 5 1 15
2 65 30 10 2 30
3 70 50 15 3 45
4 75 70 20 4 60
5 80 90 25 5 75
6 85 110 30 6 90
7 90 130 35 7 105
8 95 150 40 8 120

251 HHEatREAEER
PL COD,, 2B 3450 HAw pR 2L, iz H DPS %54l
b3 Z G A ) Rk 2 I 0% 2P E T VA X Fe/
ZSM-5(CH,CO0™, 4.0) 43 i ff 1k [ fift A7 MLIE 7K
P31 51 B T 0 25 R AT 53 B, A5 B AL R i A AL
Jie 12 K R Tl A e, X (8)
Y = -2.68 + 5.9716X, x X,—0.1598X, x X, +
0.01624X, x X, + 0.001895X, x X,,  (8)
KVl COD, LR, % X, R BLRIE, C5 X, h
NI E] min g X, AR &, g L7 X, 0 I
If pH; X, HL,O, 3, mL-L.

4 BB T R M A

Tab. 4  Uniform design test scheme and results

ENGISES coDn,,

WEs R R ] Wl W0, M KRR
REESC [l/min /(g L) #1tEpH /(mL-L™") /%
1 60 30 20 7 120 11.6
2 65 70 40 5 105 94.4
3 70 110 15 3 90 69.5
4 75 150 35 1 75 95.9
5 80 10 10 8 60 7.9
6 85 50 30 6 45 94.3
7 90 90 5 4 30 75.3
8 95 130 25 2 15 77.9

% [ 9 77 B2 19 P=0.0134<0.05, #] & & 1 R=
0.986896, it 3% 11 9 75 #2 il A7 9 HLALA 0 B A s .
FH 1= 7 R AT AR50 FH XS Fe/ZSM-5(CH,COO™,
4.0) 53 F i A AL B i A ML IR /K 2 SRS i e A,
YRV WA U pHL, S I B8 L S g B[] 1 1,0, H
X} Fe/ZSM-5(CH,CO0™, 4.0) 43T it AL F it A5 B
J% K 5 J 5 /N AR A 813 5 FE A 2] Fe/ZSM-5
(CH,CO0",4.0) 53 fi Ak Kt gt A7 AL 132 K e AR 1)
N 25 AR« % BT ] 150 min, S0 3 BE 95 °C, i
A & 40 ¢- L7, H,0, & 120 mL- L7, 3% W00 4h
pH=5, 7EM 51, COD,, B3 14 99.9%.

252 ARALIEIEX

Ml Fe/ZSM-5(CH,CO0™, 4.0) 731~ fifi fif Ak [ fit
A WU K B B LSO %A < R B[] 150 min, 2R
IR 95 C AL 2 40 gL, HLO, FH & 120 mL-L,
WA G pH =5, 803 IRE IR, i g 45 R LK 5,
K COD, 25 bR 211 - Y45 4 99.6%. 1] W32 COD,,
B BRI/ N T HAE COD, 2248 BAC NI,
FEIE COD,, 2B 5 520 COD,, 2% B 3R (1) A X 152 22
104 0.3% , Wi BH FR 1105 5 A5 21 1 380 (8 5 5250
FEARW G iz A J5 R ELA A v 1 T S

%5 R FIRIZR

Tab. 5 Test results under optimal conditions

GG COD,, EFr2/%
Fe/ZSM-5(CH,C00™,4.0) 99.6
Fe/ZSM-5(CH,C00™,4.0) 99.3
Fe/ZSM-5(CH,C00™,4.0) 99.9

FEME 99.6
3 it

(1)K H CH,COONa ¥ ¥ 4b R ZSM-5 43 F 1 fig
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T A, 45 - ZSM-5 7317 () i g S AR AR AT BILIE B K B 2 L 27

i B A i ME B VE T, 5 NaOH Fl Na,CO, 3 1 557
FROR VS YRR LU, 65X 43— 7 (4 T 30 285 440 52 Wi A /N Y
FHefih BRG] ANFLEEH .

(2)FE SR TE] A 2 h AR AR Y 2R 20 g- L
SN R 75 °CVH,0, B 2R 90 mL- L7 1 1
WIE pH K 4 14 SOV 5544, SR PR W 1 ZSM-5
53T BB 2 & COD, £ BR K , 24 CH,COONa I
WS N 4.0 mol - L, AL B i A5 ML PR 7K 1 38308 de
I, COD,, K FRFT] 1K 86.4%.

) A ¥ 21 ¥ 3T iR 56 i 1k Fe/ZSM-5
(CH,COO0",4.0) 731 A Fie fige A HILI I K 04 B
5t 15 ) Fe/ZSM-5 (CH,CO0™, 4.0) 431 1 #i 4k [
it AT AL 192 7K 1 e A B 7 % A2 < 2 07 B[] 150 min,
i 95 °C AR & 40 gL', H,0, I 2 120
mL-L, 046 pH=5, 7E L 214 T, COD,, 22 R K
=1k 99.6%.

(4) RSB, ffe T T EKM Rk
I, Kb 7 0 JFOoR Y i A — e R
FEAG TR 6 M AS , HLBRE COD, B8R 552 COD,,
FBERAARHRZE N 0.3% , #5182
A3 7 1 A 3% A AT BT 1 7K s g 4% A 1 — o B8
k.
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