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Catalystic Performance of HZSM-5 Zeolite Treated by CH;COONa
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Abstract: HZSM-5 zeolites were treated by CH;COONa solution with different concentrations and conventional al-
kali (NaOH or Na,COs) solution. Then, Pt was loaded on HZSM-5 zeolites before and after the treatment to synthesize
Pt/HZSM-5 catalysts for propane dehydrogenation reaction. HZSM-5 zeolites were characterized by XRD, XRF, SEM,
BET, NH;-TPD, and H, chemisorption. The effect of CH;COONa solution with different concentrations and conven-
tional alkali solution on crystal structure, surface morphology, pore structure, surface acidity, and propane dehydroge-
nation performance of HZSM-5 zeolites were investigated. The results showed that CH;COONa solution modified
HZSM-5 zeolites by alkali. Compared with conventional alkali solution, the treatment of CH;COONa solution for
HZSM-5 zeolites could more effectively and better controllably introduce the mesoporous structure with less influence
on the crystal structure and surface morphology. With increase of the concentration of CH;COONa solution, the initial
propane conversion and the propene selectivity in propane dehydrogenation firstly increased and then decreased. The
catalyst treated by 4.0 mol/L CH;COONa solution exhibited the highest propane initial conversion and propene selec-
tivity, which were 34.5% and 98.9%, respectively.
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Fig. 1 XRD patterns of HZSM-5 zeolites before and after
alkaline treatment

a: HZSM-5(0); b: HZSM-5(CH;COONa, 2.0); c: HZSM-5(CH;COONa,

4.0); d: HZSM-5(CH;COONa, 6.0); e: HZSM-5(Na,COs3, 2.0); f: HZSM-
5(NaOH, 1.0)

Fz1 WAIERIE HZSM-5 £ FiF R X 4 B EFRER bt
Table 1 Relative crystallinity and n(SiO,)/n(Al,O5) of
HZSM-5 zeolites before and after alkali treatment

Sample Relgtiye n(Si0,)
crystallinity/%  /n(Al,03)

HZSM-5(0) 100 100
HZSM-5(CH3COONa, 2.0) 99 94
HZSM-5(CH3COONa, 4.0) 97 90
HZSM-5(CH3COONa, 6.0) 85 82
HZSM-5(Na,COs, 2.0) 62 74
HZSM-5(NaOH, 1.0) 24 63

HHE T AT 50, AFRA RS EERT f5, SRS 7E 20=7.9°.
8.8°\ 23.7°H1 24.4° b E FHAEATH I I, Ui B £ it
AN F BRI AL B RE S, IR EE T HZSM-5 4311
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T R 4 o B AN AR LU B2 I 2, CH3COONa ¥ T
HZSM-5 431U [P 45 & P AN B8 Lh g i i /s, HLBE A
CH;COONa 3R FE I3 in,  FH T &5 & FE R RE SR LR
RN o XL PR B ALFE HZSM-5 43107 5 8 i 4 7
T P B S, X R AR AR R R AR S, ELRE
EORME IR, BUREVRFE AR, T NaOH #
WA NayCOs VA TR BB PR 08, X6 43 07 1) B SR 45 44
JEh EL ™, BT Ll HZSM-5 43107 () 45 & A RE 4R
FELAR AL K o 1 CHRCOONa ¥ B I #2559, X 9010
B AR LE R S PR RE EEAR /N, TR I R A O 5 A v (R AE T &5
f B AREAS EEUY) HLBE % CH;COONa 3 W0 2 i 184 4,
WRRER AR, Rk, FE#%E CH;COONa ¥ 5
FRE N, ALFR S I HZSM-5 43107 R R 45 i F5 A ek
5 LU PR A
2.2 WX HZSM-5 2 FitREF 5
=AU

Kl 2 B AL FE AT HZSM-5 4r T ) SEM I8 A,
HE 2 A0, REBALER HZSM-5 4 TR A
eI, SR RIA AL B S I HZSM-5 4r T-0, R 1 4B
FEAE T — AR MBI . 4R A CH3COONa ¥4 i Ab B
HZSM-5 41}, BE% CHyCOONa ¥ & FEE 1 3 i,
HZSM-5 43§ = 10 ] B 0Z 8 I, 24 R NayCOs ¥
WALEE HZSM-5 43 Uil 430 2 i tH 3R 2 5%
LEHIINIIE, R HZSM-5 43 i SR Y 85 e 7™ o
2% NaOH VA4 HZSM-5 43 T-ifilt, HZSM-5
53 SR 1) % THI 9 7™ FE S ok, T RRAR 2 K I 4 I,
R CRFFEE A HZSM-5 73 i iR B30 . 5% FLk
WA EL, K CH;COONa ¥ i A # HZSM-5 4317,
XEor IR SR A R R /N, AbBRVR P AR 5 P, B
BRI RN, X5 XRD RAEL RAHRT .

B2 BALEHT 5 HZSM-5 4 T ) SEM H A
Fig. 2 SEM images of HZSM-5 zeolites before and after alkaline treatment
a: HZSM-5(0); b: HZSM-5(CH3;COONa, 2.0); c: HZSM-5(CH3COONa, 4.0); d: HZSM-5(CH3COONa, 6.0);
e: HZSM-5(Na,CO3, 2.0); f: HZSM-5(NaOH, 1.0)
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Fig. 3 N, adsorption-desorption isotherms of HZSM-5 zeo-
lites before and after alkaline treatment
a: HZSM-5(0); b: HZSM-5(CH3COONa, 2.0); c: HZSM-5(CH;COONa,
4.0); d: HZSM-5(CH;COONa, 6.0); e: HZSM-5(Na,CO;, 2.0); f: HZSM-
5(NaOH, 1.0)

Quantity adsorbed,v / (cm® g™, STP)

A L 3R THI AR, L R AR/ o 5 BB ¥ (Na,CO;
M NaOH ¥ ) AMH EE, K CH;COONa ¥ ¥ 4b B
HZSM-5 731§ 5 R &M AL EE Y HZSM-5 737
PITFLAARR A 2 /s, UK CH3COONa ¥ MR AT
BRAL BT HZSM-5 4310 B QL4544 I S M )y, Xt
5 XRD Al SEM FAE 45 RAHTT
2.4 TFALIENT HZSM-5 9 F i % EER 14 A9 820

4 NEALFERT S HZSM-5 2 7 i) NH;-TPD
W, R 3 ONFERIAH R K 4 FIR 30, &
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X R A& HZSM-5 5311 ) 55 R 10, 75 360~420 C
) o B W 6F 7 1 . HZSM-5 4> T i Be i ol . B
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H HZSM-5 4y FOfiit, FEB IR E Qe R4, Uk
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F 6.0 mol/L CH3;COONa & ¥ AL 3 HZSM-5 43 i i,
FEUR B s B 22 IR 1, Si—O-Si BT, Ik
BT A AR TS, Z it 2 ILE S, 1 HZSM-5
S FIRE AR Si-O-Al #A G KRR, fEiX—it
FE A 2 0 B S AR o R e L B R B i b,
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07 B R 8 B AR AF 0 R B T

24K H Na,COs; Il NaOH A AL FE HZSM-5 43T
GREESE, 23 0 PR TR e FEE R o) R B 48 W S IR, X
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W Fima R E T, aREEEMANE N, o7
7 P14 T2 3 55 R R o) T T
2.5 FACIEIHELFIZRE Pt HEUE RIS

4 A FIRR AL B R J5 ) PYHZSM-5 {467
FES I E P A Pt AU . iR 4 WL, 5 R AR
WIRAL ) PYHZSM-5 AL FIRE S AR EL, SR FH B AL
B, Pt B — e R RN . 242Kk CH;COONa

R2 WIARLIEN HZSM-5 9 F i st REY 2200
Table 2 Effect of alkaline treatment on structure of HZSM-5 zeolites

Sample ABET/(m2~g’I) Am/(mlg") vmicm/(cm3~g") v,mso/(cm3'g’1) dyye/nM
HZSM-5(0) 357.92 29.98 0.17 0.04 1.52
HZSM-5(CH;COONa, 2.0) 366.64 74.43 0.16 0.07 2.35
HZSM-5(CH;COONa, 4.0) 378.69 103.83 0.16 0.11 2.93
HZSM-5(CH3COONa, 6.0) 375.72 93.98 0.15 0.14 3.26
HZSM-5(Na,COs, 2.0) 372.64 85.48 0.13 0.17 3.51
HZSM-5(NaOH, 1.0) 360.23 66.25 0.08 0.28 4.67
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Fig. 4 NH;-TPD curves of HZSM-5 zeolites before and after
alkaline treatment

a: HZSM-5(0); b: HZSM-5(CH;COONa, 2.0); ¢c: HZSM-5(CH;COONa,

4.0); d: HZSM-5(CH3COONa, 6.0); e: HZSM-5(Na,CO;, 2.0); f:
HZSM-5(NaOH, 1.0)

.0 0 | Desilication , HO (') , Ig)a
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., 0 0 | Deilicaton , HO OH NQa I?éa
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0 0 Alkali HO OH 0O o
-$i-0-Si- -$i-0-8i- Na Na
(NagSi,05)

BlS  BRALHE HZSM-5 4310 ) it ek iod 72
Fig. 5 Desilication process of the parent HZSM-5 zeolite
during the alkali treatment

WAL FE HZSM-5 431 Tiilt, fE%E CH;COONa ¥k
JE 3G N, Pt 2B 3G K SE N, M CH3COONa ¥
TR IEN 4.0 mol/L B, Pt 7 0% B i AT IA 52.9%. HH
SEM 3 #T Rl %1, HZSM-5 4 ¥ 0 48 i i v v Ak #E )i
R H I — e R B, HBE%E CH;COONa ik
TSN, 43 0 AR 3R TEDRE RS B2 O T 3 K, R
K 2.0~4.0 mol/L ] CH;COONa ¥ AL FE HZSM-5
Gy T, AR ER T )RR X, WS P 7
oy TR M 4 #0735, KM 6.0 mol/L 1)
CH;COONa ¥ ¥ A BRI 7 (Na,CO5 A NaOH ¥ 7R)
RSy 10, FE AR MRS AR B — 0 m, 4 7 i
KT BREBIR NG, SRS Y Pr&mRE. H
I, Pt 20 8% T %
2.6 ELXFIBIA IS ERE

Blo6 5B 7 40 A A B b 22 RT S I

Pt/HZSM-5 40 TR 5 1 TR e 2 Ak 26 T O i 3R 1 5
NI TR R 2. I 6 R 7 WL, ASEBRIE
TACEERT JE (1) PUHZSM-5 HEAGFIRE & 10 P b Wl aa #4540
T 30%, WEEFEESEET 84%, WHKH
HZSM-5 73 4 T8 ke it S e A R ada, HE e ik
Rt T Tl LA ALO; 1E A T 344 1) s R PEBE -
P 6 7T W, it ASFBA R AL EL S 1) PYHZSM-5 {8
AR FRVRE & B PR e BT 2 7 A 2 T 2 v, L e o S 2 T (1]
MK, W REE —E RN N, K, A
CH3;COONa 5 AR B IR N, T RE #4655 28 230 Y
JeHE RN . mIE 7 AT, BEE B R
K, FES IR OK, HEE%E CH;COONa
TR FE 3N, P IE PRI S 3G RS N . [E A3 4R
KI5E, 24K 4.0 mol/L ) CH;COONa ¥l AL BRI, i
TR ol P TR 2 9 2 2 A, 5 R R s e 38 A 350 08 31 e £
RE.

PY/HZSM-5 {407 )& T X aefE A0 77, R PE2
4% Pt 14 )@ I REA HZSM-5 4> T BR LI BE, W& 2
B A7 AE Bp [R) 208, 3 (7] 5 i TR o o S 1 A 7] 1) e v 12
REUS, JHorb, 3R Pt Ak TR R A AE P ST M L
M1 M2, M1 00 3@ A e SRR RN S AR S N ; M2 H
EEREMEAR R, WS R E 8 FiR,
C3Hg B W BH/E HZSM-5 34k I, SR)57E HZSM-5 43
TR R VAL AT AR R C3H, H SR HOH H2E,
WEEEME O M2 ER FAER Hy, #H K9
C3Hgo A T A# HZSM-5 4 T (IR T REAN Pt (&8
R S i Ok R R IR S SR M 1 A FE AR AR I
WE#S 2 Pt £ HZSM-5 43 10 b T 1 FE /- SRS

& 3 [, HH HZSM-5 4> T FL48 8 T AL
Ja L, AL 2 IR R R =k, KT
FEJREA 7, JFH BT Pt 0 BUE XK, FrbARE
BT WAL FE 1) P/HZSM-5(0)HE AL 7L 5 11 7 e ) U
T Z AR BT BB, AR AL EE, —J5H, ¥ K
T HZSM-5 4r-Fiiifah bR AR, Rif HBLEE, 1X
E—ERE LIRS T Pt IO, A— 7, A
WHIERT, P T a0, o 78 s, 46
T TR R AR A 4 B TR, 8> T SR AR
i, Rmiem 7RG E R EE. B HZSM-5 7T
i R S5 F VRS AN Pt (120 BB AT WL, SR 4.0 mol/L 11
CH;COONa ¥R AL FE HZSM-5 70 19, AMUIE R T ik

£3 WAEAE HZSM-5 5 FiiE RS
Table 3 Relative acid amount of HZSM-5 zeolites before and after alkaline treatment

Relative acid amount/%

Acid

strength  1ZSM-5(0) HZSM-5 HZSM-5 HZSM-5 HZSM-5 HZSM-5
(CH;COONa, 2.0)  (CH;COONa, 4.0) (CH;COONa, 6.0)  (Na,CO3,2.0)  (NaOH, 1.0)
Strong 100 98.17 90.83 102.25 103.47 108.15
Weak 100 98.14 90.06 101.86 103.18 107.28
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Table 4 Analysis of hydrogen adsorption amount and Pt
dispersion of catalysts before and after alkaline treatment

Hydiogen 00
Catalyst chemisorption/ .
(mL- 1 PY) of metallic

£ P/%
Pt/HZSM-5(0) 15.0 34.8
Pt/HZSM-5(CH3COONa, 2.0) 21.7 50.4
Pt/HZSM-5(CH3COONa, 4.0) 22.8 52.9
Pt/HZSM-5(CH3COONa, 6.0) 222 51.6
Pt/HZSM-5(Na,COs, 2.0) 19.5 45.2
Pt/HZSM-5(NaOH, 1.0) 16.6 38.6

w
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Propene selectivity / %
28

w
w
T

0 1 2 3 4 5 6
Time on stream / h

Bl 6 ANRIEAL T P e e A 25 I e 2 1] PR AR A 5k &
Fig. 6 Relationship between propane conversion and reaction
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Fig. 7 Relationship between propene selectivity and reaction
time for different catalysts
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(CH3COONa, 4.0); ¥: PtHZSM-5(CH;COONa, 6.0) «: PHZSM-5
(Na,CO;3, 2.0); »: Pt/HZSM-5(NaOH, 1.0)
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