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Preparation and Characterization of Acid-base Bifunctional Y Zeolite
Modified with Methylamine
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Abstract An acid-basic bifunctional amine-hybrid H-Y zeolite has been hydro-thermally prepared at 416
K with methylamine solution as a modifier. Characterized with X-ray powder diffraction (XRD) and solid
state 2’Si magic-angle spinning nuclear magnetic resonance (*’Si MAS NMR), the obvious increase of cell
volume and the appearance of new Si—N bonds in the framework have been observed. The acid-basic prop-
erties of the hybrid zeolite, investigated with TG/DTG/DTA and NH;3-TPD or CO,-TPD, have been proved
to be greatly enhanced. As pre-calcination at different temperatures, the acid amount and basic amount of the
modified zeolite increase 3 to 7 times and 1.5 to 26 times respectively, in comparison with those of H-Y
zeolite.
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1073 K)Z/ A< -1 RO e PERY . A e R R AT Bl
S5 F 1 FIIAE R KA R SR A A=Ak 6 A1 43 7 0
(I ™), (R IL R B, A A s, IR MEREATT
N TS, ARBE AT T AR, 8 LA LR
PE RS, FERLRT i .45 2F 0 ke ZSM-5 kA
AT JG A ek, BUE AL E R Si—N #, AT AAH
MREBRE (AR & AR, 2 A
I HRT S, [RISUEI MFL @540 4/ T e A b 21
Ji, SCIEAA PRI TR A T SR, N TNy
AN FR IS5 3700 BORT Re A T 1) s B AL S Y,
SR AR RS L AR L (U MFT
FALEEDN, HEAEZ 0.56 nm, ANGEN T K TZ )
(1) 5 N 53 5= ) 1 B AR RO, W B AT e P L
HA%0.74 nm (1) FAUCY) B3 A 3T SopEmToE, DAY Kix
T B0 KA BIL TE LI (5R0) 1 B2 A T A RE AL A4 ) A
e IR RIS AR R B BE R AT RE 22 IR 5.

AR SCEFAEES LR A H-Y A0, DL 241k
A, RS G B TR AT Ok, il B A R/ L) RE T
Y R R

1 SCIGERS

1.1 H&FHZE

B IREERR LGN 5.76, Na,O i T4 A 0.8%olt]
H-Y Wb A1 75 623 K R 35406 3 h, 5IBKER 2% kAR
S NIRRT 12 h )G, T AR e N3 5 30%
I K I 416 K KA 24 h. KRR ZKYE, #5353 K
BET, 1930 ki H-Y 204
1.2 RIE

K H AR D-MAX/II-A HEIATH AL, Lla=
0.15418 nm [1] Cu Ko A HRSHIE, 30 kV/20 mA, 440 [
5°~35°/20, FAHH A 8°/20/min.

Bruker Advance 8 MK X BFZEATHAY, LlAi=
0.154056 nm [1] Cu Ko K Ha5 5 40 kV/40 mA, 47470 H
57°~59°/26, F##iH = 0.2°/260/min.

Z9 N, F Bruker MSL-300 #% i JL3RASCH 5 3 A+
[112°Si CP/**Si MAS NMR. *Si fii Jf] () L3R 475 g 59.626
kHz, W54 335 ppm, ¥ 3.0 kHz, 437K 37.0
kHz, XFRN.—AN 4.5 ps (/3 kb se 52, JERI RN 12~
600 s, KA 15~1200 1%, Hh2A0 R UL QsMy 5%

TG/DTG/DTA il 52 K FH B3 PTC-10A #453H X
W5 W BT HY WA B BB, B 10 K/min T
RN E TR 1073 K, BACh AR, WiE 70
mL/min, F£i5E% 10 mg.

53 3R FH NH; #2757 THELBE (NH5-TPD) F1 CO, F57

TR B (COL-TPD) A I K ity PR BB P 5. 55 ik
FIAE P2 100 mg. £ He I, FRA 2 AILE 573 K
K 773 KAk 2 h, SR5 BRI FFAE 393 K (NH;-TPD)EL
353 K (CO,-TPD), HEIN 435l NH; 5 CO, FHfi Rt
A s BV AR B . AR S THELES 1023 K, JBE BT B
NH; 8¢ CO,, JFHWAEWE. THEE RS, K
MR NH; 2 CO, FHRAGE H, 0 S It B

2 FEREHE

2.1 ERBRZYL H-Y A SEHMRIE
2.1.1 XRD

K1 4 H-Y g AR 7 SR B 5 ) XRD . &
1A 2 HAE 50~35°20 fulH ¥4 &, B 1B & 57°~59°/20
IO EE. 5 H-Y HA [ 1A, HEaei H-Y
WA XRD E[E 1AM RA T B WA, £ 6.2°/20,
10.2°/20 A1 15.8°/20 AbHI =AM SRS B2 R, FLIg
B N ERS ). AE 23.8°F1 27.3°4b [ AN I (1)
SHJE B O, AR, BRI A “H-Y” B X
SFFERAT IR AR Dy 5 R i AR AR S R 4 <
Feb H-Y 7 B 38 X SPERATHS, A AR R B
ANRL XL SRS FR . I RIPER) FAU B H-Y 9
AIME, HBR XRD i5&ANREEAT SR 06 2 [A)FH 5 5
EER X AR R PRI A a2 A 2R iR (1
) GG, 52l A0 1R 45 R DA A M AT s o
Si, Al, O 25 S FAh . S H . ARBRAT B R AR X
S AR A DG DRIk, U %% B R AR 5 R AR KT B
T Al R T (B ) AT Z Ak =08 JE 0 ks o, 7
FLARRGE R o A i A P4, SR Ak R I/ H-Y
T AAR AR R 45 3, AR T BE L Bl A 9 1 O 4
HIG 5 0 & R ARG TE T Si—N PRl e
57°~59°/20 K[ 1B(a) 5 (b)) 1, FEZuih H-Y
WA 57.57°/260 HI(15 3 DATHLL K 58.51°/20 [#)(15 3 3)
FT S Ve R P W) S 8 T, BB IR Bh B 57.31°20 K
58.27°/20 Kb. EEMSEGTERMAEE 1), ThAALE M
o MEAATRAR H-Y AR IER, (15 3 DATHVHE A
PUZIE A IE R 1.23%. X UHIHIZS H-Y WA A TAEH]
FF LA QRN GE R R A T AR, AR R TR S
TNJEFHRART 53 O J5i 7, b M s RN B AR
A AR SR ARRRAR K, IR AT S 06 i /N £ i
.

B A H-Y W AT 48 573 K b 773 KRSk )a R B
[ 1A(cd) Bl 1B(cd)], THEE AT B R A AL IR R AR I
Al H-Y B A %, (HH(15 3 DRTSH 5T
AR R AR5 BEE] 0.86%A1 0.37%. LA
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FERE 773 K TRBE3 h 5
Figure 1 XRD patterns in wide degree (A) and small degree
(B) of (a) H-Y zeolite; (b) methylamine hybrid H-Y zeolite; (c)
sample b after heated at 573 K for 3 h; (d) sample b after heated
at 773 K for3 h

R H-Y FE 5 SRR
Table 1 The variation of cell volumes for the modified H-Y

zeolite samples

(a) H-Y W5 (b) AL H-Y WA A8 SKRAL; () TR L H-Y Wb
Figure 2 *’Si MAS NMR spectra of the sample before and after
modification
(a) H-Y zeolite; (b) CP pattern of sample a modified with methylamine; (c)

sample a modified with methylamine

(Al-0),-Si Al-O-Si

(Al-0),-Si |
Si-N(CH,)-Al
Si-N(CH,)-Si

26/cell volume (nm®)/swell 26/cell volume (nm?)/swell

Sample ratio of cell volume ratio of cell volume
(153 1) (153 3)
a 57.57°/14.834 58.51°/14.814
b 57.31°/15.015/1.23% 58.27°/14.978/1.10%
c 57.39°/14.960/0.86% 58.34°/14.941/0.86%
d 57.49°/14.887/0.37% 58.46°/14.851/0.24%

“(a) H-Y zeolite; (b) methylamine hybrid H-Y zeolite; (c) sample b after
heated at 573 K for 3 h; (d) sample b after heated at 773 K for 3 h.

HEERERE A AT, BRI S B AR A B
FI A A0 53 A A 238 0 B, AR A v 30405k B
Wy, AEILER AR A TR B
2.12 ¥Si MAS NMR

B 2 X EE T H-Y WA DA %Ak H-Y 40 1 °Si

T T T T T T T T

T
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)

B3 Hdefl H-Y J547 Si MAS NMR % i 14t 7 ]
Figure 3 Gauss fitting spectra of 2Si MAS NMR for methyl-
amine hybrid H-Y zeolite
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Table 2 The chemical shift of methylamine hybrid H-Y zeolite

»Si chemical shift oy

No. species
expt caled expt by Ref.
1 —95.6 —94.6 —95 Si-OH
2 —94.6 —93.7 —94 (A1-0),-Si
3 —89.4 —88.2 —86 Si-N(CHj)-Al
4 —90.6 —85.5 —89 (A1-0)5-Si
5 —85.5 —84.6 — Si-N(CHj3)-Si
6 —105 —107.4 —106 Si-O-Si
7 —100.6 —101.3 —101 Al-O-Si

2.2 ERRRZE H-Y ShAER/MEE R
2.2.1 TG/DTG/DTA

A A A H-Y A 3R B 48 B3 R AT )
A7 AE 0T oM 3 A0 B PE AT B 2 g, DR DA
TG/DTG/DTA 53 M1 Kefif 2 B A7 h A o0 1 i AR e 1
ARG Ak H-Y WA i TG 2k
S5 IR E TR H 4 LL il 27.34%A01 27.25%. A
DTG 2k RIPYAN K EIE, 53] 354, 580, 689 LA
950 K (& 4). AAHRBEX (A4 1) 2 B 241 136 3. 7R
AAEGRR, WRRHE A FLIE P I R i K S5 354 K %2
LI, AR, BEIR T, 75580 A& 689 K 43l
TE RPN i B, AR A 10 St A8 BG4 I R
BRI AR, Xk T A H-Y WA R/ ot
WAL, AR AR5 B B R R A L L. B
JE BRI T 2 950 K, TERK T 3 DUAN BB U, (Rl EFAE
800~900 K K 900~1000 K [HJEFEI N, #A1hREH
1.21% M 2.31%1 K E, XEZE T Pl H-Y W
ARSI 773 K Kile 2 Ja, FRmst ik IH 4 i ez
222 TPD

NH;-TPD #1 CO,-TPD (Kl 5, 6, % 4)% W], 5 H-Y
AT R REAR L e H-Y Wb BB R A T R
fA84Y,. H-Y 547 (1) NHs-TPD 1 CO,-TPD £k 737 &
AR 0.723 mmoleg ', PR (DPT) A 783 #1853
K, B4 0.339 mmoleg ™', DPT 4 563 #1803 K. X%
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Figure 4 TG/DTG/DTA curves of methylamine hybrid H-Y
zeolite

A—in air; B—in nitrogen

Wl H-Y BH&HA @M. 1mH kst H-Y
FESL b, HEREIAF] 5.491 mmoleg ™!, i fELE(DPT) N
573 F1 779 K, BlEZ% 5] 9.40 mmoleg™', DPT 4 779 K,
ol R B Sl v 1 2 27 A5 A 8 4. X R W 285 i
FAL S, WA TR R /B AR ORI i, R/ R AR
WY AR, IXF A B AR 1 24 ™ 2E 1) Si-OH k141, 1
SBR[ IR ) N R A0 B 2R DL RR T R A4k, 31X
ANHERTRT Si MAS NMR (145 BLAHAF .

FE 24k H-Y 34T 773 K R5RE G ORESS ¢, &
4 3.117 mmoleg ™', DPT Jy 483 1 753 K, B il 0.845
mmoleg ', DPT Jj 561 }% 823 K. 5j¥Ef b MILLAL, Hilis:

K3 PG AR X ) R R

Table 3 The weight loss in different temperature ranges

Weight loss/%
Atmosphere
300~400 K 400~500 K 500~600 K 600~700 K 700~800 K 800~900K  900~1000 K
Air 11.46% 4.51% 3.24% 3.08% 1.76% 1.44% 1.85%
Nitrogen 11.51% 4.22% 3.44% 2.96% 1.60% 1.21% 2.31%
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B5 Ak H-Y #6411 CO,-TPD &
(a) H-Y W47 573 K BUFALJA; (b) WAt H-Y 47 573 K FVE LR ()
773 K Bt A
Figure 5 CO,-TPD curves of (a) H-Y zeolite after pre-heated at
573 K; (b) methylamine hybrid H-Y zeolite after pre-heated at
573 K; (c) after pre-heated at 773 K

BRI, BRSO E R R R D 4R 43 ) 2
H-Y (4.3 {540 2.5 £, Xt Tl T, Siagis
VRIS 135 N R A BERS, amAURemT 1 R e At
BaE, — FLh A K A -NH-CH; FE [, Bl 4 W3 N %
(L T5AT 70 LK) N BT A B 28 1R Ut 7,
SOt ATy i T2 A Sl A OB T S B AR
Si-OH Z MR FF AN TR, PRI AR TH R A5 T B (R

TPD Zi5U5RW], WHZAE Y B A AR IR /B
HCH-Y Wb T W R i, BRI RENE I, Sl
TURATI B k. SRR AR AR A IR R S, W

B 6 WAtk H-Y W47 1% NH,-TPD
() H-Y ¥ 47 573 K HiFAL /S ; (b) WAL H-Y A7 573 K FIEAL)S; (o)
773 K BliFEAL R
Figure 6 NH;-TPD curves of (a) H-Y zeolite after pre-heated at
573 K; (b) methylamine hybrid H-Y zeolite after pre-heated at
573 K; (c) after pre-heated at 773 K

St A A EL I

3 it

NGy AT B R A i R T s W 4% AF R Rl A e
H-Y WA, 34507 2 Al R M S s B AL AT RL. %44
TR/ 18 1 T B A A BRI AN T, AR — o Y P T AR
R UM TR T ey 75 H-Y A0 2 IR )5
AN EAE R =431 Si—OH A Si—N 4. JE0H 5 T &
ERLERY Q7

R4 F H-Y B/ i
Table 4 Acid/basic properties of methylamine hybrid H-Y zeolite

CO,-TPD NH;-TPD
Sample Desorption temperature/K ~ Amount of base/(mmolsg™") Sample Desorption temperature/K ~ Amount of acid/(mmoleg ")
a 563, 803 0.339 a 783, 853 0.723
779 9.4 573,779 5.491
c 561, 823 0.845 c 483,753 3.117
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