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Preparation of SAPO-5 and Its Catalytic Synthesis of p-Aminophenol
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Abstract: Silicoaluminophosphate molecular sieves (SAPO-5) were synthesized by hydrothermal crystallization using both a conventional
aqueous medium and a HF medium. The SAPO-5 samples were characterized by X-ray diffraction, scanning electron microscopy, solid state
NMR, Fourier transform infrared reflectance spectroscopy, and temperature-programmed desorption of adsorbed NHs. The effect of Si con-
tent and presence of HF in the initial gel on the structure of the SAPO-5 synthesized and the manner of Si incorporation into the framework
were investigated. Their acidity and catalytic activity for phenylhydroxylamine (PHA) rearrangement in the synthesis of p-aminophenol
(PAP) from nitrobenzene were studied. The incorporation of Si in the samples prepared in the presence of HF was mainly by the SM3
mechanism and patches of Si(4Si) were predominant. This resulted in a decrease in the acid amount and increase in acid strength. The pres-
ence of HF during synthesis increased the integrity of the SAPO-5 crystal and helped incorporate more Si in the SAPO-5 structure by inhib-
iting the polymerization of Si species to a reticulated silica gel. The samples prepared in the HF medium exhibited better catalytic perform-
ance for PHA rearrangement in the synthesis of PAP, and a PAP yield of 53.2% could be obtained.
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Fig. 1. XRD patterns of the as-synthesized WSAPO-5 and FSAPO-5

samples prepared at different SiO./Al,O ratios (the number after the
dash in the catalyst name).
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F 1B R A=A . LU H,
HAE G EL R T A AE 194~273 mPlg, BAT 225, B
RILELR AR 5 W46 B Si0./ALOs LL A B 4l 1
PG F . A RE i (R4 2 AL ARE & 5 4%
PER, BE# SiO/AlLO; Ly, WSAPO-5 £ i H1 (1)
ek I A, 1224 SiOL/ALLO; th 1 0.6 1 in &
0.8 Inf, fit & HE AR AL AN U] . £EAH [F] SiO,/ALLO4
b 4 #F ', FSAPO-5 Ff il 1 I #E % & W1 2 & T
WSAPO-5 £ iy, %W HF 4745 I AE AR KRR b
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Table 1 BET surface area and elemental composition of the
as-synthesized WSAPO-5 and FSAPO-5 samples

Sample Ager/(m?g) Elemental composition
WSAPO-5-0.2 238 (Alo.491P0.467S10.042) O
WSAPO-5-0.4 273 (Alo.466P0.465S10.069) O2
WSAPO-5-0.6 194 (Alo.452P0.462S10.085)O2
WSAPO-5-0.8 254 (Alp.452P0.460S10.088) O2
FSAPO-5-0.8 202 (Alp.423P0.436S10.141) O2
FSAPO-5-1.5 248 (Alo.408P0.447S10.145) 02
FSAPO-5-2.0 230 (Alp.307P0.453S10.150)O2
2.4 *°Si MAS NMR % %

T S U e b A e X HF X SAPO-5
Oy F 08 6 B 52 0, A BORE B HEAT T 2SI MAS

SEM images of the as-synthesized WSAPO-5 and FSAPO-5 samples.
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YR IEIT R 26 = 95, Jf4F -103, 107 f -112 kbl
T SR, 2 9 A 8 T Si(3AILLSI), Si(2Al,2Si0),
Si(1AIl,3Si) Fl Si(4Si) Z EEHUACEE K, T — X E R 1
[7 B EAR — o e R D T ), AR, AR
A1, WSAPO-5 #F i Si (1) AR 32 22 2 il ik
SM2 HLERHEAT. B A W) 4R e s vh ik 3 vy, (RIS
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Mﬂ-_&‘
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S

3 WSAPO-5 #1 FSAPO-5 # A9 *’Si MAS NMR i%
Fig. 3. Si MAS NMR spectra of the as-synthesized WSAPO-5 and
FSAPO-5 samples.
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Si WARTT A=A T 5@ W52 m. 24 SiO./AlLO; tL 2k
0.6~2.5 Itf, FSAPO-5 #fih ¥ 71 6 = -80~-120 L T
— B 95 B I LR 0, XN T Si(nAlL4-nSi) (n =
0~3) M Z HE AL, & ILPRIE BL 5 = -110 (1)L
PRUE R &, R A R A %R SAPO-5 43 - i
W Si % 1F L Si(4Si) &5 M A7 7E, HF X Si(4Si) 45
R TE A B B R AE . e mT DUE
B & A b Ak S B 1Y, SRR W i R S N, R B Si
3ol NS0 B e S 0 385 T A T
25 FT-IIR&R

Kl 4 Jy &5 % WSAPO-5 F1 FSAPO-5 #f i 7F
3800~3400 cm™ ¥ % X ) FT-IR i¥%. Al LLFH H,
AIPO,-5 %) 1§ K AE 3673 cm™ &b B T % 5 T 1
Ui e HE P—OH W I . P—OH &5 #4300 3 1 I b 2
AIPO,-5 T 55 8 Hh O 1) KU, Fl 23 1 0 o 1 o e
BbE A T RESE N SAPO-5 43 1+, & P—OH
) W Wi U Ak, 38 AE 3 740, 3625 F1 3520 cm ™t Ak Y
LT T WS B g, ok 3 740 em T & I JE
T i 4 3 Si—OH 45 Ky, 1M 3 625 1 3520 cm™ U] I
J&F 54 T IR M B R O BB O M U
3 Si—(OH)-Al 4544125281 JL 5= A R 5 ik R g g 2 [l
i A AE N AIPO,-5 B 847 G, MR 1AL U o i

FSAPO-5-2.0

FSAPO-5-1.5
FSAPO-5-0.8
< o'\f) & (=]
g | 588 8
g WSAPO-5-1.5
(%2]
Py WSAPO-5-0.8

WSAPO-5-0.6

e AROS
" 1 " 1 " 1 " 1 " 1 " 1 " 1 "
3800 3700 3600 3500 3400 3300 3200 3100 3000
Wavenumber (cm™)
4 WSAPO-5 #l FSAPO-5 # AT E X FT-IR %
Fig. 4. FT-IR spectra of the OH stretching region of WSAPO-5 and
FSAPO-5 samples.

it & BB AR A WSAPO-5-0.2 43 1 i 78 4 5 (X i 3
Sl X 55 55, 2 WA Ak N 2 10 2 I B D,
b5 T B, R AR X U2 Si—(OH)-Al 132 3)
e 1) Sl 9, 0 U A T S L v e e o, A
N3 B AR 00 B0 I S . ) T i
Si0,/ALLO; Lth 1 52 1.5 I, Si—(OH)-Al 1 ¥ 5 i 35
FEFT BT BRAR, 5 Si—OH ) MR A Uég 58 J35 Wb 2 348 . &%
4 XRD &5 0] LLHED, Si—-OH % 1 8 % 5 ¢ i
e TIRZ MG E A SIO k. 5 EHMARF
] 4 (1 FE 5 AH EE, FSAPO-5 Ff i 3520 em™ 4k %8
M F R 1 W 5 U o 5 R Ok 55, 3R B L &5
Si—(OH)-Al /b, iX 55 2°Si NMR MA 45 55 4

Bl 5 24 38 43 FF W BRI I 1% FT-IR 3. f ]
UL, FEH T 1400~1 600 cm™ B 3 A 1 -tk e W Bt
T C-C &5 il e &h &, Forb 1541 om™ Ab v g it
WE W PR 7E B R AT I 1 452 om ™ &b g Ay itk we
B AE L BRAL B J ), 1 488 om™® Ak i Ay ik g W Jf £
B M e L MR LM JE ey, wTLLE H, Hali i
AIPO,-5 73 f i R T R PEAR 59, MUAFE4L 59 B M2 Fl
L oo, 52 ML, mEER S 9 SAPO-5 4y 1 fiii B
25 Lm0 e B RN, WIas e i
HE 2 1 I N 380060 A 3R TR ™= A2 T — 1) 52 1.
Bt A B STOL/ALLO, LS8 N, I i 44 & 5 B
TR B R R B B N, LR AR A AR K
M AEFH AR Si0./ALLO; L 2 /F T, FSAPO-5 £ il 1

AIPO,-5
FSAPO-5-0.8
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Fig. 5. FT-IR spectra of pyridine adsorbed on WSAPO-5 and
FSAPO-5 samples.
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BMR5 L M b0 f = W WAK T WSAPO-5 FF i, 45
4 FT-IR 453, ATy, FSAPO-5 Ff i IR 1 1) B&
IG5 H 454 Si—(OH)-Al % & /b 5%,
2.6 NH;-TPD &R

h T RIS A S AR 43 0 R IR R
AT, XA ORE S EAT T NHa-TPD 73 #fr, 45
FE 6 frax. %% NHs-TPD #h£k HEAT 70 4l &
THE AN AR A R = KNI T3k 2. ATLLR
i, WSAPO-5 ¥ it 3¢ [ ¥ A7 75 W B IR P oty BIXS
I T i BRI Ol 160 °C A2 A 1 55 1R Hh 0 R Bt L
R 240 °C Ze A7 s R o0y, SiOL/ALO; LR AIK
) WSAPO-5-0.2 73 ¥ fii I & AH XJ &A%, b &
SiO,/Al,O5 LG 1Y I, H b 2 17 795 b 1 5t 55 v 11 20
EH I RN, 24 Si0l/AlLO; H i in £ 0.6~0.8 I,
FE R B 23 B K, BB Si0,/ALLO5 b AR Ak A T B &
HE— D3 Si0./ALLO; LE % 1.5 I, R & 11 B PR,
HRIR 0 SR O MR AT BT N R S
S 45 AN % B, WSAPO-5 Ff i 2 1 R B K/
O3 F- IR RE b RS N B A DG W B i
BRI, BB SiO/AlO4 L2, 43 1 i AF i o
fek 4 N0 B SR 0 0, B S b Si—(OH)-Al JE %
B, BER R IR EHN. 24 SiOl/AlLO; th T 0.6
I, A AN B A AN T S, DR R
TR AR AL B AN PR . 1024 SiOL/ALO; L &
1.5 I, 7AW 2 ToE B4 SiO, B 1 1k AE
SFI TN, SRR AR AT T

WSAPO-5-1.5

WSAPO-5-0.8
WSAPO-5-0.6
WSAPO-5-0.4

NHj; desorption intensity

FSAPO-5-2.5
FSAPO-5-2.0

L 1 L 1 L 1 L 1
100 200 300 400 500
Temperature (°C)
6 WSAPO-5 #1 FSAPO-5 #£ & A NH3-TPD i
Fig. 6. NH;-TPD profiles of WSAPO-5 and FSAPO-5 samples.

% 2 WSAPO-5 # FSAPO-5 # fh #J NHs-TPD #4745 R
Table 2 NH;-TPD data of WSAPO-5 and FSAPO-5 samples

Amount of acid sites (mmol/g)

Sample -
Total Weak Medium Strong

WSAPO-5-0.2 0.63 0.20 0.43 —
WSAPO-5-0.4 0.71 0.24 0.47 —
WSAPO-5-0.6 0.83 0.21 0.62 —
WSAPO-5-0.8 0.84 0.22 0.62 —
WSAPO-5-1.5 0.58 0.15 0.43 —
FSAPO-5-0.8 0.68 0.08 0.22 0.38
FSAPO-5-1.5 0.73 0.10 0.23 0.40
FSAPO-5-2.0 0.76 0.11 0.22 0.43
FSAPO-5-2.5 0.53 0.06 0.13 0.34

AR FE S, A5 A [R] SiOL/ALLO; EE 4 11 R il 46 11
FSAPO-5 73~ fiffi 2 [l ek T2 £ B} Wk 98 /b, (L DA TR ik &
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