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Abstract: In order to improve the catalytic reaction effect of SAPO —11 molecular sieve in catalyzing the
decarboxylation of oleic acid to prepare C8 — C17 alkanes, using polyethylene oxide — polypropylene oxide —
polyethylene oxide triblock copolymer (P123), and dodecyl trimethyl ammonium bromide ( DTAB) as
mesoporous double template agents, the mesoporous Pt/SAPO — 11 molecular sieve catalyst was prepared by
in —situ synthesis method, and the effects of different crystallization temperature, crystallization time and
calcination temperature on the crystallinity, pore structure and morphology of mesoporous Pt/SAPO - 11
were studied. Also it was uesed for the preparation of C8 — C17 alkanes by decarboxylation of oleic acid.
The results showed that when the crystallization temperature was 190 °C, the crystallization time was 36 h,
the calcination temperature was 650 C, and the calcination time was 5 h, the synthesized mesoporous Pt/
SAPO —11 had a larger specific surface area, higher crystallinity, more suitable bore size and better morphological

characteristics. In the reaction of oleic acid
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decarboxylation to prepare C8 — C17 alkanes, when
the reaction temperature was 340 °C, the catalyst — oil
ratio was 1: 10, and the reaction time was 6 h, the
yield of C8 —C17 alkanes could reach 78.3%.
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PY/SAPO - 11 -36 h 162.19 0.015 0.35 0.36 8.80
PU/SAPO - 11 -48 h 96.39 0.001 0.29 0.30 12.28




58 CHINA OILS AND FATS

2022 Vol. 47 No. 10

HH &S AT, AL RI7E 24 36 .48 h T & Y
430 B U B S5 TR 2R 2 R IV R SR 2, R
T FIRAETENFLEE .

22 AT A, Bl A BT ) DL 24 h ZE 4K 5]
48 h,Pt/SAPO — 11 “F- L 48 M\ 7. 96 nm HE fiil £
12.28 nm, JiR PR B fb AT B] A 2E K, A FLAS AR 5
P123 e SRAERR B K, BB BRI bR 25 /5, 1%
AR FLAR R K, fLAR AR 4 (LR 5b) %

Y, SALESE] A 24 h F136 h B, fLAR s g,
rn LR E48 h Bf SR L0 Ai . RIRT, B
AL IE G, Pr/SAPO — 11 FERTHIARAE /N, Al AL AT [E]
48 h AR BIR A, Hoad /N b R AR REAS R TS
P B BT T LB, AR T RO 56 P
HC A SR o B AR I ] 4E K, PY/SAPO - 11
UL TS SFLAS S MU B/ AL ALt/
2.2.3 SEM (LK 6)

a) Pt/SAPO -11-24 h

b) Pt/SAPO -11-36 h

c) Pt/SAPO -11-48 h

6 ARE&ELEETEBE P/SAPO -11 ) SEM

F Il 6 WI1,3 B ALES (8] R & i Pr/SAPO -
1L JE SRR AR ERIE o S R[] 24 h i,
Wk 5/ HLAR U SR 4 22 5 AR I TE) R 36 h
B BRIE S5 F9 800 S8 2L, SRR ST IS 3 K5 S Ak B
355 48 h B, ffokn R B 88 i B 3 2k08
SER AL BRI, 456 XRD 43 B4 R4, v] fig
A G R RS AR, AR RS B
F Bl TG R] ) ZE K B S R R ST AR K TR
WHNA] . ARG LA [R] 4 ZE K, P/SAPO —
11 43F-08 0 0 B di R e vl LA S 22 9 ) ) M B 7
(2| AN AL Uik i 311

g5 b A I SRR R 36 ho
2.3 REMAKESE A PUSAPO - 11 B Rt %k

FERRARIREE 190 °C | fi Ak ] 36 h JEBERTE] 5 h
T B AN FERE TR EE X PU/SAPO — 11 MR 52
2.3.1 XRD /(W& 7)

HE 7 7l &M, 3 g b E T & W
PU/SAPO - 11 F T AEL Sh7ZhHy, IERDKRE
600 °C T 4B 42 4 i 1Y PU/SAPO — 11 435 4F I i 55
650 °C [FEAZEL, 117 700 C AYEFAE IS T , 25 BB

—a Pt/SAPO-11-600 C
—— Pt/SAPO-11-650 C
—o— Pt/SAPO-11-700 C

0 02 04 06 08 1.0
PIP,
a) G R A 1 25 T

T TR G R R ISR SR 600 °C T
1B L) Pt/ SAPO — 11 HfiE g4 58 & /N T 650 °C
(4 JBebeiti B2 T2 28 700 °C B, RRAE UG e i 38 13 I T
RS BN T 600 °C R i B, i B — 28 2%
W, 3R] RE AR R 23k 700 °C i, R 2 FLAG A4
TR 1 A AR A T

Pt/SAPO-11-700 °C
Pt/SAPO-11-650 C
Pt/SAPO-11-600 C

0 1I0 2I0 3I0 4I0 5I0 6I0 70 80
20/(°)
7 FRERKERE T AR Pt/SAPO -11 XRD #E

2.3.2 N, - BET [L R

] 8 A [Al 4B 58 il B R A LY PL/SAPO - 11
MR - R SRR AL Al g, 23 N
ANRMBBEIREE T A B PY/SAPO — 11 (1 BET [ 3%
AR LA SERFLAR

—a Pt/SAPO-11-600 C
—— Pt/SAPO-11-650 C
—o— Pt/SAPO-11-700 C

0 10 20 30 40 50 60 70 80 90 100
fL42/nm
b) LA A il 2k

B8 AEMRLRRETARMPYSAPO -11 HRSKM - BRERERILESHHEL



2022 4 55 47 % 55 10 3] i

s 59

£3 AREBHEEETARE P/SAPO -11 ) BET Lt R\ FLE . FHAE

FE i HEREAY (m*/g) BELALE/ (em™/g) HELILE/ (em’/g)  BALE/ (em’/g)  FHFLAE/nm
Pt/SAPO - 11 -600 °C 162.24 0.018 0.31 0.33 7.95
Pt/SAPO - 11 =650 C 162.19 0.015 0.32 0.36 8.80
Pt/SAPO - 11 =700 °C 153.80 0.021 0.30 0.32 7.86

Hi 8 &, 3 FhBRE L E T A Y
PY/SAPO — 11 S0 it B 458t 2 4 i 240 g IV 780 25
IR, YEZ 210 HA A fLE5H o

H13% 3 Al 7 i, 600 °C Fl 650 °C N ke 5 1Ay
Pt/SAPO - 11 LR M BULT- %A 224k, (H 2 650 C
MBBEE MUY PUSAPO — 11 BALALA AR, A FLAL

a) Pt/SAPO-11-600 °C
B9
HE 9 FTE 3 FMBBEIR EE T A Py SAPO -
11 S5 M #B R BRIE o A b T 48 B8 1R B 600 °C,
650 °C B G B Pr/SAPO — 11 BRIE 2544 T R 5¢
FEFHIN , ORISR o YBRE IR S 700 °C B, 5
Sy ERIDGHLRES , ORI R AL BLA T R Sk, 3 AT
B2 PR A BRI o 5, T o FL A RO B, [F]sf
E B kTR E SN T A0 2 N L TN R X1
.5 XRD F1 BET %45 5 —%,
g5 BN A S B R TRE R 650 °C

2.4 HBRBARR M
2,401 VIR E R

FESONE T3 1.8 MPa FlGH L 1210 Sz R s Ja]
6 h Pt/SAPO — 11 (il # 25149 S AL IELE 190 °C | &
EistTa) 36 h HBebEifE 650 °C JBebeifia] S h, T Ia]) fi
AR, S RURE X R e S W A2 LI 10,

140 N uhftex = C17keiies
& 120 BB C8~Clebikeii
¥ 100
= g0t
M 60 F
= dof
=20t
07500 340 360
SN i T °C

5. Rz 38 B 3 BR B 32 X RE B9 540

& 10 B - 78 SR i B2 2 320 °C I, YR
FEALF N 99. 4% ,340 °C F1 360 °C T IMBR ¥ 58 & 4%
b B RN IR E I LT, C8 ~ C16 LRl X,
C17 PSR M T B, — 3% Sl | €8 ~ C17

& 10

b) P/SAPO-11-650 C
TR KRR E T & M H Pt/SAPO -11 iy SEM

RO, PR AL AR WA N AR R, 5 650 °C M L,
700 “C B 5 B PY/SAPO — 11 HE 2 THT AR I 4
%, SR FLAR AR DN, T RE SR PR SR KB LR i i S AL
R SR B T B T T £ 4 4
ZiE 38

2.3.3 SEM 4t (WK 9)

c) Pt/SAPO-11-700 C

ek iR i B e 3 KR /N AR fE e £ 340 °C
kB R, 0 78.3% o MR KA UR G 2 i
B EIE , TR B e ke S S ISR AR Y, DR L 38 T
2 R ECE 2 B R AR R, R C1T e
KR, C8 ~ C16 Bl iR Ig k. AL, AL i
SRR S 340 C
2.4.2 G EEAY R R

FERCN T 1.8 MPa . [z i B 340 °C | B i
6] 6 h \Pv/SAPO — L1 AL F T, 5003 o Xt 3ol AR
BRIV RS DL 11

1401 SR ES CITkE kR
120 g8 C8-Clebefeiicg
% 100
80
60
401
20
0

AR | R %

1:10
Flih e

B 11 75 b 3 B R % R R B0 B4

A& 11 A Y BRI EL A 1015 3872 1:10,
TR LR H 94. 6% - F+5] 100% ,C8 ~ C16 % fd
WERIE I, C17 ek e Ak, =38 Bl €8 ~
C17 WCBEM 67.3% I FFZ 78.3% . MFMEL N 1:7.5
A YHI TR [V RE 52 4 i Ak, C8 ~ CL6 e e e 38 1 3 /0 1
fRIBE N, F 66. 6% i & 67.3% ,{H )2 C17 kel
R 11.7% FE 2 7. 4% , JFE N ] G 24k FH &
W% BORPL T T Z IR R A AR HE T R A
i ARTRI 80T BRI B & A . PRI S A 75 i



60 CHINA OILS AND FATS

2022 Vol. 47 No. 10

Hoh 1:10,
2.4.3  JVHF ] R

FER VR T) 1.8 MPa J i it B 340 °C 513 L
1:10 \Pu/SAPO — 11 HALAEFH T, 2 7 B ) %o 3l 7 o
BN s DL 12 ] 12 W] Y Y R B
]k 2 h B YR AL % 88. 5% , [ Vi Fisf [ ZE 4 28
6 h i, R & FE k. TE R NI 4 2 h i, C8 ~
C16 BRI R N 36. 4% , C17 BelR iR H 18.5% ;
FZ N B ] ZE K 3 4 h, C8 ~ C16 %t #2538 ik 3
57.3% ,C17 KR W Rk 2 14, 1% 5 48 ) g i 8] A
6 h B}, C8 ~ Cl16 %48 F1 C17 S48 MR B C8 ~
C17 JoehB R g v, ik 5 78. 3% , 2 J5 C8 ~ C17 %%
SRCRRBEAG o A6 SN H T R 23 S AT B0 PR 7 1k
Sk C17 (C18 S B e i, 1 Bl 25 S5 oy s (] i JE K
A BB 2 KB 2, C8 ~ C16 Bl &
HIR . MIMIR L ALK 5] 100% , A= W) €8 ~ C17
Bk AT e 2 & A 2440 B T 5 BOBCR T B
I, B A SR B AR 6 h

101 mmstx B C1rkkiies
1201 g cs-Cleki i
100
80|
60 f
40 f
20}

/%

LI N

2 ] 4 6 ] 8
SN 8] /B
B 12 2z e i) ot ek e i 32 Iz 2 4 22 i)
3 & ®
LA P123 Fl DTAB S fLSUSEARH] , F B A

AL 48 A FL PU/SAPO - 11, #5517 ASIA] &4k IR
JE | SR AR E) FBE RS I BE X AL PY/SAPO — 11 /I
SULER 25 AR L S ALES R BRI . SRR 2 A
PRI 2 190 °C | df Ak I 8] 2y 36 he 4B 68 il B2
650 C keS8 5 h i}, & A9/ £l P/SAPO -
1L A BB TESURHAE , 5508 45 B RNl B, BOR 1
R A G LIS, PU/SAPO — LTTE AL Il R
Bl % C8 ~ C17 bk 9 S 2 B HY R4 1) i A
WtEe HNEEE N 340 °C FRl e 1:10 SO
6] 6 h iy, C8 ~ C17 Bt g K, 78.3% .
B3k
[1] GOHB HH, ONG H C, CHENG T C, et al. Ultrasonic
assisted oil extraction and biodiesel synthesis of spent coffee
ground[ J/OL]. Fuel, 2020, 261. 116121 [2021 - 08 -
31]. hitps://doi. org/10. 1016/]j. fuel. 2019. 116121.
FIHT, BREZT, R, 2. NiW/SAPO - 11 fEfL 7 /Y
SERAEPERELT]. Ao fb T, 2005, 34(8):729 -733.
(3] s, @2, 2P ra. IF -+ =% Fnm 24 R b e

P/SAPO - 1141 Pv/ZSM - 22 |- Jin & 7 4 4k s g 1 e

[2

[

[J]. J"&ALT, 2019, 46, 405(19) :86 —87,92.

(4] BREIEK, S, TRA]. SAPO — 11 JEARALFRI XN =%
RSB EAR M OFRE )] Al 5 KRR T,
1999, 28(4) :252 -256.

[5] EResC, MR, IMI, 55, F - 127 £ S BEAR 57 & nl ik
fL = 4L SAPO — 11 73 i K H AR K5 e e 5 4 AL v
RIRLHLT]. AT A A, 2017(7) 11394 - 1399.

[6] ZHAO W, YANG H, LI Z, et al. Polyvinyl alcohol
templated synthese of hierarchical SAPO - 11 [ J/OL].
Mater Res Express, 2020, 7 (8) 085009 [ 2021 - 08 -
31]. https://iopscience. iop. org/article/10. 1088/2053 —
1591/ abac3d/meta.

[7] WUN, LI B, LIU J, et al. Preparation and catalytic

performance of a novel highly dispersed bifunctional catalyst

Pt@ Fe — MCM -41[]J]. RSC Adv, 2016, 6(16) ; 13461 -

13468.

PRASHAR A K, HODGKINS R P, KUMAR R, et al. In

situ synthesis of Pt nanoparticles in SBA - 15 by

(8

[

encapsulating in modified template micelles: size restricted
growth within the mesochannels[ J]. J Mater Chem, 2008 ,
18(15) :1765 - 1770.

(9] W%, G, F45,55. SAPO - 11 rFifi & i & &

G R WP BERE (1] Tl fiEfl, 2015, 23(2):
87 -91.

[10] X, AEAS, IVTAE. SR Bk 50 SAPO — 11 B H:
PRYER ST A LIS PE LT ], AL 274, 2008, 29 (4):
379 -384.

[11] LIG, SHI Z Y, UBONG J E, et al. Superior catalytic
performance of micro — mesoporous beta — SBA - 15
composite with a high indexed isomerization factor in
hydroisomerization of n — heptane[ J]. Fuel, 2019,252;
653 - 665.

[12] talle, s2alife, BRBHAT, 55 Z240fL SAPO - 11 Hyiil & K
Fom S ArEREL T ). Al T, 2018, 47(12) :24 -31.

[13] REKEL, 272, fRIEA:. SAPO — 11 1531 K B 5 hl
BETZNSELT ] R #4E4), 2010, 32(1) .
46 - 48.

[14] T, BRSO, AW, 55, GOk MERZ 945 ZSM -
5 TR A R RAE LT ] KA A T, 2019,36
(5):6-10.

LIS] APRF, 20k, E0 W, 55 AL 40X & B ok
NaA 737 m [J]. IARMET, 2017(10) 16 - 18.

[16] XUBFH, FHL, 2. SAPO - 11 Lk il & K AEfs
el A I S = AR TSI ). JEHLAE
4R, 2019, 35(11) : 2051 —2056.

[17] MARTIN N M, VELIN P, SKOGLUNDH M, et al.
Catalytic hydrogenation of CO, to methane over supported
Pd, Rh and Ni catalysts [ J]. Catal Technol, 2017, 7
(5): 1086 - 1094.

(18] vk, JBbellit X Tl BRI 5 2 L — S AL Bk B 2 0
[J]. T7MAET., 2013, 41(20) : 4 -6.

[19] Thee . JBede il B2 o S8 A B IWOUL 225 4 1 R 1) 52 Tl
[J]. fk25%54, 2020, 42(3) :197 - 199.



