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Catalytic hydrodeoxygenation of vegetable
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Abstract: A series of Ni catalysts supported on HY, SiO,, y-Al,O, and SAPO-11 were prepared by incipient-
wetness impregnation and characterized by XRD, NH,-TPD, H,-TPR, BET and SEM techniques. Their
catalytic performance in hydrodeoxygenation (HDO) of vegetable oil to produce the second-generation biodiesel
was evaluated in a semi-batch reactor by using methyl palmitate as a model compound. Owning to the weak and
medium acidic properties of SAPO-11, the Ni/SAPO-11 catalyst exhibits high activity in the HDO of methyl
palmitate and capability of inhibiting the feedstock and long-chain alkanes from being cracked. The effect of Ni
loading, reaction temperature and pressure on the HDO behavior over Ni/SAPO-11 catalyst was considered.
Under 220 C and 2 MPa, Ni/SAPO-11 catalyst with a Ni loading of 7% performs best in HDO; the conversion
of methyl palmitate and the selectivity towards C, _ alkanes reach 99.8% and 92.71% , respectively.
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Figure 1  XRD patterns of various Ni/SAPO-11 catalysts
a; SAPO-11; b: 2% Ni /SAPO-11; c¢: 5% Ni /SAPO-11;
d: 7% Ni /SAPO-11; e: 9% Ni/SAPO-11
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Figure 2 SEM images of various catalysts
(a): SAPO-11; (b): 7% Ni/SAPO-11(10 K magnification) ; (c): 7% Ni/SAPO-11(200 K magnification )
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Table 1 Textural properties of Ni/SAPO-11 catalysts
with different Ni loadings

Catalyst A/(m*-g!) A/ (m’eg™) v/ (em-g)

SAPO-11 85.6 29.7 0. 096
2% NiSAPO-11 33.5 31.6 0. 086
5% NiSAPO-11 33.3 32.5 0. 081
7% NiSAPO-11 33.5 33.0 0. 083
9% NiSAPO-11 33.0 28.6 0.078

surface area: calculated by BET method;

external surface: calculated from desorption branch by BJH
method; mesoporous volume: calculated from desorption
branch by BJH method



1070 /I

S

55 40 &

2.1.4 H,-TPR R1E

SAPO-11 EAN[E] Ni f AL R A9 H,-TPR i
RO 3, 3 DX I B A AN () 32 05 PR Y 43
WL S8R 5 8 AR 8] A B AE 35 55, Rynkowski
SRV T A R b B BLAT XU R A A A
B EATTH BIRIR S A A AR A, A ARSI
AR (IRRLIA ) DA BB - 28R A BAE FH B (&
IR ) . FPA Ni/SAPO-11 #EALFI Y H,-TPR % &
YITE 720 #1870 K 2245 4300 10 B A~ 30 T 0 13 B
Ni/SAPO-11 3 T L[] B 77 75 55 A5 B AR T ( H Bk
) FHRRAH AR (B R ok B DL 2R A 5 %
B) B N R R 3 AT LA R ki
(2% ) B9 Ni PpFh EZ LA BAEH b 32 B & Ni £
T, R 55 AH EVE AR A EAE R Ni
RS BT, EL 55 A0 FAE ARG Ni #8088 Jin i 5 b, %o
9% Ni/SAPO-11 fiifb 7], H: 3R 11 32 22 8 55 40 5. /E H
() NiO i1, X FEWITE Ni B aad B e N2 i 28
1 3 SEF (Ni-0-Al F1 Ni-O-P) FE4 4% T SAPO-11
F TS AR AR EAE A NP R 5 2
() Ni** FE I Ni PP AR TRIE AL NiO ok,
H,-TPR 43X —45 5 5 XRD #l SEM EAE 45—,

Intensity (a.u.)

550 600 650 700 750 800 850 900 950
Temperature 7 /K

K3 SAPO-11 AN Ni B AR AR Tt ]
Figure 3 H,-TPR profiles of Ni/SAPO-11 catalysts
with different Ni loadings
a: 9% Ni/SAPO-11; b: 7% Ni/SAPO-11;
¢: 5% Ni/SAPO-11; d: 2% Ni /SAPO-11
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Figure 4 NH;-TPD profiles of various supported Ni catalysts
a; 7%Ni/HY; b: 7% Ni/AlL Oy ;
¢: 7% Ni/SAPO-11; d: 7% Ni/SiO,

2.2 fELiERE

A7 E R T fin S50 A ] 25 e 2 STt A Ry A
RN VEB AL S ROV 28 P98 T ik Ni Bt
fiE Ak ) B PE BB, SC MR i B 4 R R
R L1020.23.28 300 kWit g R HCAS TR Ak B ) (i D 7R,
JIEE 5 R il LA K H Y =T ) o &t 4 S oy S A 45
K W R | A K S R R R
JIOE 4% i ELIR AR o bt 3 442 BERE 9 el S o & A
R B i/ W R WA 2R A8 A i, FEARSE G 1Y)
R RIS T DME CO ., CO, \C, ., Ke ke A5
PR 5 | ILAMBCRE = v S ARG 1) 1 A A+ e
FARKERERN SRR, S EITE 0.01% LI, R
V45 FE R A R B R I S0 S R A S
FRARL, JEORE 42U 22 B =22 DL DME [ CO ,CO, 55774
R . SAHF=YI TR DME £775 6 & i B 1)
WA B AR Y o A N 245 R YRR 7 B RS T
F /K 3% FR BN A R R B K R Y R A
AT LA R T FP T K e Sy B A 2% A
2.2.1 AREFHERELEBEILE



49

ZEAESE G AR NI HEAL TR AR U S o AR S

1071

2 HNH T AR ZAAR 2R0 Ni A AR 1A
AR FP PR S S S N e AR K ) A, R 2
AfLAE TSR TR0 ) 7% Ni/Sio, A7) | | 4%
TR P B (0 55 AL RN 49.3% , ke e = e R Ny
48.5% MANRR ) C,_ F Cq_ o B TEHEEMESY 50
7.69% #114.36% , 1 EA R 019 7% Ni/HY
PR T AR R P R P % Ak 36 B 3K 98. 5%, {H 24 fig
S e R A3 0 SRR B S 1R /N a3
T (56. 63% WP TE C,_beks) ,Co o H
FRP= BB A N 37. 16% . X W] HY 58 R

PR S BO% R S 16 P S R, 5 Sk —
O e I LA ER AN P AR s A 7%
Ni/y-AlL O, il 7% Ni/SAPO-11 #E4LF] I | A AR iR H
R EEAL R A B AR =W (C, o BEJE) M REME R
T 90% , 24 7=y B A5 B o A 14 R Al B
R EAA B et Re . P £E SAPO-11
AR b BEAER BRI 100% , Cy o KR
PIEPEPE R 92. 71% , B I AT WL, S A 15 FH 1 o &
58 Ao BBUHS SIS S 9k 21 43 T 7, SAPO-11 8K 5
AHFI,

x2 AREEEELTEN R

Table 2 Catalytic results of various supported Ni catalysts

Conversion Products distribution w,,,/ % Yield of alkane

Catalyst % DME CO CO, C, ., Cs g Cy_ 16 C+  palmitic acid products w/ %
7% Ni/SiO, 49.3 0.05 1.43 0.13 7.69 14.36 69.45 6.92 0.00 48.5
7% Ni/y-Al, O, 90.9 1.11  0.80 0.03 2.02 0.15 91.34 4.08 0.50 88.7
7% Ni/SAPO-11  99.8 .12 0.83 0.01 2.21 0.00 92.71 3.11 0.00 97.8
7% Ni/HY 98.5 0.07 0.20 0.11 45.43 11.20 37.16 4.42 1.46 96.7

reaction condition; 7=493 K, p=2.0 MPa, =360 min

2.2.2 Ni/SAPO-11 B MERE

TE SAPO-11 #f—20% 42 TR [A] Ni B k= XA
TR P TG o A S s I ) S R S5 SR LR 3, 24 Ni
(R 2% BN R 7% B AR R P R A AR
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Table 3 Catalytic results of Ni/SAPO-11 with different Ni loadings

Conversion Products distribution w,,,/ % Yield of alkane

Catalyst x/ % DME CcO CO, C Cs Cy_16 Ciet products w/ %
2% Ni/SAPO-11 60.0 4.38 1.33 0.00 0.84 0.00 84.35 9.09 56.6
5% Ni/SAPO-11 93.0 1.58 1.54 0.00 3.20 0.00 88.20 0.67 85.6
7% Ni/SAPO-11 99.8 1.12 0.83 0.01 2.21 0.00 92.71 3.11 97.8
9% Ni/SAPO-11 99.2 1.30 1.36 0.04 2.88 0.00 91.65 2.74 96.5

reaction condition; 7=493 K, p=2.0 MPa, =360 min

2.2.3 RAIRE.JEH3 7%Ni/SAPO-11 {#E{LH%
A

F4 Kk 5 4y MBI T AN s T R s R R
TR SO S R 5, 3k 4 AT LUE T, S
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Table 4 Catalytic results of 7% Ni/SAPO-11 at different reaction temperatures
Temperature ~ Conversion Products distribution w,,,,/ % Yield of alkane
t/C x/ % DME CO CO, C, C, Co_16 Cy+  palmitic acid products w/%
190 38.7 2.17 0.76  0.01 1.64 0.15 29.58 4.32 61.45 13.8
220 99.8 1.12  0.83 0.01 2.21 0.00 92.71 3.11 0.00 97.8
250 99.5 3.51 1.54 0.46 5.14 1.50 81.52 5.72 0.50 93.4
reaction condition; p=2.0 MPa, =360 min
x5 7%Ni/SAPO-11 EAR[E R EE 1ML K 5
Table 5 Catalytic results of 7% Ni/SAPO-11 at different reaction pressures
Pressure Conversion Products distribution w, .,/ % Yield of alkane
P/MPa X/ % DME CO CO, C Cs g Cy_16 Cis+  palmitic acid products w/%
1.0 49.1 3.94 0.66 0.00 2.96 0.16 20.58 3.35 68.76 13.3
2.0 99.8 1.12  0.83 0.01 2.21 0.00 92.71 3.11 0.00 97.8
4.0 98.7 4.13  0.92 0.07 8.11 0.08 82.60 3.14 0.97 92.7

reaction condition; 7=493 K, =360 min
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