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Effect of catalytic cracking of single fatty acids and their glycerides on
preparation of hydrocarbons

XU Tianyu,SU Youyong, CUI Junjun,SUN Haowei
(Faculty of Agriculture and Food , Kunming University of Science and Technology, Kunming 650500, China)

Abstract ; In order to investigate the catalytic cracking of single fatty acids and their glycerides on prepa-
ration of hydrocarbons, HZSM -5 zeolite molecular sieve catalysts were used to catalyze six single react-
ants (oleic acid, triolein, monoolein, palmitic acid, stearic acid and glyceryl monostearate) cracking.
The effects of the reactants on the conversion rate, liquid product quality and catalyst coking were studied
and the reaction mechanism was investigated. The results showed that oleic acid was preferred as a raw
material for the preparation of hydrocarbons. Under the conditions of reaction temperature 475 °C, mass
ratio of catalyst to raw material 3: 10, mass space velocity 6.99 h™" | the conversion rate, acid value and
saponification value of the liquid product were 44.90% , 3. 84 mgKOH/g and 14. 34 mgKOH/g respec-
tively, and catalyst coke amount was 4.3 g(raw material 50 ¢). The main component in liquid products
was aromatic hydrocarbon compound, and other compounds were less in content. The main components of
the liquid products corresponding to the three raw materials of palmitic acid, stearic acid and glyceryl
monostearate were mainly aromatic hydrocarbons, followed by chain hydrocarbons. It was speculated that
the above — mentioned raw material cracking mainly underwent aromatization, hydrogen transfer and deox-

idation, and had high selectivity to aromatic hydrocarbons and alkynes.

Key words: fatty acid; glyceride; catalytic crac-

Yrim B #2019 - 05 - 24 ;i [E B #3:2019 - 11 -20 king; aromatic hydrocarbons; reaction mechanism
E&WH: [ ER B AREHESE (51466004

EE R ARKF(1995) , 58 WA 5T 46, B 52 7 1) i g

{84LZAL (E-mail ) 18487258641 @ 163. com,, WE&E SRR B M BETR fEALAY IR, AT I %5
WIE1EE 58 B , #4% (E-mail ) youyongsu@ gmail. com, BT EER A R . YR A Y R



2020 4 5 45 & 4 3 1] o

g 23

Rem FEMEAZ — BRE T HAMN L% e
W BN E RS . (HRAEYRPIVER &
AR R ICRAR K5 & S IR S R R
18T HAE RS A,

BRI T 200G AW im S FaE i 7 ik,
AL LS I S AL LB 1L AL
17 4 Hirp JECZAE R AR R 20 B BT Bk
=, B 20 e 30 FEARAF LaEFIN AT
LA [ PR N 28 FF 86 A S R B8 3 AN
EEF . 20 42 40 4£U)F, USY M1 ZSM -5 %9
oy TR A BE Tz R i A R L — 2
JEo 21 e Dok, X = e i B S ) ZRP - 1 A
ZRP -5 SEEACTIBE T & ok AR FE AL 2440 I BE
e P 2E 43 FT IS E R

Buzetzki 25 %) NaY s 4 04} & B 6 4> F0f
HHEAL ), LLSERE T 2 TR KR L R S 3 A BRI R
TH DL B R IS BRI i S R [R] R ) v B TR ),
T AL RN, & BT 2 B X 18 68 I AR 7=
A= R A B W, AP AR B S5
A TR A & EN 590 frifE , PRI AT F VR 2539
BHE9 2. Adam 2 38 3 R A7 ot FLAE AL,
BB ARPH L S B IR RS S R R ARk
B, FEE RS G PR B & & r 3,
TR B 455 E L R MR D 3258 T AL W A PR RE
DB R B EE LB OB AR AR E 3
P AT AL 24 f8 R, R 5T T H L rr e
PEACTRI R TE R . 45 SR 3R TR 28 AR S 240 7= 1)
FELL CO MUk 3, A6 A By 24 % 7= 91175 LA
B 2, 3 L AR By ik 244k S B L A
e E

MERA AL 20 S R R 45 SRR B, AL 5RI Y
A BRI A P A oy m PVE M m R E
JE2k HE AR RER B RN EE S 5 AN E AN
BAFAE, RIRHEAL T 5 Sh s R 1 . T
TE IR BT B 2% , b B R AL 24P AR e A R R ML,
ASCLL B — AR R S L H R o ) i, LA HZSM -
5 Wb oy TR O AR, HEAT AL A RO, 5 AR
— R Fi7 R B JEL e g b S AL X il & RS B S
FEo M R DAL
1 #R5H®
1.1 XA+
11,1 Rt 55

THER =R H VM Es MR H R AR A
R AN AR RE IR H v e 55 35 4 o #r 4, e [ 24 4 [
A2 A PR B R4 HZSM - 5 388 4 7 10 (hE

i

FREEIRELE D 27) I F R ER THELTI
1.1.2 R H

WIET, FEHEMEARIBERT , TE5E A il
[ 7 PR A T 2R A S oz 2 B (g iR S B 28 1 T 560
mm, 4% 24 mm) FRFEAT RSN, 25 B AR A 1
B 7R o MEACTRITE R iR S L 42 9 R B2 B, B ERA
/MG FH5E R B E AR

VE L. R 2. BB A 3. BRI N4 54 TR R 28
SRR E 6. SRS ES 2857, SRR AL B ;8. Mol i 2
9. GC - MS Kl & .

1 U REEEREE

1.2 ¥k
12,1 fEfbf

PL 6 Rkt (AR . =M BR H JhEg . Bl R H
fiE AKX AR AR | AF S R AN FARE R R H Im B ) 1E R L b
Y1, UL HZSM -5 ik £5 43 T VR M AL, 50 g JER}
CHIRT by &R 1 S R 0 s hin il & R O BRVE R ) &
BESN A AR RN 28 N, 76 ML IR 475 °C g fk
MEFEE FEHE 3: 10, T2 6.99 h™' & F
T BT HE AL B R, 15 F & B 6 Y TR
&=y, FEERFE LR AR = P i Bk
B R DA S AL R 2 2 1B 00, FE B Xt bL i A4 7=
VIR o
1.2.2 FERIERBIIHHE

JRREALR BT E (1) Prs, 5 ) 45
FEITE W (2) Fin, A AR (H/C)  FHi A
R e S N (R A R Al il =2
w7 (3) BR

e="1"" 1009 (1)
m

A=my; —m, (2)

(H/C) ., =(H=20)/C (3)

K e RREALER, % sm AJFET R, g5m,
A BB T B TR, g5my A TR = K B S5
B, g A WSS B, g5 my RO A HE AL 5
B, gsm, NIBLE AR, ¢; (3) XS A M
PAFEME 2 € HL0 AR THOHE .



24 CHINA OILS AND FATS

2020 Vol. 45 No. 3

B2 B 5 MK 4R GB/T 5530—2005 ( 2l 4H 477 i
fE B2 A R0 ER BE T 22 ) s 2 Ak {E A9 I 8 MK HE GB/T
5534—2008( ZhtEYriifE BALERIIE ) s K=
B R E S BRSOk 19 ], R A3 E Finnigan 23 ]
TRACE DSQ St - Bk A2 .

2 #R5iH
2.1 JRAttEEEGZa(LE2)

50

JEURLEE AL 2/ %
S 2 &

=
T

0 . .
Ao Bo Co Do Eo Fo

% :Ao Bo,Co Do Eo Fo 43 Bl g iR . = M H i B L 4
TR H S OISR R SRR AR AR HhER . TR,
2 AR R

A I 2 AT 20 3 R A B R 9 B RO AL R
AT RIk 44.90% F145.90% |, Tk As A RS ER A
FARE R H IR A4 % AL 2R AR, AR ) 4y F- 451
L& ATRESZE B X 3 Ff RN WA H TR
TH R 15 B IS BB XUSE , 244k AR R D iRk B
H L BB E B, ISR NS, O B R W B A
Yol Bl AR T ) P B R A s LR T 3 R R L)
¥ 518 & O R AL ZUE, B E R RGZE R
RIS LR RAAT N AT THRIT, RS (R
RSN F i B S m A TE P, R 2 iR
T AL R A FLBRIE 2 2 BT B 3 B R BRI AY
A4k R AR B R R AR A
2.2 RBALAEAR T Y S R0

JFRHZ A 2L RN S 15 8 BRI = P R BR A
FEALE A 3 iR .

g

150

. - O mefbfE =
Ll 40
£ <
= 30 =
Z 47 S
Z 1202
S0 {102
LU=

0 . AN ¥ 0
F

A B C D E
A BC.DEF 2350 JFORHHER = 1 BR H- il R L
R H-Ih R OISR R A TR A B RSE AR TR i R X L Y R A
Yo T
B3 REExRE RN e ER R

I 3 AL, AR A BYBR Hr (KOH) A2 ik,
h3. 84 mg/g, H B ALH (KOH) L AH Xf 8K,
14.34 mg/g, RAKT=) B.C BB BIBAK =) A

(e, XS R D FEAR TR SN R T, B 3 A W 4 AR
R %) o S I PR B 3 5 X LU =4 D T A 1
BALED KL F.B 1 C B LE, RMEMZEARK,
PRI T BN g () W 244 F T B B 5 )
2.3 RHABAA L EZTG W

JrRE 22 i Tb 2440 S f A7) ) 45 £ = R okt
) (H/C) (& 4 FTR

6r Dgﬁﬁiﬁ . -(H/C)rrr 118
§5' 1.7
b~

14
& 1.6 %=
$3 &
= 15
N2
&, 1.4

0 L1

Ao Bo Co Do Eo Fo
B4 EREEFHEEENEN

Hi & 4 AT B IR A4S R B (IR, 9 2.8 g, i
MRESER N 4.3 ¢, XATRERH T (H/C) IR
P R B AR B (H/C) o B i, BN R 1Y
(H/C) hfm, SREE 2 TR 3 25 i, B bR H ik s
A AL SRR EL WA 7 4 B R A 0 S A A 55 9 o A
755 , 00 REE A 2 e 3R G VAR 7= ) B TR A 1 B2 A
{E SRR AR B T (H/C) i, IRk A &
AL 2 A , R A 700 78 i iR S I+ 3 B 2K 97 T
EAAL N SR, L RACCR L. 2B/
(H/C) RN F IR R, 5 LBk 2 i SRR
IO e AR 45 R B At RO R AR (L 4) ,
WARBL T (H/C) R , AT RO 53 2R 16 1 LR
2.4 RAIMBARF DRSS A F (LA S)

100 = E 5| = @ At
ool o R
70 b =
S 60f & [
o Hulz
i 40t | B
30 Bk
20 & i
18_ . . = =
A B ¢ D E ¥

ES EEx RS 5 HE R

HIPELS AT A ~ F FZ S st 95 &g
&MY, Kb T EERMD b R, X
& HZSM -5 i 1 73 T B9 B4 S 20, 108 A
Cs ~ Co I N, BAL AR B2 A
YA ~ C IS FRENE Y& BB D ~
F R, TR S A0 5 ST AR & B AR, AT RE
IR 2 D S BRI IAKT JORHE HZSM -5 371 4y
T R A T A S B IR R R
BB/ BRI A R 2 AN AR A A Rk B



2020 FF SE A5 B 3

o

g 25

IR A& EATE YN, &S OB R A TN
KRB PR AR L R (5 1 A 2
P AR FC 55 o A B0 0 B AL D B e ke, 57 A )
WD B RIS A A bR s B N 5 vl T35 A B
SURNL, AT BRI S S B sz FI I, & R AL &
YET S 4 L €O, CO, 1 H,0 /N FRIE X
FiBR B R RE46 5, TR B 7R T A=, &
WD ~FREEEYE'ENETEELaY
FREERR HRELORE ZRGHFR(E T
) B AR OB DT A8 15 1R AL 5 45 £ B e

QMR 745K R, B THRIR AR ER A A
PR H AN & BBk XU, (15 5 TR R IE AR
FATESRMBR AT B DU AL HH IR 83 A B TR G, K
ABRER BLEE b ) SR AR RS A B TR BRI,
M 2 AT )5 72 R 07 B IR 22 I S 22 LR
Beke It R ETFIR, 1 0T B e & B R

g5 b MR R 0 RO S R S
2.5 RAHERFALE BB RIRR

KM GC - MS p#rJ5 , WA 7= 9 1 2 R &
wEMEL PR,

*1 BEFHNEERSRRE %
FE S A B C D E F
Xof 3.51 19.40 36.93 — 11.64 31.79
A I 19. 84 - - - - -
B 7.10 - - - 6.37 -
Vb3 2.91 5.25 4.49 25.56 - -
4-FE-1- 23 -% 31.73 - 6.04 - - -
1,2,3 - =H# -5 6.00 5.69 6.45 - 5.24 -
3-FE-1-Z%-F - 5.58 - 13.95 - -
2-FR -1 -3 - - - - - 10.35 -
3-HE-1-TM - - - 5.08 - -
1,6 - —JF -3 - Bk - - - 13.78 - 37.81
SR -1,6- "0 -3 -k - - - 5.54 - -
2,4-C "k - - - - - 5.67

HIR 1 AT AL R =) A (B .C E 1,37 F ek
Y E R AR, R RA Y A 37 B RS B
. 0 71.09% s TR A9 D F o i 2R B o5
TIEHN  IBFIES BRZ R BRI, F P RYEERE
KW R R, N 43.48% , Al RE Y R A R BE IR 2

OH
H*
R R R N

0
CENEES

P e N N N
R o R1

HEALZRAL R D

P SN N 2N
RMO—’R X

Yy R A AL AL R 18] 7= 4, AR B T ik R B H il
HA BT UL B X 7 M A A e kA A

Bl 6.7 M 8 73 HEHR (=) BRITER H
T P A A i R SR R Y S O A 72

. HY )
N - CH,. C,H,. CO,. H,0
R~~~ +/\

+ R1
C R1 R\/\/\C*/

R
R
Rao~~ R ——— \©/\ * * * /©/
C+ F5 4K 2 g
R1

R
R~ N\R1 @i I
¢ S5 R L .

N

CC
CC

6 HERRRHTE



26 CHINA OILS AND FATS

2020 Vol. 45 No. 3

OH
HO

0
/—v\
N A Iy OjVOH
R3 5 R1
R1
R2

//+ﬁ o= =
R4\/\ s HITEIIT /@/\ /@/ @i

7 B(=)EmEEHEEREHTE

/RS

O e 7:71"34%/©/\ /©/ © )ﬁj

R2—-<
C
HO +CO,. H,0

(0]
W T TN L

OH

R8 _

B8 MRASEASUREASER R A7 72

WNE 6 BN, IHER 43 F 75 1b 77 SR 4 Y R 14 ot
F(HO)EAT , B e o fa s a2k o+,
TR E— A BBk, B CO b R3S, il g Ja 4
SR FHE S A B AR AL R A BRI 7 s 3k R
R BRI R AR IR e | — AR H e 5 S35/ Ny
T AR TR BB 1F 25 -, DA T g 244k s g 3k
1o REOBRIER TP S, &AEFFMALR T
LS ~6 TuH L BET BT BRI AW . BRARIITER
Hm R A = RE D ER H i BR B L B R AR, an &l 7 B
RLH(Z) IE AR H BRI 25 AL G , AR R R A1
BRI RIEE FE AT S0T F R A A 8
F7R  BRRE R S B R AR FR AL IS | A AR AN <A
N FERALE Y, B2 i 30 IR A R, TR B, AR K
M RE R N IR U R IE B TRIARAE & &4
F5 A R N AS B35 B IR
3 & it

W55 53 R BH IR VE Ry IRk il 2 IR 8 e,
SN 475 °C AL SRR T b 3010 RS
P 6.99 h™ T, HE LR Ny 44.90% |, BAKT=1)
AIER # (KOH) 24 3. 84 mg/g. BAL{E (KOH) Jy
14.34 mg/g fALFIZE R T 4.3 g(JEKR R 50 g),
WA= FE AT FIREMEW(71.09% ) ,
Hifb &9 & 'hEb,

=IHER HIMES R ER Bl ER R LR,
BRiRr=w i i 2, EEB R RS FREL
B B ER A R R AN AE i R H I R A LR
A AR =Y S R, R R U FREN
TR IR Z . I E AR ROR S R AT
T4k S R RN SR R, I X 55 B R R AT A
=Y ipbriEe

S 30k

[1] HEW K L, TAMIDI A M, YUSUP S, et al. Catalytic
cracking of bio — oil to organic liquid product (OLP) [J].
Bioresource Technol, 2010, 101(22) . 8855 —8858.

[2] CZERNIK S, BRIDGWATER A V. Overview of applica-
tions of biomass fast pyrolysis oil[ J]. Energ fuel, 2004,
18(2) : 590 —598.

[3] SADEGHBEIGI R. Fluid catalytic cracking handbook[ M ].
Houston, TX: Gulf Publishing Company, 1995.

[4] ADJAYE J D, KATIKANENI S P R, BAKHSHI N N. Cat-
alytic conversion of a biofuel to hydrocarbons: effect of
mixtures of HZSM — 5 and silica — alumina catalysts on
product distribution[ J]. Fuel Process Technol, 1996, 48
(2): 115 -143.

[5] EEM, RBHE, X ERSMEYis L m s
PR s (1], ThEMAR, 2002,27(3) : 39 -42.

(6] Bttt PRE, 7. BRI SFEER Lkl & 4= W S
AR AR BTSR[], (LT HEfE, 2008 (4) .
508 -514.

[7] NAMASIVAYAM A M, KORAKIANITIS T, CROOKES R
J, et al. Biodiesel, emulsified biodiesel and dimethyl ether
as pilot fuels for natural gas fuelled engines[ J]. Appl En-
erg, 2010, 87(3): 769 - 778.

[8] THOMAS C L, HICKEY J, STECKER G. Chemistry of
clay cracking catalysts[ J]. Ind Eng Chem, 1950, 42(5) .
866 —-871.

[9] TAMELE M W. Chemistry of the surface and the activity of
alumina — silica cracking catalyst [ J].
Soc, 1950, 8: 270 —279.

[10] CORMA A, GRANDE M S, GONZALEZ — ALFARO V, et

al. Cracking activity and hydrothermal stability of MCM -

Discuss Faraday

41 and its comparison with amorphous silica — alumina and
a USY zeolite[ J]. J Catal, 1996, 159(2) . 375 -382.
(TF4% 37 W)



2020 4F 545 3% 553 1 H oA 37
SE K analysis[ J]. Food Chem, 2019, 276 782 —789.

(1] s, SkEmm, Z=mBH, % B2 RRAE IR KR
ERTFEBE L] ARim & R, 2018,26(5) :36 -
41.

[2] PNEIE, INROE. 22 RRFNZ R B9 5T 2 bR eI 7 8
[J]. gl 5HA, 2017(16) ; 246 —252.

[3] B3k, XUZRFY, PRBESR, . 2 JRRiM &b SR I 7 12 A fF
FHRSGAT[T]. PEBRE, 2014, 33(3) ;9 - 12.

[4] X6, sk, KR, %&. HYMB AR BRI 7 R
[J]. B RaEmilEdR, 2017(5) 21 -26.

[5] 3kfE, 208, WIES, % wEHNAERILFHEZEX
TR B RS E R R AT T ] BRIERHY, 2018(6) -
117 - 120.

(6] MG, 208, RULDL, . T2 R R BORTE e 3 H AL
PR R s R )] B R kR, 2018,39(17)
300 -304,308.

(7] pesgmn, EH 5, R, 5. RO RBOARTEAK R K &
P IR P A N R ST R[] R A 4, 2018, 35
(6): 747 -759.

[8] BONTEMPO L, PAOLINI M, FRANCESCHI P, et al.
Characterisation and attempted differentiation of European

and extra — European olive oils using stable isotope ratio

[9] PORTARENA S, BALDACCHINI C, BRUGNOLI E. Geo-
graphical discrimination of extra — virgin olive oils from the
[talian coasts by combining stable isotope data and carote-
noid content within a multivariate analysis [ J ]. Food
Chem, 2017, 215:1 -6.

[10] PAOLINI M, BONTEMPO L, CAMIN F. Compound -
specific 87 C and 8" H analysis of olive oil fatty acids[ J].
Talanta, 2017, 174 .38 —43.

[11] Rgte, TR, R, 5. e RAR LG L5
Zh B A EKRME )] PEARYSES, 2013,
19(3) :8 - 10.

[12] &F, dhig, TEE, & REmNERRE SN
BRI L3R U B i ik A A 5 [0 ). o EDRR b 44 4R,
2010, 25(5) :95 -99.

[13] REZ, #&), B8, % By e, 2R
R LERMET]. BAEMABHY, 2016(11) ;323 -
327.

[14] Z=z, 2T i W, 46 T8 R 3R HO (e il i 45 )
P B A R BT SR [T ] E g, 2017, 42
(3):88-90,94.

(B35 26 )

[11] FRILETTE V J, WEISZ P B, GOLDEN R L. Catalysis by
crystalline aluminosilicates 1. Cracking of hydrocarbon
types over sodium and calcium “X” zeolites[ J]. J Catal,
1962, 1(4): 301 -306.

[12] SHI J, ZHAO G, TENG ], et al. Morphology control of
ZSM -5 zeolites and their application in cracking reaction
of C4 olefin[ J]. Inorga Chem Front, 2018, 5(11); 2734 —
2738.

[13] BUZETZKI E, SIDOROVA K, CVENGROSOVA Z, et
al. Effects of oil type on products obtained by cracking of
oils and fats[ J]. Fuel Process Technol, 2011, 92(10) :
2041 -2047.

[14] ADAM J, ANTONAKOU E, LAPPAS A, et al. In situ
catalytic upgrading of biomass derived fast pyrolysis
vapours in a fixed bed reactor using mesoporous materials
[J]. Micropor Mesopor Mat, 2006, 96(1/2/3) : 93 —101.

[15] 5308, BRIDr, E9ZE, & LYmEILa WL
ZmHLELT]. Aol TR, 2013, 29(9) : 207 -213.

[16] BEFR, WAH, T8, % /M Tl THELRL

il g LR ARt [T]. hEWAE, 2018, 43
(11) . 45 -48.

[17] MENTZEL U V, HOLM M S. Utilization of biomass: con-
version of model compounds to hydrocarbons over zeolite
H-7SM -5[J]. Appl Catal A; Gen, 2011, 396(1/2) ;
59 -67.

[18] MORTENSEN P M, GRUNWALDT J D, JENSEN P A, et
al. A review of catalytic upgrading of bio — oil to engine
fuels[ J]. Appl Catal A; Gen, 2011, 407(1/2): 1 -19.

[19] GAYUBO A G, AGUAYO A T, ATUTXA A, et al.
Transformation of oxygenate components of biomass pyroly-
sis 0il on a HZSM -5 zeolite. 1. Alcohols and phenols
[J]. Ind Eng Chem Res, 2004, 43(11) . 2610 —2618.

[20] SMITH M B, MARCH J. March’s advanced organic chem-
istry: reactions, mechanisms, and structure [ M ]. New
Jersey:John Wiley & Sons Inc. , 2007.

[21] DEISCHTER J, SCHUTE K, NEVES D S, et al. Aroma-
tisation of bio — derivable isobutyraldehyde over HZSM -5
zeolite catalysts[ J]. Green Chem, 2019, 21(3): 1710 -
1717.



