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BRI RE AR B 1 S HI TR B S

ZF oI 7 EC ORKEAC O#H O%°
CHEAIRCELR) RS M R bR 102249)
CHEBERARKY ¥ SHRE RS 48 230026)

WE KRR —MEZN AR ER, HEh& KU d T g2 R EAREK, maR5H
T AT 2 2. HRIE T — B3 FH Y50 4 e A R s o 3 ek o b 5 B g e 1 S8, 5 FE At A B &0 7 3R (il A
BORELL, BRAEHAE H K B 3000~30000 fi5, MrH&Ah 20~150 72—, BIGIZVEELG, BEARLJ). AR
JE BN AN S5 21 B AT KA ) B A B S R B L £ . S AL IR B R RIS 900 °C, BRI &
IYEUN 20%. RN RN EE N 320 °C, BAEESE SN 4 MPa. PEYIREI [R5 A6 #h 28 R BATERRRRTE 0.5 h P IR %
e 9TEREEE, W N 88.6%. 4 h JG 1B Wi LAk 1+ )\ ke, LN 90%.

KEWE  AEMFR L, Sk, Bk IR, NRWiEE

Iron-Catalyzed Selective Hydrogenation of Stearic Acid to
Stearyl Alcohol

Li, Jiang™“ Wan, Tong" Zhang, Junjie” Fu, Yao”
(“ College of New Energy and Materials, China University of Petroleum, Beijing 102249)
(4 School of Chemistry and Materials Science, University of Science and Technology of China, Hefei 230026)

Abstract The utilization of sustainable resources such as biomass to produce fuels and chemicals has recently attracted sig-
nificant attention due to the depletion of fossil reserves, increasing energy demand, and growing environmental concerns.
Long-chain fatty acids, which are major constituents of plant oil, are important feedstock for biorefinery. Besides producing
well-known biodiesels, the hydrogenation of fatty acids to fatty alcohols has recently drawn significant attention due to the
versatility and growing market value of fatty alcohols. An example of heterogenous iron-catalyzed selective hydrogenation of
stearic acid to stearyl alcohol is reported. Comparing with other reported non-noble metal centers, such as Co and Ni, Fe is
3000~30000 times more abundant and 20~150 times cheaper, thus making our method more economic and attractive. The
iron catalyst was prepared by simultaneous pyrolysis of iron precursor [Fe(acac);] and nitrogen-doped carbon precursor (mel-
amine) onto alumina, bearing Fe;C active phase and nitrogen-doped carbon-alumina hybrid support. The optimization of prep-
aration parameter showed that the optimal pyrolysis temperature is 900 C, while the best mass fraction of iron is 20%. The
replacement of Fe(acac); with Fe(NOs); led to inferior catalytic performance, which was due to undesired redox reaction be-
tween NO , and melamine during pyrolysis that hampered the reaction between Fe and melamine to form Fe;C active phase.
Instead, hercynite phase became the predominant phase. The exploration of reaction parameter showed that the optimal reac-
tion temperature is 320 °C, and the best H, pressure is 4 MPa. The time course for stearic acid conversion shows that stearic
acid was rapidly converted into stearyl alcohol with yield of 88.6% within 0.5 h, and then gradually converted into octadecane
with yield of 90% at 4 h. The unsatisfactory stability of the iron catalyst is probably due to the decomposition of Fe;C active
phase to metallic Fe phase during recycling tests.

Keywords biomass conversion; hydrogenation; iron; fatty acid; fatty alcohol
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JEORHAL Bl 2 A= Se i ob, i i Bk mT e Bk AL il
SN WiE. AR —RE BN & M IE LSS, B0
T & W AR &2 R P i
ek, AEKREMTREM T I M DA IA R T 191243678, F
WK 7.3%, HARKT A AR KA =
[ tel,

TERTHAMAE FCH, HE& (A0 77 L9 F 1 i T BRI %
PSS S N . 7E 250 “C R SR, 22 MPa
IR ITTR, 7 PR ER B A A B EE, 7= 23N
80%~98%""). BT Cr i F A AT it o™ = AR5 ]
R, I SR AR R DN W R B R, M E T
VIR R, B R R 5 57 & 1k
RGO B & A BARE NS, /2 ANRE
Bk, Rul®, PdRe!'" 12 pe3IF1 Rel'*P1t5 48, DL K
Cul'®"Nil"" 200 Col V155 4 ), 3 S plARaE T LA
IR PR Z S . BN, AALER 13 RuSn
AL FI(Ru/Sn MR 2 L2100 12 2)7E 250 “C RN
TR TR AT DA I R M T R A A N AN P A Y,
BEREMZ, B AEN Pt fAH T LK &R
130 C NS T A8 fE BR L AL N TR RR I, e M4
SIES R 2 MPAPL St FAES SR AL, R Fe B4
[ Cu, Ni FEALFIAT BL LA >90% i) 1% 1 6 g B 4 1k N
ff gt 2%, {8 HH T Fe A SR K S SEad 1, I FH 4
J& Fe SRR 7 R S Ak B2 10 A R AT 9 ik

PR —FRie S B E . ESKL . XTI HEE
WHICE, EEEEMENEY IR St & Bk
FIBERY). 5 Co, Ni, Mo F1 W Z kSt & @ AH L, kAt
HiL5% 1 2 E = 3000~30000 1%, A% EAH E 20~150
5 B S M AR O RE B PR T LA B
AL RERIRI . T, RIS R m B A S
PEBIHL T HFFE N SR K ST, 2013 4F, Beller i R4
RIUKGEEBR R AN 1,10-3F 5 WA 36 M 2k L [R) isf FAfid o|
1) Fe-phen-C AL 7 AT LA iy R0t 48 A4 A 55 05 i Jif
HE— B R R ZME TR T N-ZR AL SR A
R JE Ak R RE B BT R0 sz i T AR
Ja K, BATH Fe-N-C AL K IhHhiz F BIR R 2 A
PRI S B LR S S B 1 I U A PR R R C—
O Bk BRI EA Y AL R N . B, TR
IR Bk B SR AR A ek )k A 1 7 T DA s e
P b A 8 0 BR TR 1 2 0 ) 4 ARG I A 3, Ak 7
W FesC il VEAR X R IR 210 i B0 BRkE 1 e /B,
T AR Bk 2 A AR B 1 5 ) )k T Jm 8 Bt 4 i 25
PRESCE T, X — LAERAM E, FRATE RSB AR AH
BRAEA AR AR S B I & A LI RE W I, Bk &)@
O KB A AR B AEAE X AR 5 ) I &G 1 & e =
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T ) % S B S B AT RS, BRATTR I
1E 320 CHIRPLE TR 0.5 h, BIA] K6 A5 oA
88.6% 111k £t S A IR I . X — &5 L B IR 1R 1ok 43¢
A REIE T — ok ) B A 25 Bt 1k
.
1 RS
1.1 ETITFE

T SN I LA RIEEAT TR (R 1), TERM
1 45 R B ] NG IR TE A B 12047, 46 20%
Fe-N-C@ALO;-900(8k 1 i & 53 #h 20%) LTI,
N 0.5 h BRI UCR AT IA E 88.6%(Entry 2). £ SCHR A
BIF, 32 o A A B 4 e A2k S TR 7 R v e 3 M AL
PRI R T, 0 TP A 70T SRR R AE 2 WA SR 7
TAER. TERk A # K R B 2R AL TR B R B AR 2
5 83 P4 (Entries 3~5), iF BRI Ak i) 67 38 DA K.
BNk P S OE I R A E Y N AR R
900 “CE A AR (Entries 6~8). X H£E(XRD)
FAE BRI 900 “C 1 FIRFE R AEAE B 5211 FesC AH
MIFTET (A 1), UER] FesC AEXS TR IR I &I B 22 0¢ &
B, XS RATGBTEAT A4 — 8. AR
(SEM)FEAE Fe-N-C@A1,05-900 fEALFIIFESR, AT LI
RF R R BE(E 1), AL C, Tio,
o Si0, FE R AL T 1Z A A R SR I AR 22
15 VE(Entries 9~11), BEM=Z<5%. 48 H LB
PR KA N SRR BRI, BER = 2 PR T 10.8% (En-
tries 12). X2 H T HERAR & FAE RS AR F T Re 5 A
VERA T AN R Y, 3 3R ARAE A 2 T ik
TR, TS B R AR S TE R T SR A (B 1), X
TR S A AR AL AT PLZE Fe-ALO5-900 fEALF) XRD %
B 2 (B 1), SxX e fh 7= 22 00 e B3 M 3R I
I A AR T AR T OB R R A B R 4
AT K Fe-N-C fEALFIE F I 1,10- 362 ks, B~
REALE 58.8%( Entries 13). X Al A8 & KA 1,10-3F Bk
B B b = B RUAR, O T ORUE A R AT A B
FEFERIN & &, FREIRBM 1,10-FE2 M p A&, M
M3 BCA R E R I A R A T BB 1), BdiE
HIAI F 3 B S AL ) R = M i 42 30 20%  (Entries
14~17). A Fe L i X SRS 4451 (Fe L-edge
XANES ) AN [F] 8k 471 25 52 (1 18 A 77 A T 2R AE R I & 53
BN 10% 08k U E AT L3 X3R(2psn—3d #
VA W 5L Fe® 18(709 eV, B 2)BY, M EL 5 HERE AL
Bk, BRI R Fe (1R 06 Bt 5 67 A8 0 11 B AR ¥ 1)
K373, UEH] Fe MMM AWK, [A1E2R W47 1)
AW, XA MR RI. F, 45E
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Table 1 Catalyst screening

Fe-N-C@AI,03 catalyst

T 2COOH —— ————— 7 CH.OH
dodecane, 320 C, 0.5 h ™ <
Yield”/%

Entry Catalyst Conv./% CI8.0H cl ClIs C17-CHO Carbon balance
1 — 333 0.5 0.5 0.1 0.2 3.9
2 20% Fe-N-C@A1,03-900 >99 88.6 1.1 2.4 0.4 92.5
3 20% Fe-A1,03-900 21.6 0.9 0.9 0.1 22 19.0
4 N-C@A1,05-900 42.3 0.5 0.5 0.4 0.4 43
5 AlLO3 433 7.9 1.0 0.9 4.1 32.1
6 20% Fe-N-C@A1,03-550 98.3 80.4 1.5 14.3 0 97.9
7 20% Fe-N-C@A1,03-700 95.7 34.1 0.7 3.8 3.0 43.5
8 20% Fe-N-C@AI1,0;-1100 97.1 47.9 1.6 11.8 2.6 65.8
9 20% Fe-N-C@Si0,-900 88.5 1.0 1.3 0.1 1.1 4.0
10 20% Fe-N-C-900 92.1 43 1.6 0.7 1.8 9.1
11 20% Fe-N-C@Ti0,-900 66.9 3.6 0.9 0.4 3.0 11.8
12 20% Fe(NO;);-N-C@A1,05-900 80.6 10.8 1.2 0.6 22 18.4
13 20% Fe-phen-C@A1,05-900 96.2 58.8 0.9 44 3.5 70.3
14 3% Fe-N-C@A1,05-900 89.4 52.6 1.0 1.1 2.9 64.4
15 5% Fe-N-C@A1,05-900 94.7 21.6 0.6 0.8 39 28.4
16 10% Fe-N-C@A1,0;-900 98.0 62.0 0.6 0.6 1.8 66.3
17 30% Fe-N-C@A1,0;-900 99.3 46.0 0.8 1.5 2.2 50.9

“ Reaction conditions: 0.5 mmol of stearic acid, 20 mL of solvent, 0.1 g of catalyst, 4 MPa H,, 320 ‘C, and 0.5 h. b C18-OH refers to octadecanol, C17 refers to hep-

tadecane, C18 refers to octadecane, and C17-CHO refers to octadecanal.

A
VFeZC oFe oAl:O3 O Hercynite OA1203 (Alumina) & C
4
> 5 -C@. . .
§ Fe-phen-C@ALO,-900 00 o o6 ou:,,',“%\',x ovr +o
£ .
£ . ¢ M . 0
0 [Fe-ALO 900 J l l * 0 PO .
= PV
% . * * 14 * .
Q |FeN-c@alo 1100 ¥ 4 e N oy [
. . N .
Fe-N-C@ALO -900 N o ¢ *
eNCaaloSN ). IR\ VI5- 20 N S
. M . .
Fe-N-C@ALO,-700 } Lt HE *t
v T v T - T - T v T >
10 20 30 40 50 60 70
26/(°)

.
'
-

o »
) 5 -« { IO T S T Y [ T P B (l’
Ra0,5.0KV 5:0mm x20:0k SE)* 7, 2100um

B 1 AR T Fe-N-C@ALO; fll Fe-Al,03-900 AL ) XRD 1 [£](A)F1 Fe-N-C@A1,05-900 {1 7] SEM %% K(B)
Figure 1 XRD patterns of Fe-N-C@AI,O; catalyst prepared under different conditions and Fe-Al,03-900 catalyst (A), and SEM image

of Fe-N-C@A1,05-900 catalyst (B)

X ST ATH(XRD)FN X G260 ik 1 45749 (XANES) (1) 5=
AE FRATTHHE Wi e A 75106 B i R D &IV 1 5 FesC G AR
JEA L AR IR R OR.
22 BEYMN

TEGR g H LI SN ARG, S N ST T
BEFE. GiBEl 3 Frow, SR BRI R IR S A I B
NA AR KA. FERARI RN FE T 40 260 F11280 C
SSEIS, AT 32 = A T T 340 2 B = A o S R I )
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RAMRAG. Ml S = 2] 300 CHE, A fEEE =R
EET 61.2%, [FINFLL 15.5%07 2R 42 5 1 A g .
AU BISCHRER B T 2 PP AR, RS E R 1Y) % A 2 F i
JIR T P 7= R AE — 52 (AR B IXC 1) PN 0 2 A A () 1 2
SREZTEIL G202 FRATHED, FEAR T AR, thEl %]
e N BE 5 S SR BE B2 iy, [RSI) 7rF S IN4s Stk
ANFBL R A A . MR 280 CHE] 300 C
B, KEM R DTN T AR A S AL, TR
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Figure 2 Fe L-edge XANES spectra of Fe-N-C@Al,03-900

catalysts with different mass fraction of Fe and control sample
F6203
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Figure 3 Effect of reaction temperature on iron-catalyzed hy-
drogenation of stearic acid to stearyl alcohol
KANGE § SSE, A B8 T TR Y A 3 R I e )7 23 K
W P2 B2 v DR PRl T e ) 7 ) A R W) 8 I T A AT
T R A 5 i 0 2 ) 5 BB T e o A2 ) P DA B i
B BARTEE 320 CH, WEAREE 1) HIA R T BORE
(88.6%). ZRZEARTF S MR EEE] 350 °Cox (A iR R 4% AL
FRRRE, BeRemE R e N, B, 58 R RS
RFGAE 320 CHII LR EE T HEAT.

23 SEME

FEREFE VIRERN 5, RIRERT T 1 R 1T
RIfsZm. Qi 4 Fras, 76 320 CHIRBLREE T, 45
J&4 1 MPa b, fEJIRER IHALAN 17.1%, TIHERRE
PEERIEE] 11.8%. NS IFRETHE] 2 MPa I, B ARRRI
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FeA A B 7 78.9%, REAREEAI+ )\ BEr) - 2018
i E] T 41%A19.6%. 4ESEHR AU 71 A 4 MPa IR IR
BEIR P2 20k B T e KM 88.6%. SR, FE/AE IR
1 6 MPa 22 2 ET )\ 77 352 m 21 16.6%. AHRMF,
TERERE =R TR T 72.3%, WHAERMEASIENT,
W5 Ty Ak 8 R A R S AR S I\ . BRI, R T
A5 B EAGE i I B 4K T 42 v RS IR T AR B R 1, SR M
PARACKEAE 4 MPa (1 [ B ) N dEAT.
—m— Conversion [Jill] C18-OH [l n-C17 [ n-Cc18 [ C17-CHO

100 A o n
6
pIMPa

B4 SRR T R Bl I 1R S A i Bl I e ) 5
Figure 4 Effect of H, pressure on iron-catalyzed hydrogenation
of stearic acid to stearyl alcohol
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Figure 6 Proposed reaction pathway for iron-catalyzed conver-
sion of stearic acid
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Figure 7 (a) Stability test of iron catalysts, and (b) XRD pat-
terns of fresh and reused Fe-N-C@AI1,05-900 catalysts
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RV AL 571 B A R PR AL PE G, 28 I A AR SR IE (1 1)
HITFE AR RN EL Y.
4.3 FTWLE

FRIR RN SR S5 7E 0 S T 2 R R MU R A
FRAFI 50 mL RN EEHEET. SRR IR T
#4 0.5 mmol FEAEER . 100 mg EIAHERAE AT 0.5 mmol
ZARE(PIAR)RT 20 mL - UG AR N SR S8 A
PIAe(F T bR 28 4 A P BE R 2 ) . R R 28 F AR
3 WEEZER T AATENES. RNAERE EE
THEHT 0.5 hJE, 8 RREE A I HURE 3 B R S A
A EE(GC) M 72 4, (il HP-5Sms F£(30 mX
0.25 mmX0.25 um EB4HEHE). AT 0RO 1) E I,
LR N D E T UK. B O T YA R A SR £
WGV P B )

5 B0 # (Supporting Information) 4k {# {4 1 5 FR i
SRS AR B B X e Rl vl A A 3 A T R
(http://sioc-journal.cn/) I N %K.
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