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Abstract: Dehydrogenation of ethylbenzene (EB) to styrene (ST) under CO; was investigated over the activated carbon (AC)-supported iron
catalyst with a Li promoter (Fe-Li/AC). N, physical adsorption and X-ray diffraction showed that the Li promoter can increase the catalyst
surface area and the dispersion of iron active species. CO, temperature-programmed desorption suggested that Li can enhance the basicity of
Fe/AC and CO, adsorption on the catalyst. The addition of Li as promoter greatly improves the catalytic activity of Fe/AC and the coupling
effect of CO, and suppresses the catalyst deactivation for EB dehydrogenation under CO,. The ST selectivity and yield reach 96.2% and
62.9%, respectively, during EB dehydrogenation over the catalyst Fe(3.0)-Li(0.6)/AC (the loadings of Fe and Li being 3.0 and 0.6 mmol/g,
respectively) at 550 °C, contact time of 3.57 (g-h)/mol, and CO,/EB mole ratio of 20. Higher ST yield can be obtained for EB dehydrogena-
tion under CO; than that under N», which is attributed to that CO, serves as a weak oxidant for keeping the high valence state of iron species
in the catalyst and eliminating the hydrogen produced by EB dehydrogenation.
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CO, 1B 4 W] P AL IR & 0 R AR J5URE, SRS =5
PL CO, Ay e Y58 B8 A0 058 A8 7 v B I A 2 i, BE 78 40
FIH Tl % AR CO,y, RS S 48 T 2 A7 2%
. COPEAIFAMA], nTHAE HOKZEH T &%
Ji SR L0 AL S, LA CO, BUAR I oK 25,
AR DL Js 8 il B B AR £ 50 °C, B8 B (1 )2 )l
A PERE IR 205 BT I REFE AN 6.3x10° T R % 31 7.9 x
10° JP R, COL/ R T 1K S 2RI &SN e — i
REFIFREE R ar ) T2, IR 2 T B WA
(1034 3 O 31220,

H - H iy Tl A#H 1) Fe-Cr-K 4L F%F CO,
AN SR R N AR 22, DRI [ A AR 5T
XA S AR AR EAT T 2 0 . VIMgO fiE 4k
FUBIL 35 T R (AC) S 8 Fe RV AL 77290, 20K
WA AL A P (Mg-Al-Fe F1 Mg-A1-V)¥ 11 e ALO, 1
M Fe, VAN Cr AL 10 32 I R g 1 4k
WEPE. FRATAE R HAE ST A I, L By 5 RS n el 4
1 Fe/AC [ A6 a5 vE), 4R 6 Li B 7 1 78 F A
Fe-Li/AC AT AN AS ELTE 2.
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1.1 fELFIEH &

T ik AC (L R 1B 921 m/g, FL%F 0.47
em’/g, L PEH AL T AP L a5 (20~40
H), HK HNO; UE%:, FHZAMKEE R P, AR
JEAE200°C FHLT. Fe/AC Fl Fe-Li/AC fi#: 4k 77143 5
KR AL R BUE S &, BRI Fe(NOs); % 5%
Fe(NO;); 5 LiNO; IR A& % i 55 R FLR B AC )5,
FE 24 h, SRJGAE 120 °C T4 4 h. Bl & AL 7
73 S RRIC K Fe(x)/AC Fl Fe(x)-Li(y)/AC, Hhx fly
539k Fe M Lifr AC LWt #c&, HA7 28 mmol/g.
1.2 fEFIBERLE

1 1] € [ Micromeritics ASAP 2000 %! [ 54
WS R ASC N 5 2 A4 AN AL TR =196 °C T 1F) N, Wt -

Jid B SR 2k, 1 BET 7 FE U SRR S i L 3R TR,
BIH vE LU FIALAE. B HT R 4 48 200 °C.
6.7 Pa I 4 Il Ak 2.

X B £ A7 4 (XRD) 4 #T & Shimadzu 6100 %!
XRD 1Y E= L FiiAT, M Cu K, $14:(2 = 0.154 18
nm), &40 kV, i 100 mA

CO, 2 7 TH i Jit Bt (CO,-TPD) 26 4iE 7 K it 4 A
% J1 R TP-5000 %Y W B4 @47, #F 5 2% 58 50 mg
(40~60 H), f£550 °C FH M4l N, (30 ml/min)W$T 1
h /&, B4 100 °C, Bkih Xk CO,. A5 W B M R )
FH e 40 N, WA P BRI B ) CO,, 7E N U, LA 10
°C/min [ T R TH 2 600 °C, HEATFE P Tl I B,
TCD £l
1.3 EEFIEEEIEMN

HE A0 TR T VP A s Ak 2R T IR R Y. 2% (Y
%20 6.0 mm) FHEAT, AT 03 g AL
N, AR N IR T 2 R W B 550 °C, 485 D4 %
CO,, FAE CO, R PG4t 15 min J5, M h &
HAA 2 7(13.6 mmol/(g-h)). #ERH CO,HIN, 5 2,
K PEOIR B 20, OB #E fil ) A (WIF) O 3.57
(g-h)/mol, WA= L8 VKKV Bt J W 4R

WA= (AR CRME LG5 ESER
OV-101 1 78 #1:(3 mm x 3 m)Fl FID K ] %% [¥) Shima-
dzu GC-7A BV (il A EEAT 23 #r. AR 4
(CO,, CO, Hy Fl CH,) 7525 H B 73 - 9 HH 78 41:(3 mm x
3 m) Al TCD K5 %% f¥) Shimadzu GC-9A #! < A {0 i
A EHEAT 5.
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AR 1 LU 3R T AR AN FLARRR AN 26 1 BT, AR
T AC Bk, H2k Fe Ja IR i 40 77 L 2 11 AR AL AA AR
NMEFEAR. 24 Li By & &/ 1 0.6 mmol/g I, L&
T AR AL AR B A Li 25 5 00 38 i 384 s R0 1 —
S BN Li B B, AR 7 B 3 i AR RN AL A BRI U vk
/AN, HH AT AL, R VS N B ) L e e AR 1 L
F AL AT FLAAFA.

{HE AT 2R TR Al ME X6 C O, B35 0 B L S 3 1k i
AL, I 00 4 B 7] A 0% 1 A2 1 b 77 2 1
MR B s, AT el H ek vERE. B 12 AC,
Fe(3.0)/AC F1 Fe(3.0)-Li(0.6)/AC fiE 4L 7 ) CO,-TPD
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Table 1 BET surface areas and pore volumes of different
catalysts
Catalyst Aggr/(m?*/g) V,/(cm’/g)
AC 921 0.47
Fe(3.0)/AC 340 0.16
Fe(3.0)Li(0.3)/AC 527 0.27
Fe(3.0)Li(0.6)/AC 582 0.30
Fe(3.0)Li(0.9)/AC 479 0.24
Fe(3.0)Li(1.5)/AC 436 0.22

In Fe(x)/AC and Fe(x)-Li(y)/AC, x and y are the loadings of Fe and
Li in mmol/g, respectively.
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Fig. 1. CO,-TPD profiles of various catalysts. (1) AC; (2)
Fe(3.0)/AC; (3) Fe(3.0)-Li(0.6)/AC.

e AnEFTR, Fe(3.0)/AC HEALFILE 160 F1246°C H
LA JBE B s, 5 B Fe(3.0)/AC fiEALF B —A4 55
B AN — AN rhsm B A . VS N Li Bh S, RS A
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DA 2% Fe; O, IIE J5, AT H i 17 4 351 1) i &
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(6)) _FAH N 1Y) FesO4 I AT 5 06 JE AR LR FEA A, £
CO, 7 Ak B ke T IR FF Fe;O4 AHIAE H. Fes04
A A SR AR Y I S AT, 7R CO, A R iE
AT RN, AR TR RE I A, DT B2 e i AL R 1 &
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Fig. 2. XRD patterns of Fe(3.0)/AC and Fe(3.0)-Li(0.6)/AC
catalysts. (1) Fe(3.0)/AC treated with CO, for 30 min at 550 °C;
(2) Fe(3.0)-Li(0.6)/AC treated with CO, for 30 min at 550 °C;
(3) Fe(3.0)/AC after EB dehydrogenation under N, for 6 h; (4)
Fe(3.0)-Li(0.6)/AC after EB dehydrogenation at 550 °C under
N for 6 h; (5) Fe(3.0)/AC after EB dehydrogenation under CO,
for 6 h; (6) Fe(3.0)-Li(0.6)/AC after EB dehydrogenation at 550
°C under CO; for 6 h. EB—ethylbenzene.
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Fig. 3. Effect of Li loading on conversion of EB and selectivity
for ST under CO; over Fe(3.0)-Li/AC catalyst. Reaction condi-
tions: 550 °C, 0.1 MPa, W/F = 3.57 (g-h)/mol, n(CO,)/n(EB) =
20, reaction time 1 h. ST—styrene.
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AC, Fe(3.0)/AC Hl Fe(3.0)-Li(0.6)/AC £ CO, 1
N, G0N X 2R A N R A A b s 2% 2 B
AN AN BCEGE PR (1) AC BRAE PR AURCT IR
G PEERIRAR. 76 CO, AU, Bl Fe MG, &
IR FNOR AW IR B e & I Li B R ),
LR ZRFIR W 2t — 2 N, R O IRk +¢
PR A & 7B N URE, BEE Fe g\, &K
AL R RIR AR WOR A B B4 =, (HOR SR Ik R
HPTBEAG; LA G, LoREALRRIR LI
g2, KOmEPFrEay Bit .

%2 ARESET AC, Fe(3.0)/AC F1 Fe(3.0)-Li(0.6)/AC #1L 3 £ Z % Bt S & B M 8k LL IR
Table 2 EB dehydrogenation under CO; or N, over AC, Fe(3.0)/ AC and Fe(3.0)-Li(0.6)/AC

Catalyst Under CO, Under N,

EB conversion (%) ST yield (%) ST selectivity (%) EB conversion (%) ST yield (%) ST selectivity (%)
AC 10.9 10.1 92.7 10.5 9.4 89.5
Fe(3.0)/AC 53.2 49.2 92.5 46.0 384 83.5
Fe(3.0)-Li(0.6)/AC 65.4 62.9 96.2 49.5 452 91.3

Reaction conditions were the same as in Fig. 3 except that n(N,)/n(EB) = 20 for the reactions under N,.
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Fig. 4. Yield of ST and selectivity for ST with the time on
stream for EB dehydrogenation under CO, over Fe(3.0)/AC (1)
and Fe(3.0)-Li(0.6)/AC (2) catalysts. Reaction conditions were
the same as in Fig. 3 except the reaction time.
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LR L HEAE .

X} Fe(3.0)/AC Fll Fe(3.0)-Li(0.6)/AC i1k 71 () &
FEEM T #E— L, WK 4R CO,AM S
KB Z N, 5 Fe(3.0)/AC f# 1k 571 41 Lk, Fe(3.0)-
Li(0.6)/AC #1471 b B9 K 24 e i W42, K 4
55 308 P B W I I (>95%). Bt N R BT, 2K
LT R B4 3% W P44, {H Fe(3.0)-Li(0.6)/AC i L7
IR ZAR T B B R 2%, X U B Li AV DN A 98
2% T EALT R
2.3 RIEEX Fe(3.0)-Li(0.6)/AC #E{LFITERERY
AL

SN FE X COL U0 T Fe(3.0)-Li(0.6)/AC fi: 4k
F ) LRI L 2K 0 O N 3 6 P (¥ 5% g
K5 FT7n. 243 M 500°C _ETF#] 550°C I, 2K 245
N 43. 7% N3] 62.9%, 7K 26 FEE I 98.4%
R 42 96.2%; ) Wil A 550°C E £ 600°C B,
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Fig. 5. Effect of reaction temperature on conversion of EB,
yield of ST, and selectivity for ST under CO, over Fe(3.0)-
Li(0.6)/AC catalyst. (1) EB conversion; (2) ST selectivity; (3)

ST yield. Reaction conditions were the same as in Fig. 3 except

the reaction temperature.
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Fig. 6. Effect of W/F on conversion of EB, yield of ST, and
selectivity for ST for EB dehydrogenation under CO, over
Fe(3.0)-Li(0.6)/AC catalyst. (1) EB conversion; (2) ST yield;
(3) ST selectivity. Reaction conditions were the same as in Fig.
3 except W/F.

PR 1 ok 2028 w/F. 24 W/F A 1.19 (g-h)/mol
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