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TR HFLIR CERINE, JO 12 h J5 b33k 5]
98% , BEPENEHR 95% . Luo 5V BFSE T Ru-B/y-
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1.1 {4 FH &
1t 250 mL Bk inA 2.0 g Co(COOH), -
4H,0 (AR, PHBEAL Ty A RN ), & &
La(NO,), - nH,O0 (AR, [ 245 M k2120 A BR A
"), LA 10.7 mL 28Tk, B Co™ ¥ &
0.75 mol/L (R SG UK M. 8 A = 46 N, HEBR 25 <,
TE— B F e d T HidE 30 min. FIR T, K ik o 1075 %
7€ 0.2 mol/L NaOH ¥ "1/ NaBH,( =96% , [EZ}j
AR A R R % LA 0. 3 mL/min (1) 3
ZET 0 3 B S P 4G 8 S5 R N, NaBH, 3 1Y
We R 2 mol/L, (Co™*+La’) 5 NaBH, EE/R [t K
RN A AS , REEAE N, S E TR 30
min, fRJ5HHE 30 min. B0 53 B 1S3 1) 2R 6L K
SIS Y , #RARRMEIN 2 EE T KE
WELER RSP, FMHTKCE (AR, dbaife T
J Uk 3 WIERAFEETTK CRER & . B2, #
FnAE 323 K FEZS T4 9 ho il 45 H AvaE sS4k
FIFEARIC A 2% Co-La-B, Hirr, x% R B )
) La BYEEIR ML, I v=n,/ (ne,+n,) .
1.2 ISR
PEAL AP AH 73 B 7E Rigaku RINT-2000 X 42k

MAATHAL(XRD) Ei47, Cu K, (A =0.154 05
nm) YRR, TAER 30 mA, TAEHJE 40 kV,
PL10 (°)/min YT AEALE 100 ~ 80° [ i 17
4. % JEOL JEM-2000EX i% 5 i, 7~ Wil 19 45
(TEM) W2 A 46 70 1Y R T JE A0, 38 X oL 13 2
(SAED) i fr L RZS , S 7rHE380.23 nm, Fat% )
BEA0. 14 nm. A LYE BT 2 L 18 (Sper ) FH Mi-
cromeritics ASAP 2020M U4y 3 W BFHSCI0 7€, #F
B ERAL N, P, SRS AR AR R T I E R
e Lk, DU R AR AL 2 8. ik
FARE S5 A2 AH 2B 30 53 2€ [E PerkinElmer Optima8000
TP B 5 55 B OGS (TICP-OES) il 5E . i 1%
e FL( S, ) F Ak 2 % B A ( Micromeritics AUTO-
CHEM 2920) Ml , #EmrEmal N, < 433 KK
WA 1.5 h, SRJEEIR T H, Jkifdbde, B2 A
FH B ST B W B P, HL-TPD fE R AR A3 & |
AT, WRBERRFA AR 25 A AR 28 TR A A DU
#x (TCD) kI, fiEAL R H, h 473 K TR 1 h,
e =R AR EA 2 AL PR, RERFFHR
2 973 K R, FHEEA N 10 K/min, A5 # Y
20 mL/min, JCSEAEATIR H,-TPD 35K RS
SR PR E PR R T 22 n 1 & A (DSC,
NETZSCH 200 F3 Maia) 7 , SN PR, M
RN 323 ~823 K, JFHEHZ 10 K/min. X S48
ML HERE (XPS) #E VG Microtech 3000 Multilab %I fE
AR, L ALK, (hr=1 486.6 V) HEUKL
I8, HFZGRES MK C 1s (284.6 V) KK IE.
1.3 L HERETM

TET A G I HEFE ) SO mL 3 AN G5 9 e Hs S
EHHTIROHE (CGH,05, AR, KHEHIEE K
AL THOFFEIT) AN U0, AT mL 3551 1 B
fi(C,Hy, AR, Jb304b 1)), 2 mL LR £ g I
0.2 g E&5 THRA BT IR S LR, ¥ S &2
(B BB, AT A N AR R Al 1 R 3 R
FePAUAR TS, ¥ SO A N A S B RO s
6 MPa. Ryl R B2 AR 433 K I 52 42 AT
i, FHRE AR E G, R R 2 1 000
v/min, JEUEBEI IR AR, ] SP-2100 < AH
AR SN 7= AT 530, 3 A B 2
AKIGE TR #S (FID) , Rix-Wax (30 m x0. 32
mm x0.25 wm) BHEFE, H, 1EER. WARE T
P, AR (CH,, AR, RHETHHEE KT Al
R THEFEIT) AN FRY).
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Fig. 1 XRD patterns of Co-B and 0.5% Co-La-B catalyst

sample treated at different temperatures
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Fig.2 TEM images of (a) Co-B; (b) 0.5% Co-La-B; (c¢) 3% Co-La-B;
(d) 0.5% Co-La-B used 6 times; (e) Co-B used 3 times
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7, Co-B LA AR A2 KT 45 nm, H AL
SAHIR. Wi 2(b) FrzRiy 0. 5% Co-La-B {17
RAE (<30 nm) /NT Co-B A i, A0 77 0RL 52 Bk
REAAEA]. B 2(c) o 3% Co-La-B {0 K& A4
HIER, TR TR E K (29 50 nm) B4 A 77 0RE.
Kl 2(d) f7x 0. 5% Co-La-B fifi 1] 6 IR J5 R LY Bk
1229 45 nm WAL R, B 2(e) AT LLE H Co-B
PEALRIE T 3 WE B R AR 4, TE R K/
5J(50 ~ 120 nm) (0K TEM 34728, Al
La A] LI 000 6l HE & S A R B R 4R, 4R i1k
FUBURL R A0 (HIB Ak i La SRR
REEATG, o i T 7] AT SR A A8 5 R ) e A 551 A
AT fE T AR A Y B R A i AR 2R T BHL Ik Co
AACPII A ) B B, X AT LA H S T A XPS S AT
Wl J34h, ARG G LR R, RSB
IR TS B R A

AL A f A R AT LU F DSC 445 i,
& 3 H1 Co-B Fil x% Co-La-B {4k (1) DSC #ZR#BH
PEPA TR, eI 2 X 00 S A i R Ak TE
450 ~600 K 2 [i] 45 55 (1) R e A BTG O F AE &y
A EHE, T B R g
eGSR &4 FifL, Co-B fil x% Co-La-B
TEALFIIF LA . fH La 480 041 790 F) i T
FRIGER B2 1L Co-B 1Y ey il A B g, it 4 (b) AN
(¢)3FER, 0.5% Co-La-B F1 3% Co-La-B {1k 7 i) 54

(c)
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Fig. 3 DSC curves of (a) Co-B; (b) 0.5% Co-La-B;
(¢) 3% Co-lLa-B

AR TELEE 43 S EE 790 F11780 K, 43R EE Co-B A% 5 I i
PRILEE (770 K) $ 5 1 20 A1 10 K. fE4L 7 A DSC
£k 721422 B3] La AT LS i fE A7) i FAER
EME, X5 XRD Z3Hrgi R —E

# 1 T 2% Co-La-B K il LA KA FI G AL
ﬁlj E’\Jéﬁﬁk\ tt%‘%ﬁ*ﬂ S(BET) N qzﬂj*ﬁ%é\ }Lgﬂl{ﬁ@
RIS ¢,y 1 h ICP JUA5 )i A0 50 (A FH 4 g
Hr, Co/B I LU BE & B ) La 2 4% 5 #4938 i i 154
K, KUBA La Z G AR R AR Co &5 51 .

1 AT EBER IR TR
Table 1 Bulk compositions and Textural properties of the Co-B and x% Co-La-B catalysts

Bulk Co/B" S Particle Pore Sien" R B
Catalyst composition” (atomic diameter” volume” /(m + g /(mmol/h g /(mmol/h m’
/(at. %) ratio) /(n’-g')  /(mm) /(e -g')  Co) Co) Co)
Co-B Fresh Coy.16B72. 4 0.37 13.2 > 45 0. 065 6.8 8.9 1.3
3 cycles C0y5.00Bra. 08 0.35 8.1 (50-120)  0.032 3.1 2.8 0.9
0.5%Co-La-B  Fresh  Coy gsLag,Bgos  0.47 31.4 <30 0.162 15.3 21.5 1.8
6 cycles  Coyy s Lag »Beg o 0.46 16.5 > 45 0.078 7.5 9.1 1.2
3% Co-La-B Fresh  Coy ylag sBiss  0.58 21.1 > 50 0.097 9.4 13.7 1.5

a. Determined by ICP-OES; b. Determined by BET; c. Determined by TEM; d. Calculated from the amount of H, desorbed after saturated adsorption

of H,.

X ATREV A T NaBH, i J 42 J@ Jo gk ik i i 2 LA
JUAN IS BN A A, T SE SISk S B 14 i kA
W], LA La 5200 2802 SO AR RO e

SMAHEAL TR Co/B JE-LE. J34h, 4 La &40
0.5% I, AEAL TR Y Lo 2 T BRI AL AR AR 3 R, P24
RiAe2970 30 nm. 0.5% Co-La-B EALFH 1935 1 L 3%
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RS (¢, MIAIETEPE R $2RF Co-B HEALH], X5
T Y B R La A BT A 0 0K A 24 5 0 HICA O
La ()5 2 1 34 R 3] 3% W, i Ak 0] Y b2 i A7

S (co) BIHE 0. 5% Co-La-B Jiki/)N, HAFKTF Co-B. 1iH]
B AGE R AT La A7 B T80/ MBI, 38 i
AR L R T RS MR T AR S (), (HIAZ B La
Bl Z BB MROCR. d3 1 Bk T L
Hili, EEMMER Co-B 5 0.5% Co-La-B #E{L ]
2RI TCHA AR Ak, {H Co-B fdi I 3 WG Rift i i

B1s (a)
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iSO R e 2 BB A 5340, I 6 e
[ 0.5% Co-La-B 4 Bt LL 1% PEATI K T H7 i ) Co-B
HEALT, X5 La 4805 1AL B9 20 HOPE A AR
ENEA K.

B4 AL OCE B Is, Co 2p,, KIK La
3ds,; 1) XPS JEIE], 1814 (a) H B 1s (35 1EI R B,
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Fig.4 XPS spectra of (a) B; (b) Co; (c¢) La; E,: binding energy

FIARES T PoTE B Is M B4, Ui B 1s oo
RYLIAIR S e, 455 RETE 187.7 ~188.1 eV
SR FJE B 1s (UOCEDS B, 254G fEfE 191.8 eV [iff
ILIA B 1s (4L B, 0y ). TERAM B® 454518
b B BUARHELE S RE(187.2 V) 5 0.5 ~0.9 eV, 3
B AR P A 7E B B 1 Co [ HLFH558, ffi
B S I F A", i 0.5% Co-La-B i 45 B

(25 A HE L 3% Co-La-B il Co-B &5 0.4 eV, Pilfi5
%2 0.5% W La {23t T B[] Co (M FHH, fifi Co
HEELZHET. K 4(b) BiRTA RIS T Co
2p,, WLABMFIE XAATE, 45468 781.3 eV [ iE
FEALSI Co, ZE5ARE TT7.6 €V XTI 1R ITCED
Co”™ | H Co® ARUELS A RE(T778.1 eV){£ 0.5 eV,
T Co 22 BB M TE2MEHTA. (HAE
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T Co LEMETHAT B TR TR
H TR B 4 S ARAE e R 4 25, T L A
B,0, R UET BH, fy/KM™, MBS Co ifETE
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AR I AL T Co(OH), ™ | Il A1k 77 2 1 oG
ZEAIE. B 4(c) P La 3d,,, jE& H 834.9
838.5 eV I BLFIA A [A i3y g La™ ) (H AR A
TETCZE A La, XM NaBH, iR J5 Co™ I La’ 5
IRARMY TR p RIE AL T Co-B A A4S, 7
b, B 4(a) | 4(b) HER T NG 9 0. 5% Co-La-
B fALHIHICE B 1s Fil Co 2p,, W% &RE LT A
A5, WU LIS AL i T RS R 32 8
W, AR AR AR 8 e SEBR BR T A A

B S B T AL RE A i H,-TPD (3%, ARSI
I e X 17 5 AN ) W B 2 By 4, TR S () AT AS

ST3K
______/w

| 639K

R, N

Hydrogen desportion/(a.u.)
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T/K

&5 # H,-TPD 4k
Fig.5 H,-TPD curves of (a) Co-B; (b) 0.5% Co-La-B;
(¢) 0.5% Co-La-B after 6 cycles; (d) 3% Co-La-B

Wit 22 Co-B RE5 A PIFIIRIHE L. diE 5 (b)
AJ 1, B 0. 5% Co-La-B {6 LA 639 K BRI
JULRR UG 32, R EAG TR B — (%) Co 3607, HLBE R
WA Py TR AR K 2 B Co 7 M O 9 B0 A BT 18 5 3
A, IAE 5 B La J5 (A5 04 158 BRI B2 FEAIG, 150
Y Co Fll H Z [H] 25 6 BEIRAIR, o 4 £k 70 2 1 1R fff
(i H OB 25 5 BB ok 5 (e) R, 0.5%
Co-La-B Ak F i FiI 6 Yk A 0k Bk e 318 i A
A AFUE R iy TR R ARG, d BH 2 A8 S AL
FUTE AL _E R AR b, X AT RE T A
6 YIS, HEALTA I0RE B0 5 4 5 3500 7 e 7 2

FREC MBI La (48 2% 1 N 3% o 18 BRHRLEE 55
F 800 K, RIS S5MALFNLE A Kok, THTEBER
(AR A BB RN Tk, BT LA SO BRF 06 & 5 1l 5 1
& HIGRUR TS50 I 5 (d) Bk,
2.2 Bl La 334 FIMERE B9 NE

Co-B LA S ARF] La $82% & 1) Co-La-B i fk 7 i
FEFLER ZBE INE SN P RE AN &L 6 B, bt ik

100 Il Conversion(x%) +4100
Bl Selectivity(s %)
80+ 480
& S
E =
£ 60} {603
E -
: E
= 31
g 400 i 405
20+ 420
0 1 1 1 0
0.0 0.5 1.0 1.5 2.0 2.5
Xi.a/ %
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Fig. 6 Properties of hydrogenation reaction of ethyl lactate
on Co-B and x% Co-La-B amorphous catalysts
Reaction conditions: 2 mL ethyl lactate, 7 mL n-Heptane,

0.2 g catalyst, pH, =6 MPa, T=433 K, Reaction time=9 h

Fh La By, FLIR R 56 LA 1, 2-
N BRI I, 1 La 22550 0. 5% I}
KB RAE, M FLIR SR AL 8355 99. 7%
1,2-N e e P EIA 3 98.5% . X La BN
3% WL IR £ T 1) 76 Ak 38 R0 8 15 1 43 S0 AR 21 oy
98% F191% . X FEIAH T 51, H—, H TEM
M BET RAELIRIGH, BAGEEMBIR La BT
PEm AR o Bk, PIREE A 2 0GR 4L 43 Co #2
BRI Fe i, BK T R BRSP4 4y
R AL T, BT Co fERETE LA,
XPS ST RMI G E A Co BT, P La™ 1
EAAEAER B La fiEik T B [ Co By FHeH. 5
b, H,-TPD $iifs 7 B3d & 1 B La 44657114 Co
TE PR A i, I ELA AR 2 e R Y H B
BT, ek FLIR TR s i #E 47, Bl
La (4878 i3l 2 s RN AL PR BE AT RE 2 R H La, O,
AR F 1 H 4> Co WAL, 8L La™ X
C = O HYML IR ARTRIE B T 5 00 55 SR i)
K78 nRTEEMAN Co-B 5 0.5% Co-La-B
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Fig. 7 Catalytic performance of recycled Co-B and
0.5% Co-La-B catalyst
Reaction conditions: 2 mL ethyl lactate, 7 mL n-Heptane,

0.2 g catalyst, pH, =6 MPa, T=433 K, Reaction time=9 h

AL fiE AL PERE, RTLAE ) Co-B L7 2 K
RGN, FLER & e 15 AL R L E] 87. 3%,
A 3 B L 2R T B 2 66. 2%. 1M
0.5% Co-La-B fi bR F M 5 Wk, FLWR LHR%
L3RR 75% , (AEE M S AT 1,2- B
PESAREETE 90% . X EZIHH FH# + B La A
FHEHR Co FI B 2 [l A4 FH 157, S s A Ak 30 14 34
FasE Mo B, ff 0. 5% Co-La-B 41k 71 78 fiff H
AR PR SSRGS IR, RS IR R AT Ak
Wb, ZERAHH F . Co-B Al 0. 5% Co-La-B £k
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Selective Hydrogenation of Ethyl Lactate to 1,2-Propanediol over
the La-doped Co-B Amorphous Catalyst

SHEN Mei-yu, WANG Xiao-yue, SUN De, ZHAO Feng-wei, DU Chang-hai”
(School of Chemical Engineering, Changchun University of Technology, Changchun 130012, China)

Abstract: The La-doped Co-B amorphous alloy catalyst ( Co-La-B) was prepared by the chemical reduction method
for liquid phase hydrogenation of ethyl lactate to 1,2-propanediol (1,2-PDO). The Co-La-B catalysts were charac-
terized using X-ray diffraction (XRD) , transmission electron microscopy (TEM) , physical adsorption ( BET) , dif-
ferential scanning calorimetry ( DSC) , inductively coupled plasma atomic emission spectrometry (ICP-AES) | X-
ray photoelectron spectroscopy ( XPS), hydrogen chemisorption and H, temperature-programmed desorption ( H,-
TPD). The effects of the La content on the hydrogenation of ethyl lactate were investigated. At a suitable La con-
tent, the Co-La-B amorphous alloy catalyst exhibited higher activity and selectivity than the Co-B catalyst in the hy-
drogenation. With the increase of La, the activity first increased and then decreased. The optimum theoretical La
content was 0.5% (mole ratio) , at which the conversion of ethyl lactate could reach 99.7% and the selectivity of
1,2-propanediol could reach 98. 5% . The promoting effect of the La-dopant could be attributed to the dispersing
effect that resulted in the higher thermal stability and appropriate particle size, unique Co active sites and electron
transfer effect between Co and B.

Key words: amorphous alloy; La-additives; catalytic hydrogenation; ethyl lactate; Co-La-B; 1,2-propanediol



