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Abstract: Ni/La,0,CO; catalysts with different Ni/La ratios were prepared by co-precipitation and the

performance was tested in selective hydrogenolysis of sorbitol to C,—C; polyols. The catalysts were characterized

by X-ray diffraction(XRD), H, temperature-programmed reduction(H,-TPR), CO, temperature-programmed

desorption(CO,-TPD) and scanning electron microscopy (SEM) . The effect of hydrogenation and base regulation

was investigated by varying the Ni / La ratios. The result shows that the conversion of sorbitol was 98.6% and the

yields of C,—C;5 polyols was 43.8% when the mole ratio of Ni to La is 2:3. After two times of reaction, the

catalyst still achieved a sorbitol conversion of 90%. From acidic to alkaline, the products distribution of

hydrogenolysis of sorbitol was discussed. The reaction pathway was also proposed based on the experiment

results.
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220°C. WZLEERIIRIZ 15% I Ca(OH), ffI%& 14
T, R Ni-NaY S f# L ZLRE 0 Z =Y N
1,2-PDO, i Pt-NaY B EZEE SR~ 9 H M

BXFHEAAFI A TS, I B
FRetdiEA s, EBEARKFHE, AFTFT
AP o TE AR AR A7 T 1L B I s ) B Ak % A
INGY IR R VE I F N, AL R e VR B
V) 86 T i B W 1 AL i U S
FIT I

Yuan ZEPRIH] Ce B Ni/ALO; X 1L FLRE
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1.1 HSEEEIE
1.1.1 Ni/La(OH); #4784 & Ni/La(OH); {1k
FIR AL ITEER %, BL Ni(NOs), N Ni %,
La(NOs); 4 La ¥, NaOH 1 Na,CO; NUTIER. J5
PR BCHI AR E N 1 mol-LTh T MR AR
[Ni(NO;),-6H,O] H1 fiFf & $i] [La(NO;);-6H,0] 7K ¥ K
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pH=10 I, ZZA8 NN ERIEWAE pH PREFAE 10 45,
k4L 80°C/AKI IS EE 30 min, N 100 ml 7K #
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SNHT 500°CIEJR 2 ho
1.1.2  Ruw/ZrP. Ni/CeO,-ZrO,. Ni/La,0,CO3/ZrO,
AT 64 & Rw/ZrP 1M 75 el ZeP,
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PEFRIRA T A P/Zr BEREE=2:1 JR A RV, T T
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0 B Ru, 100°CFEEER, S H 400°CRERE 4 h,
£33 Ru/ZrPo XM HTFEM 300°C Hy I8 2 he
Ni/CeO,-ZrO, [P il % 77 % : Bl CeCly F
ZrOCL R & W W, H i o(Ce¥=c(zr*)=0.05
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J5 A& R BRI L 10% Ni, 19O
Ni/Ce0,-ZrO,, TEX M AT 500°C Hyib )5 2 he
Ni/La,0,CO5/ZrO, il & 77 %« Z M Uk
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SHO BB TR La(OH);, 100°C T4 8 h, AR5
A 3°Comin” FHEGERTFZE 550°C SR 4 h,
AHBEER D] Lay0,C05/Zr05. FH-RE IR 5 )
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B 2 ho
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26/(°)
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(b) 550°C calcined NiO/La,0,CO;(Ni: La=2:3)

BT FERN XRD 3%
Fig.1 XRD patterns of samples
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K] 2(a)~(d)% 4 Niv La EboA 1:40 2:30 3:2,
4:1 W FIMEAETI SEM B, A T LR S5 AT IS i
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SEM [ 2(e). HEIFTLLE ], fE Ni-La bt 1:4 I,
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B ORI, X2 S8 Ni-La HoA 2:3 BRI
TR 1L AL A S B FE A AN B AR A A I R
SRR RS AN E S8 NI SR gk

(e) Ni/La,0,CO4(2:3)(reduced)

B2 #a% SEM [y
Fig.2 SEM micrographs of samples
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SRR FEDIRARR .
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YRR ZEN, 1X 5 SEM WLE2 3 [IAH A, i EDS
EIRTLAES] Ni i 7/ La JR TSN, L
La,0,CO5 N EARIIgIRAE, i [ 53 5 Hh 0 A
NiO, HT3R M 1) NiO 2 F K040 358 Ni % & A7
¥ F4hEE EDS Rl /i Ni-La J5i 42 thh
11.05/17.35, FEARFFGJER B E M Ni-La t 2/3, 7]
FIMEAL ) 25 ok P2 4 B T AR U LIE

base(1) 14336 MEEE]62943 base(1) 14336 MEE]62943

K3 NiO/La,0,COs ) TEM E#1 Mapping &

Fig.3 TEM and Mapping of NiO/La,0,CO; (Ni:La=2:3)
blue—Ni; yellow—La

MAEAL 7 NiO/ La,0,CO; 1] Ho-TPR il 2k (&
4) ATLAE W, FEHB3 AN, 360, 530, 6307C,
i XRD EA LLE H, 550°C R e Ja b7 £ LA
NiO/La,0,CO3 JEAAFTE, 360 CHIIANAZ NiO i
W JFE U, 530°C #EA N2 Ni-La J %A [ ¥ 4
La,NiO, 1 Ni* [ JR 3%, i 85 NiO (#3 J5
RN 550°C, ATRIEALFH NIO 4 B 5L ir
SHOEFIRE N . 630°C A& T 4k 751 38 JR
U, T BB AR I AR B A T R

K 5 B8 T AFBLEL ) NiO/La,0,CO5 11 CO,
W B i il A A i e o AT B EAR 23 1 3 AN

50

%) w IS
S =3 =)

signal /mV

—_
(=)

(=)

1 1 1 1 1 1 1
100 200 300 400 500 600 700 800
temperature/<C

Bl 4 {4k 7] NiO/ La,0,COs ] Hy-TPR &
Fig.4 H,-TPR profiles of NiO/ La,0,CO;

U, I R MR B iy ik R W VA 8 R 5580, Hh sl
SR IECT, SEIEXE 3 NGRS LB, B
NiO EUAI RGN, SRl T 7 A 8 o e ey B 45144 ok
N 71.67%- 63.1%- 52.3%F1 22.0%, 580 IR
PRSI 5 T AR ) S5 BRT EAT) 14.8% 14.1%.
22.7%F1 40.9%, 5 GH 1 LL B 13.5%422.7%-25.1%
A 37.4%, —FiSEREIUEEE &R, ik
J& AT S5 BR0E BT 5 LLR 66.8%, MR AL TS
T REEEMR AR KRG, (WREEEA RS
AR HR SR BRRT SR AR R (5 LA 2 AT 2 IEAR DG, itk
AT DA P 00T T Ly e S e I S P A v 1 32
LS R AR PR B 5 55 ) S

Ni/La,0,C04(2:3)
X~ C— after reaction
T
~z ~~__
23N Ni/La,0,C04(2: 3)
/ =
JION Ni/L2,0,C05(3:2)
/ —
2\ Ni/La,0,CO5(4:1)
1 1 1 1
100 200 300 400

temperature/ C
@ 5 Z:]EI Ni-La H:E‘] Ni/L3202CO3 E'(J COz-TPD @
Fig. 5 CO,-TPD profiles of Ni/La,0,CO; with different Ni/La

molar ratio

A AFIEC LA Ni-La 40770 bR AL fL
WAL FLRRIELE (1), Ni-La oy 2:3 I8
e bR AR, FLAR s, AT b 1k
ANE TR E, ATRIESE IS, HERTAUERK, L
RN, AT L AL EE A

#F 1 A EECEE Ni-La # NiO/La,0,CO; HILL REFIFLLEH
Table 1 Surface area and pore structure of
NiO/La,0,CO; with different Ni/La molar ratio

Sample BET Pore Average NiO ./Ni
NiO/ La,0,C05 surfazce . VOl?mi . pore ‘ gr(};m
area/m™g " /em’g  diameter/nm size /nm
Ni:La=1:4 17.6 0.10 22.1 244
Ni:La=2:3 71.8 0.30 16.6 245
Ni:La=3:2 31.6 0.34 422 235
Ni:La=4:1 39.0 0.36 37.0 245
Ni:La=2:3(reduced) 50.4 0.29 25.1 21.2(Ni)
Ni:La=2:3(after reaction) 34.6 0.13 16.0 30.1(Ni)

(D NiO/Ni crystal size was calculated, depending on crystallographic
(111) plane by Scherrer equation.
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Table 2 Effect of different catalysts on hydrogenolysis products of sorbitol
Catalyst Sorbitol Yicld% — TOC"/%
conversion/%  Lactic acid Glycerol EG PG C4—Cs polyolsg' C,—C5 mono-alcohols” C,—C;5 polyols“y Gas”
Ni/La,0,COs (1:4) 97.5 5.0 3.1 99 98 16.1 15.6 22.8 9.6 79.6
Ni/La,0,CO; (2:3) 98.6 4.8 6.2 162 21.4 15.2 14.7 43.8 6.1 94.1
Ni/La,0,CO; (3:2) 85.0 1.2 4.2 114 15.7 253 15.5 313 7.1 94.3
Ni/La,0,CO5 (4:1) 72.2 4.4 10.1 7.8 9.7 31.0 16.1 27.6 5.7 94.8
Ni/La,0,CO;5-ZrO, 96.8 4.4 11.0 57 83 32.8 5.6 25.0 7.4 86.4
Ni/Ce0,-ZrO, 83.5 2.9 2.0 6.1 98 25.8 4.4 17.9 6.0 72.1
Ru/ZrP 95.9 - 33 21 34 35.4 3.5 8.8 4.6 66.0

@ Includes 2,5-anhydrosorbitol, isosorbide, 1,4-anhydroxylitol, 1,4-anhydroerythritol, etc. @ Methyl alcohol, ethyl alcohol, propyl alcohol.
® Glycerol, EG and PDO. @ Mainly CH, and CO,. ® Total organic carbons of aqueous phase.

2.2 FRIFEMEATITILEEE SN =5 i

M 2 AT LLEH, AR Ni-La L
A, BEAE Ni-La FCRI3E 0N, 1L A 2008 PG
A DAHEN] Lay0,CO5 XTI BLEE 10 B A Y se 1
H . RIRPE R L AR R A A Zelmy, T 500°C
H, i 5 f5 8 Ni xS T Bbsr=#H . EG. PG H
B B . Co~Cs 2 TolE 177 2 2 ER M AN i
PEAL s L RIVE R 25 L, alid Ni-La FIPhRIFEA,
£ Ni-La oy 2:3 I 3R1F C,~C3 2 Tl i = e Ak
F 43.8%. XTT Ni/ La,0,C03-ZrO, 4L, T3
N T 5 E A 2e0,P, RNk R pH BRK, K
HRFABE, FE Ca~Co ZFIEIIRTE ™ 2 1Y
M, W Ca~Cs N TEEFZ H kD« Ni/CeO,-Zr0O,
& FERPEMEAL I, I TOC AT LLE BE W h A
PR E & B TR, AR 6% /A4, Al
U= T — 58 [ TEHLBK o (46 7] Ru/ZrP 1 TOC
FEZ 66.0%, TIEIER BE0™ o T AR PR 75 1
WHIERZ, FEAEALFIEDY, A L AL ) i
BRI, Al A, T A R v A
RN FEER N, Bl A I A S I P b B 2% A
23 RMNFHHL

MAFE R NEE (K 6) Fifdr=#kE, B
FRP=#H . EG. PDO (177 2 SB35 PRI
Bk . NIRE 220°CHIB S5 43%, il
BT AL R IGTE 90% LA I, I B BB AR R Ak 77 v
PEEUS, WEF . &0 T Ygdngn, weEE
£ 240°CLAE, Cy~CoZInEENH K, C~C; ZITHE
IR, 55 o B s P2 Ci~Cs — Tt
R AV =9, B mT DU I e v 3 b
WAk, EIF=Rm, Zoolst—PSak, FeAE
Z I —JolE CO,. CHy 255 M.

SNBSS BRSBTS B R AN R (7D,

EzA4C,—C, polyols

B C,—C; mono-alcohols
KSIC,—C; polyols 7

. EHgas

40 100
95
30 90 &
= ]
< 853
b 5
5] >
£ 20 80 £

10

AN

2N
temperature/ ‘C
Bl 6 R EE XS L B A R = e R R
Fig.6 Effect of reaction temperature on hydrogenolysis

product of sorbitol

451 zza C4,—Cg polyols 1105
= C,— C; polyols
401 B C,— C; mono-alcohols

/@f”'

| E=gas

time/h
B 7 SR a0 L A A S A P Sl
Fig.7 Effect of reaction time on hydrogenolysis

product of sorbitol
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SN K58 /NT 4 MPa i, C~Cs Z Gl Ria T
FaE, 1M C4~Co ZIUHENIF=HAE 3 MPa KA &
%, X AT RS RS FIBCEE AL S 06 T Ha IRV
A Bt Co~Cs ZIUEENF= RN 5, MHEEAT 4
MPa i}, F=RAENED, 1 Ca~Ce % ILRENI &=
V)R8 0T e 7003 Do U 58 ot 2877 0 ) e A
M ANBA R, BEIE R, AR A A R A B
FeAS, &M= 2 A FEAK, X AT RE R R ik
JFER T E (500°CLL L), 3l LaNiOg g Nit
EEN N, SEUELF G g & A2k, il
LR . X S5 ME1L7) Hy-TPR IERIAMI & .

ezaC,—Cg polyols
45 NC,—C; polyols

C;—C; mono-alcohols 1105

4O-E gas \._/.\—>_ 100

350 / " 495
. 30+ B 905
3 172}
5 25| 485 §
o =]
= 08

N
] 1

DN 3
[V )

D
(=}

P/MPa
B8 I s LAY B AR =4 B e

Fig.8 Effect of reaction pressure on hydrogenolysis

product of sorbitol
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40- B C,—C, I:lono—alcohols 1100

3L B2 W \ " 195

301 q — 190 é
© g
5 25} < 18z
3 < N g
= 20 § 180 §

15} 3 ?§ %’4 175

%

10} % §§ é y {70

5 / / % \ 65

0 LA é é& A\\: é k= | 60

300 60! 700
reduction temperature/C

9 B LR L AL S R R R
Fig.9 Effect of reduction temperature on hydrogenolysis

product of sorbitol
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