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1.1 EEFIH&E

PEAL T i 25 4 BESCHR [ 20 ] Birad 7 k. PAR L
AL EARER R (Fuji silysia, G-6) Jg#kiA, DIGAK
1% ( Strem Chemicals, 99.9%-Ir) 1l & %k 2 4% ( Strem
Chemicals, 99.999%-Re ) 7K RAE R Ir F1 Re BT
IKARIE Ir J5 Re 340 S RFRGT, S F#1L 12 h,
BEJSTE 110 °C 14 12 h, T AL 7E < (70
ml/min) A HF UL 1 C/min FHEERMNERIE
500 °C, F=H 3 h R E=R, MG 1% 0,/Ar IR
A AL 20 min . [EE Re IAZE N 4.0%
(ER A, B2 Ir 9 F gk a5k 2.1%,
4.1%, 6.29%M 8.3%, il T Ir/Re FE/RIC HAR 45
0.5, 1, 1.5 F2 1Y 4 Ffesnl, hh5 i,
HF 4 FhoAS [W) BE JR B L A f A R AR IE R 21r-4Re/ G-6
4Ir-4Re/G-6, 6Ir-4Re/G-6 F 8Ir-4Re/G-6, FATH T
Fhhn & R RAE 0 A AT BN el R R A 3. 4
ICP-AES M7, 4 FiEfLFR L Ir A1 Re Y52 F5 o 2 &
P L U dat. 5l T 4% (ERESH) 1
411/ G-6 H1 4Re/ G-6 4 JEMEALFINE XS L.
1.2 EUFIRAE

Fb 2% T AR B9 22 7E ASAP 2010 ( Micromeritics
D) PR A AT, AR S IR 28 240 C H
2R, ERAIRE (196 °C) ki, i
BET F RS 8| b miAl, it BJH it
FIFLAFIFLAR S E R, A o v 4 Jm S BR B 84 1)
ETE HLBHE G 55 B AR R 95615 ( Varian 710ES,
) 4T, 7E AutoChem 2920 ( Micromeritics 23
A, EHE) _Liffr H,F 5 AR (H,-TPR) Fl CO
A2 W BRI R, R S A X BT R AT S (XRD) R
Rigaku D/Max 2550VB/PC #751X ( Rigaku A 7], H
), ASHEIE R Cu/Ka (A=1.540 56 A) 54k, H
VL EA 10°~80°. =/ HFiE S HL 4% (HRTEM ) K
F JEM 2100(JOEL, HZA) , {iF Gatan K f4%f TEM
HER Y 0.5 ~5.5 nm Z (8] (9 JURL 7 kA2 G2 1),
JI 1 BURURE £ AS 2 T 200 4. NH, 78 T B B
(NH,-TPD) 7E TP 5080 4= [ gl W BN ( KHESEALA
")) FEAT, 103 100~ 800 °C (9 NH, JiE Ff <&, nit
WE W [ 21 7b i ( Py-IR ) 7E Thermo Nicolet 380
(Thermo Fisher Scientific, JEE) FilE, #E 5 E
25 J5, 400 CRBA 2 h, 5l B R 2 A iR S kg
I FAHERAREL 3T, AE 150 °C 052 R IE F B (4 21 40

Tk L — SR R R L AR e 21 AR S (CO-
DRIFTS)}T%J:H Spectrum 100 ( Perkin Elmer, %){W
T, RJFE BIRE S TE 350 CHY H, SRR IRJE 1 h,
MR EEEG, WA 2% CO/Ar HE CO Wi
M, BRI Ar S, IRICSRLIMDEIE R BRI R
T8 Ay B Ak 2 725 40 7 ( XPS) 7 ESCALAB 250Xi
(Thermo Fisher Scientific, JEE) F5E M, R H &M
A Al Ko 8 B 14.0 kV, T3 300 W. 23 5% &
FEAT 0~ 1200 eV I2FHEE, 115 R4E Re 4f &
J& LI K C TR IMNZEFHE, UL C 15=284.6 eV NSk
HERIE 4R TR A A e,
1.3 TR TS

PR ) M B 5 P AE = Fe A48 (100 mL Parr
4575, &) Rk fT. FREL0.15 g HEALF], 20 g 20%
(T A4 ) B HH K — I T I S0 4 v 25 3.
A 2.0 MPa IYESMRIRNES 3 K, P dE2e st
K 500 r/min. W RE 120 °C, A 8 MPa &/
AT SN oS RE SO a v 20 2R 2, U
PEATEL | U8 1 30 V8 Y VR AR A 751 [ AR .
R R RGRAH 3% (UPLC, Waters 2414) 73 Bl iA
BT ) A a1 R T BT v =3 @ R LR N N ¥ S R )
4: CAPCELL PAK CI8 AQ @i £ (SHISEIDO, H
A), BARG BT 540 2 0 SCHR [ 18], il F- 1 A
100% + 5%, SAHP YD ZBE AT

2 £ R5itie

2.1 Ir-Re W& BELFIBRIE

T AT G-6 FAR KL HMN 4 FORR I/
Re EE/RIC HL A Tr-Re X4 J@ 4 Ak 57 A 2LR B0 . 3%
1A G-6 J2 R FH VS e -8 102 125 ) 48 AR R A8 W 425 1 1 ol
AN AL SRR RER AL, R Bl 8] B AR T A
fLEEH, HAL R L&, F8AE 2.5~10 nm
ZIa], LR N 5.4 nm, BABKEER, N
520 m” - g7 HEE 1 AT, R AR B G 3T
Glga, IR RMILAARA IR, 24 Re 117
HaEE N 4% (ERE D) B, i I/Re BLEL
0.5 A5 R 2, Tr-Re X4 J@ fHEAL 7 16 b 32 1mi A 2 PR
B/, XS TS Re A9k AR, MU
Ir/Re Pt HUJE U Ir 885 DA 2.1% 385 /14 8.3%
SEERRY, DHILBER Ir/Re BCEEAN 0.5 B2 R 2, B
4B M 6.1%78 8 12.3% , [N LA E M4
JEIEA T BT FLIE , PR B b 2 1w A 4
J& S T IR, B LA S I AL/,
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Table 1 Physicochemical properties of support and catalysts with different Ir/Re mole ratios

St/ A D,./ D/ Metal valence” Acidity/ (pmol « g™')°
Sample 5 . s .
(m” - g7)  (em’-g) nm P Ir Re B site L site
G-6 520 0.76 5.4 - - - - -

2Ir-4Re/G-6 475 0.68 4.3 58.3 0 2.1 59.2 23.9
41r-4Re/G-6 466 0.67 4.3 53.7 0 0 104.6 20.4
6lIr-4Re/G-6 443 0.70 4.2 41.5 0 0 80.5 24.8
8Ir-4Re/G-6 414 0.68 4.0 23.5 0 1.7 53.0 25.8

a. Dispersion of Ir, estimated from CO chemisorption;

b. Estimated from H, consumption amount in TPR profiles; mean valence of Re = 7-2x[ (amount of H, consumed, mol)-2x
(Ir loading, mol) ]/(Re loading, mol)™';
c. Estimated from Py-IR.

K14 T 4 PR In/Re BERBCHCHEAGTIRG BASRII MR, oA KNRIAIR IS ; BEA Ir
TEM K. WEIHFRTIE S, 4 FMEEACRI RS RAE  SEEisgn, SJE-Frokifer 2.5 = 3.3 nm.

0

1 =

Frequency/ %

3.5~4.0

- . 4.0~4.5

Particle size/nm

10 ¥
nm :

K1 ATA] Ir/Re BEZRTC LE AAEALTR) TEM BE K HORAR 234
Fig.1 Typical TEM images for catalysts with different Ir/Re mole ratios
(a: 2Ir-4Re/G-6; b: 4Ir-4Re/G-6; c: 6Ir-4Re/G-6; d: 8Ir-4Re/G-6)
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Kl 2 A 4 FiASTR] Tr/Re JBE/RBC ELAEALTF Y XRD
FIg. nTIE R, 4 FEALFIYILE 20 = 20°~ 30° &
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Re

Intensity/(a.u.)
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Fig.2 XRD patterns of catalysts with different Ir/Re mole ratios
(a: 2Ir-4Re/G-6; b: 4Ir-4Re/G-6; c: 6Ir-4Re/G-6;
d: 8Ir-4Re/G-6)

AT, I JE T JC R BAS Y G-6
AR 20r-4Re/G-6 LT XRD 3% A B
99 )8 T 25 Re F9(100) (37.6°) F1 (101) (42.9°)
A T A0, R W2 AR AL R Th A ZE S Y Re R AH,
1M Ir i AH B4 0 JL -7 I A 2], 78 41r-4Re/G-6 1)
XRD 3 I A UL 2] B 2 /I8 F I 3K Re 942
JRFFIFIE, X S5TATZ AT T as R —50, X2
A LA SRR AT B Y 41r-4Re/G-6 R R AT1Y
Ir-Re S 4454, [N Ir-Re &4 55 8 0, DRt
PIURER S B 2 A AT 06, Y4 Tn/Re BB R TC HL 4K 252 3
BNZE 1.5 F1 2 i5F, 7E 6Ir-4Re/G-6 Fll 81r-4Re/G-6 i
FEFN) XRD Pl b #5000 21 B S i 98 T Ir(111)
(40.7°) FAT S 06 150 BH 3 5 4 £k 550 b A7 7 B
() Ir fAH; AL, 8Ir-4Re/G-6 Y Ir( 111) F5AE W AH
Et 61r-4Re/G-6 W45 J3 BH A8 A, 1 BH LA A1 #2082
FELERY Ir 080 ; 61r-4Re/G-6 Hil 81r-4Re/G-6 1Y
XRD [ Y0 E UYL E] Re BYRFAEIE , 33X — J7 T A&
A FRES I Ir(111) SRR, WTREBE T T Re i
FHAOAT TS s 55— 05 it T RE 2 B T Re AU HUER
U, AR /INME LATE B S8 £ S i

K 3 441 T 4t/ G-6 . 4Re/G-6 B4 J@m AL T
4 P[] Ir-Re X4 J@ A AR %) H,-TPR 3% &, 7] LA
F i, 4A/G-6 I 171 1387 CHIFEA M, 435
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Fig.3 H,-TPR profiles of Ir/Re catalysts and
bimetallic catalysts with different Ir/Re mole ratios
(a: 2Ir-4Re/G-6; b 4Ir-4Re/G-6; c: 6Ir-4Re/G-6;
d: 8Ir-4Re/G-6; e: 4Ir/G-6; {: 4Re/G-6)

X 107 55 AR AR B AR 55 A 5R 19 Ir 9, 4Re/
G-6 AL LI 314 CHYFERIE, 4 FPATE I/
Re HU A X4 Ja A4 Ak 751 30 D i B2 470 5 o 46 Jas At Ak 7
W EREAL, XRS5 TR Y Ir-Re & 21
R TPR 4550 — 5 & il T 4T84 ) fi
fBil)E, e v] A2 Re M9IA R, A2 A 44540
RGBS Y. 73—, W& /Re LRy
K, Ir-Re B4 @b AFE R WEE #2788 i
FER#AK, 8Ir-4Re/G-6 114 IR B 5 B4 | Tr fh
AT IR B 42200, X2 T2 I KOkt
AT, BR T A Ir-Re & &40, AR TH 45 Ir
fAH, XA LA 2 B XRD A5 FRESE, HIik& 44
(I B B T A9 3 SRR B T — 1> 25 9 1) 38 it
1. i TPR WA FE S = v LIS AL R F 1Y Re 9
OIS, 453 1 Pos. aTLUES], W4 JE
AbF]d 41r-4Re/G-6 F1 61r-4Re/G-6 HELLF] 1) Re
HRAT ARG IAJF 2 Re®, i Ir/Re HER 0.5 F1 2 ARG
JE AL Y Re BN AR50 +2.1 Fl+1.7.
11007 NS ISR S = (T ¥ | B TR R e ey i)
fh2R A, B4 51T 4 MEAETIFES Y Re 4F B
) XPS S 4 1 45 5. WE R ] DL E], 21
4Re/G-6 Fll 8Ir-4Re/G-6 HEALFIZFRIAIN Re FELIAH
LS FFETE (Re* | Re™ | Re™ ) ; 1M 4Ir-4Re/G-6 FlI
61r-4Re/G-6 fEALFIZRTH Y Re AR AR I, Hr
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[l 4 AIA) Ir/Re BEJR HUAAL IR XPS [&]3 : Re 4f
Fig.4 XPS spectra of catalysts with different Ir/Re mole ratios: Re 4f region

41r-4Re/G-6 £ 4B Re e %. {H 41r-4Re/G-6
F1 61r-4Re/ G-6 {11 A D i = 45 Re WIFFTE, X &
F Re &)@ HATAR 3R 1 35 00, 7R A A0 il &5 i i
A AR DL B XPS # i il 28 5 B v i AL R R THT Re 1R
BHBAA, SCHRTP A A RGE™ . XPS FAE M
SEIRRH, Ir-Re W4 & AL v 24 4 & Bic He iz 2
1.0 B, Re JoIk#l e 40 5, AL F M 1)K & Re
AL, X SR H,-TPR 45 4k W15 ) Ay 25
e E—2, H) 2Ir-4Re/G-6 Fll 8Ir-4Re/ G-6 fEALF
IR Re F-IM 20 KT 41r-4Re/G-6 1 61r-4Re/
G-6. I, 454 XPS 1 H,-TPR 2558, FoA17I LIk
A, Tr-Re X4 J& i 46 7 JC LB B Tr/Re IC LE 28 25
LOM & 4514

Wi NH,-TPD 4 1 4 Rk 57 i 2 1 FR 7k
W SA Fran, T IR S B R R
PR gt 0 TR ) A R A /D B e T A Ak R 1 R it 22 /D

ALED, 4 R EARFRIIAE 200~350 °C HYBE T NH, B
U AT AR R R R M R TR R R 4 B
PEAL TR R 12 A A X K /N A 41r-4Re/G-6 > 61r-4Re/
G-6 > 81Ir-4Re/G-6 > 2Ir-4Re/G-6. FATHIHTHARFSE
FIAPY B I R Re A0 A 2 10 R 1R BB AR 55
HA YL Ir-Re & & 2500 0F, AT =10 A AR IE
Ji%. Bronsted BRH.[> Ir-Re-OH. 4Ir-4Re/G-6 4= 1% T &
Z W) Ir-Re 54451, I RMR =R Z ; 2Ir-4Re/
G-6 H1F Ir RN Re 19—, B A: AR
Ir-Re 54 fc % HA 4lr-4Re/G-6 —2F, AM XRD
45 WIR 2Ir-4Re/G-6 AL 47 Re fAHIIFETE,
1M Re AHAHAA7E AT REPE T 7E Ir-Re 5 43T, ik
T Ir-Re-OH MRYEAI BYIE B, AL H: NH,-TPD JIit fff
Wt/ s 24 Ir/Re BE/RC HLARSERG INZE 1.5 1 2 B,
—J5 T XRD 2R AT HHE AL T AR50 5 Ir A AH, TG
I R PEA 3 75— 5 1, TPR&S S vl F181r-
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Fig.5 NH;-TPD(A) and Py-IR(B) profiles for catalysts with different Ir/Re mole ratios
(a: 2Ir-4Re/G-6; b: 4Ir-4Re/G-6; c: 6Ir-4Re/G-6; d: 8Ir-4Re/G-6)

4Re/G-6 T TH Ir AHAVE T AEH, Re WFhANHiE
PR, #E—B T Ir-Re & & A4 K,
T8/ T Ir-Re-OH BRYENA YA, AT 61r-4Re/
G-6 F1 81r-4Re/G-6 X P Ff 4 AL 751 14 2 1t A AIK.

R T B A4 T Ak R 2% 1T R O i M BT DA
Ir/Re FCHUXTHLAY 5200, 3F— 20X 4 PP fb 0 i 47
T Py-IR RAE, 45K 5B ron. 1452 J 1541
em” ' FfE T B9 3% A 0 BT JE T Lewis (L) BR .0 Al
Brgnsted (B) FR .0y, 1491 em™ HURRAFIEAT /& L R
HUC A B R P0G TR P A I licide > R H T L)
B AR R TAAE B RRPOM LR L, R
B0 Y TR B S04 BURE i L R A B IRIVIR &, 25
W 1. ATLUE 1, LR RE MR AL B R A
F, B Ir/Re HLAYBENN, Tr-Re X4 @ 1AL 75 4 1
() L R R IR A LR A8 1k, T B BRI IR
RIS BN S, 5 NH,-TPD 2553
TN TR B AR R/ A — 2. Xt —2 Ui, R
UIE K Ir-Re 54450, Ir-Re X4 @4 4057 25
A BEIE . B FR P> Ir-Re-OH, 4 Ir/Re it LI &5 1
B, B R AL B KR D

K H CO-DRIFTs ZRAE T Ir-Re X4 & AL 7 Y
Garii, B 6 i T A R AL A 4 BT
Ir/Re HAEALFIG CO-DRIFTs [&. 41/ G-6 fifb3) 3%
PR B 2071 F11900 ~ 1700 em ™" B W B, 43
SRR CO FE4 )@ Ir AR X B, 4 FhAS
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Fig.6 CO-DRIFTs of 4Ir/G-6, 4Re/G-6 and Ir-Re

1700 1600 1500

catalysts with different Ir/Re ratios
(a; 2Ir-4Re/G-6; b: 41r-4Re/G-6; c: 6Ir-4Re/G-6;
d: 8Ir-4Re/G-6; e: 4Ir/G-6; f: 4Re/G-6)

[F] Tr/Re HCEIMEALTI SR RN IS, L4917
FE—E/) Ir-Re A A 2545, SR HLr B R A
], MRS SRR ER IASE. WE T LLE
i, 20r-4Re/G-6 fEALF CO M FRF 06 ) 6 58 35 A 41K
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XATREAR Ir B9 AR BRI B WM I LT RS R i 45
K, M 18 em™, ZFNZBMEN T 4 )E Re X
CO FMR B (2040 em™) BRI, XRD FHAESE T
AREF AR TE B ) Re SHAH, R HA 4 0 7R
JER. 41r-4Re/G-6 Fl 61r-4Re/G-6 Mg [T () 21
I 13 A8 em™, H i CO fb2<W M. TEM Al
H,-TPR W] HIF R AL I 1 4 15 5 v BE 4 B
T, WA &SR, 3 6lr-4Re/
G-6 1) CO MRt s X CO FRRF 2 BfF 0G| 156 IH A
R MAEAE I BIFE, X5 XRD il 8l T Ir(111)
P o i 25 A0 — 8, W H A &R 1
41r-4Re/G-6 K. 8Ir-4Re/G-6 WL [} W 1y 2T B H A4

Lem™, HHEH T AT 1900 ~ 1700 ecm™ 1y
CO P BRI, A B 5 41/ G-6 B4 JR AL 7]
mEVIS, MR R IR E I B, Xt
CO FA R BRI B 2500 411/ G-6 X CO By M fiFig A
1M 81r-4Re/G-6 & 4 fL 72 AR K. 45 & XRD K&
CO-DRIFTsFZ5 % | 4lr-4Re/G-6 A AT fe B & 41k
FRJE.
2.2 Ir/Re BE/R LT EXFIMEBERI R

FEM B TS T ANFEEIR L Ir-Re B4 & i
PEFITEH IS @ 45 1,3-PD i R PERE, 4558
m 2 s, AT I AR, A
THEBR RN AR R iR A R e B H A

R 2 Ir/Re EE/RELXT Ir-Re 4L 7 H i SR EERI SR

Table 2 Effect of Ir/Re mole ratio on catalytic performance in glycerol hydrogenolysis

Amount of Conversion Selectivity/ % Yield of 1,3-PD
Catalysts

catalyst/mg /% 1,3-PD  1,2-PD 1-PO 2-PO /%
21r-4Re/G-6 150 16.2 42.4 27.5 21.0 9.1 6.9
21r-4Re/G-6 300 35.1 40.1 25.9 23.2 10.8 14.1
4Tr-4Re/G-6 150 50.6 39.4 21.0 34.9 4.7 19.9
6Ir-4Re/G-6 150 48.6 37.1 18.9 34.5 9.5 18.0
8Ir-4Re/G-6 150 34.9 447 22 25.8 7.5 15.6

Reaction conditions ;120 °C, 8 MPa H,, 12 h, HZSM-5 50 mg, 20% glycerol aqueous solution 20 g; 1,3-PD: 1,3-propanediol ;
1,2-PD; 1, 2-propanediol; 1-PO: 1-propanol; 2-PO. 2-propanol

RIS, S 34 AN 21r-4Re/ G-6 fiEAL ) Y FH 2 fdi
R NARZ P RIEE SR Ir S EAE, AT 20
4Re/G-6 il 41r-4Re/G-6 LTI B HERE, R 2 1)
553 M 4 A7 PR, T, e RO AR &R R TS
AR Ir &AWL, 41r-4Re/G-6 1L
AL IE BE B350 T 21-4Re/G-6, i 5 1L F AN
PEARERI] WG AN, T 1,3-PD AR AR 2. MR
2,171 CO bW [fF 25 5 | 21r-4Re/ G-6 Fll 4Ir-4Re/
G-6 4 Ir /U229 58.3% 1 53.7% , 454 TEM
IYHTEs R, AT LA 3] 21r-4Re/ G-6 B4 @ RIS B /)N,
Gan A = G g P G R A =Y Y | E=
UF R LTS, X S FRATABE RS RAAF. X2
T, KT Ir-Re WU4: J A Ak 500 48 Ak H vl S0 A 2o 2 i
5, MEBIE 55 R FOE M B B0 Ir-Re-
OH X & 52 07 14 5% M 326 378 K F 4 J 0 HURE 1A 52
Wi, 1 24 21r-4Re/ G-6 AL i i 4 41r-4Re/G-6
PEALFVE AL 2 f5E), RARTEMESR Ir i & A

[, HAHYE NH,-TPD 1 Py-IR 45 5] 1 f b4 & rp
i) B ERE A2 (WA 5), {H XRD fil CO-DRIFTs
(45 T F W] 4lr-4Re/ G-6 HEAL T I 1 T 1o FE 43 ik
HIE A A 4 45, 1 2Ir-4Re/ G-6 EALF EBE T
AaM, BT ¥ Re M AEILESH Re, S
THEAOIA A, P EOLAE AT P4 41r-4Re/
G-6 F FTREAR. HILIRATAT LIIA R, Tr-Re W4 J&E i
AT ) A 4 5 R0 RN JBE S 5 ) ELA Ok vl S 1 e
HEMHEE.

AL 8 150 mg I, Bl Ir/Re JBE
IRHEARSE N 1 BN 2, BARRNARR P Ir &8
FraE RGN, ARH I A 3 AL B R TR BRI, X
2 R LR . Bk, A I/
Re BEJR FLA 3G N, i Ak 350 b3 Pk 4 Ja 00 5 & 38
SEHA BRI 2.8 nm FALHE N Ky 2.9 F1 3.3
nm; 8RR JE Y I/Re FL#EL 1.0, ML XRD
45T 1 61r-4Re/G-6 il 81r-4Re/G-6 HEALF] I
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FAR T e A, FRATHCATAORFZE Y B 4 Ui Bh
&) e X T HMEM LT AWM, 5 — e
B H Tr AR T RERS 0 55 T Ir-Re 54, I Ir-Re
B R RO RS, X AT LA CO-DRIFTs 45545
FIUEM. [A)i} NH,-TPD 1 Py-IR 45 5ty 22 iRk 571
R YE O B AL, I 61r-4Re/G-6 Al
81r-4Re/ G-6 MEALMEREHL 41r-4Re/G-6 2. [RHi4 7]
WELE 8Ir-4Re/G-6 fELLFIXT 1,3-PD MY REHEA
Frihn, % J& i T 8Ir-4Re/G-6 MEALFIG T H A4
D FFER R e A, B0 2L TPR Al XPS
R FEAAE AN Re Pk, FRATIN A
A1 Re B 35 7E Ir-Re & 4 3R P B — & A 17 BH

YEH, BT Ir-Re A 4 2% 100 H A9 W B 7 =8, A
M3 1,3-PD BYIEEEVEEL 61r-4Re/G-6 fiEALF A
Sy

K FH BN TV B G 1 4le-4Re/ G-6 AL (14 %
BT HES MR BRGSO, ffF—K
RIVEEHG , B 57 Al 8o nsn, )
BT L R BB L N, B 5 ERE R
I, BT E AR A0 A B R o R AT R A A i —
AT HEART, SR T RN EB PR, FE PR RN 2
B8], 10% (T & 4 b ) BT B4 Ak 77 Bl AR b iR
FUATR A 7E R H 8 0 B AR ), 25 SRk 3
Fi7R.

3R 3 Ir-Re/G-6 EULFIMES EAER
Table 3 Reuse behavior of 4Ir-4Re/G-6 catalyst

Usage Conversion Selectivity/ %

lime /% 1,3-PD 1,2-PD 1-PO 2-PO
1 50.6 39.4 21.0 34.9 4.7
P 44.6 41.0 16.5 30.6 11.9
3t 43.3 41.3 15.9 31.1 11.7
4" 42.2 2.5 17.0 28.8 11.7

Reaction conditions:120 C, 8 MPa H,, 12 h, 20% aqueous glycerol solution, 150 mg catalyst, 50 mg amberlyst-15.

N 3 AT LUE 25 4 WO e B A e 2
B R, B 50.6% FRER] 42.2% , T B iR &
S A BRIz s/, HExE H AR =4 1, 3-
T R RE RPN A . (R, Tr-Re B4 & AL
FRE A it — 2t .

3 &g

WA e g, HilE T —RIIAR L
Re FE/RBCHLIY Ir-Re & & #EALF], 5T T I/Re EE
IR X FE AL AR 254 | M o B A A H T A s 1
PEREROSZ . 45 B2 . Ir/Re FEIR LU XS T4 10
Ir-Re B4 & A0 TR 19 7 4 A 45 b R B2 52 e A
B3, HrpY I/Re BE/RBCIL R 1.0 B, RETE WU
JETHLEY Tr-Re 440, AR 210 B BRMEA Tr-
Re-OH, HH &SN G i m, 1,3-PD 7% i
W M4 I/Re BE/RHLIEES 1.0 B, Ir-Re X4 @ 4L
R FAEE BRI Re HIFEDL Ir FIFE, W0 T 4L
R G AR IR &, ANF T Ak H b & S
PERE.
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Effect of Ir/Re Mole Ratio on Structure and Activity of Ir-Re/G-6
Catalyst in Glycerol Hydrogenolysis

REN Xin, ZHU Xia-jie, ZHANG Hong, ZHOU Jing-hong™ , ZHOU Xing-gui
(State Key Laboratory of Chemical Engineering, East China University of Science and Technology,
Shanghai 200237, China)

Abstract: A series of bimetallic Ir-Re/G-6 catalysts with different Ir/Re mole ratios were synthesized by impregna-
tion method using H,IrClg and NH,ReO, as precursors. The physiochemical properties of the catalysts were investi-
gated by the techniques of X-ray diffraction( XRD) , transmission electron microscopy( TEM) , H, temperature-pro-
grammed reduction( H,-TPR) , X-ray photoelectron spectroscopy ( XPS), NH, temperature-programmed desorption
(NH,-TPD) , pyridine adsorption Fourier-transform infrared (Py-IR) and in-situ CO adsorption diffuse reflectance
infrared Fourier transform spectroscopy ( CO-DRIFTs ). These catalysts were examined in a 100 mL stainless steel
autoclave in glycerol hydrogenolysis. Results demonstrated that the Ir/Re mole ratio could greatly impact on the Ir-
Re alloy structure and acid density, thus varied activity of the catalysts; When the Ir/Re mole ratio was 1.0, the
41r-4Re/G-6 catalyst had the highly dispersed Ir-Re alloy structure and the largest number of surface acid sites,
known as Ir-Re-OH, resulting in the best performance in glycerol hydrogenolysis to 1,3-propanediol.

Key words: Ir/Re mole ratio; Ir-Re alloy; acidity; glycerol hydrogenolysis
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