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Fig.1.1 Synthesis of alcohols

2. Rh-SnfH#EFAbIEA oA LA VBB A FIL T BIERDKFEL G

Table 2.1 Analytical data of methyl oleate dimers and their hydrogenation products

Table 2.2 Effect of Sn compound of Rh-Sn catalysts on hydrogenation of methyl oleate dimer
Table 2.3 Effect of addition of tin on the catalytic activity and selectivity

Table 2.4 Effect of reduction temperature over the Rh-Sn/alumina catalysts

Fig. 2.1 Flow chart of analysis

Fig. 2.2 Suggested structure of methyl oleate dimers and their hydrogenation products
Fig. 2.3 Hydrogenation of methyl oleate dimer (1-b)

Fig. 2.4 Effect of addition of tin on the catalytic activity and selectivity

Fig. 2.5 Effect of reduction temperature on the hydrogenation activity

3. Rh-SnF7ciERu-Snfidf il Kk 51.4- 7 aNFH L -DANKR B XA FIVIZ AT IV
DIKFAL IS

Table 3.1 Surface area and pore volume of various supports
Table 3.2 Effect of support of Rh-Sn catalysts on hydrogenation of CHDC
Table 3.3 Hydrogenation of CHDC on Ru-Sn/titania catalysts
Table 3.4 Effect of starting material of Sn in Ru-Sn catalysts on the yield of CHDM
Table 3.5 Effect of calcination with washing of the catalyst precursor

(Sr/alumina) on hydrogenation of CHDC
Table 3.6 Gas adsorption of the Ru-Sn/alumina catalysts
Table 3.7 Effect of support in the Ru-Sn catalysts on hydrogenation of CHDC
Table 3.8 Hydrogenation of various carboxylates on the Ru-Sn/alumina catalysts
Table 3.9 Hydrogenation of methyl oleate dimer on Ru-Sn catalysts

Fig.3.1 Hydrogenation of 1,4-cyclohexane-dicarboxylic acid dimethylester (CHDC)
Fig.3.2 Effect of calcination and washing of the catalyst precursor (Sn/alumina)

on CHDM yield and removed Cl
Fig.3.3 Adsorption capacity of CO and H, on the Ru-Sn catalysts
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Table 4.1 Surface area and pore volume of various supports
Table 4.2 Effect of Sn compound in Ru-Sn catalysts on hydrogenation of rosin
Table 4.3 Composition of the Ru-Sn/alumina catalysts prepared from various Sn compounds
Table 4.4 Effect of support in the Ru-Sn catalysts on hydrogenation of rosin
Table 4.5 The relationship between Sn/Ru ratio and C=0 or C=C hydrogenation activity
Table 4.6 Effect of calcination temperature of the catalyst precursor (Sn/alumina)
on hydrogenation of rosin
Table 4.7 Effect of reduction temperature of the Ru-Sn catalysts on hydrogenation of rosin
Table 4.8 Gas adsorption of the Ru-Sn catalysts
Table 4.9 Hydrogenation of various carboxylic acids on the Ru-Sn/alumina catalyst
Table 4.10 Hydrogenation of rosin with the Ru-Sn/alumina catalysts in the flowing system

Fig.4.1 Flow chart of the flow system
Fig.4.2 Structure of rosin
Fig.4.3 Hydrogenation of rosin to rosin alcohol
Fig.4.4 Effect of Sn/Ru ratio in the Ru-Sn/alumina catalysts on hydrogenation of rosin
Fig.4.5 Effect of calcination temperature of the catalyst precursor (Sn/alumina)

on hydrogenation of rosin
Fig.4.6 Effect of reduction temperature of the Ru-Sn/alumina catalysts

on hydrogenation of rosin
Fig.4.7 Dependence of calcination temperature on adsorption capacity of CO and H,
Fig.4.8 Dependence of reduction temperature on adsorption capacity of CO and H,
Fig. 4.9 Scheme of supported process of Sn and Ru on alumina
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Table 5.1 CHDM yield and adsorption capacity of the Ru-Sn/alumina catalysts prepared from
SnCl, with calcination and washing
Table 5.2 Adsorption capacity of Ru-Sn/alumina catalysts and hydrogenation activity of rosin

Fig.5.1 XRD pattern of the Ru-Sn/alumina catalysts prepared from SnCl,

with calcination and washing
Fig.5.2 XRD pattern of the Ru-Sn/alumina catalysts prepared from K,SnO, with calcination
Fig.5.3 Relationship of CO adsorption, O, adsorption and hydrogenation activity for rosin
Fig.5.4 SEM-EPMA images of the Ru-Sn catalyst prepared from (Bu,Sn),0 (x10,000)
Fig.5.5 SEM-EPMA images of the Ru-Sn catalyst prepared from SnCl, (x 10,000)
Fig.5.6 TEM images of the Ru-Sn catalysts ( x 500,000)



Fig.5.7 TEM-EPMA analyses of the Ru-Sn catalysts

Fig.5.8 Temperature programmed reduction of the Ru-Sn catalysts

Fig.6.1 Hydrogenation of carboxylic acid on Ru-Sn catalyst
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R-COOH _esterification  RCOOR! R-CHO

carboxylic acid ester aldehyde
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ketone olefin epoxide

Fig. 1.1 Synthesis of alcohols
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TEORIGERER O H UEHATIC TR REXSTAR L, O—% Y —
INRV=F = AT CTABDSLA- It FH 0 AHEL . ERMKRUE

FUCEEE DR A Z 137,

ST BHALEIC K > TR ONREMIIE#KK 7 o< 757 (LI FHPLC

EREY) EHOTHHT LI,

EERS/EArEl LC-10A%Y
712 L ; C-8, 4.6 mm i.d. X250 mm in length
BEMMH, X7/ —JV: 7 r=ZPYI=64 #E ;1.0 m/min

KHiZs  RERITEHRHEE (Refractive Index Detector, L FRI & #3)

BFH K UUKFILE S DS % Fig. 2.2% L UFig2 3138 Lz,
BE (XY I<—) BAESRMS £ L. €h5I3Fig 2.30(6),(NiC R~ HED
bOTH B, FINE LIBEMO—EESNVS8BI707 757 (LITFGPCE B

9 EHOTHT L. DUFICE#MERY
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H)—®& HLC-8020%Y
#5 s ; TSKgel GI000HXL, G2000HXL

#&h4H ; THF 0.8 ml/min

izs ; RI

SGHC: FROF VA VR A FIVT B S K UUKERC USRS 3 SRRk 7 o

R INTSTEROTHM U, UTICEHMZERT,

iR 8ERT ; LC-10A

775 L\ ; ODS C-18,20 mmi.d. X 250 mm

BEIMH; A7/ —J)V: 7TE b= F1)IL=82 3.0 m/min

%757 3 %R (AA4EIR-810) | 'H-NMR (VARIAN #{VXR-300, PEf
e . TMS) 2RV THT L7,

ST &SP HUT & B M OIS IX & Fig. 2. 1ITR 9,
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Hydrogenation mixture
(Reactants + Products + Solvent + Catalyst)

\ 4
Filteration | 5 | Catalyst

i

(Reactants + Products + Solvent)

The solvent was removed using Solvent
— .
rotary evaporator (1,4-dioxane)

(Reactants + Products)
I

/ Y

Analyzed by HPLC Analyzed by GPC
Reactants and Products Oligomeric Products
L @ 6 @ 6 © O

>  Separated by HPLC

|

v v

Reactants Hydrogenation Products
(1a) (1b) @ 6 @ 6 Analyzed by HPLC, IR, and NMR

Fig. 2.1 Flow chart of analysis



2. 3 MRLEEK

23.1 A VA VBEAFIV_EERDIKFACSICESH D A E

IR DA LA VB A FIV_BKIIFEA DHIERFFO S DDREYTH 53,
CHhODREMEUBRT VA VA FIV_BIKERT B, UToh > TKEIL K
YR I YA

FROF VA VA FIV BB KUK FILRIEERDET 57 ¥ a VDIR
H LUP'H-NMRO#E R ATable 2.11ZR U7z, YL FICRE U K ICREL ek R %
Fig. 22i1CF D TR LT
EFEBOFMICOVTEND, RIGEHOA VA VB A FIV_EERITFIZ2D
O ELTHIRE N, FUEHIIRIC L D 1740 em™ (2 T 27 )LD C=0DIFUX A
BRXhic, 'HNMRT36.6~7.2 ppmil 5 HFRICRB IN S50 UM, 1
23ppmiTIE T ATIVICEET D A F L VICRBI NS o b UOERISH, 3.6
pPmZIE T X TILD A FINTEB I AT 0 b UBERII N, ZhopZ &n
O, COSIFBREDDVIATINTH B EME LI, UT(-a)EM52d 5,
FE2HAMIIRIZ & D 1740 cm™ |2 T 25 )LD C=00D WX ERI X 72, 'H-NMRTZ

5.0~5.4ppm|IGHKRC=CITHEA L TV B EFEI NS o b ody, F£72.3ppmil
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CH1(CHy)s (CH,);CO,CHj,

CH;3(CHy), (CH,),CO,CH;
(1-a)

CH,(CH,),CH(CH,)3CO,CHj

CH3(CH2)8CHCH=CH(CH2)5C02CH3

(1-b)

CH3(CHp)s (CH,);CH,0H

CH,(CH,), (CH),CH,0H
)

CH,(CH,);CH(CH,)sCH,OH
CH3(CH2)8CHCH= CH(CHz)SCHon

€)

CH,(CH,),CH(CH,)sCH,0H

CH,(CH,)gCH(CH,),CH,0H
€Y
CH,(CH,),CH(CH,)sCH,0H

CH;(CH,)gCH(CH,),CHj,4

&)

diester with an aromatic ring

diester with a C=C bond

product of feed (1-a)

diol with an aromatic ring

product of feed (1-b)
diol with a C=C bond

product of feed (1-b)

paraffinic diol

product of feed (1-b)

alcohol

Fig. 2.2 Suggested structure of methyl oleate dimers and
their hydrogenation products



BRI ZTFICBEHET 5 AF L i@ aIns 7o b U S, 3.6 ppmilid T
ZFINDAFIVIRBEINS o b UPEllIN, ThoeDIleho, ZOH
S EBURC=CiE X VAELIENEE D XTIV TH B EHEE LTz, LI F(A-b) &g
207 B, BB RIG BRI (D)0 RAY (BAHIZHPLCTAM LR
VHT-a):(1-b)=28Tdh - 7o) A, ZOREWMEURDEMLT 5,

T UA VA F IV BEROKFRISICERIT4DDRE S & L THIE 7,
E1DHFORIEEIT > 720 IRTIET ZFILDOC=0DRI LR L 3350 em™ 2
7 )u3—)LOO-HO BB X ntc, Fio. 'H-NMRTI36.6~7.1 ppmilHE& R
CRBXN S Ta b b, 3.6 ppmiICiEOHICKE AT B A F LU LRI ST o
NUSERIX . BRC=ClZiEET5 7o b VidBEllZhEh - Tce ThodDZ
EDNS Z DESEFig 2.2TRT L) BFEREGU M7 N IA—IVTH D LHEE
Ltce P THEQERLT 5o

F20HAOREER T -2, RTIRQERBEL XTIV OC=0DFIIIHKL T
JLT—)LDO-HOBINAER X 7z, 'H-NMRT(35.0~5.3 ppm TEHRC=CIl#E &
+5 70k UHERIX N, 3.6ppmiZIFOHICH AT A AT LV VICRESNS T o
hopEllxh., HFEBRICRBEINS o b VdBRISNE N7, ZNHD T
Ens. O DI Fig 221087 &) BEIRC=CE B 1> M TIva—-Ib

ThbEMELI, UT. QLMWL T 5,
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RIZ. FEI3DHSB DL ZIT >0 2), ) ERKIRTIZT X7 VD C=0DRKIX
2% L7V a—)LOO-HDRINHOERI X 172, H-NMRT(E3.6 ppm|Z {ZOHZ #5
ETHAFLVVICRBINS T 0 b BRI N, FHERE X UTHEHIRC=CIZFmE
Xhas7o b Oy 7 FIVBBRIINEh T, ThoDI EMGFig 2.2|137RF
& O 1 RERID RN M7 V3= THBEHRE LI, T IhAM@)EMKET 5,

FADE A TIRIRT TV I — LD O-HOBRPNSBH XN 720 ~DD Th & I
NEEIRENREETH >, Fho, HNMRTO-HIZHATAAF L ERBEN
570 by bBRSNADBERQ~ODFESTH 5o ULORERE, X5
IZC=OILRBEINIBMN B RSN EHEI DY, B40YHFIIEEHh
HALEMIE. —BT NIV THBEHELI, UT. ThEQ)LKET 5,

—H\ GPCTHT 5 E()~O)IsFEIRBE (R XF U U BETHTES
5+ F & (Mn): 849, ERFI55F& (Mw): 869, z ¥4 1= (Mz) : 8BSDRFFRER] D
MEOE—2) THORHBIZXK IO NON, C=OKFILREERBDF Iz 1F
ZhoDERME (RY ZF L UHE TMn: 1670, Mw: 1697, Mz: 1723 D5 RS DAL
BEDOE—7) | MEOHFEEZBDOE—T (RYXF L HE TMn: 2865, Mw:
3097, Mz: 3606 DRFFRFFIDAMED E— 7 ) MRz, TholdzhTh. IR
TC=0fdf ¥ L VOHDRINBRIS i 2 EM 6. BBOIT X7 IV 153 FIHE K

MOT I A=)V FE T XTIV L o, BEEO T X 5L -0 g D
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PN TE T ATV LIS TH B EHE L, ZhOoOHEIE
EDRIKLEZ SN BNZDHEO)B LFDITR Uize FRAbDDKELR

JEDH % Fig. 2313787

2.3.2 SnHFEWED T ZTIVKFEERIZE JITTRE

FUA VB AT IV RIKDKEAIGIZI V) B ARSI O 5 SEEH O
E BRI ICRIZTREB I OVWTHAN ., SHLA ARSI TRE L
Rh-Snfilihic & B4 LA VB A FIV_REDKFELRIEDHER % Table 2.2127RF
BEAEBRIZQ~@BTH %,

Table 2.2/ 7759 & 5 12SnCL% L TFEL U 7cRh-Snfil i TIZHPLC T AL
%Ly Ut —IUD)~ADDH BEHRIZ P & L KFEIERE R LT SnELZH L
THBL U7 bl TIHHPLCTER (DI HER L VA —IU2)~@) DAL % &
SnCLA A W THS LM L AEEOFWIEREZR LA, BuSilClE L U
(Bu,Sn) 0% FAL T U 7 Akl TIZHPLC T BERHDAEAE L U — W)~ (@)D 4
BiRITZ 287 % & U88 % &SnCLRSnEt % AV TS L /i L 0 b&T
EMIET UZco SnBu% AL THSL L /-l TIZHPLCTERK1)I374 DHRAF L

U A — JUQ)~(4) DA FRRIE16 % & FEEIFIEL
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Table 2.2 Effect of Sn compound of Rh-Sn catalysts

on hydrogenation of methyl oleate dimer )

Run.  Sn HPLC(%) GPC(% )
Compound M@ e O~ ©B O
1  SnEt, 0 19 27 53 1 77 19 4
2  BuSnCl 10 16 56 15 3 79 17 4
3 (Bu,Sn),0 10 17 54 17 2 80 17 3
4 SnBu, 74 9 7 0 10 72 8 0
5  SnCl, 0 18 36 45 1 84 16 0

a) The catalysts were prepared from Rh(acac), and ALO,. Rh metal loading was 1 wt%
and Sn metal loading was 3 wt%. The catalysts were activated in hydrogen stream at 300 °C
for 4 h. All reactions were performed in an autoclave containing methy! oleate dimer (20 g),
catalyst (3 g), and 1,4-dioxane (60 g) as a solvent. Reactions were performed at 280 °C

under 100 kg/cm’® for 7h.

Tl S (ZRh-Sfii 12 k3 7 1 b o F7IVT B FOKFEL TEIT SN/cSn R H

IR U A ASC=0E & D BIRKKRALICHER T H D LHEL TV S8, C

1S D ELD SIEM DKL it L. AFROFEMAEM FICHEWLTESNnERMD &
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SALHRE BIRAEE TIRBIT I U W e BIEHIF oA EBE LT

2.3.3 Sn/RhitDf &

Travers & 3. RhiZSnA Nz fofititiic & T XA T IVOKFLE#NRE C BT
22 EAHELRR), Alsidr7o b TILTE FOKRFEMIZB O TRISHE
A 7ol & © C=Cik s DKFEILEMAME T LC=0#EEDKFEFE WD LR T
B EAHELTNS8l, Fio. KESIE /I« FIVETHE U 7cRu-Snfih i
kB4 LA BEDC=044 OBIRIIKFALRIGIZ IO TSnE OB OV TN
TWB[T]e SnEMA VR T IV 3 F1E 7V 3 —)L OIERITIEFE ITE < A f2F0 7
La—UFEAEBONRT., BTV a— IV ERILKENGONS, LHLSn
DEAHINT 5 EREM T INI—- LORRKIIERL, SvRu=22K&H ELTL
Wl bz ERd 5 EEl, BREEDIZBLTA I EIIDNTHREL TS

e ISHE AL L X E THE L RS T IV I Fll 2 ALTA LV A VBEA F
VT BARKDIKFEACRSEFTOEM . BRI RIT T REBIS DUV TIRE L7 (Table
2.3) , Table 2.312759 & 5 12 Sn/Rh=0.87(JF+ H) Tid. HPLCTHEHH(1)i340 %%k

BFEL. VA —IURQ)~@DERKREIL60 % & C=Oft & DIKFALIE RN > 720
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Table 2.3 Effect of addition of tin on the catalytic activity and selectivity®

Run  Sn/Rh HPLC(%) GPC(%)
Atomic ratio M@ B @6e O~ ©G O
1 0871 40 19 19 22 0 67 26 7
2 2.60(3) 0 19 27 53 1 77 19 4
3 4.33(5) 0 16 51 20 13 84 16 0

a)The catalysts were prepared from Rh(acac), SnEt, and ALO, Rh metal loading was
1wt% and Sn metal loading was 3~35 wt% . For other conditions, see the footnote of Table

2.2. Reaction time, 7 h. b)Weight ratio

Sn/Rh=2.60( 1) TIZHPLC TR DD E 0 e’ 4 — )~ @DEK
RIT99 % L BUEHR AT L. 73— FEEFHE L TR O, 25
IZ. SnRh=4.33(F FH)ic9 % &, HPLCTIREHQORBBREEINT VA —ILQ)~
DD IIBT % TH -7, 2.60(5 T t) & C=085 & DARALERIREETH
DAgER T IVa— VOB ELERME UTH Shic, SRhik&C=0KFRILE M &
C=Ci5 & DKk FEALiEY & OBR £Fig. 2412739, SIRhMENARE (25IZONT
C=O§ S DEALED LR U, FEMTILI—IV@DOERERPEAL TSI EH
SC=CHEEDKRFMBEBHMET LTINS EEZ 505,
TRERMEICE TSSO REHICBBLTRIWETE(RESNTN S,

Narashimhan & |3 Ru-Snfifif i2 & B4 LA VB A FIVDIKFEALRIGT L, SnpsA v

K LA B HICIE LT 3 EEE LTV B [4], Galvagno s [9]4 Ru-Sn/Chk
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[ Selectivity to saturated alcohol (4)

Fig. 2.4 Effect of addition of tin on the
catalytic activity and selectivity
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DCONE B4 NE L. SnEZMiN L /il TIZCORE &0vwld 5 Lx i
HLUTW5S, ZhiESnaEMZ 5 I &k > TRADRUF FOEMNBY LTS C
LEABRLTWS, ZOMEEAWICC=CERER DT VT b FO KRS
C=CiE S DKRFALEEZRD Uy SniZ 7T E FOC=0h5sd BMETHEBEL T
W 5[9], ABFZRDOR-Snfffif i 51 Tk, SI/RhEEA F < § 5 L REDSnDOREH
E{1 5, RoL D $SnDHF DMLY FNVE—IKRELS @BEEF-EHD
Rh=-228.7. Sn=-285.8 ki/mol) [10,11]. SndD 5 MEEFEIT 5 LT & © KX 181
AT, SNOBEENE LS E, TXTFIVDC=0DRMFE DR DREHH
MU, Z OBFEC=0&A BT 2RI LIKRIC LD KFMLINDEDTKHE

LEHDS LA 5 LEBbh s,

2.3.4 iR TR EMNEN &BIRMICRIT TR

KES[TIE IV« Ve THRELL 7zRu-Snfiiiic & 5 4 LA VBDKFEILT.
AR DIEMAL Stk R 2L X D 2 &1 & » TC=04 & & C=CHE & D IKFRALIE A
BT B ST ONTHE U, 300 COKERILTIIALH TV —IVDEIR
P& < 500 CTIRBIRMIIE VLD, & FIEHIGMECZ D, 400 CTEITU/ M

AR DITFE LI EBE LIS
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E#13SnCLL D FHBL L 7cRh-Sn/7 )L 1 A ORSCREAEZ THRE U /i
ERNTAH VA VB A FIV_EROZETUGCEITO, B #REICKITTEE
IZDNWT RN, Table 2.4|THER AT

WO AR T SHPLCT IR (DIEHE K U W C=0 G DK RLEHZR L
720 300 °CTHET Uil Tl AR 7L I — )W DBEERM TH - #o, 600 °CT
BT U 7o TR T L3 — VO EABRM TH > 7o —F 800 CTEIT
TEHEIA—INDOREIETET L. G916 BRELEK LI, Zhid—BAKL
e OF —IIVINE SITKRFRILAGE L TERT 5 L8 bh 5,

BICIRE & C=045 & OKFALIEM B L UC=C5 & DKFEALTEHE D BIfF % Fig. 2.5
IZRT o RICIREEA 300 TH 5600 CiZ B9 5 & C=Ci5 & DRFRILEHITET

UZco EH S ERh-Snfilf EOH -DABIGIC DWW TRERAL T XV F — DRIE%E

Table 2.4 Effect of reduction temperature over the Rh-Sn catalysts ?

Run Reduction HPLC(%) GPC(%)
Temp(*C) M @ 6 @ 6 O~ ©) O)
1 300 0 19 27 53 1 77 19 4
2 600 0 15 55 21 9 86 14 O
3 800 0 18 50 16 16 86 14 0

a)The catalysts were prepared from Rh(acac),, SnEt, and ALO,. The catalysts were
activated in hydrogen stream at 300 ~800 °C for 4 h. For the other conditions, see the

footnote of Table 2.2. Reaction time, 7 h.
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Fig. 2.5 Effect of reduction temperature on the hydrogenation activity
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70, RhESINE S5 R 5 SR BT UlokFER 038 < sk U 7oBoE R
BEM SH— HRJICH S 2B Ul IR L U, REWARFF DR HED VR
T4 23 EHEL[12], £/, FlS RSV Y A ORITTEE) LG8 DEBE
F2ATPR - XRDA f LV TE, SnAEL X NRhE &8T5 791213400 CTLL L
DREMBHETH S I EEHELL[13], ThoDHMAED LICAFROKR%E
FEE$ % & 600 °C800 CTIISnHEILI NRh-SnEENERK L P LD, Rhd
HDBPEITRTC=CHEE D KFLBEHIME T U, C=0#ED/KFEME /D LA L
TWBEEZ N3, ZHic L., 300 CTIESnOZETLHA+4 T, £72Rh&Sn
DRENF5TH D, RiFEOFEHEIEL . C=CHEEDKRILN L DT L

fcEEZONS,

2. 4 ¥®m

HHFEFRh-Snfi A U TA U A VBB A F IV BEAARDRREIK RALI IS EIT U

C=O#E & DIRFALIEYE & C=Cis & DIKFALTEHIT DN THNT,

(V) RE-S/7 )L 3 FAEIE D ANVR VBT ZTFIVIRENTH DA VA VA F IV

T BIEAROKFEARICIZAERITH - 72,
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() FABIIFIZ I 1T ASn HBAL WD FEHAN OB EISnZ G S ERADEN
12X B SMLEHOMEIC K B EEEL 1o, BAKIIZIESNEL & SnCLAC=0455 D
IKEALITERTH - 72,

(3)Sn/Rhjt (B T-H) H0.87D & X (ZC=0%5A O KFALIEM (TR 232.600 5
4.33LEHL BT ONTC=0f5 A DKFALEMIL LA U, C=CH5 & D IKHALTE t
KT U7,

(4) i D ITIR % 600~800 CiZd % & C=CE & DKFIEMIE T L7,
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=% Ru-SnftfiZ L 51,4-> 7 aNFH o

SHIWERVEED A F IV Z T IVDIKZEALIR G

w
o
ol

H25 T3 RE-Snfifil A U o A U A VR A FIV_ERDIKFALUGIT D0
Tili~7tz, SWRhik, DR oviERE. FEEICH T 2SnH R HOREHN =
2T IV DC=04EE DK FLFEMITRIT T HEII DV THAN, SLEYOME N
23X ESnDRTLE L UG &K CRhEDEERLITOVTIRM UL,

E2ETHNERTHEA VA VBEA FIV_EREEENS FREORE (A
DHEAROBODREMTH . KIGHNIOEHTH 7o LU, MRS
24 BBICIZREY THWE—O(LAY TRIGEFT ) FIMEETH S, TI TR
BT AL VB ATV BEREFUCTEREHELTHVONDS HOD,
B TREIVNS L REWTHOVE—DLEMTH51L4-2 7 anF Y I
YUY A F IV ZTIWEL FCHDC E 8T %)% RUGEFHI AL, TR T IVDC=0
et (RETIRUKRC=0EEE DAL T) ORF(BEZH L IRHAT S, B2

EDHIE A # & U TRh-Snfifi 3 & O Ru-Snfibif  CHDC DC=Of551Z X Bk R



LGtk C=O& DK F(EMITKEL 5 A SSnhANE & JUHAORLE H
NBIEICED . TEMCTTRAAMERELEEZRETHI LEHNE LI, &
FoBEd L URRBO SO R LMEXERBEICONTOERETHLLBITHE A

DHIVE VBI AT IVADIGHIZONT bRE L,

3.2.1 #E

WL ABKETR 4 — FLFpy b (EF) 55, SnCLe2HO
GRERR) IADLMETE (KR » 5. Sn(OEY i3 A L7 CRED » 6.

(Bu,Sn) O3 HFMLAKTE KF) HSAF LT, TV I HKBMLFETE GRR)

DFxAE—RKGB-455 4 A, F7/=TId. AREFXODOMCI0Y 1 7% A
Woo PINAZTIRAERME IO AF UL, VY A- TV FRBIULEDF 5 —
7— K705 4 FAEHOIC, =7 XY TIRBIMLEOF 3 —I< 754 TE2AL
oo TS OIEO L EE#EL L UCMABTEDOT -5 %2 L TTable 3.1ITR L

72
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Table 3.1  Surface area and pore volume of various supports

Run No. Supports Surface area (m?/g) Pore volume (ml/g)
1 alumina (neobead GB) 220 0.58
2 titania (MC-90) 93 0.39
3 zirconia 2 0.07
4 silica-alumina (kyowaad 700) 316 0.83
5 magnesia (kyowamag) 115 0.72

TUNVBBAFIV, A VEBEBATIV, AVL VBAFIL, YraAFHUH L
RBAF IV, REEBAF IV, L& 7 a~FH U OANLRBY A FIV (B

EAZRER) BADEMEL D AF LI,

3.2.2 fhERABIE

1) Ru-St/7 L 3 DML

6 gDSnCl»2H 0%60 miD/KIZHEB L. JUlS gD 7L I+ %A T126R %

BTHELRBIZID—F ) —2N\RL—F—F2HNTIOCTAEHE L, B5

NIRD SERECIEBRE S 5 BT, 2K F400 CT2HMME L, 0.1 ND
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NaOH KA THF Lo, 70 CTKREFE EZLUILE, BonicmRIZ, 17 gDiER
VT = LR A0 mID2-Fa/N ) — )V THRIR U OEMZ . FETI2ERE
BUT, 2-Fo/N) —)IVEEE Uk, KBEKR T450 CT2HEEZET L. Swt%

Ru-11.7 wt% Sn/7 )L 3 %1812,

3.2.3 JKFILIE

322THoNIRu-SY T IV I F3gkLd-o 7 anFH VO RIIVEK VB Y X F L
TZ7) (LU FCHDCEMT B) 30 gV F L7 Y A= VI AF T —F )b
60 g% 200 mlAE K A — b7 L — T AL, KFE% Fo3E U #IAIE 60 kg/em® &
Utco RUGIREE280 CL7L 570 & T ATRIGHE %100 kgem lZRIE Uiz, & DB

e RISHIEEZ & U, 6BFR R IGZAT - 72,

3.2.4 JKFALSISHERI D537

323TRHRONIRCHE e ERETHS Lico — M7 V=T XY RIGER %

B HUEHR I TR BRI ET AR Urc, Bl % B SIBHERRBON Z 7

Be b7 574 — (LUFGCEMET S) G-3000% U THHT L7,
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HF 2 DBWAX (F+ ES Y —AF L)
0.32 mm i.d. X 30m in length, film 0.25 g m
FiB%M: 60 °CLDS5 C/minT200 CTE THELZ DOHE, 10 °C/minT230 CTE T

.78 U15 minfrF

3.2.5 —MALKRFE(CO), KFEBEEDORES LUBRECADEDONE

IR E(CODRAE B IBRT 1A =7 RBD/ VAR EKE (25—
7) ARHOTERRET/ IVAREBEIC L » TRE L 7oo KFEH)OBAE ZORE L
LML OBETEE A EEEP-700% AT CTEFBICTAR Ui, 56,
WERITOTN G gDMEEH 72 0 ITRE LcEE, lam, 0 COEICHRRA LT,

BRE RIS YO T XV F —SBE Ty 7 RS HTERIEEMAX-3000
(LI FEPMAL BT 3) %2 WTELEOSY T IV I+ OCVABEE L Z AL LT

a2 O DR RERERE KD,

3. 3 HRLEE

33.1 &EOBHE L UHEKOEROEE
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Rh-Snfyh

RETEH, F2EIIEWTA VA VB A FIIV_EREBEMOKRFIGITE NG
AR UZRh-Soffp 2 VTR DT X7V TH BHL4- 7 anFH o IO
RUBRY A FIU (LLTFCHDCEWST %) ORFEALIEEIT . — R D ALK
VBRT R T IVT HERERTNHE DD EKE Uiz, CHDCOKFEILRISIZEITS
Rh-Snfit i D FAIRZNRIT DU TERN T, #R % Table 3.21TRF, 7Lk, LWTIhoH
EIZE D THSn %A F F WO RME | Tlde < RIEDHET LS - 72, 72, Rh
%@ E 8O SnfiRi T RBRICRISIEELT LIEd - 72,

ARG (Fig. 3.1) T, Y7 o~NFH U445 ) —)WLL FCHDME 4 %) &
ALY )=V E L TEEIN, TV I k% AU Rh-Snffll Tl
CHDMODIUXH (19 % TH - 7o, kS UTERILES. >V H. Z10,, MgO% >
T T2 RISRET A »7c FH/T7THATER GG <. CHDMIRIZ
60 B TH >7co H _EIZTRE-SHEIZ LB A LA VB A F IV _BIKDKFEILK
JSIZB DT, TV FHEETT IV I —=IHULE ORI R B ED - 7oh’, CHDC
DKRFALRISTIE, 7V I FHEE RO/ A i ETIZCHDMO RIZEL . F ¥

ZTHEARTEVEREEZR LT
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COOCH;

COOCH;,4

1,4-cyclohexanedicarboxylic acid

dimethyl ester
(CHDC)

CH,OH

CH,OH

1,4-cyclohexane-
dimethanol

(CHDM)

Fig. 3.1 Hydrogenation of 1,4-cyclohexane-dicarboxylic

acid dimethylester (CHDC)

Table 3.2 Effect of support of Rh-Sn catalysts on hydrogenation of CHDC?

Run No. Support CHDM yield(%)
1 ALO, 19

2 Zn0O 0

3 Si0, 0

4 Si0,-ALQ, 21

5 710, 0

6 MgO 0

7 TiO 60

2CH;0H

a) The catalysts were prepared from Rh(acac), and SnCl,+2H,0. Rh metal loading was 1

wt% and Sn metal loading was 3 wt% in all cases.The catalysts were prepared without

calcination. Reactions were performed at 280 °C under 100 kg/cm® for 6h.
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DI ENST VA VA F IV EEKDIKFACRIC IS E UG R~ g Al s 24
3L HCHDCOKFZILICEWEME A RT O TIREWEEZ 5 b, CHDCO K
FALRICICE DT X SICRBEMEOR BEOHREL, iifo* vy 577 ¥ —

Vg rEOBEREBE LT SERNH L EEL NS,

Ru-Snfjif

KIS, RBHEORTEET -7z Rh-Snfibilt & FHEO T #HE L /zRu-Snfili 12
DNTHNT, TITRBEHRELTF =72 ANl TCHDC DKk #EAL )k
ST 5 1, KR % Table 3.317 /89, Bk U7 kR ICRE-S0/F & = 7 il (260 % D
IV % TCHDMAE 5417 (Run 3) , Ru(NO)(NO,), % Fi\ T 5 wt%Ru-11.7 wt% Sn/
F 7 =7 A B U7 & 2 A85 BDILER TCHDMAE S (Run 1), RugA-2 43

ICUTHEBEREN LD - 72(Run 2),

Table 3.3 Hydrogenation of CHDC on Ru-Sn/titania catalysts ?

Run Catalyst CHDM Yield(%)
1 5 wt% Ru-11.7 wt% Sn/titania 85
2 2.5 wt% Ru-11.7 wt%Sn/titania 85
3 1 wt% Rh-3 wt%Sn/titania 60

a) The catalysts were prepared from Ru compound, Sn compound and titania. Reactions

were performed at 280 °C under 100 kg/cm® for 6 h.
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Rh-Sn/F 4 = 7 fil #1260 %D LR TCHDMAH S (Run 3) 2%, Ru-Sw/F ¥
— 7hblE T b B B IR TCHDMAE & 15 2 Db - 7o, HL 7cRu-Sofif i
TIZRh-Snfil DA L D b IHFENZ DI - BICZOEME LR TSI &
AT H 2 B, Ru-Snfifgt T & & IR TCHDMAME S hfc, & 7cRuldRhE fix
2L RIETH . TEMREWEEZ 1 L THHTH S, APIFRIETREYIZHA
TX BEOBEREEEHE LU TE D Ll%Ru-Snfiit % L TCHDCO K FALRE

%ﬁ’) f\:o

3.3.2 Ru-Snfifitic $513 5 SnHiFHE OCHDMOY RN 5 B

B HRME S L TOSHMELAE EZ B A THJ ICRuZ K7 U 7cRu-Sn
fitt 3% U, CHDMOUURA Tz, #55R%& Table 3.410177

Sn(OEt), & (Bu,Sn),0 & V) M U zRu-Sv/7 )L I F VI 0 d R ET
CHDM% 5% 729%, (BuSn)0k b 8 L 7oRu-S0/F & = 7 fiklf(dRu-Sn/ 7 )L 3 F
gt & 0 EOINERTCHDMAE 5 7o, Lid LIRS, 286 DHEBSHELEWITFH
Pehig ¢ TEMICA WA OIRMETH S, —F. —RCERBICEDNS &
PEDAEL LA T d % SnCLA LT B U 7o il D75 % 3~ 72 03CHDMId £ <

/%l‘ 5 hf;ﬁ\’)ﬁ: (Run 41 5) [

- 43 -



Table 3.4  Effect of starting material of Sn in Ru-Sn catalysts on the yield of CHDM?

Run No. Sn compound Supports CHDM yield(%)
1 Sn(OEt), ALO, 72
29 (Bu,Sn),0 ALO, 75
39 (Bu,Sn),0 TiO, 85
4 SnCl, ALO, 0
5" SnCl, TiO, 0

a) Ru metal loading was 5 wt% in all cases. The catalysts were prepared without
calcination. Reactions were performed at 280 °C under 100 kg/cm’ for 6 h.

b) Tin loading was 11.7 wt%. c) Tin loading was 23.4 wt%.

TIVIFHEELETECUIEFE LT WL I EDN—RICFHIS LT SH, SnCLE b
U 7o Ru-Snfifl 1235 W TR R A C3Sn & 58 < ME/ER LSndi& it
TR E U TRUEDEEIHEINS LB SN B,

Sn’e 3 & 78U Rh-PRufiff TIZC=085 6 D KR LIS ST LR 2 & I3BHC
Nico FHUWMEORBICOWTIIESETHAB T 555, RubSnpitltk FTomk
UTHFF SN, RUTIVIFERULSEREERIBWEEDLNS, A
S E#% VTS U 7cRu-Snfitl T CIOEE LIS o IS BT &

SNTRuEDEEHDEFE O CHODMIXEOEEHRENAER L TS EHE LT,
3.3.3 SnClL & O AR U7-Ru-Snfiif i 351F % BEpkd L okir D&
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SnCL & ¥ %1 U 7z Ru-Snfifif DC=0Oft4 DKR/LFER £ LR S EH I LEHD
& LT, HEpkd £ 1F0.1 NOONaOH /K7AHE AU T Bl TR A b R EEFICEA L

(§3.2.28M1) . ClokEERA 5 &L HITCHDCOKFLRIEEST » 120 CLEER
£4NIESnE OHEEANBIRUEDBADEE L EMVH/FTES, BRE
Table 3.5% & (fFig. 3.212757

400 °C & U600 CTHERL T 5 = & THRIFCIDIO0 %3 { DR S CHDMODIL
BE L oToe X SIZEIRDS00 CTTHERKT 5 £ 100 BCUIKRFE T & 5 HWHNITE M
IHETF U7z (Run 1-4), BEIREICRRBENEET 52 b -7, BRET
DR A DT ICCBRERE T 5 DI NaOHK BB THRIFLICHDIC

DN b HEEFT - 720 Run 5i2759 & 512, 400 CTHEK U 71 NaOH/KIE M

Table 3.5 Effect of calcination with washing of the catalyst precursor (Sn/alumina)

on hydrogenation of CHDC”

Run No. Calcination Temperature (°C) CHDM yield(%) Removed Cl(%)

1 none 0 0
2 400 56 85
3 600 57 87
4 800 29 100
5 400 and wash 78 100

a) The catalysts were prepared from SnCl, and alumina. Reactions were performed at 280

°C under 100 kg/cm® for 6 h.
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CHDM yield and removed Cl (%)

100 -

0.]
e
|

=)
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B
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none 400 600 800 400+wash?
Calcination temperature (°C)

o

u CHDM Yield

Removed Cl

Fig. 3.2 Effect of calcination and washing of the catalyst precursor
(Sn/alumina) on CHDM yield and removed Clb)

a) The catalyst precursor, Sn/alumina, was washed by
0.1 N NaOH after calciation at 400 °C.

b) Residual Cl were analyzed by EDX
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% T 868 % 17 - 72 Ru-Snfib it A5CHDMO YURIL 57 & 15 £ 78 % DI #% TCHDM
/B ENTE,

BRTORER TR SIBR T REORAP2ODES D (RIT) D3EFT LT <
BEIENEZONS, TITRIKNEBEICLIEBEEROENEZRAS DI
N5 DEER LUBEEE1T - 72Ru-SnfifE D CO I K UUKFK DL F B =% U

U7c. #%5% Table 3.63% X UfFig. 3.313/°9

Table 3.6 Gas adsorption of the Ru-Sn/alumina catalysts *

Run No. Calcination CHDM Removed Adsorption Capacity(Nml/g-cat.)

Temperature( °C)  Yield(%) Cl (%) CO H,
1 none 0 0 0.05 0.05
2 400 56 85 0.05 0.05
3 600 57 87 1.00 0.50
4 800 29 100 3.76 1.00
5 400andwash 78 100 130 03
6” - 75 - 0.04 0.06
7 Ru/alumina 0 100 3.64 0.52

a) The catalysts were prepared from the method using SnCl, and alumina. Reactions were

performed at 280 °C under 100 kg/cm® for 6 h.

b) The catalyst was prepared form (Bu,Sn),0 without calcination and washing.
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(91

) W BN
T | |

Adsorption capacity (ml/g-cat.)
I

<

none 400 600 800 400+wash ¥
Calcination temperature (°C)

H CO adsorption

H, adsorption

Fig. 3.3 Adsorption capacity of CO and H, on the Ru-Sn catalysts

a) The catalyst precursor, Sn/alumina, was washed by
0.1 N NaOH after calciation at 400 °C.
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CORKEEISNPT IV I FDOERFEICEE LIZW I EX—HRIK oNTNSD T,
SO DMIERICBEVTRUIOAIIFET S DEEZ 5D, 800 CTTHUEST -
}- i CI3CO& K FEDOEERIL, 600 C, 400 CTHRBEIT - 1LMELD BB
— 5. 400 CTRERR U7z BICbeid T2A A L oAbt Td, 800 CTTHRMD S %
7o Tl & D bRE RV, —ITRY TV I FIEFICE N TCOPIKE
DEEEHNZ N END I EFRIOSEENEE > TD I EERY, EHSIERN
LSnie AT T B RO AR DOKRBEREMET 5 L HEL [l O
noOHE LD, 2 THORu-SHE ORI IISnOFEE ) 1 7cRuiliZCO
DKERRET S ENTERLNEEL SND, TOIDINSDITRAEIC
BNTCORKEDBERENBI EVD RN S, RUDGHEN EA LI LER
3o LETER. L LASIOBEL S IFZORIDRENS L, THHBIEMAR
T TRUESIAEINMC L TOBRETHEEL TN S EBXDHPERATH 5,
800 °CTHERK U 7- bl TI2Z & A EDOCLIZBRFEZ N T BHY, COLKFIERN K
%847 LSnDL R/ 7 )L 3 F DCOHE E(3.64 Nml/g-cat. )il Y Z DRU/T L
2 FTILC=0 L DK BALRIG B E B - e 2 ED G, 800 TTHKL 72
M 17 35U T b H CRu & Sns3# L CHDMODUUERAME < 14 > 7c LHEINS,
5400 CTHERR Lo Ric e TEAEA LMK TIIZE A EOCIHOBREZ N

TN B HS, 800 CTHERKD A %4T » 1ol LIZRAY FEE TRuLESNIFES LT
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B1-DICRERIIVIENTEE T, CHDMOWE L W EHEE L, ZhoDl &
. ClEDEY ERu-SIDEASMCHDCOKRFELEMICKE S HET I D&
EEAND, (BuSn),0% AL THE LS ZTHOTICHAR LA Ru-SY/T IV I FIEE
IR TCHDMA 5% A58, Z OfEDCO0KEDORE &IV 7 <L SnCLEA

B h & BRI AT - bl & ERERBIIRIEDS EEBX oD,

3.3.4 Ru-Snfiific & 5 CHDCOKFLIZHIT HEAKDFE

SnCLA FILTHERF L ST IVA NIC kBt TREEEALCERELUTRE L
7-Ru-Snfigil i< & 5 CHDCOZK FALR G AT 9 7o b DB IS E RIS 5 721,
HIADEHEAE X TCHDCOKFILRIEEAT - 1o, #5FR%ZTable 3.7127”9

7 )b 3 AR T3 CHDMOUEILT8 % ThH YD (Runl) | YA T IH+iH
R T 1346 B TdH - 72 (Run2) , Vb a=7 HEiR I Tlid CHDMODITEK{E25
%T (Run3) | =7 THFEMETEIZENTN2 %EH XU31 % TH -7 (Run
4,5) o BEICH2E T, Rh-Sofiic b T o) AREHRK TIRIZE A ERIGIE
EETTIVIFEFFTHEHREETH S Z Eif~Fc, CHDCOIKRILIR IS
BI5GB ETHAMLU ARSI ICEWT b T I FEF F = THOEREH

KTHoto, KESRIE, Vb« FIVETHE UCRu-SnfipilEx FLTA LA
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Table 3.7 Effect of support in the Ru-Sn catalysts on hydrogenation of CHDC?

Run No. Support CHDM yield(%)

1 alumina (neobead GB) 78
2 silica-alumina (kyowaad 700) 46
3 zirconia 25
4 magnesia (micromag) 22
5 magnesia (kyowamag) 31
6° titania (MC-90) 85

a) The catalysts were prepared from SnCl, with washing after calcination. Reactions were
performed at 280 °C under 100 kg/cm® for 6 h.

b) The catalysts were prepared from (Bu,Sn),0 without calcination.

BROKFACRIS 1T O HFMEOEH®IETIVIF> Dazy > YUA

> FHY_TOIETHRYTS I EAHE L TO S0 EBRE~xon TN
i ARBICEWTRYNIAZT, 7RV T YUH, YUA-TIVIF &
DH, TIVIFRFFZTDOHENAIVK VBT ZTIVOIKFAUIGIZIIERNTH -

726

3.3.5 RuSn/7J 3 FfitickafEc2 DAILE VBT X T IVOKELKE

SnCL& ) 4B LU, 400 CTHER U 7RIS thi TREZE A U7cill & LT 4
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DA IV VBRI ZT IVDIKFALSUE AT - oo #5R % Table 3.812/77,

F ) IVBEA FIVEIKFALT B E99 % DEALER, 96 %D EIRMETS 7 Y ILT L
a- o (Runl) o Yra~FH UK VB FIVEKEILT S &
99 BDEALIE, 96 BOBRWT Y 7 uNFH o A5 ) —uhBoS5hi (Run2)
AV BBRA FIVEIKFALT B L60 BDIEALE, 98 %DERETA ) T FILT IO~
g onse (Rund) . AU VA FIVAKFILT D &, C=ChiE bKkFELX

NICATT VT IV =99 BDEEALE, BEORRETH NI, BREE

A F IR DI TIVa—)LED 7anFd oAy ) — A EkFELINT,

Table 3.8 Hydrogenation of various carboxylates on the Ru-Sn/alumina catalysts?

Run No. Substrate Product Conversion(%) Selectivity(%)

1 methyl laurate lauryl alcohol 99 96

2 methyl cyclohexane  cyclohexane methanol 99 96

-carboxylate

3 methyl isobutylate isobutylalcohol 60 98

4 methyl oleate stearyl alcohol 98 98

5 methyl benzoate benzy! alcohol 99 18
cyclohexyl methanol 49
toluene 32

a) The catalysts were prepared from SnCl, and alumina. Reactions were performed at 280

°C of temperature and 100 kg/cm’ of pressure for 6 h.
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NHoD#HERKLY . Ru-Soft N —KEIIE R T X 7 ILDKRILICEZTH 5
EEZoNh5,

—RRIZRW/T IV I FAE TR b ICHFHFROC=CIEE DK FEPO-HDKFEL 5>
REDHEITT B3], FA W I TRWCERETHB L ZZRu-Snfih 4 i 2
EFX VA VAT INVDC=CREPREBTHEA FILOFFERbKFENINS, 2D
Ru-Snfj i DCOM 75 &l Table 3.6{Z /8 U7z k 9 iC1.30 Nml/g-cat. TH - 7 Z &
SnERAELUTOIVRIDHZBEFELTNEEEZL OIS, ZORMIFIZL -
TC=CREAEL LIVFBFROKFIADPRI -1 EEZ 5hb, F£72. R URubF»
Ny DTN A=NVEKFGEL MV U ERZ I EEZ 505,

T H IS5 Wt%Ru-11.7 wt%Sn/ 7 )V I+ X USWt%Ru-11.7%Sn/F & = 7 fiit %

Table 3.9 Hydrogenation of methyl oleate dimer on Ru-Sn catalysts”

Run  Catalyst HPLC(%) GPC(%)
H @6 M~ 6 O
Rh-Sn/alumina” 0 22 50 9 11 g2 18 0
Ru-Sny/titania® 0 15 46 18 3 89 11 0
Ru-Sn/alumina? 0 19 59 14 4 88 12 0

a) The catalysts were activated in hydrogen stream at 300°C for 4 h. For the other
conditions, see the footnote of Table 2.3. Reaction time, 7h titania, MC-90; alumina,
neobead GB; b) The catalysts were prepared from Rh(acac), and SnClL «2H,0. c) The

catalysts were prepared from Ru(acac), and SnCl,+2H,0.
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WE2E TSRS FUL 7oA U A VB X F )V 8Kk OKFEALEIE%AT . Ru-Sn
D VN IVR VBT 2T IVIBEYNI T B RUSHEHIZ DN T b~/ #R%E
Table 3.912 773

Ru-Sn/F % = 7 fulilf . Ru-Sn/7 )L 3 g THPLCTREFERDIZHER L, A4 —
MBS R LT, £/ T3 —)US)IER-Snf DR & & D 78 < |
GPCTII L R 7 VG D(6),(1)iIRb-SnfibE & © b Vlsp -7z Th
SDFERMN S, Ru-Snfiffid D AR VI X TIVEEWITH LTHHEHTH 5

EEZBZ o5,

3. 4 MW

HBIES FED D AR VY T X T IVORMIEEHAET TOKEILZHR &

LT, BHRIGIZH T 53FRh-SnE 72 [ZRu-Sofit i O FElE E ALK VBT X 7

IVDC=0%5E6 DIKFALIE I DWTH NI,

(1) Rh-SnZfitf & » & Ru-SnZ ik D D3 VR VBT X 7V D K FAL UGS

AHTHO . HHEENC=OFEDKKE R ITREELG X, HEKELTTIVI

FEFF ZTHC=0REEDKFNIZERITH - 72,
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(2) iR L A B D Sn L& D FEFIC & - TC=O% 5D /K FEALEHEITE/L L.
(Bu,Sn),0& Sn(OE), /$C=08% & DK EALITHRITH » 720 SnCLA SFE L7z &
BERORE T, L4- 70 FH U I NILR VBY A FILT 2T IVDKEAL
I EAETEHR AR I/ - 7o, SnCLEK DERELd 5 ECIHVEE FIZEAiET 5 7
DIZSIHVMEFE F i E TECINUIL L RubDEEILD EF LU 72HIZC=0%E
A DKFLITERE RS IENEBE LIS

(3) SnCLA IO THREL U 7o Tty 600CE TIIBERIRED LR E L b
IZClR#E XNC=08E A DK FILEH T ER U 7o, 2HhiIBCDREIN B2
TSWMBITL I NPT B S e DITRBI S BRTH B EHFE LT,

(4) BERREAT - 1288I1C 7 IV A V) T 8L 0L %47 - 7cRu-SnfilENC=045 & DKk 3K
BICd - EBFHTH . B BDWERTHINT B VA — VAR,

(5) AT CIRBECRICL YRUSIORADVEEINTINS EEE LI,

8. 5 FAXK

DIEH MKk ARE BB KM EE ZE TS H FE R BYE

#H BER, BARLFREE 1979, 1153.

2) K. Y. Cheah, T. S. Tang, F. Mizukami, S. Niwa, M. Toba, Y. M. Choo, J. Am.
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Oil. Chem. Soc. , 69 (5), 410 (1992).

3) H. Greenfield, Ann. N.Y. Acad. Sci., 214, 233 (1973).
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FHVE  Ru-SniHfFsfiil X 5

71 VR VD IKFEALK G

FIVR VBROKFALIZ L BTNV I =IVDEBII TEMCEER 0 ATH 5,
U UAILRVBBD ANVKRFVIIVENRETH D EELUBHEDOES LD, —
AT IVDIKFALICRER OGNS 0 LRIUDAE TIIREETH 5, €D,
HIVR VBREIRFA L TT VA=V EBR B10ITE, ETHINR U BEL XTIV
LU 19314F 1 Adkins[1i2 & D & U SBFR S el 7 o L BRI % O &R
BEDORISEZMET T T AT INEKRT 5 HEPBET S LEMIKESEAE &
DTS, €D, HIVK UV BREBEEKFLT S I ENTERERIL TR
AT A Z EDTELEMIERICHENTH 5,

HIVR VBOBEBEKRIICONTIRW L D0 O®EFRH 5, @7 0 LBILY
HAEFIVERBICTAZ LICk-> THEBEEMNE L., &R REFBT. AL
K BOEBARLET 5 HERHTE~N TS, F/o KESICES

IV BV THRE Ul Ru-SnfitlE % FieA LA VBBD9-% 7 4 78 v-1-4 —
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INIKFEALT B HENRH BBl ZHSDHBIRISEFENBETH >0 it
IARBILEDUEFE T H B 1 dIC TR E > TH W,

BIEE TSR EETTOOHIVE VY T X TIVOIKFRILRIGETTH 2 &
ZHIE LT, TEML TR 0EE/IRh-Snfit 35 X O'Ru-Snfifi 12 DU Tk
AU, ULHL. 817 0 LBIEHOFI bETF 5D X HIZ T XFIVDKFELIC
BUDEMEZR UM ENLT U ALK VBOBEBIKFRMLIIEHWERZRT &
BRSTEU,

RETIE. LETRERA NN VBROBEEBKFLETOMEERLSEEHD
LU, BIEFTOHRSE b LICRu-SnfpfE2 I WTRBAYO A IVE VB THS o
VBTN ODD ARV BOKFILRIGET -7 (BE. FERODY Vid
Fig. 4 2lTRT O BT ELF VB E TG & LEBOBEARIDREREMRTH L) -
Fro. AR VEBRAEBIERTT IV —IVITKERILT A4 EE U, AR
EFIIVEKR VB DC=08 & (RETIILZRC=08E LD ALT) DKFLEHD L

U R IR AR ETE IS DWW TBE L1,

421 R
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BRIV TF = LAIITR - f — FLhFvy NEF)DS, SnCL2HO, #+7 F
IR Z X (REEFRE AR LR S AT 7 I VBRI F 5L
M5 (BuSn),0, BuSnClFHRFLE T ECRE)H &, K,Sn0, % L UNasSn0,3
AICFHEELDAF U T HIIKBIFLHEFE D X4 E— RGB-45 %
AT ZEMFODC22825 4 7 FRFEDNKHDY f T LUHAT OV )L
Maluminum oxide C¥ 1 A Z NENFI o, YU AR, BT T 4 ALFED
CARIACT-15% 1 7, BA7 T 1 JJIVOAEROSIL200 7 1 7. AHE(L¥0D v HA
FA T TN TNHN ., FHTIIAFEXHDOMCI0% 1 7% Hiie, Zh

SOEKDEEEE R UCHASTED T — 72 F LHTTable 4. 11277 L1z,

Table 4.1 Surface area and pore volume of various supports

Support Surface area (m”/g)  Pore volume (ml/g)
alumina neobead GB 220 0.58
DC2282 195 0.75
NKHD 340 0.65
aluminium oxide C 100 trace
silica CARIACT-15 190 1.05
AEROSIL200 200 trace

titania MC-90 93 0.39




Swy U, ANFY U, 2-TFIUAFH VB, A LA VR LRSI
Vet kD AF Ulco 7 OANFH A IVE VBBIIREAR L O AF LI, KB
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ITFLYZY A=A F L — 560 gA200 miEEEHEHE A — b7 =TI
HAAT. KEAFSE UFIBIEO kgem® & Ule, RUGRE260 CEIL 70 &l 5
TRIGEF %100 kg/em*IZ FE Ulc . Z DR RIGBAIRRZ & LR RIS 21T -
720

BRI | RISSOEMK A Fig. 4 LR Ulc, MERRISZDOAMNITKE
HZEBAT 54 L EEROBREBATER /TOI A1 atbsicke Ll
F SR OH M RIGHKERO 54 Y EHRERD T T4 &I HE
49U 7z, 20mlod 28 (12 mm i.d. X200 mmin length){Z18 g DfRIEAE FeH U |
F—T LT 260~280 CI i Uiz, KFEDHES % (10~25 kgfem’) SSEHT T
}-o LHSVO BEIIE R0 Y v OB OMED FEE 1 3BEB O RIGE ZEIIZ
OBETER > THAB L1z, CORSHICRY AL ERD Y D20 EE%
DFEHE %30 m/minD & A EEMcmUice YFL 7)) a—o7FIr—7
VAT & LT RO KEE20dmhDF#EE Ulc, RIGK & A R34 TH

D L7,

4.2.4 JKFALIGHER D53 HT

423 TR N RICHEREZERE THES Lice A— M7 V=T KO RISEB %
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(Rosin) Hydrogen Gas
Fig. 4.1 Flow chart of the flow system
(a) LHSV=1

(b) LHSV=0.5
(c) LHSV=0.33
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4]k » FTRROAFEICLDFRE LI,

B HE 4 D B A

0 Y v DR EER(%)=|1- X100

oY Ol

(K Bl D 7K B 25 /7K B 21 D B G i)
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C=Ci£ & DK ELHEIZHNMRIZ K Y LU FOREIC K DFRE L

He ) D A RAAN P K E O RESHME
FRIPE KR DR SHE
C=C/k#E(LR (%)= |{1— x 100
ERORAMKEORSE
BRI K FE O RESME /

HBRZDORISE SIS E KK o< h7'5 7L FTHPLCE M ) LN TH

¥ U7-, HPLCI BEBIVEFTBIDLC-10A% o, FMIZLL TITRT .
#7 5 /. ; ODP 6 mm i.d. X 250 mm in length
VEBEAE ; MeOH : 7K : M= 80: 20: 1

K28 RI., i ; 0.5 ml/min

TEa DA IUE VB OKEE B B BYWERR BN 27 o< 75 7T

GC & #63 5)G-3000% FILTAHT L7z, BEIIIELTICRT .

# 5 L. ; DB-WAX, 0.32 mm i.d. X 30 m in length, film 0.25 ym

FEB % 60 °C L D5 C/minT230 CTE THE
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4.2.5 FEHEXERSHTIC X BITHROEH

MRS BAE T BT RO E ISR BEYE RO 3V F -2 T 5 7 2R

HEEEMAX-3000(L) FEPMA &89 5 )% FUNC,

4.2.6 —ELRFECO)E LUKEREZDONE

CO%s LUK ERAEZEDRIEIL §3.2.5TT TITidk 7,

4. 3 HRLER

43.1 SnHHBEWEO T v OKELEEL LUBREICKITTRE

K ES 12/« AL THEE U7 Ru-Sofifli THIL K VB OEHKFEL RIS
BIH LTV B[Ble LU S OHkidfbERARIENER TH O TEAVRETH
3, FCTTEMIBENRENEEETHMESRART S Leilbi

ERDD Y U IdFig 42107 T &I N T ELF UBE RS & ULEROBEL R

SRABTH D, 7TELF VBER & Utk FLRIGER & Fig. 43177
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COOH COOH

Abietic acid Neo abietic acid Dehydro abietic acid

Fig. 4.2 Structure of rosin 3)

a) Reactant of rosin is a mixture of abietic acids.
Major component is the abietic acid (left)

W —

COOH CH,OH

Rosin Rosin alcohol

Fig. 4.3 Hydrogenation of rosin to rosin alcohol
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A2 DOSHLSHIc & AE U7z Ru-Sy/ 7L I A e o O v OKFELE
Pa T, FEHR A Table 42177

(Bu,Sn),0k V) A% U7-Ru-S/7 )L I F RSN R To Y v 7ha—-LEE A
7z(Run 1), U U2EAYS (BuSn) Ol s AN 38 { TEEMICHW S Z LIXKHETH 5
1o IRIZEEDIEROSMEE A RO TMEAR L, 2 OEREHFH I, SnClk &
CZIVT 7 3 VEESNAE VTS Ui Tido Y 7 LI —)LOIERIZIER ITE

R &7 5 7z(Run 2, 3), U U7EA8S A4 2 F/LEESD, K,SnO,% & UNa,SnO, &

Table 4.2 Effect of Sn compound in Ru-Sn catalysts on hydrogenation of rosin”

Run Sn compound Conversion(%) Selectivity(%)
1 (Bu,Sn),0 99 81
2 SnCl, 42 53
3 Tin sulfamate 13 100
4 Tin octoate 82 83
5 K,Sno, 88 95
6 Na,SnO, 81 95

a) Rosin(30 g) /Catalyst(3 g) /diethyleneglycol dimethylether as a solvent (57 g) at 260 °C
under 100kg/cm’ of H, for 6 h. The catalysts were prepared from Ru(NO)(NO,),, Sn

compound and alumina (neobead GB). b) Detected by hydroxyl value and acid value
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nEEBLU AR Tid, SnCLB LU RV T » I UEESn L D AR L L 0 SR
EMERTI EARH U2Rund~6), oY 2 DE[LRIL

K,SnO, > NaSnO, ~ #*ZF/LESn > SnCl, > ZJLT 7 I VESn

OMEIZHY Utco —H 1Yy 7L —)VO@ERHIESnCLUADILEH T
THb ED - 720 41K Sn0, % & UNaSnO% f VT S U 7o fihigt (3(Bu,Sn),0D
L ERAEDEWETRT I ENSD 0. BEOEOSHMLEME AW TRES A
W85 ENTE T, EPMAZ ANLT I NS OMIEOTTHR BT 21T - 7,
R A Table 431277 L7,

SnCL & 0 FS U7 il ETIZCOIA, 2NV 7 7 3 Sk DFAR U 7ol BT

SHENFNEPMAKIZ X hRE X hic, —ICA SN TS &5 ICHiRIZEER

Table 4.3 Composition of the Ru-Sn/alumina catalysts prepared from various Sn

compounds

Run No. Sn compound Composition

1 (Bu,Sn),0 Ru, Sn, Al

2 SnCl, Ru, Sn, Al, Cl
3 Tin sulfamate Ru, Sn, AL, S

4 Tin octoate Ru, Sn, Al

5 K,SnO, Ru, Sn, Al, K
6 Na,SnO, Ru, Sn, AlLNa
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g o U Ol & U T < [Sle ARIGICBWT S RAILT 7 3 UESn & D 3R 8
U7 TESEAORuDAER & LTV T WA a[fER A FA TV 5, FhHiE
TCIE R U7 VRV BR T A T IVDIKFRALICE RN T H 5 & k725,

AFICHE T HRFRICSnCLE O SRS U 72 bl T CIANC=04% 5 DKk R LA B 2
LTWBDOTIRIEONEME Ulc, $7c. SIEREWEOHLEISnOMRIEE D&
WICRRTSAEE S H B, K SnO,k L UNaSnO,i3413 KT, SnCLi520 KT 43

5. THOLSIHEMEDOABING IHNREL TS ELEZ NS,

432 HEKORE

0 Y Y OIKFALRIGELT D 1o DREILHEEERE T 57012, HIKOEE L
A Z CCHDCOD JKFALBE ZATUV ARSI H 1 5 IBARD EHICRIE o8I
WTHANTC, #5R % Table 4.4{27R7,

ZEOTIVIFORBEEEZ THE LAR-SYT IV F%2HNTo Y v OKE
{L%4T > 7z(Run 1-5), WFHOT I IFEAVKHEETO oY Uy 7IVa—I~D
BIPEIL85~100 B &F -7, RIS, EEO VY AOREERL THABLL
Ru-Sn/2 ) A% FNTo Y OKFILRIEELT - 72(Run 6-8), WWFhdY ) H %

RS U288 THo D o7 a— )LOERMIZI00 B EE0M, TILIF &R
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Table 4.4 Effect of support in the Ru-Sn catalysts on hydrogenation of rosin”

Run Support Conversion” Selectivity”
(%) (%) (%)
1 neobead GB 88 95
2 NKHD 33 85
3 aerogil 42 100
4 DC-2282 63 100
s sol-gel 3 96
6 cariactl5 41 100
7 aerozil200 21 100
8 ..S@A 25 100
9 MC-90 34 62

a) Rosin (30 g) /Catalyst (3 g) /diethyleneglycol dimethylether as a solvent (57 g) at 260
°C under 100kg/cm® of H, for 6 h. The catalysts were prepared from K,SnO, and
Ru(NO)(NO,), except Run 9. b) Detected by hydroxyl value and acid value ¢) Run

1-5:alumina, Run 6-8: silica, Run 9: titania d) The catalyst was prepared from (Bu,Sn),O.

N5EOT VOEMLRIIE D, IHICFFTEEERE LU THE L AfE BN
Ta Y v OKERIGHEST > 72(Run9), ZDHAEIE, BRHUKICTIVIF &
HARB ENBDIERD EZBEDO VAR VY T X TFIVOKELR BB T
Ru-Sn/F & = 7RIS OB WA R Lo, ALK Y BOBEBKERSICE W

TRBEWNERTH - 7,
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HKIC & - TEYE AP NEEN AT S0, I TRUCARETIT

TodIZiE TV A bEYIRIEARTH S EFZ T,

4.3.3 Sn/RultDf &

Sn/Ruly, A2 (b X THBL U 7zRu-Snfiiif 2 AT o 2 v OIKELRIEETO

FEMEd L UGBTI RIZTREIIONT

FFo #5HRATable 451277

Table 4.5 The relationship between Sn/Ru ratio and C=0 or C=C hydrogenation activity”

Cc=0" C=C”
Run Sn/Ru conversion selectivity conversion
No atomic ratio % % %
1 1 40 100 80
2 2 88 95 20
3 3 85 86 5
4 5 84 85 9

a) Rosin(30 g) /Catalyst(3 g) /diethyleneglycol dimethylether as a solvent (57 g) at 260

°C under 100 kg/cm2 of H, for 6 h. The catalysts were prepared from Ru(NO)(NO,),, Sn

compound and alumina (neobead GB). b) Detected by hydroxyl value and acid value ¢)

Detected by 'H-NMR
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Sn/Rult, & C=0% & FC=Chs& D /K FALiEH & OB % Fig. 4.415779, Sn/Rutkp
1Ol Tid. C=O#5&DEALRITIE . C=CREADELRITFH, Sn/RutbZ2iZ
LR XD EC=CEEDEALRIIFD LC=0 5D EmMAFRT LA Lic, T 6i
Sn/Rult® 3~5i12Hihn4 % &, C=O4 & DI LEIISV/RuLD2OHE LD b T
WY U, C=CisA 1313 A E/kFEIL X N D 5 Fo, Narashimhan & (3, Ru-Snfi i
FHONTA VA VB A FIVDKFELEIZE N T, SnC=0%5 & 25T HTTE T
g% E#ZE L F[6], F7-Galvagno & EC=CiE& % FFDT7IVT & NOKRILRIE
IZE T, SYRuEN AT 5 LC=0# 5 DKFEHR bR TEH I Lo, C=0
HESIIETMDOSNTE ST B EEE LT, BILZ IV E—DEDOSEZT
£(AHR=-239.3 A Hsn=-285.8 kI/mol), SndDHHRuk h B FIC L THNH
Mtk ERT (8]l AMRICENT HSnEAINT 5 LR EOSNENEML ., ALK
VB DC=054 LR HEERT D TC=04DEAENP AT HEEI SN
%o F1C=045EDEALKIISNVRUNZE MR 5 LR THH. ZhiFRImDRuH
BFODOSNIZ L > THEONS Z &Ik » THREREKEIBY LI TH 5 &
21, C=CiEEDKFEIIZRUETDAHEITTHEEZ SNSLDT, EHRuED

BYTHIONTABIIBYTE5DTHAI,

4.3.4  FRIERTERIADBERKIERE I L UMK DR TR EDRE
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Fig. 4.4 Effect of Sn/Ru ratio in the Ru-Sn/alumina catalysts
on hydrogenation of rosin
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— R ISR ICRu A AL A . B EMO BRIV T = 7 L(RuO,Ru,0,) DA Y,
AAERITHDICEHETHERET) Z SIXTERLD, £I T, FATRKRTRE
A BATBICHI > T, RuESnOEFER 2 1XfT - 720 b BEERIISNE 7L
IHICE B U BICRUDILWIRETIT - 7. 8 S 7o g (A DS/ 7 )L I F
IZRuUZ G128 LIRWLTERITEITORU-SY T IV I F 2R,

COHETHB LU ACRu-SnfiglE 2= AT Y v OKFRILET. B DL
Rp Lo YU 73— IVORREICET BRI BADSH/ TV I F)
DEBIIDNTHRNI, #ER%ETable 4.6{7R7

SnEGREESRE LI OBRKIEEEA LG WRETEIoY Y 7Va—-Lo
BRI BTH oo LOLITENZ O REZEZIGE. EEBRLEEOR
B S $100 BOEIRENE T NS, 300~900 CTHRTIEAEA Ui Tid
0y U7 Iva—)bOFRHEIL100 %IiE Ui, BEREEE DY L OEARIIDON
T#HET3 &, Fig 451553 X910, 300 CTHATREAE A Ui Tido ¥
v DEALERIZTS BTH - et BRKEEE LRI 50V DEMRS EF L,

700~900 “CTHERL LIEAZE A U 7ot TII#I90 BiZZE LT,
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Fig. 4.5 Effect of calcination temperature of the catalyst precursor
(Sn/alumina) on hydrogenation of rosin
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Table 4.6  Effect of calcination temperature of the catalyst precursor (Sn/alumin)

on hydrogenation of rosin”

Run Calcination conversion selectivity
No. Temperature(°C) (%) (%)

1 none 88 95

2 300 75 100

3 600 89 98

4 700 92 99

5 800 90 100

6 900 90 99

a) Rosin (30 g) /Catalyst (3 g) /diethyleneglycol dimethylether as a solvent (57 g) at 260
°C under 100 kg/cm® of H, for 6 h. The catalysts were prepared from K,SnO, and

Ru(NO)(NO,),. The catalysts were calcined after tin impregnation and reduced after Ru

impregnation at 450 °C.

RIZRu-SnfiliE DR TTRED O Y OIKFEALTERIC RIZTHBIZ OV TR
4 61 % Table 4.735 & U'Fig. 4.6127559

300 CTHEIT Lol TIREHIEVD, BREE EFT5>0TaY v
DOARECERIZ LR U, Al SIZHFRE-SMEICES 70 o TILTE PO
C=Of5 4 DBIRIIKFALKIGIC BT EREIRE il £ TETI NS
Pk U 7o DN C=Of5 & DK FILITER TH 5 b~ [9) BRFRIZENTH

450~800 CTEITAFT - 1zRu-St/ 7 )L 3 FHETIISnZB G ICE LI L 55,
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Table 4.7 Effect of reduction temperature of the Ru-Sn catalysts

on hydrogenation of rosin®

Run Reduction conversion selectivity
No. Temperature/°C % %

1 300 52 99

2 450 90 100

3 600 89 97

4 800 77 100

a) Rosin (30 g) /Catalyst (3 g) /diethyleneglycol dimethylether as a solvent (57 g) at 260
°C under 100 kg/cm® of H, for 6 h. The catalysts were prepared from K,SnO, and

Ru(NO)(NO,),. The catalysts were calcined after tin impregnation at 800 °C and reduced

after Ru impregnation.

300 ‘CTEILE 1T - 7ot TIESniZ R T I KL TROBRICICERSIER
T D12 W U LAY S 450 CTRIT 24T - 7 bl LIk FALTEH I B
bl ISIETBES ERAT S LAKRFMFERIETHD LIc, ZhidRuid
550 CUED®RTIEY 5 VIBRREER)EREZTEIMONTHE IO
WK FE R REEEDVME T U C=085 & DK FALIBEHI T Uic LH#HE LT,

AR RTERIA DS/ 7 )L 3 FOHEKIRE. FMBEORTREERAIETHEL
fRu-Sofiiflt O—B LKL FTCOLME T B) b KUK FDOBE BEZRE Lic, #

H.A-Table 4.8|Z7777,
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Fig. 4.6 Effect of reduction temperature of the Ru-Sn/alumina
catalysts on hydrogenation of rosin
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Table 4.8 Gas adsorption of the Ru-Sn catalysts

Run Calcination Reduction Adsorption Capacity(Nml/g-cat.)
No. Temperature(°C)  Temperature(°C) CO H,

1 300 450 0.46 0.06

2 700 450 0.10 0.13

3 800 450 0.15 0.05

4 800 300 1.28 0.36

5 800 600 0.04 0.02
LI 800 800 002 . A
7 Ru/ALO, 3.64 0.52

COPKFIISN P T IV I FITAHFEIICEBE L SN EN—RIZH SN TE
D, FFFRICENTHRUDFRREFE FEEREST S B THIERBRADSY 7
IV 3D BERIR %300 C~700 C £ TEALIE THEU 7ofbflE, X B
BEEZ—E &L TERILEEA300 C~800 CE TEMIE THE U0
TZHNZTHCOLKFEDOBEEZERE L1 (Figs. 4.7~8),

300 CTHERK L 7o it Tid. CODIL 7 &130.46 Nml/g-cat. TH - e, 700 CT
BERKE AT - 7 flfi30.10 Nml/g-cat. D78 » Foo BERIRES LT 51O T
CODW % =i ikA Uico —H300 CTEIITZT - 7oA IZCOD BE = (31.28
Nml/g-cat. TH - 7ot BIGRE % LA 95 &, CORE &idwd Lic, KFEIZD

WT HCOE R UMM Z TR Uze SAZRM LS UWRY 7L 3 F it 350 TCOR K
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Fig. 4.7 Dependence of calcination temperature on
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a) The catalysts were reduced at 450 °C.
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a) The catalysts were calcined at 800 °C.
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FKOWERFIRUE FOR FRIEEL TV S, $HbbLREVBEEER. /NERu
WFELUTRUINEFR L TNBE I &R T, L L, RuSnnRkD LHUEE
13SNDE BA LT 7-RuFCOPKEAMET A EMTERNDT, REENS
NEWND T EIESnDEE A ZIF O RUNE (| HAKRE TRuE Snv3 8L T
BEEZ ONBI EIIDWTEETHRAN ., BEAEEKRFH (Fig. 4 IR U T
& 912300 CHE DB TIESnfE LA T IV I F EDRIEH 53T Z < DCO
*3% LT3 D (Table 4.7 Run 1), EEIISnDEELE S IFLVRUENZ L, T8
HESnERUNGEE L TEE LTINS EEZ SN 5B, 700~800 CTEHEZ 4T - 7ol
I TIZCOD W E B (D 721 (Table 4.7 Run 2-3), ZHIIFHETORENTIVIF L
TOSNO,DIEE EADAHAERAE L, #ERIIZZDHRER SN 7cRu&SnDHEEMAR N
BB CORERBIMETF Ui EME U7, F7z. 300 CTEITEIT - 7ot T
ISR ICHIEFH ISR cHCORE R DB N EHE LI, SiRFERE LIERER

JEEEDSn ERuD TV I F L TOHERF I N5 BEOEAX & Fig. 4.91TR LT,

4.3.5 Ru-So/7 )L 3 FHfdiic K D54 DA VR VB DK FELRIG

700 °CTODBE K LREA AREERTERIA DS/ 7 )L 3 HITEA UTHE UcRu-Sn/7 )b

DA ROTE A DA VR VBEOIKRILRIE A 4T - 72(Table 4.9),
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low temperature calcination high temperature calcination

SnO

[ SnO

Ru impregnation

Ru3+ Ru 3+

[ SnO,
ALD, ALO,
reduction
SnO2
Ru-Sn) (Ru Sn-Ru Sn-Ru
ALD, AL,

Fig.4.9 Scheme of supported process of Sn and Ru on alumina”

a) The catalysts were prepared from K,SnO,.
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Table 4.9 Hydrogenation of various carboxylic acids on the Ru-Sn-alumina catalyst”

Run substrates product yield®’
No. (%)

1 hexanoic acid hexyl alcohol 86

2 lauric acid lauryl alcohol 94

3 2-ethylhexyanoic acid 2-ethylhexyl alcohol 67

4 cyclohexane cyclohexanemethanol 74

-carboxylic acid
5 oleic acid stearyl alcohol 76

6 benzoic acid benzy! alcohol 94

a) Reactions were performed at 260 °C under 100 kg/cm’ of H, for 6 h. The catalysts
were prepared from K,SnO, and Ru(NO)NO,),. The catalysts were calcined after
impregnation tin and reduced at 450 °C after Ru impregnation. b) Detected by gas

chromatography

NFY UBEANF LTIV, ST VBRIV LTIV ET R
ZNRWRTAFEMLEZNIRun 1,2), 2-TF ANFH VRIB2-TFIANFY ) —
by Y7 anF VAR VBIZ Y 7 anFY UL Y ) — Il FUA VBRI
AT T VTN T=NEENZIRRAININNFF U BPI 7Y VRO S
& EWAND EETERIEO[Run 3-5), HEHOA VA VBRIZIERAD AV VB
PREADN UL R DAIVR VRIS EE NS EXIET BT VT —IVOREIT &

Vo A UA YBRDIKFEMATE, C=CHEE KR INICZTT YTV =)V
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H Utco —R¥ICRW TV 3 HbE T 7 = VKRS S[10], LU,

ZZTHUORu-SHfif i FTREEFEBDO 7 = ZIIVERKRLINITAN L ILT
VA= U ENETE SN, RuESIDREADESVDEN/ IV - FIVEETHER
L 7zRu-Snfif b TI2C=C5 & 1kFILI e, £7.CODBAEREDS fed TR C

EEREZINTNSB],

4.4 FBARRGRIIB D 0DV OKELRIE

Ru-SnZ il it % F U 7o VAR o BR DK FALK TEIZ DU T D SRR G2 OB 1
BEAE, KA L, BESRRIGRIC T Y v ORBERIISH W EREER U
P-4 75 HHAEHERADSY T L I FIZ700 CTORRLEZFEAL, 450
CTRILEAT - 7cRu-S7 I 3 ikl % i THRBR TORISEFT - 720 #RE
Table 4.10{2 773,

260 °CT25 kg/em’* DK FHE. 20 dmv/hdDsk i, LHS VK 22 REE)=1(K G451
S)DEMETIRT Y Y OEALHEII38 % &L & - 7o(Run 1), RGREE%280 CiZ E7#
+3 L0V 0ELRILT6 %E TLRELU(Run 2), KIZ260 CODEMEICTLHSY
0. 5(R S22 > A HHICER) £ 5 &0 Y v OE(L#EII83% % T LA L(Run 3),

X 51z LHSV=0.33([ 58 432 3 B HIC ) D&M Tid o ¥ v DE(LERIT86 %
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Table 4.10 Hydrogenation of rosin with the Ru-Sn-alumina catalysts in the flowing

system?

Run. temperature pressure L H S v” H flow conversion selectivity

No Q) (kg/em’) (b (dm%h) (%) (%)
1 260 25 1 20 38 97
2 280 25 1 20 76 91
3 260 25 0.59 20 83 95
4 260 25 0.339 20 86 95
5 260 25 0.33% 40 100 99
6 260 10 0.33% 40 100 100
7 260 25 0.59 40 100 100
8 260 25 0.33 40 100 100

a)The catalysts were calcined at 700 °C. b)LHSV (liquid hourly space velocity)
¢) two reactors were connected d) three reactors were connected

¢) three reactors were connected and the flow rate was increased by a factor of 1.5.

Oy 7 Iba—ILADBIR WIS %TH - 7o(Run 4), RICRun 4 & [/ RMAITTK
HHBEAEUEDI dm’hE B L0 Y Y OEME, oY T IV a—IUNDORERE L
i R UL 100 %7 Uiz (Run 5), [RIBED % TR ROES %10 kg/em” & THA
LT bEM . BRI D LD - 72(Run 6), ¥RIZ260 °C T25 kg/em’ D KR

20 dm’hD7k Fifig. LHSV=0.5 (K IG%s 230 & E 5 Heke U FEH O fE Z1.515)

DE&MT biEME. BIRMHIICE CRun 7), BHOMEZHELLHSVEZ0.33L L
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THiEM, BN E SIEFEITED - 72(Run 8),

% 2. Run 6D%A:TI330RILL RS A R L T HIEMIME TR, Mo
{LIZFED SNLh - 7,

ThS DR X HLHSY ERERENKE (KRB RICEOS 2 E08HDD -
}ro IKERBIT L » TEEDSKRE KT S ERMBRRIGHCEOTIIKE
OVEBDEE L8 > TNBAEEM N H B Z AR LTINS, KIEHTNEW
10 kg/em® DK FEE 260 °C., 40 dm/hD/KFEFHEE VI HEFICRMLEEHTH R Y

COIKREALERIZIEEICE . Y v OELRIITFTI0DIIE LI ETH S,

TEALTIRESS ALV VRO EEK R 2185 2 EERNE LT, GREOD
5 4 O TFEAZAL X1 7238 FRu-Snfiigt % FS U BABIG 1 H61 5 A LR 2 BRO

C=0454DIKFEALFEHIZ DN THANTS

(1) fa g 38 5485 D Sn LA #) O FBEUC & - TC=O8E D KK I U

(Bu,Sn),0, K,SnO,&Na,Sn0n3C=045&DKRIICHRTH > 720

(2) SnRult % LR 2 icoh T, C=OfA D KRLEIE LA LC=CE & DK
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FALE D U,

(3) A B DR BE LR TEE A LA T 5 EC=0 & DRFEMEREIL LA
Utco SnEFRE LICBICHR TRKRETT ) ESnOGENES L5 D £DRICRu
i3T5 ERuESNDEMNESIIK - 1o EBE U, £7o. BIRTOETIESn
DBETLEFIEHLRUEDEBIIMELEINTI S EEE LT,

(4) iR TDOBERRAEAT - 7o Ru-Snfi i 1358 ~ DAV BROKFLIGIT AR
THO. 0¥ OEILFRI0 %, FIRFKI00 %ITE LT

(5) BIRTOBEKLIE%HE A U7cRu-Snfit BRI BT H ALK VBR%E K
#F(bd B2 EMTE, 10 kgem’DKFEE T260 Ci2T40 dn/hDkFifgE &0 I
WICEAEEGETH oYV OKRFIEIEERISH . oY Y OEMARITIZIF

100 BicgE Ule, 7o, 300U ERISE#E: LT HMER S UL -7,
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EHE  SiREERu-SnE T 1) SRS &

i ERmOF ¥y > 77— a v

FIEE TR T RALA[EER A VR VB E 703 VR VBT XTIV D K RALARE %
B EAAMEL, oY PCHDCEYD E LiciEA DAIVER U BE LU A IV
VBT 2T IVDKFELRIGELT D 12D FREIC X BRu-SVT L I FHED B
AT > Tl MRS SiE D L OBRIT OO THANIHER, R
DOSnIEDIAFEL BIRG 5 = & BERIEEIURB LREGATLI I EICEL -
TEEMIIE 2185 2 0T &, SnDETTIREE, Ruk LUSnDA#UE, Ru-Sn
DAESTERAREL TXlc, KETRINSOMEITDWT—BILKE. KkEkE
XUBEOAYREE., £AERE T ¥ # 5 (Scanning transmission  clectron
microscopy, £l FSEM & B3~ % ). % i@ Y & 7 ¥ fif 35 (Transmission electron
microscopy, Ll FTEM & B84 %) | X< A 7 07 +F 4 ¥ —(Electron probe
microanalyzer, ) FEPMA & B4 3), 5758 G (Temperature programmed reduction,

LIFTPREBT B) Ik B2F v T 75 ) E— Y a &7, MELRHEELS XU
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EHREICOWTEE T AEALHMNE L,

521 —RBbixFE (CO) | KEBLUBEREEDORE

COb JUVKAEREREDWFEIL §3.2.5TT Tilif~xrc, MEBEZDOAE IS
TAF =) ZABO/ IV ARRISEE (I vy —7) ZHOTERT/ VRS
HBIZE > TRIE Ulze WD Y 7L $H250 CKFESIR FEIT UciicHes i
FTTERE THRETSLEETT -7

BEEM; fgE 05g,  F VY THRMHe)FZE 100 mbh,

SMAE 0.7kglem?,  sYLZAH A X 0.225 STP-cc

5.2.2 TPRODOJAIE

Altamira Instruments Bl DI+ v S5 7 ¥ ) ¥ — 2 3 ¥ X7 L(The AMI-1) % F

720 B L F-S/ T L 3 FIZRUNOYNOY % 418 LRETORUSYT L I 41

THE LT,
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ML ; i 0.02g, BuoAH X 98%H, (inAr),

HiE KR X D5 C/minT600 CE THIA,

Kalge  BVZMER IS (Thermal Conductivity Detector) £l FTCD & B

1%, Fig S8R 75 71, MEEREISHLTH v ) THAFOKKRE

7oy hLIcbDTH %o

5.2.4 TEM¥ L UTEM-EPMAJIE

TEM3s & OTEM-EPMA (3 A A 7 SIOIEMI00CK L THRIE L7c (MIERBIE ;

200kV, TxILF BRI . Y PIVBIEHEERO <707 v F

ARFETHEE L. KICBBLIY v I ETA 707 )y F RIS BEERIC

WU CTHABM LU,

5.2.5 BECEONE

K U 7-Clod B IFEPMA (R4BIEFTEL  EMAX-3000)% AL TRIEL R (T4

JLE—EER I, 20KV, 10 mA), SnCLE b FEL UBERATTH 72 Rk RTER X

STV I FOCVAIDE X A H#E LT, QJAIDE—7EBIDHITL Y RDT
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5.2.6 SEMi3 & U'SEM-EPMAD il E

SEM(4 B 37 B1/F7 BIS-800% f L 72 (20kV, 10 mA), F 72 SEM-EPMA{ZS-800 &

WG EETE EMAX3000% U 7,

5.2.7 XAHHXRD)DRIE

XRDjE . FH2 ik Tt 4 BLD CN4148B2E#E IR U-200B 2 FiL V1o o XHERIINIT 4

)% — %8 U 1-CuK a % fiv . BEHF40KV, Bift50 mAIZ TRIE L7z, EEEELO

deg/min{Z T+ 26 $320~90 degD &P % HIE L7z

5. 3. KERBLUEER

5.3.1 fb2ER L UXRDIC & BRu-Sn/7 )L 3 D

Fyro75VE—Vav

%355 JOEAEICEN T, MEREICEOTRERTMELELEHELT

IKFETL & I CORBRE LT - 120 T DFER
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1) ClpsibilE 12 ES % ESnvEIE XU { C=ORE A DRRILICHEMRZ R S
BN & THOBETINASIOERICEE LTSRNl &
2) C=O4E A DK FEALITTEM: 27§ K E TIESn ERuD HAMERNRNC EAVRE
N7,

AZ T, ZH S DORu-SniE D Fifi 73 & KITTE S DHEE % i ~% H A TCO,
IKFED B BTN 2 TBEDFRER OWEET - 7o A HIE#ER € Table

5.1% L fTable 5.2{Z 7~ U7z,

Table 5.1 CHDM yield and adsorption capacity of the Ru-Sn/alumina catalysts

prepared from S'nCI2 with calcination and washing?

Run Calcination CHDM Removed Cl( %) Adsorption Capacity ( ml/g-cat.)
No Temperature (°C) yield(%) 60) H, 0,

1 none 0 0 0.05 0 3.24

2 400 56 85 0.05 0.05 534

3 600 57 87 0.96 0.02 10.76

4 800 29 100 3.76 022 9.82

5 400 and wash 78 100 1.31 0.14 9.79

a) The catalysts were prepared from SnCl, and alumina. Reactions were performed at 280
°C under 100 kg/cm® for 6 h. Sn/Ru atomic ratio is 2.
b) The catalyst precursor, Sn/alumina, was washed by 0.1 N-NaOH after calcination at

400 °C.
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ZhETI bl H T, COLKKEESIPT IV I FDRENIAJHEHNIR A&
HFICRUDAIRET B EEZ 6N D, —FH. BRSRuESIOMGITRAET S
EEDLNBH, Ru0) & D bSnO)DHNEELLT v 7V E—ZKE (BRRIRFDH
#z h Ru=-239.3, Sn=-285.8 ki/mol) FLXN/cSnDH BRI LT LY K& TH
FtE AR 2], B> TSR AN S &, RubL THB SN 7cBHR D Sn bl X
LA — "= LTS b RET B HDIREENE LA ENELSNS, C
NSO LS BERE DR EZET 5 &C=0f4 DKFELIE ORI
1 HHSnCLAE AR & ot TEREZEA LN THE LU cRu-Sy/ 7L 3 -l
HTIIBMEREEN VI . CIOBFEEIC L DSnpEm X s S EHAMEVIKE
2% 5 L& % 5 5 (Table 5.1 Run 1, Table 5.2 Run 2), #F 7z, SnCL% L 800 CT
DEERABA U TR CIABREZ N TV SICH Bb 5 3C=08 & DKFILTE
#E124% L \(Table 5.1 Run 4, Table 5.2 Run 15)2%, I Offil TIECOR KD A E DY
ZNZEMNS, EEICEHLU TOBRNE (| BETOERIC L > TRuLSoH
SEELTTIVIF EICEIEL TS EBbib, Fig. S.1OXRD/RY — VIR
U7k 51, BERUR EEAE < 72 51220 TSnO,D [ E— 7 O EERE D U,
800 °C THERK A AT » 7ol TIXSNODFERAKE IR LTINS ZEN DD - 7o
RuDE g I DD TR RMMEO oo Al E— 7 BBl - 7o THho D

4B\ 5, SnCLA Fl OB IR T B LSO, AR T 5 7cdic TV I F LT
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Al504

— N ()

(C)

20 30 40 50 60 70 80

Fig. 5.1 XRD pattern of the Ru-Sn/alumina catalysts
prepared from SnCl, with calcination and washing

(a) 400 °C Calcination
(b) 600 °C Calcination
(c) 800 °C Calcination
(d) washing after 400 °C Calcination
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RuktSnhvapi U THFF SN EZEL oD,

RIZC=0%E4 DIKFALEM DBV I DWW THERT 5 &L SnCLEHULMERD
400 °CTEERR A AT - 1R ICBEH & 4T - TORBRE UM TRRARAEERZ |
COLKEDHERIIVILNMEMERL TW5, TOMPBEDXRD/ NS — i, 800
CTEERR AT - Fofilitt & B72 0, Ei E— 7 13 HL TSnO,D 58 D R IEN,
ZhRCIERIE T B HIC. BEOBIILZNEEITOILD - o7, SnO,DF
EDOKE LS BE LN ol Sl kB EHE LTS

F 7o, KSnO% A UER TORERELT - 7ofEP, RETETL METH MR
FEREEITE { COPKFEDRAE &3P 78 L (Table 5.2 Run 10, 11, 13, 14), “h o
DK Sn0% AN TERTERET - 1LMBEOXRD Ry — VERIEL 2L A,
SnCLA i\ TR i THEBETT - 7ol & R72 D | SnO,DfE & DRIZEE I NS
Motz (Fig.52) o SNHOHMALD . SnDFIERE E U TKSn0, 2 HWTHRIET
BEREAT - fo il TIESnCLA UV TR THRRVEAT - 7ol & IR TIV I >
LFTSIOERTE {AHL TV BEEBIT, BILINTHBEEEL SN D, 4
BT HIRAIH. KSnOEGE% &R THMETD ESnO 8 RmITL S AH L.
THICRUEEET S L, RuESIOEMMNESICE S EBE LI, SHIKRERT
BITERALT 3 ESnOBADIEE bEZ Hbt b ERuESHPLIBEAEL. K<

SnAEIE XN B DI HEREEN S (. CORKEDREFRN VL ELDT
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20 30 40 50 60 70 80

Fig. 5.2 XRD pattern of the Ru-Sn/alumina catalysts
prepared from K,SnO,, with calcination

(a) 300 °C Calcination
(b) 700 °C Calcination
(c) 800 °C Calcination
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RV EEZ T,

INSDREBEREEW EOMEEFHELLS RE7HIC, CO, BEREZEL LU
C=O 8D KRFRIME M LDOBRIIODNTHEER 7 7D TR fo, #5E % Fig.
53R Uce TDHRER. —BILRFEDOBERIDIL C BMERBEED L UM
EHERT &0 HELHEE NG SN,

ULrD#RI D BEBREENZ VI ISnAEITI P9 . 51&FiXSné&
RuDEEMHNER Z DT RIZCOPKIKDBRE &NV D . ZOEMIKRE

WAIVKRZIVEDIKFRILICETH B EEZ T,

532 EEREFHEME (SEM) b LSRR E FIHME (TEM) 10Xk At

RIEBED T

0 Y DOIRFLRSISE UVER %R U 72(Bu,Sn),0% i W TEREL U /- fikff (Table
5.2Runl) B0 Y VOKFILRISITAEOEH %2R U7cSnCLE LTRSS L -
fihidk (Table 5.2 Run 2) {IDWTEHLH, 10,00042D %3 TSEMBIZL 12 & N
Ru & SnD 3R EE A 41 % 72 D ICEPMAR i W T IE BT 41T - 72 55 %Fig. 5.4
BIRUSSIZENENTRT, WTNOMET bRuLSniIRA L2 EN S I N,

B umOKF ETRRuESIOE—IZHB LTINS Z EDRR SN/, RITEARY
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11—
10 ;39 %\ Hydrogenation
—_ 9 .". \7 SOACtlvlty
g8 g 8o N
Q 0() 40 .
2o 9
.é‘ 7 5 7 /
z .
-2 20 ..
: Q}ao
| :
o ?/’56340?.301
1t ‘ | | I l l ‘
0 1 2 3 |

CO adsorption(ml/g-cat.)

Fig. 5.3 Relationship of CO adsorption, O, adsorption

and hydrogenation activity for rosin
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Fig. 5.4 SEM-EPMA images of the Ru-Sn catalyst
prepared from (Bu,Sn),0 (< 10,000)
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Fig. 5.5 SEM-EPMA images of the Ru-Sn catalyst
prepared from SnCl, (X 10,000)
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BFIEMEE (TEM)ZA B W TERROMIE O XHRBOBEE T - 70, fkEFig.
5.612R T, 500,000 B2 T 5 &(BuSn),0% HNTHBMUAMETIE, &
MR FNBEAEAE LT e DIt Uy SnCLA FILCTHRE U 7oA TS
ROVEE LTINS Z EARENTS,

BT SN TR I DU TTEM-EPMATHL F— D — D DIt HR M 247 - 720
Table 5.2 Run 10Df i (K, SnO, % Fi L\ EIR TORKLEELFEAL ML) &
C=0%t 2 DIKEALF ST & A EiE % R & 75U Table 5.2DRun 15O (SnCl,
L OEB USSR THEBAET - i) T2 T, ThThD5H%Fig 5.7() &
(WS SIEREE i TI210 ~20 nmD/N X WKL FARENIC S HAEEL T
DIzt U AEFEM7S il T1250~100 nm DK & 2SR FASRENSAFEL Thic, X
Sz Zh 5 DR FOTEM-EPMAIC & 5 43 Hr#E R % Fig. 5.7 (@)% KUMITR L7,
BRI TEE S (10X10 nm) %47 » 7o & & A &L g T 13 Fig. 5.7(@)Il
4 & 35 1ICRuESn O DT E FREEHE X h 7o D10 UK 2tk T idFig.
510025 F &5 ICRUDAMBE I N, THhODRERNS . C=08& OKFEAL
RS E A 5 U7 i TldRuESnABIFICBA LTV S DI L, C=08 &
DIKEALT I & A STEM AR S O TIEA & SRubL P8 S 0, Rl

TRuESIAREE L TN D Z EABSNITTE - 7,
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TEM image

k""’\———J T VPR Y f""*""*"'f) 4%%%

X-ray energy X-ray energy
EPMA analysis
(a) (b)
Prepared from K,SnO, Prepared from SnCl,

Fig. 5.7 TEM-EPMA analyses of the Ru-Sn catalysts
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5.3.3 TPR|Z & ARu-Sn& @D/

RWT LI F. STV F. VI IVEETHSLL fcRu-Sofill, C=O5&D7KF
(LIS BT % 72 U 7c Table 5.200Run 100 i (K, SnO% FULV&iR TOBER 1
BAEA) | C=O8 SDKFALKIGITIFEA LiEHEAE RS 75U Table 5.2 Run 15
Ofbt (SnCLA AV EIR T ORERTREEA) OSOOMBEOTPRERE LT,
wem £ Fig. 58177 F o RWT VI F TR, 200CIZ Y+ — FRABTLE-I7 DR S
- DIcit L. ST 3 FTidd00 °C~600 Ci 7o — RGNS G RTE =7 0
Boflre o AUCH L. C=085EDKFEALRISITETE M%7 U7cRun 10D T
13200 CIzRUASEBITL XN D E— 7 DA, 220 CiZHric Bt —7 M o7,
Z HURuA200 CTRITX N2, RusSndE&e s UL BEERIANLPR
BTETINIIDOTRIEVOEREING, —F. CCOREDKRIINITIZ &
A, & FEHE A7 X 72U Run 150 Rl T14200~210 CiZRuE Bbh 5 ¥ + — 77L& IT
E— 2 & 5h. 300~500 CizSnk Bhbh b7 o— gt -7 NRonr,
RUCREULRYTIVI F ESHTILI FEDARY MVANCEL (. £l ETR
RukSnpveik U TSN TNE 2 EERET b, —H VIV - FIVETHRLUC
i dRu 3 L OFSnD B — 7 13 4 Ly 200~300 Ciz 7' o — FiZ E—7 DEE S

Nize JIb - HIViE THRE L MBI 2 OFBEOFSE U TERETHE L
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L—J uu/alumma

l Sn/alumma
L

Catalyst(10)

——

Arbitrary Units ( Hydrogen consumption)

L\‘_/_\ sol-gel

IIIIYIIIII |Ill]ll| T

0 100 200 300 400 500 600
Temperature/°C

Fig. 5.8 Temperature programmed reduction of the Ru-Sn catalystsa)

a) H, concentration = 9.8 % (in Ar)

Heating rate : 5 °C/min
Detector: TCD
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AR & 0 BRuE ST ICENZ EN BRI SN THE D, RuksSndk D
SEDEEINRTNDBDEEZER SNDb, TDIHIIRYTIVI FPSH/TIVI F
D&HEE— 7 3EEINT, RubSnDkkx BESHEWENER L. JOKET
D— NRETE—70EET A EEbN b, §5.3.30TEM-EPMAD#R bHDH
TH#Z 5 & @EME R UcRun 100 T I13RuESND R ENE F Y Ru-SniE A
AR LTSI U, KIS Run 1S O TIERuESINERETHBEL T S
EEZoNS, ThoDZ XD, REHAAEED220 CORETTE — 7 (ZRu-Snd

BRBIIEDBDDEZEZ D ENTE S,

5. 4 KW

LR, TPR, ¥ K UTEM-EDXDEH ST O#REBERNIEE TS L

FIRFAAEIC DV TUT DL I BAR /LI E0TE D, $HOL, EHD

BIFIS A TIERuUESIDEEDER L . DAV AF L IIVEDC=0455DKF

LIEHRETH S EEZ 5N 5,
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5. 5 BIAXK

1) ORIL¥SR, " (LHEE  (EEHET) " GG, AL (1975) p.963.
2) M. Masai, K. Nakahara, M. Murata, S. Nishiyama, and S. Tsuruya, Studies in
Surface Science and Catalysis, G.M.Pajonk, VOL.17 (Spillover of Adsorbed Specics),

pp. 89~99, Elsevier Scientific Publishing Co., Amsterdam (1983).
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THIWK B DT AT IVDIRATIEEME T TOKRILETH T EEZHNELT,
WA ST 1) S 3E#FRI-Sn & 72 (XRu-Snfiffif 12 L 5 77 Lk VR X 7 LD C=04%5
S DIKFALEBIZ DN TH NI, RhPRUD A TIXC=08 A& DKEILICTEHRZ R X
DY, SnDE AN S L C=04E4 DKFRIEE S L5 Ui, MEREEDSn
LaoREE., HAOEE, RTEE., BRREL EE. C=Of&DKRFITK
X B L, SiapETE N, RuF IR EDHEERANKE (115 LC=0#E
DIKFALITEH W ERE R LT

WA 3513 % $EFFRu-Snfibi 2 & B A VR v DC=0#54 DKFELEREIT DU
THENI, ZORFER. EFHREEOSHEAY ORBHIC K > TC=0E DKAE(LE
Hi3Z L L. (BuSn),0, KSnO,&NaSnO,NC=0#4&DKFEIHMTH -7,
Sn/Ruft % EH4 5120 7T, C=Cﬁ%§é*0)7}<;%{ LiEEIE LA U C=0%58 DK F#ALE
PR Uts, AREEFRSIR OB IR & BITRE X EY) 5 EC=0E 5 DKFILE
P ER U, SR TO B TR ZEA U /Ru-Snfit 3R~ DA IVK VRO K
FARISICDENTH > 2o Ty CORu-SHHER FERICE O THHFICE
RSt FTHIVER VBRZEKFIALT 5 ENTET,

Z 4 & ORu-SHf DI DWTLERAE R, TPREEDF ¥ 575 ) -2 3
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VAT, BEETE SR K CERBIC OV TN, FORRE—BILKE, K
FEOWMENITE AL BERERNS VMY TEERETT 2 &, C=O0RED
KFEALEHRIER-SIDSENAE CBE LTV S 2 ERINIS

S S DR RSB il D £ 7V % Fig. 6,112 779, $E#FRu-Sn
Rh-SofifiEi= 5513 % LA VEER A VK VBT X7 VD KFALR IR T, Ru,
Rhi7k E DS REE A 1T SnARITT 5 & & DITKRILD 7D DEHIIKEE it
#B L. SnZALRF VIVEOBFEERE LIEHILL TS, RubkSnDEEEED
EE o A TIESIAETINDT (. C=OFEEDOKRIRIEBEARTNI &

MBS DML 572,

R\C/O—- H
|
GOCESCE

Fig. 6.1 Hydrogenation of carboxylic acid on Ru-Sn catalyst
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