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Selective Hydrogenation of Aromatic Nitro-compounds

over Supported Metal Catalysts

Specialty: Inorganic Chemistry
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Aromatic haloamines are used as important chemicals and intermediates for the
production of many fine chemicals such as dyes, herbicides, pesticides, rubber and
drugs. It seems to be an attractive choice to selectively hydrogenate of
haloaromatic nitro-compounds to the corresponding aniline catalyzed by supported
noble metal catalysts in liquid phase. In this research, a variety of supported
catalysts containing noble metal Ru, Pt, Pd and Ir, prepared through different
methods, were used in the selective hydrogenation of haloaromatic nitro-compounds
to the corresponding anilines.

Different methods to prepare the Ru-Pt/ y-AlLO; bimetallic catalyst and
corresponding catalytic performance in the selective hydrogenation of
2,5-dichloronitrobenzene  was  investigated. It was found  that
polyvinylpyrrolide(PVP)-stabilized Ru-Pt/ v -AlO; (n(Ru)/n(Pt)=4) bimetallic
catalyst III; exhibited the best catalytic properties. There was a synergistic effect
between Ru and Pt in the hydrogenation of 2,5-dichloronitrobenzene. The addition
of Ru to Pt/ ¥-AbLO; not only improved the catalytic activity, but also inhibitd the
dechlorination of 2,5-dichloronitrobenzene. Adding different metal cations directly
into the reaction solution exerted different influences on both the activity and
selectivity of the catalyst. The most favorable influence was obtained when Sn** was
used as modifier for the bimetallic catalyst Ru-Pt/ ¥-Al,03 I11;. The conversion of
2,5-dichloronitrobenzene and the selectivity for 2,5-dichloroaniline increased from
41.4% and 63.5% to 100% and 77.6%, respectively, when Sn** was added in the



molar ratio of Sn**/(Ru+Pt) = | under the reaction conditiens: 50 'C, 1.0 MPa, 1 h
and n(substrate)/n(Ru+Pt) =1000 in absolute ethanol solution. The conversion and
selectivity reached 100% and 99.7%, respectively, when the reaction time was
prolonged to 4 h under above mentioned reaction conditions. No dechlorinated
aromatic amines were determined during the reaction process. Meanwhile, it was
found that the modification of Sn*' to the catalyst III; was outstanding in the
hydrogenation of other haloaromatic nitro-compounds.

The selective hydrogenation of different dichloronitrobenzenes to form the
corresponding anilines was accomplished over (PVP)-stabilized Pd/ v -ALO3, which
exhibited considerable dehalogenation activity. To improve the selectivity for
dichloroaniline, the influence of different metal cations and the influence of different
adding methods of Sn*'was investigated. it was found that different metal cations
exerted different influence on the activity and selectivity. On the other hand,
although adding Sn** decreased the activity to some extent, it obviously inhibited the

- dechlorination after SnCly was directly added into the reaction system. When the
reaction temperature was increased from 80 °C to 110 °C, the conversions of 2,5-,
2.4-, 2,3-dichloronitrobenzenes reached 100% over Sn**+Pd/ v -Al,03, and the
selectivities of 2,5-, 2,4-, 2,3-dichloroaniline enhanced from 84.5%,76.1%,86.8%,
over Pd/ ¥-AbLOs, to 98.7%,100%,100% over Sn*'+Pd/ ¥-Al,0;, respectively. In
the selective hydrogenation of mono-chloronitrobenzenes, with prolonging the
reaction time, the selectivities of p-, m-, 0-CAN enhanced from 12.7%.33.0%4.42.0
%, over Pd/ ¥-ALO;3 10 95.5% . 95.9% . 98.5%over Su*"+Pd/ y-ALOs, with 100%
conversion of substrates.

The effects of reduction temperature, reduction method, differences in
reductants and supports in the preparation of supported Ir catalyst on the catalytic
and selectivity were studied. The resulis showed that the catalyst It/ ¥-ALOs; (132,
prepared by conventional impregnation and reduced with hydrogen under the
reduction conditions: 120 'C, 2.0 MPa, 1 h, ethanol as solvent, exhibited excellent
catalytic performance in the selective hydrogenation of p- Chloronitrobenzene. The

conversion of p-Chloronitrobenzene and selectivity for p-Chloroaniline were both



100% under reaction conditions: 50 C, 0 .5 MPa, 2.5 h and a(substrate)/n(Ir}=3000.
Despite that the conversion and selectivity remained high after the second recycle of
the catalyst | ;, they gradually declined as the recycle went on. The catalyst

exhibited excellent activity and selectivity in the hydrogenation of other

halonitroaromatics.

Key words: selective hydrogenation, haloaromatic nitro-compound, metal

ion, supported catalysts, Ru-Pt, Pd, Ir, alumina,
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Scheme 1 Tentative reaction pathway for the excisive reduction of

aromatic nitro group under CO/H,0 conditions
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Scheme 2 Reaction pathways of the hydrogenation of CNBs
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Table1-1 3035 & 9 R Fh 5t & JR SUB7E A IS 5 _E 1055 1 th K AR 42 g2,

Table 1-1 Effect of type of catalyst support on the conversion and selectivity

Entry  Catalyst  Conversion of p-CNB (%) Selectivity of p-CAN-(%)
1 5% PYAC 99.1 95.7
2 5% PYSIO, 13.0 100
3 5%PYTIO, 8.0 100

Reaction condition: p-CNB: 0.316 mol/L; volume: 500 ml; catalyst loading: 0.01%,w/w’;
P34 atm; temperature: 60 °C; time: 4 h; speed of agitation: 1080 rpm; methanol as solvent.
K catalyst loading expressed as weight percent of catalyst based on the weight of p-CNB.

Cog B $MRLEERT RRARART RE MR &N Pt A
p-CNB AR MEIEW. MTERET. METUREHNERBLEW A iTEH
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SMFNEEFRREESE - REBMIIER (SMSD T Pt X} C-C1 IS
PRI T EfRAEE. ‘

V Kratky 28 7 ARBRARA O ERHER (x-CNB) 4514 PA/AC A
PA/D HELINEFEENER(E 1-2). AR 12 WBEETLEY, =FE#E

Table 1-2 TOF (mol H;/(mol Pd-s)} in the hydrogenation of x-CNB (x =0, m, p)
over Pd/C and Pd/D

Substrate 0-CNB m-CNB p-CNB

Catalysts Pd/AC Pd/D  PJ/AC Pd/D Pd/AC  Pd/D

TOF 0.15 036 015 (.48 0.17 0.38

Reactior conditions: catalysts: 500 mg; mixture of methanol and x-CNB 6 ml;
D: an average diameter of particles: 0.08-0.16 nm, crosslinking degree: 4%. -
AC: SBET=1210 m%/g.

Pd/D LH) TOF (At PU/AC &, FER/SHAE PI/D LK PdHEE A, o
HEHS, SHREBLTEHTROR B, 52850, BEEH¥EmOH
ST R AR E R AR LT LR MEEARR, € PIAC E, B
EHMER C-Cl #MEMERN T W PA/D 1§k RMELME AN
#B, MEARE CCLBHER.

PN.Rylander et al*\ H7Ef4L p-CNB &b, LRt BaCO; i) Pt
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BEALTRIHE R p-CAN BB DURY r-ALO; HEAR .

Zuo Bojun BN FH A TR Ru BRI E] SnO, Befh o — e #
H1 % I — M F P RwSnO, B S GUAEAH, MR Ru K TI9RIER 1.3
nm, WRERA 1464 m¥g, MUFIKTHIER 1.2 nm. SEAREEL
0-CNB JNE# 0-CAN R RILE THREMGELMERE, EOFEERMRRE
ff] PVP-Ru BE AL 6 18, R E MR IFEHIE R Rw/SnO, EHFIK 72
15, RIS RNAE S, 75 RwSnO, H& KBTI SnO, Z1KK T
Xt Ru BRI PEG AT SRR, BALFIHE R Sn* 5L Sn**, F4E PVP-Ru
BRI R K Sn™ PI—$EET LS 0-CAN Hf-NH, Bof, TR
HEATEERERME . PVP-Ru IREEAAT NS BE T B TFERKMSHRT
% X-Cl M-NH, 5 Sn™ Befr %4, MITHISE T So sHEkim MR BEER .

Junling Zhang Z“i# T &4 TR H9 Pt ¥R Fe(OH); BiF R &,
BH PY v-Fe,0, E&HKELA, BiL STEM F1 H, BEFRIBELFF PRI
M EERE r-Fe 05 b, K424 2.6 nm. AT o-CNB &b kM, &
R PY ¥ Fe, 03 MEUER RH PVP-Pt LN 67%, {H o-CAN HIREMET
99.9%, B o-CNB TL¥, MBEARNINABRBE~YWHEL: aT
Pt/ r-Fe;O1 1 Pt FTRIZZ LR K PUFe; O, AT E AN, BTUVBUFIEHFS.
Pt/ y-Fes03 7L 333 K. 4 MPa T #4LBHIIT 100000 FU1EBL T, 0-CAN BYIE#E1E
HARET 999%, UHIAMAFREHRE. FHF ARSI OS
EHEEAN S5,

Han Xiaoxiang %" v-ALO;. Ti0, M ZrO, L 18 Pt. EH T HIE. 303
K RR&M T LA RHERN NS, RRFRBRFHEREAMETTRT
J3: PUTIO; > PV ¥ -ALQs>PUZr0,, 4 BAR R M BN BRI F B PYTIO,
>P/ZrO, >PV v-AlOs. Fil KBH, 238 I B8 T BiE L igtE.
(2) WEREESHESREHESEITFMIE LM EFREEEEH

B—MRERELHNEERARS, BHNELEFREFAEE, LY
TEAENREN T EFRBELEYMEER, RENSRGRRNEE, X
BRI LEmr R ERmAE, nARE I R&EEm. HREYw, |
B—REATTMA—FELAOBEEYHECE S, TS FERETMRE
RERHNE.
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Coq ZMrie et BE A, FI PM/ALOs (M=Sn. Pb. Ge. Al. Zn) 3
p-CNB AL ISR R, 2 M/Pt (EIREL) =01~02 8, §—-FREK PR
T ERLRMETARREKE, FEREZMASBRTFIE _MEEELT N
=0, HRFRBH H, %, ATHET RAOER. Sn AR FHBIEL
F, 7E p-CNB #4LFE>98% Y, p-CAN RIRFMEL P r-ALO; R 82% 25
Z| PtS/ v-ALO; (Sn/Pt=0.36) L 97.5%:; H—HH, p-CAN fl p-CNB 1t
LT _E AR R EUAEE PY ¥-ALOs B 1: 1.6 Th PiS/ v-ALO; FHT 1:
10, XEFH) p-CAN ER G MELFIREHEYIAA TR, BaTil-5
NS E R A, ISR RIS R R

7E{E 4L p-CNB HIINE R, 1A Pb.Sn. Ge & B 5#4LH Ry v-AlL03
B Ru A S, BIEREETERANERTMARE &R, TES
BHEET AT S BEE XY, FEMBENEHE S SBANEER e
SREALTINE: —RIFRE _HEENEIHER Ry r-ALO; KRN
K, 16 Ru 55 Pb ERMIE S RITE S BT Ry ¥-ALO; L RREHER
TR &,

Kosak %5 Mf) FE @SSR 37 Ru AALR E ISR 49 S 3R M 512 Pt b7
EHRESE, BTN EANAREREEREEER PRy SR
RN, BAEFERRENT 200 B § ALO;. it C. Si0, FIfEREE:. 24 RwPt

(B K& 60/1~3011 B, Pt BB FRMBEHELMOEE, TRER
MEEEl T e A RERBREESRI RN RE, TAERHEEERE.

AAEMWI A TR PU/AC BB RMAEZRPSIALBr #ETE
F, BUHEARILL L Br A, AU PUAC BEAFISEE, B
BEAER . 2EEHURHER Fe BB BHELEAT, HFME PYAC 1L
MRS EHELAYRNERS, BB E R i R o AR Lk
. EELHYHRHETE PUAC B IBRIEXNR A RS, FNESR A
Pb. Cu. Ni. Bi & Cr MM L, BRAXLESRAES ERESS, MRS
HEE M RNRAYS, LRI AR, SR"HE, B Cu
W5EHERBARR, RELSRBHNEETRTRNMHERBEERNEHE
FRERRE.

B 22 T WS E(Cr, Mn, Fe, Co. Ni il Cu)ft PUZrO, #4k
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p-CNB B RR B R M, RELE W PYZrO, 15| A Ma, Fe 3 Co AT LU i
SRR RIE PRI AR p-CAN HUSE#RYE. 7E PINYZrO, AL B AL 75 1 B
£ Ni RSN, B2 p-CAN FIEH AR 99%.

Han Xiaoxiang 2PV Tid I £J8(Cr, Mn, Fe, Co, Ni £l Cu)¥t PYTIO;
4L, x-CNB (x-p~ 0. m) BRI . £FTEERX PYTIO, #1k p-CNB
PIEM LG RN E R AR, B PFe/TO, BRI, #ILE%MA p-CAN
FIEBEREE Fe 5 B ITRS: £ m-CNB INE RN, HA PICYTIO;
FHHEIFR L IEYE, B N &% PUTo, BN EWHANE: Al
IR POM/TIO, HEALFURY o-CNB SRR A K.

Tablel-3 Testing the activity and selectivity of a variety of catalysts

on the hydrogenation of o-Chloronitrobenzene

Catalyst Hydrog(s:nniz;t;on time Proporti(()g gf ;::;iline
5.0w%Ir 4. 2w%Mg,6.2wr%Fe 45 <0.05
5.0wt%slr, 10.2w%Fe 50 <0.09
5.0w%ln2, 1wi%Co,8. 4wt%Fe 35 <0.07
5.0wr%Ir,6.3wt%Ni, 4. 2wi% Mg 60 <0.3
5.0wr%lt, 10.4wr%Ru 40 <0.2
5.0w%lr,3 2wt Co, 3, 2wi%Fe 55 <0.15
50wl 45 0.2

Reaction conditions: py; = 10 bar; §=9 C; stirring speed: 700 rpm; W(0-CNB) =78 g;
W(catalst)=0.385g; 0.8 mol%of triethylamine to 0-CNB; the proporation of anitine in the
product was determined by gas chromatography. The Ir content was with reference to the fotal
weight; the other metal contents were with reference to Ir in catalyst.

L Ir HE4CY, 5 Mg, Co. Fe. Ni. Cu, Ru BEL—HEBHBRHAR
B3 Ac Bl ALOs. TiOs SiO, SXHEB L, BARBNTSBELN. &
Ir FIHE8EN 0.7~5wr%, REEBHNE Ik MERLLN 5~50%, 8BEH 40~
120 C, EHA 4~150 bar, FFRIESTIRYE 0.05~5m% B = ZEH &4+
T, E-RIIAEA. ZFANZERBEXIME RSP, RLELFIRL
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B TIRIF RIS RN, LB TRARN, £REELEWH
B 11l (Tablel-3).
(3)  EIMTEANNGEFRARBEFEEERNFHOAN

vitulli® 23 HARS TH R Pt AR ) PY v-ALO; BEEEL IR
FKAELFITE p-CNB A INE KR RIMEAIT R, RIUHZ BRI R &
N, B PV r-ALO, EBEMAFRB 2| p-CAN B2 —F=&, 1A PV r-ALO;
MEAEAR, HEERER. k. “HORELHARE Y.

T B S b 2 0E JR iR 418 PA-B/ALO; 3ERSHEALH, I T i mE
BIREARINE K MR FRERERY, EiEEAFP, Pd-B LAEARR &
HESA L, ARSI AERERELENE, e S EeEEER
w, BREENT 4%, .

EHRBEAEN—SEANESHER TREEIRF EHELEYE
KEFemE e, MERENRERSWT (Tablel-4). HIMALREFia >
iR R R Ak R LR A AR B AR

Tablel-4 Various catalytic system for hydrogenation of halo nitro aromatics

Catalyst Reason for suppressing hydrodehalogenation Reference
IAC Intrinsic property of iridium (4
Ir-Fe.Co/AC Effect (Tf dopinjg elx?ment's Fe and Cu 1591

in combination with Ir
Pt-CWAC Decrease of activity through Cu il
FUAC Effect of modifier B1
formarmidine salt
V doping cause disproportionation of
Pt-V/AC intermediate hydroxylamines thus B8
accelerating the reaction

Pt-V-H3POYAC Same like for Pt-V/AC el

2.2.3 EAThENhBnEaERELHNSE

HEHARY, BSFLEYRNT MR ERELTN—MEHR
th, EALR—FXHEE, S TRPEOELR, TUELFINEESET
MR A RN, HEAFIEETORBRALERFERRE THE, A
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it S W A AR O,

Holy ™ 1 YR A sk i B3 206 i ik £k Pd {465, 7E 80 C, HIET
AU E AR, BRI B RETR . FS M Y A XS A s
WHESETY, HETERBATHRE. $5F. . SEARESTRAnm
SAEH. FE70 'C, 5.6 MPa 1L £ T, ZEAFISTRE RN EY Sk,
BIEER, 0.4 MPaH, M4&M4 T, BALRIMEER K.

NH;
COOH

CICILOCH,CH,
O-O—a — @LO-oma T OO OO g
NH

NH"F’d\—Ci

f ~-COOH f %/0

EWHECIATHENMENNEBREEN BSTRENE TOE
Wil ATHERECAYRELME, ERERETTEREE 100%Hi
AR, HRE BB AN BN LR BIAB T 90
WUl L, SLEFIEREA 80 %k, i —ERLEN.

2.2. 3.1 S4THEWRP AR & BB B H it

H Nord R AEREMTRASHMES TS EERRZHEB PVA)
RIE Pt RERBRENELEEHER TRAEANRSBREAAUSE, BT
AR AR EREMFIERCTRZE THLHENT. 70 £R08, B4
MPA RS RT UBAEEN. SRES TUEY I RPANHER LR
BRI R, HET PVP (poly-N-viny-2-pyrrolidone) B 848 F PVA 4
H. BIEEEEIRE PVP R HE&REATR RN, 4%, ME+45R
R, BlEITHERE, ERMEE, AMAAISSEH. BEOSEERN. Bk
SERBETHRAHAMESY, BERENRTETNEEEESY, #—
THUAEEEY, BRELNE, S84UHE—SEERKT, BREENSH
&R. HZEEE Ry, Pt BFA LA FRERS,
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RuCl; + 3 C;HsOH = Ru + 2 CH,CHO + 3 HCI ®
H,PCly  +2 CHsOH=Pt+2CH;CHO+6 HCl @

Xinlin Yang et al*' R T —RFIEBE TX PVP FaE 11 PVP-PtELTE
TLARERE R (o-CNB) fmEtEaem. KA 30 C. H, E77 0.1 MPa, ¥
BEEM RN, PVP-Pt EEBEMEILEN. EHESEET Na'. K'\ Ba™, AP
Eu#ESEET o Mot SR RN S FUER R E £ KEW: WikLR
BF Fe™'. Co™. NIPHLABI IR EE AR, KA N
EHE, EHMAE o-CAN FE#EEM 44.7% 8 INE] 66.3%, WY JLF
RET 148 46 NEYPLEE/RE N 8 W, EHEAGE RN RS T B KK Za®
YRIVA B Sn™ RHELFIERI T BEEM: 1B KA CuP [ RUFIEL RS
ALERR T SRR S YT PVP-Pt {LFEN o-CNB IS R R M, s
RERFW, TRAERT AR SR -SYEEEE 5T R R RIE RN
EEFM, HEMNESYE Nilacac), fil Na[Co(acac);| B R &IF, RN TOF 1

(AL ia) Py B A AN EEEG A Hy MEERE) WAIE-E4R 041 mol
Ha/mol Pts 435I E 3 0.72 mol Ha/mol Pt-s Fl 0.83 mol Hy/mol Pts , 4k
0-CAN FLEEF A 42.6%5 SR & 2 76.2%F1 76.5%. F Ni(en);Cly 41T,
WHMRE (94.0%), ERFHERK, TOF HRF 0.16 mol Hy/mol Prs.

# PVP-Pt {4k m-CNB, p-CNB MImERNYF, HFEMERBRS
Co(AcAc): F Ni(en)s™ 85 m-CNB &L m-CAN RIS FEVE M 82.2% 45148
HE] 95.5% % 99.9%, Ll Fe(8-HQY (8- M)/ MFI/E b p-CNB IE R
i, p-CAN FEEHEMREBEE T 99.9%, EXELEEGMEERC |

[ B B T 3 A R BB AL RN 1B iV F WY BB5E 2 4H R . Manhong Liu er
ol B 9T & BB T %t PVP-Ru #4k 0-CNB REEFIB MK X8, VIESEBE T
Fe''. Co™. Ni*'%f PVP-Ru (4L B FARXS PVP-Pt f—F, REMEL
M. SAT, 7E PVP-Ru LA RS, S PVP-Ru ME4LiEHIER, 2o Wi
IS RA K, BE PVP-PEMAEFRD, S M Zn¥ 35{E PVP-P L
#l, 7 PVP-RWPHA/ )& BAELIHEN o-CNB MR R R, Fe''. Co™,
Ni** B 4B 88 B ZE HRE T R 0-CAN I #YE, (B RV RIFEM T AL, Zn™
FERUATERE, S0 EBERRAK, BRET HLEET. 2EET
EHERFHINSREFHE. HUABHE So° FET Ru-Sn/ALO; 4L Sn,
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FEHE 4L p-CNB INEZE R p-CAN RN o RIRE S S AL A,

L NaBH, i R H & K PVP-RwB 5 LU ESE R PVP-Ru AR
et s BB kP, XpS #r 3 & BL7E PVP-RWB 1 B AR (LA ATHH R £ B Fi
RAFA, A THE B ELTIF B WFHF LT B BB, XiaoPing Yan
[Pl T PVP-RWB. PVP-RWB * (F NaBH, L B2y, 8 7AR
HHBETE). PVP-Ru (L ZFERETE) =FEAT], T o-CNB & JHH
0-CAN W[, $5RFRE, A=FElFEL o-CNB RIS RNEREY Y
0-CNB KRBT X, REHKMN. HA PVP-RWB L) R PHE R AT £
H PVP-Ru HJM5 £ PVP-RWB ~ MIFIf5. TEM WA =FE4FEEH RN

Tablel-5 Influence of Na;B40; on hydrogenation of 0-CNB over PVP-Ru in the

presence of metal cations "

Entry Catalyst system Conversion(%)  Selectivity for 0-CAN-(%)
I PVP-Ru 21.0 : >99.9
2 PVP-Ru-Fe™ 19.5 >99.9
3 PVP-Ru-Cu* 3.54 >99.9
4 PVP-Ru- Na;B,O;" 43.1 >99.9
5 PVP-Ru-Na,B,0r-Fe**® 100 >99.9
6 PVP-Ru- Na;B,0; -Cu®*® 72.0 _ >99.9

* Reaction condition: 4.0 Mpa; 320 K; 2 h; o-CNB:1.0 mmol; 8.0 ml Ru colloid
dispersion{containing 1.82 mol Ru); methanol as solvent; total reaction solution volume was

15.0 mk: PVP/Ru= 50; M™/Ru= 1:1. ® B/Ru=10:1.

RS AANAERAD, ATATHERR TN EW: XPS SR H =ML
B Ru HBGEEABMNA, HBH7E PVP-RuB F B 1S E B, B RS
FMeHE, WZE PVP-RwWB ~ FRMMT B . H/&UHF PVP-RuB ~ &
PVP-Ru 1AL PVP-RwB F B & EAHEM NayB,O; f&, RIBIHMIBILENE
feiR M Z) 5 PVP-RWB —REIIKTF, AT, FE4LFF AOUREE Eh T v 38 A 1L
R IEPERE) T BIFREMER . SCPEXMLEE O, Mo, Fe¥. Co™.

N\ Cu* Zn®'. S BHE - &RE T ZHENRIEEGEN, BRE,
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B Zn®*. Sn™'AMEE B TR PVP-RWB KBS E — e EEER, Wi
HHE&BEFH PYP-RWB ~ EEHSEERW. T&EET SRS
Z [ FAEHITERMB RN . £ PVP-Ru 1A NaBO; R AR 24 )8
BT SR XA Z O FEIRN, 4 %N Table 1-5, £ PVP-Ru RN Fe®',
Cu'WHELENE —EMsER, TE F. QO EETHERNARFEINA
Na;Bs07, 0-CNB R LEBRR T AKER.

3 PVP, PACLE T HKZEEY, R THH: 48 h o[ H4% PVP-PdCL, 4
651, AT p-CNB IS, 7F656°C. HETHRIME TREMELEE, #
ERMEEEBE~WAEE, MMEH PvP #E N XU & E 4 47
PVP-PACL-RuCly, # 1LO%MERRFTAET, Bl p-CAN BIEFPERE R 94%.,
RO T RBOIER R,

Xiaoxiang Han 7E3CHRUSH, AMURR TH T &BETF (Sm™. PrF*. Ce™.
Nd*, La*") %f PVP-Pt 4L p-CNB BB R NN BM, FEET
BFENFE R AN, FREiTeT PVP BB R K
. LR REW, HinsSm®. prt. CREIRE p-CAN MM, (B
TR, R ERPBATERE (0 KOH. NaOH. n-BuN. EtNH) #RE
SEIRE PVP-Pt MAEILTE MR 4RIE, Bw IS 2 AR/ A () JEE R bL e e
YEIE BB UF s 7F NaOH/E (BEIR EE) 8 0.12 0L F, R AL PVP-Sm-Pt
BEBEH p-CAN M, R, PVP HITBEN RN KERGERE, o
BERERZBEMN PVP 5R 2B R Pt g A B R EAER, AT S #k
EE EHRRNAHT, #H PVP (90, 000) {EEEFRIMAELLA PVP-Ce-Pt*
B PRI R B R,

CERU BT PVP-PA 4L PVP 5 Pd HE X%, AKH Pd EFS
PVP i) C=0 FEMBAER, FRENEBREER TREAER, &K
FE40) 7T A0 I AN = O R B A T R AEF

SRR T PVP 54 BET (Fit. Co™t. Ni¥T) MIMEMER, RIE
m&EREFE, PVP 5&REETFHAT AMREBEMNEEY, ZWESE PVP X
R EIMEIER, A iR R AR B R R R I R
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2.2.3.2 ENFHEHRPHBREREAFIHER

B4 B F S e TNRERTHRALRA, sy FRP
HEABEK, SRTSBRRBARESL, BT ERRLTT S 5
15y A E R RS R,

Yuan Wang"HRiE T F A BETERERE LRI BRI AR PVP-Pt SRS
87 Si-SH-Pt AL, AT ZIHME, EHERALE T, ZAELFIRELELT
—RITERIA R PYAC B 100~300 15, ZEWFIFRE PtRFET 5 PVP-Pt
BIRAARR Pe MRS ARER R, SR T ERRLT ZRE,
AESEYGBENGS, EHSRELEEZEAK, EEFRKD.

mF B T RUEANEBAMESTREXNSRRHE, THSRH
YrZEW Pt LI RATRR A ], Weiyong Yu*O'Beit T LT gkm & 8
o TR & RIS BRI TR PS CEZ8 — — ZIGR A IRYD.
ALO;. MgO ZHATAMAZRRERE (TPP) MZEBEHLE 3 /et, KRR
B PVP-Pt P B 24 A, B, R H,O BRAFE/ZEE (4: 1 4
) WA, EFTRERITHERN 0.5~1%1 PYPS. PYALO;.
PYMgO fE4kF. TTE 4178 PVP. TPP &k % . TEM B4 &7 PUPS
BIFHARR N 112 om (BR¥ERZE 6=0.31nm), PYALO; FHHZEH 113 nm
(6=031nm), SEIIHELAEE PVP-Pt (K43 1.12 nm. 6=030mm) &
IR B SR NIRRT . ZE4E4E o-CNB ME RN A, PYPS. PYALO; R
H Tt PVP-Pt BAFHMECIS tERE N, Hh PUPS HOMELIERREENF . TR
HREH, PVP INTFIER S B RS RS TR M. ti17EX
MBI T & BEF F't. Co™, Ni¥'tf PuPS ML BRI R, SREW,
Fe' 'BRR T RAUEEHE, Co™' 1R T RACIEHEEMMMEE T, N RHE
B TGRS N e PYALO;. PUMgO MALFIN, HRIH
TAFKEMER, B8 TEREEMRETEE (Tablel-6). FENERBET
FHEMHLERAT T8R0T RMAERLARAMNEBEFIRILT N=0 &, Ml
AT ETRSN H Y. BTN Pt EBRSEET L, Hin Pt
T N=0RMRHEES, MTHRE T RENFEERMERHE.
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Table1-6 Hydrogenation of 0-CNB to 0-CAN over different catalysts and Modification

of metal cations to the supported metal colloid catalysts.”

Catalytic Average rate” Selectivity © (%)
system (mol Hy/mol Pt s)
0-CAN nitrobenzene  aniline others
PVP-Pt 0.690 60.2 1.2 0.9 377
PyPS 0.760 81.9 1.3 1.1 5.7
PYALO; 1.00 79.9 9.3 7.7 3.1
Pt/MgO 1.03 71.0 ¢ 4.0 25.0
Pt/PS-PVP 0.600 72.6 4.8 4.4 18.2
PYALO4-PVP 0.347 74.6 94 59 10.1
Pt/PS-FeCl, 0.581 83.0 04 46 12.0
Pt/PS-CoCl, 0.8596 78.0 0 2.5 19.5
PYPS-NICl, 0.905 93.5 0 38 27
Pi/AL;05-NiCh 0.747 95.8 1.0 1.1 2.1
Pt/MgO-NiCl, 0.680 86.3 0 0 13.7

*Reaction conditions: o-CNB: 7.50x 10 mol; Pt=2.60x 10% mol; metal cations =2.60x10° mol;
solvent=14.9 ml MeOH; py, = 0.1 Mpa; terperature =303 K.

®. Calculated at 100% conversion of 0-CNB.

©:Obtained at 100% conversion of 0-CNB; others including o-chloronitrosobenzene,

o -chiorophenythydroxyamine, chiorobenzene, azo-and azoxy-dichlorobenzenes,

Shaokui Cao ZW i = REK - FENUTEYH S H IS Mg0 &
W, BEREREREN, i3, TRERBINERE MO LR =ERE—H
BERAYHEK (MFFQ), Rk MFFO 5 PACL, HZEBBHFTASEPT
Bl 5 h 783 MFFO-Pd #0371, FARER o-Fl p-EEEFRE, REBZIMEW
EEHETY o- Hp EEXHE., BHEERERESBERERERE RN,

B TR BRELTIE - SERITNEE LRSS BE
W, FERMECESATFOEEED, Yong-Tun ef al®MHI&H SIO,
FERN PVP-PA AW, HTRISEREASYME RN, #EFIR
RHBSTRRETE.
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fomph S5 @ o R Ol

MO N A
L [____l ]_\’,'b

FEPN AR PVP MM ELFEE B AEB] r-ALOs &, BEINY
ENEM Pd BF, ERRFERNSERGFLET, ZFEEFSTHEEN4E
ISR TEEBHEE, FHEERY - FEBEENIENRX
TOF(n(H2)/n(Pd) )53 #4 256 min™ 234 min”, HbEARIEMCERER, %
YOS B E0E 6x10° DLE. BEALFIBI& 77 Bt i AL E B R KW .

BRI TR IR IS (Dasao) M 0 A HI% T 518 Pd-Sn,
Pd-Fe fEALY, REEATH R FEMBLS WA RIS IEE NGRS,
B, ST EARENE S CMREHITERE, TR b T RARF
B Sn. Fe BT HIRELREIET Pd M TFHR, FMAFREAEMEEER
&7, WCcogammd, mEER.

T3 EPNE SR — BRI RS S WA SALRE — R Z B4
BB eWa AR TRERNE, SRR, TER TEAEENErEE
PERRRE, LL 100%HIWIEAR T XK. MEHLaTHER, RBEgsy
FIHELSYME. EXEHRHELSINMERE RIS,

2.3 HRSRERLFIFAEEELR

FI R B SEA A0 R RO AL FRRATRR O, B F T A5 T K F L R
R . Kniftonl®™ B3 T RuCh(PPhs);. RuCly(CO),(PPhs);, FeCly(PPhs), .
Fe(CO)3(PPhy)s. Fe(CO)s ¥R SYNMERNPAMERENINERLN, HXE

Tablel-7 Nitrobenzene hydrogenation by RuCh(PPh;); in various solvent media

Sovlent media ~ PhNO;]  Temp.(C) Pip(MPa) Time(min) Conv{(%) Sele:(%)
/ [Ru]

Benzene-ethanol 200 130 8.9 45 >99 96
-KOH(0.14M)
Benzene-ethanol 200 130 8.0 420 >99 89
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T RuCly(PPha)s BEALE R BRI E RN MW, HSREEK 1-7. RPE
SRR ISR AR R T LIS, 7ERBER [PhNO;] / [Rul. 130 CHIE
FERE— ZBAERMNENT, X2UER 8.9 MPa, A 0.14 M i KOH #,

RMRE 45 min HIERELER AT 99%, FEMEERHR 96%, TAM
KOH, 8% 4 8.0 MPa B, #{LFEBERTF 99%, MFEE 420 min {§ R M (d],
HBARRIEEN N A 89% X B E AR L m 4 o P a i 4%
VR,

RuCly(PPhs); + Hy + base = RuHCI(PPhy); +baseHClI @3

e A A RuCly(PPha)s 4k & Fpad QLA S FAE L A MER
BRI LT BB R, NS, AR TRREM NO, BB TE
R, BRT N=O 8, NMMBRERTMERE. WHTHSREEY
AL T AN Z MEL AT LR, BLEERE, BREFaELR
Wit G &I RRES BRI . (RN e A A =4 3 LA 4y B 69 7
.

SIANKEHRE VSR G T U SERE T KA ETHENBANTESR
AU, R VRMER THAT, RIS RTS8
B AR R R AR BE, RR T AR R N R AR RO AT 2 S TR
M. —HERATIA-SO;H. -COOH. -NH,. -OH 584 3k F sk 189 e 44 0 6
KW, EORUERKEEEVBSRCA, TPPTS HE RIFHAKEH, EHEK
R B fR FE RT K 1100g/L

BRSPS TIEA/ PR GE D, EREMNEET, KBEmN
B & RN PACL(TPPTS), BEAE(LENELZINE, MM ENEHHE 100%; Fin
BRI ESREE T WEBEWS PACL(TPPTS),-MX (M=Fe. Co. Ni,
Cr.La.Cu.Ru.POMHEIERE, EIINA HoPtCls FE R PACL(TPPTS),-HoPtClg
ReRECTAEAERNEENERE, RN PPt LHEENSRNET
& R PR3P .

P 35 2 5560 B DL R A BB KB M & B Ru-TPPTS #i W& R
0.50Rw/0.50Pt-TPPTS AM4LH, ZKAAHFHERT, LN —EMEEHE
U, REEE T EMRNSHT RNKER. &R %K, 7 0.50Rw0.50Pt-TPPTS
RS, 7FES RuM PSRN, FNAETFREEERN A EESH




VRSB 25T 24

ikl (CTAB) REMERLY, EEYHRNANT, MNEBEEENSL
AL 100%, 4L p-CAN MGVl 09.9%.

(D) BIREX

P TT B R A RO TR el ik, TR T RRE. R, E
7. EHEBRBA. EER, USERIAET TELRERE, SBImE
EERENREER A0, £ — i e J1 i p vk i e A B HL
GARMEEEE, "ERRETRENSSHE, RNafREERNEeE TS,
EALME R B ISl # TR . BALIME S A L% Raney-Ni
B ER. Raney-Ni rik 58, ERAEFHER, KNGS, LERAR
B o B T 50 B 05 R e 4R AR 2, TR0 MG HUR ST T — 2 7
B RE S SR EENE, RN RENT R0 B0EE. #SBRES
R INE S R RERNTI S EENAE. FERSBRLN
EENAER ORISR, M LS EAMEEREAR E T T AR
AHHTF, WREBINEEREE SN, BHSBTR A GNSE — R
tER, LR RSB INFoR M i R R

EEERIBIE S, VRS FHEWRENHSE Pt Pd. Ru WREL
FIAT RS BRSPS RB N T 52 R E A0 s A5 i
. AESERSRETEN PVP BENESESSY. B4RRKE
i, AT ERBERARAINE, FEERE T3 TR S ik
PRI TIREFAMESER. B TRREAHFERGRER G R NG, %
PASEHR LA TR A

AXRBANSRETSHEETH R GRE MR AR, BEEs Tk
GYRVHRSRER, SRT &BRBEARGERL, BRT BRI
Ao 5L BRNERFRASRE. Fin—84 /B R B S8k 5N
R TR TR BRI MEIER . IREENASREFREHRR
%ﬁﬁﬁ%ﬁ&ﬂuﬁ%ﬁﬁﬂmﬁﬁﬂzﬁﬁéﬁwﬁ%ﬁﬂm%%ﬁﬁ
EEHERTL.

AR AU AR R LAEE S, 7 PVP B E A8 E Ru-PV v-ALO, W4
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BT p-CNB %8 HCRERMMER RS, HRinFIE s &/ & 3
fEAb FI AL T MRS B I T TRAFIOB AR A . A S — PR T X0
SR E T LR 4 R LR/ 2,5-DCNB IS RN AR REmER .

HERF KA T ERSEREN AT REAEEENER RN
P EV R BATRESYE, (RAXBIROIRER D, BELNMRETE. #
e e AR THAN Pt Pd. Ru SR SR ROSRENT, THRRKL
Pt. Pd AANHEE, BIFREBNA G FHELSYHEMTATRE TURE
BXHIE.

(=) HRmE

R —RBRAFILEREM L, E—SHRNERENT Ru-PY r-ALOs A
FERMERPHEEREME, FFIEAFEENTRFHEITEE. U
PrgeAixHE R Pd A Ir HISHSEA S, WRUE LG B Pd/ v-ALO;
M/ v-ALO; B R, MW AR EFEMERRE.

L. HZB—KREEHERFTEHEU PVP BRENAEENE BRI
Ru-Pt/ y-Al, O3, L 2,5-DCNB AEY. REERBLGRENLT Ru/ v-ALO;.
PY v-ALO; LB A& BT Ru-PY ¥-ALO; 1 Ru. Pt BEMLITS, D
Ru-Pt/ v-ALO; ¥ Ru. Pt REFEMARN: HEREANHENERTE K
PR, B, wE, BREE, FnE=40eRETHERFNEY RN
Wi, fEHREEEREHNGBRE FEEm, RnEgzgid
FEAKEFERELSDNEARN.

2. HZB—KBEEBIEREEGE&H PVP BEN ARELE & B EL
Pd/ v-AlO5, AT 2,5-DCNB fHELINE, ZERE=-HAsLBEFIEEM
HRARERNOIMEER, RAZEABLEREEFBN P r-ALO; #
kR, 7EMELL 2,5-DCNB ISR N PR FIEEME NS, BREN
BE. SUE. HESERNEAHRER; FERZEAERN TSI ai
RS RIS,

3. HERRBRBE T ERE IV v-AlLO; #ILH, Ul p-CNB KEY, HEE
CRERREE . R ERRGIETIE. BAFRI RS
MBI, LU E BN ETISIE &M, FRE R BT BRI B RN
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WA Al R, ERIFRE. B _A0SRE TR RN M LR AT
fak, RS ECTEEHTFRELS DR ELMEEE.
4. X & FAELFHATRAE.
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FIE TLEa

2.1 FERKFMAER

25— TERHEE, 24— T ERER, 23— EmWERE, 34— HBEX
(>97%. FEastgate, White Land, Morecambe, England)

Xf—FAHEE ., B FREERE (CP, EEMFEEF-—T)

- FHAX (CP, MERBA TRFABRAFD

3@ —4—FHEE (CP, >98.5%)

RLIENEHEE] (PVP, MW: 40,000, BASE3# 0 4}3%)

BMAFENR (ILHEREERES T, AMSBLGEEHEE KSR
ik, BET @K 1091 m¥g)

r-AlbO; (AR, 100~160 8, WFTHEHAT, 500 CKRE4h)

FE. 28, AAEE (AR, BEKBUATRAERAF)

RuClynH,0. PACL2H;0. HPtClg6H,0. HoIrClenH,O(AR, EFISR LR
WL

AR A7 8 AT SR R — P 4tk

ERAABAEETF K.

EAE(99.99%, PUIE—REBRBERLA).

2.2 LR & F R
2.2.1 PP RRERMELFIRNE
() B — KV & WY R B 0 IR ) AL ) 61 48 T 52 R ST 1205 72971,

£—E&i PVP., HyPiCly6H,O4 RuChnH,O. PACL2H,0. HolrClenH,O. B
HaPtCle-6H,0 F! RuClynH,O B3 HIVR S ¥, %8 T 50 ml BZ — 7K (BEHE T
ZBEANE) 5, URBAMA— 2 &K NaOH, T 95~100 CERHH: 3~
4h, AHZER, FNAFERN r-ALO:, BHTH, T BEE, 50 C
KT8, #8300+ RE K. £ ICP (IRIS Advantage EE#H T E
ARED B, B 9% bl LS RE SRR B g .

(2 AUEFEERNOEANEIE FE2ERTD . £—¢8n
PVP. H;PiCle-6H,0+ RuClynH0 BY HoPiCle6HaO 1 RuClynH,O FiE IR S
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WEIREHET 50 ml ZF — K, AR —E B ERIER (NaBH, 8
NoHaHo0), TEJBTHHES~10h, BMAFTEEN v-ALO,, RALRHE, i
A, 7E S50 CETTFE. Boayan RRE &,

EREHOFANIMECANEREESTES N

[: Pt V-ALQs, w(Pt)=15%, ZE—KEFITE;

ITy: RW y-ALO;, w(Ru)=1.5%, ZE—KEHEE;

IIl;: Ru-P¥ ¥-ALOs, w(Pt) = 0.49%, w(Ru) = 1.01%, Ru 5 Pt (9EE/RH:
A4, JEE-KEER,

IVi: Ru-Pt r-ALO;, NaBH,iEJR, Pt. Ru & ERI,;

Vi: Ru-PY v-ALO;, NoHeH,0 %R, Pt. Ru S EBEHI,.

SR 5 AR 4 B R A Ak

Pd/ y-A105 w(Pd)=1.5%, ZEE—XKEHILE.

SR S8 = WB 4N BT R A

lz: I/ v-ALOs, w(r)=0.5%, ZBEWEE;

Vi3 I ¥-ALO;, w(n)=0.5%, FHEERWEE.

2.2.2 RFEAFEHELT

SWE-WoEULT: XARRE. $— 28K HPCly6H,0
RuClynH,0 KEHWILERE v-ALO, #Fik, HiF 200 &, BASMT T4, 7£ 200
CTASPEE 2h, BEMLRAVI: Ru-Pt ¥-AlbO;, Piv Ru &R,

ERE=MEAR: RHRTE. #—EERE HIrClenH,0 KBRS
B (r-ALO; EIEHR AC), HE WG, F 110 THT, FREARRMY
BEERE, WHEE. %R, SRESTREKZER AR E L.

ERPFREATDT:

I3 IY y-AlLOs, w(lr)=0.5%, ZEEEEH, £ 2.0 MPaH, SHFF 120
CHRETEE 1,

M It/ ¥-AlOs, w(lr)=0.5%, ZEBREFHTRE;

Vi: It/ AC, w(lr)=0.5%, ZBAEHEM, & 2.0 MPaH, S A+ T 120 CR
ETAEE 1 h

VI3: IVAC, w(l)=0.5%, FEEHEF, £2.0MPah SFFT 120 CE
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BTFARRE1h:
VI;: I/AC, w(lr)=0.5%, HEEER, £2.0MPalL S5+ T 120 CliR
ETiEE 1 h;

2.2.3 fELFIMFRE

SR BT XRD A H A% D/imax-rA FERE PR X ST447
B, CuK STEME, Bk A =0.154n0m, BE40kV, & 110 mA; XPS H
R E Kratos 27 ) XSAM 800 B T gk Fi#1T, WATE MegK, . #
¥ 12 mA, HJE 13 kV, Cls=284.8 eV fEAL S ReERGFHE. B ICP (IRIS
Advantage EERHBETEAT) RAUERNEE.

2.2.4 RIS S0 BFNEREBNE

4 [ R REAR R AN So* B TR IBHIAUR, BB R NS BFERT N A
RRAWEE, ERMERERTMA HeCl K¥FH, k1T HeCl M Hg
BEVKKBOVIE, RAFRPAFE So™ (ASRK SnCly 4T T 3Lk
8, BOBRLL s AEE, SRWEHENT: RNLEHE, MHESH
MR, BERBE, SREANRSVIRE, ABREEN & L EET,
ATEn, enpERaiyE, BndRERERIRENERY. Amdt
AEERER, KR ICP &% s ETA R, HHHRNHEP B HEE
TR RT BAGH S8 et 8 L T R TR B ) S

2.3 {EUmSRE

KR ERHEAEYRRILINERNE 60 mL H BRI A BRARE
FTRT, RNBEOREIUSE . SBRERME—E/EAT. RNRDH
BRMABEET. AXRSREFNRNNERY, BNA—2BHENNE
REMDHZBRE. ALEARGEERETER 5 K RESEFRFESN,
THEEWEREFRHAI . RNSGRE, SHREEEER. BER
FERBH™Y, SdlkrEELTERTEY0E BT
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2.4 9HHE

eI {835 F AR S WM (LIS = M B 4 B AE GC-960 SABEMAL ( F
MO ERER] ) L. CEARERN &S BB 180 C, |1k
F270°C, AR 250 °C; —EAMEEGSFEME S HE 160 T, Sk
%260 °C, KYMigE 220 C: AR 30mx0.53 mm SE-30 ¥k A B ST,
A TR NEE. H CDP-4S HE A CFR R EIE. BREEFRNEE
ANFKAEMBA—ETHE S, &RV ER N GC-MS k.
3-F—4— FAHEEMMEF WA B4 B2 LC-10A & ERAAEIEI,
i SPD-10AVP A 33 KT RIRMCR a2, MBI 254 nm, 3— 54—
BRI &0 FEhHH TEK=91 , /& 0.8 mUmin; 3—H—4
— B ME =P 50447 % Perkin Elmer 16PCFT-IR £L5M 84X (KBr
Bh), RREERE LSRR R 0L A2 S B Siree 5 a4t
HEH, BTSSR~ LFREEERF st bR R
(B 2-1),

(a) (b)

| —— P —1-

L R S WL B T .

M 2-1 3-8 —4—MEREH () MZSMEAH (b) MLTIMEE



PRS- FR R 31

E=F TREZRSHE

W9 Ru-Pt/ r-ALO B ER T EWMEXSYEEEMS

RELREGR, URBRENEREBE BTN 2,5-DCNB PIEN
B MEN, 9% GC-MS #ik, BEFY 2,5-DCAN 4, THFF A%
25— ZHEHEER (2,5-DONSB), MEKE™H AN. o-CAN., m-CAN, K
RRCRIFYWAHD B SRR EER T EGTEERM B, HF
2,5-DCNSB ] i 8578 5 4k - B 46 55 AL af 2,5-DCAN.

1.1 FEREANARRRERAZN RE AN

AT BT Ru-PY r-ALO; BT Ru A Pt BOEALAT N, BAMEERT
BERBWF 1. 1 FRERELFI, 44 2,5-DCNB BN MEE A
WM, BB IE 3-1. 4 n(2,5-DCNBYn(Ru)N 1000: 1 B, 248 Ry r-AlLO;
AR R, REL 1h, 2,5-DCNB #{LERHE 2.6%, ERAERMBEF>
PrhiE SR EARE, BRI CRIEYER: TEe
B PV v-ALO; EALH] T AT HIEIFHR. 5 n(2,5-DCNBYR(PA 1000: 1
B, BAEERS, EREFEEN P EENEREIRE, RAHT 30 min,
HAEE 100%, BRAEMEFRFHRPEES, RE~YEL59%, HE
BIFEEYE 04%. WSRMK n(2,5-DCNBYR(PHE 5000:1, EHERFELM
FRRRN 1 h, BAETER 323%, 17 08%HMMERE~PER: H
Ru-Pt/ y-ALOy LI, #(2,5-DCNBYR(PYA 5000:1, KB 1 h E4LER L
EH 41.4%, WEHENBREMERE~WNL CRIF=WER. LREAR T
51, n(2,5-DCNBYa(PHHH 5000:1, 1T, BEHEER, 2,5-DCNB BibELE |
1 BT %1%, BEXmARETOAREEIFYER, BAILPEEH Ru, B
WETATR, B Ru EMFEEREK. RAE, DL AEEMEREIFAL P
Ru FHAMEBHNEEME. TLE RuPY r-ALO; WEBALNNL P, Pt
S BER, Ru MERENLCHFDERNERBBRTRE &0
H Ru 1 Pt 2. (8] 00 & BRI M. XATEER H FAEXNSRAELFLL F, Ru



PNIREFFEFARI 32

R Pt KA TAHEER, BRTEART PV v-ALO; BARF T Ru/ v-ALO; HI{E
WSRO, XMHAEE R OB REOELEYR 27, REELE
Mo b R R R 4 2,5-DCNSB fE R P ATFIEM TR L, Mk
% 2,5-DCAN RIGHEHEUAK, BRERMEFMFAEREETEEN. Ru
A0 Pt ) B B AT A

%31 TRfEEF 2, s-—HHEEXNENEN
Table3-1 Effect of different catalysts on the hydrogenation of 2,5-dichlorobitrobenzene

Reductant of Conversion of Selectivity-(%)
Catalysts o
Catalyst 25DCNB{%) 3 5DCAN 2,5-DCNSB  AN4CAN  Others
L5%PYY -ALOy( 1) BIOH/H,O/reflux 100(30) 833 104 59 04
1.S%PYY-ALO{ 1 ") EOHMOreflux  32.3(60) 580 412 0.8
1L5%RwY -ALO;(il,)  EtOH/H,Ofreflux 2.6(60) 75.3 247 -
1.01%Ru-0.49%PY
EIOHMH,Ofreflux  41.4(60) 63.5 3.5
¥ -ALOKIL,) .
1.01%Ru-0.49%PY
NaBH, 40.4(60) 622 370 08
v -ALC(IV))
1-01%Ru-0.4%PY N;H H0 5.9(60) 60.1 36 28 55
v-ALOLY ) i ) ) : : :
1.01%Ru-0.49%Pv '
H, 19.6(60) 5 255 .

¥ -ALOL{VIY)

Reaction conditions: pz = 1.0 MPa ; 8 = 50 C; Solvent: V(EtOH) = 6 ml ; #(2,5-DCNB) = 2
rmal; the molar ratio of substrate to total amount of metal content is 1000:1; [ ?:

n(substrate) :n(Pt)==5000:1; the data in the brackets are reaction time (min).

—RORH, RERMELTIRG)E ROR R A AR RS R R 1R
AWM. Kb, RIIEZET Ru-PY r-ALO; & BEILAHI & FANER 75
MEAERIHER. AR 3-1 PRHEETUEN, BH R Ruf P EEEN
N REERIL . Vi Vo VIERAMERE EERBK. BUNILF Ry
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PUMAHE LB - KBRS RS E RS T HAEHAS, NEFTESTLE
WIRE B AR & BT R . o B RS 5, B A RA L.
Bid XPS Bl ZHUN 9 Ru Pt #4 EAFMNA, REMMFIFETEH 7 NaBH,
RBERRERA, FEASIER Ru. Pt RME, WHEAFTREOEMELE
fefR A ALFIE Ru MEH™, Bl R0 ReRN, BE 51 HER
ALY, EARTLENBEETY: MRAKEHERKELRV, AR
IR &S A e F M REAAFI VL HEE R IK, 2,5-DCNB #4E 45 RE
5.9%% 19.6%, XMW REATHEANHEIET, 2R TESEIERTE
ik, BFETRESRE WS EE, EwT RS

EEAFI&ESIES, €A PVP EREFNGEEBRER. RIAEST
WEYPVP NEREHMEERETS PVP i) C=0 P MBI ER, 88315
HERBAHRIBEMSEHERTST, BAESSBRTZ HTBEHEE
REWR; PVP RENERBRE—FHBINTHEE LSRR MEAFR, TER
BT HRRECAEUMGRESARERERT, B4 THRREBLIHRE,
REE=H 4 B s, 1 BE 4 TR T —F sk s,
B TREEANEELRES,

1.2 WEREW R, 444 2, 5-DONB BN

BT & RELT Ru-PY v-ALO, (IM1;) FEHELL 2,5-DONB EEMEME R
Rish, Ru il Pt EFNEEA 52 MEEE BE N MERNE, #AFENERT
RS LA, TELREREMERT EM RN &MY 2,5-DCNB
FIHEEEE S RN A,

1.2.1 B RSN

%32 5N T AR RA SR 2,5-DCNB IMER MW, UL ZE/ERH,
2,5-DCNB #4LEH 41.1%, 2,5-DCAN HMEHHER 63.5%, H4&Hrhdadk
2,5-DCNSB, &HBE~H):; LIREREF, 2,5-DONB HbR L 78 &,
2,5-DCAN HIEREMR®T 16.9%, FAEEFREFYER. URRKKERE
TR, FEMNSLERR, BERT LI%MEE~Y, RHNBEST, &
BEEBRERN, BRNEERK, 2,5-DCNB H#AERH 93%. MELZ
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- KRS MAER, JZEOKPERLSRA 11 fosn B, BR
2,5-DCNB HIEEILE N 41.4% P RIRERT 79.0% M 100%, BB 455
BB T 1.3% A0 1.6%, T H B FRATMA S PR RN = 2E 3 7 P (G A P
ARFF R RN R R R o B ok, A LSBT IR R (. 47
EHBENRNERNE, B EIPRFHEE, RIANN, ULEENETE
B, FUTERS, BLAZEBAHER, BRLTHMERNAZNE.

$£3-2 FEBEANREMRH
Table3-2 Effect of solvent on the hydrogenation of 2,5-DCNB over catalyst I,

Selectivity-(%)
Solvent Conversion-( %)
2,5-DCAN - 2,5-DCNSB  AN+CAN

Toluene 42.8 804 9.6 ]
Methanol 59.6 56.8 421 1.1

Iso-propanol 9.3 59.0 41.0 0

EtOH 41.4 63.5 36.5 0
5.5mIEtOH+).5 mIH,0 79.0 67.6 311 1.3
SmiEtOH+1mIH;O 100 78.8 19.6 1.6

Reaction conditions: pyp = 1.0 MPa ; ¢t = 1 h; 8= 50 C; V(Solvent) = 6 ml; n(2,5-DCNB) =2

mmol ; n(Ru+Pt} = 2x10™ mmol.

EHAME RN, BHREEEENER, MAHERTC S ERYR.
e R EA S WA ME RN, A RSB 89 I LT R A0 o 104
HBIERAR, —EREAMEERER LR EEENSRT AR, B
W RE I S RS EAREBRRE: F—E, AREHEEL
I b B B R At R ] . BRMEFZEREAL RS S P O E R BBE R B o T B
WATTR, MRS fE AR ARG RKE, ERtbERT
BAERRN ERNERTIMAK, WA THEANSRE, SAERDR: &
A ST R AR R R A R TR P i AT R D,
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1.2.2 REFMEEN R0

AEBELSYUMER —MRFEAREN, BFE—EHEETENTHESR
BT B PER#AT o AFFEARI, S THEMES 2,5-DCNB INE R #, 4
RRE 3-1. HE 3-1 T4, EFRFIMRNEAMHT, BERNBENAR,
2,5-DCNB f#54 2 4 5% 2,5-DCAN [P Z SR E. 50 CLLTR, BE
Xt B AR BE R, FEFEET S EBCR, SRR RS &
FYRRETRIN AR Bl 50 CH, MEREAR, RNVEEHBR,
HH T bl =#in Birr=fpiit, Birr-yredttRdias: BEAE 00 C,
H#ALE FF R 100%, A% 2,5-DCAN K #RMHiA£] 98.1%, FHIZMIN 0.5%
AN, MEFEF=YE 03%LLTF. HEMYHERE NI ERRER N, |
FAIT 1.1%.

Conversion%

o 100 f 4100
80 il o 180
6o} £ e} {a0 &
: a.
3 ' g 40 g
40 .7 \ 5 T 40 !
20 " ~~ J20 20 {20
Kis} 40 80 €0 70 w0 a0 o 1 z 3 4 5
Temperature [ C] P, (MPa)
H3-1 EEAEtEE H3-2 FESREMER
Fig3-1 Effect of the reaction femperature Figd- 2 Effect of the reaction pressure
Reaction conditions: pyp; = 1.0 MPa; £ =1 h; Reaction conditions: 1 = 1 h; 8 = 50 C;
7{(2,5-DCNB) = 2 mmol; nRu-+Pf) =2x10 A(2,5=DCNB) = 2 mmol; a(Ru+Pf) = 2X 10°
mmok; n(Ruyi(PH) = 4. _ mmol; n(Ru) / n(Pt) = 4.

B 32 RESEAXMERAEM, EEABEEERENSNSHELR
Rirf, GERYIA Hy 4+ F B S EARRENT 8, —fE@eikErs:
WM. BEESEM 0.5 MPa 7 E 5.0 MPa, #U S H, WAEERA 4, o
T W ERETRARN, SEYEERR, #ER 202% 73] 95.4%,
MEESEREM, £/ 2,5-DCAN RERHEHENM, TERGRALHM
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R R RAENL. TR, ERNEEK. HEEREAHT, RaAaE
JE 3 LS R (R 4 e L. ERTERAEDTEHERA, REATYHELER
YRR 0.5%.

1.2.3 SBEFHRERNEN

5] PVP 358 1 Ru, Pt. Pd S8 SEHRUESBRAELAERFRMES
& BET, WHRAEPBEDEFSREDSSY, BRAB=HISES
F AR & AL Ru-Pt/ ¥-AlLOs Bl T BifCRS B 30 3 S e i 8%
WXERIRIE. BATFSERIE, 7F Ru-PY v-ALO; (III)) {4k 2,5-DCNB KR
WERPIMARESRETHEARAEFELERCER, FREBETE
33, HMALRETF MUHEN (M YnRu+Pt=1 &, Sn" " RIZwmE N HH.
EHRARMEHST, A Sn* i, 2,5-DCNB #1402 275 41.4%, 45 2,5-DCAN
BRI K 63.5%; W0 Sn* 5, #LE EF B 100%, EEYBR A 77.6%,

%33 RMERETF MR fEdk 2, 5-DONB K K Y &0
Table 3-3 Effect of metal cations on the hydrogenation of 2,5-dichloronitrobenzene

over catalyst 1,

Entty  Metal cations Conversion Selectivity-(%)
(%) 2,5-DCAN  2,5-DCNSB  AN+CAN  others
1 None 414 63.5 36.5 - -
2 Fe* 44.4 72.6 274 -
3 Co** 320 63.4 36.6 -
4 Ni** 23.8 66.1 339
5 sn* 100 776 224
6 Sn** 133 60.4 39.6
7 Co® 0.5 - 100 - -
8 crt 2.5 - 100 - -
9 Zn* 25.5 585 415 -
10 AP 60.0 66.6 33.0 0.4
1 Lit 623 64.2 25.6 0.1 0.1

Reaction conditions : py, = 1.0 MPa, =1 h; & = 50 'C; V(EtOH) = 6 ml; n(2,5-DCNB) = 2
mmol ; #s(Ru+Pt) = 2x107 mmol ; n(M™) / n{Ru+Pt) = 1.
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hiE P B, EREREEUME TR AR &m F, A, Lif
AR R M Co®, N, Zo®, SntHIN SR AW
B, mEin o, O BT R, BAETRER 0.5%H 2.5%,
I B8 B B AR = A B

B 3-3 & n(Sn™ Yn(Rut PO/ AR RIESEVE R IA . 7 R RLAF 2R R
B sn'™ e, RMIRHEEICKRE, 4 E RN R B oE,
HABREHEB-YHER. BE SO FNENEN, HLEE ERHBE, 4
MBI ZE nSn* YaRuiPO =1 B, FOEREEF, #LE 100%, EHEM 77.6%.
gegiok sn" B, EHEMEENEARTR.

3-3 a(8n")/n(Ru+Pt) HEEI RN
Fig3-3 Effect of the molar ratio of

100 1100

B0

1% ' Sn“/(RquPt) on the hydrogenation of
2,5-DCNB over catalyst III;
Reaction conditions: & = 50 C; pyp =
Iy ¥ 1.0 MPa; t = 1 h; M(EIOH) = 6 m);
n(2,5-DCNB) = 2 mmol; »(RutPt) =
B 02040608 LOLZ LA L LELE 2x107 mmol; Selectivity: for 2,5-DCAN.

Sn*/Ru+Pt (molar ratio)

6oL 60

o/ ANANIIIG

Conversion¥%

0

BT AT B RN S B P B TLL Sn R, ICP ZRER Y
1 95%H) Sn* BTEMRE, (UHY SHUMRM7EEAMRE. Sn® &5 HEE
HEYIMERERIENE, HELARMERBIA sn*' G, RHEELRE
i Sn* T BN T IR MU REMBHORE, $8 REA S #T. Wl
") So* B F AT E AT BORE, T EE T ERXEN, BRESRILERT
R N=0 #ERMEEn, EHTHRMBMEAFEETS O ESREEL
MEREL, MTTHBEAEERE™, B—FE, BTRUNEERLOE
RGeS T, TEEET I So* S H45r=9 2,5-DCAN HE
A —ERAER®, EMET B EARIREBH, 5 T EEs
HARTEEA S KTEEMERRER RN, NTTEEEEE. 55 B
WA FIRERM K Sn* FFE—FHehATE, MABEETH S BTk
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EEEEZWTEH, NANEHBRIRAEEW. NLRERKE, &
n(Sn* Yn(RutPt) < | B, Sn*"SEMIE BT, S4Et8in Sn* i B i ik
FIRERME S0 L, B THEFHMEERL, ENEEEER Tk,
LMt R g, Xagss Li*ﬁﬁi&/}\ﬁﬁ‘%?fﬁﬁﬂ%%?ﬁﬁﬁl:{jﬁ;‘é“"”a

1.2.4 KB R A0

Bl 3-4 RAERNAR R ARG I So™ i, 2,5-DCNB N4l 5 R R i (] 25
BT S B R IR Sn* B n(Sn™ yn(RutPt) = 1 B, FEHE R RER A)ZE 4 b,
PR YRR, BRI R 99.3%. T Sn* B, RS 4 h,
BARRBHIFLER 95.5%, HER"WIEEERE 82.8%, 18 16.4%[
FE PR, BERNE 7h, BUEREHT 100%, HE2HFEWER
HHE 954%, &F 3I%MFEYRELEL. HO—RHE, &

3-4 FEiRE s

10 o——s =0 __ . —%—a {100 .
/n/£I Fig3- 4 Effect of the reaction time
sol s {80
Reaction conditions: =50 C ,
60 {60
g —— p(H) = 1.0 MPa, V(EIOH) =6

2 g

3 3

2 wf I&le:dvi.w% K 140 é I = 2

£ _0_: ") 3 ml, #2,5-DCNB) = 2 mmol,
2 = nRuP) = 2x10°  mmol
oL : y : 30 Selectivity : for 2,5-DCAN

Reactior time (h)

Ru-Pt/ v-AbO; MERELARS, TibRHZE Sn* MFMEE R IEK K MK
B, WMEBRERE=ER, T, s RERNE BRI HmEER.

BIE LR R, 2,5-DCNB MAREL RN &MY : Sn" B T
B X n(Sn*yn(RurPt) = 1, A 50 'C, £JE 1.0 MPa, n(2,5-DCNB)/ n(Ru+Pt)
A 1000:1, AZBEAER, REY 4 h, $¥403EH 100%, BAREWikEE 99.3%.

1.3 RELLTNIT, FUOL+Sn" MR E A = MR RE XN NS
H Ru-Pt ¥-ALO; (ITI;) 44k 2,4-DCNB. 2,3-DCNB. 3,4-DCNB Z A&
B ) — RACREE SR 83 T BIFHE R (% 34). 7 n(substrate) / m(Ru+Pt)
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1 1000:1 #4, 2,4-DCNB. 2,3-DCNB. 3,4-DCNB BI$4L2 4533 % 45.3%. 63.3%.
70.9%, T4 2,4-DCAN. 2,3-DCAN. 3 4-DCAN BIEEESRIH 79.5%.
76.5%. 79.0%, HARBHEADER: FE, ERMERPFEM Sh*' i
24 n(Sn*Yn(RutPty=1, FEMIFERMNE( h)F, 2,4-DCNB. 2,3-DCNB.
3,4-DCNB 5403535 1 F 21 100%. 100% 80 72.9%, Hicr-iEEmk s
BT, 2514 72.7%., 69.6%. 76.3%, EHAMERBRRWMT. K
RRETEZE 4 b, PEPEYILVT-EEEL, BLBARYREEE 5 98.5
%+ 98.0%. 99.2%. 2,4-DCNB. 2,3-DCNB HIBE~¥ T 1%, BERME
3,4-DCNB i =49

F 3-4 LRI MOL+Sn* R RS mE
Table3-4 The hydrogenation of different substrates over IlI, and II[;+Sn**

Conversion' (%) Selectivity-(%)
Substrates - o
Ru-Pt Ru-Pt+Sn Ru-Pt Ru-Pt+8n
2,5-DCNB 41.4 100 63.5 77.6 (993)
2,4-DCNB 453 100 79.5 72.7 (98.5)
2,3-DCNB 63.3 100 76.5 69.6 (98.0)
3,4-DCNB 70.9 72,9 (100) 79.0 76.3 (99.2)

Reaction conditions: pyy= 1.0 MPa; 1 = 1 I; 8 = 50 "C; F{EtOH) = 6 ml; n(substrate) = 2
mmol; n{Ru+Pt) = 2x10” mmol; n(Sn*y / n(RutPt) = 1. Selectivity: for the corresponding

dichloroanilines. Reaction times of the data in the brackets are 4 hours.

1.4 AL 1 M+sn " HHEFEWRLIHNE

% 3-5 REAND, f I+So" AL E S EMELADNINER N
R ARPHETLUFL, FAEM S 55, BUREMARER I SR MAE
S EX RS MG RE RN, TERENTREAEN N=0 @K%
BICRBMNA R . RIESCRIE, —Bckd, SHERTER, HATmkRN
=0 KIMEEE, BRTFRAELRE N=0 mmEEx™ , i, FEK
ARELH FACTHE R A INZLIE A LU AR R B Y R S A MBI AR



[ e UL S 40

35 HEFEWHELSHERE

Table3-5 The hydrogenation of other aromatic nitro-comprounds over I, and I +Sn*

Conversion-(%) Selectivity-(%o)
Substrates
Ru-Pt Ru-Pt+Sn* Ru-Pt Ru-Pt+Sp*

[FE) il 2 1 59.7 90.2 93.7 96.2
AT R 51.1 78.4 2.1 946
SRR 79.2 100 90.2 100
E- =k %S 562 804 67.8 67.3
MEHE 436 795 80.2 100

Reaction conditions: py, = 1.0 MPa; t = 1 hi; = 50 "C; F(EtOH) = 6 ml; n(substrate) = 2 mmol.
n(RutPt) = 2x10” mmol; n(Sn”) / n(Ru+Pt) = 1. Selectivity: for the corresponding aromatic

amines. *; the reaction time are 30 min.

ENEABERNMEERA: p->m->0-CNB. HEFRFRAL BHEAH
BN MEE LR EAA P RAEEEAINTRATAR, £ PYTiO, LK
MEGERKPRFER: m->p->0-CNB®Y, H4#F Ni, Pd. Ru B4R
LRI SRR —B N o ->m ->p-CNB'™, R Baix T ARREBLAL M
SFUCHF B 25 0 I 4800 3 B 18 R i 1 & R B IR0 7 2 A B 30 1o o LA 44 e R
HHRaRE. REVESOEEER LNBRTFHN AR, S5 RMERTIDA
S BT iE, So* M RMAMERERBRAR, SIMNEEENE EERE,
B m-CNB B 8] P8 7 5 LRI KBS m-CAN BB R AN, etk
Y AN R R —E R E R, FAESAHEE =R
R IREF= AT B LTS R BB = B R

1.5 LI +Sn" 3 3—H —4— MEBEENME

FIAEAAI, AL SRR A RRRER 3 - & - 4 - RESERRM
S, FRRI T R, KR Lh, BLERIL 67.8%, 3-8 -4
- BB RS 89.9%, KU HPEPY, TR, &RIHR
PIA SIVET, BREESELRAE, EXHEASIHEHETEE, #1
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% 3-6 EHER R AN
Table 3-6 Effect of the reaction time on the hydrogenation of

3-chloro-4-fluoronitrobenzene over catalyst [1 +Sn*

Entry Reaction time (h) Conversion-(%) Selectivity-(%)
1* 1.0 67.8 89.9
2 1.0 91.5 88.4
3 1.5 100 90.6
4 2.0 100 100

Reaction conditions: py;; = 1.0 MPa; 6 = 50 'C; W(EtOH) = 6 mi; n(subsirate) = 2 mmol;
A(Ru+Pt) = 2x107 mmol; #(Sn*) / n(Ru+Pt) = 1. Selectivity: for 3-chloro- 4-fluoroaniline.

*: without Sn**.

F LB 015%. # S " ETEHHERT, ERRNMMEZE 2 h, #Hih
HBHEITIE 100% . FIRSERRUEBRENE AR &R 5%
HERE NS — B HIMERNMN=YR—, BFERRERY. 3
- F -4 - RIHERWREN RN RWINE 3-7 R, BERRBERISEmM, 3 -
A -4 - A RFALRE N, YR RN K T B AT R A B R4
FH, NN T EYSEARAE 0, 2 FHERNS, 8T RAERET.

B TR S o -NO, MBI X T3 =4 -NH, IR R, B Rk

%31 RORENEWN
Table3-7 Effect of the concentration of 3-chloro-4-fluoronitrobenzene on the
i hydi-ogenation of aver catalyst I, +Sn**

Entry Substratf: Conversion (%) Selectivity-(%)
Concentration (/1) Objective product Intermediate
1 66.3 91.5 884 11.6
2 124.4 94.5 91.1 8.9
179.1 100 94.1 59

Reaction conditions: py; = 1.0 MPa; t=1h;8=50 C; WEtOH) = 6 ml; n(substrate)/ n(Ru+Pt)
=1000; 7(Sn*) / n(Ru+Pt) =1.
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AIEERHIE 720 3 - & - 4 - FORRR S ARSI P ORI B, 1R 5 R IS
P, ISR A 6 S XL 82 B 1R e F 7R SR DA B BB B

1.6 1E{EFIR

fEALSIIL, FUTIL+Sn® 49 XPS Kyl 25 52 L% 3-8, #yill L 540 2 AR R
Re g T A 2,5-DCNB ISR R FEIRHEL . % 3-8 hEE %,
1L, = Pt 955 5 BE{EA 70.9eV, Ru K4 & 88184 280.4eV, T Pi%4£7/2 1 Ru%3d
512 BB GG HRT BN 70.9eV M 280.0eV, TIHERMELANL, 7 Pt. Ru #i4bT
FNWRE, SEELBBEMEAE", RITKTOT R E AR
Pt fl Ru EE U FHEHRROESE R 7N Sn™ BT BU)E, Par72
M Ru3d 5/2 &4 B 4 71.1eV 1 280.5¢V. ABETUE SN, BT S &7
FIfER,  Ru, PtBIZERE R T 4 0.1~02eV, #89 Sn* i3] A4 Ru.
Pt TRARET RN, WS T AR s,

& 3-8 Ru3dS/2 ¥ Pt4F1/2 BhE &k
Table 3-8 Banding Energy of Ru 345/2 and Pt 4f7/2 in catalyst III, and IIl,+Sn*

Catalysts Cls (eV) Al 2p(eV) Pt4f1/2(eV) Ru3d5/2(eV)
Value of theory 284.8 74.3 70.9 280.0
Ru-Pt/ y-ALO, 284.8 74.5 70.9 2804

Ru-PY y-ALO+Sn** 2848 74.5 711 280.5

BRI, REFAME &
y-ALO KIXRDERAES K o]
FRMEWHIL i XRD B, (b)A
¥-ALO; #) XRD B.(a) Fb)HII4&T
REXHF, @MATHEER, B&
AHOYHER. B, RITTRH
SHREAEE v-ALO, FERA
7t Ru. Pt BREZN, BTHES
HERE, EREEE—SNTIE.

20/ (%
Bl 3.5 Ru-Pt/ v AALOLGR v -ALOLY
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sy SnYE TSR P/ v -ALD B AR S EHE
EAPEEEME

7E LA Pd IS PEA S RO LR L ST RS B I B L S B InE RN,
B4R Pd X N=O MM EHMEFENE, HANM C-ClEFHANSRENE
B A AR B R R AT, T Pd RSB R RN, REA
R O R RS DR, IEEE S E ST P, AR T
bl PVP 38 M PY v-ALO; S AAEAN, AT 2,5-DCNB FRSEEH L
5, ERTHFNARASEETHER, KIERMERTEN BT, X
KABIRERNRE, 2,5-DCAN FiEEH X 98.7%.

2.1 EBEF> Pd/ r-AlLO L EERI IR

ERE T PVP BERELA Pd/ v-ALO; 4k 2,5-DCNB FEEEEH
MERRREEE R NE 39, YMAEBEET MYHEN aM ™ Yn@d)=1 #,
Wi Fe. Ni¥L Lit, BEHRE RS, ERESrhE AREEREE
PRI Co™ BERRME T MEALESYE, RmttuinB T IRECRIY: &0 Sk So®', BAA

F3-9 ERETH P/ r-A1L0. (L 2, 5- —EWBEEME R RME
Table 3-9 The influence of metal cations on the hydrogenation of 2,5-DCNB

over Pd/rALO,
Entry Metal cations  Conversion _ Selectivity (%)
(M™) %) 25-DCAN  2,5-DCNSB  Dechlorinated products
1 none 60.7 50.8 42.2 7.0
2 Fe™ 64.1 53.6 328 13.6
3 Co™ 57.6 50.4 412 8.4
4 Ni** 66.0 51.5 39.6 8.9
5 Lit 64.6 52.1 38.5 ' 9.4
6 Sn*" 26.2 53.8 462
7 Sn™ 18.8 522 47.8

Reaction conditions: # =60 C; pyp=2.0 MPa; £ = 60 min; ¥{methanol) = 5 ml; »(2,5-DCNB)
=2 mmol; m(Pdy=2x10" mmol; aM™Yn(Pd)=1.
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AL ER AR EIL T, BERRRESYA K. T EE T RRI S0 T #
b F Pd/ v-ALO; ¥ N=O fmEiEHE, HMRARLFEREMWHE T3 C-C M
RIS, METEIETEY, BINARSBEFRE, BEFE™Y 2,5-DCAN
kIR A £ K, EERTERY 2,5-DCNSB B & thpiEE, Barkl
WA RN &M 2 e . BT LOAN S TR EMmERN LR R
SRR kbt ScE HGEE P

2.2 Sn"ETFARIFEMAXEEM

% 3-10 5 8 7 SRBURRE 57 346 Sn* B R Y 4 R P 3 2,5-DCNB i & B
BUEKLEE. Entryl & Sn* B TEMEK Pd/ ¥-ALO; #4L7, 2,5-DCNB
HIELEA 60.7%, 2,5-DCAN ##FEHEH 50.8%, TFH 42.2%K =9
2,5-DCNSB 1 7.0%{# & =4 Entry 2 2% Sn** M) Z. B EEMA R R Y
BRETA Su™+Pd/ r-ALO)HHELRER, HEMETHES 262%, BRE
H IR A4 B Entry 3 2R SnY KRB BRI LR Pd/ v-ALOs(PVP {R1F)
15 h EHHHZET, S e REIMEMEMGES Sn'/Pd/ v-ALO;) ERIKRE
B, SRR TR 63.2% R 573%, A Sn* BT BT HERS,
BE e E TH; Entry 4 2% Sn*' 5 PdCL fB-&¥ WA PvP RE BEH
ZB - KESHREREER BT r-ALO; $IB# Pd-Sn*/ r-ALO; fiEfL
i, XEEALEAE AR Y RS R Sot BRI LRI, A

#3810 sn"ETFRFEMAANES
Table 3-10 Effect of different addition methods of Sn*"

Selectivity (%)

Entry Catalysts Conversion (%)
2,5-DCAN  2,5-DCNSE  Dechlorinated product
1* Pd/ r-Al,04 60.7 50.8 422 70
2 Sn*"+Pd/ ¥-ALO; 26.2 53.8 46.2 0
3 Sn**/Pd/ v-ALO, 63.2 573 36.8 59
4 Pd-Sn*'/ r-ALO; 61.8 51.6 45.6 2.8
5 Sn**+Pd- ¥-ALO; 21.8 69.2 30.8 0

Reaction conditions: 8 =60 C; py;=2.0 MPa; ¢ = 60 min; F{methanol) = 5 mk; n(2,5-DCNB)
=2 mmol; n(Pd)=2x 10" mmol; n(Sn**)/n(Pd)=1. *: without Sn**.
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MBEE YW TRLEAE, B0 2.8%: Entry 5 BHEEBESEK Pd-

y-AbOs (F PVP 23) ML EEEmA S i Z B BGEN Sn*'+pd- v
ALONME R, BE S NBET e, BHEAFEN Entry 2 €. BHAR,
KRR RERNAEZR TN S E T, B E RN YE R R
HEE, TRAEEMANFR, MHRERNFIMEINERT. By hE
I F Entry 2 RAUSHBF B Sa T, RABE RN A THERS
TR AR ERENENERERS.

MREELL B gE B, FRAMERE T8 B T X SR AR ] T R AE
H. XikFE ", REXERESSEREN FREEAS B mE LR
Pd/ v-ALO; F, BEARLEH Pd MEMNEHHASEMN Pd FEAETEE. X
JH Entry 3. Entry 4 F30 Sn* B F, ZERFOIRS, aIfEE AT LK
WG HEAERR IS Sn BT RE R ARE T —EMEER, TRk
FEAEALA LG4 Sn* Y R SRS EERZ A X, X Botry 2 KRS
R Sot BT ICP Blll, 2 RBWHH AW sn" WAEE T, U
HRHWEMERAFRT, TR, ERTH S BARES BRERERA
g2 o EBIHNEL. RATEN, — 7R REREET K Sn* 574+ f)-NH, BT
—EMEMEAER, BATYEELNRES BN KTAL CCl#
S, RSN AKRE, 5 HE, HERE Sat RS R H-NO, F K
CRACHRE T MR, M TR EES Pd IR -NO,
W B, AT B T REAL I

F3-11 Sn"/Pd WEEREER AR
Fig3-11 Effect of the molar ratio of Sn*'/pd on the bydrogenation of 2,5-DCNB

over catalyst Pd/ r-ALO;

n(Sn*"y Conversion (%) Selectivity-(%)
n (Pd) 2,5-DCAN 2,5-DCNSB Dechlorinated product
0 60.7 50.8 422 7.0
0.5 39.3 64.7 338 1.5
1.0 26.2 538 46.2 ¢
2.0 25.0 56.4 43.6 0

Reaction conditions: § =60 C; py;=2.0 MPa; ¢ = 60 min; F{methanol) = 3 ml; n(2,5-DCNB) =

2 mmol; n(Pdy=2x10" mmol.
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7E L ESE WA E R BEET S B TR MBI L E A
HEFEH R EM(E 3-1D Y aSn*YnPd)d 1 X 0.5 1, BLEd 262%1RE
BT 39.3%, 2,5-DCAN f98#4E d 53.8% EFHEI T 64.7%, {HFE4ET 1L.S%M
BG40 R4 0 Sn* BB T n(Sn* Vn(Pd) =2, BRI S nSn™yn

(Pd) =1 METURKA, BEERESWER. TL, "' HFMEHR
n(Sn*")/n(Pdy=1 B 5% BE 55 S IA BB B RS e H .

2.3 BEYSnY+Pd /v -ALDO, fiE{k 2, 5-DCNB Sz K B4 %M

3-6 RSB ER Sn**+Pd / v -AlLO; #4k 2,5-DCNB &L R M AT
LIEEH 60 C, 2,5-DCNB ¥{hERH 262%, 2,5-DCAN EHEHEH 53.8%,
FE P B K, BEREFY: BEFE 110 'C, 2,5-DCNB #{b%
REH 100%, BT FEPHRREZLL, 2,5-DCAN EFHE EFHBT 98.7%,
FEHAET, BEAYHRH 1.3%. AN S i, B 80 O 2,5-DCNB
A & EEE4L, {8 2,5-DCAN M R 84.5%, REZH Rk 15.5% 0% 3-14),

B 3-6 BRIRAN Sn"+Pd / v -ALO, fE1L
2, 5-DCNB InE R
Fig3-6 Effect of temperature on the

hydrogenation of 2,5-DCNB over
Pd/y-AlO; modified by Sn**
Reaction conditions: pp = 20 MP; ¢ =
60 min; F{methanol) = 5 ml ; n(2,5-DCNB)
= 2 mmol nPd) = 2x10° mmol;
#(Sn"™ Yn(Pdy=1.

9pANATIOR}RS

Conversion%

60 70 80 k4] 0 110
Temperature ('C)

SRR i (6 R P AN R ) b B A M I, (R R
HET RNER RS, K2R A SEAFIE NS QR T e i
FYTRT RAFNEY. TR, ERIOMERS, Sn"HRHS®WH pd
! v-ALOy BB A BB .
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2.4 BHER Sn"+Pd / v -A1,0, 4k 2, 5-DCNB RLEIAIRNT

7R 60 'C, BUE 2.0 MPa (&M F LB T RNE % Sn*'+Pd/ ¥-ALO;
{1k 2,5-DCNB ME R BW. TRERLE 3-12. HE RNH BEHIER,
2,5-DCNB S5 (L B E B &, YRS UT 4 h HLELF) 100%, SRS B AR
#j 2,5-DCAN BN R 733%, B 262%8FE7H 2,5-DCNSB &# 1L,

% 3-12 RHEXMERAMER
Table 3-12 Effect of the reaction time on the hydrogenation of 2,5-DCNB
over Pd/x ALO; modified by Se*

. -
l?eactlon Conversion{%) Selectivity 09
time (h) 25DCAN  25DONSB  Dechlorinated product
[ 26.2 53.8 462 0
2 389 589 411 o
3 709 64.2 15.8 ¢
4 100 733 262 0.5
6 100 95.5 40 0.5

Reaction conditions: 6 =60 C; pypy=2.0 MPa; H{methanol) = 5 ml; »(2,5-DCNB) = 2 mmol;
n{Pd) = 2x10° mmol; n(Sn* ym(Pdy=1.

WEH 05%MBES-WER: SEEKENREE 6 b, 3H 40%HFE"
E TN, BEPEEE 05%. RABMN. EKRENE, FET
BEHSRANEE 2 REAA A, B 25-DCAN £REMEN, St
FLI 2,5-DCAN KA, WL THEYS so" BRGNS, FRT Pd &
ViR H, Mt RNERMHNRER. HHEFNER, ERaREEL
EREFENAN PR RMHE.

2.5 Sn"+Pd /v -ALO, AR _RAKMBEGNE

% 3-13 & Pd r-ALOs 1 Sn*'+Pd/ y-ALO; B AR — EAHEEX SN
LR AR 3-13 T4, Pd/ r-ALO; TEMEAL 2,4-DCNB 1 2,3-DCNB #1n4&,
RNNBRAH TREENELEE, 280 C. 2.0 MPa £4F RN 60 min,
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2,4-DCNB. 2,3-DCNB #i#LEEXRT 100%, {8 2,4-DCAN Hl 2,3-DCAN
B HIHE 76.1%5 86.8%, A4 B &L 23.9%H 13.2%. Akt

% 3-13 Pd/pALO; 1 Sn*+Pd/rALO; L FR —RAMEEAME
Table3-13 The hydrogenation of different dichlorobenzenes over Pd/y-AL,0; and
Sn*'+Pd /y-ALO; catalysts

Selectivity: (%) Total rate of
Substrates  Conversion- (%) dechlorination
DCAN AN p-CAN m-CAN o-CAN . A
(Yormin )
2,5-DCNB 100 (80) 84.5 3.2 / 6.5 3.8 0.258
2,5-DCNB’ 100(110) 98.7 0.6 / - 0.7 0.0217
2,4-DCNB 100(80) 76.1 10.7 1.8 / 11.4 0.398
2,4-DCNB' 100(110) 100 - - / - 0
2,3-DCNB 100(30) 86.8 11.0 / - 22 0.22
2,3-DCNB* 100(110) 100 - / - - 0

Reaction conditions: § =60 C; py;=2.0 MPa; H{methanol) = 5 ml; »(substrate} = 2 mmol;
n(Pd) =2x10" mmol; The data in the brackets are the reaction temperatures ('C);
* : addition of Sn*'; m(Sn* Yn(Pd )= 1.

HEE L =HEDH S ERERE, % 2,4->2,5>23-DCNB R, X
=HESD, —ACEEESN, 5 C 2 HAETFRPRAEEE, W
FERARFERYT Cl 5 N=0 K Cl 5 Cl Z ALY R FH S BN AR ZwE
FRBALAL C-Cl RIS, FnsnYE, BRRMEFERSS 110 CAE
YT, H25-, 2,4-. 2,3-DCAN HHERHED X T 98.7%. 100%-
100%, BEERN L FEREEIE.

2.6 Sn"+Pd /¥ -AlLO, U FR—WAHEENINE

Sn*+Pd/ ¥r-ALO AR AT —EAMERKME RN, BARRNEE
BFHTRER, BRAERGEFEOR SR EE . R 3-14 338, A Pd/ r-ALO;
fE#EALF, 7570 C. 2.0 MPa. 60 min &4 T4k p-+ m-. o-CNB f1In&E R M
H, SERERT FERN, £RNEEEDE AN, BEHFY p-. m-. 0-CAN
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& 3-14 Pd/»ALO; F Sn* +Pd/ALO; L RE —W A REEFEME
Table3-14 The hydrogenation of different mono-chloronitrobenzenes over Pd/xALO;
and Sn*'+Pd/)ALO; catalysts

| Entry  Substrate Conversion-(%) Selectivity (%) Rate of dechlolriﬁation
CAN AN other (-min)

1 p-CNB 100 (60) 127 86.3 1.0 144

2’ p-CNB 100(80) 955 4.5 0 0.056
3 m-CNB 100(60) 33.0 662 0.8 1.10

& m-CNB 100(150) 959 4.1 0 0.027
5 o-CNB 100(60) 420 550 30 0.917
6 0-CNB 160(330) 98.5 1.5 0 0.0045

Reaction conditions: 6 =70 C; pip=2.0 MPa; n(_substrate) = 2 mmol; »(Pd) =2x10° mmol;
HEWOH) = 5 ml; The data in the brackets are the reaction time {min).
* : addition of Sn™*; n(Sn** Yn(Pd)=1. ‘

ARG SME, 2P RE 12.7%. 33.0%. 42.0%, FAEERTHEREY.
B C-Cl EARMERBEEREE Cl 5 N=0 ML ETRRTAR. [k
FHEM S BT, BEdARBRENEKRNME, p-. m-. o-CNB %
BEET 100%, MIEEPHRETRERNKRE, p-+ m-. 0-CAN KEFEH
S ERFIT 95.5%. 95.9%. 98.5%, p-+ m-+ 0-CNB KIS EE S FIRET
25. 40, 203 f&, MEIEME S BREUERI K 0-<m-<p-CNB JFFEMN. LikE
BEREEXFHAEE PUAC ERIMEEENFEH m-<o-<p-CNBM, 7
Pd-Sn/Dssz _E IR EOHEMT N o< p-<m-CNBI', BINMELRE RS2 AR,
TR REAEAESEAS Pd SARBEMHEERAANR, BT AREYH
LA IE K
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2.7 #{EFIRRE

MBS Pd/ r-ALO; B
XRD EEHEARE Pd 1994, 5
v-ALO; il B — 5 (B 3-7).
£ 3-15 FIH T Pd r-ALO, M r e
Sn**+Pd / y-AlO; ' PA3dS/2 HIsk A A \

. ; il
L1l i
Py ot AW Al
| o !
| "‘P 'l"li-‘\.'i_r‘*'.l'“"'l .j

TG, WEBRAER 39 Pin Y il
B RE 41 F gk 2,5-DCNB &l K . D ® & ® 8 m
RiJE B BT, BT LA K 2iE 29/ °

BG RN Pd y-ALO; R

E3_7 Pd/ y-A1:0; ﬁ] Y-AI;G:EI‘]
EHE, Fmsn"E, B A6

. XRD i&E
H
MA MM, KWL Sn'+Pd Fig3 XRD pattern of Pd/y-ALO; and
[ y-ALO; AT KBTI H -ALO
4+ . —AL
Sn" B TR, (a: Pd/ y-ALO; w(Pd=15%;
. b: ¥-ALO, )

3 3-15 Pd/ v -Al0; FASn"+Pd / v -A1.0, ¥ Pd3ds. IR FES
Table3-15 Binding energy of Pd3dsy in Pd/y-ALO; and Sn*'+Pd -Al, 0,

Catalyst Binding energy of Pd3ds; (eV)
Pd/ r-AlLO; 3349
Sn*'+Pd/ ¥-ALO; 335.1
Pd 3349

ERAEERPEENEEENERNDS, &BREFHNRZRE— FER
R ASCERIEMBRANMERERKE, KEWANEEE. RVEY.
FY RS RA SRR, HERENSRETRME, B, BTEE.
HTEEM, UEAERETHRMFRARNESRERX. #m, EREE
YL o-CNB £ o-CAN MR RH, Sn™*7E%4&E PVPPt FINERE
PVP-Ru-Pt 4L R I 83 B 9B SEACY, Wig PVP-Ru BALFHIH XE
—EHREER, Easn PtSn/nylon., PtSn/ALOs #ELLFF, BATEELL Sn®'
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B SR EMATLAEE, B RN E RS R R
(42,1001, 57 gROBA0L3) St iF e 3 85 A48 B F— 7 T T B eh N=O B AR 13
B, BTSRRI B FIE D L S REF AR, B—HEH
T4 8 T AT A6 RSB0 R (B — AR IME AT E A, RAE CAN S MfE
IR BN, 8% T RATEAEICH L B 4 R e AR R, MTT3E
BRI . _EAW A TVRIFRRRITERE A Sn'x
Ru-PV v-ALO; MBMIfEF, BFEMBRIE “H T HERNE. HTH=
A SRR P ELEEAS Pd 5SS HRILEEDS RuPt S TR
HEEAT R, WIS B Sn" B PR EMEER R TR, RIEE 4
SRS, RAEN, — T BRI Sn* 54 e f-NH, JEAE7E
— BRI, NTIAAIRS T RAESE: B, HlH0 s TS
FEAHII-NO, BB RE T — R E R, £ — 2R LB T A
PG HEALSY PA STREH-NO, TR, MTTRRE T HAi5 e, IR, o FRM
TERAL I Sn™ BT i e — R L BRI T AR PR, (B
MR EHE BRI, 3008 75— FRMEE, ShEM R, s
BT 5 — . |
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B=8s
AHBRELAEL G T EHELSYEEEME

HAT, Ak T o s A0 35 BRSPS R M B e
MARCRIRER D . BT ERSBEFHRONEAENE T HICl FI R4 A
HPICL U5 2 —) , Bit, BIRAESBSEMELRA T s AR R R mE
ERR—HEE LTI, BRI p-ONB NEY, E8T AR & HIE,
RRRE, MEARRE. WE. SE, EIRE, BU4HRERERR
TETEME R . RN %8R T A8 I R AN BRI &Y
B s,

3.1 BEUFERIEEN Ir/ y-ALO L p-CNB [ K 00

BN EERABRENE T REE v v-ALO; kF. IO MRIE R R
B I LR o BUE SELNRTE . RERERE R REENE %, WEERG
HE2RUERMANMBRAMHK, FLRANEARSE /D, ARTREME. &
X HalrClenH,O fEMEAIBT 4k, RATBEMM Z RN, W ESER, &
S5 20 MPa, 1 h WEEFHTEETHANTEREX I r-ALO; 1L,
p-CNB @4kt EerEng. AREA TERBAINMALTET p-CNB g KM
& RFIFE 3-16 P,

AT 3-16 BEBE, BAFEEREEMEEFIMELEEERAER.
FERE TIRE, p-CNB M LERIE. TREFEH 60 CH, HAEHRH 5.1
%, MEZREEAR, HE LA, BREN 120 TR, BUEKXT 41.5%,
BRI AR, HARENETHES . ALRLERRE, FEEEET 120 C,
I NERSAZAME R BELFEE S —SNE IO, B LEsRE, AL
BEDH(Z150 C) XA RERBEERREN SR BREREEE, BET
RAEBA LN HE, SIREEREE TR, SomU®E I 78 393 K BUFE
RERIRENEE (Hyr=1.17, SFLERIE), EE 3K REEH
BETERE, THEAREIRENEE (H/r=0.00~006), HEEDE



WYl e e A0 S 53

RETERSEER TR, (F473K THRE2h, H/r=06; 7 523K FiLR
1 h, Hylr=032). ROIBERERSMEMBRHRSCMBE . NEPH
PR LA, BAFITEREE M EER T EOEAERL s mRHEL
SMAER, HERE 150 Cla, ZRWREIF-HEN, HEEEENAR S
TR

% 3-16 R FRIE R B X B A AR RN
Table3-16 Effect of the reduction temperature of cafalyst Ir'~ALO;
on the hydrogenation of p-CNB

Entry Reduction temperature Conversion Selectivity- (%)

of catalyst ('C) (%) p-CAN p-CNSB azo
1 60 51 100 0 0
2 80 16.5 80.9 19.1 0
3 100 29.6 90.2 9.8 0
4 120 41.5 877 123 0
5 150 22.7 91.5 53 32
6 180 18.4 90.7 4.8 4.5

Reduction conditions: pi; = 2.0 MPa; r =1 h; EtOH as solvent. The loading of Ir on support r
-Al;0; is 0.5wr%.

Reaction conditions: py, = 0.5 MPa; 8 = 50 'C; 1 =1 h; WEtOH) = 5 ml; n(p-CNB)=2 mmol;
W(catalysty = 25.6mg; p-CAN: p-chloroaniline; p-CNSB: p-chloronitrosobenzene; azo:

4,4'-dichloro azo- and azoxy- benzene.

3.2 EARFRHESZREAFENER

EAFTRE & T ERNBRETITE 3-17 . ARPEIETH, HBHL
H& L PVP R BB, FRIZBIERH, % 120°C, HE 2.0 MPa M4 T
TR 1 b, FREARNEESLRALEERTEREMELREES. T
R LS &K I/AC JEHEL I/ v-ALO K, —HHREAEHEREFEX
RHRER, BETOHE; B0, BT r-ALO; KFKHER, KRR
FEERRESBERME r-ALO R, SEEAMRESRE, HRY R
RE, FREATKGEEESFTE. XPS MM REN, #UH 11 4072
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4R 6055V, SRMA I 0L EREG0.6eVYRER, TTH ZBEITTR
AL 11 A0 Iedf7/2 9 61.6eV, 3BT 10, 8 Ir BE5 & REHG1.7eV), WL,

AT It/ ¥-ALO; 78 1 3 FIim A R&H T OB R4 EER T ENEMELE
P, MR, M TREAFTILSN  TEBARBRRES, ik
SR EE R, LS TRE. A PVP RAEIRE - AR A EIRENR
RN, Vs B A BIRE EFESE KT PVP 3858 ML 1T
HEER, H p-CAN MEEEERE TS 10%, TEFEENRED, Rk
{7 PVP-IY v-ALO; MHEALEHER AT I M5, (B8 B thE SR R ek
15 BEMEAR. SORIER PVP BENBRERE P HBIENRB L, #

& 3-17 PR RHES EH ]
Table 3-17 Effect of different preparational methods of catalyst

i Selectivity-(%
Catalyst Preparation methods Conversion (%) electivity (%)
of catalyst pCAN  pCNSB a0
It/ ALOs, Z L, 120C, 2
I _ 415 8717 123 0
} BRER), L, B
1, /- A1203"§_ﬁ&’z‘§@m 27.8 829 17.1 0
TR
PVP-It/-ALOs 3R, 7,18
I e 33.1 91.7 8.3 0
’ [El4E B
PVP-Ir/p AL Oy, 7 T BE B
v : 29.8 92.6 74 0
3 R ,
I/AC ik, ZEBL AW
v, #1120 °C Hy 35 69.5 95.8 42 0
IVAC, Rk, BRI A
VI : ' 353 95, 3
’ 120°C, H, BE >7 * °
JAC B,
VI, IVAC, R, FE N - 100 0 o

7,120 CH, BE

Reaction conditions: & = 50 'C; pip =0.5 MPa; r =1 h; F(EtOH) = 5 ml; n(p-CNB)=2 mumnel
Wicatalyst) = 25.6mg. All the loading of Ir on the support are 0.5w%.
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1345 PVP R B B RAR (L AAR DU B 4 A ROk R~ 790 [l 484k
YA N, ARG, IV, B | 5 RS IR R T A
It 5 PVP &/ TRMELERE, ERATHESET PVP AESER, BH
o8 AL B T A R R g (777,

B ER, AHTEMRT, 28T EHARREREMNELR VAC
MIEHERE R, RO ZEAEEEAGEATV, EEaS, U
AR B IR VI IR, RF Bl B A VI S M B, IV B2 P
ZEBAG AEEENE, o [ BETEEE. R REE TR0 FRIEEN,
T T EEENR, SEETENSRERASERUNEERE, BHETH
TREME . JUR T EEI R Ir ALFIZERAL p-ONB RS E%E R ERER
R, [N R R, |

3.3 LT 1. 41t p-ONB IS

PLT s AR, REEETAR r]fir“%#ﬂFCNB PR AR
MR, TrEaitie.
3.3.1 ERRERE M

RNEEHERERFITER 3-18 7. BERENARE, p-CNB Kz
AL p-CAN W EHIRE, PR p-CNSB BRI/ . BEXE 75 C
B, RAZ1h, p-CNB RS2k, XA p-CAN 4 97.6%, HE 0.4%

#3-18 BEREMEWE
Table3-18 Effect of the reaction femperature

Entry Temperature Conversion-(%) Selectivity-(%)
{) p-CAN p-CNSB azo
l 40 29.4 81.7 183 0
2 50 41.5 87.7 123 0
3 60 56.6 92.8 7.2 ¢
4 70 83.8 95.8 3.0 1.2
5 75 100 97.6 0.4 20

Reaction conditions: pyy = 0.5 MPa; ¢ = 1 h; V(BtOH) = 5 mi; n(p-CNB=2 mmol;
n(p-CNBYn(1r)=3000.
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] p-CNSB KB & Her. SR mE T Z R4, [iREE#EE 70 'C/a,
BB A S p-CAN £RENHE, THRBELSYNEIBELSY
FEIRNIEE .

3.3.2 REKESRMESEEN

B 3-8 BB RMEEW. BEERNEERER, p-CNB %R RE
It R 1h, p-CNB #4b38H 41.5%, 4 p-CAN RE#EME 87.7%, RN
2.5 h, p-CNB #{bEik 100%, M p-CAN Kkt &k 100%, BT RN
RELEHE, AANE PP R e B =& M.

w0or ./,7- 1100 100} . . /- oo
8o} 180 wr 180
o °° L . ™ g
T\g i e ® g E ® ey ” Y
g o} S 0w 5 wf g 0
g —8—p- OB B ] —e—pCHsh ®
S ° S
0 {1z 201 420
. — 4 . .
ol .\’_“_- 1y 00 i \; 5
1 2 3
Reaction tirre (h) pH,(MPa)
3-8 Feny i Ia Ry 3-9 REIEERIRN
Fig3-8 effect of reaction time Fig3-9 effect of the reaction pressure

Reaction conditions:py, = 0.5 MPa; 8 = 50 Reaction conditions: § = 50 C; t =1 h;
T VEOH) =Sml; n(p-CNB)= 2 mmol; VEtOH) = 5 ml; n(p-CNB) =2 mmol,
n(p-CNB)Yn(Ir)=3000. n(p-CNBYr(Ir)=3000.

EAF BN EERRBRENHE (B39, MESSEINAR, B
i H, FREMZEK, FRT H, EEANERIRN, SERYRERRN,
p-CNB #{LERMAE R p-CAN EHEEZ 8. 2B EN 2.0 MPa if, p-CNB
SEREL, p-CAN HEFME LR 100%. EFEENENTEEA, REMBH
R AT ER. '
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3.3.3 E4FAENREHEN

B I TOF {8 F 84y i) (8] 4 45 BE SR 8 A A1 _E 35K p-CNB FIBE/R Bk FoR
(€ 3-19). % n (p-CNBYn(In)bt2h 1000 B, #4634 100% , TOF {43 1000
1K 7 (p-CNBYn(In) & 3000, ¥ T2 41.1%, TOF{ HFHE) 12337 4
SR K n (p-CNBYr(INZ 4000, HETHT 23.2%, TOF T #9287,

F3-19 TR BENRERMER
Table3-19 Effect of amount of catalyst on the hydrogenation of p-CNB

over catalyst 1,

Entry n(p-CNB)n(Ir}  Conversion-(%o) TOE Selectivity (%)
) p-CAN p-CNSB 4zo
1 1000 100 1000 98.7 0 1.3
2 2000 59.7 1194 8715 12.5 0
3 3000 41.1 1233 87.7 12.3 0
5 4000 232 928 81.6 184 0

Reaction conditions: 8= 50 C; py, =0.5 MPa; 7 = | h; F{EtOH) = 5 ml,
': TOF: n(p-CNBYn(lr) h™.

3.3. 4 RYIRENENEE

TREF n(p-CNBY/n(Ir)=3000:1 135, EET p-CNB IREXMRNMEM. |
B 3-10 840, BEE p-CNB WREEHIN, p-CNB B8R A p-CAN k015
KHIEEALERE, [p-CNB] =1x10"*mol/ml B, ${L# % 32.7%, %4 [p-CNB]

st /,__,,/' R 3-10 RWAREM R A H R
— -
wr ® Fig3-10 effect of concentration of
0 e &
5 —a~ Cenversieo % g P"CNB
g e Jw = Reacti e .
5 i _o_rm:d./ -f\; eaction conditions: pyp, = 0.5 MPa;
G 1% 6=50 C;¢=1h; MEWOH) = 5 ml;
| o
s s . . o ) #(p-CNB)= 2 mmol;

[ P-CNB] » 10" ‘molim! n(p-CNBYn(lr)=3000:1.
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=6x10" mol/ml B, #4LEE FTFH 49.9%, it p-CAN B8t 82.7% +
T3] 90.4%, AAMh, FiEFH p-CNSB B 17.3% M4 6.6% . HMURYIIRE,
JEY I F REMEACTI ISR H B B T vE AL R L A, AT R R e 8. (A
o, EEEYREEIET Y p-CAN SEAFEEF O 08, hEaRT
RRLE RS

3.3.5 AEBEFRIZE

YA IR BB U T R R D B — SR IR AR T . IS AT AL TR
RIE B R AERITRY . YR L MBS M EER. R 3200
&, NFERX A ERERE M ERARE . BB R R R RE v
EREE, REBROENERNESHT, RNEERENERRPBRERE,
BUERH 0.5%, LTERIAFD p-CAN. FARGHERBEVERT R M3 2 )R
Fh: PEE>ZE> 5, X5 SRR R 7N RN A7) 35 T 60 f
REAREX. ERDPFFIRNASET, FHEPE, RRBEBTRN 1 h ¥
SR A=Y p-CNSB R, WERBFWAE R, p-CAN F%EFEMSH 100%.

& 3-20 TREFHEE
Table3-20 Effect of solvents on the hydrogenation of p-CNB over catalyst | ;

Solvents Conversion{%) Selectivity (6)
pCAN p-CNSB azo other
ethanol 41.5 877 12.3 0 0
Iso-propanol 193 100 0 0 0
methanol 524 87.1 11.4 1.5 0
toluene 59.8 100 0 0 0
benzene 0.5 0 100 0 0
Ethano! +HCI" 80.6 91.0 8.3 0 0.7*
Ethanol+NaOH" 777 85.0 10.8 0 1.742.6°
Ethanol +Et;N” 100 95.1 29 0 2.0°

Reaction conditions: 6 = 50 C; py, =0.5 MPa; r = 1 h; ¥(solventy=5 ml; n(p-CNB) = 2 mmol;
n(p-CNB)/n(Ir)=3000; Other: *: chlorobenzene; % 1.7% of aniline and 2.6% nitrobenzene;
® aniline

'+ the molar ratio of HCl or NaOH or Et;N to p~CNB is 0.05.
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MM ZEERERIN, ERNARPIMARSEN, RNEWER K. MAR
EUW G R RS PR AR R R AR W (EMA R R EEWERCBE, 045
BB EREM RS AN RIEEENBE = YHERNE ., mABRE
MG ST RS R pH fE, EWELTRERMEERE, AR
FIFE AN SN . MR TRIR M MR 4, TR KRS
YR R LB R R R . IR LS mE R N T8 EE I T &
BR

+H +3H
(1): CNB ? NB —> AN

-2H,0

(27 CAN+H , —/—» AN+ HCI

(3): CAN+H; =_> C(CB+NH,

RARIEHRTEIRE (1), (2) SR, B%RNEEHT, F88
FEHINB B AN % MBFRTRIEN (3) FHBRE, FENSTE R
Bi (1. (2) MRE, 18 ) KT EERIRN, CBRTEFERFY.

HERZRBIABMUNLTREHEH: Y np-CNBY(I)=3000:1,
[p-CNB] =4X10"mol/ml, 7£ 50 'C, 0.5MPa F, VLZE MK 2.5h,
p-CNB 155 {L B p-CAN 1B 4 100%.

3.4 WMINERBFRHELR 1.4 CNB RERI %G
FNEBE T ARE 1 y-ALO; AL 154k p-CNB K7 HI B a4 B
W& 321 ERPFARKEHT, REARPTREMERBE TR, p-CNB %
H# K 41.1%, p-CAN &EFtEH 87.7%, T[6 =4 p-CNSB H 12.3%; LK
FARPFEMEBETF Fe®, Co™. NiZ'. So™0f, B IHHELIE T — 6 4
RETHAEMEN, FHACETRBENTET. A, i Fe*% p-CAN #
R R B SR N Fe™ B9 B K n(Fe™in(in =1 B, #4b 3 F %3] 17.4%,
ERAHREBT 95.5%, BERT 22%NEELAY. LIE FETHRMER
K n(FeYn(in=02 B, HHE EFD 37.4%, EEENE 953%, LEHE
BHEYER. 5% o RMBN RUFESERAL., 5LR® -, £88
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& BE I Ru-Pt/ v-ALOy 1 P/ r-ALO: AL, &EEFH

It/ v-ALO; (1) MW BARE. AT, fUMESATERBAEERETH
BT A

= 3-21 NG RE T3 5L AR
Table3-21 The influence of metal cations on the hydrogenation of p-CNB over

catalyst |,
Entry M?tal n(M")n(Ir) Conversion-(%) Selectivity (8

cations p-CAN  pCNSB  azo
i none 0 41.1 87.7 12.3 b}
2 Fe' 1:1 17.4 95.5 2.3 2.2
3 Fe™ 0.2:1 374 95.3 47 0
4 Co™ 1:1 13.5 86.2 13.8 0
5 Ni?* 1:1 13.7 84.6 154 0
6 Sn* 1:1 292 87.0 13.0 0
7 Sn*' 0.2:1 30.4 93.7 6.3 0

Reaction conditions: 8 = 50 'C; p» =0.5 MPa; £ = 1 h; F(ethanol)=5 ml; #(p-CNB) = 2 mmol;
n{p-CNB)/n(Ir)=3000.

3.5 #uA . ELFRaRHEENME

R 3-22 BRUEFHEALT | 3 AR QU =R R &N mER 9%
W TR AR . BRAMTEARE, B o-CNB AR THD BIEA
HEH1(0.8%), 8 0-CAN HIERH L 99.2%4b, p-CAN F1 m-CAN MGt
Bk 100%. Al 15 fEEEWRIAT, £RAHERMMEEENFY: o > p- >
m-CNB. Han Xiaoxiang %" 57 T Przr0, « PYTIO, AL A FIELA AL S AL
EEMERELTY, ERENEBTREEROAR ST FREAHEE
MEERWGER. F PO fFREWFH, MEERNTFR: p>m->0-CNB;
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F3-22 LT L BETARAWEENRE
Table 3-22 Hydrogenation of different Chloro-substituted nitrobenzenes catalyzed by 1;

Reaction time Selectivity-(%
Substrate Conversion(%) vity (%)
(h) CAN CNSB azo
| . . 12.3 0
PCNB 415 87.7
2.5 100 100 0 0
31.8 88.1 11.9 0
m-CNB
100 100 0 0
1 454 86.8 10.2 0
o-CNB
2.5 100 99.2 Q 0.8

Reaction conditions: 6 = 50 'C; gy = 0.5 MPa; 1 =1 h; Flethanol) = 5 mi; n(substrate) = 2
mmol; n{substrate)/n(Iry=3000.

F PVTIO, fEREALTTIRT, MEUEZMIRAFN: m-> p-> o- CNB. 11/ Ni. Pd .
Ru F(EHE AN, MEERIEFHRE: o> m>p- CNB IO, BT WA #b a4
REHERNMER, I r-ALO; R T AR FHEALAM RS, XK
NEEHERAS RBANLEEX, E54REREMNEEERAX.

3.6 fEAFHIRGTER

B SR FUME BRI E E R AL BT . R B ARF R R R4
RS, ML ESBRERTUES, I r-ALO; BTN sl A
HIRENERE ISRV EF REFRBAEEREREE. 750 C. 0.5MPa,
RRE2.5 h BT, U 1L p-CNB IMER MR LK & RE| TR
3-20 1. ERERBENT: BRRNTE, iLRNAEZPHE—BHR, B
BRI LEHA, ETEER, TREREIMND 5wk MFEHE LR %
TR . i 3-20 FEERTTCIEL, MURTER 2 WIEFRF, H4S
WA TR, RAERMN 100%, 2137 REHRG, BAEETERE, %t
RN 54.0%, BEEE TR X—FERHTHEFERATERER RN
s, AR RRETRES BIRENEE SRS O H EN AR E
RS, EEEPOHBEREY, ATTSIREAFEEES TR, 5—FE
HTERMTRRELFIERD, BREIINNT S woeli B, 1
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% 3-23 fE{b 1 ; ORI

Table3-23 Recycle of catalyst I ;in the hydrogenation of p-CNB
Entry 1 2 3 4 5 6 7 8"
Conversion% 100 100 890 748 761 726 540 100
Selectivity%e 994 987 986 981 951 970 967 68.2

Reaction conditions: & = 50 'C; pip = 0.5 MPa; ¢+ = 2.5 h; Hethanolj = 5 ml; n{p-CNB) = 2
mmol; W(catalyst) = 25.6mg. % t=5h.

AR TR MR, FRELTBRNED, BT ELEE. B4,
EWUARY r-ALO; hEk, MTEMBIEKE, ARNERETZERKES
SEREAFIEI R ER, LR TR, SERRENGE, ELNEKR
[T, ) RUME A AL 2R 1A B 100%(Entry 8).

3.7 fEUFFRE

2 XPS Ry BT 15 P [maf7/2 KR T EE-&BH 60.55¢V, 5 Ir f9BH
BHRHE(60.6 V)T, IEBMEALH 7 Ir & H, BER T EHANRIERE
WA, AT (ZBERER, wi) = 0.5%)H Irdf7/2 {925 &85 % 61.60V,
EE IO, #7 4£7/2 IS ErAk 61.7eV 1% 0.1V,

F3-24 HEfLH 1, filth 1r4F7/2 BNRTEEEE
Table 3-24 Binding energy of Ir47/2 in catalyst [ ;and II;

. Catalyst I 3 H 3 II'O II'OZ

Binding energy of Irdf7/2(eV)  60.55 616 606" 617
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FOE £ i

1. LA 2,5— ZSAERFEQ,5-DCNBYAEY), B8 T & EHEMT Ru-PU
y-ALO; A A& 7 ESHEA R FE RSB W, SR RERY, URLE
MG T(PVP)EE 2 H Ll L BF - KB & BRI GOE R % & 47 Ru-Pt/ v
-ALOs (M) HERERE BEFF AR RIS OELT, AiZEARTP Ru. Pt
FILW T IRFEORNE R IDERN, Pt MR HERS, Ru MG E R NHE
RURE TRE. BZEATIFE T EMKNSHERERVERE. B, mHE.
WHRE. SMERBETHARSRETFRNEY RNNEW, B4R aRE
FRIRE. BN EERMRETE TREMUEE, EHRANmEm T RE
BIRA . MMARSEE TS ME R REWAR, R0 Sn* X iEH
AR RN T RAFNRWE, BFS, A, LiRETE - EREHEA;
wnco’, N, o™, SetMEENRIMAEES; TER G, o
AT FRELKE. £50C. 1.0MPa « 1hHIRNEMET, ANEEH
F, 2,5-DCNB 346K 41.4%, £ 2,5-DCAN kB A 63.5%. MEH LR
B R4 T IREAE AR I 1 (Sn*) /mRutPh=1 i Sn*" B ¥, REiEHE
MRS NKIEEES, B 100%, B8R 77.6%, SRV
BZE 4 h, BEHEEIE 993%, LFRAERE=YER. BREAANRES
BB EEME L RN T REMEEREEY, ERNERTEE
R Snt T HE B R,

2, FZ.B - KRAWHRREFEHET U PVP FEH Pd/ v-ALO: f1#
RS BEAN, ATERHEAEEEPHEMEFEENE, ERHENERE
BRI ENARE, RERNSE. Ll 2,5—DCONB AEY, ZRTHENARE
BET. St EFARAEMRIEMER R EW, SEREAEELRY
HREPHEEMA n(Sn™YnPd)=1 1 SA" B FHERBHH, BE—EBE LR
6T Pd/ v-ALO; SIBEALIEYE, AR T SR BN . 2 sn®
B}, 76 2.0 MPa. 1 h. n(substrate)/n(Pd)=1000. FHEEABRMRNEMSET, 2,5
2,4-. 2,3-DCNB $#/{L BB E X 80 CHZEF! 100%, 1 2,5-+ 2.4+ 2,3-DCAN
BB 4r B0 84.5% . 76.1%. 86.8%; ERIBEEAMT, R so”BREH
BE 1100, SHEMELERAT 100%, BEfINESRELHEAST
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98.7%. 100%. 100%. £ 70 'C. 2.0 MPa. n{substrate)/n(Pd)=1000. Z.BZ}
BRR &M T, B snY 875G, EAEKRNHEAE, p-« m-. o-CNB
SE4b A BEIE D) 100%, T p-\ m-+ 0-CAN JEBHE 2 BIAA I Sn™ B T8 12.7
%. 33.0%. 420%EEH T 955%. 959%. 98.5%.

3. IR T RAFIEREE, S& 5% REFRBEI R Ir #4057
1k p-CNB PIEEEEINERNEEMERENER. SREREH, H
BIRVEHI & FFAE 120 'Cy SR 2.0 MPa TR | h BRIRELT I/ r-ALO;
C1a) BAERERE, TEREEEM T Rl&MELN IAC ILFEEEFRR A
EHRAEAMILERRASFRORBLEE R, BEAR T ¥8TRNE
B 2, WfE. 6. ERET. RYRENELRARYS RMKAENE. &
HIRERNERE. EORER RN EENTREMET, BARENESE
FITRERRIEE: RIARSES FHEATNE R T R,
WA —. BIRMEE, p-CNB E4Hk, 2B EHEETRERE 54%,
XA RE AL A B R A IR IR 4L 1 R LK B A S A b 7
BRBRMAKER. HEEARELLALSABERNNEARE, #
n(substrate)/n(If)=3000:1, [substrate] =4X [0™nol/ml, 50 °C, 0.5 MPa &% F
PAZBE A ¥R 2.6~3.0 h, $4L3RIER] 100%, 4 AR @At 34
1L 99.2% b, LM RBERE. U8 s R InEE B IRF A -
o- > p-> m-CNB,

4. EEBETH=MEATINZEETHA. AUl ESFHERERTRM
n (Sn*") /n(metal)=1 I So™BF, SHEWAF Ru-Pt/ v-ALO; (M), LK
AER T ERRAEEFS i SRR T ER%EE; 5t Pd/ y-ALOy, BEIE
o T IRFEEEE T EREAESE: X I/ r-ALO; (13), MUK EHERE
BT AERE, MEFERa . BE CRBERRIIN TR SR AW,
ERETHRHERNANSRE. REEY. FURBLEHASEFE, hS5HIE
WMERETFRMAE, &5, BTEE. METREN, SRETFHREMARL
FRMBEREERX. FREME—SNBANRTETE.

5. NEBPETHB=MEENHTEHER, SR K/ r-A0; (1D F
HEMRERZHE, S&TEEE, #URRED, REAMHHEMRMN, 4#
B, EMREENER, BE LW HWE.
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