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Preparation, Characterization and Activity Evaluation of

Fixed-bed Raney Nickel Catalyst

ABSTRACT

A novel activated fixed-bed Raney nickel catalyst for hydrogenation of unsaturated
organic compounds was prepared by extruding the Ni-Al alloy powder with SB powder
as binding material, calcining the extrudates in air at the higher temperature and
leaching out the aluminum with caustic solution. Pn’maty experiment results proved
feasibility of the novel preparation technique for the fixed-bed Raney nickel catalyst.
The new method had the following advantages relative to the patent method: simple raw
materials, easy 1o be extruded and leached in caustic solution, low a-Al,O3; contents,
and high hydrogenation activity at low temperature, etc.

The preparation techniques of the novel fixed-bed Raney nickel catalyst were
studied in detail including preparation conditions such as the calcination temperature
and time, binding material contents, as well as the leaching conditions. The
experimental results indicated that the preparation techniques and conditions had
remarkable effect on the activity of the catalysts by changing their active surface areas
and a-alumina contents. It is found .that the novel fixed-bed Raney nickel catalyst,
which is prepared by extruding the mixture of the Ni-Al alloy powders and 20 wt% of
pseudo boehmite, calcining the extrudates at 860°C for the controlled time in air to
reach the resultant 0-Al,O; content as high as 5~10 wt%, and leaching with 20 wi% of
NaOH solution at 80~90°C for 3~4 hrs, has the higher the anti-crashing strength and the
higher hydrogenation activity.

TG-DTA and XRD (incfudihg in-sitn XRD} analyses were used to characterize the
crystal phase transformation during the preparation procedure of the fixed-bed Raney
nickel catalysts. The experimental results showed that the Ni-Al afloy phases abundant

in aluminum such as ALNi-Al or AN transformed to ones poor in aluminum such as



Al;3Ni; or AINj, and that the released aluminum would be gradually oxidized to alumina
during calcinations procedures. As the result, the oxidation of nicke! was inhibited. Such
phase transformations would be accelerated at the temperature over 850~860°C, and
Al;Ni phase disappears and transforms to AlNi; completely, and the released aluminum
was oxidized partially to 0-AlO;, leading to the increase in the anti-crashing strength of
the catalyst.

Afterwards, the surface structures and physic-chemical properties of the novel
fixed-bed Raney nickel catalysts were characterized by BET, SEM-EDX, XPS, TPD,
hydrogén chemical adsorption and thiophene adsorption poisoning, etc, and were
compared with the conventional powdery Raney nickel catalyst. The results showed that
the new catalysts possess abundant meso- and macropore structures. Moreover, as same
as the conventional powdery Raney nickel, there were two types of absorbed hydrogen
atoms on the surface of the new catalyst. It is also found that the new catalyst has the
remarkable higher active metal surface than the supported nicke! catalyst, which may be
the main reasons of high hydrogenation activity. In addition, the experimental results
also displayed that the leached novel fixed-bed Raney nickel catalyst possessed the
tri-dimensional reticulate structure, in which the active nickel particles were conjoined
with the bridged a-AlLO; or alumina-based b_inding materials, and the pores and surface
were covered with the agglomerate hydration alumina particles.

Turthermore, in-situ diffuse reflectance FT-IR was adopted for studying the
.adsorption of hydrogen as well as adsorption and hydrogenation of benzene on the
surface of the Raney nickel catalysts. The investigation results indicated that the surface
of Raney nickel catalyst existed adsortbed hydrogen, and that benzene molecule
probably adsorbed at a single active site of the Raney nickel. The investigation results
also indicated that the adsorbed benzene desorbed from the surface of the Raney nickel

due to the competitive adsorption with gaseous hydrogen.
The novel fixed-bed Raney nicke! catalyst was applied 1o the hydrogenation of
benzene and furfuryl alcchol. Appropﬁate hydrogenation conditions were investigated

as well as activity stability and anti-sulfur poisoning properties. The experimental



results indicated that the new catalyst reveals the higher activity, selectivity and stability
under low temperature and pressure for the hydrogenation of benzene. Benzene can be
hydrogenated to cyclohexane completely at mild conditions of reaction temperature
80~120°C, hydrogen pressure 0.5~1MPa and space velocity 2.0b™. In addition, the
experimental results also displayed that the anti-sulfur capacity of the new catalyst is
8000ug of Asulfu: per ml catalyst, which was far better than the same type catalyst
binding by polyacrylamide, and the commercial supported nickel catalyst, The main
reasons of the Raney type catalysts deactivation include the adsorption poisoning of
sulfur- and chlorine as well as agglomeration of highly dispersed nickel particles
according to XRD and EDX analysis results. Therefore, the impurities contents in
feedstock and the higher operation temperature of the catalyst bed would probably
affect remarkably on the stability of the catalyst.

Keywords: Fixed-bed; Raney nickel; Preparanon technique; Characterization;

Hydrogenation activity
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WA TE AT & EiE A Bl B K Raney #E46T].
2.2.3 LFEMER 55 EH FEIZERK Raney LT

A IR TR LTEIER Ni. Feu Cov Cu BE&R M A& ML, 1
S A R T BN AT B BB B . Schuetz %), Haas™3., Degelmann™!,
Ostgard® 294 A st R &R EF), TET USHEERRSEE&EER Raney AT
7k S R R
2.2.3.1 RREHHREEK Raney 1L

BiEtER. SERRSENBHERAEILFRENS, KR ES HH
BHAR, 7E S00~700°C Bike, #RJEF 20%(wi)NaOH VR BLARAL & &R I8,
Bl af 2 3% B LA BURE ER Raney #4067, BIFTIBAT shell activated tablets
catalyst, IEHENFEURR, FEEBHREAEEEIEN, MERATRBELE
MR A B, RAVMRRE.

Schuetz?48 A U ol 2R BB FIE, IS SRR ARSI 2 L w1,
EMAE BN SR FIAEN 5~20%. BAFIREBHERKER, BHiteEm
H7E Rancy S&Ek > M4 REREREHE, D ERERARR TR,
A1 2-1 Fioms. |

BRI & BRG], EFUBR/ER U 3 o] e IR, A%
V(LB AR e b Ar 2, gbAh, BE. s (EFRERSREUERE RS . BEY
Ch KA G i AT RS S RES S RBE KB FRELR, WAE
— I e B S R SRR 2.5~5%.

PELE IR p B R B B, FLIBUR JR I T34 200~300N-em™, il 20%(wt)NaOH



2%  BEK Raney BELFIHIAT TR

BRI SRS, REFRE 80°C, REBUNE 2.0n, AIERMELLEEREED 0.1~
Imm, HCZJRBRRRERTHATM, AR 300N-cm™. 46 R BB 2 I
SALHT AR R AR TS R 2-1 s,

Eaney alloy
particles

Pure Raney process :
metal particles : Metal bridges

Bl 21 SRS IR Raney fE(LIBLE! & &R R A
Fig. 2-1 Alloy extrudates structure patterns of fixed-bed Raney catalyst bonding by pure Raney

process metal, A: Initial stage (homogeneous mixture); B: Calcined extrudates (not activated)

AT AR BB IR . RBERET Uk o-ALOy K%
i AR y-ALO; AT NaOH ¥ B R . SOTEA R AET, AT RS
BRI, WTAETERSTHMERM. EEHRERREEL Sl
B FIBURIR A, (HRBRERAUAR T REARIFE R A . ARSI
AEENSBAS, STREREEENTRAER, THLPRELMER
&, B, RBENK NS BEAIMER R, R EHR TR & T A
BAEL.

% 2-1 EEHASOREEF Raney LML B 4

Table 2-1 Typical ranges of parameters for activated Raney metal fixed-bed catalysts

Parameters Before activation After activation
Thickness of activated layer / mm 0.05~1
BET surface area / ml-g'] <1 1~30
Pore volume / mL-g” as water absorption capacity - 0.03~0.06
Hardness / N-cm”™ 200~300 >300
Catalyst metal / Yo(wt) 56~62 6270
Aluminum / %(wt) 38—~44 30~38

Schuetz < j‘l&fﬁ:ﬁ!ﬁ%iﬁﬁﬁlﬁ SEPR Raney 45 BMEALFIRIBI& HECERIE T
o [ FI2Y, Haas 2645228 BUEBAL AR T 5 06 SR EIAE R IS B AR & e A Bl —



HB2E EEK Raney EHFRINTIRER

TR, Degelmann % T % B E LB EHK Raney %A1 Raney B ELF],
¥ RATHRSDHMER N, Ostigard ™V )\ ETEH M K Raney
BT £ 3 0.45~6.0%(wt) B & @Bk LU B e Ak 70 iE 4k, B30 H T 5 e R AT
KARBERR AL S VIR NS R L

2.2.3.2 BOBREMERT

H T & 1S B E R Raney AL FI (U E R EH Z B HEL, HATIMAEM T
BE, FHRESEFEELR, £BARERR. AT R LXgts, RN
B H RPN R R AL A B S OO, SRR ARG IR, RS
Ak FUEALIZE, TR RRE— 2.

S & 2 DR B PR Raney AL FIRE, — B8 Raney SRR ANHET
LS. B SHRSYHIREEN, BS R b SR E MR
MR BELHEREIRMN DR E; RESERBRETIR, HEERBESLUE
BRENER: BEMBRIEH, aTERZ OB E 2 RRaney L.

ZHRaney & & MRS VR HER YR L BEEE TAERLK S 52 M,
AT — R RS IR, PIRRBRZ AR ERT TREE. REFHIRKER
A YNERTESS0~1300°CHKE, RS FBMGEITIE AL, BLFIRT LB 23,
WAFMEL. FHHEOEOREELFER ERE~SmmZ 7, FEERE
0.1~ 1mmz i, HEHBETE03~13gml 2 H, HILBETES%HER, HHR
H LRV,

BHASETTHA 0~10%(w)fI R ZHELE 0~3%wO)RHM. AT Rk
SOREMIURRE, ENIBASMEEEBRRBAREH. M TEEERN
Raney BUEWFITI S, 0 Raney &, BMERFINEHEBRREH, S OREUEEHEL
FIH AT REET B B HIMRAL

25 IR Raney fEALFY M OT LAAN— 8 Raney M40 FIAEAINEALEN R, Bh3T
L B—R 0~20%(wt), BhRATUAZERIEAERMA, BAlEREREN. AL
ERANTEERE, T 0.5~30MPa, 30~250°C. =i 0.05~5h &M TFHEH.
o AR AR R, AARRBOE H IR E R

BT, Ostgard™HENi-AlL S RBEELI B T 2%(wh 3 LB IR A
W, BEMSRE A2 R EZS N, S REEIITAIR. BT
ZJE, TESO0CCREREBEZ KBGO, RIEMARIG0C, ¥BiEE
i BRI O —iE ., BRSNS OEBRE20%WONaOHE B P iEAL, FFRIIMo.
ReZetE HENF, ATEMT RS LamMaE R, e EttasRE

22,580 B Raney MV FIRF W TR (1) BILFERERR, A& @t



B2E BEIK Raney BAANTIIE

L () B FIEYE R, W LLARIE R R P L B R, (3) ik
PIRH —EATHUESRA, WHERRE. B2 R TR & T e e,
e B I BNFAL R BEAT Wit A, PR E T LB R R R R,

2.2.4 SEHERBHZEER Raney 17

ATEFRACERRERRLY, RUENESWESIHAFERLEN.
Cheng!"# 212 A £ Vicari™, Breitscheidel®!), Freund®, Sauer™!% Ast/5 % 7.3
BEMER, DMEEFERASSERKREERL, FIE&0 TSI ENE
SEFR Raney HEALA. Cheng™ Y48 A TR ZRALFIMEI & 7 15 HiE T S ).

Cheng!""?"24 A $RIE T &4 B A6 4% B B K Raney B AFTR, #
150°C ROIRE T, LURZARNT Wi RAEH. % Ni-Al S4BT 5, FHF
CrEMBHT M, RETRESIEERENER. FRARENETR R,
R4/ NS S PR mEENRE B RBERE &,

BRI MBS ST G, RETREEIAH NaOH #il g RSk, Ll
REBRAYEEN Raney M, HFEETE som>g' BLE. BRIXMER g
R RGEAR S RIRE R U TEA, WARZEEAEENKT 90°C. &
AISETE 900~1200°C TERPEEREREESY. H/5H NaOH WiRE UL &k #
FAMSEE, ATIB IR ERREAN, BERER 40~50m>g'. &HE
BB R GFR TR PR A (OB, (B2 1 FINA B B0 34 20%(wt), JFH
HERT Y A ORI, B4h, 150°C TRESMRMERRLRRE, M
A& BT LR

XRD SR, §ERHBRZ 000°C FRPEE, PHERE LR BTN,
JREEE P M AN AR, T ALND fHEH B84, FHILT o-ALO; i1 RHEH,
T 0-ALO; ANVE T BIFHE, L] DUEA &0 MRS 45, BRIV MBT IR
BE. B, KRR XRD BEHEE HIMEAAY (NIO. NiAIOy) #F4H
i, X FIREETEFRE TR 241 FROELR R,

ALNi+ 94 0y = Vo AL, Ni, + Y @~ 41,0, (2-D

LARAREN, 8B BRFXT 100om BILEBETE 015~
025em’g’, 2 ALK ATLAR 50~80%, TOBRAELFAMIALEN (2~5am)
RTER BT FE P AL AR, Bl 2-2 45 3 T 4% 2 2 IR Raney LRI BRILE MR B R,
KILFEAES T Ree . BHUR AL A0 RS M08 B 208 RN, A0S
PP RRE, %A EREMEER Raney BEGFIFEANESRESTHE S
B &) Raney SREILF], T Tk A8 A H) U R AL A1

JeAh, WEAEFEN, ETRPAREEREBRRE, % 400~700°C B
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825 e Raney HEALTIHIUI AR

BHIRSH. REHAE 900°C HIRENSEREN DT ZEATINNARART BEiER
HESERAARENALER, B, ATRE/TINNGRE, FEERE
FORLTE 850°C B RARAEEE, B TREERE 2N, EFET 1~42%wORItEH
0-AlLOso a-AlL Oy B T BAMBUFVER TSN, HFELARELHIOMNBERESR
BRI EE, SHESELRERE. MTHLFoReTER, XeEEEE
SR E R PR PR B, AT — SR RS, BT e-ALOs HITFE, &
I R LR TR oy R R Mﬁ‘ﬁiﬁﬁi%iﬁﬁ%{&“

Raney particle in -
aluminum-lean phase’ a-Al2073 bridges
50um
Micropores after
L ‘NaOH activatioti
Macropores 0.1-10um. . 5 5nm

B 2-2 a-ALO, B 45 [ B 25K Raney fLAIBRA SR EE
Fig. 2-2 Schematic representation of the pore structure of a-alumina-bound Raney nickel extrudate

VicariPOHs A DL EE /R B B 3000~6000g-mol ! HI3E Z B 0TI, LUEERR
OB, BTRZEBRESERK, HERFEADS, EEELRERK
KILBAD, MTURRET i E . -

Breitscheidel®VV% A 18 T B /K Raney B LI HI& ik, RARRGE
(9T 7.5 (85000~146000 grmol™) FIFI R4 T4 h BB RURLE AL, AR
KA AA 0%, I EFRITE o-ALOy MAERERIKE 1%WHLL T,

WAL, HERBRI T EZ AT UENELRNKELEY, HTEER
Wz, ABS WIS, BBER:. BUHME. SERE. RZBHUERMEHLR
o), SERIMAER 4~8%(wt), BhEFFIEERNMARR 0.1~3%(w).

PR EIRT, I ETE 100~200°C HRIEHIEE T4 2min, $RJEE 120°C
T 12~24h. JEHER R = B FHR S SR, 4 BI7E 400-~500°C, 700~800°C+
900~-1000°C 548 1~3h, —REFEFHA T HHE.

EAME AL TTIE R T 2 R RA LA W (TR AT 5000 RARMMB AU 5
TEAT 500) WIERE, ERKRNEANLN 0.5~40MPa. 100~220°C. #H}
A5 0.05~0.7h",  F It T2 fR A A 2 R PV R 56

FreundP2 0L 7. 35 — B RSB AR5/, & T BEUEIK Raney SRR,
G ENATFREENARGMERNT, REGERERAERRRRAHT. K
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H2% BIFK Raney EARINTRHE

SUETE BT RN T4 B B 0 KRR AL B2 BR Raney @E1LH. Sager™IL
HEE-T ELERIE MRS A, #4 T FEK Raney SR ILE), BN EFR
RIS MELSIE SR R R . R 4 B R BEAR A M AN E IR 4 1,
A LTI HE S B ] AR T UL B MR K 2 B & B SEFE Raney #EILR), il
LA AETOE R E MR B, Ml T T R SRR Rk
# B RIZE (LB R K Raney B4E LA,

2.2.5 HAERIE E K Raney {1k

B 798 Raney &4 WA ME$I% B K Raney MALRIZAN, 5—HEE T
R %8 Ravey & 233 BEIRY L HHEILFI. Haake ZAPYIX T EF Raney
BEMBMAMELF, BFAEREN Raney 452, BEREEETESS
BOSAAREE, LEEATHECONENNBERN, I BREREN,
I E S B E SR,

A Raney {EILAR TRMELRIEEHRIEL TR, BHRT 25H
Tl BEd:, FILAEAR S LI KT %35 . Hanke 25 AFSFRELS 91RO MR Raney {4k
FEAABEEENRN, hEHRROTHEE. RRPEM, ERELER
GEM Raney 882, TUSH LMERGSENE Y. BN —RTHE. B
. SRR SNTER, Raney 84 MEHBE FHEFRSWMNATIERE. HiE
FIBEM Raney &4, WLMFAARNERSR, EESMERTHERE, #
WEE, E RN RS EE.

EFEBIERE FRUFYIEATREL, TRANGL. BTFESL.
WA E AT B EN G S, —RIERRETRSAN . aThE
i) Raney &&EAL4 M, EEAUAPEENRERBERM, TR LIHAE
MA R R, RSB RRE.

HUMEBIFERSRE, NFENR. & BBE%, - HFEOTLEHIM
WRERF, B— TR EIIAEREAGET IR AL R . MR L T8 i e
KEW, BESESFARNR, B EHTLE TR AMGEE. LrTN
MR/ B T DU M, SIS, SRS, TEAR. RS,
BRATAZ, BIERE TG, FigxeksBMEETUANT SRR,
BRSSO TR, B AN AT A R R SR TR

BT HERGETE Raney G4, REEBHHRLANLNATELERLS
FFHATAALTE, WEAS Raney S4B THITRTERAL, BHUAEALEL
B, )5 AT B TR A R K Raney ST BT BT WU AT 2 ES AT (T T2 SR,
3BTRS RBA T . AT RS TR, TEIRA R o) v B AT 87 S M



B2 E BFERK Raney LR FHR

BRE. BT HOL R BERIERE, A E SRR A mEN B A
B, 4RER Tl mE K NN EL SRR ERE.

Haake % A #% AR B [ 2 R Raney #:(LRIR RSB I 50K A 5540
IHFITE 900°C TR kb2 3h, (F2 REHEN, AHERARTRIUTE
HATNESWRE, GEABRERETHRERAERSEXEET, EHREELS
1.2um. FRE TR Raney MEELRFER TR S L AEH 3h, HIR—ERR
R EEE. HEBNELTBRARNER, B 10%w)E SRS RRIUE
AT 15min, #R 5 F 7KK B ok B AT 5 2 IR B [ %2 BK Raney fEALA,

2.2.6 BITERK Raney HEWFIRY Tl 4k sk =
~ BIEHK Raney fE{LRIFEEHE, EECSLMTWALEP, ERMEELET,
FEAMTHAEEERERFE (Degussa AG) AF . H. C. Starck 2 R FIEE MY
HER (WR. Grace & Co. ) 247, EFEFHWTHR:

(1) #EEF (Degussa AG) A+

DiEH & BRERE, DR (B-RARRREELELT, B4/

BB LERAEAD AIFA RS (Metalyst alpha-Ni 2 Metalyst " beta-Co %)

AL, B 2-3 B AGTAE RRE . EEE AR T E AR (UE
LHIEI SRR ER], FFOREHN, ERIS 94117063.2, BALS CN1083736CP.

CatalystTela] Algminum

A L

holten Alivy " Caced Aoy

Alloy Chvnks alloy
powder
formation
depends
an the
type of
catalyst

Buenace

Catalyst Melal = N or Co -
Jaw Ceusher

Pulverizer

This is the
catalytically
aciive slte

The Activation Frocess ?
Ni Al + 3NaQH+8 H0 > XN" + 3 Na[AllOH) J +4.5H,
Catalysi
i Washing (unu;rs
Activaion vessei . Vester)

Al 2-3 fEEEE (Degussa AG) 47 [EERK Raney /L7 = TRE
Fig. 2-3 The production of Deguassa AG’s fixed-bed Raney activated metal catalysts
(2) H.C. Starck 27
FHEEEAHEAR, BHENESH N BRI,

Cawislic
Solulion
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H2®  [FEHK Raney L FUAIRT ST R

(3) #EW (WR. Grace & Co. ) An)

FRMREEAA], BIERFEAIA BT A3 S S R R
BEMARAWAE 1989 EFHM|PIBEEFR, HES 891022604, A JF 5
CN1037283A",

EEEA T RS PR R B TELE B K Raney 4L, #MRA 4xdmm [
Rk, FEFFEATIES 0.05~1mm. ZEAFFRRERERS, T4
300N-em™ L, (HRMEFERKA, Wik 1.6~22kg L', B 2-4 4 T RN
ISR R R E, TR WL BT B, (bl s R .
B — UL IR, B AR O, BT e e, T
DL B MR TR, 4% 07kg L A4, (R BRI R o R
EH 35~90N-em™ . [ 2-5 K7SERCREE E K Raney fEALFIKEEE

Actvated alley Unactrrazed alloy

Eefore activation Ater acavabon

B 2-4 FEFHAHREEREK Raney TSGR BEEE
Fig. 2-4 Superficial activated shell of
fixed-bed Raney metal catalysts bonding by pure Raney process metal

B 2-5 Z0ERARTE 2K Raney BALTIARE
Fig. 2-5 Hollow spheres of fixed-bed Raney metal catalysts
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#|2E [ K Raney L ANWIHIE

2.3 &% Raney T HIFI & SRR
2.3.1 BHARMNETE

Rancy SR 44— R FI S EMTE R4 ), ERLE SIS IR % LYam
B AL TR, S . AU, I NCAl AR
B S ACY, ARSI A SR AR “o-ALALND 35, BYILIER
SRR B, TR T LSRRt — SR AT,

Ek, A2 RBE I CERMERS &P, RATR R &
Fili & & DM Raney BB . IORMTIAES, LIARGIZ RN E
SR Rancy SUELISARFOMAMITYE. FFRRH REA HiE
TR N RERY, AP E— R WAL ATBEI BRI B SAEE  R
o AR LR AAH RS SR, B TE S MRAE, 1T 10
ERPITREAEHE RS S ANIRRSYT, EHEHLRSBHRAS R
Bz (1993) TROAFIFR Hugk Ni-Al & &41% Raney SUEAF), JEBIATE-HMAE
REHEET, A T TEMAER.

ERB LR X SIS (XRD) SRR T TAEEL. % 0UsE R
HREAET NiAl SRR RIOEL, FRERRY: HURE & HESIH
B-AINi ABBOTE AL T AIN AREHEUN ARV T, ST R R SRR I & 446146 10 Rancy
BT A BRI  RE 2 .

2.3.2 BRETHREAE

Ba &R, R (NaOH B NaCOy) BMRERPHIEHAN &R,
SR ERIREE. W BIFE). BEAARE, B T e 2
1, PR RN BRI AR,

#& SRR S SHETRAXRY, K ALNI-AIZALND> AlNi>AINi (F
V). BERAIER Raney S4E S 45 H MBTBI SRS, IR Bk S
B, BIHTIE, BIE R, S00EIRTEIIET AR 035238mm, #
RIrt SRR, FLE. FLAMM, BET WREH FH.

7094, Petro R MIBLARS BB RUEDY, Bif8Rancy S KA EIBRE, #
Bt RETBIT . NGRRN, TTRAEI MR R S, TR BRI
HIEE, BRI T RIER KRR . BIE, 1. Pero JRIE T —HH
MRS, HNALS S AL B M B EIIR L PR, T HR
BOREER, AMBEREEN, DALE, BH-HELEAEN. FEAH
Raney R4, BIPHIOM AT, Ni-AlS SREUE T LA R4 S ERPIf L
IR, 3 A B RS HIE.



F2E IAFEIK Raney R HE

2.3.3 Ni-Al 2L

Ni-Al 52T &4 BL-&¥48 (ntermetallic Phase) Jy /bR Rk, R
SEILBOEBUL ok a5 X SR AT T E B, Ni-Al SR RARMEE S
SHEHEERT®RE, —& Ni-Al Zaua2s RS BEYME, Al 5B haE
&30 ALALNI (GGES4E o #8). ALND (B 48). ALNL (y4H) R AINi (5 #).
%mm@%ﬁ%$¢qumﬁﬁﬁ%wﬁﬁﬁ%mmyE%AM&%Am«%i
BIEERKERA, & ABAT ALNL W, FHEFH: ALALNI S0 S%(w),
B X BAERALLEH. _

I Ni-Al £ B aRTalY, BREE8ET So%(wolt, 3 HE E .
A BT 40%wWOE, S4UEBHNE, 48TV, FAHEE, ARuNE
HHBENEATEL . HEFRARNESSEREBRAN, EREH S 40%~50%
A, Ni-Al &0 ERGEAER, £ ALN & ALND SEFRZR, ALNi FH
REBYASEH, QERMERE, MR ALNE ERPELEAE, HERIE2E.
AR B B DRILH Raney REUMFEHMEE, AU ALNL ERERNSS
A, R IEREHAT,

2.3. 4 Raney fE{LFIRIER

AR B 0 {2 i T 7% Raney S ALV HE B & HIEEE) T #%, Raney
R RN R RHEBH R FERTIE, £ 22 PRIETEAN
Raney 8% fF 770,

BT Raney HELFIZEEERRER, BTSEZ0R, HRHRIETREER
fR AR, S A 7K SIS HIH 77 #Y Raney A E B HERET S ET,
MAERET R EAFATEL, TR LA

(1) FIEREI IR 30K Raney G HE MK/ ZEEI A FRLH, Rk
BEMBNBOETRET, KERESFEHFRE.

(2) 48 Raney AR EXREAIBANBARANZRAERAUT, W
IR S8, KRGS ETF SEM (10%Pa) B ESCA (30™Pa) 143}
Wit EF, ENEREPEHT.

(3) BEHSHARHESNTIEN T, REEERRET, EHTREN
UHV WEFS RS, HBIMELSRT.

R EEN T ERE, AR pRENREAAIERY. REEERY
B RS (BIN-NO,) FALBITIR (BIHn-CN MMEE RN, BLREY (B,
. dibL A, SRURERR. TRRES. B BLEWE) MRmE S,
FHLL PR, 48 ER ORI BET RIEMARETED, WA R ERIRE.



B 2F AR Raney BEALTIMTIFBEE

#2-2 Raney REFAL Nk
Table 2-2 Charactgrizaﬁdn methods of Raney nickel

Properties Characterization methods
Apparent configuration SEM (Z50nm)  OM (Z1pm)
Element analysis X-probe analysis (detection depth 2~35um?)

ESCA (detection depth nm)
XPS (detection debth nm)

Adsorption hydrogen Anodé oxidation method, TPD
CuCl, = ZNH,C] titration

Neutron inelastic spectroscopy, Magnetization method

BET surface area, pore diameter N, physical adsorption { pore diameter 2.0 nm)
distribution, pore volume Ar physical adsorption (pore diameter 21.5nm)
) X-small angle dispersion (pore diameter 0.2~~1.5nm)

He-N; true and false density method

Ni specific surface area " H;. CO. thiophene adsorption
Crystal structure and erystal XRD, ED
granule size (nm) TEM

2.3.5 Raney L FIRRBGEL

Raney 48 & FEWHE, &84 34mL (STP) ¢ Nil. #CYH TPD %
MR RTT BEBRERAT ALOy « 3H,O LA, RS BEREHEML. EWHLF 12
MRE, SERMTNAE 28mL (ST.P) g’ Ni.

LERHEEFETNEASRESNMERES. HEELNEEERE, &
HTERAERLEY, BPHSEThESEE, WA KRTEHEATRHA.
IﬁwkﬂTﬂaﬁ%F %%W%ﬁﬁﬁ fi— B R A B, L
WEDEREHKFET .

Renouproz'®145 A fii s F 38 P BURHERT Raney B F AN 4 & B AHITHER,
ERESREREFH ‘B R X" BRE4FR, FRES5Z (100 &
ILED #0110 ) MEES, HNTEMREEFHBRN S 3~4 MEEEE,
JERE MECh BB AL, Bikzs, B -M58a0 R 60ERE
BT, WA BT 1, #REMER, A THIGERR. SREWERS,
EEE LBz H R, WA SR T2 Raney BREIEIER 0.
2.3.6 Raney BIERBFESMMELE DR EA

Raney SRR HE, BB AT BRI, (BRI /NEEW M LU R
AR A R B e R . RAh, FWRTERNAMER Y, g

7



#2%  Bl2IK Raney EALRIMOBEFEE

S5 Raney #IE A R FIFLEEHIIA 5 . IX20 R fE4E Raney 00 T B HFI7E.

WEUEKIRIE, Raney RIEMSEER. $BEEEH. ZF CO MLFMHE
R FHT BB IR, Raney S INE KEHE S5 A WAEHF2E . w7
TR, pH ERHEEREAZREOS, BT, WEASFRENRFR: B
= > 35 B TR ALY,

MBI O T SRR RS HORR, 40k, RS
RURBEBMEES K%, FRNBLRER. HR0S. hadrasmEER.
BRSO TR RS (PP AR BT, E&HITER, a5 S
hHE KBRS, S IR RS, EEERRNEEHE,

EMEB R TE P, LEERRPIRE (FP) H &M SRR
MBI ETAESIAENR AT — 5, BN 1963 FHRFLK, BEFRABER
S —F I, i IFP BB R A M I S A AL BN A fE i)
Raney 8 (LIPS,

HAEMEHFOROBAA R I EEPERELARF TEMAAL, R
RMAFRFEMERAFBEBEERESRE, BROTASHARRE 1M
MEEL. ERRNAFNERES, NRASENERENTL, FAEFE
B 2R i b L PR AU AL AL A AR A — s i Tl 7,

IS A AR TS BN, SRR, ERR R Rt E Rk .
TG RG4S k50 8 A 8 5 A AP R, 87 B AR B TR, T
RNBEEGNEFESEE.

HRRPIRFEEEBNEERTAE BT AREZESERNP, £ Raney
wpelr, A RRE S NS, KERSY IR EER Raney &
&, SHAEME AL AT TP, SRR, HREE Ni-Al & S 7 1% AR
(R PR R B ) B R B TS P AR HE

TasEUEH Raney ST TREEEME BB, FRTELEN
IR SRR B E WL, EREELANEILAET, BRBNEY
T[Tk 100%, BREICETTE 52%, WiEL AT EER AT LR,

Foik AUHEAT T 55 T HEMEH % " Raney SRELAIRTIST, BIFLT HEALA
) & 55 R ST SR MR MW, HERTEHHITWESTZ,

eV Raney SMELA], HHT TR _BmMEASRCE_BMFA, 84
IS &M T, T BRALERR 100%, FRRERE %% L. BRhzT 20
BB TANH .

ek e ST T T 2 T RS AL IS R I R REHLER . AL B A
Pe. BB R T £44 a3 AR EM. RS R LEERIERE T4



W2E  FIRK Raney BALH BT

BRI Raney SREIGH, 152 BT = RIS INE & B e P, B (5
7o A R L L) T R Raney LM SIABAIRE, BILT RA
BEE, R TRAME, AT FRGERRERTT 80%. Lk RERY
KRS B L RIS, AT S AL IR T

WAL AYRE . MO ME KRR BN AR, BRI RS i
B E R R, RERNTREESTHS, WEBLAY, RERSTH
HEAEHNE B S TE R ENE R ROYR, R .

FEREESE LS BEERIE R BB LFMA Raney 555k Raney B,
EEREF, SULT RS SR, R4 R RS, Raey B LFIELRE
AR FHE AR Raney SEHEILH

MEE@MHﬁme%ﬁwﬁ@m%ﬁﬁﬂﬁﬁﬁfﬂk fk s, ¥
Raney B (LI 5 B CIBHAMED M, REMEERTRALEME.
EE%EQEMFRF,ﬁ@Wﬁ#ﬁ%ﬁ%

TR A S KB Raney ML, HRITRAR T EME AP AR T
BT TS, SRR A4 4o AR Raney 8467, STA T Raney 8
BEALRIR BB 7k iE A, CARESTRAE. FROD. Rl % B Z 0 A0
SRR AL R T

Bk S T ERFEFRORIRE S TR ME & FF R
Raney 4 HEALF, HFMMELZIL 09.5%01 L, HHEHX 99.5%A L.

METEREERLTER. SUARMML T AR+ RS 15
SRKANFERINZ —. HEASYMEBR REM, LHEMNRERBALUE
HENBES R EENERTRMEEE, 8. 852 Raey SR T EEA
OB L AL 3.

JA /b i BBIE 9T T 7 Raney SRE 1L T RS2 I K IE R— I B L Heh] N- 2.5
R ERNTE, RIS RS LR Sk B A.

WSO — R B ER, b Raney S AR ERANERD
FkMEEs & - F LR, FETEENTESY. HP BN 23-TFEX
BOR T T Ttk =,

WAV Raney (SHALH, THARREE FRERAAINEIE R BRI E T
BE T AT THRS. BREREYW, MELSBETEARAE. W RSFUR
HEAETHEEETE.

2.4 N

bl F#53R T B2 PR Raney 4EHCHIFES0HR Raney HEMLFURIBRZLI . BRI
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2% [AEPK Raney fELFIIWIA R

Kif, TEEX Raney MEALFIMIBIA IO THRAMIMR, {BU7R LR E L
Wittt 5 EIE R .

Reney ALFIZEML TAURBI A+, TRETZHE LS NER
B2, F=EFLEE Raney 4. Raney 44 Raney 1. Raney #4558, BRI EH. 4B Raney
LA, S5ZERESHERREA NSRS, MRS,

HT 98K Raney MALFAHHEZEA, BIITR B IBHE MR EE K
Raney #465 EL BA B A0 TIPIRSERE Yo $40, T B K Raney fEALHIAH AL
BAILeEH, EMETLGER TS TREDHME L, MEMEEE Raney
18 fn 37 B S B LR B R D SR R R, 1 B PRI i 4 K 45
w-ALO; LR E, FRELEETEERE. BTk AR m I &
AL P AL LA R IR B R R, LR TR, B
s 50T % AR B R REAR R -

E 4K Raney ALTIMZEM, BER Raney ALFITMAT IR, H&
Bl BEE. BEE. AESLEFEARAL AP METTE. RERL RS
HEER Raney MALFIZENEE. B, HERELEYWNERFHKMA, Mo=
. REE. BEWSHMERN. HAF LUARNBEEETFROEZK Raney
AR, HEEMNANLAE IEAE R METRE. FEEAHA IR
Mt REERE MR, BEEMT RS THEWHME, TR ELRE
Raney #ELFIFLAE B /MITER BT
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% 3% (IR Raney R 0EIE I R AR HETH

FIE  [EERK Raney BELHIFI &S HH0M LR

Ni-Al § & A RILMMEL, WA ERE, RAB IR, AR T S/
Raney & & MM G RAAE, BHEXRTEFEHEFNEEST. B-RFRAF
R An e BRAEABER, 0E TFHRERHLN Raney &435 4B I Ni.
Co. Cu MG & MR, RRERRE AL TEMET w-ALO; EREA (A
850~860°C) T4, HEWFEFHLEENRN, BEFNFIHAEE ¢-ALOs,
iR R REER RN, FUEHSBRAERLESRK, hEREFZALIE
P I TR, BT ULREEL, ER-REERENEREE (&
T 850°C), R EHNBEARTRAFEENES. S5 RRRFHENDED
R, R RIRERE, REFRENEYTREY, WRKE. T
fe. MR, BZBEWREEASEMSEN, HERENBERBREAE N 0-ALD,
LR B LR .

ﬁﬁiﬁm”mﬁ.%Eﬁiﬁmmw%wﬂmMﬁE%EMEaﬁmh%i
R, EXRBERNE, EREEMIEAEARIE. SRR RS Eert 1.
RIEECTABYREESERE, SR CBSENRLEN. BRBBIESE
NEEWUK SB MEA S &R BEREER, HHERERBHR, sEENC
WETIE EHRNEEMRNAS THEBRLN, EETHETHES SR
B, EACUINIARERE . LR (hEMnE st m. £ R,
ROGERHKE, RUEAERFAREBRMEEREE, REBERKAR
RuEEEMRE, BRUFIRESOEIBEN, BEEET «ALO; MEKE
Bk, ML R S . SB MR TEARETMNTEN R, 5 THE
AL CHEMEEENT, oALO ESEBHER D, HHAMABSERE
i 20%ie, RS T ELBRIME E R Raney BENFIEEREHEMSIEL.
3.1 KIeERs
3.1.1 KR, RAFSNE

I ARR AT M EEME HAEERIME 3-1 BR. Ni-ALESEMNA X
EMARTCET T AR RR T, A Tkish, Ll 180 HE 200 BARHETFIH
WCHAZADT 0.13~0:14mm & &0 K H1& B E K Raney HELH.

SCM TR BT BB S INE 32 Fin, Ebh EEABRELFEIE., VRN
CLAM A RAL PP BT R R B1 38 . AR BUS (L SINEFE P S B R 2 Y
K EATRE.
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W3 F  PARFR Rancy B LAV 5 IR0 LEDT %t

31 TR

Table 3-1 Materials and chemicals

inh 247 e

s - ST R
NFAI A& Ni-Al ©<0.témm  FOEMBRILA T, SRR
SB # ¥-ALO; # @ Condea
ol {CH-CH(CH)},  299.0%(wt)  FEEH LELFRAAT =8 )i
RMGHEE  -[CH-CH(CONHY) -, - 285%(wt) PEES LEEEATIAFT 23007
FH &y FIRF AR5
AR NeOH >96.0%(wi) R ERANERARA 40.00
* CeHo 209.5%w) © RREFWHARAR 781
fhE 8 CeH1s0 13~14%(wt) R A E) 128.30
b5 3 CsHO, >98%(wi) B TR 98.10
+® 32 KB
Table 3-2 Experimental instruments
o EBRHF e 3
MRS F-26 (III B AR
HIEME MR R | (517 22
B Varian3800 2 [H Varian 24 8
EAIE M ASAP2010. Micromeritics 3 7]
- WEE FYX0.1 KEBNLER
TPD-TPR F1y 2248
X SHEATATL D/max-11A H s 55
0 f3% XRD 5 HI5X X’pert MPD Pro #Z AL (PANalytical) 245
HRRFE WCT-2 Rt
L JSM-5410LV- B#&WT (JEOL) 47
SEM-EDX 9100 Ay JEOL) 2
Jar R Sigma Probe B[H ThermoVG Scientific 745
EARE T ORR O AR 10001V A iR A 8 2 7]
BRI FE-IR FHEY Nesxus %! EMJE&EJS (Thermo Nicolet) 447
Ay PORE MASTER-60 £ A
B BRI AN ZQJ-1I PRt oIV
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BIE K Raney SHELAIRIE R LR

3.1.2 TR &
(1) B EFE Raney @ {L# FR-P1

B Ni-Al & REmILA T R4, HKaRARARE 40%(w). b
60%(wt). ZREF] USP6121188PY, LI%y 8 HOTRBME LHEAMER], BT
HELRINE S &SR AEK 6%.

KRZEBETERKTD, EYni, FRASERYS, ARBEREEE
¥ Ni-Al &M R —ERATES, RA4EES, HR2.2mm F5%K, 120°C T
1% 16h, HEESTEBELEEM A 450°C 1h. 750°C 1h, 900°C 2h, HH A EEH
R 2~3mm B, SRR 90°C F 20%(wi)NaOH % 48h (BE 24h 5
FHBID, RIS AR E P, TR R K S 87 e AR
. B Flie A FR-PL,

(2) BE%ER Raney 4L FR-P2

B Ni-Al A4 AL TR S B4, HuREmNEE 47.5%(@w1).
i 52.5%(wt), ZFEEF USP6121188, - LL 300 J3 4 T H i) SR PTR: BRs Rl
FNEBRESNE S S4B AR 6%, ¥ Ni-Al &4 2.2mm K%K, 120°C
F4% 16h, BHEEEEEEM A 550°C 3hy 700°C 1h. 900°C 1h, BRIEEEEMH 00°C
T 10%(wt). 20%(wi)NaOH ¥ & 24h, FifdHEAMC A FR-P2.

(3) FHAMERK Raney BHEH FR-SB

B Ni-Al 4R (2), UL SB BERLHI &R 47, Ni-Al 6@k 5 SB T
RS 4 1, TR SR BESNEER Q) Fid.

SSEE TR R S GER R Raney BB RATERUE A&, — B NaOH il
WEH 20%(wt), NaOH 1 Ni-Al & FEHAT 12~15. FFREGH&EM
K, HLEH Ni-Al & FRAEE, FEEHE, SEEENTRER. KR
FEML R B G T — AR, B RRE S & AT, BB A NaOH
Wi, WA AT E NaOH AR B R AE &2, FEMALEA NaOH
W, G RELTEETN . BRI R, URRBUAR. Wik
8, BHRES, EHEa iR m Ry RE &4 155 A, NaOH il
200mL. ,

(4) NFHLFE BB LH] SN CSN B# A Raney #2807 PR

SN 3 IR NiO F138 8 25%(w) B SRR (Nif-ALOs), B
SB #14 A E R, BN Ni(NOsy, IHUE 120°C 4% 3h. 500°C Ki%E 4h.

CSN 4 Dok A2 AR AL F, ICP 404 3 Ni0 S Z B 4104 18~20%(wt).

1 Ni-Al &4 8 20%(wiNaOH B 70°C TR 1.5h, BEHEGH AR
Raney #8445 PR.
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B3F  [%EK Raney B FIEIE T BT LRI AT

BER Raney SEMLTFISTRRAN R, UURCHERR BB HEE R
R EE, RHEATLEREANILE (Hf 22mm) BEABIRHHH,
FEBHARSREARRE. MEUBEIEH SO EFZNR ZERE SRS,
BRIR IGRE A BB 5, FE&RDKMIMABREE L K D B 25
o T F&EELR, FHREABELZET; MKSUMEFESYER, FLER
HERETE . T SB BaMEME RIS AE &0, BIMEAEE 1.6mm 1)
LR EABRIRIS S, AR AT SEAMEABEE, REENEY, WE
BHEF. o RER ISR SB &R, S&K5TRE.

3.1.3 4TINS TEETESN

B EIK Raney MK FR-PL EHHNRA - EMAUER, S8 HTHER
BE YA 2-5E T 13.38% T ERY 85.56%. B4 S N 88 K- 44 60cm, 412 3.0cm,
M1 2.4em, BTSSR 20~40mL, BAREANRNEHZ WAL KZEE
BT, RERHEN 2-FRERTKIE, WEEFHIECTETS TR
WAL REEMREE 2.0~4.0MPa. RNEE 120~140°C, HRIZHE L 025~
0.8n", SABRMAIIEL Y 2000: 1.

fE4L77 FR-P2 A1 FR-SB SEEIP R R IMEUCA R R Y, RN RN B4
60cm, M2 1.6em, W72 1.0cm, HEAFIZEHE 8mL, MERSER HERLL 1.
4 B9 TR EVBHIR A 8. R Raney BT IS 415 80°C A/ FUL T 2h,
SRIE R BRI RN . REABEFIAESES 0.5MPa. RWIRE 60~160°C.
HRZEE 200" SRR 6 1.

BA 7 PSR4 BT 43 B LA S R B AR A 4EFT) SN AR CSN 1R A X ELR, RFLZ
EE AR, BRAMNE 400~500°C MESHE 6Lh' &M ik
J& 8h, A& SN 5 E LR Raney 44 BL
314 fELFIRHERAE .

FREL &4 5515 2 R Rancy RBARE 1T D/max-TIA B X SHEATHGGHTHY
M, FEEHSHTTE ASAP2010 (Accelerated Surface Area and Porosimetry ) W B4
EHET . B Raney BAETSHAESEMN QM BUGETR @ W, S0% B E K Raney
W5 TP K Raney 8RR TR B, RAEHE 1%ESMEAS, 30~
50mL-min” (2% B MR TWiS 4~8h, BARREE IR B M BT A
ZEE, [FsPHRmE S,

FRERFRBOEEERDS EDTA B4 HRESNHE S & 5E TR Ravey H1E
WFIP SRS E, & 2QJ- 11 BV SE BRI R IE SEIHT bl 52 fi A0 A B LR S AR
FUEE  EH ISM-5410LV BFH# 8 g WS i 1R B S M SR R T ioR
Fesnmri, AR A G WOT-2 BIRHLE HORF F LS S p e S A ilkaT
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F3%F BER Raney SEANIBIE HIEMM LB

AL TR AT,
3.2 BTHENEFIFEERK Raney ML FI FR-P1

3.2.1 BIZEK Raney SR FR-P1 BRI S SIS IGTEE

B 3-1 B KM AE LA IRALH Ni-Al & ¥4 . FR-P1 AR ARSI 4
EFREY XRD EE, dEE % N-Al 28 TESH ALNI M ALNDL HH5
Mg, WAt, B7E 26 =38. 5%%]’%@%7@8@%#&&@, % Ni-Al 84 2R A
FESE I R

D
20 " 3p | 0 50 50
28/°
B 3-1 NiFAl B &R KRR LR SR AN R E S &0 32 450°C 555 1h, 750°C B2 1h.
900°C ££4% 2h J5 8 XRD EE

Fig. 3-1 XRD patterns of Ni-Al alloy powder and alloy extrudates bonding by polyvinyl alcohol
calcined at 450°C for 1h, 730°C for 1h, 900°C for 2h. A: Ni-A] alloy; B: Ni-Al alloy extrudates
calcined at 450°C for 1h; C: B calcined in succession at 750°C for 1h; D: C calcined in succession at

900°C for 2h. { *—ALNi; o—ALNi: A—Al: W-—q-ALOR)

AES &2 450°C H1 750°C BHE 2R, A4 RMEMEARE AL, B
HHU v-ALG: BEHE, RESESNEMBE 750°C HRy EHART. B3
900°C IEHEJE, MBS SIEMEERELETHEAR K, BRED ALNi S
A%, HHILT «-ALO; B RABL ML . Cheng % AU h BN & & ik fr R4

25



%37 FEAK Raney RALAIGI & MR TR

iR, ALNI e 555 FESIEAER AN A a-ALO;, it 3-1 Fix.
ALNi+ %0, = Vi al,Ni, + Yo~ 41,0, (3-1)

ME 3-1 H a-ALOs 5 AlLNi; SABERARRIRE 4N, MBS S TREEE
a-ALO; R EH %, EEEMMECIERE A, WA RERS TR
LENEE SIS, LB 0-ALO; BBV FHALE BRI Raney SHE L2
A, AXARE TR ERESE. HT AN, A RERE BRI,
R T DA TR 0 22 P ) 2 T VAL S R % B 5464 Raney SR E M. 540,
MR E BRI XRD AT YUE Y, EESPEREE. B ST,
HASE BB RBERRB AN, KRS RBEALNERRT A
T R

20/°

& 3.2 #K Raney & (PR) RBHUSEEHK Raney & (FR-P1) ) XRD iR
Fig. 3-2 XRD patterns of powdery Raney nickel and fixed-bed Raney nickel catalysts
( m—Ni; *—ALNip;  o0—a-ALOs)

B 3.2 Fior g B & SR BUE LR SIS FIE PR Raney R FR-P1 5K
1k Raney 5248437 PR 5 XRD B, thETRBAMERTLIEL, RERBRAT
(17 B R Raney S8 2B MES, EFESMEEHA, K XRD &R P IUEF
iR S, BB S SPRABRIELE, AN, SRR/, AR S
a-ALO; AR ARB AR, (HA ALNDL BAREF RS K, HUHELAFE
BEs, BTSBHRMEERS ALN, BRAEES, ERAGEHRRENE
K FR-P1 (B4 AP 4R SR AR A B I TT RE
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B3 % EER Raney REEMLAIBIE N LM% LITST

3.2.2 RAIS SRR, BRI L PERNTE

B 3-3 Brnh AL & RIS SR A AR AT A E 44T TG I E,
FEREMMETTUEL, FREREAE 450°C 287, REASRERE, M
BHRL AN 8. FIREE, HEEBEEEE 000°C B—HERBRE, &
FERMTHNSAMANE, XETHERADRMBRERENERBHNEL
WELFERANER. DEEAE 900°C HERZE, BTRIEIYCERE
d, EREFRRESN, FELRAE R ERE.

Tre ) TG fmg
1500 | DwW~=1.199 % =a.85% | 32
1200 L 2.6

DW=-1,081 %=-5.27%
900 — L 20
’ 7 900°C. Zh
750°C, 1h
600 . F 14
450°C. 1h 08
300|
65 L1830 105 260 325

Time /min
A 3-3 FR-P1 AL SR & SR E T TG thRE
Fig3-3. TG curve of alloy extrudates of FR-P!

B & 3-1 P ATLE H FR-PL AR &R E 0 & ERRLENR,
SBRE R TRES T S RESF BRI, B, R 3-1FRIIH T HREE
BT HESHAEEE R A ST 0-ALO; FE R, LRERIRETERERMRY
%, ®F Cal FREREMRESE GRD. BERPEETLIES, dETRYE

(AAS) MIHE (TG) AEEANEHREERTIYE. RE&SREIRTE
BT 158% WO 0-ALOs, &BEMRIERNE 39.1%, HRRRES BRSNS
%, X MMELT FR-P1 #) XRD & (& 3-2) ®arLIB RSN,

& 3-1 FR-P1 fEftlR & Bt &4 B3
Table 3-1 Nicke! contents during preparation of FP-P1

Method  Ni{Alloy)y®% Ni(Cal)/% Ni(FR-PI)% 1-Al;O;(Cal)/% Leached Al %
AAS 46.0 423 50.6 15.8 39.1
TG 46.0 420 — 172 —
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B3E  BIFR Raney LA 5 E R HLBIR

3.2.3 B Raney $8 FR-P1 5#)5k Raney @ L RE L H3d 1t

& 3-2 Pz 4 [B 52 PR Raney # FR-P1. ¥} 3K Raney 42 PR 5/ i RS AL SN
thRE S ERH B, BFL SA Bttt ®EIR, pv #TIE, DERT
BILER.  #RILBEKRT 100m BLBASSRILBEME S (BRD. My
BRI LAE ., B &K Raney 84ELH ER-P1 B3 BET LB RAFLER D, BT
MACKE Raney A AFHRELF], HURRADRMARS, REERIH
HEMBOERN. o, HTEER Raey 8 FR-P1 HI&IBRTENTE LS
BE(E 0 BB, B TIRAERN KA ERE, THARE K. BT BET
FEAH T RARRESFILSN, TG EEERK Raey BYEAHELHA
FLEH, MBERABIUELEN, WFERABILEREREA, FHESHEZRK
Raney BHEMAH], M EINER T &R BAEIDEINE R,

# 32 FEHE Raney . B&K Raney @5 M BRGEAAIMRHEH
Table 3-2 Surface structures of nickel catalysts

Catalysts SA /g PV fom’g’ D /nm ¥ % (D>10nm)
FR-P1 193 0.025 5.2 403
PR 73.1 0059 . 36 12.1
SN 118 0.25 83 —

3.2 4 EEK Raney {2{&{LF) FR-P1 MBS
GRS E 2.0MPa, RERE 120°C HSEHEL 200: 1 (VV) &HTF, &
BIEM R LR T EE K Raney 42 FR-P1 I8 BB EALA SN 89 2-FEIIEE
SIS RAE 33 Fim, RFLL LHSV Rk S, X B REHHE,
W TR ERD.
% 3-3 [FEEIK Raney & FR-P1 A5 B GHEIL TR SN B 2-SE R tExt He
Table 3-3 2—0ctanone"hydrdgenaﬁon conversion of FR-P1 and SN

Catalyst LHSY /N X(Z-octanone) %(ws) W {2-Octanol) / %{wt) W {2-octanone) / %{wh)

0.40 983 8.8 0.22

FR-P] 0.60 98.0 98.7 0.26
0.80 97.8 985 0.30

SN 0.25 9.1 98.9 0.12
6.50 983 98.8 0.24

WF 33 PRAET LB M, BER Raney RELA FR-PY 59 2-FRII0ZA 1
BT AR SN, R EREFEARMELT, TTLUEATER
. BARREREVE T LR EBULE T B E K Raney BN (£ 3-D,
{1 £ T Bk Raney 4 FR-P1 TER S F M4 T3k B 5T 8 2 F B LEHR.
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B3E BREK Raney SRS TR HAIR

TIRFE 0807 B, 2-FEUHACRATHIL 98%, PR hEE s B R 98.5%.
FTHEMIE R Ravey SUEALH FR-P1 £ EEH B2 MAMINEEIRL, ATH
Raney B4 BB IR IB 1L

BUR S ST SN LA B 2-F R AR L, (B B B A
R, WTTE IC TR F AR Rancy S48 LRI FR-PL, f0SRALEEL 1L
B2 K Rancy BAEFINEIEITIE, B RAILL AL AL
3.3 SB Mk & E AR Raney AT
331 BALFIFEIEE R b

FREMETBAENERRRY, * FR-P2. FR-SB. SN (LI AL
CBEBHTRILG. BABIAR sl RIVERCVERI 12 4 0% RORRGH,
BEVASEN 200", RABERE 60 1, EUE 0.5MPa, EREREL (60~160°C)
RS A AU RO, BT SR 4 RN 3.4 TR,

Teh R, FEMERNAERELAER T, NSRS, BREEE
RELAA . BAR SR TRELARMEEERIPNER, FOENE LR
PEFITahe, TR Bt A R IR R S AR

100 :

Benzene conversion /Y%

50 80 100 120 140 160

Reaction temperature /°C

B 3-4 RIVEEER SN.. FR-SB. FR-P2 LA TR
Fig. 3-4 Effect of reactive femperature on benzene hydrogenation conversion of SN, FR-SB
and FR-P2 (¢ SN; wFR-SB: AFR-P2)

W 34T, 7EEAT (60°C) FR-SB. FR-P2. SN HIZE ML I YUK,
DAL FAUE AR 20%., TERVE T (160°C) F INA H AL R W AT B sk £ 100%.
{H/E 80~140°C Z 1], GJEARE d SB M4 %4 0 [E E R Raney % FR-SB & T
B AR Tk e B 4% (10 [8] 5 PR Raney 48 FR-P2, B E FHAEEMMAR SN. 7 120°C
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83 % [5EER Raney SAEICHIEIE TR EEATR

i, FR-SBEH{LEL SN & 50%A 4, H FR-P2 &l 20%.
3.3.2 B Raney $RHE/LF FR-SB 5 FR-P2 B4 XRD 534

Ni-Al &8 K. J&&”%%J@J}EEHEE@ XRD & 3-5 Frow, i 3-5 ALl
B, EETTEERT N Ni-Al §4 EESE ALNL H ALNL KA,
AL RRE R EEA . A, Ni-Al S APIREE & BEAR 20 = 38.5°0 5
Mg, FHEBRENEMEMENHRELER T RERRLAT K N-AL &4,
WEHIZ Ni-Al A&t RRAELINERNEN., RUE&E 550°C. 700°C. 900°C
SEREER RASHOELETHEDN, 5 FR-P1EM, 45 AN S
BN R, ALND BAIERE, RS o-ALO; FiEIE,

CPS : B

20 /7

B35 A& G (U XRDEE
Fig 3-5. XRD patterns of original Ni-A} and calcined alloy extrudates
(A: Ni-Af alloy: B: Extrudates bonding by SB powder; C: Extrudates bonding by polyacrylamide:
mALNI;:; FALND; oAl AAING e 0-ALOD,)
#fth FR-SB I FR-P2 #Uff R B &2 XRD 1EE (2 BI3RIE 3-5 7' C
o B) WLAEM, Ul SBBMENAEEEERE, B ALNG BARE TR RS
TR EBIS AR AR A%, T wALO; RABERARRT IR A NIFR, Ui
FANFME &M T, SB M MALE &R LURDEME «-ALO: B4R, X AHE
BAFT LU B BUS L AR R s, 10 EE B o-ALO, X T IREFTE
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F3F  [EEK Raney FIELAGI& TR IR

WG TE K Raney SREMFIFRELFREEN. ALRERTH, o-ALO; H K
EMEORATFARMEEREFIENTEOERES, HREREFAREE,
RERAFNEEERBEABUFBERFEEMRELRRE,

Je4h, FR-P2 MMRE G SRR XRD EET R BT EAEA AIN: 547
b, TOEEMRMEREAY T, FR-SB MAREEGEMEST AN RHEEK. AN
WHTHR ALNL PSR EH—SRAERMN, ok 32 fr. BT AN RE
FHEY, RTEEREHEOTRE SN, FkDEMLR &HERIRT,
R BB 5 AINI A

AN, + ¥,0, =24INi+ Y o - 41,0, (32

MR 5 B & &) XRD R AT LR,  Ni-Al § &S &AL,
E—EREERREA, SREBERSERELE, WAL RRELAEN
MARER RSN, BRNEEFAE LS. HEdk, —B&RER2ANL
B, REGPNERBEATREMNEESERNL, NARGSEREFBLLA
EAARE . BILHTTE Y, RiRf RN FEER Raney BAEMLAKE
B R AEE KA.

20 /°
3.6 [sEHRaney REMHFR-SB, FR-P2RIUE LSS FIXRDIEE
Fig. 3-6 XRD patterns of fixed-bed Raney nicke! catalysts FR-SB and FR-P2
(A:FR-P2; B: FR-SB; B AlNip; AAINi @ 0-ALO;)

K 3-6 Fin A mME SRR EHBHEER Rancy HENT FR-SB 3
FR-P2 {1 XRD . HER @ E LA, BRSSP E,
AlsNi, FARS SR RS, NS 0-ALO: SHHIEEB T HUIR, HE ALNL /A
FRME RN e, HEFERERR, WRTE FR-SB HALTR AL Itk
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3T (AR Rancy SIS & AR IR

B, ALNG BT ERY %, 350 20 = 45° R MR B EE . BAR LT
b4 R NI(111) &A1 55 ALNL, fIRBEES, BRIZLEAMEERATR
S BESRH NI RSRE0E . KU FR-P2 4RSSk MBS LEE, IR
a-ALOs AR IRAT IR, AN RARAALLE 3-5 FEETL. XEHAE
a-ALO; FIFFAAT FR-P2 fEALFISE B EGEL, JFEIEB T AN MRS T,
REBESH.

£ 34 FIRARE A SBHEE 0-ALO; & BIEL, £ Cal RS
MRS S, CaFRBIUSHEAR USRD. BRMEUETLEY, bl SB
sEssise (O IF K Raney SHEILA) FR-SB M) 0-ALO; £ REBH >, IEZEIIA
HITTAUKEZ: ] SB #7, HEBEE a-ALOy BRI 11%ESR, ERNT
DU LB P BER RS 2 B & MO FR-P2, XA TRER SB M EZ TH4 44 H
FH, BAHSSHEEETREIERTS, ATTHESREALRERITERN.

' #3-4 RAESBNIE a-ALO; & REEL

Table 3-4 a-ALOs contents of calcined extrudates and corresponding catalysts

FR-SB FR-P2

Catalysts
Cal. . Cat, Cal. Cat.

¢-ALO; / Yo(wt) 89 14.6 16.1 19.2

3.3 3 BEEMR Raney §R{ (L FR-SB 5 FR-P2 Y BET 47
i 3-5 TEARFTR, LA SB #ﬁ*ﬁ%%ﬂ%ﬂ%ﬁﬁlﬁl%ﬂ? Raney 424447 FR-SB H
BET HLREAILA DT R EBEMRLF SN, HERHAXTHNESYRNBBILE:
25 1 & I RIE AL L) FR-P2,
% 3-5 [ IF Raney 4 FR-SB 5 FR-P2 IR HEH M
Table 3-5 Surface properties of FR-SB and FR-P2

Catalyst SA /mig’ PV fem’g! D /nm % /% (D>10nm>
FR-SB 60.2 0.17 1.5 615
FR-P2 15.8 0.04 10.2 68.4

SN 211.9 . 045 8.5 35.2

HANETLUE N, BERK Raney SEAFREAMMAILHERS, FHILE
& FR-SB 4L I  Lr R T #UAE] 60.2m7 g, FLAEATIE 0.17cm’ g, FL4% 11.50m,
AL R Ttk Fim e E R, LM E FRP2 BARIMHELERRKE 158
m>g", ILENE 0.04em’g’, BRABERTHEAERAANMEEY, HEE
ol R R AT AR T b B B AR
3.3 4 EEM Raney 22 {L 7] FR-SB 5 FR-P2 RItARL AN LR E

% 3.6 Fi HE K Raney 47 FR-SB. FR-P2 BT B LS ERSH
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BIE  FEUER Rancy BHEMLFIHIE 7 003 T

ISR R HER . R 3-6 PHIETTAN, SB KL HI% M4 L7 FR-SB B EAT
R AR, REE AR A5 TRR, EMRENEFT, B
BREELR GBS HEN FR-P2 B8, RESSPHHKNERBLEE,
T R LA L R P B N R R B 7E

FSTUEN, FR-P2 FiEASMEREAT FR-SB, XufsRHMAIGE
BRAEPERTBE -ALO; &H. ENE_EHEBRELHCHATNH, Xw§
R KMEIN BERN, EUENHTY, FEEREGIGINE, FR4EH
F [ ZE K Raney SRR — e MHUERE.

F3-6 PREAF SRS BRH EDTA BEWEENE N, ERRTR T, AP,
Fe S TR TATREEAYTRIE, —RATRRAER A™. F™,
B34 A", Fe S REAN, S5BEAREREOEEY, BWLANE. AL%
F S%(wh RS INE BE IR , AERRINTT S AP, F ST G AT
&y, AP, P HBIFHHERER.

HAh, R LR ARG E RN SRS R RN pH
{8, B RAE R B SR, ST 2 A8 RELRUK, JE B rP Y B NH, ' -NH; HL 0,
{EAEEY pH IS {RFFE 10~11 Z 7.

LB AR, AR, RN amE, HErE
ATNRAERS, ERERERE, AR 01~02g 0T, FERAHEN 0.15¢ X
o

T EDTA 5 Ni¥* RIVGEERE, Bl KEEE 70~80°C THE,
AReRBEEn L s, PERSREESRE, FREN, ELREHET, RE
EAREEEEE, SRTRATREGHRHEAR.

# 3-6 FR-SB 5 FR-P2 S A0 G AL AL E A AL
Table 3-6 Compositions and compressive sttength of calcined alloy extrudates and

corresponding catalysts for FR-SB and FR-P2

FR-SB FR-P2

Cal. Cat, Cal. Cat.
Nickel / %(wt) 2933 37.33 3239 34,63
a-ALO; / %(wt) 8.9 146 161 19.2
CS /N-em'™ 136.5 — 195.3 —

EERAR, F 3-6 PRETFURRENA L TR T E MR R
VLB T ER B AR, TOFFAERARH — BN . A& RD, Bl
HLIR B St B TS TR 0, 4 B ) s ) B R T e AR 3 O JR AR
P AL TR R A A, (X BRI T AR BN PR B I O A BT SR
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H3E (AR Rancy BELFIBIE TR LA

M. SRR AL SR BN, TR ARA R ERRNBRR, TAVENE
W, AEBRBN A E AR, A RS M FR RSP EET . mR ek
FIRRL LR, R RE ERER, SEOUER MR, BTCLRR A AT
PR —E BT T :
3. 3.5 [EFE/K Raney $#14#{L %] FR-SB 5 FR-P2 RURAFER

8 3-7 ATLLE L, JEBERT (FR-SB-A. FR-P2-A), DL SB ¥} k548t
R EERME A, REWNAT Ni-Al &5, ARG 2um ZHK
5%, TTREE SB BRI STIEE TN AR RG M. T AR ABEURH &6 %
MRA & SREECAGR, LB EEH N-Al & S04, HRREZE A
10pum K. BEERASE (FR-SB-B. FR-P2-B), MiFpiE&4KENNEHE
RHBIE, TJREEERERNELEEEERN. 75 FR-RGEEEAGSE
ThEREHEREE X, :

B 3.7 5K Raney BEMFLAHA S RE SEM B

Fig. 3-7 Surfaces of the dried, calcined alloy extrudates and corresponding fixed-bed Raney

nickel catalyst {SEM) (FR-SB-A, FR-P2-A: before calcination; FR-SB-B, FR-P2-B: After
calcination; FR-SB-C, FR-P2-C: Afier leaching)
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F3E EIERK Raney BHEARIRH IR LR

MZEUSH) SEM B H (FR-SB-C. FR-P2-C) haJRlEH, @iFEERE
THRHZN. BTRIEELE, EETIRNHNINTRIUS M NE SR,
H FR-P2 MRERR: DNIERMERREH/MMI A RIABCKE &, BiEL
MRHRGE, XEHRE RE TR K S BB &,

3.4 NG

BITIEF SB ¥, RANESVRIFE. BAGBERENS Ni-Al &6
FSERK Raney SMEMAH, HRAEEGESEEREIEEETERI 2T, PLEAER
FIMEVETEEN, FIRRREREY.

(1) DL SB # Akhasd] & B 2 K Raney MR, HUERME, 5 THFHK
A, S SRR RN o-ALO IR R, BTRIEL, HETHREK
A AL b R T AR A LR

(2) URZBEHEN, SERHERRE: BAURNERKES TG
BEEK Raney MK, BEXBAEIESHAREEN, maEREFT, &
BLHY a-ALO, BELZ, ﬁﬁ%%ﬂﬁ?&ﬂﬁ%.Hﬁ%F%%%M%%ﬁ%ﬂ%
A, EEEEHENRE.

(3) AFEAR &SRR AT F L, BEEHSENEEREMR,
TEE MR & HER, Ni-Al 4TS BEMNENEAER, TRPEEERER
A EREH.

(4) ARBHHEMEET, é%ﬁ%MT%ﬁxﬁmémﬁm E R
IR R

6)%%%%@%&waﬁﬁmﬂﬁ ERMBEREN, KnaEEity
BT A ERARE T, BERTEREEREE.

KT 0L SB AL %I B SE K Rancy REMFMEL LIER: BEIER. BT
B B TEREN, BAAMEEERS, BLARIER SB BN Ni-Al &
FEREER, S &F B EEK Raney RIEMHA].
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B AF  [EER Raney BHI%1LIF P RARS NN

%4 & BEER Raney S &L B+ ALK

[ % & Raney LM S EHACH SRR EF) & FU71H1005) e Tk
Raney & & BHREBHEEFRNFEZN, XBAEM T ESEERTS
SRR, SRR NRRE .. BARIEREHE . AT LA SR R A B
Frge A 00 1% 2 T B IR Raney #EILF I & B AN c82 B B HI7E . Cheng % N
SWERIET Ni-Al & &R ETRARFOTET AN 284 ALNL, &RE\ESE
R o-ALOs (53 25 RUY, M8 236 TR {001 33 7 b RARSS FI a4k 4 5k L4
Ril. REAEE K Raney SRS &5, XH XRD & TG-DTA E41h
ik, BT T ARSI &R P SR EREA, FAEMEE N ER RN
b mE A .

SRR, RESEERERS, BREEM (W ALNi-AL F ALND #
BT IR A S (B ALNi F1 AIND, BEBUHEISBERERAER L, M
HEBENEL: EHT 850~860°C FEN &RBEMER e-ALO;, FHEMLHY
HERENOTRRE, HEREN a-ALO, £k E, AT RE & &HREUEL,
MFTAF T i eiE iR 5. Ll SB M RS HIR, MRS TERe RN
w-ALO; B BER, B TiEk, MRAERAMH T LEREEE MG,

4.1 HEEBS -
4.1.1 FBEIEFR Raney SH21L5]

14 [ AR Raney SHEAL AR Ni-Al &8 ST HEITEARAT, 25T
FHAM K Ni 47.5%(wt). Al 52.5%(wt), BRIEZ/NT 0.14mm. GE&H SIS
#| SB MTEEELN 4: 1, 5045 SB MEALBIRREBRAEH, BHRMERESH
2%EIAERERA, MAGERAFIESZE, HA Lomm K&K, 120°C T
1 16h, REEDIPPEERE, KARESH 20%0 NaOH HRRBUEL,
BRI 90°C, REMHBMEAKM®RENYE, RETTKIEST . HREEER
7 860°C 4545 2h, R HLA (8] 4h, FrEHEALFE A FR-SB; FE MM & £ 47 450°C,
750°C. 900°C 4 =B HIREER 1h, REUM (ALY 48h, FiRHEMAYICH FR-SB'.
4.1.2 3Eefigfbs

5 Ni-Al & &M RN M %M RRBMEE FHE R, MAGRK, HER
DB ZIE, o NEAL SR 2% OREREIATNT, 2als,
Bk 22mm M5k, HEHIESMR 411 k. EHEE S 860°C 515 2h.
90°C TR AL 4h, BB MEALFNE . FR-P, BH R & &4 45 7 B&ER h, 90°C
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H4F EREK Raney Bibl&ITRET RIES WL

THBGE R 48h, FFAELFIC N FR-P,

F3A Ni-Al &7 70°C 2 90min, HE¥ACK Raney B LFE 4 PR,

& REAERENT (Niy-ALO, BLEE SB Mg A%, B NiNOsy),
YIS 120°C T4 3h. 500°C K545 4h, Fri8fE4lidh SN, HA NiO #HEE A
25%(wt).

g4, o SB HH4KTE 900°C K545 2h & H.
4.1.3 T MERIE

BT Raney BEFSHASEER, FEMAT XRD 4 MES 8. Bk
TRBRFE I R, Y636 B IR Raney SFERAE S0°C HA AL 5h, DIBR Z4E4LRM
RS, Bk BREEHE,
4,1.3.1 XRD 347

A& 58 E K Raney B RAEMN—EaHT, KA D/max-IT A B X 4
B RTEHCEAT , CuKa BB, B IR 35KV, B 40mA, FIHEE 1°min”, BT 410°CPS.
FHEETHEBERASR, URBEESRERRIUE e-ALO; NER, WH
K EENE.
4.1.3.2 HESHAZE

LA S B R ASORE EDTA Samesimuz®, saliiliess
fE AL URE Gt B SR I AR B AR B, L 0.01mol- L ) EDTA ¥ HAE HrE
W, S%(wt) BRI R S BB TR, S%BwhRI SR LE
WEAE % pH AT, DI R B MR, W R R R R
FIRE AL

TR MITE ZQI2 B AEERAE RN BT, BRAKZEIKE 120°C
Fig oh, BHAETERTAHNTEER, EENEHAEE, REEATYEE
AT TR LS8 5

HRAAETE WCT-2 RS ZRRT FRRLD IR S T e B oy
i, SATEA SR T T, FHEER R 10°Cmin’.

EFIFAEMTRBSERARNARENE, HMITE ASAP2010 W {X
BT, SR EAFISTIFE 100°C A 400°C ME S HLHE, ARERDRE
(-196°C) MW b4, #RHE BET FREE BN RER, % BIH 7GR
AR AL ST AR
4.1, 4 FINEFEMTEN '

EMEEENEAERSEHR BT, THEHRMNEBRKA S0em, Mz
1.6cm, P72 1.0cm, MAFEEE sSmL, KEREN 12em, FERAEELL 1. 4
3 SR SRR A VEAN 5B R Raney 484802 B 454 80°C AT FALRE 2h;
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FAE EEIK Raney EHI& 12 BRI

MR REEAINFERHESTE, EE&MD 5000C, G50 E 6L mA
8ho EME RN &M HEIE 0.5MPa, RNEE 80~~160°C. ##5E 2,00, S %
PEIREL 6: 1.

4.2 BERENEESERIAGHELHENR

4.2.1 XRD 534F
ol A
= . :
Salt o M tlwen o

lIIl]l]]ill!]LL\_l!ll!'l'H'IfIIll!]l.'lll]]}l_l_\_l_l]l.lll]JII

20 3 4 50 60 70
26 /()

B 4-1 Ni-Al 54 SB BRI S MR A STERENREL T £54 2h 5 XRD ¥
Fig. 4-1 XRD patterns of Ni-Al allay and alloy extrudates bonding by SB powder calcined at

different temperature for 2h ~ A: Ni-Al alloy; B, C, D: alloy extrudates calcined at 600°C , 800°C
and 860°C respectively. mALNiy; ¢ ALNi; DAl 0 a-Al 04

B 4-1 FTR A Ni-AL &6 SB MRS A & &R ERR AL TR BT H) XRD

R, mE 4L TUEY, N-AlEE&TESH AN (B AH) il AN (y 1),
Woh & PR aE REREMN. MEREMRES ALN £LItEE. BHRIEN o
. BFRARNESKEER, MBERYSMHEHREHEAL. Frphm
SL1E 600°C 1542 2h 5, SRBBNK, M2 AN BREEBIERA. TR
ALNI-Al SRR G & R R A S, B ALN A IRFPeiR /LA 3] 860°C &Y,
ALNi GRS R T, FEHIT a-ALO; ML, o-ALO; ITEMEHT
RGBSR Raney BENAMN®E, BRENELZNLEAERGEM
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H4E |BIER Raney BRI &L BT @A AL

Y, BWMBEBGEL, ATTRRELRERLERED, & F ALN, RIS
@RS, BILTA%RAA SRS LS BT 5E5% Raney SABBINIEYE.
S5 =FLREREL, mEEE 860°C K15 2h B XRD BE PR RINETR
WYMBEREHES, BRETSPHEREEN-Al f2, —ERRZAREE
tEEENEL, XESBEOBREAERERN.

Ni-Al &4 P REFE S EE R MM ALNI. ALNi;. AINQ, BT 45158
@ﬁéibm%%-ﬁfgﬁﬁmﬁﬁ@ﬁﬁ?gﬁ,ﬁ%ﬂuwﬁﬁﬁﬁﬁ%
Ni-Al S@&FREEPRELEHEL. ZHEeSERTEEGMTHIELE TE
B ALN B(022)& MAGODEE. ALNIL K10 E I 10)RE, ANI §#1(110)
SR F U7 ST AE 20 = 45.0°%kF,; ALNL Eﬁ(iol)ﬁﬁﬁﬂl AINi [#3(100) & 1 T
SHEHTE 20 =31 1°F A,

SRHEHE. 0-ALO; B NIAIO, i%aafﬂﬁ’]fﬁﬁﬂ@%ﬁiaﬁﬁﬁ"ﬂ% FE
6-ALO; & NiALO, 5 = W& MIRTNE & M B E A%, Bt
RHER a-ALO; & NIAIO,, R Aaa%tmaﬁﬁ’][ﬁﬁ% B2, £REMILD
s ALNL B(1T0)RE. AN fN0YREAHSIENE 26 = 445°K 5. Bt
BAAELE TRA S X 5B 8 a4 .

F 4 BB ENBRAERE. a-AL0, £ BN SRNAN BETL BN
Table 4-1 Effects of calcinatiQn temperature on compressive strength, resultant ¢-Al,05 content and

relative peaks strength of caleined alloy extrudates and corresponding catalysts

T/rC CS Negm” a-AlO; Y%(wt) ALNI(101)/ a-ALOY(116) /
Cal. / Cat. Cal. / Cat. ALNi(001) ~ ALNi(001)
0 - 010 0.264 0
600 58.3/0 T 0/0 0.616 0
700 61.4/0 S i 0.515 0
800 84.5/0 00 | 0.455 0
860 155.7/105.2 © 1315 0 0.186
900 200.4/139.0 18.0/19.2 0 0278

Note: ALNI(I01) / ALNI00]), a-AIéO’;(IIé} F ALNL(001): diffraction peak area ratic of
ALNI(101), 0-Al,04(104) and AlNix(001) résp_eclively.

% 41 FIIH T Ni-Al 4% 600~900°C B 1875 R0 2% BARHT 412 4871 38T
ALK AR, FREBEI#T5TE ALNI(101). AlNi(001), a-ALOy116), HTLSH
TR TSR, RPU CS FRPUERE USFD. AE 41 PEARTL
BERS, TR ALNI(101) 5 ALNLO0! )iy s (A A R & 4518 n b,
BiZ 860°C A5 ALNi ARTE R LR a-ALO; FHBILATIETE, R 4-1 TIkF|H T AR
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FAE EERK Raney BHIEL8 D RAB 4 M k4l

BEREEE REBURRFIBHISEN o-ALOs S BMANE R, WLIEH, e
JE Rk PR BB B S IR R B TR R, (HRIJEREE KT 860°C #, BiE
AT R SRE RS, 8 MR RN bR G, NAYKERES
T 860°C A4 b, BHUSIRIA B —& MFkEE, MiXELS o-ALOs B4 Bk
PSR, bl DS, RAZEST 860°C IS FRARAR & &M, S$RL
A B R a-ALOs, FFH SRR R EE I 0-ALO; .

SRR, SBREEMSAKES, bH—AKEEY. BKERRRERE
BEMAHR, EREES2BHRETN, £ 1200°C LLEA 24/ a-ALOs .
B 4.2 §i7r2h SB ¥4k 900°C K552 2h ARG XRD EE, AWEFLIEL, SB 4
BAEGREAET, ReER 5-ALDs, RETUEFME o-ALO; FIEK B H
GAISB Y, A TLIR SB BRIEEHATEREARE,

A

[RANEEEEE AR NEERESECAGUuANEANNE AN RSN A NS SN EN ENENT

200 0 30 40 . 50 0 60 70
L 281)
I 4-2 SB ¥4 900°C K558 2h /511 XRD #H

Fig, 4-2 XRD patterns of extrudaes from SB powder calcined at 900°C for2h  (A: 8-ALO;)
4.2 2 TG-DTAS#R

E4-3FT R A A& & HEEBENHE—ZH (TG-DTA) 4k, A
Bl E I T LB ], Ni-AIAAFESOCCZ TR R R & R AFHIE, RAlLE
WA ENS AR E ., RS SNE0CZ A M ERE, KoL HE
HLES 2 RIS FISBH B S AR AR 1. = H7ES00°C2 JE FrIA BRI 8, BN b
KORIETE, ARETAR ST, SRR A T60°CLE, MERIE
EE, AT AR A T KBS RENELING . KR aNR AL
RESCHERNHE, WSBREANRLSSHEREARKTN-AG SN
K, RRBTHSOESEHBASS, AT S RENIT AL,

W E4-3 5 DTA 2L AT LB, Ni-AlS & 5F# I & 41972850~ 860°CIf i
BT R A, RERART AR SRS SRR RS A SRNEL. 25
BT B S BEE R BE, FILE MY ERE 1 IUK #8508 MU
AL
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F4FE R Raney &R RS MR

50 250 450 650 850
Temperature / °C |
B 4-3 Ni-Al A& M SRFRERE. SBBISNBAE SEZSTERN TG-DTA 4
Fig. 4-3 TG-DTA analysis curves for calcination procedures in air of Ni-Al powder and alloy
extrudates bonding by polyacrylamide and SB powder. A: NiAl powder, B: alloy extrudates bonding
by polyacrylamide, C: alloy extrudates bonding by SB powder
8 XRD 1 TG-DTA 44148, B Ni-Al & &EREEPLEER4EE
EALARA G SHNRL, MRAHSRERTIAL, Re@tsRe
f%lE. ok, ERMEEBET (ET 600°C), o MENHLN B 1, FH ALNI
N mARBGL K> EEREEN, BESNTRR v-ALO; BE 5-ALOs,
F w-ALOs B, M5k 4-1 BiR. |
ALN - AL (o) + 3,0, > ALNi (piD+ Yy - 41,0, 005-4L,0, (4D

R AR FL S, 7F 850~860°C LIRT, /BRI pIRBHEL Y v, B
S ALNG A, R BAL bR BER AL, 518 NiAl 5 4BEME,
B4 R E AR B v-ALOy BB E 8-ALO;, i H o-ALOs £ K. 4 Ni-Al
L4A0E (INE 4-4 FIR), 75 854°C B, B IHLREBE RN v 1,
TR © B ARSI v 48, MTT B ALNi A%, ALNi B H8)0, IF
MBI B A B4 BER AL, 5 Cheng % AMIBIFE RHALL, XN
S REEA BRI 0-ALO;, M 42 FiF,

ALNi CBARY+ 9405 — Yy ALNLCARY + ¥y - 41,0, (42)
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F4FE [ER Raney BIEE SR RARLIOH5H L

‘Weight Percent Nickel wtd%
0102030 40 S0 60 70 80

50
1200 D 100
1368°C
1600 L
1455°C
1900
354 35 ,
® 1200 @)
E]
gmoo-
g 660.452 i
= 8] 700°C
639.9°C | -
5001 R .
— @ g ] sl ARy
400 — b i S
0 10. 20 30 40 S0 60 70 80 90 100
Al - Atomic Percent Mickel mofa i

& 4-4 Ni-Al 5 &HE
Fig. 4-4 Phase diagram of Ni-Al alloy

4.3 FEHERT AN BLE S & RIREHE LR N

R A S AR A & RGN R SRE, W 45 R SB
Fr i Bl & P B & & 1F 860°C 54% th 5. 37 ALNi @AAfF7E, HERBEMM
T a-ALO; @118, WHER G A i s B ML RN T,
LA RR AR 2h 5, ALN @484 54Kk, BAE D THETE 860°C T A 2h
bl b, FREsem bk, |

III|I|I!||IIIIE1iIII|I|Il!]llllllill||I|lJl_I_lIII111I

20 30 - 40 50 60 70
26/(°)

B 4-5 SB AR A4 4 860°C 548 th A 2h ffj XRD & A
Fig, 4-5 XRD patterns of alloy extrudates bonding by $B powder calcined at 860°C for Th and Zh

F: cakeined for 1h; F: calcined for 2h. mALNi;; ¢ ANi; © a-ALOy
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E4E [EREK Raney BH1ETRR NG

F 4245 T 860°C K% 1-4h JE IR AL RO BURIIRAE A 0-ALO; & B4
WER. MR 42 PULIBEN, BEERERER, 550 Bk R o B
FIHURREN oALO; £REREHRE, a-ALOs5 AN, AR KA 3
Bt TOAE O M B, S0 — 25 V8 A 6 46 O 4 R TR B
o-ALO; 21t

R 42 BENFISHEAN o-ALO: AR BRI 3R B M R AR X SR B R LB W
Table 4-2 Effects of calcination time on compressive strength, resultant a-AkO; contents and

relative peaks strength of calcined alloy extrudates and corresponding catalysts

t/h CS MNeem 0-Al;03 by XRD /%(wt) a-ALOK16)/
Cal. / Cat. Cal. / Cat. AlNi(001)
| 114.9/68.1 11.9/12.8 0.1%0
2 155.7/105.2 13.7/15.1 0.186
3 197.4/141.1 15.2/187 0218
4 260.41175.4 _ 15.5/19.3 0.246

Note: a-ALOs(116) / Al;Ni(001): diffraction peak area ratio of a-AL0(104) and ALNi,(001).
4. 4 BNREUELTIEPRIBSMREL

580K Raney ALAIMR, REL A S8R RA RBHERUE (L AR
LiEtE. EEERREES, SeHPSRBEEY, NTEREE EILEILN
BRMEH. | '

HIE, H 4-6 Sl T LUK Raney SAELT] PR ) XRD #EE, MEHATLL
Fifl, NAIEETE 70°C i W0min Zf5, &FHEEMEMHER, (UF FHET N
RSN, WHECHOERNER.

r e

LIBI 0 131yttt g b1l sgill

20 30 40 50 60 70
28/(°)
& 4-6 KR Raney RE(HN PR 17 XRD E B
Fig. 4-6 XRD patterns of powdery Raney nickel catalyst PR (& Ni)
B 4-7 A0 4-8 R4 T SB MR A GBI 0B K Raney R EAAY
BEEIS #0 XRD %M, e FR-SB 1 FR-P ALFIRI AL & S 7E 860°C £5E 2h,
T FR-SB'A FR-PRELFIM R 2B 5 R 07 7% US6,121,188 P RIREE & &l bediiE,
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F 4% AR Raney R &L RES5R AL

{E 450°C, 750°C. 900°C 4 =B 4> $isses th. MBEPAILIFE S, HEEFERLE
R AR R 4 T ARFEE M.

yupbtiagigpgtesnnrt e g riE et tia bt it tIiq;

20 30 40 50 G0 70
20/(°)

47 SBAMZHRNA SRS SRIUS ELAIR XRD #HE
Fig. 4-7 XRD patterns of calcined alloy extrudates bending by SB powder and corresponding

catalysts. G, H: calcined alloy extrudate and corresponding catalyst of FR-SB; I, J: calcined alloy

extrudate and corresponding catalyst of FR-SB'; respectively. mAl;Niy; AAINI; 0 a-Al;O4

ME 47 ARLEH, 3T SB B4 %I & FR-SB 1 FR-SBEMLI, B
A AR R N A AR, BRREGIEH R XRD BEOAEML. B
J& AlNi, BIRMEEEA TR K, 0-ALO; BARMARK FRMMR, T FR-SB (LA
LR Kk 48h, Bk ERHRE AR, B TR Ni 15 AlLNi 1 AING A%
HERIETSES, B ARERRELNPETERRIGEEM AN 48 #k
HIRTT A5 AING AR, WOARELE SRR, ALNL IS SRR AR E AL

] 4-8 FF 77 BT ML R 45 h % A FR-P 55 FR-PRHUHT /5 ) XRD B, L
47 MIE 48 TTLLEH, A SB AL RIS ROMRAA, LI FRELIL A 4
BRI A B 0 BARGS E ROKIORR], &I ALNi, SAH0Ese BRI AT
HME, T a-ALOs BMECE, BEEEEEHITE NHEA AN fIH1RE, 0]
e B T 4RO RGN X ALN AN ALNL R, BEEER
R B A 4 AR AL B, ALNI, A8 SUTTAR T AING (8 48) ¥4, MEZXH
KEN o-ALOy AL, M 4-3 For.

44



F4F ERKRancy RHEIET RHLWHHL

ALNi,(pH)+ Y, 0, - 24INi (i) + Va- 41,0, (4-3)
T SB MERNREES, dTENYHMERER, SERAAEEZIR

i, TERUR N EEET IR P ALNL AR A SRR R B b . T AING 5548
FETHER, BhZEEdBEIFEREN,

-IIlllLlIlJIII1_I_IJIII|IlIJJr‘Il']‘III]JI_I‘_I_Il!IIUIIIIJIL
20 30 40 50 - 60 70
o8/ Y
B 48 FGRBRNS N RAS SRR 5 RIS A XRD # A
Fig. 4-8 XRD patterns of calcined alloy extrudates bonding by polyacrylamide and corresponding

catalysts. ¥, L: calcined alioy extrudate and eorresponding catalyst of FR-P; M, N: calcined alloy
extrudate and corresponding catalyst of FR-F'; respectively. mAlNi; A AINi; o e-ALO;
Fsh, A 4-8 THUUEH, FREES AN TH RS YHE S &R LT
S U ERLER R, HERBRES SRERRAES, EMRE 0-ALO; &
B ROAEAT SRR, T ALND HNEEER. ETRES®, ZBIERE, &
BT B Ni,0; SRR, NI gER M FE S BEREERR (900°C) ERM.

4.5 EIER Raney BEXTIERATLL

% 4-3 TR 1 R B0 B B %2 IR Raney SR ML 5 S B RB L RIR AL R
FE, tHRPHIEA A, SB AR AN RA S EMARELEREN «-ALO &
B8, BUFSBEBRIE, KBV SB K&GIE B ZIK Raney RELT
ANEERRE.
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L 43 BT

Table 4-3 Proberties of the catalysts

Praperties FR-SB FR-SB’ FR-P FR-P’ SN
Cal. / Cat. Cal. / Cat. Cal./ Cat. Cal. / Cat.
Ni / %(wt) 30.2/38.7 2937373 324/335 124/346 196
a-ALO; / %(wi) 97/125 1097146 17.6/268 1767192
© C8/Neom’ 150.7/806 - 1365/~ 184.4/82.5 1953/~ 2257
SA /g 4778 1602 J117 71538 2119
PV /emtg! +0.17 -/ 0.17 -1 0.02 -/0.04 045
1/ % -/60.2 -/61.5 164.5 -/ 68.4 35.2
D/ nm /8.1 4115 1697 4102 8.5

SEAh, EHE 43 TRECHEIETT LA H, SB k40 0 [ 5 PR Raney #0107
B E AN S Y4 S 2 WIS E, BET LEEALASRELEN
WERTEY, EENTFoHEFRE, BHNACKELE R LTERHE. E
EFR Raney LR LR ERAFLAN T ABABRIH, (EARATREL N
MATLEFIBAREZ . mF BET HENSH T RANREHHILEY, Tt
B EK Raney WA EAESMKILEN, WRMLETUELEM, WHBRKSE
bR EAE K. FEMERAE ER Raney SUEM, MTTEMER T&FTMmA
B HA AR R .

4.6 Ni-Al 5 RESHELNERITE

S:Reh BT I FAE Ni-Al &S8R BT RARIAT, XRD RIS
SPHHELREN, hTHASEBLITERYE, FESFERSEERN
kA B, SHPRA X HEHHA K EEHTERS T, KR 200 /£ Wk
YR, 555 700 S, BIE—RTURREETT XRD 47, W8 K E, REH
7n0 UL~ E LBl in A Ni-Al &4k, 3T XRD #447, BIB%LEDS NiAl &
&R BRI L FIE R, T8 Ni-Al 54 P S BEMI S . XRD S H R
B b h 04 R ASAL R & B Wl 6A%F 5.6%, MBHEZHEE, Filkadh
RSB S BEAME, B H AR AR .

% 4-4 HFIH T ALNi. ALNi AN SHEEA S8 B8 8. BT XRD
AT HZIH Ni-A) 4P S AING AR, LT LURIEE BT E, ALNL M ALNI
MR R T AR, LA IR Ni-AL & 4T RA R Nid7.5%. AlSL5%,
ERTH ICP AU Ni-Al &40 B4R Nid3.5%. AlS6.5%, TEBLRINE
& ANI. ALNL HEE, o5l 4-5. & 4-6 THIER .
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44 B54&4H ALNI. ALNL. ANL P08, BERTSSE
Table 4-4 Nickel and aluminum contents of Al;Ni, Al;Ni, and AN

Phases AlNi AlNiy AINi
Ni / %(wt) 42.01 59.19 68.49
Al ! %(wl) 57.99 4081 31.51

K45 SEMEETHEER 1 (Nid7.5%(wt). Al52.5%(wt))
Table 4-5 Calculated results of phases contents | (Nid7.5%(wt). AI52.5%(wt))

No AlP%(wt) ALNi%(wt) ALNL%(we) | 100%Ni-Al alloy 80%Ni-Al 20%A10;
1 6.4 46.05 4755 | ALOy(w) Ni%(wt) ALOsP%(wt) Ni/%(wt)
2 5.6 48,81 45.59 31.74 40.40 26,17 33.32

% ALNi 2NN ALNL H, BRNESESHURBERHMESTER
#, WA EBEEANERER, $08HERMELESERERREN
B, URSRESFULE BRENT AL, HEERANNE 45 1 46 7
TRo RPFVHTHEMER, —FRBAM Ni-Al SEHTRERL, HRUEHIE
EVRETENREES; B -FREESH 80%HT Ni-Al A&/ 20%KF AL
BTERAHTEREL, WHE RN SB Mg &M RA & SRR
F 46 AEHEBHHEEE 2 (Nid3.5%(wt). AlS6.5%(WE))
Table 4-6 Calculated results of phases contents 2 (Nid3.5%(wt). Al56.5%(wt))

No AlfA(wl) ALNiS(WO ALNi%(W)  100%Ni-Al alloy 80%Ni-Al, 20%AL0;
I 6.4 69.36 424 ALOy%(w) Nif%(wt) AhLOy%(wl) Nif(wi)
7 56 72.12 2.28 40.52 35.20 33.70 29.28

HHEE 43 PR ATLEN, bR FRER, ERFH ICP 43N
Ni-Al 54 T EZERIEE, URABBEREHENBESSATREN TR
B, HESENETR 4S5, K46 HHMANTERE WHEZAEGE0E8K
A THEEMN,, DHBS ALND SR EREL, ARTEXEEM ANG, X35
D xt AL R BRI S A f T . 54, XRD STR K o-ALO; EAD
TAFITEBEHNEMAEERE, MENGRESBEAENERA B ERR
I 10%M W, EE o-ALO; BIVRKT ALNI AR EREALA AN, AR RNIZE
W RUNEAL SRR XA ALNI F4b ALNG, FABEEIRE, LLRBERUL 045 R
SRAMLIE, BRABETHESEPERETH, REET 850~860°C, HTH
SRR AR AR B LA BT AT O SR AR (£ T 850~860°C), &8
BHUHF AL ER 0-ALOs, a-ALOs RAAEREE T 850~~860°C LI 5 DR
b4 RS

LI SB MG R MR B S SE MR TERE, LES 8 5SHMHHEHE
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FREE, WAL EEENT, &% AN AANIEFEEEY ALNL AR, W
AlsNip MR A gk R A — PHARRE L. SULEE R4, MERRaES B M
iE 10%ME0, XRD SRR o-ALOy BERZ D TRMALERERHHER,
R AA R S bR 5 & T 850~860°C Y, SRS LA &L a-ALO;.

ST S EE R, TR WD 0-ALOs BB TR REXEMRTE
ARV RS R LT e R, REBTTRIN R RBERZ B4 A
a-ALO; BEIBE . AMXKAFREBENERENERMENR, BEAREE AN
FAEREEA, XERE—EN e-ALO; AREEERE, RETRFKIEFWLEN
BT AR S RELIEYE. TR EP MRS &0 ZBEE,. BT EEA
MESYRBEESEREL ML, AREFREMREL, UK e-ALOy
RETHERERE.

4.7 B Raney REELH FHIMSEE

EMRMMELEMT, W T EEK Raney SMMAMEREMLFT SN #12In
St ks RmE 4-9 fir.

H1 [ 4-9 P R ET LAE tH, SB AR 44 )4 1 [ 2 PR Raney SAEILTINE HEBER,
ERNEHRROBET, HMEEERTH R RGBS &5 & O, &
BT R AR, XA R BT EEK Raney SENFIRT EAHEEZH
BRMEERAL, I Raney ST AH BR KRR AT

110' e e e—

90 +

70

50 -

Benzene Coversion /%

30§

10 :
60 80 100- 120 140 160 180

Reaction Temperature /°C

B 4-9 FINEAEX L
Figure 4-9 Benzene hydrogenation on various nickel catalysts

(xFR-SB; M FR-SB'; O FR-P; A FR-P’; # SN)
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4.8 &

ATEHE A Raney @IS BUGHIENT TRIT, SRERE
B

(1) BREAEEESES, FHREASH (ALN-AL 71 ALND EHTRATT
544 (ALND F1 AIND:

FEPR EIAE] 600°C. ALN-AlA¥LH ALNI #H, £RERELEISAN
a-Al03;

PR 600~854°C Z 1A, BT&REEMIEEERERN, ALN H
FrERB BN ALNL H, BREKEBBEMEBERSER -ALO;;

KRR kR 850~860°C B, HTARBRMMEM, ALN HxEeRLR
ALNDL M, BHGEHE&REEAN «-ALD;, ERFEELFINMWIREHXRERE.

YR E AR, ALND ABFABREALERNE S ANL BEAESER
ERAUE A BAFIRER S .

(2) SB ¥4 %1 & [ 2K Raney B AFERN 0-ALO; Bib, REEPH
MABREMETIALEH, FNAEERTEIRA: L H& MR 2 EE LTI
FRAR LT,
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# 55 HEEER Raney SRELTIHI SR AHMAR

f£4t Raney #EITIFIRIZHARESEITERATZHHR, TEAHESEN
HEMEIOHYAANL R, BTEFERALEPFEE—RFIREE, BETESR
# Raney %%?ﬂjﬁ‘lﬁﬁﬁﬁféﬁl““h BB TR Raney AT RS AR, HEX
FH&ETEN ZHREETEZ R GEESRIT, FOoE,. RFEHN—
SN SR TR AR IR B EK Raney ML FIEBHRORMER L, #%inT
—AESREELMTE, HLERSSREEENRERESSN “AE”,
145 B SE PR Ravey fEALFIRIA RIS

#i A FEER Raney BAFIHIKHARMTFR, CHREITT —BHE 0K
T, HEEHRAMER L, FXE, EEGRT DL, BADEX
BT & AR (1) HEERAKH Raney &4 FK, GEMRGTHREFL
(40 5~15%(wt)NaOH. 60~85°C), ELHEEE A S MR, (2) KAR
HER (R, 5 W 8% BEESMARE, EET 800°C TR, FEH
HERMMEATHTREFMLL®, GORAEIR SN E & S MmE.
7 850°C DL TS EBEE, BT ER a-ALO; WFRFHER, FER AT IR
%1E (411 20%(wt) NaOH ¥l 80~90°C UMM EFHR) "l (0 R
BA—ERE NSRS S0EE, USRS IER Raney &8
BlE L, SEEEEATRITHRAE, RIBIEIRE T 0 BRI B H iasis 4,
_Wﬂ%m%ﬁﬂkmq%%mmmn@Eﬁkmw%MMﬁ%ﬁ&%~¢ﬁ@ﬁ
B BUEA T R CAENURR B IE N, FESEAARNEYRE ST
%MﬁET(Hﬁﬁ?ﬁmT>ﬁﬁ%ﬁ,%Eﬁﬁ%ﬁﬂﬁﬁﬁﬁwmﬁ%mﬁ
EARETEIECR, D EAESEORANSE RS, BHAE, B
& T EE B,

AR TARMERRLRER E, EFASE Condea 2 r/H ALK SB
FE N Ni-Al S48 1R 457, #1% W B R E AR Raney BHE . SHILRETE
M, SBHBLEIMNERSTEESHFHRE, Drf& R/ 4 RE
A (ER 1.6mm), WIS T EIAELFIN T EE L.

AENFHRAEFEOE, FREMERFEANRE RN, BREER Raney
LTI AR A SR AN GRBE R RD FARE R M B #
WHEHRIUERE. RELEHSERAER, FELANRYRE SRR
FEAL A GBI, Y HUEE . SRR AT RS2, B BT AL 2 IR Raney
BB EIE T 244, Bt BET. XRD. SEM. TG-DTA %R T,

50



BSE %ﬁ&@ﬁﬁkRaney’f%fE‘rb?" HlEHARRUI

M%%ﬁwﬂﬂ%ﬁ%ﬁ,N%kﬂ%%ﬁﬁ@ﬂ&ﬁ@%%ﬂﬁﬁﬁﬁ%m%o
5.1 L35

5.1.1 $BEEMR Raney SBEELFINEE

F Ni-Al &S TEARAE 47.5%wt). 55 52.5%wt), AR FRENE
BAF 0.13~0.14mm MBI, S35 —SZ LI SB MBRALRIRBARKSLER], A
Ni-Al &£, HEMH 2%MHEESHAERK, AOEEGZE, H 1.6mm B1%&
R, 120°C F4 16h, SRISTE 600~900°C Kike— i I B BT RISRD AR B &
4. BRERLGNEWE, SROEELEER 20~-50g; MHITRBEFKE
W, SRR AR R, BT R MR E & & — RKERESER(4Y 150~200g).
BHUFEAL T A R B4 S~30%(wi)lfl NaOH ¥l 200mL, BEUREH 55~
100°C, BEUGILESE RN 1~12h. HRESEEE T REMN 2 M MBI RET,
FERHEHGEIT IR, ’@m@“éﬁm@%% 15~20g, RIEREEKPHEE P, &
FETKZEED.

5.1.2 {ELFEMEEMIFR

ﬁﬁ%%&@éﬁlﬁﬁﬁﬁ&ﬁﬂﬁtiﬁﬁ, AR N AR 4 S0em, HME
Leem, F342 1.0cm, fEALSISENIR SmL, MARMERGHIRL 1 4 0%, #T
HRIRSK. FER Raney BEL %A 80°C BE S TALHE 2h, REHRBITIHK
R, RGBS ESESD 0.5MPa. RETRE 100~120°C, k253 2.0h
SRR 6: 1
5.1.3 EILFIMMERIE

T Raney SESSTEZEMEM, BT 0-ab0, 48, BEBMR
BRI NER, S EER Raney %%ﬁnn:& 50°C Hh S AbEE sh, FE AL B
ﬁ(kﬁhjjfﬂﬁﬂ} 7

BRI -S4 5BES BARFH 0-ALO: & B, A Dimax-TI1 A 8 X 4
HATPHN K EEME, CuKodB, B35k, & 0mA, FHREE 1° min,
B2 4x10°CPS.

485 B ISEH S 19 EDTA @& e, Ll 0.01mol L ff) EDTA ¥ifE
FBRERT S, SY(wh) F B B R B T, S%(wO RS ELEAL W TR
# pH, ZRBEAF AR, WEEMSHREHALLBRNITLROMLEIE
#a.

TLRE T 2Q)-2 ”’1%“%“65’%}% REHL_EHAT, B 120°C T4 2h,
FETEBPWERR, ElE AR, RHERAFHE.

WAL IR TS W ERHAEEAERMAEEER ASAP2010 TREH (X FJEATH 1L
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B5E FREEEK Raney SBELHIHIE AR

FALEE 0, SRS SFAITE 100°C 71 400°C EF A, REERAREK
(-195.5°C) WEWBERLL, B4 BET AREEH LREMR, # BIH FREHE G
B AitER, & HK FREHEANHALE fER.

A & RN RE BN EHR L & BT JEOL) AWH) JSM-5410LV
FRE EHEA T, H AR MR R, TR A D B K
ZEAEHGRP, REEANEFETMAEEEE—EBOEH FUTRE, T
R A 35KV,

Ni-Al &4 5505 RE S 4 20%wHR NaOH ¥#5H#E 80~-90°C iR AL,
T BT AR PR OSSR, B A B R RIZE 10001V AR Tk
KA aCP) BT

5o, BB A STE WCT-2 B 2R RTE BRI fe s tF AT A B 87,
AYESRETRTHAT, FHEHEE N 10°C min'.

5.2 FEIEER Raney R FIH & TIZRIBTR

5.2.1 BEFMBLE SRELRITIER T6-DTA 547

BFERA Raney SEMFIRES SRS T REAEANRE T ETE
e, TEREESTRRT, FEHMS RIS REARAILEH, TSNS “EL
MIETRIME Ni-Al &&0ER, NREREEESA, NaEREER
w-ALO,, BTGB, Bk, SEMNERSIHREELTIN
FUMEE R LS S REEXRRER. BEAM I EAEESURE TERN
AR E RS, BEETEEEET R R BRI OIARRE, XERILS
W HREAFI EERENEE . ZERTEH 0-ALO; SRR IR E A,
A GIE AT 0-ALO; IR WM AL AL TR RV 1 - 0 o RS 4 A
B DT, ZRBBENARSSMEETRSERWEALNER,
o 2SR R A R RS E MRS E.

N THERE S SRR EN KRB, AERMNEARTF LT TG-DIA
A, R S SRR . B 5-1 Fiach 20%(wh)SB iR E s &R &
SNRESEFHEASETH TG-DTA #ik, B+ TG (Thermal gravity) AR
# . DTA (Differential thermal analysis) Az#ihek. BE 5-1 aAfUE L, REE
LSEWRARESE FIN TG fhsk 600°C AR E R, XN THIGH
gook. HIERMRE CFRES) BMEEL (BT 3. 600°C BTN
ATWELAERE, XERESTERENENLERN, TARATHMIEER
RHE, PROMBERTERENTEEMAANBE. H5, WEK DTA @88
FEALL, 7E 850~860°C A ML T B B Mg, FILnl LI ZTRig S & s
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EREALTEX, TITTELE Ni-Al &% A ASE: R

TG-He

TG-Air

0 200 400 - 6Q0 800 1000
Temperature /°C

R 5-1 20%(wi)SB MRS HI S MM & S RS, U TR TG-DTA 4
Fig.5-1 TG-DTA curves of alloy extrudates bonding by 20% (wt) SB powder in He and air
B 5-2 A A& 4 800°C B8 2h () TG-DTA i, B T AHEE L.
HPE 5-2 TLAEE, DTA fhgh bR HBURSE, i8] Ni-Al §&ARLEPFE
B50-~860°C MR . TG ML 800°C BRI BH R ~HME, WA N-Al & &
RESREREER I s REKEERML.

800°C, 2h
T
g DTA
TG
0 .40 80 120 160 200
Time /min

B 5-2 20%(wt) SB R G & 1 BRALS & F AT 800°C £4% 2h [ TG-DTA #L
Fig. 5-2 TG-DTA curves of alloy extrudates bonding by 20%(wt) SB powder at 800°C for 2h in air

B 5-3 I HLAA A & 860°C &% 4h ) TG-DTA #hzk, EH T himA k.
m& 5-3 TTLLE N, DTA HZFEEE 860°C B HIEL TR, BEA FEbem 3T
KMERHEE, WHE—ERBNEN, 4T SBRiEReREaEI, 7
ERMEN LRIRATS. WRRMKER.

B 5-4 BT AL 10~50%(wi)SB ks 515 80 5 FiAl &4 860°C f&1% 2h
BTG sk, B9 T GRS HE. TR ERAREAR . mE 54 P
SALLEY, FERSTIRMEAEN, Bl BTk REEN, Bl

BRI, AR HTERHSHEEEEND, BTAEHNRNEEES
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=
=
=
\>

—

. DTA
860°C, 4h

A—H—A_H_‘_L_;—.—‘—”-._l_‘_l_j\__"‘_.__w
Iy, &6 132 198 264 330
Time / min

A 5-3 20%(wt) SB MR E B & MR S-S THT 860°C 5548 ah 1) TG-DTA 1%
Fig. 3-3 TG-DTA curves of alloy extrudates bonding by 20%(wt) SB powder at 860°C for 4h in air

10%SB

~ Time {min

5-4 H-50%(wt) SB %%%%H%ﬁ%ﬁﬂéﬁﬁ’iﬁ? 860°C JE42 2h §5 TG-DTA M
Fig. 5-4 TG curves of alloy extrudates bonding by 10~50%(wt) SB powder
respectively at 860°C for Zh in air

5.2.2 FEEIT /X Raney 2RSS HIEMEER

FERBAET MBI EMERAETARMA Raney LM TR,
o LR KERR S G A 5 Ni-AL A ST X HURR T, R EUR VR ZE 20%(wt)NaOH
WA 80~-90°C FREAT. '

& 5-S R ARG &R BT AGTEMEROENN SR, aETE
BERBTEAEH 1h AR TRER R ENRI, h BNEARERE, &
TR ERENRNEBETEIFEN 1~4h AFR, E—&ERETHERN
e B X HE AL AU BRI . 0-ALO; RS BEIRH.
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55 RERRE R A4S EINE PR S RA AR I

Fig. 5-5 Contrast of released hydrogen and dissolved aluminum for calcined alloy extrudates

4 released hydrogen; A dissolved aluminum

-SSR N-Al 2 HEEUE BN SR A 5-6 iR, aERRIE %
WEHATLIEN, SERURIEETRTRE &S, 766 Smin Z HIRIR N
EET, EREREENHEN. BAEGENRIURNNEDEE 60min, KiE

(S HGE A A B E R Rancy BELAIEI% T 401155
3000
2500 -
2000
1500 -
1000
500
0

Released hydrogen /mL

G 50 100 150

* Leaching time /min

B 56 Ni-Al &SRR SHERE RS SR RUERE A% i
Fig. 5-6 Leaching speed of Ni-Al alloy and calcined alloy extrudates
| = calcined alloy extrudates; € Ni-Al alloy powder
§.2.3 HELEER Raney RN H T EAHRERUM RN
Bl 5-7 BTk 20%(wt)SB BG4 & BB B B2 AR Raney SRR RIA
RE| MR SEM BT, WEPW LA, RG-SR (5
574 A HETFE, THEER (B 57+ D) R AEELE B AHEH
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MEETE—, UL Ni-AL-&-S K8 SB sl & FR BSR4 R, T RORLZR 8
FREERIPTE & . KR ERNRE (B 579 B) @A REIEE, mHE (Es-7
W B) R Ee R SRR — MR B R FIBR R E (B 577 C)
HILBEA 2~5Sum RIRAE, IXATRER BT E AR MRS TIBTROR i s BR AR
B BITEE (B 5-7 1 F) wh T E SRR R BUR I 40/ S K — e SRk,
HHBM T BZHALIESEN.

[ [

5-7 20%(wt) SB PR S E MR B A& TR, BRE A NAELRIRE SH M SEM B i
Fig. 5-7 Surfaces and transects of the dried, calcined alloy extrudates and corresponding catalyst
bonding by 20%(wt) SB powder (SEM)

A, D: Surfaces and transects of the dried alloy extrudates; B, E: Surfaces and transects of the
calcined alloy extrudates; C, F: Surfaces and transects of the fixed-bed Raney nickel

5.2.4 EILFIMEEERMATREZDILERHEN

H 20%(w)HI SB BTG EE IR BRI AL & SR BUE, RMBRI A
1 20%(wt)NaOH ¥ 90°C ZH 4h, HEIFELE E/K Raney RE4LH]. B BET
HARMZENF R &SRR ERAEHNEN, IBRERNESs-s, B
5-9 f13 5-1 fimm. '

A 5-8 Fiom, MEAAFE S SRREE R AMEURRM SRS, HERS
B, AHIVERMERLE, Z2ERSRA T ENRERT R AILEH, FRE
B )5 LB W BRI KL MR — 2 L RUERA. SB fMkighile
Fps s AR A S B BN FLE S, BEULH DR R BRI
AR, R L SR,
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I S-9 FFR MM & RRTRAILR IR, RIS
AN —RMIBA, BRI SBRREBOR L. BRI T T
RAARBEA, RIS R R4 T WL,
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Bl 58 R00JR RS & S0k R B SE R Raney 481 bl W B A Y ¥ 42
Fig, 5-8 Adsorption and desorption isotherm plot of calcined alloy extrudates and corresponding
fixed-bed Raney nickel. + adsorption isotherm plot; o desorption isotherm plot; 1 calcined alloy
extrudates; ] fixed-bed Raney nickel; STP standard temperature and pressure; P nitrogen pressure

at adsorption equilibrium; Py nitrogen saturated vapor pressure at adsorption temperature
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0.000 T Frby - 0.000 — T T
10 100 300 10 100
Pare Diameter jun Pore Diamneter /i

S99 JERAE A& & SR EBK Raney BRI ALT A
Fig. 5-9 Pore size distribution of ¢alcined alloy extrudates and correspondi.ng fixed-bed Raney nickel.
I calcined alloy extrudates; II fixed-bed Raney nickel

WFE 51 PR LUE B R E R AR AR — ML RER, X
SRUE T SB ATREL: HIE B A, BEUS BRI LRERILE R BREX,
TEHILE ME R, MEAFERE, ERNRRERTLINT R,
WELALFTIEL 0.02em™ g, USHILLH T R HEREMU S GRITITT,
Ni-Al &% 5HE R AT LN, REGELELNRERREN.
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F 51 B RUA S5 MEEEK Raney BAELFIRTEHN BET M58
Table 5-1 Surface structure of calcined alloy extrudates

and corresponding fixed-bed Raney nickel determined by BET analysis

Micropore structure

Sample SA /m*g? PV jem’g! D /om
PV lem’ g D fam
Cal. 26.0 0.087 13.3 — -

Cat. 77.0 o017 8.1 0.02 0.81

5.3 EHAIREE R HTSR

5.3.1 HESHEEERE
Z] TG-DTA &R, ¥ SB RFMEN 20%will Bl & & &5 HI7E
600°C.700°C., 800°C- 860°C~ 900°C %548 2h, SRR HMERUEL , AT  0-ALO;
SR AT ECR WA I, AR RAAWME 52 MF 543 B,
52 FABER BN RSP R &4 SR R L AIRTIRGEE S 0-ALO, RS W
Table 5-2 Effects of calcination temperature on particle compressive strength and a-Al,0; contents

of calcined alloy extrudates and corresponding catalysts

T/rC CS Necm’! 0-ALO; M%(wi)
Cal. Cat. Cal. Cat.
0 - — 0 0
600 583 - 0 0
700 61.4 - 0 0
800 845 T 0 0
860 155.7 105.2 13.7 152
900 200.4 139.0 18.0 19.2

HE 52 AT BAE tH, ML A& & 10 R BEE B PR po e o X in, B
BHRERENNEREANRIESSTRT 13, SREHKT 860°CH, BHS
EUFNERERE, MERBRBERBNCSTRENL . SZMMM, &R
FEF] 860°C B A FAHE 0-ALO; £, WHRIYR o-ALO; AL AR UL
FIBARERE R R, RRCEE SRR —BM. B TG-DTA 744
R, U 860°C £ Ni-Al &R RAEMBLLZBAERT 0-ALO;. FIARFRLE R
RHA, 860°C 41 B4R ALNI ¥40 A7 5540 ALNG, BRHMERBAL KER
ML 0-ALOs, TOEMET 860°C MEET, HIfERFNEREK, BAsE
a-ALOs A o ‘

AT 860°C 1 900°C R EMMA & REUEN, BRIBMEAREAT BET o
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%5 % HIE K Raney AL & HOR T

HAEMEFEE TS BET 2 Hr B 2R AL 240 th 2k tn B 5-10 Fias, Rimfl
S RFEMAF IR R IR 53 FioR.

M 5-10 R TTUAR &, RERA S SRERER, HRRMETELRERE
ST A R B E AR B D, WAAEMREARMARE A, MEBRGEE
(860°C) TR E S, BIVERAMILGHHLAMNRMANANRE, W
B LT 5 TREUE.

18 o 35 I
g 16 | “‘é 30+ '
= 14
5
) -
£ s 20
fol 2
= L ~ 13
3 g
g 6 > 10
; 4 & 5t
S 2
< L . |

1 10 100 1 10 100
' Pore diameter /om _ - Pore diameter /nm

B 510 A& ST RBHR BN NE 2K Raney SRR AR
Fig. 5-10 Pore size distribution of fixed-bed Raney nickel for different calcination temperature
* - calcined at 860°C; w — calcined at 900°C

M 53 RHCERUI LIS H, ALE SIEHRRE N 860°C i, A B
AEBRBEMLEmAMILE, 7 100°C. 120°C THEMEEERES. ZHE 52
YR, 860°C FERAERN o-ALO, R ERE, XPRARITE MEYE 0-ALO: 5
TEESS TR ELETRMEE, AR TZERBARNRIUENL, AR
FIEARE ERMEFEORE. SEREMEETNANEINER, FEk
WA S S ARET SR IERRE S 860°C. ‘

% 53 AAHRRENREE e SHEANRERERLE

Table 5-3 Effects of calcination temperature of alloy extrudates on benzene conversion

T/C SAmg' PVemtg' Dim  y/M% X (benzene) /% (100°C/120°C)

860 73.3 0.i2 6.7 67.5 69.60/ 83.65
900 41.4 0.09 8.8 70.9 29.65/56.81

5.3.2 FELA & AIEIRA ()
¥ SB R INE A 20%(wh) IR AL A &7E 860°C P BIKERE 1~4h, TRIEHLIA
WEHTRE. a-ALO; 8. BH R, BET RE S MM LR WA,
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B o nng s-4 ME s-11, B 512 Biw.
# 5-4 FEEERT X R R G A A & S VR PR R i B e
Table 5-4 Effects of calcination time

on propetties of caleined alloy extrudates and corresponding catalysts

i¢/h 1 2 3 4
§ Cal. 1149 155.7 197.4 260.4
CS /N-cm
Cat, 68.1 105.2 141.1 175.4
a-ALO; /%(wt) by TG Cal. 10.1 12.8 14.2 15.2
Cal. 11.9 13.7 15.2 15.5
a-Al0s P%(wt) by XRD
: Cat. 12.8 15.1 18.7 15.3
Cal, 28.46 27.68 28.15 28.94
Ni content /%o(wt)
Cat. 32.60 28.42 2830 30.16
SA /mg! 54.9 73.3 66.7 27.8
Catalysts surface PV femg’ 0.12 0.12 0.11 0.08
Structure . D/nm 8.1 6.71 6.81 11.3
1% - 569 67.5 61.8 747

M 5-4 PEAETTUEH, BAFKRES SN o-ALO; A BB FE (8] 471
KMEHEMm, B TG-DTA MR EAEANEETERY o-ALO LRES
XRD i REAMER. RESEMREDAFERNMIES, KRN
a-ALO; AL FIFLE SRR E AR HTFRIGLREY & & RB B
$o88, EEEEFIPE o-ALO EBARTHNNAEEE. SEMRMRIER 4h
I, B THERERN o-ALO: B, HARBRIAE, FIEXHN e-ALO;FES
BEE LB AK . BAFIRE A S RS BRI e R e e Rk E 2
BARE, FEBRERANNESBHSTHNMNREES. B4 HERFN
R FER:, {467 BET bR 5eMiniG A%, et | 3h /5, AEHRIKt
HERERTE.

& 5-11 & 860°C AREER A & &R EUS TR LSS mE, L
Ei, FEEEEENRREE, BUFRE 100m ZANILEREEBH I, )L
A nm (HFLEM R TR R AR, B AR 2 0-ALO: EHE
ok, HEATIASEIOEL, FNREMILGAEERD, RmREK.

L 5-12 AT LLE . SRR b a (R ) B A R, HnERS T
AL LR AR A AR SaRE RSN R, SB B4
B B 472 25 SUR B 860°C 38 MBS LRI 8] % 1~2h,
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Fig. 5-11 Pore size distribution of fixed-bed Raney nickel for different calcination time

I ~IV- calcined at 860°C for 1h~4h

100

80 1

60 r

40

Benzene conversion /%

20 -

Calcination time /h

B 5-12 Kt A 50 I A U N5 1 o AR SK 22
Fig. 5-12 Relationship between calcination time and benzene hydrogenation conversion

s hydrogenation at 120°C; # hydrogenation at 100°C
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FsE HRREEK Rawy BEAHBMSHEADTR

5.3.3 BEIS LA AR

REE 4 EMNLRER, HRASSRERTERRE T B EES LT
524, RIEEFHE 860°C £ RS a-ALO: RFRAE. SR LUK o-ALO; B4
RE, ATESLERETRENESTE. HEERX Raney HAELH FR-SB FIK
REERAMRBE BTEE, B AHEEAET 860°C —BFIE h. A4t
7E 450°C. 700°C %-#&4% th, K/ HFHRS 860°C 1648 2h. S i HBlE &K
G RBBUENE IR, 24 R aE 5-5 R, R Ll Pre RARARIE R
Bad ERD. |

M 55 REURALLE B, RAUSEREERER D, W SBARERIRAK
KEHEREBAMNERIMY, ZBEEIL—BRISE c-ALO AREB/MER
—f&, BERRSEHEMNENT K, XEHTERERT 850~860°CE, £
BEEATSERN 0-ALO;. HRAA&E S ZRIERR, KL 450°C. 700°C £
B, DEH-RALREEMERIEBANELS, W y-ALO; & 3-AL0; 4
#rekTHR F 860°C I, SRBRMAREL R 0-AL O T2 ARE S 7F 860°C — B
RN, &2 RHLTRRENERELTFERERA 0-ALO;, BTUZ BERN
B R Raney EELFTH - ALO) EHERK.

# 55 R SERp AR LR

Table 5-5 Effect of alloy extrudates calcination made on catalysts’ properties

o 860°C, 2h 450°C, ih; 700°C, 1h; 860°C, 2h
Pre. / Cal Cat. Pre./ Cal. Cat.

Weight /2 15671508 S 15071516

a-AL O, / %(wr) 0/9.7 - 0/5.1

CS /N-cm' -/1109 76.1 -1100.1 60.4

SA /m’g' -/253 75.6 <1224 113.9

PV /o’y -10678 0.18 -10.079 021

D/ ntnr ~/15h 8.5 -/)58.2 7.9

%55 PEE LA, BREE R RBIENE ECARPREEREEAX, X
PLRAET AR L FIBUR IR R T X B 0-ALO, RILZ S, FIRLKEH. &
SRS H AR E h ] s PR R — E M.

BRR 5 AR SR A &7 R R4 51 20%K) NaOH ¥ 90°C B EUE (L
4h, KR AVBRRBELANBEEMEMILEN, ABEIREEITE S-S . H
ETRHBACUEL, H-REREHRESSRABENRST LIRS ESHHER
MIILEE, THAERUSR D TRESE BERNEHELT. ZEHT=
B A a-ALO; BRIE, TWRWTHEFAREERANELDEARRAK,
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#5E HAUEFR Raney SELFINEH AR

MR & & 5 TEIEWERM .

B 5-13 AR REEMRER S SR BUEE A bk, A7 BiFHR
8, FPESH T Ni-Al §&NREUTE L, BEKMHN 20%w)NaOH HK-
90°C, MEHTLFE, RESSMRNENEFBHNESE, BB TEDEGS
W CREROFESSBIERRT - REENBRSEHE, XEMBIK
Mas&d a-ALO; FERLAUBREMNI. HEZREEREPERTZH «ALOs,
LEHFASPRKNRT, ARARTRESSHEIUEL.

3000

2500 |
2000

1500 |

1000

Released hydrogen /ml.

500

0 i x
0 500 1000 1500 2000 2500 3000
Leaching time fsec

B 5-13 F R R M B A S RIUE A I il 2%
Fig. 5-13 Leaching speed of alloy exirudates calcined by different mode
A Ni-Al al!gay; a1 One Stagé calcination; @ Three stages calcination;

BT 3 E —ENTE, ESRERNRESEFHEBR TR
BEERRGSEFEEEMH. TRPEMRINERELET, ¥ 20%(w)SB 1154
W& RS S5 IR S0~200g, REMTEREREGEN 0-ALO; TES
WRERE, FRigRmE s-6 fim.

| ES6 BRENBEASERNBRERRN S SIEENER

Table 5-6 Effect of alloy extrudates weight on properties of calcined ones

Weight (Pre.) /g Weight (Cal.) /g a-AL O3 (W) CS MNeem”
50.0 50.65 8.6 110.3
100.0 100.84 92 1212
150.0 151.82 78 104.5
200.0 201.88 9.7 129.8

% 5.6 PR AT LU B, B MALS SRR HURE, P E B ILGI
B BRI o-ALO BB U RHUERBE R SR, BRI R
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%5 % BB A Raney BRAELFIBI&EHLA 90T

FHERFT—EREN, FMEEREORAA S LRSS B LR
et B B |

HEULERBER, bl 20%WHSB MESEHIRMALG & BRNBLEE
BIR 860°C, FEHI—ERIRR IR ), 18 0-ALO; EREILEF) 5-~10%(wt), LK
FESHAPUEWRE, FUERATRATRSInE RS,
5.4 $5LEHI SBMEOIELEME

SB Byl & B A AUBR T A RE N Al S S¥ IRl — e ERE R
R AR BT IR PR L L I, AR R R . HL,
RS TR N H M B T SR E R M E S 1. % SB AWEME 10~
S0%{wWhRI R & &7E 2 KRB T 860°C K55 2h, SR BUE L2 54T 53 $r 4
FAMARED, REERERNR ST A s-14. B 5-15 Fiw.

57 HERIN B RERE A RS & 50 R LTI R BE R vl
Table 5-7 Effect of binding materials contents

on properties of calcined-alloy extrudates and corresponding catalysts

SB powder contents /%o(wt) 10 20 30 40 50
| Cal. 1733 155.7 127.7 128.6 1019
CS N-cm’
Cat. 130.0 105.2 84.8 94.7 60.3
a-AlOs A(wt) by TG Cal, 14.9 12.1 9.8 10.2 7.1
Ccal | 126 13.7 12.8 12.1 7.2
a-Al O3 /%(wt) by XRD '
Cat. 134 151 i4d.i 14.1 119
Cal. 31.34 27.68 25.08 2170 18.34
Ni content /%%(wt)
Cat. 3262 28.42 25.12 22.62 20.03
SA /mbg! 1717 733 76.3 869 125.1
Catalysts surface PV jicm’ g 0.05 0.12 0.18 0.23 0.33
structure D /nm 1 10.89 6.70 9.03 10.28 10.54
1% 70.2 671.5 68.6 74.8 3.7

CAE 57 PHEEELIEE, RASS4A5RIEELTIIRE, «-ALO;
AR EEBIMMRETRNENEMTIE, WaREHSTAERNER N-AI &5
FEMA R, mERaRAEELAEEN ALO, BRAERN. A5, R
TG-DTA 2 i B & SEMBEHH A -ALC: EAE Y XRD A4 RMAH
MHELR AT, IR BET tEREBEE RS RN EEEEN, Bak
bt R FAR A R B RS SB MR R L RS04, 1AM By H il 7E
AR BOT R T R 2 Br &
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FS5E WAEER Raney GIEAMBIEEABHR

Bl 5-14 AR SB MR AIMA BN & £33 IR BARMILESAiE,
ATLUEH, BEMETMA RSN, SRR 10nm 2745 MTLE KR 5 1
s BRBXHEDATLA T B sk A IR IR R LA
nm FILAMHERE SB MMAREIERD, BHABMESEBERMA
EHATHRRIUSE, HHTELERRMEEEMALNNER. SBHIA
BRAEN, dTFROEEURNELSEY, RASSENERS TR ERSEN
a-ALO; SR, FRMBHUEASSANEENSSEE, AfERNEER
BRILAMORERD, RERGRIK X SBRMARRME, bT SBHERE
ERPEASTE TR, #ET L BRRGSEH S MILESH, B
B a-ALO; M BB 3R>, EREKBETHAAENEER TSR T
HETREEL, FHRAERMEALHERE, WESBHMARTE, M Ni-Al
HHEMAMEEE N, WRBUEAERYET RIS R SRR, BRENL
BRI BRI, ERRELAIR A S B IE.

- 35 . 35 (
Ewl -
P :
ah
g 29 b &t
(321
& E
5 13 S 15T
5w % E w0t
g 3 s
g S "tx- =5t
o
... o Lo
1 10 100 1 10 100
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5-14 A[F SB MG RA A &% R E K Raney SENANAE S

Fig. 5-14 Pore size distribution of fixed-bed Raney nickel for different SB powder content

®- 10%(w1) SB; m — 20%(wt) SB; A — 30%(wt) SB; x - 40%({wt) SB; * - 50%(wt) SB -

P 5-15 R TTLLE B, BRI 5 1 MR 4 v I 8 1 80 8 o
RUCHINERR, BERMER 20%w0shE BB A, Fin BRAWTE, &
REERES TR MBS, BAMLRBREN SN, E2AT Ni-Al5&/AE
XA, ATERELFOEESREBABRTED, EREETINEFREE
BFE. SEBEIPHRIMESTER, REELHIPR SRS SRS
20% (W)X A
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100
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B 5-15 RgHmA R Sx R NE L RRHI M
Fig. 5-15 Relationship between binding materials content and benzene hydrogenation conversion.

m hydrogenation at 120°C; 4 hydrogenation at 100°C

5.5 BMEAERIELFHHAR

HENERAMNT Raney SREAFINRAELT S, AERFREENFE
A, BE&GXEAERMRE. RIUBE. BEHER=EZENES, BN
SRR Y, INRBEENR. BEERI IR P R o i R
g 4 Raney #EALTIRIRBUTE BT A Z M7 7T, 22 T K Raney
FEAFER, WEESERRE A ENARTHEIER.

SB KBl £ MR A SRR R, 2 TEIR ALN A Y &
B b BRI ALND AHFIEHE 0-ALO; A, T HEVURS I th = sl & sO M E
EEGSANRE, BRGNS R RE MR R, (BN R
ZENMRESHEEE, UMESERNELTRIAE, ERELTERTR
ARSI RN, JURBESLEEREETETEE.

PESCHRIE!, 2 NaOH Wi B, BREURRAELUT k8-

Al + NaOH +3H,0 — Na[AI(OH),]+1.5H, T (5-1)

2NaOH + Na[ A(OH) ] — Na,| Al{OH),] (5-2)

I S0%(wOMI & e BINATRL 103K, B 06651 CHRKR).
7 % R NaOFL T, IR F AR,

NalAl(OH),]— AKOH), 1 +NaOH (5-3)

241(0H), — 41,0, -3H,04 (5-4)
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HSE BT ER Raney BAELAIHIA DA R

AIOH); 21k, EREMTELAY, W ALO; « 3H,0, TERMEN T H
FiE

PAE R BRI NS KRB0 H, FHRNEASMEURE, FiEE
BWATAN B EE. b, REEEP, REEBAERKILEAERKE
KEBEAY, EEREYHBIFLESGE, URAERTILRERILE,
EERINEREL S, WARTELAOIREENSRIREE. Bk, ZRHUL
XEEE, EEERDESSENEALN, BEMEEHERBMS. WHEE, B
BILBSEREAR, DWENSERLBRER, RNf&HAFREEMEEEN
AL

S SE A 20%(wt)SB MRS HI BB &4, SEAFFAE 860°C #5454 2h, i
F—RIEER Ni-Al §&48%, BHDBPdhBERE, SRRAMA LN
a-ALOs BRI 6.5%(wt), HESEN 27.7%wt), HBEN 131.INem’ .

5.5.1 REUEXIRE 950

[ % B I 1] 2h. BRIV R B Ar 4L 20%, 4BI7E 55~100°C BEURE R AR
BHES, RERTERIEFIRE. 0-ALO, MER S BT REIMEFEEFN, B
B L BN 5-8 FE 5-16 fim.

% 5-8 PHUR T LA, BAFREHRIGAE BN, o-ALOs B4R
SENMEZ BZHAE, RRNEBREHESIEREENRS. MEERENER
F(55°C) BHL2h, MEUABEHBEIREESEE (130 INem™) M 1/2, ¥
RN EAT K. WE 5-16 FHLGTLES, BUFFENEEEEEREE
% 80~90°C EANBE. TRMTFARKGART, RESERWEENE, WE
BEGRRE MR, EHREERS, SANEEEEEE, HSRIERT
e, BT kEESEFRACRER, BRENBRSTREES STHENK
HEMEE R T .

% 5-8 FREUE B AL Al A RS

Table 5-8 Effects of leaching temperature on properties of the catalysts

T/C CS N-em” a-ALOs a(wt) Ni A2%(wt)
55 68.5 6.6 283
70 642 . ' 6.8 29.9
80 58.2 103 30.1
90 52.1 10.5 30.2
100 50.0 11.7 322
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Fig. 5-16 Dependence of benzene conversion on leaching temperature of alloy extrudates

m hydrogenation at 120°C; 4 hydrogenation at 100°C
B 5-17 Fip o R B A & A RSEIURE T R M2 A RRER A (/) 79
A p 2%, B B 4 50k 50°C.70°C. 80°C+90°C, NaOH ik FE 1 h 20%(wi).
METHETUEE, MERRBENER, RIEERIERHEAERER
HEEH R, ERBANFAGREENELMEL. HHENEENREED
F it RS IGERE, BRESHTIEIERNZIEE, REEEREN
B . SR TREENRRNEE, BRRNBCARZ, BREAFS ST,
(EE TR AEN, 5TETEERCRNEMARERIE R LFIRIGE
EMER, BEEAFERMEREE, HRNMNERK.
1000

800

600

400

Released hydrogen fmlL

200

0
0B 2000 4000 6000 8000 10000

Leaching time fsec
5.17 ARBE TR EERIUEE TR
Fig. 5-17 Leaching speed of caleined alloy extrudates at different temperature

u 50°C; A 70°C; 4 80°C; @ 90°C.
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5.5.2 BEGELH E R

7 BB S & R BUR B 80°C N NaOH SR IREE 20%(wt), M EE-S4 /8
B 1~12h, TEATERILFIIER . 42 o-ALO; B BMEMES, e
#HWNFK 5-9 ME 5-18 FiR.

B S9PRIETMLUE Y, SEREEMELRNERNBREAY, %
(VR (B4, REALABLIE SRS B T TR, 7 80°C FRMELIFHN 1h,
AL RITRRE R BB A2 12 4, RHIIBEUR LA e B4R R
MYR BT B, MEERI AR, BT RER e-ALO; & R EN
&, HEFABMHEEENES, XE—SRRESNERENT L EESE
B 1~4h P55 M5 R BHUE BEIA A B E R E R A BB
Ve EE P M ALANE BT BT R,

F# 59 RRUE RN ARG ER

Table 5-9 Effects of leéching time on properties of the catalysts

Time /h CS Neem™ a-ALO; (Ys(wt) Ni /%(wt)
1 592 10.1 29.1
2 582 ' : 10.3 . 30.1
3 59.7 10.9 309
4 57.9 _ 115 31.1
8 53.1 119 31.4
12 50.7 121 31.7

110 -
100
&
g 90
E ®
(>3
8 OT0F
0
]
60
50 ‘ ‘ - s !

53 2 4 6 R 10 12
Leaching time /h .

P 5-18 AEALE SRR 1R) 5 Ak A AR AN ELE b % AR L H R
Fig. 5-18 Dependence of benzene conversion on leaching time of alloy extrudates

m hydrogenation at 120°C; € hydrogenation at 100°C
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BS5E  FMSERK Raney BN B &BANBIA

HE S5-18 PRHERRTLUE . IR LIS 1 B S R AR (A A R IR
YR TRIAE] 3h DA ER], EMEREEERE, SR EEE sh U bi, #
ORI DS T L R P ss, AT RE R T K B0 v H e ] 4 AL 77 3 i A A
E|E IR R .

5.5.3 BHUREERE B2

R IUEE 80°C FIBEE 2h, AR FEMEIRE 5~30%(wi)H b7
MEE, SR a-ALO; S EFEMEFHFME W, FrE LR RNE 5-10 E 5-19
B, R 5-10 FEARTT LA H, HAFSRERE MK EA SR RN, &
Foo-ALO; & BN FTRE, X S5RERERME R e RNERE BN,
B LA, LWRIREIET 1%Ll L, F—ergifEn, K
FEREHEIR N BTRRERPRAMRNBBEE, SERIKER 5%w)
i, Bid NaOH FEMR T CHIENRN Ni-Al &N —RHE (—8 NaOH
a4 mBEld 12~15: 1). BT NaOH BRAR LSS SREES, #1514
SRR, BEUGRAFINRETRAS . JEMEEERE 10%wtEl E
B, W NaOH fE 2 LMERM R NEITHRETE, FhEERLFEE T
MBS, BIGEARE. ULEERENE, RESENWENEE. BT 5MBKE
¥, EBETHEED NaOH (bR iE. ZPET NaOH R B2 UMFE&HFER
AR, ROk RDUE EATRERRBEREREANT .

£ 5-10 R EDURET M BEXHIE (LTI BE 1

Table 5-10 Effects of caustic solution concentration on properties of the catalysts

NaOH solution P6(wt) - CS/N-em’ wALOs Pa(wt)  Ni /%(wi)
5 778 9 29.75
10 63.3 10.3 30,10
20 58.2 104 30.14
30 58.5 105 30.35

FifE 5-16 1R al LB, REGRIREEE 10~20%(wt)i #E LIRS LR
B OXR T AR E R, REUEERE, SEAREERESAR, E
IR IS 30%(wh)it, BB RNR B UK S RE DT B EZ BB
Wi, JXRREAR TSR RS .

Ni-Al & &SRB RSFERRATHF2E Al a8, 5 AHEERT
I AT 4 S%(wONaOH Sy g i, 1872 AN (v #H) MIFETE 50°C BRI
B (20%(wt)) PN A BB E S, T ER Raney AR A& &4
Rt R, HEEH ALND (BHD B ATEMH ALNG, (v D). XEAGER
B3 A% S R, B NaOT S A PR B 0 o 10K T B0 S A AL AR O3
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"B 5-19 REA & RERRIRIE SRR MEFAL T L
Fig. 5-19 Dependence of benzene convépsion on leaching caustic solution concentration of alloy
extrudates. m hydrogenation at 120°C; 4 hydrogenation at 100°C
B 5-20 Biorm S HEHH VG NaOH 1 25°C THE BRIk RILm ik,
BRGNS IR, BTE MR R, HIER R
FHER . 0 R Y NaOH WEFES 20%(wi)BL LR, Bk (IgR K,
R EHESRRTIE. S8% 5-10 PARBEBRERIELNN o-ALO, T E
g, WLLE SRR, BREURERZ N, BRMEERAEE
WIEEKX, 0-ALO; HIEEMIERTIE D, HITRIELEZK Raney B4EH,
TR EFEES RN EE, B MR RREMN R IR 27 KKIE
B, MRS EEIRERR, ATIARTFE Y Aoy R .

15 : —

i0 -

_ Viscosity /mPa.S

0 10 20 30 10

NaOH concentration wi/%

520 NaOH WIRE 5@ HIEE KR

Fig, 5-20 Relations}iip between viscosity and concentration of NaOH solution
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B 521 Fias A RAAFIRE K NaOH SR R B & 4, s iE sk
R B R R AR dheR . REREREIE A 70°C, 5 AR 5%wt). 10%(wh).
20%(wt)s 30%(wt)[t] NaOH ¥KHITEE . WEFWUEY, mEE&&RIHE
RN SRR, SRS R (30%wt)) BUTEI (5%wt) R, R
A MR E IR EITE 10~20%wh)TEE X, 4 BAEEMBREEE. o1, B
W Tt T LR RS R A S RIGEEN B M, R SRk EERE 20
HHN, A ERTRESRESENRIGER.

SeEARE!, MeS BRI E DR LN, SREERE A
B ALOy « 3H,0 IRIEIFRILE, HHEET B IR, WNAF TR
MEHEAT: TRTRARY, RERSHMEREREMRE, Rk Sk
PEE, BRETLE T AT AT SRR RE, ENeARTRIUR AN
AT

1000
800 r
600

400 |

Released hydrogen fml.

200

0

0 2000 4000 6000 8000 © 10000
Leaching time fsec
Bl 521 REIMMEE T HALE S REUERE AT b
Fig. 5-21 Leaching speed of calcined alloy. extrudates by different caustic concentration
‘m 5%(wt); @ 10%(wt); A 20%(wt); ® 30%(wt);
oy LR, Ul 20%wOSB MRS RIS R G g, AMERH A
860°C. 2h I, LiE MBI HE A RBURIE 10~20%(wt), BEUAE 80~90°C,
= I R 3~4h.
5.6 N

Wi AL LI PEPA, M T EUEIR Raney SUBUMBIL A4
ACREBEAPE . S TRIE SR B LA R AL B X R, TR
Tkt
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FS5E HBBEREK Rancy BREEMBIE LA R

(1) EAFIRREL & & 7E @ T 850~860°C KBRS RUER a-AlLO:, RiRE
EALFIGEE et E &,

(2) EERAFHEEN, BAFRESEFFREERS. BREFEEK,
a-ALO; £ E A, PRARE ST, RAnEAFnnEEEEREE.,

COELF]F SB B IME A 10%(wt)i B 50%(wt), AR RERG A,
MRRETRD . AN a-ALOs Wb, NS A8 I JE MR

4) BAFIRE S EPIEER SB RKEERMEHR 20%w), BUEEE
HE R & ATESARE T 860°C ££H 1~2h,

(5) BEGER. A FIBMRE B FE M 2w R AU ES, #®
WHE LRI R & S B EAM Jy: LURE G 2R 20%0) NaOH %, 7£ 80~90°C
TR 3~4h.

(6) LAREHAREE 20%H) NaOH ¥ A &4, BERRMEEEHTE
RIHIHBE Bl 1~4h PISERR, SREEFECER BRI R A T AL AU s AL
AR , D

(7) SHEEZF Raney BEALNRT AT RBHAILLEH, RS EENT
oA &M EREEE SRS,
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¥ 6% FARIER Raney MRS S O A

¥ 6 & HMBEER Raney SR FITERE L NS 895

Raney AR R E & RERDBRH. MASHEE. MREMTFLSRA, FHTE
HMEMHBEFL., BRSNS RS,

FEA AR A, IR SR R A P TR AT 44 6 B o a4
L2, AT R 6 Ml 66 AT, HISNMBRIMBERSHE, URELY
R BB RSE . EMBEEFRSRN L EHERS, RBERNAGORR, o
AR AMERSBERNEES AR, METETTERER. BaER
TEAHTEER R B By 28 AT, P UL E A MR (FP) RSB B
TERAEL, KEMENSECFHERASEHEMEK Raney BALFIEFEY
BISMENT. AXRENEHT SRAFAA R EEEPERBUFAE I EMW
Bk, FREME. SRS DN 2 RS ME s RTRET =1
T E Y. KEEHEEER Raney BREUFINATEMER N, P T KR
B, S5 8. SFREFEUMBETGEREd S NERNOENE., RE
FIE L& TRAT T 200h BEERELY, DAL AR EERGEHT TR,
AT T RAFIFIRERR, #E5 RERREANIT TEERME AR .

DPUEHRE? (THFA) REZEMFVISEFABMAICIER, RIVEKE. B8R,
ELREEMATAMPEE. MEREEERTRR NSS4,
F RN LR AR . Raney Bl AEA S BE AP, FH Raney EEEWL
#, FTLREER S NE, BREXAELRE Raney REAFRMEFRRE.
AEFRTBEK Raney REAMNERPRELNERZPIRA, BETLAA
Rancy SREAFIME SRR S, XELTHREREREREH. BT
R kR
6.1 KERH
6.1.1 BBEEF Raney SBMEHFIBIEE

FREST SB TS Ni-AL &M AELN 11 4, BAFIEARE S WIMNATAT
®, BrERERTL 120°C T4 16h, Diuhhh 860°C K545 2h. HRsbefE o4
ST EH 20%wi) ] NaOH B 90°C 2 HL 4h, RJF R E I, %
FHETAZBY, FEEALHNE N FR-SB.
6.1.2 Mk Lr BB ELT

WK FHEABRESHA | (Nig-ALOs), U =H B IILEE AR,
B NiNO), UGS 120°C T4 3h. 400°C 582 4h, FIEMEERE N SN,
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Foi i@f’;@lﬁﬁﬁi Raney SRR AR H

Hordr NiQ 8234 25%(wt).
Hoh, WO AHERER (XE CSN) AW 2, ICP 47 HF NiO 58
28 18~ 20%((whHZEA .
6.1.3 EHFEMEFETH
AMEFE PN TR ISR ERSERR L3y, KNBSH. UM
S BT AR BRI AT TR . B REIE Raney BB FEHIE AT R EHE
KZEE, HE—ERE T EESHALIE 2, SUBRBHRELFINSEEE 400°C. 0.5MPa.
27 6LhT M FIREAE 8K, MRHEBEH RN, REKHERAZE 0.5~
3.0MPa. [ R 80~140°C. i 2.0~8.0h"s HHB/RL3: 1~8: 1.

FETRALFIB R SO R, 7R IR PN 100~200pg-g” RIBENY, K FZIR
ERRN L sE £ LR E, KRRVAHR L.

HRIE K Raney RIS 2000 EEETEIFE 100mL /N IREURS B
BE FHT, HAFIZEEE N 20mL, 5 20mL MBI EANR SR, SRIRIEE
AL ) . ORI RER, RAAMEEN 0.5MPa. HHEIFE
200" SR 6: 1. BT P44 52 A Varian GC-3800 SR 4% & Varian
Star i T{REE, o ‘

6. 1. 4 {E{LFREEME FIETH

BB R LA R SRR A E AT, RIS 8mL fE4LA,
SEMNEAAERIL 1 1 ORERNEAZEYRE T, REFHFRHA 2.0~
5.0MPa, 120~160°C. % 0.5~2.0h", SUREERIL 4: 1. FTEOoHI9RA
Agilent 6820 AR (Y R AR o TAERS.

6.1.5 B Raney SRIEH BT RERTH
6.1.5.1 HFHEEEERER

62K Raney BALAIS HBBREMFIRIEESRFERKHEY TER
Bl
6.1.5.2 SEM-EDX 434 _

fE L AR e XM 447 A SEM-EDX 77if, 78 IXA-840 FIHifLEEA
O100EDX BEHIIAT, S NBRR AR ERANT, MEEEM—E
MK EHHE NS RFEAR. hTEBELERINETSRT S THEML, B
IR B EEIRGE, IR AR e A S B K Z B RIPEALT, Bk
HEmEMBTA.

6.1.5. 3 ELFIRYRIEEN

[ % 5 Raney S ELA KIER B I EA A Dimax-11T A B X S £RRTAMY

AT, CuKa B, %E 35KV, YR 40mA, FIREE 1° min’, BFE 4x10°CPS,
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B6FE HAUBEIK Raney S LA HALME DK

6.1.5.4 EITEMR Raney $@HE{LF FRE B M ELAY TPD 4T

8 52 IR Raney 448 (L FIRAR MR TPD A¥E4H, £ 847 %K TPD 3
B LT, #RRSHAEARAES, SERE 30mL-min” . BLFIEEE A
10mL, BATF 30°C FREHEIERG O, ZASERFREFHTE, 1R
HEH g°Cmin”, REEEH 350~400°C.
6.2 FERBIER Raney BEXFIEE NS P HILH

6.2.1 FHAE FE 5 Raney R ELFIMENS G

— A% Raney &AM MAFEHER, HETHIETHSE P Pd. HEXR
BEMEMADBBRN, 507 A2RIHEGFHEEER Raney 24443 FR-SB
ot EMF SN, CSN MIMEEYE, EnEARNAEN: &85Eh
0.5MPa. EFEE/RIL6: 1. BH 200", RAEE 100°C, FRHEEH 1/4 0%
I AR A |

LRERFY, AENWMERET, FRCHHOFLEER Raney B4
1434 FR-SB AERSHMERY, FNEHLETIEL 01.7%, SHXLagilg
R —fE e b, AR &ET TR CSN RRIMEENEY 422%, LR
&K SN M IS EDA 37.1%.
6.2.2 EME LM ELEREM ,

K F B B SE IR Raney 8B, LUR MR 80°C. AR 0.5MPa. 38}
2 200! EREERE 6: | AEMEAM, EdEeHP =R, ZBTEN
SRMEMSESEMEELNEY, FELREENHE6-1~B 6-4 iR,

100 : b 110
£
=90 g
2 £
g £ 100
580 5
= >
g g
v 70 .
=4
§ i "é 90
E 60 | 5 &
50 - ‘ 30 I
80 100 - 120 140 0 1 2 3 4
Hydrogenation temperature /°C Hydrogen pressure MPa
B 61 RIE R EMER R _ B 6-2 FTE S XA B A R
Fig. 6-1 The effect of hydrogenation Fig. 6-2 The effect of hydrogen pressure
temperature on benzene conversion on benzene conversion
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BoE HWETK Rancy BRAALE L INEPHINA

100 —— 100 ¢
X
\ﬁ -
E g 80t
2 95 | & {
b3 >
§ g 6o
2 9 L 2
g : g 4
m M :
2 O 8 4 .6
M olar ratio of H2 and benzene Space velocity /h-1
B 6-3 EFRERIXFRME R EEZW B 64 AL F AR W
Fig. 6-3 The effect of molar ratio of hydrogen Fig. 6-4 The effect of space velocity on
and benzene on benzene conversion ~ benzene conversion

WE 61~ 64 TTLUEH, BRNEE. S5, SEBRILNES, P 1]
PALRENIRE, WIER SR, RMEELRBE. FREER Raney RN
FIZEEUE 0.5MPa, B/F 120°C, HEEE 1.0MPa, B/E 80°C BZEMEHT, B
AT EELE L, HHELMEEERNELENE. SEFERKET 6 1A,
HaEmeEEtppntaRiE, HHRNESFESESFERLER 6 1.
6.2.3 E{LFITMAIERER T

H A EE K Raney B4 A0 I TRAC IR W 2 IS H A0 I BT A 2 R 0 B 6-5
Bk, RO RSHERE S 100°C. EUE 0.5MPa. i 2.0h", HAERL 6: 1. i
Wh AT LB W, LRI 120°C TRAME oh HEDIEH RS . RIRHTNG G
A] S AT F AL A2 T 15 AT B0 FE AL, TS R A TUAL SRR i R AL TR Tl A
AR BN, A ERANERSBESN R EREMER, NNRER
AL TE T AR

S5 |
9t

N

Benzene conversion /2%

8o -

87 : 1 e

40 80 120 16¢ 208
Catalyst pretreatment temperature /°C

B 6-5 &1k HAL TR BN FR N2 R A R

Fig, 6-5 The effect of catalyst pretreatment temperature on benzene conversion
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%6F  HLAIRIK Raney SREMLAILE B 4L B P HIP I

(/2 Raney B HUAD T EBRAL, EEHENMZANE KA S . $Ef Rancy
BEMLAERTSHIHRE, TLEREABIMEEY. HoRMEThE<EE,
ATTRIE AL R — S RETEN,

8 6-6 B o BBl [E € K Raney 8270 IR 215 2B 5 1R E R HE8 TPD
Bg. M 66 BILLEN, KETEALEMHEZEK Raney LA FR-SB §H
AMEAUIRE, IRETEE 4 HIT 160°C F1220°C KA1 (EILFIAE 80°C 4018 2h /5,
EHA BB B AR R, BTF 264°C BHEHILT — A HH DA EE. B
REENR MR, 160°C M 220°C A MIBEHIEAR 4RSS, (R 260°C AL
BB AR, XETREENELHERENRES, S0F LHNaBRFEEL,
Bt SR M R T B . MTSREREESRT AR ERENR ISR
A G v BRI, BRILTT LAHES, z’f%JﬁT&bﬂMhﬁlﬁﬁW@ﬁ%aﬂﬁ?ﬁ-&&%‘z
LRy, FRELRIREERE B%{EE, FMEEHEAAN AR TR,

) 50000 ST

40000
5 30000
8
% 20000
(23]

10000 Lol

0 o0 200 300 400 500
Tempcrature of TPD /°C

B 66 BERepK Raney ﬁf&ﬂ:?ﬂli@ﬁ ﬂ!ﬁlﬁiﬁ’ﬁ&tﬁfﬁﬁi@“&ﬁiﬁ TPD #i4%
Fig. 6-6 TPD curves of fixed-bed Raney nickel catalysts after hydrogen treatment at different
temperature. A: non-treatment; B: 80°C; C: 120°C; D: 160°C; E: 200°C

6.2. 4 FFEIEIER Raney RIELFEMS 200h FEEIB TR

AV E £ IR Raney S0 (F NS 200h FE 4T AT S0 e AT, 4 A LLEE
FA L 1 W% AoRBESEEARRER SRS HmE 6-7 ME 6-9 Fir.

(P 6-7 gR AT, LIAREAR A EHEET, Al 150h WAL FTLLAT] 99% X
b 2 EEARTTREE TR, CRABRP R, &N R RN,
FSHRET i E], W0 6-8 Hi s, MWRAKERE(E 100°C B 220°C ZlEE),
FoA kK R P BRI A 166°C 3] 180°C Z08]. R RIR/ZRE A T4
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FoE HYMERK Raney RELREEMLINEF LM

AR A SR, # Raney SR ERMFER LI E BT, HH2E
BARIRERRNES, THRSBREELAIMMEEL.

100 | — 20

& S
595 -wg
= =
§ 90 1qg
585 5%
m @

80 LAAAA‘AAAI.AA!I L 0
0

50 100 150 200 250
~-Running time /h

M 67 EH LR RT ML 1
Fig. 6-7 Variety of benzene conversion with running time 1

m; Benzene conversion; A: Benzene in product

250

1
© 200 -
P
2 150 l
g
g _
g 100 | ‘
Q
o |
[ i
2 50 i
1
0 H 13 L 1 L
0 S0 100 150 200 250

Runing time /h

e 6-8 MEMLARZREREHEEQEN L
Fig. 6-8 Variety of reactor temperature with running time

o Top of reactor; m: Top of catalyst bed; &: Middle of catalyst bed; *: bottom of catalyst bed



HoF HMAREIK Raney BAELAIER ML INE F I

3 w
(=] =]
T

L =

&
A
T

[y

Benzene conversion/%
Benzene in product /%

=l
N
T
1
—_—

95 m&tﬂié 0
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Running time /h

B 69 FHALEREEHE TR 2
Fig. 6-9 Variety of benzene conversion with running time 2

u: Benzene conversion; A: Benzene in product

180
160 |
140
120
100 |
80
60

40 1 1 A
0 40 80 120 160 200

Runing time /h

Reactor temperature /°C

B 6-10 AEALIRIKE R B BEIE AL I 1] g 284k 2
Fig. 6-10 Variety of reactor temperature with running time
o: Top of reactor; m: Top of catalyst bed; A: Middle of catalyst bed; *: bottom of catalyst bed;

segh it R, O TRIEBLAA R B RBURSTIEE, TR ERE B
ELEE, A SMERIRR AR L TIER B IR B R A T, TTLLE B R
R LRIR R O T FEWUREN . B Tlinirh, WHERAIE RIS
O E P TR e S PR B

EULL 1R, FORBARNRER, RN 5T, GE 6-10
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Fe6F FEEERK Raney BEAMAMELINE PRI

Fi7s HEALFI R B R 8 A HI7E 120°C B 140°C 2 08), R4 FIPRZ P la)ii B i)
fE1s°C #125°C 2 H. hE 6-8 PR EAl, AT 200h WIBREFTE 99%
PAE, RMNFEYRESES BIREE 0.5%WHELT, RIEBEATISLERE. #
WK BEETE 120°C 3 140°C Z .
6.2.5 UKL ERBAHNS S
14 5 5 71 J5 #957 BY[F] % K Raney SEAUHEIT SEM-EDX Il XRD 4041, FTfe
LRADME 6-1 ME 6-11 Fm. WF 6-1 FABETLLEH, &FEEEARERER
BELHIRT S, QL EET, BEAEEEN 1%w)ll b, EARIRERS
B, BUIk L09%(whZEA, (8RB s S BHBHE, TR A i A B
PRI A B R, TIOE 1.27-1.33%(wWo) 2o o ] LA (0570 S 0 iy £ IR T
BeRBh. AR . AR LIRS Rk 8 F mESERENET,
FRA D ATBANSEHMER, KA SHEMENEY, mEEE k- Hilt
TR M BT TR, ATREHSRA LGRS, HELTER
PRI BEAE, WU MR R LT F ER B A E WM FENE, W
BREERFHESE, NEEERELNRERSG.
% 6-1 B2 IK Raney SBELFRIEH S 1) SEM-EDX £ 4R
Table 6-1 SEM-EDX analyses of fresh and poisoned fixed-bed Raney nicke! catalysts

Samples Fresh catalyst Poisoned catalyst

Center 1/2radius Edge Surface Center 1/2radivs Edge Surface

Ni /%(wt)  39.54 1839 3543 3107 2596 3221 3100 29.72
Al/%(wt)  59.54  60.81 6377 6753 7070 6425 6523 6673
S (w1) - - - - 0.95 1.10 122 109
Cliv%(wty — — - - - 1.27 1.29 133 130

B 6-11 77 XRD SABGHWET LR L, KIFRRATIMERE N R
AR A AR, TR R L AL TIR R E B A Ni R R R AL RS, AT
S ALFIE T REAS, 1X5 5 A R TR AL 43 A £ SRR T DAAR TLETUE
FAMIE AL XRD BIHUE S NixSy Fy 5, X 2 AR TS0 EEIT
e

g L RRE, MRS . SR ER AR RS S EH A EE Ravey
BRIk ENFERR.
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6% HITIRI Raney MR

AR NN NS AN N AR AR I NE N NN N AN SRS RN N NN AN

20 30 40 . 50 60 70
L 28/¢)

B 6-11 [EEHK Raney B4 KIHE S XRD
Fig. 6-11 XRD patterns of fresh and poisoned fixed-bed Raney nickel catalysts

A: fresh catalyst; B: poisoned catalyst; m Al;Niy; 0 0-ALO;; A Ni; ¥ NiyxSy
6.2.6 AR P B LML
— IR B R INBE  B RN, TR S RN EE £,
MR T RIS T R PR, SRR R LK. ERHTRE
I A AL LR P B AN AT 3 e R AR OUEALY, DX e L 4 R0 TR B
MERARERLEER. KB 30RT7E R PR N—F EFBEYy k5251 N
E IR Raney EAEMTIMIRAILERE, H 5 AUREREATFT R AT 5.

100
80
60

40 F

Benzene conversion /%

20

Running time /h

B 6-12 A ERELFIRIGT T RE
Fig. 6-12 Poisoning curves of various catalysts m: SN; A: CSN; #: FR-SB
SR, MR E A 120°C #, B K Rancy {24 FR-SB
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WeE HEEK Raney (RENFIZ A INE D E9 R H

Bt e AL 8 I E S AL SR AT iR B 99% A b, FERRIR AN 100ug-g ! AYHEL)
BTG RENT L LR, Ho FR-SB EE4T 17h J5, BREIEm & nE
200pgg”

WA 6-12 Fiow, #ALT FR-SB ERMFEH 100pge” BIEMIZIT ITh S, X
TS 200pgg " W B BEL FIEAT T 56h, SEMA TS TR, 2R LR IFILE 99%
CLF, #00h B BAE FEe ik, FHEMERSE 3.5%. Db RiEBRENT
SCN 1247 6h B FF gk 15, 40h BHREUERE 0.71%. RBEEEEMLRT SN BT
Oh JE MR, FFHRBEERR, 28h FHRNEEMERE 0.85%.

I 62 BEYERTTIE t, HAEEIR Raney SHEILHI FR-SB AEHIF
fidmRbE e, SEFHMEAHITEEWIEE 8000pg, T BT IILEI ML
&IOTBRBELT, BERFNRERASH.

%62 AFREERI KSR E

Table 6-2 Adsorbed sulfur conterws of various poisoned catalysts

Adsorbed sulfur contents pgmL’

Catalysts Poisoning time /h. . ——
. Thiophene Sulfur
FR-SB 17 +56" 210003 8001
8N : 9 1054 554
CSN 5 807 308

e ¢ EESRE 100pggt PR, o BEFE 200ugg” Y,

MFE 6-3 TLLE M, B 25k Raney S8 /47 FR-SB ) BET LLR A FLLE
¥ F R LR EE, BRENhBRMECBNREE S S BRI
R, BANTUEN, EEH Raey BEAFIETEROXILHERZ, F
WA BB K. BT BET B0 T RANERMBPILER, BE5RE Raney B
LHIE B AL RS AT,

F 6-3 ARSBEARIHXRELSH

Table 6-3 Surface structure of various nickel catalysts

Catalysts SA /m*g” Active nickel SA /m’g’ PV fem’g” D /i
FR-SB 77.0 318 0.17 8.09
SN 2119 79 0.45 8.48
CSN 254.8 — (.52 8.17

BRI R SRR S RN, ERMANN T HERCIRTES
WRREALRRIE, R FHE AR S BB P R, 35 (AL R T o 1
PRH . R REGREY RS R SOR AR, AR HREER Raney 8
LA FRSB & BRENR, N ES T REDRELR, ML, B4
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$ 6 FLEIEIK Raney AL NITE AL INE I A

AR EEAT— A TEKRH BET IR, (B2 0 TH MW EREERMARMK,
RE 5 TRBEERTZMALELEENEBRERE.

6.3 MELEER Raney SREELFIRIEEZ INSIE 14

6.3.1 FRIMILFIMBREME AR bt
K 6-4 b TR 0 B R Raney SLEEHN 15 5 SR (L) CSN HORERE CFA)
BISIEPERT LR, SR P R 120°C, FPPLA P RREUES, BL S
R URRD
# 64 TR BRI t

Table 6-4 Furfural alcohol hydrogenation activity of various catalysts

Catalyst P /MPa X(FA) % S (THFA) /% W (THFA) /%(wt)

2 76.8 83.9 64.4
FR-SB

4 89.8 93.9 843

2 65.6 84.4 55.4
FR-P :

4 702 : 94.8 66.6

2 60.6 81.1 492
CSN

4 59.6 87.2 52,0

H%E 6-4 DHIRTTLLEH, 72 2.0 F1 4.0MP IESF, 1 20%(wt)SB ¥rfsss
HI% MR EELR Raney 4ELFIREENAHLE, BTURNFBREHSS
ZHIRZBA, BHE XA T AMASERELT CSN. BATLE
4, PIFE K Raney (B LFIR USSR (THFA) HEFEMEARD, BETAEE
e, EHE 6-4 PEARHEILL 20%(wi)SB K 45 )& fF AL 2 PR Raney
BB LA B AR A LR RN, BRI SRR FE Rt
6.3.2 B AHREEINE R AR

IR 20%(wi)SB k451 & B A Raney LT FR-SB, EEREAS
[E7 4.0MPa, %£8T RAEEMEENENEY, HELRERNE6-5 fir.

# 65 BEMEARIELENER
Table 6-5 Effect of temperature on furfural alcohol hydrogenation activity

TrC X (FAY 1% S{THFA) /% # (THFA) /Y(wt)
120 79.8 93.9 75.0
140 93.8 90.8 §3.2
160 940 - 83.1 829

% 6-5 THHETLLE Y, biERNEENTE, MR ER, ERM
SHREEETE, ATSE YIS AR S KRR . A RIS
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FoF HLEZR Raney BN EE LM TR

B 160°C B, DUSURBEH)IEFMEREEE 9% T, BAfEEFR RN, B
PRGN, BRERINE R SR M HIE 120~140°C AH.
6.3.3 S5 hrtiRmEmE R ks Em '
FH 20%(wt)SB $ 54 61 & M E 52K Raney (218167 FR-SB, [l KMNEE
120°C, EETASEHMEEMEAKZE, FALRERENE 66 Fir.
F 6-6 LSS HELFIE R R

Table 6-6 Effect of hydrogen pressure on furfural alcohol hydrogenation activity

P /MPa X(FA) % © §(THFA) % W (THFA) /%(wi)
2.0 66.8 83.9 476
3.0 67.8 - 923 62.6
4.0 79.8 93.9 75.0
5.0 822 95.7 78.6

i 6-6 TEAR AT WM, B RMERE SRS W, RIS P M
(6. TZURE B Y e FAE AR ARG B4 405 0 55 R B B 1 ) AR 28
A, BAMETTUER, SESENBIE 4.0MP2 B, BERENESEDEREINE
R E RN, & EBIRE MR ERDMBAM B, BELERMLR
FIRMES, ELRAREZHFN ke Tl F R s i R RS .

6.3. 4 HER =R IFAZ NS R BRI I0

FH 20%(wr)SB # R4 & HE 2 R Raney REE(LF] FR-SB, BEEESUED

4.0MPa, B THATHNBEINENER, HEXRERNE 67 xR,
F 6T MR X LR A R
Table 6-7 Effect of space velocity on furfural alcohol hydrogenation activity

LHSV ' TrC X(FA) % S(THFA) /% W (THFA) (wt)
0.5 123 100 93.6 92.2
0.75 122 ' 97.7 922 89.9
1.0 125 §7.8 93.3 $1.3
2.0 120 79.8 939 75.0

tHEE 6-7 PEULATUUR Y, BEESERLF RSN, AR R L A A0 2R
BRI, BRSBTS R A R . h RNE R,
BENA RN A REN R RNERE, Y5EET 075h R, FEmMENTE, B’
BB R SR T 5. BB E R BLZE 120°C, 4.0MPa TR /K Raney
BAEAIANE, 1R 0507,
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H6ET FLEER Raney A AITEREIL INEF RIR T

6.4 /Mg

W HHE R Raney SEMAIE RMBIMEIS MRS R, o LA % W
T ‘

(1) PP LR Raney AT BB HIFORMEIE ML, LB
SH TR, FLaE N B A

(2) AT 4 EEH Raney BMLA ISR WA H R BOME. K
RURAERI TR LS R K SR AR e AR A TR IR R 7
T2 T K T e BRI I i e

(3) FIMFEEK Raney @AAAGHIFMFELEARENE, & 0.5MPa, 3
2.0n", EZEEERLE 6: 1 MM TELEE 200n AR FF R YITE .

(4) FBIE AR Raney GBI AT S 6 25, SORKTE, B
B B ) 1 LR T A A A SR TRt SR R 2 —

(5) FRFEER Raney BHEMFETRBOMHG T AL, W%
8000pg L L], TEET ORI AR BB, SR RE RS B ER
AR AHRETRL N EEER,

(63 %) [ 5 R Raney S A BB INELI B , 358 1Y) 52 I35 BE I A3 6 7E 120~
140°C 2 fa}, MREUNELR R RIS ILIR . i LRI B AU ) M B T . %
TR s AL AR S VU SRR RO RS, IEEINAUR LR D K 4.0MPa Y, &
B R A NI 0.50 A,
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F78 FEETK Raney BH RN RENER

¥ 7E FHAEER Raney RAELF R EIERR

SEE B FREMA, @i T Raney EAFPHERFIANEBLT#.
Bt o Foomamk. BREN%. BEANEERSBERH & FERAN
W, 42 E5545RE, BHENEEARAMRAY, FEEXTEKIESE (SBA)
M ENHHEER Raney SEANMRTMERBATERA 2T, KA XPS,
SEM-EDX. TPD. BET. E3RiE. bW pAmEn sh S\ i, HoaT4E
WFIGERBEAES. TEMAM. LR, SRREEAEMEMEASTER, #
HE B E R K Raney B AT SRR L APLR A MIBL. TREREKH,
BAGETREREHERIR, XHATEERHEA, EEAMEETEEENE
FEHE, SEiRius EATNEERSRNT AR RER DAL, BURF
ERE S TR VSRR, A AR,

7.1 ZEIERS

7.1.1 B EER Raney {8 LT85 &
1R 6 ZHTIRHI% SB MG LL HIF R [E 2 IR Raney 2HE1LF], 824 FR-SB.
R BR 4 5 P ) 5 SR PR A BRI 45 A [ 52 PR Raney BAE{LH FR-P. 5 4h, 4 Ni-Al
S48 BL 20%(wt)NaOH #HUA 70°C T#IR 90min, 7B AR Raney i 4 PR.
7.1.2 o AE
(1) REFLEMSH
[l 5E K Raney #5803 AR M4 4T R A #SREER MR BEA
ASAP2010 WRBH{Y E3EAT, IFER4FIZE 100°C M 400°C HETME, REFH
WERK (-195.5°C) MEWMIGLEELL, WIF BET HEEE B LRER, #BH A
BENILIARSMHERL. BTG RS HK SEITESH. S5k
k)75 2 B RS 25 5] 1Y) POREMASTER-60 B R R AX - #EAT fLA MRS EL 2 47
(2) AWM
FEERAS R 70 B AR X 447 F 8 SEM-EDX ik, {F JXA-840 TS
#—0100EDX BN LiftAT, REABRATIRENA 200 BHEE, M=
(TH9E, B T MR L BIA SIS IUBR 900~ 1000 {381/ R BT
SH. HFEBECEBARNES TS TEMN, HILRFREEELE, 1
7ERE bR TS D BT AK B R E, B R EM RIS
(3) XPS 7rA
XPS 4 M1 7E S [F] ThermoVG Scientific 2+ 1] Sigma Probe JH T A2 11T,
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B7E  HAEEIK Raney G000 T H KR

e R TR 2 B R R RLERE, BEEROBANMN, Bhsi
X8 15pm, AJBEAT A IE B TRMBIFEE . BEUSRSAETR Al
% X-ray J5(1486.6eV), FAvEESH M Mg Bt X-ray J5(1253.6eV).

(4) iEHES B RmBIH

Bl PR Raney #RAEALFS RS LLEELFIRIEHE & BRTTIN, 52T HEMy o 210 B
U G A S R REAT

BRIy PR IR R IROCHRIRE, WP RR TR S EN T ER, Dk
B SNI=12 REXERN. FRRNEESEENEENEET,. BFR&E%
H—EM RN, EERERMMTCESE, THHERAEDHERS. W
WA AREAANSBEEDEY Sv, WHSEGY AR HHXENR
(7-1) FFmR:

Sy =‘2'(HTI'/S'NA_) (7-1)

Hn, AEATIP RN HRENEG MY ENE, s AR RETHERR

W, N ARSINESEE, VARG, LiEP SRR RNAE 100mL &

[EZ ek, [E PR Raney S FIIMAR 3.0mL, 7 b #3467 5.0mE,
M BRI SOmLCR B9 & 3.79mol- L7 BEM I 2.95mol L™ IF B A RIFR
TR . W 51 100~140°C. EA¥1E 2.0~4.0MPa. % NP} [R]
10~120min, RNYATBHEBRFHEGSESAIEST. FUERREEENSHR
AR EA3 & .

2R B AR AR E R A& R R, 7 ASAP2010 TRHHAL
ER#AT AT SRR EAFIREREREY 05g £, X THEER Raney EHELA,
FEERSEAE 150°C ATESRE, DU ER S TRV 2 B (4 b ) 2 THT A L e R A
th, RERBAESE 150°C THEHTAE, HIGTE35°C THATARMELE,
T AT AEE AL SN A CSN, R AIRE N 350°C, ESIEIFRRAESY 450°C.

(5) KA HTEE T

[ 7 IR 5 4 AT Raney 8L IR MW RSN FOB L TPD #ik, 7L OT %%
) TPD EE LT, HARSHSEAHARS, SIFHE 30mL-min™, 44 H]
HE N 1.0mL, H5EH 30°C TRREHV R L8, ZRIEELFRT IR
W, FHEBZE A 8°C-min”, BER A 350~400°C,

7.2 FEEER Raney BRELTH RESH

7.2.1 ERENEFLLEH
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FTE FRETK Raney EEEFNETDHR

JEFRE—BUE AT E LR AT 20m A FLEH, FTI5HI Raney 44 (L7
MERBMENBIRWE 7-1 Fim, PR RRFHALER, RETEITLFR, R”
RATEFR. ME 71 PEIRTUEE, HEEBAR Raney 41T, FIREE
JK Raney 48467 FR-SB R EAAEMAE. B AN LR ERFE DT HIL AR,
AEBATE FHARFETLEREURA, FHRER 4~15am, B JLER
4~6nm. FEIE FER Raney 42167 FR-SB R G L ZERIFLANB A G, &
A RER T R R LI SR AR AR, B PR U AR F R TIR
FIRTLE H B RE/D . FR-SB B REF AR ALEN, KA FLEHR
Sk B SBABREFRAE HUG ALO;.

7-1 B A ERENBE Raney BEAFINEREILE S0, LU HEHE
EH Raney 840 FR-SB MFLE&E+ 440 T A F 42 2~250m F 1000~7300nm
FA R, THRBUELIE 2~ Som MALAHBEBME ., £ PR A FR-SB LI
FL42 1000~7300nm B RTL, WHEEERE TS SHIR 2 @R,

% 7-1 EFRSEWE Raney 524 (KR RRTEH

Table 7-1 Surface structure of Raney type nickel catalyst determined by mercury porosimetry

Catalysts SA fm’g” PV jem’g’ R /am R’ /om R” fam
PR 6.49 0.25 76.58 436 1892.00
Cal. 32.11 024 15.03 5.40 222.80
FR-SB
Cat. 38.64 0.28 14.37 432 182.50
Cal. 311 0.20 129.8 12.98 901.00
FR-P
Cat. 1.78 0.14 160.20 2.7 1852.00
Q.16 ~
-| ‘
W01z | 1
e %
E 408 | oo
B %@\
Eom i g Nl

25 5—10 1015 2550 50-100 $D0500 5005000 10007300

Pore semidiameter /nm

@ 71 FEREMET Raney BEMATIMREARIME

Fig 7-1 Pare distribution of Raney nickel catalysts determined by mercury porosimetry analysis.

S calcined alloy extrudate of FR-SB; & Fr-sB; I pR
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BTE  HRIRER Raney SN R0RE M T

7.2.2 BET BRMIE MR A

ME 7-2 | BET B ERRESHEIETLIE L, EEER Raney HAELH]
FR-SB Al FR-P BEUH( (R E A &1 BET LREARMILAR D, FHILEWET
t0nm, BARBWMALEH. FR-SB BREIAAHE SR AN LR EEER B TFAL
MEERMET], T FR-P 2T A & & BB B i T RSB R FE R
LB, BEUELE, FARRMALT LRSI, LAEL, FRLagh,
ERFAMBRIUS =& T M LERIALEH . HERAR Raney SEWLH, HA
K Raney #f FR-SB BBURRARAMAENFIyARE, WRAREA R
7Tmlgt, FLATEF 0.17em’ g, ELRTHIMILE M. TOREILAY FR-P thREEE
AN, BA NWmtg!, HEREHRMALN, X2 A THAEE SRR LR
a-ALO HERE, EHMRBHEE BRRESSHIE. H5h, BET 24l
SR ERRER—EMER, XTREGTARUETENLEMTERARR
RFEHT . :
3 7-2 BET 330 Raney S48 FIdREEH
Table 7-2 Surface structure of Raney type nickel catalyst determined by BET analysis

Micropore structure

Catalysts SA gt PV/im’g'  D/mm T
PV /cm™g D /om
PR 73 0.059 36 — —
Pre. 260 . 0.087 13.3 — —
FR-SB
Cat. 77.0 0.17 8.1 0.02 0.81
Pre. 2.2 ‘ 0.008 15.3 — —
FR-P
Cat. 11.7 0.02 7.0 — —

Fi Fed& TR E FLE KT 2nm 5L, No B E R B LS E A 1~50nm,
FFh 7 ETE 2~50nm & X, BB 3~50nm, —fXTE 3~30nm FLECHAT HLEL
O3, AR REN BET ERHNSRTUEE, B SRR RELS AR
bR AR

& 7-2 i, L% FR-SB 5 FR-P (i M SR &AL, BRR STE, EHf
W% — WAL E A (A BRE BATLEE (FLE>50nm) B (RRRAK
i) B X FER BT EAR FRP RE &SP ANREGWEREEERT KER
FALGH, I EEATIBRBIEEAS, FERRE BRI LAY AL ARG
(). AT FR-SB MITRKT . I SE 45 FRP MR, BJS Y EERER
AL F) FR-SB AFLE M AE — L RIE R,
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F£7E  FHEEREEK Raney BRI RE R

E 100+ B
3 £
S A 3
E 60 ~ §
S w0l 5
< 40 z
z <
g 7 g
5 20+ E
. 3
> >
0 v T T ———T 0 T T T T Y
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 ¢4 0.6 0.8 10
Relative Pressure (P/Po) Relative Pressure {P/Po)}

7-2 FEE K Raney L7 FR-SB. FR-P B0, BiPHEEE
Fig. 7-2 Adsorption and desorption isotherm plot of FR-SB and FR-P
+- adsorptioﬁ isotherm plot; o - desotption isotherm plot; T -FR-SB; I[-FR-P

B 7.3 fr7h BET 048 38! B 2 K Raney 8 FR-SB R E L@, 1
BUE RS IUS AR NAT 100m MIFLEHWRAAK, BEET 100m /ML
LA BHK, BHLL SB MHAHIE RS SR TRV, BIEHIRER
RAEESWBZ B R ERBRN, WHEELTIREYEERERMASEES,
R TGS TERE BN, _ :

B 7-4 B 4 B K Raney 848465 FR-P BRI R RELES A HE, 5
FR-SB £4bAUMELL FR-P BRUEMHEILEH M T, BRATREHERD,
EAEEEMAEBMAANEA, KEHTREMENE AL BE S &RHRE,
TSR R H R B LHGE AR -

iy

e
=
=]
il

bt
o
=
o
L

i

<

3

s
{

Pore volume fom® g

T 160
Pore Diameter fim
B 7-3 HEETHK Raney B FR-SB &EGI R LA
Fig 7-3 Pore distribution of calcined alloy extrudates and novel fixed-bed Raney nickel FR-5B

(-calcined alloy extrudates, (2)-fixed-bed Raney nickel catalyst
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BITE  FHRERK Raney S48 107 E H R

5. 35+
E 30+
o 4 - I I
0 25
2 ]
2 31 20
—
5] 15
[ .
521
Tg - 10
d -4
0 v ; O Ly ;
10 100 10 100
Pore Diameter /i Pore Diameter /nm

B 7-4 [ ZH Raney # FR-P BHRIE AL
Fig 7-4 Pore distribution of calcined alloy extrudates and fixed-bed Raney nickel FR-P

1 - calcined alloy extrudates, II -fixed-bed Raney nickel catalyst
7.3 FABIEIZEFR Raney Ni #4349 SEM-EDX 4347

SEM X#l&s JREEH, HiBUE 2K Raney SRAEALTISF2/a AL A 41/ )
G507, BAEMRITIAZI A OaYR (B 749 A), TR ISR L
ERAGERRESE R, BRRUGXEERTRE (B 74+ B), HLENEER
FRTAERSRK AR (B 74 5 C), THRERERIMENES, &
FEPAEFLETERKSRLEE.

o A, O TR i A .

7-4 FBEZEK Raney REAFITMRREH SEM BR
Fig 7-4 Extrudates surface of the novel fixed-bed Raney nickel catalyst (SEM)

A-calcined alloy extrudate; B, C-activated catalyst.

MF 7-3 § SEM-EDX 23 85 BT LLE 1, 3 ACIK Raney SRAEMFXE 8. 8
PIFB L&, R 85%(wt), 5l 15%(wt); #TL[HE SEIK Raney 4% FR-SB 5 FR-P
B AR, TEE R EARRBEEARAR, FRIET 1%0w).

SB 4 # 45 5% HUE T IR Raney SAE(LF FR-SB, H A& &4 mill i hesm,
FEAPAHOARFEAR SN, REEWMTEAR AR 28.48%Wt). 1
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B7E HEETIR Raney HELHE R DR

70.44%(wt). &k 1.09%(wt), TTEIE 58 30.50%(wt) 85 68.49%(wt). % 1.01%(wt).
WikBEMIEL ., FERSENBERM, WHEk AT BENRANE,
WA RIERT 37.79%wt), T 7.29%(wt).
#73 Raney SR SEM-EDX 7 %2
Table 7-3  SEM-EDX analyses of Raney type nicke! catalyst

Samples “Ni %{wt) Al Yo(wt) Fe %(wt)
_ Cal./ Cat. Cal, / Cat. Cal. / Cat.
PR -47.5/85.85 52.5/14.15 -/ =
Surface - 28.48/31.07 70.44 1 67.53 1.09/1.39
PR.SB Edge 30.00/3543 68.92/63.77 1.08/0.80
1/2 radius ©31.68/38.39 67.39 / 60.81 0.93/0.80
~ Center . - 29.81 /3954 69.16 /59.54 1.03/092
Surface 33.947 55.92 - 65.09 /7340 0.97/0.68
FRP Edge 21.25/43.36 777115530 1.04 /134
1/2 radivs 28.8274961 70.37 / 48.86 0.81/1.53
Center 18.91/35.90 89.81/63.37 0.46/0.73

BB AR BERE M 46 45 PO B R K Raney BAEALAI FRP, BIGRERA R
PR, (BRNE AT EHEHENYEM, KSR AF FR-SB M4 4R £H
IR, G4l B ALOs TREFETRLMER, FEMERE RHA LY
WES, MEAAATES$TERERARRS, FECERRRS: B4
BT R AR S EN BT RARTRLARE, EBXESYE
T e AL AP 28 | |

b, M 73 RHEEHR, RAA SEREE BN R B B AR
MR EBERASRE, BYEWE, Hits SBURFRE A AE TR D B
SR SRAN, EDX HRRE BRWE LMK, A2 EDX AH & RNARE
A AR RIS e

7.4 3REVE R Raney $RAEILTIA XPS SR
WA 7-4 7 XPS AP AT RATEAA th, B[S IR Raney R FR-SB BRI & MR

SRR, BAFAME, 0. Al SEEE, WARNSGSRENRMRIE
FHAEHEANAKR, RETRELT XPS SR AEF HEME S BREN
B TR, A RBRANBRAEEEEE ALO, MO BEMRELNE
By, T M3 R L R AR BT A R BT
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B7E HEETEE Raney MUK E A

& 7-4 FiRE K Raney SUELFIBHETE TR R XPS 452
Table 7-4 Surface XPS analysis of

novel fixed-bed Raney nickel catalyst and calcined alloy extrudates

Pre. Cal Cat.

Element

B.E/V Molcontent/% B.E/eV Moleontent®% B.E/V Mol content/%

AlZp 712 24.99 77.9 22.85 75.81 208
Ols 5335 38.05 536 43.95 5325 37.83
Ni2p3 858.5 0.28 866.26 0.51 857.5 0.49

7.5 FHEIBIZER Raney SREWFI MR EREEIR

HAERTRHEER 6.5X 10%m? i3, 4 FIFFI a0k Fi sk F1 S 0 2£0%
BN HE AL VR PR RN, 20745 R0k 7-5 FUR. AR 7-5 BB o LAE
ARy B R [ OB B LS R R TR AER S, WHAOR Raney G4
431 PR 7 61.4m*-mL", 7 &I & 2 Pk Raney 4824 L7 FR-SB 7] %) 31.5m>mL",
wETHREEEMEAEN SN 8 70mimL? . HXNAE, EERIFENENERR
€, FUE K Raney HEMLRH FR-SB BB HEREHA 11.5m>g", SUREGHE
163 SN #0 CSN fiE BRI 9310 3.6m g 1 2.6mig’, WAL MG
MR BRI K, EEFHEREK Raney BEMFIEHSETEAES THE
RIR ML R — 3.

®7-5 FRAEHEOBECNREEETER

Table 7-5 Active nickel area determined by different methods

Mothod PR FR-SB SN CSN
Thiophene adsorption poisoning m’-mL? 61.4 315 7.9 —
Chemical adsorptien /m*g”’ — 11.5 3.6 2.6

SHERMPENELGHERMEMTEERENAR, FESARANEEFS
ZVAMERGR, HhUNGEY G a8 AN R IR SR /IF BRI AR R 15 2T AT
fer-d BRIk E. AT aRERNE L REEFNRFELETE. PRI
R FE P L FIAA IR SR B & 1A R, BUEEER Raney S84 (L FACERT ]
FRESS, LN ERRN, HREREELR SN B TR RIRE 1 350°C 125
B 450°C, MWAMERERTATY 0.62m” g B3 3.6m>g"; MERFHTHE
Raney BEALFIMESNBER, FAUBHEEFRRBDRESHEIRE MK,
T Raney SAUEALFI B EAEETKLEESAT, ERTFIBFATREHS
HERE T MEEEL, FEDE Raney HEMELAIBE MBI, WRSIERK
BT REMAEN RIS RS TN,
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FIE HRETK Raney SENNMREHER

STRRARIE B SRR AL R M R R AR A R TR e S R K 7-6 s, b
TPHEAUEY, YRENNRERUFERAER, XS RRI
AL B & ITE S T A AR RE K. (BREATEVR I, T AH RIREK) Raney
BALH, BERRAARGREE FHBR0SERBFERKAR. X [54]
A S R R B A 78 £ Raney BB HREER Y 57.0m" g, WU
ik (701, [97] RAEALEREHENBM 43.0 m* g BT, H H 5300 3CH
FEER 614m° mL ! BEARE AR Raney AR T 1), XiRVIE
Wy B HERS T Raney SREALFIMINE S RN ZREAFEK, ERETENT
EVERMARME AR RREAN, IR ERKRRE.

%76 SCRBUEMARENEORELREERRER

Table 7-6 Active nickel area determined by different methods reported by references

Catalyst Ni %(wt) Nickel SA /mz-g" Mothod Reference
Ni/ALCs 16.0 1.78 CO adsorption 96
Ni/sepiolite 16.0 ' 3.02 CO adsorption 96
NUSiO; 10.0 16l H, adsorption 97
Raney Ni 93.9 57.0 Thiophene adsorption 54
Raney Ni — 43.0 H, adsorption 70, 97
Raney Ni 86.5 273 H; adsorption 41

i T 5789 B 5 IR Raney BEAL I FR-SB HHINA T K BRI KB 6 1F ARG E 7,
L LRSS BEER, ALKELNREFHE 30%EE,. IHRR
Raney SE LA B TTET & 80~90%(wt), BEIHLAIEIHT R E 2R Raney FHELA
MEBAAERR.

Fihh, BN h B MEN E MRS REYR, £ 100~140°C, 2k 2.0~
4.0MPa F 2 B8] 10~120min 2., B me R EAMR, Wk 7-7 PEIEHR
o

#1717 FRLBTEARBEREERUEGR

Table 7-7 Active nickel area determined by different conditions

Number TrC P /MPa { /min Nickel SA /m*mL’
1 160 20 10 30.16
2 120 20 120 34.70
3 120 4.0 60 3290
4 140 2.0 60 33.15
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7% HTRUEER Raney S LAIH L MITEMT

7.6 FHBYEFEIK Raney (R FIR RERMES

7-5 B R FE FHR I 78 59 Raney S84 14 77 3 (1 8 P20 10 B B 28,
HERTRIE H, #HEE ER Raney 42 FR-SB 58 # Ik Raney & PR #8254, &
A R A, R MR R B A AR, M S IR Raney 424 th #1103 i
TGRS 50 AR Raney BUE AL IR FFSUR

150°C

215°C

Strength fa.u.

0 160 200 300 350
Temperature of TPD /°C

& 7-5 Raney S 45465 1 2 R IHE,
Fig 7-5 Surface adsorbed hydrogen of Raney nickel catalysts

137

1% 12h
5 123 230 ah
o
~ 74
% b
& 234 3h
245 2
S
th

0 50 100 150 200 250 300 350 400
Desorption temperature /°C
B 7-6 FHR IS R0 7264 52 K Ramey 4.3 T8 W B 4000 B
Fig 7-6 Effect of leaching time on surface adsorbed hydrogen of novel fixed-bed Raney nicke
& 7-6 From AAS R HLI ] F B SE AR Raney 4R 471U 22 181 WRL Bl 520 1K) A
4, BBGEEN 80°C. B 7-6 FTLAE Y, MR i) X A 550 2 T R B L HU LR,
i B 0 g i B R R /N B MR, e e e U B A A [ B S o P AT
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7% HWERE Raney SUEMAGORE G

BN, 3 EL IR R GLBB RO T e R R T 65 4
RN, WIRREEERATE, MR R InEIE .

1.7 FTBIEIER Raney SREEW B IARRE IS

AR XPS S &R, A TR Raney BREMFBR RESRBHRD,
THNEE, EDX R RhERELFHBRATETERTERE. —AME,
XPS K IR K 2~5nm, i EDX MR i+ LAk, ek Al s b
EEHE SR A H7E 2~50m T )Lk 2 Al

ERAFIRE & TR ABRIELTET, Ni-Al 2P HEBRELRNR
REAER AL R AOH)], FIRTAOH) ] M ATk 500 5 T E R AGRICE o AT
IREEBARET, [ANOHMAI&/E SRS/ AIOH);, 3 — W EL A KA ELE
FEE, WA S FER (51 — (5-4) Firt. EINIERIE RS LR AR
H, TR AL TIRR F T RO R B B ET T, ST HI[AL(OH)) B AL AR,
KAEEMNSE, MREERLHBREE, ATERETNELESERTERAR
MBLE. o

o REALHMAER, BNFEEER Rancy SAELTT RAH IE 7-7
i PR SR, REEE T AT 2~ 5om HULAMOk k& B4R,
AR FIR R RAS G, 448 B E e R .

Saction plie of
catalyst extmcdate

Activaled Ttaney [
alloy parisle
brid wed almsiny — Moacropiones

hciopoies after
taOH actralon

B 77 A SEFK Raney G807 FR-SB LA FR G #E

Fig 7-7 Tri-dimensional reticulate structure of novel fixed-bed Raney nickel FR-SB

7.8 &
(1) M@ 2 Raney SRR TS KL ILEH, #AHIRMILE
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B7E HUEGERE Raney B0 2 T 1R

APA-3: SUR S Shagts 31 T8

(2> FrEER Raney BEUAIR GBS NE LS RRIR, BUNETE
[CEAE

COEAR R RS (B LU E B IR Raney S0 7T B8 AT ST MR 454y,
EAFIBRRE LB AKEHME, BN Ee R 2 S miriEE.
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B 8FE [EEK Raney SAHLAMEL XRDFTR

% 8 % [ K Raney SEMLAII R AL XRD BTR

IR RRERE . B, SA. BESHEATEL. SRELE
BRI T, REANEEERENARESBBEREFEWL, MG
AR AR = A B R

AALRAERY, BEH Raney BREANMAESSERRELRT, 1k
BAMMEL: FOENEIERRERALET, baRETIERBRRE K
KEEATZH KT ERTTERARHEAREDBPERE, RERME
REZ ERTHRMT XRD MEHE, BT REER, FREReE AR
BAMZETHEMASHETHAEER, BILEH XRD T RT &R HER
FITERIR TR E S RARRES . BIIbK Ni-Al 4. SB B, BB a&RiEEREL
FUBEAT RAL XRD 47, I4 SR B A LRI AT R AL E IR XRD ST fE A 2% «

8.1 KIFRSY

8.1.1 BUFWES

4K Raney 4 PR KB EK Raney 4 FR-SB ¥ ETTHRMS, 7E50°C
WA Sh, {EHAZERRKE. BELE N-ALSEM. SBH, SBAIRE
143 SN, SCN, LLEERBERA SB MRS NRERRYGES, B LR
BRI R E, EEFHRBENHERFAE ML,

8.1.2 REB/BSAMEH '

HEAT B XRD 4pHiE, ERIWARL (Panalytical) 2 8if3 X pert MPD Pro [
B X AT, TRIEERIFY: (Anton Paar XRK-900) AR#EAT, FHRIEE
40°C-min”, JHEIWEIREE —RIBE 5~10min. K EPEAH (Divergence slit size)
1°, BHEUSIIesE (Anti-scatter slitsize) b 6.6mm, Y6E (Mask Fixed) 5 10mm,
Ryl 38 B BEL ISR (Detecter X celerator). CuKa 38, [k 45kV, &Rt 40mA.
8.1.3 HiTRE '

B XRD SMF AT Ni-Al 84, SB#. B &EREREIE T RH
EERMEEAL: 4K Raney SIS B E IR Raney SRR E A 1 an
MR UR A SRR LT F A2 Y AR 4 IR

(1) # 7 Raney 4 PR M § 5K Raney S H#471 FR-SB FHEAE P s 40451
Ak, EESSR FRATAT, SH0E 100mL-min;

FHRIERE: 30~-400°C. % [HFE 50°C 14 XRD iEE.

(2) FEEAEMEAL T SN A1 CSN FHRE BRI H0 R L XRD #T9T, £2SS
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B8 E  [EEIR Raney BAELAIMIESL XRD 5T

SR HHAT AT, SR 100mL min™;

R 30~600°C. #[E]Fg 50~100°C HH# XRD %A,

(3) Ni-Al &4%. SB B EREREEREPRMEEMNEN, 2R RASFSM
AR, EHSARE 100mLmin;

THERR: 30~870°C. —AZHIW 100°C 13 XRD K, HF7F 840~870°C
2 iRl R 10°C 374 XRD % H .

(4) SB %5 BR R B ERGESHIS AR R & & BhiRgE eI 12 D S AH S M A AR
W, FERSFETHATHW, EHlS<HE 100mLmin’;

FHEFEFF: 30~870°C, — &[G 100°C 34 XRD &K, H7E 840~870°C
2 (A4 AR 10°C 13 XRD & .

8.2 MARFIEZER Raney IRENFHRIIE T RBEHHETL

el 8-1 AT 75 A ¥ oK Raney BUEACRIZER SR T AL XRD i &l, ABEH 58
CEREATLIE B, 75 50°C B, R 20=45°HHE KA B A NI L DiREE, HE
20=52°HHiE f NiQOORTHIER7ST, W& EREERE R PRENSRE
Sk, AHUER. MEOHERORG TG, LR R0 R B R,
FREERHERNESEARKK.

Wy

Ni(200)

50°C

400°C

350°C

300°C

250°C

200°C.

e h

150°C

100°C

30°C

e ——T— 77—
10 20 30 40 50 60 70
28 /°

& 8-1 ¥k Raney LTS THIEL XRD
Fig.8-1 In-situ XRD patterns of powdery Raney nickel catalyst in hydrogen atmosphere
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FRE  WEK Raney SR KR A XRD BI5T

ATHE—L UK Raney BEUFEAERTRVEBERNSELREN
&, B Ni(1IDF Ni200)EARMEFIE S 5 208 % FWHM (Full Width at Half
Maximum) ¥IEFTE 8-1 F. ARPEETUEFEY, BERELA, NIDA
Ni(200) B FEIG SDE B HEFAIB A, MEERHEEHE S, BT RAE 518
FRARIEXR, IHNEERARMFEERERERE KK, WHMNETTLLER,
Ni(111)R)0% = 1 W2 FE7E 150°C BTABLIRBE R/, UiHH Raney RAE{L TN 1 AR
EREFEMT 150~200°C. - ‘

 8-1 ¥7K Raney HAEFLF Ni(111)F Ni(200) 658 35 55 218 55
Table 8-1 Peak height and FWHM of Ni(111) and Ni(200) for powdery Raney nickel

TrPC Ni(111) Ni(200)

20/°  Height /cps FWHM /° 20/°  Height /ops FWHM /°
50 4592 170 1.80 -~ — -
100 45.56 184 1.79 5247 62 1.88
150 45.55 201 1.86 5245 60 1.84
200 4535 228 1.70 52.85 74 1.70
250 4543 241 1.50 5347 72 1.69
300 45.44 262 1.16 52,64 81 160
350 4549 287 .08 5250 91 1.56
400 4541 314 1.10 5234 108 147

B 8-2 Bin [ B IR Raney #4407 FR-SB 7EE/SA FIES XRD #E, M
Bl REEMS R VBN, 7 50°C 1, 5 Ni-Al 4884 7 20=45°HH
W ONi(LDar B, W RE S @RI E AR D RENEREA. LRSS
EFE 150~200°C J5, 75 20=52°BHE L T Ni(200)#7 5k, HAHIER, &9
sRERNEEARKR. MTEABRENIETRABIER, FHBEER Raney
FAR S ET R SRR XMEE AR, WHEEK Raney HELFITTLIE
% B8 785 0 28 R YR B« -

BT &REMNREES S, & 82 ) XRD ERE LT AR o-ALO;
i, XEBEEKR Raney BEAFRE S SmBEETES~4EH, EHAS
BH AT TR T R A

AT H— LR AR E K Raney BEMAIEMEL RS 2 RERHNNRETE,
B NI DRSS RS LIE RN TE 8-2 . AFRPHBAILES, BE
R EF, NI RAR e S 3 E R R/NE IR, TR R E N AR
N, BRABELAR 250°C . XA AR TEABESETRTEER, &
TR Raney EELFIMEHERBEREREASER T ARER—F7H
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¥ 8% MK Raney RAEMINIKELL XRD UIFY

BA—MATREM R, FEEREETAS S E AL AL AW T,
ISR T LR LTS HEE T AR IR BT LS J R S NEFE R
gy HRLSEAFMEREBEELSN, HHEENRAESERENE.
' Ni(111)

Ni(200)

Coaede
% 8-2 [ 52K Raney SAAMESH T HIRA XRD H
Fig.8-2 In-situ XRD patterns of fixed-bed Raney nickel catalyst in hydrogen atmosphere
% 82 [ Raney B LA Ni(L11)Abd 5 05 5

Table 8-2 Peak height and FWHM of Ni(111) for fixed-bed Raney nickel

Temperature /°C 20/ Peak height /cps FWHM /°
50 45.84 195 1.05
100 45.78 192 1.29
150 45.80 177 142
200 45.61 168 1.55
250 4549 167 1.66
300 . 45,53 185 1.42
350 45.51 180 1.36
400 45.41 184 1.22

8.3 fasEIsEaE LT SN F0 OSN FHE R BT F2 AR L XRD F R
1 8-3 7 7 S T2k 7= ) S AR BB A3 CSN LS BULFR I IR AL XRD
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FBE MTHE Raney S{EARIERN XRD 5

B, BERTE, BEUFIRERN NIO 75 300°C AR A RIER, 20=37.3°
FHER NiO(111). 20=43 3°HH I NiO(200). 20=62.9°HIEH NiO(220)@ HIE I
MBI 5, FIREREE Ni(l1D)H NiQ00)fmidke Ik, JtEMERBERES, B
A BARERERRES, RNERERNESRESRTISEERERK K.
FIA 3 1 BR R R LR e 28 B, BEAFE 300~350°C MEE.

B 8-4 B LR E AR ARERENA SN MESERLZFRA XRD
EE, HEDERL, SN 5 CSN WEBITRMARA, RE N0 HMaE IR ERS
F CSN, H#J350°C, XA SN f4LFIFRE fEA Ni0 SEAEAEMMEE
B, RNMLTE, SESSNEERE. BiMRH, RERKELHIN
FERR, ZE/HFE300~350°C KSR,

Ni(111)

| T wew
50°C : , ‘ ‘ . gl ‘I ) ‘

eI
500°C I\
rer NN
400°C
350°C

300°C
200°C .

0000 i
50°C

. 0 30 40 50 60 70 0
28 /°

8-3 TR AEMILH CSNERITENEL XRD #E

Fig. 8-3 In-situ XRD pattens of supporied nickel catalyst CSN in hydrogen atmosphere

FIRE, 5T #E— 350 T 40 2 BB Ab 3 CSN ZEFHE LR i 3 J 2 A B dm KL
FEAIE, H Ni(11DSE RS R EFI T ¥ 83 . WEPHEE
LB, BEEERE LA, Ni(Q1)RARNERREFG R, SRR EN®
wiod/l, WBHERAEB SN AN ZERERIRE, —RNART
500°C FHEATIEIR,
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B8 E ERK Raney SN RL XRD 55

% 83 REBIEMILH CSN Y Ni(LLL) 2R 5 2 M 5
Table 8-3 Peak height and FWHM of Ni(111) for supported nickel catalyst CSN

Temperature /°C 26/ Peak height /cps FWHM /°
300 4534 85 1.34
350 45.42 114 1.28
400 4526 130 1.25
450 4529 150 1.00
500 4532 144 1.04
550 4527 155 0.88
600 4522 175 6.74

Ni(111) -
Ni(200)

50°C

550°C

500°C
- 450°C (T

400°C

350°C

300°C '

2004

100°C

50°C

—— T —————

10 20 30 40 50 60 70 80
207°

B 8-4 FEBRELN SN ZFEEEMIES XRD #E
Fig. 8-4 In-situ XRD patterns of supported nickel catalyst SN in hydrogen atmosphere

8.4 Ni-Al §&¥#. SBMSREEFIEPRBEHHTN |

M 8-5. B 8-6 B alh Ni-Al & LA RFZ R THERN XRD #EE,
i 8-4, F 8-5 M4rBHM R EL XRD 4T84 Ni-Al 4 ALNI(101),
AlsNiy(001)da I ESRIT (UEETR) MBLIEL.

MBS AU RAR, Ni-Al SE&ER R THABRAEENES, SR
AT AR EE D, 2R B X F) 700°C A 5E 2k, ALN AR MR E I R4
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#8E FEEK Raney B EFRIEL XRD H5

W, BHUN, ML BB AE, ALN SRR, MR
1 870°C B, ALNi RABMREWEX, BRY Ni-Al 3&BARABEZRN, ALN
RAHE L BRIWE, BemBRBIEY S, Ni-Al A&K XRD 8 5 i1k HA
HFE. AE 48 N-Al SR8 (844 TDEY, EERERET (KT 600~
700°C), ALNi AiESBEMNIEMH o 8 (ALNI-AD REHEWAN B4 (ALND, K
ifi S ALNi ABR, 3 AR TSEEMEER 660°C 4, Fik&Baa fnf
REE AR ALt R e AT L B BB AL T AT K . 854°C b ALNI [ AlsNi, #1%%
Ab B0, 5 B R R A, (T B XRD AT iR E R s L R T e —
WENN, EFED 870°C B ALNi SAIEA TN K. E Ni-Al 5SS EFRE
FIRHITES, H4 ALNL HERHERERLN ALNI M, #EhTREEEE
M, BT TS, ATANHN o BEREMREE, D EaEs, £k
S5/ TF, Ni-Al 44 ERET RS MRE LRSI TEN, FEETERRBRN
Ek, AR A M ELER) AR,

l ‘ l ﬁ l . 30°C
N Y
| JJL P N | T LBBDDC o
l EJL 11' =i HL - .850LCL "
: 700°C
[T DT TN 0 TR W
ABRNI{I0D). -
b §00°C
N
sq0°C
AlaNin(NB1)
j N Al(l11y -
' T T T T T T r T
10 20 30 40 - 50 $0 70
20 /¢
& 8-5 Ni-Al S&ZERASFA THEL XRD B

Fig.8-5 In-situ XRD patterns of Ni-Al alloy in He atmosphere
M 8-4 Y ] LLE IR B A A FHE LIS ALNI AR/ Z A
WHER, 7E 700°C 28T, ALNI(10)&EAREEAZEH A, T AlNiy(001)&HE
DIEET S, ATTERFE TR LESEK, SEEAT 700°C 5,
ALNI(10D) ARG RRI R, T ALNi(001) SRS EFEAE R, FEEnR
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H 8T [EER Raney BALARIRS XRD BIH

Z Ee N T . AR PR & SARRE R 2 LE AR AR B, T LUHE T Y Ry
RHE SRR 5 N-Al §EREERE 30°C 2 /5, ALNi(101)5 AlNi(001)
B LB ES TRES S, XRBESHESAT, N-Al 5 BERAEE
R WAL RER, FFHBTREREEEBEREM, AMER ALNI HE
BAEERE. 5 4 ER 43 P ALNI(101)5 AlsNip(001)EE38 L i 5 K H LT
600°C, TEAA T KB BT 700°C, H -4 BEHEAT MER-& 881
.
2 8.4 T XRD MRS (25D Ni-Al 44 ALNi(101). ALNi(001)%8 254k
Table 8-4 Peak strength of Al;Ni(101) and ALzNi;(001) for nickel-aluminum alloy during in-situ

XRD analysis in He atmosphere

TRC  Area of ANi(101) Area of ALNi,(001) ALNI(101YALNL001)
30 29.0 O mo 0.397
200 54.0 12822 0.421
300 55.7 125.0 0.446
400 532 126.4 0.421
500 65.8 110.1 0.598
500 66.2 1016 0.652
700 714 9.7 0.738
800 612 97.4 0.628
840 606 98.0 0618
850 58.6 97.5 0.601
860 446 107.1 0.416
870 0 1223 0
30 554 1303 0.425

ATH S RBEBREAANSEMELEFTHER, & N-Al SEETR
SR BT AT XRD 4047 . A EGE 8-6 FafE 8-5 AT LAE H, Ni-Al 54 ETARTH
FREEALR AR L B S A T BT AR A 2] 600°C /5, ALNI-Al A8H) 20
=138 5°HHE 4 BAEH A1) EAARIEFRE A 5K, 860°C BT ALNI SR ILA T K,
T R R R, (LT BRI ALNI BARE. X 5% 4 SRR %R
Ve, YA ETE 860°C KrpEit MR (1h), H XRD BESIFE AlNi
Yl

4 TR XRD A E B RRRR, BT LB ETHEE 860°C LLE
I, &40 XRD EEH R MBI a-ALO; AR, XA RERARALS KR h Rl
R EEREE, kT a-ALO; FHRT B BUE BN a-ALOs MR REE B4
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HRE [FHERK Raney BRAFMBRL XRD U

Hep, & ER KSR,

-

Lok MN e
- 870°C
[ J A
I W e B )
°C
Y S 11, TP B0
) | 700°C
i .llh. TN o N
Alﬂ.’}@ . . §00°C
[ERTY Y B L“}.Uuu;.u e -
A0ty .
R NYetTy 30°C
ettt et stid A bk L
10 20 30 40 - 0 oo 70

28 /°

1 86 Ni-Al S48 EF ST MBS XRD E

Fig.8-6 In-situ XRD patterns of Ni-Al alloy in air atmosphere

# 8-5 B XRD ST S (F5) Ni-Al 54 ALNI(101). ALNLOODREREE
Table 85 Peak strength of AL;Ni(101) and AL3Ni;(001) for nickel-aluminum atloy during in-situ

XRD analysis in air atmosphere

TPC  Areaof ALNi(101) Area of AL;Ni(001) ALNi(101)/ALNi,(001)
30 418 1149 0.364
200 445 118 0.398
300 39.8 1143 0.348
400 417 113.0 0.422
500 63.7 9.1 0.663
600 60.9 84.7 0.719
700 60.4 85,1 0.710
800 55.4 9.2 - 0.614
860 0 95.6 0
870 0 91.8 0
30 268 103.] 0.260

WA 8-5 EHE T LU B0 B0 E th R T THEIE AR D ALNL S AR 58

167

A



A8FE IARK Raney BIEUFINRE XRD BF

EIEH. SERPAR, ALNII0DAARETRE S00°C Z A, 2FiE
B, T ALNL(001) B TR N E AR S R mh 600°C. NTERAE
VTR AR 2 L AR A8 A5 B BRAE 600°C, X 5% 4 TP A R 5.

L N-Al SERERZ 30°C 25, ABRNI(101)5 ALNL(001) SIRE MR H.
MTRGEES. BRETHESTSET, NLAIASRBLIRIRE T £BENE
#, HEATEANEKE. cREALEERN. ATFEERELREY, ht
HFEER. #a ALNi SIS ES ARNI. REH R 28K, mE 4
EREA2h ULl WAEESSTRHANLBENBSEBEES4ER ALNG, X
NEEEZRE, RASH ALN RARERIT.

B 8-7 B4 SB MIETSATHEL XRD EE. #%, —KBBnHEEK
PRAEKEREMN, BIRAEE—&E, BERADAF., Sanchez FEHH
(020)F7 5T EXT R d ERE S KERAUENKER. BAEEA: dop DT
0.62om BHA KW RHEKER, dooH 0.66~—067mm ZRIEKEL, doo bTF 062~
0.65nm 2RI RIZWENREY. WE 87 P dyp 8 0.62nm E77, ELA
M SBMARNEEETHEARE.

1? ZI(} r 3|0 4;) I 510 ' 65 i 7|0
28 /°
" 87 SBMEESF TR XRD B

Fig.8-7 In-sitn XRD patterns of SB powdzr in air atmosphere
M 8-7 ATLLE W, SB R fTEK R R RAfE 2 TSP 400~500°C B LR RS
AEIH SR, BB EH v-ALO; B 20=37 6°HIE 1) AR, 20==37.6°1iE
f1(400) dhEIE, LLK 20=66.8°fHE fI(440)RAHIE. RATTLIEL, SBHRLEE
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%8 E B Raney SALFINBRAL XRD IT5,

BEILEI 870°C M, HC 0-ALO; FIEAMEEIN, -5 0 SB M S HnmE &4
TR BIE A 0-ALOs, HIERE SB B, TR BT RN A SR Y
14 BEEMIE .
8.5 MESEEREHRTENRBEWHTE

] 8-8 A 20%(wi)SB RSB & HIREI 4 S T RA T WRL XRD B, LA
BT LLE Y, SB MEKERNSEEE 500°C bk, HENREEMNER,
ALNi. ALNi; FIF & &8 TS G105 0 Ni-Al & 8412 RARRML.
SRR 20=38 5°HHT S BASHT AINTD)RAREE, ML 8 AT 600°C Bl %,
ALNI SARIESRE IR E W, 870°C Rt EEN &, ENHEEREREZSRENT
ALNI ARSI ALNL RGBS S EREE, FARETHE
B a-ALO; HTSFIE, ALNI SAEVIH SRR TR Ni-Al &4, XEERHTHR
BEETIFEMT SBHEAKEN, HEELSFEE NS LEEBIRERI.

RN T 30°C ]
A RS WS
1_' -L? i : nw B60°C
RN TET! Wt
U W)
ANigoy

J x}lll LA JJJ__AJJ

J ‘.Ile i ﬂ‘ ELOOC
AlaHlin00sy S ALY K
- 30°C
N T T T T T T T j J I
10 20 30 - 40 fe 60 e

8-8 SB My A B E MR RS EEZ AT HEA XRD &
F ig.8—8. In-situ XRD patterns of alloy extrudates bonding by SB powder in air atmosphere
SBHIfE MR ST SR T ERGEEET ALND 5 ALNG fFERE A
AFAERINE 8-6 Fian, HEPHIBTUE H, ALNI(QOD A SERE 600°C
THEEER, ZRERR, T ALN001) BRI AL AN E A 4 Rl
/3 500°C, TG R 4 e AR 7 LE AR B A HEZE 600°C, XS5 T Ni-Al &4
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¥ 8% MM Raney BAALIIN R XRD $F5T

3 AT 45 AR
LR RRE 30°C 25, ALNI(10D)5 ALNIA001) RIHEIRE B FTk
g2, HEERETRASS. BTRANRRE. 2BEEAEEAREREA
Z5h, FEHTSBHEMBEAYIER, AWTER SB SRS EMELE
FEAR T340 Ni-AL B &Mt e
% 8-6 JFAI XRD HH1d B+ SB BIE KA A S0 ALNI(101). ALNi(001) B3R &34t
Table 8-6 Peak strength of AL;Ni(101) and Al3Niz(001) for alloy extrudates bonding by SB powder

during in-situ XRD analysis in air atmosphere

TPC  Areaof ALNi(101) Area of AL3Ni»(001) ALNI(101)/ALNi(001)
30 29.4 85.5 0.344
200 M0 86.5 0.393
300 324 ' 89.2 0.363
400 30.8 76.9 0.401
500 439 724 0.606
600 46.1 74.9 0.615
700 44.0 80.7 0.545
800 38.4 85.8 0.448
840 299 82.5 0.362
850 28.2 7.1 0.366
860 19.6 829 0.236
870 0 91.3 0
30 30.6 91.8 0333

Bl 8-9 Firh 8%(whHEA BB SHREE STEESHETHER XRD #
&, LESELES, EEMNCEEMER, AN, ALN, HATHIEELERS
Bl Ni-Al §&15 SB M ERB & EMNEREBAE: ALNI FAHE 860°C
Bfe Ak, MIRERREZEFRAFRLIL, # 8 XRD iEHHIL TR
a-ALO: fiTE I

T LR XRD SMT&AFHHR, BB ARG B leT, HHLR
S PRAABEE, F9TSREMRER N, FEHEZRESET N
Ni-Al ASHMEERE, UETEMUERB&NERENESSRBRES LM
ALNi,, HTTSBRERESG, ¥H ALN BAREHIN; FBERTEREEEER
K, BTE 850~860°C Ll Lt #d B4 THAEN a-ALOs, JFFEEHELL
# XRD EEF1EE B
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H 8% R Rancy SELRIIRLL XRD #HT5T

) Lo g70°C
o R
860°C
| L Jow A i N
1 L 1 A .4.| - ' L850ac l
00

I 1JJ|_ L ') H ) .E_OA ‘.C.}L.__.,.
AlN1(101)

] : 600°C
JENNTT WY BT U ok

AlsNig001)

10 20 30 40 50 60 70
2877

B 8-9 REERERESEQRYESESTHETHELL XRD B
Fig 8-9 In-situ XRD patterns of alloy extrudates bonding by polyacrylamide in air
%87 B XRD AT B RV AT 4 R AL A S0 % SRR K
Table 8-7 Peak strength of ALNi(101), ALNi(001} and a-ALOs(104) for alloy extrudates bonding

by polyacrylamide during in-situ XRD analysis in air atmosphere

T/C Area of ARNI(101} Area of ARNI001} AlN101)/ALNIZ001)
30 35.0 .76l 0.460
200 363 81.5 0.445
300 36.7 88.5 0.415
400 38.1 82.7 0.461
500 52.8 74.1 0.713
600 55.6 70.3 0.791
700 43.1 723 0.665
800 34.1 95.4 0.357
840 23.4 92.6 0.253
850 18.8 88.2 0.213
860 0 33.9 0
870 0 75.2 0

30 ] 70.3 0
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$ 8% [MREIK Raney BAELH ML XRD HI5

RABBREASOBRESETARTRBAELES ALNI 5 ALNL FHE
SRR H BN INER 8-7 iR, HEPEEE T LIE ., ALNI(101)55 ALNi;(001)
AR AR TR AL A 2 R 600°C., AL B R 30°C 2 )5, ALNI(101)4R4H
R I, BRER 0, REAATEMFIREE R, DIRTHBRCA SRR, &
EMENEE RS THMAM Ni-Al 4, LK SB IS HIEMmREEE. H&H
BARER, WABHEEEHREREREHTHRAEEXREN: SBHKE
A A & <Al Ni-Al FE&<FRBRER SN RE &4, X 5% 3 1 TG-DTA
G Hr e B W LUAR E R

AT WAERAL XRD ¥ 5% M XRD 48 aix betk, % B8 Bk
5 FPE MR ETEE, HATHEM XRD i, FiGERnE 810 Fin. EFAILLE
H, &% XRD % RSB EE AT RO XRD 4R, XEOTH#HATIRAES
iR, AR X SRFEFSRGMERN Be @O, FH&H X SR
Wik, RMMEREM MR RERE. BRATME, EEALUEIEL XRD 445
WAL XRD 447 45 R AR

8% polyacrylamide- Air

a-AL O, (116)
{

20%5B-Air

A ‘

NiAl-Air

' Nial-He

SB
e A R &
T T T T T 1 3 T T T
10 20 30 40 50 60 70
26 /°
8-10 {44 ARG I XRD B
Fig. 8-10 XRD patterns of samples after in-situ analysis

SB St XRD S E R LER v-ALO; KM, T IRAL XRD A4 &
FREMIAT 870°C, RawEHEHALN 5~10min, ETKRERSE 4 FHTAN
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% 8FE  FEEK Raney BAELFNEN XRD HH

a-AbOre XTHA SR T R 4454 S5 K XRD B, TSR He <
FFAMEER ALN 5 ALNI, @RREEER, R NIAIASETRTE
RERET RN, ATEBESES RSN ALN A8E BRI BAFEETEL
SRS E I REAE, MATTRE BT 0-ALO MBI, XTTHER a-ALO; A
BRIEERN. A HREASHMTERTUES, Ll 20%W)SB ML
REEEREMATELRE ALNI SIS, X5454MESRAR, BN
8%(w) R P BRRE K46 M AE & 4, ALNG 0 RARME ST %, AT o-ALO;
BrdtaE, HRAENREYHALRESEHEESHRELTEBRGAN, T
PRI I R AE RS 0-ALO; R RIS, K58 4. 5 BHHLE R
[EH: MFTMSEREEEE Ni-Al S4FE, ATES5ESERAN. Bl
a-ALO; A RE B, EE S REM a-ALO; i) & .

8.6 /iy

CREFEL RS R, ATUAR TR

() EFRFEHEE T, Raney BENANFHEBEERNESRERENE,
SRBEARMEEREREEA, LSRTREFHE D, BK Raney B
MEEFEABEAST 150~200°C. . _

(2) \FEMNBEREET IR, HEEZK Raney BHURESRER
PEHRGHRER THAR Raney HHNLF, HEBRBNITHERERGRENA
250°C k4.

(3) B EERUNN T HEEREL N 300°C £, BELREERN
£am, FRNERNthEEAERERK.

(D EESFAT, Ni-Al e ESME R — SR, BETTHT,
BHTEBEMNEML, Ni-AlSEEEHBFTE,

(5) SB By - RS AEAKER, 900°C TR TR LAk v-ALO;
SHEERMELS, FEER e-ALOs. ATRE &S EREES LR a-ALD;
4k E SB A, MEHTRESSHELRMBHNLRERER.

(6) HHE K Raney RIENFNRE &GS T EIEPSEERETEE
EHERESEHNEL, BRHOSBEET SEMERENS, EPE 850~
860°C LL AT Lh A A a-ALOs.

(1) TEA RSB A TR EMIERRIEXF . SB MlGEimE &
E<PANI-Al EE<RINBBREAGEPRES&.
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HOE  Raney BAHEALEINEUR N HI B AT 4T ShF ST

# 9 E Raney REMEME R F A R IMIR

AR H > T RIALAM G AT ELEs R E R M A S R B, RHT LSRG
RS T R ARG R . Bl MR TS R BB A LTS
TA-E BT LB BRI RS UM ESEH AR gL, £
AMEFBEREE &4 TR ERRMEENS . SLIEREM (TPD). MFFEE
(MS), 3% (GO) FIRWBFEAEBE, FRMEAERANEBEREAN T
fE. MEREBEM X FERTEH B, AR E%ES, TRsTiELafhEs
MEIAAE, AR MR E L RREE N, . Ao TEERLLINEE
fpr 8 LT AT A 4 F SRR S FRTE . 538 AR 4 ) AR (1) AR 1k LA B Sk B
iyadin} -2 |

RALLL SR ERT ST Raney S48 103702 15 B SURT#E T DA B R N f it
B, XPHERE, ZECRTFARRMOIIEE LR T ER LG BEZR
Raney S0t 1477 122 00 W B S vk AN 2R Il fe BT AR , Tof S A0 2 7 48 4 70 Fra it B
TAMATEHANT, BT —LHEER.

9.1 KWy
9.1.1 RALLIINER

LR
B, —k— o
#1L® £% %%
AR ‘Z% . f’fff‘f
@ i & K =i
(BREFEH. A% InLE)
# A H, k——
BLK
LA
r—L JJ
l BREHEE®
B =

Bl 9-1- A8 R AU RA
Fig. 9-1 Gas system of in-situ FT-IR diffuse reflection

TELE 78 kS 1 B A5 3 4T AP TN E 22 1 Termo Nicolet 22 7] A Nexus 418
B AR H 4T A R A BT SERT R B HORE A 14 40 I FITEE S 1.8988
WA, AHEE dom. 18235 8. FR4E 100, MrMIAR MCT/A. 4y 88 KBr. HETEHE
4000~650cm™ . B ARG A BT, WE 9-1 i,

114



59 E Raney SLEME RN RIRA L AR

9.1.2 TR ES

BB K Raney BTN ATRAEST THIE, REFEALKZES, #
ITHRA AR Z A, FERBRMETRSFERE . 54 Raney R
20%(wt)NaOH %9 H R HUEL Ni-Al 548 51%, B &R 70°C. 1.5h, BT
A NaOH 5 Ni-Al &0 RENN 1.5 1. BRRREHEETRKREEDHE,
SRR Z BT, SHABRBERUNIEY SN & CSN, ATFRaE
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HE R KRS BEF. ' |
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2.8, £ETKEEN Raney HELFINALE 100~120°C {HEKT 1~1.5h, 4
WK, REAERE, FERSTER. CRIEPTRERKEN, &#F
SRS AR, SEEERER. BRI AR E R R A
B, BRESRERUEARESEHESA RN, BTROVTEER, AH
BEFAFTRSENES ERRCHEEREEE, FEAANKA 1~15h B E.

BAREBEBING, EERARET 120°C 238 1h, REERZ 50°C, #
BEA, EWAEZE 400°C EF 1, AERIFFLREE, RIETERIRUR
SRE RSB,
9. 2 F7E Raney SRMEMLFI LRIMH
9.2 1 Raney {RMELFIRILIINT 4R

Raney RENNFIRBUSILE, ARFFEENE. BREMTIRERML, TLlkR
FESEM SR, KREKZE ., D REP R, HAELKRTKLE
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Fig. 9-2 IR spectra of Raney nickel catalyst by different store methods
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Fig. 9-3 In-situ IR spectra of Raney nickel catalyst stored under water at different temperature
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H9F Raney IEUHEMARNPRAIMNIA

WS KRR A RE . @ FHRLRE, KEEEERETAK, 7 300°C &
SEARMK, AT ETS A R BRI 2K

Ak, WERERTCE L, HBEFT 180°C Jo, Raney SRAEALAIINH SR
ALy E o IR T W AR T AR C-H R T 3016em™ . 1305 em™ (IR MTUE, IF
HHBEHEARENRENE A XTHEEA TRAASTEHMEN CO 2 Co,
254k, Raney {RELEINEE P RERE .
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Fig. 9-4 In-situ IR difference spectra of Raney nickel stored under alcohol at different temperature
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Fig. 9-5 Benzene IR spectra at different states
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Fig. 9-6 Benzene IR spectra at Raney nicke! stored in aleohol
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Fig. 9-7 in-situ IR spectra of adsorption competition
between hydrogen and benzene on Raney nickel stored in alcohal
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% 9F Raney RAELIME 5N HIE A AMIT 5T

WK, SRIGRE 30°C, DAENAREUET A SIS HRM 30min, LIS
AR 25min ERRBEHE LK, BASSHBEREEEBASEE, £EFER
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AW HEEASEABRMRGHT RN, FURARSKAZRRBIEHK, &
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Fig. 9-8 Jn-situ IR spectra of adsorption competition

between hydrogen and benzene on Raney nickel stored in water
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Fig. 9-9 In-sifu IR spectra of adsorption competition
between hydrogen and benzene on fixed-bed Raney nickel
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Fig. 9-10 Jn-situ IR spectra of benzene adsorption on fixed-bed Raney nickel
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Fig. 9-11 fn-situ IR spectra of benzene adsorption on powdery Raney nickel
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B2 mTRALT 674em” H13REREB ST, TIFE 720~750cm™ HAKHHR
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HAMHT LML EFFRETN, REE WS BIZEIREMN G — RS
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B R,
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Fig. 9-12 In-situ IR spectra of adsorbed hydrogen on surface of fixed-bed Raney nicke! (1)
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Fig. 9-13 Jn-situ IR spectra of adsorbed hydrogen on surface of fixed-bed Raney nickel {2}
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Fig. 9-14 In-situ IR specira of adsorbed hydrogen on surface of fixed-bed Raney nickel (3)
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Fig. 9-15 In-situ IR spectra of thiophene poisoning of Raney nickel catalyst
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¥ 9F  Raney REAENERNRREIIFNG

TR, MAHIT AT 2933cm™ #94EF1 C-H Wk, X—F7 @M Raney B4
WHIRESE RIS, B—HEHM Raney BELFIRTHNE S BEEERF
T PERMEERR. dTFRAREY SR, T 3097cm’ FIEGHSE CH
WU R A AW K. MBSEHTEARE, KM Smin /&, WY LLR Raney
R B A R R AL AR R A . FLRBAB RS EARARE
WEWY ISR RE, PA3 Raney SMELNEH NS BRERAL, 2iTHE— Ky
IR B4 kG T .
9.5 FEARSEELF EMERMBRALI IR
9.5.1 $FEVEIREEK Raney SERUMSTE1E '

7E BRI T HATE IR R R, MY R AR Raney {17 FR-SB %
MEIEYE. &K Raney 482 PR R U BV A (LA CSN F SN BEATIEMERTLL,
RRHRREY 60~120°C. HAZZERHITA Raney SRR LR BAE L
80~120°C MHE ERIEEFE, AHIGBALRNEE 400°C UmsbESER
1h, REERRMEEN 60°C, DBASAESEETEARMM, Y Ek
B3 % 10sec, 2 J5 BRI 10min, HIFEHAMR min BECKOSHEE, RRSE
R SRR, BAGMEAKHZEREREENL, REERERET
BE FREMERR, B o

SRS A R B R A A B AL, B 20°C 1Y, EREAUE
% 1x10°Pa, 3 BESIHH FHA N R AU RFEERT NN 10sec, BRI AT A
FEAMFHASETRN, BUGEEAEL. WRIRE, EMERN DX
FREBERN, MATEMG—GRN, RTINS R R RRGHETAE,
B i P 5 v R B IR O R RE A — R R Rtk 9-1 B

C=Cpe™ (9-1)

P Cy WERESUGWMGIEE, T C AR« HHERE, (AREREH.
AR L AP IR A B, AANRHERRE B AR R B BT R T
FI AT A, TiARYE Beer-Lambert B, 041 AR M0 0 M i LA T e &Rl
A=¢cl (9-2)
o o MR, 1 AR, o hEH. HTETHRLETE, (Bl
SENEH, ETRGERRER SYFNRERIE L RR.
ELARTT = TR 95 A AT 0 2 RO T AR AT FooR, — Rk T ARAAT o
W BRI, R LAR, TTRUAKYEER A SYURKRERR —ENIE
b E, EEEmRG RMEEEE D TER:
A=Ae™ (9-3)
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OB Rancy BAEILEMEUR A B R AT

Horp Ao AR e FR . A SCASRAZR C-H Wi 1 0 1R 4T 2 I 5 TR 3
BHOVHE, X TIRAERABET ALY, FELHT Kubelka-Munk 4,
Ja A Be vk B A AR O I T AR . VETEIRRTHI AT A e A B S ABhsERL, 4
HiHE 3091em™ F13036em™ §)F5E C-H B WCIETAR, B8-S0 2 BE AT Ia] i 0 I e
FAMBITHE, SFEHE, ARARRMEARN. RNEEE Frsm 56 g
xRA, Wk 9-1 i,

#* 9-1 AR IS S E

Table 9-1 Benzene hydrogenation kinetics equation of different catalysts

Catalysts ~ T/°C Benzene 3091cm’! R’ Benzene 3036¢cm’ R’

60 A=150eYEP 0989 A=247e7FF0C o984
FR-SB 80 A=142e B¥EBT 0009 A=264e 1MEB! 906
120 A=997¢ 1B 0099 A=172eTEBC 0997
o 60 A=958e"PEBL . g008  A=16.9¢FPERL 0996
80 A=7.85¢ 290 9995 A=155¢MEBL pog7
(vaten 120 A=721¢ 01ED! 1 A=157e BB goog
60 A= 8.393'—9'015‘)3 ] 0.999 A= 1566 -10.6E-03 ¢ 0.993
R 80 A=646e TR 0992 A=152eTERY 999

@eooh e A=sg3e D A= 12.3¢ BBV I
60 A=T75206EB 9959 A=122e VEER g999
CSN 80 A=940eMER 0997 A=150e MEBY go97
120 A=746eP0ERT g980 A=134eVTERY 0991
60 A=121eM16E0B 0990 A =208 18N 0.998

SN 80 A=10.9¢ O3EBI 1 A=18.0e OSIED 1

120 A=7233¢ S0EDI 0.988 A=4]2¢ S0t 0.984

T 9-1 PATELE Y, #L-AEBR [E 2K Raney SR INE R FOE 2 L0
K Raney B&—{5 44, B BRIEEK Raney B ST HEAN 30%(w) A h, 1LY
1% F# K Raney BH MBS E (AT 80%(wt)bA L) —f5AA4, BT BA e E
K Raney (85 % K Raney BLAYLLIEHE AT L M. #K Raney S2HIFAET K ZEM
FEFARDBEEEY, TRE TR &R, S0 UE AR
WHIBR B . B4V LLEE, ARBEELFIEREEE (60~80°C) THIZE
SR R HURAK, Hok CSN AT HLE 2 PR Raney SR HAELL B, if1 BRI 5128
LG AN 7| SN 7ESEH &t FIE M AR T Tk b 0 CSN, BB BBk
FIBHIE IS HEAE T Raney . ERERMRE (12000) F, ARG
167 CSN I SN e B 2 MRS, rliA Bk 8 % K Raney BRH97KTF, B
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R E A R T R RIFHEMEENY, &5 & EMR A ERE
IR AT LRI R 6

TTES LRI BEEAE 9-1 thIREOC R AR M3 tHid 42, AR /K Raney % FR-SB
7L 60°C FRIRBEAH], BiHE R RA F R I 3091em™ 1 3036cm™ B
IR, fH#e 9-2 o, LA 92 ¥dRMER, W 9-16 Fiw, MEFATLE
t, ERFEERSREERE, EPRREE N T IS8 2R 5 e
KREAFBERERAT .

% 92 FRRMNHAT 0% C-HREIERA (FR-SB. 60°C)
Table 9-1 Benzene C-H peak areas at different time (catalyzed by FR-SB at 60°C)

Time /sec Peak area of 3091cm™ Peak area of 3036cm”™
140 8.68 13.36
201 7.54 11.51
275 6.22 9.42
322 5.49 8.21
380 4.52 6.75
442 3165 5.38
503 2.90 4,12
561 2.29 3.16

16
14 r . A=247 e—l.ﬁZE-OJ f
12t R*=0984
@ 10 |
5}
b=}
~ 8§
5
g
4 -
B 131E-03;
9 A= l52.0 3
‘ R =0.98% I
0 L I 1 . L
1} 240 400 600 800
Hydrogenation time /sec

9-16 = C-H Wl ve MARFE SN I (M 424k (FR-SB. 60°C)
Fig. 9-16 Dependence of benzene C-H peak area on hydrogenation time (FR-SB, 60°C)

(m: peak area of 3036 em’l; 4 peakarea of 3091 em™)
9.5.2 Raney $B{EH TS SMLEMEMEF NI
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BE LGN R EREE 30min, BHIE 80°C, MBS SIS EOET
FINERN, FTRFIER 9.5.1, BIERES L IEX Raney ST IEEN
M, PR RGRFITR 93, RPFAEFIHT Raney ML FISEAES
300°C RABMEMA LKL R,

#* 9-3 TALHIB S Raney BENEFE S0

Table 9-3 Effect of pretreatment temperature on benzene hydrogenation activity

Temperature /°C Benzene 3091cm’ R* Benzene 3036cm” R’
80 A= 7.36¢ BB 0.997 A = 12.4¢ AED 1

120 A =6.99¢ PHEB! 0.985 A =34 T20E0 0.998

160 A =776e IR 0.996 A =13.9¢ TTED 0,999
200 A = 6.69¢ 14403 0.997 A =12.0g 185 1
300 (Ny) A =7.38g OI8ED 0.998 A=120e TTED! 0.999

Mk 9-3 PR, RMARNEREHMESATLAREEF BTG
B, 7F 160°C I A BB RME, XY RITREMK S REMME TPD 24
R RATUAHETR . Boh, FESAE 300°C HiR Tk Raney ST, #
WFUBEA - E M FENEER, ¥ Raney BRFIEHBMERATER, HER
I Ab 2 Raney 4825 B BEIC R INEUEHE, F20NE RV IE 2% 5 B E K.

Raney SRMEMFBBENLRT, BAREESNT, HREBATUEREEESR
MEgEL, ETRENTHEZ L CBENESTLR, S8 RIEN
ISR BRI A TRAL FEIEE & F Raney BRMEBE A ERE M,
T 8 TWEM XRD HHE R, RIUSHERAFIFESE. REATRRER,
Raney 8§ 2 A& {H S TG BB 478 160°C A4
9.6 /i

(1) Raney BRFAKFSHAKZES, BEAFIE RN AL, N
M8 Raney FF/KEEETTRERST “PH” &K, He “iFRM" FikE
T BN TRAS S Raney HBHRANEBERERMMAINAE, T “FNEK
B SRk A ESRELAEABN T AR E.

(2) AF Raney BRI K ER R, B« BERMY, RNELIE
B b ) AE 750~720cm™ 48 BT T B AR s

(3) A5 Raney BEMALETLPRM, MTSEHIWIEN Raney
RF AL

(4) Raney BRMFARHRNE, MELEBEREMRESESEITRN.

(5) [EK Raney BILETESESRMH A Raney H3, H B AT RFHEE
WEVE, 3L 60~~80°C A HIZR IS R W I 2 1 3 b BV ER AR R & 5 B L b
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1. LLSB ¥ ARSEH P 54 HER T E 2R EMH A Raney #E4T, 14
ﬂ%ﬁ%ﬁﬂ%@:E%&ﬂ,%ﬁ&ﬁ%a%MLﬁﬁﬁ¢,%ﬂ%mﬁ%ﬂﬁ
FEPRVMERENRETEN, MEEERTRNRBRR: &5 & 8RR
LA 2 A A |

A G SRR, BE R AR, BR S &HALN-AL AT ALND
EHTIRR L ARBEEM (ALN I AIND, HIEEEE 850~860°C KT, ALNi
ﬁ%ﬁ%%%Ammw,ﬁﬂ&%%ﬁ%ﬁ%&ﬁmmmp%ﬁ%ﬁ%ﬂﬂ%ﬁ
BRI @tEE. |

3. BB K Raney BHEMHIM KB &ELER:

1) K857 SB # T BTN E N 20%(wt);

2) REEEEREAY: TRART, SRIERA 860°C, KR (EHM4eRE
FALEATE, LUERR S~10%(wh o-ALO; HE;

3) SIEWEERA: EH NaOH JKIE 20%(wh)FIFH, 12EUEE 80~90°C,
B I LU RS SR A S M BT

4, HEIHE R Raney SMELFI R AR WREALEYE, ERIEMEENE
AT RERAPINEETIEEE. BUFIRARTNERSG. BNERNE
&z 2000, TRMRFEMIELE.

5. BRVEIE IR Raney BELATELEN I ERENG. A0%HLE, B
REEEHEEFEROTERARY, BREK Raney S FIAHLN K Raney 5
BRTIFMMNmRESERD, XeRERPRYEEREREWIL 250°C .

6. BRI SE K Raney SREAF AT ERNBEEEBRTMH, XEEAEFR
AR SRR RN ERR, B2 EE R Raney B4 LA % 7000~
8000ng HIRE, 3 25 T Mot BT v 45 B RIS B B 40300 3 T b ) S B4R A,
il _

7B RFI 52 7K Raney $ M ALFHLEAT ST RFTREEH, WAL Ni-Al 5 1 - ALOS
BAAMBRERS R, LB RRE IR S AR AR SRS &,

8. [7E LK Raney BRI AT S BB HIE, HUE R S1648 & Raney A48
PR, R AL LS AT ETHE B R [ P R .

9. RE S 5HTE Raney REMTR AL FRWHT, T HER 7 R 25\ Raney
PR AR

10, Raney 8L RME A —RFE N, BRK Raney 8B A 5EGH A Raney
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AT, F HEA REFRGREE, B 60~80°C Aif A ing i K il & i
B SR TR AN 5 fFEL k.
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5 1tR

A: EAMEM: IR peak area -

Ao WIARTEILISMETEIAR: Beginning IR peak area
A: WHtiE; Absorbance

C: FEHSHIUL; Concentration of gaseous benzene

Co: S MIVIAEE; Beginning concentration of gaseous benzene

Cal.: EREMREIE % Calcined alloy extrudates

Cat.: RIS EALTT; Leached catalyst |

CS: ¥ilE5®fE: Compressive strength

CSN: FiNvAb A= s B RUAR (b3l Commercial supported nickel catalyst
D: FH#H{LERR: Average pore diameter -

FR-SB: SB 354 #9[H /X Raney #%; Fixed-bed Raney nickel bonding by SB powder
FR-P: HHLEE SR 4@ K Raney 48: Fixed-bed Raney nickel bonding by
organic polymers |

LHSV: Z5J&; Space velocity

P: E/SJE): Hydrogen pressure

Pre.: KIFFREINES4; Alloy extrudates -

PV: fL#: Porevolume

R: FHFLI4: Average pore semidiameter

R’: A JL¥12; Most probable radius

R”: #{EY¥4%; Median radius

S: FedpidEdE; Product selectivity

SA: BET th & EiFR: BET specific surface area

SN: fETYEEAELLRA; Supported rickel catalyst

T: ¥A; Temperature

W P, Product yield

X ERYELE, Reactant conversion

¢t Beer-Lambert SEHHFIH % Constant
k: RNIEZEEE, Constant of reaction rate
7. WA, Length of absorber

I H‘“UJ, Time
v FLBEAT 10nm MIFLHYTLE B HLBFM B4 Volume percent of pores with

diameter larger than 10nm
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