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Abstract

Hydrogen peroxide (H,0,) is very active and can react with lot of material via
oxidation and deoxidization reaction. After reaction, it becomes H,O and 0, which do
not pollute environment. Many reaction processes which hydrogen peroxide takes part
in are green technology. In the production of hydrogen peroxide, the dominating process
is the 2-ethylanthraquinone (EAQ) autooxidation process for its lower energy
consumption, lower cost and éaﬂy to scale up. 2-ethylhydroanthraquinone (HEAQ)
formed by hydrogenation of EAQ is oxidized to produce hydrogen peroxide and EAQQ,
EAQ is used circularly afier being treated. The hydrogenation is the key process, and
the catalyst is the key factor of the hydrogenation. In the present work, a few series of
catalysts for the hydrogenation of EAQ: supported Pd, Ni-B amorphous alloy, Raney Ni,
Ni/fy-Al;03 and Ni/Si0O, catalysts with or without La addition were prepared,
characterized by X-ray diffraction (XRD), H, chemisorption, X-ray photoelectron
spectroscopy (XPS), BET, TPR, TPD, etc. and studied in a slurry reactor for the
hydrogenation of EAQ. Hydrazine was used for the reduction Ni/y-Al,Os series catalysts
and compared with Hg'reductien,

Reaction results show that the activity order (from high to low) is, supported Pd
catalyst, Ni-B amorphous ally, Raney Ni, Ni/8i0; and Nify-ALQO;. The catalysts reduced
by hydrazine was more active than those reduced by Hs. The addition of La can increase
the activity further.

For different catalysts, there is an optimal Ni loading, for Ni/y-ALO; series it is
16.67%, while for Ni/SiO; is 37.5%-50%,

XRD results show that nickel exists in crystalline state in Nify-AL O3 and Ni/Si0Ox.
XPS demonstrates that the larger the Ni particle size in the catalysts, the more stable the
catalyst to the oxidation. The specific surface area decreases with the increase of Ni
loadings. The extent of H, chemisorption has a maximum with the increase of Ni
loadings. TPR spectra of NiO/SiO; catalysts show that the catalysts reduced at around

380 °C with only one maximum.

Key words: anthraquinone, hydrogen peroxide, catalyst, Ni/y-ALOs, hydrazine,
N1/S10,
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H,0,, &xE<E TARESEN, BSEIMMKGEMRM, BREHFKAHE,
FIR, WFEEASREMENZEH, A KiELENO=82%8), &
18 4 75 By T AR AR K

1.5.2.5 HWFINV

H0, BT T R R AT/ Bl {b 2 5, B E/ERE T H B ph s Bk 4
HBRBER, UBIRILANEEE. EEERBRRERN, EXFHET
BAERRNEK. NEKERTF LW EHNAS I — BB FHNEK. BHBTF
FRERMBRAFNEK=HE, BRE, BARESESAEEMEER
H,O, K& MBSO, 2T E&RAREEE 1081 1,0, 758, BERERE
e, RE FMC AT HEAY¥ SR H,0,£H, AT FRised(—Amk
A EEE 10 240K &4 H0,. W48 FR(SEGH,0,, HE/MTF Sppb {4
TREIPHE 2 RN T 70ppb BB T 245, FSREIgIkAr 8814,

1.5.2.6 FHELGH4iL

SEKFH 1 AE 2 MR FHEIERABRARITE N AL 100 MRE S
AIEEAY= 0. GEENEEAINESh, BUTEHEESRLT. R
1-2 MM EMEERB LSS AN R ESM.

12 L BTEEASE=HNFITE LY
Table 1-2 Several organic peroxide substance produced by H,0,

I it 5% B R R

HHLE H,0, SEER HERER, AAA. AEHRGSHES
Fl, BHLE R E S R IR LA
HEMNZE HO0, 5HEFHEMNE WEERSRMNZIEN: BRGmMALN; B

12



FEBRRFRLER BE—-EXEER

B F A i [ 4 A 3 e R TR AR EE =5
HEMEFR H0, 5% THEE, S8 AENMRMEEREWSIAN, REBRAR
BT T B AL B TR E
SEMHF L H,0, 5 2.1 AR R BER e B A R B R B ALY, L

Bl KUEWHIT KA.
FEAH D H0, 5XCH. 4% REMEEBBELH: BEEAFRTIEN

Hd IR AT FAEEF o

1.5.2.7 TH.IES 4L
| TRMUEAETHERTEEER T &M, IHEEM. SEMHS.
FAUENEENINFEBIEY . A THELREN T LHEE, —LERERL
KBTS BB AR, FH R —AKIHBHNAER. XERA—KE
W5 KEYMLE, RANAETEER, ERREE THRER, EFEATR#T
ITRER, SRREAY, ANERSRTBREEMEERTTHREEELT.

1528 FRMMAILAW

RS SRS, SRS, K. BHNS RN HER®R
7RISR T B AKX Tl SREURRRN RS 3 MR FR U4k 7 196 B R v 7 FF
BREE, S E  FAEE IR E N, AR R, B,
TEHEANERS/D, BATHEHNETSEEME . BTERRBNR) T X6
EIMAFFEETT B ERRRE, BRRBI S WEK / Z 1T R &8
SHFEEARRE ENR, GEFN 10%. 25%. 50%=f). HTFHRERREKE
IR, HEREEN, FREReNERT N, BE—AEEHE: ENR
SEEELE, THARBETING ERRIROLERLOBIE) R R BRI
A

s, A ENEEREEERE: AR, TRLES, KN R RN,
HEFNACOW. Al IER2 3808 t, THARRENTZHAER
A2, 3-HERBERELD. -

1529 FHHREEAESR

SR EIER, TEENFRGERPONAE, BRREEEMNETH
EHER. REALTERE. ZBS. BB, THEIKRSRNERFEm
SEMEEREERE AN ETR, BREA. 20, BARSENTA LT
PR TH . UBRIRALT S E R R AR EALER IR T B,

13



RERFEG T EMIL I LY e

ATAEER, — A TABTAWRES, EEG LR HERRBRE VIR,
ATEAIENTZES AC R ——BE Tk, RRE~hE,
IR, BbvER, THERERE, BEHFE, mRREHRE. URFELT
TS HAEYER 2000 W / £ AC REFIA L, BERFXZANKTE.
DIRRAT S E RN, ERPE™Y, BS NH; Al VA % PIRBE, i3
TOKERKEW, BARBEHRRIEFE. BB TEY——E/RELEAT(PcuK)
E P s A A3 BT 5000 MIK-G B 3200 55 NoHy)s

—

1.5.2.10 HEHFE

QWK EFBETHRAENEE: QRUVERBBRAREWEYHA
BAARERRE): ORERCRRER. REVINTEES: OBERSR LR,
SR HN. AEBRBEERERSE: ©ORER; OXSH. ATSETANLEE
Hil; O FHE. IABEHIE: OF. B. 1. A4HES: O2%. &
. HEREH. |

1.5.3 MM AR

SEALE TS, BEEBRE. R, Eﬁ%mﬁ SEEEERH
& AABEEF LM, AEEERER, WEARBRHEARME, Wal5Et,
Pl figv:, BREARNEERNEE. I SHEE BT,

1.5.3.1 HipR¥L

PCVEDIBR YRV, AR TR, AU, B EKE. 28, %Ki
B/~ 5 . EBEFLUT =M.
(1) EEEE

FEAG TR ER B R LR R ﬁﬁ}:%ﬂ(ﬁ + /% Hy0,, ﬁrﬁﬂit (1), (2)
Fir, R H0, MRS, B3 10~35%8 K88, KBS FRARRES
FUARSTEH A T g, ENRARAREERBERNSR, SR HBNETRN
X, BETWAESPERERE,

2H,S0 , —®™ L, H S.0,+H, (1)

H,5,0, +2H,0 -2 50,8 ,+H,0, . (2)

(2) FIEREREE

14



Kk RFiFEf w3 BRI

So A5 BR IR S AR BB AR AL AR R A ﬁﬂﬂ)\ﬁﬁ@%ﬁ“ TR EIMBREHITR
TR, ERKEGTHREBHE TS FRNGRIESEEREFUEEIATSE
. BRHNTRBREERRIFETKE, BAER O, MIFHREH, Hal
SRMKGEE, P18 30~35%1) H,O0, KEH, EEBRIAHATESM#, RNW
(30 ~ (5 FiR. BRI R BB, BRBEMKENED
B, BHARBEESR BRENTY N, ARIEFESHTEELISE, BHR
A LR AR SRHET. ERERT T A, BA—EME, BERET
IRBREERN A RS, HEmdEREZ R, $OImBEEZE R EIK.

"N..J'l.

2NH HSO , —2%_5(NH ,),S8,0, + H, (3)

(NH ,),8,0, + 2KHSO , —*2% K,S,0, + 2NH ,HSO,  (4)

K,S,0, +2H,0 —*& 59 5 xkHys0 , + H,0, (5)

(3) AERE

SRR S AR R, B EE KR, £ H0,, RN (6)
Fr7r. HAEFTH R RS0 PER, DAREE BAER,. MR E EEkE
R FEETARERIT. MBS KEEARSHRE, FIEDHRE MR
=i, BETRREKEE RAEBRES. nBISTERMKRETRE
KARFIZRR, 25 TR HoO, K EXETBIRYE, BENRE N 30~35%8 Ha0p /KB
IR RIR TR E BRI ABREEER R THE. b Tk
HRVRE BT LR, MEERERT B XA U TR ER 0, HEE i,
ESERTRIT RAEFRERP, SR N BAR ., KL BN E L E
AT ERARESEATEOE, DIIRREI. AR, KESNE, BERTEREETER,
fR(RRERE. EXETHACNEHBENE, BLARTEASFEBEEER(1275
Y6 H,0, FEFE 4000 KWH LA L), R& £ A RAEHE D RN SR OZEE tbh:
oy BEREERERY H0, B@Ziﬁﬂﬁ%%ﬁmﬂmﬁmﬁ RIS
FREREMERY:.

(NH ,),S,0; +2H,0—2% 52 NH HSO, + H,0, (6)

1.5.3.2 SPEARY:
FUHRGE RVE R Traube 7E 1882 SEZ MM, HEA 20 4 70 ERE, B¢

H

15



REBEANFMLFERIRI F—-F G

Dow %A 7] 5 INE KH Huron {b% A\ 4K H-DTech 2 B KM HB0E, H
A EMBRALRE. HTZEEREAREESFHNE, ERERHBRTFEREE
WZE RN Ha0, M. ERSENPBERT, U EAMEESEEY
B, UFERABFROZLHEE, ABRFRERETERMAETH T, £HKLA
H,O AN HO KB, RMAH: |

O, + H,0+2e" ——> HO, +OH" (7)

B E B B H0, FEREBGANTNEER, £ 8hE, B
FRAE, 78, BUCO %, BIBET H0, MBRERES; MG 85
KB, EAIFEA CO, MIEMES, MUESRFIHE. MEERHR S EER P4
EH 0.5~1.0 mol/LHO; [HHTF Wio] = 2%~3%, FERNE—2ZEHM, 2F
WAL SR B 2R %00 10%~30% £ Ho0, KB . FAERBEETESR. KR
BB, FHD(27.5% H,0, BMFEE 1700 KWH)H B BE T IR 60%, T
wRAEE, MEEVRRE, TZREE, FORESAEFTLEHIREX
I FIEINR &, AP AR, SETHERENFaOBIT—E. SN
a 2R H0p (B NaHOy), BERMASERE, TRAE, WERBHNA.

1.5.3.3 RAM AR LT |
RABEALTERMEPHT, BESHDIT, BNEETT Tk,
ZERE RN (8) R,

(CH,),CHOH + 0, —— CH,COCH , + H20 (8)

RAMIZER, BRE—EHEFHET H0, RETREREE, B38BT
B2 5 H0, TEAR LARILE, AR RS WRAOMES 0, MOMA s Ha
M. Wb, ZEBEEEEAERTR, HRENEGE, BTSRRELINE,
HZEHFTHRRAR, B2 LARNEH . Shell Chemical 225 B 1957 FE3] 1980
R AEER, HERETEREESTER. o Shell B/5F, RAH
W E g E MRED, | |

1534 S EHBEA R |
B7E 1914 SR PEEH THERINEE T ha 58 B S 5BuT

FHEA. KEHRELARANFRTRE. ExFEESRNET LY, TEE AR
FILF DG IS TR AR BUR A R RERMFIRE AR b F Bk me

16



RARFT SR L _ BE-EIRER

RACH A BHE TS RN R, RNEE 0CE 25C: ENEH 3 MPa
2 17MPa, RNHIP HO0 REE 13%~25%, O, MEBMEAMATHARS: K
N AL AT PR T BB REUR N EES. B&RHREREERA—%,
FHE—FHHATAAEER. AESEENERZETLREELZ TS RN ERE
A, BER DR . BREEFBATEHNERERIK, ST MR L,
Tolk{k, Du Pont, MGC, Interox*™, Atochem® 1SR ch iy L E A HHIE,

1.5.3.5 HE:

BB R Ridl 70 Preibro BRI, HBBT —RFIETHR, 28I E
& 22 B) FK BB, F IR METH AR Hy0, 5 BN i, L
FRERATEEE. RIZE B RERETENEN (D=BEX38YR
B = ) ECRIEC T R4, 32 E Pittsburg X EHNHRER BBIGR CO,
B AR ERRYENER, &E% 0.30MPa. ¥ 55~65C., HRUFES
FIgET, BA R EFEL, FREEBETAERIEE, EFEE 4047
THEEREER)FTUREN,, FEREEELNEREMEFEN, £ 10y,
ZRE. FE. HHESREHNE 20%-30% 0 O, KBRS, BETE4%R
MR (92, (10)

BERIRGORSSE, HaMbBHEER, PREAMEERE, Sokasst
=, BEREERERSZEENE 12 FiR.

ESA T Z9, E50RIEN . BEASIE, §RE5XESThNE S
2 ERRETR I A RE RN, B RSUEST R E, RILETIA 98% b

17



REXEMEEMRL ) ) . B-RIREE

e

B). AERECHESERER, BEERR, [HSE, FAHEIAHR, K6
¥ H,0, IR EE 100%, HEAFEERRE. AR PREEYREN.
B RE. ERIFESHEAAAE, BIAIRHEK, BRERERESER
S, A EAE S SR, R ESHAREESTEONES, 28
Kemira 28], HEHE Interox 281, £E Du Pont 2FPY, FMC 4FBY, H
FZERH (MGO) HBAFY, BEM Degussa A7, BASF A7PSE
EEEEP TSNS N FRS EF aF TR ESHAD,

wn]jln] jlo] lx

T e 7N N = S e SN P }— 1o, |

| | J I
; ;

TEREE |

A 12 BEEREAKEARER

Fi_gure 1-2 Production route of hydrogen peroxide through anthraguinone route

1.54 BRIl A

R ST AR DRI LR BRRE, WEEENER
2 (Raney Ni), X#EEE, Raey NiEhESE S SHSBELBEAESER
KIESIBE . QIR T S48 PESLAARE R Raney Ni #{LI5 1M B0,
TRETIFREEETPR, EAAINEaEBRNERATHY, RYNAEHT
D3 Raney Ni FIEHAEAR TH#ITEE (130C) 4B FEERENSLE Y,
ERBHNEERNEREEMNN, EZFEDR & EH AT NSER
- GEEBELMERERNE. A, BET TR, HEER | 3R
PLAEE. AL ch AL R EE B S T AT e,

Raney Ni I TWAREIN, STHEEIEFEARERE, BABEN
BEEESEM. BRTPNESE L. SHBREMER, ANEHTEES
e, RBAKBETREENGER, BRBeNUE TR PIsEErS
Frh, HBE#gk.

5 Raney Ni fEfbF(Agt, @EEFEER, WTREESEIAZ, WK
EPRE, BEREEERSBARTERLEENERE L, S HESSUERY
o EMELTIRI R — REHEE, YR REAmEEaE. B

lﬂH
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REBAEFEEMBE ._. | 5 XARER

S vk, R, Si0p «ALOs Ao BREELE. BT S BRER R . MgALO,. Fey04
%, WILAAESRBEH ALO:. A TESEELNNELEN. £ ALE
S B, . . . B, BRE, BIFRK. % B8P, TRt
FNER, HEKEHS. AR SNSERNESEEA 3%, THFEEY
(B Ah SRR S 20 4 AR i, R PR AL B0 Rl 2 A0 B (i S R E) - 7E PA/AL O
EARPIA—ERR Cu. Ag RFEF RN NTEREERAAGERE. HH
i Interox A BRI EABEH. TEAIAH L (0 NHE) 48845 ALO ¥,
REERRPERE (BEFERN), # ALO; HTTHHAFERENE AR
MRNEREYETMAR. CREEBERNERFIIA M, THESSELTTE
3 1551

KRS, R TEEREL, FENETRESW.

AEERE R R A RME L R IR | R ERIRAEDY, Eka Nobel 4 ]
P E RS AR IREARME (Monolithic catalyst), {EiZMERKEHEE S
ks, MERUNKEEBREE.

BREEARNREECHE K, BHFEREEREBAD, SFITWE
FRNBEERERELRNS, —THaTESRENERNERERNER, RHE
WRNERRER, Rk FEEZEYRERES, Mg snfishiiim, &
BECKENEENREAEBRISAHANERNRR, F— s ETR
ERME - ENEENER, MERAREREFPLENE, EELEDE
BRIk, B8 RERNSERR - SRAeFERREHUY, ET 8, 20
e 0 FRANBAHBHATREERRARNLERXIL. ERXEHEWL
Il Clo Rt e MR EEEL o ~-ALOs FEAE ). XERXEE EATRb 8 ik
BIRNAEENESRYNER, EFENTENERARHE0AREE6EESR
. BHELZT, URshA84n, RESEZ R ERIEEERMGER, 3
HIREHES, BEH—RYBLSRARREERENIGERER.

FMC 5 Engethard 2B ECSHFEHRLL 8 0 -ALO, R &HAMELH, BTE
EREA BT HRFOEFTRLEN B TFAREHEFFG. Du Pont B FFHF
R a -ALO; ABRAHEECHATEEREAHBARHE TEERPHIE
WY I, AT AR RIFRIEHRERY. ZATRERE
FFRHE ALO: F SIO; AR AW REELN, BTEBEEWh, ATEEET
Si0, b, #HinBRMs. . KKILES9%. Du Pont ARIBFHF T EHNLly- ALO,
AT TREREAHR T AR RSN AERES, AR
GHHEBREES . RN S —HERIREHENESYAS®, SR
H B, K SRErd@asm . S8, ShERuRSTHE.

- 19



REAETESET | | . B—E R

& KK Poroco 2 BRAENRSUMESRE, BESKE5HE, EREYW
EAFEETE RRGEEE, TEBEENEYR KB RdEkEHET H
ik, LEEBEIERESYEKBNNY, SCRE, TEMIEKEEL, @
FTRATETERENNSBNERNE, LN XERBTEE, BEHE
HEEM, BIAMEELRTERRFUESEAR BT S B R A .

¥ RS EREAN, SATERERNERENFHEASNRBERSH
17, WEEEEERPS T, XBEAFRBEE AR TS RE, TR
ARERACHEERE. FABERN TARSERE RS HFEEHEA,
FERAELAERRETRMES, RNENEARGEREES, 28N BEENES
S EEARKN . FRE RN KL AWK, MLeERSEX XTSS9 %
a8 B BT T R EE B KA EAT, SR BRERY. BRENEERE
AR, ANS 5T ERAEBLSRSBFHERE B K, £l
RFGHERRRELTINBEN: EXERANARE=E N NERHESTH,
ENGELN: REEREERE, RPHBTENERE GBS, X5
FUENHERT H B9 TR O R R TE B A R A 20 SRS ER P AR i A
RERR D R AR R T ESEB AN EETERNNEEBNELER
BN, XTI AE ABT ST AR NE R R4 T 7,

AT TEE R, FUBETNEER. RHAEREEEUELETBAN
— M EERE.

_.'H'F

1.6 WX TERERH
BRI EALEAEF Y, BB R ARk, BRI ees 2 E B IR

FEUEASAESNRE, WEWSEFEN Pd EBEN. BANSERER, B
RETMsEGE, HEHZIRE, T Raney Ni 4FMBRIEEER, EHAR
BET AR TAALER, IR IR s AR, BNEER
HTHEEFGRA, FREANEFERK. BEERHE U BREEL T
Raney Ni #E{LFI BT BRI SIS tE INEB LR, N EmE T S s e AE T4
TR X e, XA AN RS A R E R A& Y.
R XK RSB & A SR ER RN BN, EREHHEE &N
FRELTEE,
FIREH XA (XRD). X80T R (XPS). Ho4LSEmR B
BFEFHEEE (TPR) S (TPD). N, Mk 25 1E T B a4 Ak a7
RIL, GRARBEETEEARSERMORERE, URTFRAERELH
i RBR IR N R
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S e x oo s S B RENEHE

BoE AeNREE

AR, FEMETREABENER UREGRRIREN &R EN
ATORE, AUR T RASERERENKS BT REH& &R EUTTF R,
FNERARTARBRE L, BERELEE. SBPXAKEHGERM,
—HHERKEHAT RENERES, H—FTARERERSHRFKNEAI, S

SEBARTH.

2.1 SR AT A RARED S
# 2-1 LREF-BE

Table2-1 Reagents for experiments

TR AR R M bl

wes 000 ME L P H |
NiCl; - 6H,0 pagiiEL) KEW T THRAT]
Ni(NO3); + 6HO yAR Ik KEWXARBANLI
50%N,H, - H,0 FagiiEs REWR KRR
NaOH A3 RTH REBTRREEA]
RERE 40~80 H ¥ lmeete T
v-Al 303 $2.5-3.5mm RETRUFLTIHERLAT
p o AN pAN e AETFERRN—
a5 Tk S BT DAk BRI AR
Pd0/y-AL 05 2.5% My T
®2-2 BERE
Table2-2 Equipment for experiments
BT - KBRS Il
A AEG200 HE ST
BEHEA D-8410 X 50w T MR R
BARFERE DL~102 B REBEWTLRNE
2EEERGEHREFN. XCC1000 R  ENEFHRKERMEHATR
R AN i AT
RRE RN | EREBTEY

2 5% FE AL WM-2A R TE TR

2



FAASWEEMBY ._ oW RS

1. ARENE 2. M#dP 3. B4R 4. HBE 5, REERERREEN
H2- 1 H, R EEKE
Figure2-1 H; reduction apparatus

22 RENRE
RN, RERFTARAKNLRE. PURIEeE. R, IR Et,

LG RAERRE. W TAEREFHRE, FH/LHFER: FEBELEEBHIEN
fmEAAE, MARSEREEARPEE, 4S5 NRERNRERTER, Bk
LERE, B THBBERERR,: SEPOLRERBIREMNEMAT L, 84
MEREMNEBEREEEEH, ARERENgH", ZEBdh, RH
v-ALOs. SiO tEAEE, UIRANEERE BTG ELINEEE.

2.3 SiO, SR MM K&

2.3.1 SAFHBTEMHE SO, B ALNWTERE

2.3.1.1 REMHLE
B—EBNEERET, BRATERETE 120CT#T T2 bt

2.3.1.2 SiO; W 7K B Ha A1 B Ik 20 3 52
BY 5g Si0; BT 50ml NEMF, FE—F 25ml %S, mEdmA
—EBIEEK, TRV, RABR/ERERIEEK, BE Sio,

22



R AFTRL SR WIE BHAIORE

A A Ak A E R RAEZIRECFIE. BB 1g S10 /KRN 1.98¢.

2.3.1.3 Hl&EAFEAERER Ni(NO3)/Si0, 407 HY 5 4k

P& 4.76% M NifSIO E{LFIAF,. UTERSNENTERREIRE
1. BE A4 4.76%(wt ) NiNO:)/SIO, A FISE 3 8

BUE Si0.10g, BRI %&-& Ni 4.76%0 Ni(NO»),/S10, #4071, T

B & NINO: 6,0 B

10x4,76%
58.7x(1~ 4.76%)

x290.7=2.48 g

REHIXKEN

G
10x1.98 — 10x4.76%

58.7x (1 - 4.76%)
2, 4,76%H1 NiNO3)/SiOs #E40 R 8T B4k 80 51 & 1 18

B Ni(NOs), 6H202.48g, #RBEUK 19.65¢ HHRIEE. & Nlmﬁghjﬂﬁ
EWHELE, BEAHERDA LRER T, Ao ESEHBBRREM P,
AR, MBERYE, BERATEREAT 1200 FF8 2 et

x18=19.65 ¢

2.3.2 H&ESEARKR NVSIO, #4bH
2.3.2.1 4.76% 89 NiO/SiO, SRR R4S AR

BTG B NiNOs)/Si0y, B—ZE S5 8RR EE MR (WK 2-1) W
HAITRERE, BREEN 380C, BRIEFHESESEIEATSR, XHEFE
BOGETERAR, #HE30CTER 2. BFBREBEXNFEREY Imn FHE
10°C, 37min FHEZE 380°C, 380°CHE#E 2h. |

2.3.2.2 4.76% 1 N/SiO, SN0 51 % 1

F—EENOSOBETARERNSE (REB 2D P, BAES, E5KE
Ry 100mimin, RESER—BHEMEF, BE2h TEEFRE, Bk
il Ni/Si0, EE SR THRIEER, fﬁFﬁﬁfﬁ%’%m%ﬁTﬁﬁ%ﬁ%Wémmﬁf
BITKZETRE, UEFNEHE.

RE ERTEHZHEERS BN 4.76%. 9.1%. 16.67%. 28.57%.
37.5%~ 50%- 60%-. 80%. 100%BIESEEMN NI/SIO BUF. N THREEREYN
ABIERLT, RAZKEHRE. THEED 100%8984F, LRFELE
Ni(NOs); HEBFZ RSB, TR yESHORENETRS NI/SIO;.

i_'l.
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REXFTELERRL _ ECW RANMNE

2.4 v-ALQO; pik ALt @ nifagieiE S
2.4.1 y-ALO; B KB ERMBR R RHNE

B Sg y-ALO; BT 50ml /MEFR A, FEC-—32 25ml B 2 B, mEFI
A—EEREEK, BTKETEER, RERMEXRTERREK, EE
y-AlLOs T BRI Ay 1k I E B R S WECFE. H B H 1g v-ALOs TREHK
B4 0.55 g.

2.4.2 H, B R &y-ALO; B BE L]

HANHERHEREHE - RABREEN 4.76%.9.1%.16.67%.28.57%
TR A NiNOs)/y-ALOy, HFIEFENE RH SRR E TS
FETERE R R RSB IE AR EIE iRl _

2R A NG B & AL R AU 3R NiNOaw/v-ALOs B TEATREE (B
2-1) 1, fE 380CTEE 2h, HABEFEREEER THEANREEHE
FHIHERFHE. EEERAEREANEFILKZE ., BHMNFEEIER
LD NiHA-ALO;.

2.4.3 7KE BRI B &y-ALO; REAEIEN
2.4.3.1 SR NICLAY-ALO; BIE&
4L BT IR4K NiClyiy-ALO; 815 % 75 5 55 4 NiNOy o/v-Al 05 B BRI

FEARFL BETE 120CT 2 h,

2.4.3.2 BATE R & Niy-AhO; f{LH
- BABIE 4.76% 8 Ni-ALO; 47, D TASIZHENHE RHIZ .
1. KEBHERBIE 4.76% Niky-ALO; LTI RRPH XHHE
FEE TR 4.76% NiICLA-ALD; 5 ¢

x4, ?6% -3
- =3.834x107 mol
B Ni B REUA 150 7 4776% + (1~ 4.76%)x 58.7 wome

AT S0%NHLH,0 BB Ni 19 10 /%: 10x3.834x10° x2x50=3.834 ¢
2. KEBEEHE 4.76% Nify-ALO; B4 FINE

FrE-—E 8 4.76%NICL/y-ALO;, EHEFIHE, REBRTKEMTRE
EFE 229, BASRUEREPHES, REFE 2Bk & B, F NaOH
B pH HiBE 14, e, RREKABEREE 90C, BARKAME NI
EALFIArER i, W RE, AABEEEHN, RNER. mEdmAs




KRAFREEHRX o | BB BLAOHE

Tk, REWESR, EFSEN pHEN 7, AGEHETKIEBREER, URE
EURFFEERKS, B EATRETRERELKLET, L EHNE
HIHELL T A NiNA-ALOs .
3. RREETHRENRERN

KEBHNHMH0)E NP RAERR RN, ESRE NHENHRERN, B
MRS NoH, 55 NS RAES S, ERBHISE &

Ni** + 3N H, === [Ni(N,H, )"

REININLHLP BRSNS S ONREN T RN,

2NNy HL )P+ 40H=22Ni + N, + 4H,0 + 5N,H,

PR K & B R A R 5 N BB — SE OB 0 F 34T, B lse it iR s
MA—~Z R NaOH WHHRH pH A, RNTEHXABEERERNE, 2
ERESFUK, BT R AR AR FFIEREE ) 3B kA ik o [ 3 A
_‘”‘?&ﬁtﬁ'—:—{ o

2.4.4 /KA BT R H%Fy-ALO; FERBIN La 4G4 HR
24.4.1 KEBEREBE 4.76% Ni-Lay-ALO; BN BHEXNHA

RIS, FHARBIMBALR LaNi 5 1/10 (mol K
B O TR 4.76% NiChiv-ALO; 5 g

5x4.76%

CPYY o =3834x107 mol
129.7x4.76% + {1 - 4.76%)x 58.7 107 mo

BT & Ni BB /RECH

PRI L 7T LaCly7TH0 Bl h  0.1%3.834x10°x371.38 = 0.1424 g

KAFBHRRIUE, ¥ LaClyTH0 B8 4.76% Ni-Laiy-ALO; b, 120°C
F 2 ho .
FE Sﬁ%ﬂzm'ﬁgi} BoB 4N B 1048, 10x3.834%10° x2x50=3.834 ¢

2442 KEHFRERHEE 4.76% Ni-Laiy-ALO; ﬁ%ﬁmm
B~ EEBR 4.76%NiCl-LaClify-Al,Os, ZETH P B

WM, RIEETKEM

Ay
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RARFTLERRT BoE BoNRE

RREE (E2-2) F, BASKUHREFNES, RERE—ERFIKEH,
F NaOH ¥ K pH (51A%) 14, Faifies:, FERMEKBEBEEERE 00C, ¥Ke
B nE AT RTINA S, WinEEE, STAEEREEB N, RNER. mE
FIMAEE K, REFS, HIWEERW pHEN 7, RAEBHEITKIBEREE R,
CARR AL FIF T EF K, R ERIRE T SRR K ZEEF . R
77 35 & AT 8 NiLaNA-ALO;.

W EARTE, SREE T KEHER-ALO; BRI REE 2N 4.76%.
9.1%+ 16.67%. 28.57%HIRMEMT, DIREBI T ITE La FHEMENLA.

2.5 Raney Ni f4b7 15l %

Raney Ni EUFIKIHEHRER 2-2 WRNEESHE, FARR— N
NiAl & &, BFZ O8RS, BESERMA S, FIREY 6molL # NaOH
WROLATHmM, A5KRP, SABARWEHN, RUESHE, AREKRESH
TRMBIE, REATKZEYS, GREREEZES,

2.6 v-ALO; SR Pd SEAFRIRIEIL

I — SR H T PAON-ALO, BLAIBTIRGS, BT, RERA W
g 2-1 (IR BERE TR, BEERE Y 80°C, HEMEY 2, FENFRR
PP 541 & Nil-ALO; B KK FHRIZFAIR, TREHRE, RRFREIITKZ
B,
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RIEAFTLECX | B BMHE

o HEBAWH 2. BEV 3. REEEFHP 4. 85 5. S8 6. BN
K 2.2 KEBLRETE

Figure2-2 Hydrazine reduction apparatus

2.7 ERESS NIi-B ELRHNEE

NiB RS S SXAMHAERIEE, BHEE B NICL B TFEEKE,
# KBH, ik 0.1mol/L B, KBHs 5 Ni £ mol ek 2.5, WA NiClL B
., SR, BETRE, FEREBEE, RNSHE, SRNBLNEESY
KEBEZRZDYE, REREKZERIRE, BEBANTRS RS, HEF
FRLAKLETD, XLRRAVBELNE 22HR. —#AN, —HE&BEF
5 KBH, 757K B8 R B R B BT =4 s B = v 48 ji 16,

BH; +2H,0=B0; +4H, T
BH; +2Ni** +2H,0=2Ni\ +BO; +4H* +2H, }
BH; +H,0=BV+0H +25H, T

ARIZERT ] & BN R R K% 2-3, BI0HTIX ST IR, 3
AR P B EAARITRIE.
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R KWL ER BT _ BoE MANNEE

% 2.3 DEFERE R
Table 2-3 Catalysts prepared by different method

Active metal content added Prepare Ni content
* . Catalysts
_during preparation _ method (measured by ICP)
4.76 4.81
! Ni/y-Al,0 Hydrazi 86
ify- azine
16.67 R 4 947
28.57 24.56
4.76 -
9.1 . : -
Nify-ALO; H> reduction
16.67 -
28.57 | -
4.76 -
9.1 Ni-Laiy-ALO Hydrazine -
I.. -
16.67 b reduction -
28.57 -
4.76 -
9.1 -
16.67 -
28.57 o -
Ni/Si0, H; reduction
37.5 -
50 -
60 -
100 -
. . KBH,
KBH4/Ni=2.5 NiB -
reduction |
0.25 Pd/y-Al0; H; activation -
NaOH
100 Raney Ni o -
~ diyestion

“-” Expresses sample haven’t been measured by ICP
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Rl kST SR Y . | B E EONNEE

B EANRRE

REAELTORETEEER, X-HETH (XRD). X-SHTE&6 R FaiE
(XPS). N WEE M Hy R S I<F. BT RBE Pd E4LH, Raney Ni
IR Ni-B EGEFESBAFNFRESE 2, HEHTENREHIREE
RE, M, EERRENETRE, REEEN Niy-AL0s, Ni/SiO; EALH]
AT VI BIRAL .

ot 3

3.1 X-HLATH (XRD)
3.1.1 X-BH R AT EE R 8

X-SEATH (XRD) RRLEAMNEWN—FF HTA, il XRD &R
CUR TR RIS 5 IR R4 S S 5000 5E B R E AR B &
mrld. RERLK/D . EBARIREE&EMAR, flin, RNEE. EEREEEUER
FHNERFERSERNEETNRB U RREHANEEN.

3.1.2 LB H

AL PREABAMERRNLSH (RIGAKU INTERNATIONAL CORP.,
JAPAND 47~ D/max-2500 &Y X-5TERATET 400, AT & 4R

&RE: Cu¥l, NiEM;

FESER: 40KV,100 mA;

BRI TC=2;

FHRYEE: 20 = 5°~80°,

TR, AP RN FRE RS, RN RS
PRESMRIE, BEFLENEATEAMBEER D, #7 X-5S R,

3.1.3 KWERGHTEIR

FRKEBRETEN Nif-ALO; BILAIABIFITE 3-1, 32, 0 B Fy
7~ XRD BB, WA RRIATHIET A RIREAIS T, 75 20 =45°, 52°,
76° LAy Al Ni ) 111, 200 F1 220 RENR{EE, REFHERLNRELEN,
RTIMAERR. 1B Scherrer 2438, r = kM(Bcos®), r AREERHHKNESHER
T, K AEH, ARXRTP CokaJ¥K, UL —Fh—MEERE, T
FIERRFALTBR, M—PEEREHE, NoXAEEHME, TTEHFNSE
ER, BrelieF oAb AN R ToRATAME N L RE B R HF KR, il
BREA, @HARTEAD. EX FEHES, B3-1, 32 BR, REAKS
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RAASWF AL | BEE BUAKEE

FHE RGBT 26 = 45°AbRURTET AT R 38 LU AR B SUR IR i AR RT A
BE/D, RBERKEHFERARLHT NI RTERTERCRELFRT.
iy B T (R T 5 W 2 O AE AL 5T HLBE AR kL R SR Y S R A S I o AN
K

& 3-1, 3-2 BR7E 20 = 20°, 38°, 66°Z A HELAURFAEIE4) B Ay-ALO: B
111, 311, 440 FHEFFMEEE. KIS FFHMIEEy-ALO;, WHE TR ALO;,
WL R SFANE AR ZYEH.

& 3-1 K& MR Nily-ALO; #EFH XRD 2 E
Fig 3-1 XRD patterns of Ni/y-Al;05 catalyst by hydrazine reduction

A: 24.56%(wt.) Nify-AL,03, B: 9.47%(wt.) Nify-ALO;, C: 5.86%(wt.) Nify-ALOs, D:
4.81%(wt) Nify-AbO;

% 3-3 451 T NifSiO, L XRD @, ¥ A. B. C. D45% Sio, sk
KA Hy BRI ELFIEABRN 4.76%. 16.67% 37.5%. 50%. HRRH, B
BRI ERS, RHEB—IRRIEE 20 =205 F. 7£20=45", 52°, 76°
FHEON Ni #9111, 200 F1220 &HE%EE, SA0R3M, MESASENSN,
R SR /INBT IS T |
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'|.

\"x,._ ____f"‘m__-—-‘""'\/kA_/

"“"‘-~-—_._.-4"""."l «*'A C
"\._,_,_..r/- *h——-*"_/\_f/\g_r_ —-"JL,;-__
5 15 25 38 33 65 75

& 3-2 EUSIERI Ni/y-ALOs LTI XRD # &
Fig 3-2 XRD patterns of Ni/y-Al,O; catalyst by H; reduction
A: 28.57%(wt.) Ni/y-ALL O3, B: 16.67%(wt.) Ni/y-Al,03, C: 9.09%(wt.) Ni/y-Al,O5, D:

4.76%(wt.) Ni/y-ALO;

A
. _— e — l .J'L._
N _ A‘ A
| —f“"‘-—T M, C -
‘—b._—.ﬂ‘h e, . D r —

- 20

8 3-3 ESEE NSiO, ELFAF XRD #
Fig 3-3 XRD patterns of Ni/SiO; catalyst by H, reduction

A: 50%(wt.) NV/Si0,, B: 37.5%(wt.) Ni/8i0,, C: 16.67%(wt.) Ni/SiO-, D: 4.76%(wt.)
Ni1/Si0,
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KR A 2l B b RIRIE

& Fig3-4, 3-5 251 T BMPEE LRI XRD 75 B, %€ Scherrer
w3, MNE LA RELBER, MAREMEBEFAELTITE, Si0, BT
BT, E20 = 45° B RE R TR A THERAREY-ALO; REAAELT.
U UE BT T AR N1 LA, 26 =45° &b B I RT K BIH -7, IXIE 3T IR
BEAEEE —E&8W, EFNEEATNENEGRPEEH (B 4-5). |

/ |
~ S \L_,__ jLA____A A A
\\__,r/\’/\j\ \_/\.\1 ,jk R

e r———
1 i

hY 15 25 35 45 55 65 75
29

%] 3-4 4.76% Ni/Si0; (A)H1 Nify-Al O3 (BYELFIE) XRD 2 &
Fig3-4 XRD patterns of 4.76% Ni/SiO; (A) and Nify-ALO; (B) catalyst by H,

reduction
4\
{4
/N
.. /
A N /\1 A A
\ /',\ i )
e SN A~ R
5 15 25 35 45 55 65 75
20

3-5 16.67% Ni/SiOx(A)F Nify-ALOs(B)ELL AIKT XRD it
Fig3-5 XRD patterns of 16.67% Ni/SiO, (A) and Nify-AlO3 (B) catalyst by H; reduction
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RERXEB L FL e X FE-E NIRRT

3.2 X-ST&R G T AR (XPS)
3.2.1 X-FrEE B T RERAHR

X-SHE T AL (XPS) RUBEREEN X SRR RE, ATHS,
MRARRERT P RAREENEFRAREART, SEATHERANEES.
FEARFER R, WA E T IR R BB A, TT/8 i B T3 B A
BEENGTES. U XHEAETRIE (XPS) RREBLIINEHEFTR.

3.2.2 SLESHI4y
SCICFR F U BN ARSI X ER S - /RE AT 4EH (PERKIN-ELMER

CORP., USA ) PHI-1600 ESCA &4, Mg 88, H7EMR 0.8 mm?, HHEEF
BARNT 2x10% Pa, DL Ci HI%& 8 284.6 eV HIRHERER B EH N,

323 KBER 5
B 3-6, 7. 8, 9 TXREREHN XPS EE, BT SEHHE

Wiirk=. B 3-6, 7, 8 =NEP A, B, C HHMLE NI 84 28.57%, 16.67%,
I 1%HENT . H=AE LU R, R ARBR BT EE 2 B8 1,
T & BRI AELTRE SMERE, NCRIEEER, 75 XPS & Ni** g8 55
%, BREHSEANIIRFARESSIA N, THEE XRD #EHHRE Ni’ K
ATATAFAERE, FFR IR N WSS RN, $EO N HBLR AT XPS Lk
AP WENERN . MAREELNGEIRED=EN. FERITT UEFK
EHE R BT H I N g ERERESUE RRLM N HISERKK,
WK EMETSHRERER FHEMELHN.
HE 3-9 HEALFR, 3T 37.5%8 0B H) N/SIO, 1k, Ni*I&/RE,
WK FRELTAESRETIFRIEAENL, LLEEE. Ni @ HINE
852.40eV, Ni** [f) & i BILZE 855.15¢V.

33



RERFH L FARX FoE BRI

Intensity
Z
=
-
p
3

830 840 850 80 870 _ 880 890 900
Binding Energy (eV)

3-6 KEHHERE NI/ ¥ -ALO; ALH XPS B
F1g3-6 XPS patterns of Ni/ ¥ -Al,O; catalyst by hydrazine reduction

l c
Ni2p3/2

I ] | L ] 1

830 840 850 860 870 880 890 900
Binding Energy (eV)

& 3-7 Hy B E A Ni/ ¥ -ALO; {671 XPS &
Fig 3-7 XPS patterns of Ni/ ¥ -Al;O; catalyst by H; reduction
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RIEREH L F0 3 BT ERRIREIL

Intensity

830 840 850 860 870 880 890 900
Binding Energy(eV)

3-8 E ALK Ni/SIO, #4671 XPS i E
Fig 3-8 XPS patterns of Ni/SiO; by H, reduction

Ni2p3/2 l

[ntensity

S

J ! ] ] | ]

830 840 850 860 870 880 890 900
Binding Energy(eV)

Kl 3-9 ESERA 37.5% NifSi0, #4671 XPS B &
Fig 3-9 XPS pattern of 37.5% Ni/SiO; by H, reduction

3.3 N, Y8 f
3.3.0 N, WE B R #H i

H| AR AR MR F Z M85 1 B/E F M E RS T 7= A R AR o4 1
Bt ABEFESTERMERTELERLR | HESRS LS HMSELS,
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REBAEMLEMRX

SR BUNBRE

A BE /R (Brunauer). X4 (Emmett) MIEH] (Teller) |#H T T ER M

B, FETTHENNREEET
CAI 8 2 HEAL T RO R TH 4544, 70

F R {E)

FRAERR A Eb &1

adkJ1

® 3-1 BB AR
Table 3-1 Gas composition of the N; adsorption

2, JBEW BET FREPL. R EY BB M
. LA, LR HE. N NEK
8, BB a=0.162 nm’ MR HSE A H BRI EILREH, BETH
TR AN IR T 34 T R IR B 19,

He N2
P/ P,
ml/min | V% ml/min N V%

0.10 17.96 90.05 2.04 - 103
0.204 15.92 80.05 4,08 20.4

0.306 13.88 69.67 6.12 30.76
0.98 0.40 2.22 19.60 99.1

3.3.2 SSBED

K% E QUANTACHROM 4% (QUANTACHROM CORP, USA)

CHEMBET-3000 WP, FRBABMFERS, EHELHY

Ha BRI ER. SBR{HFWT:

WE: N,

+ He =20 ¢cm’/min:

Frot: 150 mA:
I RELPER (HHR),
Wt REANBE=TSELRE S, AERTEFTI—4&%, BIHNRS

SPERIE

2. #x

3-1 RFB S H R

HAOXTF

Vg = Ay X Ve (fl'?ﬁy)
A, W g

Vg x34.7

LR =V, =

82.1x (273 +1)
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RiERFM LB AT ELNRRE

W: FEMmIE, g t: =/, °C
A g: BEIEEMMAR Ag: Hiﬁfiﬂéﬁiﬂ
Vg RIENBESEREHR, mi

[@F
Ny ,@,
Vs u '
X Q
Q
Q;
Q;
Q4
ADSORBATE CALIBRATION
GAS

 3-10 H3Rg i B A
Figure3-10 Flow chart of physics adsorption
V-B i E R V-1 P A4 1 Vi-BOIES 518
Va £ 0 B B (] V- K B2 F N-Bfis SO R A2
No-12 E i B 12 [ M-IR I SR E vt Si-tEfhE
S T¥ SSRGS F-id 3848 T-7 Bt E-#-F #E
DaDp-S#HF |

bR E RN A TR ARAE A A SRR BN, BT B AR R T
R Z R MR L RERA, *frﬁﬁf%’ﬁﬂkﬂﬂﬁﬂﬁ He FI N, BIU & Fid i
IEEA . RIESFRAER. RIEEEH.

3.3.3 EREERSE

BET KRERIITE 3-2, £RRY Sio; ABEMEBILANLREERTF
y-ALO3 BB BN FIRE T EYY-ALO; MHRE /N T Si0; LLRE, FTLIR
RE)E, _SiOz MBREATERETEL ALO; LA, HHTEEL. X Fy-ALO;
T REAR, TN 1 & BRAARIR &R FHKS PHE B b7
REELHEZEH . BLOEORMN AN RERNEZmAX, ﬁﬁﬁd“ﬁﬁiﬂ
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REAZFLRMRE EE¥ BUNNET

B Hy-ALO; BB ILF, EBEHKSEEENBLFIL R SR, 250
ARAEDIR. FAnt, N FHERRALGEER, BERARBNEN, BHRE
R - X RN ARBGD, FESOEAKTREL, SEEH,
AT LR E R

Table 3-2 BET surfaces of different catalysts
% 3-2 ARMEWNE BET LR HEH

, : BET Surface (g/m*)
Nt loading (wt.%)
NiH/Si0; NiLaNf-Al,O3 NiNA-ALO; NiH/fy-ALG;

0 381.1 210 210 210
4.76 290.5 177.6 178.8 180.6
9.10 263.3 153.6 157.3 168.1
16.67 239.7 127.5 123.5 153.1
28.57 201.7 110.7 1095 99 9
500 i42.1 - - -
60.0 102.5 - |
80.0 50.6 - . i
100 15.2 - - - -
3.4 H; 48
3.4.1 H; R E R B

WEBRWERORFEREREYERERTHER, ERA-IMEERTE
%, RTEH. BRERSERSLFTLALEY, TARASYRTARNS
o THAFRREGRERREER. BRRASEE SR, SRRt
HHERIEE.

3.4.2 LB
H, 44 %0 M4 B Micromeritics 23 & i) Auto Chem 2910 {2205 B{ﬂ){ﬂ]%

REMNAPEELTE. NEdEd, BURNEZEGERP TIARSY, %%%
UNBRBRAETTPHEASEL, BEEREEEZET, BAER 99.99%514
KUXFT 10 min, VM{ERFECE, REFER 300 cuﬁ:%a 60 min, BHEFZE (30
Ty B 10% (viv) H-Ar #H{TH .
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R R ER BEE RINNRE

3.43 LREFR SR

Z 33 B TAREBAMN SRR, %%fﬁﬁﬁ B Fy-ALO; AR
RIEILH, K H PR EERIEREH 16.67%8A, TG ARBREM,
ERHERTTE. 3TERNTHLERE La B4R, R4EFEREBEST
FREEIAE La B4R, HBEREEDN 16.67%, XEBMRE, La A
Ni 4L F, La 1 Ni o7 DUERR LaNis. LayNiy. LaNis. LaNia §0 LagNiy FLFh &
BEYEH, XHEMBRT Ni 75 LaNis B8 Ni 84AeF, 84 LaNi: 5 Ni
Z A ERMAEAER, SASHEF, TRBENEEH, BPFANER. B
B EHBILEYWRFRRNBRENRE S, Al LaNis FEBREEN
1.01~3.03x10°Pa &4 F, 1 AN9FFH) LaNis FIR# 6 & H BT, MR LaNisH &
BSOS, TERMLSWRAYT, L3BETE, FARNNER
g, e REALSDRFECERE . XS EREARInELE
ERMENEEEFRES, PRI ERERNEFNEN —ZEFRR.

M Si0: REEEEH, BASGHEREEARBNRETAE S,
BARIRER S0%EEN, (hBRWHEREK. AEEET 50%5, Bema

FIRM B

Table 3-3 H; chemisorption of Nify-ALO; and Ni/Si0; catalysts by Hydrazine and H;
reduction

2 3-3 ESFKEBIERERN Nif-ALO: 1 NVSIO, BB S LB B
H2 chemisorption volume (mVew STP)

Ni loading (%;
NiH/8i03  NiN/y-Al; O3  NiHA-ALO;  NiLaN/y-AlO;

4.76 0.029 0.016 0.020 0.017
89.10 0.057 0.023 0.0%0 4.036
16.67 0.068 0.065 0.312 0,088
28.57 G.103 0.012 0.031 (0.060

37.5 0.133 - .

50.0 0.176 - .

60.0 0.156 - = -

80.0 0.085

100

0.837

L

WW_WW
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REBAETLERIBE ) BZE BUNNEE

3.5 BREAEZEE (TPR) AIRFEARBEK (TPD) &0

351 TPR 5 TPD BEARE Y
SR FEITE, %“-UFEEF'Bﬁ%’t‘“ﬁi&&ﬁﬂt"&ﬁﬁﬁ‘}ﬁ;‘iaa%ﬁtﬂﬁ 5%

. BENEHATEZARNES, BEE2X2RAER.

o B S REERR R R T KT R, SRR TR M. i
i, BABHEMTIRIMETSRERESATRELERERERM MR,
FREEEE, A ENRETEROERMTELARE L, WERFEH He
FREARRAEREYEENHS, BERFRE T NAERBRAEBR BT .

3.5.2 SLEI

TPR LRHEFPRAL H, 2RI RETAR. TSN LHN
SEH 5%H-Ar BATIER, #HRFEEESE, BEFAEES 800T.

TPD AL AT S H 2R M A SRS B, SRITES, S
(L] 300CFH He ST 1h, RERIZBTHTLEERE L2 5, 6k
S4k Ar FREEPFHR, ST HRI LR,

3.53 KRER TR

B 3-11 45 T NiO/Si0, LB FAEME, A, B. C. DA EMRE
H 4.76%. 16.67%. 28.57%. 37.5%., HER4, #AAEFTEERIEAN
EHEMRBXENmEA. HEENTHANNT 380CEAE, MEARAEE
h 16.67%KIBELFIERE B R AHE, ENETR A M 390°CLA. %, TPR B
Rl —MERE, THEE, B RPaHeOErfgtEEE 380 c%
AT, HAEL LB ERER.

B 3-12 45 T K& HHE R NiLa/y-ALO; BT H MU E, WEET
LIEN, NTHRNH LR La EAT, MTRED 4.76%, 9.1%, 28.57%#
W, HERMERRERETE 410CER, T0 16.67%HEMEFN, FE40CELET —
APEE, F MOCERF ML AIE, KX TRE|EN 16.67% 14k,
SR TR ERARMER, —HREERSSILREF, —MRHER
SHMAERFELTNRMEERE, £ HNER. SFEMREHBRAPR
BH PR A BB R N T SR A — e R, B PR R R
A EERN ERNNERNZEBRH.

S 3-13 G TRAERN 16.67%, 0 La A La B Niv-ALO; #24k
I H A B, WE LHABECLESR, SN%t&R La 25, EeH K
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REASETEEERX =R

R ER R, FEELTNS H ARHEEER, 50 2k H
- HEBRNESRERTE-EHEE, XEERENSFT RE—FEPRE
MR AR B B B P L T LU, O B A A S R R R S B B R 3 hn T
AR, —HEEHTERLAISEET, BN sRAERSECN
FEREER X, HEBEBRL, BRI HE2, H—FHE, BTN
SERGAREHN X, XERRTRINESRMERE NRIERR.

i

A

N .
- ﬁ\a\hj/fﬂ‘ —&
::::::::;:::::::wu D
0 100 200 300 400 500 600 700
T(C)

A 3-11 AL Si0, HEHIEMELA TPR B

Fig 3-11 TPR patterns of nickel catalysts supported on 8§i0; by H; reduction
A 4.76% (wt.} Ni/Si0O; B 16.67% {wt.) Ni/SiO;
C 28.57% (wt.) NV/SiO; D 37.5% (wt.) Ni/SiO,

M s
\\-\—M B
‘____——/\, -
i D
’; , , ; j
0 200 400 600 800

T(C)
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REASTERIBY | BT BUNBEE

K 3-12 KEBERY-ALO; 7% Ni-La {6587 TPD B
Fig 3-12 TPD patterns of Ni-La catalysts supporied on y-Al,O; by hydrazine
reduction
A 28.57%(wt)NiLaN/y~-AL O3 B 16.67%(wt.) NiLaN/y-ALO;
C 9.1%(wt.)NiLaN/y-Al,O3 D 4.76(wt.}% NiLaN/y-Al,O;

TCD Signal

A
! “*x,\_\m ] _
. B
—— 1 i 1 1
0 200 400 600 8GO0 1000

T(C)
5l 3-13 16.67%MI4 I La FIRNERI La B9y-ALO; B AL TPD B
Fig 3-13 TPD patterns of 16.67%(wt.) Non-La (A) and Ni-La (B) catalysts
supported on y-Al,O3 by hydrazine reduction
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RAKETAFRRY BIUE 22 % FR RS

B 22X EE IR RS

AT B e Xt BT HE— R NAEFRITREmNS R, KPR
. EEE., FoRTFNEEREXONEF. FEFIESANTIEEESN
ERME&BRELAE -ZERRNAFEENE R T RIHTERE, FHFNER
AT 2T

4.1 SEIR A AN Bl R (3%

K 4-1 TREF—HR

Table 4-1 Reagents for experiments

il | | =K
5, k&, EILER
£l T VA B DA< Br
TR KL KETHEMERS A H
RACH RS ST FETAEFH RS
il k45 | ST R R EHERA R
R vaXiE R FERFIE)
AR i E AL R B R
B SR VARITEA Kt FRA =]
2-ZEFTRITIER & 12002-2BHEFL WHARKTR A
®42 BEUR
Table4-2 Equipment for experiments
B % 28 RN kTR
=353 TN LG10-2.4A  kRERBOHT
Rk Sy 28 78-1 A LGRS
LR e CS501 B I a0 I
= B L LG10-2.4A IERERBELH

42 W RREREN .
2-ZE BT AW MER AL R R DE 3% B 00 U A0 S0 R L 5%
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R RSB

SEEYE 2- AR ME RN

(B 3-1) AT #1T2-ZEEMmME RN, KR 11 xE SSH4EA,

EAE 0BT RE, #TEARNE, BR10:H, 888 12#A, €54
EHR 11 IEE, REERSHE oHH.

&7

5_1::::::';

,,/

—L

77

1. HEREE 2. BEEEETF 3. HEAS 4. H: AT 5. BEH 6. T
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K43 EHEFRAFHEARISEL - 2B EBME N AR T RS SR, A
EH S NEIERE, N T ARSI BENRRER S ELEYE, ¥
A AERE, AREELA, AR BBk, HEMEARI Raney
Ni #4671, 10 Raney Ni BAFNEHA NiB BATEES, BAv-ALO; ARk
Pd EATURERE . 303 A B R R EE ST RIT.

F 4-3 URELFIA 2- 2 2 BRI A IS HE
Table 4-3 Activity of hydrogenation reaction of 2-ethylanthraquinone on several kinds
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of cataiysts
B Catalyst H;0; (g 8" ca min™)x10"
16.67%NiHA-AlLO: 4.54
16.67%NiN/y-Al;04 6.40
16.67%NiLaN/y-ALOs 6.73
60%NiIN/S10; 26.33
50% NiH/S10; 31.90
Raney Nickel 33.42
Ni-B - 37.7



RAXNPWT 2B ) FER 2-LEZRNIRNER

0.25%Pd/y-AlL05 165.4

LR LER, W TFREEETEAENETRGE, SFEARR 2-Z 58RI
PIHARMNEEANER BTEEESREARE Pd 4N, EXRENB EEE
H&MAA, Raney Ni ALK NiB #4FMEER. BRE SO, f#
FIHELLT Niy-ALOs, HF, HTy-ALO; A EHEMET, BNIRLE&R La
ERPRSTERANNEE. B3—F8H, 3T RSREENEB SRR
EHRSENEINGAEMN R - MERENENAERR.

REEAH LR BAELANELEETEHE TOF ERTE 44, A
HAHET LIRS, 40T R A NITE K BUA NiH/SIO,, NiLaN/y-ALOs,
NiNA-ALO;, NiHA-ALO;.

Table 4-4 TOF of Ni/y-Al;03 and Ni/SiO; catalysts by Hydrazine and H, reduction
% 3-3 ERAKEGHHERR Nif-ALO; 1 NI/SIO; fB{LFIRY TOF {8 .

) , TOF (s

Ni loading ‘
(%) NiH/SiO, NiN/y-Al; O3 NiH/-AlO4 NiLaN/y-Al04
| _xwoy x107y ety x10Ty
4.76 3,206 3.74 8.29 443
9.10 7.071 451 523 4.46
16.67 7.038 5.41 799 4.51
28.57 16.67 21.0 534 4.96
37.5 12.87 , ] | -
50 9.958 - |
60 9,551 . - ;
80 4.836 - . .
100 6.530 i - .

'Mmmwﬁm
Hydrogenation reaction time: 2h
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Results of hydrogenation of 2-ethylanthraquinone on the catalysts supported by

Si0s by Hj reduction for 2 h

Ni loading (%) H,0; g g cat min™

476 0.0001693
9.1 0.0007337
16.67 0.0008712
28.57 0.003125
375 ~0.0031163
50 0.0031903
60 0.0027124
80 0.0007483
100 0.0004398

e o ey

v-ALO; MR EFMENL 2- 2B ERInE RN 4 8
Results of hydrogenation of 2-cthylanthraquinone on the catalysts supported by y-Al;O3

Catalyst activity (H;0; g g s min™)
NiN/y-Al;O; NiLaNA-Al,O3 NiH/-ALO;
4.76 0.000109 0.000137  0.000030168
91  0.000262  0.000292  0.00008565
16.67 0.00064 0.000723 = 0.00045367
28.57 0.000458 0.000542 0.000301578

Ni loading

Hydrogenation reaction time: 2 h
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Activity of hydrogenation of 2-ethylanthraquinone on several kinds of catalysts

Catalyst - Hy0O; (g g‘lcm min'l)x 10™
16.67%NiH/y-AL0; 4.54
16.67%NiN/y-ALOs 6.40

16.67%NiLaN/y-Al,O3 6.73

~ 50% NiH/SiO; 31.90
Raney Nickel 33.42
Ni-B 37.7
2.5%Pd/y-Al04 165.4

Hydrogenation reaction time: 2 h
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