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Abstract
Pt/y-Al,0, catalysts show high activity for dehydrogenation of cyclohexane, as so-
called “an organic hydride”. The active species for the reaction is based on Pt
microparticles in major, and acidity of alumina support brings about an appropriate
effect on supported Pt species. Pt(2wt%)/Pt/y-Al,O; catalysts prepared by using
siloxane-induced Pt°-complex show noted high activity even at low temperature (150°C).
Appropriate particle size of Pt microparticles on alumina is a key role for the

dehydrogenation of cyclohexane.

Key Words : H, source, Dehydrogenation catalyst, Pt microparticle, Organic hydride

1. % § 9 bR FEHER B ORI EEE & 75 5 72,
{EEBREL O Ok =i L iaE, 0w SHOTANTE —BORO D D I HFET % b
TIX % DIRBES 2 FH & 3 2 1E8R 7% CHIERAR DD, HRTEHEMEZ AV F—2FbhET

BECOSBEZENE b XL HRANICE D M £ LHI i T A2 IVF —JROBS & 2 OZERAL
BORWIEETH D, £ ICHARTI20IIED NUHENTE D, HFICKET 72FEFESRD 5

WHAREKIC L 2BEE—HFHIEERTO NTWBREHRTH 2,

Eig ey L, a0 —EEOZ I ZHIBEL, wWbwd [KFRL N F—]



BETHERFTEMILE #2355 2013

DEAEDBEEOKRE ZFETH 5, BRIk
T DR ECEBICE T 72BFEBEA T
25, K#E (Hy) ZTANF—JHE L7
O ADFENRKRD SN TG, ZORKRELHE
HiX, Wb\ (4~ (@Y x o4
FNTEWEREBI L b DT, REHLS
L Ckervu—R, R¥—F, EHE, V7=
VEER) RETEREED L L TRbhTwWicH
BEENESRATE 2 2L ich b, BEY
B S I FBERALFRIGE I L 0 RS
127K (H,0) 2% >~ (CH,) #4EKI ¥ 5L
DHK 2D, s 2EULEREEYEST%
BAHRUAZOWRMOHBELIEZALVF—TA+OD
FIEX 27 ) 7 T EBFFEOIRB 7o v A TH
TEMCH3THY, Tz OFENEIRARERE
VIDIRIA NS B CHRETH %, BEDHFRTD
FEBEM R NA 4 ~ A BRI X FRIFI60077 b >
EREINTBY, InzEEELEEGEDOT
FOv ¥ —fe & 3 A LA TH3,0000F kL i< AH
WD F 2, SSKRIRLATOME L DKIG
wEhkezav¥F—%2522% 2 H,+0,~
2H,0) T, T™limEEERVEILZ ) —>
BHEH ARV LPKEELCLDATH D, Z
N BEOLMBRENC 2 WK E REARO—>
Th 2,
KFETHFVF—JH O URE LT 28551
ML 2 DI%, ZOIEELZEMETH 5,
FFAREDOP S IIHE T —253CEBEKR D2
D, WALEREDOBEICZEESAHAENWZ S, L
P UKEDDFI A XD/INE 96BN
DI (FEdbts FIICEE LIE T A A TSIREE)
BHEETH D120, $RP/ STV T L, =7,
TRV TLN, FIEVBSTEEL DERBL W
L &M TAZOBEITEI N ERL I LT W
%o & DICEBADKERRIIEM THETL,
EETIIRE T 2 MERDH B Z Lo, WESE
JEDINEY « BHEZ LI EEDOAEOHL AN
DHRETH B, TSI S BIFOETHT
3D 25, BFEAEICBIL Cid—E DFELAHE
THDEVZ D, —/, HZEMETODVWTIIMmD
ARMERRSY (V) >R X5 v k) [ARRICE
BADOERESELD 50, FCAREIHI V) &

R LR E UTRRRFRE CRAFICEA
L7cBRC R Al 2 TIREHP) O#IF LY 4
~T5% EIRL (T Fvoe—@BLRERE L
[F CIER) , K5 R BERMER 2R3 2 LTS
Nb, &OIKHEBEEIFTORPEKT XL
F—HKFEZ 20u] (FY ) > TiF 250u]) & F
DTNEND Z s, FEOBFERFIRE T
BHESEEOD/NSRIANVF—Tbilb5 &
IBFOERMEEHE T 2,0 2 1T KEOF KL (H
RFEKBE) D2TCEFRETHH->TH, ZDHK
BDEKIZIIVF—D/INE S DGR D EFRH &
HmENTBY, ZOTAVF—JHE L TOF
RHEO—2DEf L > TWwB EE 2 LI,
£o T, BIZIZHEED X 5 LBEERORE
FHeLTKRF ANV —RFHT 2R 2 L,
KEFEHAZDHDOOHEFIT (FHREFEOHEINA
FRADIICOREE» &) Gtz 27 ) 735 2
EDHEL V. L LRSS, Blko X 5o
X% AZE DB H & KFEEBRINCED H
T RAFHENRETHY, Fle—EDK
T O/ & W& EMRIEFIC & D R T HIEE
RAOBEAD = 3 V¥ —JHE LTHHIERT
&b, ZDXDI, KREEWY M LEZHEL
BYID L REEE [N P T4 F] EFR
L, Wb 2 KREEAEE L TO®RE %R d
bDELTSBRORMFEO—HEEEH > Tn5,
KT, [BEEANA R4 ] L LR
by Yy Ik EWMTHL Yy 7a~FH v
(CeHy,) ZHWz, ZOEBIEEYNI T Z
i CraEEL Y ) v FICHANENZ L, X5
WAEE 1 ELD S 3 ELVDKESFE BT
= BMiARFER G (CeH,, > CHg+3 H,) A3EIR
D 2 &, & S IKERERORVE D
HEVEGTHL L, BEDOREFREET %,
Z D—75 TZ DRIKRFB RIS DOEENA K Z
AR (XFryranFH o7 furr
V) CHARTERE2ET 20 EOHFED
b, TITEAMETIEIDHZTIDY 7 a~F
YU EEEANA R T4 R e LU TKRFICHY,
Z DRAE K %2000 CRRE 2 2 WA T O KR
B CHET S 270 OMBEDBFS 21T - 72, i
BHENE L HESESBEOR LTV S RHE



RFEEL T NA ZAD Tz D DEENA F T4 WRIRBL KSR D %
NP, KB, HAE, s, B4, M)

Rz, ZHICBKREEDOE WS % B
L 7z ffgs—s) il & L CATO@Y 175 72,

2, £ B

7NV F (AlLO,) KKK a-p-y 7
VI F (DTN bREAE), BERiEw LR
V(T bIERE), BTV SR
Ko fEREERTH B ~~—~ 1 b (AIOOH) %
iz, TNBICPLE721X Pd 2E&REICLD
ZNETN10Wt% L % X 5 1ciEFE, 500°CT 3
REMEIBERK U i 2 1572, Pt & U CHbEA &1
ANAKFI, T UK (Y7 vi vy run
H& D) B X 0y v F9 vk (H4:(0)-2,4,
6,8-7T M T XFN-2,4,6,8-T v T E= ¥
07 b7 vudy k), PdEE L TGN
VT L EENTNH Gz, fillE~D Y ) 1k
LFE (BAACALER) 121X, P T PFYE= L
VT UD N7 R EREDORETHY,
B R D T0°CIlz TRERIZER S B Hvi,

vrunFdrEEENA NI A FBKEK
JENZ IR [ E R P A SOGEEE + - v, PYREX
AT AL [ EEC fliEt0.250g & 15 3EH70.10g

RGBT LIT - 7o HALEE & L Tl %200
~400°CTOERT, Ar-H, (10% H,) EEY
A %A VHE30mL /min T 30 43>FEHE X 8 72, fil
PBEMERER T Y 7 a A F Y 2% 0°C OkAK) wE]
LZads Ar A A (30mL/min) 12 CoN7 ) > 7
A (AR D 52umol/min) L, 50~200°CD
B ARG 21T 5 120 KIGBIIR1053 8 L O
4053 DRIEH A % GC-TCD ZfHWTH > o
A4 UBHL, Y7 anFy VbR B2 R U,
BBRIGERDZTRTCAZB LRV T
HY, yYunFrriwnlyrZuanFsyyo
YEORIERYERS TR OKIETS GC
SHRFLLTCTH - 72,

flfE D REYEMERT 21X, XRD (Rigaku RINT
2300: Cu Ka) 12 & %750 27 KOS SAE 2E 4T %
vz,

3. BREILUBE

BT FHE R vz PtE 7203 Pd HHE;
e X 2 v 7 a~F Y U BiKETE % Table
LIZRd . WINDORIET D PARIEREZDE
BE_Xr 2 DOHTH->Tz, Pt (1wt ©

Table 1 Catalytic activity of cyclohexane dehydrogenation (shown as cyclohexane conversion) over various alumina-
supported Pt(1wt%) and Pd(1wt%) catalysts pre-reduced by Ar-H,(10%) at 200°C.

Support Temp./°C  Time/min. Pt  Pd Support Temp./°C  Time/min. Pt  Pd
a-AlL0, 100 10 00 00 Al,0,-Basic 100 10 00 00
40 0.0 0.0 40 0.0 0.0
200 10 7.3 0.0 200 10 11.3 7.4
40 6.7 0.0 40 10.6 10.8
300 10 24.4 0.4 300 10 51.2 255
40 24.0 0.4 40 51.3  30.1
B-ALO, 100 10 00 00 ALLO,-Acidic 100 10 00 00
40 0.0 0.0 40 0.0 0.0
200 10 0.0 0.0 200 10 11.6 7.6
40 0.0 0.0 40 11.5 6.7
300 10 0.0 0.0 300 10 48.5 242
40 0.0 0.0 40 504 250
y~-Al,O4 100 10 0.3 0.3 Boehmite 100 10 0.0 0.0
40 0.4 0.0 40 0.0 0.0
200 10 14.9 7.9 200 10 1.9 10.7
40 14.6 9.1 40 7.3 8.8
300 10 66.6 29.5 300 10 427 34.6
40 58.8  29.1 40 46.6  33.7
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Table 2 Effect of reductive pretreatment (by H,(10%)-
Ar) temperature on dehydrogenation activity
over Pt(1.0wt%)/y~Al,O, catalysts.

Pretreatment Temp./°C

Temp. Time

s /min. 00 250 300 400

50 10 00 00 00 00
40 00 00 00 00

100 10 03 06 07 1.0
40 04 04 06 09

150 10 149 161 175 159
40 146 153 164 163

200 10 66.6 564 581 585
40 588 564 577 60.1

Table 3 Effect of sililation (by triethoxy vinylsilane)
on dehydrogenation activity over Pt(1.0wt%)/
y—AlL,O; catalysts.

Vinylsilane modification (zmol/g)

Temp. Time
/C /min. 0 10 20 30
50 40 0.0 0.0 0.0 0.0
100 40 04 04 02 00
C 150 40 146 141 94 69
200 40 88 525 36 190
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Table 4 Effect of Pt loading amount on dehydro-
genation activity over Pt(1.0wt%)/y-Al,0,
catalysts pre-reduced at 200°C.

Pt loading Amount/wt%

Temp. Time
/°C /min.
0.5 1.0 1.5 2.0
100 10 0.0 0.3 0.6 0.9
40 0.0 0.4 0.7 0.7
150 10 0.6 14.9 16.4 16.6
40 5.9 14.6 16.2 18.3
200 10 259 66.6 603 594
40 376 588 594  59.6

Table 5 Effect of reductive pretreatment (by H,(10%)-
Ar) temperature on dehydrogenation activity
over Pt(1.0wt%)/y-Al,0, catalysts prepared
by using Pt°-siloxane complex.

Pretreatment Temp./°C

Temp. Time
C /min
200 250 300 400
100 10 0.0 0.0 0.0 0.0
40 0.0 0.0 0.0 0.0
150 10 0.0 0.0 0.9 5.3
40 0.0 0.0 1.0 4.8
200 10 0.6 0.7 152 253
40 8.7 10.7 14.9 27.5

Table 6 Effect of Pt loading amount on dehydro-
genation activity over Pt(1.0wt%)/y-Al,0,
catalysts (by using Pt°-siloxane complex.)
pre-reduced at 400°C.

Pt loading Amount/wt%

Temp. Time
/°C /min.
1.0 2.0 3.0 4.0
100 10 0.0 0.0 0.3 0.4
40 0.0 0.9 0.0 0.0
150 10 53 204 141 12.0
40 4.8 23.1 19.2 12.1
200 10 253 689 555 470
40 27.5 70.4 54.1 46.2
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