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Abstract— Decomposition of methanol over Cu-Ni/SiO, catalysts which were prepared with various Cu/Ni ratios was car-
ried out and the roles of copper were investigated by comparing the reaction results with those obtained from a nickel-only
catalyst. Although the surface composition of copper was much higher than that of nickel, the overall catalytic characteristics
such as the activation energy, selectivity and activity were similar to those of the nickel-only catalyst. Thus it is concluded
that the decomposition of methanol takes place mainly on the nickel sites. Incorporation of copper reduces the number of ad-
jacent nickel-site pairs, resulting in decrease of the TOF(turnover frequency) of methanol decomposition and inhibition of
the methane formation. As the Cu/Ni ratio increased, the formation of methane became more inhibited while no obvious
trend was observed for the activation energy and the TOF. The reaction order was almost independent of the Cu/Ni ratio
and also remained constant with the partial pressure of methanol, contrary to the case for the nickel-only catalyst; this is con-
sidered to be another effect of copper.
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2-1. Al2k W Z0H

Zojjo} ghalel Ae]7}Akzo Chemie, Si6-SPy= ZHixo] 625 m’/

g A Z®3e 1.2emYgolw, 65-100mesh 27| 2 #4}ed 373 Kof|
H 124)7F o4k A= A7) F ARgsheich S0 A 84 A AR A NI
(NO,), 6H,0, Shinyo Pure Chemical. 97%|% A4k72] [Cu(NO;),:
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A (incipient wetness method).2 2 whallel] &3] 4171 vhg 712 4)7]
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Table 1. H; and O, chemisorption results

Catalyst Cu-Ni(1) Cu-Ni(5) Cu-Ni{10)
H, chem.[pmol/g-cat] 29 54 53
0O, chem.fpumol/g-cat] 189 242 236
% exposure of Ni” 34 33 3.4
% exposure of Cu" 17-33 51-100 1-100
Ni/(Ni+Cu,)” 0.10-0.18 0.17-0.29 0.27-0.29

“Calculated from H, chemisorption, "See text.
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Table 2. X-ray diffraction results

5000
Major peaks, 20 [degrees] )
Sample i
(111) (200) ‘ N

Pure Cu” 433 504 i N

Cu-Ni(79% Cu)” 43.5 50.8 z ‘ . ‘

Cu-Ni(1) 44.07, 43.35” 51.37 € 1000 - N\

Cu-Ni(5) 44.25 51.66 8 i N\

Cu-Ni(10) 44.42 51.66 2 hY

Pure Ni” 4.5 51.8 € : N\

“From Ref. 27, "Weak peak. E \\&

, N
— e
100 - t
i AN
800 1 >
. . v 50 ‘
LN o™ i
o '\’\‘— ! 15 17 13 2.1 23 25

= H - ”\, 2 |

£ TR b e 1‘ AT [1/K] % 10°

E 400 i Fig. 2. Arrhenius plot for Cu-Ni(10).
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I ‘ Table 3. Apparent activation energies

a0 - Catalyst Cu-Ni(l)  Cu-Ni(5)  Cu-Ni(10)  Ni/Si0”
! E,{kcal/mol] 17 19 15 15
i “From Ref. 20.
|
i
0 ‘ ‘ Table 4. Selectivities with Cu/Ni ratio and temperature
0 10 20 30 40
Time on-stream {h] Catalyst Temp.  Conv. Selectivity[mol%]
A K %

Fig. 1. Activity change with time on-stream for Cu-Ni(5). - (K1 %] €O CH. Co. HCHO
(Temp.=503 K, P,,=0.12 atm, flow rate=80 cm"/min, (1): N, treat- Cu-Ni(1) 453 2.8 94.0 - - 6.0
ment, {2): H, treatment) 473 9.1 96.5 - trace KR

503 23.0 99.0 - - 1.0
523 42.7 100 - - -
543 581 100 - - -

4 ol et dAle] g zAded visle] & UAZK of 7ot 573 98.6 993 0.7 - -

FeR Felg] di W ghs g B el B Cu-Ni(5) 453 - - - - -

wHoll Za§Hg vteltio, B3] Cu-Ni(1)2] 2% dFe Fejute] ¢ 473 7.6 100 - - N

o) & 2Age o 4= 9t o] Haks Fa *al?fd Axte} Z£atsla 503 224 100 - - -

] 523 41.6 100 - - -

1=l o le__/'-uu 9.0 Fl&k=z A} o izd 0 Al—'\l—'o{ [ e

e8] xENR-E2 shgha], Yo Al I g o 543 76.2 995 0.5 i i

Ao ekt 573 996 977 21 0.2 -

Cu-Ni{10) 453 6.6 100 - - -
3-3. HESA[ZH0| HE RHA 5} 473 11.3 100 - - .
AlZkel] Wb w13 G dolrr] ¢l wigkEE °d-’—‘?~ z 503 36.0 100 - - -
syl A] 8HA 8 A sledc). Fig 1o Cu-Ni(3) Zoljol| tist A7} 523 59.3 96.9 At - -
543 94 .4 98.2 1.8 - -

9} 9l Al ,‘:HL‘I 240#}3"714 RER= z] gl o ~0

vkt sledl, wlgash ' o 2edA %20, 573 99.6 952 48 - -

Bhg 4= AI7E o elliz oA ke 3lalE 1047 ‘*E o] Foll =

s a7k Ao sk Sde] YHE F 147 Bk 4w F

#] Bl ohg ohA] olvbE-g Tgaho] qk-gf ’l"—}%}‘ﬁ-‘é‘ o gHdo] wgdet. Fig. 23 Cu-Ni(10) Fofef] gl Arrhenius plotlel}, F3roi]

Aers] B EEUSS o - U, ohl "- 2 147} 5k 843} ST S T 5 lods] el o Al Hef FAS

Hej & s uhS 2l o R g el LP— Zujjof] gk A T HREEE 1., E ARESITE 9hE-2 e S23KHE) = 2tE 7} A

AR e e oFs el on, ulebd vi@dshe TP R FAt Aell 4] chi: Wedr] A)absied=d), of 7l b4yt wha s A

B E2ofx = A ALY 4 9l §].iﬂ-g_i151 €4} ek A 3}-g-o] Alera] Eola Baldrde] o skelu} wElS o] ki wf

Lol o7t AR F3= U% [2()], w3}k bracketing technique-5 2%-8-5} Fof] Vet Aufelrh[20] thE Zofofl4] 1 n]L2gt ofale] ey}

B2 w)&A Bhel ubE od ko] Haztrlo] AFAMdE ANE A o, mpeti] 523K olhe] ARt o R Hy o] 25 ol E

& 5 088 gt sted o v, 71 A& Table 3ol 4=E3}%ic } Cu-Ni ZEujj2] #4335} o

Ui A= Cu/Ni Blof] whe} gt ko] glgd ©mf, Ni sh5-Falie] 1
3-4. @bl MEjE ZA s 7k AL A 2] 3hgheh
uhS-2 = 2 W3l A i 22 ZIE Fig. 2, Table 33} 4o vie} Table 40l Cu/Ni H]9} &of ubE AW g SEaiqict of7]4
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Table 5. TOF of methanol decomposition”
(temp.=473 K, P, ,=0.07 atm, conv. <0.16)

2|g

rlEhg Eall 661

Table 6. Reaction orders

Catalyst Temp.[K] Reaction order
Catalyst Cu-Ni(1) Cu-Ni(5) Cu-Ni(10) Ni/Si0," Cu-Ni(1) 473 0.33
TOF[s" x 107 45 24 29 83 Cu-Ni(5) 473 0.29
“Based on H, chemisorption, "From Ref. 20. 503 0.63

Cu-Ni(10) 473 0.29

500 | - - T e ey
3
3
5 s
o » *
3 /"/i
E;, -
o //"
: 7
S100 4
50 t—- = T
01 02 05 10 20
[atm]

P o

Fig. 3. Dependence of methanol decomposition rate on partial pres-

sure of methanol for Cu-Ni(1) at 473 K.

el ghagxjell o73te] w4 & A Ee] %2 vlet
igdch Fele] gakel F2 Cu-Ni(l) Folol = F& e 4t
HCHO7} A2k YAl s)ed=d), o178 ] Zuje] Bxlo vhel
1t ZleleH4-6]. HCHO2] el n= &57) olalof ubel A k4
sl ar, gk 2l §heko] f’l 2 }JMH HCHO?]
ZE) 2] gghel. Cu-Ni(l) Fvile] 24 58 L5573 K)ol 4 = =%k
2 zgdak.o_ o}ZF gl o) LA e) DLaoko colal 2 ol gife]
11}%;51% Lxrh WA ol o, vtk i’d‘ﬂlkl (MR S

off thall 4= vl W& 493K FE] exte] AAde] Fahwlglcly B
s gleh20]. ek-gol #2] 100% Fal Afelle & Aol A4S
& EuiEe] oigd Aele= 2] A Goba] e AR
CO2] Melii= 95% o|4belqlc}. Table 5oily= wigbg H-afub-g-ol
TOF(turnover frequencyys =% 8]i2slgdct. Cu-Ni Zv2] TOFs=
WA gbsdofe] Nl of 1312 AR e §hE Ko, Cw
Ni = ulol wret gk Aghe viehbz] edeteh.
olAbe] Aalel H Cu-Ni Fvle iwle] fef Ao &Axl 8o
T Boshn oAl R A gl o] Fol B} vty el
Aghe viEke] A& vha zlsia A8 oA E ok
o 2& M-S A7) AHES gkl o] -2 wllEkge] st

ofl 4 alefuhs vhebund, o] Heff HAdo] #ef vhrl

2 grelel shadol vl v]sled obF- vk gl
IH' "HO Ai4g sHd o] Ald 2 == 2at e
.3;%‘= WAIF HCHO = V7ol ofsl] 48] sl xeo]
wEl Zleg dzkglch g A Selfoll o8l ol ske Rainhg
7hiZell tiale] uhEEe e
-1 B 7|8 RallE2H[13.20] = wE e A (81

17]elebar ajgrslalsvl], of2 Kol 5 91x{gh g Ho] a 7-xlct. uf
2} Cu-Ni Zefoll #1 TOF2] i relel Faj afitofl taluba
4 2 7EE olAEE U g Gl Folggly] Wi 28 gkt
et vl TOFS) b4 Amrb Az 42 7L viwds Sl
slef madrmed o wldabt m Feloln el & A7)}

ol
=

I\g»&&lo] i3

i

“L MO xf

73] o} Al (rate-determining step R

A)712]

uh-gee]

ChE F AL A A §obste] whgel] Relw 4 ey

5] 5}% a1 7FAd (structure sensitivity)e] 2Fshw]o] viebet A ajar Ay

el pe)e] Zafe o)) “”E}"] Prdo] Aallxl 7L ofwkspul
KR Q] Ol—eq z] F3z u] 71-u]. o] = o}y_ xg = oq],&o}z‘g 4= C}l':f' 73
o]}

3.5, Eoio| %z

ahg WA 473KsE S03Kel 4 W HGUAE Fig

39} Table 60 Yelllgie}. Fig 32 473 Kefj 41 Cu-Ni(1) Zojof of
N EEREREE Y 209 o}slo] 7] wh el ol ke
I e L L

=N
TR

4R 0338 Aok oh Eelel M e & mw frebak A
ol o], 473 Kol 4] HhE-E=i Cu/Ni vleof] 3b4igle] oF 0.3
e 7o) ghorci(Table 6). 503 Kol 4] Cu/Ni(3) ~A»uH0n th &) g3}
Gz 06305 473K vl o] Eghed], o Sufjel]l tlei M e
1l tﬂ 7o 8 Fa 4 gloh VAl shSul ol s ubgalerl &
Shell et Jdsla] eba obF Wb Bibel M= 1xpolu} At

|
2z} X_}o},zi){ oo ]ouL o]kol- of] 4 4=

1 T

vkl el 7 RH20], 2 o

OL((l 05-0.06 7

gl -

alh;

18] Cu-Ni vl 5z h3tel “M uhg 2
7h sl vhehd glo] ok vl ehsgell s F A digd

e i
8 (surface coverage)ol *E“’HLN] wh} ‘7}6}‘31 'Lv:c"fgi’}
2 o] Srn oAl olebg-o] o 1A 7| R el kel QP s
5"@ 2 P A P A, admrptinn inhibition 2% 0“‘,8 )
A TS R ST Y SR S e B A Cu-Ni Zvje] 73 fof 3=
3E l’ioi].’\i‘- 7\]—\;}"5} okq] o) 5 } 7|

.9____9] Jll_u:} Z—]

e elnL o] slo]

e ©° '} S O 1L 2
2y c,]_ L]ﬂ] §1M Hoﬂ s u}ol ol } ﬂggﬂy_};{q u”}_;;;\]—;]_g; zg
Aol vlal shd el o] E=abx] o] w-oll st Folell kit Hkg-
Hl b gAdel] vhebvlrg of2- wlow 4 ZW Foghat “!%'4-»%
bRk ek Al gl elak HalEaph ot g el EE
odgliatl], w7} rolb el wpu} wk-2-i bl lnolx]is !0 A S
o ol Wb it R P el CuNie ol
WIRkg sl olhul ez (1) Ll gl dlnkge] § Y
W 4) 1°‘ 4. @) el Aol osbge) wE v
ol B A )e] Ll S 0 o) (3) v S el o]
7] 9] }%8} (4) H. % CO2| 1?7,‘ Irol cEgxhAle}s ‘(”C‘}a{‘ = 9)
£ MERE AT W AL A s ks el )
Bz L& A () ool WA e AR o e
b e st olejgl

4. & =
Cu-NifSi0. Fuli= Fele] simnrdel viziel gy o) gy

39 b e paubgel ohk sk ol
Stk i Sobshsl el L] s dol

e ) 9ol

RS

Tl s o SaEl) pele) B Qe ve] 84
ﬂ ‘é}{i; ;'; ;] =S uﬂtk?. gl 8] 2] Jvi, ‘}” g}g] ubl 40 o 11, 2= 1‘}
73z olehd shadvt. Cu/Ni wlef] ahap wijde] A2 4 = hasted
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ou}, B8} U2l 2} TOFE UHT o] sigieh slekgo] o)
g 9Fg A= CuNi Hloll BAglo] 7o) Akl T, Lxol net
Folalt A%E waon), mR U B52ols| 3 -oh e o
©g Farel Agle] AU, oe Te) EelAE oE
717k AAE YA SRR FFEY] WEee Arke

ALBYIZ
Cu, :surface copper atom, or its amount [umol/g-cat]
E, : apparent activation energy of methanol decomposition [kcal/
mol]
H.. :adsorbed hydrogen atom
Ni,  :surface nickel atom, or its amount [pmol/g-cat]
0,; :adsorbed oxygen atom

P,.. :arithmatic average partial pressure of methanol between reac-
tor inlet and oulet [atm]

P... :partial pressure of methanol at reactor inlet [atm]

— Iya, average rate of methanol decomposition in the reactor [umol/

g-cat-min|
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