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Abstract—Decomposition reaction of methanol was conducted on Ni-Cu/SiO, catalysts with several vari-
ables. Variables used in this study are S.V(Space Velocity), partial pressure of methanol, reaction tem-
perature, and composition rate of Ni-Cu. The range of S.V is 10,000-30,000h", the temperature range is
150-400°C and values of Cu/(Ni+Cu) are 0, 0.25, 0.5, 0.75, and 1. Over Ni/SiO, and Ni-Cu/SiO, the conv-
ersion rate of decomposition reaction of methanol arrived at 100% with increasing of temperature. At this
time the selectivity of CO on Ni/SiO, was suddenly decreased, but on Ni-Cu/SiO, it was still sustained
highly. The main products of reaction were CO and H,, and by-products were CO, and CH, mainly.
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Fig. 1. The schematic diagram of the device for decomposition reaction of methanol.

ol x| 28 MS5H M1E 19964 3%



i

Ni-Cu/Si0; Zv) AbslAje] vimte 2 uhe 67

2.2, Z0§ M=

Aldrich Chemical Co. Inc. & silica gel(601°\, 480 m*/g,
35-60 meshyS HA 2 AAsle] A FeES ovenol4
100°CE 12 hr o)A} AxAZe}l 3% HRAZE Ni
(NO,), 6H,08} Cu(NO,), 3H;0(Junsei Chemical Co. Ltd.)
& ARgsisih SRl 2 SHHES ol 54 A
2 R F AEA) Tl B e Folmeleia] 4
o]Fo] 32 X EHEE I % vacuum rotary eva-
poratorell A ¥-& AABE=H o)W bathe] 2Ti=
60°CZE fAlstiTh. oA AEAZ Fv]E Ovenoll A
100°CE ovemightA]Z] 224 & <A o] 8 AA 3}
e At Fo 2AGA NN e AR S AAS
7] #8 150Cell A 1A17F fA13F F 200°CellA] 14]7E,
300°Cell 4] 14]7F, 400°Coll A 1A12F |8l #HE4A
<=2l 500°CAA 37 A3t oA st 18
wt% Ni/Si0,2} 27 wt% Ni-Cu/SiQ, &2 A 23}%] o
ool YL kgAY 23| 3Pslin)

2:3. U3 AH

EE RS AL S0 E 2] F el A,
Hg7]ell ol 1ge& Fxlsta 531 FHAAelr Bzt
Ada g BeES AAR] 98 W] 2EF 10C/
min 2.2 150°C7}7] el Fot Ak 7| E SollFo
2 FeRdch Aag s f4 7)AE EdA
150°Coll 4] 308 %3} 5, 10°C/min o2 350°C7}=] AF
FAA 247 B S E SABIEG S A &
AL 7|AE EF0E Eo 3087} degassing® F,
Ao} vhE-& S.V.e} ¥oboll BAl F4sle uks Al
Zp & 3087k AlzkE Fof Hbgo] bR Aele] o]
2gty 7 $-49-2 st} metering pumpE
9 FoiEs v L 7 Wk Bl e
o] T EE vholdS 2Aslg e, vk GC
45 &3l Bobe Halslsdo

€

24. BM TR U BY WY

¥47]712+ Gas Chromatography(Hewlett Packard
5890y AHg-std e, Wighg 2& kg F A4 7hs
gt 7}~24] H,, CO, CH,, CO,, H,0, CH:OH, Dimethyl
ether, Methyl fomate, Formaldehyde % H,, O,, N,, CH,,
COE #2]35}7] $8] Molecular Sieve SA column(60/80,
6 fy7} Yz & £alsl7| 98 Porapak Q(80/100, 6 ft)
& A3l

10-port Gas Sampling Valve(GSV)E- Sequence Re-
verse WA 0 2 A ]ste] B4 rlAe] GC 3] o2 HE
column 1(Porapak Q), column 2(MS5A) 22| 3 Detector
712]19] {25 x=4slglct. Detectori= TCD(thermal

Column2

Carrier
7 ® 5%\
8 4 Detector
Somple Out
In
Loo
P OFF
Column2
Detector

Fig. 2. GSYV system-Sequence Reverse method.

conductivity detectory& ARE-3l9lar, 24l 7] A& Arg
ARgstedct. 7F B9 weight factoris ZA Faled A}
23} o). Fig. 20l GSV system2- v}ehg]c}.

F-H o 2RE dojR datals WEREe] AEE, COY
A, COo| +&2 1 &4 HEE Adsgded &
zke] A4kl ohe3t ). oj7)olA e HHEAA
& F vuhg oiske-g 233 RE C 4 e
viepdict.

Conv.(%) = —EC_ECM—GOH @)
co
lec.(%) = —— 20— 3
Selec(%) = 3¢ “MeoH ®
CO ol
Yield = 2O g0l 4
*%%= "McOH mol “)

3.gu 3 o

Ni/Si0.%F Ni-Cu/SiOl oial 24 ¢@x)-& ALY &
+3F A3 NifSiO= 18 wt%, Ni-Cu/SiOz= 27 wt%2
vhebgtizt]l 2 o7l BolR] gk}, 22| E R o]
F22 7 Zvlo] 7|E GAEE A2 18 wi%, 27 wi%
2 ARg-3hsict.

18 wt% Ni/SiOy5 1 g 5318} Puon=0.2(atm)Q o

Energy Engg. J (1996), Vol. 5(1)



68 e - M

10,000-30,000(h") 8 ¢l2} 7 S. Vol s} 150-400°C2)
£ Wslol] o2 Zujo} A& n| 2l Fig. 3of v}
ehligic). 8.V} 2k2 Z1 5] £419 2 300-400°C Ale]
olA 100%9] A8 Kol gl o} LE SVollA &
2o} Aol wel sl 234 7asicprt g
£o| 100%~ Este AlAN FAF] it
A s 7] RAGES A A A vy BE
S.vel| disl &= A<l @2t CH~—CH, H.0—CH,
HO0, CO0 &22 My &47) Jebtew, AAdsre
CH,>H,0>CO%} #Zgkc}. ol Z+ whezAd] sl
Co9) AAe] 7l He YALE o)AbollA CO A4
yhg el Hukgo] uhg £xrt A7) WEd AR
Halch

Fig. 4ol 18 wt% Ni/SiO, 1 g& A8 2% S.V H3}
o] & 582 7} kg 2% oiE] Veldgon] o
714 =ekg Be 7h SV sl dAEA 022 &
28t S V7L F718e) wiel &L 7hasle
& Holxw gled), o] A FEE W3 A2 v
L 300°C o)AtelidE o™l YAFF S.V o]ate] 7]
AR = F-go] w-¢+ Hz3lvhs Zelr}. o7& Fig.
3oll4] o) wle] z3}-Eo] 100%e) o]E2x|at A} F
Zhashe Aol 2 galald], of7]olA Ni/SiO, ZmiAtol
A ek Fal uke-A] Hbgxo) Higk CO A= Ee)
Bk A e #lg 4= glr}.

Fig. 5o 27 wi%<] Ni-Cu/Si0, Zwjo tia) Ni-Cug)
FA& Wiz A7] 79 S.V=20,000 h-1, Py.os=0.2atm?]
o Zuf Aol wslE COo $&EA Jehfgdch
300°C ©)3}te] koM A FojlollA] &9 o7}t
a0 =4 gpo} vk E) 300°CE W omA Ni/
Si0= £8o] S3H4F ¥k Ni-Cu/SiO, v+ A13]

100 T
ol
801 _ o 10000
Z ol 15000
5 —a~— 20000
5 S0F —y—25000
»
o sol —e— 30000
S
' 40 Conv.(%)
g 30 t Selec.(%)
3
Q

20

) R Y
250 300 350 400

o
N
=3
=3

Temp(°C)

Fig. 3. The effect of temperature and S.V on a decom-
position of methanol over 18 wt% Ni/SiO, (conversion
and selectivity).

ol X|Z3 HSH H|1E 199619 3

. Hl-xj%_ . o]/\ol—\E} e R - 5

A= &S 2957 Qo) o] Ni-Cu 334t
5}E2] synergy AFE HAF= 712 E Nithd AMg-3}
& gl zollx] Hurgo] FA3] 2=
CO AAo] 022 A3}

Fig. 6ol Fig. 59] 7330l o3 150-400°C2) W3- %
W ejoll i3t Cu/(Ni+Cu) v]]H3lel] w2 g0 Wi
E Jehslsdl, 300°C7A| = A 8|7 el E &
dle & Aol7h glort 350°C olelde EAMIZE
0.25-0.75Q1 WA HRY +8F 7HA 2, Cur} Ni
Fd Sujo} wlwste] synergy A7} U5 & 5 9
o} At o g wofa] Curl £3E 2uj2] 724
Ael el Fow 7 FoA T Cu/(Ni+Cu)=0.754 o 4=
go| 71 F& 722 eyt

Table 1] §.V=20000, Py.os=0.2, 350 o o Ni:Cu %
Au)] Wzl g o 4 2D AAE] AL vE
st

Table 1614 NioJu} Cu ©d Zwfe} Ni-Cu 0]4] Z+f

22 % ot

1.0

—e— 150°C

OOt e 200 Prreon 102
08| —a—250°C 18wt% N/Si0, .

—y—300°C TTT—
OTr _g-3steC

06| —A—400°C

3
05}
04t
03L A

A

0z}
0.1
0.0  —— .
10000 15000 20000 25000 30000

S.V(bY

Fig. 4. The effect of temperature and S.V on a decom-
position of methanol over 18 wt% Ni/SiO, (yield).

Yield(CO mol / MeOH moi)

1.0
Y
09| —e— 27w%NissiO, 4
ol ~E 27w NigyCuy pSi0,
[ —a— 27w N Cu, ysiO,
"g 0TL  _y— 27wt% Nig 5Cuy ,,/SiO;
T gl —e— 2wwcwsio,
?
s sl 8.V:20000
<
5 o4l Pmeon:02
g
Q a3l o
Q 4
o
3 o2
> o1
0.0 i L L
150 200 250 300 350 400

Temp.(°C)

Fig. 5. The comparison of yield according to the vari-
ation of composition ratio of Ni-Cu over Ni,Cu,/Si0O,.



Ni-Cu /SIO; Zu] Atolx)e] vee 23]

o) A% AT 2A] oI WY Ae]F Holm 3
£l NifSio, Aell4le Coxrte YA E2A CO,
st CH7} 52 A2 CuSio; Aol e CO 44
9ol yuie A E24 CO, CH, HCHO, HCOOCH, }
ek, 2 Zo14 % methyl formate7} Areek 44 5]
&= 7102 vehydr). 2Ev Ni-Cu/Sio, AHell4 & Cu/Ni+
Cu) w7} ARl e} CO8 24 Foleln $ubgA
AEe WA 7S 3lo] Held 0 HUEg welF
At} o] Agela] FAL] Ni:Cu ¥)= 025:0.758 AL
= vehee}.

Iwao™o) a}2 9 Nix} Cu Evjl= 2zt Trof4] ukg-
B AAE 2 FAL 4 54 A2 s AR
7} detd oz Eu el gle] Aol & wHAIAZITH
A=
e Aol2A Ni B e siggo] e F2a
methoxyl 7]} F25aUA17}F vk v, Cu 29
e vlalz) FAT e EAUY Sable] S
sh methoxyl7]9) 447} WHgate] Wpsrt Yol
Ak Nish Co Edlold Yofhe wge) ¥
mechanism< A &]s}A o}-&-3) 2o}

(2) Ni A oj|A] 9] &8 -3l mechanism

CH,OH(g) = CH;O(a) + H(a)

CH,0(a) + H(a)— CH,0(a) + H, (rate determining step)

i » —* \

°

5

5 v —e— 150°C

3 _,__,—v/ T —e-200C

>~ —Aa—250°C

g —y—300°C

o —e—1350°C

o i

g —— —4—400°C

3 .

& Pyieon 1 0-2
- »——1 S.V:20000

0.00 0.25 0.50 0.75 1.00 27wt% Ni,‘Cu\/SiO2
Cu/(Ni+Cu)

Fig. 6. Activity comparison of Ni,Cu,/SiO, according
to the variation of Cu/(Ni+Cu).

4 Al IS B A

Ll 69

CH,0(a)=2 CHO(a) + H(a)
CHO(a)— CO(a) + H(a)
CO(a)2 CO(g)

2H(a) = Hy(g)

(b) Cu FEriellA]9] wjeh2-
CH;OH(g)<= CH;OH(a)
CH,OH(a)— CH,0O(a) + H, (rate determining step)
CH,O(a)c2=HCHO(g)

2CH;0(a) 2 HCOOCHj;(a)

HCOOCH;(a) = HCOOCHx(g)

Toyosaburo et al.”]] @2 Cu-Ni-09] 7-$- 8- 3}
AellA] free Ni2- vtehdz] ok 34 Cudl 33 Hef
2 vepten Cud] 2Ao] & Aol free Cur} e}
wteh. o] F Al Ni-Cu Zvje] 7%l free Nio] A=)
e o] Ni kel Zejolld sk A9se) Frha
REREEENRERDPECE B

Fig. 79 27 wt% Nio2sCuo/Si0; 75 1g $413 T
S.VE 20000h", W2 =& 300°CE -FA|3PHA vt
£ #5he WEA Ao el WEE e

2.3 mechanism

1.0
[
~ 08¢ Temp. : 300°C
g S.V : 20000
jeny . 27wt% Nij ,sCuy ,4/SiO.
© Mo.25-0.75 2
% 0.6 | \
= N
g 04} \
8 =
.\6 \
E 02 L .\“
.0 . 1 ' 1 s 1
0.1 0.2 0.3 0.4 0.5 0.6 0.7
Pymeon

Fig. 7. The effect of Py oy on a decomposition of me-
thanol over 27 wt% Ni,;sCuy,5/SiO,.

Table 1. The comparison of catalytic activity and composition ratio of products over Ni-Cu/SiO, (S.V=20000,

Pyreon=0.2, 350°C).

Cumiecyy OO Selec. Yield 24 (%)
(%) (%) (cc/min) Cco Co, CH, HCHO HCOOCH,
0 100 1.24 0.78 1.24 27.37 71.39 0.0 0.0
0.25 95.06 96.76 58.25 96.75 0.0 3.25 0.0 0.0
0.5 93.58 98.65 58.46 98.65 0.2 1.15 0.0 0.0
0.75 93.41 99.06 58.60 99.06 0.45 0.49 0.0 0.0
1 81.15 85.0 43.68 85.0 3.59 245 0.65 8.31
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