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Abstract

Methanol reforming reaction CH;OH+H,0—CO,+3H, was carried out over copper-
containing catalysts which were prepared from copper hydroxide and a variety of metal oxides
by the kneading method. The catalyst prepared was characterized with the help of DTA, IR,
XPS, AES, chemical analyses and the amount of surface metallic copper determind by N,O
titration. It was found that :

1) Anions in the starting material of copper hydroxide were held on the hydroxide precipitate
during the course of the catalyst preparation at lower pH via ion exchange between the anion
and hydroxyl group in the precipitate. The anion thus held or its fragments remaind on the
surface even after calcination was carried out and inhibited greatly the reforming reaction. On
the other hand, such an anionic group was thermodynamically unfavorable to be exchanged
with the hydroxyl group at higher pH. The catalyst prepared at higer pH was, therefore,
highly active for the reforming reaction.

2 ) Cation of the precipitant such as Na* or K* was not incorporated in the precipitate, so that
it exerted no influence upon the reaction.

3) The surface area of metallic copper greately increased when copper was kneaded with
silica. This resulted in the increase in the specific catalytic activity (activity alloted for the
weight of copper used).

4) Turnover frequency, selectivity and the actvation energy of the reaction were held con-
stant irrespective of the catalyst preparation.

5} Support employed produced no chemical effect upon the reaction under the present ex-
perimental conditions.

6 ) On the basis of the above,a highly active and selective catalyst was prepared in the present
experiment.
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Bz,

2.2. Rt
27— CEHALE, ) EERBAKOmE N EH A s T 4 — S —TEERRPIoE
AGAL L 72, SRS A O1C BT 2 £ 3E % 96ce/min, KRR Z /=N FER T L 0.24 R
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oM, BHENX > T 7 7 —2 5 212 DTA (M3E# 8441A 1), IR (H1 215), XPS %
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n=—139) KU pH A — 77— (HEHEK Model HM-15A) #H v 7z,
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Table 1 Preparation of the Catalysts

Catalyst Cu-Source Alkali final pH At(oé?li:c]vlfea)tio
Cu-Si(2) Cu(NOs), NaOH 6.5 1:2
Cu-Si(8) Cu(NO3), " 7.74 "
Cu-Si(12) " " 10.53 "
Cu-Si(13) " " 12.16 "
Cu-Si(14) " i " 15
Cu-Si(15) " " n 1:19
Cu-Si(16) " KOH 0 1:2
Cu-Si(17) " NaOH i "
Cu-Si(18) ” " " "
Cu-Si(19) CuCl, " " "
Cu-Si(20) " " 6.51 "
Cu-Si(21) Cu(HCOO), " 12.16 "
Cu-Si(23) " " 6.52 n
Cu-Si(26) Cu(NOs)2 NaOH 12.14 1:34.7
Cu-Al(5) " i 12.16 1:4
Cu-Mn(4) " " 9.3 1:2
Cu-Fe® " NH, 9.6 1.2
Cu-Ni-Si " NaOH 6.7 1:2:4*
Cu-Ti " " 6.7 1:2
Cu-Ca " " 6.6 "
Cu(3) " " 12.16 support-free
* Calcined at 400" C. * Cu:Ni:Si=1:2:4.
3 # e
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(1) kELsER%pH o028  MEBHOIC BT 2 &8s 2 RIGRECH L 7o v b L
AERO—HE FiglIomd, £ L OKRERETAERL, TS L THEn—BE{LR
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USSR B4 2095 X — % — (H,/CO, & 18 CO, /(CO+CO,)) o fEiz, pH 1ok T —EllE
#5772, X, %7 A—%—H,;/CO; B 1r CO, /(CO+CO,) L, 1TiT3 KU1 THY, SR
IZAZ /=0T 5 =3 TRIBHEIT L T B Z b b,

2) KEBBILSEOHREMBENEE fErEA 4 0B, 2MiEs HEWEE L T, HEenpH T
FHBY L 7o KEE(LER % B v 7 R o BUSES R 4 Table 2 (277 L 7z, /KEE{LERFR & pH 25K
8, HREWEOBBEEKELZFIT L2 Ehtbhy 5, WL 2 MREWE & L2540, pH=12.16
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Table 2 Effect of the starting material upon the reaction

pH where hydroxides of copper are precipitated

pH=6.5 pH=12.16
Copper salts I'yz Yoz Iz I'coz
Cu(NO3)2. 3H.0 10.85 3.01 48.29 12.96
CuCl,.2H,0 0.88 0.06 24.75 6.94
Cu(HCOO0),.4H-0 22.08 6.94 55.24 17.51

B E, pH=65 MM 30 o R L 72, X, 2 OB A ol BB BTl
BURG g 4R % Al il 2 o~ U CIETF L 72,
(3 m@%%%%a@%Ltﬁwﬁum%ﬁ kmm+LUﬁAm#bUmm@mﬁUWA§
IKERILERAR I B WL, Z R OB IR & ST, Sz
LIkME OB ES SN s 12,
@ fHe Y HhoEtnES WFEE, pH OB p K B 4 pH=12.16 TKE1L
e, MriRLoR L 28— ) 7 2L 72, #R e Fig 42w d, Ak
DU & - CTHMIE O (A E S D) 133 L CBARL, B\ I Cu/(Cu+S51)=0.05

Tld, SRR IZT 30 ot & JL?’:O =77, ZAuzxt L, BOCo#IRM: K% st b= &
NE— Fig. 3 ofiR & Rk, BHtop8 4203, ZnesoiiElTc, 8/ -} 75—
2 T ROBHSEIRINZEETT T 5 Z kb o 72,
3.2. MENRR:FrIIR)E—ar
(1) A8 pH nE& Fig. 5 (cffiz o) pH CHEEEH 2 & B L 72 i o KEg b DTA ghig #
A, 1 pH FH ST Ak EE L Cu(OH), it e — 7 L B S N 2B — 7 7 194°C (12F%
HHN 5, —F, I pH R T, :mr:_ﬁmuc: 240°C HifRIZ L 5 — DO E B — 7 HEE
HHEN D, Fig. 612 2 s KEE{L IR 2~ s L a3, pH=6.42 JL (¢ 8.02 FR iy ¢
1420, 1320, X 1 1048cm™ (WU B E 1 5, “"ff, RisWshiek)ic, pH=12.16 .Ju]'z%
i 3 T3 2 OFEBICWIUZ RS S T v, Fig 712 & 9z 2 s olitid, DTA ovgiifilon
E— 7 A E 0 B 240°C LIz 5 2R L, T A SIc g R B Lo s v,
IS O O nitrato $MK ORI 27 R LS g % pH BB T, TEEES A L i —
AL B R 4 4+ > —O— N<8 ELTREGERTL I ) A N T v b SRR T 5, 2 kgl
oy DTA K USRI 27 FIVIZREEE SR 2 105 L3 Y, ol TIE A A &, s
WMBWE Th BRI KBRS AL 2L D TE L W2 09 h 5,

pH=6.42 TR L 7280 KEEL 2 KER (L b ) 7 AT 84 5 &, (B o pH (24
L, @RI iliE A 4 opiisth L2z, & o OH” oo dit & NOs™ oofnieonkbiz 1 0 1 ¢
Btz KEEL R O —RCR TYREEE A A > X IERPOKEEILIA Aot L 14 F L RikhE
THZ b é N, FRUCEL W, OB EGEEE A A2k B DTA v— 227 L, KEE
B L ae— 7o T 22 b Fig 8 bbb, ZOBRICA A acffil 72 NOs™ [3KER L
o313 25 & m% Ll 7z, —F, sz, KEgkEH Cu(OH), % iRk ismic %y 5
b, FEHORHmAAE S f2, TN ORBEERE LD, KEEICETERRIENC B TRERLE & BT
ok 4 o BT RO A A 2 a8 B 2 R A,

Cu(OH), + X~ =Cu(OH)X +OH~
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L72dt- C, 1k pH TAFR LR 2 85 5 &, LsdiBiza L DIC% ), B8k alE 1 £+ > »iik
Bz AEn st L, @& pH i, KEE(LHE CulOH), izl d 5 LT 5,
Fig. QIChm M 2 M BEMHE L LT >oME 72 2 pH o8 L 72 kB L 81 % 7 o 72 it
Cu-Si (2) & Cu-5i(13) ?, )75 — 3 > ZEIMER 0 XPS 27 b L2077, i pH M
e Cu-Si(2) T, BE =398eV Kz, MIEWE R OB T o o EE N L H 2
ENbE—7hd 5N A, —7, & pH TiMBE 7z Cu-Si (13) T, 2o — 7 3o Tl
By, RBLEREE CRRELICHU D A Z NEA A > B B F I L, B A B d y;l'u?%”‘
EBOWTLEFL T b Z bbb, 1% pH SR KBRS TR T 2 SR % 5
BRI A L 72D B UG 4T - 74 % Table 3 1253, @M ki@ Az & '),(E}l’ifyf
EXIKTT B enbhbd, Lizd-> T, TNENDEED S, Cu-Si il FiEE 4 T 2 KiE (LR
L pH TIT S &, IWEWE DA A > 2B DA F 11, KIS 2 Kk E (HET 2 L iR
b, L72hs» T, Z0fii, MEEME  AER (LR pH R OER L 2 s nwBie 21T 5 &
T 5,
(2) KEMLEBRRSLCAH Wz TAh Y e F— 2R T, KRR I 7
TN OB A A > OFERHTE 1T - 3R, i ;t DA A ) AFN T nZ

Ehbhdrotz, THUE, AL L CTHGWRTAA Y BRI L TR SR S 2 v E vy
3.1, (3) R L rJr’ﬂ’H]Té
(3) EFitoxg EefLii & pH=12.16 TR L, o U » L iEfilh2iE 2 L2 THBL 226

iﬁ@ SO Blféét\f?fﬂ@:f“fﬁﬁ’ T O F Dl & RS kD2 F— o F— HEEE % Table 4
SR, LN LIRET 5 EE L EBMETRE AT 52 Ehth B, Scholton 5Pz L7z
ﬁ‘b‘i?TﬁlfJ‘ GIBSANR TR % 5 5 &, SR 200 W 72854 T3 3000A B TH B iz ¥t
Bk Cu/(Cu+Si)=0.028 » Cu-Si (26) Tit, 11T 150A THE, LoL, ZHkIkK

X RHRDH B VCIFHREDE L bbb T, P2 TR L > TRECEST,
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Fig. 9 X ray photoelectron spectra of copper-silica catalysts
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Table 3 Effect of nitrogen oxides upon
methanol reforming reaction

rate® Before poisoning After poisoning
Iz 54.64 ccSTP/min 19.23 ccSTP/min
Tcoz 1579 715
Tco 0.07 0.032
T'ncoocHs 0 0.066

* g, ete represent the rates of hvdrogen

formation etc at 220°C over Cu-Si(18)

Table 4 Specific surface area of metallic copper, particle size and
turnover number

Catalyst Seu Particle Size Dispersion Tz Turnover Number
(m?*/g-Cu) (A) (%) (ccSTP/min.m?Cu) (sec™)

Cu-Si(13) 28 04 240 5.03 1.72 0.045

Cu-Si(14) 33.92 198 6.09 2.20 0.058

Cu-Si(15) 27.44 245 4.96 5.98 0.158

Cu-Si(26) 45.08 149 8.08 1.59 0.042

Cu (3 2.11 3194 0.38 2.49 0.065

3.1, (4) o ~RSIC L AEEDHE KT, SREMREHEOEMIIBET A LOTH L L5k

T 5,
3.3. #EEOHR
Fig. 10 Ko 1Ltz & BEe b &R L 2 £ 5 JOSHHR %, HolzgithosE A

T NEREEEICH LT 7oy b Lz, Bib=v A28k L THV2E A2 B E, EHEL
I ANKR = OSBRI A L 2Bk EE T —ETH L2 b h %, Cu-ALO, v
Cu-MnO, Iz DT, F— > A — S JHE & KD 7245 R, Zoftiz, Cu-Si0, M -T2 721
IF—E L7z, LEd-7T, INs 3. 1RU3.3DWERY L, &R BN X il
WARGWLARER T, Bty 72 HEE L THY2SE6%2E, KBS 2HMEN LS
BUshRid e <, AR BICERIMEEEZ LT AEIZHE L T2 THAZ L bh b, —
B, Bib= vk kE L CHCREEE, 45 /=) 75— 3 ZTEIGOBEIREREL <
KL, Fig 111245 £ 912 CO, izl L 280 CO pERK L 72, RUGHEHT, Bfb=> 7
NHEB= Y 7 IVIERTTEN, FOLIILTERLEZEB=Y 7V LT, 4%/ — LSRR
5 CHsOH—CO+2H, 25 RiBICHEIT L T b2 TH b EEZ LN,
3.4. T ERAEMEE D&

S IR 2 DRIGIZH R & T 25% 2o L3NS THTIN 72 L Dd kS ZL#"'
AT = IEREIETHS I, :ﬂt’olé‘éﬁﬁf@ﬂ&'n%ﬁﬁwf A=) T x— 3 TR 75:
1o 7258 % Table 5 (2R ¢, BB T S8 ) OFE ML, FETHE L 2iEr gL SvwEE2 5 2
72,
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Table 5 Comparison with Commercial

Catalysts
Catalyst Rate of H. fromation®
Cu-Zn 6.5 ccSTP/min. gr catalyst used
Cu-Cr-Zn 13.2
Cu-Si(13) 15.4

* Obtained at 220°C
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KEEALH & By SR L 2 -t ¥ /=) 74— 3 > 7RG CHOH +
H,O0—-CO, +3H, R U ZF Dl X » 7 7 7 1) 2—32 3 > 11wy, LITO#E» 472,
1) KER{LERF S o pH 25 i A 1, IMBEWE DS A 4 > AKE Lo KEE LA A > & A
Fafl, M) 2 FMBNEEEE L CIRT a5,
2) HE ) ADRBUCL - TEBIOFENMHAE L CBRL, 200 CBEEIE L L (1S
K L7z,
) SR L, F—> A — 3, G AL X — R ORI S 0B 120y 8T A — 7 — 1
I, LA BT S L THCABAE R K L TEb=y 7L Z VA& RIS, Bl
&4<.J%3""’t Kire§—El% 5 272,
4) Bb=v 7L gk e L THv 842Kk E, BARGHICEEMNRIH NS¢ 51H %
WTBNATHY, BUBIZXT 2ILF0AT 2o v,
5) L booisst A 2E L 2R, SR ORRMEoE R AR TR Z LT E T,

Z OWFFRD— L SCERVE RIS L VBRI AR IC & - TiT bz, 22l E R
LEd, X, o XPS Rur AES Hlg 2 ik s, ARLime L (it Lf’/«F#ﬁFﬂS
P, SBIAEERENEOEBR O~ EEL I NHEFER, I OWEOVIHOBRIC
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