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HeH 1L 2ME 100~300 SAREDOIEHITAT CO & H. OREED LITKIETRROPEE LM
L, 1§ CO @ 2 # 7 = A ~DSHLH & BIE o I i B & M O BUR/IHRM X b 3L A .
WEHELY. 22 7 ~a0biEbFSRT A2 —ny RBCERT 2EECHWTHFE i
O OB L 1T 0%, :

S &) ##&—&&Ei&ﬂ:ﬂyl—lbﬁﬁ-ﬁ?a%

(D ARRU—BEREOHE . :

AKREMOBMICEKS b OLRA L. ZOMERAKII%, BECIZTHE. —B T
LSRR L B & D BAEEY IO THEL 7o OTEAT CO: ¥ T h Y RHEL b DT o
CO=91.6~91.8%, CH,=07~12%, 0.=02~04%, H.=62~6.5%, N,=1.2~2.0%, CO,
—Ji~02% DMBEMIRY £ L7, HELBELCBALT CO:H.=1:2 OHXfEAD
R Z OB H.=653%, CO=32.7%, C0.=0.1%, 0.=02%, CH,=06%, N,=09%
Tdofe. WA EWIZ B0 RO LIFH cFN CRRMT LT U EOHIRIcHNTH D
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KMnO, itk 2B A ER bW D, 2% 7-nOHEE EECASIRRETAFE~

F, B ¥ v, KASORRYTI~ECHENTNLOEREOERE RTARKE T
FROHRBE R L HKIBLTA 7 / ~ A OHBER LT X ) ROKPEOER LM L.
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Na 1

| BFHICT 4: 1 00T, EOXEO I RTRIFE L SHAIKO S OTHS. ROKEE

No. 1 L L,300ce. (StoiBfrir 138.gr) R8N Lie. UEORAFOBEDELE B~ BEA
r LEHMIC KD S HE, H2 IRDO T LY LIURBILAEL Ok No.2 2 LTHALR
No. 2 OREMF M-SR 107 L& b No. 1 ok 046 r gz 232 4Tk 3. Wi
No.2 b < 800ce %AEM Lz, BREELAE NS L CRS b KX (R R
HLTHR. ' '

G REER

g OF5HIE Table T J4Z Table 111 1z —iF L TR % Table T e ATRAELITRIZ K
FE11 80, (R 19°C, NEHVLHIMNG KR P IC M OB ek L, T 10°C Td 5.
i R L At < BUBLEST A RO 98% 1o L CikoMio Oy Ny HRIRA E—EofiE
RLIcDTERYHWLASO S D, Table II duciiE s LT CO & CO, kKB TRIEL .
fo. BHNEBP OB 01%C CH, Fv 71 »8P3RA EBATER V.

Table 11T iz #fkd: O REREE L bR TS LR OB I Rl R O EOEY

EhD. .
Table I
Experimental Conditions.
Calalyst No. 1
Exp No. | Tempetanice Totel Bouch Mempemant | Bai G | Condonate

= (°C) : (kr) ‘(m3) (g |
"1 350 105 a2 28.9 302
2 350 210 13 16.05 420
8 as0 300 2 2.0 119

Catalyst No: 2 ) |

4 330 100 13 16.2 458
5 . 330 "100. 12 15.3 416
6 230 200 10 12.7 567
7t 330 300 9 9.6 808
8 330 . 100 7 8.0 218
9 350 100 15 16.8 a7,
10 350 200 7 6.9 451
11 850 300 b 49 548
12 870 300 7 8.4 B44
13 ano 200 6 5.9 435
14 370 100 7 8.1 206
16 400 300 | 9 7.6 663
15 . 400 200 10 10.6 420
17 * 400 100 14 15.8 174

3)' Smith & ITawk, J. phys. Chem., 32, 414 (1928).
Cryder & Frélich, Ind. Eng. Chem., 2§, 867 (1920),

NN AL, dibid, 16, 71 (BH7).
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Table 11
Result of Gas Analysis. ‘
Inlet Gas Exit Gas
Exp: No. CH, %
Co % 0, % Co % CO; %
1 31.6 0.18 . 30.6 0.65 0
.2 31.3 0.16 3.1 0.28 0
3 35.0 0.15 344 {0.20 —
4 32,6 0.15 30.2 0.67 =
b 33.3 0.15 31.6 0.54 —
6 338 0.25 31.8 0.56 0
7 828 0.15 311 0.50 0.8
8 319 0.15 29.9 0.70 —
9 328 0.15 31.2 0.53 0
10 31.2 0.15 29.9 0.40 —
11 32.6 0.10 3.7 0.54 0
12 352 0.25 317 150 0.4
13 329 0.10 31.6 1.40 —_
14 324 0.20 314 053 —_
15 341 0.15 30.9 3 -
16 33.7 015 - 3114 2,20 —_
17 34.0 0.14 32.1 1.10 0
Table III g ‘
Specific Gravity and Refractive Index of Crude I.iqui:? Products.
Exp. No. ~Purity (%) bord ol
1 80 0.8457 1.3338
E 92 0.8138 1.3347
3 96 0.8035 1.3325
4 95.6 0.5046 1.3330
5 96.9 0.8007 1.3321
6 97.3 0.7997 1.3328
7 97.8 0.7981 1.3305
8 95.8 0.8039 1.3330
9 96.3 0.8026 1.3319
, RO 97.3 0.7093 1.3310
11 ; 08.3 0.7964 1.3309
12 08.3 0.7066 1.3219
13 97.9 0.7980 1.3319
14 96.9 0.8009 1.3320
15 0924 0.8135 1.3360
16 90.4 0.8194 1.3370
17 82.8 0.8390 1.3322

1
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*Kic Fig. 3 iH7EE (Exp. 4) O ¥ ¥~ =T 2 St e 2 b0 —M &
ALy, B 20ce. KO* Occ. BHEOWE LSHE 1°C LUFTH 5. 190cc. F#E2 5 & Eill
Bt & D EERSIE ERT 3. RihREUOTTRHBOREDOSHE L B LB 5.

6) RBRROER

(1) REEEHOERO LICRFTEHOLE

B4 No. 1 ¥ HOAEBCRTRSI, BHOLREXCHTGRERNOLER VR
BRLLTED CO, ofRBEIRF208RbN0%. R No. 2 kitth3ic No.1 0dff
Aicsi L TH UEROARFERS 370°C LT CRILOILTELSFIR ) I CdDre. EHREE
DHFE e =T 7 MNERRECcMFEEREL T HTAEZ LR AKICL B EHBAD
N BEBFEHORKEALT BT LRI No. 1 OPE L —Flr. Bk ) FRERA—H
ECREBEHEOARS 22 7 — A 8Bb03 2 L3 TES. XEHAFHERER
{LEIRE No. 2 08 CO: OAHliEROFHMOTA L i 2405 sHRAKCER
HED 2 5 7 —~ 2 EIRDFEBCRTREL L ATH20:5 CO: D&KL 2 ¥ 7 ~ n R K HRIT
HLTHEMZRBETH ST L58likns. CO; DARIRME > DEEIFE~bILIHR
DZDORTH D TIETH B,

2C0=C0.+C o N (D
2C0+2H.=CO.+CH, _ @

(1) SRR LB 5 O R GBI OB o i O5#ME, WO HZOBILY
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Bl b THETHD. NI AOWRTRSORE* 7 HFRAL LN IZBHMLTHE LN
DCHLRIZBEILTFO 2 2wk WRICEH THH+T2 2 L1 EiR W LEBWOCRED
@)Ricks €O, DEREE~DSD. (R0 CO—+CO;y @ 4F i dFgy=—19526, dFgpn=
—1801° L0, ThibHETREK* DR LAKBEATD CO—CO, BFhA £ 100 i
v, HOTHRAOMERER LA 2 7 7 -2 BESHORELIHNLTY ), *0iFHo0
BERSECEDEATWE L ERTLOTHS.
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4) Smith, Ind. Eng. Chem., 19, 801 (1927).
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(8) BgOAHERLRTTEACES
%5 CO —+CH,0H OB TRsitafLlthy B2 0EAM Sk CO - CH0H
‘ ®E1E$&ﬁfl!‘i'ﬂif Table IV 4§ 5. BLILOHEICRES. KX v iTRLT
oL F.‘szﬂm VLRI MR (N.T.P), PR @ CO %, il 2 5 7 — An AR R UHIE X b
K 225 ) —rBETHUR. 10°COBHAERUTHROESKE AR b &
HEfFas 2RHBMILTFO 2 ¥ 7 - :uﬁliﬁ-ﬂﬂ& bEIREIETH Y . XA 2 J —AHIC
|5 CO EiGORLHMENHO CO DRicH L TRmBNAES. , ;
‘ co —»(,H,,OH OFIEWE B L O L OCH 3 Hkom L TR, gt CO:H,
r 2 DIWEHUS & RFHCATHBO CO # CH=0H e LS8 x 1K
ata: kTR~ b3 .
T x(3—92%)° Py

A= K @)
_ L P pHH2MH,
o feamson __TanoH
o K‘_fmxrﬁz T Y0oXTHa T35

. BL fon fiw fomon, RO 700 THy Tomon BRZX U).ﬁ.lﬂi’ﬁ) partial fugamty R&IF activity
: _ coefficient TH 5. L TitOROBERIc R

fa=Nafs : ' @

Pa=N,P (5)

R BWESEELTS D, (OREHRAMORS A © fugcity RS L F CIRE R TR
HTOMEIRD fugacity £ CrOEMDELRE Ny ¥ REZORFLWT L ET%RT
%. () |& Dalton OSMERC Tk (4)ﬁ.¢,uz\-ru,w;,zamm o 3)%ix CO:H,
=1:2 miachzs CO:H=1:b mﬂéksrx

y(b+1-2y)° x(B—2)° ®

(1—-y) (b—2y) 4(1-x)°
LT CILON aease=rid y RO DT EHHAD”. @R ORI v CO
Dry 7 —ibftﬁta[ﬁ'fE:-!ﬁ‘“"a‘kk@ml&nuf&fl)ﬂhii4"’ KD Y, RoAiBOURE 4

1 #2989 CH L HAMEEL LT 99, 197, 205 HREHIOL.

' K, Offiit Newton-Dodge® © K; WX DPHEL TR®Z DL Newton®” o 7 @k b

. Temso®: 700, Tina ¥R K, L5l b CHIRNS L —BTADTENLED

KDMPIERILTAZER 2 OLEL.
)tlt Ke @fﬁiﬂ:mﬁmmﬁs&a#ﬁtmurﬁﬂ&immﬁﬁénk«@ﬁt Ewell® o%i

L]

5) (i~ Wettherg & Dodge, Ind. Eng. Chem., 22, 1040 (1920).
8) Fwel'! Jnd. Bng. Chem., 32, 147 (1840).
7) Audibent & Raineau, Ind. Eng. Chem, 20, 1106 (1928) § CO:H,=1:5 o @& s { LTRSLT

X g

B!

"; Ra.

! 8) Newton & Dodge, Ind, Eng. Chem, 27, 577 (1935).
!;_A 9) Nowton, Ind. Eng. Chem., 27, 302 (1935).
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No. 1 7k & —RICAEK & DBHREBIC T 2B Do BRIET 57

BRE DB L A tmxmK&nwﬁ$®E&ﬁﬂﬁoﬂﬁénkIqommwﬁﬂ 30
THLUERMN L Y LULOMRRY MO 2P & T

BLIFAI L7 Ke ©fifitt dF° SSIE0REGETH ~ R CH 506 4F° LIiEMcRD " g
' T Ke EMAELI 0TS, ' <
. - A
K: offi . . n
i ‘mﬂ B sy 850°C snec a00°c S
29 0.680 0.705 0.728 0760
197 0.465 0.498 0.530 0.577
295 0.338 0.372 0.404 o.(;m
Kr 0% ..
| g °C AF g Ks
330 . 11250 8.453%10~5
350 12400 4.510x10-3
370 13552 ~ 2505x10-5 '
400 15279 - 1106X10-5 ’
%
Table v 5
Ratio uf Observed Conversion (%) to Theoretical Equilibriumi Conversion (%) I‘
in' Case of Catalys: No. 2, T
a J Reaction _ El‘fe::tife Conversion Thearetical Ciiiasn .l
xp. No. 'lcmgcmlure Pressure ‘Found ¢| Equil. Conv. Ratio
) (Atm) (%) (%) -%
‘ 4 330 29 80 29.4 0.20 h:
5 330 99 5.8 29.4 0.20 ' L
6 330 197 9.4 58.9 0.16 A
7 330 285 159 72.9 0.22 s
8 330 e 5.9 20.4 0.20 -
] 350 9 5.2 193 0.27 :
10 350 197 13.0 47.9 0.27 i
11 350 295 19.8 64.5 0.31 T
2 370 295 227 549 0.4 :
13 270 197 141 36.5 0.39 p
14 370 99 5.3 121 0.44 3
15 400 . 295 157 39.1 0.40 M
16 400 197 7.6 21,7 0.36 N
w . 400 99 20 . . By 0.35 .
. ThHDMENBTE R X b 5L 2 MR ERMLEOHU Table IV 5 o m ¢ & 5. J
BEDFEIL S L7 NG M R IE & SR O WRRRSNL L Hili T 51T Brown & Galloway™ o 400°C,, :i

180 MR 19.5% % O° Wertberg & Dodge® o 329°C, 170 §MEDST% Ok -k  —5+ 5.

10) Prown & Galloway, Ind, Eng. Chem.,, 20, 960-(1928),
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Newitt 4™ ¢> 338° C, 99 FMEIC B 3 38% DT n£00 100 &M, 330° C iz joiF 2 47.5%
ORESIMLTHEL CETCBE BT LRNEHTE 5.
e o8Bk b LT Lashakov'® %% Beattie-Bridgeman OJRIBLHERPE Y Beattie OHMFIRA
' WOREHFERX VM OEFORDEEHOTHELR 2 ¥ 7 — L OFMFBREOM b 100 508, '
350°C It TH% CH HERICBT 20 THRA LB Y. Uro#EY, Friedner 43 Nemnst °
DIEPRAH D T ISP 2 ML (KR L B 2T L ¥ T H 545300 HRIC AT b
% L {—FT a0 EMTH I X Nemst ROLEWEE S METHEMORL 1 G)RICHKD
' C O LA kD THREICAD i RE i R L. .

' Fig. 4 RIS LA kofERFE2bOT

r . o) ’ 5. :
g 3 = L%t Table IV et THx D4R (%) TR
i : o« Tl R LSBT 1T ) BRI A O
. 5 T LRI B SRR
X AJA LT O AIVARLTERLABERTE bR
y A L ‘e RBicHERE LRI Table 11 1o
: 1 é;é;i’/ RENZINE CO:H,=1:2 k ) Ol
' ¢ 17 2 %0 RAHCE AL SO ME O RO THDIC
— Faessure (Atw) HT B b/ 2 OB HEREL ® ©
. Fig. 4 LEFEDBD. HOT RO ERE LA

RTERLELOUERD TERT B C—E
EEICATRBRhOMME ICH b FHRFRA E—EL RELEB3. 4 2 iBho kL
S|MET BMMEANE V. B2, HOMREE s KcBRcBbT208R%5. ok

C LR LET S HOKRE-BEOFEMEORKEL LTRUVLNTH S, O
RACLFEEOREL L THUR OGN 2 ERHIR* L B ) EHOMSBE TN THS. HHHE
DO RBTERE & —Eic ik BN ERHEE L D7cHE MEOITHEE & LB A & Thix &
BRI ) TREDICHET LT L ik kWi R M CHbIc L BAT L IXH

‘ LITHH 3. | ‘

o = B Table IV #4% No. 2 kK@t CiE—ROEE I B THRIED IR TEIE RIEH i [fR A ( Fh &

' —~ETDHETHERERIe. B2, BERALMIC20°C L5754 FERICEL (RS

: L 370°C i AdADiEE Y R L TH 2. 400°C cREioTHh FLTh3 sk

W, 2 fHx ajﬂ{lhiﬁ;i%f\'l‘oh%.

: MBI No. 1 [cgtTid Table V it Rbis o SRR & O N & i LS+
F-. BESMER LTe. AUEBOMENFEBWYEOR L T2 05 Tz (i 9, 10, 11 &
E.- -‘ 11) :Newitt, Byme & Sirong, Proc. Roy. Soc., A 1235, 236 (1929).

19) Lashakov, acta. physicochim., 11, 849 (1939),
13) RBeattie & Bridgeman, J. A. C. S., 49, 1665' (1927).
14) Beattie, J- A. C. S, 51, 19 (1429},
15) Fieldner & Brown, Ind. Eng. Chem., 20, 110 (1928),
* YR ) R R i R o R - !

A sl W bt "
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No. 1 7k & TR & P IRBREEIC T S B BRI T S

RAttds. < omBMfoBRek ) TBIOER Y R T3HREELHL-

Table V
Effect of Pressure upon the Activity of Catalyst No. 1.

Exp. No.

Reaction
Temperature

°c)

Effective
Pressure
{Atm)

Conversion
Found
Y

Theorctical

Equil. Conv.

(2

Conversion
Ratio

1]

350
350
350

288

19
5.6
10.7

21.6
50.2
64.5

0.09
0.11
017

—F, FCBACEZ TR No. 1 &RTE No. 2 OFTEE ¥ HBiT 2 72 0 2SR PR & Holg
LTR%. Table VI {EEOBARME No. 1 & No. 2 OfMLiLAt 221 T3 b koW
B 2.32 LIkic X (—BE L THBOIEAH (. HEORRL b 100 RIEREICRTIRIAS S
IR No. 1 i pgfi: il ic ikt onEic KEF Lt thchrbos
BT LS. Wi SRR ek LIk IR & 2 L7e D & A8 No. 2 "
DEBRDEPETH 5. .

. Table VI
Comparison of the Aclivily of Catalyst No. 1 with that ol' Catalyst No. 2 at 350°C.

Reaclion Pressure Space Time Yield

(Atm) Catalyst No, 1*

Yield Ratio
Catalyst No, 2%*

99 49 923
197 100 216
2095 ! 198 365

Pt b3
o =
-

oo

4

* Extra- and interpolated from the Press.-Yield Curve. . i
** Not conecied for the slight fluctuation of volume velocities.

N2 IEhEKE R EEMIR R 232 kb b/ e 2MiMERL TS, b LdsEic
BT R HA2.32 1KV & ThZRBEOSMIIMEETS L LEbnEL bR, k&
OREEL D FHE IR ¥BEL CEEYARDLDS & T HHEESTLCiLEv 2 EaT
LichB. THRBATEEBMBRE VR Lrcz 2 EWkT2. KoTHEESBRETHT
12 IERRIC FAC W f I I BRAE DRI WS IC A C i FRIIBRE L THEM L ChrcsMahn
-2

L CHiRREOHEIC X 2RIF O TR, BHEE/E 306 No. | dHEx -
SHRE AL, 222 MR TR RN ICBIR T 2 B L (A TH L "
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No. 1 ' A & —BALSK £ OB 3 oIt T : 8
Y= kp*! . an . .
L2 AFOURD L DTHITLAIRLIIS. L k KHEK TSP Table VIlrcn & -
HAZORHOEDREMOTHE L /effiTd 5. Table VII ¥ R EHEF O HEXHEIZ Y g
24 R LT #5iT Audibert &5z CO : H,=1:2 ML T ZnO FRBFITHEOT Y=
0014 p* AT B4 & ThREDHI 3 RIMETH 3. LB FOMBIMEHHL n ¥ : 3
Table VII ‘ .
*  Calculation of the Apparent Order of Reaction of the Methanol Synthesis f
according to the Author's Data. . " .
v
‘ ) ‘Space Time Prassure p Order of | Hes
Exp: Na. ' Yield, Y R § =
= (g/m,rt-dclmlysq Catm) Caloulated. - Cale'd
1 45,7 : 104 } 23
2 107.7 207 ._
3 198:4 25 b=
5 -115.5 99 } 17 1.8
i1 189.0 197
v 299.4 995 } 1 24
o 927 99 } 00 o4
10 2145 197 )
1 365.0 206 } 23 24 i
12 402.0 205 : T
2.8 28
13 2147 1971 } ; :
14 98.2 99 } oA =4 R
BFEF L Ce—CaO FHRMEICHRD CO:H=1:25 04 350°C, 25~80 5URHEHT n= :
28~31Tp%. WO Audibert FRFTENFOHAE 0 11 3 & RMLIBBE, TFD
BPEE n BOIEY 2OHITEFOTHS. L =2 A BE 25 ) -1 DERKIE
' M+CO+H.=MCH,0 : (12)
DRSO T+OXERIET B ' .
MCH,0+H,=MCH:OH (13) : L
.. ..‘
ORMRFHTEIBIVLEABILDN, n=3 ) SIX(IB)RABENEICADTHRS. o
S8 M RREEERI T Morgan™ SOH D¢ ~BMICER L TH 2 Ruansgk
BREOME LOLEELT LV, Z0H80 .
ZnC01+CO+H =Zn(HCO,). ﬂ

Zn(HLO ). =ZnCO, + CH,O
CH.0+H. —»CH;OH

2_‘3) P~E Sabatier, Catalysis in Org. Chemistry, 432 (1920) ic{kii¥ Ni-cal, |7 90°C =H R
Z.
23) G.T. Morgan, Proc. Roy: Soc, 127 A, 247 (1930).
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Table VIII
Experimental Conditions.
» Volume Efective Exit Gas ;
Exp. No.’ Velocity Pressure 1ncle0t ;;m 'Spﬂi,.e. ;I(;:me
. (L/hr) (Atm) CcO % COo. % L
18 . 1150 295 ™ see 20.0 7.8 83,
19 1110 o0 30.8 27 3.0 18
, 20 1520 8y 29.6 26.4 23 217
21 1510 295 312 21.0 6.6 100.
i -
- Table IX |
Distillation of Crude Liquid Products.
« 7 Fethanol |
Density of | Total Oil Iso-butanol |Above 1T0°C] .. .
P+ | Crude Oils | Corrected | oXange, | BOTITC | TRange | Cormmcted DL Less.
0 | =) | T ¢ (%) = | *
18 0.877 1 47 0.8 13.3 9.6 0.3
x.‘ : 19 0.898 58 33 1.5 11.4 71 3.0
¥ 20 0,897 b9 36 2.1 10.9 8.0 2.0
i 21 ~ 0.871 3 46 0.5 - 15.3 9.2 2.0

24) Patart, F. P. 598447, Morgan, J. S. C. I,, 51, 47 (1932).
I" . Graves, Ind,.Eng. Chem,, 23, 1631 (1931).
" Fischer, Brenstoffchem,, 4, 276 (1923).
¢ R boRSKRT O ILEICHET 5.
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Table X B
Conversion (%) of CO to Methanol and Iso-butanol. _-:.
g R
. Effective Conversion of gl‘g;fg‘::‘l :[‘qr:%‘ Conversion Conversion of CO . Y
Exp. No. Pressure CO to Methanol . . to Tso-butanol .
to Methano!l Ratio
{Atm) (%2) ) 1 (%) V
(%
18 205 74 205 0.26 a6
19 99 1.3 35 0.37 0.67
20 29 1.2 . 35 0.34 0.64
14 205 7.3 20.5 0.25 40

*  Extrapolated from Table IV.

Table X ¥ R.5EMEH 2 2 7 ~ L BROBEE LR 5 OTEHRRB LR, 2 ¥ ) ~

A EREHBT A =2 — A EFAFIc AR T 58 9 AROHA & 205 AROPS L ILEL : '-’
T, BWOEFH 2 5 7 =~ LR ICHT ZRBILEE S HITH BT LA DD :
* 4 IS ) - ARRTE EAR SRS WOT IRMOTERE LI 5 T & BN . |
v e CO o4 ¥ 77 7 — afb&EokEicibdik. itk 100 {RoHE & 300 JRo 1-‘&{

r EAORENOREN 2 ¥ ) ~ RALEDOPE LN xR TH O L
. |

T.

S AV TR) ARG RSB LT B IRBIEECE .
: p 2__.!




g =W S e e e . noy YN . TN
!, . ' C PEEZOES Vol 19 No. 1
e - .

o i e AR
Eiral e G

T g T

64 (Bi$8) & m # Vol XIX

L &

"‘._H [}
(1945)

Y

(1) A& —BRILBH & ORI T ORI IC T2 ) 100~3005MORIICRT 5 7

7 - A HIRT B HE REFRICHRT 17 — A X R T 288k KEERHORO
FiEEL BT B O BB , :
@) BUECRY B EICER CO O£ # 7 - L ~DERTHERMeEE Evel SoM
CROTHI L O Lk L RGOSR Y R/,

3) ﬁLgﬂoﬁA@ﬁﬂmmﬂE@iﬁugﬁﬁituraLﬁamﬁﬂoﬂtaﬁ&
EEHRILE MLOTF B OB 3 T & il

@) IR R TR H IR R Y AT L TE 2. 1OMREBARR
Hick ViR anik. ALERICE S S HOSEWBRFESYIIDS. DLHBcTrREIL
HEBEOMMAHSERINS T & k¥R,

(B) AF - AOBERHERIMO LAFICHMTS. 2 7 - A SRTIER 2 KKK L
SARBOHMICS ST & EMOTRL Y 7 / — A BRI USROS CRIB TR T &
PRt ‘

@) 4vIy I~ Mﬁﬁ}‘%hﬁtlctﬁmnﬁ\*cﬂc*ca‘:-:'k 74 2T Y 7~ MR OER

 BRRERCATELLATEORk.

EFKEAFAOBRE FAIE bited BAWRMROR P HERY OB L
1 & BT X U~ B L R UARIRERTIOIC I B X RT3, 2 7cARTIOICH L AN
HERRE BT BN b S A OBFUIBE-L 3 o ic AR S i S b BT £ 12
b 7e B MUHEE LI T 5. )

HATFRO—BORBR YL MEE b AR TN SOOI LIE R+ 2 &k

Hess. .

r

HANR=AATENLE (SR EN195:11 J1 15 F1-589)




! PEEE@ES Vol 19 No.

\

THE EFFECT OF PRESSURE ON THE CATALYTIC

REACTION BETWEEN HYDROGEN AND

i CARBON MONOXIDE 2
t

By Tokuji Sakata ¥ '

(Abstract) i

The effect of pressure on the catalytic reaction between “hydragen and carbon monoxide -
was investigated by the flow method. «

With respect to the synthesis of methanol, the effect of pressures lower than 150 atms. .
was roughly stadied by E. Audibert and his co-workers, and the effect of those lower than
106 atmws. by T. Eguti. [t was in the pressure range from 100 to 300 atms. that the author
examined the eﬂ'ecf of pressures on the synthesis of isobutanol as well as of methanol. _

The main parts of the apparatus comsisted of a gas-compressor, a preheater, a reaction 7
tower, a cooler, separators, gas-meters and gasholders. The pressure-proof wall of the reaction
tower was made of low nickel-chrome steel. In the vessel was fixed a catalytic tube made of
copper which contained 300 ce. of the catalyst. Catalyst No. 1 was prepared from chromic
anhydride and zinc oxide by the semi-dry method. The ratio of zinc to chrome was adopted
from what had been reported in literature as the most active. Catalyst No. 2 was made of
catalyst No. 1 by pulverizing it and making into tablets, The gas taken as the material was
prepared by mixing electrolytic hydrogene with carbon monoxide produced from charcoal and
it contained 98% of the effective gas mixture: The gas was analysed and measured before
and after the reaction. The crude liquid product was determined for its specific gravity and
refractive index and was distilled with Podbielniak's fractional distillation apparatus. The crude
liquid product obtained in the synthesis of iscbutanol was examined by the method of salting-g
out, dehydration, and fractional distillation.
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In the synthesis of methanol, the percentage of conversion of CO into methanol was
compared with the percentage of the theoretical’ equilibrium conversion, which was the. value:
at the desired temperature and pressure and for the composition calucolated by the author
from the accurate heat values and the fugacity data lately reported by Newton, Dodge, Ewell
and others. This comparison showed that the activity of catalyst No. 1 was mised with the
increase of pressure, while that of catalyst No. 2 was only slightly allected by pressure change.

z io-!.'ﬂ. SN

Under 100 atms. at 360°C it was observed that the ratio of the space-time yields of caulyst .‘}E

No. 1 and No. 2 was equal to that of the densities of the both catalysts. On the other band, i

- under 300 atms. the ratio of the yields was, smaller than that of the densities. From these M
facts it was inferréd that, in the. case of catal_ysf No. I, the space concerned with the catalytic ' i

activity becomes enlarged with the rise of pressure. R ' . i
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In.the synthesis of methanol, pressure exerted most remarkable effect upon'the propertics -
| . of the reaction products. In the case of catalyst No. é, with the rise of pressure, the specihc

' gravity of the products became smaller and the content of methanol'in the crude cil became
greater. And ggain,' with the increase of pressure, the formation of the gaseous produets
diminished as compared with that of the liquid products.

Using catalyst No.. 8 prepared from potassiim bichromate, zinc white and caustic potash,
experiments. for the synthesis of isobutanol were carried out at 420°C under 100 and 300 atms.
The crude :0il obtained-at 300 atms. was small in specific gravity and rich in isobuthanol ; I
the space-time yield at 300 atms. was 4.6~4.9 timesl as much as that at 100 atms

The apparent order of reaction in the synthesis of methanol was calculated in the present
im"est_igatiqn to be 2.4. This value considerably differs ﬁom that calculated from 'the data of
E. Audibert and T. Eguti. From the calculation of the order of reaction in the synthesis of
methanol; it was deduced that an equation Y=k P™ can be introduced to show the telation
batween the space-time yield Y and the total pressure P where m signifies the value equal to
the order of the reaction minus one. Fuorther, from the results of calculation of the order of
the reaction the following conclusion was reached on the reaction mechanism of the methanol
synthesis : the réduction of formaldehyde to meth;mqi which is usually considered to be the
reaction gasily met with ‘at the second stage of the synthesis i3 in fact one of the velocity

“determining reactions of the synthesis.

8 . Laboratory af Nihongi, Niigalaken,
" . The Nigpon Soda Company. (Nov. 15, 1944)




