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Methanol Catalysts, Their Composition.
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Table T1.

Methanol from: Various Catalysts.
(Water gas used without purificmion; CO: 1L, about 1:1,25
g P 2

N i Vol 22 .
) Cataly-t No. Methanal on © Vel. 2 . Reaction Conds,
h 1 . @
Expl No. . a“‘! . Total Liq. Other Prods #¢ N ° s R
Composition® Products. ) Temp.2C Press. Kgfem?
Auto. VIII5 | 66, Cr:Zn
Ser. 6 [:1 88.5 o0 320 200 <170
Auto, VITITA | 67, Cr:Zn: Th
Ser. 11 1:1:0.1 86 3.5 320 200170
1ea Ser, 63**¥IIca, Cr:/Zn:'Th 85— alout
(68S—86) 0.4: 0.6: 0.05 88 10 320 ‘ 200

*  Mole ratio.
*&  Consist mostly of water, higher alcohols and hydroecarhons; distillation losses not included.
*#*¢  Runs 68 and 69 not included.  These two runs were made at space velocities of 1000 and
2000, respectively, Their Vol. 25 of methanol was about 8], much less than the others
which were made at higher space velacities (2000—1:3500).

Adtoclave runs VIII, Ser. 6 %78 VI, Ser. 11 (13 AR & — + 7 v — 7 (I RTE 1IN
T AT 2 4L, B S 16 TS EOT 4OREMIFTHENL 7e. Tlea Ser. 68D 1RERIESEM Y (BOLAS
#3 40 cc ¥ 5% 2T 25 cm OLBATIC DAL, 30004, 613300&0)?”5],_&2111’(711
e, BEERFINEI1211T K. 29508 C b O,
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3 % e

SE, e, AR SERI R ST L 7™ MIIES ML = — 7 AT (KD ki & TS
KRR 2MEEE UL VB L. RS HMIMTIC = — 5 1 Y EFE IR ) OWA L ER
O E LTHER Lre. BEMION 51 F LU REMA IR EM e S ATl 2 e b
DELT, SWUDFEKRAIMOREO Ffli & 2 S>TER L. 8l KIHIEAOS CHREILSRIT
T 7e. Blank test 124K b T D LT 5 G LDREEYEL 72w FA I L 7o 4%, AP(ER
ICHLTREST, ERELILEC AT EA RN S ERNLAcDOTH S

RERERRUER
BT 1Y B fzmm KO HNIHIDTL ZRH= M, 6, SECORT. B3R

FORTBISHTT 27 ~ o iROR T LY side products & LTofpoR{bkEodRiIEE LT
Yk foes.
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3 kileds, NREE, SHBAREREBIEIR = TRESERE 44, 1030 (1941).

4) BERZ, SRR, R A Libes: [k 45, 366 (1942),
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Table 111
Expérimental Conditions. (Autoclave Run Series 1V, Tabulated; Parafiin Oil 11T Used)

° STl ® | ™ Reaction ‘r"‘} Condensates =?‘ s =
Fxp (2| Gas |23 0% | S |-o— ——EE [T 3 2 5
xp. | ST s - i = E . ; =:E i
\;P 29 Ol 2z ‘ < 1 E] & nE S Cond. . Trap. gﬁig%g} 57
NelgS|eonl 5 2 T E EEEys oo [EENAE
55‘&1-1:‘ & &g =] e ]Ef CCIgr SR ¢
" - 00 - T
Sr 1111 12 123)36a, 4] 00 [a00| 300 Y- listol 26 | — Jenn Jimr | =] — | e
ey | 1T | 1:1.35| None | None [203] moe] 200 1905 26 | 21| o | o |202] 67| —
% . 3 - )
S i | 1:13 | 1890 500 |300] o [P0 leesol 522 |04 |24 | 2t foss|ans |1a7
e mn| liz jskomw om0 |a0) as0 [ lisi0] ogaee] a6 sna 255 |100] 67 | 265
. , 3 DO — .
Ser Il 1.1z, sol 00 |301] 560 200 fisto} 2an.eee 2054 | s | 195 102) — | 115
40— [200— |1 0ol o
Ser 1| 1e1s s, moy mon faon PAO B0 bygsl i erhont | 100 |12 | s] — | 8o
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* The first 150 minutes at 350°C.

*¢  Large amounl in “condenser ' probably due o forcing out of medium;

BT, 330°C i TEROLFAMM N D2FULRRY IS —FT 5. I — 4 FHREETITHN
T, 300°C AL THM T St ic IO NI HRIHLENTEH . TR
T ETIRERND - BEMIEINENINALBR LS ML INOTHS 5. D
BLRIT R CERS R TR AT R b e, I DS IO W 1L K RIS I B 5 5,
TOPITRIEAL THRECE bt BLES & — 4 FO{ifid ROt L
) & AT L BEVORRMAFI VD THUT TV, Ser. 139 KX 1V, Ser. 124% DO
Tili b Tk D B, B L D LERBOMITOWML » — <1 ¥ KO FO BRI
ATIE 6Tcc THDICHL. 7 —1 F e 2HETIL 1T cc Th 3.

HIU RO KT PR L RER I AHE € TedL X BH2, 230°C LU THilE T 2#B4h0 it 2 43

Table IV.

Distillation Analysis* (Vol. 25) Table V.
Temp.oCt IV, Ser, 1V Ser, 1V Ser. Effect of Temperature on the

Range L2 I7s 82 Yield of ‘1so-butanol.
<100 18.8 115 25 Vol. 25 on tolal
100 <150 35.4 42.5 13.7 Liquid Condensates*| Reaction

20 ey :,_ . ’ Exp. No. Crude Tsobutanol Temp.°C
190230 e 20.0 5.0 (10:3—110°C)

. a~nlAt 216 began — _
430—27 to crack - 13.4 IVa Ser. 1758 1s 300—205
20500 — - 122 IV, Ser. 124 16 320

Residue| 108 1 — 4.0 IV, Ser. s2 1.8 360

Loss Tl — 9.2

* Made by Mr. Kamiike. The author takes this * Exclusively of condensable gas,

occasion to thank him for his cooperation.
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No, 2 IRy mmna = RLFICEDB A VARG Ao TF - RT3 — AOSR 59
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Table Vlia.

Caseous Analysis*, ¥¥

\\(Eij§P°Lia“" 300 330 330 a0 | - 350 360
un Ser.
58 s2
Gas 178 139+* 124 98 | — -
\ React. Prap. React. Trap.
CO, 0.2 5.8 0.0 0. 0.0 29.8 0.3 12
Cally 1.5 0.0 A 0.7 0.0 18.9 0.6 6.8
Call, 3. 0.3 1.2 1.0 2.0 7.8 1.7 220
Cntln 0.8 0.0 1.1 0.2 0.2 0.0 0.4 3.0
0, 0.4 0.4 A 0.5 0.5 0.0 0.9 0.4
cO 40.1 280 40.7 30.8 26.9 0.0 2s8.1 0.5
£ 475 and 50.0 %) 50.6 0.0 27.8 0.0
CH, 8. 2.1 3 6.5 15.4 0.0 _ERI 0.0
N, . 2.8 2.5 1.7 3.5 3.3 0.0 6.1 1.8
CylLi — - - - — | W — 138
Gl —_ - — — — 18.7 - 471
Run 185 142 131 a3 73 89

*  Since CO: 11, varied for different runs, the comparison cannot be quantitative.
*#*  Approximately the middle run of each serics taken.
*2¥%  No carbide present.

AR IGESITOMIRIHENTH 2. 2 & VIcET 28 A iRV, i P“ul%ui!ﬁrl}\
SO EIEOMAILHES S . LTH — ¢ FRIECRT M. £io=Fr >, 7
Ry T YT S Y TDNT R 22 IO S (T 5 T Hk & 2HTHD. =F

v OfifEik Taylor &TF Von Hook™ #f(% A. Farkas %7¢ L. Farkas® @ =5 v DEKIT
BEL, 747 L v ORBEMIRETE 0 TR TH D & RAFHIC RO TEMIIC R Z L 2
THb 9. ST RET v XrDEIRIE, = F v R RIEKFEOS RIT B LT Lkey molecule™
TH % LD Egloff ORKIZ L OTRNENZTHS 5. HILFE xR Wik MM) <
HBITHD L ZRTHIHE b

2(CH, : CHs) = CH,CH,CH : CH,
ICEHL 35~37.7 K cal. per mole ®DFfitk=™ 2 %~ 23 TH 2. KETRD M & MBOKE 45
DEIHIC ST W IR 2L T F U v EXEIRMENTT 5 v &5 2 ETAT EHHEA

5) I A. Taylor and A. von Mook : J. Phys, Chem., 39, 811 (1935).

6)  A. Farkas and 1. Yarkas: J. dm. Chent. Sec., 81, 3390 (1939). fEScieififtfb= L 4 — 16
£ 1TRT 12~17 K cal &, Taylor isfRAGITAIFRCHEISHEST 42000 cal per mole f‘[‘g})g

7)  G. Egloff and E. Wilson: /ud. Eng. Chem., 27, 917 (1935),

8) Storch's J. Am. Chem. Séc., §6, 374 (l‘)a—l)

3 (1942)
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* Ellis (7% Chemistry of Petroleum Derivatives).

Table Vg,

Analysis of Trap. Gases.
(Autoclave Run 1V, Ser. 124)

\QT
130 133 135
Gas
CO, 26,1 30.2 321 -
Coll, 12.9 16.2 18.2
Gl 30.4 I 24.8 37.1
Cnll,n 1.5 L3 1.2
0, 0.0 0.2 0.0
(6] a1 28 0.8
H. 0.0 0.8 .3
CH, 1L3 8.2 0.0
Gl 14.6 14.4 0.0
Cylly 0.0 0.0 10.3
Table VII.
Temperature °C
Products Initial Maximum
Appearance Formation
C,H,, Gyl 350—400. 630—7550
G, 450—500 700
Cil, 500 1000
Cella 620—700 1400
Aromalics 630 800 —850

The Chem. Catalog Co., Inc,, N. V., 1, 80 (1934) iz

#Tivix Schneider & Frolich &yt lenher 'V)#{#&ii 3G =80T f~EF=F vy 7F Lyt
1z, 7a Ly ~oRbol) 2T 2o TN Lo LEY$2 2 EERLTLHI,

16n No.

3 (1942)
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5. . Moore B7x Taylo® ©Fv 7 4 LS 0mm 2 Z06 {#L0BEAkFictkrd v 7
4 Y OAKBARALERINTBT 2RI I, =F v o b b2 2 o 2 ERkT5 L b3 7 e

RrBRE T x2DF VT4V EVERTEIHNECERTH D LRI KEOERIRY
NEETFHLTH S,
‘I'able VI1II.
25 of Olefine to Saturated Products
Olefine
- Used CH, C.H, Cyti Cytl, Gl G, CgH,g
CH, = 14 - 84 — — _
Callg 2 1 26 h 9 64 —
C,llg 3 1 1 29 — — 66

M= Vb= FAr ¥ —OBRELOLT, =F L Y iGONE= 0 ¥ -!i'7k;{<£‘i.’;'.\:1}ﬂ0)%h‘
oA CehH D BIBEFIE 43.2~515 K cal/mole” Ic BFLEI K13 35~37.7 K cal/mole T %
IS RN CH S, = FL Y, T e Ly BES T v vicb 2REEMOFGEYEL = 3 0
F—DOKEIRPTHOKEINTHEFSD. THIE 55~120°C icit 2RBIE =Y » ric
THREKRE AV 74 v & OEJITERKEIRMTECHFT 2 Twige"™ OfEBENhoMans
Picd D, WOFEERR YUTRD I TH %,

SR R TR PRIC S Mk iR Eic TRt =

Table 1X.

Olefine Activation Energy

Keal./mole
FaltksazFrvy, FTurrLy, 4V TF—rDRHE
Ethylene | 8.240.5
EMOBFFITYT, KFEmoiftklb = ¥ -+ LT, Propylene 6.0
KON i % 147 Butenc - i
Isobutene 3.3

PSR~ L 0 LT, REBICHRT 2= 8 DASF
XTI R NAERMER LS T2 DOTEVTH S 50, ZEOERL My v
HAIEERMTAE L nw® DITE L dry system iPIT {EFT 2 DA 2 RAITRIIED DO LK
b,

B #
RS2 ne =R F RO 2 )~ ABBIC LBV T F =T ra~nOBEREIK
i3 74 APICRATITO%e. IEHFETGFLS X V2L X EZ O Wit X, dry sys-
tem (ZHMF % & O b KHEORSHC T T S D e,

9)  W. J. Moore, Jr. and 1L S. Taylor: J. Chem. Phys., 8, 504 (1940).
10) G. H. Twigg: Zrun. Faraday Soc., 35, 934 (1939).
11) O, Toyama: Rew. Phys. Chem. Japan, 11, 353 (1937): 12, 115 (1938): 14, 86 (1040).
12) R. Kiyama: #éid. 15, 137 (1941). N
* GEhoRKEROERXTORNE LR LA M LEVo R HHTLE 2. Z20oFIf
FORMAOEEOHINIIBBICANITRITH LS.
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“THE SYNTHESIS OF 1SO- AND NORMAL BUTYL
ALCOHOLS IN THE PRESENCE OF
CALCIUM CARBIDE. (B) IV.

Synthesis in Liquid Parafin. Static System.

By Rvoj Necisul. '

(Abstract)

The synthesis of butanols in the presence of calcium carbide in dry system is accompanied
by a large evolution of the heat of reaction which augments undesirable effects. In order to
mitigate these effects, I have attempted the synthesis in liquid paraffin, and the results obtained
are presented here. A comparison of these results and those of the dry systems will be given
later, and here I shall concern more with the gaseous products:

The experimental details will be briefly mentioned in passing.  One liter revolving autoclave
was used. A mixture of carbide and catalyst, both of 60 mesh powders, was charged : the
liquid parafiin which had been freed of substances boiling below 250°C at 5 mm Hg pressure
was then added. The air in the autoclave was flushed out with the reaction gas {or hydrogen)
several times, and the temperature raised to a desired point. The reaction gas (technically
prepared water gas of CO: . from 1:1.3 to 1:2, without any purification) was then charged
and recharged as often as necessary to maintain the pressure rﬁuge within the proper limits
(120—~200 Kg/cm®) until most of the carbide had reacted. The reaction temperature was varied
from about 300 to 365°C.

The catalyst used for the conversion of water gas into methanol, which is then transformed
into butanol by the action of calcium carbide, consists mainly of zinc and chromium oxides,
with a small amount of thorium oxide. It has heen found that 0.05 to 0.20 mole percent of
thorium oxide increases the total yield of liquid products, but not necessarily that of methanol.
This effect of thorium oxide is not without benefit, because in this synthesis, (o obtain hydro-
carbon liquids as by-products is also desirable.

It has been found that the synthesis proceeds more smoothly in liquid than in dry system,
though not necessarily more effectively.  As in dry, the lower the reaction temperature, the
higher is the yield, but slower is the rate of reaction. The maxium yield is about 18 % of
the total liquid product. i

One of the interesting differences between the gaseous products- in this investigalion and
those in dry is that, at the same temperature, there is but slight amount of ethane in the for-
mer: while there is a great deal of it in the latter.  There is no adequate explanation of this
difference, but some reasonable suggestions have been drawn from the already existing experi-

mental facts. These facts are first, the temperatures for the initial appearance and the maximum
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formation of C,H, and C,H; from ethylene are lower than those of ethane from the some
olefine ; second, the activation emergy of hydrogenation of olefines decreases with increasing
number of carbon atoms (from C=2 10, C=.»§) ; and -third, the energy of activation of ethylene
polymerization is less than that of hydrogenation.

In the present investig:;rion. the condensable and dissolved gases found in the trap, cooled
with a mixture of aleohol and solid carbon dioxide, -conthin appreciable- amounts of ethylene,

propane, and butane, and the mechanisms of their formations have been also suggested.

The Central Labdralory,
South Manchuria Railway Company, Dairen.
(March, 15, 10432)





