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Methanol Calalysts, Their Compasition.
{Reduced with 1. at 400°C for 4 hLours.)

16n No. 3 (1942)

X ' Composition | Precipitaling i
™ iin Mole Ratia|  Agen! Astivity®
18aly | Zn :Cr': Th 6 molal
L:1:0.07 K.U0, i
o ' . .
=l A“33?{;l 2ies NIT, Fair
Ma | Zn:Cr:Th 1022 ]
1:1: 0.2 K.CO, G
wy Jl:!:q(:‘:ﬂ U822 NIl Fair

* Relative, based on the total liquid products, con-
taining small amounts of hydrocarbons, higher
algohols, and water, *
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Fig. 1  Activity vi. Thorium Content { Reductien Temp®C-are given)
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Table 11.

Methanol from Various Catalysts,
{Waler gas used without purificriion; CO: 1, about 1:1,25)

Cataly-1 No. Vil 28 Reaction (Conds
AlALrnl .t Methanol on ' Vol. 25 s : :
Expl No. 3 an(! . Total Li Other Prods.®* o
Composition® Pmduc;:-q- ) ] Temp.PC Press. Kg/ems
Auto. VIII, t6, CrsZn
Ser. G 1:1 K85 ar 320 200 =170
Auta, VIIT4 | 67, Crz:Zn: Th
Ser. 11 1:1:0.1 86 35 320 200—-170
Tlga Ser. G8¥4¥]Ics, CrzZn:'T'h H— about
(65—86) 0.4:0.6: 005 88 10 Sa : 200

*  Mole ratin,
& (Copsist mn:-ll_v of water, lﬁgher alcohols and |\'\‘rlrnmr]mm‘-; di-tillation losses not inc]llds_ll.
**¢  Runs 63 and 64 not included.  These two runs were made at space velocities of 1000 and
2000, respectively, “Their Vol. 22 of melhanaol was about 81, much less than the others
which were made at higher space velocities (2000 —1:3500).

Autoctave runs VI, Ser. 6 B7F VI, Ser. 1 3 a%AXN A~ 2 v —~7 (11 ZF 1D
USRS T S4L, FIFIE 15 1S H DT 40MEIFTI30L72. Tlea Ser. 680 YEERIE SN E (B0 A
# 40 cc ¥ 50 B)UE 2.5 on ORLEAFICHOIAHR, 30000, & 135002 D 4K 1€ % 1L CFTiE
iLrc. LEESITRI2 11 i 2 95041 C & D7, '

THER + ) 7 ADBREIRATE DN TH 205, 80 b FHOROPEL L VIR TN
HHADTH B 54, AEOHCRIIC LT O L ¥ 9 2 pHEEICGHT AT D 39, A
D2y =Dt L TRLFLLESTREVWEROMRLIDLTH S

3 2 X

S, ik, WEAR I ERIRES AT L e SIS = — 7 T (5 1R & I
TR DU & f b G s DAL AAHBM I ~ F A X EF 25 ) OB L UM
O 2 LT L. BEmION — 51 F L0 SRS M aA T 2 b
DELT, FRDIEERAOWME D FLHi & & T L. § FIIEKO > THEILBREC
THEML 7. Blank test 104K 0 TOHRITHE D %0, | OFEEER 20T BN L 7o 5%, A ¥R
ICEHLTEART, WIS A SRR 580N ERNIL 0 TH 5.

RBERRUES
TEEFIT AN 2 SRR R O B LI T2 SR W, 0, AKICRT. B2

 RRBSHATT S 2 — @Rt L side producs 2 LT oftoR{bkfolligs L Tt
Yo o
XKL LIRS H L e s T L LA 2R LA
B kitkE, NWHESS, CHBARHREAR T TR 44, 1000 (1941).
) R AR, AR A R REL 45, 360 (114),
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B3 (higR) # % 1 = Vol. XVI
T'able 111,
Experimental Conditions. (Autoclave Run Series 1V Tabulated : Paraflin Ol 1T Used)
- -
“ cgl 5 \‘;C; Reaction 15: Cnndensates :?‘:a =
R |- 32 = LEE e e . FEELE RE
P |5 ; B . =2 E 5 z cuiEo.li g
No. E__'_;; COs T, _E.s ‘ E ‘ £ .g‘; Cond. ' [rap. E%S%? éﬁ
2 E2( 5 | B -1 e e B ) (- T i -3
: SRR SE e« e | S BTSN
Silg 111 ] L2 1.23]36a, 48] 500 |00 pollsto 26 | — |ent e =] — | 2a
h?fth |11 | 1:1.35] None | None | 303 99 a6 | =1 | o 0 |202 67| —
Ser, | . 18ab, | oo | e e i -
gy T 113 ) g ] 300 (300 [oE320] 522 404 | 384 | 24 [288] 407 | 147
“’e,;;‘ my t:z 2 .]_’l 220 | 220 ool 044%s| 767 BT | 265 [160) 6.7 | 265
Sdgg hin | 1:13s 21, 20 200 o0l 120/l$40k 253802 2050 | 514 | 105 [102) — | 115
e T | 1:1s s, 0 sol |soof JupiS 143, 238.6+*208.7 | 19,0 | 128 | ss] — [ 80
*  The finst 150 minutes at 330°C.
*&

Larige amaunt in “condenser " probably due to forcing out of medium:
AT, 3BO°C I THENMOPRAFHENZIHEATIR" 12 -FT 2. » -1 FEETH
Tk, 800°C AL Tl ATy { ISRt AW AN TE L. shERY)
TLETIEERO SERMEINER Nl 08, LRI OTHEL S, D
QR HICHES2 R DR R 6N e HHIRN D OE YO R ERIE i BT 5 25,
COPEFREALTHETCEOh b ativ. BRLES I -4 FO{idd B0 Ry
BT & DAREELREVDDRREA TRV TIUT 1V, Ser. 139 KT IV, Ser 124% D5 RO
Ty ThD. Eidh, BB 0 LESRROMITOMIMNL 7 — <4 F A{EOH ORI
AT GTece THRITEL, 7 -9 FIIEEIHETIL +l.7cc TH 5.

A O RS TLC JRIL L CHSRIE AL € AdLiEA 5FE,230°C LUF CHlB T 2800 it X i

Table IV,

Distillation Analysis* (Val, 25) Table V.

Effect of Temperature on the

Temp.2C{ IV, Ser. 1V Ser, 1V 4 Ser.
Range 12 178 =2 Vield of 1so-butanol.
<100 18.58 1.5 25 Vol. 22 on tolal
100 =15 n5.4 i85 12.7 1 No. Liquid Uondensates*] Reaction
o “Xpe Crude Tsobutanol Temp.?C
150—23 ST 200 5.0 (1—110°0)
nap_am) At 216 bLegan _ 13.4 —
- - 1o erack = IVa Ser. 178 18 300—105
am — — 0
i 122 IV, Ser. 124 16 530
Residue 10.8 — o4.0 IVa Ser. 82 1.8 1060
Tams Tl — 9.2

* Made iy Mr. Kamifike. The author takes this
occasion to thank him for his esoperation.

* Exclusively of condensable gas.

¥ IoNBORRASITHICE 2 LoTH 2T, T Wiy BRI R WERERERORE LY,
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No. 2 IrzamLali=td FIZIEA VR e T F - LT3 - Lo IR 59
T3, WEDEIEBIRTRIECRETM, I VI F -T2 — LD LRI LORICh (ET

B, SRLIREOITT & RS R A RS A TR B
Table Vi

Caseous Annlysin¥®, ¥¥

Lemb Candl 200 330 230 240 : 350 360
58 82
. 173 1o0eee| 13 08 |

(ias \ Reacl. I'rap. React. I Trap.
co, 0.2 3.3 0.0 0.2 0.0 29.8 ‘ 0.3 4.2
(o8 7 1.5 0.0 0.7 0.7 0.0 159 | oe 6.8
PR 3.0 8 Lo 1.0 3.0 w0 Ly 220
Cnllgn 0.8 0.0 1.1 0.8 0.3 00 | 04 2.0
O, 0.4 0.4 0.7 0.3 0.5 0.0 | 09 0.4
co 40,1 n8.0 40.7 50,8 269 00 Loast 0.5
", 475 a4 500 ] 50.6 0.0 an.8 0.0
Cll, ar 2 3 6.5 15.4 0.0 24,1 0.0
N, 2.5 a5 Ly a5 2.8 0.0 6.1 1.8
GylL, - — — o - 14.6 - 13.8
M, - = — — — 187 L 471

Run 185 142 131 \ 93 53 89

* Since CO: H, varield for different runs, the comparisnn cannet be quantitalive.
**  Approsiimately the middle run of cach serics tuken.
*3% No carbide present.

PR e Tk L A B R 2 Ly e b B et 2| o o 1 B o I e s o J;’[E{h..t WIS
koot iEL V. LTH -1 FEECHT 0. glio=Fv vy, 77
RV, T H YUY S Y TOUC RN N DO e AT MRS 2 HCH B, =P
v OfifEid Taylor B8 Von Hook™ it A. Farkas B7F L. Fukas® D=+ v v O8giIc
BEL, 74 f v DKERMEETH D HRTH 5 2 TAFHINC K OTEMMT P22
THbH. ST RUT v v DEIRIL, = F 1 3 SHEKEDOGEICF LT Lkey molecule™
ThHDHLD Egloff OFRHic LOTRMENATHE D, JETFE > fFes wmmwum&k
BRCHESEENTHDENE Wb

2CH, : CH.) = CH,CH.CH : CHa
CEL 35~37.7 K cal. per mole Difitk=+ A4 # ~ 2l TH 2. KEBD I WROKEL AT
T2 EHEIC AT IR AR NI T F o v EARIEN 2T 2 > L B 2 ETHAT Ehiss~

A) 1L A. Taylor and A. von [look: J. Phys. Chewr, 39, S11 (1933).

6)  A. Farkas and L, Varkass L Awm. Chem. Sec., 81, 3386 (1939). dEFrcfhififfkt =+ 2 4 — 120
H T 12~17 K eal &, Tavlor io{fed b KIGFLHEIS AT 42000 cal per mole (€2 5.

) G Eglof and E. Wilton: fnd. Eng. C’fh‘m.. 27. 17 (1935), ’

8) Starchs ). Am. Chem. Sor., 58, 374 (1934). '
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* Ellis (Zhe Chemistry of Petrolemn Dertvatives).
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Table V.

TOF e XwpT

kb

Analysis of Trap. Goses.
(Autoclave Run IV4 Ser. 124)

_Runs
\ 130 133 135
Gas
Co, 26.1 302 a1 -
Calln 129 I 16,2 18.2
Galiy 30.4 1 24.8 371
Cnlln 1.5 ] 1.2 1.2
0, 0.0 2 0.0
€O 5 28 0.8
H. 0.0 0.8 a
11, 1.3 8.2 0.0
Gl 14.8 X 0.0
C;Hl, 0.0 0.0 103
Table VII.
Temperature °C
Pivdiicls Initial Maximum
Appearance Yarmation
C, 1, Uyl 350—400, 60—750
Gyl 450—500 700
cir, 500 1000
Calla G30—700 1400
Aromatics 630 800 —850

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

fleivit Schneider & Frolieh pkp¢ lLenher _':?)ﬁ‘,’_—}}l-g: G =200 fil~f=F v radFrr~e
R, 7R ELy~oREONIETZORBATYI T LRI I L ERLTHE,

3 (1942)
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No. % Inoompeii—Ad FIctad vRBE I 2 -FF AT A a— A0SR 64

4.7 Moore B7r Taylo® DA v 74 M) 40mm 2Z06 froi@EkFictkz e 7
1 > DR RAK LM 2 fivd, = FLv ot bx 2 v R RT3 T o
AYHIE T ¥ v R 2DOF L 74 v E D ERTEHIECERTHD LTI HEORIZN
ARZWEELTD 5.

Talle VI1II.

Gl 2z of Olefine 1o Saturaled Products

~Uzed CH, C.H, Gl i il Gl [0 £ CgHyg
GH, 3 11 — 84 — —_ —
Gl 2 1 26 5 a 64 _
C, i, 3 1 1 10 — _ "

M A= A K —OBRE D LT, = F v v B OWE = R ¥ ~RAKENOZ L
Lo ehH . WHEHE 43.2~5L5 K cal/mole” Iz BHL I 35~37.7T K cal/mole C&
HHEHESHDHMTCHD. = F L, T v Y R UT TV Y ITRE 2RERMOGHEL = 0
F—DKEZRATHONKEITHF D, THIUL 55~120°C iCid it RIE= 7 & L ic#
THHKE ALV 74 o 2 DB EARERMLECET 2 Twige™ O b aiLs
PICh D, O SULRDIn Th D, Table IN.

SR RN RILC S MEERIERRIc TR L= Olefine

Activation Epergy

Kealfmole
rakca=rry, Fury, 47757 —2DKHE
) _ Ethylene | 8.2:0.5
EMOPIIIT T, RHEEMDFERL = ¥ - L LT, I'ropylene 6.0
FIREDNDF O fti % e Rlitent ~3 5.3
Isobutenc 3.3

PLEEAe Y b LT, AEERITIANT D = 8 v D AL
TR T WFOC 2 N7 ELIRM B & P T 2 b O T WTH 6 508, ZIEDEHE L=y v
DR (E Lo ® OB L dry system PIEET 20 DM B RAITRVED L O LK
il >R

B #
Ao —no =R F R AY I~ AMIC LB AT T~ Tra—nDHRERK
i3 74 »ipicidTiio% MR L-FL S X b AL im0 vwict k., dry sys-
tem 122 kb L Ko BRghc T 2 kil ke

9) W. J. Meor, Jr. and IL S. Tayler: J. Chem. Phys., 8B, 504 (1940).
1) G. IL Twigg: Frun. Faradey Soc, 35, 93 (1430).
11) O, Toyama: Kew. Phys, Chem, fupan, 11, 353 (1957): 12, 115 (1998): 14, 86 (1940).
12) R. Kiyama: #id. 15, 137 (1941). b
¢ GihoREROEHRTORNL VRO LS R LGS 2 %= 0K LB v, Z20FIR
1} 3 RADMED NI BEBICAL I ITH S 5.
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- THE SYNTHESIS OF 150- AND NORMAL BUTYL
ALCOHOLS IN THE PRESENCE OF
CALCIUM CARBIDE. (B) IV.

Synthesis in Liquid Paraffin. Static System.

By Ryon Necisil, '

(Abstract)

The synthesis of butanols in the presence of calcium carbide in dry system is accompanied
by a large evolution ol the heat of reaction which augments undesirable effects. In owder to
mitigate these effects, I have auempted the synthesis in liquid parafiin, 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 concemn more with the gaseous product.s:

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 pamffin 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: M, from 1:1.3 to 112, without any purification) was then charged
and recharged as often as necessary to maintain the pressare r':mge within the proper limits
(120—z00 Kg/cm®) until most of the carbide bad reacted. ‘The reaction temperature was varied
from about 300 to 365°C.

The catalyst userl lor the conversion of water gas into methanol, which is then transformed
into butanol by the action of calcium carbile, consists mainly of zinc and chromium oxides,
with a small amount of thorivm oxide. Tt has been found that o.05 to 0.20 mole percent of
thorium oxide increases the total yield ol liquid products, but not necessarily that of methanol.
‘I'his efiect of thorium oxide is not without benefil, because in this synthesis, o otain 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 tota! liguid product. ’

One of the interesting differences between the gaseous products in this investigation 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, bul 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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64 (i) i = Val, XV1

formation of C,11, and C,I1; 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=z 10, C=.—lﬂ ; @nd third, the engrgy of activation of cthylene
polymerization is less than that of hydrogenation.

In the present investig'(;riun. the condensable and dissolved gases found in the tmp, cooled
with 2 mixture of aleohol and salid carbon dioxide, .contain appreciable: amounts of ethylene,
propane, and butane, and the mechanisms of their formations have been also suggested.

The Central Laborafory,

Sowth Manchuria Raitway Cumpany. Dairen.
(March, 15, 1049)



