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THE SYNTHESIS OF ISO- AND NORMAL BUTYL"
ALCOHOLS IN THE PRESENCE OF
CALCIUM CARBIDE. (B) IV.

Synthesis in Liquid Paraffin. Static System.

By Rvoji NEGisHi.

(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 eflects. 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 T shall concem 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 paraffin which had been freed of substances boiling below 250°C at 5 mm Hg pressure
was then added. ‘The air in the autoclave was ({lushed 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 : LI, from 1: 1.3 to 1 :2, without any purification) was then charged
and recharged as often as necessary to maintain the pressure range within the proper limits
(1z0—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 2 small amount of thorium oxide. It has been 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.
T'his effect of thorium oxide is not without beneﬁlt, because in this synthesis, to obtain hydro-
carbon liquids as by-products is also desirable.

It has been found that the synthesis proceeds more smoothly in liguid 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 95 of
the total liquid 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 cxplanation of this
difference, but some reasonable suggestions have been drawn from the alrcacly 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 energy of hydrogenation of olefines decreases with increasing
number of carbon atoms (from C=2 10 C=4); and third, the energy of activation of ethylene
polymerization is less than that of hydrogenation.

In the present investigation, the condensable and dissolved gases found in the trap, cooled
with a mixture of alcohol and solid ‘carbon dioxide, contain appreciable amounts of ethylene,

propane, and butaune, and the mechanisms of their formations have heen also suggested.

The Central Laboralory,

Sowth Manchuria Railway Company, Dairen.
(March, 15, 1942)
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* R. Negishi: Kew. Phys. Chem. [apan, 15, 127 (1941); 15, 171 (1941) o RIfHLy (B) I Xyx (B) 11
#eEts.
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b) Wlhoi7 74y Fue r ATROEREENIL, TG % CO: 1T 5 mmHg
BOFicTERL, 77 A3 hOEOIBIEA 250°C 1T —iZic {7 icBAR L THD LTD
EHEOWMITEEEL. BICEBLITESLHENL 2. BetFo Fic Ta8oiRigix 430°C

ITHIE LAk DZERRIERR 410°C THDFe. L%k <7 74 vih 111 & LT, fEDTHGHT
DEPULROMEDLOTH 5.
C=85.56 % 1N=14.08 % 0=0372 (5L D)
o) MM KPERNE TG D BL, BRI L e ST RO S &
HLTh7e. KEIHHD b OTHIEILIBY Table 1.

Methanol Catalysts, Their Composition.

BIET, ZHHMEFHEALZ. (Reduced with IL. at 400°C for 4 hours.)

dy e N L 7B A — TR, : - —
. No. |  Compasition Precipitating Activity*
. ‘ e No. 3
"}&%@"ﬂﬂiliﬁg B (1) Ricitili L Td 3. ”Wn:’Mole Ratio Agent
KT YOT, YU A ORBEEILIE G 50| G | S Good
KimDARICS ) ITHT RN 2L Zn:;i;(;:n 2525 Nily Fair
BT L YEEEFETEAENLL Y. B 36a [ Zn:Cr: Th 402, Good
1:1:0.2 K.CO.
CRTMC, PO AORARAEBHIEE 4 | 20, o
A B Zncr 2822 NI, Fair
BHAHIL, 7n»n 2RUEHAE L eriTHL —

0.05~0.20¢ L *OJEHAIC A Th: & £ ¢ DIk * Relative, based on the total liquid products, con-
taining small amounts of hydrocarbons, higher

WHERS. VY ADERDOEIICHT S alcohols, and water.
400

300

200

Activity in Arbitrary Unit

100
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
. Moles of Thorium

FFig. 1 Activity vs. "Thorium Content (Reduction Temp®C are given)

* EOCEMEORRITEINTLL S, :ikti'_ﬂlt'l:ﬂiiﬁliibfba-
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AR RIS R R D B 43 2RI Bid T/ Wik BiddL 5.
Table 1I.
Methanol from Various Catalysts.
(Water gas used without purification: CO: He, about 1:1,27)
Catalyst No Vol. 22 Reaction Conds.
Ay . Methanol on Vol. 25 - .
Expl No. and Total Ii Prods.**
Composition® otal Liq, Other Prods. T °C Press. Kg/em®
¥ Products. emp- ress. hg/om
Auto, VIII, | 66, Cr:Zn
Ser. 6 1:1 88.5 2.5 320 200-~170
Auto. VIIIA | 67, Cr:Zn: Th
Ser. 11 1:1:0.1 S6 3.5 320 200—-170
TIca Ser. 68**% JIca, Cr:Zn:Th 85— about
(68—86) 0.4:0.6: 0.0 88 10 330 200

*= Mole ratio,

& Consist mostly of water, higher alcohols and hydrocarbons: distillation Josses not included.

*t*  Runs 68 and 69 not included. These two runs were made at space velacities of 1000 and
2000, respectively. Their Vol. 22 of methanol was about 81, much less than the others
which were made at higher space velocities (3000—13500).

Autaclave runs VI, Ser. 6 K78 VI, Ser 11 (T 28 AR A~ F 2 v — 7 (1] X1
T AT &4, W6 15 NiT BT 4005 TEdL 22, TIea Ser. 68O PERIL SN % (GO
#1 40 cc 2N B)HITT 2.5 em OFTHEATICE WA, 30005 & 1350052 > 554K % 1L THFT
e, JLMERENN 12N | 5 90m%HC & D,

G2 F ) A DRIERIRFIH N TH B 5,380 5 FHOFOME L o Fitlicin+ 27k
HUHDTH S D98, SEDHTIINIT AR O - U & A pSEEIGCRCIZATETH 2% I
DAY ) ~aDIRICEHLTRLFLIZSTREVLWEEMIZOATHS

H» B AREE

FE. OE. MBI SEST RS L 22 [RIERS ML = — 5 v ic (K 5 ik & JE2s
IR DI L I R L 0 L. R B TFIC = — 7 L R AT TR OMS L B0
ORELTER LI SEEMDDONI -1 F R ERAAREENETACHIN SN2
DLELT, SEDOBRUAMORBOTLix L >TER L. G&LEKOS Tl EIIBEIC
THIRIR L 7c. Blank test iTfk b TOH kI 5 %W LOMEER RV I L 7eas A HER
CHLTREST EHERECRFESMYET SHET REILZDTHS

RERRERUER ’
POERITHAT 2 BREN R bR o, =2 8=, U, H, SKioRT. =R

* ORITRITNTT 27 — nodIB DTz 5T side products ¢ LT ofpoXfbkHBoHRILEL( v
L Tz

N RBICICN LGRS I L L R IR RS,

B kit S¢S, CUMT AR RO R TR LA, 44, 1030 (KM,

4) #URRD, WOk, ZERT R bl FRE 45, 366 (1042).
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Table II1.
Experimental Conditions. (Autoclave Run Series TV Tabulated : Paraffin Oil 111 Used)
] 1
o S| & & (Reaction |27 Condensates el | B
o S| s |2E 2 & 8%, 33
.XPp "5'§ CGas ;;.>_' _g g [S] o =5 Cond l Tra E oIz Ll g2
No.:23lcont| 52 3 3 °g. e . - %gﬁgg‘fg’%
. —— : : ’-\ 'c E -, = - 3 i
< g8 & £ & |AZRE| e ’ gr | cc \ gr |S&2'8 ST
er. o ‘ 200 — o o - o
Sere 11 1:neafia, 45 500 [300° 3 00150118,0 2 | — |oiajinr | =) = | 28
S‘l" 11 | 1:1.35| None None |303 530% 200 |1995 2.6 | =1 0 0 |202| 67| —
3 . Ql
Sty I L3 18ab,5 500 |00 330 P® a0 oz |04 |asa | 24 [assfany | 167
"e;'q m 1:2 1, 220 w0 [220 350 19“50 1S40 94.4%% 73.6 | 274 [ 235 [160) 6.7 | 26.5
‘ oo
“";:, I 1:1.55%21, 30° 200 (301 360 1-001.,01340 253982059 ' 31.4 ' 195 [102] — 115
Ser. - lox on o onn H0— 200— .- o - "
os 11 1:1.7 25, 30 301 |3 65| 1ooRlHD ELHE0ST | 100 [128 | | — 80

* The tirst 150 minutes at 350°C,
¥+ Jlarge amount in “condenser "’ probably due to forcing out of medium,

g, B0°CIn THRD L RASMBES I DZHUTTR 1T —FT 5. —54 VAN
Ttk 300°C Arch S e { FRICERMLII S/ HE R AT TH 5. TILELRW
5 & THAXERO - FrE AN s GA 0 b ML THH S, Jto
IRIIMHT PRS2 R TR2DI T W B AL de. I Hgs oo B o W 3 LRGN IR T 2 28,
CWﬁﬁM%m*LTm%fthm%wnﬁu.mL%%ﬁ—N{memﬂwmnﬁwt
W LA TRLE L BEO DA WD THLIE TV, Ser. 139 Je 78 1V, Ser. 124F o> HLod ok
Tl b CH D, EimbPl, B0 X 0 EABOMPTOWIME F — S 1 F LA ow o BERC
MTIE T THDITHL, »—~4 FEESHERCE 1.7cc THD

AR O YT PRAL X SR AT < 24U 2 1, 230°C LUF capg+ 23205

Table 1V.

Distillation Analysis®* (Vol. 23) Table V.
Temp.2C| 1V, Ser. IV Ser. IV, Ser. Eftect of Temperature on the
Range 124 178 82 Yield of Iso-butanol
<100 18.8 1.5 25 Voot
100 —-150 35.4 43.5 18.7 Ex : Liquid Condensates* Reaction
xp. No. B, g o~
150—230]  27.6 29.0 25.0 (?;gﬁ,_]”,"l‘(’)‘.':'f')"’l Temp.2C
an0—erplAt 216 began _ 19.4 :
T lo crack IV Ser. 175 | 18 300—05
L3 Lo i { — —_ 2]
270300 12.2 IV, Ser. 124 16 a3
Residue 10.8 — 24.0 IVa Ser. 82 1.8 200
Toss 74 —_ 9.2
* Made by Mr. Kamiike. The author takes this * Exclusively of condensable gas.

occasion (o thank him for his cooperation.

¢ ZORBOMREAMTEICR S L 0TH 2T, 2 DR RIFEE A LRBECRILORLLE Y.
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T5. AROMBRBRRCRTMS, 4V 75— AT 43 — L OUR &iIE & DT b 455
B. ARLIBIEONEF & e THESEIE A i THED & T8 2.
‘I'able VI,

Gaseous Analysis®, *%

‘{Teqzﬁ:flﬁxf 300 230 3 340 5 360
8 82
Gas ‘\\\\\ 178 I3gssst 124 93 ' —

« React. Trap. React. I'rap.
cO. 0.2 2.3 0.0 0.3 0.0 29.3 0.3 42
C.H. 15 0.0 0.7 0.7 0.0 18.9 0.6 6.8
GIL, 2.0 0.3 12 1.0 2.0 17.3 1.7 22.0
Caln 0.8 0.0 1.1 0.2 0.3 0.0 0.4 3
O, 0.4 0.4 2 0.5 0.5 0.0 0.9 0.4
Co 40,1 48.0 407 : 26,9 0.0 28.1 0.5
1. 47.5 “a%.4 0.0 55.5 50.0 0.0 or.8 0.0
i, a7 2.1 43 6.5 15.4 0.0 34.1 0.0
N, 2.8 25 L7 3.5 2 0.0 6.1 1.8
G, — — - - — 146 — 13.8
CH,, - - - — - 18.7 - 41

Run 50 L | 131 l 93 i 73 89

* Since (10: 11, varied for different runs, the comparison cannot be quantitative,
**  Approximately the middle run of each series taken.
*s¥ No carbide present.

WMARREISHOBIEERTH 2. 2 5 v it8 T 20 A YRV TE, RIEIC T 2 1Ak
HERIIOD AR DBIFNLED bithv. TH —~<1 FREECRE 2me, $hozFr v, 7
Ry, T H R T Y TONT RN AR D OIS (AT 2D L HETH D, =T
v DAETEL Taylor %8 Von Hook® (T A. Farkas %X L. Farkas® o> = 7 v v i
BEL. 77 vy OKERMIRETH VBB TH D &L AH ISR OTEEMIC R 2 2
THbED. 7P HEFu iDL = F v L% K#@éf&(ti’*ﬂ,’: Lkey malecule™
THDHED Egloff OFRHTIOTRMEINZTHHH. HIEIRH AFHFHXE I HIBD T
RHTHL L INTHDEM, Wb

2(CH, : CH,) = CH,CH,CH : CH.
ITH L 35~37.7 K cal. per mole Dfth= + L ¥ ~ k{3 TH 2. AEBONBRMOKEEL
THHEMETAT, M ER SN T F v VI ARBRMENTT § o L p D5 0508 T EAHA

5) L A. Taylor and A. von Hook: /. Phys. Chen., 39, 811 (1935).

6) A, Farkas and L. Farkas: J. Am, Chem. Soc., 61, 3396 (1939). #*Siroeh (Liftkfb= 2 A & — (211
& 1SN T 12~1T K cal ¢, Taylor iR IF IR HE IS T 42000 cal per mole {9C3, 5.

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

8) Storch: /). Am. Chem. Soc., 56, 374 (1934).
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bild., Te X rRATIEICIE =L oH377°C RTE 1415 mm I RTES
7z Storch® DE{ILE BB L Liew. TRENDIAOIRRIFINIcH L TR 77 v 0 ’#ﬁkﬁxfi%‘f 3
LHL SR R DL T n R OERANYA L D HKiT

2C, 11,

CJL+CJ“<CII
6t lye

DI TR RTIEE A v 7 4 v B~ 2 & 723 (disproportionation™ ¥ s+ 2 FIc k> TIH

BOREETEHT 2L 7 4 v OfEEXRNLTH 3. KEBROBA. DT uv¥ps
R CKFERM N B EFABUIAT VI~ L E~BNLD
PO IT AT RN A ZEDERITRT, = ¥ U A L e G OMEE AR I

L oM T RIIMETH S
AEER O I SPATIC KT, MR K HR G D e SHIAR B O DO FRROMA & Ik H i

7c CO. DFRHE L DAL #HL & Table Vg
MOV DRSSy ZATHDIL B, D Analysis of Trap. Gases,
(Autoclave Run IV, Ser. 124)
s ERHTODEG ERABHEICIRR <%
l"lb . -
R L 2. ZITHW T ks KITREh \J 130 ‘ 133 155
s )
72 1Va Ser. 124 0>+ 77 7T fH S 7 1 co, 26.1 30.2 321
DEHOEEANIRLTH D B s G| 128162 182
(AL 0.4 248 aT.
SR LHEBRTHIAN D D I TN, =S oAt Cnllgn 1.5 1.3 1.2
dry system T (X WE I B DICH B FE 0, 0.0 0.2 0.0
B co 3.1 28 0.8
ik 72T oBRE TR TR AL , 0.0 0.8 3
L RITAD T LR L) 2 i oR T CH, 1.3 8.2 0.0
I, 14,6 14.4 0.0
42 ¥ \ 20
BARDHMTH D LI E~LILETS LAV, i, 0.0 0.0 0.3
FAMESZLSTRE, =Fv v RUAE -
DFMOBEIT = 7 > DAEL IR\ IEL AR Table V1L
MARL IR E~SL V. JEMEZEBL T3 Pend Temperature °C
roducts Tnitial Maxi
Tomz :g “T\"Qﬂ’]'c H5 Ap};lel:zlr::mee PO‘:;‘\:“‘::'\]
- TLgloft™ L b3l adie Wood O CyH,, Gl 350—400 650—750
e _ C.lTg 450—500 700
KicHhiZ, =F v > OB 248 cH, 500 1000
ORI IIR N BIRE R R R DR 1E G, 650—700 1400
‘i%'b?&ltfﬁ'rﬁ;!(ll’c’ LDOTH 5. Aromaltics 650 800 —850

* Yllis (7% Chemistry of Petroleum Derivatives).

The Chem. Catalog Co., Inc.,, N. Y., 1, 80 (1934) =

{RVIT Schneider ¢ Frolich ¢ lenher @offititz GIL=2GIL; fi~f=F L D7 F L >~T
i1, eerr~oBton AR IZTORBITIZ LIV L2RLTHS.
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. Moore KCK Taylo® v 7 4 ~JEJ) 40mm & 2D 6 (OB KD AL 7
1 Y DKBARAREIRIMC BT DR, = FLr o V= p o v kT 2L Db 7 m
RYRRET YR 2DFV T WV ERTIHMBICERTH DL HEORIY
AL TH 5.

Table VIIT.

Olefine 25 of Olefine to Saturated Products

Used CH, GH, CaHy Gl CGsH,e Gy, Gllyg
G, 2 14 — 84 — — —
CaH,; 2 i 1 26 h) 2 64 —
Gl 3 \ 1 1 29 — — 66

WE ML= 2 F—DHE L ) LT, =7 v r TOOMNE= F1 ¥ —~(3AHRMOFh
b/ Cd s, bR 43.2~515 K cal/mole” (= & L %It 35~387.7 K cal/mole T3 %
HIHDIHTH L. = FL v, T e v vy RIET F L AT T 2KERMOHE L= 3

DREZZRHSTROERKLIGICKF 2. TOFUL H5~120°C 1223 SiBIC =Y r T
THRKREAV 74 v & O MR TOKERNZBITEINT 2 Twige™ OB EHLLMIND

FiCd %, EOTHBERESIUL-ADML TH 5. Table IN.
AR R RSP HIC Y, FEE ISR T = Y ' Activation Energy
Olefine Kecal./mole
rrliiisz=zrry, Favvvy, £ V75— DKk ‘
Ethylene | 8.2+0.5
pbﬂ‘DHF 'C’)A—C 7K3'=7’<flll'7)n‘?ﬂ ﬂ: T HRNF— & L C, Propylene 6.0
REEDMIF i 2 1372 Butene -2 o
Isobutene 3.3

VYRR L b LT, AEECNG 2= 7 » DOREf
TR SN EBMIIR L AFh T2 L ODTREVTH S I8, ZE0ES L=~
.’::-f{‘sa' Wl‘. f| LI*\.‘ DicHEL (1!‘\ system ‘I'lL'ﬁ Jﬁia)m'ﬂlp )l"“gm"’j‘t7 LDEX
bk,

B ¥
WA m NN PR A ) — AT L B4 TF =~ -T A a— LD
Bols 7 4 T TIT O, IEHBIEGFL D X 0B 2 IR B0 v L, dry sys-
tem ITRAP B & D b HHRO MRHT AT 5 B b e

9) W. J. Moore, Jr. and 1. S. Taylor: J. Chem. Phys., 8, 504 (1940).
10) G. H, Twigg: Tran. Faraday Soc., 35, 934 (1939)
11)  O. Toyamus: Rev. Phys. Chem. Jupan, 11, 3563 (1937): 12, 115 (1938); 14, 86 (1940).
12)  R. Kiyama: 7bid. 15, 137 (1941).
W oL EROBTRIR Z ORI & L B S a 2, B Ao HBH LT v Z20Rich
ORNOMEOHBITERIARETITEHDL 5.
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2F 7~ A BBOBEHEMEIECH T Y v AR EMNUCHFL, + Y ¥ 4 D0.05~0.2
moles ANAANERMOBDEFRXRAMT DS, 27 7 — A ORRICHERBOPILXRIT2HVE
iz

ZFL Y, TRl RET I OLIROES L Z2HIC = F vy RUOKEORAME 281
RTTS, =& it R E 2H0ER L b EREnIC iR L 2.

A6 AL IR e S ARBRT R LT M-l LR AR TSP TE I 1T B L, 4405
ARG DANSY L AIEET S A LI W CBHL, P TRIREICK D TR L4
072 SIBEERECH UREOWE L LT L OTH 2.

ikt e Bk Rk
P SIS
(B$0 17 423 J] 16 1 50)





