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% THE SYNTHESIS OF ISO- AND NORMAL BUTYL
] . & ALCOHOLS IN THE PRESENCE OF
CALCIUM CARBIDE.* " - |
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In one of my previous papers? 1 have shown, in a general manner, that many

——

organic substances can be directly synthesized from calcium carbide. It is now my

F i . intention in this paper to show whether of not this new method of :synthesis can

be controlled, to some extent, to produce butyl alcohols (limited to iso- and

- normal). 1 have chosen this synthesis, because there has been evidence that some

= alcolols can. be formed when the carbide is reacted both under ordinary® and under

~ clevated pressures”, and because of its interest, academically and prictically, as a_ ;

: g source of the butenes which can be réadily transformed into aviation gasoline and ’

ingredients of high octane number, This synthesis has proved not onlys; heretofore, Ty

o unrepdt_’téd in the literature, but it also takes place quite satisfactorily under practical .

conditions;- and the experimental results™ are predictable from the theory. -
Before discussing the experimental data, which have definite bearing on the

subject, some thermodynamic calculations on the free energics of the syntheses will .

be made. They will be' given in the Tables and Fig. 1 below. For these calcula- I

tions the same notations, relations, and equations for the standard free encrgy of

, formationas thosc given in one of my papers”?, which will be henceforth designated

as Paper (A) I, bave been used. For the sake of convenience, the equations for

thosc substances here involved will be given again in Table L

In Table [I 4F°, the standard free energy of formation, at 100, 300, and

. , 500°C, -calculated from the eguations in Table I are shown, and in Table 111 J4F, ;
P et

the free energy of reaction involving the formation of one mole of iso- or normal

* T is the writer's pleasure to thank Dr. M. Sato for the permission for publication. 2 ‘I
v 1} R }{:gishi, This Journal, 15, 127 (1941),
2) R. Negishi, O. Kimurd, and O, Kamiike; This Journal, 1§, 31 (1y41). This paper wiil hence-
fortlh be referred to ns, I'aper (A) I,
5 3) R. Negishi aml O, Kamiike, Papers I—VI, a series of papers on the direct synthesis of hydro-
- carbons from the carbide under ordinary pressure, to appear in /. Soc. Chem. fnd., Japan, (1041).
4) R. Negishi, M. Niliayashi, and (). Kamiike, Papers I—TII, 2 series of papers on .the direct
synthesis of hydrocarlons from the carbide under elevated pressure, lo appear in [, 8o, Chem Ind., Japan, :
!!94'-'-)- . ) N -— . - e LI
** ‘They will be deseribed fully in /. Chem, Soe,, jupan, (1942). The wriler is grateful 1o Messrs..
. Sakon, Araki, Simono, and Kano for making thé antoclive runs; also to his ‘colleagnes, Dr. S. -IHamai, )
i Messrs. Kamiike; Nibayashi, Fsobe, and Katacka for their hearty cocperation thronghout this wark. ¥
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v Table L
N The Standard Free Energy of Formation*
éhhélrince Equdtion Reference’
co —27070—2.08 7' In T0.00225 77 —0.20 (10°5) 7%—7.02 T' 7
Cco, —gq210+0.30 7In 700003 72-}0.05 (107%)-7%—094 7 i
Coll, | , +54882—13.56 7" 2
CIT,0H —47130417.20 T"In T—o.014 =82 T 6
Cal 0O —s505204-20.33 7" In F—o.0130 72=85 T -6
LGOI —59470+426.41 P in 7—oor1y 7=—868 T 6
iva-CTONL —60020+28.77 7 In T—o0.0106 72—106.16 7 6
HLO + —s57120+2.75 7 In 7—o00075 79—6.65 7 7
+ Carbide. —13210+6.9 7' In 3147 ¥ 8
Ca0 —152640—2.25 7' In T—o.0015 77437.53 T 2
CaC0;(enlcite) —290334+0.723 Tin 72778 (107%) 72— 313 (107%) 7'*-1—95190]3’%61.30 7 2
0-C,lTy — 1897 +62.67 7 5
is0-C,1T, —4540+63.02. 7" 2
=Cyllyy —32292+91.58 7 2
*  Asin E’.xper (A) 1, thesc equations are not necessarily the most accurale ones. The same

¢quations have been used for the sake of comparison,

data .see:

K. S. Pitzer, /. Chem. Phys, 8B, 711 (1040); /. <Im. Chom. Soc, 62, 1224 (1040); Chem. Rev, 21,

‘For the more accurate or recent Ihermudynzr.rhiq

30 (1940) F. D. Rassini, . R search Natl. Bur. Stis., 22, 407 (1939): Clem. Rew., 27, 1 (1940); G. 5.

118 (1941), (Review In Japanese).

" Varks; #id, 27, 75 (1940); C. M. Thacker, H. O. Folkins, and E. L. Miller, /ud. Zng. Chem., 35, 534
(rg41); K. Kawakita, This fournal, i5,

Table 1I.
The Standard Free Energy of Formation, #°.

Bubstance 100°C 300° C _5:)9" (&
o —34200 - 38400 —a2500
o, —93900 —93700 —03500
Callg 449800 47100 44400
n-C,lL 1z 21500 34000 46600
is0-Cully 19000 31600 44200

LI TR O § 4 1880 20200 38500-

CHLOIT — 41500 —35000 —30100
Cpl [OIT —39300 - —2g600 —19700
n-C1 1,01 \ —35100 — 16900 2300
is0-C, 1 1,011 - 37600 — 19700 —680
§)) --53600 —51200 —48600
CaCs —18300 — 20300 —22100
Cad —143800 —139B00- — 136100 -
CaCO, — 266200 —253900 — 242200

5) Caleulated as in Paper (A) I from the dafa given by C. T, Thomas, G. Egloff, and ] C, Morrell,
Ind.. P}ag‘ Cheni., 99, 1260 (1037)-

6) A. w. ]*r:mcls, ibid., 30, 283 ( 1928}
7y J (‘lnpmnn, réid., 24, 1013 (1932).

) K. K. Kelley, Bur; Mines, Bull. No. 407, § (1937}
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“Table IIL ‘ ‘ .
. ' i AR S

i Reaction " ! E

‘ : ' ) 100°C | 300°C | s00°C -“:
P 1) From Element ) :

S 18 4C+5HL A 1[20is0-Cy 10T 5 —37600 | —1g700 | =700 Cg
e 1h 4C4-5IL+1fz0.=n-COIT —35100 | —16g00 { +2300 A
y 2) From Aceiylene | g

20 Hy - TLO+ 21 Ly=iso-Cyl [OH T . —383600 | —62800 | —4o900 , : 1
i 3) From Carbide+ Water . M
oy 20CaC+ 31,0+ 2H, =i50-C [0 H 42Ca0 —127700 |—105100 { —82800 il
AT 4) From Olefinsh i
T4 eI TLO=n-C, 11,01 T —3000 | 4z250| 44300 -
- 4 B0-CHLATLO =is0-C 1,011 —2500 = +3700 »
il 5) From Waler-gas -
400 4 8Hy=iso-C1 IO+ 31L,O —s1500 | —19800 | +13400
= - 6) From Water-gas--Carbide4-CO.* i
- 4CO+8H, + 3CaC, + 300, =iso-CIT;0H + 3Cal L+ 3Cat 0y —212800 |—144400 | —77200
Polymerize
7) From, CO:+4Methyl aleohol--Oxygen!® — ‘ N
BITs+2C0, 4 2C1 O T4+ 0g =is0-C HLOTL-H71 10 |=142200"(— 118600 | 93500 .
‘."-..l B 8) From Ethyl Alcohol') .,
‘ (o 2C O =1+ C,1 LOMT 4 11,0 | — 10400 | —8800| —7000 l'
9) From Ethyl Alcoliol4-Carbidet : i
' 2CHOH 4+ CaCy 4 COy=nC 014 Cal L4 CaCOy —60800 | —50400 | —40500 =
. ‘ Polymerize :
. 10) lf'mm Methyl and Ethyl Alcohols!® 1 L.
v 4 2CH,OH 4 GITOH  =is0-C,I L0 421T.0 —22700 | —20700 | —18000
o ‘ 11) From Methyl and Ethyl Alechols+Carbidef ‘
zcﬂam-t-i-ﬂ_lIsolI+z(‘a\‘,+zftﬂ,=L-so-('.,,l-[._,ml-i-zc,ll,-{-z(_'aco_._ —123500 |—103800 [ —85100
12) Oxidation of Butane™ -E—I:-Yme"“
Cal Tyt 1/20,= U1 L0V —39500 | —39900 [ —39300 i
13) From CO: and H,M . - . ,.!
200441 L= CILONTHCOATLO , +48%0 | + 10900 | +17400 A
. _ .
g) .R. Fussteig, Pefﬁkuﬂ: Z, 33, 4 (1937) In this work 1he production of pure ethyl, butyl, and i
GIL,O11 by selective absorption of Lthe corresponding olefins in the apprapriste concentration of I1L.S0), By
with AgCi_as catalyst is given. Also G. Egloff, “ Reactions of Pure 1lydrocarbons,” Reinhold Iublish. ™
: Corp, N. V. (1937); C. Ellis, “ The Chemistry of Petroleum Derivative,” Réinhold ublish. Corp.,, N. Y, A
(r934 and -1937). .
* In lhis-reaction a methannl catalyst is employed. Whether or not €GO, is added, nearly a i
quantitative amount of carbonale is formed. Part of the water gas introduced reacts according 1o .
CO+11L,0=00,+11., .
and this CO, reacts with (he Ca0) produced. . \

10) 1. G. Farbenind. A. G., G. I 479825.. Since the equation of the reaction is not ‘given, it has =
been assumed'as written,, -

i i1y Newman, Brit, T, 326812 (1928); O. Fuchs:and W Querfurth, G, I, 59467:- Deutsé¢he Gold- =~ ' '
und Silber-Scheideanstalt vormals Roessler, Brit. P, 78141 (:933), (C.A., 32, q610 (1938} Ta:the last * "
g - patcn( mmnly the narmal butyl alcuhnl has been prepared at 10=—IDO almosphere prﬁsure in the pre-
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oxides or metals, such as ALO; or CaOQ, lu give higher alcohols. The pressure may be ordinary or up
to 30 atmospheres. -

1 Ry this method pnnclpnlly iso-butyl alouhol is prepared whether or not a catalyst is present.

13) 1% Frolich and \Vleﬂ.wlch Ind. Eng. Ck«m, 24, 13 (1932)

‘t4) D, I, Smith'and L. L. 1lirst, ibid, 22, 1037 (1930)  Under elevated prl:ssure'i and at aboul
300“( methannl is pmducad Thu. rem:uon is net a part of the Table proper, but has been inclided
here far a future reference,

N _~ : 'f ’ = r B ) N R
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‘butyl alcohol, according to the reuctions as written, at 100, 300, and 500°C arc given -
and they are plotted in Fig. 1. All these reactions, with the exception of 1 (and,
perhaps, 3 although some cvidence of the formation of higher alcohols have been
: 3 " . - » - l
‘gbtained from our low pressure experiments”), are possible not only in theory but N
also in practice, Keal.
» .. As can be readily seen from e
Table IIT and Fig. 1, in all reac-
tionis involving the carbide, the free
.energies of the reactions are much °r .
gréater, by 40 to 120 Kcals., than
‘those not containing it. Take, for
cxample, reactions 2 and 3 where | _gpo-
the alcohols are prepared from
ordinary and nascent acetylene
molecules, respectively, in which e
there is a difference of 40 Keals, ;
I
-reactions § and 6 in which the ¢
alcohols are synthesized from a , d
» . . =150 |-
mixture of carbon monoxide and
hydrogen, a difference of 120 Kcals, :
takes place; reactions 8 and ¢ in
Lt . . —200 1 1 |
which the higher-alcohols are formed 100 00 o
from cthyl alcohel, there is a dif- Temp. °C
) ' . - Vig. 1. dF vs Temperature.
ference of approximately 40 Kcals. ; :
and, finally, reactions 10 and 11 where a mixture of methy].and ethyl alcohols is
A Y
sence of a catalyst consisting mainly of magnesium, containing & small amount of other melal or oxide,
such-as Mn, Fe, Cr, W, Sn, Ni, and Co.
T ' In this case either almost all normal er a mixture of normal :md iso-huty! aleohol can be
) prepared.
z) O, [“uchs and W. Querfurth, U, S, 2050788, ((")iem ~ltst., 30, 6758 (1936)) 3 Dedlsche Cold-und
‘Silber-Scheideanstalt vormals Roessler, (i, P, 674751 (1939), (Chem. Abst., 35, 6874 (1939)) In the laller
pafent, a mixture’of methyl and ethyl aleohols is treated with 1Ty al 200—350°C in the presence of a
catalys| consisting principally of MgO with a small amount of one or more catalytically active mela.l -
-
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L used as a starting material for the formation of the butyl alcohols, there is a
. : d"lffereﬁce of 8o Kcals. hetween the reactions involving and not involving the carbide.
These _diﬂ"eren(:es corn‘ﬁpond to, in terms of the logarithm of the equilibrium constant,
which is rclated to the free energy by the relation, 4FF=—R7 In X, from 15 to
46 fold increase at 300°C ; in other words, there will be a trémendous increase in

~ the possibility’ of synthesizing. the alcohols,
It is interesting and instructive to compare again the reactions § and 6. In

: the absence of the. carbide the free energy of reaction decreases from. —52500 at

100°C to + 13400 at 500°C. . What this means is that, as the temperature is. in-
creased, the tendency for the alcohol formation decreases rapidly, and at about *
400°C tlie free energy becomes zero. In practice, however, the reaction is _usual]y.
éar’ri'ed out above 400°C"“, and in order to off-set the decrease in the free
cnergy by the increase of the temiperature (to increase the rate of reactibn) higher
pressures are employed.

The effect of pressure on the equilibria for the- comparative reactions,

4CO+8H,=iso-C,H,OH +31.0 (5)

4CO+8H,+ 3CaCa=i50-C, H,OH + 3CH, +3Ca0, (s")
: I Polymerize '
» —_—
.« .in which the carbide is added, may be roughly seen from the following simple caleulation.
+ In both reactions the gases were assumed ideal and the- ratio of CO to H. remained 1 to 2
throughout, and in the Jatter reaction, furthermcire, the nascent acetylene molecules polymerized
[into a p;:oduct. with a very low vapor pressume. Under these assumptions,. the equilibrium

constants of the reactions may be written, reﬁ'[)ectiveiy,

- P(nh)PUfaO} S P(nm
K= anl K'=

Py’ Pury’ ) Py 0} P i

where Py, Loy Pionys and Pragy are, respectively, the partial vapor pressures of alcohol,
water, carbon monoxide, and hydrogen. From Lhe dala given in Table 1I, 44 of the reac-
tions (5)!and (5’) may be approximatély represented by

AF=—112019+162 T' and

4dF=—1355670+301 1

15) ‘Go T. Morgan,” K. Taylor, and l"_[ Hedley, f. Seoc. Chemt. fnd., 47, 1177 (:928), R. Taylor,
S Cham, Sic., 1429 (1934)¢ G. T. Morgan, Ilardy, and: Procter, /. Soe. Chem. Ind., 51, 17 (1932); G. T
Morgan and. R. Tay]ur, Proe. Rov. Soc., A 131,533, (1931); G. Natta, O.crerr Chene. Zﬂtg.qﬂ, 16z (1937)3
¥. M. Bocharova,. B. N. T}nlgnv, and Z. M. Prokhorava, K%im Twmdaga Tqr!bya, 6, 665 (i935) . (Chem.
Adsty 30, 2171 (1936); I. G. Farbenbind. A. G, G. P. 625757 (1936); I1.'Tahara, V, Tatuki, and J.
_Stmlzu, oo iSoc: C»'lirm. Indz,, Japan (Supp. Biuding), 43, 8z (1940).
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" Since dF=—RT 2.3 log K, by appropsiate transpositions,

Log g_:-%:q=6|zl,’T—_lo_ég+8 log Pyry and

Log "}ﬁﬁ???ﬂf 7657948 log Pur,)
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result for the-reactions 5 and §’. respectively. The left hand member of the equations may

serve as an index for the degree of convemion into iso-butyl aleohol of the reacting gases.

a by g, d= aboed
JCD-HEH 7300 so-CaHaOH-HICH 1000 Banr 24 Fig 2a
. ) L_I;ul)‘mtrr ShEk
W —
i / 150l
.

100

5o

g
(=}
Log #(ige-Cabis0H)/£C0)"

x\
L

e LB "_‘=
HOOSi T a=ine- Oy HpOT LMt

1 1 1 1 = " L " 1 i |
o 1.0 20 2.3 Log Py 10 5 20 25 %x 1o?
1.0 10 100 200 Pyyny Temp. °C— 5oo |, 300 100

Fig. zb, Effect of Temperature,

When it is plotted against the partial pressures of hydrogen, Fig. za results: when plotted:

against the reciprocals of the temperature, Fig. 2 b resulis. The Figures are self-explanatory,

and the effect of pressure on the reactions in the absence and in the presence of the carbide

is clear.

Now returning to the comparison which I started to make originally between

the. reactions § and 6, it is scen that, where the carbide is used, —d4F is very-

much larger and even at 500°C it is still about —70 Kcals. This mcans that not

only is the e_quilibrium further ‘shifted to the right, but also the temperature rangc

in which the alcohols can be synthesized is increased very 'much, independently of

the- pressure,

1

Since. water is an. inhibitor for higher alcohol formation by virtue of
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its harmful adsorption on the catalyst'®, the presence of the carbide which removes

_ it completely and rapidly is particularly Beneﬁ'c]al.

.- . _ %
: From'what 'has just becn considered above, the presence of the carbide may "o
' increase the rate® of the alcohol formation; and this would manifest itself cven at 5
1
- ~much lower temperatures than those commonly cmploye tl“’ FEvidence for it can T
. , 'he seen- from the results of Table [V a where the reaction temperatures have been . ,
. varu_d from 300 to 400°C, the rate of the cfﬂuc.nt gas from '3 to 25 lit./min., and Sy
‘the carbuie content from 300 to 1000 grams per run. There the amount of iso- P
T e butyl dlt,t)ho!** formed per 1oograms of the carbide reacted remains practically’
P - V
4 the same, as shown in the last column of,the Table. In fact, there scems some ‘
+ indication that 400°C may be too high, and the optimum temperature appears to -
f‘? - be about 330 to 340°C. : d o
In Table 1V h are shown the results of the runs in which the conditions arc
the same except for the reaction pressurés.  Unfortunately, during the run of
. &
i Table IV a. " . , ¥ vy
e Carbide* Paste+Water Gas Renctions at 200 kgfom?. i =
o~ - Ve I s ' ij
. = Rate Yiekl (iso-ale.)d )
' B et Reaction | Wi (gr) | CHR Neo | pen P
i et Temp: °C Carbide . Gas Lit, | Crude e.c s e ) " 3
Wi (gr) - r min. |100—120°C toa gn v
] . . pe i 7_; Carhide . A
IVa Ser, 178f | 300—305 300 364, 45 —_ 9.4 3.0
oo lea—s” 310 1000 " Tga3, 70 10 150 .35 |
G " VIIa Ser. of 320 3oo 61y1, 40 — 133 44 -
Ica—6 320 1000 Tea3, 70 10 47.5 47 ” Yo '
; ! " Iea—3 330 1000 Ica3, 70 3 51.9 52 -
v 1Tga—10 330 500 Hea. 50 5 3.9 4.8 !
) Ilga—16 330 So0 ca, 50 3 28.5 5.7 i
= 11 Ser. 22 340 500 IMea, 50 3 294 59 =
" Tlca—25 Mo 750 Tlea, 50 3 383 47 _
ITpa—35 350 i 500 Tea, 25 5 28.8 58 g 5
- = . , g
. Tca—4a 3s0—3b0 1000 Teas, 70 22—25 477 4.7 2
“a 1loa—66 400 500 © llga, 50 10 3 20.1| 44| . ‘,'.‘
*  Approximately 7024 CaC, used. Carbide to Oil'is 1:2 by weight. '
t Resulls in a “statie” nutoclave. ,
i f Also in “slatic" autloclave; the average pressure was.zoo {o 160 kglem?, o
¢ Mostly so-butyl alcohol, containing some hydrocarhens of the same temperature mnge. .
I Dractically pure isosalcohol. The results of aeotropic distillation (R. Negishi and C. Tsobe, Bull, , ..'
. Chem. Soc. Jagan, 18, 278 (1941) ‘ - i
. . . .
- A S AN S T - v
< : ) A
16) 1. K. Frolich and D, 8. Cryder, Jid. Eng. Chem., 22, tost-(1930). -
¥ The diseussion of (he rate here prééented -is incomplete, since. the. concept of, the activation ]

encrgy :t- not explicitly l,m.n. :
*‘ I'mctically, only iso-lutyl aleohiol has. been I'urmcd
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.
) Table IV h. '
Carbide¥. Paste-}- Waler Gas Reaclinn at 330°C.
Catalyst Na Rate Effluent Crude Enﬁ-
% Renclion WL (gr.) alaly - .- Rutanol ce.
Exp. No. ‘Press Kaofems et and Gas Lit. *
gfem Carbide Wt ( 4 per 100 gr.
- . lgr) per min. Carbide
Ilca—16 . 200 500 ea, 50 3 5.7
Tea—s6 150 500 Tiga, 30 3 38(3l)
Jga Ser. 63 i50 500 Ica, 50 3 570
Hea—4ot 50 500 ey, 50 3 15—z
*, 3, || have the same significance as in Tabls IV a.

T Results very rongh; about 100—i40 grams of carbide reacted.

- Hgy—49 some mechanical difficulty had developed, and the run was not completed, .

but the results indicated that iso-butyl alcohol could-be produced in the presence

of the carbide at fairly low pressures; the rate was slower than that of [I—16.

In the former run, the slowest step in the reaction must have been the formation g

of methanol from the gas. This point will become more clear when the formation

of the alcohols from the lower alcohols is considered.

If the reactions 8 and 9 are comparcd, some intercsting results due to the

addition of the carbide come fo light. In the absence of it, some catalyst is nceded

to transform ethyl alcohol into the butyl alcohols (mainly normal), but in the

presence of the carbide, there is need of no catalyst to bring about this transforma-

tion, ‘and if 2 methanol catalyst is added, iso-butyl as well as the normal alcohol

can be produced, as Table V shows.

tion may throw

The role of the catalyst in the above reac-

somé light on the mechanism of the formation of the higher

Table V.
Ethyl Alcoliol4Carbide* Paste at 350°C.
_— Methanol Liquid Eeotlosts. 106 Reacted
Exp. No. K g]c;;\z Catalyst Below Iso-Butanolf| Normalf Carbide
L. 1lga (gr.) 200°C|| 100 ta 110 to (Moles)
110°C 120°C
]IC:';A 10 oo 6.7 2.5 4.5 2
TTea—A 2 ' .
! 50 0.0 45.41 4.0 142 2.25
38(39) ’ Total
- -A (11.28) .
doa— ; )
50 25.0 74.0 11D 3.0 3.5
40 (41, 42) Total
i (14.38)
* It lias the same significance as in Table TV. _ '
1 Crude iso- and Noripal buty] alenhols (distillates in' the temperaiure ranges given, respectively).
"1 Below. 175°C.
Practigally pure iso- and normal butanoli combined (results of solvent. analysis).
¥ I ; ¥

Excluding unreacted ethyl alcohol.

t
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: A
alcohols. The cffect of a methanol catalyst may be ‘that of establishing the

< - - equilibrium,
(C] Is‘}s(}':(_-:e}{soH'

and the ether formed may react with the excess of ethyl alcohol to produce iso-
buty! alcohol. ’ 5
¢ There are a number of such mechanisms proposed for the formation of higher
alcohols as the reductions of aldehydes and of ketones by Fischer and Tropsch™ :
the aldol condensation proposed by Morgan™ : the salt formation of Natta'™ ;- and
the progressive condensation proposed by Brown and Gallow ay™ and I)y Frolich"™ =,

v The latter mechanism is, according to. Irulich,

NN ' 2CH,OH =(CHz)O0 + H,0
- (CH,)0=CH;CHOIT (by rearrangement) ity
CHCHOH + CH,OH =CH,CH,CH,OH ) '
CHLCH.CILOH + CH,OIT=C,H,OH 4+ 1,0 or

o 2CILCHOH=C,HOH + H,0. '

He docs not give a definite mechanism for the formation of iso-alcohols, but merely
mentions that (CH,.O may- be one of the intermediates. He and Cryder could

not obtain' conclusive evidence that the reaction proceeded through the cther step™. .
Inspite of it, I shall tentatively propose, as an extension of the- progressive con-
% dL.IlHdllU!] mechanism for the formation of nmmal and iso-butyl '1[(:0110]5 in the”

p;uulu_ of the L"ul_udt_ the following :
2CHOH =(CH}0 + H,O
(CH:0=CH,CH.OH
' (€10 +CHLCILOH =iso-CiH,OH + HsO
S . 2CHCHOH=n € LOH+1L0, | -

Ly ; . .
In the presence of the carbide we have found only a slight amount* of either
ethanol or propyl alcohol whether we start out with pure cthanol, with pure
. methanol, or with their mixtures, in cach case with or without a methanol catalyst.

From the above fact, it seems more probable. that the formation of normal butano!

t7) F. Fischer and 11, Tropsch, Dir Um‘qui;mg der Aoble in Ocle, 2, 246 (1924).
18) G. T. Morgan, Proc. Koy.Sec., A 127, 246 (1930). : i
1y) Brown and Galloway, /nd. Zng. Chem, 21, 310 (1929); iid., 22, 175 (Ig‘{()). ; ;
L= 20) P. K. Froligh, Ind. Eng. Chem., 23; 111 (1931). a

Frolich- méntions that intermediate alcohols react more. mpndly than methanal, necountlng nl.-:o
“ for the lesser concentration of thém in lhe final product.

»




e T N ET T ) e R S i
MEIEZOES Vol. 160 No. 6 (J941Y =1
»

i

. - .
X ' * Y
T o180 R. NEGISHI ; Vol. XV e

" i
is rather from two molecules of CH;OH than from propyl alcoho! and methanol,

at least in the presence of the carbide.
Finally, 1 shall discuss bricfly the results obtained by starting out with a mix-

ture of ethyl and methyl alcohols in the presence of the carbide, and here, arrain,

= there is need of no catalyst. In this case; whether or not a catalyst is used, both
o normal and iso-buty] alcohols are produc:,d,-and though the results are not complete,
they scem to indicate that the proportion of the higher alcohols can be varied by '
| ' - . - - T a .
varying the ratio of the lower alcohols. This effect is shown in Table VI. The
yield .of the butyl alcohols by this process is quite satisfactory, as seen in Table V1L,
In a qualitative way, this process seems to confirm the mechanism of the formation
. of the alcohols proposed in the precediiig section. ¥
Table VI. ' o e o2
Carbide Pasi¢g*+4 Alcohols, Witheut Cotalyst ; Reaclion Temperature 350°C 5 Pressure 50 kgfem®. . N
-1 Crude Rulanol ce.f B
| Rencted Carbide *
Exp, ;N"' Aleohal Iso- Normal (Mole)
100 to 10 110 to 120
- _ Tea—A r s : ' ‘ :
*:- ' ) ~38 (39). by . % Total e 2.25
| ) : 3 _ (11.21)
.- - .
Mav Hea—A Ethyl 4ooe.c
T - 45 (46) Methyl 3o0c.c. 22.5 6.0 5
; / ] : Total 3
s ‘ - {13.8}) .
w ”C;S'*“ Methyl 169 - very slight -, -
R - . *  The same as in’ I'ablc wv. . = . ~
e '] ']empcmlure ranges taken.
RS ‘1 Practically pure;iso: and nonmal nloolnils (results of solvcnl ahnlybls). ;
we i Table VII. : _ : ;,
& . 5 ) 5
) Effect of 'a Melhanol ('.-ntalyst. ) .
Carbide* Paste4Ethyl and Melhyl Alenhnls at 350‘7{" “and scll:gf'nt:m= . ™
H ol Catalys : Liquid products in c.c. Reacted
Exp. No Metlianol Calalyst Cnrbide
5 » Hea (gr.) Relow Tsoe Normal (Mole)
i‘;' 200°Ct too to 110°C | 110 to 120%C :
B Tea—A None S b
: 3.5 22.5 6.0
o : 45 (46) - Total 3
: . , (lsist)
- llea—A > e o=
5o 502 27.2 3o .
47 (48) Total 3 Lo
" i ( 19.61)‘ S
* The same asin Table IV. 'r?i
T Exclusive' of (he unreacted alenhols: :
L] L)

_ e i fj; The same as:in Talle VI.
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G, L The satisfactory yield, the lower reaction temperatures, and the less pressure = =
.. -T nd - - — .
sl " ¢° dependence. of the new processes here introduced for the first time could have been b
; - predicted from the simple thermodynamic congiderations, and the recent work on F -
"3' ;- the dehydmation of alcohols™, where mainly ethers are formed, Séeins to give <
:‘I’ .. further assurance that the carbide. plays a unique role in the synthesis of nermal* ™ 3
g - . . ~
.Y and iso-butyl alcohols: - , : L.
' NN
. -
#  Summary. : . &
. J : e

[s6- and normal butyl alcohols lave been synthesized in the: presence of o 2%

calcium carbide. This new synthesis ‘has been proved thermodynaniically. and ~
, s .

practically” powerful. - TR g
A new mLch.lmsm for the. formation of the butyl alcu]ml-. has® bLm tultdhvcly <
i . X o - : I‘. "
':;"" pmpo'suc] and. some evidence in support of- it has been ‘-’IVLII. . L m e
By -

"The strong.aflinity of the carbide for the water whtch i$ always fortied: along

with. the higher alcohols in these syntheses pl:lys particularly an important ands"

,Lmiqut. role.

_prcsence and in the absence of the carbide liave been calculatul. cmd it: hm. be«_n
shown that in the former case, the magmtude ufr—-JF is from 40 to 120 le.!als, )
larger than that of the latter, : N )

'.'-' =

[t is the writer's ph.a:aanl doty to ‘a(_l\nowlcdue lns gmtltL.dL to Profe%or-]‘

: M.mmma for his ]artlculdr mterc%t i eucoumgcment thruughout the coursg.
_this weork.
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