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[ THE SYNTHESIS OF ISO- AND NORMAL BUTYL ]

- @l ALCOHOLS IN THE PRESENCE OF
CALCIUM CARBIDE.*"

By R. Neacisni. s

'

.

In one of my previous papers® I have shown, in a general manner, that many
organic substances can be directly synthesized from calcium carbide. It is now my
intention in this paper to show whether or not. this new method of ‘S)mfllesis can
be controlled; to some extent, to produce butyl alcohols (limited to iso- and
normal). 1 have chosen this synthesis, becausce there has been evidence that some

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

elevated pressures”, and because of its interest, academically and practically, as a

~source of the butenes which can be readily transformed into aviation gasoline and

ingredients of high octane number. This synthesis has proved not only; heretofore,
unreported 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 energies of the syntheses will
be made. They will be given in the Tables and Fig. 1 below. For these calcula-
tions the.same notations; relations, and equations for the standard free encrgy of
formation™as those given in one of my papers?, which will be henceforth designated
as Paper (A) I, have been used. For the sake of convenience, the equations for
those substances here involved will be given again in Table I

In Table II dF°, the standard free energy of formation, at 100, 300, and
500°C, calculated from the equations in Table I are shown, and in Table 111 4F,

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

* It is the writer's pleasure to thank Dr. M. Sz;m for the permission for publication.

1} R. Negishi, This Journal, 15, 127 (1941).

2) R. Negishi, O. Kimurd, and O. Kamiike; This Journal, 15, 31 (1041). This paper will' hence-
forth be referred to as. Vaper (A) I,

3) R. Negishi and O, Kamiike, Papers I—VI, a serics of papers on the direct synthesis of hydro-
carbons from the carbide under ordinary pressure, to appear in /. Soc. Chem. Ind., Japan, (1941).-

4) R. Negishi, M. Nibayashi, and (), Kamiike, Papers I—IIJ, a series of papers on -the direct
synthesis of hydrocarbons.from the carbide under elevated pressure, to appear in J. Soc. Chem Ind., Japan,
(1942). i ' B .

**  They will be desecribed fully in /. Chem, Soc,, Jupan, (1942). Thé wriler is.grateful to Messrs.

B :S'akoh,r Araki, Simono, and Kano for making thé autoclave runs; also to his colleagues, ‘Dr. S. -1amai,

Messrs. Kamiike; Nibayashi,- Isobe, and Kataoka for their hearty cooperation throughout this work.
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3 : \ « Table L.
" N The Standard Free Energy of Formation*
2
: éhhstnnc& Equition Reference:
L. o ~27070—2.05 7" In 7-+0.0022572—0.20 (167%) T%—7.92 7' 7
CcO, —g4210+0.30 7 In 7-0.0003 7240.05 (107%)-73—0.04 7" 7 ,
_"  Colly . +54882—13.56. 7 7 z
CI,0H —47130+17.29 7" In T——o.614 =827 6
ﬂ. (?2|~{5(jl{ —50520+4-20.33 7" In 7—o0.0131 7385 7" =6
i n-CyH,OH —59470426.41 TIn 7—o0.0113 72868 T 6
* i50-C IO —60020+28.77 7 In T—0.0106. 72—106.16 7* 6
0 - —357120+42.75 7 In 7—o.00075 7°—6.65 7" 7
1+ Carbide. —13210+6.9 7'In 73147 7 8
Ca0 —152640—2.25 7" In 7'—0.0015 77437.53 7° 2 b
‘CaCOylcalcite) —=29033440.723 7 In 7—2.778 (107%) 72 —13.13 (10%) 73+ 95350/7} 61.30 7 2 '
b 0-CHy —1897+62.67 7° : ' 5
! ,im-C,',IIsr —4540+63.02 .7 2 '
n-Cyllyy —32292+91.58 77 n L
Dy ¥ Asin i’nper (A) T, these equations are not necessarily the most decurale ones. The same
] ’ -equations have been used for the sake of comparison, For the more accurate or recent thermodynamic
data see:
|- ) K. S. Pitcer, J. Chem. Phys, 8, 711 (1940); /. Am. Chem. Soc., 62, 1224 (1940); Chem. Rew., 21,

' . 39 (1940);-F. D. Rossini,r J. Research Natl. Bur. Stls., 22, 407 (1939); Chem. Reow.; 27, 1 (1940); G. S, . .
h ' “Varks; #id, 27; 75 (1940); C. M. Thacker, H. O. Folkins, and . L. Miller, Znd. Zng. Chem., 35, 584 R
(1941); K. Kawakita, This Journal, 15, 118 (1941), (Review In Japanese). :

o Table 11.

‘The Standard Free Enérgy of Formation, #°.

Substance 100°C 300°C 500°C
co —34200 ~—38400 “—42500
CO, —93900 -—93700 —93500
Gy 49800 47100 44400
n-C,ll, 21500 34000 - 46600
iso}G;IIs 19000 31600 44200

LS oA § 69 1880 20200 38500-
CH,OIT —41500 — 35900 — 30100
CEIQOII —39200 - ~29600 —19700
n-C,I11;01L , —35100 —16900 2300
is0-C,1,0OIL — 37600 — 19700 —68%
Lo — 53600 —51200 —48600
CaCs ~— 18300 — 20300 —~22100
Ca0 —143800 139800 — 136100 °
'aCOy — 266200 — 253900 — 242200

‘:5)7 Calculated a.sr in Papér (A) I from the ‘data given by C. T.. Thomas, G. E;gloﬂ', and J C, Morrell, .
-Ind.. Eng. Chent, 29, 1260 (1937).
":6). A. W. Francis, #%id., 20; 283 (1928).

{7y J. Chipman, #id., 24, 1013 (1932).

8). K. K Kelley, Bur. Mines, Bull. No. 407, 8 (1937)-
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. e
‘ - Table 1IL , ‘ 2 ‘
. L]
) ar o
Reaction B
100°C | 300%C | 500°C ‘;
: s
1) From Element ) )
18 4C+5iL+ 120, =is0-Cy1 L,OIL - —37600 | —1g700 | —700 s
1b 4C4-5HL+1/20,=n-C, 1O —35100 — 16900 +2300 A
2) From Acetylene ' [
2C,Ha+ H,O+ 21 [y=iso-Cy1 [LOI T . —83600 | —62800] -~40000 ' 1
3) From (Carbide+ Water - ‘-“
2CaC- 4 311,04 21, =is0-C I [0 +2Ca0 — 127700, |—105100 | —82800 R
4) From'Olqﬁnsg) :
4 0-CH A TLO=n-Cl 01T —~3000 | 4250| +4300 E
4b bo-(‘4113+l[..0_150-( L1LOLE ~2500 =140 | +3700 n
5) From Water-gas ‘
4004 8iL=iso-Cl,OH+3I,0 —51500 | —19800 | +13400 g
6) From Water-gas+Carbide-4CO,* ’ i
400 +-8Ha + 3CaCe 4 300, =iso-C,11;0H + 3C. 1,4+ 3CaC0y —212800 |—144400 | —77200
Polymerize
'7) From, COs+Methy! alcohol+4Oxygen!” — ‘ "
81T,+2C0,+2CH ;O 140y =is0-C, LOH 4710 |—142200"|— 118600 | —93500 . E
8) From Ethyl Alcoholtt) ‘ .
20 TOH =1-C,1 O 4 11,0 ‘ —10400| 8800 | —7000 |‘
9) From Ethyl Alcoliol4Carbidet ) !
2CoHOH+CaCy 4 COp=n-CyL,OH + CoHy 4+ CaCO, —60800 | —50400 | —40500 -
‘ Polymerize :
10) I:‘rom Methyl and Ethyl Alcohols!® - ) r .
2CH,0H 4 GO =is0-C,1 0114 211,0 —22700 | —20700 | —18000 o
11) From Methyl and Ethyl Aleohols+ Carbidef ‘
2CHz0OH A Cal 101 14- 2CaCe 4200, = is0-CyHgOI 1+ 2Cal [ 4 2CaCO; - |—123500 |— 103800 | —85100 '
Polymerize -
12) Oxidation of Butane! —
Gyl g+ 1/20, =1 LOH | —39500 | —39900 [ —39300
13). From CO; and HyM - . .:
260441 L= CILOIT4+ CO4T1,0 , 4800 | +10900 | +17400 ‘

9) -R. Fussteig, ch;almm Z., 33, 4 (1937). Tn this ‘work the production of .pure: ethyl, bntyl, qﬁfi

'Cgll|OIL by selective absorption of the corresponding olefins in the appropriate concentration of S0,

with. AgCl as catalyst is given. Alo G. Egloff, ’I\éhclions of Pure Ilydrocarbons,” Reinhold Publisk.
Corp., N. Y. (1937) C. Ellis, “ The Chemistry of Petroleum Derivative,” Reinhold Publish. Corp.,, N. Y.
(1934 and -1937). .

* In this-reaction a methanal catalyst is employed. Whether or not CO, is-added, nearly a
quantitative ‘amount of carbonate is formed. Part of the water gas introduced reacts according to

CO+HLO=C0,+1L,

and this CO;.reacts with the Ca0 produced. : \

10). 1. G. Farbenind. A, G., G. P. 479829.. Since the equation of the reaction is not ‘given, it has
been assumedas written. -

Ix) Neuman, Brit. P, 326812 (1928); OL Fuchssand W Querfurth, G. P, 59467z~ Deutsche Gold-
und ‘Silber-Scheideanstalt ‘vormals Roessler, Brit. P, 478141 (1938), (C.A., 32, 4610 (1938). In:-the last
patcm mmn]y the normal butyl alcohol has been’prepared at 10—I00 ntmosphere prﬁsnre in the pre-




.energies of the reactions -are much

those not containing it. Take, for

.reactions § and 6 in which the

-alcohols are synthesized from a

takes place; reactions 8 and 9 in
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‘butyl alcohol, according to the reactions as written, at 100, 300, and 500°C are given

and’ they are plotted in Fig. 1. All these reactions, with the exception of 1 (and,
perhaps, 3 although some evidence of the formation of higher alcohols have been

‘obtained from our low pressure experiments”), arc possible not only in theory but

also in practice. Keal.
-+50

» .. As can be re{xdily seen from
Table III and Fig. 1, in all reac-

tioris involving the carbide, the free

greater, by 40 to 120 Kcals., than

example, reactions 2 and 3 where
the alcohols are prepared from
ordinary and nascent acetylene
molecules, respectively, in  which

there is a diffcrence of 40 Kecals. ;
) /S

mixture of carbon monoxide and

hydrogen, a diffcrence of 120 Kcals,

| |
100 300 500

-=—200

which the higher-alcolols are formed

from cthyl alcohol, there is a dif- Temp. °C
! : . oL Vig. 1. 47 vs Temperature.
ference of approximately 40 Kcals. ; .

and, finally, reactions 10 and ‘11 where a mixture of methy].and ethyl alcohols is
. - AY

sence of a catalyst consisting mainly of magnesium, containing a small amount of other metal or oxide,
such -as Mn, Fe, Cr, W, Sn, Ni, and Co.
T " In this case either almost all normal or a mixture of normal and iso-butyl alcohol can be

prepared.

12) O, Fuchs and’ W. Querfurth, U, S, 2050788, ((‘&em bst., 30, 6758 (1936)) 5 Detlsche Cold-und

‘Silber-Scheideanstalt vormals Roessler, (i, P’ 674751-(1939), (Chem. Abst., 33, 6874 (1939)). In the latter

pafent, a mixture’of methyl and ethyl alcohols is- treated with IT, at 200—350°C in the presence of a
catalyst consisting principally -of MgO with a small amount of one or more catalytically active’ metal
oxides or metals, such as ALO; or CuO, tu give higher alcohols. The presalre may be ordinary or up
to 30 atmospheres. -

1 By this method® pnnmpally iso-butyl alcohol is prepared whether or not a catalyst is pre.sent

13) 1. Frelich and \Vu::ewtch, Ind. Eng. (.k(m, 24, 13 (1932).

‘14) DV, Smlth and L, L. Hirst, ibid., 22, 1037 (19‘;0) Under elevated pressures and at about
3oo°C methano! is produced. This reacuon is not a part of the Table proper, but has been inclided
here for a future reference.

o |
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L used as a starting material for the formation. of the buty! alcohols, there is a
g 'd'ifferen‘ce of 80 Kcals. between the reactions involving and not involving the carbide.
These differences correspond to, in terms of the logarithm of the equilibrium constant,
which is rclated to the free energy by the relation, 4F=—R7 In K, from 15 to
46 fold increase at 300°C ; in other words; there will be a {remendous increase in

- the possibility’ of synthesizing the alcohols.
It is- interesting -and instructive to compare again the reactions 5 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 mcans'is that, as the temperature is. in-
creased, the tendency for the alcohol formation decreases rapidly, and at about -
,400°C the free energy becomes zero. In practice, however, the reaction is_usually.
éarried out above 400°C’5’, and in order to off-set the decrease in the free
energy by the increase of the temperature (to increase the rite of reaction) higher”
‘pressures are employed.

- The: effect of pressure on the equilibid for the’ comparative reactions,

4CO+8H,=iso-C,H,0H +311,0 )
and
4CO+8H,+ 3CaC.=is0-C,H,OH + 3C,H, +3Ca0, (5")

I Polymerize
7’ —_—

. 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, furthermore, the nascent acetylene molecules polymerized
‘into a product with a very low vapor pressure. Under- these assumptions,. the equilibrium

constants. of the reactions may'be written, respectively,

= P(«:.)Pulgm and K=t P wo__

Peny' Py’ ‘ Py’ Pury®

where Liiey, Poanys Dionys and Py are, respectively, the partial vapor pressures of alcohol,

water, carbon monoxide, and hydrogen. From lhe data.given in Table-1I, 4/ of the reac- -

tions (5)'and (5) may be approximately represented. by
dF=—112019+162 7' and

4F=—355670+301 7.

15) G: T. Morgan; R. Taylor, and T. j' Hedley, /. Soc. Chem. Ind., 47, 1177 (1928), R. Tavlor,
J- Chem, Sue., 1429 (1934) G. T, Morgan, If'u'dy, and: Procler, /. Soe. Chem. Ind., 51, 1r (1932 ) G. T.
Morgan and. R. Taylor, Proc. Roy. Soc., A 131,533, (l931), G. Natta, Osterr. Cﬁem. Zen:g, 40,162 (1937);
E. M. Bocharova, B. N. Dolgov, and Z. M. Prokhorova,- Khim Twrdago Toplma, 6, 665 (1935);. (Chem.
Abst;, 30,2171 (1936)i I. G. Farbenbind, A. G., G. P. 625757 (1936); II. Tahara, V, Tatuki, and J,
Sxmlzu, J--Soc: Chem. Ind., japan (Supp. Binding), 43, 82 (1940).




EF S . T
' WIELZDES Vol.
] i

15n No 6 (1941)

1
‘ 176 R. NEGISHI Vol. XV
Lo " Since 4F=—RT 2.3 log K, by appropriate. transpositions,
T o Log ﬁi—’%=6121/'1’— 10.29+8 log Pury  and
\ Piooy’ ' :
‘ - P (nl: — r
Log - 77742/ T—65.79+8 log Pur

(00

result for the reactions 5 and 5', respectively.

n;° il, c, d= abhoed
le+8HzHCn(‘n~mtrC¢HoOH-M(kHrHlCn0 Kame 13 Fig 2a
| Polymer
— «hgh
100C - Same o Fig 2
‘1 50 |- / 150
[
» Tﬁ
]
oo = -
h{ ) 5’; .xoo
200C )
// 3
;3
k3]
' L L
2
0T ~
' o No501-
b
)
3 . 3 1)
100C <
// 00C 4
[Shant) Rindio = § g T
o ]
‘ 5 . .
e f, 8 h= 105tm, }am
008 Ha=iseCHaOTI+3H:0)
! ! T = . 1 N l . . L
o. 1.0 2.0 2.3 Log Puiy 10 15 20 25,—1,-x1'04
1.0 10 100 200 P(uym) Temp. °C— 500 , 300 100

The left hand member of the equ;Ations may
- .serve as an index for the degree of convemion into iso-butyl alcohol of the reacting gases.

Fig. 2b.

Fig. 2. Effect of Partial Pressure of Hydrogen.

Yflect 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 results. The Figures are self-explanatory,
and the effect of pressure on thé reactions in the absence and in the presence of the carbide
is-clear. ) .

Now 1eturmnor to the comparison which I started to make originally between

the. reactions § and 6, lt is seen that,

where the carbide is used, —4F is very

much larger and even at 500°C it is still about — 70 Kcals. This mcans that not
only is the ,efpilibrium further shifted to the right, but also the temperature range
in which the alcohols can be synthesized is increased very much, independently of
the pressure. Since water is an inhibitor for higher alcohol formation by virtue of

a

i D
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. its harmful adsorption on the catalyst!®, the presence of the carbide which removes

-, it completely and rapidly is particularly beneficial.

. . . ‘ %
T From' what has just becn considered above, the presence of the curbide may- T,
y increase the rate* of the alcohol formation, and this would manifest itself cven at .3
R 1
~* . .much lower temperatures than those commonly cmplovcd“’ Evidence for it can TN
- . be seen-from the results of Table IVa where the reaction temperatures have been 9
o : I V ™ . . » «' :“
Lt ‘varicd from 300 to 400°C, the rate of the effluent gas from '3 to 25 lit./min., and : T
‘the carbide content from 300 to 1000grams per run. There the amount of iso- o
o butyl alcohol** formed yper 100 grams of the carbide reacted rcmains practically y
Fo the same, as shown in the last column of.the Table.” In fact, there scems some ‘
- - indication that 400°C may be too hlcrh, and the optimum temp eraturc appears to K
g;? - be about 330 to 340°C. - ‘ ' K
In Table IV b are shown the results of thé runs in which the conditions are
the same except for the reaction pressures. Unfortunately, during the run of -
’ ] . . B -,
Table 1V a, . ) o ‘ -
o Carbide® Paste-+Water Gas Reactions -at 200 kgfem?. ‘ !
I ..
P - . gt s 5
N S ag Rate Yield (xsn-nlc.)é i
' K Exp. No Reaction Wit. (gr.) Cntal};;; New Efituent YN ‘
; Xp. N0 Temp: °C | Carbide Wi (5} Gas Lit. | Crude e i) ) o
) - &) per min. |100—120°C (?nri)!i‘cl:: T
1V Ser. 178t | 300—305 300 36x, 45 " - 9.4 ER) v
T 310 1000 " Tea3, 70 10 350 | 35 T
e " VIIK Ser. ot 320 300 6111, 40 - 1133 . 44 SRR
Ica—6 320 1000 Teas; 70 10 47.5 4.7 . o \
. © lea—3 330 1000 Ica3; 70 8 51.9 52
‘ 1lea—10 330 500 Ica, 50 5 239 4.8 ‘
) Tica—16 330 500 Tica, 50 3 28.5 5.7 i
T 11 Ser. 22 340 500 Tca, 50 3 20.4 5.9 |
" HMca—25 340 750 Tica, 50 3 353 47
. Ilca—35 350 i Soo ~ Tlea; 25 5 288 58 .
- - : : : . .
. Tea—4 350—360 1000 Tea3, 70 22—25 47.7 4.7 -
e 1Tga—66 400 500 © IHga, 50 10 : 20.1| 4.0l| . ) “'4"
*  Approximately 709 CaC, used, Carbide to Oil'is r:2z by weight. ._
1 Resulls in a “static” autoclave. ) ,
, 1 Also in “static” autoclave; the average préssure was.200 to 160 kgfem?, : o
¢ Mostly iso-butyl alcohal, containing some hydmg:irimns of the same temperalure range. o
| Practically pure isosaleohol. The results of azeotropic distillation (R. Negishi and C. Isolie, Bk, s v-_!
. Chem. Soc. Japan, 16, 278 (1941). C ‘ .o o
. . . . . *
.. _ . ! v
< : T
16) I K. Frolich and D. S. Cryder,:lml Eng: Chem., 22, xosr(xgxo) !
* Tie diseussion: of the rate here prcsenled is mcomp]ete, since . the . concept of; the activation s

energy 1» not explicitly gw(.n.
' “ Practically, only iso-butyl alcohol has. been xformed
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Table IV b.
-Carbide* Paste+Water Gas Reaction at 330°C.

WIEBLZDORES Vol 150 No. 6 (1941)

-y ()., .'?'.",

Vol: XV i

—r -

- - Crude i‘"sbé‘
) Reaction Wi. (gr.) Catalyst No. Rate Efﬂpent Rutanol G, - i
Exp.. No. Press Kgfem? Carbide and Gas Lit. per 100 gr. )
A Wt. (gr.) per min. Carbide.
Tca—16 . 200 500 Il¢a, 50 3 57
Tlea—s56 150 500 Tiga, 50 3 38@lD
Tiga Ser. 63 150 500 Mca, 50 3 sl
Tea—49f 50 500 Tca, 50 3 “5—2

*, 3, || have.the same significance as in Table TV a.
1t Results very roughj about 160—140 grams of carbide reacted. .

- Hga—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 IIg,—16.
In the former run, the slowest step in the reaction must have been the formation

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 g are comparcd, some interesting results due to the

addition of the carbide come to 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 a methanol catalyst is added, iso- buty] as well as the normal alcohol

can be produced; as Table V shows. The role of the catalyst in the abdve reac-

tion may throw some light on the mcchambm of the formation of the higher

Table V.
Ethyl Alcohol+Carbide* Paste at 350°C:

Press Methanol Liquid Products in. .. Reacted
Exp- No. Kgr/c;r‘\'l Catalyst Below Iso-Butanolf| Normalf Carbide
. 1lca (gr.) 200°C|| 100 to 110 to (Moles)
110°C 120°C )
IIC::A 10 0.0 6.7 2.5 14.5 2
Tlga—A : ‘ ) ;
\ 50 0.0 48.4% 4.0 142 2.25
:38(39) : ’ Total
u _A (11.2%) .
cA— )
50 25.0 74.0 1L.0: 8.0 3.5
40 (411 42) ':‘otal :
* (14.3%)

* It lias the same significance as in Table TV.

1 Crude iso- and Norinal buty] alcokols (distillates in- the temperature ranges given, respectively),
"1 Below.175°C: i

% Practically pure iso- and normal hutanold combined (results of solvént” analysis).

I E\cludlng unreacted ethyl alcohol.
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alcohols. The cffect of a methanol catalyst may be ‘that of establishing the
. - - -equilibrium, . ' ' =~

(C ] Is)a(—) = CsHsO H,

and . the ether formed may react with the excess of ethyl alcohol to produce iso-
butyl alcohol.

Y ‘There are a number of such mechanisms proposed for the formation of l)iglmcr _.
alcohols as the reductions of aldehydes and of ketones by Fischer and Tropsch'™ ;
the aldol condensation proposed by Morgan'™ : the salt formation of Na tta' s and: .

the progressive condensation proposcd by Brown and Gallmvay“" and by Frolich™ |

4 . The latter mechanism is, according to. Frolich,
N ' 2CH,OH=(CH,}0 + H.O
oAk LT . -
‘ ‘ (CH).0=CH;CH,OIT (I?y rearrangement) "
CH,CH,OH + CILOH =CH,CH.CH,OH R .
) CHCHCH.OH4CILOI=CHOH+HO or R -

2CI,CH,OH=C,H,OH + 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 procecded through the ether step'®. .
Inspite of it, 1 shall tentatively propose, as an extension of the- progressive con- - -
EEE dulsdllon mechanism for the formation. of ncnmal and iso- but)l '1]cohols in’ the

pr(ﬁc.nu. of -the caxl)lde the following:.
2CH,OH =(CH}O + H,O
T (CH)O=CHCHOH
o (CHMO+CHCHOH=iso.CHON 4 H,0
B "2CJ*1;CI-120H=n-€A.lfI,,OI<I‘f-{-'HgO. . ‘ =

In the prescnce 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 each case with or without a methanol Catalyst..

From the above fact, it seems morc"pr‘obable that the formation of normal butandl

17) F. Fischer and 1, Tropscil Drie Um‘wandhmg der Aohle in Ocle, 2, 246 (1924).
18) G. T. Morgan, Proc. 1(19' -Soc, A 127, 246 (1930).
-'19) Brown and Gn]loway, Ind. Eng. Chem,, 21, 310 (1929); xhd 22, 175 (197,0)
w7 20) P. X. Froligh, Ind, Eng. Chem., 23, 111 (1931). .
- Frolich- méntions that intermediate alcohols renct more., mpldly than mclhuno] acoountmg also
“ for the lesser concentration of thém in the final product. *
-

»
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is rather from two. molecules of C;H,OH than from propyl alcohol and methanol,
' at least in the presence of the carbide.
b Finally, I-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, aoam
i there is need of no catalyst. In this case, whethcér or not a catalyst is used, both
N normal and iv.u-buty] alcohols are produced; and though the results are not complete,
. they seem to mdlcate that the proportion of the higher alcohols can be varied by ‘
L .
varying the ratio of the lower alcohols. This effect is shown in Table VI. ~The
yield .of the buty!l alcohols. by this process is quite satisfactory, as seen in Table VII.
In a ‘qualitative way, this process seems to confirm the mechanism of the formation
. of the alcohols proposed in the precediiig scction. o .
. o ; ~ Table VI .
Carbide Pnslc‘+A]c§hoL=. Without Catalyst ; Reaction Temperature 350°C ; Pressure 50 kgfem?. :
R -l - Crude Butano) cc.f . '
. i Reacted Carbide ' :
Exp. ,Nn' Aleohol Iso- Normal (Mole)
100 !0 110 110 to I20
T - Tea—A Fthyl o ' 14.2
k} ' 738 (39) e o 4 2.25
8, . (11.2)
L - - .
v Hea—A Ethyl 4oo0c.c.
e - 45 (40) Methyl 300c.c. 22,5 6.0 o
) / . T J ‘Total 3
(13.8)
w ”0545—“ Mélhyl 69 - very slight -,
i - ~* The'same as'in' Table v. ) : o = — o~
. 1 lcmpcmlurc rangﬁ taken, : -
R +-3 Practically pure:ise:_and normil nloohols (results of rml\rcnl analysxs)
; o Table VII. -
) Fffect of a Methanol (‘atalysl‘ ' i
Carbide* Paste4+Ethyl and Melhyl Aleohols al 350°L, and 50 kg/cm- R
o atalys qumd products in c.c. Reacted
Exp. No Methianol Catalyst ; ; Carbide
Hap- ’ TIca (gr.) Below Tso- Nomml (Mole)
",;. 200°Ct 100 to 110°C | 110 to 120°C
5 ]]CA;A “None "
58.5 22.5 6.0
45 (46) Total 3
£ — ' 11 A (l3i81)
A 2 27.2 30 o
47 (a8 50 59 72 13 s o
- L — i ( 19-61)‘ Ty
*° The samg as in Table IV. ';?i
t Exclusive of (he unreacted aleohols: . v
. t “The same as’in Table VI ' ) N
- -~ -
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& No: 6 © . SYNTHESIS OF 150- AND-NORMAL BUTYL ALCOIIOLS st o L
g, - The satisfactory yield, the lower reaction temperatures, and the less pressure ™
g~ ¢ dependence. of the new processes here introduced for the ‘first time could have been >
. ‘predlcted from the simple thermodynamic considerations, and the recent work on § -

the dchvdntlon nf alcohols™, w hcre mainly ethers .are formed, seems .to give
further assurancc that the Larbldc pl'lys a-unique role in the synthesxs of norial* = g

and iso-butyl alcohols. : : . . t

s SUmmary.

Is6- and normal butyl alcohols lave been synthesized in the: presence of: .

_calcium carbide. This- new synthesis ‘has been proved ‘thermodynamically : and, ~ .
- : ’ N h

practically_ powerful. R

A new meclmmsm for the. fonmahun of the butyl alcahols lnq‘fbeen tentatlvely ;
o T ]l

propns«..d and some cvidence in support of- it has been leen. 2 e
The -strong.affinity of the carbide foi- the water which i$ always formed. alon«r

with. the higher -alcohols -in these syntheses plays particularly an ‘important and~"
,uniquc. role: '

]

“The free energics of reactions. for the: foxmallonb of the. butyl .alcohols in. the

'_p‘rcsence and in the absence of the carbide liave been calculatul, and it: lns bem :

.

shown that in the former case, the mamutude of —dF is from 40 to 120 l\t.l'llq o
AR larger than that of the latter. : ) ' O Ny

. R S
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