IV, LZSULTS AND DISCUSSION

As a test of the consistency of the data, the original
results reported by Deacon were plotted against time, or test
period; in Figure II. It will be noted that identical trends are
shown by the data for the oil and water layers, namely that the
neutralization and saponification numbers increased steadily
throughoﬁt the run and that the hydroxyl numbers and the percent-
ages boiling below 203CF were nearly constant except for the first
test period. The discontiﬁuity between the first and the second
test periods 1s so marked that it suggests an error in determina-
tion but this can hardly be the case since it is shown by the in-
dependently determined hydroxyl number of the oil layer and the
percent boiling below 203°F in the water layer. It is therefore
believed to be real and to represent either an induction period
characteristic of the catalyst or, more probably, a time lag in
the composition of the recycle stream to the synthesis unit,

As expected, the difference between the neutralization
number and the saponification number (ester content) is higher in
the 0il product than in the water product, indicating that the
esters are concentrated in the oil phase. The nearly constant
relationship between the tests on the oil and water phases shows
that the distribution of alcohols, acids and esters is approximate~
ly constant, It further implies that there was no material shift
in the distribution of these compounds withwrespect to molecular
weight; since the distribution coefficients vary with molecular

weight.
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These same test data have been plotted against conversion
level; as measured by gas contraction, in Figure III,

Here again there is a marked discontinuity between the
data for the first test period, at 70.1% contraction, and the
remaining data, which show a consistent trend with conversion
level.

It is apparent that there is a large increase in the
acidity of the products at low conversion, relative to high
conversion, and that the alcohol concentrations are substantially

independent of conversion.



[09] o e (& O (@
(00) £~ © v A )

'

1393

TTrq

[

el

pass

OGS

JRSEY OBy

S gena: % pe aoussaege
Jynne sunse e . ;
168 R iy
by 1 T ! -
10 g
R S S S i
B : japus i s
RN Baat 183 T
[S5 apad: el
e + =
! 5o
I "
i
tr ;e
jepna : ;
i [958 S
pugs sans
S S Sasey BENadS tuss
b ! [Sse Sestas "
e T
RASES Susy :
SEPES Sl s Sn) L
JYSOus it

JOBE SROSERSSBE

IS8 SN "l
P Ta)
i 1 Nnnu
T
f
+ 1
!
1
v
o
(IaY
B N
d
' z
T -
1] m
I . o

1
‘N NI

‘s

45

.6
o4
2
.0
.8
»6
-4
2

0



10

Figure IV is a plot of the yields of alcochols, acids
and estebs expressed as pounds per thousand cubic feet of hy-
drogen plus carbon monoxide plotted against conversion as
measured by gas contraction. It will be noted that the relation-
ships are reversed as compared with the plots of concentration,
the acid and ester yields being substantially constant whereas the
alcohol yields increase with conversion. This results from the
fact that larger quantities of oil and water are produced at the
higher conversion levels, the decline in acid and ester concentra=-
tions being offset by the greater liquid yields. The constant
alcohol concentrations, on the other hand, result in increased
élcohol yields at the higher conversion levels.

The data for the first test period, at 70.1% contraction,
again differ markedly from the rest of the data and part of the
run,

An auxiliary scale has been shown in this plot giving
the production rates for Brownsville corresponding to the Run 15
data, using the Case IV feed rate of 8,888.8 M Cu. Ft. per hour
of hydrogen plus carbon monoxide and an operating time of 330 days
per year., At the conversion level of the Case IV Design; the in-
dicated production rates in millions of pounds per year are:

Present Data Sept. 1946 Tstimate

Alcohols 110 121
Esters 3 Not estimated
Acids 41 16
Aldehydes Not determined 7

Total 154 144
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It is emphasized that the present figures are based on arbitrary
assumptions as to the compositions of the alcohol, acid and ester
fractions. They should be recalculated at such time as more re-
liable breakdowns are available.

These same date have élso been calculated in terms of
the mol % of the carbon in the carbon monoxide fed to the reactor
which is converted to oxygenated compounds, and the results
plotted in Flgure V. Again, with the exception of the data for
the first test period, the results are quite consistent with the

conversion level.
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A plot of the weight percent of the total oxygenated
compounds found in the water phase, is shown in Figure VI. Al=-
though there is some scatter in the data, it is evident that these
fractions are largely to be found in the water phase, particularly

at high conversion levels.
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Since it might be expected that the alcohols could be
formed by the direct hydration of the olefins present in the
reactor system, values for the fraction:

(olefin) (water)
(alcohol)

were calculated for the reactor effluent stream. These calcula-
tions gave values which varied about three fold over the conversion
range of Run 15 and therefore indicate that this equilibrium was
not reached. It was noted, however, that the ratio of olefin to
alcohohol concentration was constant throughout as indicated by
the data plotted in Figure VII. It is of interest to note that
the data f or the first test period are in better agreement on this
plot than in some of the previous plots, indicating that the time
lag in the accumulation of equilibrium olefin content in the re-
cycle system was responsible for the time lag in alcohols pro-
duction.

Since the distribution between the various alcohols was
arbitrarily taken as that shown in the memorandum of Sept. 1946;
the numerical ratios shown may not be exact, but the general in-
dication of a constant alcohol / olefin ratio is believed to be
established. This, of course, indicates that higher alcohol yields
may be obtained by increasing the olefin concentrations either by
recycling or by the addition of extraneous olefins, or by changing
the operating conditions to increase olefin / paraffin ratios.

It has been noted, in comparing the Beacon and Montebello data;
that the ethylene / ethane ratio at Beacon is very much lower
than at Montebello (about 0.5 vs. 7.5) suggesting that this
variable is critical to hydrogen / carbon monoxide ratio and per-

haps to catalyst.



PRINTED IN U. S. A

T T T
11 T ! ! o
T
T 1
8 s + T ;s
Fy HSSSSRSERE SEERNERERY 1 gas TR
o8 gaib 28 B jassuns
““ 444 " 44 +
th: - -y 171
. 144 + 1T i T
Bfsasasgas fusesnass @
3 = ;
t
i hrt
- 1 T + it
1 A< 177 17
Sessipssen & &
Sazusy T ' assaet
- ar
s - -
1 ns T 8 stww 11T
: IRGHE Sud 11T 1 : T T 1+
H e HB| 1 1 1D ;e 3.0 g
s HHE 1 I BESpESans e ¥ L i o~
ssgnsesusbaiedil vl o i r 1 i
RS REE RSN BERE PR BRES 3 ST NS ] 159 SR
; DT 1 Fa 4 8 8
+ . 315 shadylicdil s + i TS
i SSEE RRS S SN t SO REITE RN } ]
T H I IR g S T T
h SRASE RASRS SOk e 113
! .4 it d b :
N SR Y T v I1 RS IRERE
SeasisitE i k3 i BESRLES” sodvss. Ssasiiies sk Y
7 : fesise Sanepess
H ‘.:,.J ¢ ! Jiit i it Sssijance
H B IRE1 "o T
HH ST 1 1 eSS ik 1 !
DS T H . SENES pRE. } BB BEDER &
plw T : S8Eee Sen f ua e ok
T T T g pal ! ;!
SS88 soRadnanas SAERE :
pune it H P pEY T W
Sasg i g ; Ei
1 1 - - - =14 18 ¥
3 3 r RS NS SRS I t +
S8% B SRt SN RESS HPw i T Seaes g
W Fiy vaa b 1
REgSS pass: T T T T
HS SETRE SRR SES5 BSOS 114
H §etgeitnge sttt itet Segads .
T T _ T T
1 EEEETIEE sEeCt ERER IS tr H st
[SECEERERE FRSEE i H B3R ISEE
eSS ERast Sout: 1 1
T TaT T spen
i SRy ERaS:
B [BES i
4 Hy H
T I posi gs
+ 1
14 3 13
1 : a
i1 i pu
+ 3 8
§ 3 LT
i 4 18
7
i
131
% 4oy
BEsBbRSo8ss
5kasl 156
jRS S8
HE
ESEREE PRtE
e IRER] i




18

The weight ratio of alcohol / acid is shown in Figure
VIII plotted against the carbon monoxide concentration in the
reactor effluent. The linear relationship shown suggests that
acids are derived from alcohols by the addition of carbon monoxide;
and that it should be possible to control this distribution by
this means,

It is understood that the acid fraction is predominately
acetic and it is indicated that comparatively little methyl
alcohol is produced. This may reflect either a greater ease of
carbon monoxide addition for methyl alcohol, or it may only in~-
dicate that the ethyl alcohol is produced by the hydration of
ethylene, a reaction which has no counterpart in methyl alcohol
production.

It has been shown previously, that the water gas shift
reaction is at least close to equilibrium in this operation and
that for this reason, carbon monoxide concentrations decline at
a faster rate than hydrogen concentrations so that carbon monoxide
concentrations in the reactor effluent are very low, pérticularly
at high conversion. As the ratio of hydrogen to carbon monoxide
in the fresh feed is decreased, the disproportionate decrease in
carbon monoxide concentration is diminished and higher carbon
monoxide concentrations are found in the effluent. If the current
indications are correct, this should result in higher acid yields
when processingAfeed\stocks having a low ratio of hydrogen to

carbon monoxide,



