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E A oswatch from the conventional cobalt-based w a
new rhodium-based catalyst has greatly enhance,
oxo process, For developing and -:'t-ln'.:'.-:'ra:.tll*- ]
menting the technology that underhies this sw
Union Carbide Corp., Davy Powergas Lad. and Ji
son Matthey and Co, Lid. (UK.) win the 1977 K
patrick Chemical Engineering Achievement Award

Called the Low Pressure Oxo (Lro) prooess, the |
proved method is embodied in a 300-m
propylene-to-butvraldehyde plant that Unis
started up at Ponce, Puerto Rico. early In
any Ul]'lt"! QX J'I-].%]'h Ir .-Jkt"h' -.l:.df!li'l\ l.-](" ]:"-' a h"r-d
mvlation reaction of olefin with a mixtare of carbon
monoxide and hydrogen (e, water gas. or svnthesis
I._{ilﬁi:

CH.CH=CH, + CO + H, —
( H CH,CH,CH=0 + I_il Rlll_:l L H

n-buryraldehyde o

But the use of a triphenylphos .-modified rhodium

catalvar, mstead of the conventuonal cobalt hydro
carbony] or the sometimes-emif
phine-modified-cobalt version, leads to a host of wechni-

red  tnbutvipl

l:'.'ll il[Hl COOnOnme Aattraciions,

[he most important of these is the product mix from
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w-pressure
OXO process

1elds a better
product mix

New oxo chemistry developed by
Union Carbide, Davy Powergas
and Johnson Matthey also
features low capital needs,
effective use of feed, and
negligible environmental impact.

the plant. Manufacture of buryraldehyde from: propyl-
ene, the main « ommercial .ll'_'l[}lll.".'ll-l"'l of X chemis L

een plagued by an unfortunately
low matio of valuable n-butvraldehyde to less-desirable
1 the product mix. When homogene-

I';;1‘:~ 1Or mMEany years b

rdrocarbonv] catalvst 15 used, this rafno has
to 4: 1, according to Union Carbide, The mro
=, by contrasi, allows ratios of 10:1 or greater,
| it does so without requiring the relatively high
temperature needed when cobalt s modified with tri-
butylphosphine to improve its isomer rato.

Hand in hand with the :,wh vield of s-buryraldehyde
inn the new process is a very low incidence of the other
side reactions prevalent with the cobalt-catalyzed proc-

[hese include: hydrogenation of propylene to prop-
hvdrogenation of butyraldehyde to butanol; re-
actions of the butanols to vield esters and acetals; and

dATe

r- rmation of |"|r'._.-.‘.- aldehvde-condensation products. A

OCOss aperates at B0 o

wentional cobalt-catalyvzed manu-
{ and the tnbutylphos-
phine-modified-cobalt approach needs 180 to 20070

More significant than the temperature difference;

however, is the low pressure at which the Lro process
wperates: only 200 1o 400 nsi, in contrast with <000 to

5,000 psi and 800 to 1,500 psi for the two cobali-based



Process flow for new oxo route is characterized by gas-recycle circuit for reactants and inerts

versions, The resulting saving in capital, operating and
maintenance costs is obvious. For instance, there s no
need 1o compress the synthesis gas. This, together with
the fact that only minimal distillation s needed in the
process, helps keep energy requirements likewise low.

Environmental impact is negligible, points out Union
Clarbide. The process has only two effluent streams: a
liquid comtaining the minor output of heavy byprod-
ucts, and a gas stream. Both can be used as fuel

The triphenylphosphine-modified rhodium catalyvse
not only brings about all these advantages; thers are
dlso some other attractions that directly center upon the
catalvst svstem fiself. The Lre Aowsheet was designed o
minimze n-process rthodium inventory and losses, and
there 1s no need for a catalyst-recyele system. If the
catilyst 15 accidentally poisoned or deactivated, the
rhodium can be recovered with Tittle loss, using tech-
niques developed by Johnson Martthey,

In the conventional oxo process, by contrast, the
cobalt hydrocarbonyl is generated at high pressure,
eithier outside or inside the hvdmoformylaton reactor,
Because the catalvst is volatile, and stable onlv in the
presence of carbon monoxide, it must be decomposed
before the reaction product 15 recovered. The cobal-
catalyst recovery ovele s traditionally cumbesome and
costly,

Process flow

The flow disgram shows the £po process to be both
clegant and simple (Fig. 1), The synthesis-gas and
propylene streams are first purified via proprigtary
solid-adsorbent techniques developed by Union Car-
bide and Davy Powergas, to remove catalyst poisons
such as hvdrogen sulfide or carbonyl sulfide, Then they
join with recycle gas, and the combined stream enters
the base of the hyvdroformylation reactor through a
distributor. Here, the rhodium-based catalvst is present
in a homogeneous liquid phase, dissolved together with
free riphenyiphosphine in a mixwre of butyraldehyde
and heavy byproducts from aldehyde trimerization.

The discovery that these aldehyvde-condensation
products are good solvents for the catalyst was impor-
tant to the development of the commercial process. [t
allows the unit to operate without need for other sol-
vents, and forestalls the need for a catalyst-recycle sep.

Because the catalyst is very active, only a low rho-
dium eoncentration of several hundred parts-per-mil-
livn is needed. The triphenviphosphine level is kept
much higher—typically, several percent by weight. This
favors production of the - isomer, as explained below,

The gaseous reactants pass from small bubbles (with
high interfacial area) into the liquid phase,; where reac-
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Butyraldehyde plant employing low-pressure oxo tian i
process at Ponce, Puerto Rico, started up extremely Heat of 1
athly during early 1976, Figs. 2 and 3
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