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BPROVED 050 PROCESS AND WETHOD FOR PRODUCING SYNTHESIE
GAS FROM WASTE DIL

Fizld of the Invention

This invention relates to an Improved hydroformyviston or OX0 process
for making aldehydes (and derdvatives) from olefin compeounds which includes the
preduction of svathesls ges from recyciod wasts ofl recoversd o light end heavy
by-produes in the prooess. The symhasis gas from the recovered ol fs used 23 8
feadsinck 1o the rencinr and hos a reduced Ha OO ratio ns compared with synthesis
gas mede from natural gas wloge. The frventive mothod and appecatus may aisé
be used 16 process viber liguid hydrocarbons and/or hydrocarbon oxygensies into

synilesis gas.

Baglkoround of the Invention

Bydroformylation is e commercindly fmportunt technelogy in the chemioad
industry, Aldehydes ave prepared vis the hydroformytation or OX0 reuction,
secording o which one mot of unsaturated compound is reacted with synthests
gas {syngas} beving & molar retio of hydrogen to cerbon monoxide of 1:1 &

shown below:
RHC=CHy+ My + CO % BH.C-CH..CHO

wherein R s e organic radivsl, Because of the high chemical reactivity of
atdehvdes, further chemical derfvatives such a5 aloohols, carboxylic acids, ee. can
roadily be prepared in large volumes which, in tum, can be farther converted fmo,

for example, estar compounds.
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Using synthesis gas as the raw material for the OXO reaction requires the
adjustment of the molar ratio of the hydrogen to carbon monoxide to levels near
1:1 in many processes and excess of hydrogen has to be removed. In some cases,
hydrogen can be used downstream in hydrogenation processes, such as in the
manufacture of alcohols or it can be sent to a logistic system for use by further
consumers. However, there is a need to decrease the hydrogen to carbon
monoxide ratio in order to reduce and/or eliminate excess hydrogen because of the
operating and capital expense of removal and redirecting these by-product

streams.

The inventive method and apparatus may also be used to process
hydrocarbon and other byproduct streams not related to the OXO process, that is

oils, alcohols, olefins and other liquids having from 3 to 15 carbon atoms.

In general the liquid waste oils from OXO processes comprise olefinically
unsaturated hydrocarbons, longer chain hydrocarbons and oxygenated
hydrocarbons. Currently, these liquid waste oils, which generally do not contain
any phosphine (PR;) and/or sulfur, are sent to boilers to be incinerated and
attempts are made to recover the heat value of these liquid waste oil streams. Heat
recovery, while somewhat beneficial, wastes the raw material potential of the oils
and requires boiler capacity which is expensive and better utilized on less useful
by-products in a chemical plant. Thus, there is a need to more effectively utilize

liquid waste oils from an OXO process as well.

Recovered byproduct material may contain a significant amount of non-
volatile components which should be removed prior to recycling the material into
the production system since these components can cause ¢xcessive wear or

produce deposits requiring shut-down and cleaning.
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Tn the prior art, the above desceribed deficiencies have not been addressed,

despite the avallability of numerous technologies 1o make synthesis gos.

Unired Bues Patent Wo, 3,980,591 discloses ¢ process for recovering
particulate carbon using an extractant derived from oxo byproducts, forming a
dispersion and using the dispersion as synthesis pas feed.

. Prifist Pacent Specification 1 368 342 discloses an apparstus for the
manufectare of synthesis gasin which a Tiquid fuel oil and natursl gas are mixed
anid then fed 1o g vaporizer with a controlled outlet temperature to provide a
cestain proportion of vapor and ligquid, This mixtore is thensent to 2 separator, in
which impurities present in-the lquid fuel oil we removed as & botfom fraction
while a purified vapor fraction goes o the reformer section {page 4, Jeft/sight
sy, bridging Hoes 98-80, Figure 10

WO 2009/065559 discloses g process for producing synthesis gas and
hytlrogen from Houid bydrocarbon feed stocks generated during refining
processes,  The recovered hydrocarbon stream is mined with an oxidizing stream

" and opthonally with 2 gescous hydrocarbon stream and then sent to an oxidizing

30

zone wherein o catalytic partial oxidation ocours, Likewiae, WO 2009/008092
discloses a process for the production of synthesis gas in the process of the
msrfroturing of kerosens and gas Trom parors] ges, wherels ight hydrocarbons
separated by distillation are recycled apd freated with steam m produse synthesis

gas.

EP 2103 387 A1 refers to the production of synthesis pas with stesrn from
oxypenated hydrocarhons like glycerol together with natural gas. Ir this
reference, there 15 described s Tirst step wherein 8 vapor phaye misiure comprising
sieam and an oxygenared hydrocarbon with & molar ratio of FOuC of at least 218
prepared, Preferahly, said mixture is further mixed with satural gas priorto its

catalytic conversion into synthesis gas, Further, the oxvgenated hydrocarbon s
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present as dropléts of a certain size, The droplets are ganerated with an etomizing
riozzle, which is aided by steam. Generslly spaaking, introduction of steam increases
the hydrogen content of the syngas produced which is undesirable in an OX0
process where reduced lavels of hydrogen are typically required. Excess hydrogen
needs to be removed which adds expense and complaxity to the OXG production
process as will become apparent from the discussion which follows,

Oither references of interest are United States Pateny Nog, 7,670,586 and

7,214,720 which include description of synthesis gas preparation,
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An improved OXO process with converted waste oil recyele includes:

(&) hydroformylating an olefin with synthesis gas in 8 resctor to produce an OX0
product as well as b&pmdxwt waste il, the-by-product waste ol having & lower
or higher boiling temperature than said OX0 product; (b) separating OX0
product from the by-product waste oils; {¢) converting separated waste oil to
synthesis gas comprising evaporating the waste oil with bydrocarbon gas in an
evaporator vessel 1o provide a mixed vaporsiream of hydrocurbon gas and
evaporated waste oil aod directly oxidizing the mixed vapor stream to provide
synthesis ges; and {d} recycling the synthesis gas produced in step (¢} wthe

reactor-of step (a),

There Is provided in other aspects of the invention apparatus and
methodology for providing synthesis gas from liquid hydrovarbons or liquid
“hydrogarbon oxygenates and heated hydrocarbon gas, The lguid bydrocarbop or
liguid hydrocarbon oxygenates are evaporated with heared hydrocarbon gas to
produce amixed gaseous stream which is fed to a partial oxidizing usit,

Evaporation of the liguid hydrocarbon/liquid hydrocarbon oxygenates is
cartied out in an evaporator configured and operated to selectively retain
unevaporated liguid in the form of mist or droplets, while the effluent is
retatively free of liguid components. Separation of relatively non-volatile
vomponernts thus ocours in the evaporator which is periodically purged of non-

volatile components.

Tt will be appreciated by one of skill in the art that numerous advantages
are realized in connscfion with the present Invention. For one, syngas with &
tower Ha/CO ratio relative to natural gas based syngas, roduces hydrocarbon

separation costs in connection with an OXO process,
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Additional advantages are provided by way of the evaporator design and

including that & partial oxidation unit for generating syngas 15 operated

pperation, B
g, vaporized Cs-Cap Hguid

with substantially vaporized feed; for examipl

hydracarbons of Cs-Cap onygenates including aAleohols, sldehydes, ketones,

Burafion. 04.03.2013 15.21:03 - 04.03.2013 153410, Ttus page 56 of AMENDED SHEET 3573753102
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carhoxylates and 5o forth. Becnuse the feed i substantially vaporized, o partial
axidation unit sdspted for putural gas feed can be fod higher molecular weight
materials with a mintmuem of modificstion for inroducing the dlternats feed,
While sooting is typically a problem with liquid-fed syngas oxidation units, low
soot operation is readily achieved with the inveation because the liquid waste oils

- are alroady vaporized and hemed, A partial oxidation unit fed with vaporized Teed
in‘accordance with the inveniion can be operated at higher throughputs as
compared with & unit with the same feed in Jiguid form since the Hguid feed needs
to be vaporized to form syngas, whereas the invention process provides feed in

vapor form tothe partial oxidation unit,

Low guperficial velocity inthe evaporator provides separation of non-
volatile components in that operation is controlled such that liquid droplets are
gelectively retained in the evaporator and notentrained from the evaporawt to the
partial oxidation unit 1 any great extent. That is, the low superficial velocy is
preferably kept below a tevel that will enteain droplets according to Siokes™ law.
Cenerally, the evaporator unit is operated at an upward superficial velocity of less
than shout 3 f7sen (0P mifsec) apd in onsespecially preferred ambodiment, the
evaporawor is operated at & superficial velocity of 0.5 fo/sec (0.15 nvsec) or fess.
Heavier snd/or non-volatile components that will not vaporize are thus separared
from the feed to the pertinl oxidation unit in the evaporator and may be removed
from the systerm, Conmtamdnats such as residus) caslyst, tars snd so forth in
recyels material thus removed will not foul the syrgas reactor or downsiream
components of 2 processing system.

Sl further agpects and advantages of the invention are discussed below.

wralion: D4,03 2013 15,2103 - 04.03.9013 155470 e 7 IEET =
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Daserintion of the Direwines

The invention s described in detedl below with reference to the verious

Figures, wherein like naoerals desigrare similar parts and whereln:
Figure 1 is 2 schematic disgram of an OX0 process and alechols unit;
Figure 2 Ix a schematic diagrom of another OX0 ;;rem&s;‘
Figure 3 is 2 schematic diagram of an apparatus for producing synthesis
gas in connection with the apparatus of Figuwee 1 or the apparans of Figure 2

using a mizture of natural ges and weste oils; and

Figure € is a schematic diagram of various festures of an evapormor

useful in sonnection with the present Inventon,

Terminclogy used herein is given its ordinary meaning for example, psig
refars to gauge pressure in Ibs/inch® , standard cubje feetr, SCF or like weminology
means cubic feet a8 detzrmined ar 60°F (15.6°C) and at atmospheric pressure
(29.92 inchies (760mm) of mercury absolute) and so forth, Terminology ts further
defined below.

“Averuge carbon chain lengtih” refers w the average number of carbons per

molecule in a composition based on weight of the componens in the mixture.

“Non-catalytic direct partial oxjdetion” and Hke woninclogy refers 1o the

direct resction of oxygen with & bydrocarbon to produce synthasis pas with or

o DA D001 16 5403 - 0403 2073 75 34 10, This page 58 of AM ENQ_'ED SHEET 25737551 24
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without a moderator gas such as carbon dioxide or steam. Conventionally, a
stream of heated natural gas and a separate stream of oxygen are fed into a
concentric tube feed injector in a reaction vessel. The feed injector directs the
oxygen through a center nozzle surrounding the oxygen in such a way that the
streams mix as they leave the feed injector. The partial oxidation (POX) is

preferably conducted in the absence of a catalyst.

“Liquid waste oils” and like terminology as used herein generally refers to
olefinically unsaturated hydrocarbons, longer chain hydrocarbons and oxygenated
hydrocarbons, including alcohols, aldehydes and the like, typically having a two-
carbon (C2) to thirty-carbon (C30) molecular structure. A liquid waste oil may be
recovered at various locations in an OXO process as hereinafter described. Liquid
waste oils are typically liquid under ambient conditions and are liquid as fed to the

evaporator.

A liquid hydrocarbon or liquid hydrocarbon oxygenate generally has the
attributes of a liquid waste oil, but may be provided from any suitable source. A
“liquid hydrocarbon or liquid hydrocarbon oxygenate” thus generally refers to
olefinically unsaturated hydrocarbons, longer chain hydrocarbons and oxygenated
hydrocarbons, including alcohols, aldehydes and the like, typically having a
two-carbon (C2) to thirty-carbon (C30) molecular structure. The present
invention is especially suitable for processing higher molecular weight
hydrocarbons and hydrocarbon oxygenates having an average carbon chain length

of eight-carbons (C8) to thirty-carbons (C30).

“Gaseous hydrocarbon” and like terminology refers to hydrocarbons which
are gaseous under ambient conditions and under conditions as fed to the
evaporator, Such hydrocarbons may be mixtures such as natural gas or refinery
gas and include methane, propane, butane, butylene, ethane, ethylene, pentane,
mixtures thereof and so forth. Natural gas, which consists predominantly of

methane is preferred. Natural gas may have the typical compositions I or II set
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forth in United States Patent No. 5,653,014,

Natural Gas with typlend composition &
CH 94.4% Dy volume
Cp Hg 3.0%
Cs Hg 0.5%
CuHyor .29
Ceblyy 0L2%
COp 0.2%

Har 1.5

Natural Gas with typical composition 1T
CHyt B1LB% By volume
CeHe 275
CiHg: 0.45%
CaFy 0190
CeHy: (150
COz 0.5%
Na: 14.0%
“ORO” processes are those involving hydroformylation of an olefin os
+ desoribed herein. “OX0 products” and like terminology includes products made

by hydroformyiating olefins and derivatives thereof such as aloohols, acids, esters
arid so forth.

TonBATA 5013 15,2103 - 04.05.2013 15,3470 This pags 23 or AMENDED SHEET 2573153751
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“Superficial velocity” of gas in the evaporator refers to the volumetric
flow rate of gas in the evaporator divided by the cross sectional area of the

evaporator through which flow occurs.

This invention then relates, in part, to the preparation of synthesis gas with
an enhanced molar ratio of carbon monoxide to hydrogen ratio and the effective
use of waste oils generated in other downstream operations. The separated waste
oils from the OXO processes and the downstream processes, can be evaporated
into a stream of heated natural gas forming a mixture of natural gas and said liquid
waste oil which are collectively sent to a partial oxidation unit. Oxygen is
provided added via a center nozzle and the mixture of natural gas and evaporated
waste oil is added via an annular nozzle surrounding the oxygen, similar to a

conventional operation, but without added equipment and/or capital investment.

In one embodiment of the present invention, the liquid waste oils are
introduced into a stream of heated natural gas in a vertical evaporation vessel.
The vessel can be further equipped with a spray nozzle, packing, and/or trays or
any combination thereof in order to enhance the contact time between the liquid
waste oils and the gas phases. The contact time is any suitable time which permits
evaporation of the waste oil into the natural gas. This contact time can be as little
as one second to as high as several minutes depending upon the size of the vessel
and the type of contact means provided therein. In another aspect, the liquid
waste oils are atomized into a heated stream of natural gas into a countercurrent
flow evaporator. Any remaining liquid, which does not evaporate, will be
removed from the bottom of the reaction vessel and optionally either recycled into

the vessel or otherwise disposed of.

During the hydroformylation reaction of olefins into aldehydes and in the
downstream processes of converting said aldehydes into carboxylic acids,
alcohols, and esters, both shorter and longer chain hydrocarbons and oxygenated

hydrocarbons are separated as light and heavy by-products including liquid waste
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oils from the desired aldehyde and alcohol products. A somewhat typical OXO
process for making butyraldehdye and alcohols is shown schematically in Figure
1. A stream of propylene 10 and a stream of synthesis gas 12 is fed to a
purification system 14 where impurities are removed, hydrogen/carbon monoxide
ratios are adjusted and the reactants are forwarded to a reactor 16 which may
contain a triphenylphosphine-modified rhodium carbonyl catalyst. In the reactor
butyraldehyde and by-products are produced and forwarded to a condensation
section 18 before being sent to a distillation section 20, and on to hydrogenation
section 30. In section 20, the products are separated as streams 22, 24 and 25
from heavy by-products which exit in a stream 26. Stream 26 contains liquid
waste oils typically having six-carbon (C6) to fourteen carbon (C14) chains and
longer for higher molecular weight products. In a continuous process, gasses are
recycled via compressors 28, 29 as shown in Figure 1. Stream 25 is further
processed through a hydrogenation reactor 30 with the addition of hydrogen.
Alcohol products 37 are separated from light by-products 39 and heavy by-
products 36 in a distillation section 31. Stream 39 contains liquid waste oils

typically having four-carbons (C4) or less for lower molecular weight products.

In general the liquid waste oils from streams 26, 36, and 39 comprise
olefinically unsaturated hydrocarbons, longer chain hydrocarbons and oxygenated

hydrocarbons.

Referring to Figure 1, there is shown an OXO process for producing
butyraldehyde in linear and branched form from propylene. One of skill-in-the-art
will appreciate that other materials may be used in an OXO process. Principal
commercial olefin feedstocks include linear and branched C;-C17 monoolefins.
Among the primarily linear type are ethylene, propylene, and 1- and 2-butenes;
a~olefin mixtures of varying chain length derived from growth reaction of
ethylene on aluminum alkyls or from wax cracking; and mixtures of
predominantly internal olefins from dehydrogenation or chlorination-

dehydrochlorination of n-paraffing or from ethylene oligomerization. Branched-
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chain olefing include amylenes from pelraleum cracking; hepranes, ootenss,
nomenes, mnd dodeesnes ‘fmm fractionalion of oligomers of C3-Cy olefins; and
octenes from dimerization and codimerization of isoburylens and §- and
2-buenes, Lineurterming olefins ave the mosoreastdve yoogents in conventionsl
eohali-hydroformyiaton: lincar inteenal olefin reacs lesy than one third 2z fast, A
single methyl branch at the elefinic carbo of 2 1ermingl olefin reduces its reaction
rate by o Tactor of ten, burthe sffecr of o branch diminishes as s distance from
the double bond increases, Some OF feedsmcks which exhibit different
reactivities insluder J-hemang; d-methyl-1-pomene ‘?»%I‘:smfz&; danethyl-2-
pentens Zamethyl-lpentone; 2-methyl-2-portene; and 2,3-dimethyt-2-butens.

There js shown in Figure 2 an sliernate OXO process which may be
utilized in conngetion with the present nvention. The process lustrated in Figore
Zis especially suirabie for longer chaln olefing. In connestion with the OX0O
procesy of Figure 2, a-olefin fsedstock is fed vinline 130 and synthesis gas is
provided vis fine T12. Bolh the a-glefin and the syngas are poxified ot 114 and the
bydmgen/CO ravs is adjusted via membrane separution or otterwise o sohileve
the desired mix. Alter purification, the reactante arg provided w resctor LIS for
hydmfermylation. The reactor s coupled 10 8 catalyst reservolr 115 and )
unreacted resctants are compressed and reoveled gt 1238 g3 shown, Aftarreaction,
catalyst is rempved from the ornde produer at 138 and reeydled 1o the systern. The
sldehyde product is distiled a1 122 and orude product exite o1 132 while ligh

byproducts are recoverad at 138,

Fuerther detalls concerning various OXO processes are sar forth in Kirk-
Othimer Encylopedis of Chernical Technology, 3% Ed., Vol. 11, pp. 637-653
(Witey, 19800,

fn ucvordance with the invertion there is provided an apparstus 200 shown
in Figure 3 for use i conneerion with the OXO processes in Figyes 1 and 2.

Apparatus 200 {ncludes an evaporstor vesss! 230 and g partinl oxidation (POX)

TE 3575 Tris page 50 ot AMENDED SHEET 257375 3145
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unit 212, Evaporator 210 is-fed waste oils from the OXO unk of Figure 1, for
'wm;ﬁ&, derived from line 26, 36, sndior 39 or from Hine 139 of Figure 2 ond
forwasded towaste ofl feed Hoe 214, The waste ofl i5 fod w0 the reoydle systen
216 which includes piping 218 wal steam heat exchanger 220, O moy be
pedodically purged from system 236 vialine 222, Natural gug 5 Ted to.evaporasor
vesse] 210 through line 224 which preferabily is o heated line communivating with
smothergtream el exshenger 226,

Evaporator vesssl 210 has o ompre of the eveporstoranit 228 which
coinects with pertial oxidation unit 212 which fs fed oxygen end optionally s
mndeetor pas such s OOy or steant 73 Hne 230, Unle 212 42 of 2 conventionsl
non-catalytic direct oxidetion type with an anmdsr bumer, Detilsas to-materials
end sonstruction generally are provided in United States Patenit No. 5,563,916 o
Digsethorsé et ol as well-as United States Patent Nmﬁ,Z?aﬁm w Gorhprdus et
al, Thepartial oxidation unit ie optionally provided with & mumbrane syswent{not
shownl o provide s Ll moler rado sobenge of hydrogen and carbon-monoside as
syngas outpur 25 35 well knows i B gt

In gpermion, apparants 200 is fed Hould waste oif via line 214, 10 piping
216 to an upper portion of evaporawor 210 wWheee the ofl #5 armized and directed
prserally dovewardly through s fixed or movable setof nozeles whileheatad
natural gas is fed 1o vessel 230 vin line 224 atelevated tamperntures, The heated
natuen] gas is-discharged generally s direoton of Bow upwardly as shown; that
s, counter-urrent 1o the atomized lquid waste ofl which fiows downwardly. A
rixed feed stroom of natural gas and eveporated waste oil is provided to FOX onit
212 which is slso provided oxygen via line 230 o oxidizs i&sz mined vapor feed
stream 1o produce symthesis gas which exits the POX unit vin fine 232 and i
provided o an OXO process, for example, line 12 of the butyraldehyde process
shown m Figure § or line 112 of the provess illustrated in Figuree 2.

STTeTTE O 2013 152103 - 04032013 153410 This page 61 ot AMENDED SHEET 2573753158
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There iz shown schemationlly in Figure 4 another diagram of vacious
featuras of un evaporator 310 which may be uiilized in connesetdon with the
processes and apparati shown in Figures 1-3, BEvaporator 310 includes g vesse]
312 grovided with-a gas distributor 334 a8 well a5 a pluraiity of nozzie assemblies
316, 318, 320 and 322, At the buse of the vessel 312 I8 & Haguid carch-hasin 324,
while o mist eliminmor 326 is provided at ap upper portion 328 of vessel 312
around exit Hne 330, Gag disteibutor 314 98 disposed ar & Jower portion 332 of

vessal 312,

Four nozzie sssemblies 316, 318, 320 and 322 are locared at upper-portion
328 of vessel 312 ot o comumon level and ere spaced equally 8t 0% or so around

fhe vessel.

In operation, heated gas is fed 10 the vessel via line 333 and exits upwandly
from the ges distributor us shown by arrows 334, while liguid oil is fed 1o nozzie
axsernblios 316-322 via linss 33650 ns shown and spraved downwardly as
indicated by arrows 338 inside of the vessel, Superficial velocity in vessel 312 4
kept Jow, preferably below 0.5 ftfsec (0.15 m/ace) 5o that oil droplets are not
eeirmined upwardly (Siokes’ law) through effluent line 330 which iz coupled to 2
partial oxidation (POX) unit to meke syngas. The heated gas vaporizes the Hquid
hydrocarbons or fguid lydrocarbon oxygenates in the evaporator and the mixed
EFaseous streamn i3 optionally passed through & mist sliminator such as eliminaor

326 prior to exiting the evaporator, Stream 330 is thus substamially in gaseouy
form {free of liguld oilsl, Unevaporsted Tiguid scourmdates in caeh-hasin 324
and may be recycled through the nozzles and poriodically purged from the system

10 remove impurites

Further features and dewils of the apparms are diseussed balow,

S TA D073 15 2105 - D405 3045 15 34.10. Trs page 62 of AMEN D;ED SHEET 3013532
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Referring to Figure 4, the svaporator vesse! is gensrally cylindrical in
shape and is approximately 5 to 50 feer {13 to 15 m) in height and 2 to 15 feet
{04 10 4.6 m) in dismeter, The

aon 04032013 15,2103 <0403 3673 134 10, Thie page 63 ST AMENDED SHEET Zo7a 153276
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mnterinls of construction of this vessel are comrnonty known for this type of
reaction process, The natira) gas is heated Aby # stean unit s then fed Into the
evaporarny vessel. The natwral goas is under pregzures of anpwhere Fom aboue 50
palg (0545 MPalg) to sbot 1000 paig (6.5 M/, and ut flow mates of from
about 300 (E5 m® 1o about 1000 (28.3 m®) standard cubic feet per minute. The
heated nutural gos is infected doto the Intarior of vessel trough concenie
pipesfrings (not shown through upwardly directed openings. The lageid waste oils
are injected into the evaporator vessal into the upper portion thereof, preferably tn
such & manner so the they ave sfomized and flow downwardly counterensrant fo
the atarad gas. Thus, there is & courmereurrent Oow of muterials, that is, the Hguid
- waste oils are traveling in o downward manner and the gas} Howing in ag ypward

rranner, The lguid waste oils are flowing/pumped ot & rateof spproiimately 2
{761 1o 10 (279 1) galions perminuie sl el pressurzs of aboue 500 psly (345
MPA/E) to 1500 palg [10.34 MPa/g). Whers necessary, the Iguid waste oilg currbe
steam heated in o manner ke that shown in Figore 3. Under some
tircumsances, one or more fiters may be wied @ remove wy undesired solid
muterials, An inwriorpipe (ot shown) for fesding the waste oils can be fized or
so construetad ag to be moved upward and/or downward depending vpon the
reaction condivions and material How rales contined thersin and slso to provide
tha greerest Hexfbility in contact time berwesy the Hould snd gas phases, The
nterior pipe con be s srouler pips having holes therein and sproying the liguid
oils in a dovwnward fashion similar to a modem sproy dryer. Likewise, the
avaporator can be configared with teays, random or dructured packing, or oiher
simitar devices in orderto facilitate sultable contact berween the Hould and pas
phases Howing in s counter-corrent manper. In general, # is desirable to mmintain

the temperature within the evaporator vessel at about 350°F (177°C) to ubout
SO0°F (260°C) and pt o pressure tange of about 700 (483 M) psig to abow
1500 (30,34 MPalg) peig,

As previously mentionad, one of the unigue feanues of the presertt

mrvention migles to the increase in the molar content of the carbon monoxids in

uration. O4.03.2013 15,2103 - 04.03 2013 1£3410. Th
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the symthesis. This increase is generally in the ranpe of from about 1 percent to
gbout & percent. The other unique feature is the more effective uge of the liguid

o DA D3 2013 15,2103 - 04032013 15.34.10. This page 65 or AMENDED SHEET Zoi3 153236
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waste 0fls and the decrease in the downstream boller Joad and which iInturn
results in the utilizaton of the boiler for other material processing. Furthermore,
this invention does not require a catalyst for the production of the synthesis gas

with erihenced carben monoxide content.

Ina specific construction, the evaporaior vessel has ¢ diameter of 4 feet
(1.2 m) und a height of 8 feet (2.4 m). The vessel is provided with appropriate
hesting/cooling means to maintain an interior fomperature within the range 350°F
{177°C) 1o 430°F (232°C), The waste liguid oils are fad imo the upper portion on
the vessel at a position of approximately 4 feet (1.2 m) from the top thereof. The
interior sectjon of the Hquid oil feed is configured inthe form of a cireular pipe
having perforafions therein and attached thereto are nozzles s as fo atomize the
oils into droplets sprayed in 4 downward direcrion. The oils are supplied to the
interior of the vessel et a flow rate of 5 gallons (18.9 1) per minute and at a
pressure of about 1000 psig (6.9 MPa/g). The natural ges s supplied to the
interior of the vesse] at a point approximately 4 feet (1.2 m) from the bottom most
portion of the vessel, The patursl ges is preheated o & tempersturs range of from
about 400°F (2049C) to about 1000°F (538°C) by an indireat heat exchanger, and
then vach preheated natural gas is supplied at 8 flow rate of approximately 600

cubic feet (17 m°) per minute.

. The synthesls gas leaving the upper most portion of the POX unit is
periodically sampled end analyzed for carbon monoxide comtent and it is found
{hat the carbon oxide content has increesed on the average of from about 4.6 1o
about 5.1 mole pereent, and is compared with the same unit operated without the

utilizazion of the liguid weste oils,

To further demonstrare wtility and advaniages in connection with syngos
produciion, the apparatus shown in Figures 3 and 4 was opersted with increasing
levels of waste ail over 2 period of abour 2.3 hours fed via line 2314 ar constan

natural gas flow gs shown in Table 1, below. 111, COH, molar ratio outpur

TN T 3013 15 2105 - D4 05 3013 15,04 10, This page 66 of AM ENQED SHEET 703753250
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{regulated by membrane in production) via line 232 increased as waste oil feed

incressed 1y 15 demonstrated in the tabile,

Table 1 131 Syngas Production With Increasing Oil Feed

Qil Feed Units/Min | 1:1 Syngas Qutputag
% uf Brarting Flow
0 100.0%

2.39 : 100.1%
31816 100.0%
4025 100.0%
4.014 o 100.2%
4534 100:9%

4.9 101.65%
4.934 102.8%
4,989 103.3%
5015 103.8%
5003 : 103.9%
4,979 103.8%
4,957 103.9%
5003 ‘ 104.2%
5018 ’ 104.4%

It will be appreciated from the data in Teble 1 that the waste of] feed
significantly de-bottlenecks production of 111 syngas while recovering chemiical
feedstock value from the waste ofl which would otherwise be incinerated or
disposed of as waste. The Inventive system thus improves raw material usage as

wall as raduces waste,

It will be appreciated from the foregoing that the invemion provides the
following features: (g} the evaporator vessel is provided with means to increase
the contact time between the waste oils, natural gas; (b) natural gas is injected into
the evaporator ot & flow rate of about 500 (14.2 m®) 10 1000 cubic feet (28.4 m?)
per minute and at a pressurce from about 50 (0.345 MPa/g) to 1000 psig (6.9
MPa/g); {c) the evaporator is provided with means 1o muintain the lemperature

ST O 5 2705 - 04 G 3015 15 34 10, T page 67 of AMENDED SHEETZ015 153501
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therein gt ebout 250°F (121°0) 1o sbout 750°F (399°Ch; {d) the evaporator is
substantially cylindrical in shape and has 2 diameter of 2 to about 15 fect (0.61 1o
46m) mde

Ao D403 2013 15 3703 - 0A.03.0013 153470 Tive page 68 ot AMENDED SHEET 2573753368
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height of ebout 5 (1.5 m) 10 shout 50 feet {(15m); and (e) the waste ol syngas
process of the invention produces from 196 to ebout 6% mole pereent more carbon

monoxide a5 compared to the same prucess which dous notuse waste oils.

Genertlly, thers s thos provided inscenrdance with the fnvention an
improved OX0 process with convertet wasts oil recyels comprising: {g)
hydeoformylating ay dlefin with synthesis gas in & resctor 1o producs an OXO
product as well as by-product waste-oll, the by-product waste oil heving a lowey
or Higher boiling wmperature than said OX0 product; () sepurating OX0 prodoct
from the by-product waste oif; (o] converting separated waste vil to synihesis gas
comprising svaporating the wasts ofl with hydrocarbon gas inan evaporator
vessel to provide a mixed vapor strearn of hydrocasbon gas and evapoestsd waste
oif and dircetly oxididng the mixed vapor streatn Woprovide synthests pas: amd ()
recyeling the synthesis gas producstd in step {2) w:the reactor of step (s}, The step
of conversing the waste ofl 1o synthesls gas includes evaparating the wasie ofl with
hydrocarbon gas in an avapmamf vensel to provide amired vapor streamoof
hydrocarbon grs end svaporated waste ofl.and directly oxidizing ths mixed vopor
sirearn to provide synthesis gas. Typically, the hydrocarbon ges-isnatura! gas and
the yemperature in the-evaporator vessel s madnained between 250°F (121°C) and
750°F(399°CY. Suitably, thetemperature inthe svaporstor vesse! s maintained
betwesn 350°F (177°C) and 500°F (260°C) and the pressure in the- svaporator
vessel is maimained betwesn 500 psig (3.45 MPa/g) and 1500 psig (10.34 mPa/g)
while waste off Is injected into the evaporator vessel under-a prassuce of sbove

- B0D peig (8,45 MPafg) up to sbout 1300 puig (10.34 MPaig).

The synthesis gas produced generally hus o molar rafio of /00 of from
1.65 w 1.85; typieally the syrihesis gos produced has s molsr ratio of H/CO of

from 1.7 1w 1.75.

In many cases the olefin suppled vo the resctor comprises a fwo cuebon
{C2) to seventcen carbon (C17) monn clefin so that the OXO product comprises @

T 108 DA 03 20715 15,3410 This pags 65 of AMENDED SHEET zo13 1633.20
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three carbon {C3) to eightecn carbon {C18) aldehyds or 2 thres carbon (C3) 1o
eighteen carbon (C18) aleohol. Prefarred products include propioualdehyde or
butyraldelyde,

Slon DA 032013 153103 - 04 632013 15 34 10. This page 70 of AMENDED SHEET 253533 25
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Iny snother aspeet of the fovention there 35 provided » method of maldng
syrithests gas from 4 hydrocarhon gas and & bydrocarbon Hauid and/er
hydrocaiben oxygenate Higuid including the steps of 1 (a) feeding hydrocarbon gas
a1 elevated remperature to an evaporator vesssl; () concurrently with step {a),
feeding » hydrocathon Jiguid and/or hytrocarbon oxygenate Tiguid tothe
gvaporator vessel thropgh one or more nozele assermblies 0 provide stondzed
Tioyuid to-fhe evaporator; (o} wheretn at Isast 30 standord cubje feet {085 ) of
hydrocarbon gas is provided 1o the svaporator per gallon (3.7853 1) of liquid foed;
() evaporating the Hauid with the hydrocarbon gas to providea mixed feed
stream of bydrocarbon ges and vaporkzed Tiquid 1o & pertial oxidation unit and {8}
oxithizing the mixed feed stream by contacting the mixed feed stream with oxygen
in the partial oxidation unki to produse synthesiz gas. The liguid feed tothe
gvaporator generally ingludeshydrocarbon Liguid madfor hydrocarbon oxygenate
fiquid with an-average carbon chain length of from two cartbons {C2) 1w thinty
carbons (C30); typically the Hauid feed to the evaporator comprises hydrocarbon
Houid snd/orhydrocarban axygenate liguid with anaveragscarbon chein targth
of from six carhons {08) to thiny enrbons (C30). In some coses the Bopdd feed 1o
the evaporator comprises hydrocarbon Hauid sod/or hydrocarbon oxygenate tiguid
with anaverage carbon chain length of from ten carbons (C1O) w thirgrcabong
{C30}. In one preferred embodiment, the liquid feed 1o the eveporator is waste off
is from an OX0 eldebvde process, or OXO aleshol process, and the synibesis gas
produced has & molar ratio of Ha/CO of more than 1.65 and leas than 1.85, More
typicatly, the synthesis gas produced ey have a molar mito of Ha/CO of more
thian 1.7 and legs than 1.75,

o preferred embodiments, oxidizing the mixed feed stream is by way of

direct oxidation withowt » catalyst

To provide for complete vaparization it may be desirable ro provide at
least 50 standard cubic feet (142 m®) of hydrocarbon gas is provided to the

svaporator per

S T T013 15 2103 - 04.03.2513 15.34 10, This page 71 STAMENDED SHEET 201515 33,28
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gallon (3.7853 1} of figuid fesd; aithough anywhere from 30 standard cubic feet
{0.85 m®) 10 500 standard cubic fest (1416 m%) of hydrocarbon gas may be
provided 1o the evaporator per gallon (3,7853 ) of tiquid feed. More typically,
from 50 stapdard cuble feet (1.42 ni®) to 200 standerd cubic fect (5.66 m®) of
hydrocarbon ges is provided per gallon (3.7853 1) of liguid feed, such as from 75
standard cubic feet (212 ) to 150 standard cubsic fet {4.25 m" of hydrocarbon
gas per pallon (3.7853 1) of lguid feed.

A prefered hydrocarbon gay 1o use In the inventive process is natural gas.

In a preferred construction, the evaporator is fed liguid throngh one or
more nozzie assernblies in a dowaward direcion and the hydrocerbon gas is fed
vpwardly countorcurrent 1o the Hguld feed and wherein the mixed feed stream of
hydrocwrbon gas and vaporized lquid is withdown from the evaporator at an
upper portion thereaf, The upward superficial velocity of the gas in the
evaporatoris generally legs the 3 fifsec (.91 mizsct: but may be fese then 2
fi/sse (0,61 mfsec), or less than 1.5 ft/see (0,46 misec); oven luss thinn 1 f/sec
(0,31 mfsec) or less than 0.5 f/sec (0.15 mfsecl. [n most cases the upward
superficial veloelty of the gas in the evaporator is from L1 f/sec (0.03 m/sec) up
1o 3 ftfzec {1.91 misech

In still another aspect of the Invention, thers is provided spperstus for
production of synthesls gas comprining: () an evaporation unit with a heated
hydrocarbon gas feed, a liguid feed for liquid hydrocarbens and/or liquid
bydrocarhon oxypenates as wall as an evapgraor vessel coupled r the gas feed
and tiguid feed, the evaporator vessel also being coupled o an output of the
evaparation unit, wherein the evaporation vessel has an apper partion and g lower
portion and includes: (a) one or more nozzle assemblies disposed in is upper
portion configured to feed liquid downwardly into the evaporation vessel: (b} a
gas diswibutor disposed in fts lower portion configured to feed heated

hydrocarbon gas upwardly imto the evaporation vessel. A third feature (¢ is

; Epe—— ) EET 7573 15.33.55
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wherein further the evaporation vessel is coupled 1o the outpus of the eveporation
unit at fhe upper portion of the svaporetion vessel and s configured and adapied
1o operatz at feed rates, pressures and temperatueres to avgporate figquid

SaToT G103 50T TE 3103 D403 2015 15,34 10, s page 73 of AMENDED SHEET 2513 15,3359
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hvdrowarbons and/or ligoeid hydrosarbon oxygenates and provide & mixed vapor
stream of hydrocarbon gas and evaporated liquid hydrocarbon andfor hydrocarbon
oxygenste to the outpur of the eveporarion unh while maintaining an upward
superficial ges veloctty of less than 3 ft/sec {0.91 mises) in the evaporation vessel.
5 pardal oxidation unit () is coupled 1w the cutput of the svaporator unit and
adapted to receive the mized vapor fesd of hydrocerbon gas and evaporated Bould
from ithe svaporator unit the parfial oxidation unit is further provided with an
wxygon injector which provides oxygen o the mixed vapor feed and converts itto
synthesis gra. The evaporator vessel {s optionally provided with a Hould recycle
systern which wansports lquid from the lower portion of dig evaporator vesse! o
the upper portion of the evaporator vessel, The waste oil recycle system meay
inchude & heater and 2 purge.

Inone preferred embodiment, the pardal oxiderion uni iz 2 non-camyviie
partial oxidation ueit which includes an armular buener for exidizing mixed vapor
feed of hydroearbon gas antl evaporated Hauid, Further features which may be
ncduded are wherein the evaporstor vesse] In squipped with at deast 2 or porhaps 4
tiozzle assmmbles disposed in its upper portiun configured 1 feed liquid
downwardly into the evaporution unit and wherein the evaporator vessel is
provided with a mist elimingler, The evaporator is preferably operated ot a
superfisial gas velodity in the svaporator of less than 2ftfser (0.8 mifsec) snd «
ratio of gas/liguid feed of a1 lezst 30 standard cubic feet (0.85 m®) of hydrocarbon
gas per galion (3.7853 1) of liguid as noted hereinabove.
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WHAT IS CLAIMED 1S:

1. An improved OXO process with converted waste oil recycle
comprising:

a. hydroformylating an olefin with synthesis gas in a reactor
to produce an OXO product as well as by-product waste
oil, the by-product waste oil having a lower or higher
boiling temperature than said OXO product;

b. separating OXO product from the by-product waste oil;

c. converting separated waste oil to synthesis gas
comprising evaporating the waste oil with hydrocarbon
gas in an evaporator vessel to provide a mixed vapor
stream of hydrocarbon gas and evaporated waste oil and
directly oxidizing the mixed vapor stream to provide
synthesis gas; and

d. recycling the synthesis gas produced in step (c) to the
reactor of step (a).

2. The improved OXO process according to Claim 1, wherein the
hydrocarbon gas is natural gas.

3. The improved OXO process according to Claim 1, wherein the
temperature in the evaporator vessel is maintained between

250°F (121°C) and 750°F (399°C).

4. The improved OXO process according to Claim 1, wherein
pressure in the evaporator vessel is maintained between 500

psig (3.45 MPa/g) and 1500 psig (10.34 MPa/qg).

5. The improved OXO process according to Claim 1, wherein the
synthesis gas produced has a molar ratio of H,/CO of from 1.65

to 1.85.
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6. The improved OXO process according to Claim 1, wherein the
olefin supplied to the reactor comprises a two carbon (C2) to
. seventeen carbon (C17) mono olefin.

7. A method of making synthesis gas from a hydrocarbon gas and a
hydrocarbon liquid and/or hydrocarbon oxygenate liquid
comprising:

a. feeding hydrocarbon gas at elevated temperature to an
evaporator vessel;

b. concurrently with step (a), feeding a hydrocarbon liquid
and/or hydrocarbon oxygenate liquid to the evaporator
vessel through one or more nozzle assemblies to provide

atomized liquid to the evaporator;

wherein at least 30 standard cubic feet (0.85 m®) of
hydrocarbon gas is provided to the evaporator per gallon
(3.7853 1) of liquid feed:;

c. evaporating the liquid with the hydrocarbon gas to provide
a mixed feed stream of hydrocarbon gas and vaporized
liquid to a partial oxidation unit; and

d. oxidizing the mixed feed stream by contacting the mixed
feed stream with oxygen in the partial oxidation unit to
produce synthesis gas.

8. The method according to Claim 7, wherein the liquid feed to the
evaporator comprises hydrocarbon liquid and/or hydrocarbon
oxygenate liquid with an average carbon chain length of from six
carbons (C6) to thirty carbons (C30).

9. The method according to Claim 7, wherein the liquid feed to the
evaporator is waste oil is from an OXO aldehyde process, or
OXO alcohol process.

10. The method according to Claim 7, wherein oxidizing the mixed
feed stream is by way of direct oxidation without a catalyst.
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11. The method according to Claim 7, wherein from 50 standard
cubic feet (1.42 m®) to 200 standard cubic feet (5.66 m®) of
hydrocarbon gas is provided per gallon (3.7853 1) of liquid feed.

12. The method according to Claim 7, wherein from 75 standard
cubic feet (2.12 m®) to 150 standard cubic feet (4.25 m®) of
hydrocarbon gas is provided per gallon (3.7853 1) of liquid feed.

13. The method according to Claim 7, wherein the evaporator is fed
liquid through one or more nozzle assemblies in a downward
direction and the hydrocarbon gas is fed upwardly countercurrent
to the liquid feed and wherein further the mixed feed stream of
hydrocarbon gas and vaporized liquid is withdrawn from the
evaporator at an upper portion thereof.

14.The method according to Claim13, wherein the upward
superficial velocity of the gas in the evaporator is less than 3

ft/sec (0.91 m/sec).

15. The method according to Claim13, wherein the upward
superficial velocity of the gas in the evaporator is less than 1
ft/sec (0.31 m/sec).

16. The method according to Claim 13, wherein the upward
superficial velocity of the gas in the evaporator is less than 0.5

ft/sec (0.15 m/sec).
17.Apparatus for production of synthesis gas comprising:

a. an evaporation unit with a heated hydrocarbon gas feed, a
liquid feed for liquid hydrocarbons and/or liquid
hydrocarbon oxygenates as well as an evaporator vessel
coupled to the gas feed and liquid feed, the evaporator
vessel also being coupled to an output of the evaporation

unit,

wherein the evaporation vessel has an upper portion and a
lower portion and includes:
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(i) one or more nozzle assemblies disposed in its upper
portion configured to feed liquid downwardly into the

evaporation vessel;

(i) a gas distributor disposed in its lower portion configured to
feed heated hydrocarbon gas into the evaporation vessel;

and

wherein further the evaporation vessel is coupled to the
output of the evaporation unit at the upper portion of the
evaporation vessel and is configured and adapted to operate
at feed rates, pressures and temperatures to evaporate liquid
hydrocarbons and/or liquid hydrocarbon oxygenates and
provide a mixed vapor stream of hydrocarbon gas and
evaporated liquid hydrocarbon and/or hydrocarbon oxygenate
to the output of the evaporation unit while maintaining an
upward superficial gas velocity in the evaporation vessel of
less than 3 ft/sec (0.91 m/sec) in the evaporation vessel; and

b. a partial oxidation unit coupled to the output of the
evaporator unit adapted to receive the mixed vapor feed of
hydrocarbon gas and evaporated liquid from the
evaporator unit; the partial oxidation unit being provided
with an oxygen injector which provides oxygen to the
mixed vapor feed and converts it to synthesis gas.

18. Apparatus according to Claim 17, wherein the evaporator vessel
is provided with a liquid recycle system which transports liquid
from the lower portion of the evaporator vessel to the upper
portion of the evaporator vessel.

19. Apparatus according to Claim 17, wherein the partial oxidation
unit is a non-catalytic partial oxidation unit.
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20.Apparatus according to Claim 17, wherein the gas distributor is
configured to feed gas upwardly into the evaporation vessel.

21.Apparatus according to Claim 17, wherein the evaporator vessel
is provided with a mist eliminator.



