1 | MPROVED OX0O PROCESS AND METHOD FOR PRODUCI NG SYNTHESI S GAS FROM WASTE
AL 5Caimfor Priority This application is based on United States
Provi si oD 2Pesteani12 Appl i cation Serial No. 61/574, 259 of PChasSs@nm4t47t | e,
filed July 29, 2011 , the priority of which is hereby clainmed and the

di scl osure of which is incorporated herein by reference. 10Field of the

I nvention This invention relatesto an i nproved hydrofornylation or
OX0 process for naking al dehydes (and derivatives) from ol efin conpounds
whi ch includes the production of synthesis gas fromrecycled waste oi
recovered as |light and heavy by-products in the process. The synthesis gas
fromthe recovgimehPkb d:x60 BROFERS AND LTRSS FHRIRGBUENE KeaEAIsignd has a
reduced H21CO Tafi o as conpar ed Md PRENWARTESO@AS nade Trom natural gas

al one. The inventive nethod and apparatus nmay al so be used to process other
| i qui d hydrocarbons and/ or hydrocarbon oxygenates into synthesis gas. 20
Background of the Invention Hydrofornylation is a commercially inportant
technol ogy i n the ehepi ¢al industry. Al dehydes are prepared via the
hydrofornylatrUn—Ur—%gg—geaction, according to which one nol of unsaturated
conpound i s react ed’hwidphligyipt ldsscd ogdmited Sragadjovisanaintptant Applamatiorat i 0 of

hydr ogen to cagbo i of . 1:1 2 RHC: CHR + H2

GRoE Cro” OB RS Bhog st ik P B0 ol B Phuial g

chem cal reactisWerely diimed@nddhd@lyldass of wititth®@ incotperitaldicraiieby redirénées such as
al cohol s, carboxylic acids, etc. can readily be prepared in | arge vol unes
which, in turn, can be further converted into, for exanple, ester

conpounds. 10  Field of the Invention

This invention relates to an improved hydroformylation or OXO process
for making aldehydes (and derivatives) from olefin compounds which includes the
production of synthesis gas from recycled waste oil recovered as light and heavy
by-products in the process. The synthesis gas from the recovered oil is used as a

15  feedstock to the reactor and has a reduced H,,CO ratio as compared with synthesis
gas made from natural gas alone. The inventive method and apparatus may also
be used to process other liquid hydrocarbons and/or hydrocarbon oxygenates into

synthesis gas.

20  Backeround of the Invention

Hydroformylation is a commercially important technology in the chemical
industry. Aldehydes are prepared via the hydroformylation or OXO reaction,
according to which one mol of unsaturated compound is reacted with synthesis
gas (syngas) having a molar ratio of hydrogen to carbon monoxide of 1:1 as

25  shown below:

RHC:CH2 + H2 + CO 9 RHzc-CHz-CHO

wherein R is an organic radical. Because of the high chemical reactivity of
30 aldehydes, further chemical derivatives such as alcohols, carboxylic acids, etc. can
readily be prepared in large volumes which, in turn, can be further converted into,

for example, ester compounds.



2 Usi ng synthesis gas as the raw material for the OX0O reaction
requires the adjustnment of the nolar ratio of the hydrogen to carbon
nonoxi de WO 20svab32near 1:1 in many processes and exces®Cofushgidineyen has to
be renoved. In sone cases, 5 hydrogen can be used downstreamin

hydr ogenati on processes, such as in the manufacture of alcohols or it can
be sent to a logistic systemfor use byofurther consuners. However, there
is a need to decrease the hydrogen to carbon nonoxide ratio in order to
reduce and/or elimnate excess hydrogen because of the operating and

capi tal expense of renoval and redirecting these by-product 10streans.

The inventive nmethod and apparatus may al so be used to process hydrocarbon
and ot her byproduct streans not related to the OXO process, that is oils,
al cohol s, ol efi ns afneoyhiesiy gagas e ravavristalifeighs OX(readion seayises the oms. 15
In general the(fhdsﬂﬂé go%éh%laﬂa!ﬂ% of h%’i&};&%g 69&1% S fHon GRIMb 13 EIs QbgT 1 nical ly
unsat urat ed hydrocarbons, | onger ai rocar ons and oxygenat ed

hydr ocar bons. tiunrrlemmgrocesd@es@dm@apﬂhyﬁa@eehmtbbermﬂvcﬁ dresvercadabey, do not
contain any. p o« . 0 LS to be
mcmerateof5 W§%§%é€?e&gﬁg&ﬁiggﬁgé3§#$®@@ %@é&lﬁﬁa%féé?ggélﬁéﬁbf t hese
l'iquid waste cmaméa:cmanﬁsalcoﬂiehtor nemheaemtommgiﬂicsmmmMmsdol@r@ﬂhm al, wastes
the raw materi al q% nd r ﬁ?% S bql capaC|ty whi ch
i s expensive angd’ ?ﬁ OYﬁmﬁ Hﬁﬁ § §CULES %§Og?bau%' in a chemca
pl ant. Thus, thei®idesati ineeatdr tocrealnneenc%ﬁeeﬁhmaweaéxyessﬂaydlmg@ Hetaa¢ of thaste oil' s

froman OXO process as ove b terlal may
Contain & si riTETOaR e LB EX GRS RATBIA PSR BRE LRI ER houl d Do
removed prior du@amecycling the material into the production system since

t hese conponents can cause excessive wear or produce deposits requiring
shut - down and cl eaning. 3 In the prior art, the above descri bed

deficienci es have not ibegiveaadiRSHad a‘ﬂa&@s%i}%ﬁof&t@éfcﬁﬂo ledd ty of numerous
technol ogi es to make synthesis gas. For exa WO 2009/ 065559 di scl oses a

process for priydirerivgn Bl d¥pEdyss straany npytg n@ﬁﬂéﬁ“?ﬁ%ﬂ?PVﬁﬁ$dhﬁyﬂrocarbon

feed stocks ge&%rﬁécﬁl@!lsdéléﬁﬂ%gmﬂ%{h'eﬂﬁ sHRAGEESRS to ThRabhECAYRE €d hydrocarbon
streamis mixed with an oxidizing stream and optionally wth a gaseous

hydr ocar botP stream and then sent to an oxidi zing zone wherein a catalytic

partial oxi dation ofaunsal i Sl S8 R RADBARARISR LLsEhRS SR MicRAPCESS T or

t he production of sy esis gas Int e process
unsaturated hydrocarbons, longer chain hydrocarbons and oxygenated

hydrocarbons. Currently, these liquid waste oils, which generally do not contain
any phosphine (PR3) and/or sulfur, are sent to boilers to be incinerated and

20  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.

25

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 excessive wear or
produce deposits requiring shut-down and cleaning.

30



10 of the manufacturing of kerosene and gas from natural gas, wherein |ight
hydr ocarbons separated by distillation are recycled and treated with steam
to produckoymtenrs gas. EP 2 103 567 Al refers to thePpraseeiosrs7of
synthesis gas with steam from 150xygenat ed hydrocarbons |i ke glycerol
together with natural gas. In this reference, there is described a first
step wherein a vapor phase m xture conpni sing steam and an oxygenat ed
hydrocarbon with a nolar ratio of H20:C of at least 2 is prepared.
Preferably, said mxture is further mxed with natural gas prior to its
catal ytic conversion into synthesis gas. Further, the oxygenated

hydrocarbon is 20prgaRikiofst, @H@a%@é&es&fbe@d%én@ieﬁ‘hﬁe%t bebRGAFERR] ets are
generated with an atonizing nozzle, which is aided by steam Genérally

speaki ng, int rdfdm@tth‘bwadﬁbﬂstv@éwmfﬁ@wa@églogmtow@@éhﬁsm% ent of the
syngas produced which is undesirable in an OXO process where reduced | evels
of hydrogen are typically required. Excess hydrogen needs to be renoved

whi ch adds expense F@n&ﬁ@@&ﬁal"‘é&ﬂ@@@@ﬁ%@@)@s 2ppewel e piadncipg ocess as wil |

of i nt er oot ard" Uk kb g B BSHATIBNNALr s Rien YR srode en I Lo T PEESS
i ncl ude descr|mﬂmngpmmmﬁﬁnfﬁﬁﬁtswgaéhphapamamuannm1&x6hﬂﬂﬁmy of the
| nvention An i

@ﬁ.oveq Ox0 oc t% conv rted ﬁa £ rec cke

i ncludes: (a)° %P%f SrMA L Pﬁona %Wb &MV YH“? ‘h%rs"ial%”“ “TH% reactor
to produce an‘ﬁ%ﬁopwﬁﬁQanﬁﬁhM&hhc&ﬁbhyp@ﬂddﬂﬁhhMﬁ&k&mOﬂhkmﬁhﬁVﬁ) pr oduct
waste oil havi he oilin erature than said OX0
rotct. (b sabaPayBieteReSmmudirior Pe b BRI ER ARSI, (o)
conVﬁrti ngusepcatrtmlﬁaiumsd trﬁag@fkerb@némtgaﬁﬁbﬁl r@ﬁﬁal g@d’lgvlfeﬁ)m ngeycl i nght he
synt hesi s gas uced in st C).to the rea of step 10There is
provi ded in otlﬁyérocaéﬁwgaraff E’)Bhé-‘ ‘?‘IF?\‘?@‘HE“]%?FY apirsied g FFé{nHBdol ogy for
provi di ng syndﬁ@&k§59ﬁ§mgggnlliqU|d hydrocarbons or |iquid hydrocarbon

oxygenat es and heat ed hydrocarbon gas. The |iquid hydrocarbon or |iquid
hydr ocar bon oxygenates are evaporated with heated hydrocarbon gas to

produce a m xed gaggoyf)3sde7 QAN 6 bhel produBlort & sPntRAs dadlvitRXetth ZioRg UNI t.

15  oxygenated hydrocarbons like glycerol together with natural gas. In this
reference, there is described a first step wherein a vapor phase mixture comprising
steam and an oxygenated hydrocarbon with a molar ratio of H,O:C of at least 2 is
prepared. Preferably, said mixture is further mixed with natural gas prior to its
catalytic conversion into synthesis gas. Further, the oxygenated hydrocarbon is

20  present as droplets of a certain size. The droplets are generated with an atomizing
nozzle, which is aided by steam. Generally speaking, introduction of steam
increases the hydrogen content of the syngas produced which is undesirable in an
OXO process where reduced levels of hydrogen are typically required. Excess
hydrogen needs to be removed which adds expense and complexity to the OXO

25  production process as will become apparent from the discussion which follows.

Other references of interest are United States Patent Nos. 7,670,586 and

7,214,720 which include description of synthesis gas preparation.

30



15 Evaporation of the liquid hydrocarbon/liquid hydrocarbon oxygenates
is carried out in an evaporator configured and operated to sel ectively
retain unwoapoyEdad |iquid in the formof m st or dropl @susasiogr4rhe
effluent is relatively free of liquid conponents. Separation of relatively
non-vol atil e 20conponents thus occurs in the evaporator which is
periodically purged of non- volatile components. It will be appreciated by
one of skill in the art that numerous advantages are realized in connection
with the present invention. For one, syngas with a 25lower 1-12/C0 ratio
relative to natural gas based syngas, reduces hydrocarbon separation costs

in connection Wuhdard0r @K REQGESS. Additional advantages are provided by
esl

way of the evaporator gn and operation, including that a partial
oxi dation unit for Ajeiwree ﬁ@i%grﬁg%\wth C@w@ﬁ%@@t@,@wem@wy@@ntu ally
vapori zed feed g%?gg L L beks or C3-C20
oxygenat es |nc o a coL@% %mﬁ@mgggéneg%bgr ggy gtgg and so

forth. Becauseprtacﬂt@t #se@dl aS§>y3m<bhr@e\mast%ml ﬂle\bawmduz@mast%plbawmgallmmu dation

uni t adapted fgry "dBﬁ’ih gﬁ?thgl?‘ &8}(?)60&05[1(:9?@ Ofulga‘?&tﬁl%ﬁ] wei ght

materials wth a nlnu |ca I nt’r ng-the al ternate
feed. Wil e soobdurgfrbs thleylp/l pradldcywastqomdsb(oenmnmttllng lsepqtmtecdl -Waset aglytngas oxi dati on

?Elet ISI q{JIO\C/iV a;g{? tgth%? Te éaas‘t | %Qd)I rsecyt cling !the syr%ﬁpsllseg\ésel(;ro%ceg n snep dc?t\éeiﬂé[ ion because

reactor of step (a).

10 There is provided in other aspects of the invention apparatus and
methodology for providing synthesis gas from liquid hydrocarbons or liquid
hydrocarbon oxygenates and heated hydrocarbon gas. The liquid hydrocarbon or
liquid hydrocarbon oxygenates are evaporated with heated hydrocarbon gas to
produce a mixed gaseous stream which is fed to a partial oxidizing unit.

15

Evaporation of the liquid hydrocarbon/liquid hydrocarbon oxygenates is
carried out in an evaporator configured and operated to selectively retain
unevaporated liquid in the form of mist or droplets, while the effluent is
relatively free of liquid components. Separation of relatively non-volatile

20 components thus occurs in the evaporator which is periodically purged of non-

volatile components.

It will be appreciated by one of skill in the art that numerous advantages
are realized in connection with the present invention. For one, syngas with a
25  lower Hy/CO ratio relative to natural gas based syngas, reduces hydrocarbon

separation costs in connection with an OXO process.

Additional advantages are provided by way of the evaporator design and
operation, including that a partial oxidation unit for generating syngas is operated
30  with substantially vaporized feed; for example, vaporized Cs-Cyg liquid

hydrocarbons or C;-C,¢ oxygenates including alcohols, aldehydes, ketones,



are already vaporized and heated. A partial oxidation unit fed with

vapori zed feed in accordance with the invention can be operated at higher

t hr oughpuwe 2as3/aedRared with a unit with the sanme feed PETIUSQU2@4F40T m Si nce
the liquid feed needs to be vaporized to form syngas, whereas the invention
process provides feed in 10vapor formto the partial oxidation unit.

Low superficial velocity in the evaporatsor provides separation of
nonvol ati |l e conponents in that operation is controlled such that liquid
droplets are selectively retained in the evaporator and not entrained from
t he evaporator to the 15 partial oxidation unit to any great extent. That

i's, the | ow supeikiGlc@hnd@! 0%k I Mech e RESEES RRID L KE8ATy BFL PN 3 JafiMel that will
entrain droplets according to Stokes' |law. General 'y, the evaporator unit

i s operated atoxadntiopwer ylapigp &rpgiad zasfetdoren by fasfhighss molepr vaighit 3 ft/ sec
and in one espgehall %it?ﬁ%filgﬁqg‘ﬁldof%m%a rinh%@ucﬁl‘ég?ﬂcgﬂ%}rﬂ'ie fe§y OPerated at a

superficial velocity of > ft/sec or less. Heavi nd/ or non-vol atile
20conponent s t Waile swokihg isdypisedip emirgbdenawesh libuid-fabyyagatoatlafioromits Hewf eed to t he

partial oxidatj Lt - v - - I om.t he
Dot em ot ank Dy L8 HARIH O A TP6EIE BT
recycl e mat eriat alrdadg vapenivadeshd Wedtéd. o parfigdulkidatien eynfgdwith egmirioed foed

downstream conponents of. a . processi ng, Syst 5,.Still further aspects and
advant ages of TREHNErY I DHBRE TRt B8] st hmuel byt on of ¢ he

Dr awi ngs compifed withwamitivdth thSsathesedd ib éiduild fordedisie thddejualvewd ddeds ef er ence
to the various, Fi %ures,d erein |i kﬁ nuner.al s .desi 8nate idén}lﬁr parts and
wher ei n:  5Fi guiP®e YaRoLized Qdprannnees: WRHg AR BYHAR BB PEYEES TS H al cohol s
unit; Figuie 2Zvapsr b e hepirtisl wlid@gsaumiof anot her OXO process;

Figure 3 is a schematic diagramof an apparatus for producing synthesis 10
gas in connection with the apparatus of Figure 1 or the apparatus of Figure

2 using a mixture qfownapetfishl @asitanoth Bra®r bfovidO&kparation offiogUre 4 is a

. . : p . .
schemati c di agram of various features of an _evaporator useful in connection
with the pres evfiatilg:qampponggys ingliat operation is controlled such that liquid droplets are

selectively retained in the evaporator and not entrained from the evaporator to the

15  partial oxidation unit to any great extent. That is, the low superficial velocity is
preferably kept below a level that will entrain droplets according to Stokes’ law.
Generally, the evaporator unit is operated at an upward superficial velocity of less
than about 3 ft/sec and in one especially preferred embodiment, the evaporator is
operated at a superficial velocity of 0.5 ft/sec or less. Heavier and/or non-volatile

20  components that will not vaporize are thus separated from the feed to the partial
oxidation unit in the evaporator and may be removed from the system.
Contaminants such as residual catalyst, tars and so forth in recycle material thus
removed will not foul the syngas reactor or downstream components of a
processing system.

25

Still further aspects and advantages of the invention are discussed below.

30



Det ai | ed Description The invention is described in detail bel ow
with reference to several enbodi nents and nunmerous exanples. Such

di scussi owoi2813fwp31pur poses of illustration only. Mdifi eaTiusesi2iogl4ekanpl es
within the spirit and scope of the 20present invention, set forth in the
appended clainms, will be readily apparent to one of skill in the art.

Term nol ogy used herein is given its ord@i nary neani ng for exanple, psig
refers to gauge pressure in Ibs/inch2 , standard cubic feet, SCF or I|ike
term nol ogy nmeans cubic feet as determ ned at 60F and at at nospheric
pressure (29.92 inches of nmercury absolute) and so forth. Term nology is
further 25defipadiRRIhQW -the AMSiRQGe carbon chain length” refers to the
average nunber  of carbons per nolecule in a conposition based on wei ght of
t he conponents in tlhe invextiairiedesprihgdtimdefil below teth agfoiengds thewerows car bon

di oxide of st Cghe CAMKRTH RN ofals ResBhEEIMIAL pliahEAnBRKUr al gas and a
separate streamof oxygen are tfed Into a concgntrlc tube feed injector in a
reaction vessel. The feed injector directs the oxygen through a center
nozzl e surroundi ng in:s e r i X as they

| eave t he f%ed injéﬁggf3%¥%%mgggF?gﬁgggP§%¥?%Eﬁ%%%§5mﬁéhﬁﬁg é?ghly
conducted in the absence of a catalyst. "Liquid waste oils" and |ike
term nol ogy as used..herei.n %nenah¥ r ef rsﬂ}oo%kpfiniqally unsat ur at ed
hydr ocar bons, | onger8tH f%aﬁya@%gé H8 “GHE Sk Y gerdted™ 10 hydr ocar bons,

i ncl udi ng al cohol s, al dehydes and the |ike, typically having a two-carbon
(C2) to thirty-carhgn 0 | ecul.ar structure, A liquid waste oil may be
recovered at varioﬁggpéggi%ﬁﬂgnwﬁ: ﬁ¥@%ﬁ£ﬁ}%@@§@S§§pﬁ@?@?ﬁﬁW?%?“described.
Li qui d wasi®e Ogak $n @ngedtipp wethltheyapbartitus Of Figaer1 @k HpiratobdFiguys and are
liquid as fed to the evaporataor. 15 .. A liquid hydrocarbon or liquid
hydr ocar bon oxyyerfdbistugenidrraripateid wask odltalbutes of "a liquid waste oil,
but may be provided fromany suitable source. A "liquid hydrocarbon or

| i qui d hydrocarbon oxygenate" thus generally refers to olefinically

unsat ur at ed hydr ocdHgHR4, s ¢ hgapticchzarsm ki vrrouaiepyrs ohtte\eRyaiehat ed

useful in connection with the present invention.

15

Detailed Description

The invention is described in detail below with reference to several
embodiments and numerous examples. Such discussion is for purposes of
illustration only. Modifications to examples within the spirit and scope of the

20  present invention, set forth in the appended claims, will be readily apparent to one
of skill in the art. Terminology used herein is given its ordinary meaning for
example, psig refers to gauge pressure in Ibs/inch’ , standard cubsic feet, SCF or
like terminology means cubic feet as determined at 60°F and at atmospheric
pressure (29.92 inches of mercury absolute) and so forth. Terminology is further

25  defined below.

“Average carbon chain length” refers to the average number of carbons per

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

30 “Non-catalytic direct partial oxidation” and like terminology refers to the

direct reaction of oxygen with a hydrocarbon to produce synthesis gas with or



20hydr ocar bons, including al cohol s, al dehydes and the like, typically
havi ng a two-carbon (C2) to thirty-carbon (C30) nol ecul ar structure. The
present iwOentywmies especially suitable for processi ngPRirgiser12mwidecul ar

wei ght hydrocarbons and hydrocarbon oxygenat es havi ng an average carbon
chain length of eight-carbons (C8) to thirty-carbons (C30). 25

"Gaseous hydrocarbon” and li ke term nolggy refers to hydrocarbons which are
gaseous under anbi ent conditions and under conditions as fed to the
evaporator. Such hydrocarbons may be m xtures such as natural gas or
refinery gas and include nethane, propane, butane, butylene, ethane,

ethyl ene, pent@fgu: 3RThhuF gﬁ shdhel @b AExRO 01f QL) Cd}l@%ﬂ{foﬁﬁll}g as, which
consists predom nantly of nethane is preferred. Natural gas nay have the

typi cal conpositternE hjategmaural gag andg separathstioamyiioreasn Stefe@ it ent No.

5, 653, 916, the, t ference:
Natural Gas wi tﬂ&%%cﬂg 6‘9{?{5\3@? ﬁﬁmoljﬁécmﬂg&éﬁﬁf 1 fggh @E@?f @6%%%6602 H6: 3.0%

10 C3 H8: 0. 5%xg4FthduglDa poCHPAZCsurQuiRingltse OOZen 01 2oh Nvay thatthe

5  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
10  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.
15
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
20  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 (CR) to thirty-carbons (C30).
25
“Gaseous hydrocarbon” and like terminology refers to hydrocarbons which
are gascous 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,
30  mixtures thereof and so forth. Natural gas, which consists predominantly of

methane is preferred. Natural gas may have the typical compositions I or IT set



20 Natural Gas with typical conposition Il: CH4: 81.8% by vol une 25C2H6:
2. 7% C3H8: 0.4% C4F110: 0.1% 30 C5H12: 0. 1% CO2: 0.9% 35N2: 14. 0% " OXO'
processeswaneixdeoxe i nvol vi ng hydrofornyl ation of an ol eCirSasi2aesict i bed

herein. "OXO products” and |ike term nol ogy includes products nade by
hydrof ormyl ating ol efins and derivatives thereof such as al cohols, acids,
esters 40and so forth. 9 "Superfgi cial velocity" of gas in the

evaporator refers to the volunetric flowrate of gas in the evaporator

di vided by the cross sectional area of the evaporator through which flow
occurs. 5This invention then relates, in part, to the preparation of
synthesi s gas fMtB'ih@ﬁ‘ite%@?«ﬁ&%%nmb3§6§3@16Qh981s&§§uﬁ9&,v&1¥?&ﬂ§' de to hydrogen
ratio and the effective use of waste oils generated in other downstream
operations. Thecupyatedbedinkselercesst s from the OXO processes and the
downst ream processes, can be evaporated into a stream of heated natural gas

formng a mxture of natural gas and said liquid
Natural Gas with typical composition I:

i CHy: 94.4% by volume
C» He: 3.0%
10 Cs Hs: 0.5%
CsHio: 0.2%

C5H103 0.2%

15
CO,: 0.2%
Nz: 1.5%
20
Natural Gas with typical composition II:
CHy: 81.8% by volume
25 C-Hg: 2.7%
C3Hgi 0.4%
C4H10§ 0.1%
30
C5H123 0.1%
CO,: 0.9%
35 Na: 14.0%

“OXO” processes are those involving hydroformylation of an olefin as
described herein. “OXO products” and like terminology includes products made
by hydroformylating olefins and derivatives thereof such as alcohols, acids, esters

40  and so forth.



10waste oil which are collectively sent to a partial oxidation unit. Oxygen
is provided added via a center nozzle and the m xture of natural gas and
evapor at edowast932l i s added via an annul ar nozzl e sur PCUASR0MG/081381 oXygen
simlar to a conventional operation, but w thout added equi pnent and/or
capital investnment. 15In one enbodi mrent of the present invention, the
liquid waste oils are introduced into agstream of heated natural gas in a
vertical evaporation vessel. The vessel can be further equipped with a
spray nozzl e, packing, and/or trays or any conbination thereof in order to
enhance the contact tinme between the liquid waste oils and the gas phases.

The contact time i ssayAEMiVERRHE JrichBinWH SHpRRLMcfss BARMRAREALI on of the
waste oil into the natural gas.” This contact tinme can be as little as one

second to as hilghraggsofeayartht eveperatordivided by tie stpsusstonaheres pibe of t he vessel

and the type of .contagtoBBansnoQvicdgd therein. I'n another aspect, the
liquid waste oils are at n‘izeg Into a heated streamof natural gas into a

countercurrent flow evaporator. Any renaining liquid, which does not

evaporate, wll be 25r. f h t r i i el and
optionally %V: t her r@%};ﬁ{@\é&?% %Pe?%%ées’ @@ggét%%pq%qal&%@\r}mogg&megg8gssgy§§nof
Duri ng the hydmohbamyd ablaorativ @dctrbarmafoxole éf hyisogentraioahd dleyeffegivand i n t he

downst ream processes of. converting, said al dehydes into carboxylic acids,
S0a conor s, © antic SLray SUGRRHEER b iud Buin el B R TR SR s and
oxygenat ed hydsibdanbhe©XaD prosaepanad &d dasndticgh tpranded) eamye ddypgpatediuct s
including liquid waste \(1) oidl S frlom he desi.red ?I dehﬁde aqu .cﬁlﬁ:}ggol
products. A solﬁ“i?v@rfértealfl)‘?fl) FHC AR BFoCERIEE £ BHX IR AYUBLEY AT e and

al cohol s i s0 showie SchEBRA ¢alldciivdlsdnt @ Rirthkl oAdgionh@am @fygpi Rpyl ene 10 and a
stream of synthesis s, 12 is fed to a Eurifica i on system 14 where
inpurities ar eprP‘é‘ﬂiij\P%g?d WY 8CTYEHOEAT B HBROKE bnasyak §2p andpardyriist ed and

the reactants @i JiPk weded&eh dnQunAulhiORE10 EurdRinihi 03 oRPYenCHRIRItH 2
tri phenyl phosphi ne-nodi fied rhodi um carbonyl catalyst. In the reactor
conventional operation, but without added equipment and/or capital investment.

15 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

20  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

25  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,
30 alcohols, and esters, both shorter and longer chain hydrocarbons and oxygenated

hydrocarbons are separated as light and heavy by-products including liquid waste



but yr al dehyde and by-products are produced and forwarded to a condensati on
section 18 before being sent to a distillation section 20, and on to

hydr ogenawpaen13gaeizon 30. I n section 20, the products aPETASp@ERAtEdAL as
streans 22, 24 and 25 10 from heavy by-products which exit in a stream 26.
Stream 26 contains liquid waste oils typically having six-carbon (C6) to
fourteen carbon (Cl4) chains and | ongerig or hi gher nol ecul ar wei ght
products. In a continuous process, gasses are recycled via conpressors 28,
29 as shown in Figure 1. Stream 25 is further processed through a

hydr ogenati on reactor 30 with the addition of hydrogen. 15 Al cohol products
37 are separat g fdnPMk bt SRl ¥Rk AL shoBSo@RE. NR VY PHRTPRUCHRO36 1N a
distillation section 31. Stream 39 contains |liquid waste 0ils typically
havi ng f our - carpesssiof making putyeddehdygranl glgelolyms syl sghengsicglht ndiigact s. 1 n
general the |iquj | ; onpri se
200IefinicalIyﬂu%gg%@fgﬁg yk%ﬁ?%%%%%%%géqﬁgﬁg%?§%ﬁ3?ﬁgﬁ§§?gcarbons and
oxygenat ed hydruoiisrtivongsterRdf sheicngpurgicFagueaoved, yldengen/fabahomrxals OX0

process forg prBﬁ(kécdgg?qjﬁs?%d%a@?lﬂ%"r@%%?i e ﬁowa?@éd t@@?ea@{o??ﬁgﬁﬁg%ﬁgm from

propyl ene. One o he-art appreci ate r materials
may be used i ncoatairOXBippenyiphsghinermaitiiqahodomeebaenydkbatadlef imthé escst ocks

i ncl ude linear, an ranched C2-C17 nonqol efins. A the, pri.marily |inear
type are e hyl 2ianaghEDSrE RO aeh PGS R TR e R ¢ L e o
varyi ng chai n deetigt 18 t@deirt¢ bk fenoinaglisoiibtonrseawhi20andfoned hydreseaton al um num
al kyls or from

wax Gracki ng; d m xtures of 30predom pantl i Nnterna
ol otims from sty B ohse P2 e b A e e S AL, oF P on o)
I-1 l—pgr af f ic}ns Mm}lé@mbgipm&llet@@hwhiegmkmétl?ealtrl]qizansa&rrﬁm&ﬁ@hinsmqumhai n ol efi gs
I NCl uae anyl enes rom petr eum.cCcra 1 Ng, pt enes (0] enes, nonenes, an
dodecenes fronV ‘fSFeaQﬂSitY:pg%?ﬁlV 8?\“6% Sl?ﬂ"?@%‘h@%@ t%ﬁ“‘@ﬁéar’b(%’ll gé]i“ﬁ%l,’a“é?r?ﬁ oct enes
from di meri zatjoRger &rhighedinbBE 1 dighd pRliudts aRutch@NSuPHEeels, g@Reh ot but enes.

Linear term nal olefins are the nost reactive reagents in conventiona
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.
15  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
20  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
25  will appreciate that other materials may be used in an OXO process. Principal
commercial olefin feedstocks include linear and branched C,-C;7 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
30 predominantly internal olefins from dehydrogenation or chlorination-

dehydrochlorination of n-paraffins or from ethylene oligomerization. Branched-



5cobal t-hydrofornylation; linear internal olefins react |ess than one third
as fast. A single nethyl branch at the olefinic carbon of a termnal olefin
reduces iwe 208#apilen rate by a factor often, but the efPextusedrza4taranch

di m nishes as its distance fromthe double bond increases. Some C6

feedst ocks which exhibit different reactivities include: 1-hexene;
4-nmet hyl -1 -pentene; 2-hexene; 4-nethyli2- 10pentene; 2-nethyl- 1-pentene;
2-met hyl - 2- pent ene; and 2, 3-di net hyl-2-butene. There is shown in Figure 2
an alternate OX0O process which may be utilized in connection with the
present invention. The process illustrated in Figure 2 is especially

sui table for |&ﬁﬂﬁﬂaﬁ@%&ﬁm@hﬁ§kﬂéﬂhﬁﬁp&Rﬂﬂﬁﬁﬁ&%&gﬂ%ﬁh&@%m@%@,15pr00€55 of
Figure 2, a-olefin feedstock is fed via line 110 an

via ' synthesis gas is
provi ded via |nagencyjand daéqchne@rﬁ@flaﬁ@rlmtlananI&omrSW!@g-&g oifies;pud i fied at 114
and the hydrog&ggn%réil‘gtd%ﬂeriz% dJnH%B(ﬁgLer}{iaﬁoﬁgﬁf%ﬁB@en%%H@ﬁ—a}n'don or otherw se

to achieve the desired mx. After purification, the reactants are provided
to reactor 1162-beenchytmedrdgermynahpletng arg e mabistadive regeduplceavenooral cat al yst

reservoir 1l5 &@Qlt-ﬁgc#&‘oﬁﬁ%ﬁo‘%- [n‘»?e%fﬁl?e@ﬁﬁ gftfifts feReld ?ﬁatﬁﬁgneatﬂggﬁse&/t? led at 128

as shown. Arter reaction,” catalyst is renove om the crudé product at 118
and recycl ed tunglhmethyiramwh aflthe okfidie loytien pff oduncihalioefidireducts isdeationl 22 and

crude product exits at 1 i.le light - ducts ar .ecovered at 139.
S5hurther dot atedyadierition P ahS o b B EhE B & LERRYRE T iork
O hmer  Encyl opteteubtd booh @ivraasds. Temb oo lfedyockl whinth. exhibaldiffetdnt pp. 637- 653
(Wley, 1980), the.disc]qsure of which is incorpprated herein by reference.
[ actor dance’ SHHRIh g drt Sie: P o ebPac: HBaEE aBihir us” 200 shown
30 in Figuie 3pch@he;rs@ethil- CAMADE1I-MBthwi-2-PertéiR; 404Q, PUiaeasseDuiche. Fi gures 1

and 2. Apparatus 200 includes an evaporator vessel 210 and a parti al
oxidation (PDX) 12 unit 212. Evaporator 210 is fed waste oils fromthe OXO

unit of Figure 1, fkre@Xainga FRRAFE Y &talfdiie KOG radss wich ARdbOr 39 or from
line 139 of Figure 2 and forwarded to waste oil feed |line 214, The waste

oil is fed to ¥iHieedBepricetiqyaitshe presenfiivenionnEhepressspillpitisgrdon Bigdhe st eam
heat exchangers 226hecll) sul@¥le 6 longer chain olefins. In connection with the OXO
15  process of Figure 2, a-olefin feedstock is fed via line 110 and synthesis gas is
provided via line 112. Both the a-olefin and the syngas are purified at 114 and the
hydrogen/CO ratio is adjusted via membrane separation or otherwise to achieve
the desired mix. After purification, the reactants are provided to reactor 116 for
hydroformylation. The reactor is coupled to a catalyst reservoir 115 and
20  unreacted reactants are compressed and recycled at 128 as shown. After reaction,
catalyst is removed from the crude product at 118 and recycled to the system. The
aldehyde product is distilled at 122 and crude product exits at 132 while light

by-products are recovered at 139.

25 Further details concerning various OXO processes are set forth in Kirk-

Othmer Encylopedia of Chemical Technology, 3. Ed., Vol. 11, pp. 637-653

(Wiley, 1980), the disclosure of which is incorporated herein by reference.

In accordance with the invention there is provided an apparatus 200 shown
30 in Figure 3 for use in connection with the OXO processes in Figures 1 and 2.

Apparatus 200 includes an evaporator vessel 210 and a partial oxidation (POX)



5 periodically purged fromsystem 216 via line 222. Natural gas is fed to
evapor at or vessel 210 through line 224 which preferably is a heated |ine
comuni cawpregidwipdrtzanot her stream heat exchanger 226. Evaparsatienimessel 210
has an output of the evaporator unit 228 which 10connects with parti al
oxidation unit 212 which is fed oxygen and optionally a noderator gas such
as C2 or steamvia line 230. Unit 212 i3 of a conventional non-catal ytic
direct oxidation type with an annular burner. Details as to naterials and
construction generally are provided in United States Patent No. 5,563,916
to Disselhorst et al., as well as United States Patent No. 5,273,212 to
Gerhardus et JdmAb. evifdeudi296i0R4088. Ois W ARk X @ uhiGOFiRRFAL &3 herein by
reference. The partial oxidation unit is optionally provided wth a

menbr ane syst edPalt dayediymilise go.c\0i e/ 39 on from llie 13%ef igwietand e of
hydrogen and c A n the art.
20l n operatlonﬂkggggﬁgggébgﬁﬂ%ahﬁ QHPS?%S%QM&EZf%hg?ﬁ@k&%&Fgﬁ% 214, to

pi pi ng 216 t o % wipgenclpdespirorg 218 aay stoon At exdatzend2y. Ot ey bé | i s at oni zed
and directed t f nozzles
whi | e heat ed g[?? §§lg%ﬂyé°ugge}ﬁ@@{% tEVQ“ICI)l i\}égéégpl ?f% g?tgr as@%ggé %iaﬁgr egat ed

t enper at ur es. vikel AHahedgin Ata 24| wigesprefsratilyse b beageld ing ei@mahicatinigrwith di recti on

of flow upwardl|y..as sho at 2 counter-current to the atom zed
li quid wast e of%ﬂﬁhﬁmﬁmwgg XQH%%%%%fdly. A nixed feed streamof natural gas

and evaporated waste oil is prOV|ded to PDX unit 212 which is al so provided
oxygen via line 230 to oxidi | 28 m xed vapor f eed str%§g1 pr oduce
synt hesi s gas whic V@%F?Qrvﬁ ‘ﬁﬁPPmVWé’ CEARPEYOTHY bf3V|ded to an

OX0 processn f@hn@xang gartidl oRigatiod vaft 2t hehRutiyfaboeRy ded @’n@ﬁﬁ@rsa 30shown in
Figure 1 or line 112 of the rocess |Ilﬁ$trated in_Fi ure 2. ?
There is shown™SURENEE} &‘ema@ Op OF{ef Wa Ang 2k 4yt ?&.Za%ﬁ AfoBrenional ous

features of am®vaRGfRUGEIXAatdH Ght myarbﬁmum birg@d DeRilCaNDeRkdrAR Wi th the
processes and apparati shown in Figures 1-3. Evaporator 310 includes a

vessel 312 pr ovidgerptipFian ssneyaldy dp @W}dsﬁhtndﬂn@ﬂ@wé@ Ragept Neyo, 303 8110ifal i ty of
nozzl e assenbl bgaRAk6 az3&§we1328%ﬁ&q SBA% Paftht NHS 197@%@2 of gthgrvessel 312 is

a liquid catch-basin 324/ le a mst elimnator is provided at an
upper portion cyzglecslﬂscm@ggmf mczh ap mgprgroasedtherejny @@@nca@emaétdku but or 314

i's disposed at oﬁdaltlgl‘f\ﬁﬁlt 8%{3{161&ﬂy ﬁl%%ld% w%ﬁ%%?ehlb%n% system (not shown) to

provide a 1:1 molar ratio mixture of hydrogen and carbon monoxide as syngas

output as is well known in the art.

20 In operation, apparatus 200 is fed liquid waste oil via line 214, to piping
216 to an upper portion of evaporator 210 where the oil is atomized and directed
generally downwardly through a fixed or movable set of nozzles while heated
natural gas is fed to vessel 210 via line 224 at elevated temperatures. The heated
natural gas is discharged generally in a direction of flow upwardly as shown; that

25 is, counter-current to the atomized liquid waste oil which flows downwardly. A
mixed feed stream of natural gas and evaporated waste oil is provided to POX unit
212 which is also provided oxygen via line 230 to oxidize the mixed vapor feed
stream to produce synthesis gas which exits the POX unit via line 232 and is
provided to an OXO process, for example, line 12 of the butyraldehyde process

30  shown in Figure 1 or line 112 of the process illustrated in Figure 2.



10Four nozzl e assenblies 316, 318, 320 and 322 are | ocated at upper portion
328 of vessel 312 at a common | evel and are spaced equally at 90 or so
around t heOovessab312l n operation, heated gas is fed to tReTWS3GRI04M7R | | ne
333 and exits upwardly 15fromthe gas distributor as shown by arrows 334,
while liquid oil is fed to nozzle assenblies 316-322 via |ines 336a-d as
shown and sprayed downwardly as indicated by arrows 338 inside of the
vessel . Superficial velocity in vessel 312 is kept |ow, preferably bel ow
0.5 ft/sec so that oil droplets are not entrained upwardly (Stokes' |aw)

t hrough effluent line 330 which is coupled to a partial 20oxidation (PDX)

unit to nake Syn9aﬁh&%h@ﬁﬁ%ﬁ%@%nﬁﬂ&ﬂ&%&9&&?@@aﬁ&%%rhlgﬁhﬂﬁﬂ¥ﬁ&ﬂcarb0ns or
l'i qui d hydrocar bon oxygenates in the evaporator he m xed gaseous

stream is opt igwtareh of Peeysraatphtl@ughchomey e utdizedinsarnsetiguetth s el i mi nat or
326 t |1
prior to bct,e'séég Fﬁc[%gﬁ%ﬁ%@@c{@@rﬁ%ﬁg £3Me330, d&tfrlﬁb‘ @H@?@&% fally in

gaseous forn1 ree o nevapor at e qU| accumul ates in
cat ch-basin 3234122@@@:1 withya gﬁ@ disgibyoir 8tH ashwaddlagh plirelitnofrdzels asnaaibhesr i odi cal 1y

purged frorm theg Sé’rgslﬁ $30 &n(a }’%e'b&g%}ﬁ‘ el A‘fﬂ%lfu?ga%téﬁrt%%m%@g details of

t he apparatus are scusse materia ruction of this
vessel are conwiid kanﬂmndtmnﬁm Isrotnqufrbatcaﬁ upmpbnnom 328 doessl 31Bhe nat ur al

gas is heated b n the h fr vessel . The
natural gas is’ é%%e “%ngsu#%?%ggﬁgﬁ§ % lﬁp%ﬁ1a F“wrg89%§$g(go about 1000

psig, and at fiewlsetes of from about 300 to about 1000 5standard cubic
feet per mnute. The heated natural gas is injected into the interior of
vessel through concentric pipes/rings (not shown) through upwardly directed
openi ngs. Tde |i quirdur@stie adehbli@ri 6] 31]8;3510&% 821 e ldeete@ WAPPEGIoRHonV ESSE]

into the upper ortlo t her eof uch a manner so that they
are atoni zed of VBRF &amwa@mf@f? sxﬁiﬁ%ﬂfaaw eq%uy["ﬁggn%{tsﬂraéﬂunﬂ;as Thus,
there is a 10cqupiesicurrent fl ow of naterlals, that is, the liquid waste

oils are traveling in a dowward nmanner and the gas) flomjng in an upward
manner. The liquid waste oils are flow ng/punped at a rate of approxi mately

2 to 10 gal |l ons per, ghdhicd, Riatbdhs @@&ﬁtﬁ'{eﬁee\%ss‘éfv@hﬁélﬁﬁa(ﬁg ePi%s'LﬁwaaRﬂ)ﬁoo psig
Where necessary, the liquid waste oils can be steam heated in a manner

like that Bhovfiorh thergag digtaibator arplieyn By asowstidr whitesliabekis fsie negzlaypr e
filters may be,usaficl o1 HRNLIRDEIGHEESIORH a8@LPr8ed downwardly as

indicated by arrows 338 inside of the vessel. Superficial velocity in vessel 312 is
kept low, preferably below 0.5 ft/sec so that oil droplets are not entrained
upwardly (Stokes’ law) through effluent line 330 which is coupled to a partial

20  oxidation (POX) unit to make syngas. The heated gas vaporizes the liquid
hydrocarbons or liquid hydrocarbon oxygenates in the evaporator and the mixed
gaseous stream is optionally passed through a mist eliminator such as eliminator
326 prior to exiting the evaporator. Stream 330 is thus substantially in gaseous
form (free of liquid oils). Unevaporated liquid accumulates in catch-basin 324

25  and may be recycled through the nozzles and periodically purged from the system

to remove impurities
Further features and details of the apparatus are discussed below.

30 Referring to Figure 4, the evaporator vessel is generally cylindrical in

shape and is approximately 5 to 50 feet in height and 2 to 15 feet in diameter. The



materials. An interior pipe (not shown) for feeding the waste oils can be
fixed or so constructed as to be noved upward and/ or downward dependi ng
upon t he woeaeotywamiecondi ti ons and material flow rates comrCaiused2tohErei n and
also to provide the greatest flexibility in contact tinme between the |iquid
and gas phases. The 20interior pipe can be a circul ar pipe having hol es
therein and spraying the liquid oils inia dowward fashion simlar to a
nodern spray dryer. Likew se, the evaporator can be configured with trays,
random or structured packing, or other simlar devices in order to
facilitate suitable contact between the liquid and gas phases flowing in a

count er - Cur r eng, BRNNEN condticBENGHRY veshd] atSeofBRIn ARG G AR P2EN 25 the
tenperature within the evaporator vessel at about 350F to ‘about 500F and at

a pressure ranigection pedsessit TIPOO U iges it beaddsiduta st@oOugAng theadedinvhousl y
mentioned, On%vg{)?{ﬁxtﬁlev#{le'l.%% nhGa PGS uer %ﬂ@é’sufé@ %Peﬁﬁ(vhbxg‘ﬁ%ﬂi albggt el ates to
e ar f the r t he

t he i ncrease in no content "o arbon nonoxide in
synt hesi s. Thipsig te@berd 800 psigyembatdloyraienof frem plzoug@0Wtb abeuwd@bout 1 per cent

to about 6 Y egﬁﬁlﬁard CIQIS Ife;csgt geﬁr itflﬂg.qflﬁe }{eg%h Hgtﬁrail gﬁtép%be%ﬁ & {l’ireqlgtélll ye use of

the liquid 15 waste ol € decrease in Wist ream boiler | oad
and whi ch in tefrvasseketbrlugls canaertthiepipesitingz atot swwaf thrtvehmpwhidty diectedt her

materi al processing. Furthermore, this invention does not.r ire a
catal yat for tienrodlEiauR vERe et SibiclddnE s 20t SRLhBa car bon
nmonoxi de cont eupper fwrtion thereof] preferabpeia isfidhca raamsit soubdt itley ard he@mevdgdr at or

vessel has a dtgarr&ter 0{11 4 feet and a]ilhei ?q;t%ofTS fﬁgt. The vessel is
provi ded with VPP ALE CREST T HENESd qlﬁl&g hsThUS tHeF Kt%i n an interior
t enper at ur o W dohtdrcuient FRRAE nodikls| BatdS Ae lighhewwasdiB ald teivelghgdh ks are fed

into the upper portion on the vessel at a positjon of 10 approximtely 4
feet from the 4BFVEHEPEWET addhs 0 bHAE Bt IPgT ancnﬁ%T%? Bﬁﬁl@waﬁt? feed is

configured in gRerd Mvh@pubpdiak & Hi@st PpRRIIANY Neh Mesdiehdel Astd f4arei n and
attached thereto are nozzles so as to atom ze the oils into droplets

sprayed in a cSRFtEYS dpba FOGprie tHE0QPYig. Where segspiane thetlisutdieastent eri or  of

the vessel at @usfchObs fi@lPh@fedIn SRl RN FLOBE: MHRHILFBRE RlURPIRRSUr € Of
about 1000 psig. The natural gas 15 is supplied to the interior of the

vessel at & poflisemappacoxnerat apip filtelsaray terused toiemeystnvpndepisad spid ti on of the
vessel . The ”%&{%ﬁz{%s.g@éinke?iopglﬁggf?{i Qﬁm&l fo@féeﬁlgg%e%éé{eeoélrs?ﬂg& ffeqfof om about

400F to about 1000F by an in eat excharnger, and n each preheated
natural gas i ssogupiitucied aato ba nfdvedwpvedré amd oralopnosidrdgp@iding@pon habi ¢ f eet per

m nut e. reaction conditions and material flow rates contained therein and also to provide

the greatest flexibility in contact time between the liquid and gas phases. The
20  interior pipe can be a circular pipe having holes therein and spraying the liquid
oils in a downward fashion similar to a modern spray dryer. Likewise, the
evaporator can be configured with trays, random or structured packing, or other
similar devices in order to facilitate suitable contact between the liquid and gas
phases flowing in a counter-current manner. In general, it is desirable to maintain
25  the temperature within the evaporator vessel at about 350°F to about S00°F and at

a pressure range of about 700 psig to about 1500 psig.

As previously mentioned, one of the unique features of the present
invention relates to the increase in the molar content of the carbon monoxide in
30 the synthesis. This increase is generally in the range of from about 1 percent to

about 6 percent. The other unique feature is the more effective use of the liquid



20 The synthesis gas | eaving the upper nost portion of the PDX unit
I's periodically sanpled and anal yzed for carbon nonoxide content and it is
found t havoths/aa¥ikon oxi de content has increased on theCaINSe@EGO4BF1 from
about 4.6 to about 5.1 nole percent, and is conpared with the sanme unit
operated wi thout the 25utilization of the liquid waste oils. To
further denonstrate utility and advantages in connection with syngas
production, the apparatus shown in Figures 3 and 4 was operated with

i ncreasing levels of waste oil over a period of about 2.3 hours fed via
line 214 at constant 30natural gas flow as shown in Table 1, below 1:1,

CO H2 ol ar ra&&&nﬁHQH&Hmd&ﬁm&éﬁﬁﬂé@&%QUQMnHEﬁP&ﬁH%nd@h@ﬁﬁﬂﬂﬁf'On) via I|ne
232 increased as waste oil feed increased as is denonstrated in the table.

Table 1: 1:1 Spngad e gdliretionef hv beiler fis pbasmpgridivrocrsd. Birtiemmareed
Units/Mn 1:1 tﬁ%Q%Eti&J&ogyhotQ%u%bgfcatgyé’trfgll tﬂQpl%hl?éﬁog oﬂﬂgsﬂ?ﬁigis%gs 100. 1%

with enhanced carbon monoxide content.

In a specific construction, the evaporator vessel has a diameter of 4 feet
and a height of 8 feet. The vessel is provided with appropriate heating/cooling
means to maintain an interior temperature within the range 350°F to 450°F. The
waste liquid oils are fed into the upper portion on the vessel at a position of

10  approximately 4 feet from the top thereof. The interior section of the liquid oil
feed is configured in the form of a circular pipe having perforations therein and
attached thereto are nozzles so as to atomize the oils into droplets sprayed in a
downward direction. The oils are supplied to the interior of the vessel at a flow
rate of 5 gallons per minute and at a pressure of about 1000 psig. The natural gas

15  is supplied to the interior of the vessel at a point approximately 4 feet from the
bottom most portion of the vessel. The natural gas is preheated to a temperature
range of from about 400°F to about 1000°F by an indirect heat exchanger, and
then each preheated natural gas is supplied at a flow rate of approximately 600
cubic feet per minute.

20

The synthesis gas leaving the upper most portion of the POX unit is
periodically sampled and analyzed for carbon monoxide content and it is found
that the carbon oxide content has increased on the average of from about 4.6 to
about 5.1 mole percent, and is compared with the same unit operated without the

25  utilization of the liquid waste oils.

To further demonstrate utility and advantages in connection with syngas
production, the apparatus shown in Figures 3 and 4 was operated with increasing
levels of waste oil over a period of about 2.3 hours fed via line 214 at constant

30 natural gas flow as shown in Table 1, below. 1:1, CO:H, molar ratio output



3.916 100.0% 4. 025 100. 0% 4. 014 100.2% 4. 634 100.9% 4.9 101. 6% 4. 934 102. 8%

4.989 103. 3% 5. 015 103. 8% 5. 003
WO 2013/019312 PCT/US2012/041471
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(regulated by membrane in production) via line 232 increased as waste oil feed

increased as is demonstrated in the table.

Table 1: 1:1 Syngas Production With Increasing Oil Feed

5
Oil Feed Units/Min 1:1 Syngas Output as
% of Starting Flow

0 100.0%

2.39 100.1%

3.916 100.0%

4.025 100.0%

4.014 100.2%

4.634 100.9%

4.9 101.6%

4.934 102.8%

4.989 103.3%

5.015 103.8%

5.003 103.9%

4.979 103.8%

4.997 103.9%

5.003 104.2%

5.018 104.4%

It will be appreciated from the data in Table 1 that the waste oil feed
significantly de-bottlenecks production of 1:1 syngas while recovering chemical
feedstock value from the waste oil which would otherwise be incinerated or

10  disposed of as waste. The inventive system thus improves raw material usage as

well as reduces waste.

It will be appreciated from the foregoing that the invention provides the
following features: (a) the evaporator vessel is provided with means to increase
15  the contact time between the waste oils, natural gas; (b) natural gas is injected into
the evaporator at a flow rate of about 500 to 1000 cubic feet per minute and at a
pressure from about 50 to 1000 psig; (c) the evaporator is provided with means to
maintain the temperature therein at about 250°F to about 750°F; (d) the evaporator

is substantially cylindrical in shape and has a diameter of 2 to about 15 feet and a



103.9% 4. 979 103.8% 4. 997 103.9% 5. 003 104. 2% 5. 018 104. 4% It will

be appreciated fromthe data in Table 1 that the waste oil feed

si gni fi camOI2g13da9et t | enecks production of 1:1 syngas WRCTASe@covHIi ng
chemi cal feedstock value fromthe waste oil which would ot herw se be

I nci nerated or 10di sposed of as waste. The inventive systemthus inproves
raw materi al usage as well as reduces waste. It will be appreciated
fromthe foregoing that the invention provides the follow ng features: (a)
t he evaporator vessel is provided with nmeans to increase 15the contact tine
bet ween the waste oils, natural gas; (b) natural gas is injected into the

evaporator at gidpk Qi"ébroéttﬁto%oﬁ@@%et 200 %el%@ FiLDhgas bRREssREIheM NUt e and at
a pressure fromabout 50 to 1000 psi g@/e he evaporator is provided with

means to mai ntlathlphérosimérp@th%@'«tbh@tr mowpemmor%@mrwom&@t% 750F; (d)

t he evapor at or and has a di aneter of
2 to abgut 15 %@aﬁeﬁ@é%h@@ahh@lgljoé(esg%hfcﬂqBés%%J[ usera%%H?

5 Generally, there is thus provided in accordance with the invention 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

10  from the by-product waste o0il; (c) converting separated waste oil to synthesis gas;
and (d) recycling the synthesis gas produced in step (c) to the reactor of step (a).
The step of converting the waste oil to synthesis gas preferably includes
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

15  oxidizing the mixed vapor stream to provide synthesis gas. Typically, the
hydrocarbon gas is natural gas and the temperature in the evaporator vessel is
maintained between 250°F and 750°F. Suitably, the temperature in the evaporator
vessel is maintained between 350°F and 500°F and the pressure in the evaporator
vessel is maintained between 500 psig and 1500 psig while waste oil is injected

20  into the evaporator vessel under a pressure of above 500 psig up to about 1500

psig.

The synthesis gas produced generally has a molar ratio of H»/CO of from
1.65 to 1.85; typically the synthesis gas produced has a molar ratio of H,/CO of
25  from 1.7 to 1.75.

In many cases the olefin supplied to the reactor comprises a two carbon
(C2) to seventeen carbon (C17) mono olefin so that the OXO product comprises a
three carbon (C3) to eighteen carbon (C18) aldehyde or a three carbon (C3) to
30 cighteen carbon (C18) alcohol. Preferred products include propionaldehyde or
butyraldehyde.



17 height of about 5 to about 50 feet; and (e) the waste oil syngas process
of the invention produces from1%to about 6% nole percent nore carbon
nonoxi de WO 20pa¥ied to t he same process whi ch does not POTAISAESM01401 | S.
5CGenerally, there is thus provided in accordance with the invention an

i nproved OXO process with converted waste oil recycle conprising: (a)
hydrof ornmyl ating an olefin with synthesig gas in a reactor to produce an
OX0 product as well as by-product waste oil, the by-product waste oi

having a | ower or higher boiling tenperature than said OXO product; (b)
separating OXO product 10from the by-product waste oil; (c) converting
separated waste oil to synthesis gas; and (d) recycling the synthesis gas
produced in step (c) to the reactor of step (a). The step of converting the
waste oil to synt hé@ia%oﬂgfa§sn§¢teﬁff&reame}atlorn&lm@d%@rowgcb@ma@p of m¥dngrast e oi |

Wi th hydrocar b %chgﬁi%dsrﬁoﬂpa cf‘?&‘afb%h s 2 g%v\ghrof:é}b lQia{llléjﬁlg%rm xed vapor

stream of hydrocar gas and evaporate Irectly 15oxi di zi ng
the mi xed vaporydsicrbampiygeptoliquiéinslpding dwi stepgab. (aWpdlwlll}IdyocatHQe ghsydr ocar bon

gas is natural I, h VESS IS

mai nt ai ned et%ggeﬁatgzg%@) tc'l&'e?tg%ﬁ ﬁfa;teoart\)fPssEl ﬁﬂ%g%g%@b’q%lg}sg% 't he

evapor at or ves%ehng$hm®mmﬂ@nqudbmﬂwdemnﬁaﬁﬁhanqwﬁmﬂﬁnmh@thme pressure in
t he evaporat or vesgg i lﬁ?i%%ai e bet we g {8) % £sig whi |l e
waste oil is |‘?1Va%°r'f‘8dve§%? TS e “é%rSrna%“raS?Fé%sléf CURYEre BOPre&Ssure of
above 500 psi gliqupd ﬁo@he&b@pﬁratﬂ:ﬁ@@ qu&regl at least 30 standdri eulsiy fﬁehﬁshyarogalsorpr oduced
general ly has a nDI ti o cally the

L hasi & tas S ooud i e ap rbedllonsk AT syt omberainet (o 176

|( 22 )rrany Cases Ilicﬁllﬂi ®itlegllefhyé$ﬂdcwi)ﬂ)dnﬁgis tdprf)meamacfied@@m b%ﬁ_ygro@aﬂbg@ car bon
to seventeen carban 17) nono o I.n sq t X0 product
conprises a th%aéénfi%ﬂp%??d(hﬁgﬁdtt)&p%m@lrﬂ HO%I}%Wa ée Zag&zﬂ% or a three

carbon (C3) tofedPRicHRIHROnEATMBAY hikdBlec@bit@alith Byebthirdaptapduct s incl ude
pr opi onal dehyd06x1c(1)aliuon unit to produce synthesis gas. The liquid feed to the evaporator
generally includes hydrocarbon liquid and/or hydrocarbon oxygenate liquid with
15  an average carbon chain length of from two carbons (C2) to thirty carbons (C30);
typically 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). In some cases the liquid feed to the
evaporator comprises hydrocarbon liquid and/or hydrocarbon oxygenate liquid
20  with an average carbon chain length of from ten carbons (C10) to thirty carbons
(C30). In one preferred embodiment, the liquid feed to the evaporator is waste oil
is from an OXO aldehyde process, or OXO alcohol process, and the synthesis gas
produced has a molar ratio of H,/CO of more than 1.65 and less than 1.85. More

typically, the synthesis gas produced may have a molar ratio of Hy/CO of more

25  than 1.7 and less than 1.75.

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

direct oxidation without a catalyst.

30 To provide for complete vaporization it may be desirable to provide at

least 50 standard cubic feet of hydrocarbon gas is provided to the evaporator per



but yr al dehyde. 18 I n anot her aspect of the invention there is

provi ded a net hod of making synthesis gas froma hydrocarbon gas and a
hydr ocar bwo 2bigudzizand/ or hydrocar bon oxygenate |iquid iPAEIUsdI@4t4NE St eps
of : (a) feeding hydrocarbon gas 5at elevated tenperature to an evaporat or
vessel ; (b) concurrently with step (a), feeding a hydrocarbon Iiquid and/or
hydr ocar bon oxygenate liquid to the evapprator vessel through one or nore
nozzl e assenblies to provide atom zed liquid to the evaporator; (c) wherein
at | east 30 standard cubic feet of hydrocarbon gas is provided to the
evaporator per gallon of liquid feed; (d) evaporating the 10 liquid with
the hydrocar boghllgﬁéfl‘icRucPfeQd“aﬁﬁou%hﬁhMQrJ 8&H 3%)"5[a%é£ﬂl@ﬁb1$"¥e@{ @GgHbon gas and
vaporized liquid to a partial oxidation unit; and (e) oxidizing the nixed
feed stream bystandprdassbic st ey dricrban gasaerydiensadedite e sxangentoriper t he parti al
oxi dation .umt azljlgn Bﬁl%ﬂl%éeém&téqﬁsléaﬂ aﬁo }bgtallﬁ dafbl i d Q(lio 56 stt'ﬂl%alﬂvapor at or
general ly i ncl% rocar bon qui yd rocar on oxygenate |iquid
with 15an averadye f@ﬁlobbyﬂrmaégon gh‘elﬁgtorwct@ﬂ pérgaton v&ﬁilquejrfg@msu@@sfromo thirty
carbons ( ); I i<qu] es

hydr ocar bgﬁg I |7qsfiéi{ d&% ylctf%?tgrlggg{raﬂ%aﬁ(?gl%llgg%%taotqu I qui éla%%ng{)?{cggg&gdvfzr age
carbon chain Ilmmgiifeed)f fromsix carbons (C6) to thirty carbons (C30). In
sonme cases the liquid feed to the evaporator conprises hydrocarbon |iquid
and/ or hydrocarbon oxygenate liquid 20 with an average carbon chain |l ength
of fromten carbonsA Hlekdkd hadrbdarionygac@rheimsthd G3tive brocaads paeilens. ed

enbodi nent, the liquid feed to the evaporator is waste oil is froman OX0
al dehyde process, or OXO al cohol process, and the synthesis gas produced
has a IrrFl aro Lati 0 Qi;l] a ploRdrfod cofs tiiBricR, iélh@ﬁhpl)ﬁl@tﬁ 1ﬁﬂédlhhliﬁ8&rbﬁ'gﬂirbné085 g/;)&e) f
typically, the synthesis s produce ave a nolar ratio of F1 0
more 25t han 1.7o% ﬁaza?%%ﬂée iehing2 fgﬁevnwarm fectigp o dhedpidengaron it ﬁ%ﬂt s,

oxi di zi ng the pwaedy taper&llefatttieSiqli Meadan@fwhdicieGt nved daddi sgBanbt hout a
catal yst. 19 aIIon of liquid feed; although anywhere from 30 standard
cubic feet to caibg gasradd yaisirizcd ligud 6W1ﬁ8@W6é@ﬁb@ﬁe§’§§raF%?t36‘e provi ded to
the evaporat ory é)%%r pR@dd (RGe&f Thi %Qd%ﬁﬁﬁiu%él@cﬁy}/&'ﬂ@éak}hthérom 50 standard
cubic feet to 0 standard cubic feet of hydrocarbon gas is provided per
gal | on of 15 quivapdratedis genpeHlydess lrag d fE5s; yxt e &e Escilib fthé@torE%@S thagp st andar d
cubic feet of h?’ﬂysgcc%(fglqgssgﬁd% Lpﬁ/gec%!lés?ﬁaﬁfwlff/s%y'ﬂn];lgs?gase hp{l &G ed
hydrocarbon gas to use in the inventive process is natura Oln a
preferred constuperitiebyelocithef éw gpron dteovapasatbrad fioimdli ﬂ/StdlmQQlft/@ne or

In still another aspect of the invention, there is provided apparatus for

20  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

25  portion and includes: (a) one or more nozzle assemblies disposed in its upper
portion configured to feed liquid downwardly into the evaporation vessel; (b) a
gas distributor disposed in its lower portion configured to feed heated
hydrocarbon gas upwardly into the evaporation vessel. A third feature (c) is
wherein further the evaporation vessel is coupled to the output of the evaporation

30  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



nore nozzle assenblies in a downward direction and the hydrocarbon gas is
fed upwardly countercurrent to the liquid feed and wherein the m xed feed
st r eam ofwhydrigugdibon gas and vaporized liquid is w thdepamuskelomtine
evaporat or at an upper portion thereof The upward superficial velocity of
the gas in the 15 evaporator is generally less than 3 ft/sec; but may be
|l ess than 2 ft/sec, or less than 1.5 ftppec; even less than 1 ft/sec or

|l ess than 0.5 ft/sec. In nost cases the upward superficial velocity of the
gas in the evaporator is fromO0.1 ft/sec up to 3 ft/sec. In still another
aspect of the invention, there is provided apparatus for 20production of

synthesi s gas |GRRRAILSASI/of AYuid By BYBRYAK| SRatelhdd pbilk Am@al & hydr ocar bon
gas feed, a liquid feed for l'iquid hydrocarbons and/or |iquid hédrocarbon
4r

oxygenat es as sk ohBydipcaghpa ey enderanassiedliquibigredrbon andier hydwegrees and
liquid feed, ;@@g&\%ﬁgQ'El?eto%'épuv%ﬁ@éva?&%ﬁ’onblﬁﬁt%ifé t8ink I @pwAHE put of the

evaporation u nerein the evaporation vessel has an upper portion and a
| ower 25porti onperfidial ges veldety. of(lee) thoné fisree mrothe eyrpziabion essenBipeer! di sposed in

| ts upper p@t%xg%ﬁgl?g{nmg%%%uﬁlgd fo5kdo '19‘&‘%(3%93‘[%}’%{?0&%%% I@%d‘]&agpt%g?o evapor ati on

vessel ; (b) a utor disposed in its Fower Ion configured to
feed heat ed hydcacahboxedaspa v of hydroaattentcheandeagoratd bmideesdie. A third
feature (c) is mherFin.g rthgrlthiteva§9r tHQn ve%sglfgs coupled to the
output of the BVRPSPEIToRCEOURI ¢ S OF AT HEr BOrIrdN 8" RERvapor at i on
vessel and i s iajeobir ghickgroaiids adapit @dhd mixepesmr edtand emdertsdt ®S, pressures
and tenperatures_to evaporate |jquid 20 hydrocarbons .and/ ot liquid

hydr ocar bon oxy§BR%t &§- Fa}ﬁﬁe‘f??%}oggeséelm 9?@318“%}&6’6?“%{3?’@%(1{ 141598%% car bon gas
and evapor & edsyktesuitdcHhyshkneanigeid fanthe lowty fotcasbascapygonateelt® the

out put of the evaporati.on git whi | e naintgining an,qgwqrd superficial gas
velocity of | e§8URAFEATER pit REVAPHEIORKCSE) BT BE MGHC YR ESHSIC SYRITLPEY g

Soxi dation unihcl(G8da héatct MR @iggd 0 the out put of the evaporator unit and
adapted to receive the m xed vapor feed of hydrocarbon gas and evaporat ed
liquid fromthe

In one preferred embodiment, the partial oxidation unit is a non-catalytic

15  partial oxidation unit which includes an annular burner for oxidizing mixed vapor
feed of hydrocarbon gas and evaporated liquid. Further features which may be
included are wherein the evaporator vessel is equipped with at least 2 or perhaps 4
nozzle assembles disposed in its upper portion configured to feed liquid
downwardly into the evaporation unit and wherein the evaporator vessel is

20  provided with a mist eliminator. The evaporator is preferably operated at a
superficial gas velocity in the evaporator of less than 2ft/sec and a ratio of
gas/liquid feed of at least 30 standard cubic feet of hydrocarbon gas per gallon of

liquid as noted hereinabove.

25 While the invention has been described in detail, modifications within the
spirit and scope of the invention will be readily apparent to those of skill in the art.
In view of the foregoing discussion, relevant knowledge in the art and references
discussed above in connection with the Background and Detailed Description, the
disclosures of which are all incorporated herein by reference, further description is
30  deemed unnecessary. In addition, it should be understood that aspects of the

invention and portions of various embodiments may be combined or interchanged



evaporator unit; the partial oxidation unit is further provided with an
oxygen injector which provides oxygen to the m xed vapor feed and converts
it to syrwbesiigHs. The evaporator vessel is optionall pCprusedidadi4nith a
liquid recycle 10 system which transports liquid fromthe | ower portion of
t he evaporator vessel to the upper portion of the evaporator vessel. The
the waste oil recycle systemnmay include a heater and a purge. In one
preferred enbodi nent, the partial oxidation unit is a non-catalytic
15partial oxidation unit which includes an annul ar burner for oxidizing

m xed vapor feed of hydrocarbon gas and evaporated |iquid. Further features
whi ch may be ingkudedoRr & iVRer @ulndHRrEMRROs & @hary 888 & tht 8rt &Gyl pped with at
| east 2 or perhaps 4 nozzle assenbl es disposed in its upper portion

confi gured to dreeediale thasithp faramna depcyiptiontipby way @f\ﬁéw@platongnanw fotand wher ei n
t he evapor at or; u6$86) 1ihs RORLQViL,ded with a mi st elimnator. The evaporator
is preferably operate& at a superficial gas velocity in the evaporator of

| ess than 2ft/sec and a ratio of gas/liquid feed of at | east 30 standard
cubic feet of hydrocarbon gas per gallon of liquid as noted herei nabove.
25Whi Il e the invention has been described in detail, nodifications wthin
the spirit and scope of the invention will be readily apparent to those of
skill in the art. In view of the foregoing discussion, relevant know edge
in the art and references di scussed above in connection with the Background
and Detail ed Description, the disclosures of which are all incorporated
herein by reference, further description is 30deened unnecessary. In
addition, it should be understood that aspects of the invention and
portions of various enbodi ments may be conbined or interchanged 21 either
in whole or in part. Furthernore, those of ordinary skill in the art wll
appreci ate that the foregoing description is by way of exanple only, and is
not intended to limt the invention. 22



WHAT IS CLAIMED IS: 1. An inproved OXO process with converted waste oil

recycl e conprising: a. hydrofornylating an olefin wth synthesis
gas i n a weaetimoile produce 5an OXO product as well as kpgTarsedons4rast e
oil, the by-product waste oil having a |lower or higher boiling tenperature
than said OXO product; b. separating OXO product fromthe

by- product waste oil; 10 c. cgnverting separated waste oil to

synthesis gas; and d. recycling the synthesis gas produced in step (c) to
the reactor of step (a). 15 2. The inproved OX0O process according to Caim
1, wherein the step of converting the waste oil to synthesis gas conprises
evaporatl ng t heesisecodivmh i hydrocarbon gas in an evaporator vessel to
provi de a m xed vapor stream of hydrocarbon gas and evaporated waste oil
and directly oki dniinngveh@Xmintears20itagwncrsdmedinoilaeqyelswpaerisygit hesi s gas.

3. The inproved OXO process according to Caim2, wherein the hydrocarbon
gas is natural gas. 25 4. The inproved OXO process according to Claiml,
wherein the tenper at unaréformisingvaplsfiamath sygbeselges 81 araiakrdd pedudset ween 250F
and 750F. The i npr Oy in the

t enper aturgS in the evap§$g$§du§£a§§%ﬁ %%dq%tg%ﬁ% llqhgv\g]g d&%\?—a %nd 500F.
23 6. The inproved O)Qﬁillpnvmgeﬁswammrghmrtgnlirrgtéﬂqaaratmﬁb,thmmé))ﬁﬂpressure in

t he evaporat or vesselpriogucgai nt ai ned between 500 psig and 1500 psig.

b. separating OXO product from the by-product waste oil;
10

c. converting separated waste oil to synthesis gas; and

d. recycling the synthesis gas produced in step (c¢) to the reactor of step
(a).
15
2. The improved OXO process according to Claim 1, wherein the step of
converting the waste oil to synthesis gas comprises 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

20 vapor stream to provide synthesis gas.

3. The improved OXO process according to Claim 2, wherein the hydrocarbon

gas is natural gas.

25 4. The improved OXO process according to Claim 1, wherein the temperature in

the evaporator vessel is maintained between 250°F and 750°F.

5. The improved OXO process according to Claim 1, wherein the temperature in
the evaporator vessel is maintained between 350°F and 500°F.

30



7. The inproved OXO process according to Claim1, wherein waste oil is
5injected into the evaporator vessel under a pressure of above 500 psig up
t o about WbQ0139p312 8. The i nproved OXO process accor di RGTIUS2GaTL,
wherein the synthesis gas produced has a nolar ratio of F12/CO of from 1. 65
to 1.85. 10 9. The inproved OXO process according to Caim1l, wherein the
synt hesis gas produced has a nolar ratio3 of F12/CO of from1l1l.7 to 1.75.

10. The inproved OXO process according to Caiml, wherein the olefin
supplied 15to the reactor conprises a two carbon (C2) to seventeen carbon
(C17) nono ol efin. 11. The inproved OXO process according to Caim 10,

wherein the OX) RROAMELVARD bR cdolifLro&aEiRON whirdin Jr&s&ik ghieen carbon
(C18) al dehyde or a three 20carbon éCS) o ei ghteen carbon (C18) al cohol.

12. The i npr ovedc@ROrar geseelds meatsingil hefwieen T0isinand 15¢hes#ei n t he OXO pr oduct
conprises propional dehyde or butyral dehyde. 2513. A nethod of making
synthesis gas froma hydrocarbon gas and a hydrocarbon |iquid and/or

hydr ocar bon ox¥géhatmeproved @D pronps kgdondng ta.Cliimeldimhgrelmywastecalibon gas at

el evated t er at t. : 4 . ly with step
(o) foeding a hix“ggrcgegél?%gi% ﬁ%‘g‘ﬁ%‘a\é”%} %@ﬁ%’r"“%ﬁﬁ?@%@%g%étﬁggﬂ iquid to

t he evaporat or velssel5@hsgugh one or nore nozzle assenblies to provide
atom zed liquid to the evaporator; 5 wherein at |east 30 standard cubic
feet of hydrocarbon gas is provided to the evaporator per gallon of liquid
f eed; C. ®vapegiroweg AXI@ plocepdackovdiigrotti@mhly edhecar thosyngasis ks provi de a

i xed feed stream ot hYArOGRLPAN, OR, RBDARY 4269 44 vl d To apartial

10
9. The improved OXO process according to Claim 1, wherein the synthesis gas

produced has a molar ratio of H,/CO of from 1.7 to 1.75.

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

olefin.

11. The improved OXO process according to Claim 10, wherein the OXO product
comprises a three carbon (C3) to eighteen carbon (C18) aldehyde or a three
20 carbon (C3) to eighteen carbon (C18) alcohol.

12. The improved OXO process according to Claim 11, wherein the OXO product
comprises propionaldehyde or butyraldehyde.

25  13. 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;

30



d. oxidizing the m xed feed stream by contacting the m xed feed streamw th
oxygen in the partial oxidation unit to produce synthesis gas. 1514. The
met hod acwordiymgoile Claim 13, wherein the |iquid feed t@CThS2@2apE7AL Or
conpri ses hydrocarbon liquid and/or hydrocarbon oxygenate liquid with an
average carbon chain length of fromtwo carbons (C2) to thirty carbons
(C30). 15. The nmethod according to dam 13, wherein the liquid feed to

t he evaporator 20conprises hydrocarbon |iquid and/ or hydrocarbon oxygenate
liquid with an average carbon chain length of fromsix carbons (C6) to
thirty carbons (C30). 16. The met hod according to C aim 13, wherein the

liquid feed to the w©evapelahay w@tﬁ@i&ﬁ (SeRediyd ﬁ’ﬁ%éﬁ%n'hhﬁiﬁ'agd/@ind/ or
hydr ocar bon oxygenate |iquid with an 25average carbon chain | ength of from

ten carbons (C10) to bifrqoaspop axysspaie fi@adio tha vapquater wessd dowgbededi ng to

Claim 13, wherein th is froman
OX0 al dehyde processeﬂ[lblleql kﬂe & %Eﬁt&p& g%lgéslggng‘gﬁqul&%tﬁ@é\;ng?lﬁ{g% accordi ng

to Claim13, wherein the synt he5| s gas produced has a nolar ratio of H2/CO

of more t hafp ]W ee}l!;'gt l‘l—:at%ﬁ% gt!fh%g éljc];uIZlg éee??glgrdrozgl%oggésg\gerogﬁgg{oqhgg to Gaim

13, wherein oxi i Zi ng e mxed Te amis direct oxidation
W t hout a cat adwipdrato2der gdlhm afditjiddieedccordi ng to C ai m 13, wherein at | east
50 standard cubic feet of hydrocarbon gas is provided to the evaporator per
gallon of liquid feed. 10 22. The nethod according to Claim 13, wherein
from 30 standard cubi @zaf)@etﬁngttbeH@ﬁd&ttﬁﬂﬂ&u@rdroeajbd)rcgafsﬁelbromiﬂe hydtedcar bon gas

is provided to the ev r at or | | on of d 15.23. The net hod
according to daim 13fagcaﬂ’é¢?@|0ﬁg¥‘ir8%f &3t %ﬂﬁjdvélp lzc?gﬂ)‘ feapartiyd 200 st andard
cubi c feeti1of hydrocash@miogasitiagd provi ded per gallon of |iquid feed. 24.

The met hod according to Caim 13, wherein from75 standard cubic feet to
20150 standard cubic feet of hydrocarbon gas is provided per gallon of

l'iquid feed. d. oxidizing the mixed feed stream by contacting the mixed feed stream

with oxygen in the partial oxidation unit to produce synthesis gas.

15  14. The method according to Claim 13, wherein the liquid feed to the evaporator
comprises hydrocarbon liquid and/or hydrocarbon oxygenate liquid with an

average carbon chain length of from two carbons (C2) to thirty carbons (C30).

15. The method according to Claim 13, wherein the liquid feed to the evaporator
20 comprises hydrocarbon liquid and/or hydrocarbon oxygenate liquid with an

average carbon chain length of from six carbons (C6) to thirty carbons (C30).

16. The method according to Claim 13, wherein the liquid feed to the evaporator
comprises hydrocarbon liquid and/or hydrocarbon oxygenate liquid with an

25 average carbon chain length of from ten carbons (C10) to thirty carbons (C30).

17. The method according to Claim 13, wherein the liquid feed to the evaporator

is waste oil is from an OXO aldehyde process, or OXO alcohol process.

30 18. The method according to Claim 13, wherein the synthesis gas produced has a
molar ratio of Hy/CO of more than 1.65 and less than 1.85.



25. The nethod according to Caim 13, wherein the hydrocarbon gas is
natural gas. 25 26. The nethod according to Caim 13, wherein the
evapor at owoi2e13fmaeB1Ri qui d t hrough one or nore nozzl e assegibltisesi2ioni4al
downward direction and the hydrocarbon gas is fed upwardly countercurrent
to the liquid feed and wherein further the m xed feed stream of hydrocarbon
gas and vaporized liquid is 30w thdrawn2§romthe evaporator at an upper
portion thereof 26 27. The nmethod according to C aim 26, wherein the
upward superficial velocity of the gas in the evaporator is |ess than 3
ft/sec. 28. The nethod according to Cl aim 26, wherein the upward
superficial velocity of 5the gas in the evaporator is less than 2 ft/sec.
29. The met hod according to Claim 26, wherein the upward superficial

vel ocity of thE. ghemethod mesouhngde Caiwrl 3 whareig shershnathesis s prodyesd hag930. The

nmet hod accordin | 2 k..t erficial velocity of
gn%opar gti% 0@[{2@0' Wh%rg Hin l?eap%fﬁ%\%@gn %?9 y

the gas in the evaporator | ess than The met hod accordi ng
to Claim26, wherein the upward superficial velocity of the gas in the

evaporator Js J£sg. L 0 f L i3 Shereid N8 MBI LA ?ﬁiﬁ’ 40 daim
26, wherein the&up%argﬁggucﬁgrrdf |g/c?gl?alr\l}e?’o\glétr§} E&%dﬁﬁg g(grél |%§1 {e & %vapor ator is
fromO0.1 ft/sec upytvmydfilirés egidatBR. withopiar @taligst.f or producti on of synthesis
gas conprising: 20 a. an evaporation unit with a heated hydrocarbon gas
feed, a liquid feed for liquid hydrocarbons and/or |iquid hydrocarbon
oxygenat es as elThe asthahauaigystaliimve sekdreia atipisedo ttondahicugedteed and
1uid feed, the, oyanl 3Ll i YeRRR (FhE2RShA SoHRbE S i RifReput PU O the
poration
10
22. The method according to Claim 13, wherein from 30 standard cubic feet to
500 standard cubic feet of hydrocarbon gas is provided to the evaporator per

gallon of liquid feed.

15  23. The method according to Claim 13, wherein from 50 standard cubic feet to
200 standard cubic feet of hydrocarbon gas is provided per gallon of liquid
feed.

24. The method according to Claim 13, wherein from 75 standard cubic feet to
20 150 standard cubic feet of hydrocarbon gas is provided per gallon of liquid
feed.

25. The method according to Claim 13, wherein the hydrocarbon gas is natural
gas.
25
26. The method according to Claim 13, 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

30 withdrawn from the evaporator at an upper portion thereof.



25uni t, wherein the evaporation vessel has an upper portion and a | ower
portion and includes: 27 (ii) a gas distributor disposed in its |ower
portion csof2oturesizt o feed heated hydrocarbon gas into POE/USe@ERO4ETI oNn
vessel ; and 5wherein further the evaporation vessel is coupled to the

out put of the evaporation unit at the upper portion of the evaporation
vessel and is configured and adapted toy@perate at feed rates, pressures
and tenperatures to evaporate |iquid hydrocarbons and/or |iquid hydrocarbon
oxygenates and provide a m xed vapor stream of hydrocarbon gas and
evaporated liquid 10 hydrocarbon and/ or hydrocarbon oxygenate to the

out put of the evaRORRMLLERHlide tWtildif 2EBY RE&h MecNPwarl MpMacid wuRey bf ci al  gas
velocity in the evaporation vessel of less than 3 ft/sec in the evaporation

vessel ; and b. athsaes inghe dperator vhessifian 3d6pl ed to the output of the

evaporator unit 15adapted to receive the m xed vapor feed of hydrocarbon
gas and evaporated liquid fromthe evaporator unit; the partial oxidation
unit bei ng pr o3& dedmpaihphaceardingtgéitrinpeehaein Wi whapkopérties] wwloggenf t o t he

m xed vaporg f eed;a %&qa%éé,&g&{ﬁﬁ&sﬁ%ﬂEQﬁ%Es gas. 2034. Apparatus
: [

according to daim e evaporator vessel is provided with a
liquid recycle systemwhich transports liquid fromthe |ower portion of the

h g .h . l.. 35.
Apparatus. accorar i ego e aPRredS Sl Rl PR ARG g o

25i ncl udes a heathergagaimdh@cppsrger is3Gs thpparfateds according to C ai m 33,
wherein the partial oxidation unit is a non-catalytic partial oxidation
unit.

10 30. The method according to Claim 26, wherein the upward superficial velocity of

the gas in the evaporator is less than 1 ft/sec.

31. The method according to Claim 26, wherein the upward superficial velocity of
the gas in the evaporator is less than 0.5 ft/sec.
15
32. The method according to Claim 26, wherein the upward superficial velocity of

the gas in the evaporator is from 0.1 ft/sec up to 3 ft/sec.

33. Apparatus for production of synthesis gas comprising:
20
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

25 unit,

wherein the evaporation vessel has an upper portion and a lower portion and

includes:

30 (i) one or more nozzle assemblies disposed in its upper portion configured

to feed liquid downwardly into the evaporation vessel;



28 37. Apparatus according to Claim 36, wherein the non-catal ytic parti al
oxi dation unit includes an annul ar burner for oxidizing mxed vapor feed of
hydr ocar bwo 2ge#01931d evaporated |i quid. 538. Apparatus a®cCoruseeg/os7Cl ai m
33, wherein the evaporator vessel is equipped with at |east 2 nozzle
assenbl es disposed in its upper portion configured to feed liquid
downwardly into the evaporation unit. 238. Apparatus according to O aim 33,
wherein the evaporator vessel is equipped 10with at |east 4 nozzle
assenbl es di sposed in its upper portion configured to feed liquid
downwardly into the evaporation unit. 40. Apparatus according to C aim 33,
wherein the gas distributor is configured to feed gas upwardly into the
evaporation vessel. 15 41. Apparatus according to C aim 33, wherein the
evaporator vessel i(8) pgadiseutanidisnosgd i gt lowpr nertinatcenfigurepbto fond hgsted us

according to Clai”‘3%3@9R§&?%%%iﬂ%tﬁ:é&ﬂﬁ&ﬁhgké%hgﬁf velocity in the

20evaporat or of |ess tthan 2 sec and a ratio of gas/liquid feed of at
| east 30 ft3 hydrocarbon gas per gallon of liquid. 25

5 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

10 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 in the evaporation vessel; and

b. a partial oxidation unit coupled to the output of the evaporator unit
15 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.

20  34. Apparatus according to Claim 33, 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.

35. Apparatus according to Claim 34, wherein the waste oil recycle system

25 includes a heater and a purge.

36. Apparatus according to Claim 33, wherein the partial oxidation unit is a non-

catalytic partial oxidation unit.
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37. Apparatus according to Claim 36, wherein the non-catalytic partial oxidation
unit includes an annular burner for oxidizing mixed vapor feed of hydrocarbon

gas and evaporated liquid.

5  38. Apparatus according to Claim 33, wherein the evaporator vessel is equipped
with at least 2 nozzle assembles disposed in its upper portion configured to

feed liquid downwardly into the evaporation unit.

39. Apparatus according to Claim 33, wherein the evaporator vessel is equipped
10 with at least 4 nozzle assembles disposed in its upper portion configured to

feed liquid downwardly into the evaporation unit.

40. Apparatus according to Claim 33, wherein the gas distributor is configured to

feed gas upwardly into the evaporation vessel.

15
41. Apparatus according to Claim 33, wherein the evaporator vessel is provided
with a mist eliminator.
42. Apparatus according to Claim 33, operated at a superficial gas velocity in the
20 evaporator of less than 2ft/sec and a ratio of gas/liquid feed of at least 30 ft°

hydrocarbon gas per gallon of liquid.

25



