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IMFROW.D QXO 'PROCESS AND METHOD FOR PRODUCING SYNTHESIS 
GAS FROM WASTE OIL 

Field of the .Invention 
This iiwstttlon »teea to aalinprnved bplrofoniifiatMfl: atOKO process 

for raaksag. aldehydes Csfifl derivatives) from olefin compound!!) which Includes tie 
production of sj^eds-g«-from reeled waste 00 recovered as light «md Usury • . 
by-piodiics ijj.ftt.jweess. Ttespuheslasas from tbejecoveraicrfl is used m a 
fmiatask to tits reactor and 'has -a seduced Ha/CQ- ratio m catnpfirsti with -synthesis 

gas; made 4mm. liBlttra! gas afcme. The mmniis's method mi Mppumtm -may also 
be used 16 process 'trtlierliquid hydrocarbons and/or hydrocarbort tsejrgenaias. into 
synthesis gus, 

Si^saiaCaflteJiiHSffiiaa • 
Hydrofonnylailori is a cwmmcnMly Important tschwiogf In the chemical 

iBtfaetiy* Aldehydes-, are prepared Vre the 'hydtofesBjIaficsi. ur 03IO- reaction, 
according to which one mo! of unsatarared compound is reacted with synthesis 
gas {syngas) having a rndarratia-c^hydrogm to carbon monoxide of 1:1 «t 
ihowR below: 

EH'C=CHa.+ Bs+CO -»• mfeC-CT-.CBO-

wherein 13 k an ergaaic radicaJ, Bacauae of the-high chemical reactmiyof 
aldehydes, ftirthsr cheiaicai derivatives sucli as alcohols, aarbaxyltc acWa, etc..can 
readily be prepared m large-volumes which, in turn, can be farthgr converted into, 
for example, ester 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, 

5 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 

10 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. 

15 
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 (PRs) 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 
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In-the prior art* thst-above described defscimei.es.have n«.tesa.'ajfess8if 

despite the availability of-numerousi technologies to mate synthesis gas. 

timed States -Patent Mo, 3,983,591- feetcses i'pwcsa# foreeeovedag 
5 partfealate.carboa using- an; extmctmtderived .frets am'byproducts, formings 

rflspmion and itting-.tliB ^pei3>en.®'8fntbesis.gw-fasi. 

v.flfifialiJtteiit. Specification 1 .558- 342-da«IcBMSS -an appaatas, fhr-the 
mwiufjffiture of syiithesla gas-In wWehallqaid'-fue'l oil mct-nttartl.-gas'areTOteeia 

1® and fen fed® a vagmrize? -witb-a-caontesHei-ottllit'tsiiipemliJie'tB pwvMe.a• 
c§jtaiftpmp0#QB of-ntporand llqilii, Tillsrabdareris4ea;sra!ts.ivssparatsHV M 
wblehlropwiliei.fJ-iE-eitt. lathe liqnii.lkel all: tail reiaa«d.«s * bottom fraction 

: wMfcft purified vapor feacttort goes to the -reformer-sectioa. Ipige 4r left/rigM 
etsimm, Mdgfflf -linos -48-80, "Figure • I). 

WO 2009/O65559 discIoses-t:pfseess.forf roiucmg-syiltilesis ga» aid 
hjitegeai'.ftom liquid hydrocarbon feed-stacks -genfiratad dunsf ..refining 
processes. ThB^i^Bweted'bfdroca&ciii.sipeam'.is aiJxed'witkaa oxifelagstsss® 

' and epScaally witfc,»,gaseousliydfBcaAonstream-and &gn-iestt8-a0.0siaMijg 
20 KHwwherraa-8:cata1ytic-piiitia!-a-sii3alion-.QCCtfl's». 'Xikewiic, WO 20OP/OOSOP2. 

dlsolo« ajwecsss»'^ontbe pBJdaelioa--of-sfii-tl!«si6' fas in^thspreosg-of-iis 
atsaafa^osgafiefsieiie and gu$ from mmd-po* "-wbereia Jighfliyameiii»ops 
separated' by distillation are .recycled aixd.treaifcl with steam to .prodmss synthesis-
gas. 

EP 2103 567 A1 «sfe» to the preiuetioH of syntteria gas with steam, 'from 
oxygenaied hydrocarbons like glycerol together with natural gas. In this 
reference, there is described B first step wherein & vapor phase mixture comprising 
steam and an oxygesfited- hytocajban -with t molar ratio of HsChC of it least. 2 & 

30 prepared. Preferably, said mixture is fat&mr mixed with tista«i gas poorto its 
catalytic conversion into synthesis gas, Further, the oxygenated hydrocarbon is 

15 

25 
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present as droplets of a certain size, Ths droplets we generated with an atomizing 
Hassle, which is sided 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, EKCCSS hydrogen 
needs ta-be-removed wMch adds expense and complexity to the OXO production 
process as will becomfi-appamitfroiiithB'discussiQn which follows, 

•Other references- of interest-are United. States Patent .Ntoa. 7,670,586 and 
7,214,720 which include description of syndesis gag preparation 

SSSSKfu^TiSS^^SSSSii'15:34-10. This paljSlTtf AMENDED SHEETioTMi-inir 
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Summary of .the Invention 
Ait Improved-OXO process with •converted waste .oil .recycle iaclud.es; 

U) bfdrotoiHiylatiiig-aa oleiin with.-8yntfeeffls-gBS in &-re«mc)&produce.-ank'OXO 
product.® wellas by-product waste' oil, -ffe-by-prodiict -note oil having,a. tower 
or Kgher-boillng .teai.peratoce!iiiiii!sad'.OXO product; (b) BeparaltogOXO 
PKMSBCT'fromthe by-pimtaetmmte-oils-, fe) converting sepgateiwaste:--ol-to 
spttheais fus coraprisiiig wapomttBg'tba.waste all with.hydraeaiboti..gas-M sit 
evaporator vessel m provide-a mixed vaporaftcam cf :hfila»eafbo»-gai' and. 
evaporated «te oil, mi iiisefly Qsifisiag flie.mimed vapor:8Usaui ^provide 
•spithesis.i'gs; and' <d) reefclkf the'a^ynteis,gasproducsdfa,steppe}'W''itie 

WictorQf'Etep |ai 

These 'Is provided' in .other-.aspects-' of ihe;iaveaiion «fpastel mi 
.mefitodology.'for providing 'synthesis -gas-team iiqmd.tydm'csrbom: of liquid 

' Itytbmmtbm -osffwatm an&'hsaied hydmsmbm gas, The lipM hydrocarbon or 
liquid hydrocarbon oxygenates are evaporated, with, beared 'hyirtjcarfaom gas .to 
prodoce «.mixed gaseous steaw wltldi. is fed. to a:partia|.'0xiaia«g writ. 

Evapoiaffoii of tbe.llfoid'hydro.ttwboaffi.qiiM'hy£iiticaibOT.QiEyfeiiates is 
carried out fa an evapottrtorcoafigared and operated to'selectivalytetaiii 
tifievap-omted liquid in the form of' A or droplets, while the efftaeat is 
relatively free of liquid components. Separation of relatively non-votetfie 
cfflilpofcats tlias occurs la the-evaimrasorwHcius p-sri-o-tlieailypiirged of non­
volatile components. 

It will be appreciated by one of skill in the an that numerous advantages 
are realized in cmraedion. with the present invention. For one, syngas with a 
lower Hj/CO ratio relative to natural gas based syngas, roducss hydrocarbon 
separation costs to connection with an OXO process, 
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Additional advantages are provided bv way of the evaporator design and 
operation, including that a partial oadation unit for generating syngas h operated 
with substantially vaporized, feed; far-example, vaporized Cs-C-to liquid 
hydrocarbons ox C3-C2& oxygenates-indudang-alcohols,.aldahydfts, ketones, 
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carboxylates and so forth, Becwise the -feed iE.fufastapfitilf vaporized,. § partial 
oxidation unit adapted lor natural gas -feed 000 lie fed, Mgtiermsliciilfr weight 
materials with a mfcamum -of mS{illcsioiJ.-fcr'fctn3iafaiig the sitcmaig feed, 

WMIr-Soafiaps ijpjcallf.a prafslsm witli HcpiW-ftsd syngas ssMatian.twht, lew 

soofcoperafioii.ts readitf adxievtid with-the Itwsifioisfeecfiose the llqaid waste ails 
' are airesif mpadzed.-sml healed, A-jwrfial oxidation unit fed with vaporized:feei 

iRafe«ittnce--wM3:the:-iii¥cnti0ij em 'be operated-at.'Mjghsr-throughpuES as 

:.®tnpaTed'w|lIi a mitt with the mi«e€®*d.'fc,il<|tt!i:foBn,sinG« its lipiafesi needs 
tsfe'-vaporized to fens, syngas, wfeets4S'.ifae:iH*^nllBii;pfB£»ss jwo*Mes. feeds 

fapsr form »itie partial osldaies anil, 

Lpw.superioid'veloeity'iii:fie«vipofiiar^roit14BS:fepBitfl.aa-Qf.ia6a-
volatile :e.offipontjils luifaafc. opersioixis cofttxpttedh# aehrftatlicpaM itoptetx atte 
»8leefival}*-retaiiiii- ftithe ewpsrstcr rasS«et«ftirained feast ifae evaporate? to the 

partial oxftfaliott. toot te any great extent 'Hat is, the to»"Siiferffclal. mlmkj is-

preferMrff fetpi below a1«»c! that 'will droplets isxoraffafte St okmf law. 
QenaraBy,. the «sj»ramr unit, is qperated .at sa upward 'aipetftclal %»alooliy of less 
thain sbettt3-.|ffsec:.CiM..mlses) a«l-ia:Oits«|«5ial'ly.jjre£Bawi embBiSiiiiStfAft 
cmpmmcs-i$ eperstei at« saparficlal. wlocliy atMS VBSG:(G,1S m%ee) or less.. 
Seawerani/ariion-wiitile Msponeats tfiatiwli BQfc.'¥spotize are-thus separated 

from the feed to'thepsfisl-osiJaiion:iffiit in fhe.-evepoatDr'iaiimsj'iiB reniovedi 
from the system, CeaftaattBaiHs-sacli, as issidaal eaiaijst, Ms and. so forth. In 
Fecjfefc material thus teaierrad will not foul thc-spigas. reactor or dowastrettn 

components of a'procssing system. 

Still far&m aspects mat adnratifages of rhe invention are imamtd below. 
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Besaiptittft of the Prayings 
The' inwotio'iT is described is de'tail bal«r 'wMtnefcreacc to the various 

figures, wherein like numerals desirpwe similar parts and wherein; 

Figure 1 is t schematic diagram of an OXO process and alcohols unit; 

Wtgam 2 is » sdbematib diagram of another O'XQ process; 

JSgarisJ Is a MwnsSe diagram of aa separates for producing synthesis 
gas in csonnectio'B with fl» apparatus of Figure 1 or the apparatus of Fignre.2 
using a raMar® of iiattiral ga$ mA'wmte ells; mi. 

Ffgorc 4 is a schematic, diagrai®, of various ieatarss •of m, evaporator 
useful "m connection with the present- iiwefttioii. 

Detailed' Description 
, Terminology ufed.herelii is gives - te ordinary meaning for exaispfe, psig 

isfeffi to gauge pressors ia. Ibslluctf , sttsaiard; cable 1m% SQ? or liketeminsJogj* 
means cable feet as detsmsiied at SOT {15,69Q and-at atmospheric pressure 
(29JS2 indBf C760mra) of mercury absolute) and BO forth, Tejmtnologjris farther 
sMitieet below, 

"Average'eata dak length" refsrs- to the ivwp numberQt carbons per 
molecule in a composition based on weigh: of the components- in the mixture. 

"Non-catalytic direca, partial oxidation* and like Terminology refers to ths 
direct reaction. of oxygen witli a hydrocarbon to produce synthesis gas with or 

xjratlon 04.Q3,201'3 lo/Thi^pagi^SoFAMENDED SHEET 2013 t5:31.24 
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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 
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 (C8) to thirty-carbons (C30). 

25 
"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, 

30 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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Naluxal 'Gas. witfcrtjfplcai 'CSiaptssMoo I: 

CEtJ P4i4%:by vutimie 

CaMgi* ,0% 

Ci.Hg;:0.5® 

€|B|g£&9K 

CjHjo- 0MMi 

COjii.2% 

MaturaiGas-wilb. tjpeal composition U: 

OHstgJLB# by wtame 

• 
CaBg'O'JiS 

QHa: fl.l« 

COtt GMk 

N2: mm 

"GXO" processes ate those nwolwBg hydnsfomiylatiai •pfm olefin us 
' iefsfltifi-hgreln, "QJCG produco" «rf tllse t®rr»icology mefairfqR products made 

"by hydnrfonnyiatmg defies and- derivatives thereof such as alcohols, acids, esters 
and sa forth. 

6 
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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. 

5 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 

10 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. 

IS 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 
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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 

5 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 

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 (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. 

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 C2-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 

30 predominantly internal olefins from dehydrogenation or chlorination-

dehydrochlorination of 11-paraffins or from ethylene oligomerization. Branched-
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chairs olefins Include BiayfcB«frompeteltaiB.cmcfciBgj' heptanes, -octanes, 
nonenea, anil dotfecenes 'from fractionation -of oligomers of C3-C4 olefujs; and 
ceteaes from c!ini#riza'!io« and. codiraeriz»t?o(i of tBobiiiylen# and I - and 
l-fcuieiiBS, IJrNwrtsmriaia! olefins em the reagents ia, ccavcatfane! 
«sMt-hj#otoaByl&tioni linear internal olefins tewx less lliaa ene-fMrtl as fast A 
«Ing!e nieflijltamch at ths olefmic carbon of a temdtm! olefin rwiucM it$ reaction 
rale by a factor often, 'MtrihS-rtfea-crf a- branch diminishes- • in <8stanc& ftom 
the double bond liaesses, Same Cfi feedstaeks -whidh eAlfeii -fflifettai 
nsaclMtJesfesItiae 3-be»na| -4-»ii5a*j'l-I-f»s«eiic; 24»«w; 4~metajb2-
psitenK 2-tnethyl-l -p eatene; .S-mefii.yI-2-'pe«m«f and 2(3«draeftji-2-]jt«e»s.. 

These-m sbowo ia FSgfirelaa' disrate QXO precast wlfieb may be 
utftizsd in aotniaaien -with the present Invention. His pmw Htaitraiediti flgur#-
2 is especially salttfble for longer chain olefins. ia connection •with tie OXO 
proem ef'Figure 2, e-oiefia feafstacft is.fedE-yfeiiae IJ.fi sM-.ij»athesl5 g& is 
ptofMsi ?iss:ilijs 112. Bolt the a^ofefm ssflike syngas. tfe-pwlfls! at 114. sol fie • 
fcydtBgenlCO ratio is- adjusted. via nwmbrant separatioa or oSasrwise to -aeWesn; 
die desired mix. .Afterparffisailen, ttier»actani8(H"epr£!-vide{itorBfictoftlfifaf 
bydrofsriaflatSon, The. reactor i*coupled 10 a. catalyst nervate 115 and 
uafsadeiaiateis are. eestpeessei. aufi wcyeled at 121 as shown. iWter.-reaction, 
catalyst is mmmeti 'fmm the craeia product at MS and reeyaled is {fas system, The 
aldehyde product is-distilled at 122 and amde produa. -exits-a 132 whiie Bite 
by-prodttcts are recovered- at UP, 

farther details coticeming various OXO process®® are ser forth in Kirk-
Othmer Eicylopedis of Chemical Technology, 3*. Ed., Vol, II, pp. 637-653 
{Wiley, .1980), 

la accordance with te invention there Is provided an apparatus 200 shown 
in Figure 3 for use ia eamaakm with the OXO processes In figures I and 2. 
Apparatus 200 includes aa evaporator vessel 2Ji and, a partial oxidation (POX) 
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unit 212. S?gpo?ator-2ifl te OKO -unit ofPlgtiee l».fer 

example, derived frms fine Mf 16, aad/erJS-cr icom tins 139 of Hgure 2-and 

fwwwtW-tB : waste olileei line 214. The -waste .cil is fed ta ike iscj*cfc-*wteni 

2ii *ia<A.4wit«f« piping 218 and sissmiim-esMmgrnSSi, Ofl maybe 

pedQdiiatiJypirfslfrota^ygjeiB.il§-fia-ltoeS2, Natural-pa Isfef itt-ewpoatar 

vraM21ttiisuagh.line 224 wHteh-p-eferaWy fa.»-beatei.lii5e«oreiijM0lcafiB|-wftli 

taatlisr'Stteatn:tieitt--ese!jtiigif-220, 

l?aperat8rvese!-21'|-|isa:irj:-oiiipntsf;.ii»-©¥apo-iaiBi'::Bal(.:228-wfiliSi 

mmms. «• 

mMewior g«s ssitw-C%cMtMii wis, lfce-,23®*- Umtll2;«-.-of-seca-¥eisiBH'8l. 

non-omalytlc- direct oxiiftioa-.tjjic -ioMiar'tovmet, Details:® to-aisiariais. 

ai!.(i-eeasliiietIon;-gen«mll3*mrfi:.provMed'-iii'Dnlied'.-Smtes'-;Pateiil.;Kcs.Si5§3<-P16 to 

Btsseikemtelat.-m -wett-as--WaitedStates PittBi}f:No. J(E7a,21Z:tss- Gtaimnfug et 

td,. 'HjevpaitJal'-osiiiflllaB anil i«-optiona%.:pro.fiaed wife M:mmbTm-e:.s§'$mm:--{nat 

stjo«ti)4o:-pni-«l:i8:a. litmofar aifa'ia»aitB.-:0-f'liydfog«iiaaa csttboa-'taoijasltI«-as 

syjtjpt .output is is -veltowa, JJI ilit. t«, 

fe-cpemuoa, ttfipiassis 3®t!jrfett lifKMw«ste.aH-%-ii.Jlije 114, •to piping 
2li te *s-:Jft|»r|»rfioBi:iif-ef-spef#tsi*,2:I#»,hw tfae.-sfl.Js ammixeti :mt dimiml 

gmmil^iownvmajwmoa0M'0MM-'O'movmim^:af;amzlmwMyi3eamiS 

mumlgm is feci to ves-seilli via Una 224'-«t«lerated..te«p«sr«iure8» IheiMattesi 

Hfttuf*!. gails-idisshsa-gsd genaraHjf ig:8d«otlfitt-of:flow-tiprw-afd|y« shown;-that 

ta, «ounwpcun«snt-'® die TOW MtpW wasta-of slnali flaws downwstdfy. A 

mixed-feed ttreani of Mtaisl/gas :sisrf.eTCooi*M. waste oft Ii,pmfiaeiJ;to POX unit 
2l2-wltidi-ls.sisDffo¥Me«l.s)Sf|gii:Ti,it line 2311 to sssSxeths-inlxeii' -wpps-fas! 

aara ta-p^uGft.sjnfiwris gm which exits fl» FOXmitvla Itae ZM. sad.is 
promised to TO OXO-process. For example,-line 12 of the bulyrddahytte process 

shown in Figure I or .line 112 of the process illustrated in Figure 2, 
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1.3 

There is shown schematically In Figure 4 another diagram of various 
features of an evaporator 310 which may be lailfeei in conrteerfcm with the 
processes and appstatt 'shown la Figures 1-3, Evaporator 310 incl-udisa s vessel 
312 provided wl&-a:gas distributor314 as mil m a^uxslity-ofrasxle ssssmblies 
316,518,320 sad 322, At ft® base-of ihe vessel 312 Is « liquid catch-basin 324, 
wMle-a-tnist eliminator 328 is provided at an upparporiion. 328 .of 11*61 312 
around exit line 336. Gas distributor 314 it dispeied « a lower- parties 312 of 
vessel 112, 

Four nozzle assemblies 316,311,32® aid 322-am located* apparjioEtion 
.328 of vessel 312at a.cammoalavel lyndwe-spaeei .equally at S0aer so around 
the vessel. 

fa eperBtsoa, faeafeftgas. U fed to 'tfae vessel irfa line 313 .and esite'tipwaiillj 
from it® gas Mmr as- shown by mows 334 while liquid. oSl is fed to nozzle 

.asssoiHifffi.31fi-322-?is lines 336&-dt an shown md.spraysff dowiiwarflj"- as 
isfiesiei. by mows 338-inside of the vessel. Superficial velocitylo vessel 312 is 
kept law, preferably below 0.5 ft/sec (0.15 m/acs) so that-oi droplets sure not -
entasmeet upwardly -(States' lawj tharoagb effluent Use 330 whiek is raupled to a 
partial oxidation (POX) unit to mate syngas. The heated gas vaporizes the liquid 
iifdrocartoas or ffijaM hyriraaKfoem .oxygenates- te the ev&jKfratar at»4 th§ mixed 
grnemm stream is.opianalfj- passed through amis! eShxtkutattsack as elfmlnsitQr 
328 prior to exiting 'the evaporator., Steeotn .3311is thus- substantially In gmmm 
form {free of lipid, oils},. XJnevspsnfci lipid aocwtuittles in cajtb-bashi 324 
ant) may he recycled through the nosales and psriatffoally • purged from, the system 
to remove imparities1 

Further features, arid details of the. apparatus at* tliscu.is.ed below. 
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Referring to Figure'4, fbe evaporator vessel i.8.feflgfallj cylindrical ia 
shaps and il approxiniatsly 5 ta 50 feel ClJ to 15 TO3 m height and 2 to IS fest 
iOjS to 4,6 as) m-dlameter. Ihe 

juration: 04,035013 ~5:21:03 ~O4.Q3.2013 15:34:10, This page 63 of "AMENDED SHEET2013 is:32:ie' 
Received at the EPO on Mar 04, 2013 15:34:10. Page 83 Qf 74 

i|:2/23 d4«03-20i§ 



Prints 18-07-2013 DESCPAMD PCT/US 2012/041 471 

B3/&4/2013 09:22 9732498331 P&SE 64/74 
2012/041 471 - 04-03-2013 

14 

materials of construction af this vessel are. commaaiy known for fKs Ejpe'.of 
reaction process, The.nfitiiral gas is heated by a steam unit and then fed into the 
evaporator vessel. The natural gas is under pnmunw of anywhere fro®, about SB 
psig <ttJ45 MPa/g) te about 1000 psig (65 MPa/g^and si.flow rates-of fa® 
ahoat 300 flls m4) te afaoat 100ft (2SJ -roJ) stamiard cubic feet per minute. The 
heated natural gas is- iajectEdinto -fee interior of vessel through -tsoflesntrie 
pipa/riof»Cnot. shown} through .upwardly directed opsalags, Tha tlijuid waste oils 
an in|ectsil.-ltt» the- evaporator vassal into Out upper portion fitamaf, psetaMjr la 
sscb « manner to- fiia tbey sm and Sow downwardly :coBm&cuncut to 
&e natarai gas, Thus, thereis a cDura-eic.tHTenilEl.ow of «jBterials,-tJuitisf the liquid 
•waste oils ere-trawilsg-in a downward mmmt mi. flic gm} Setting in aa upwaid 
manner. Tli«- ii qnliJ waste oils aa-iow«gftja«ijisd. at » rateaf appraiiaiatalf I 
(7,61) to 10 W&V j^otwper. jmnuwand at pressuresai'AomSOOpslg (3*45 
MPa/g) to ..lSOOp}fg.(l8J4MPa/f).. "Where, necessary, the liquid waste oil# cm-be 
stesin heated in a maimer IJkrSmt shown-in. Figure 1, tUffMmt 
tajeaassEsaaces, one or mans filter® may-be used to msovB aBj-aoSssifect «IB 
tnaterials, An ifisfiof pipe {pot shown! for•fmcBng-tbs warn oils cwtbs fi*si or 
to coiB-irweted as to be- moved upward and/or downward depending wpor. (he . 
reaction eeiiflitiaos -sad material flowrais enitimjfted therein and also to- provide 
itss.gi®s»t.flaiJiilr la contact ttmrbatwaen the IkpMmd .gs§. phases/Tite 
interior pipe-can'be s dreultr pipe having holes tfasmln end spraying the liquid. 
oils in a-downward fashion similar to a modem spray diyer, Likewise, the 
evaporator can be:ca-nfigurrf-wi#s -tngw, sandon* or structures! packing, -or otter 
similar devices in. onteTte-faclitate- stiitaitlecwjiacttsiw-fea tie liquid and gas 
phases flowing In a counter-current manner. In general, it is desirable to maintain 
the temperature wjrtsin the evaporstorveasel« about 350"p (1776C) ta Ei*out 
5WF mra and at a pressure range of about 700 (A,S3 Ml'a/gi psig to about 
1500 0 0J4 MPa/g) psig. 

As jinsviausly mentioned, one of the unique features of tlje present 
invention relates to- Ac- increase ta the molar content of the carbon monoxide m 
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fcsjiBieais. This increase is generally in. .the -range .of from, afaaia.l percent® 
about 6 penseal, Hie .other ittifgm feature Is the mom effective use of the liquid 
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waste oils and the decrease in the downstream boiler load and which in turn 

results in the utilization erf the boiler for other material processing. Furthermore, 
this invention does, Rot-require a catalyst for-the production of the synthesis g» 
with enhanced caroon. monoxide content, 

la. a specific cansc-action,, the evaporator vessel las ft diameter of 4 feet 
(1J. m) sad a/height of 8 feet. ,(2.4 m). The vessel, is provided. with appropriate 
heating/eooling means to maintain m InimortraTOperatitre^wiihfa the-range 3S0aF 
(1.77eC) IO 450®F (Z3Z"C), The waste-liqwd afls« fed fato-the upper portion' on 
the vessel at a .position of approximately 4 feet (1.2 m) ftom the top thereof. The 
Interior.sacticm- of the liquid oil feed-is configured -in--the form: of a circular pipe-
liftfiai perfbralionsihereiii and attached thereto are nozzles sa as to atofafejihs 
oils-jtttor droplets sprayed ia a downward direction. The oils are supplied to the 
irrferierpf the 'vessel -at a flow rate of S pilous (18«P 1) permtaote and at a 
pressure of-about -1000 psig (6 J MPa/g!* The natural gas is supplied to- the 
interior of ths vessel at a point approximately 4 feet (J .2 rci) 'from the bottom most 
polk® of the vessel. The tsateral gas i» preheated to a. temperature range- of from 
about 400°F (ZQ4VG) to-about 1DP0CF 1538°C} by an ludires! heat .exchanger, and 

then -each preheated natural gas is supplied at a flow rate of approximately 600 
cubic feet (17 tr?} per minute* 

- The synfeesis gas leaving the tipper most portion Qf the POX unit is 
periodically sampled and analyzed for carton monoxide -contest end It. is found, 
thai lite carbon oxide content has increased on the average of from about 4.6 to 
about 5.1 mote percent, and is compared with, the same unit operated without the 
utilization of the liquid waste oils. 

To farther 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 23 hours fed via line 214 at constant 
natural gas flow as shown in Table 1, below, 1:1, CO:H; molar ratio output 
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(feguiat&tby membrane in'production) via line 231 Increased 'as waste-oil feed 
increased•BS'te-iefflansltated In. ihe table. 

Table ir lit Spigai-.ffO-iBCtfOtt WiQilacrs&^ttg'Oil-Feed 

QJTFeed BnlteMiti 1:1 Syn gas -Qatfajt as 
% of Starting How 

0 100.0% 
239' 100.1%. 

S,:P16 100.0C5> 
4.025 100.0% 
4.014 1002% 
4.634 100.9% 
4.9 101.6% 

4,934. 102*8% 
4.9S9 103.3% 
J.01-5' i03,S9s 
5,003 '103,9% 
4,979 103.8% • 
4.99-7 103.9% 
&003 j 104.2% 
5,018 104.4% 

It will St appreciated fmm Aa. daiain Table --w^fcof'I feed 
tigalficaatty de-botfl|et»«jJcs production of til .Sf«g» while .-recovering chemical 
feedstock value •foarfite waste -.ofl which would etherise'"be'-incin^ted or 
disposed, of a* waste, Theinvemiw system'thus Impmms mw material usage as 
well -as reduce waste. 

It will be appreciated from the foregoing that the irrvendcm provides the 
following feaaires; Ca! the evaporator vesse! ts provided with means to increase 
the contact time between the waste oils, natural gas; (fa) natural gas is injected into 
Ihe evaporator at & flow rate of about 500'(1-4.2 m1} to 1000 cubic feet {28,-4 m5) 
per minute and at a pressure from about 50 {0,345 'MPa%J to 1000 psie (6.9 
MPa/g}; (c) the evaporator is provided with means to maintain ihe temperature 
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thereto at about 250^ (1211"O to atiOttt 750°F C399»C>; (rtj the ewporais? is 
stfestaiiilalif cytisdrical in. -shape and has a diameter of 2 to about .1S fm ffl.61 a 
4,fintS and a 
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•height of-.shoot" S (Um)toabeat50-le8t {IS-oil; and Ce)the'waste:-oll syngas 

pmeess- -of the iwvaHtimpradaces Item 1%'ta ttbaut6% .jnerte psrceat-mons caAert 

nwntBride as-compared tetfe mm proem vhickdms notta©-waste oils. 

Geaerfillj, ftetsis tbu*.provided ia'a^rfaatt^illi'iiieiat'eaiiQiiai 

Improves 0X0 process with-converted waste oil recycle comprising;'.(H) 

Ii^i?ol«M«j,Ifiliig.aii-.cleliR:w!4':Sfn4ssfa-gag:-3ji8.TeifiiDf'i*j:.froaHe«-aB-OSO. 

pmttactas will as by-product waste oil, the by-prosfact waste oiI-ha*i»f «:!ower 

or Jttghsf baHfaf: taajwataitr- fhm »tt -03© prMaclj Cb) #«pR«if»§ -QXO':p®Ai« 

fro® the by-product vasts oil;. CeJ mnvetting:sepmatedwmta(iM'ta-sys.i!esisfm 

csmpilslag srapenifliig ikwote'si wlfc bj#s2«fie» gas mm -empgmtse 

vessel to prntMeM-ttiixeimporsUsmB otkirdmea&m- iastaM cmpamaA.waste 

aM-mii'Mmmty^0MagihmmmBt3-v^}ar:sm:ms:te-::pmmA'$fitihems-gss;-^ (i) 

jecjielirsf IbfeifttAssia gaspredBrai-te.Jisp<e} tp^fefe'ieacliif of-sfept#. The step 

of moreamg -the mwtiie -oil 'to. synHieils 'gas' IniMas e»ap«slwg A# waste -oft '-with 

1tyiroc«b0H..§ss la m ewpomto-wssel to pro«dg.frimxcd sapor stestsctf 

SfafCcartioB-S8S'SSJ(l'«fapomte£i**astoQiJ..«ijddireirt|y«K»dlriag:ll»'JTiia:ed»por 

stress'to provider-sjofiiesis. g«. Typically* its % Simabey^pa'ISBatMKfi gas and 

fee temperatsKe.fa tfcewperaior'vaselts-iRiintatoed; between 23Q*F 1121 and 

750*Pi399aC|. S®ltf4yi;li».:teiifiestai»in-:iie^B«peiatQf,,f«ssl.i$ waiiitileti 

between 3SGSP {177'CI Hai5fXisF CZfii^CJ.oitdfee'preasureln'flie^iraporaior 

•Esssills-iHaiiiiaiaii- bdwatsa 5® psig C3.4I' Mfitlgi'awi ISBtl-.pstg 116 J4«.f «lg| 

white' waste- oil, is hgectesMrit» the evaporator vessel under* pressure of .above 

500 pug {1.4S MEitf# tip® abooi lSQ0--f»ig.--f 1.034 MBa/g},. 

'lie -sjuth-fisa fas produced generally- has a molar ratio cfHg/CO of ten 

1.65 to 1.85; typically the synthesis fas produced.ha* a motor ratio af Hj/C0 of 

from 1,7 to 1.25. 

1ft many -cases Ike olefin supplied w fite femur mmjinses. a two cwfasn 

I-C2) 10 seventeen carbon (CI?) motto olefin so that ihe GXO product comprises- a 
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three carijoii {C3) to eighteen carbon {CIS) aldehyde or a. three carbon fC3) te 

eighteen coins fClSj akohaJ. Pttferrstl ptsadam Include profilooaWshjde sr 
batyraidalijis. 
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61 softer aspect afttefavenlieii'ftssFe.'jfi pwided'-Hraetfaad af nothing 
s'iMhssh:sm:fmm a hydrocarbon gas -mi a hydrocarbon liqaid and/or 
byimaahes oxjgenafs1lt|B!d:irB}B«llog'.:ilie' s«fg of: tsHseffingiyimmibm gas 
m-eiEvateci-teinpefMMre m:m evaporator vessel; ft) concutfeatijwife/step ia), 
fefdi^atjydfwsiftoii BquM^iHd/ofliyifoeaiboa oxygenate'-Ugmd wtim 
ewp0fiaar*e3S8l:-ttiroagli'Mje'0fOTCK«'Eitsi!e..assemblit8.i6'.pitiTi4B:Sta'aii2ed; 
Iigalii"®:'ftt6'e?Bpoiataf; (drWhwelivat lam 3D standard cBi»irf«t;{0sg§--mIi .of 
liyiwcaib©a.:gasis|»i»¥iflei:®' fteew^onstorvpsr g^oit(3 JBS31} afliqtiitf fseft* 
:'{i) ev8fJo»tIngtte::llq«Id witfrthe hydreratboD fas to provide* inked feed 
sneam-of lif&oeaAon''g®-iiii ?aporizrflj«pM 10 tparoalosliifion «fili* and tt) 
osfa,xzin|1hemi*edtee£|,8ire®it)ymnraaJt!g'lhe'mi.wdfessl'Btream:wltho^|'iB.n 
Is ll®p.ii*W'0*iiaios onlttc:pnj4iee«|nitfaMl$fffi. HtetifrftffeeS:to'|bs 
ew-s|5ortiorfenmllj-lBcIttteihyiBDca<|»sa.''%wid:aiia/ar't»TElt©e6ihoii,e^ge(mte 
Itptid wtfh 8ii:af:Bi3§e-Mrl3oa«iiaifil@iflii:8f"froiii'f*#^csi>ons-fC2|.®:itilfty 
caitwRs4C30|r'l5-picalIytiiB'1iqUjil.frf.to.'flieCTa|wiBtor.eQiijpiiseg.hfdi»eafl30s 
lipid.ssiteftyfeeartwn fflygewste £%«M with m-mvmgs.emSmn<a!iaiii^ length 
of Iroiw «i&radbKSBS,;(Q0 safe-ess :4C3G!t In .some car.cu the Ifepidfeei to 
fiig-ersjeratdr sas|3i!sBa.|jjrii»arbQB:ljfttid sad/or bydmmfbm oxygmsw liquid 
wItix:-afl.-mv«iap.eEfi»ea;eh8ijj..leiig#i of fesmteo.sailiOT {GIB} to-thb^r 'cafcow 
(C30). In GnBp^ferKicinbodlmcnl, the liquid lKed»the.eTtparaiorjs-'WastefliJ 
is from m OXO'tlddifiie-pniMs, .or QXO deehQlpraaas.-aial feeffBthcsis gas 
produced lias -amolar rallo of Bg/CO of more than L65 ami.leas fltea 1,05, Marc 
typieafly,te; synthesis. gai» pm&uced may hsve a motor ratio of Ha/CO of more 
tlisfi 1.7 and tan-too 1,75, 

In pttSemd embodiments, oxidising the. mixed feed strsaiuis by way of 
direci-oxiilKioa without« catalyst. 

To provide for complete vaporization it may he desirable TO provide at 
test'50 standard cubic feet (1,42 m*) of hydrocarbon gas is. provided to the 
evaporator per 
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gallon {3.78531) of liquid fell; although anywhere from 30 standard cubic feet 

(0,85 ID3) lo SOO-standarfJ cubic feet <1-4.16 ms) of hydrocarfjoo gaa roay .be 
provided te the evaporator per galfoa (3,7853 fl of liquid feed, Mere- typically, 

from 50 standard cuWc.feet-£1.42 m1) to 200 standard cubic feet (5.66 m3J of 

bydioeetao. gas- is .provided per gallon (3,78531) of liqaid feed, sudi as from 75 

standard. caWc feet (2,12 mJ) to ISO standard' cubic feet (4,25 or4) of feytoosfbon 
gasper gallop (3.7853 1} of liquid fesd. 

A'PBfergst fcptomsfco-n gas to me m te invecfm process is osteal gss. 

h.B'pfefeiTcd contraction, flue evaporator is 'fed liquid through one-or 
wore sonde assenftt}.lles.ia.» iemmmid dirictiea andtie hydjocariboti gas is fed 

upwardly countorotiriaBt to lite feed aiil "wherein ft® mixed-feed-stream of 
hydrocarbon .gas .and vaporized. lJcjitM.ls withdrawn from, th$ -evaporator -at an 
ttpper.jxjrtioii.thessof. Tlie«|t«-8rd.8tipefficij4*€loci|jf-of te gas to the 
-.B¥ttpois»risfetiBra%i6»S'tl»as..5Wacc(0,SI iwleel; botioaj fee lessthan2 
ft/sec (0.61 HI/seel, or less than 1-5 fi/sec {0,46 mfcec); even less thm 1 ft/see 
(631 in/see) or less few 05 fUsess (0,1$ tii/see}. Inmost cases, fte-upward 

anpefffcM -reloeify of Ihe gas in fee evsporattir is imm CL1 ft/sec #.03 mhos) up 
to 3 ft/sec. PJ1 tn/see}» 

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

production of synthesis gas eompmmg: la) an eyafMiatioa unit, will a.tested 

hydrocarbon gas fed, a liquid feed for -liquid hydrocarbons and/or liquid 

ftydiwariton. oxygenates as well m an evaporator vessel coupled to tiie gas feed 
and liquid feed, the- evaporator vessel also-being coupitd ia aa output of the 
evaporation unit, wherein the evaporation vessel has an upper portion and a lower 
portion and includes: fa) one or more nozzle assemblies disposed in its upper 

portion configured to feed liquid downwardly 'flI° ths evaporation vessel; (b) a 
gas distributor disposed Sa its lower portion, configured to feed heated 

hydrocarbon gas upwardly into the evaporation vessel. A third feature (e) is 
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wherein funher fa evapotairait vessel is coupled. to' ttoe ouqput of the- •ewponsfifto 
unit m M uppet portion of ihe evaporation -vessel and is wmftgured and adapted 

»t feed rates, pressures -and mnperaiurw to evaporate .liquid 
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hydrocarbons? and/ar liquid hydrocarbon oxygenates- mi provide a mixed vapor 
stream of hydrocartjon gas and evaporated liquid hydrocarbon aatl/or hydrocarbon 
oxygenate to fee output of the e%'«powiaoii unit while maintaining an. upward 
'superficial gm velocity of less than 3 ftfeee. (05.1 mfsm) la "the evaporation vessel, 
.4 partial o*i;dilioa/ijnlt'W Is coupled to fee attipoi of the srvtypwrator trait and 
adapted ta reedre tfae-mised vapor feed .of hydrocarfjon $aa m& evaporated liquid 
from the evaporator unit; the partial.oxIMittjn'ii' unit is ftiithgr provided-with ait 
ejsyfcn Injector"which provides oxygon to te mixed vapor feed and convem ftfo 
sjsffassit gas* He evaporator vemslia optteually provided with a liquid .rscyste 
system wJiMt traasporii Hqtul-froB lie .lower porfisii'ef liisstaporsterTesscl to 
the upper portion of the et^poiafer vessel, Ihe waste.oil'twysSMsymsm. may -
include, a'heatar and a page. t 

In oae preferredembodiment, *be partial mMsmnmlt'manon-catalytic 
paftal o*II.uioti naif which iosliiiles so annalttrbamer for eriiiamg mixed vapor 
fcei-of.1ijdit)caib«i. gas and evaporated ttpid, Burthsr feiter® mUdt m*y he 
included we wbewla the eTaporatBrtf«$eI m Kfuipped with.as least 2 or perh»ps 4 
ncaszle assembles-disposed In its upper portion configured to feed liquid 
downwardly into the evajmnttioti mit and wherein the evaporator vessel is 
provided. wifc a mist efimwier, tfc evaporator is preferably .operated at a 
superficial gas velocity' ta the evaporator Of haw than 2ft&ec flhSl roftttc) and • 
ratio of gas/liquid Seed of as boat 30 gtandaid cubic feet (0<85 ra?!> of hydrocarbon 
gas per gallon (3,7853 i) of liquid as rioted hereinabove. 
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WHAT IS CLAIMED IS: 

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

a. hydroformylating an olefin with synthesis gas in a reactor 
to produce an 0X0 product as well as by-product waste 
oil, the by-product waste oil having a lower or higher 
boiling temperature than said 0X0 product; 

b. separating 0X0 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 0X0 process according to Claim 1, wherein the 
hydrocarbon gas is natural gas. 

3. The improved 0X0 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 0X0 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/g). 

5. The improved OXO process according to Claim 1, wherein the 
synthesis gas produced has a molar ratio of H2/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 m3) of 
hydrocarbon gas is provided to the evaporator per gallon 
(3.7853 I) 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 
0X0 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 m3) to 200 standard cubic feet (5.66 m3) of 
hydrocarbon gas is provided per gallon (3.7853 I) of liquid feed. 

12.The method according to Claim 7, wherein from 75 standard 
cubic feet (2.12 m3) to 150 standard cubic feet (4.25 m3) of 
hydrocarbon gas is provided per gallon (3.7853 I) 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 Claim 13, 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; 

(ii) 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. 


