WO 03/ 040030 PCT/ US02/34917 1 TITLE: PROCESS FOR MAKI NG HYDROGEN GAS
Technical Field 5 This invention relates to a process for maki ng hydrogen
gas from wo ispdomsear bon source. Mre particularly, this imcamsenssaiel at es
to a process for making hydrogen gas using a water bl ended hydrocarbon
feedstock conposition as the hydrocarbon source. Background of the

I nvention 10 A mgjor source of hydrogen gas is froma process known as
steam reformng, in which a hydrocarbon and water react over a catalyst to

form hydrogen & gar bonpﬁeé§§?éﬁqmw§&%§%m -> nCO + (2n+1)

H2 (1) A COH2 m Xtdre can as a as for a
Fi sher-Tropsch 15 process (the reverse of reaction 1). If pure hydrogen of

a hydrogen-enriched H2/CO m'xture_lj s desir d,d the water-gas shift reaction
(Eqn. 2) is added to the process. _&e&m@é—“c ~ nC® + n H (2) The net

overal |- process - PRBLRNE hvigPoddre gadGramhogluct i on
of hydr%gen fro%%%g}vggg?%ﬁ@%ﬁgﬁﬂg@eﬁ’ﬁ%?- n(llg -}-ﬁd(3£%1+1)gaH2 (3) Pure
hydr ogen i siydegarb@dsourceariorppiiticalarignthis mveotiomgelajel ot 2 a0¢a8g 0and
hydrocracking.in refineries, comercial catalytic hydr ti hi gh
vol ume cheMEENG, F'Y%ﬁogean&a& IUSMS o%ewﬁt?{g,ba}%'ﬁ%f ﬁ‘%ﬁﬂggﬁa& fgg%éctgélées, and
25 for fuelopfldsionBasindesdrsddiBod selitdd. cal conponent for the production of
hi gh- grade chem cals and’cl ean-burning fuels, hydrogen is,. itself, the

cl eanest, highest energy con t Ohasi s. However, because

e

hydr oge is a very.explosiv jfS _Us (M eed for
suppl (ﬂg it nA H)(ad?( g?@@é ﬁeﬁgﬁ?g%@iegratsé . E3€&$h£e)$‘g§%%%%hl&gn%s %{rb%\p? de a
process t hasfopdthgprigdusien Ry dyearearb@i findi watdryreacdover decatalyst torfomvai | abl e
hydr ocar bon feedstocks. This problem has been overcone with the present

i nventi on WPEgenas Garbos neenexidetliii Ny a water bl ended hydrocar bon
f eedst ock conposition to @Jﬁzglfchn%oc)’/gélc}%@ BrCT(/2H§Q)24_|?2,4917(1)
A CO/H, mixture can be used as a feedstock, such as for a Fisher-Tropsch
15  process (the reverse of reaction 1). If pure hydrogen of a hydrogen-enriched
H./CO mixture is desired, the water-gas shift reaction (Eqn. 2) is added to the
process.
nCO + nHO > nCOz+nH; (2
The net overall process (Eqn. 3) when these two are combined is the
20  production of hydrogen from hydrocarbon:
CoHonge + NHoO - > nCO2 + (3n+1) Ho (3)

Pure hydrogen is required in many applications including hydrotreating
and hydrocracking in refineries, commercial catalytic hydrogenation for high
volume chemicals, fats and oils processing, other industrial processes, and

25  for fuel cells. Besides being a critical component for the production of high-
grade chemicals and clean-burning fuels, hydrogen is, itself, the cleanest,
highest energy content fuel on a weight basis. However, because hydrogen
is a very explosive gas, its use has been limited by the need for supplying it in
high-pressure cylinders.

30 The problem is to provide a process that can produce hydrogen
efficiently and on-demand from available hydrocarbon feedstocks. This
problem has been overcome with the present invention which involves steam

reforming a water blended hydrocarbon feedstock composition to produce



2 hydrogen. At |east in one enbodinent of, the present invention, it has
been discovered that by form ng a water bl ended hydrocarbon feedstock
conposi ti wo @rasot o steamreform ng, the efficiency of trEeRI®asIgief orm ng
process and the purity of the hydrogen that is produced are significantly
5 inproved. This was unexpected. Summary of the Invention This invention
relates to a process for making hydrogem gas, conprising: (A) formng a
wat er bl ended hydrocarbon feedstock conposition 10 conprising: (i) a

hyd b dst

compr of ngVaBEES 25t ges{.dne BhBosiBRALbf Helebebf PiRoMEE RS B o 1
acyl ating gigetNeratit Rhatmmni rmay agi Wateﬁnb@ndébohydﬁjcabonm fdatstock two or
nore thereof; (iii)(b) at Ieast one product conprised of (I

pol ycar box§@MBOSION {0k Jo Aieam, referning) ﬂ)e §ﬁlﬁﬁf&Ynyetth§i€iaV)édef°fmmﬁ at

| east one

car boxyl i cﬁgg—:‘ggor deri vgﬁpydc’?l %%?@a ° nke p{ga% 2% ﬁgﬁw&%@jnkl ng
group der i ingstoledmMTaisowap anexpduied.ng tvvo or nore pr| mary amni no groups, two
or nore secondary am no groups, | east one . primary am no group and at
| east one secondary am no grcmld-%gﬁle—&@ﬂﬂ?&roxyl groups, or at |east
25 0ne primary ¢hisS§RMiRhY rélg'té'\l/gnm %ppdﬁegsélt fdfre?r%klﬁﬁ‘ehycfmgéﬁx)ébsgrOUp

(iii)(c) at |least one aromati rived froma = hydroXxy aronatic
conpound, eomplisiagyde or a ketone, and an ami ne containing at |east one

Poni ont ¢ compoultd nalT @ iAo BiTdee! Py BEHARI. TEaTainth oI RS 1t o
about 140; %mwﬁ)sigé,{ 040030 PCT/ US02/ 34917
) a hydrocarbon feedstock;
(i) water; and
(i)  at least one surfactant comprising:
(ii)(a) at least one product made from the reaction of an
15 acylating agent with ammonia, an amine, an alcohol, or a
mixture of two or more thereof;

(ii)(b) at least one product comprised of (l) a
polycarboxylic acylating agent, and (ll) a copolymer derived
from at least one olefin monomer and at least one alpha, beta

20 unsaturated carboxylic acid or derivative thereof linked together
by (lll) a linking group derived from a compound having two or
more primary amino groups, two or more secondary amino
groups, at least one . primary amino group and at least one
secondary amino group, at least two hydroxyl groups, or at least

25 one primary or secondary amino group and at least one
hydroxyl group;

(iii)(c) at least one aromatic Mannich derived from a
hydroxy aromatic compound, an aldehyde or a ketone, and an
amine containing at least one primary or secondary amino

30 group;

(iii)(d) at least one ionic or a nonionic compound having a

hydrophilic-lipophilic balance of about 1 to about 40; or



3 (iii)(e) mxture of two or nore of (iii)(a) through (iii)(d); and (B)
steamreform ng the water blended hydrocarbon feedstock conposition forned
in step (Wo@mw4esnvert the water bl ended hydrocarbon 5 f aedgtseesssor?
conposition to a product conprising hydrogen and one or nore carbon

oxi des. In one enbodi nent, the water bl ended hydrocarbon feedstock
conposition formed during step (A) further conprises (iv) at |east one

wat er- soluble salt. 10 In one enbodinent, prior to step (B) the water

bl ended hydrocarbon feed St d e | rtially
oxi di zed to increase the &bgﬁpera géko angﬁé?fgvgéh r&@% #@ge?bon
feedstockanunxwition to a |evel sufficient for steamreformng. In one

nmbodi t, th t d f f t t
el nery st r eaBlonpEaimqIoAnS: HaeiMAlE! R IMOGBH) AIRSERER ng or
hydrodesuld‘o% ﬁel?%tfgﬁ*né&flh ré‘?{;%( ?]rtSaEBrHr%'rt”ﬂwé‘ t@lg EriRdenrota®dnnventive

process. ment ventl on provi OI’ a pr ocess conpri si ng

synt hesi ngfeadstook gorhyasitgetata pgduct moonmtsing degmdandhyﬂleobommmg 20
olefinic he/aﬁéocarbons to convert the ol efinic hydrocarbons to branced-chain
paraf fins RA RY'9%Scohol s from synthesis gas, or hydrogenating a fat or an

oi I, using hydrlﬁg%ém&%bedlrﬁé?ﬁ | {A¥ERFAtSE BlePRIBES hytFoceSore TRedisiaukt , the
i nventi on provides for a process conprising operating a fuel cell using

hydr ogen rmniepcngrtlcnméonn%dumgas’@po@ésfyrth%CDJ@IP&ISB%(QIVDQE asponewatert he
| nventi on Tl ter “hydrocarbon, " "hydrocarbyl," and "hydrocarbon-based, "
when referﬁq% groups attached to the renai nder of a nolecule, refer to

groupgohavi ng Qn%ﬁéﬂe‘x‘nlﬂ%ﬂiﬂ‘n@ﬁﬁrﬁ?w ter step qB) the andtey bribiceichydrotadidvar act er
within the context of this invention. Such g rous)s i nclude the follow ng: 30

(1) Pur el yergstosk somppsiiaufpsmedratsier (Ahls pagially oxjoized to incrgasegthe
S CEnit) o BABHALES o neB B oYL AR coRIRE L, o
al i phati c level saifficignl foe sWWand B4f0rAIBI0 PCT/ US02/ 34917
In one embodiment, the invention provides for a process for treating a
15 refinery stream comprising hydrocracking, hydrorefining, hydrotreating or
hydrodesulfurizing the refinery stream using hydrogen made by the inventive
process.
In one embodiment, the invention provides for a process comprising
synthesing ammonia, hydrogenating an aromatic compound, hydroforming
20 olefinic hydrocarbons to convert the olefinic hydrocarbons to branced-chain
paraffins, making alcohols from synthesis gas, or hydrogenating a fat or an
oil, using hydrogen made by the inventive process.
In one embodiment, the invention provides for a process comprising
operating a fuel cell using hydrogen made by the inventive process.

25 Detailed Description of the Invention

The terms “hydrocarbon,” “hydrocarbyl,” and “hydrocarbon-based,”
when referring to groups attached to the remainder of a molecule, refer to
groups having a purely hydrocarbon or predominantly hydrocarbon character
within the context of this invention. Such groups include the following:

30 (N Purely hydrocarbon groups; that is, aliphatic, (e.g., alkyl or
alkenyl), alicyclic (e.g., cycioalkyl or cycloalkenyl), aromatic, aliphatic- and
alicyclic-substituted aromatic, aromatic-substituted aliphatic and alicyclic



4 groups, and the like, as well as cyclic groups wherein the ring is
conpleted through another portion of the nolecule (that is, any two

i ndi cat edwaosasiigedsb uent s nay together forman alicyclic gragayusosaedi7gr oups
are known to those skilled in the art. Exanples include nethyl, ethyl,
octyl, decyl, 5 octadecyl, cyclohexyl, phenyl, etc. (2) Substituted

hydr ocar bon groups; that is, groups contgai ni ng hydrocarbon groups; that
i's, groups containing non-hydrocarbon substituents which do not alter the

\I?M.r leldorri ”a\%rbﬁpgygﬁ@ﬁﬁé lﬁf?é' SOQeAC %rcx@];c b@lﬁ%{) \ngreiqg{]fﬁigpﬁgyomefe@ the art

be aware” of “suitabl e substitue r oxy,

\r/]viht Iro, cyghmugihi kainothﬁag;)drtioet of {H® nr';letemute Oftloatpds, tamyt tive, ilgdiﬁata:d \r/]mi ch,
il e predom nant rocarbon i n character, cqntain atons  other, than
oo SRRt e RESIET AR Gl AR ATBHPLS SUa BRHbs ABANORT b, o

hetero at Qs Skiide APBY UH,  Faahiee MhideCthatiyll Nandl Lodpd dagiude, Tor

exanpl e, nitrogen, oxygen and n general, no nore’than about
t hr ee Subsidtadecyl scyalolexykpbeayloets. and in one enbodi mrent no nore than

Cwill b for each 10 carp in the hyd
Py ocar byl of @yar oRUPHICHALUIGRET SRR, dhEh e oFfR IR BlnG

"aryl - basafidrogaohfrolibdathBRiIse gfBa BEStairdty ABAlHYARsEarben siBsiierts W th
respect to al kyl groups, aryl groups and the like.” The term"lower" as

ulsEd her eiwhich @@_rnqinai_terothemprte%on@'nmﬂssmdr@grmﬁbamnpf dhe\@roupd kenyl ,
Fotal of -ugds sIEon e, SolAe' S L RaR R RE, Bt o1

that s sdhdlobe Hydroxy)eited, cyaho, Akokp ddyk etxt ent of at | east about 0.5 gram
per liter at 25C. The term "water-soluble"” refers to pateri Is_thaf are

sol ubl e in wat ei®)t o HEIREO eQRIRE: dhahtis| eHEHPD. WhighanWpie RIESORINENYY ters of
o 2" ARRra S n( ARt h S OHe A BRBoh R SeLagK ot o
f eedst ock, otheryiseapenposadcf Carbgn akmimd. eSsttalnadetencfatomantill berapparent
conpri ses i (pog Sified T dhciaitt 264 oRe ToeBAMRS OB1ORBDS S KES 58P 34917
15  sulfur.
In general, no more than about three substituents or hetero atoms, and
in one embodiment no more than one, will be present for each 10 carbon
atoms in the hydrocarbon, hydrocarbyl or hydrocarbon-based group.
Terms such as "alkyl-based," "aryl-based," and the like have meanings
20 analogous to the above with respect to alkyl groups, aryl groups and the like.
The term "lower" as used herein in conjunction with terms such as
hydrocarbon, alkyl, alkenyl, alkoxy, and the like, is intended to describe such
groups which contain a total of up to 7 carbon atoms.
The term "oil-soluble” refers to a material that is soluble in mineral oil
25  to the extent of at least about 0.5 gram per liter at 25°C.
The term “water-soluble” refers to materials that are soluble in water to
the extent of at least 0.5 gram per 100 milliliters of water at 25°C.
Step (A)
The water blended hydrocarbon feedstock composition that is formed
30 during step (A) is comprised of (i) a hydrocarbon feedstock, (ii) water, and (jii)
at least one surfactant. In one embodiment, the water blended hydrocarbon

feedstock composition further comprises (iv) a water-soluble salt. The water



5 bl ended hydrocarbon feedstock conposition may be in the formof an

emul sion. The enul sion may be a water-in-oil emulsion, an oil-in-water
enul si on, waro3a4mser o- ermul si on. Throughout the specificati (CTarsb2i34010 he
clainms the term"oil" is used to refer to a phase that is fornmed when the

wat er 5 bl ended hydrocarbon feedstock conposition is formed, and it is to
be understood that this termrefers togany of the hydrocarbon feedstocks,
including oils and normally liquid hydrocarbon fuels, discussed below. In

one enbodj 0 t:n0C &£ sit N S
char act eri%ﬂgﬁ@%dy beg?é\%ég %e%%ase %%Sﬂ{é)%%l @eh&ﬁé@eﬁe?ﬁ@qc%ﬂpﬁ sed of
10 dropl etgmbiionmg 'Bhémmléioﬁnﬁtay bef aawatdr-if- dﬂ5etrmlﬁbnu1an56ll4m-wa®ers and
in one errbodl nment about 0.05 to about 30 m crons, r}d i.n one enbodi nent

about 0. 0EMHISANeUeT B5MHETEreAYIsiamd 1 ArasiglouhitRl sRaGTICAESN aid g8 16 about
10 m crongyy; I~|'Bante%e‘ ”ngge'aet‘atre?%q ph9§e H%t?’%%e’él\ﬁh EH NS waREd i n

one enbodi nen out 0.05 to about ons In one e odlnent 0. 05
15 t o abouledded cihydrocamadni feemmcé«rtuwnmmﬁorabsuﬂormeds argl dbasit to0 b i cron,

di di t t, 0.05 .t bout
erbod mendUHRR08. Diato i daiorerew &9 oiby 9ttt efnsbe Eediaeks,
di spersed |H5l@8ﬁ19' ﬁllsaﬁn@%ﬁﬁé'ﬁy A8 BrydhdtPPEN BTEIS HisBINsed BdoW! JRRLd

phase is an oi The drocarbon Feedstock (i) The hydr ocar bon
f eedst ock eragpo@lmaentndher ate |ble@<;ed hiaydrocaitiono feedsteclur eompesition . isThe

t I I cl.ud | d bl |,
'ard oi 1) ctbralerifed ofit dRee e oRgte e e dbpdes Beligsufibdlel
sol venp t r@dbRis Paviy 8§ rhéfndetmsieRfalbodt (50D fo bbeup80ahfcrons; artaiht heni c
or 25 m xed paraffinic-naphthenic types. Gls derived from coal _or shal e

are al so mfemboowﬁnh@bpét 8105 tq @boyti SOnFTeBS BRG Bjene sibedigent

pol ymeri z | af é’d{% |
pol ypr opyléj% cb %J‘r;gé Ee}ﬁe%(g%lcﬁoq’%y%gﬁelh%é) r911%1(3)9'sn%)'l't ut'e: : 3?13. ﬁexenes)
poly-(1- OC't@mer)ons Eedyihlorte eetteslimeat aboan .06 abelst ﬁhnrcemris, and in

al kyl benzenes (e.g., 30 dod Ibe zenes, tetrade | benzenes,

di nonyl berﬁ%@@boﬂiﬂm?m@%‘} 9%5@9{%?’ N on GWBHEH?”EO(()@ g.
bi phenyl s, it gERReMhigrorfldig! Al Sﬁle \é@x&%%ﬂ@%@oﬁ@!désﬁ%%&ld.g Ricron,

and in one embodiment about 0.05 to about 0.7 micron, and in one
embodiment about 0.1 to about 0.7 microns. In one embodiment, the
dispersed phase is an aqueous phase. In one embodiment, the dispersed
phase is an oil phase.

20 The Hydrocarbon Feedstock (i)

The hydrocarbon feedstock may be a natural oil, synthetic oil or

mixture thereof. The naturalvoils include animal oils and vegetable oils (e.g.,
castor oil, lard oil) as well as mineral oils such as liquid petroleum oils and
solvent treated or acid-treated mineral oils of the paraffinic, naphthenic or

25 mixed paraffinic-naphthenic types. Oils derived from coal or shale are also
useful. Synthetic oils include hydrocarbon oils such as polymerized and
interpolymerized olefins (e.g., polybutylenes, polypropylenes, propylene-
isobutylene  copolymers, etc.); poly(1-hexenes), poly-(1-octenes),
poly(1-decenes), etc. and mixtures thereof, alkyloenzenes (e.g.,

30 dodecylbenzenes, tetradecylbenzenes, dinonylbenzenes, di-(2-ethyl-

hexyl)benzenes, etc.); polyphenyls (e.g., biphenyls, terphenyls, alkylated



pol yphenyls, etc.); al kyl ated di phenyl ethers and al kyl ated di phenyl

sul fides and the derivatives, anal ogs and honol ogs thereof and the |ike.

Al kyl ene wa ae4@pobyners and i nterpol yners and deri vati ves rdTRUoB4910her e
the term nal hydroxyl groups have been nodified by esterification, 5
etherification, etc., constitute another class of known synthetic oils that
can be used as the hydrocarbon feedstocké These are exenplified by the oils
prepared t hrough pol ynmerizati on of ethyl ene oxide or propyl ene oxide, the

al kyl and pbwbhéhwgr éthf éllksﬁét%dp&lb}ﬁeﬁylaéﬂﬁékeaﬁdpé]leaﬁrdeﬁofheHyb ?Lrﬂﬁ% &y! -poly-
| sopropyl ene g her having an average nol ecul ar wer ght out 1000,
10 di pheny@né h@deﬂ\?atb@sy@nalpg@@@ddlqrnolbghaheragf andiheelité.ar wei ght of about

500- 1000, dieth t h | ht
of about 1000 MaEREPKe @3%%{%"%&&%%%@%%%e&v”ﬁv thdiebs. for
exanpl e, tMeﬁéZQheCte&ﬂlrﬁlﬂﬁjd% g?’i’olgﬁg KaueB beaht hodiffied B?t@éténﬂéﬁtlohhe
Cl30xo0 acid diester of tetraethyle gll ycol. 15 The synthetic oils that

are usef ul eherifipation &ie ceppiiuiecrihecrlass of karwn shethetic eils theit agindeg boxy! i ¢
d |_k | k |
cuccint o ause e dng yihbConBHCRelfodkt! irndle Hle S e BY B, ot (G

fumari c acpobpamed nhmu@bl polyhienizbtioe cfcétilylknaesxid@edropiopyRticdoxidek Yhe
mal oni ¢ aci etc.) with a variety of alcohols

| k | d
(e.g., 20 B@V&Fﬂ%@ %Qﬁsthgﬁi}yﬁ%eggt%ﬁwxy%d@&|p01y|n&%ﬁoﬁe g2-reethyl-pelyy|

| cohol , | | | ycol ,
ot specPPIOendbYER etnel RGP adreod mORBARE MRionPe b AR08, ¥ ©O
di ( 2- étohy| diphenyl stiesceft pplydthyrlemewycol fhamgatae mcdemﬁary Nva@lhigofglfabout
di | tyl | t | .pht t
ot et at o, SFS0DBC it BIRET Y pRRBIR NG REY e & BERAIIFEIRLAE ¢ aci d
di mer, t healseup1@R0SHE00! tenMef rl%nbeae?ﬁd bl GSBJh% Qéthe?f’bﬁéfé‘of g6t d w th

two noles of tetraet hyl ene glycol and two no hexanoi ¢ aci
and the |iRemply, dhe agstie @cidestars, ﬁymcbeawatﬁy fa@wblsst@c& at the Cagdxale t hose

e £ OThER it Gy ARBRHRIAR YL, o) O and pol yols and pol yol ethers
di penti@er yt hri t The syhthetie ileehat dval Gisdful £ the I%r@éér%ﬁ%ﬁ@dﬁ@&’l( WRMde34917 7
The hydrocar bon, feedstock may be a pol y-al pha-ol efin (PAO).
the esters of dicarboxylic aC|ds (eg pﬁthahc acid, succinic acid, alkyl
succinic acids, alkenyl succinic acids, maleic acid, azelaic acid, suberic acid,
sebacic acid, fumaric acid, adipic acid, linoleic acid dimer, malonic acid, alkyl
malonic acids, alkenyl malonic acids, etc.) with a variety of alcohols (e.g.,
20  butyl alcohol, hexyl alcohol, dodecyl alcohol, 2-ethylhexyl alcohol, ethylene
glycol, diethylene glycol monoether, propylene glycol, etc.) Specific examples
of these esters include dibutyl adipate, di(2-ethylhexyl) sebacate, di-n-hexyl
fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl
phthalate, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of
25 linoleic acid dimer, the complex ester formed by reacting one mole of sebacic
acid with two moles of tetraethylene glycol and two moles of 2-ethylhexanoic
acid and the like.
Esters useful as the hydrocarbon feedstock also include those made
from Cs to C4, monocarboxylic acids and polyols and polyol ethers such as
30 neopentyl glycol, trimethylol propane, pentaerythritol, dipentaerythritol,
tripentaerythritol, etc.



Typi cal ly, the poly-al pha-olefins are derived from nononers having from
about 4 to about 30, and in one enbodi nent from about 4 to about 20, and in
one enbodwoersto46a3om about 6 to about 16 carbon atons. ExarpadtessoeB4auageful 5
PAGCs that may be used include those derived from octene, decene, m xtures
thereof, and the |ike. These PAGs may have a viscosity fromabout 2 to
about 15, and in one enbodi ment from akbout 3 to about 12, and in one
enbodi nent from about 4 to about 8 cSt at 100C. M xtures of m' neral oil

ith the f ' - I b
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drol soneri zed using the cess disclosed in
U S. Pat GTRA‘vOé {94t3may Deousei] mmmmpsdeimwed 03] lmgtetrlee depeoe,erm(tun%cl osed

in US Patent 5,8 d
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are incor py ghadn %beérﬁbaann{&i‘t%?ﬂ%oﬁps t6 BBt BB dHEwl difle@Boiméntocesses
for treating Fischer-Tropsch synthesized hydrocar bons and the resulting

product s rfeate dbauh 4 uohalpowic 8seBt at THY By d\distures roff sverreboll wilh the an

unrefined,.  refined rere i.ned se nay be either natural or
synt heti c fBTqQQIQ%BO&quPh%Q ?ﬂ@%trn?gb Itavxo nore of any of these) of the

type dpscl osed hes eiyasdrarBon Ueedbiotdnaiyl beaémﬁﬁsédhqsfeﬂémar-ﬁmbsdhr ectly
froma natural or sgnthetlc source W thout furt urification treatnent.

For exanplsynthesized ydiocagng. nddsenarddopsclt ﬁh&'hﬁheﬁl??érlwq{@c%f ehgt36ns, a
trol i |
Dt ;?nggmdﬁ?é%ﬁ%'ﬁ' Qrfin&lis e@eﬁé %oplfaggbgrll-lg“adnﬂ B tsin é;ata' Pibchef-rfdpsth oi

f¥om an er on‘ process and use further
treat ment osalyst. b¥heses eyt redricons md?ebe fedhan processedi rﬁdraaxample h‘dae30

pur 11 cat I1BIraeEBonE MRYHe RaUGIRDER S Sspio0 s FrasssARgosaeR US
Lo b PRSI AR TR RhaIsast bafostridpeaniinnt 3
acid or bamecess disclosed in U.8t Patanis 4,948 12 at 6,086, ¥Q: dewaxed using the
process disclosed in U.S. Patent 5,882,505; or hydroisomerized and dewaxed
using the process disclosed in U.S. Patent 6,013,171, 6,080,301 or
6,165,949. These patents are incorporated herein by reference for their
20 disclosures of processes for treating Fischer-Tropsch synthesized
hydrocarbons and the resulting products made from such processes.

The hydrocarbon feedstock may be an unrefined, refined or rerefined
oil. These may be either natural or synthetic oils (as well as mixtures of two
or more of any of these) of the type disclosed hereinabove. Unrefined oils are

25 those obtained directly from a natural or synthetic source without further
purification treatment. For example, a shale oil obtained directly from
retorting operations, a petroleum oil obtained directly from primary distillation
or ester oil obtained directly from an esterification process and used without
further treatment would be unrefined oils. Refined oils are similar to the

30 unrefined oils except they have been further treated in one or more
purification steps to improve one or more properties. Many such purification

technigues are known to those skilled in the art such as solvent extraction,



Rerefined oils are obtained by processes simlar to those used to obtain
refined oils applied to refined oils which have been al ready used in
service. waush4emwoefi ned oils are al so known as recl ai ned rIT/US®pBEessed
oils and often 5 are ‘additionally processed by techniques directed to
renoval of spent additives and oil breakdown products. The hydrocarbon

f eedstock may be obtained froma procesg stream generated during oi
refining, chemi cal synthesis, and the |like. For exanple, the hydrocarbon

f eedst ock o] ' f Lsgdl | : ri‘}"éFb r ced
during oi Isggé?gﬁyngfsﬂq%g&hyé&?cgrrg%n g%(ﬂ??{cl)%ri{ ﬁg@t@é no?lrérg?@y%%!qui d
hydr ocar bqRertfiedd oilShaze obtathed doydpsdddssas esifilal to sthobe assetbtmmbigisol i ne as

defined by ASTM _Specification D439 or diesel fuel or fuel oil as defined
by ASTM spefined eiis ppRliedhiosefingd eis Which have begi BERNoHSe M SCRASS ved from
veget abl e - g ner ' Lhss$8lls HRY oenused.
These i nclsﬁ%ahr'%ﬁé;fme(?g%lrgb%% ﬁ%ﬁ@%%ﬁ?ﬁ%%@g%g@%?ﬁl fas, soybegn,
rapesesd, gval auditibaaly, proosdsedt diy techtiquds tdirested riesiremavabiaf, sprydvy oi |,
coke, and nj xtures of t hereof . The gasolines that can be used

S two qr nor
i ncl ude t 'Véér?&di@lelareﬁkgﬂ’f‘%mpagdﬁf 20 hydrocarbons having an ASTM
distillation falfr%ehwr%%%mweé&%cl@héyhs% Waindd storh! @tgretegeobtiéarho about

205C. at the 90% distillation point. The diesel fuels that are useful may
be any di egeeierdtad|durinigesie refiningdeheninal shintkesis.fard e like.ndoa exemdli nt

distillatipn tenperature in the range of. ab and in
one enboditﬁﬁmydg&ﬁfso%gﬁﬁd%}f}dég‘%@? b%SO%BE% %@1 5?’8@@3&39@&@%& %‘?}%%g fuel s

typi cabl y grang&sd gy atveefinidg.3 to about 24 centistokes at 40C. The di esel
fuel s can be classified as any or 4-D as_specified

of Gade Nos. 1-D, . 2-D
in ASTM D975. Tihe hydipeaehapdrerstogkipax bad neranaliynlsuid Bydcappghidiebus
hydr ocar b | S d k. dissal Vv ' [+ QU %ﬂ{é frqui d - 30
hydr ocar bgﬂqe?‘?gyf}%[e@%ng/%gpgﬂteh@%é%g\ggh n%ésﬁp{ldéﬁggg?@ﬁ% gga@ r oc(:j a%%ésmme
l'i qui d hydspscifidationBd3der dieset foelloy flelopil as Hgfined by ABTUBpecifidatiopaseous

WO 03/ 040030 PCT/ US02/ 34917 9 hydrocapbon may be a hydrqcarbon having 1 to
about 5 cd?P% aN%W%alb/eF‘qU'QDm%GP@fboﬁh@'eg%gé{Jé%gI‘fmo%%gegﬁﬁen%?}”ﬁﬁs’net hane

(or nggurghif8s) sources, and mixtures thereof may be used. These include
hydrocarbon fuels derived from corn, alfalfa, soybean, rapeseed, palm, shale,
coal, tar sands, bitumen, residual oil, heavy oil, coke, and mixtures of two or
more thereof.

The gasolines that can be used include those comprised of mixtures of

20 hydrocarbons having an ASTM distillation range from about 60°C. at the 10%
distillation point to about 205°C. at the 90% distillation point.

The diesel fuels that are useful may be any diesel fuel. These include
the diesel fuels having a 90% point distillation temperature in the range of
about 300°C to about 390°C, and in one embodiment about 330°C to about

25 350°C. The viscosity for these fuels typically ranges from about 1.3 to about
24 centistokes at 40°C. The diesel fuels can be classified as any of Grade
Nos. 1-D, 2-D or 4-D as specified in ASTM D975.

The hydrocarbon feedstock may be comprised of a gaseous

hydrocarbon dispersed or dissolved in a liquid hydrocarbon. The liquid
30 hydrocarbon may be any of the above mentioned liquid hydrocarbons. The
liquid hydrocarbon may be a normally liquid hydrocarbon fuel. The gaseous



The hydrocarbon feedstock may be present in the water blended hydrocarbon
f eedst ock conposition formed during step (A at a concentration 5 of about
0.1 to abowt03930B86 by wei ght, and in one enbodi nent about PCTVEs0abeut 99% by
wei ght, and in one enbodi nent about 5 to about 99% by weight, and in one
enbodi nent about 10 to about 97% by weight, and in one enbodi nent about 20
to about 96% by wei ght, and in one enbog nent about 30 to about 90% by

wei ght, and in one enbodi nent about 40 to about 90% by 10 weight, and in

one enbodi t ai%m. 0% b L gh i h ter
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may be t akeolebulen Einy gasemenhydrbcarhanceay be methanertbodatwatga)he water is
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or distill@idg i Iy ri car bon
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99.9 t 6 abafuaboud.1%obgbauti 3h0% bydveighty randeivbode rmbodibwnt about d tbout 1 %
by wei ght, an in one odi nent_abouyt 95 t bo % l~ght., and in
one enbodi?ﬁqlrg 3@{906}'_%96?%%&? o ﬁwlhﬁ&?r_ﬂﬁp? aﬁﬁayﬁn%%ﬁg%aﬂ@%@m about
80 to abouleighfodiy NebrEIEmbdRAItERt BUtEIMTPRBBERIO 73D Bt weight, airalinnel 0% by
wei ght, and “in one enbodi nent about 60 to about 10% by wei ght, and in one

enb]?di ment embhodimert @boyt 28databpsiOBYe i westight, agd Thensigmbedigent abpul The
e (il e ‘
enctton ofd io#8el ARy weht dht Ao SiiboRRieR EB0UE R0 T SBOLETR'

m xt une of weight, eindarshd &abedimerttidbout BD tatabbeagsvomeweighduct derived from
an acylating agent, amonia or an am ne, and a polymer containing units 30
derived frhaeMVaterfilh beta-unsaturated carboxylic acid or derivative
thereof  (i11)45d FhudreRpl (RBA 3 Oy MR vidlerChiokRa " HoMARARYSY 0XY
aromatic conpound, an al'dehyde or a ket®dne, and an am ne contal ni ng at

| east one f&BJISBCRAADBPOMMIETH WEAY /A &ken ffompanyreaonveniesk: soudee. y lamneo gr oup;
(iii)(d) at |east gne ionjc.or,_a nonioni conpound, hayvi a

hydr ophi | i‘?:r-“L’P Bﬁﬁﬂ%’i ‘Hﬁ‘%eér'l%ge@P'zz?ﬂo‘Uforiotb@"%We%Wﬁhéag hydrocarbon

15 feedstock and surfactant. In one embodiment, the water is purified using

reverse osmosis or distillation.
The water may be present in the water blended hydrocarbon feedstock
composition formed during step (A) at a concentration of about 99.9 to about
0.1% by weight, and in one embodiment about 99 to about 1% by weight, and
20 in one embodiment about 95 to about 1% by weight, and in one embodiment
about 90 to about 3% by weight, and in one embodiment about 80 to about
4% by weight, and in one embodiment about 70 to about 10% by weight, and
in one embodiment about 60 to about 10% by weight, and in one embodiment
about 50 to about 15% by weight.
25  The Surfactant (iii)
The surfactant (iii) may be: (iii)(a) at least one product made from the

reaction of an acylating agent with ammonia, an amine, an alcohol, or a
mixture of two or more thereof; (iii)(b) at least one product derived from an
acylating agent, ammonia or an amine, and a polymer containing units
30 derived from an alpha, beta-unsaturated carboxylic acid or derivative thereof;
(ili)(c) at least one aromatic Mannich derived from a hydroxy aromatic

compound, an aldehyde or a ketone, and an amine containing at least one



(tii)(e) mxture of two or nore of (iii)(a) through (iii)(d). In

enbodi nents wherein the conposition fornmed during step (A) is in the form
of an enmuivgl @r40B0t hese surfactants may function as enul sidTeus2a$d7 may be
referred to as enulsifiers. The surfactant (iii) is provided for the

pur pose of holding the m xture of water and hydrocarbon feedstock forned
during step (A) of the inventive procegs together in the formof a stable
di spersion, suspension or enulsion. 10 The surfactant (iii) nay be referred
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f eedst ock conposi tion. rfactant (111 e sur it1)(a) is the
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al cohol, or a ijture of two or nore 20 thereof. The acyl ating agent may
be a car bo%'w'is_ '®&tid or a reactive equivalent thereof. The carboxylic acid
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subst ifuenthe SNFabiuit QRN beuRFEiéd &b tasn@y epoulbifien  Thesuddctaht @it o about
500 carbon atons, and in one enbodi nent about 10 to about 500 carbon

a;grrg_, andmial berresapbi therwaten Slanred: hydseearbondeediapk AMPOSHEN RAI i n one
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about 20 to out on atons, a ment about 30 to
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’ water blended hydrocarbon feedstock composition.
Surfactant (iii)(a)

The surfactant (iii)(a) is the product made by reacting an acylating

agent with ammonia, an amine, an alcohol, or a mixture of two or more
20 thereof. The acylating agent may be a carboxylic acid or a reactive
equivalent thereof. The carboxylic acid may be monobasic or polybasic. The
polybasic acids include dicarboxylic acids, although tricarboxylic and
tetracarboxylic acids may be used. The reactive equivalent may be an acid
halide, anhydride or ester, including partial esters, and the like.  The
25 acylating agent may be a carboxylic acid or reactive equivalent containing at
least one hydrocarbon substituent. The hydrocarbon substituent may contain
from about 6 to about 500 carbon atoms, and in one embodiment about 10 to
about 500 carbon atoms, and in one embodiment about12 to about 500
carbon atoms, and in one embodiment about 16 to about 500 carbon atoms,
30 and in one embodiment about 20 to about 500 carbon atoms, and in one
embodiment about 30 to about 500 carbon atoms, and in one embodiment 50
to about 500 carbon atoms, and in one embodiment about 50 to about 250



enbodi mrent about 900 to about 2000. The acyl ating agent nmay be a carboxylic
acid or reactive equivalent 5 thereof having about 10 to about 34 carbon
at oms, anwa ¢3/0@0080 enrbodi ment  about 12 to about 24 carbon PToVs2/381d i n one
enbodi ment about 12 to about 20 carbon atons. These acyl ating agents may
be nonobasic acids, polybasic acids, or reactive equival ents of such nono-
or polybasic acids. The nonobasic acidgs i nclude fatty acids. Exanples
include lauric acid, 10 nyristic acid, palmtic acid, stearic acid, oleic
acid, linal | i,po [ ' r el | | o iagchd, oerucic
o010 | Il 3idfls, R SmpBRktet 69!l pBtn SEHERLG R <

di car boxylnlumbemé\imag@ rholeealab onsighicobabotie76adar dwout! 3G0Cacindsinmage be used.
These include hydrocarbon substituted succinic acids or anhydrides

r epr esent énbadiggat abd Y00 tgaked 21089rrul ae 15 0 C R-CHCOOH or R-CH

CH2000H KH2C~ gl ngyl&ﬁ‘?%edg%n?to A out r&%{;ﬁ&fgfﬁg%&@ cfrqre%h@e? eBuivaleht

hydr ocarbon group 0 on at omns, I'n one
enbodi BENntthéeofhatingt abaltold tS@ba6t 84rdaoboraboras, and in mr@r@nboﬁhmn’mnt

bout 12 to abaoyt. 30 d embodi ment to about
55 car bon BMEBRI2 i dbPHt SAoCaRBo OB A Ih OneserpodiBant SHa1B3R' ot one.
R may be dgji,yved %érge At g?eﬁg‘fﬁegéea‘cylatuﬁg a?gjbrﬂé ”ﬁ@( Qeeiionobadietdcis, The

al pha-ol efins inc , trideCene-1, radecene-1
pent adecep@lybasie saitisc @nereactive poatiaante-of, swh mlmeflfeh@lybaﬂ@la?dﬁ%ne 1,

d 1 ke. . Th
ol ude. cIe: BT Bers, HEluS Tty Stige oFaArpld Mldd RIRERMP
Cl4- 18 al nﬁwéﬁbeabuas,pa%ﬁrol&cwl rhcarid atid)solelcl8cidé Imofia-awid:f Inmﬂenlc018 30

al pha ol efins, and the like. Mxtures of two or nore of any of t
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or anhydr ité’&ace&bdxylhﬁabldkanay be used. These include hydrocarbon substituted

succinic acids or anhydrides represented, respectively, by the formulae

15
R—CHCOOH o R—CHC</
CH>COOH LHQC/\O
20 N
0O

wherein each of the foregoing formulae R is a hydrocarbon group of about 6
to about 30 carbon atoms, and in one embodiment about 10 to about 30
25  carbon atoms, and in one embodiment about 12 to about 30 carbon atoms,
and in one embodiment about 12 to about 24 carbon atoms, and in one
embodiment about 12 to about 18 carbon atoms. R may be derived from an
alpha-olefin or an alpha-olefin fraction. The alpha-olefins include dodecene-
1, tridecene-1, tetradecene-1, pentadecene-1, hexadecene-1, heptadecene-1,
30 octadecene-1, eicosene-1, docosene-1, triacontene-1, and the like. The
alpha olefin fractions include C+s.13 alpha-olefins, Ci2.46 alpha-olefins, C14-16
alpha-olefins, Cq4.4s alpha-olefins, Cis.18 alpha-olefins, Cis.24 alpha-olefins,
Cis30 alpha-olefins, and the like. Mixtures of two or more of any of the

foregoing alpha-olefins or alpha-olefin fractions may be used. Examples of



The acyl ating agent nmay be a hydrocarbon substituted carboxylic acid or
reactive equi val ent made by reacting one or nore al pha, beta olefinically
5 unsat urwtoead/ogamsboxyl i ¢ aci d reagents containing 2 to abaar/@mearbon
atons, exclusive of the carboxyl groups, with one or nore ol efin polyners.
The al pha-beta ol efinically unsaturated carboxylic acid reagents nmay be

ei ther nonobasic or pol ybasic in natureq2 Exenplary of the nonobasic

al pha-beta ol efinically unsaturated carboxylic acid reagents include the
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be used. EXEHSE o ARG GradheiRne, Qb mele SIS Mo ¢ acid, |
mesaconi ¢ aci d,Tad %W-Betaaeie?_jn%aﬂy ¢inshAFSRUCcABOslylidasil ieegeRBUmel ents of

the al pha-beta olefinically 25 unsaturated carboxylic acid reagents include
t he anhydrbelejthesmeenahasigriofepolyhasia inmatureer Bxetplay off thenmanebegisi ng

acids. A ugefu eact L.V uj val | S | ¢ anhydri efin
nonomnmer s fﬁﬁ'ﬁ?’hﬁﬁ%h&%hgﬁgﬁgf?%%ﬁ%%r ar%ﬁiﬁe a%érw i%@ggﬁ%?r l&g%(ﬁ)éyngﬁ zabl e
ol ef i nomorgHIBsylRIdE Efregsshdinyg tttherformol or nore 30 et hylenic

unsat urated groups. They can be nonool efini c nononers such as et hyl ene,

propyl ene, butene-1, isobutene gRdGHt@RECAOMT pol yol efinic nononers
(usually di-ol efinic nononers such as putadiene-1,3 and isoprene). Usually
these nononers are terminal olefins, tpat is, olefins W 03/040030

PCT/ US02/ 34917 13 characterized by the presence of the group>C=CH2.

However, certain_internal olefins can also serve as nononers (these are
somet ikfes Weere &dis bydregepe 8F A s#Heted Qlivhalie or Alisyclive @ndi aly&fylChonomer s

are used, ﬁ&g%cyclic group, and R'is hydrogen or a lower alkyl group. R may be a
lower alkyl group. The total number of carbon atoms in R and R! typically
does not exceed about 18 carbon atoms. Specific examples of useful
monobasic alpha-beta olefinically unsaturated carboxylic acids include acrylic

20 acid; methacrylic acid; cinnamic acid; crotonic acid; 3-phenyl propenoic acid,;
alpha, and beta-decenoic acid. The polybasic acid reagents may be
dicarboxylic, aithough tri- and tetracarboxylic acids can be used. Exemplary
polybasic acids include maleic acid, fumaric acid, mesaconic acid, itaconic
acid and citraconic acid. Reactive equivalents of the alpha-beta olefinically

25 unsaturated carboxylic acid reagents include the anhydride, ester or amide
functional derivatives of the foregoing acids. A useful reactive equivalent is
maleic anhydride.

The olefin monomers from which the olefin polymers may be derived
are polymerizable olefin monomers characterized by having one or more

30 ethylenic unsaturated groups. They can be monoolefinic monomers such as
ethylene, propylene, butene-1, isobutene and octene-1 or polyolefinic
monomers (usually di-olefinic monomers such as butadiene-1,3 and

isoprene). Usually these monomers are terminal olefins, that is, olefins



normal |y are enployed in conbination with termnal olefins to produce
olefin 5 polyners that are interpolyners. Al though, the olefin polyners my
al so i nciwads/saewoat i ¢ groups (such as phenyl groups and |rewewsoaBkol and/ or
| ower al koxy-substituted phenyl groups (e.g., para(tertiary-butyl)-phenyl
groups)) and alicyclic groups such as would be obtained from pol yneri zabl e
cyclic olefins or alicyclic-substituteggpolynerizable cyclic olefins, the
olefin polymers 10 are usually free from such groups. Neverthel ess, olefin
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but adi ene-ahd? alitydliadgrenips1sich penwvaudldebhe-ahtainedefioadpelyserizablel syglicene, 25
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et hyl vinyl ether and nethyl - vinyl ketone. O these, the purely h(iligr ocar bon
nononer s dramasich inigrpelymers®f Heth fihkdienesiand shrenessigihasbuiadialeve
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WO 03/ 040Qgfe. PCT/ US02/ 34917 14 stream having a butene content of about 35

to about 75% by wei ght and an isobutene content of about 30 tto about 60%
by wei ght in tHeepemilyihe QJefin Polygrs ale RowQr AryBierrlymers of| %Im'ﬂﬁﬁm

chloride qf ROEABoh bidier bfl&boli85 8o about 30 carbon atoms, and in one
embodiment about 2 to about 16 carbon atoms. A more typical class of olefin
polymers is selected from that group consisting of homo- and interpolymers of
terminal olefins of 2 to about 6 carbon atoms, and in one embodiment 2 to
about 4 carbon atoms.

20 Specific examples of terminal and medial olefin monomers which can
be used to prepare the olefin polymers include ethylene, propylene, butene-1,
butene-2, isobutene, pentene-1, hexene-1, heptene-1, octene-1, nonene-1,
decene-1, pentene-2, propylene tetramer, diisobutylene, isobutylene trimer,
butadiene-1,2, butadiene-1,3, pentadiene-1,2, pentadiene-1,3, isoprene,

25 hexadiene-1,5, 2-chlorobutadiene-1,3, 2-methylheptene-1, 3-
cyclohexylbutene-1, 3,3-dimethylpentene-1, styrenedivinylbenzene, vinyl-
acetate allyl alcohol, ‘
1-methylvinylacetate, acrylonitrile, ethyl acrylate, ethylvinylether and methyl-
vinylketone. Of these, the purely hydrocarbon monomers are more typical

30 and the terminal olefin monomers may be useful.

In one embodiment, the olefin polymers are polyisobutenes (or
polyisobutylenes) such as those obtained by polymerization of a C4 refinery



pol yi sobutyl enes generally contain predom nantly (that is, greater than
about 5 50 percent of the total repeat units) isobutene repeat units of the
conf i gur anioors/04@38 - CH2-C 10 CH3 The ol efin pol ymer nmay HE3/6802/34917

pol yi sobut ene having a high nethylvinylidene isonmer content, that is, at

| east about 50% by weight, and in one enbodi nent at | east about 70% by

wei ght net hyl vi nyl i denes. Suitabl e 15 hiigh net hyl vi nyl i dene pol yi sobut enes

i ncl ude those prepared using boron trifluoride catalysts. The preparation

of such polyi 1 i \/ 4 i i ri,ses a

i gn- per erteTa VG S behp' Etatibr dEREHE LI Re FPRINE AT ok
Patents 4, ikgl,ﬁm. eangtent 6?5b80830 ttd;gab_lc_xrl]ilit ﬁ@P/@lilyrweight aathe pfesdtr)nbe tofeaa e

i ncor porated herein ref erence. | The I ati ng agept, may be

hydr ocar boPWibeEiFt GaialysE FUeh A% Aimigu) chiskiFeer oo piiettieeariese
corr esDO”dbé‘I?leSbugbfeﬁ&eg%ﬁéﬁH Bnbitier inahtlg Jttelis, rekter ShaPabBut Wher ei n

R i s hydrocarbon droup about 6 to about 500" carbon atons, and in 30 one
enbodi rfent 5@ipectert 2f the tdislnepsaunite) beobuienersepaaidinita obthe cenflgvdiatiomt  about
20 to about 500 carbon atons, and in o enmbodi nrent WO 03/ 040030

PCT/ US02/ 34917 15 about 30 to about 5§§*%ar bon atons, and in one

enbodi nent about 40 to about 500 _carbdn atons, and in one enbodi nent from
about 50 to about 500, and in oneHemtedt nent from about 50 to about 250
carbon atons. In one enbodinment, R isla polyisobutene group (or

pol yi sidbut yl ene group). R may 5 have &Hunber average nol ecul ar wei ght of
about 750 to about 3000, and in one enbodi nent about 900 to about 2000.

The production Thet hsigfin ppijntsrarban- Bebshi tpdlgdolsutent ninaving ds  diigh
anhydrides via al kylation of maleic acid or anhydride or its derivatives
with a hal BWWMB&K%F? isomarLonte thah i rat least about 50% by weight, and In

one embodiment at least about 70% by weight methylvinylidenes. Suitable

15 high methylvinylidene polyisobutenes include those prepared using boron
trifluoride catalysts. The preparation of such polyisobutenes in which the
methylvinylidene isomer comprises a high percentage of the total olefin
composition is described in U.S. Patents 4,152,499 and 4,605,808, the
disclosure of each of which are incorporated herein by reference.

20 The acylating agent may be a hydrocarbon-substituted succinic acid or
anhydride represented, correspondingly, by the formulae

R—CH—COOH

I
25 CH—COOH

or
O

O

O
wherein R is hydrocarbon group of about 6 to about 500 carbon atoms, and in

30 one embodiment about 12 to about 500 carbon atoms, and in one

embodiment about 20 to about 500 carbon atoms, and in one embodiment



mal ei ¢ acid or anhydride with an olefin polyner having a term nal double
bond 10 is well known to those of skill in the art and need not be

di scussedwion3daetmd| herein. In one enbodi ment, the hydrocarinsesuhstit ut ed
succinic acids or anhydrides are characterized by the presence within
their structure of an average of at |east about 1.3 succinic groups, and

i n one enbodi nent from 15 about 1.5 to ghout 2.5, and in one enbodi nent
formabout 1.7 to about 2.1 succinic groups for each equival ent wei ght of

t he hydroc | , 0 | S | eqgui val ent
wei ght of ﬁi{ﬁh%yﬁﬁg?gr%%u%%ﬁgpuée)[#[r%g?agﬁp%?h?hezn%%@%@gr C?H??'Sbfsb?i tuted
succi ni ¢ aapalt@00acedniatems sand imeomel shydrodiraeat fnerh dboutl 50itdiabgut B60HuUnber

aver age nol ecul ar wei ght ). of 20 .the po|yol efin fromwhich the

ylr ooar b AT GNP GEHPCIPSTIATIT) cbati ) habbek 260 fartsi abamS I ans

hydr ocar b St LU I gﬁ)s%Pert | - bgi | ed
succinic ggpggg@ﬁé@hﬁyﬁr?gg . hué;'?§|5¥0d£1ﬁéﬂ%gégggﬁﬁn&&oﬁ?ﬁt ﬁjh{ succinic
aci)dt 9{5 ari’rray\wt ?dﬁlgnlgeorcaw&ro ag? mdleﬁdablwea;r}i@faibﬁwéwlﬁttolab?gt B?O@xw;d;n’a;] _boE
substituents o an val ue faqr e polyo in fr ic

t he hydroc%l?%o‘?'fngﬂﬂg?‘?'ftg@ PUQﬁIQQE‘fgéOa?%OL&e%P\?@d i-gh%dyﬁ,guﬂﬁ% (?fh ese
subst i t ut eghdrdE4rbdInCs AEHitLiEd sABENIY 48l8s Iov AHIGEAEESViZ SRy BYioa dfthalej®f 20
(40, 000/ 2000=20) equi val ent wei ghts of substituent %roups. The ratio of

succi ni ¢ gaedps ardyssidevel itnderpfativad vith admlolydragarbpnesaria reagfiamef

ML tcol nat BRGGEPE oY Sihybisae vl RRIRR e P RE RBnb LB HEBbend g
conventi onigl wélERABWAUGSthOSE B skl ifr e Hrep@di idathhbbbe @iscaskdd fnlidetsis) . For
WO 03/ 040030 PCT/ US02/ 34917 16 exanple, the formul a bel ow can be used to

cal cul at e R®f€isucci nation ratio where maleic anhydride is used in the

acylation procegs :onlghmeenmpfobxﬁ%hméﬂgu?éﬂg@%Sﬁﬁ:mié 538408 x 2) -

(98 x Sap. No. of acy I ng agen thr's equa I's the succination
rati o, M ashydneesualze charastarped byl theuprasewee gliithinathdir Ssipuctile of sart he

S easur ccPEAB9E 1B, Sdeartabatras SUcslits BerLR st B 20° RTGALH TMPET e
active st ngggslitens oA 5XBRE H$ BReadSmBodiment form about 1.7 to about 2.1
succinic groups for each equivalent weight of the hydrocarbon substituent.

For purposes of this invention, an equivalent weight of the hydrocarbon
substituent group of the hydrocarbon-substituted succinic acid or anhydride is
the number obtained by dividing the number average molecular weight (M,) of

20  the polyolefin from which the hydrocarbon substituent is derived into the total
weight of all the hydrocarbon substituent groups present in the hydrocarbon-
substituted succinic acids or anhydrides. Thus, if a hydrocarbon-substituted
succinic acid or anhydride is characterized by a total weight of all
hydrocarbon substituents of 40,000 and the M, value for the polyolefin from

25 which the hydrocarbon substituent groups are derived is 2000, then that
substituted succinic acid or anhydride is characterized by a total of 20
(40,000/2000=20) equivalent weights of substituent groups.

The ratio of succinic groups to equivalent of substituent groups present
in the hydrocarbon-substituted succinic acylating agent (also called the

30 “succination ratio”) can be determined by one skilled in the art using

conventional techniques (such as from saponification or acid numbers). For



10 nunber between 0 and 1, but not equal to zero. Thus an active ingredient
content of 80% corresponds to an Al value of 0.8. The Al value can be

cal cul at ewdms/daizng t echni ques such as col unm chr omat ogr apor/vdwesivican be
used to determ ne the anmount of unreacted pol yal kene in the final reaction
m xture. As a rough approxinmation, the value of Al is determned after 15
subtracting the percentage of unreactedqpol yal kene from 100. The
conditions, i.e., tenperature, agitation, solvents, and the | i ke for
reacting agxahpla. thé%ﬁnellaef)elﬂhpééh >bé“ﬁ§éél Ubad ALl 15! W%EX ge“t
with an olefin polyner, are known to those in the art anp es patents
descr i bi ngwhere m@éelpra@bydndeee vsgd Iprtbﬁacyb@ousmomssacyl ating agent s include
20 U. S Patentsmﬁkge%fﬁg\rﬂ fa 9“666 231,587; 3,912,764; 4,110, 349; and
4,234, 435; é L d g9e ILi‘ne di scl osures of these patents are
hereby |nc§ porgéi by reference. The acyl at 1 ng a<);ent may be conprised of
(1) a first car 6@’%2)5(:&9 2% PAR- Nagehacyalinchgoent) | east one hydrocar bon
substi t uen a&ﬁi’e& t 5 a t ) ond

car boxyl i cthacy?at ng'ogge(hst g%t%g na C"?%'o(h H)[%(jit'{?‘l‘ gg&pegﬁgm&%raggﬁiec

subst i t uenmotscular Welgﬂnlhomd 5@p. dNo. hsrthatsammﬂih&on mydtféri nign w:abéve( ) and
(rr) may be nob basi c or a mxture ere These acyl ating
agents may® mg( aga'Poﬁlzlt r acyiating, @gept = Heeawrﬁa éal?oéj\g% Hr thenhagh a

l'i nking gr I t t ut 5:95
to about 9%@%“"2#‘&”?“55’5%é“’é”ﬁ%@dﬁ“ﬁéé?és%ﬁné L el e T T
one erlt@odlmmnbeabemeemowdd bl mot @Quabto mwslrﬁuemoaeﬁve ogpedignpl7 17

In the enb Iatl ent are |linked
t oget her b Oq'légﬁ{]hﬁw '[?SB§P$ ‘e\?l‘??gé eﬁB? H )"Egﬂﬁdcﬁ‘ M8 are
pol ybasi ¢ catdatdteby ugingrtecmﬂqu@s sﬁcrdaé 'cbﬁﬁ'nrﬁ bﬁanﬁ’at@QfQ?ﬂWhlBﬁ‘daﬂ%é"‘D or
nore prinary amino groups, two or nore secondarégam no groups, at |east

one pri marYsesl rdetergine she minaint| efaunregsteds pelyatieny iarthadingl G’ﬁﬁ?’tl@l’t | east

two hydro ou r r d o_group and
at Ie)altst é‘ﬁL %dr%‘i %u@% ASD%E‘l %"%ﬁ%gll?c}éar ngs%ff)g‘f ?%1 @%t%rngﬂeﬁ gﬁeq rgt
acyl atLisng agﬂractlhg)thmrdmn@;e abomtteaﬂ:%d polgaikehe Hdth tapbon at om; and in

one enbodi nment out é(% 10 ,about 500 carbon atons, and in
ermbodi nent aboul N&&Ng! |35§Ute5(§@mperature agitation, solvents, and the Ilke for

reacting an alpha, beta olefinically unsaturated carboxylic acid reagent with

an olefin polymer, are known to those in the art. Examples of patents
describing various procedures for preparing useful acylating agents include
20 U.S. Patents 3,215,707; 3,219,666; 3,231,587; 3,912,764; 4,110,349; and
4,234,435; and U.K. Patent 1,440,219. The disclosures of these patents are
‘hereby incorporated by reference.
The acylating agent may be comprised of (I) a first carboxylic acylating
agent having at least one hydrocarbon substituent of about 6 to about 500
25 carbon atoms, and (ll) a second carboxylic acylating agent optionally having
at least one hydrocarbon substituent of up to about 500 carbon atoms. The
acylating agents (I) and (ll) may be monobasic, polybasic, or a mixture
thereof. These acylating agents may be mixed together, or they may be
linked together through a linking group (lll). The weight ratio of (I):(Il) may be
30 from about 5:95 to about 95:5, and in one embodiment about 25:75 to about
75:25, and in one embodiment about 40:60 to about 60:40.



carbon atons, and in one enbodi nrent about 40 to about 500 carbon atomns,

and i n one enbodi nent about 50 to about 500 carbon atons. In the enbodi nent
wherei n tW® @ogbesbi ng agents (1) and (I11) are |inked togadrevsocheiopti onal
hydr ocar bon substituent of the second acylating agent 15 (I1) may have 1
to about 500 carbon atons, and in one enbodi mrent about 6 to about 500
carbon atons, and in one enbodi nent aboyty 12 to about 500 carbon atons,
and in one enbodi nent about 18 to about 500 carbon atons, and in one

30 o about 500 hen arae anefet, B oCBllia Akfs 0) oRE (T SR MR oo

30 to about 500 c on at ons, I'n one 0 about
500 car bontogietimay, byaadinkingogreupnibib)diheesntylatbrguagértist(h) arebd)tard(iblgzadion
atonms. |In the _enbodi nent wherein the acylatin ents (| and (l1) are
e oy 20 £ R crons fydsrivast o Copebli Rve teidr etk Bl agent
(1) must i fibd Cha@Nbr hearat (o)A t y | ; yth oil
sol ubi |'i ty%t"%lgigljﬁ;%/ theb%ydrocgbrét@r?égg\ggﬁﬁ?u%ﬁyaﬁ %ﬁér?a%e@%teaf"ggs about

25 6 cdr boaminogumaddial least enehesdcongeary stminesgroupbauleast twarhtydroxyd ons. 1 n
one enbodi nent eact%lof t he hydrocar bon sabstituents of eacq of . the
acyl ati ng 9GaREs Of At Gt 18 Prifnary o5 SSpeRaat: g, piyp agd Atdgast one
pol yi sobutﬁymogymmugg_dependent |y has a nunber average nol ecul ar weight in
t he range of about 500 to about 3000, and in one enbodi ment about 700 to 30
about 2600. TheThodiysEesasban substiiuentof the firstcacudating: pagntademay haveray be a

pol yi sobut ' e r . Ml ec nel t 2000
o Sbout  S2BGuELE 48, alitih oG AORIE L ARP AT BB emBRaF Al 250
03/ 04Q@30 &6FUtUSOR/ EHABAT atdmis| mnadnih erbogmbetimeticatold 390 .to Talsodtyso®car bon

substituent of the acyl atin agent (11) may be a polyi sobutene group
having a rEABER A0BNaqediBIobe PRPORERADAK 4kl #borsGUCAbEN e and

I n one enbé),qlﬁij ?WEF‘GW""%Q?E %%utmf?%ﬁ%gofﬁb{ﬂafmﬁsemom nment about

1000. 5 The nki ng group for irst acyl ating agent (I)
with the seconbh theyeabodinenfemberein theragylhting agentsd(lf anch(H) po Yioked a

PO B e Y5t SR B ar sl a5 SO A G S0t el
group 1avi Y rAay HaRBCY tPBbod0500 chrdon e hridintdie EMbBERHESt AbsRugh
car bon-t o- oxygen bonds, and mis an
to about 500 carbon atoms, and in one embodiment about 12 to about 500
carbon atoms, and in one embodiment about 18 to about 500 carbon atoms,
and in one embodiment about 24 to about 500 carbon atoms, and in one
embodiment about 30 to about 500 carbon atoms, and in one embodiment
20 about 40 to about 500 carbon atoms, and in one embodiment about 50 to
about 500 carbon atoms. In the embodiment wherein the acylating agents (1)
and (Il) are merely mixed together the hydrocarbon substituent of the
acylating agent (ll) must be of sufficient length to provide the acylating agent
with oil solubility, typically the hydrocarbon substituent will have at least about
25 6 carbon atoms, and in one embodiment at least about 12 carbon atoms.

In one embodiment, each of the hydrocarbon substituents of each of
the acylating agents () and (ll) is a polyisobutene group, and each
polyisobutene group independently has a number average molecular weight
in the range of about 500 to about 3000, and in one embodiment about 700 to

30 about 2600. The hydrocarbon substituent of the acylating agent (I) may be a
polyisobutene group having a number average molecular weight of about
2000 to about 2600, and in one embodiment about 2200 to about 2400, and



integer from2 to about 10, and in one enbodinent 2 to about 6. R may be a
hydr ocarbon group of 1 to about 40 carbon atons, and in one enbodi nent 1
to about B® aamsm at ons. The pol yol may be a glycol. The rdtkydoene1gl ycol s
are useful. Exanples of the polyols that may be used include ethyl ene

gl ycol, 15 diethylene glycol, triethylene glycol, tetraethylene glycol,
propyl ene glycol, dipropylene glycol, 48ipropyl ene glycol, dibutylene
glycol, tributylene' glycol, 1,2-butanediol, 2,3-dinethyl-2, 3-butanediol,
2, 3- hexanegi 2t I [ [ ' t itol,
I 7- nept anbdy i ornp8giff <RRBt a6 Fhe RERhaGhER b fuenfbPaR AT o1

1, 2, 5- hexaagenti(b) mad, %5 4 Riyikelaeaergrolp hhvihg3a butrdestavieodge molecular

L 2D SIEEH) Sretd huCi ShoRLsP0g! A st RSP

2-met hyl - latyRrapangdd H ohé emiBimehehBee 000" _
2- hydroxynet hyl - 2-ethyl -1, 3- propanediol -(trinmethyl propane), and the |ike.

M xt ur&s of twolhe linking grouphdll) farr linjanag dhe dirstrcyiatng. agentTHe wilhl theri nes
ful | i nki d [1) f Li.nki th |at i | d

(T iy RO AR B i 8. aehird el & paf ) T hpBHtE Bt potings.

Th i ncl k I ' dt hetHecforralir

T A Ky e o S Co 0, POT S0 SAGT T o6 Wer ei n

has an average val ue between 1 and aBout(Olm and in one enbodi ment about 2

to about 7 F near f : r , and
I n one enb‘%’ﬁ%@“nt"%’ﬁélot‘?gg"'{‘ g @ﬂﬁﬂ[éa? é%rgﬁ]ocg]rgéﬁgﬁ@wgn@mg%h%g 8™

i ndep@ﬂ?en’hl, R ib)}dl;ihededg éha@l—lggiqmipstthm@}qhd:mﬁbnft%ory@em bblude,cb_rfd al iis_pérralt i g
group of up to about car bon at qQns. ese a ene pol yanines  include
met hyl ene 'ﬁ@%ﬂ%@,toeﬁhﬂwé eaB‘SI'?Wr?éE?O‘EiUW¥3HQ ﬁ%%ﬁmﬁﬂﬁé@y bBpyl ene
pol yam nesy, RBpailoAtiiodH\of Mo ASout e carBRRAb, SHAIRIGAE Ghbsdiitent 1
pol yani nes YReride e ﬁy ene diam ne, triethylene tetramne, propylene
di am ne, ttoi amiuty2kcarbdhatoms, Thei golpplyhaydet 2 glyanl. ndhetatkylare ghcolse 10

ItO \%‘t g;ri gg’r%r%ﬁ(%?@gé)?aﬁplgg %tf?hrg Bgryoi)setrl]ﬂ% %tah l:|>eeGsee<§1 el eneeﬂwy%rneagl%c)ﬁ,t ure of

15 diethylene glycol, triethylene glycol, tetraethylene glycol, propylene glycol,
dipropylene glycol, tripropylene glycol, dibutylene glycol, tributylene’ glycol,
1,2-butanediol, 2,3-dimethyl-2,3-butanediol, 2,3-hexanediol, 1,2-
cyclohexanediol, pentaerythritol, dipentaerythritol, 1,7-heptanediol, 2,4-
heptanediol, 1,2,3-hexanetriol, 1,2,4-hexanetriol, 1,2,5-hexanetriol, 2,3,4-

20  hexanetriol, 1,2,3-butanetriol, 1,2,4-butanetriol, 2,2 ,6,6-tetrakis-
(hydroxymethyl) cyclohexanol, 1,10-decanediol, digitalose, 2-hydroxymethyl-
2-methyl-1,3-propanediol-(tri-methylethane), or 2-hydroxymethyl-2-ethyl-1,3-
propanediol-(trimethylpropane), and the like. Mixtures of two or more of the
foregoing can be used.

25 The polyamines useful as linking compounds (Ill) for linking the
acylating agents (I) and (ll) may be aliphatic, cycloaliphatic, heterocyclic or
aromatic compounds. These include the alkylene polyamines represented by
the formula:

HN—(Alkylene—N),H
30 | I
R R



The hydroxyam nes useful as |inking conpounds (I11) for linking the
acylating agents (1) and (I1) may be prinmary or secondary am nes. The terns
"hydr oxyawions/o4aosd " am noal cohol " descri be the sane cl ass mfT/cepeounds 15
and, therefore, can be used interchangeably. In one enbodi nent, the
hydroxyam ne is (a) an N-(hydroxyl-substituted hydrocarbon) am ne, (b) a
hydr oxyl - substituted pol y(hydrocarbonoxyd analog of (a), or a m xture of
(a) and (b). The hydroxyam ne nay be an al kanol am ne containing from1l to

about 40 carhan, af QUE, aﬁn%l%rggé’”@alﬁgggéw@%?1'aﬁ6’n€$’&#t 180 gp8" RPidngt ons,

20 and i n one "enbodi nent abou carbon ato he hydr oxyam nes
usef ul as drhbodiment mapoabatowhdut 7] ke Malkyleac'agrqup has jroom 1decadihriy) am nes,

i Xt f t th . T d ' b
Fepr ose: dafbpealitteiand | Sug Sxkenbedon 21 pBRIES sois BbmaRd. o so
| | i u
LA¢ R s %déb%@ggg% hiidoBefty Ui GipRgfic J6P Uy dtbxRsRbdtiurd

ei ght carbon atons or ute ydr ocar bon group of two to
about 8i ghaliphetio gro4n 0B OpRCTEHSD BMBdrbon dtomsar Bueseaalkytengneplraiminesa

di val h b f ab b 18 b .
Typi cal |y BAEASRTBEVENE HENBmRsF. SO S PoBER B8 e Ent BIR=NINSHs. The
group -R -dhhiRng eflﬁirn%{)géntﬁ/%?feeﬁ&%miﬁé%? ety BEeaific exampldst ot Qth

hydrocarbon group. R can an acyclic, alicyclic or aromatic 5 group.
Typi cal | y,patyaminesn indydei ethylene gbiandnepr tigltylenea| tefiasniaegr igpYSIEh as an

by o owyani G or M aEyehs”] AR ComoRvEEr | Ftarie, o fipcibrite The
N- ( hy dpoxyperithsiing, lis@ethdene achtaminanipeatetifiene Hexantine hpdaoxidtueub-

stituted pol y(hydrocarbonoxy) anal ogs of the above-descri bed hydroxyam nes
10 (these eff#ogydnarestvererfi ude hydroxyl - substituted oxyal kyl ene anal ogs).

o Snar v "y 2ol TR SHRES DUSRTRS Mo BABOLARY ) SEMMRRRESY
r epr esent esbyldtingt dngerfte (Mnarale(ll) may be primary or secondary amines. The terms
"hydroxyamine" and "aminoalcohol" describe the same class of compounds
15 and, therefore, can be used interchangeably. In one embodiment, the
hydroxyamine is (a) an N-(hydroxyl-substituted hydrocarbon) amine, (b) a
hydroxyl-substituted poly(hydrocarbonoxy) analog of (a), or a mixture of (a)
and (b). The hydroxyamine may be an alkanol amine containing from 1 to
about 40 carbon atoms, and in one embodiment 1 to about 20 carbon atoms,

20 and in one embodiment 1 to about 10 carbon atoms.

The hydroxyamines useful as the linking compound (lll) may be a
primary or secondary amines, or a mixture gf two or more thereof. These

hydroxyamines may be represented, respectfully, by the formulae:

25 H.N-R'-OH or
H
N N-R’-OH
30 /
R

wherein each R is independently a hydrocarbon group of one to about eight
carbon atoms or hydroxyl-substituted hydrocarbon group of two to about eight



15 2ZNR -CHor H N(ROXxH 20 77 R wherein x is a nunber from about 2
to about 15, and R and R are as described above. The hydroxyam ne usef ul
as the |iwaosg4asopound (I111) for linking the 25 acyl ati myTageasi1(l) and
(I'1) may be one of the hydroxy-substituted primary am nes described in

U S. Patent 3,576,743 by the general fornula Ra NH2 wherein Ra is a

nonoval ent organi c group containing at pgast one al coholic hydroxy group.
The total nunber of carbon atons in Ra preferably does not 30 exceed about
20. Hydr ox¥5%BRSkbtetH- B @%SI of up

t o about lgacar ?ct)n at ons d?g‘@gé%ﬁ?h&@%‘bﬁrlﬂﬂy Pgd;yrgb?@g‘plgttﬁ?égﬁﬁa kanol
primary antanbsn\ﬂ’lemel nlydieally eachoRl ig eolowves malloyd ggommpf ppdsesavelicaebon a
primary am havi ng al. kyl Sstl tuent contaj ning up, to about 10
car bon ato :Tg?et (Qr%%utlﬁggﬁydﬂo%ﬂ ?Wdﬂ?eaf%or%@'fa‘l{? hghl@zdémé)flkanol VO
03/ 040030 El%nuﬁea/%éaarb%a GIJURRT R’ ABhNES AP REFSIROHMichSicRer Biémafterei n Ra
is a nono-0O or 'F r oxy- substituted al kyl group. It Is desirable that
at | east OQ@U@f ymcali;yﬂir isgn a@voltmstrajghhormnamhgdalmm groumysirabxdd  gr oup.
Specific exﬁt Esnegf1a%1p2§p)g¥§rof§ butfykﬂ%ﬁét -oct ec?ﬁeﬁ/e erpcnger%upnCI ude

2amnolB

met hyl - 1- pr opanphe m}/ﬁlhﬁly@nhﬁdé sERI gl theaimkingneemBoant AN may BeastRks
3-am no- 1- ﬁropanol am no- 2- net hyl - 1, 3- propanedi ol , 2-am no-2-ethyl -1, 3-

pr opanedi oN-(ydioxy5Uppl M@@my@lﬂme)rbw) BRBASS. ank NRsEt MAY) bgi hyeramil-feb- tri s-

hyd 2-
oy eoTY Detittel GO ARBFICBENOR) SRS 8 Adovaiiiditibl HLRATBHIRAE)

gl ucami(];e (tgése:_aaalnsgsEalsdfrwéﬂldmhﬁcil(mwmlﬂﬁaétdxyb}é@}évm@lﬁaogs)hﬁucﬂﬁn be_ .
repar e accordl n oceaur es no | t he ar reactin | SOPreneoxi de
(P et o GEaGYrosabory amiass v be. HPHENRINESBARA no- 6-

met hyl - 6- hﬁgtr%w?lbn‘rbf (f]sﬂﬁﬁta?&%ldeéﬂ‘ 5?§%|H%Q ARG ible)re % F%oam no

pr opane, I am no r oxypropane, et a- roxy t hox
by the formulae:

15 H-N—R'—OH or
H
N N—(R'O),H
20 yd
R

wherein x is a number from about 2 to about 15, and R and R' are as
described above.
The hydroxyamine useful as the linking compound (lll) for linking the
25 acylating agents (I) and (Il) may be one of the hydroxy-substituted primary
amines described in U.S. Patent 3,576,743 by the general formula
Ra—NH;
wherein R, is a monovalent organic group containing at least one alcoholic
hydroxy group. The total humber of carbon atoms in R, preferably does not
30 exceed about 20. Hydroxy-substituted aliphatic primary amines containing a
total of up to about 10 carbon atoms are useful. The polyhydroxy-substituted
alkanol primary amines wherein there is only one amino group present (i.e., a
primary amino group) having one alky! substituent containing up to about 10
carbon atoms and up to about 6 hydroxyl groups are useful. These alkanol



15 et hyl enedi am ne, trisnethyl ol am nonethane and the |ike. Hydroxyal kyl

al kyl ene pol yam nes having one or nore hydroxyal kyl substituents on the
ni trogen woosw4my be used as the linking conpound (111) Hawusoenkiing t he
acylating agents (1) and (11). Useful hydroxyal kyl -substituted al kyl ene
pol yam nes include those in which the hydroxyal kyl group is a | ower 20
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L11), opt i@ b : )k [ QUL ¢ tantiall

i(ner% : olroggﬁllrﬂ@d h?qu&?g&lgﬁgpgéﬁlt%ﬁﬂﬁﬁggﬁat @e%rrrlggtdﬁgwecg&g%ﬂ%%@ét abou%/ 30C

up to tthe deicemisi gliucosanairzs rébmimo-8fhydnexy-8anéihyh 1dnripoes it Saannk or

okt Dl 1o LSRR R SEBL b o S DR
about 80C {fth akmborlidf) NVE(@mih &S oy 4aL REHBY -ﬁﬂiéerﬁﬂ%e(;i-hmil%-é-

I
anhydrides. On the other hand, whenh the acyl aﬁ}ng)agents (I') and (Il) are
aci ds, t hi methykehapianel,bsaraippt taenianoh thidbetasydroxyetbyit 1Gediamin@bout
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Gener ald y, eftglereatdmpy tristhéihlyiod nfiacrhelanthdhdgl 1. ng agents (1) and

(rr), at Ileast about one equivalent of the |inking conmpound (I I? I s used.
The upper |im Hydroxyalyl mikideng avarpines) haynareng of gie \idenyalkyl

linking cogpaupteds!dn the nitrogen atoms may be used as the linking compound (111}
for linking the acylating agents (l) and (lI). Useful hydroxyalkyl-substituted
alkylene polyamines include those in which the hydroxyalkyl group is a lower

20  hydroxyalkyl group, i.e., having less than eight carbon atoms. Examples of
such hydroxyalkyl-substituted polyamines include N-(2-hydroxyethyl) ethylene
diamine, N,N-bis(2-hydroxyethyl) ethylene diamine, 1-(2-hydroxyethyl)-
piperazine, monohydroxypropyl-substituted diethylene triamine,
dihydroxypropyl-substituted tetraethylene pentamine, N-(3-hydroxybutyl)

25 tetramethylene diamine, etc. Higher homologs as are obtained by
condensation of the above-illusirated hydroxy alkylene polyamines through
amino groups or through hydroxy groups are likewise useful. Condensation
through amino groups results in a higher amine accompanied by removal of
ammonia and condensation through the hydroxy groups results in products

30 containing ether linkages accompanied by removal of water.

The acylating agents (l) and (ll) may be reacted with the linking

compound (lll) according to conventional ester and/or amide-forming



15 for each equival ent of acylating agents (1) and (11). Generally the
rati o of equivalents of acylating agent (I) to the acylating agent (Il) is
about 0. 5woo3/atmsat 2, with about 1:1 being useful. The prradusozsede by
this reaction is typically in the formof statistical mxture that is
dependent on the charge of each of the acylating agents (1) and (I1), and
on the nunber of reactive sites 20 on tgme |inking conpound (I11). For
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nonoam nes that are useful for reacting with the acylating agent to form
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equivalents of acylating agent (I) to the acylating agent (Il) is about 0.5 to
about 2, with about 1:1 being useful. The product made by this reaction is
typically in the form of statistical mixture that is dependent on the charge of
each of the acylating agents (I) and (ll), and on the number of reactive sites
20 on the linking compound (Ill). For example, if an equal molar ratio of
acylating agents (l) and (Il) is reacted with ethylene glycol, the product would
be comprised of a mixture of (1) 50% of compounds wherein one molecule
the acylating agent (1) is linked to one molecule of the acylating agent (i)
through the ethylene glycol; (2) 25% of compounds wherein two molecules of
25 the acylating agent (1) are linked together through the ethylene glycol; and (3)
25% of compounds wherein two molecules of the acylating agent (ll) are
linked together through the ethylene glycol.
The amines which are useful for reacting with the acylating agent to
form the surfactant (jii)(a) include the amines and hydroxyamines discussed
30 above as being useful as linking compounds (lil) for linking the acylating
agents (I) and (Il). Also included are primary and secondary monoamines,

tertiary mono- and polyamines, and tertiary alkanol amines. The tertiary



di met hyl pentyl am ne, di net hyl hexyl am ne, di net hyl heptyl am ne, di net hyl octyl
am ne, di nethyl nonyl am ne, dinethyldecyl am ne, dinethyl phenyl am ne,

N, N- di oct wo @/aet3anam ne, N, N-di dodecyl - 1- dodecanam ne, t rRCIoCHABINE,
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di met hyl - |1 - dodecanam ne, N, N-di netyl -1-tetradecanam ne, N, N-di nethyl - 1-
hexadecanam ne, N, N-di net hyl 1-octadecag@m ne, N, N-di nethyl cocoam ne,

N, N-d i et hyl soyaam' ne N, N- di met hyl hydr ogenated -tal |l owanm ne, etc.
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hydr ocar bon gr 6[hr5mdﬁ'oanaye$3ﬂ1airar@d%ﬂui for raat’fmg:Wltb tive acyiatingaagenigtooup.

T I traight or b | k WO 03/ 040030
CT] Uso2] Ja51 1€ sitaPian (ifafmad hreprasiatoy 1o Rt ene. 2. 2- butyl ene.

1, 2-oct adecyl ene, etc. group.RWieNe—tR® R groups are present in the sanme
nol ecul e they can be joined by a direct carbon-to-carbon bond or through a
het eroatom (e.g., oxygen, nitroge 3or sulfur) to forma 5-, 6-, 7- or

ed b | ud
N (nydPo Vel Ry1 560 32 R e SaRie ol BrRTe %&Wda%&*“é*ﬁﬁﬁé”c -
- oxazol i di Pessrabiyhiriz @2 sHdRS ,ar@mwepbhdehtl%hydmrbmi gmuplscnmfmn A®ach Ris
a low al kyl group of up to seven carbon atons., A useful td1r m ne is

di net hy| ardasi b satbonTatoms,andinyane eaabedimest fionbd tor ale
N- ( hydr oxy St 'l%)%ﬁéﬁgle ?ﬂﬁgéﬂﬁ%ﬁﬁw i n’é@smcﬂb‘aes?nrfnéﬁwlaml e, trie h

hydr oxyl - rocar ana 0gs ove- cribed
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Béyil)ﬁééﬁ?rgeﬁé‘é"hﬁf’b@ésm%ﬂaw%téQZ?rEh%ws“bs rhie” i e OB P bed
ani nes andyighBehGRIRPRNHRSeRYhERAaMeHifethylheptylamine, dimethyloctyl
amine, dimethylnonyl amine, dimethyldecyl amine, dimethylphenyl amine,
N,N-dioctyl-1-octanamine, N,N-didodecyl-1-dodecanamine, tricocoamine,
trihydrogenated-tallowamine, N-methyl-dihydrogenated-tallowamine, N,N-
20 dimethyl-1-dodecanamine, N,N-dimetyl-1-tetradecanamine, N,N-dimethyl-1-
hexadecanamine, N,N-dimethyl 1-octadecanamine, N,N-dimethylcocoamine,
N,N-dimethylsoyaamine, N,N-dimethylhydrogenated -tallowamine, etc.
Tertiary alkanol amines that are useful for reacting with the acylating
agent to form the surfactant (iii)(a) include those represented by the formula:
25 R

AN
v

wherein each R is independently a hydrocarbon group of one to about eight

N-R'-OH

carbon atoms or hydroxyl-substituted hydrocarbon group of two to about eight
30 carbon atoms and R’ is a divalent hydrocarbon group of about two to about
18 carbon atoms. The groups —R'—OH in such formula represents the
hydroxyl-substituted hydrocarbon groups. R’ may be an acyclic, alicyclic or
aromatic group. Typically, R" is an acyclic straight or branched alkylene



15 R Rj(RO,-H 20 wherein x is a nunber fromabout 2 to about 15 and R
and R are described above. Polyam nes which ,are useful for reacting with
t he acyl aniongpoagsat to formthe surfactant (iii)(a) includa/wsdeessdikyl ene
pol yam nes di scussed above as well as al kyl ene polyam nes with only one or
no hydrogens attached to the 25 nitrogen atons. These include the

pol yam nes represented by the formula: 2R - N -(A kylene - i)n-R R R 30
wherein nis from1 to about 10, preferably froml to about 7; each Ris
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hydrocarbon) amines can be conveniently prepared by reaction of epoxides
with afore-described amines and can be represented by the formula:
15

R
N .
o N —(RO)—H

20 wherein x is a number from about 2 to about 15 and R and R" are described
above.

Polyamines which are useful for reacting with the acylating agent to

form the surfactant (iii)(a) include the alkylene polyamines discussed above

as well as alkylene polyamines with only one or no hydrogens attached to the

25 nitrogen atoms. These include the polyamines represented by the formula:

R— Il\l —(Alkylene — I\ll)n—- R

R R
30

wherein n is from 1 to about 10, preferably from 1 to about 7; each R is
independently a hydrogen atom, a hydrocarbon group or a hydroxy-
substituted hydrocarbon group having up to about 700 carbon atoms, and in
one embodiment up to about 100 carbon atoms, and in one embodiment up

35 to about 50 carbon atoms, and in one embodiment up to about 30 carbon



U S. Patent No. 5,912,213 which incorporated herein by reference. A typical
sanpl e of such ethyl ene pol yam ne bottons obtained fromthe Dow Chem cal
Conpany dexi @ratsd "E- 100" has a specific gravity at 15. 6@CTofS03@168, a
percent nitrogen by weight of 33.15 and a viscosity at 40C. of 121 20
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6 to about 30.” R ma a straight chain or branch
U.S. Patent o 5 912,213 which incorporated herein by reference. A typical

sample of such ethylene polyamine bottoms obtained from the Dow Chemical
Company designated "E-100" has a specific gravity at 15.6°C. of 1.0168, a
percent nitrogen by weight of 33.15 and a viscosity at 40°C. of 121
20 centistokes. Gas chromatography analysis of such a sample indicated that it
contains about 0.93% "light ends" (most probably diethylenetriamine), 0.72%
triethylene tetramine, 21.74% tetraethylenepentamine and 76.61%
pentaethylenehexamine and higher (by weight). Another commercially
available sample is from Union Carbide, known as HPA-X®. These
25 polyamine bottoms often include cyclic condensation products such as
piperazine and higher analogs of diethylenetriamine, triethylenetetramine and

the like.
The alcohols which are useful for reacting with the acylating
agent to form the surfactant (iii)(a) include the polyols discussed above as
30 being useful as linking compounds (lll) for linking the acylating agents () and
(I1). Also included are mono-alcohols. The mono-alcohols may contain from

1 to about 40 carbon atoms, and in one embodiment 1 to about 20 carbon



chain al kyl or al kenyl group. R1 may be a C2, C3 or (4 al kyl ene group, or a
m xture of two or nore thereof. The surfactant (iii)(a) may be in the form
of a sal twoas/@eBer, an amide, an imde or a mxture of tREI/ESV2BW1E
thereof. The salt may be an internal salt 20 involving residues of a
nol ecul e of the acyl ating agent and the ammoni a or am ne wherein one of the
car boxyl groups becones ionically bound2Bo a nitrogen atomw thin the sane
group; or it may be an external salt wherein the ionic salt group is
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first product, separ ately 15 reactiing the acylatin ent (11) and anmoni a,

am ne, al C@J}}ﬁjn allgyl ofi alkginy group. R' may be a Cj, Cs or 84 a ylene group, or a
mixture of two or more thereof.

The surfactant (iii)(a) may be in the form of a salt, an ester, an amide,
an imide or a mixture of two or more thereof. The salt may be an internal salt
20 involving residues of a molecule of the acylating agent and the ammonia or
amine wherein one of the carboxyl groups becomes ionically bound to a
nitrogen atom within the same group; or it may be an external salt wherein the
ionic salt group is formed with a nitrogen atom that is not part of the same
molecule. In one embodiment, the amine is a hydroxyamine, the acylating
25 agent is a hydrocarbon substituted succinic anhydride, and the resulting
surfactant (iii)(a) is a half ester and half salt, i.e., an ester/salt. In one
embodiment, the surfactant (iii}(a) comprises a mixture of a salt or an
ester/salt with an imide.
The reaction between the acylating agent and the ammonia, amine,
30 alcohol or mixture thereof to form the surfactant (jii)(a) is carried out under
conditions that provide for the formation of the desired product. Typically, the

reaction is carried out at a temperature in the range of from about 50°C to



t hereof (which can be the sane or different amoni a, am ne, al cohol, or

m xture thereof that is reacted wwth the acylating agent (1)) with each
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products with the 1linking conpound (111). The ratio of reactants ultilized

in the preparation of 20 these products may be varied over a w de range.

Cenerally, for each equivalent of each2pf the acylating agents (lI) and

(I'), at least about one equivalent of the linking compound (II1) is used.
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det er ni ni mnea e@bodimeeataksutdgli val ents for each of the acylating agents,

those carboxy! - [pgad LA AILAD 1A SuRaLRERRA ), HESAERURSY B iftigiy, 0! | ©

acid acylating 5 agent” are ex e s one

equi valoentreef:tn@gmeattacylgtmgag@mtsf(!)ramja@b mafﬂb@dmkgfmnpoummell)awfm ng
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pol yam ne; m%ﬂﬂ% th%ré)&l tKg{T?s'}%acted with the acylating agent (I)) with each other to

form a second product, then reacting a mixture of these two products with the
linking compound (lll). The ratio of reactants ultilized in the preparation of
20 these products may be varied over a wide range. Generally, for each
equivalent of each of the acylating agents (I) and (ll), at least about one
equivalent of the linking compound (lll) is used. From about 0.1 to about 2
equivalents or more of ammonia, amine, alcohol, or mixture thereof are used
for each equivalent of the acylating agents (I) and (ll), respectively. The
25 upper limit of linkihng compound (lll) is about 2 equivalents of linking
compound (lll) for each equivalent of acylating agents (l) and (Il). Generally
the ratio of equivalents of acylating agent (1) to the acylating agent (lI) is about
0.5 to about 2, with about 1:1 being useful. Useful amounts of the reactants
include about 2 equivalents of the linking compound (llI), and from about 0.1
30 to about 2 equivalents of the ammonia, amine, alcohol or mixture thereof for

each equivalent of each of the acylating agents () and (1).
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succinic acid or a
nitrogen (14) by the % N contained in the polyamine; thus, a polyamine
mixture having a % N of 34 would have an equivalent weight of 41.2. The
weight of an equivalent of ammonia or a monoamine is equal to its molecular
weight.

20 The weight of an equivalent of an alcohol is its molecular weight
divided by the total number of hydroxyl groups present in the molecule. Thus,
the weight of an equivalent of ethylene glycol is one-half its molecular weight.

The weight of an equivalent of a hydroxyamine which is to be used
as a linking compound (lll) is equal to its molecular weight divided by the total

25  number of —OH,>NH and —NH; groups present in the molecule. On the other
hand, if the hydroxyamine is to be used in the reaction with the acylating
agent to form the surfactant (iii)(a), the weight of an equivalent thereof would
be its molecular weight divided by the total number of nitrogen groups present
in the molecule.

30 In one embodiment, the surfactant (jii)(a) is the product made by the
reaction of a hydrocarbon-substituted carboxylic acid or reactive equivalent

thereof with ammonia, an amine, an alcohol, or a mixture of two or more
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one pri marproduct of a hydrocarbon-substituted succinic acid or anhydride with
ammonia, an amine, an alcohol, or a mixture of two or more thereof, the
hydrocarbon substituent of the another compound having about 50 to about
500 carbon atoms.
20 In one embodiment, the surfactant (iii)(a) comprises a mixture of at
least two compounds: one of the compounds being the reaction product of a
hydrocarbon-éubstituted succinic acid or anhydride with an alkanol amine;
another of the compounds being the reaction product of a hydrocarbon-
substituted succinic acid or anhydride with at least one ethylene polyamine.
25 In one embodiment, the surfactant (iii)(a) comprises (I) a first
polycarboxylic acylating agent having at least one hydrocarbon substituent of
about 6 to about 500 carbon atoms, (ll) a second polycarboxylic acylating
agent optionally having at least one hydrocarbon substituent of up to about
500 carbon atoms, the polycarboxylic acylating agents (l) and (ll) being the
30 same or different and being linked together by (lil) a linking group derived
from a compound having two or more primary amino groups, two or more

secondary amino groups, at least one primary amino group and at least one



or secondary ami no group and at | east one hydroxyl group, the

pol yi sobut ene-substituted succinic acids or anhydrides (1) and (I1) being
react ed wwahosaaomb kanol am ne (e.g., dinethylethanol am neecrus02/34917

di et hyl ethanol 20 amine). In one enbodinent, the surfactant (iii)(a)
conprises a mxture of: the product nmade fromthe reaction of a

pol yi sobut ene-substi tuted succinic acid3gor anhydride with an al kanol am ne
wherein the polyi sobutene group has about 8 to about 500 carbon atons; the
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reaction of a hydrocarbon- substituted succinic acid or anhydride with
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subst hsuendepiafy BHFRE HréfRy, 3 %ead! ffelbAfary amino group and at least one
secondary amino group, at least two hydroxyl groups, or at least one primary
or secondary amino group and at least one hydroxyl group, the
polyisobutene-substituted succinic acids or anhydrides (I) and (ll) being
reacted with an alkanol amine (e.g., dimethylethanol amine or diethylethanol

20 amine). ,

In one embodiment, the surfactant (jii)(a) comprises a mixture of: the
product made from the reaction of a polyisobutene-substituted succinic acid
or anhydride with an alkanol amine wherein the polyisobutene group has
about 8 to about 500 carbon atoms; the product made from the reaction of a

25  hydrocarbon-substituted succinic acid or anhydride with an alkanol amine
wherein the hydrocarbon substituent has about 6 to about 30 carbon atoms;
and the product made from the reaction of a polyisobutene-substituted
succinic acid or anhydride with at least one alkylene polyamine wherein in the
polyisobutene group has about 8 to about 500 carbon atoms.

30 In one embodiment, the surfactant (iii)(a) comprises a mixture of: the
product made from the reaction of a polyisobutene-substituted succinic acid

or anhydride with dimethyethanol amine or diethyethanol amine wherein the



wei ght of 2300 and is derived from a pol yi sobutene having net hyl vi nyl i dene
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substituent has a nunmber average nol ecul ar wei ght of 1000 and is derived
from a pol yi sobut ene havi ng net hyl vi nyl i dene i soner content of 85% by

wei ght. The product has a diluent oil c@ttent of 30% by wei ght and a
succination ratio of 1.4 (after correcting for unreacted polyi sobutene).
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m xture is stirred and mai nt al
t enperldt ur euffactant @i)(ajours. The mixture is cooled to 96C, and

di met hyl am noet hanol (77.1 gr arTB IS Icgarggﬁcej! to the m xture over 5 m nutes
such that the reaction 10 tenper &t exceed 100C. The m xture is
mei nt ai ned at 9AGweNe- m@nefohﬁ%bckaré@kt@@naﬁqedmﬁﬁﬁtd%.sng oM g751e
product is a brown, Viscous roduct. Exa HOW 3 A reaction m xture
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0oL SO0y HSY PO oMBBLIE SOSHERL e s v
havi ngLmn mereagesoe/onspoﬁelghms & firstgopassbutend substititeef sddifi@ anhydride
wherein the polyisobutene substituent has a number average molecular
weight of 2300 and is derived from a polyisobutene having methylvinylidene
isomer content of 80% by weight, and 40% by weight is a second
polyisobutene-substituted succinic anhydride wherein the polyisobutene
20  substituent has a number average molecular weight of 1000 and is derived
from a polyisobutene having methylvinylidene isomer content of 85% by
weight. The product has a diluent oil content of 30% by weight and a
succination ratio of 1.4 (after correcting for unreacted polyisobutene). The
flask is equipped with an overhead stirrer, a thermocouple, an addition funnel
25 topped with an Nz inlet, and a condenser. The succinic anhydride mixture is
stirred and heated at 95°C, and ethylene glycol (137 grams) is added via the
addition funnel over five minutes. The resulting mixture is stirred and
maintained at 102-107°C for 4 hours. Dimethylaminoethanol (392 grams) is
charged to the mixture over 30 minutes such that the reaction temperature
30 does not exceed 107°C. The mixture is maintained at 100-105°C for 2 hours,

and filtered to provide a brown, viscous product.



et hyl ene pentam ne (0.375 equivalent) is m xed over a period of
approximately fifteen mnutes. The reaction mass is then heated to 150C 20
over a fiw® dsadeo3peri od and subsequently bl own with nitroger/esozadaiat e of
five parts per hour for five hours while maintaining a tenperature of 150C
to 155C to renove water. The material is then filtered producing 477 parts
of product in oil solution. Surfactantggiii)(b) 25 The surfactant (iii)(b)
is conprised (I) a polycarboxylic acylating agent, and (I11) a copol yner
derived fromat |east one ol efi nEQQQ%IIg_s ﬂ{éﬂ | east one al pha, beta
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about 500 5 la atons, and in one enbodi nent about 24 to about 500 carbon
atons, and I n one errbodl nment about 30 to about 500 carbon atons, and in
one enbodi ment about 40 to about 5(Examplfiiial8s, and in one enbodi nent
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about 700 to about 2 00 These pol ﬁcar oxylic

anhydride (0.5 equivalent) and 15.4 parts of a commercial mixture of ethylene

polyamine having an average composition corresponding to that of tetra
ethylene pentamine (0.375 equivalent) is mixed over a period of
approximately fifteen minutes. The reaction mass is then heated to 150°C
20  over a five-hour period and subsequently blown with nitrogen at a rate of five
parts per hour for five hours while maintaining a temperature of 150°C tfo
155°C to remove water. The material is then filtered producing 477 parts of
product in oil solution.
Surfactant (iii)(b)
25 The surfactant (iii)(b) is comprised (I) a polycarboxylic acylating agent,

and (ll) a copolymer derived from at least one olefin monomer and at least
one alpha, beta unsaturated carboxylic acid or derivative thereof. The
acylating agent (I) and copolymer (ll) are linked together by (lll) a linking
group derived from a compound having two or more primary amino groups,
30 two or more secondary amino groups, at least one primary amino group and
at least one secondary amino group, at least two hydroxyl groups, or at least

one primary or secondary amino group and at least one hydroxyl group.
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15 embodiment, the hydrocarbon substituent is a polyisobutene group having a
number average molecular weight in the range of about 500 to about 3000,
and in one embodiment about 700 to about 2600. These polycarboxylic
acylating agents are the same as the polycarboxylic acylating agents
described above in the description of the surfactant (iii)(a).
20 The alpha-beta olefinically unsaturated carboxylic acid used in making
the copolymer (Il) may be either monobasic or polybasic. Exemplary of the
monobasic alpha-beta olefinically unsaturated carboxylic acids include the
carboxylic acids corresponding to the formula

R—CH=C—COOH
25 |
R1

wherein R is hydrogen, or a saturated aliphatic or alicyclic, aryl, alkylaryl or
heterocyclic group, and R' is hydrogen or a lower alkyl group. R may be a
lower alkyl group. The total number of carbon atoms in R and R! typically
30 does not exceed about 18 carbon atoms. Specific examples of useful
monobasic alpha-beta olefinically unsaturated carboxylic acids include acrylic

acid; methacrylic acid; cinnamic acid; crotonic acid; 3-phenyl propenoic acid;



(such as phenyl groups and | ower al kyl and/or |ower al koxy-substituted
phenyl groups (e.g., para(tertiary-butyl)-phenyl groups)) and alicyclic
groups 20wsuish4ersowoul d be obt ai ned from pol yneri zabl e cyaddmusesksidins or
alicyclic- substituted polynerizable cyclic olefins. The ol efin nononers
may be hydrocarbon olefins of 2 to about 30 carbon atons, and in one
enbodi nent 2 to about 16 carbon atons, @pd in one enbodinent 2 to about 6
carbon atons, and in one enbodinment 2 to 25 about 4 carbon atons. Specific

exanpl es r I i al _al ety | i ncl ude
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acryl ate, gdygliveny!l ether and methyl -vinyl ketone. These include the

followi ng al pha olefin fractions: Cl15_18 al pha-olefins, Cl2-16 al pha 5
ol efins, Cl4- 16The plefinonenomers aied inemakipgaths edpolymeclp-rogy Be - @ ef i ns,

embodi ment oG BOBTARY et Fleicihicts K R Rgpd i halihS oo fore,

anhydrliode-ethgleﬁi&euﬁéﬁmf&téﬂ@romrbs.i Fhey candey monoolefimid Adgweres suehdis mal ei c
anhydride. 10 The copolyner (11) may be prepared by reacting the_olefin
mononmer  vethWenge BIGRIENSebitasiea] riseRytene uRBH! n&t1c &F bBRYyPlefinig
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as medial olefins). The medial olefin monomers may be used in combination
with the terminal olefins. The olefin monomers may include aromatic groups
(such as phenyl groups and lower alkyl and/or lower alkoxy-substituted
phenyl groups (e.g., para(tertiary-butyl)-phenyl groups)) and alicyclic groups
20 such as would be obtained from polymerizable cyclic olefins or alicyclic-
substituted polymerizable cyclic olefins.
The olefin monomers may be hydrocarbon olefins of 2 to about 30
carbon atoms, and in one embodiment 2 to about 16 carbon atoms, and in
one embodiment 2 to about 6 carbon atoms, and in one embodiment 2 to
25 about 4 carbon atoms.
Specific examples of terminal and medial olefin monomers which can
be used include ethylene, propylene, butene-1, butene-2, isobutene, pentene-
1, hexene-1, heptene-1, octene-1, nonene-1, decene-1, dodecent-1,
tridecene-1, tetradecene-1, pentadecene-1, hexadecene-1, heptadecene-1,
30 octadecene-1, eicosene-1, docosene-1, triacontene-1, peniene-2, propylene
tetramer, diisobutylene, isobutylene trimer, butadiene-1,2, butadiene-1,3,
pentadiene-1,2, pentadiene-1,3, isoprene, hexadiene-1,5, 2-chlorobutadiene-



one enbodi nent about 5000 to about 30,000, and in one enbodi nent about
6000 to about 12,000. 20 The linking group (lI11) for linking the acylating
agent (1)wa dasw4edse copolynmer (11) may be derived from a pradiysop/3e17

pol yam ne, a hydroxyamine or a mxture of two or nore thereof. These are
the sane as |inking conmpounds (I11) described above in the description of
the surfactant (iii)(a) for linking the3sacylating agent (1) wth the
acylating agent (lI1). 25 The acyl ating agent (1) and copolyner (I1) may be

reacted w t e At Ol AP O UL i NgatH. | 1 ester
and/ or ami fdgf2%mﬁgpﬂeg&ﬁgﬁe?gyAél{)Péér))rYé@&%ngf ?ﬁéypﬁﬁ%“glgbgfc?ﬁ??ohnz (1)
may be reatyredediviylbenzdre, t hiaybagdtate ncpliyhenalcohdl, bmetbyuhylasetate,l ) to
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presence of a nornally |ITquid, substantially inert, organic l|iqui
sol vents/ didlefng, . CTerpalphatolefinsf Catis | alpla-olafine3/©wao 30prcrielies2 (34917 36

about 30C to, the deconpgsition te tre of the reaction conmponent
and/ or proaaﬁla?'oh%ﬂﬂsng 18180 ﬁBhﬂ'??eq@acggfﬁepm?eature may be used. The
t enper at ure maynbené @rﬁtfwimng&h@fco@bgﬁmﬁ@@ i & 35Plymep QE styrefle ighdone

enbodi ment about 180C to about 225C. The ratio of reactants nmay be varied
over a wi dealei;hgehydigrr i ppe emghodinagehit dggi capadvinenef egladesane-hangey| at i ng
agent (1) : I (I'r), at least about one equivalent of the |inking
conpound ('ﬁﬁ%&ggﬂﬂ%@ The upper Iimt of |inking conmpound (Il1) is about
2 equil\(oal) entfj Ofhé :cbbbtygnem(‘rt)ouayi bl ||b|1e)oa1?®d byarsactiag the adlefit madnomesn at i ng
agent (1) and copolymer (I11). Cenerally the ratio of 10 equival.ents of
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one embodiment it is about 1:1. The copolymer (lI) may have a number
average molecular weight in the range of about 2000 o about 50,000, and in
one embodiment about 5000 to about 30,000, and in one embodiment about
6000 to about 12,000. ‘
20 The linking group (lll) for linking the acylating agent () with the
copolymer (I} may be derived from a polyol, a polyamine, a hydroxyamine or
a mixture of two or more thereof. These are the same as linking compounds
(1) described above in the description of the surfactant (iii)(a) for linking the
acylating agent (1) with the acylating agent (Il).
25 The acylating agent (I) and copolymer (Il) may be reacted with the
linking compound (Il) according to conventional ester and/or amide-forming
techniques. Alternatively, the linking compound (lll) may be reacted with
either the acylating agent () or copolymer (ll) to form an intermediate
compound, and then the intermediate compound is reacted with the
30 remaining non-reacted acylating agent (I) or copolymer (Il). These reactions
involve heating the reactants, optionally in the presence of a normally liquid,

substantially inert, organic liquid solvent/diluent. Temperatures of at least



group in the acylating agent (lI) and copolyner (11). The nunber of

equi valents for the |linking conpound (Il11) is determned in the sanme manner
20 as forwdhe/4oaski ng conmpounds used to nake the surfact amc(usozsfay. The
followi ng exanple is provided to further disclose the preparation of the
surfactant (iii)(b). Exanple (iii)(b)-1 To a 5-litre flask equipped with
heating mantl e, overhead stirrer, 25 pB8ssure equalizing dropping funnel,
nitrogen gas inlet, thernocouple and tenperature control apparatus open to

at nospher e uRgET ug4 NtoOfihle éé&dﬁﬁr:pd%”ndﬁ terﬁg/é.ﬁt&@bw frRercabion )@empomh%t i tuted
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mai nt ai nedembbunﬂemr@bmumecqé ab@apzzmto ai d rermval of water.
Triethyl enetetra_am ne (176g cE i s_added dropwi se over 3 hours. Once
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provi so that% th1e_ rs?lfﬁ'm of n% nd n does not 15 exceed the nunber of avail able
posi ti ons B 1-{ PRING YFETY substi tuted; each Rl independently is a
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nucl euZ (Il) depends on the gotal number of carboxyllc functions present lFr)1 each. In
determining the number of equivalents for the acylating agent (I) and
15 copolymer (Il), those carboxy! functions which are not capable of reacting with
the linking compound (Ill) are excluded. In general, however, there is one
equivalent of each acylating agent (I) and copolymer (ll) for each carboxy
group in the acylating agent (I) and copolymer (II). The number of
equivalents for the linking compound (1) is determined in the same manner
20  as for the linking compounds used to make the surfactant (ii)(a).
The following example is provided to further disclose the preparation
of the surfactant (iii)(b).
Example (iii)(b)-1

To a 5-litre flask equipped with heating mantle, overhead stirrer,

25 pressure equalizing dropping funnel, nitrogen gas inlet, thermocouple and
temperature control apparatus open to atmosphere is added an oil solution of
polyisobutene (Mn=1600) substituted succinic anhydride (3478g,-2.0 Eq, 30
wt% 100N diluent oil), poly[1-octadecene-alt-maleic anhydride] (312g, 1 Eq,
Mn=15,000) and 100N diluent oil (139g). The flask is purged with nitrogen

30 and the temperature is raised to 180°C with stirring. A light flow of nitrogen is
maintained during the course of reaction to aid removal of water.

Triethylenetetra amine (1769, 1.4 Eq) is added dropwise over 3 hours. Once



Ar may be a coupled aromati c conpound, the coupling agent preferably being
20 0, S, CH2, a | ower al kylene group having from1l to about 6 carbon atons,
NH, and tW® d3ikensowi th RL and OH generally bei ng pendant frcamussackpiar onatic
nucl eus. Exanpl es of specific coupled aromatic conpounds i ncl ude

di phenyl am ne, di phenyl net hyl ene and the like. mis usually froml to 3,
and in one enbodinent | or 2, and in oge enbodinent 1. n is usually froml1l
to 4, 25 and in one enbodinent 1 or 2, and in one enbodinent 1. R2 nay be

H, —am no 0 o angd | ogl i
hydr ocar béﬁég@ﬁ[ﬂ% %%ﬁhﬁlgﬁt% g%ﬁ@%g@%c%ﬁﬁham% aﬁnaﬁﬂ‘%&rg%reggo toéi ment
up to abouhofbBoud hbr88fOnsThamdadtiorondxtandixlicovled amd decamtedt infkb@ car bon

atons. R1L may be an al kyl group, .al kenyl group or cycloal kyl group. 30 In
one enbodiGAERRINERP P@Vﬁ%ﬁ&%’@gcﬂwg\‘ up derived froman olefin polymer.

The ol efin pol yﬁamtgﬁi}ﬁ” ved froman olefin nononmer of 2 to about 10
carbon atons, odi nent about 3 to about 6 carbon atons, and

i n onesenbodi nefie abdactaat (i)d)os antaromatietdanhieb compauadweriesd Gemo 30

PCT/ US02/ 34917 38 nononers include ethyl ene; pro ene; _but ene- 1.

but ene- 2; % Wé’}{gmaqﬁeﬁpm-ufg’ t?ébtae!a%h@]e ﬁf@ng‘ébnenoﬂ%ﬁeqﬁ;am@?ene-_1;
pent ene- 2;cpfaifing %t Ue&st She [pMndly GPBBcON®AEGOamInd) gpdgp.emaslinyargxy R1 is a
pol yi sobut ene group. The polyisobutene 5 g%roup may be made by the

pol yner i zarporatisfcam@aundmaydgrepreseniet byithg fermwat ene content of about 35

to about 75% by wei ght and an isobute content of about 30 to about 60%
by weight. In one enbodinent, Rl is a polyisobutene group derived froma

poni§ but ene having a hi gh nethylyinyli i soner content,... t is, at
| east 10 about 70% met hyl vi nylié%\rgre.— %&@rne hi gh met hyl Ji"?ﬁ{??‘. dene
pol yi sobut enes i nclude those prepared using boron trifluoride catal ysts.

The preparaf L oF | 5.0 I IATY s} he. net hygl Al gyl i e
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descri bed numbkSfroRat databout 41wvith 488 provdsd titShedim ofien dnd ol dses Bet of each
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10, a pol y5gRiERARIcABY 9% RydtHERABONAYRUBISF up to about 400 carbon atoms;
and R? is H, amino or carboxy.
In Formula (iii)(c)-1, Ar may be a benzene or a naphthalene nucleus.
Ar may be a coupled aromatic compound, the coupling agent preferably being
20 0O, S, CH», a lower alkylene group having from 1 to about 6 carbon atoms,
NH, and the like, with R' and OH generally being pendant from each aromatic
nucleus. Examples of specific coupled aromatic compounds include
diphenylamine, diphenylmethylene and the like. m is usually from 1 to 3, and
in one embodiment 1 or 2, and in one embodiment 1. n is usually from 1 to 4,
25 and in one embodiment 1 or 2, and in one embodiment 1. R? may be H,
amino or carboxyl, and in one embodiment R® is H. R' may be a
hydrocarbon group of up to about 400 carbon atoms, and in one embodiment
up to about 250 carbon atoms, and in one embodiment up to about 150
carbon atoms. R' may be an alkyl group, alkenyl group or cycloalkyl group.
30 In one embodiment, R' is a hydrocarbon group derived from an olefin
polymer. The olefin polymer may be derived from an olefin monomer of 2 to
about 10 carbon atoms, and in one embodiment about 3 to about 6 carbon

atoms, and in one embodiment about 4 carbon atoms. Examples of the



nol ecul ar wei ght of about 950 and a net hyl vi nyl di ene content of about 82%
and Utravis 30, a polyisobutene having a nunber average nol ecul ar wei ght
20 of abowto @BAA@3and a net hyl vi nyl i dene content of about PM%USBIN17

avai lable from BP Anroco. The pol yi sobutene may have a nunber average

nol ecul ar weight in the range of about 200 to about 5000, and in one
enbodi ment in the range of about 250 tggabout 3000, and in one enbodi nent
the range of about 300 to 25 about 2500, and in one enbodi ment in the range
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derived from a polyi sobutene having a nunber average nol ecul ar weight in 30
t he range dftwawgunorsotrerepfabout 5000, and in one enbodi ment about 500 to

and in one endBdh oS Ao el 38, PO BB oo Tk e8I 17 oo
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carbon at %boﬁgggqa%b%%tgg%wwg@ﬁpcar bon groups containing 1 to about 6

carbon atons, I'n"one enbodingnt 1 or 2 carbon atons. In one
enbodi nent, Rl lanon&2etbodiyerte Rhdeperpeyisbhuishengroupr derikgd - oms @i t ut ed

heny! hav; t t : t d i i ment
o about BHEsrRene g a it etV Eoldet Beri: o in, Aty A Ro% ocar bon
gr oup gf laﬁdmtng)gtm?ﬂﬁlwia@ne.at%%b@wbﬂ maRgviRyistigTpolyisbbuterazout 6

carbon atons. npl es of” suitabl e al dehydes and. ketones incl ude
f or mal dehyideludesthase triepaieddésing esew deflusidedeatabsts r Ahgaprgaaration of

e e R eolBRBt I AP e PRg kit sORSBE g TR
aci d, and pdiechidge. of the total olefin composition is described in U.S. Patents
4,152,499 and 4,605,808, the disclosures of each of which are incorporated
15 herein by reference.

Examples of suitable polyisobutenes having a high methylvinylidene
content include: Ultravis 10, a polyisobutene having a number average
molecular weight of about 950 and a methylvinyldiene content of about 82%;
and Ultravis 30, a polyisobutene having a number average molecular weight

20 of about 1300 and a methylvinylidene content of about 74%, both available
from BP Amoco.

The polyisobutene may have a number average molecular weight in
the range of about 200 to about 5000, and in one embodiment in the range of
about 250 to about 3000, and in one embodiment the range of about 300 to

25 about 2500, and in one embodiment in the range of about 500 to about 2300,
and in one embodiment about 750 to about 1500.

In one embodiment, the hydroxy aromatic compound is a
polyisobutene—sub/stituted phenol wherein the polyisobutene substituent is
derived from a polyisobutene having a number average molecular weight in

30 the range of about 300 to about 5000, and in one embodiment about 500 to
about 2500, and a methylvinylidene isomer content of at least about 70%, and
in one embodiment at least about 80%.



Precursors of such conpounds which react as al dehydes under reaction
conditions of the present invention can also be utilized and include 20
par af or matvdedsyden3of or mal i n, tri oxane and the |ike. Paraf orraalasebgpea7and
aqueous solutions of formalin (e.g., about 35%to about 45% by wei ght
formalin in water) may be used. M xtures of the various al dehydes and/ or
ket ones may be used. The ami ne may be agy of the am nes discussed above
having at |east 25 one >N-H or -NH2 group. The renmi ning val ences on the

nitrogen atom My 4RRLSAL io?Réﬁ%e%aﬂ%%rr‘régg%ecng%Cﬂ)ﬁfl}é)forﬁv[ﬂé”i € groups

bonded to the nitrogen’ "atom throug o-nitrogen |inkages.
The am ne may be a nonoam ne, a pol ya@i ne or a hydroxyam ne. The ratio of
equi val ents of hydroxy aromatic conpou”d to al dehyde or 30 ketone to ani ne
may be about 1:(1 to 2):(0.5to 2)R1I 2%% enbodi ment the r%ga i s about
1:1:1. WD 03/ 040030 PCT/ US02/ 34917 rfactant (iii)(d) & Zsurfact ant
(it )(é) is at |least one ionic or nonionic conmpound having a hydrophilic

| i pophi | i OTRPsREseHMBIeqfhwhgEeip Ah doranlaGblie)-1: Roaaddtit md@pelagﬁmﬂw n one

enmbodi nent t < e 'lgerg HSHH iabout
20, and inar%ﬁ@“%r&%&é}%@%g@ﬁps%&ﬁd;g@ﬁ 11@)8@?1 |ncgne gt#ontc')%)li Ergent about
4 to aboutari RPnmagebes hipdidicartn gtdupsHedhtaiming 1t foeab@utg® cadforalaterns,? t o

about 30, and.in one enpodi mnent about 7 to ahout 20, and in ne odi nment
Shout 3t FVHDSLENS BMABUINSIGE 052 tahon ARBo R dhe AEbSUMETROAA T

M Qut %eo%gy%gjfn%ggﬁ&%ggggn% %g%ggil-%ubé@c%d Bﬁ’énryrp gtOUTREVIRG o

I nternation It the North Angrican Edition and pages
1- 199 of tdlwoutni@rcaboreibmBdiandoin ane endmdiment ep teeabiont Y cadfasr ence
ni ¢ and, noni Qqni ¢ co

for their disclossare o uch i ounds. fu

conpounds THERAR SARAIS SiP FELOIEINA g IV o aaT Sikehel bfy Hegut

pol y(oxyal 4| @8dn CABRRINIG ih "éhélBrABodhRAE TOROLEORY B earfdn Sitdias15

al kyl ene oxi de repeat units, carboxyl ated al cohol ethoxyl ates, ethoxyl ated

al cohol s, examprlasatefd suiteble paldabydes eendxkeionas arivde dermaldehyde,
PANORE SR BbyEL 1 OB Gl L AThBEhy00 oL BlrkehypEst oS
i m dazol i nsergeidetaideyemd the like, as well as acetone, methyl ethyl ketone, ethyl
propyl ketone, butyl methyl ketone, glyoxal, glyoxylic acid, and the like.
Precursors of such compounds which react as aldehydes under reaction
conditions of the present invention can also be utilized and incilude
20 paraformaldehyde, formalin, trioxane and the like. Paraformaldehyde and
aqueous solutions of formalin (e.g., about 35% to about 45% by weight
formalin in water) may be used. Mixtures of the various aldehydes and/or
ketones may be used.
The amine may be any of the amines discussed above having at least
25 one >N-H or -NH; group. The remaining valences on the nitrogen atom may
be satisfied by hydrogen, amino, or organic groups bonded to the nitrogen
atom through direct carbon-to-nitrogen linkages. The amine may be a
monoamine, a polyamine or a hydroxyamine.
The ratio of equivalents of hydroxy aromatic compound to aldehyde or
30 ketone to amine may be about 1:(1 to 2):(0.5 to 2). In one embodiment the

ratio is about 1:1:1.



l ecithin and derivatives, lignin and derivatives, nonoglycerides and 20
derivatives, olefin sulfonates, phosphate esters and derivatives,

pr opoxyl aweds/caodo et hoxyl ated fatty aci ds or al cohol s or adayisophenol s,
sorbitan derivatives, sucrose esters and derivatives, sulfates or alcohols
or ethoxylated alcohols or fatty esters, sulfonates of dodecyl and
tridecyl benzenes or condensed naphthalgnes or petrol eum sulfosuccinates
and derivatives, and tridecyl and 25 dodecyl benzene sulfonic acids. In
one enbodi nent, g 8Bttt nt (iii)(d) is a poly(oxyal kene) conpound.
These incl ude cnpﬂﬁyneréﬁgﬁﬂethylene oxi de and propyl ene oxide. In one
enbodi nent, t heThesudacanh@ii{dris at teagh @onedolicior nosicnic opwippoad having esent ed

03/ 040030 BRYAGBIICARIPRTIC PrTaeE EHLBAINARE aRo% Peabalt T EpapU a0,k ar
units of pRHAEN eRJAThER ABLtY1 kS abblie 30UBRE N hel &RBBHIMKEHLIabAA 1etdy! ene

oxi de, as shown in the formula. In one enbodinent, x and x' are
i ndepefnderabauin@fbeard iin one esbgdinéntz@bout ol tabeboub010,amddyin LNE nunber

in the range, of. abqut 4 tq about .60. In on . enhogdi A | ymer
has a nunb%?’b%'g?%{ﬁ@bﬁ’m 338@210“\%\/@? 3Ht°'19 eﬁ‘%(?ﬁimg'ii{B%@nﬁgba'Bdﬂlﬁ%%&% and in
one enbodigeabodbPtd aBdR030,0a8d M ond/ERbodimem abpiib 7dionaibdut 2d1earsdifif act ant
(tii)(d) is an ethoxylated al kyl phenol or an al koxy pol yet hoxy al cohol .

The al kyl @peemkadinest ebaeiy ft aowl kI Exareplss rigesacom SgRtup of
the al koxgdiggl'o%g% hgﬁ%g@ﬂ&{i’éed’?ysﬁ%ﬁaﬁs 10§03yt Ry s 2 S bon

atons, an T apout © (O apout Io-cdl n a omé, an in one
enboditment Aplefidhn & Irbembtithal Editien.b dPageot@35 dfthe NeribvhodrioentEditidre al kyl
group of the ethoxyl ated al kyl phengl is o nonyl . The anount of

] ctyl or .
et hoxy! at i ¥ Ragesad g% obrthgn ?mft‘PBabM‘HgnZWe dDoPORaedx Parein units
per al kyl chaincl ; i W e up in
t he al koxy pole;ﬁg%ﬁ:gf(y% é'?é%ﬁ?gl\éh?érﬁg Sﬁhﬁ%ﬁ?leo lC])oﬁgp!t%sd:'c\)/vl P?aﬁd\f/éa?i)r(%s%ggendi ng
on whet hercarmpouleds r éutledeul sikamolasnidespi bikylarylauléonadesi samine ooxides,

e Oy e, FUPAE et RSN iol, ERANRLRS, Yoblngtinds 20 o,
(i) @® igkpenal kxibeatepeBbpluni8Mddgboxylated alcohol ethoxylates, ethoxylated
alcohols, ethoxylated alkyl phenols, ethoxylated amines and amides,
ethoxylated fatty acids, ethoxylated fatty esters and oils, fatty esters, fatty acid
amides, glycerol esters, glycol esters, sorbitan esters, imidazoline derivatives,
lecithin and derivatives, lignin and derivatives, monoglycerides and
20 derivatives, olefin sulfonates, phosphate esters and derivatives, propoxylated
and ethoxylated fatty acids or alcohols or alkyl phenols, sorbitan derivatives,
sucrose esters and derivatives, sulfates or alcohols or ethoxylated alcohols or
fatty esters, sulfonates of dodecyl and tridecyl benzenes or condensed
naphthalenes or petroleum, sulfosuccinates and derivatives, and tridecyl and
25 dodecyl benzene sulfonic acids.

In one embodiment, the surfactant (iii)(d) is a poly(oxyalkene)
compound. These include copolymers of ethylene oxide and propylene
oxide. In one embodiment, the ionic or nonionic compound (i) is a copolymer
represented by the formula

30 CH3 CHj

| |
HO—(CHCH20)x—(CH2CH20)y—(CH,CHO),e—H



20 am de or acid ester. The al kyl group may contain from1l to about 18
carbon atons, and in one enbodi nent about 1 to about 8 carbon atonms. In
this enbed osaoosbhe surfactant (iii)(d) tends to enhance rdwUSoes#ari on of
m cro- emul sions. Typical exanples for this use include nethanol, ethanol,
pent anol, hexanol and ethyl hexyl al cohol. These surfactants may be utilized
25 in conjunction with other surfactantgqsuch as ethoxyl ated al kyl phenol s
or amne salts of carboxylic acids discussed above. The HLB of the

sur f act antyyfbidig ngntisx %fré‘i "ﬁuPr'iBéFeéfyr ?@éﬁﬂﬁﬁ@@f’budb&léd%goxﬂétéﬂde vy the

final emul sion. ter-i1n- enul si ons to req wer HLB ° val ues,
e.g. Iessthehunnlaexmftreﬁeat/\hmmaﬁemylenenemeassimWrsslmﬂr@ foemadlat olnregui r e 30

e o CegBpdRRen S § b BN hySielh 5 R TPl o

ratios grgshigr26 ham gbi@ua nkindbdd inV el P z?get gﬂ@lbbet hopnamM&ites0.| Nnde
enmul si ons, while WD 03/ 040030 PCT/ US02/ 3 | ower values of this

rati o, 5e. gembodimes, thisseopoiymes basta numbayawalﬁénobenlarM@lghtmfmbout

1) () mlo G abodttnchnPR ™ SopielEinkf pBG FRATHS Spdinarbl? | Gui o

organi c sol vent Irﬁéﬁ@emﬁ)oﬂirﬁéﬁtakh@shrfaaﬁﬁt (i9td)ds Qh|eth6x38ated &Wl@he@bl
di carboxylic acid), naght ha, aI kyl ated (e.g C10- al kyl ) benzene,

tol uene,  x91 8Realkpxia Po Y alg ﬂwra&%@b@w quethet %thpesv ﬁi% alkardii tive
Concet iy M g bt I oo s ooy
cont ail f ralmmtﬁiw abhoagd 30 cabmrt affife bandvri g enibdchmehbabgall @go abbubnt The
ot ool TR S SHERRE S S8R P 4ot o™
Sbout 1 o iy TS etiodhifpRt HE SN ordifof BRI APl ﬁﬁéﬁiﬁs 9 YLy
hydr ocar bonoryded3hecamoonb of iethaxylationmkyd uangey frasn egooud) 1 ﬁawbm&tliﬁje (iv)
et OG0l b B 4 RO Bk o by (P o P 270
al kal i 50r  alkbkgy igheue i tHe BRORY podtRbR} alcohbl. f Fhe, number of EO units will
vary depending on whether the desired emulsion is an oil-in-water emulsion
or a water-in-oil emulsion. Typically, the number of EO groups will be greater
when an oil-in-water emulsion is desired.
In one embodiment, the surfactant (iii)(d) is an alkyl alcohol, amine,
20 amide or acid ester. The alkyl group may contain from 1 to about 18 carbon
atoms, and in one embodiment about 1 to about 8 carbon atoms. In this
embodiment the surfactant (iii)(d) tends to enhance the formation of micro-
emulsions. Typical examples for this use include methanol, ethanol,
pentanol, hexanol and ethylhexyl alcohol. These surfactants may be utilized
25 in conjunction with other surfactants such as ethoxylated alkyl phenols or
amine salts of carboxylic acids discussed above.
The HLB of the surfactant (iii)(d) is often a primary determinant of the
nature of the final emulsion. Water-in-oil emulsions tend to require lower HLB
values, e.g., less than about 6, whereas oil-in-water emulsions tend to require
30 higher HLB values, e.g., greater than about 6. These values may be modified
based on the ratio of oil to water. Higher values of this ratio, e.g., ratios

greater than about 1:1 by volume, tend to form water-in-oil emulsions, while



20 sulfide, sulfonate or nitrate. Mxtures of two or nore of the foregoing
may be wused. The water soluble salt may be an am ne or anmonium salt

repr esent i @y40d3e f ornul a k[ G NR3) y] Y+ nXp 25 wherein G iRCTysieogan or an
organic group of 1 to about 8 carbon atons, and in one enbodinent 1 to
about 2 carbon atons, having a valence of y; each R independently is

hydr ogen or a hydrocarbon group of 1 toggbout 10 carbon atons, and in one
enbodi nent to about 5 carbon atons, and in one enbodinent 1 to about 2
car bon at n _havi I ‘R"ﬂﬂn and p
are i ndepgggfeni\S rue’s fgtﬂg,?gﬁ tg)f ehg lré‘@ofle%@ t@\ﬁﬁ%béfuiﬂ 1—|§9 &, téﬁfjhg) sum of
t he posi tlfwmodilangeatbyemmsmqslal to the sum of the negatl ve charge nXp-.

In one enbodinent, X is a nitrate ion; and in one enbodinent it WO

03/ 040030 é@ﬂﬁ@mﬁl 7 43 is an acetate ion. Exanples include amoni um

nitrate, nethyl treis, +aUfi i nmoni um
PR HAR A é{I)IZ@? Jgngl,ﬂ??)ﬂye{gbé dlgtﬂ‘?% g/fnﬂﬂ"‘ Aispb&@hfaly

nitrate is useful. In one e ter e salt stabilizes the
wat er 15 enided, nb;maﬂgchqlmdnorfgaedssotxmntsaplmastmmeraboilreeymhemmglls(e@@ (A).

h - | | | ended
-rll-]ygr \é/g;re[m%&? hg? epg)gydlt %‘E?\ﬂl h‘tg"f‘ nglgggfﬁqt Flel'g (te]ﬁ’ (\éva e'kyl?é)e%fe?egnt ration
t 0.01
1 S5, g, S R o VR e, s 1

wei ght, anepricentyate whidiois than mixediwith the hWFQB%[hOFBW@?T% ad Wadeld i n one

enbodi nent t,10 0 % t from
about 0. Oldl?gnil%?ﬁ (REL qﬁ}olﬁ\% &)&%éhyg 'ﬁx%%g ecf‘%ngﬂb&rﬂﬁbqe%ﬁ&s | ubl e
sal t emhang@stainiteora>dbdat 1 0% t@j‘abéthtEQO%Wrwélblﬁ!mfetde iydigoiray Selveriteeltss ock
conposition formed during step (A = when the corrp05| tion 1s oxjdized during

the parti avaisti bigpdes imdéecqrhaﬂ frwsﬁ@kl@rﬂﬁ%ﬂt'%'t farped duingnetepe /b)r ocess.

In this e t I e n
amoni um ni tgat eﬂ@mgﬁc\gﬁcgh ?gt@}rﬁ 8?%’%«? ?@é‘m %0!1\)[%@ Sagp} I's present
in the watemblbiemerechboyt Odaiobatyodtedd Hyoedighip amedn oterémboditremt @bput n an

oxi dati on anci n unt e concentration may be in the range of about
0.01 to ab E)tqt gﬁ%%me' rgnd in one enbodi nent

15 The Water-Soluble Salt (iv)
The water blended hydrocarbon feedstock composition formed during

step (A) may include (iv) at least one water-soluble salt. The water-soluble
salt may be an organic amine nitrate, azide or nitro compound. The water-
soluble salt may be an alkali or alkaline earth metal carbonate, sulfate,

20 sulfide, sulfonate or nitrate. Mixtures of two or more of the foregoing may be
used. .

The water soluble salt may be an amine or ammonium salt
represented by the formula
KIG(NR3),J* nX*

25 wherein G is hydrogen or an organic group of 1 to about 8 carbon atoms, and
in one embodiment 1 to about 2 carbon atoms, having a valence of y; each R
independently is hydrogen or a hydrocarbon group of 1 to about 10 carbon
atoms, and in one embodiment 1 to about 5 carbon atoms, and in one
embodiment 1 to about 2 carbon atoms; X" is an anion having a valence of p;

30 andk, y, nand p are independently integers of at least 1. When Gis H, y is
1. The sum of the positive charge ky" is equal to the sum of the negative

charge nX?". In one embodiment, X is a nitrate ion; and in one embodiment it



20 about 0.01 to about 10% by weight, and in one enbodi nent about 0.01 to
about 5% by wei ght, and in one enbodi nent about 0.01 to about 2% by

wei ght, awm o3r4ar3e enbodi ment about 0.01 to about 1 % by vmiTgbso2/34mtifreeze
Agent I n one enbodinent, the water bl ended hydrocarbon feedstock 25
conposition fornmed during step (A contains an antifreeze agent. The
antifreeze agent may be an al cohol. Exagpl es include ethylene glycol,

propyl ene glycol, nethanol, ethanol, and m xtures thereof. The antifreeze

agent is typj S a rafi £ B4 G freezing
of the wa e?'q?sclg#t?nﬁ heE@p@?@%mu ed ﬂyaéﬁlﬁé@ gicl)tﬁé}kété@estp g@ﬁﬁ@%ﬁ‘r’fﬁ@gu tion
formed 30 ditmatenaires efirdtéd) and hesadimtratd. r Amnoonius nitrateelsarsefulependent  upon

th t t t which th ' ted t t t t
whi ch the  wat oh B1%AERPCDERLdar BeeTldabsal sighsss toNald Rt or
used. | 0 ORgu N0, A3ORRRMACTLHSRRIRMOTdmet? GUAPRILRN (A L NEnsORsRAl ral i on

is at alev up to about 10% by wei ght, an € enbodi nent about
0. 1 t o Sabosolubiesalt (iveimglyt bepredentvimitiee waitembledded yhydoecarbon féedsiistiock

conposition fornpd during.ste A ,.and in one .enbodine ut . 1 to about
596 by el gRRMPESTEGR SomA GG st @3 detphaSiratel 8o AbRLLRODIdR aphut

hydr ocar bopsdedaleiftit; anatifloneSebaginddtit abeiit 001 enabbit a5%eby weightedi ent s
as di scussed above may be mi xed under appropriate mxing conditions to

}‘or m thhe dasd rie conea esnbesligmeiné Abopl rb ArtboabawWe ti@¥o bk Weighbosnd iIBreNeE; t her
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m xi ng ccondidti terdbone % by wsight, Bid!is iopasembddintding pons abdoud.as ¢s abauvt ng

relatively | arge nean droplet sizes (e.g., about 50 microns) nay be nade
usi ng | ow $¥ely Weightng. Enul sions with di spersed phases having relatively

smal | mean dro%%néi@rﬁﬁocfiﬁ ; tl%bﬁ)g’ierjsoﬁmg%%?t @a%s%e@@aﬁéﬁg hi gh

shear m xi ng. e m xing may be conducte nperature I n range of
about 0 t otrebwater bifrdedimygtrocadms feetsidickenmpositmn fotdetawingugtepQ8) and in
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15 used with the inventive process. In this embodiment the water-soluble salt is
typically an amine or ammonium nitrate. The concentration of the water
soluble salt is present in the water blended hydrocarbon feedstock formed
during step (A) in an oxidation enhancing amount. The concentration may be
in the range of about 0.01 to about 15% by weight, and in one embodiment

20  about 0.01 to about 10% by weight, and in one embodiment about 0.01 to
about 5% by weight, and in one embodiment about 0.01 to about 2% by
weight, and in one embodiment about 0.01 to about 1% by weight.
Antifreeze Agent

In one embodiment, the water blended hydrocarbon feedstock

25 composition formed during step (A) contains an antifreeze agent. The
antifreeze agent may be an alcohol. Examples include ethylene glycol,
propylene glycol, methanol, ethanol, and mixtures thereof. The antifreeze
agent is typically used at a concentration sufficient to prevent freezing of the
water used in the water blended hydrocarbon feedstock composition formed

30 during step (A). The concentration is therefore dependent upon the
temperature at which the process is operated or the temperature at which the

water blended hydrocarbon feedstock composition is stored or used. In one



20 bl ended hydrocarbon feedstock conposition formed during step (A to form
a product conprising hydrogen and one or nore carbon oxides (i.e., CQ
C02). Thwo estogensor ef orm ng step may be conducted in the paazeswesdsal a
steam reformng catalyst. During step (B) the water bl ended hydrocarbon
feedstock formed in step (A) is mxed with steam and the resulting

m xture is vaporized. 25 Vaporization nmgy be effected using known
procedures. For exanple, the water bl ended hydrocarbon feedstock
conpositio : ' ] : | | 0 y have
o Vemper at orEoAEREME LM iion s 3L GRIE o1 B BRMo T0og BERCTHE AT 100
to about 106z eamobdimentabewubdd ieabouB00%bbytweaght obtreboater l&lednd i n
one enbodi rent about _300 to about 450C.. The steam pressure may.be in the
Ponge of  aPUlbearan SHRiRtole dePTBRe Yo IUTSd cIGHN FSRb A, A MSoMBa gage
pressure), eApedinie SiNEb PO A%t m}pgytwégﬁtp WO 03/ 040030 PCT/US02/ 34917 45
about 2000 psig (about 6.895 to about 137790 kPa), and in one enbodi ment

Fetming tloe Water BlendedtHwireearbon fieedst@ddos kPa), and in one
aho

enbodi ment _about, 1 L0 1t 500 psi ¢ (about 6.895 to_about,. 3447.5 kPa),
and in one enboltehtoREathon: toetad: AaBS: Sirbraboatd coniied dpst s
689. 5 kPa) ingléten@Pasi diedusied Whovel magt BE Mix@adeRdBY Hppeepiae measgt ock
and steam maﬁ_have a tenperature in the range of about 50 to about 1200C,

and in on€o nihtfoamothe 1 dlgsired awstar tiended ahydogahes deedsipalent
bout 300 12 ' . . . 0
19000, " andtomBESHbn, HBiker BIFshalAfys B Hid¥ thebBiind el be 8 10

e gbOdi e BE) Ecﬁbpﬁvtatéiqa-dibonagm-mfa?t@noéknuw@si. n F@neniermedimm?ns gbrsyumBaf) t g
about 11 .. .The vaporized m xture may have a pressure of about 1 to about
5000 psig Uﬁ%\?ﬁ H1e86 NN ISONAILONS 418Y |9, U§8He Et"é‘é’%‘ﬁf‘é)‘{v%&rﬁ’éﬁﬂ%s%e

enbodi nent ﬁ%%lét ﬂ%é’ﬁ”e PSikgn ( 0 ahqut : Pa), 15
and in onepe Odpé\éﬁg about lﬁ%ea@ggls qgg?p%%g?% dut 6. 8%(%?\%‘%'%38 ut
6895 kPa), maydbé rmade wesibodowesheabmixind. t Brmallsions 3Gth pisperéexbphais@és 895 to

bout 3447.5 kP i nbodi t.about 1t bout. 10 i bout
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m Xt urgs of pRfeelusing high shear mixing. The mixing may be conducted at a

temperature in the range of about 0 to about 100°C, and in one embodiment
about 10 to about 50°C, and in one embodiment about 15 to about 40°C.
Step (B
Step (B) of the inventive process involves steam reforming the water
20  blended hydrocarbon feedstock composition formed during step (A) to form a
product comprising hydrogen and one or more carbon oxides (i.e., CO, COy).
This steam reforming step may be conducted in the presence of a steam
reforming catalyst. During step (B) the water blended hydrocarbon feedstock
formed in step (A) is mixed with steam, and the resulting mixture is vaporized.
25  Vaporization may be effected using known procedures. For example, the
water blended hydrocarbon feedstock composition may be mixed with the
steam in a vaporizer.
The steam may have a temperature of about 50 to about 1100°C, and
in one embodiment about 100 to about 1000°C, and in one embodiment
30 about 200 to about 700°C, and in one embodiment about 300 to about 450°C.
The steam pressure may be in the range of about 1 to about 5000 psig (about
6.895 to about 34,475 kPa gage pressure), and in one embodiment about 1 to



20 bl ended hydrocarbon feedstock and steam may range from about 1:2 to
about 20:1, and in one enbodi nent about 2:1 to about 10:1. The oxygen to
car bon nowe® i3au0comay range from about 0:1 to about 1:1, aad/usev20sa7
enbodi nent about 0.1:1 to about 1:1, and in one enbodi ment about 0.2:1 to
about 0.4:1. 25 The vaporized m xture of water blended hydrocarbon
feedstock conposition and steam may cogisact the steamreform ng catal yst
for an effective period of tine to react the hydrocarbons therein with

vater 1o abafused BEiWBRIF AN SHIROM P80 kP%). INE if BREUHLAMInEhF® By

range from about 0.0 cond to about I'n one enbodl nent about
0. 05 30 seabod 1doabbout 3000 paig éabowtnél806 wnabeutb6895HMa)akbndtinOoi®®d second

b 10, m d,i di. 0, 05 t 1
e nute. - and PRI CABB 1 s G000HE GbeBha o b ahpus e kR and vo
03/ 040030 AGT/iWSH4 ABGinfeht iabodna RTBBELTIOD BARYaHBLED 688§ ot about

10 seconds, and in one enbodi nent about 0.2 second to about seconds. The
st eam ref oP®9.AKRMt al yst may utilize a nonolithic carrier, that is, a

carrier of the e _conpri,sing one.or . np nonol it hi c, bodje avi ng, a
plurality 5 of*%gn\éaﬁipq%le\(;i W@gurg?agf R b%&&'&@e@y‘%’%ﬁmf‘nﬁeﬁﬁ@%%’?%ugh.
Such nonol et iaes a Ewperfurlia thé taiyd 6f SH6@bB0 © asoutneoeycoak] type
carriers and are wel|l known in the art. The steamreform ng catal yst may

utilize a PaPecemiedimenippbput 40@Hoaabawnd2ee"C.ernd UtavRs entrasioest, _
shaped ToaGes ol 3hout uaB0r A 8 e o HEFIY AEBHRPOT 1

al um na pelTets or extrudate 'havi ng a unnauer - r)

sur f ack ar ¢200C,f andninbong ehtbddimeababbu? FO0siLabeut®R2e0C pend dhadhe Al um na
or alum na s %aj lize earé& netal and/or al kaline earth netal

with rare o f :
oxi des may®BEOHINERtH ‘é{‘sébd1 BBPYei <0076y and: inuene embedimeahabUipE i cul at e
support st@bapoet08ed! TRBIIBBELA Ahaub@haMhaye 4esrelBYdE: Mgt 1 fo The
catalytically active netals for the steamreformng catalySt may conprise
any of t heakeutfi000 psiggahout &880 Bboutsid #7plPaogage prassaredgrickin ome ckel |

Cobal AN B SHARES: 495" ke abeft SO Pl LR ke PRt 1R B o
"pl atiTeim gH@ P ofRd hfbodiERf abbat PltatdBBUN 1000 baly (HBouk PEbsB abblidi um
6895 kPa), and in one embodiment about 1 to about 500 psig (about 6.895 to
about 3447.5 kPa), and in one embodiment about 1 to about 100 psig (about
6.895 to about 689.5 kPa).
The water to carbon mole ratio of the vaporized mixture df water

20 blended hydrocarbon feedstock and steam may range from about 1:2 to
about 20:1, and in one embodiment about 2:1 to about 10:1. The oxygen to
carbon mole ratio may range from about 0:1 to about 1:1, and in one
embodiment about 0.1:1 to about 1:1, and in one embodiment about 0.2:1 to
about 0.4:1.

25 The vaporized mixture of water blended hydrocarbon feedstock
composition and steam may contact the steam reforming catalyst for an
effective period of time to react the hydrocarbons therein with water to
produce the hydrogen and carbon oxides. The contacting time may range
from about 0.05 second to about 1 hour, and in one embodiment about 0.05

30 second to about 30 minutes, and in one embodiment about 0.05 second to
about 10 minutes, and in one embodiment about 0.05 second to about 1
minute, and in one embodiment about 0.05 second to about 30 seconds, and



20 osm um and rut henium A useful platinumgroup netal steamreformng
catalyst is conprised of platinumand rhodiumw th the rhodi um conpri sing

f r om abouwol@/t@380% by wei ght, and in one enbodi ment abowCT3MbY17Wei ght ,
of the total platinumgroup netal present. OQher platinumgroup netals may
be utilized. For exanple, one or nore of palladium iridium 25 osm um or
rut henium may be utilized in the steam yegf orm ng catal yst. I n one

enbodi ment, prior to conmencing steamreformng, the water bl ended

hydr ocar bom bRgdshpekikemPasbit 0105F Q68 it Gl fﬁj,\) ednd réﬁ&"ihy%{“ di zed
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425C to about 1370C, and in one enbodi nent about 800C to about 1200C using

this parti3HPRAT 4N oS spBpres, sxtrudales. gsapdes: shared masgbess Guch as
hyd ki i dli ' Ln,th b
Feedst ock g PhraOReRt oF Fiz e AR o BTN BPhety b ch BBl o "

conpourfids. hatieg ef BRE(Bryamuer-EmmbttsTllerpsntface aved ddtfiop aoep My cal |y
cont ai ns pr, nard CO CXx2.and H2, and .may. al so caontain _one or nore of
H2O, N2, @b({)@ Mﬁ%?'@c%@fﬁé’,eraﬂ{a%t ﬁé"r'%!"ﬁag% alumipg $ianiligedowth rame| udi ng
ol efins, agskth | i t r

f eedst ock, H2ngér?gn%}e)g@r%'i%s]mg;%ﬂgmé%la@g?§§mae)ﬁBgu Fié%{még tﬁ%aﬁetsntgielsam

r ef or mi ng Puexiiegatet oAst @pmim) pafticutatei support stabpized egith lakhamen andiat i on

cat al yst . V] on a nolithic carrier. A wuseful carrier is nmade
of a ref rﬁrbﬁ,&i%sﬁggtqeaﬁwpert rigid material which is capable of
mai nt aisni ng i t sTikdaRealgicaly sethiel kst ﬂ?ghéestéém”%fbﬁﬁihgla%ata%f i) h at

hi gh tenperatures, for exanple, up to about 1800C. Typically, "a material
i s sel ect PMBHSE @EOYsObisr caiahitiermeiats nownafar suchheurpase closfaxasmas  of

nickel, cobalt and mixtures thereof. Platinum group metals such as platinum
and rhodium or both may also be utilized for steam reforming. The term
"platinum group metals" refers to platinum, palladium, rhodium, iridium,
20 osmium and ruthenium. A useful platinum group metal steam reforming
catalyst is comprised of platinum and rhodium with the rhodium comprising
from about 10 to 90% by weight, and in one embodiment about 30% by
weight, of the total platihum group metal present. Other platinum group
metals may be utilized. For example, one or more of palladium, iridium,

25 osmium or ruthenium may be utilized in the steam reforming catalyst. |
In one embodiment, prior to commencing steam reforming, the water
blended hydrocarbon feedstock composition formed in step (A) is partially
oxidized to increase the temperature of the water blended hydrocarbon
feedstock composition to a level sufficient for steam reforming. This may be
30 done in the presence of an oxidation catalyst. This involves oxidizing from
about 0.01 to about 90% by weight, and in one embodiment about 0.1 to
about 50% by weight, and in one embodiment about 1 to about 30% by



20 expansion, good thermal shock resistance and, though not always, |ow
thermal conductivity. Exanples include alumna, alumna-silica, alum na-
silica-tiwansadoasul lite, cordierite, zirconia, zirconia-smaTels02/34917
zirconia-mullite, silicon carbide, etc. The gas fl ow passages are
typically sized to provide from about 50 to about 1200 gas fl ow channel s
per square inch (about 7.75 to 25 about 4$86 channel s per square
centineter), and in one enbodi mrent about 200 to about 600 gas flow

channel s P@é@%“@f fhel Wafer (B0 ﬁédﬁo%a%%ﬂ#ieg%%g&@@ﬂﬁ&étid?ﬁﬁo Pod&

centinete face area. e oxl dation cata Se as a'carrier a
heat - and axieffilientngas esdsthartieatateglired Hoh thes estiotheneis stdagereformide | i ke.

Monol it hi c supports. are 0 typically made from such materials by placing a
flat and are@&ﬁgug'%?&dsr@n fictetlcdiriog stek ) ety Fventive Reressng kiR

corrugat | onnP el o the WG bR BB ESitior RoIniRA el Be 10 1 1E
cyl i ndGi cailnc&é&qggidtom{):?vehgdﬂhagaﬁggﬁra:gﬁm Q§§6TC ﬂ:dc)i abpuipm%({ﬁczalarglaisn drieow i
passages extendin er.eldy-uah. e S _an corra%ﬁ\ |o%?. are sized to
brovide t ReMbGANTPEARGHIRAY G By abory 12PHL: Lsligs i RRER! RxAiRgeep:

typi cal Iy, Af rRez@berperdfed & Aegrde IAORYMVICraIiRY @f iMdkidizb@ut; 3nd 0 about
186 per square 5 centineter) of "end face area of the tubular roll.

Al t hough theader hydrecarbansnattae hydrerarben deedatecls may take qiack esultingr

onet hot ool ik ot BF T o liPlter” PaREBuREE: TREHPMUENLERE Torball st
supponb r egartiak oRidasion a8eh sypitdllyessntaingeprimagdlyoCerCORPhad By hayar e 10
essentially snmooth. Accordingly, a suitable hi 8h surface area refractory

metal  oxi @80 SRR ONeRFNorfg Bl dblpdss Tt Hiidrasarkans; pad aleersighler as a
support u ?E%hﬁﬁsf H&ﬁ]d‘l’ngﬂ?lﬁ@ﬁéfﬁ% %%tp%b)ﬁyﬁcuﬁ file émﬁb]{ l&?ﬂ%h?}%)fg%ed' As

is known in art, gener oxi des’o e 'or nore O s of
G oups |1, hydrbcadm fleédsioickt HeS Badi ©0Sc Thisl effluénttdasnie ihen lsakjestedatoni ¢

nunbers not, greater than 40 aje ti.sfactory as the support |ayer.
Usef ul sur?tﬁg@ 'éﬁ'fgrémggppdﬁ?‘{ar%g%i;{erﬁ’g fZ'B‘F YENHYE RIFESSheryl 1ia, zirconia,

m onaembod; o Pharore caldht R b e B g e o e
t ransi t i onusgfuhecarder Ehmaderaha' nefractiry; subsianiallydneit nigidunheergd mrdch @hi |
capable of maintaining its shape and a sufficient degree of mechanical
strength at high temperatures, for example, up to about 1800°C. Typically, a
material is selected for the support which exhibits a low thermal coefficient of
20  expansion, good thermal shock resistance and, though not always, low
thermal conductivity. Examples include alumina, alumina-silica, alumina-
silica-titania, mullite, cordierite, zirconia, zirconia-spinel, zirconia-mullite,
silicon carbide, etc. The gas flow passages are typically sized to provide from
about 50 to about 1200 gas flow channels per square inch (about 7.75 to
25 about 186 channels per square centimeter), and in one embodiment about
200 to about 600 gas flow channels per square inch (about 31 to about 93
channels per square centimeter) of face area.
The oxidation catalyst may use as a carrier a heat- and oxidation-
resistant metal, such as stainless steel or the like. Monolithic supports are
30 typically made from such materials by placing a flat and a corrugated metal
sheet one over the other and rolling the stacked sheets into a tubular

configuration about an axis parallel to the corrugations, to provide a



20 eta, kappa, theta and delta fornms and m xtures thereof. Additives such
as one or nore rare earth netal oxides and/or al kaline earth netal oxides
may be iwdasdaeh3on transition alumna (usually in anmount Pcaovgeissiing from
about 2 to about 10% by weight of the coating) to stabilize the coating
agai nst the generally undesirable high tenperature phase transition to

al pha alum na, 25 which has a relativelyglow surface area. For exanple,

oxi des of one or nore of lanthanum cerium praseodyn um calcium barium

strontium ; L . group

met al cat é@ﬁﬁ?g&%—%ﬁ%@ﬁé”ﬁ%@h?ﬁna g'ﬁ'g@'tgr??g%? alpa?@fel ﬁégﬁﬂﬂn‘g pSaI | adi um

and pl ati raxterdidg tioptatiomaghy ThekAcots armd eom)tldj@tlions3@repd;lzéd twmogidwmerret al s.

Useful platinumgroup netal conponents include palladiy nd plati num and,
Gl frgh

opt i onal | yesiegdiumberraedas ﬂpwmggwwmhanay ﬁ%@g%ﬁmleﬁl hpabout

suppl enment e a agfiLu Y 0

o o5 218, b hiRe 1960 %fg&ﬁ?‘iégﬂ@h qUR3SH EURBU 1¥@<§é{1 QQ%% VI B
and VIB ofcetriumeté’erdfcﬂﬁck:faiiatdrea oftrEItelemrsoll These | ncI ude chrom um copper,
vanadi um coba gl nic and, g}ﬁxtur of two .or. nore thereo

reformng cat alyieudh eo??E?é‘E“F edpetal \pxide maferialgysysh ﬁ%@ﬂr‘;‘%”iﬁ ‘?rh t he
i nventive é?léﬁﬁ?af&llééqlté'hlédé%%edsdnﬁ‘e\khﬁ PaloRRt dnd2208Sittextdteahn tifey

i ncor por ate elrn ref erence. The I nventive process, 1n at | east one
enbodi rrentnor@’cb@/leslmham a)rrelacbwelyrrtnve sfrfadee afred | with nl@saaofam agpialyst Lower

hydrogen cost due to i ffi.ci enc oce r_capitals
cost, or |Sr5’(9rpé’5rsée(ﬂlﬁ"‘?rﬁgﬂﬁ’ Lff Sli?)lpie&ﬁ éﬁ?eitﬁ“?fg (Ré Jﬁéﬁ%f%‘gﬁ?ﬁgﬁﬁ? tp due
to | ower V@s@ntlémﬂgmﬂMA@ordhgweb J0itbRs RRM éurradeaaﬁearremma enatal for
the hydrocarbon feedstock. Hi gher conversion to hydrogen. 15 Hi gher

conver si orpXide coppotolayer mayebe ddepgsited arethis caiqroio seryp\amapRHRAit of
b 09er w9 Aol S LSRR B AP HLOEL
gi ven condheiant) gdnevelly, @xidest éfrone or more of the metals of Groups lI, 111, and IV
of the Periodic Table of Elements having atomic numbers not greater than 40
15 are satisfactory as the support layer. Useful surface area support coatings
include alumina, beryllia, zirconia, baria-alumina, magnesia, silica, and
combinations of two or more thereof.
In one embodiment, the support coating is a stabilized, high-surface
area transition alumina. The term "transition alumina” includes gamma, chi,
20 eta, kappa, theta and delta forms and mixtures thereof. Additives such as
one or more rare earth metal oxides and/or alkaline earth metal oxides may
be included in transition alumina (usually in amounts comprising from about 2
to about 10% by weight of the coating) to stabilize the coating against the
generally undesirable high temperature phase transition to alpha alumina,
25 which has a relatively low surface area. For example, oxides of one or more
of lanthanum, cerium, praseodymium, calcium, barium, strontium and
magnesium may be used as a stabilizer.
The platinum group metal catalytic component of the oxidation catalyst
may comprise palladium and platinum and, optionally, one or more other
30 platinum group metals. Useful platinum group metal components include
palladium and platinum and, optionally, rhodium. The platinum group metal

may optionally be supplemented with one or more base metals, particularly



20 and of hydrodesul furization). Mre efficient operation and | onger

equi pnent life for fuel cell applications, such as those based on proton
exchange woenstmanses. An advant age of the inventive procesdmusonatviheavi er
hydrocarbon 25 feedstocks can be handl ed and transported nore readily
because of their being blended with water. The, hydrogen produced by the

i nventive process nmay be used in one oggnore of the following: 1. Refinery

Operations - - Steamreformng a water blended hydrocarbon 30 feedstock
t d I
commos L Wpel AR, el PR AR IRABECH! et o g e B e o

appl i cat i dPerjodi¢ciChalis: oﬂ/Bdh%rQéOOBBemmuﬁﬂa/cﬂﬂem?um5eoppé1yd/raoadaam ng
hydr or ef i ni ng ot reati ng élgrodesul furization 5 2. Chemi cal Processes
-7 - St eamGabRH rﬁ*\‘%& AnFBturgs ohBEe on e dhe f eedst ock conposition

wherein the hydsecay l?ber:fnﬁ@dEé@%té %vndf ﬁ*‘ﬁgﬁéﬁ?ém'%%#tg tﬁéﬁmefg;% defy produce

hydr ogen for chemcal processes I nclu syn rom N2 ( by
Haber - Bos ollmmprth:ce:els\ﬁntlvelproéesmare dléquhambhfnhkSoﬁ’atenﬂwBZQ 6804 whiahl &f i ni c
hydr ocar bons to cogvert I efinic hydrocarbons to branched-chain

par af f i ns.NCHPEFRL th%ﬁ'nc}?yrﬁ%rﬁﬁﬁ?s from synthesis gas.  Hydrogenation of

fats and oils nha&inJemlile PRddess; in-ate8RBILEMbBH MR, YRVRIesFoEBAE Gr
hydr ocar bon feedstock conposition to produce hydrogen as feed for fuel

cel I's suchmaee of iredollowingredvgstagasbr ane cel | s. Exanples 1-3, C1 and G2 The

process. i n Exaiml es-dv8" ffedh £85I lbBhed MRS didfe shBeRs ' ¢
10 . Lower capitals cost, or increase in throughput for an existing

steam reforming unit, due to lower water requirements.

. Lower hydrodesulfurizaiton requirement for the hydrocarbon
feedstock.
. Higher conversion to hydrogen.
15 . Higher conversion of CO.
. Lower level of water required for a given purity of hydrogen,

leading to higher throughput and lower energy demand.

. Higher purity product for a given level of water.

. Lower CO and S impurities for a given condition (level of water
20 and of hydrodesulfurization).

. More efficient operation and longer equipment life for fuel cell

applications, such as those based on proton exchange
membranes.
An advantage of the inventive process is that heavier hydrocarbon
25 feedstocks can be handled and transported more readily because of their
being blended with water.
The hydrogen produced by the inventive process may be used in one
or more of the following:

1. Refinery Operations - - Steam reforming a water blended hydrocarbon

30 feedstock composition wherein the hydrocarbon feedstock is a refinery
product or stream (e.g., naphtha) to produce hydrogen for refinery
hydrogen applications, such as:



20 the invention using certain diesel fuels as the hydrocarbon feedstock
are steamreforned. Exanples CG1 and G2 are not within the scope of the

i nvent i onwdosto4em3e provi ded for purposes of conparison. | recaxespBen7C-1 and
C-2 the diesel fuels used in Exanples 1-3 are steamrefornmed w t hout being
emul sified. 25 Step (A) The follow ng chem cal additive m xture is used.
This additive mxture contains surfactggts corresponding to surfactant
(iii)(a) and a water-soluble salt corresponding to water-sol uble salt

(iv). Ingredient W. g dr%grdgrﬂ /salt prepared by reacting polyi sobutene
(Mh=2000) 40.0 substituted succinic anhydride (ratio of succinic groups to
pol yi sobut ene equi vahgdiorefiringht s = 1.7) with di nethyl ethanol amne at a

nol ar ratio of 1:2. %}ﬁ) 03/ 040030 PCT/ US02/ 34917 51 Succinim de derived
from pol yi sobut &ne (WAP§EBYNd0. 8 substituted succinic anhydride and

et hyl ene pol yam ne nmhydien8sGfiHAtBhN915- 25 wei ght percent 5 diethylene
triamne with the rentai nder being heavy polyam nes having seven or nore

nitrogén a2ons ghemieal| Rroaessesnd Bteano refoomingpa watenblended bygrmcanmrecul e.
Ester/salt made.b eacting hexadecenyl ccinic anhydride 7.1. 1Q with

di et hyl et hanolfefﬁsﬁ%cq‘atCOHﬁ’Rﬁﬁ%?P An&rging 2. ydggear: ¢ ESRIRIGH iy dpht e.
23.8 AmmNi um gxdmples giesalt fuen {PproducevhydPIdENCRori helaical Jrodestesl5 The
fol | owi ng hydrocarbon feedstocks are used: "a mediumsul fur (0.47 wW. %S)
NATO F- 76 mari n@CldR@&| fuel having a density of 0.842 gmcc (MSD); and a
hi gh sul fur (0.80 w 4. % S). = i LESE e g a density
of 0.842 gnfcc (HSD) A%%ﬁe@%—@rﬁ%&ﬁ?m\z @e@éis%egg%: é)'i‘or&%é%?rrpl es 1-3 is in

the faom of water- iAranbtichydregenatidine emul sion has the fol |l ow ng

formul ation: W. %
7 Hydroforming olefinic hydrocarbons to convert the olefinic

hydrocarbons to branched-chain paraffins.

. Preparation of alcohols from synthesis gas.
. Hydrogenation of fats and oils
15 3. Fuel Cells - - Steam reforming a water blended hydrocarbon feedstock

composition to produce hydrogen as feed for fuel cells such as proton

exchange membrane cells.Examples 1-3, C-1 and C-2

The following Examples 1-3 are provided to further disclose the
inventive process. In Examples 1-3 water-in-oil emulsions within the scope of
20 the invention using certain diesel fuels as the hydrocarbon feedstock are
steam reformed. Examples C-1 and C-2 are not within the scope of the
invention, but are provided for purposes of comparison. In Examples C-1 and
C-2 the diesel fuels used in Examples 1-3 are steam reformed without being
emulsified.
25 Step (A)
The following chemical additive mixture is used. This additive mixture
contains surfactants corresponding to surfactant (iii)(a) and a water-soluble

salt corresponding to water-soluble salt (iv).

Ingredient Wit.%
30 Ester/salt prepared by reacting polyisobutene (Mn=2000) 40.0

substituted succinic anhydride (ratio of succinic groups to
polyisobutene equivalent weights = 1.7) with dimethylethanol
amine at a molar ratio of 1:2.



NATO F-76 marine diesel fuel 77.0 (MSD or HSD) 25 Chem cal additive

m xture 3.0 Deionized water 20.0 The water-in-oil enulsions used in

Exanpl es w«Bo3amen3pr epared using the follow ng m xi ng procedurs2/3827(1) The
di esel fuel (MSD or HSD) is added to a m xing tank. (2) The chem cal
additive m xture is mxed and then added to the diesel fuel. (3) The

m xture of diesel fuel and chem cal addgfives is mxed in the mxing tank
for 10-15 mnutes. 35 (4) A DR3-9P | KA high shear m xer is set to a flow
rate of 25 gallons (94.75 liters) per mnute with the m xture of diesel
fuel and chem c ; Lkl i 1 i i . WD 03/04

PCT/ US02/ 34917 f CIE\%QH dfg%?g@%g r%%”&%tg’t 519D he i wt urBSof

di esel fuel and s g ) i i f’%"é‘a ) he dei oni zed water to the
hi gh shear ni xeP°! ﬂm"?%rer!”%ie[‘ixlmi%‘i' e0 WeIgtPeieene gal | on per ninute
usi ng &n i nduct figieNstriamipe with{be [gmaindgi e REPY conpl ete, the mixture
of diesel fuel,Pelaminashayingigeyer 65 mara NHEIGRN Atemskerfer is recycl ed

t hrough the hi ghoignide and e of oreiprissay@roivepper ealéeulpr epar ati on of the
desired water-in-0il emulsion. The water-in-oil emnulsion used in Exanpl es
1-3 is charact eEsizealhynade by rdactingusexaidecényl sdceinid afiuelridephaseZ.1and a

di sconti nuous agith@ifaethlyRaiganocl BRGingia combidtuatis ofttye3Bls phase is conpri sed
of aqueous droplets having a 10 nean di aneter of 0.6-0.8 mcron. Step (B)
An aut ot her nmal Qgtﬁ))ﬂf@iyl hiirgdsed to convert the hydrocarbons in thpeg
water-in-oil enulsion tornmed in step (A (Exanples 1-3) or the

oS OO B R OB L2 402
2l e SO ekt OSSRl SO RS Re deppel A

s filled wht BIAATO FLfb Rhsie!@idn UK RRARGCa eriit) nsroDTsag Ghubs! on (or
(MSD); and a high sulfur (0.80 wt. % S) NATO F-76 marine diesel fuel having
a density of 0.842 gm/cc (HSD).

20 The composition used in each of Examples 1-3 is in the form of water-

in-oil emulsion. The emulsion has the following formulation:

Wit. %
NATO F-76 marine diesel fuel 77.0
(MSD or HSD)
25 Chemical additive mixture 3.0
Deionized water 20.0

The water-in-oil emulsions used in Examples 1-3 are prepared using
the following mixing procedure:
30 (1)  The diesel fuel (MSD or HSD) is added to a mixing tank.
(2)  The chemical additive mixture is mixed and then added to the
diesel fuel.
(3)  The mixture of diesel fuel and chemical additives is mixed in the
mixing tank for 10-15 minutes.
35 (4) A DRB3-9P IKA high shear mixer is set to a flow rate of 25
gallons (94.75 liters) per minute with the mixture of diesel fuel and chemical

additives being mixed in the mixer.



m xture. A mxture of the enmulsion fornmed in step (A) (or diesel fuel) and
20 steamis vaporized and enters the bottom of the autothermal refornmer at
a tenperatusa4aioat about 500F (260C) and is preheated tecamor/34400F
(760C). The preheated emul sion (or diesel fuel)/steamvapor m xture is
conbined with preheated air, which is at a tenperature of 1000F (537.8QC),
and enters the top of the first catal ysgobed through injection nozzles. 25
The two catal yst beds are arranged in series. The catalyst in the first

cat al yst bed is co | t he t kN

cat al zst bed i %?ﬁ@@%\gﬁ%rﬁ%%ﬁé&m%g{ﬁ tp%%ﬁ&%'%t ofge';s??g?eqc

desi gned t@we&ﬁ‘@abaadltlwélby%d@lfng:m”éodérohmdandter% eierihigh séanviniies o hat do
not yield a sharp rise in tenperature. The reaction rates are sufficient

to oxi di zdhg pstioncsideratneateofceng gallen per neinyigeHsingeal indyiqtinattuegr adual
di stri but '@Hcé’fthpe\?rgtegcgdﬁlﬁoﬁ st rg‘?plg’cer k! q:{}dﬁlfe bk %?éﬁhﬁgFe&%}ﬂlc‘éF‘t al yst

bed is noreé réactive tal S weigh a total

of 21.9 pmnitﬂﬁ\lle@aﬂa d@bnlgedlf\/a@tee |$/\li'b058ﬂék§1®ﬂr)mgﬁ&’ﬁéu5@a/ SHEHT 7miXe8 Hh
approxi mat e vol une o 434 ft3 er.s Each of the catalysts is
conpri sed Hpeate ﬁﬁmﬁiﬁe&eémﬁ BrRRaral thpﬁg‘ef‘ﬁﬁ"eldﬁﬁ?@bﬁ’d% ﬁ?'ﬁnpl ati num gr oup

nmetals. The fri 203 3.
0203 1.8 Al 2oSRIEPAPRIRINIGS KRANANTIAPs 1T08 RBracrided By e

i mpr egnat ecbntinuioushal foradiesehfugloppaset ahd a déasontineelishaquaecas dhaseci ned in
air for f ours.at 230F 10 (,110C) and the or an additiopal. four hours
2t 1600F (e SPoniRlof Aungi skl AREPITH hatis e itoRle BRYng et o
| oadi R@s: M@bgm,arlﬁgfé‘remm a20.kidfbn. First Catalyst 3.42 5.95 - 15 Second
Cat al yst - 5. 14 The operating tenperature for the autothermal reforner

ranges frq‘éLm@bF (982C) to 2000F (10930) for the first catal yst bed and

1600F (871 Q) AR é\ﬁg% rrg'lgpgeg%rr%gf: id %eaetgog&\fe% ﬂ‘ley ﬁg/dnn%grbons in the

water-in-oil emulsion formed in step (A) (Examples 1-3) or the corresponding
diesel fuels (Examples C-1 and C-2) to products comprising hydrogen gas

15 and carbon oxides. The autothermal reformer has two tubes in an annular
arrangement located inside an insulated pressure vessel. An upper portion of
the inner tube holds two catalyst beds. The lower portion is filled with packing
to provide heat exchange with incoming emulsion (or diesel fuel)/steam
mixture. A mixture of the emulsion formed in step (A) (or diesel fuel) and

20 steam is vaporized and enters the bottom of the autothermal reformer at a
temperature of at about 500°F (260°C) and is preheated to about 1400°F
(760°C). The preheated emulsion (or diesel fuel)/steam vapor mixture is
combined with preheated air, which is at a temperature of 1000°F (537.8°C),

- and enters the top of the first catalyst bed through injection nozzles.

25 The two catalyst beds are arranged in series. The catalyst in the first
catalyst bed is a combustion catalyst and the catalyst in the second catalyst
bed is a steam reforming catalyst. The first catalyst bed is designed to exhibit
levels of combustion and reforming activities that do not yield a sharp rise in
temperature. The reaction rates are sufficient to oxidize a portion of the

30 emulsion (or diesel fuel) so that a gradual distribution of heat occurs in the
direction of flow. The second catalyst bed is more reactive for steam

reforming. The catalyst beds weigh a total of 21.9 pounds (9.95 kg) and have



The vaporizer uses superheated steamat 70 psia (482.65 kPa) and 20 900F
(482C) to provide the heat to vaporize the ermulsion (or diesel fuel) and
to provi decans/oamsbsi on (or diesel fuel)/steam m xture havirgy/eso2Beper at ure
of 500F (260C). Since a significant portion (20% of the enulsion is
liquid water, the steamflow is reduced in Exanples 1-3 to nmintain a
constant water-to-carbon feed ratio to ghe autothermal reactor. 25 Three
steady state tests are performed with the enulsions fromstep (A)

(Exanpl es 3 t t exa S M A N rhes d| esel
fuel s befo %@%ﬂmaggd%%mgn‘% t%(g'rfi Q%ﬁp'l'tgst& %Qgﬂeoqtt@gt B&Qﬂ)

emul si ons. camprPedsf @Hntﬁlacbl'ﬂroﬁf&ammﬂ\ucfhetﬂnpr@gﬁgteﬂhﬁltmﬁﬁhtmunsgﬂofupr fuel
(MsD) while Exa les 2, 3 and C-2 are conducted using the high-sul fur 30

di esel f ueMefaisp) hefrichaspthedolpyingssRMPeYHan'and test results are sunmari zed
in Tables 1-3. WD 03 CT/ US02/ 34917 Babl e 1 Autothermal Reactor
Oper ati ng Condltlonsé HiS gnFt ion S/ Cr OZ/C*MW** St eamt+ Fuel +**** Ajr
Reactors 5 Qutl et NoLajG)e,s Ratio Ratio kg/h F8&8dIC SteanC InletC Pressure
kPa C 1 3 3.51 0. 343 5.36 377 282 616 208.2 12 3.48 0.343 6.72 471 262
610 209.6 2 9 3.50 OCB#2 6.72 417 271 616 216833 10 3 8 3.35 0.366 7. 14
454 249 577 373.7 C 2pB03- 20 0.365 5.73 366 2684556 371.0 * S/Cis the

steamto-carbon nolar ratfio. It is the ratio o 4 t he nol es of wat er in the
fuel feedThéusnthie-chtania ’Stﬁlhilizﬁdviaﬂﬁdinlay ig Himpregresedf witlhr then platinuive f uel

feed. 15 ** 02/C | n-to-ca nol ar ra s the oof
nol es of o%?é’@nnﬁﬁallsh'geaﬁ(gogi’ \f{ [’}’ {Théh regouéfhélé{?b% z{z’ﬁi he fuel
feed. 15"~ ﬁlmﬂm e Qiﬁe@rfar sarPadd®foriaX 80t Gouts bt #6007 qe71a)e ofhgli esel
fuel for n‘PI es CG1 and C2. **** Tenperature of the m xture of emul sion

and st eam ¢@alysighavethefolliowingdlatingelgreuemetaldogdigst eam f or Exanples G 1
and CG2. Table 2

Weight Percent
Pd Pt Rh
First Catalyst 3.42 5.95 -
15 Second Catalyst - 5.62 3.14

The operating temperature for the autothermal reformer ranges from
1800°F (982°C) to 2000°F (1093°C) for the first catalyst bed and 1600°F
(871°C) to 1800°F (982°C) for the second catalyst bed.

 The vaporizer uses superheated steam at 70 psia (482.65 kPa) and

20  900°F (482°C) to provide the heat to vaporize the emulsion (or diesel fuel)
and to provide an emulsion (or diesel fuel)/steam mixture having a
temperature of 500°F (260°C). Since a significant portion (20%) of the
emulsion is liquid water, the steam flow is reduced in Examples 1-3 to
maintain a constant water-to-carbon feed ratio to the autothermal reactor.

25 Three steady state tests are performed with the emulsions from step
(A) (Examples 1-3) and two comparative examples with the corresponding
diesel fuels before (Example C-1) and after (Example C-2) the test runs with
the emulsions. Examples C-1 and 1 are conducted using the medium sulfur
fuel (MSD) while Examples 2, 3 amd C-2 are conducted using the high-sulfur

30 diesel fuel (HSD). The operating conditions and test results are summarized
in Tables 1-3.



25 Autot hermal Reactor Test Results Carbon Catal yst Bed Ex. Bed
Tenperatures, C Conversion* Cold Gas** Pressure 30 No. Inlet Mddle Qutlet
Mol e Basi wdHffoaizency(% Drop, mmHg GC-1 934 1141 1006 0. Pqa/092/3441.1 1
948 1069 961 0.941 79.0 41.1 2 966 1068 968 0.935 76.0 41.1 35 3 941 956
936 0.988 88.9 72.9 C-2 954 941 906 0.975 86.8 74.8 * Carbon conversion is
the ratio of (CO+rCR2)/(CO+COR+CHA+2C2 skyin the product gas. 4 0 ** Cold
gas efficiency is the heating value of the hydrogen and carbon nonoxi de
generated divided by the heat input ﬁ. he fuel (on a gross heating val ue
basis). Table 3 45 Autqt act C Cdrx.rr.p05| tion, Mle %

(except H2S) (Dry Basi 5y (ppmv) 50 CG1

42.1 38.5 10.2 0.746 294 70,Q* 10. 5 0. 863 42 661
2 39.8 :39. 1@ 1gies g gc 37871 ]5% g‘(‘)537 9 10. 305&?’%t 0. 004
993 C—2 4Ro02 380 11Qat% ORQt;lJ gy O. quggcloesgegpa@m el regggy@goz/ 34917
55 These rgsulTs i ndizeat eghat n UrRg t he ggpul si g at t hegdw gher
t hr oughput 1conditbi on 3(48xaopk® 33.72 hi ghigr col d zpas ef fici ency20d% gher purity
5 hydrogen2and |ower 3redt hane2 sl 6.p2 ar e 497 ovi dedR7s coétsar ed t 21ahe
corresigbndBng pute didédel 0B8Rl T Ekanpl4é4C-2). 2488 | e §Fe i nveAt3. Bn has been
expl ai ned Pr? rel%@ti od200 8§€ki f$.€3 enﬁ‘@@li ment s263i t i 85& o be &fiderstood that
vari ous m)dlflcatlonsthereof Wil | rp ent to those skilled in the
tﬁ@ oftp

art upon readi n ipicg %g{m'af ‘?tmf’ S PVA I8 &HESt ood
S he moles of carbbn in Uel feed.
that tl'? ' gvent hggig gl?{o-ca c\§1 mobé

rratio. It is the ratio of moles of oxygen in the air
feed lelded by the moles of carbon in the fuel feed.

i Flow rate of emulsion for Examples 1-3, and flow rate of diesel fuel for Examples C-1
and C-2.
***  Temperature of the mixture of emulsion and steam for Examples 1-3, and diesel fuel
20 and steam for Examples C-1 and C-2.
Table 2
25 Autothermal Reactor Test Results
Carbon Catalyst
Bed
Ex. Bed Temperatures, °C Conversion* Cold Gas™** Pressure
30 No. Inlet  Middle Outlet Mole Basis Efficiency(%) Drop, mmHg
C-1 934 1141 1006 0.949 79.7 411
1 948 1069 961 0.941 79.0 411
2 966 1068 968 0.935 76.0 41.1
35 3 941 956 936 0.988 88.9 72.9
C-2 954 941 906 0.975 86.8 74.8
* Carbon conversion is the ratio of (CO+CQO,)/(CO+CO,+CH,4+2C,'s) in the product
gas.
40  ** Cold gas efficiency is the heating value of the hydrogen and carbon monoxide
generated divided by the heat input from the fuel (on a gross heating value basis).
Table 3
45 Autothermal Reactor Outlet Gas Composition, Mole % (except H.S)
(Dry Basis)
Ex
No. H N, CO CH, Co, Crs  HpS (ppmv
50 C-1 421 385 102 0.746 14.9 0.294 700
1 41.0 383 105 0.863 14.0 0.342 661
2 39.8 392 109 0.939 13.6 0.376 1055
3 43.0 379 109 0.305 14.1 0.004 993
C-2 422 380 108 0.617 14.1 0.011 1066
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appended clains. WO 03/040030 PCT/US02/34917 56 CLAIMS 1 A process for
maki ng hydoog@aogas, conprising: (A) form ng a water bl ended/bspdBeaar bon
feedstock conposition conprising: (i) a hydrocarbon feedstock; (ii)
water; and (iii) at |east one surfactant conprising: (iii)(a) at |east one
product nmade fromthe reaction of an agglating agent with amonia, an
am ne, an alcohol, or a mxture of two or nore thereof; (iii)(b) at I|east
one product conprised of (1) a polycarboxylic acylating agent, and (I11) a
copol ynmer derived fromat |east one ol efin nononer and at | east one al pha,
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hydrocarbon feedstock conposition formed in step (A) wherein the steamis
m xed Mi t hTheneforeonipdsi o de Undeesioodh thakphe Apveotionrdiscloseh dereiadisr xt ur e,
the intended to cover such modifications as fall within the scope of the appended

claims.



WO 03/ 040030 PCT/ US02/ 34917 57 tenperature of the vaporized m xture being
in the range of about 50C to about 1200C, and wherein the water bl ended
hydr ocar beio d3gaasbock conposition formed in step (A is aowu®eAiasoil

emul sion, an oil-in-water enulsion of6 a m cro-enulsion to convert the
conposition to a product conprising hydrogen and one or nore carbon

oxi des. 2. The process of claim1l wherein the hydrocarbon feedstock
conprises a natural oil; synthetic oil; a distillate fuel such as naphtha,
di esel fuel, fuel oil, kerosene or gasoline; a gaseous hydrocarbon

di spersant in a I|qU|d hydr ocar bon; a hydrocarbon derived froma vegetable
source or a mineral source such as coGLAIMS alfa, soybean, rapseed, palm
shale, coal, tar sands, bitunen, residual oil, heavy oil or coke; and
conbi nati ons t hereof. 3. The process of claim1l wherein the

hydr ocar bon- subst.i t utZgrosssstfok yrakinganydiogen geactomerisiagi val ent  of
surfactant (iii)(a) i selected fromthe ro ri sing a_,nonpocarboxylic
acid, a polycar boxyl | )aC| f@rpncanfy dvaige tg‘?”‘fgjnb%ng 0@1@9’? hé?eéi}‘? (3?1
wherein the, Hgg ﬁg#@tltuted carboxylic acid or reactive equival ent
is a hydrocar su stl ute succinic acid or anhydride, and wherein the
am ne used i n naking surfa@t anta bydiopéejon feedstocknoam ne, pol yam ne,

hydr oxyam ne, or m xture of t wo or nore thereof. 4. The process of claiml
wherein surfactant (iii)(a)!) conffies m xture of at |east two conpounds:

one of the conpounds beingjfyhe %iqa8dticne surfR¥MAlchpsing:
hydr ocar bon- substituted succCinic acid or anhydride vmth anmoni a, an am ne,

an al cohol, or a mixture ofii)(a\aldeastmng priegtiebmaderfeompibe reaciopsr an
bstituent of the one o Q t r at ons;
Zﬁofhleruof t he corrpoufr%gaqﬁ& 8%?%@ gﬂ%&ﬁém %rt a@ﬁgu a@o%g g g'?\ bei ng

the reaction product rﬂfxtls’wefbde@Ccﬂrrh@@ thohsdfj tuted succinic acid or
anhydride with anmonia, an_am ne, an alcohol, or a mxture of two or nore

t hereof, the hydrocarbon s(u%?\‘)l tafedeastt anee RINSUSEr CORBREBENAT &N By about
30, £9,about 590, oar byl gt e bR RP RN Ang UAECe BpBBINRR,
PCT/ US02/ 34917 58 t drath;ittle@6t @eg blefinahomemeaaddvdtdeastnoridhelphbphbata
beta-unsaturat ed unsaturated carboxylic acid or derivative thereof linking group
derived from a compound having two or more primary amino
groups, two or more secondary amino groups, at least one
primary amino group and at least one secondary amino group,
at least two hydroxyl groups, or at least one primary or
secondary amino group and at least one hydroxyl group;

(iii)(c) at least one aromatic Mannich derived from a
hydroxy aromatic compound, an aldehyde or a ketone, and an
amine containing at least one primary or secondary amino
group,

(ii)(d) at least one ionic or a nonionic compound having
a hydrophilic-lipophilic balance of about 1 to about 40; or

(iii)(e) mixture of two or more of (iii)(a) through (iii)(d);

(iv)  atleast one water-soluble salt; and
(B) steam reforming the water blended hydrocarbon

feedstock composition formed in step (A) wherein the steam is mixed with

the composition formed in step (A) to form a vaporized mixture, the



carboxylic acid or derivative used in making the surfactant (iii)(b) is an
anhydri de, ester, amde, imde, salt, acyl halide, nitrile, or m xture of
two or nwoeostonerseof and wherein the |inking group in the uardsesant
(iii)(b) is derived froma polyol, aspolyam ne, a hydroxyam ne, or a

m xture of two or nore thereof. 5. The process of claim1l wherein the
surfactant (iii)(c) is an aromatic Mannich conpound derived from
(iii)(c)(i) a hydroxy aromatic conpound having the formula R (RLl)n

Ar-(OH) m ( 'téh%de@étuie \Mﬂﬁthél\}hﬂoﬂzé;@rnﬁﬂdi@e(bélmg (€ khd: raffje io$ adbdubGORaL tcc group;
mis 1, 2 or nis a nunber from1l to about 4; with the proviso that t he

sEm of m grﬁbwfdb&oorféx angh yéwedeinhihenumaler Rlendedi 'ﬂ%b“péaﬁp@gl feastsdodn A
d f
o o p oo 6o d a6 Ste 14) 1S R BRI K1 Sdts DY B AV op o

up to about®? anino or “car boxy (c)(ii)

an al dehydexrulslopt @ﬁeahﬁwérbgerhlhielohotdndcﬁnveﬁ) tHel -dempssition itd (&) prddact a
precursor thereof; wherein in Formula (iii)(c)-2: RL and R2 i ndependently
are H or hwﬁmhyg%!sa%‘m@r Mosecarich @6ees- 18 carbon atons: and R2
can al so be a carbonyl - contai ning hydrocarbon group having from1l to about
18 carbon atons; and (iii)(c)(iii) an amne containing at |east one primary
or secondary arg.no gflmumproéessTbé qlmmnetswhefeinlﬂnierrh;kdnmarl:einnfemtstmﬂ«fact ant

d | ky) | f. d | t
& conol et ERyIRS, 2 Rei B BBl b SRS (Yl 5 ReTBRensRe
et hoxyl at edygimiri8), oil, StIOXINR P Ga8OH S o hﬁ‘é’éﬁ)’é ﬁ?@ﬁ)ofa%drv dapefhartifaxyl at ed
fatty esters, WD 03/040030 PCT/US02/ 349 7 59 efthoxyl ated atty oil, fatty

ester, gl ydle]uotl mdrcmarbgm,yeomyohrswbpnsmwachfro%taewegeﬁabiajaquen@r a
derlvatlve JeC|th|n l.ecithin derlﬁ/%%tlve

nj_n nin d a
monogl ycer iMBECTHoHIYFS @S GaM \Aliglige SO ‘P%ﬁ’?nr'aé’ﬁ?? % II@ %W&%pﬁt‘noﬁe ester,
phosphat e egt §énd¥€rblMﬁiéﬁ{@@Sl@UélQQR(Mbé\Tlﬁdll batbie @ dicodbitaxphatiegdebnt ty

aci d,

3. The process of claim 1 wherein the hydrocarbon-substituted
carboxylic acid or reactive equivalent of surfactant (iii)(a) is selected from the
group comprising a monocarboxylic acid, a polycarboxylic acid or anhydride
or combinations thereof and wherein the hydrocarbon-substituted carboxylic
acid or reactive equivalent is a hydrocarbon-substituted succinic acid or
anhydride, and wherein the amine used in making surfactant (iii)(a) is a

monoamine, polyamine, hydroxyamine, or mixture of two or more thereof.

4. The process of claim 1 wherein surfactant (iii)(a) comprises a
mixture of at least two compounds: one of the compounds being the reaction
product of a hydrocarbon-substituted succinic acid or anhydride with
ammonia, an amine, an alcohol, or a mixture of two or more thereof, the
hydrocarbon substituent of the one compound having about 6 to about 500
carbon atoms; another of the compounds being different than the one
compound and being the reaction product of a hydrocarbon-substituted
succinic acid or anhydride with ammonia, an amine, an alcohol, or a mixture
of two or more thereof, the hydrocarbon substituent of the another
compound having about 50 to about 500 carbon atoms and the copolymer
used in making the surfactant (iii)(b) is derived from an olefin monomer of 2



propoxyl at ed al cohol or al kyl phenol, ethoxylated al cohol or al kyl phenol,
sorbitan derivative, sucrose ester, sulfonate of dodecyl or tridecyl
benzene, wuoaphtmsb ene sul fonate, petrol eum sul fonate, tri deaylsoessdodecyl
benzene sulfonic acid, sulfosuccinat# sulfosuccinate derivative, or

m xture of two or nore thereof. 7. The process of claim1l wherein the

wat er-soluble salt (iv) conprises an am ne or anmonium salt represented by
the formula K[GQ NR3)yly+ nXP wherein: Gis hydrogen or an organic group of

1 to about (@ gEsROBALRMBoN havindY and alvRBEsn ofhey ;alpideh bBtd-0demeratedt |y i s
hydrogen or a hydrocarbon group of 1 to about 10 carbon af 8&5 XP- is an
t

ani on havi 6greoxyhe earié @f dpfivatiyggured yin making Hheyrsairiagtasy el ISya@lnt eger s

of at | east T r S. cl.aj I R GUr | ; the water
bl ended nyarDEdTisne Reb iR rensaliadn HeAHS, Rt o RS of Bhoid?

ref ormed i mdrbenherss enceviodrest bartinkefoogmiupgndhs alyfattanh Eiiybnistdesivetieam
reform ng catalyst is conprised of njckel, cobalt, plati ?gm rTgal | adi um
rhodi um i i8R @nPOW8hi MCIYARIARNAUMYATB¥Y AN IRex lird r@?tulr% Wongk 8'Y"Rer eof .
9. A pr Oceﬁ'?erEBL treating a refinery streamor product conprising

hydr ocr acki'ng, hydrorefining, hydrotreating or hydrodesul furizing the
refinery stream or product using hydrogen made by the process of claiml.

é?bcésgr gfeifaic%rm{_r ! srlhrég p(r)cpceersg‘t cl)fngla?mf ![levlvhgreelirll the' Qﬁfa@ggtogﬁ)r(]c) lréag% by the
aromatic Mannich compound derived from:
(iii)(c)(i) a hydroxy aromatic compound having the formula

R
(R1)n—AF—(OH)m (iif)(c)-1

wherein in Formula (iii)(c)-1: Ar is an aromatic group; mis 1, 2 or 3; nis a
number from 1 to about 4; with the proviso that the sum of m and n does not
exceed the number of available positions on Ar that can be substituted; each
R' independently is a hydrocarbon group of up to about 400 carbon atoms;
and R? is H, amino or carboxyl;

(iii)(c)(ii) an aldehyde or ketone having the formula

@)
T
R'—C—R (iii)(c)-2

or a precursor thereof; wherein in Formula (jii)(c)-2: R' and R? independently
are H or hydrocarbon groups having from 1 to about 18 carbon atoms; and
R? can also be a carbonyl-containing hydrocarbon group having from 1 to
about 18 carbon atoms; and

(iii)(c)(iii) an amine containing at least one primary or secondary

amino group.

6. The process of claim 1 wherein the surfactant (iii)(d) comprises
an alkylaryl sulfonate, amine oxide, carboxylated alcohol ethoxylate,
ethoxylated alcohol, ethoxylated alkyl phenol, ethoxylated amine,
ethoxylated amide, ethoxylated fatty acid, ethoxylated fatty esters,
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ethoxylated fatty oil, fatty ester, glycerol ester, glycol ester, sorbitan ester,
imidazoline derivative, lecithin, lecithin derivative, lignin, lignin derivative,
monoglyceride, monoglyceride derivative, olefin sulfonate, phosphate ester,
phosphate ester derivative, propoxylated fatty acid, ethoxylated fatty acid,
propoxylated alcohol or alkyl phenol, ethoxylated alcohol or alkyl phenol,
sorbitan derivative, sucrose ester, sulfonate of dodecyl or tridecyl benzene,
naphthalene sulfonate, petroleum sulfonate, tridecyl or dodecyl benzene
sulfonic acid, sulfosuccinate, sulfosuccinate derivative, or mixture of two or

more thereof.

7. The process of claim 1 wherein the water-soluble salt (iv)
comprises an amine or ammonium salt represented by the formula
K[G(NRs),]"" nX”
wherein: G is hydrogen or an organic group of 1 to about 8 carbon atoms
having a valence of y; each R independently is hydrogen or a hydrocarbon
group of 1 to about 10 carbon atoms; X* is an anion having a valence of p;

and k, y, n and p are independently integers of at least 1.

8. The process of claim 1 wherein during step (B) the water
blended hydrocarbon feedstock composition formed in step (A) is steam
reformed in the presence of steam reforming catalyst wherein the steam
reforming catalyst is comprised of nickel, cobalt, platinum, palladium,

rhodium, iridium, osmium, ruthenium, or a mixture of two or more thereof.

9. A process for treating a refinery stream or product comprising
hydrocracking, hydrorefining, hydrotreating or hydrodesulfurizing the refinery

stream or product using hydrogen made by the process of claim 1.

10. A process comprising operating a fuel cell using hydrogen

made by the process of claim 1.



