- | - METHOD FOR | NCREASI NG THERVAL STABILITY OF A FUEL COWPGCSI TI ON USI NG
A SOLI D PHOSPHORI C ACI D CATALYST FI ELD OF THE | NVENTI ON 100011Thi s

i nventi orwpebmtwss2ro a net hod for increasing thernmal st&briuseer2o4siBuel . I n
particular, this invention relates to a nethod for increasing therm
stability of fuel, as well as in reducing nitrogen content and/or

i ncreasing color quality, in which a fuel feedstock is contacted or treated
with a solid phosphoric acid catalyst te-effectively increase the thernal
stability of the fuel feedstock, BACKGROUND OF THE | NVENTI ON 100021The
conti nued devel opnment of nore powerful aviation turbine engines has
demanded greater‘%E@M@@HTﬁiE%ERFAVD@TTHﬁ@N@Uﬁ$T@BH&ThKﬁheﬁéﬂ@erature heat
sink. This |n turn, he Stability of
jet fuels, 'Wile>s 0 i C Bt hi-ghr—cotor—guati ty. Therma
stability refers to the dep05|t fornlng tendency of the fuel. Thus, it can
be highly desirable that fuels for aviation turbine engi nes have sufficient
t her nmal stablllty to prevent excessi ve deposits in the these powerful

engi nes, as FWEUP CHSHHe h ively lowin nitrogen content, while also
exh|b|t|ng col o] .Ng

t echni ques ﬁ‘{%hé] : npﬁ%?/ %ga’t )¥1¥ddi%\ Eggi%%ﬁ}ﬂdq(?%lig%é%n{}ﬁ@g}d s(?lbv\;og L{S{lli.hﬂl:or

exanpl e, exﬁwemmmmnihsmh@d@xwmhwsguhmmhmtﬁaemd&mc@ﬁsnnﬁ%mbENSEﬁmhave wast e
g!ssglols?l:apgg%o Weilinss n 1edeuﬁmo I;’%lﬁ%ggiﬂ d%ég?;ﬂ{d%?%%‘;: Sahlgg nohma ta m 1n \«dﬁsl ;jt%?igf’lshzg(:h
reduced cap&&dﬁmﬁapnhmeahuﬁntmuf@ﬂhﬁeﬂﬂﬁﬂ@ﬁ&oﬂ@&k&@mﬂ%ﬁQnﬂhfmmﬂﬁr crude
sources, and ge i1 es. ities of material. 100041U. S.
Pat ent No. 3“8@ 3%5'“§?§ %‘3‘)§“%F%§82§tb which the thermal stability of
j et fuel smeetened by an OX|dat|on process can be inproved by washing the
sweet ened fﬁ%ﬂ(@@ﬁ@UbﬁM@ﬁHHE}N@E@HB@@CificalIy t he nethod the thernal
stability o f uel 5\ et ened red by the | FTOT
Ceot compr 1WHEF whehiasgTimE BRuEPa Rt Bt P Bt a JHER s Eat el ¢

was hi ng t he deauskd Qrea)éi thaeiaedaljid, of tlﬁhud&dlat hhwate@ipersand helt yihngThibe

wat er -washed jet fu 2013 527PCT/ US2012/.0451 OSlStatutory
U.S. Invent |%!nr‘?ﬁéﬁ‘rf’}("pﬁfﬁcf}ﬁ“‘%*‘%‘Ed%@@%é@@y ‘Vt}&mé“%f‘ﬁgﬁ‘?gg PR VI ng t he

| ong-t erm cel @kin&taid sdik @blidy eﬁh&ﬂx@! Qt.ﬁﬂﬁ k&‘&mwe& dBoeindsmeQNt @icRivng

ni trogen conP ounds by intimatel ¥ ing jet fuel with a qu antlty of
concent rat eflt S TRSalrd SR EIBREDT @afriér%ﬁ% PR ReGHe et M he

ni trogen conp@uRaishdthi NGIAON @6lcnt LB RAURb oA inl RSBk BORPuIRhAWLES,
separating the jet fuel fromthe concentrated sulfuric acid, mxing the jet
fuel with ap HghedwsscaastalecionoD atiose ¢wiperte s besidiire Heh e0l¢r om t he | et
fuel, separagﬂgg the jet fuel fromthe aqueous caustic solution, mxing the
j et fuel with wat er, and separating the jet fuel fromthe water. 100061U.S.
Patent No. 40093D g7AltkasRing sumbas otwémtnt?é@ﬁlnﬁm% hote dinsset termpletebfiiel with a
non-i oni c, N Lyl L: r..fesin such
non 1,901,  SRSEAUEHAGHAA FGLORTk ke, BRI 6L MRELLY, SBLer sl sus
f uel sanpleeﬁebemanawybedw®ymbheﬁ"Lb@@ﬁa@@nﬂmnmﬂﬁmﬁneasﬂn@ﬂwﬁhewannunt of
floc visual |y, ob act q o ont ai ni ng
5 {'ni M  or r 0 fat & PR el P B Rl TR M R

2, 267, 458 r edpatiegarpbcdilpy 6o és sudoterivef from mgi\hxydmie&rm, apid lgsnerally

requires large quantitios of material,

16604 U.S. Patent No. 4,906,354 discloses g process by which the thermal
stability of jet fuel sweetened by an oxidation process can be improved by washing the
sweetened tuel with caustic. More specifically, the method the thermal stability of the
jet fuel swectened by oxidation, as measured by the JFTOT test, comprises washing the
sweetened jet fuel with aqueous caustic, washing the caustic-extracted jet fuel with

water, and drying the water-washed jet fuel.



cont ai ni ng obj ectionable sulfur, color, and gumform ng conpounds. The
process conprises subjecting the oil to treatnment with used sulfuric acid,
whi ch haswbeers/wbi2ai ned from the al kyl ati on of i soparaf PChRaSMRI4TIBEf i NS i n
the presence of strong sulfuric acid, whereby such objectionabl e conpounds
are substantially renmoved 100081U, S, Patent No. 3,487,012 relates to a
process for the inprovenent of initial color and long-termcolor stability
of aromatic concentrates. The process ig-considered to inprove both initial
color and long-termcolor stability of aromatic concentrates boiling

bet ween 400 and 750F without substantially reducing the aromaticity. The
process conpiitses Hydmmmy@é&hngmkadhﬁhumﬁmﬂ%n@ﬂﬁ@i&ﬂmﬁdsbywé@dé@ic washi ng,

and vacuun1d|st|II|n aronati,c 250 absol ut e
ressur e w TR C8PF U BN 4 et OHea T g e HeARERRPEH 150 £ o B50F.
10009éu S, hﬂaﬁﬁﬂimﬁ@mu$%4@?mﬁﬁﬂﬂyﬁnﬂhiQﬁgfdmﬂQﬁaa@@ﬂhfﬂﬂh@&&ﬁﬂM?ﬁessdfO:
upgr adi ng hydrocarhon_fractions obtai rom.raw shal e . 0i |l products
of coal procESErAgaRF L @5?“@?&&%F32§”é?ﬁ?rﬂ8éﬁﬁfwgw%% “¢V§an sul fur,

ni trogen, apghtiRtiak c6RNLARNRA SmintcPl@sHiat iRl iof el fr ik Bduetcchiagt | ons such

as JP4, JP5, JP8 and ot her turblne type fuel materials. The conbi nation
process i nvetEE “hi PGt et Chg ‘é%‘i%‘Pséb‘éw“aét“ib%ih\%?m&é%i%?l%f-‘f‘%\t?@é‘
conmpounds, ahd rydroOft BN gepaﬁnﬁa&x@l a{tme@ ﬁ@ﬁ—;ae@é%aaqp Q688 Sothfond$Onised to
convert high-hoiling portions of drocarbon feed fractions to product
boiling in fiﬁeseﬁé@W@d’vﬁf@tff»ﬂfda@wé@gﬁiiﬂdg freliige: thpetist-e acid extraction of
basi ¢ ni trogemeLOoMPOUNEg.  NaUs o141 e 1&9{5@'&&?}1 h%n&&%@@és%i lns o fadicat £d as
maxi m zing the yield of desired jet fuel products under ydrogenatlng
condi ti ons, iparmic Brepicycdonserviinkgd rhielic prdanpisics resof suplyeiroyery. that00101PCT
Publ i cat i on 0, 1. Se8. 8o X JIL OV, he

t her mal OX|§%$?VX£L%a%§488 ﬁﬁ%ﬁg& ?%PI égsgpggﬁﬁgdgﬁ&gsq?e%mkﬁe The

t her mal OX|@atwvﬁosuaﬁnmmdgnwamndnbp@medﬁbﬁﬂadgsmﬁbn@nNmHﬂcgmﬂaﬁMmhg

het er ocycl ' D cgurIB&‘{ 4 bmuﬁk‘f&,ﬁﬁ ih ?981\??“1"16‘9911118% ih QL85 ML Ry@n adsor bent

mat eri al . dsorbent mateéria ncl udes” compoun s haV|n a benzal dehyde
functional|ﬁmmghppdﬂﬁeﬂnam%@ élﬁlahhea&unpqwmA6HMnmmm®émd@duhmnpbund IS
4- anlnobenzaLdeh ﬂ ng ‘%) gd : gx 10011] U. S.
Patent No. 794%3" §§@‘ Q@é RIS B o1 e1 §?“T W“? HJ@PH““tH RitF8gen cont ent
of a |i qui dchygtacanhotind @edil suedh it dmes;edd befquﬁ’ﬁiClJ walch hdhiechieed, which
conprlses an alk%%atlpglg ent uch P F an organi c nitrogen
speci es, is COREGEPEAN mﬁ%&"%ﬂ¥j HVE g5 ﬁvyéﬁﬁﬁ?ﬁﬁﬁ é?%ﬁgtenperature

ina fi rst a@a@ku@m %Rﬂ&w{s@ciﬁ@i}&ﬁl@ﬁ& eobdpbti @ RydeegarboRnpreduct conpri sed
of a reduced anount of the alkylating agent and an organic nitrogen species

of higher b&¥%Phg pdrntcrrile: ark VYT RS SgeRitesshet HicdREO BB Phg poi nt

ni trogen spegiifscirF MdSeRakak @@lomﬂgmmy of £88hHEONALdnQBes. ThE @R6dcdi ¢ catal yst
can be a liquid or solid catalyst, wth solid acidic catalysts bei ng

preferred. SOIETAdr digo a8l PEIEbC ¢ BRpr e eoku s abdpdlaymesice resins,
supported agh,ds,3Rd @B8indbEween ARG 79k A8 cuIBE Sk By RAudiNdihcat i on,

however, that the catal ysts can be used to treat the fuel in such a manner
as to al so esoHiabpity. hiihgmmfheruﬁ@m@@ébﬁirpirwnan@dé@h@ro ifqiin«awdtw can9912] U. S.

Pat ent  Appl i,eat) 00, PURl LG aklen, B mﬁQ g&ﬁ%&%@«g ;f%@ B afoRfOCESS for

i ncreasing col or quaT ty and thermal sta ity of Tuel. Fuel at is

provi ded aspamﬁ@eﬁsmgﬂkﬂhmdw@wﬂaﬂiamM©nmhq@awewmmﬁﬁhméhﬁébldlc

i on- exchang in @ C i \LI y of the fuel.
The process%%{gﬁldeU% hﬂ&tene % &? gﬁ%éﬁ%ﬁ féﬁ%ﬁgﬁggiéggigogthe |l ong term
quality of bp@h&n@hﬁkwﬁﬁ@n@%t@ﬂ&Dﬂﬂm@ﬂﬁ&ﬁﬁ%wSmﬁbmlbﬁ?u@ﬁﬁ@&@iﬂﬂdltlOna

met hods for enhanci n ual ity .and
stability of™ E g ﬂmg?eiec?%%&@as Oﬁjﬁ&bdﬁ h"ﬁ‘pmé@ug‘ﬁ‘ff ‘ﬁ‘%‘%ﬂ"% it %%ln cont ent
can al so beud&$hmad»uﬁhﬁﬁﬁcﬂﬂahl@bﬁ&t&&ﬂmb@nﬁﬁﬁiH@UH&EH%2ﬁeﬁﬂﬁﬁb|e in

| ocati ons where dro rocessi ng volune can be. limted. artlcular nor e
si npl e proc@%éés“&§ﬁﬁ’nmmnfb Tipraantpudign pipogy e BT%“%QF@? @aPddas catal ysts
to assist i BxigddGHPEQRES SitRgeds@RUAR| yhadeaionetly. BUVMARY cEiikEbrobNYENTI ON
100141Thi s invention provides a nethod resulting in fuels having a
relatively high degree of thermal stability. The highly thermally stable
fuels al so exhibit inmproved color quality and/or can be relatively lowin
nitrogen content. In particular, the invention uses a solid phosphoric acid
catalyst to treat fuel material and provide a fuel product that can have
substantially inproved thermal stability.



100151According to one aspect of the invention, there is provided a nethod
for increasing thermal stability of fuel. The nethod includes a step of

fl owi ng awbuels/drexdst ock t hrough a contact zone cont ai niPag/usedizd451BDSsphori c
acid catalyst within the contact zone, the fuel feedstock preferably having
an initial and final boiling point wwthin a range from about 90C to about
360C, e.g., fromabout 90C to about 300C. The fuel feedstock can be treated
with the solid phosphoric acid catalyst3at a ratio of catalyst mass within
the zone to a mass flow rate of feedstock through the zone of at | east
about 18 mnutes to increase thermal stability of the fuel feedstock.
100161The s@hiﬂnphbwmhmmﬁﬁngnhquaﬁm%ysbfﬁmmwbeummmﬁbﬂﬁﬁaﬁmhtsiIicon

or t hophosphat t he solid phos ic .acid catal yst can
nave h o1 |1 EBe P HOBRo SR Aarer Kb sl G Riar BENGSEHArBLHat PPSE ot east
about 5:1. Thegaoddnghophtrsphoy, ke cambihatal @baesd is tngdaedlek yragianzihaine a pore

vol une of at. st a ram of cafal yst an /or can have an
aver age por@whf ﬁ%?%‘5ﬁﬁmgP“%Eﬁﬁ?mgﬁgﬁgﬁigﬁ”%ﬁ@%{?3ﬁ§“ﬂ*ﬁ "¥ol'i d phosphoric
acid catalyg&“&houhﬁ;@ﬁmﬁmaﬁn@vgﬁ@@@npart|cle size to provide relatively
dense packing within the contact zone as, for exanple, not greater

than about 1"8%m HebTswierEntst 1o 28%0‘}%?{ HETO5eRE PIRERS ATIRBITVBE treat i ng
the fuel feedshosk WiddvasLANSLIE GOAMMOGE! {LOR P QEL 18 aRALAGKIRG.M th the
solid phosphorlc acid catal ysi. As an exanple, the fuel feedstock can be
treated wit helilieh sapeed hoxitabinoN-16 aeupyss bpeiosrcle 60upntdn ¥Hgswi t h t he
sol i d phOSpl]Q[IL & a@tﬁl}‘gio%t‘v%ltEYQf ads@&ﬂt(ﬂ{&%ndy Ehtctﬁgxofr%%k mhkgALGG M th the

nmer capt an oxi datl on ‘cat a] can be water washed prl or to contacti ng wth
the solid phosptiod @xaigua&vwﬁ@hmfumm@m wwmilqnm whdgtherpopt Tonal  step,
the fuel fe%?i?lir{l’ﬁ'éo&?&n% o&%/%ﬂ;&ﬂld@ »&ﬂHﬁé% znti b&Q L@y, the
presence of "a ner captan oOxi tl on cat al uce rrerc tanreduced
product; andiiihe nelriéamtanl‘iuedﬁé?e%biphmba@tdmaw*b’e)rmdmiagtheajﬁwgtlh the solid

phosphoric a pat table for a
fuel feedsto&L tgg%%‘XgEW%P%%W%EégqggwﬁboF#£J ?S%?n Cﬁ% gﬁégpange from
about 110"CuMﬂmabmmtﬁﬁ@ﬁ@g&gdh@mﬁ&ﬂaﬁﬁﬁﬁ%Eﬁﬁmﬁ@%ﬁhﬂmﬁh sp@mmlhln t he range
from about 20% . 1? ‘%h, ,néln,q,\,f 'F f eedst ag % et fuel,
10020] Tr eat FERE SV FhE ™ U FeeFlvd i WAER ‘TS *""s%"ﬂ“ﬂa %‘h 'SP %‘Pu“é“@a id can
further increasa: ¢olod hgliadation prddatt cﬁm@rrmdeﬁfbyuﬁcﬁi dntcnesttthad ikgalgr

nmeasur enment of at, | east . about furt avide a treated

ol havi ng Gt BEHT TIBGIE SHEERE BFIAGp GF Baber! T AR BBt 6 g |

1002|11Tr gat R Er ‘(?)ﬂﬂf@%bﬁift Hﬂ?l@“&%g@% a)t\dir ‘tobhr@u@ Qﬁﬁil}gﬁidi&mmnﬂl mez‘ﬁiaii(, -
cata yst anmage; or exa ue st oc can treated wt t he
sol i d” phospRERYY caghe? %‘ﬁt“éP%i‘d 81?‘3*%‘“*{"@‘% et cﬁﬁa“'a% SHEB Y S about 10C

to about 108Gy RbFALER: DERCRLETHEONGR pbidNVENE] { @;\%orﬂe@@gal dhi Sidinvention

provi des a nmethod for increasing thermal stability of fuel, as well as for
reduci ng ni £16ge wokit-ehteraindr K GaHph GO RGT-doit e cabIE cyn bw%mt i mal

treat ment ofy.a,f; u@émf}%%%ﬁ&%wmmx%n%l AnGab Bl YRty GaN. L& Shfgctive to
reduce nitrogen content of the fuel, enhance color quality, or both,

treat nent t HE2Rff e‘étSSPthr"\@g@wﬁ@@m@w@ﬁ@ﬁﬂo éol Io@l3é|taé] J150J05 B PIAGIES
necessari | yi&ﬁ&@&ﬁ%np&@’oﬂﬂ% ARk 5 ﬁ@ﬂittyhgi t‘ﬁé}”?%&%kh & d@m@gr The

met hod is particu tive in can be carried out under
appropr|ateﬁwéﬁamystmﬁﬁeatweendi%nbm@%Aqu@gua1@@&&@hﬁh@$@h@wﬁcudend

catal vt suchel et afie, PAACTRL SLABILLtN Gl iabusl ccanahg gubstant i al |y
enhanced, e optio referabl su antlal ing long term
col or qualimwnandgam ﬁvgmnf@mﬁnﬁﬁymmendmn@mﬂhhom@éﬁﬁ@@ﬂﬂah@,

[60313] Additional methods for upgrading fuels, including enhancing color quality

and stability of fuels, are needed. Additional reduction in nitrogen content can also he

desired. These qualities can be particularly desirable in locations where

hydroprocessing volume can be limited. In particalar, more simple processes using



Feedst ock Fuel Conposition 100231The fuel that is provided as feedstock or
that can be treated according to this invention can be any one or nore of
ker osene,wpebijaed27 and di esel grades of fuel, includi nGCHRUSRU2ME5189 t hi n or
overl apping the particular boiling ranges of each indicated - 6 - fuel.
The invention is particularly suited to producing jet fuel grades of fuel.
Boiling point ranges are preferably determ ned according to ASTM D86- 09E1l
Standard Test I\4etlod for Distillation4of Petroleum Products at

At nospheric Pressure. 1002411 n one enbodi nent, the fuel/feedstock treated
according to this invention can have initial and/or final boiling points
(pr ef er abl y'mdpotehdilwavtiibie hiteridangetafsom about sQ0@rémssabout Hi3BOC. | n
preferred egbodlnents the fuel /feedstock treated according to this

i nvention cAW f%ve both initial and final boiling points within the range
from about 100C to about 340C for exanple from about 110C to about 320C or
from about ;@;; ‘*Y‘ki ' YENTIQD25) I n one enbodlnent t he nethod can be
glag,[ : lefla,?IUE)I{] pO nt a'% /‘«gn ﬁ%’i%g‘:}wﬁa{]%%n}eé}eﬁ FQSFP}I} i1 | 11@6“%1@&%%/_%%% a?i‘vei gggcl()%
for exanpledﬁﬁamﬁah@mh~1&ﬁﬁ;ttm@mgMbﬂ&@ﬂﬂﬁwﬁkﬁﬁhﬁbﬁ&ivdﬂﬁihﬁmna@out 180C or
from about 1 OC t? gut 1q0C Adqulonally or alte&natelé, he met hod can
be carried 6 PRSP H S SHEREEY RY A D HERYSIOGER B8R _AsTm D86
90% di fsti | ai\icﬁtlﬁbnp?tm\o(iggﬁl}ﬂpm&rkmuﬁ ctsﬁgmﬁaﬁhgﬁ fflii(ihiﬁlt@?hDMid pﬁ@@«ﬁ 4 @elabout ]
290C, for exanple from abo 210C to a t 280C or from about 220C to about
270C. Sol i d PPRECPHSFHCRE i g”%%ﬁ PQ%?““%%%?@TéS“F@*phosphor|c acid (SPA)

catal ysts camibe PraRar®e: BY:ne bk ig 1 RenPRHOSRRAL hGvaReH dmdhbi fa
support/carrier and dry |ng$ﬁhe resulting material. In partlcular t he

catal yst cafcFasipe dpardaBytmbithg TihBeEubstent 18 PRosprsrFe aci d,

extrudi ng t heqli&8Uhil R0 BaRd:Bron@ReBaMG kM NGl S e xdil Haads IRrherhal . The
activity of a solid phosphoric acid catalyst can be related to the anpunt
and/ or chenfeHict edPpdsifs Eﬁdﬂfukmﬁéw@ﬁ@@@\h@g wcingiel erddepoyiiiedosn the
suppor U 1002¢HThG) RROSPIGKL Go-RGl dhEOTRPDERE Rbn d!sl&;@g’o% fabalysg-ccan, in
sone enbodi nents, bé 1 n nore than one for exa phosphori c
acid conponéh@hméwmbemé@mmhq@@@ﬂoﬁﬂﬁh¢ﬁ@dphwgbh@ﬁnshambdt%E4®P0ﬁ1 ),

pyr o- phosphari.c. 7 . [ P, ,

tetra- phospﬁ%ﬁ?éq%%?‘ %E@B 8%%*’”%&%Fﬁw %Bh?kh%#%ﬁﬂgug%ﬁglﬁg%%g%/thereof
The preC|sek@ﬁmbmsnﬁmumﬁ@ﬁoaﬂgmm@mugwhpMQMWKﬁﬁhd@ﬁﬁﬂﬁnmkac|d can

advant ageou e a; fun |on of ont.ent of the sanple.

As the -7- %k%?gr coﬁf@g% p%ﬁ%aégfmaaéé%ggsgnmﬁp %Oﬁﬁ%ree of condensation
of the acidoﬁanmbgmdwi01mmeﬁaaﬁﬁmnﬁaehumfwmhﬁmmaammusﬁphmapmn@mc aci ds has
a uni que aci n and, . accordi.n y . of a given
Sanpl o of “SoPFd ROSHRBHEaE R Bba SR T oep i i e e 708 17150

rati o of thehphrReph @861 Gpdapash hed Astd Wiane the leataaby $iol cm’ per

gram of catalyst and/or can have an average pore diameter of at east about 150

angstroms. The sohd phosphoric acid catalyst should have an average particle size to
provide relatively dense packing within the contact zone, such as, for exarople, not
greater than about 1.5 mm.

[6617] The method can further mclade a step of treating the fuel feedstock with a
caustic composition prior to contacting with the solid phosphoric acid catalyst. Asan
example, the fuel feedstock can be treated with a mercaptan oxidation catalyst prior to
contacting with the solid phosphoric acid catalyst. Optionally, the fuel treated with the
mercaptan oxidation catalyst can be water washed prior to contacting with the solid

phosphoric acid catalyst.



100281Support materials can include at |east one netal selected from
silicon, boron, alumnum zirconium titanium and zinc, wth supports
conpri si NyoW1ymweiz7bei ng preferred. 100291i n one enbodi ReMUS201RM438% i d
phosphoric acid catal yst can be prepared by nixing together phosphoric
acid, such as one or nore of ortho-phosphoric acid, pyro-phosphoric acid,
and tetra-phosphoric acid, with the solid carrier to forma wet paste. This
paste can then be cal cined and crushed-§¢if necessary) to yield catal yst
particles, or the paste may be extruded and/or pelletized prior to
calcining to produce nore uniformcatalyst particle 100301In a particular
enbodi nment , EMhﬁtcaﬂmMemhﬁamdm@mpmh &Jbetbeh@dpmmdﬂ&s&bﬁh@baaw&ﬁtaining
material, such as.s ! Ex " rrate1 S 1 i nclude but are
not nnnedc%”%%%%8&%nﬁgﬁﬁﬁwﬁﬂ%%ﬁ%ﬁ%ﬁ“ﬁm$ﬁﬁ%&%ﬁkemmh
artificiall yedpesipased:, par @ siethpheasdudiidredudt danh @8 candtairwitiedetdi@n product s
t hereof 100311The. catal t can al so optionally include one or nore
addi tives, PAFPI¥NSEHS ﬁbse tailored to increase catal yst strength and/ or
har dness. E>§»:a:::rp | es atmstuﬁdti iaggtitiivassuaane foreliud eedhud raregaeRhSivm ted to,
mneral talc, fullers earth, iron onpounds étncludlgg iron OX|de and the
li ke, and mi%éf gPedogine ﬁ*éaétft%ﬁwa% WL ALK EJP 200 HED L PRE T Bt AF  Mount  of
carrier ands@@h@%ﬂ%1u@qehthM§£§m«épmhaan§BArcataax§bwﬁansﬁa{ynéelatlve to
t he phosphoric acid conponent. For exanple, the conbination of the carrier
and any addiftcPvesk engrctinaiet bl present can conprise from about 10 wt%to
about 35 Wt%Gzﬁﬁsedt&&nﬁﬂﬁ)t\fﬁ:‘ﬂ&tteﬁﬁtglﬁ‘@uﬁ @it‘@thif M&kp‘ﬁ'&ﬁ 2anE 0858l ci ned
catalyst, e.g., fromabout 1.5 w%to about W% | n many enbodi nents,
t he remai ndétcrafe qoie qSPAY datt abysic Ewamhfb@eitiﬁbcquwwﬁm@ﬂ at#tdeseibpeinent ,
such that theHPA I n t he
phosphori ¢ acﬁg’cé%%%%gﬁéﬁjgﬁﬂnggfg?%gﬁhphﬁ%gﬁgﬂgémgﬁg%th@éuxﬁge(s) - 8-
100331l n typgicewt thenbmdi emtzd, pore vol ume shoul d be adequate to allow or
sufficient ct h h t a catalyst
e.g., SO as%ggggnhaﬁggﬁt? éﬁ#ﬂm‘”ﬁnﬁ %uhﬂf?%%L n% ?kﬁ V%gd%? Bferred
enbodinentsﬁxmhsmﬁaﬁa}&et&eﬂﬂmhamdnanaaﬂemagmwwbﬁehmp%HWE&ﬁkambxtﬁast about
0.01 crn3g f e a 100341 Additionally or
alternately} %ﬁﬁtéggg?biaﬁthfﬂ“ﬁ%“%Q%?HE.éﬁﬁqto not significantly inpede
entry of fuel into/anong the catalyst pores In sone preferred enbodi nents,
t he catalys Hw‘¢1!,~~na gyverrage 1 Yo 1l of at | east about 150
angstrons, gxa east . about n
2ad1 L onal 14 eﬂﬂ#%aameaaagﬁlmﬁ%%a%ae e dRRETSHLHEG o be
sufficient tvm kf@%d&dﬁﬁqtﬂﬁtﬁ@ﬂm&a(ﬁnd’(ﬂi triprbhieg taled quakinnd A@qhbmt;hnal |y but

ferabl t. to und d t act |
or of or r e et hirresh U ENSER LI PE MBS et vt ah M BR R S5l £ 1>

surface ar eait@feddontc@pstihaRoUtobandd doBi guatfrplor BXAAkEndt hhedilsabout 5 nR/ g.
Surface area. can be deteraned accordln to ASTM St andar d

663 -03 (20
Test Met hod MHEESHHERCRI AP WA T IDCRERIG & @‘%H& e Df'%tﬁ‘ ekt é‘t‘g‘

same positive manner. The method is particularly effective 1 that it can be carried out

under appropriate catalyst treat conditions, using a solid phosphoric acid catalyst, such
that the thermal stability of the fuel can be substantially enhanced, while optionally but
preferably substantially enhancing long term color quality and/or significantly reducing

nitrogen content.

Feedstock Fuel Composition

6623} The tuel that is provided as feedstock or that can be treated according to
this invention can be any one or more of kerosene, jet fuel, and diesel grades of fuel,

including mixtures within or overlapping the particular boiling ranges of each indicated



10036j I n one enbodi nent, the catal yst can be conprised of a silicon

ort hophosphat e conponent and optionally also a silicon pyrophosphate
conmponentwOrROsBM®bS2enbodi nent s, the catal yst can advant age€diskerzoHdsbi t an
integrated X-ray diffraction (XRD) refl ectance peak intensity ratio of
silicon orthophosphate to silicon pyrophosphate of at |east about 4:1,
preferably at |east about 5:1, for exanple at |east about 6:1 or at |east
about 8:1. Wthout being bound by theory, the XRD refl ectance intensity may
be determ ned using the (113) planes of silicon orthophosphate and the
(002) planes of silicon pyrophosphate. It is understood that in cases where
no crystal | ifwé Sid ihmﬁoypym@hm}sﬁhaﬁed ksprdéteegtiedud siadgs KRt Bohmques, the

ratio i s represented as 100371 d|t| QR odi nent s,
[he S0l 1 oRREERRS B By SRR BB et R Bl Do h E S PR E B L
exhibit a siMdiegmophesiphiat ef Bstystual Frodictsyat Qf[m@;t{‘h:l‘fﬁﬂ%é%@i’é% for exanple at

| east 30% or_at_ | east 40fV el at pha-al um na standard, The
catal yot eal0Bibi ¢ rianar rybebtat by RebBed s RahRebdir B POaHGE phat e
crystallitessn havdimtpeRlerahl yoimid foiad (phaastty @gthg/mﬁﬁmsﬁcﬁhﬁgaﬂhﬁw (as
measured by X-r diffract] on) relative to alp um na. 10038j The

crystal | i ni 85°4 Q%é HRBOW gP Al R pisise C@P?@@éﬂ“ﬁ ﬁ?ﬁ %91 i6fdstonle g te shed solid

phosphori c a&loﬁhiﬁ%aahlyﬁm%a L@;E &i‘,@ hathl i Rend eharnBline do Mel Nthinuk ay
di ffraction techni ques and t ﬂrﬁ%. a National Bureau of Standards
%}f 34

al pha- al uni F&&F @f‘@r“@ﬁ‘éé‘)ﬁ’ét‘é’rf LrgRETRiS fremean gl o debrratitve val ues
of silicon gf5@9@9‘%@@@{@{0%&{“@@olfuonal l'y al so silicon pyrophosphate both
with respect to al pha-al um na, not necessarily relative to each other and
not necessaflf8§} i ndiscae lfiﬁ@OLbébSiél the eethal pasbeshrred pot bl Fapig yamam@sgj To
determ ne the & , [e38 acid
cat al yst sa%p i& g\ﬁggﬁé%@kgg{ﬁ I?%%%}s@ Eie\%g‘%lgﬂhdnf@- ??\héﬂ%g er ?%Egut -325
mesh), The smt{pﬂé)"éaw‘wdmeﬁﬁ“ﬁ@ i‘ons‘eamtpé\dfnbmt&bmahi@i&r‘faybqﬂmf‘fﬁ’@cﬁf@meter

pref erably egul poag wii, S LORPIL-ARONS It AYubHABe LA WGP Nt 8
quantitative difrraction scan can be acq rate intensities
of silicon phosphatige mh&s@sand&maxbedacmnreed;;o @mga,s;nq}ynumtegﬁm tmgng he (002)

peak of silic hat e. and. ophosphat e.
These raw i At 8575 REPIRZ OB B oel Bt H iRty Thap CEP-Cl AR

al pha- al um naoexteknakplsfrandasd 20y 0 ntegn Ak Qe {0120H° (C&%))ut and (113)
peaks on a az(in Jar preparation. Relative X-ray intensities of silicon
phosphate ph &s can be obt ai ned by dividing their respective raw
integrated intensities by the sumof raw integrated intensities of three
peaks of an _al pha-al um na external standard. The result can be (multiplied
by 100 and) gé&‘gﬁéé%ﬁ“ﬁ%@ e##¥stof percent crystallinity units. 100401Tot al
crystal linifgozeps Usad Jney éﬁbﬂ’b a&&{@?@@lk‘ﬁﬂbﬁg%%|pY@pQ1%d'b?t:@&bﬁé%g,%o an
external standard, |nstea bsol ute (rel atlve to an |nt ernal standard).
The total cPyephcasidw toF suppay %T’wfdmjéﬁbé}}?ﬁb‘? feeultiey getedt alyREieEs: t hus
represent the L%H[psgjdntbp?reﬁérl;d 89911@6 J 0 R%é@ Q@&x%b&sﬁ%%@lakd @J{ﬂ’dﬁn(gﬁh fay
diffraction) peaks relative to al pha-alum na, and I'i con pyrophosphat e
crystal | i ni tgpuitiRg ‘%GV-‘ dhick Falcamng @ﬁ}\tpeia%glafeeiﬁiatllhveﬁt‘v@tva?lffaﬁéldaﬂlemhﬁfac The
relative | ntepsid N8l bOCLEEE ficls omemﬁwgmqf L8, ou%gggﬁ&ed area under
the silicon ort ?ﬁosp ate crystalline (X-ray i Ffraction peaks

(optionall y}?h@k‘mliaﬁeldt@pta#iphan dkwwiped) di vided by the integrated area under
the silicon ph Y | aYn ) J.on) peaks (optionally
relative toi‘{ﬁ&g a- aﬁ%rﬁ%gy&r“ %i@ mi%%bﬁﬂ%h? a{&é%? Séﬂﬁ%@l c acid catal yst
can be nnnuifaabodlmems &emmdten@nt\meamm Sk tadopde, ﬁet;ﬂnoqmamdaqm onipdechti N any

nunber of sujtab ap ar.e described .in greater
Gotai 1, Ce. oot RRofP QRSB o RbTe2 230 BXS TP BB 55€ 68500k, *and

6, 313, 323, tmgh@p&ﬁk@smr(e@?@ﬁ\),;Mmrc;bhoa;ﬁ}emea@bfﬂm(()rzp@r akede by asef erence. One
exanpl e manuf cturln thod can be extrusion. Extrusion can. allow the
catal yst to“HE iﬁﬁﬁe}f*gcér% &8° PRCVRETBIN  Shalied ' Wag T RG of REBEEIrEd pore

di amet er andiOidvRQE@ oD} B aEb§Inrdf et 00andh0R4 2 The ald@mpRogpliari c acid
catal ysts that can be used according to this invention can be prepared by

m xi ng the desired phosphoric acid with the desired solid carrier. MXxing
can be carried out at any appropriate tenperature, for exanple, from about
10C to about 230C, preferably between about 35C and about 100C. The m xture
can typically be referred to as "green"” material, 'Wich can be a "dough"
or "paste" type material. The dough can have a slightly noist to alnost dry
appearance, but nmay be extruded in a hydraulic press-type and/ or auger-type
extruder and/or a gear-type pelletizer, and then cut into shaped particles.
100431C1her |ngred|ents |nclud|ng mnthout Ilnltatlon addltlonal vt er,

e e M



acid with a silicon based carrier. The green paste can then be cal cined,
whi ch includes sufficient heating to harden and/or crystallize at |east a
porti on ovouhs/gexre. Cal ci nation tenperatures and ti ne®CThBa01d/04H89
sufficient to adequately grow crystalline phases of the resulting phosphate
and carrier conplex. Exanples of such conpl exes can include, wthout
limtation, silicon orthophosphate and silicon pyrophosphate. WO

2013/ 006527PCT/ US2012/ 045189 100451As one exanpl e, the paste can be
calcined in one or nore stages, wth each stage of a multi--stage process
having its own tinme, tenperature, oxygen |level, and noisture level, inter
alia. For exanpteterextthodat dsraarn. the déornEdoaddsthen! Gakoil nedeat toa
tenperature.from abho é 0C.to _about 8030 such as .from bou 300C t o about
600"C. The EXIEFHh ﬁ8§ ¥ AU BRSBRTICSRAR 'Y 0 EF BaHd s enper at ur e

from about 100640y alotai3RACIviGalf aighat kamit bimsd @Ecrrplvaamacwwi‘a heondi tions
(such as tenperatu n en.leyv ut. ca plc nge from about
50" nut es £8 SEORBLTSTT it O reea R GoRdRE Eai ) B %Can be

prepared or cgfyghed to achieve an average overall particle size as desired.
In an enbodi nent, the average overaII particle size of the calcined

catal yst catB8l f r oPHPABOHFCH2 SHPEEIHE Gttt 0 mAe! FOFeiEH FECHY om about 0. 2

mm to about pdiofd Mint@MRRLALM BlanikR4LThe iRt s /inDditkon bd
invention can typically be carried out at a tenperature at which t

catal yst cafi™$q'gdi ficantly affect thermal stability of the feedstock bei ng
treated. Pr ?{f@cﬁbl Yin eglpgmﬁﬁfmg&g ‘rﬁ@gbiila%hg?ﬂmn@ﬂ“i@é&t{ai%& cdh ﬁc%@f@@tbw e of at

| east about 10 exanp from about to about 100C or from about 15C
to about 80®mm@memrimhgeﬁreﬁ<awd,ﬁm apper perpepditcuriestiont ecidan primarily

depend on t%‘o ;ﬁﬂgf%@ o @ % E3L5! éﬁ%g?&{ cﬁ%ﬁ%ﬁ @ﬁ@w%& LaHS8 Qﬁg;ﬁ du\,@et in some

enbodi nent s, erre tenperature 80C or |ess,
Addrtronally%%q Hﬁ&m@maﬁeﬁwnbrhéﬁmehwéraeuﬁeﬁCQMbﬁemgew®Manabbut 15C to

about 50C. P&??%&'r@?thtc]squﬁ%?{ {] ﬁrqsfﬂld glil \{Yﬂl 10&%@0& &8 rqst(t?gwg%iér&r pr Oyi ded

fuel is contac he“ta can general' const relatively

IOM/pressureuwdmﬂ@ﬁntm@uManmmkme nethod can be carrred out at an average

pressure fr out a to about 1.0
for oS TRl e ol bS bt dr Sk B SRt Atk 1160k Paa t 0 about

500 NPaa) sHicdicontalin@inaenil, fioh kndianc exdhgiensd suSt abediilt %nkﬁ’&ﬁ&lﬂihe

f eedst ock/ f uel

n. be trea ith the s hosphoric acid_.catalyst in a
romner ot f edtive i et M. phSeTarhd BBRTREG b et aEalT Xt hough
m ni mal treatsedl pWolidsiidca@atiahystangancheioe bl wercb® reduce nitrogen
content of the fuel and/or enhance color quality, treatnment that affects

ni trogen cofteht antPocaiiort Gaalse CyiHayY | &udﬁeeég SHPS R SRTUCHRRY mal
stability i mddRiSRIR RASIE LMEVIRAAGED and/or hardness. Examples of such additives

can include, but are not Hmited o, mineral tale, fullers carth, ron compounds
{including iron oxide), and the like, and ouxtures or reaction products thereof.

18632] The total amount of carrier and optional additive(s) in the SPA catalyst can
vary relative to the phosphoric acid component. For example, the combination of the
carrier and any additives that may be present can comprise from about 10 wt% to about
35 wt%%, based on the weight of the total finished and/or calcined catalyst, e.g., from
about 15 wt% to about 30 wt%. In many embodiments, the remainder of the SPA
catalyst can be the phosphoric acid component, such that the SPA catalyst can be said
to “consist essentially of” the phosphoric acid component, the carrier, and the optional

additive(s).



1005111 n order to ensure effective thermal stability of the treated fuel,
the fuel can be treated with the catalyst in a vessel, e.g , having a fixed
bed of cawealystooexrrt a sufficient treat rate and/ or catalPgStUuScaniaasdti ne.

O herwise, it is possible that nitrogen content and/or color quality of the
fuel can be affected with little to no inpact on thermal stability

i nprovenent. 100521The net hod can be carried out as a batch process or in a
conti nuous process. |In one enbodi nent, -Ruel feedstock can be treated with
the solid phosphoric acid catalyst at a ratio of at |east about 0.04 grans
of catalyst per 45 m of the feedstock, for exanple at |east about O, 06
grans of cat@l3gst p@ﬂmﬂﬁdn%b@ﬁmmhepbeaﬁsm&akmﬂd6653mﬂmaGnﬁbW&kons i n which
feedstock is _f.lowed thr ock .can flow at a rate

i owi ng- surtTEREe et e e Pl e R SOl Vst i 1

or der t o( poshishyedhyrmasitgiiiidyio€ antiliyl. aﬁ%eﬁkuﬁhﬁmnﬂhwshahujméymﬂ&mhmﬁ treated
product. The flow rate can _be any. desirabhl rate, p ﬁ ﬁ fficient
Dontact i { H G ERe RO QT Dy S cr Ay e s ehEsraae ¥ oo R enbodi ment
contact betweén'catalyst and flowi ng feedstock can be carried out in a
contact zone at a ratio of catalysE mass mnthln thﬁ%zone to a mass fl ow

rate of feed¥Pdbk tHT O RRILBRERPOESIZF 8¢ HoEtHC I8 %hut es, for

exampl e at LeastaRRoMbeRQuif BULESHO andhy hRasLIyAHRWL. 22:dMdP8rrd005411 n one
embodi ment, the feed can flow though the contact zone at an average |iquid
hourly space&mbeliBenis.yiqqaabisowp oo abHat Poe Bemeter poptdgssiiboad Shr -1, for
exanpl e frogh%ggﬁtngQd&%kd;g&QQQHﬁéé)Qﬁﬁkmm100551Fuel t her mal stabllity i's
determined inthis invention according to | FTOT, ASTM D324l - 09 Standard
Test Met hod {46361 Therurdikr @iitgalivon aBradilyi tils?/sxt;facwremﬁ thacardyhpineidrel s (al so
cnown 2 1 StOh L eRAAUI Gl JETOTHESE fESHL LAl 60 ALGALSSRNT o- based
test results, can be |n a ive o nce ﬁlng gas turbine

oper ati on amdmdﬁwdbéwas@mL¢mnas@bsgmmhwrlév@hmmﬁﬁdeﬁosrvgﬁuhaﬁntan form
when 1iqui d‘:,i ."I{e*,latai'vqt c‘%l'hd\p ta@’ 6L & cgg ?ﬂcc/s é‘r%&cgic%zt a 01%9%?' Ié%d

t enperat ure. feater t pressure d?op accor

Procedure, &h&mﬁ@ﬂrem?ﬁ$ab1mlkygmimém@atuﬁkakknﬁp&ﬁ&koﬁb&ﬂb@ﬁﬁ@@tO this

Uhan 3, combrNad b CROS rrel ERMERRShsuale Graf Dol St Rl ea”3: hour

t est perIOd(ﬁﬁmﬁOt greater than 25 nm Hg. 100561In one enbodi nent, the

nmet hod of tE%% fnve tion p |nc easg st ahbi | cing pressure drop
in treated f tO0F BHQI LY, Uy ETGY T G 1t‘fo‘“of ES Ia ‘g}rci”br to treatnent
and accordi ﬂgbégﬂo%}MQﬁﬁ&ﬂenrdiﬁ9);)&1&;&9» ala®@Y siflkod Basihod@%e 0bmPdhead theast 30%
100571Fuel s that have rel atively hi pressure drops and/or a significant
t ube deposi t¥FETIPRGIRESOPUFHYYY édw »mff PGSR EEA “hBY | deal

candi dat es §igfradicRakRBNAUSERE ptNEnABRED LS ACEREMIAT LA pENEd KSRt | ON.
Thus, in sone enbo |nents the fuel provided for treatnent can have an
initial pre&gaposabawpois leatt paadt!, ﬁ’@gmb 1% 14w Ahgutdc o dvidrpigrie 8! ASTM D3241
09, e.g.., dﬂﬂﬁﬁQQan@%?&ﬂﬂt#nt@ﬁ§&§g>H%@%&%ﬁ%tQRQPtQ;X§Bxi%%§%ﬁabOUt 20
rum Hg, or at |east about 25 rum Hg, accordlng

100581, | FTOMigrissBay be detoprioh wite ﬂpr(é)bh]@idﬂm«édd@@@mﬁwb@“@hﬁgditﬂdh? he

i nvention g bR reet pegcl tlcatjons. In one
enbodi nment %tbﬁe p%%\??g‘ éjf ec\f%lgghx ehgb%r}tdg%%ogg? td} glatg :a”dfwv%%t%ﬁgot he solid
phosphori c aO%ﬁimaﬁ@t@ﬁﬁnM@Oﬁﬁ@dwmﬁxa&ﬁm@b&@ﬁ@ﬁmdﬁmhamﬁMQﬁaJ@ressure drop
of about 15, nm.Ha. or I@ss for exanple about 12 rum Hg or |ess or about 10
mm Hg or |es acéorélng to ASTM D3241 - 09. 100591For exanple, in an
enbodi nent , Eitihé} f ueln afidiadst ockichas antpdesstr @e driaphofphatic acid catalyst

used according to the invention can exhibit a silicon phosphate crystallinity of at least
25%, for example at least 30% or at least 40%, relative to an alpba-alumina standard.

The catalyst can additionally or alternately be comprised of pyrophosphate crystallites,



| east 20 nmmHg per ASTM D3241-09 and the fuel product has a pressure drop

|l ess than 12 mHg, In yet another enbodi nent, the fuel feedstock has a
pressur e WoapLafery | east 25 nmHg per ASTM D3241- 09 andPChaiSbuelo4jasdpduct
has a pressure drop |less than 12 nmHg. Col or Quality 100601Col or quality of
certain fuels can be considered an inportant quality in that, in certain
cases, color of the fuel can indicate the degree of the refinenent of the
fuel. For exanple, when color is outside-of a standard/established range,
this can indicate possible product contam nation. According to this

i nvention, color quality can be determ ned using ASTM D156-07a, Standard
Test Met hod pfe@trraiﬁﬁyhb kit 1e4800.075 @fstallild (as Retnell eyM-Ry ddtiattisn | Shvibolot

Chr ononet er %, but can alternately be neasured by spectrophotonetry
to provide §P§ ?’%ﬁive col or quality comparison. 1006-11ln nethods
accordi ng t({ﬂ(ﬁm S iﬁieejﬂ‘ts'mmmnytih& &kaﬂﬂ/iéﬁuﬁ} icirystatifnidy e thumbishemdogii al  bei ng
treated can be ncre % for exa at | east 20% or by
bt CTeast  300POTBOBT THELHSt RO IR bEE Sy AT AGSHRer Y Srredbrve  n creatt ng

fuel type rr&mmq@lbande hagiolink & nakibial Pave: & [aldefs q&pm ket @wnéuel use
specification. In such enbodi nents, an off- sg color) f uel naterlal can
be contact ediEh FHe EQH UNBEPhGIT S XHie ok AUy EtoPigeid WYt he of f - spec

fuel can ha\/ﬁ@am ﬁkﬁuiﬁémg@k%ﬁm%ﬂzﬁkb&tﬁm@tﬂ}r PUto APhOLlukBE St f Or exanpl e
about 19 or |ess, about 1 ess, about 17 or |ess, about 16 or | ess,

about 15 or "PEsETivaBYte tszm@rotr»ég%d negBestsanly ipficytieg ebsogre wheurf 12 or | ess.
100631The fugk.igated according to this invention can preferably be
contacted/treated with the solid phosphoric acid catalyst to provide a fuel
havi ng a coll®¥%ual Ta getamingtthd whidive abgeinR0ot o fovished apnglpowtholiezsd  about 22,

at | east ab%{éwé‘% m E: tlm *\aﬁﬁwiﬁgﬁj{%sl%g ro(afd é\thi{(% tlqu&}ﬂif 3ng[kﬁo%l|:or

exanple, inan’e |nen dstock 'has a col o qual’i
tneasurenenﬁﬁmﬂ»&mth@d&hmﬁb@hmﬂzﬁhéﬂdwhﬁ@tmuehﬁpmﬁmdéiﬂQWQ@uéW@bhor quality

measur ement ?;{? 9@&8# X8y g‘%?’ld"‘gﬁ”%ﬁggg&gl d%m%&ft? {%Q&n 20 0R bely q%%h. anot her

enbodi nment , fee y measufemsnt at | east
about 24 an@ahhﬂs@ueﬂuﬁﬂﬂdﬂ@ﬁ\hasn@b@@hﬂﬁphﬂﬁ%ﬂmhyummasmregebt of about 16

or |ess accordl nere 0 uality can be
"hi cat ed by R 0Ee T Brog R SR TR Hs T ed < b ¢ ho
unt r eat ed fuamgmbgmaﬂ embeduﬁﬁngunahﬁmm@mﬂmmquaka¢uﬁsoﬂ@uﬁﬁ@&@ﬂdfoIIomnng
contact with the sol q R horlc aC| 8%% yi g, gif erential color
measur enment %?“?%?%?“w FREA S ERERY ?h &1 dﬁ3’~§3 PRy YLD IR ET eat ment
can be) at be@gﬁm@bmﬂd@i tay uexanpl ef @tcoh PRSHhabPUkeskaObe btah@Ast about 6.

Ni trogen RenDVf 100661Ni trogen content of feedstock fuel can be
subst ant i al F§¥ %d&h&*é&b%@bwWriatﬂgrdwtiﬁiwitﬁvmhfaw* Of\naﬁ‘ iB§eRtc€ont ent can be

determ ned ag&R[EL BGLO pehS TMIMAGL%handatdaitestaetrhodaficanTeace N trogen
in Liquid Petrol eum Hydrocarbons by Syringe/lInlet Oxidative Conbustion and

Chenmi | uni neéeefiskeddat 08 pp@rerpressed it terms of percent crystallinity units,
[3048] Total crystallinity, as used herein, can advantageously be relative to an

external standard, instead of absolute (relative to an internal standard). The total
crystaliinity of the solid phosphoric acid catalyst can thus represent the sum of the
silicon orthophosphate crystallimity (X-ray diffraction) peaks relative to alpha-alumina,
and silicon pyrophosphate crystallinity (X-ray diffraction) peaks relative to alpha-
alumina. The relative intensity ratio refers to the ratio of the integrated area under the
silicon orthophosphate crystalline (X-ray diffraction) peaks (optionally relative to
alpha-aluminay divided by the integrated arca under the silicon pyrophosphate

crystalline (X-ray diffraction) peaks {optionally relative to alpha-alumina).



1006711 n many enbodi nents, total nitrogen content of the feedstock/fuel

mat eri al can be decreased by at |east about 10% for exanple by at |east
about 20%Or20i®06327| east about 30% by using the net hodeCadaseridiontys? o t he

i nvention. 100681The nethods can be effective to treat fuel type materials
that initially have total nitrogen content above fuel use specification,

or, for fuels such as jet fuel that do not have a nitrogen specification,
nmerely higher than desired. For instance- the nmethod can include
contacting/treating a fuel material with the solid phosphoric acid

catal yst, wherein the fuel to be treated can have an initial total nitrogen
content of @Hﬁ&ter'ﬂh&nidﬁmapmﬁkadﬁ@ambmanmbemaMﬁMEQsﬁmabﬂ%ﬁﬁ&inpl | east

about 12 ng/l st _a ut 15 in 1As a.res in various
anbodi ment <oiskE w73k BATI edPulBE Fsutmron T s SR T be
contacted/t eeazﬁ;eﬁ atd ddiciithe usg;’en& dehgisphomiic Satid: tlat. alspspomrcen seondi ti ons

sufficient t a f a total nitrpgen content of not greater
Than 10°my POSPBR sSial 1 Spaaa et et Bl g o s

?bogt 4 rkrfﬁblqa @ifmlqe\s?aam&“ﬁl@r?r%ﬁﬁkfthﬁxxaﬁm* e«?mmnn ?th@mghﬂ@im‘w thb I@fmrﬁ, grelj ]
eedstock has a total njtrogen content of at |east about 12 ng/l and the
fuel product® PABRRRCEYS 0 YRR GRPCT YIRS SPirebit SR P ess. In yet
anot her enbedipert.rhe, fuel feedstock has a total nitrogen content of at
| east about 15 nglr and the fuel product has a total nitrogen content of

about 8 ngy/ [88E! | esEhe spig @r&bpiaﬁwee%@taiws 0P IeasEhiecEerBed Hent of the

I nvention, §he.RixQ%h g@ﬁcﬁ&%@d b ﬁ%?g}tﬁ@heﬁr@d %&éﬂo@r@%&g W@ Ofsired \ohd
contacted/treated to reduce and/ or renove mercaptan content. In

particul ar ewbedieEnts cat hecasrdcap tiany epnprimte cancbery éﬂ@é@@bi‘aﬁwfm removed
oy conver Ll kg lcaasboRaRoct hanafy LACAREGAREAN Eul 10bR: bR f1 des. An
exanpl e of t type of convefsion can b y treating with a caustic in the
presence of maxmereappaniioki diricd e sdakyshatoralgyhiclusinig aadvighdxTm pr ocess.
1007211 n a parti . the n roduce | ded fuel
havi ng col or qta%#¥g&%%gp ﬁ%gﬁ ?mge<3§#§¥%r%d9f%ﬁ§$%€%& EhggﬁxTevel can
be cont act ediitmedicadtrwidiin ahyakkalprae tfpe austi ciperciopposiutisrand/on: gdae presence
of a nercap an o tdatl catal st t red ice the level or nercaptans in a
ner capt an- r eduded proll P““fﬂg‘h%%%ééﬁ 16 - reduced product can be
further conﬁ@ﬁde/t@ﬁ@ﬁﬁg,&mmn1@ﬁ@h@§$anmhmsahemﬂ&ﬂa@ﬁdd&amw@ﬁﬁ\to

i ncrease thg e qual |éy and .st abi | %@éb h% mer ¢ Etan reduced product
to forma f @r"fé’rcei’“ﬁ‘étﬁ SLEHOBHYT B CpretBeAiTda "EST ST PGl PEYC and
stability. 1R0d8d:Aupamticaalim peabedichentingtaitihgiswa) Betsell VENi @A can be
described as a nethod for treating hydrocarbons, which conprrses the steps
of passing éﬁm@sz%@rr%n%f&r%rhgha@a@dr% &35 durgigropleingHonyeiyl AR C A E LT ne
conmposi ti onuiRNShodhid eRstiStLAAM 50accGaNt PHASIRICARLADS Ic8Nsh @uiydr ocar bon
fuel type conposrtron into an oxi dation zone to forma product reduced in
ner capt ans. SPirittgamalbedivireterigs subst adt Pl por EidRd bf steB. ner captans in
the hydrocai@Qﬂn@%ﬂwﬁﬁ.&9&%@&%%9&&9&QLé&Eﬂkﬁﬁ§oﬁJp§vﬁﬁgQﬂpt%Rn{ﬁﬁuced

hydr ocar bon can be contacted/treated with the solid phosphorrc acid

cat al yst t o2pt Gdiike sawpiiel coprodubstconaninggoeninaivd egtos ohdr aguadnia Yatand
stability. %QQ%%&ceo§9ﬂﬁkﬁ&Q Qhﬂ@mk§or&ﬂ§mgkﬁdUCt fromthe oxidation zone
can be sent to a separa |on' ere at least a portion of the aqueous

al kal i ne coﬂﬁ@éitrOhdeanmbéﬂﬁeméﬂameﬁaﬁﬁﬁmﬁ@ﬁeﬂhﬁbyucanbenxbdnm@nent whi ch
can advant ageg . e T n-reduced
hydrocarbongcgrr'{%Tl S?“(“ﬁggﬁé%ﬁ acted/ggngﬂ g?ﬂmﬁﬂ£%ﬁmp&§“ﬂ?%Q%%%%horIC acid
cat al yst. CwMMQmaHLMnQubhmﬁefawabb%@mﬂheaMBmca@ham}Mﬁﬁm@@d hydr ocar bon or
fuel can

bhosphori o Serirekat BRYSE ROEh i SRS R o R TR e o SR e
advantageouehﬁabahyr@h&nm@ﬂ@gﬂ@ammﬁeﬂﬂeeﬁn@yﬁr@ﬁamhenﬁendr¢mﬂﬁuxa,g , using
a salt, to renpve. excess water 0075 Apgeggﬁbmfi oxi dation catalyst can

pr ef er abI y o @%ka VA U‘ftﬁmflﬁgmb)% g ¢t silicon pyrophosphate.



zone. This catalyst can be supported on a bed of (relatively) inert solids
retained within the oxidation zone, and/or it can be dispersed or dissolved
in the ajgvecos/@bkal i ne sol ution. Any suitabl e nmercapt arCofisd@riogsiscat al yst
can be enployed. One exanple is described in U S. Patent No. 3,923,645, the
contents of which are hereby incorporated by reference herein, where a
catal yst conprising a netal conpound of tetrapyridi noporphyrazine is
retained on an inert granular support.--her exanples of such a catal yst
can include a netallic phthal ocyani ne, such as described in U S. Patent

Nos. 2, 853,432, 3,445,380, 3,574,093, and 4,098,681, the contents of each
of mhlch ar@KﬁeYebyAsmﬁnﬁpnpmuhﬂpbwcnebeuénm@1henemnnmih® qyevak caeh t he

metal lic phthal o ne can in or be titanium zinc, | and/ or
manganese. BUE Gl B Grer RS PG HaG B B oprre S5 kAl or vanadi um
The metal phidhalrotyainizne «canFaddibhpionalgatarrcaabd fanat aldyhddeskmplioyed in the

not 1 1 ¢ ed G OBLATE AR RE) Gegant O hanBLart RaEodnad dopaprn o

pht fi al ocyanpme. diks vhithnaheeidQeYe\bhan scheamel eapbaperoxicalh svueat al yst is
used in its supported form an absorbent carrier material that is
preferably A At P 9RIY SYHEr CRCHRUBRIBRIEy &Y WViIRo8d SRS (PR 2hat eri al  can be
in the for m@fsctAbk 8iSoxyeXt EUIRLOSen SRPRENLHBLcOfoh aRER M Yuishaned natural Iy
occurring pleces Natural materials, 'such as clays, silicates, and/or
refractory DAEF ahty Glicdestscan be used as the support naterlal

Addi tional | Yok al tﬁk&@r@d@x%dﬂ%@%f@%%@@f (;m@la@toba%hﬂlgr ﬂ?ﬂc&%@m&ﬂi?t omaceous
earth, kieselguhr, kaolin, alum na, andior rconi 00771The active
mer capt an oxidialeissa a&:@ﬁ%&t pen ﬁ@b@kﬁn@m bany eb@ead@léiélmf@d? hige siipport in any
sui tabl e rm‘nﬂﬁ';wd Endlvat uQiybﬁ, imﬂg&%p?‘é Qgﬁ p}"ﬂbgut@mﬁﬁgfoﬁzQik%\@%&n Q%ugr ying. In
sone cases e catalyst ornmed In sit he oxi dation zone.

I D certain éﬁb@@ﬁwénmsiﬁmhe fini shed catal yst can contain fromabout 0.1
wt%to about 10 vt % of a netal phthal ocyani ne, based on total weight of the
finished catalyst. 10078i I n one particul ar enbodi nrent of the invention, an
aqueous alkahmg@aﬁﬁiution can be adm xed with the hydrocarbon stream

cont ai ni ng 2 rc X n_oxygen .cont ai ni n air) and the
mixture con87pass B Tl A S THaiRE RenduP RSt Eifuned yac A
preferred akd@lcianec soliuti ©ocespstconLii Sendan afbk dichmardbioity @lthal i ne earth

Caueti 0) . pO AR Ry 6T ST BT Ry AP A CORGAECH, o

hydr oxi de i gt useshoul toocan: predier abh ¥bhaver Goabneentaldfomn iwoemcabout I wt %
to about 40 m¢7/o in solution, for exanple fromabout | w%to about 25
wt % Any ot Hett 8t apl e alkallne mat eri al can be enployed if desired.
100791The r gdeggpf a@ldlcﬁ AN fip X VBBRr L0 1AL RENS 8RRy GaRuden iidi | ored to the
mer capt an cont ent of The h drocarbon feed streamto the oxidation zone. The
rate of oxygﬁéﬁvte@éarﬁ%@hmeﬁaﬁ st agEduShyr. B‘e@@ﬁéﬁ%’@@‘m{«ﬁaﬁ? “Réanmount
required to,oxd iz, ﬂk'tuﬁ’gﬁué&ﬁ% HIBREGRRGANsS 1GONkANeT ! % 0; Lo deed st ream
wi t h oxygen (eqU|vaIent) rates from about 110%to about 220% of the
st oi chi onet tdperHéEd cdakhgy fp}ﬁeﬁi@wé‘ﬂutw@mﬁéﬁ‘émodu ments. - 18 - 100801The
use of a packed bed contacting zone can be preferred in the oxidation zone
in certain enbodi nents. Perforated plates, channeled m xers, inert packing,
and/ or fi bePssnan additionally or alternately be used to provide
t ur bul ence. act- S .in .t .QN..20n n;ge I chosen to
be equi val ergm@? Hfﬁ,&%ﬁuam rltd %]n %g%:té{“r Uﬁ%wﬁdeg%%dg‘f@%g a8 %Xf@ﬁ} -1lto
about 70 hr dzalyilfkren gocicddty bam‘m@aﬁdmsﬂmvgbﬂe% @kdqwrsbeinrmﬁmtaim rnednatoda
tenperature 0O )+ reat er
han about 300k Casgar 13800y S Pret Y Beb b BRE bRl SR S can
gener al | y béralouenat nospherfocexphes Stiesbolior sexanphe sgreathen ibhapamabout 50
psig (about 350 kP%qﬁp Al ternative/ Addi ti onal Enbodi nents
100811Addi t fOHAM YUoH %Pt ernat el y, the invention can include one or nore of
the foll owi ng enbodi nents.



100821Enbodi nent 1. A nethod for increasing thermal stability of fuel,
conpri si ng: flowing a fuel feedstock through a contact zone

cont ai ni goo1ymegeiosphoric acid catal yst within the comCagiSs2@onej1swher ei n
the fuel feedstock has an initial and final boiling point wthin a range
from about 90C to about 360C (194F to about 680F), and 'Werein the fuel
feedstock is in contact with the solid phosphoric acid catalyst for a
period of tinme of at |east about 18 m.n.es; and produci ng a fuel
product that has a higher thermal stability than the fuel feedstock
according to ASTM D3241-09. 100831Enbodi ment 2. The net hod of enbodinment 1,
wher ei n t he Tselmah phiddpheribermad Sabdiat al yst is conprised of silicon

ort hophosph 100841Enbod; , t 3. . The, nmet hod hodi nent 2. wh in th
ol ool L oo TRy R e b PR PR RS PL BB R PR g fstihier e m the

pyr ophosphateisang c&xhivbifbiSnBahcinntieghatr@tsbikqyf dic fifal aatthanh XRRRI
reflectance peak intensity ratio of silicon orthophosphate to silicon
byt ophoaphat BB ar T Bt ot e e SRS RE T O PR HEEHYS of any
of enbodi NeRkisinds Sior\WhgkeitRatha: SOl didcphvsphaidhenagiidoRalaliyshaas a
silicon phosphate cr%stal linity of at |east 25%relative to an
al pha- al umi RESPERGARE. hermagbiliny gUBE 1RSI TR RF™S™ The method of any prior
enbodi ment, wizer ei Nintdher 80ddkge PHRSRP OLIEa] 3GbG ncatidd VStedifgei GOORE] &8d of
pyrophosphate crystallites with at |east (11% crgstal linity (as nmeasured by
X-ray diffr&etFai) vilkibartvesitin: drspHae al mea. Xe0087TEAE: Ment 6. The
met hod of  aRyrPLAQfeaS9ROHl BBk WAGELE Bl hB SRk 1 RNQSRPRNAE nRELM, catal yst
has a pore volunme of at |east about 0.01 cnB per gram of catalyst.
100881 Enbodraret a7d/orieey redlWod! b fughgrn peizecteatiygdiiie it 1o Wwerebn the solid
phosphori c L dacabahyst, nas..an average pore diameter of at |east about 150
angstrons. %%gg] %rjrglo“dl?1 ml;r}?s " The method of any prior enbodi nent, wherein
the solid plEsphor i ticavittbdoan &b ystichas sanbasteprages pan ticolteugisze of not
gr eat er t ha'ﬂx{%gs?.uin 31’?3561 mfcgt? %%i]‘ég@s?o%x @r{%c t?éatelit}veﬁhqﬁé Q%g p%spﬁ&' C prior
enbodi nent, wherein the tue

acid catalyst at a ratio of at least about 0.04 grams of catalyst per 45 ml of the

foedstock, for example at least about 0.06 grams of catalyst per 45 ml of the feedstock.
[BG53] At conditions in which feedstock is flowed through a vessel, the feedstock
can flow at a rate allowing sufficient contact time of the feedstock with the catalyst in
order to {positively} significantly affect thermal stability of the treated product. The
flow rate can be any desirable rate, as long as sufficient contact with sufficient quantity
of catalyst is ensured. In one embodiment, contact between catalyst and flowing
feedstock can be carried out in a contact zone at a ratio of catalyst mass within the zone
to a mass flow rate of feedstock through the zone of at least about 18 minutes, for
example at least about 20 minutes or at feast about 22 minutes.

16654 In one embodiment, the feed can flow though the contact zone at an
average liquid hourly space velocity (LHSV) from about 0.1 hr'' to about 10 hr''| for
example from about 0.1 ! to about S b,

3855 Fuel thermal stability 18 determined in this invention according to JFTOT,
ie., ASTM D3241 - 09 Standard Test Method for Thermal Oxidation Stability of
Aviation Turbine Fuels {(also known as JFTOT Procedure). JFTOT test results, which
are pressure-based test results, can be indicative of fuel performance during gas turbine

operation and can be used to assess the level of deposits that can form when liquid fuel



feedstock is treated with a caustic conmposition prior to contacting with
the solid phosphoric acid catal yst. 100911Enbodi nent 10, The nethod of any
prior enboi2asmoes2iherein the fuel feedstock is treatedPaftus2@2oes18apt an
oxi dation catalyst prior to contacting with the solid phosphoric acid

catal yst, 10092j Enbodi ment 11. The nethod of enbodi nent 10, wherein the
fuel feedstock that is treated wth the nercaptan oxidation catalyst is
wat er washed prior to contacting with tite solid phosphoric acid catalyst.
100931Enbodi nent 12. The nethod of any of enbodi ments 1-8, wherein the fuel
feedstock is treated with a caustic conposition in the presence of a

mer cap-tan oxitghatd lontedatiddoy st a {pociprddupeaararericaptaaniicetiseed dppoduct , and

the mercaptan-reduced product i.s contacted w th.the solid phosphoric acid
catalyst 100 Enpgh ol e R R DRl cisbaRREALE whor ef n
t he fuel feed$isdEROTScst & HeuletinedQ0IRIEphadivientanldefehbe byetshadn of any

prior enbodi nent, erein the fuel feedstock has a ASTM D86, 10% boi | i ng
Dot o TR VIRh GRS phirg VDS GEr s e At o) PO RO ASTM Do6

90% boi | i ng gRQichthah DS At ERYEe from about 200C to about 290C (392F to 554F).
- 20 - 100961Enbodi nent 15, The nmethod of any prior enbodi ment, wherein the
fuel feedstd&®has B praReliPerdrapcard at PIeRstiPor it et =g D3241- 09
and the fuek.dqtiad Ffégsuﬂa&am {RERY T 8y SR 1@§Schan, 42 miltder 1o
100971Enbodi nent 6. The nmethod of any prior embodi ment, wherein the fuel
product has taFmeRcRé agerdive T dat T 99 &Y di RrePEher By aideispto%.
measur ement yqisyat | Gasty, AROW R AGE LA h&gsuivé)dr@g%-ré}{h,@g@ig&ﬁémﬁ qlative to the
fuel feedstock. 100981Enbodi nent 17. "The nethod of any prior enbodi nent,
wher ei n t he dfityel rtisp derroline ake A TEC] ypcedurgicpt e iwed strdedsimndorgfeatsion] east
about 22 a”‘d-\'éet‘@ Tkl apEad % DA A % Mgl LY Goenk of about 18
or less accordfng t%>ﬁ§§ﬁw#§ 6j8%§. %gHSQj%Hbodlﬁ%nt gﬁﬁgﬁelnethod of any
prior enbodiprenkd fuheeeicnt dehdafape|initial pressure drop of at least about 15 mm Hg

according to ASTM D3241 - 09, e.g., that can have an untreated pressure drop of at

teast about 20 yam Hg, or at least about 25 mam Hg, according to ASTM D3241 - 09,

[BGSE] JFTOT pressure drop of the product produced according to the invention

generally meets a wide variety of fuel specifications. {n one embodiment, the provided

fuel can be contacted/treated with the solid phosphoric acid catalyst to produce a fuel

product haviug a pressare drop of about 15 mm Hg or less, for example about 12 mm

Hg or less or about 10 mm Hg or less, according to ASTM D3241 - 09,

16659 For example, in an embodiment, the fuel feedstock has a pressure drop of at

teast 20 mmHg per ASTM D3241-09 and the fuel product has a pressare drop less than

i2 ramHg. Tn yet another embodiment, the fuel feedstock has a pressure drop of at

feast 25 mmHg per ASTM D3241-09 and the fuel product has a2 pressure drop less than

12 omHg,

138606} Color quality of certain fuels can be considered an important quality in that,
in certain cases, color of the fuel can indicate the degree of the refinement of the fucl.
For example, when color is outside of a standard/established range, this can indicate
possible product contamination. According to this invention, color quality can be

determined using ASTM D156-07a, Standard Test Method for Saybolt Color of



product has a total nitrogen content of at |east about 10% I ess than the
total nitrogen content of the fuel feedstock. 1001001Enbodi nent 19. The
nmet hod ofwearwy13mosser enbodi nent, wherein the fuel feedst®@CH/Usa®128043189 al
nitrogen content of at |east about 12 ng/1 and the fuel product has a total
ni trogen content of about 10 ngil or |ess. 1001011Enbodi nent 20. The net hod
of any prior enbodi nent, wherein the fuel feedstock is treated wth the
solid phosphoric acid catalyst within tfe contact zone at a tenperature in
a range from about 10C to about 100C (50F to 21217). 1001021Enbodi nent 21.
The met hod of any prior enbodi ment, wherein the fuel feedstock is treated
wi t h t he solPkabipho8plorts SagizildCloahahyist Mahtdli buttheslcontdche monecdt a

pressure fr ma%g é Lﬁga%mto out ]I% at}rﬁnlg boy 100 kPaa to about 1.0
MPaa) . 100103 IEFSECHERT™Y 220 e ® HEHEH* 6150 {% 8P“éfbodi ment, wherein
the liquid hese]y szma@ﬁac\dehmrdmyv t(\kihlSM)vemfonltheufibt&juaﬁtee;dﬂie@%nialfblh@l,lgh the
solid phosp aric m %at al yst gontact z 1.8 % 1 hr-11t
about 10 hr- Tm S ESARPIE fﬁffftfﬁif’?ﬁlé ‘“5?% Ento FHY “tW H 1598t 4971 tidtrht ed |n
greater det @bt oy, t he specific exanples presented below It is understood

t hat these exani)l es_are to be consi dered as. specific exanples or preferred
enbodi ment s {812k he BifapsiPed 38 featvappetoRey .CH%W? FOFEAHES RELYRRURCHHY t he

invention i sxPRLidOLRE d domi tedid Qei@@ka)’el am smnadbientsctfmiendsayant i on
described in _the Exarrpl -21 - F 100105i The feed used was a j et

fuel cut pretueedce P@rﬁ"\‘én@?ﬂu‘db‘«@Ibaf?%m%"ftdﬁf‘”ﬁb%ut@hﬁ(l%W@&Wa‘*@w&ﬁ?%n crude.

The jet fuel,elt, @& oiffrﬁ‘&tﬂaé?@aﬂ@ém%ﬁﬁﬁﬁa@@o%‘écﬁiﬂhf} o‘f@bcﬂnt%%oilc"ét ken of NaOH and
air to simulate col or radation that typicall'y occurs during a

Mer ox| m t ypexgsrocenst E‘M ligsevibautoy o8 lapaperut Washies, tyur Enpvessradgitddal caustic
and 2 fil tr%{/\ihgsnﬁb&u‘?li{%@\é gg&cles&hyv@ dbﬂlg?ngr an -11 m cron cel |l ul ose

filter fro a reference e color rating tends to increase as
the col or bdHisés arBwrferivvedd froniitate tietnvingeh Lammﬁﬂ%inFabl e | bel ow shows

the properti grﬁac?c&gg %djw%h tégu% id %ﬁf%gh&?c atkniecaga%%gw p-ll_x%%c 3 fue‘:i h‘%‘%hof uel fraction

from - 70% héavy
color quality of at least about ‘7(} for example at least about 22, at least about 24, at

least about 26, or at least about 27.

[80664] For example, in an embodiment, the fuel feedstock has a color quality
measurement of at least about 22 and the fuel product has a color quality measurement
of about 18 or less according to ASTM D156-07a. In yet another embodiment, the fuel
feedstock has a color quality measurement of at least about 24 and the fuel product bhas
a color quality measurement of about 16 or less according to ASTM D156-07a.

16865} Increase in color quality can be judicated by an irmaproversent in color of the
treated fuel, compared to the untreated fuel. In an embodiment, the color quality is
increased following contact with the solid phosphoric acid catalyst by a differential
color measurement of (e.g., the improvement in the color quality upon treatment can

be) at least about 2, for example at least about 4 or at least about 6.

Nitrgeen Removal

80366] Nitrogen content of feedstock fuel can be substantially reduced according
to this mvention. Nitrogen content can be determined according to ASTM D4629,
Standard Test Method for Trace Nitrogen in Liguid Petroleum Hydrocarbons by

Syringe/Inlet Oxidative Combustion and Chemiluminescence Detection.



caustic and air treated Density (kuil) -0.825 Sulfur (YY.P.Pm) N trogen
(n-igil) _ -2900 H1 Color (Sayboit - ASTM D156) +6 Col or

( Spect r ophotomawes27- LI CO 400) . Exanple 2 100107i Tabl @CZ/tshan®431Re ef f ect
of treating the feed with either PolyMax(r) 845 or Pol yMax(r) 131 using
different treat levels. Both catal ysts were crushed beforehand and sieved
such that only sizes smaller than -0.42 nmwere used. The jet fuel and the
catal yst were in contact for about 24 hgurs in a shaker under an inert
(nitrogen gas) atnosphere at roomtenperature (about 20C to about 25C). As
t he amount of catal yst treatnent increased, the nitrogen concentration
decr eased arm;{&ﬁt?’he Clolnonyicnpodvedts, imiamitr@eomms ofrfdasurigdciaid mgastiown i n

{reated fuet b FoRRa ‘CRECEh Tl e a5 o bTaR Ee SRR THBM Tabl o 2

that at eveabat 24]}%)/%%%@&& @éthbdseatorgng tcohe fovedtions th solid phosphorl c acid
catal ysts (i a substantial .increase uality and

mlL
o subst ant | M0PEucHOR TR SUb o GGt done ane peli faeT 155 1 1ol o
2, Pol yMax @845rReb ydoet idovd Bk! use specification, or, for fucls such as jot fuel that do

not have a nitrogen specification, merely higher than desired. For instance, the method
can include contacting/treating a fuel material with the solid phosphoric acid catalyst,
wherein the fuel to be treated can have an nitial total nitrogen content of greater than
10 gro/l, for example at least about 11 mg/l, at least about 12 mg/l, or at least about 15
mg/L

(8869 As a result, in various embodiments, the fuel treated according 1o this
mmvention can be contacted/treated with the solid phosphoric acid catalyst under
conditions sutficient to provide a fuel having a total nitrogen content of not greater than
10 mg/l, for example about 8 mg/l or less, aboat 6 mg/l or less, or about 4 mg/l or less.
(8678 For example, in an erobodiment, the fuel feedstock has a total nitrogen
content of at least abowt 12 mg/l and the fuel product has a total nitrogen content of
about 10 mg/t or less. In yet another embodiment, the fuel feedstock has a total
nitrogen content of at least about 15 myg/l and the fuel product has a total nitrogen

content of about 8 mg/l or less

Mercaptan Removal

{8671 In one embodiment of the invention, the provided fuel/feedstock 1o be
treated can be contacted/treated to reduce and/or remove mercaptan content. Ina
particular embodiment, the mercaptan content can be reduced and/or removed by
converting at least a portion of the mercaptan, e.g., to disalfides. An example of this
type of conversion can be by treating with a caustic in the presence of a mercaptan
oxidation catalyst, e g, using a Merox™ process.

1864721 In a particular embodiment of the invention, produced/provided fuel having
color quality and stability below a predetermined or set level can be contacted/treated
with an alkaline (caustic) comaposition in the presence of a mercaptan oxidation catabyst

to reduce the level or mercaptans in a mercaptan-reduced product. The mercaptan-



Treat (g per 45 mM) 0 0.02 0.04 0 0.02 0,04 Nitrogen (ng/l) 10,7 3.2 1.1

10.7 3,9 1.3 Col or
+0 WOR0M1/0065215 +0

400)
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reduced product can be further contacted/treated with the solid phosphoric acid catalyst
to increase the color quality and stability of the mercaptan-reduced product to form a
fuel of increased and/or predetermined color quality and stability.

16673} A particular embodiment of the subject invention can be described as a
method for treating hydrocarbons, which comprises the steps of passing an oxygen-
containing gas {(e.g., air), an agucous alkaline composition, and a feed stream that
contains mercaptans and a hydrocarbon fuel type composition into an oxidation zone to
form a product reduced in mercaptans. In this embodiment, a substantial portion of the
mercapitans in the hydrocarbon can be converted to disulfides. The mercaptan-reduced
hydrocarbon can be contacted/treated with the solid phosphoric acid catalyst (o produce
a fuel product having enhanced color quality and stability.

186744 In soroe embodiments, the product from the oxidation zone can be sent to a
separation unit where at least a portion of the aqueous alkaline composition can be
separated from the hydrocarbou component, which can advantageously be reduced in
mercaptan content. This mercaptan-reduced hydrocarbon can be further
contacted/treated with the solid phosphoric acid catalyst. Optionally but preferably, the
mercaptan-reduced hydrocarbon or fuel can be water washed prior to contact/treatment
with the sohid phosphoric acid catalyst. When water washing is performed, it can be
advantageous to dry the mercaptan-reduced hydrocarbon or fuel, e.g., using a salt, to
FEMOVE £XCess water.

[BG75] A mercaptan oxidation catalyst can preferably be employed in the oxidation
zone. This catalyst can be supported on a bed of (relatively) inert solids retained within
the oxidation zone, and/or it can be dispersed or dissolved in the aqueous alkaline
solution. Any suitable mercaptan oxidation catalyst can be emploved. One example is
described in ULS. Patent No. 3,923,645, the contents of which are hereby incorporated
by reference herein, where a catalyst comprising a mctal corapound of
tetrapyridinoporphyrazine is retained on an inert granular support. Other examples of
such a catalyst can inchude a metallic phthalocyanine, such as described in U.S. Patent
Nos. 2,853,432, 3,445,380, 3,574,093, and 4,098,681, the contents of each of which are
hereby incorporated by reference herein, The metal of the metaliic phthalocyanine can

include or be titanium, zine, iron, and/or manganese, bui can preferably inchude or be

| nprovenent upon treatnent (by spectrophotoneter -
PCT/US2012/045189

LI CO



+11 +15 Exanple 3 1001081Table 3 highlights the effect of tenperature on
the effectiveness of treatnents involving Pol yMax(r) 845. Al other

oper at i ngvoanth/abAs, i ncluding the solid phosphoric aciPdTAsee20kH8%] z€,
contact tine, and (inert) atnosphere remained the sane as in Exanple 2.

Al t hough treatnents at both -25C and -60"C showed substantial benefits,
Tabl e 3 suggests that treatnent at the |lower tenperature can result in
slightly nore observabl e col or and nitriogen i nprovenents. Table 3. Exanple
4 1001091Tabl e 4 bel ow shows the effect of water content in the feed using
Pol yMax(r) 845 at about 60C. Distilled water was injected in the feed at
room t enper atiutiend/aboutdi2@CThomabbuitth@&Q, ine @sukidikingy or altavati @y be

concentration of about. 100 wopm conpared with approximately .50 wopm before
o ecti on. AGRRReC AR R e e P e re P et LB ng e Ra Kot al yst
particl e si »e,areontiadizdtd, oehalighthaob @k maAabimSphe kel dcemapnedoddhgnsame as in

Exanpl e 2, Irlc}r.‘,easai ng the concentration of water appeared to have a
negli gi bl e éiF’f‘é?f‘f““(very little inmpact, if any) on both the color and the

nitrogen repmwal . Talbehd mercab@n WORM N2 400 uMa RpMHRBpdtc@abd, gn per 45 )

00.02 0.04 0 0.02 0.04 . . . . . .
absorbent carrier material that is preferably relatively inert can be employed. This
carrier material can be in the form of tablets, extrudates, spheres, or randomly shaped
naturally occurring picces. Natural materials, such as clays, silicates, and/or refractory
imorganic oxides, can be used as the support material. Additionally or alternately, the
support can be formed from diatomaceous carth, kieselgubr, kaolin, alomina, and/or
Firconia.
166771 The active mercaptan oxidation catalytic material can be added 1o the
support in any suitable manner, e.g., by irapregnation by dipping, followed by drying.
In some cases, the catalyst may be formed in sife within the oxidation zone. Tn certain
embodiments, the finished catalyst can contain from about 0.1 wt%6 to about 10 wi% of
a metal phthalocyanine, based on total weight of the finished catalyst.
16678 In one particular embodiment of the invention, an aqueous alkaline solution
can be admixed with the hydrocarbon stream containing the mercaptan, and an oxygen-
containing gas {e.g., air) and the mixture can be passed through a fixed bed of the
oxidation catalyst, A preferred alkaline solution can comprise an alkali and/or atkaline
earth metal hydroxide, such as sodium hydroxide (generally referred to as caustic),
potassiura hydroxide, and/or calctum hydroxide. When sodium hydroxide is used, it
can preferably have a concentration from about 1 wit% to about 40 wi% in solution, for
example from about 1 wt% to about 25 wt%. Any other suitable alkaline material can
be employed if desired.
16679 The rate of addition of oxygen-containing gas can be tatlored to the
mercaptan content of the hydrocarbon feed stream to the oxidation zone. The rate of
oxveen addition can advantageously be greater than the amount required to oxidize all
of the mercaptans contained in the feed stream, with oxygen (equivalent) foed rates
from about 110% to about 220% of the stoichiometric need being preferred in some

embodiments.



Nitrogen cagil) Color inprovenent upon treatnent (by spectrophotoneter -
LI CO 400) 10.6 +0 4.3 +6 1.6 +10 10.1 +0 3.9 +5 '1- 0 , -23 - Exanple 5
1001101 Tawbeos/dosienl i ght s the effect of catal yst parti clP€TdiS2&204318y Po y

| ax 845 at room tenperature (about 20C to about 25C). The contact tine was
agai n about 24 hours in a shaker under an inert (nitrogen (as) atnosphere.
No water was added to the feed. In one case, only catalyst particle sizes
smal l er than -0.84 mm were used, whereag,- in the second case, only catal yst
particle sizes smaller than -0.42 mm were used. Reducing the maxi num (and
average) catalyst particle size resulted in a slightly increased nitrogen
renoval (sl i@lt] y | Bwere ni4 poferbedonttents) zbutcahadpaimmedhi i bkidatefof ect (very
little | npa%gﬂe ih fccr%ri]}%/ gnﬂ?o%ir}ieg 5. %%!’fgrratedE@i@és?clig,hneiegi mixers, inert packing,
and/or fibers can additionally or alternately be used to provide turbulence. Contact
times in the oxidation zone can generally be chosen to be equivalent to an LHSV based
on hydrocarbon charge of about 1 hr! to about 70 br'!. The oxidation zone can
generally be maintained at a teraperature of at least about S0°F (about 10°C), and
typically not greater than about 300°F (about 149°C). The pressure in the contacting
zone can generally he above atraospheric pressure, for exaraple greater than about 50

psig (about 350 kPag).

Alternative/Additional Embodiments

16081 Additionally or alternately, the invention can include one or more of the
following embodiments.
8682} Embodiment 1. A method for increasing thermal stability of fuel,
comprising:

flowing a fuel feedstock through a contact zone containing solid phosphoric
acid catalyst within the contact zone, wherein the fuel feedstock has an initial and final
boiling point within a range from about 90°C to about 360°C (194°F 1o about 680°F),
and wherein the fuel feedstock is in contact with the solid phosphoric acid catalyst for a
period of time of at least about 18 minutes; and

producing a fuel product that has a higher thermal stability than the fuel
foedstock according to ASTM D3241-09,
[BGR3] Embodiment 2, The method of embodiment 1, wherein the solid
phosphoric acid catalyst is comprised of silicon orthophosphate.
(8684 Embodiment 3. The method of embodiment 2, wherein the solid
phosphoric acid catalyst is further comprised of silicon pyrophosphate and exhibits an
integrated X-ray diffraction (XRD) reflectance peak intensity ratio of silicon
orthophosphate to silicon pyrophosphate of at least about 4:1.
[BORS] Embodiment 4. The method of any of erobodiments 2-3, wherein the solid
phosphoric acid catalyst has a stlicon phosphate crystailinity of at least 25% relative to

an alpha-alumina standard.



Sizes <0.84 nirn Sizes <0.42 Rim11:13=111=111111111111111. 0 0.020.04 M I
0.02 0,04 EMESEM I I11ITIITMM 10 111122111221111 10.73.2 1 . Col or

I mpr ovenawo 20a06327 eat nent by spectro hotoneter - LI CO 200/UskoiRios3iBe |11 |
+11 +15 Exanple 6 1001111Table 6 bel ow shows the effect on the thernal
stability of the jet fuel once

S19.

|B386] Embodiment 5. The method of any prior embodiment, wherein the solid
phosphoric acid catalyst is corprised of pyrophosphate crystallites with at least 0.1%
crystaliinity (as measured by X-ray diffraction) relative to alpha-alumina.

16687] Ersbodiment 6. The method of any prior embodiment, wherein the solid
phosphoric acid catalyst has a pore volume of at least about 0.01 cro” per gram of
catalyst,

18388 Embodiment 7. The method of any prior embodiment, wherein the solid
phosphoric acid catalyst has an average pore diarneter of at Jeast about 150 angstroms.
B389 Embodiment 8, The method of any prior embodiment, wherein the solid
phosphoric acid catalyst has an average particle size of not greater than about 1.5 mm.
1669G] Ersbodiment 8. The method of any prior embodiment, wherein the fuel
fecdstock is treated with a caustic composition prior to contacting with the sohid
phosphoric acid catalyst.

(THEES! Embodiment 1¢. The method of any prior embodiment, wherein the fuel
foedstock s treated with a mercaptan oxidation catalyst prior to contacting with the
solid phosphoric acid catalyst.

[6692] Embodiment 11. The method of embodiment 10, wherein the fuel
feedstock that is treated with the mercaptan oxidation catalyst is water washed prior to
contacting with the solid phosphoric acid catalyst.

163093 Erabodiment 12. The method of any of embodiments 1-8, wherein the fuel
foedstock s treated with a caustic cornposition in the presence of a mercaptan oxidation
catalyst to produce a mercaptan-reduced product, and the mercaptan-reduced product is
contacted with the solid phosphoric acid catalyst.

[6694] Embodiment 13. The method of any prior embodiment, wherein the fuel
feedstock is jet fuel.

166e5] Erabodirnent 14. The rmethod of any prior embodiment, wherein the fuel
feedstock has an ASTM DR6 10% boiling point in a range from about 110°C to 190°C
(230°F t0 374°F), and an ASTM DR6 90% boiling point in a range from about 200°C to
about 290°C (392°F to 554°F).



treated with Pol yMax0 845. Again, the treated jet fuel was in contact with

the solid phosphoric acid for about 24 hours in a shaker

under an inert

(ni trogerwoas)s/msizosphere at room tenperature (about 20ECTaSame®y5185C) .

Catal yst particle sizes of |ess than -0.42 mm were used.

It can be seen

that an increase in both color rating and thermal stability, as well as a

| FTOT pass, was obtained upon treatnent. Table 6. Treat (g per 45 m)
Untreated jet _ Treated jet 0.05 Nitrogen (nmg/l1)10.7 1.0 Col or inprovene, nt
upon treatnent (by spectrophotoneter - LICO 400) +0 +16 sl FTOT (275C) Fai

Pass Tube rating >4P Pressure drop(mm Hg) 25 (40 mm)

[B3896] Embodiment 15, The method of any prior embodiment, wherein the fuel
feedstock has an pressure drop of at least 20 mmHg per ASTM D3241-09 and the fuel
product has an pressure drop less than 12 mmHg.

16697] Ersbodiment 16. The method of any prior embodiment, wherein the fuel
product has an increase in color guality by a differential color measurcment ot at least
about 2 according to ASTM D156-07a relative to the fuel feedstock.

18398] Embodiment 17. The method of any prior embodiment, wherein the fuel
foedstock has a color quality measurerment of at least about 22 and the fuel product has
a color quality measurement of about 1% or less according to ASTM D156-073.

[6699] Embodiment 18, The method of any prior embodiment, wherein the fuel
product has a total mitrogen content of at least about 109 less than the total nitrogen
content of the fucl feedstock.

[661606]  Embodiment 19. The method of any prior embodiment, wherein the fuel
foedstock has a total nitrogen content of at least about 12 mg/l and the fiel prodact has
a total nitrogen content of about 10 myg/1 or less,

{66108} Embodiment 20. The method of any prior embodiment, wherein the fuel
feedstock is treated with the solid phosphoric acid catalyst within the contact zone at a
temperature i a range from about 10°C to about 100°C (50°F to 212°F).

1661021  Erobodiment 21. The method of any prior erobodiment, wherein the fuel
feedstock is treated with the solid phosphoric acid catalyst within the contact zone at a
pressure from about 1 atm to about 10 atm (about 100 kPaa to about 1.0 MPaa).
(86103}  Embodiment 22. The method of any prior embodiment, wherein the liguid
hourly space velocity (LHSV) of the fuel feedstock through the solid phosphoric acid

catalyst in the contact zone is about 0.1 hr'' to about 10 hr

EXAMPLES

[33164]  The present invention is illustrated in greater detail by the specific
examples presented below. It is understood that these examples are to be considered as
specific examples or preferred ermbodiments of the overall aspect of the invention as
claimed, and the invention is not to be limited to only the cmbodiments of the invention

described in the Examples.



0 - 24 - Exanple 7 100112i Table 7 bel ow shows that nitrogen and col or do
not necessarily correlate wth thermal stability. In this Exanple, the
treated jwO2b18dlo632ds in contact with Pol yMax(r) 845 for pabaiseoi244318urs in a
shaker under an inert (nitrogen gas) atnosphere at roomtenperature (about
20C to about 25'C). Catalyst particle sizes of less than -0.42 mm were
used. It can be seen that even with a substantial decrease in nitrogen
concentration, the treated jet fuel faidiedl FTOT with a tube rating of 4P.
The | FTOT specifications for jet fuel include a tube rating of < 3 (w thout
peacock or abnormal col or deposits) and a maxi mum pressure drop of -25 nm
Hg within thgampldihour test. Simlarly, even though the treated jet fuel
was on-spec «col.ar (Saybolt color, > 12), | % faile i TOr. Table 7. treat
(o per abe miSbE ¢ oBiedt P ot B Bl bomA Bl R 101 2 5. 7
col or (LI CO74QQespe;tbdiophoiorTietamn)el +& or récionlvar veBSayhaht)-0IRTOT (2750)

solution of NaOH and air to simulate color degradation that typically occurs during a

Merox M -type process, followed by 3 water washes to remove residual caunstic and 2

filtrations to remove excess water using an ~11 micron celhulose filter from Whatman.

As areference, the color rating tends to increase as the color bodies are removed from

the jet fuel.

[BG106]  Table 1 below shows the properties of the jet fuel used as the feed.

Table i,
Jet fuel fraction from ~70% heavy Canadian cruds,
caustic and air treated
Density (kag/h ~0.825
Suifur {(wppm} ~2800
Nitrogen {(mg/l) ~11
Color (Saybolt - ASTM D156} +5
Color {Spectrophotometar - LICO 400} +7

[BG107]  Table 2 shows the effect of treating the feed with cither PolyMax® 845 or
PolyMax® 131 using different treat levels. Both catalysts were crushed betorehand
and sieved such that only sizes smaller than ~(1.42 mm were used. The jet fuel and the
catalyst were in contact for about 24 hours in a shaker under an inert (nitrogen gas)
atmosphere at room temperature (about 20°C to about 25°C). As the amount of catalyst
treatment increased, the nitrogen concentration decreased and the color improved. The
color was measured and is shown in Table 2 as color froprovement, which means the
difference between the treated fuel color and the jnuial fuel color. 1t can be seen from
Table 2 that at even at low levels of treatment of fuel with solid phosphoric acid
catalysts (i.e., ~0.02 g/45ml} a substantial increase in color quality and a substantial

reduction in overall uitrogen content resulted.



tube rating pressure drop (M Hg) - +15 fail 4P O Exanple 8 1001131Table
8 bel ow shows that a significant portion of the nitrogen renoved upon

cont act WvORoBagloydgax(r) 845 can qualify as basic nitrog@aT(i301dessasm ned by
potentionetric titration). Table 8 further shows that trends regarding
total nitrogen content can qualitatively track trends regardi ng basic
nitrogen content. In this Exanple, the treated jet fuel was in contact with
the solid phosphoric acid for about 24 Jrours in a shaker under an inert
(nitrogen gas) atnosphere at about 60C. Catalyst particle sizes of |ess
than -0,42 mm were used. Table 8. Treated jet treat (g per 45 m)00.02 0.03
total nitrogen (ng/1)10.64.32.5 basi @ahiet?r ogen (. 1Npornll. 02.91.8 col or

i nprovenent upon; treat ment +0+6+8 (, by |Speghkepbatl AMeLQiiaxe 141CO 400) -25 -
Exanpl e 9 Treat (g per 45 mi) 0 1002]004] C |002]0.04
Nitrogen (ma/ly 1071 32 1 11 11071 3811 13
Color improvemant upon treatment | +0 | +11 | +15 | +0 | +11 | +15
{by speactrophotometer - LICQO 400)

Exampic 3

1661081  Table 3 ighlights the effect of temperature on the effectiveness of
treatments involving PolyMax® 845, All other operating conditions, including the
solid phosphoric acid particie size, contact time, and (inert} atmosphere remained the
saroe as in Example 2. Although treatroents at both ~25°C and ~60°C showed
substantial benefits, Table 3 suggests that treatment at the lower fomperature can result

in slightly more observable color and nitrogen improvements.

Table 3.
~25°C ~G§0°C
Treat {g per 45 mi) Y] 0.02 | 004 0 002 1004
Nitrogen {mg/l} 1071 32 11 1108 43 | 18
Color improvement upon treatment | +0 | +11 | +15 § +0 +6 +10
{by spectrophotometar - LICO 400}

Example 4

1661097 Table 4 below shows the effect of water content in the feed using
PolyMax® 845 at about 60°C. Distilled water was injected in the feed at room
temperature {about 20°C to about 25°C), resulting in a water concentration of about
100 wppm, compared with approximately 50 wppm before injection. Again, all other
operating conditions, including the catalyst particle size, contact time, and (inert)
atmosphere remained the same as in Example 2. Increasing the concentration of water
appeared to have a negligible effect (very little impact, if any) on hoth the color and the

nitrogen removal.

Table 4,
~50 wppm H,0 ~100 wppm H,O
Traat (g per 45 mb) 0 10021004 0 0021004
Nitrogen (mg/h 1061 43 | 16 [ 1011 38 1} 14
Color improvemeant upon treatment | +0 +6 § +10 1 +0 +5 )+
{by speactrophotometer - LICQ 400)




1001. 1. 4i Pol yMax(r) 845 was used in a (sem-) continuous unit at
tenperature (about 20C to about 25C).

room
A colum with a length of about 18

i nches amioaniyeoper di aneter of about 0.65 inches was u®€a/tisaoiam4s18pf | ow
configuration. The flowate was set to -3 m/mn with a superficial

vel ocity of about 0.34 USgpmft2 and a |liquid hourly space velocity of
based on the volune of catalyst |oaded. The feed was jet fuel that had
been processed in a comerci al Meroxl maeactor, water washed, as salt

dried. Properties of the treated jet fuel
intervals,
solid phosphoric acid catal yst

hr,

were determ ned at severa

-2.3

e.g., when varying anmounts of jet fuel had been treated by the

| oaded in the columm. Pol yMax(r) 845 with

si zes bet ween about 0.25 mm and about 1.19 mm was used. Table 9 shows the

results. Tabken8esisu nul ative iifeb' IIIb) 0.0110.15 0.78 0.9211.07 nmu 1.67
:, éagg FM h e_;?(jj(z:gll % ‘5( ug%/ho%tx f?xc cffect of c&t?ﬂvz,zpdﬁ;(,igl ‘«»17@71,1’:311‘\(’ Po VM&KZ? 8450dUCt col

at room ternperatare {about 20°C to about 25°C). The contact tine was again about 24
hours in a shaker under an inert (nitrogen gas) atmosphere. No water was added to the
feed. In one case, only catalyst particle sizes smaller than ~0.84 mm were used,
whereas, in the second case, only catalyst particle sizes smaller than ~0.42 mm were
used. Reducing the maximum (and average) catalyst particle size resulted in a shightly
increased nitrogen removal (slightly lower nitrogen content) but had a negligible effect

{very little impact, if any) on the color.

Table 5,
Sizes < §.84 mm Sizes < 0.42 mm
Treat {g per 45 ml) 0 002 | 0.04 O 0.02 1 0.04
Nitrogen {mg/l) 1071 38 14 1107 1 3.2 1.1
Color improvement upon treatment | +Q | +11 | +14 | +0 +11 1 +15
{by spactrophotometer - LICO 400)

Example &

{66111}  Table 6 below shows the effect on the thermal stability of the jet fuel once
treated with PolyMax® 845, Again, the treated jet fuel was in contact with the solid
phosphoric acid for about 24 hours in g shaker under an inert (nitrogen gas) atmosphere
at room temperature {about 20°C to about 25°C). Catalyst particie sizes of less than
~0.42 mm were used. It can be seen that an increase in both color rating and thermal

stability, as well as a JETOT pass, was obtained upon treatroent,

Table 6.
Untraatad jet Troated jet

Treat {g per 45 mb) { 0.05
Nitrogen {mg/l) 10.7 10
Color improvameant upon treatmeant +0 +18
{by spactrophotometer - LICO 400}
JETOT {275°C) Fail Pass
Tubs rating > 4P <3
Pressure drop (mm Hg) 25 {40 min} 0




18 + +181 +18 + +18+171+17 14 Nitrogen (rngil)
1111112112112211212112111211211 ---< 1.0 <1 .0 JFTOT (275C) pass pass pass
pass passwpass/(9e23 PCT/US2012/045189

-24 .

Example 7

[66112]  Table 7 below shows that nitrogen and color do not necessarily correlate
with thermal stability. In this Example, the treated jet fuel was in contact with
PolyMax® 845 for about 24 hours in a shaker under an inert (uttrogen gas) atmosphere
at room teraperature (about 20°C to about 25°C). Catalyst particle sizes of less than
~{.42 am were used. It can be scen that oven with a substantial decrease in nitrogen
concentration, the treated jet fuel failed JFTOT with a tube rating of 4P. The JFTOT
specifications for jet fuel mclude a tube rating of < 3 (without peacock or abnorroal
color deposits) and a maximum pressure drop of ~25 mumn Hg within the ~3-hour test.

Similarly, even though the treated jet fuel was on-spec for color (Savbolt color > 12), 1t

fatled JFTOT.
Table 7.
Untreated jet | Treated jet

treat {g per 45 mb Y] 0.02
hitrogan (mg/h 11.2 3.7
color {(LICO 400 spactrophotomster) +5 +17
color {Sayboit) o +15
JFTOT (275°C) fail
tube rating 4P
pressure drop {mm Hg) 0

Example 8

1661131 Table 8 below shows that a significant portion of the nitrogen removed
upon contact with PolyMax® 845 can qualify as basic nitrogen (as determined by
potentiometric titration). Table 8 further shows that trends regarding total nitrogen
content can qualitatively track trends regarding basic nitrogen content. In this
Example, the treated jet fuel was in contact with the solid phosphoric acid for about 24
hours in 8 shaker under an inert (nitrogen gas) atmosphere at about 60°C. Catalyst

particle sizes of less than ~0.42 mro were used.

Table &,
Treated jet
treat (g per 45 mb 0 0.02 { 0.03
total nitrogen (ma/ly 1061 43 | 25
basic nitrogen (wppm) 1101 29 1.8
color improvermant upon treatment +{ +5 +8&
{by spectrophotometer - LICO 400)




pass fail tube rating 1 1 2 2 2 2 <3 <3 <3A pressure drop (mmHg) 0 0 0 0O
00
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Example 9

166114}  PolyMax® 345 was used in a (semi-) continuous unit at room temperature
{about 20°C to about 25°C). A column with a length of aboat 1R inches and an uner
diameter of about .65 inches was used in an upflow configuration. The flowrate was
set to ~3 ml/min with a superficial velocity of about 0.34 USgpm/ft” and a liquid hourly
space velocity of ~2.3 hr™', based on the volume of catalyst loaded. The feed was jet
fuel that had been processed m a commercial Merox ™ reacior, water washed, as salt
dried. Properties of the treated jot fuel were determined at several intervals, e.g., when
varying amounts of jet fuel bad been treated by the solid phosphoric acid catalyst
loaded in the cotumun., PolyMax® 845 with sizes between abouot 0.25 mm and about

1.19 rom was used. Table @ shows the results.

Table 9.
cumuiative life (bbl/ib) 0.0t 1 015 1 078 1 082 | 107 | 122 | 1867 1 198 | 2.13
faed color {(Sayboll) -7 -7 -7 -7 -7 -7 -7 -7 -7
product color (Savbolt) | +20 | +23 | +18 | +18 | +18 | +18 | +17 | +17 +14
Nitrogen (mg/) e e - - e = — i<10| <10
JFTOT (275°C) pass | PAass | pass | pass | pass | pass | pass | pass fail
tube rating 1 1 2 2 2 2 <3 <3 < 3A
prassure drop {mm Hg} O 0 4] O 0 4] O 0 4]

[B01158]  Example 9 demonstrates that a contact time of about 26.3 mimites between
jet fuel and solid phosphoric acid catalyst was sufficient to meet the JFTOT
specification in 2 continuous unit, even with relatively low superficial velocities.
Higher saperficial velocities, as found in certain typical commercial units, would be
expected to improve the performance, e.g., by minimizing external mass transfer
effects. PolyMax® €45 in this Example, with sizes between about §.25 mm and about
1.19 mm, exhibited a packing density of approximately 1 g/mi
[B8116] The amount of PolyMax® 845 with sizes between about 6.25 mm and
about 1.19 rom required for the jet fuel to meet the JFTOT specification upon contact in
the (semi-) comtinuous unit can be calculated as follows:

catalyst mass {g} = catalyst volume {mi] x catalyst packing density {g/mi] (1)
Equation {1) can be rewritten as:

catalyst mass [g] = residence time [min] x feed Sowrate [ml/rmnd x catalyst packing density {g/ml} (D)



0 1901151Exanpl e 9 denonstrates that a contact tine of about 26.3 m nutes
between jet fuel and solid phosphoric acid catal yst was sufficient to neet
t he J- Fr owogpsagiobs2cati on in a conti nuous unit, even w t RCTralSae12pei1go | ow
superficial velocities. Hi gher superficial velocities, as found in certain
typi cal commercial units, would be expected to inprove the perfornmance,
e.g., by mnimzing external mass transfer effects. PolyMax(r) 845 in this
Exanpl e, with sizes between about 0.252sm and about 1.19 mm exhibited a
packi ng density of approximately | gim. 190116] The anmount of Pol yMax(r)
845 with sizes between about 0.25 nm and about 1.19 mmrequired for the jet
fuel to neefdtih® JRU@I: &pemkirigahhdiﬂmf‘ﬁpbhiaz@nﬁé@tﬁz& hetdaen 41$em 2jmeont i nuous

¢ catalyst BACeTH” Honelny” Py R B e e ah ST ts: 1 L

cat al yst massfikight tb eeeane IHTHE ‘{pﬁl‘iﬁg‘ﬂt?@nfﬁﬁg&ﬁldﬁﬂ(@%ﬁﬁﬁ& n[ nun] X cat aI yst

packing density [It/m|] (- 2 28-, 10 | t he packi ng densi of
Pol yMax(r) 845 (sizes “t)eégnm hout” ?VZ% #f}ﬁgﬁd £ ﬁtp g , %jx

consi dering i‘éh@t thg amesitdé ReleMek irddofvithibuat be26ecd ahvri2e smwasd @hﬁ?fdfl cient to
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845 with si zes bet weerrzaboutss 3l 28 ’mﬁeéﬁ@}‘faﬂbeemml 19 mmrequired toteet the

JF"TOT speciddig@t i 0fhokity ;@»1@91“3 hﬁ@é&% ‘o@n tecied 1Y@y rogabaliystiomass [ 9]
==-- 26.3 x feed flowate [m/nn] 1001181Shorter residence times can be

expect ed t o2ffE@incHEalY Fﬂde@vﬂ*slﬁé%qdfquei&m%@ﬁerﬂezsls\sriﬁumg ceb P ofEydeat i ons in

feed quality,g é;&ép%f Leh Rl Qelibdy z&f@sf@@l@m ncP Bl &E@b@%eﬁ@iﬁad @afémoper ating
tenperature. Si'mlarly, |onger reS| dence tinmes nay be redquired to neet the

JFTOT speci ticg&f Pdnpecazstion. agudivfef @it voartioat indms! dualiteadeteaal i ty,
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Expressed in an I'S expected cont act
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quality are not necessarily indicative of substantial improvernent in fuel thermal

stability and/or of passing JFTOT.

[66119]  The principles and modes of operation of this invention have been

described above with reference to various exernplary and preferred embodiments. As

understood by those of skill in the art, the overall invention, as detined by the claims,

encompasses other preferred embodiments not specifically enumerated herein.



1001. 1. 9i The princi ples and nodes of operation of this invention have been
descri bed above with reference to various exenplary and preferred

enbodi mrerwe.2000052der st ood by those of skill in the art PCTRS2a2048:1B9
invention, as defined by the clains, enconpasses other preferred

et nbodi tnents not specifically enunerated herein. CLAIMS: 1. A nethod for
increasing thermal stability of fuel, copprising: flowi ng a fuel

f eedst ock through a contact zone contaifing solid phosphoric acid catalyst
within the contact zone, 'Wierein the fuel feedstock has an initial and
final b0|I|@g nt within a range from about 90C to about 360C (194F to
about 680" F), é wherein the fuel feedstock is in contact wwth the solid
phosphoric aC|d catalyst for a period of tinme of at |east about 18 m nutes;

and rodu t..ha hi her thermal stability
than the fuél fe %9%£r%88% 5ﬂg% %%%W?ﬁg%ﬁi P The met hod of claim
1, wherein the sﬂbwﬁhBNQSﬂﬁ@%mﬁtmmuﬂlxaim&yﬁhgL@ﬁ@@ﬂ@gwﬁﬁﬂmqmwstI|con

or t hophosphat. t hod of cl in the SO|I hori c

el 0 ont ol y & BTG TEOHRT o BRral Fiecb g BHHBS AR At e ARa St bi £s an
i ntegrated Xo#tiaypélhf Liagt 0n: ﬁkﬁlala)xmeabke@tdaa@temp&a@Qumt@a&mwmatl o of

silicon orthoPhos phate to silicon hosphate of at |east about 4:1. 4.
The met hod 6% ¥Ryrigthedpgifrgstociais i%%if’aé WE@%] FHSPRES pHOFHRYELE cat al yst
has a silicepiphasphalre: iyl ld Ridpecohgat | east 25%relative to an

al pha-al umi na standard. S.The nethod of any prior claim wherein the solid
phosphoric acid @ﬁﬁ%%@%%ﬁ$%ﬂ@6hbﬁmgéﬁaBﬁhb9W6ﬁHB§ﬁW§f§”Eﬁy§ﬁﬁlIltes with at
| east O. 1@6g&x@&g&kbgH&yK(@§T§ﬁgﬁqq%d by X-ray diffraction) relative to

al pha- al um na. . The nethod of any prior claim wherein the solid
phosphoric acid catalyst has a pore vol une of at |east about 0.01 cm per
gram of catal yStyp, Lo, & L%ﬁ?hog O35 Rk #)QJ&. ﬁ(lrﬁ:' Mg M Lﬁl 'E]m{') § olid
phosphoric acid cat aTyst has an average pore i ameter o 'éast about 150
angstrons. oWHQBIBhGIBSEARCT/ US2012/ 045189 8. The rret hod of any prior
claim wherein the solid phosphoric acid catal yst has an average particle
size of not greater than about 1.5 nm 9. The nethod of any prior claim
wher ei n t he 3f uel Theedstdeicldis 2t meatedhadolith phospbargtactl oatamsois ifitrthon prior to
contacting with.t h oric, acid catalyst. had of any
1o o ar meourar s h S B v BaRP ARG bR R ST R e vt S

oxi dati on caifRbysde pRai Bfenticy enbacidon gridphbsphilxe tsolidod pphos@hbst of aci d

catal yst. The nethod of claim 10, wherein the fuel feedstock that is
treated witF4¥'H8%ér'capt an oxi dation catalyst is water washed prior to
contacting wwth the solid phosphoric acid catalyst.

2

4, The method of any of claims 2-3, wherein the solid phosphoric acid catalyst has

a silicon phosphate crystailinity of at least 25% relative to an alpha-alumina standard.

5. The method of any prior claim, wherein the solid phosphoric acid catalyst is
comprised of pyrophosphate crystallites with at feast 0.1% crystallinity (as measured by

K-ray diffraction) relative to alpha-alumina.

6. The method of any prior claim, wherein the solid phosphoric acid catalyst has a
pore volume of at least about 0.01 cm” per gram of catalyst,
7. The method of any prior claim, wherein the solid phosphoric acid catalyst has

an average pore diameter of at least about 150 angstroms.



12. The nethod of any of clains 1-8, wherein the fuel feedstock is treated
Wi th a caustic conposition in the presence of a nercaptan oxidation

cat al yst WO 2pr3gda22 a nercapt an-reduced product, and th@Cwarsec@pai1sy educed
product is contacted with the solid phosphoric acid catal yst. The method of
any prior claim wherein the fuel feedstock is jet ft 14.The nmethod of any
prior claim wherein the fuel feedstock,has an ASTM D86 10% boi | i ng poi nt
in a range fromabout 110C to 190C (230ﬁ to 374'F), and an ASTM D86 90%
boiling point in a range from about 200C to about 290C (392F to 554F).

15, Th hqgd of _ I |
pressﬁrgegrgp gfT%?%Fg%g$5§8pﬁ#ﬁ%u&h@ﬁ%é%h%fggé?@%g&ﬁ?ﬁ@ Qépﬁ@ product

has an pressurergdreprtkiesictohian gidtomiidg abd6 1 Fhenmet hod of any prior claim
wherein the fuel feedstock has a color quality measurenment of at | east
about 22 and the fuel product has a color quality neasurenent of about 18
or |ess acc@rdinghdme@@ﬂamﬁﬁﬁﬁcﬂﬂam,whwﬁﬂ%wiﬁﬂfb&h@dﬂﬁmﬁadd@hhany prior
claim wherein.the fuel feedstock ,has.g tptg# ni trogen con{ent of at | east
about 12 ngFPEROCEPRYSPERPIYBEEICIRRY A RGP ET PHIFPIEHERICBHPENt of about 10
ng-/1 or less. 18. The nethod of any prior claim wherein the fuel
feedstock is treated with the solid phosphoric acid catalyst wthin the
contact zoné%at At BHPet Ay éﬂ?irriﬁmraha@nfﬂ?fo’tﬁfié%‘ﬁtpc%ée%d gibat 100C (50F

to 212T).  1@«cafhg o0RiNedaQfvs@iie RY doflac®d Al teWhalieinDsthbee fuetafigedst ock i's
treated with the solid phosphoric acid catalyst within the contact zone at

a pressure fromabout 1 atmto about 10 atm (about 100 kPaa to about 1.0

M Paa),  20.; Thersethad Qfci@a% oPEhdkin HAlMicMesehn it Reudd G g hourly space
velocity (LEW of the fuel feedstock through the solid phosphoric acid

cat al yst i nuichep@ontidetonzanbsiiswaloweshod grigirto ¢ortastiapwih teoohd - 1.

phosphoric acid catalyst,

12, The method of any of claims 1-8, wherein the fuel feedstock is treated with a
caustic composition in the presence of 8 mercaptan oxidation catalyst to produce a
mercaptan-reduced product, and the mercaptan-reduced product is contacted with the

solid phosphoric acid catalyst.
i3, The method of any prior claim, wherein the fuel feedstock is jet fuel.

14 The method of any prior claim, wherein the fuel feedstock has an ASTM D36
10% boiling point in a range from about 110°C to 190°C (230°F to 374°F), and an
ASTM D86 90% boiling point in a range from about 200°C 1o about 290°C (392°F to
S54°F).

i5. The method of any prior claim, wherein the fuel feedstock has an pressure drop
of at least 20 mmHg per ASTM D3241-09 and the fuel product has an pressure drop

less than 12 mmHg,

16. The method of any prior claim, wherein the fucl feedstock has a color guality
measurement of at feast about 22 and the fuel product has a color quality measurement

of about 18 or less according to ASTM D156-07a.
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17. The method of any prior claim, wherein the fucl feedstock has a total nitroge
content of at least about 12 mg/t and the fuel product has a total nitrogen content of

about 10 mg/l or lesa.

I8, The method of any prior claim, wherein the fuel feedstock is treated with the
solid phosphoric acid catalyst within the contact zone at a temperature in a range from

about 10°C 1o about 100°C (50°F 10 212°F).

19. The method of any prior claim, wherein the fuel feedstock is treated with the
solid phosphoric acid catalyst within the contact zone at a pressure from about 1 atm to

about 10 atm (about 100 kPaa to about 1.0 MPaa).

26. The method of any prior claim, wherein the liquid hourly space velocity
{LHSV) of the fiel feedstock through the sohid phosphoric acid catalyst in the contact

zone is about 0.1 hr 1o about 10 '



