; ae3e; 8<4p6T(0- 5 Mav 2003 METHODS AND COVPCSI TI ONS FOR | NHI BI TI NG
POLYNMERI Z ENI CALLY UNSATURATED HYDROCARBONS FI ELD OF THE

| NVENTI ON ﬁmm% IEI@E@/L; nvention provides for nethods and conpositions for
i nhi biting- rization of ethylenically unsaturated hydrocarbons,
such as ol efi n¥%@4t di ol ef i ns BACKGROUND OF THE | NVENTI ONsGapmess | ndustri al
nmet hods for producing ethylenically unsaturated nononers include a variety
of purification processes such as distillation to renove inpurities.
Purification 10 MPEHRNOARDAQVHIQU QNS HQHR INYIBIFING ROBY MERIATOA ur es
and this can increaseOF RIHBLENKFALRYENTAEBUBSIYRE ¥ PROAGRRBONSy ner i zat i on,

such as thernal polynerization, during the nmononer purification process,

results not only in |oss of desi @B_M&MMWUM but also in -
product i on effici By ;Xeshf?l S-,%%,QXFIBQM){S”BF mfztﬂ hgcr)]m%osqlﬁ)ngg)rrn 1l rfa 48@” on

process ‘equi pnent. requiring o era‘% 1'ons rer &t 1 on

adver sel y af pelgtnsrizacant oitatl@n@ﬁ@ﬂlylxﬁsaefrétecthﬂnmyrboﬂ'sypjchat blyﬁxﬁsmdrdemers are
stabilized with the addition qf A act as inhibitors or
retarders of polynerization. a s aturat ed nononers
such as the diol e@tnﬁ&odﬁ)lﬂd&dhﬂﬁﬁctmd fdr$mdheﬁ§etbwllzrhczp@|uyiml’rhtz@n’mh@ﬁerl; ekfudé n
storage tanks and duri ﬁgarttransportatl on aglf‘terrperatures 20 as |l ow as room

t enper at ur e. 2 YRS ol PEFIC2 &F96H Leh 75 dislptop BUePREIPPYHIEHT PRABPD] ef i n

nononer (oM t hop @R be&eeHri¢dout h@eléveta@rm{peeamésadnmkmgca'ﬁy&tre@a thd RdiSofr €act i on
wi Il form peroxides and free radical species which will perpetuate the

reaction w t Hnqesigeddqrobisrizafionp Felymicrizalign; syeisasdhismakpobarcrizatios. ey at t enpt ed
wi th . regardeQnddding M&Q&mmcezére@alsm%m;f#nb%m&@ mEa&merNRd foddd8, 225
teaches that N, N-di al kyl hydroxylamnes w Il inhibit the polyneri Pation of
popcorn pol yh’etralsfoon peetinadion iefficidney ¢ausqddwenbymer fcwoteanyand paglemeratidorpn process
conparative I s S, 5 t

hydr oxyl am ngé&éjpg nw e?tﬁeﬁﬂ@%@%{)aru‘éﬁspo cﬁr%’é?lg%%rgt%l a:éo%rw%ﬂf &Ct}g‘g?t.tmﬂﬁ)@r

3, 3N2, 723 t esffgiepey.and o- am nophenols for inhibiting fouli ng of hydr ocar bon
quuids. These conpou proved ef f i L tion
and adhesi on of cgﬁp alﬂl”'kee HEPEETEC Sgﬁr'lllzﬁgwal fenagfj@o%ﬁgglg ances SVnicR LR &

o- phenyl enediir&mixrme;onlaaaraérsofﬁtﬂymﬂ&taﬁm ed to be effective i n the oi I raining
apparatus. U. S. Pat. No, 5,510,547 te ches that, a ?ogbﬁ natijon of a

pheny! enedi ani ne bﬂhﬂemca ly’ unsaturate monomers such as the dioletins butadiene and

isoprene will polymerize when left in storage tanks and during transportation at temperatures

20 as low as room temperature. This polymerization is initiated by reaction of the diolefin
monomer with oxygen present in the monomer containing system. This reaction will form
peroxides and free radical species which will perpetuate the reaction with the diolefin
monomer.

Various approaches have been attempted with regard to this problem of
25 polymerization. U.S. Pat. No. 3,148,225 teaches that N,N-dialkylhydroxylamines will inhibit
' the polymerization of popcom polymef formation in olefin monomer recovery systems. [n
comparative studies, p-aminophenol was less effective than the hydroxylamines at inhibiting
popcorn polymer formation. U.S. Pat. No. 3,342,723 tests p- and o-aminophenols for’
inhibiting fouling of hydrocarbon liquids. These compounds proved effective at inhibiting the

30 formation and adhesion of coke-like deposits during refinery operations. o-phenylenediamine
was also demonstrated to be effective in the oil refining apparatus.

U.S. Pat. No. 5,510,547 teaches that a combination of a phenylenediamine compound

and a hydroxylamine compound is effective as inhibiting the polymerization of vinyl aromatic
1.

RN

*G00ooo1*



and a hydroxyl am ne conpound is effective as inhibiting the polynerization
of vi.nyl aromatic 5 May 2003 nononers during processing conditions. U S.
Pat. No. 4,720,S66 teaches that a conbination of a hydroxylam ne and a
phenyl enedi am ne conmpound is effective at inhibiting the polynerization of
acrylonitrile during its production. DETAILED DESCRI PTI ON sQi,, Hihs | NVENTI ON
S The present invention provides for nethods and conpositi ong for
inhibiting the polymerization of ethylenically unsaturated hydrocarbons
conpri sing a&l@'ﬁdﬂ&r@&nﬂgfpﬁﬁ&gsmg chititidak t U0 pANRLIN 720568 (OB a8t 4 icOfbination
conprising an am nophenol conpound and at | east one of a phenyl enedi am ne
conmpound andofaa hydirylepinminde phenirpadiaming apmpoph ésrrdleccesmpdibitingike ) . | O The
et hyl eni cal | cterized as pol ynerizabl e

et hyl eni cal I% ﬁﬁé@%tﬁ g(if%gwﬁgg&lg?gﬁ%ﬁ&?r% {l?nncl ude ol efins and di ol efins.
The ol efins contain about DETAH EIhDESCE (¢ iR @Rerably 2 to 8
car bon ons and .the diolefins are, ¢ nj U at ed and co al b to about
20 carboh atons hﬁqreaen[ 6"v§mb°§rp5%/r'1de§? onse%pr%?naacomgw f9r1%1 8'“1“ =

conpounds i nﬁdlﬂdﬁzeﬁidhydfen@ledlcﬁ;ﬂ}l osatdated @ dvpt evas gcbry;msluja aadmgam tﬁf@uf/er omI S
et hyl ene pl Wh% f sis gasoline..The ani ng £0o oung enertal |y
havs the For HRUTEERPY ok Rpgrian so TS T G SPOLT CmPais SR b fhr e o
para to the hwiahpwxyddna@ﬁmmpeﬁﬂf@ﬂambymxylhemecaﬁpdma@h(esnmhoprﬁncpreferred. 28
5 May 2003 The phenyl enedi am ne conpounds useful in the present invention
general |y hatRofEo#okmula: RRs R2 N\ ./ N ~ Ra 10 The hydroxyl ani ne

conpoungls usef ul 1 etiRnREBSGRE Y Sinb@Bs dRNBA@A Iz Y Soljh&izkeIE MUl a:

ethylenically unsaturated hydrocarbons and include olefins and diolefins. The olefins contain

about 2 to about 20 carbon atoms, preferably 2 to 8 carbon atoms and the diolcﬁns are
conjugated and contain about 2 to about 20 carbon atoms with 4 to 6 carbon atoms preferred.
Examples of these compounds include ethylene dichloride, ethylene glycol, aromatics from

15 ethylene plants and pyrolysis gasoline.

The aminophenol compound generally have the formula:

OH

20 NH,

where the amino group can be ortho, meta or para to the hydroxyl group. Preferably, the
o-aminophenol is preferred.

25



R5\ 15 ~ NOH Rs wherein R, and R~ are the sane or different and are
hydrogen al kyl, aryl, alkaryl, aral kyl or hydroxyal kyl groups and have
about three to about twenty carbon atons. The preferred 20 hydroxyl am ne
conmpounds are selected fromthe group consisting of
N:N'-diethylhydroxylanine (DEHA) and bis-N, _ 5 Ma 2m§_

N - (hydr oxypropyl - hydr oxyl am ne) (HPHA). The am nophenol conﬁb5| i ons of
the present inventieQhedyéncliafatdodBodids usthilli thi p@sdibaveRlowneri zation of

et hyl enical ly unsaturated nononers during both storage and processing

condi tions. BtSrlydavedhelformyAs al so include transportation of the nononers.
These conditions 25 will usually have oxygen present and can be at el evated
tenperatures of up to 100C. The processing conditions are usually
distillation and purificatigon processes and are run at el evated

t enperatyres of 95C and 125Ck$here.w_vaen ea;bfﬁe present or absent. For
pur poses of the present inventpgn ermy“effective anount for the
purpose” is that anount of _am nophe\y conpoditg ons necessary to inhibit
pol yneri zation of the 30 efhylenically unsat ur at’ed nonomers. This anount

wi Il vary according to the conditions under which the nononers are

subj ected during the storage and/or handling thereof. During processing)
for exanple, high tenperatures and hi gher nononers contam nation wl|l
require larger anounts of the am nophenol conpositions. ;_ .5 May 2003
Preferabdy, the tTHealyd@rRPbfine@bmphiadaimendpheOPkscaomP&asichi ons added to the
ethylenical(g un gﬁurate mononmer Wi ll range fromabout 1 part to about

10, 000 par t sEPERIITYCtBHOFRYEs of nonomer. More preferably, the anmi nopheno
conpositions-are-added at a range of about 1 part to about |00 parts per
mllion parts nononer. 5 The wei ght ratios of am nophenol conpound to the
ot her conpounds present in the antsnephenol conpositions is presented in
Tabl e Ajbel ow. TABLE A Ani nophenol Cohp@tind Phenyl enedi ani ne Conpound 1:9
to 9: i 10 Hydroxyl am ne Cbnpoundi;f§ to 9:1 Accordingly, it is possible to
produce a nore effective vinyl aromatic nononer polynerization inhibition
treatnent than is obtainable by the use of one ingredi ent al one when
nmeasured at conparable treatnment |evels. This enhanced activity will allow
for the 15 cvhoent’;atd Bpurofhceanhondifithesed imyyddianilBylt oybakipwenid and t he

total quantify; &R0l ¥oeLization, inhibitor rtjcularly at_higher
)}’ r Iyg‘lt 8rcéoups aiid Liave abo tn‘lr%f to ‘Il.ll)qoupfa\l»venﬁ/oca?.ll)on atonis. % rle efrgcrils of the

)

processi ng t enpe S 'may be reduce e am rophenol” Co
pr esent 2¢ nvehydrotylamiye doenpadkdiz ciret selettaé from the group consisting of

N,N'—diethylhydréxylamine (DEHA) and bis-N, N'-(hydroxypropyl-hydroxylamine) (HPHA).
The aminophenol compositions of the present invention are effective at inhibiting the
polymerization of ethylenically unsaturated monomers during both storége and processing
conditions. Storage conditions also include transportation of the monomers. These conditions
25 will usually have oxygen present and can be at elevated temperatures of up to 100°C. The
processing conditions are usually distillation and purification processes and are run at elevated
temperatures of 95°C and 125°C where oxygen can be present or absent.:
For purposes of the present invention, the term “effective amount for the purpose™ is
that amount of aminophenol compositions necessary to inhibit polymerization of the
30 ethylenically unsaturated monomers. This amount will vary according to the conditions under
which the monomers are subjected during the storage and/or handling thereof. During
processing, for example, high temperatures and higher monomers contamination will require

larger amounts of the aminophenol compositions.
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et hyl eni cal | y unsaturated hydrocarbon as either a dispersion or as a

sol ution using a suitable liquid carrier or solvent. Any solvent that is
conpatible with the individual ingredients and 20 with the nononer nay be
enpl oyed. The am nophenol conpositions may be added to the ethylenically
unsat urated hydrocarbon vinyl aromatic by any conventi onals M&i@@ﬁ ei t her
as individual conponents or as a conbination of conponents. [t 1s preferred
that the ingredients be added to the nononer as a single treatnent. 25 This
i nvention wi |l ndieBablyuhe bzl agegetral fegninaphenogfenmmsidiens astded teuhber of

specific exa [ r ' ive and not-
ag restricti ér’g# lt %a é‘g%gﬁ’%? d {fﬁggfﬁv“gﬂﬁﬂgﬁﬂméﬁk%ﬁ@%ﬁé%%%ﬁ,}%ﬁ@maﬁ el
i soprene in mdporaprets wbmopdrag e Margpafepbls tunminopbsel confivsisions-act-added was- 30

then purged gnce with nitrogen hefaore placing it under |00 psi nitrogen.
The pressur eragécs%f\éli)é%éja?ﬁ%%’oﬁﬁ g@é’ % %gg"ﬁ'ﬁbg‘a%'{‘%r\p"ﬁ&th for 4 hours

al | owi ng pol yner i hatweight aifiot dandiaphedal Bompound td\ly o REAB3 mpbendpidseHt & &S t hen
all owed to cool at room t emper at ur e. Thﬁ Ean&he was evaporated and the
remai ni ng gufBPEBIEYSPIRRSIIT SRS YRT iy 1Bl A 8$1%% cheni cal s enpl oyed in the
testing are summari zed in Table B. 5 TARIBEEB 0- AP ort ho-am nophenol DEHA N)
N -di et hyl hydroxylam ne PDA | N, N -bis-di-sec-butyl-p-phenyl enedi am ne PDA
1 N-phenyl -N - (I, 4-di met hyl pentyl ) - p- pheny| ea@pelignallomgporhd resul ts of

thi s testingpfepyiesedRpiitd @@ﬁ#&ﬂd of am nophenol.¢gmpPpund and phenyl enedi am ne
are presented in Table I. TABLElI 15 Heat |nduced Gum Test Treatnent Total

(u Mol e cuHedrprylangoe Gpupgndp 1. t ~Z DEHA LA PDA | 1.1 6 20 o- AP/ DEHA
( 1:1) 1.1 16 o-AP/PDAl ( 1:1 ) 1.1 0.4 These results denonstrate that

t he conbi nati on of an am nophenol conpound and either a hydroxyl am ne
conpound or a phevwgbdingtli Hns prssikle tppradute wawraeffestief fimd afonetit heno@& t he

par 1l o Bl RRLF R 6 SEORBHIAY B B e e

treat ment s wasaskepnt coophrable aeatinantt lbneslsn Gtits eabandyd actihieseilr Aisul fhsthar e

present ?Sd i ”coTl‘E‘é%'cr%iJn' of each of these ingredients to be lowered and the total quantity of
polymerization inhibitor particularly at higher processing temperatures may be reduced.

The aminophenol compositions of the present invention may be added to the
ethylenically unsaturated hydrocarbon as either a dispersion or as a solution using a suitable
liquid carrier or solvent. Any solvent that is compatible with the individual ingredients and

20 with the monomer may be employed. |

The aminophenol compositions may be added to the ethylenically unsaturated
hydrocarbon vinyl aromatic by any conventional method, either as individual components or
as a combination of components. It is preferved that the ingredients be added to the monomer
as a single treatment.

25 This invention will now be further described with reference to a number of specific
examples which are to be regarded solely as illustrative and not as restricting the scope of the
invention.

EXAMPLES

20% uninhibited isoprene in heptane was placed in a pressure vessel. This mixture was

30 then purged once with nitrogen before placing it under 100 psi nitrogen. The pressure vessel

was then placed in a 100°C water bath for 4 hours allowing polymerization of the diolefin.



5 May 2003 TABLE |1l Treatnent Total (p Ml estC~ uns (nmQ 100

m ) o_p~p0. 5559DEHAQ. 55| 025 PDA 10.5S320-AP/DEHA ( | : t )O0.S5540-AP/ PDA | (
| :1 )0.551 6 These results also denonstrate that the conbi nation of an

am nophenol conpound with 10 either a hydroxyl am ne conpound or a

phenyl enedi am ne conpound is nore effective at inhibitinggel yzrasgi zation
than the individual conponents. ' Additional studies were peryf ormed using

the same conp¥BITES WaLhemplioyeq [ eRpsfAt™ fompsratde s Bifeamrisews cremtadandr e
present ed i nghd addhadnihd %umg/‘g['ﬁﬁgf&veuhlt Weatvdinduced Gum Test Tr eat nent Tot al
(ppm) Quns (nv/100 nmiTo r1p3~GDEHA' - 20 PDA | 264PDA | | 2450- AP/ DEHA

(1: 1) 2210- AP/ PDA Thechamigaly ergalgyesiph ipdesting pre sape@824 inTam BEHA/ PDA |
(L:1:1)211 These test results not only denonstrate the enhanced activity
occasi oned by use of the conbination of am nophenol conpound with either a
phenyl erfedi ami né or a hydroxyl am ne cod@@LfB but al so the excell ent
resul ts occasi,gned by e 1 three conpounds together. 30 Further
testing V\/asa(gé?fornedo\l}{mﬁcf'ﬁrg{%%"gnd 0- AP at a constant dosage of | ppm
These resul tBEHAe pr edehi-digthy thydakyleminy. 5 May 2003 TABLE fV 5 10 15
Heat | nduce Test ,p:0: AP( Y%A DEHA , (941000752567335050336725750100 Guns
(ng/ 100 m ?-P[%m45 46I\gqulé'dgﬁecgff‘%%ﬁ’é’&énglgé?g\af"é“edem)nstrate t he synergy'
bet ween o- AFPAdl DEHANaghehylN il BidagetRiipst@np paddylentdigaier at ed hydrocar bon
pol yrrerliozati on. Wiile this invention has been described with respect to
particul'ar enbodi nents thereof, it is apparent that nunerous other forns
and rmodi fi cati onsrnetestifid &F thid wBiMd ©Pa Wirktind8n OP%hibhehd cbRRSEaSky ! 1 ed in the
art. The appended clains and this invention generally should be construed
to cover al |PhepArnediyiing ee prsserisd imBabioldi f i cati ons which are within the true
spirit and scope of the present invention. _7_ 5 May 2003 WHAT IS CLAI MED
| S:

TABLE |
15 Heat Induced Gum Test
Treatment Total (u Moles) Gums (mg/100 ml)
0-AP .1 52
DEHA 1.1 50
PDA ] 1.1 6
20 o-AP/DEHA (1:1) 1.1 16

0-AP/PDA I (1:1) I.1 0.4

These results demonstrate that the combination of an aminophenol compound and
either a hydroxylamine compound or a phenylenediamine compound was more effective than
25 the particular individual compénent. '
The concentration of the individual components was lowered by half, but the ratio
between two component treatments was kept equimolar in the next study. These results are -

present-ed in Table II.



1. Anethod for inhibiting the polynerization of ethylenically unsaturated
hydr ocar bons conpri sing adding to said hydrocarbons an effective inhibiting
anount of a conposition 5 conprising anm nophenol .conpound and at | east one
of phenyl enedi am de conpound and hydcoxyl am ne conpound 2. The nethod as
olainod is claim1 wherein said am x|l ophenol conpound corrgrrhé% gt |east
one of para-am nophenvl, nete-am nophenol and ortho-ansi nop m){). 3. The
nmet hod as claimed in claim1 wherein said pheayl euedi uni ne conmpound has the
|0 formula: R R~a ~/N~1 N!~ 1S whe:EéEEﬁ,) Rz, R~ and R are the sane
or different and are hydrogen, alkyl, arkaryfl, and aral kyl having about 1
to about 20 ¢phfeRtits. 4. The net hotbtasu Mokdsired |Gumed @igh00 miher ei n sai d
hydr oxyl ami nc has the fornula: 30 Rs~_! N-OH R6 V\h%ein Its and R~ amthe
same or differdht and are hydrogen, %?%yl, aryl, al’karyt, aral kyl or 23
hydnxyal kyl gipups and have about thgee to about tmenty carbon atons. 5.
The nttbod as Clained in claim2 wherein said am noghenol conpound is

ort ho-ant nopRBAdl . 6. The nmethod as €Paimed in clai’m 3 wherein sai d

phenyl enedi api Rd conprises @ts| east one s4

VviN, N - bi s- d?@ﬁgmﬁ) p- phenyhedi am ne and

N- phenyl - N - pAMPRATEE Y| pentyl ) p-Phenyl enedi ani 1€. 7. The nethod as
claimed in claim4 wherein said hydroxyl am ne conpound conprises at |east
one of N, N -di et hyl hydroxyl am ne and )

bi s- N, N - ( hydr oxyPhapydsultsyaisoateyioastiateehiat the @mbifhgonasah aainggheiohsameurhwil ai m
1 wherein said ethylenieally unsaturated h . i
processilfig. ftjhfrahédr X)arﬁﬁlﬁéc“@?oufﬁgr %Eﬁﬁ‘%ﬁxeggagﬁ ai ﬁ@guﬁ]@# géj %fc%m\l/\%%rei n
sai d et hyl eniamilive poipaéizaasedahyd icoddbbasnpanaits. n st or age ‘condi tions. 10.
The method as clainmed in claiml erei.n sajd_ethyl eni ' S ed
hydr ocar bons undefg@itipracudics WgieLe Pmied &51as {iF 1% n%’%ﬁ‘?é’gg‘ \%Jig‘ ;gogl%t?] §l125C.
5 11. The methatidaseC Takeveluitare bkl inrasieiln sai d et hyl enical |y

unsat urat ed hydrocarbons conprise at | east one of olefins and diol efins.

| 2. The method as clainmed in claim1l1l wherein said olefins and said

di ol ef i ns contain about 2 to about 20 caxBpprl3. 'The nethod as clained in
claim1l1 wherein said conposition is added to said 10 hydrocarbons in an-
anount rangi ridgaf ndneedount Tast t o about 10, 000 parts per nillion pasta of

hydr ocar bons...14. A conposition conpryi '@g gmMdaRkesAabo ound sad at

| east one of %ﬁ%ﬂ%“teaedi ani i ne corrpogh§| anm hydr oxyl am ne conpound. 15. The
conposition asA€laimed is claimt4 wlerein raid amtthophetiol compound |5
conpri ses at E)gﬁ one of para-uninopheral, neta-ankpopherw and

ot t ho- am nophenol. 16. The conposition as clainmed in claim214 wherein said
pheay| ormadi ant& Iconpound has the fo2nula: 20 25 64

PDAII 2 45
o-AP/DEHA (1:1) 2 21
o-AP/PDA I (1:1) 2 34
o-AP/PDA II (1:1) 2 35
25  o-AP/DEHA/PDAL(L:1:1) 2 i

These test results not only demonstrate the enhanced activity occasioned by use of the
combination of aminophenol compoeund with either a phenylenediamine or a hydroxlylamine
compound, but also the excellent results occasioned by use of all three compounds together.

30 Further testing was performed with DEHA and o-AP at a constant dosage of | ppm.

These results are presented in Table [V.



wherein R Rz) R~ and R) arc the sane or different and are hydrogen, alkyl,
aryl,. al karyl, and aral kyl having about 1 to about 20 carbon atons. 30 -9
5 May 2003 17. The conposition as clainmed in claiml4 wherein said

hydr oxyl am ne conpound has the formula: R ~ NOH Ra w R and R are the
same or different and are. hydrogen, alkyl, aryl, alkaryl 5%25q3droxyal kyl
groups and have about three to about twenty carbon atons.. . The
conposition as clained in claim1l5 wtaein said an~op~l ~np~d is 10

ort ho- am nophenol 19. The conposition as clained in claim 16 wherein said
phenyl enedi am ne conpound conposes at tgsstiene of

N, N - bi s. di - soc- but yi pheayi caodi ant ne and N. pheayl _N. (1, 4.

di mdhyl pentylﬂqay(fﬁwﬁd@?iwﬁe“ The conposition ere clainmed in claim17 wherein
sai d hydroxylagbpg 15 conprises gpjgpsg one of N NgdisehOybhwg-y~e ~d

bi er-N, N - (hydroxypropyl _ hydi' oxyramne). 21. The conposition as clainmed
in claim14 fi®ther conprising tebher a phenyl enedPam ne conpound and a
hydr oxyl %m' ne gonpound. 22. The gegnposition as clayged in claiml4 further
conprising an éthylenically 20 uasaturatod hydi vcuboa. 23. The conposition
as claimed in6dl aim 14 wherein tB& weight rati o of 4am nophenol conpound to
ei ther of sai 0phenyl eae-di am ne ﬁorrpound and hydr gxyl am ne conpound ranges
fromabout 1:9to about 9;1 24. '? e method a claimed in claim1l wherein the
wei ght ratio @3 am nophenol corrpﬁlZmd ZS to either 8% said phenyl eae-di am ue
conpound and %Sr oxyl am ne corrpogi ranges from abgyt 1:9 to about 9:1. -10
.AL. Ay. A?. Ay. Any. AL'y9. As!'S A9y. AlyRMLM &J Y

{nr}{vql gb] X] ca] ca] ca] ca] ca] ca] qapca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca
] ca] ca] ca] ca] ca] c”a] ca] ca] c™a] calca]cRal) -\x{:Vvdg_ }m

| wr mhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] cajhelielte ddl sk fidthe Z@nergy between o-AP and DEHA at inhibiting

B! E! } xsni c*Ymhc”Y] ] ca] ca] ca ca] ca] ca] cal ca] c™a] ca] ca] ca] ca] ca] caTcaU] cal] c
a] ca] ca] ca] cajtedpued]ly vesgebragdhydospoa) BAY RS @HOE! | |1 " c” O###$S

$3&&" &>&G& ((( (( (((hy ie)thls?nv):xim%ﬁa@%%@se%&ﬁ&&@aegﬂﬁo htighis Arophtalcal cal ¢t
aJ calcalca]calc”ta]calc cal ca] c™a] ca] ca] ca] ca] caJ ca] c*a] ca] c”*a] ca

- ) <+C+N+b5+, 3, thedeot; wis-appireid ot quryerbviS}dtVldr/fflmB@ED{flOdl@d@lfOO%Qﬁth'gb\thfoa\WAHﬁe’\Yj ca

| 6o cal] ba] b SN B R R P SR TR R G leNe] €5
66&7) 77~yt 0j déoriSmivikcajverdl] soelU}trmjus &c}ma]amal]noaﬁca]ooa\]vmal} era wah]cthe freaddjreal] ca

ey Sl gl R0 Cread

; ytoi d*YT) d*YSmhU] ca] caU] ca] caU] ca] ca] calU] ca] caU] ca] caU] ca] caU] ca] cal] ca] ca
U] cal] ca] caU] ca] cal] cal] ca] caU] caU] ca] cal] cal] ca] ca;

cH#) O vy S (s ytoi dMYT) dMYShU] ca] caU] ca] caU] ca] ca] caU
] cal cay] ca] cal] ca] caU] ca] caU] ca] caUU] cal] ca] cal] cal] ca] ca] cal] ca] caU] ca] caU
] ca] cal] canlf G10% & ()-& 10% & () -



() 10% & ()-1£10% & ()-10% & ()- 1M dE 10% & () - oy
10%2 (), 110%4 () 3104 & () "S110% & ()-510% & ()-[Y dE, 10% & (-
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3. The method as claimed in claim | wherein said phenylenediamine compound has the

10 formula:
R‘\ _ R,
N——< >‘ N N
i'd Ry

-15 whetein_R,.R.l,R,andR.mthcca_meordin‘ermtmdmhydmzen.dkyLaryLlﬂmyLmd
aralkyl having about 1 1o about 20 carbon stoms,

4. The method as claimed in claim 1 whersin said hydroxylamine compound has the
formula:

whercin Ry and R are the same or different and are hydrogen, alkyl, aryl, alkaryl, aralky] or
25 hydroxyalky! groups and have about three to about tweaty carbon atoms.
5. The method as claimed in claim 2 wherein said aminophenol compound is
_ ortho-aminophenol.
6. The method as claimed in claim 3 wherein said phenylenediamine compound comprises
at least anc of N,N"-bis-di-sec-butyl-p-phenylenediamine and N-pheayl-N'{(1,4-dimethylpeqtyl)-
30 p-phenylenediamine, |
7- The method as claimed in claim ¢ wherein said hydroxylamine compound comprises
at least onc of N,N’-diethylhydroxylamine and bis-N N '—(hydroxypmpyl-hydroxylaminc). :
8. The method as claimed in claim I wherein said ethylenically unsaturated hydrocarbons
are undergoing processing.
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S ll.  The method as claimed in claim 1 wherein said cthylenicslly unsaturated
hydrocarbons comprise at least oa¢ of olefins and diolefins.
'12. The method as claimed in claim 11 whersin said olefins snd said diolefins contain
about 2 to about 20 carbons.
13. The method as claimed in claim | wherein said composition is added to said
10 bydrocarbons in an amount ranging from about 1 to about 10,000 parts per million parts of
hydrocarbons.
14. A composition comprising aminophenol compound and at least one of
phenylenediamine compound and hydroxytamine compound. ,
15. The composition ss claimed in claim 14 wherein $aid aminophenol compound
15 comprisas at least one of para-aminophenol, meta-eminophenol and ortho-aminophenol.
16. The composition as claimed in claim 14 wherein said phenylenediamine compound
has the formula:

R1
’ \N N/ "
Rz/ \\R,

25

wherein R, Ry, R, and R, arc the same or different and are hydrogen, alkyl, aryl, alkaryl, and
aralky] having about 1 to about 20 carbon atoms.

30
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compound to either of said phenylene~diamine compound and
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weight ratio of aminophenol
hydroxylamine compound raages

24, The method as claimed in elaim | wherein the weight ratio of aminophenol compound

to either of said phenylene-diaminc compound and hydro
xylamine co d
1:9 to about 9:1. mpoun rangu from about
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