) uel oil
* fuel oi I
- al so kno

-'\%ddl tive Cﬁ tdeglﬂ&pﬁgbq their use in inproving the properties of&?él

i nprove cold flow properties and to |nh| bi t settllng of thel wa
gravity on standing. Additi 2R & z i oC o BRioNs
Fl.ow I'nprovers and addltlves for the- Iatter are “sonetines cal | ed Wax

| TIONS Description Thi SPQIAEP&ZJaQeZ 302 9

i s known that wax separates out from
mﬂH mtures thereby i'mpai ring certain properties.

ves to . inprove those properties, fo @hks BEEN.
KRAcEp

Lallc

Anti-settling Additives, na@ of patent specifications describj such
oo 471,

“addi ti vesTblﬁdnYW,ilQ" [@@te&@

542 542;

Rositigng anddheis Usgingmproyings
i68f oif antliueBéil condgSsifidRs.and 4 402 708; UK Patents

r
1263152: 17469 016; 1 468 588; .2 129 012; 2 923 645; and 1 209 676; Japanese
Pat ents Publ i cati ons 56 54 038; 56 54 037; and 55 40 640. EP-A-0 225 688
descri besu idknown thét waxcseparateermmdromamlsmdafuml|oylsmtslomtempg:retqrﬁsr s for

| mPr oVl NGy D8y fthflairing certain properties. It is also known to use additives to improve

10

those propertles for example to improve cold fiow. propemes and to inhibit
settling of the wax under gravity on standmg Addltlves for the former are
sometlmes called Cold Flow improvers and additives for the latter are sometimes

- called Wax _Antl-settlmg Addmves ) | o

15

Examples of patent specuﬂcatlons descnblng such addltlves and thelr use are:
US Patents 3 048 479; 3 961 916; 3 252 771; 2542 542; 3 444 082;

. 4211 534; 4375973 and 4 402 708; UK ‘Patents 1 263 152;" 1 469 016;

1468 588; 2129 012; 2 923 645; and 1 209 676; Japanese Patent
Publications 56 54 038; 56 54 037; and 55 40 640.

- EP-A-0 225 688 describes the use of itaconate and cltraconate polymers and

.20

30

copolymers for improving the cold flow properties of an oil (crude or Iubncatmg)

" and fuel oils such as residual fuel, middle distillate fuels and jet fuel orasa

dewaxing aid in lubricating oil, which polymers and copolymers can be tailored
to suit the particular oil or fuel oil concerned. It describes polymers and
copolymers having number average molecular weights as measured by Gel
Permeation Chromatography of from 1,000 to 500,000 and exemplifies polymers

and copoly_mers of moleoular weights:of 20,000 and higher.

A problem using, in oils and fuel oils, polymers such as those embraced within

EP-A—O 255 688 is that they may regress the cold flow performance of ﬂow
improving additives. The present mventlon can overcome this regression by

‘using certain comb polymers in combmatlon as will be described heremafter and

. |llustrated in the examples herein.

35

International Application Number PCT/G891/00622 (Publication No

-~ WO 91/16407) describes the use of polymers embraced within :
~ EP-A-0 255 688 of number average molecular weight of 1,000 to 20, 000 as low
| temperature flow i improvers for distillate fuels such as in combination with other



L3
flow properties of an oil (crude or lubricating). and fuel oils such as
residual fuel, mddle distillate fuels and jet fuel or as gewad~-hRg—a-din

Fubricating oil, which polyners and copol ymers can be tail.dr ’élst%lEﬁMA&h@EN
particular oil or fuel oil concerned. I't describes. polymers_and BEPeAGHRer s

‘havi ng nunber - aver age nol ecul ar wei ghtszas measur ed by Gel - Perneation
Chr omat ogr aphy of from 1,000 to 500, 000 and exenplifies polyners and S
copol’ yrrers f,vémlce(mhleh coanly pbly érs2are0ti@ndindedibgit erot spepificallgm using, in
oils and P Aé pol ynmers such as those enbraced within EP-A-0 225 688 -
I s that tﬁé%f” '; 'egress the cold fl ow-performnce of rowwrprow ng
-additives. The present -i nventi on can overcone this regression by using-
certain c laﬁ;geeﬁ tha iRPERIGIAPIEVIdES al dddithee E6RIPOSRI BEMprigRig, @ and.
illustrat g‘? t exanpl es her e?n I nt er nati onal %Hm I cation Nurrbgter -
PCT/ CBg)l/ﬂﬂBb'Z‘a(t'Pﬂbl ication No WD 91/ 16407) describes the use of polyners
embraced within EP-A-0 255 688 of number average nol ecul ar wei ght of 1,000
to 20,000 as |ow roversfor distillate fuels, such as
i n conbi n@klorﬁmwngf &éérﬁﬂbttﬁgé‘b of whi ch conb pol yners are nentioned
and esterified copolyners of styrene and nal ei c anhydride specifically
exerrpllfled In a fifs the iventi ,prowdes an 3dditive

[ C@@ﬁorﬂn Prh ' _ | -

COprOSI tion conpri Si’ ng nati o ) l
| | | créd
//?\CH’/ P cn |
2 .
COOR? _ RS
R Jx - L : Jdy
e [ () T ()
- 3
_fHs~ _—coor] | B
CH— -CR¢
coorRz | | |
. - RS
or L | o d X L o Jdy
() o (1)
! , ' ' _
15 where X is an mteger and yisO oran mteger and wherein, in the polymer
the sumof xandy is at least two, the ratio of units (11) to units (l) is
- between 0 and 2, and the ratio of units (ll) to (lll) is between 0 and 2 and
'wherem
20 -  R1and R2are the same or different, each representihg aCqoto
Csp alkyl,

R3 represents H, -OOCF!6 Cq to Cso alkyl, -COOR5 -ORS, an aryl
or alkaryl group or halogen
S ~ R4 represents H or methyl,
s RS represents H, C1 to C3p alkyl, or -COOF%6
. R6 represents Cq to C22 alkyl, S
| is Sheet Has Been Replaced
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(i) "a polyner containing the units: [err] -2- where x is _an integer and

y.is-0 or an integer and wherein, in the polynmer, the sur ﬁfns% art
'_Iéast two, the ratio of units (II) to units (1) is betwegn lﬁﬂ‘%@ n%FBc"ht

ratio of units (11) to (111) is between 0 and 2 and wher erm—H]

‘Alerr] are the sarre or different, each-rlepresenting a CJerr] to C[err]

| kyl , t | k

Tk o) oS e AL b, BRCR R%an%é‘srdqt&ﬁqmv
‘represents H osubmitlhtpld,, aRderr] represents H, (err].to C[err] al kyl,- or
-COOR[err]. R[err] represents Clerr] to C[err] al kyI _

@i @ comb polymer having, from a polymer backbone, aryl groups and
, _hydrocarbyl groups, which hydrocarbyl groups contain 10 or more carbon

? atoms. Preferably, component (ji) i is a polymer of the general formula:
D H] [J H
i
c—-C c—C
| J | [ | J
E Gim K L
~ where D = R, C(O) OR, OC(0). R7 RSC(O) 0R7 orOR7
' E = HorCHzorDorR8
G = H,orD _ .
m = 1.0 (homopolymer) to 0 4 (mole ratno)
J- = H,R8, aryl or heterocyclic group, R3CO OR7
15 K = H,C(O).OR8, OC(0).R8, OR8, C(O)OH
L " H, R8, C(O).0R8, OC(0O).R8, Aryl, C(O)OH
n = Oto 0.6 (mole ratio)
R7 is a hydrocarbyl group contammg 10 or more carbon
. atoms o
20 B R8 -  isa Cq or higher hydrocarby! group,
).  provided that at least one of J and L is an ary! group.
Advantageously. R7 has from 10 to 30 carbon atoms and R8 has from 1 to
25 30 carbon atoms. -
Ina second aspect, the invention provides the use as a flow i lmprover ina crude
oil, Iubncatmg oil or fuel oil or as a dewaxing acid in a lubricating oil of an
' addmve composition of the first aspect of thls mventlon
30 | :

in a third aspect, the invention pf_oVides a crude oil, lubricating oil or fuel oil

composition comprising a major proportion by weight of a crude oil, lubricating

oil or fuel oil and a minor proportion by weight of an additive composition of the:
- first aspect of this invention.

This Sheet Has Been Replaced




opt each of the groups Rerr], R[er'r], Rerr], "{c.. R-e++—and
err] bei ng Inertly substituted, and (ii) a copol ynmer of Wles r?“ﬁdmgﬂ@é) :
ahd (b) where (a) is an ester, be| ng a.nono-or di-al kyl {funar FRLAfEDa| eatle

|n whi ch the al kyl group has 8 to 23 carbon atons, and (b) is an aromatic _
substituted olefin having 8 to 40 carbon ‘gﬂ-oms per nol ecul e, for exanple of
the formila Ar- CH=CH2 where Ar is the aromatic substituent, with the

proviso that (g nhsaslib@bt Qh@h@é‘ﬁtﬂ)ﬂ"ﬁﬁﬂmﬂéﬁ ah%ﬁtW@E@ncéﬂr&e%Bﬂsuﬁgmt
“the inventil®f 'provi

o e of 3B/ Acv FoRpoaiac, LRS! aspart SIS PSRN of | of an
addi tive cofpasidd imadiquidhenddiust competibleodithtd erudeveintiubticating @iltdr fudl
aspect. the Tnvention provides a crude oil, lubricating oil or fuel oil
corrp03|t|_oﬁ'~corrpr| sing a mgj or pro- portlon by wei ght .of a crude oil, _
lubricaging oil or fuel oil and a minor proportion by weight of an addi tive

corrposmog1r foﬁgré‘sﬂédisfhgqﬁ%ﬁﬁoﬁ?réﬂdés'a’%%%hg'?or lhlg;:%vhggéfﬁéﬂﬂe&pect the

i nvention ovi des an tive co entrate co rrsin m xture of an
‘addi tive cpraperties of grcrdetoib lubricatingseib or fugl th%fqrrwem dewaxiegRtRd in a

| quid med)icanRg il WhectVesipfises iRoriotating! it 4Aé  dibaRiddditivé eohpsition
of the first aspect of this mventlon '

10 - - - - | K
The individual features of the invention will now be described in further detail.

COMPONENT (i)

- 15  Polymer (i) may be a homopolymer of a dialkyl itaconate or citraconate ora
- copolymerof a diatkyl itaconate or citraconate with an aliphatic olefin, a vinyl
‘ether, a vinyl ester of an alkanoic ac:d an alkyl ester of an unsaturated acid, an
aromatic olefin, a vmyl halide or a dialkyl fumarate or maleate; or polymer (i) may
be a c_o_polyme_r of dialkyl itaconate or dialkyl citraconate with an aliphatic olefin ,
.20 a Vinyl ester or an alkyl substituted vinyl ester of a C to C31 alkanoic acid.

R1 and R2 are each preferably straight chain although they can be branched. If
branched, the branch is preferably a single methyl in the 1 or 2 position.
'Examples of R and R2 are decyl, dodecyl, hexadecyl and eicosyl. Each of R1
3 25 and R2 may be a single C1o to Cao alkyl group or.a mixture of alkyl groups.
'Polymers where R1 and R2 are each mixtures of C12 to C2p alkyl groups are
particularly useful as flow improvers in middle distillate fuel oils. Polymers |
where R1 and R2 are each C1g to C22 are particularly useful in heavy fuel oils
and crude oils, and polymers where R1 and R2 are each C1g to C1g are
30 particularly useful in lubricating oils. Such partlcularly useful polymers may be
| homopolymers or copolymers |

The dialkyl itaconate or d_ialkyl_ citraconate, when a comonomer, has the formula:

. . : o R4 '
. , ' ' . |
35 - . R3—-C=CH-RS
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n aspect, |nvent|on provides a process foor inproving the flow
erties of a crude ee‘ lﬁewdh:pfnaeg oil or fuel oil PHEPEHBETHAY BEEN §

eV\/aX| ng of a lubricat corrprl ses incorporating iggpRACBR 0i |l |n
- additive conp05|t|on o] pect of this invent —1Ne |nd|V|dua -
f eatures of thelnventlon WI|| now e des¢ribed in further detail. -

COVPONENT (1) Polymer (i) may be a hom)po ynmer of a dial kyl itaconate or

citraconate 0 ER&WW are as defihéy labovec 8nah @ esmenbhfst@z Bed th an
al i phatic dof |n a vinyl ether, a vinyl ester of an al kanoic acid, an al kyl

ester of armm'ﬁ‘é%\‘t urated acid, an aromatic olefin, a vinyl halide or a
di al kyl funarate or nal eate; or pol yner- (|) may be a copol ymer of di al kyl

i t t |
an e iy s gt ?J‘Jf‘*’éﬁ ﬁ'ﬁ“@@??%@a“‘é' “%ﬂerr B8 S tibroSell RYrRir Of
Rlerr]. gnd CriterG30 alkyl @'&X’P SpPE! efaﬁﬂw -3 ngwscﬂbﬁtrﬁrﬁlthﬁcﬁmelqﬁ fergithe .
branche rwneheéchtdm?qramhdlns Ry @rbgbh}’trfe §Iéﬁﬁ|x§ étﬁ*lbhe aﬁdtMeﬁ Or

2 pOSItIOI’]Iﬁ‘ I’I’ g;m ar e

i cosyl . ERGITS & kr@P?'F i Ehidn? B Rilders e AT i propwene; Whe s
gr gﬁme)r( : 3?mazlk igroop, B land B aujemre%lylym;ﬁimgene Eﬂ?plbsmwtﬁéﬁggﬁﬂe:s
Pl ow | mor oERES are tbhe G tkkpha e, Tkl Binie, Beafir 7 Hexhe? Fsiégrapf iy

10 1, hexadecene-1 and octadecene-1 and mixtures thereof

‘Other such comonomers'are vinyl esters or alkyl substituted vinyl esters of C2 to
9 Ca1 alkanoic acids: in vinyl esters when R3 is RECOO-, R4 is H and RS is H, and
' in alkyl substituted viny! esters when R3 is RECOO- and R4 is methyl and/or R5 is
15 Cq to Cap alkyl. Un-substituted vinyl esters are preferred, examples being vinyl
acetate, vinyl propionate, vinyl butyrate vmyl decanoate vmyl hexadecanoate
and vmyl stearate. :

. Another class of comonomers are the alkyl esters of unsaturated acxds, i.e. when
20 RBisa RGOOC- and RS is H or C1 to Cgg alkyl. When R# and RS are hydrogen,
the comonomers are alkyl esters of acrylic acid. When R4 is methyl, the
comonomers are esters of methacrylic acid or C1 to C3g alkyl substituted
methacrylic acid. Examples of alkyl esters of acrylic acid are methyl acrylate,
~ n-hexyl acrylate, n-decyl acrylate, n-hexadecyl acrylate, n-octadecy! acrylate,
¥ 25 and 2-methyl hexadecyl acrylate. Examples of alk'yl esters of methacrylic acid
are propyl methacrylate, n-butyl methacrylate n-octyl methacrylate, n -tetradecyl
methacrylate, -hexadecyl methacrylate and n-octadecyl methacrylate. Other
. examples are the correspondlng esters where RS is alkyl, e.g. methyl, ethyl, n-
hexyl, n-decyl, n-tetradecyl and n-hexadecyl.

30 - _ _ _
Another class of comonomers is that where both R3 and RS are R6OOC-,i.e.
when they are C¢ to Ca2 dlalkyl fumarates or maleates and the alkyl groups may
be n-alky! or branched alkyl, e.g. n-octyl n-decyl, n-tetradecyl n- hexadecyl or n-
octadecyl.

35

' Other examples of comonomer are those where R3 is an aryl group When R4
and RS are hydrogen and R3 is phenyl the comonomer is styrene and when one




re each CJerr] to (Jerr] are particularly useful in heavy fuel oil
d crude oils, and polynmers where Rlerr] and Rlerr] are|eans$ SEEET HAStBEEN |

~Qferr] are particularly useful in lubricating oils. Such]partiREALACED
useful "pol yners nay be hom)polyrrers or copol - ymers. The Ccopolyner of
di al kyl" itaconate or dial kyl citraconatg.includes a comononer of the

formula: [efr] where Rlerr], Rerr] an R[err] are as defined above. Such a -

comonomerr? ; nelel%&lstmethylmndﬁbemoaomerasaxmﬂmmyreeeaﬁ Gla-pedylc ol efin,
ﬁg; (re]r aglsgl/ eSllr rﬁ/ ﬁ‘?ﬁ%’?"?ﬂb eh'Wﬂ éar e erygase&'hkl ﬁﬁ?‘?ﬁqgéedr? anb{ér &ﬁhﬁg‘r‘?seach

of R errlyheR[R? g al&awl rqrer for examplgr egeﬁltumcbswr@lﬁsli%h éﬁﬁ&lﬂlarlelue&l?d, when
Rlerr] is g%mls%ngngg[err] and R[err] are hydrogen, the olefin. is

n- pr opyl &8 err] is-an al kyl ~group, Rlerr] and Rierr] are
prefegably hydrogen Exanpl es of other suitable ol efins are butene-1,
but ene- 2 snbee ldqyﬁ@rmnethvaﬁerelﬁ&waalobert,agacfdonne sucmasand'qdene 1

and oct agelgﬁge (| eaﬂg an&(hgrheysdr&agﬁ)eof

As stated, some or aII of the groups Fl1 R2, R3, R4, Ft5 and R3 can be inertly
10 substxtuted examples are by one or more halogen atoms such as chlorine or

:fluonne For example, the comonomer may be vinyl tnchloroacetate

Alternatlvely, the inert substituent may be an alkyl group, e.g. methyl.

When the ratio of units (11) to units (I) and of units () to (lll) is O the polymer isan
45 itaconate or citraconate homopolymer and when the ratio is 2 the polymeris a
'-cop'ol'ymer. The ratio is preferably between 0.5 and 1.5. Usually the copolymer
consists of units (1) and (I1) only, or of units (1l and (Il1) only, but other units are
not excluded. However, the weight percentage of units (I) and (1) or of units (li)
' and (tll) in the copolymer is deswably at least 60%, preferably at least 70%.
- 20
The molecular weight of the polymer of component (i), whether a homopolymer
or copolymer may be between 1,000 and 500,000, preferably 1,000 and 20,000,
more preferably between 1,000 and 10,000, even more preferably between
* 2,200 and 5,000, the molecular weights being measured by gel permeation
) 25 chromatography (GPC) relatlve to polystyrene standards and bemg number
- average molecular weights.

- The homopolymers and copolymers are generally prepared by polymerising the
‘monomers alone or in solution in a hydrocarbon solvent such as heptane,

30 benzene, cyclohexane, or white oil, at a temperature generally in the range of
from 20°C to 150°C and usually promoted by a peroxide or azo type catalyst
such as benzoyl peroxide or azodusobutyromtnle under a blanket of an inert gas
such as nitrogen or carbon dioxide in order to exclude oxygen. The polymer
may be prepared under pressure in an autoclave or by refluxing. '
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er such conononers are vinyl esters or alkyl substituted vinyl.

ters of Cferr] to Cferr] alkanoic acids: in vinyl ephg$sMECNHRS BEEN |'S
err]COO-, Rlerr] is Hand Rlerr] is H. .and in-alkyl subsﬁn@gﬁeQDV|ny
esters when Rlerr] is Rlerr]COO and Rlerr] is-nethyl ~amdfor—RferTTS
Cerr] to Jerr] alkyl. Un-substitutedpvinyl esters are preferred, exanples
bei ng vinyl acetate, vinyl propionate, vinyl butyrate, vinyl decanoate,

vinyl he e;pamwopolamlers tiyé polymedsationrezdtien mixisie mlayommﬂammpsoare t he

%'[El'r]e?@g o eI BE 0, I Spalerd o g oP i Bl o a0

t he conummmsﬁgigfe al kyl esters of acrylic acid. Wien R err] is nethyl the .ﬂ

~conpbnoners are esters of methacrylic acid or C[err] to Cferr] alkyl

bstituted met i d.. Exanpl f alk ters. of | d ar
ot o150 BEiR. el Rieften, BOR Fartond sopmaiants N0 Rat bRt v at e,

n- octadecyl acrylate and 2-nmethyl hexadecyl acryl ate. Exanpl es of al kyl

e B hBoRB oo eeTE L o e b i ARG

and n- ocigati¢e #L10nfweightwaight). O her ex- arrpl es are the correspondi ng esters
- where Rerr] is alkyl, e.g. methyl, ethyl, n-hexyl, n-decyl, n-tetradecyl
and n- hexa . o ' '

- q0 COMPONENT (i)

'Comb polymers are intermediate in structure between linear and branched _
polymers and have long aliphatic side chains from a polymer backbone such as
" a polymethylene backbone which may or may not be interrupted. They are
15 described in, for example, "Comb-like Polymers, Structure and Propemes by
N.A. Platé and V.P. Shibaev, J. Polymer Science: Macromolecular Revxews
Vol. 8 pps. 117-253 (1974) - John Wiley and Son.

"Hydrocarbyl" means a group containing hydrogen and carbon such as an
-20 - aliphatic group and which may be mterrupted by one or more hetero atoms such
as O, N, S msufﬂcxent to alter the hydrocarbyl nature of the group.

-Pr_efera_bly, the polymer is of_ the general formula

D

N I S IR

- . wherein D, E, K, m and n are defmed as above, and J is an aryl group which may
be unsubstituted or substltuted :

m—o—o

3_0 More specxflcally, component {ii) is preferably a copolymer of the monomers (a)
and (b) where
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d not her class of conmononers is that where both R err] and Rlerr] are
.REerr]OOC ‘when they are CJerr] to (err] dialkyl f% %hcs
mal eat es and the al kyl groups may be n-alkyl or branched|a

n-octyl, n-decyl, n-tetradecyl, n- hexadecyl or n-octade

of conpnoners are those where Rerr] is-& aryl group. V\hen Rerr]: and

Rl err] are hydrogen and R[err IS he(rB/ the conpbnomer is styrene and. Wnen
one of R[egé)] ds@peter ] beisgrimano- Mgl fymasaien ngleaterdtacondidner is a |

met hyl styrene, citaBondteRidsdconiayeé argns-Anodisgjlutasanates infeichies dikyls aryl
Is vinyl naphthal e err] is alkaryl are for

I wh
exanpl e, subst|9@PE§1§§%BQ@C§@§9€%@WE€” t ol uene or 4-met hyl styrene.

Anot her conononer is that where R err] is hal ogen, chl orine, such as

vinyl chl ofude Ciocperdhene Lygufle pidrHabig e 46\%5%55@ maqpg or all of
th b tl
(he’ r o or P ﬁlediiaé?mﬁﬁmi‘m ] Gnd Her] i he inertly

fluorine. For e #tGent. he comononer may be vinyl trichloroacetate. Alter-
natively, the inert substituent may be an al kyl group, e.g. net hyl . Wen
the ratio of - units (Il1) to units (1) and of units (I1) to (IIl) is Othe

|0OI ymer i s(gyfis prteRIbY & dialkyl bsRe 8. funar@aobut mono-alkyl esters, e.g.
40 fumarates, are suitable. The alkyl group is preferably straight chain although if
o desired, branched ‘chain alkyl groups can be used. Examples of suitable alkyl |
- ~ groups are decyl, dodecyl, tetradecyl hexadecyl octadecyl, eicosyl, behenyl! or
@ mixtures thereof. Preferably. the alkyl group contams 10 to 18 carbon atoms,
- such as 10 to 14 carbon atoms. Where the ester isa dralkyl ester such asa
15 dialkyl fumarate the two alkyl groups can be dlfferent o

Q.5
o

T _AS'B_E;EN 1
| e

: ln (b)' the aromatic substituent is preferably a phenyl substituent, particularly
preferred monomers being styrene, and o- and ﬂ-alkyl styrenes such as
_ a-methyi styrene and B-methyl styrene, which may be substituted on the _
20 benzene ring, e.g. with one or more alkyl groups or halogen atoms. Such alkyl
substttuents may, for example have 1 to 20 carbon atoms '

The molar proportrons of (b) to (a) may, for example, be between 1:1.5 and 1 5:1,
preferably between 1:1.2 and 1. 21 e.g. about 1:1. The number average

) 25  molecular weight of the copolymer of (_a) and (b) may be between 2,000 and
100,000, preferably between 5,000 and 50,000, as measured by gel permeation
chromatography (GPC) relative to_polystyrene standard.

: Preferred examples of the component (ii) are styrene maleate copolymers or
30 styrene-fumarate copolymers it berng preferred to use them in this invention in
combination with polyrtaconates of number average molecular weight between
1,000 and 20,000 as component (r) -

In the practice of this_ inventi_on,_ more than one component (ii) may be used.
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en the ratio |s 2 the polyrrer I's a copol yner. The ratlo i s

Bty between 0.5 and 1.5. Usually the copol ymer cgpsists of units (1).
(1) only, or of units (I'1) and (111) only, but ot eTHIS'SHEETHAS Betn 1.
ex§l uded. However, theé wei ght percentage of units (1) gnd (Ik);plga(CE@‘ unlts
(1'1)y and (I11) in the copolyner is desigably at |east 60% preferabty—at
- Iea})st 70% . The nol ecul ar wei ght of the polymer of conponent (i), whether a
hornopol yner gg; COLDy RLOWRMMBROMERS N 1, 000 and 500, 000, preferably

1, 000 ando?d 00, nore preferably between 1,000 and 10, 000. even.nore
preferably bet ween 2,200 and 5, 000, the nDIecuIar wei ghts bei ng neasured by -
gel per ”‘;@1‘9' Augitbrer oomp@grtmwf wwenMammebEmsedl instcombinationawidafe and

u

bei ng n §ar’é§'g§ rﬁfwhapg@rﬂf#co Eﬁﬁnﬂ%g%?{&hyé?{rﬁas@% RGhYRE'S are

generallyifﬂ? e nononers alone or 1 n utlon i.n-a

hydrocar betn ExAMRIES pRbfNE oth%ﬁa@mhow@q:@ﬁmumcomp%ﬁm di@n , at
a temff7a H.baneﬁf\enabbbyouyakl;I@rreamers)fetﬁéme%@é:%thb% tamwsst@asiauaual y

ted t tal t d
D oar- 1 siwures areptatfiieRlediiaid bali ododi SEGpRTERRAS r ogen or
car bon dbﬂ?féldibmmoorrm'rldmc Qmmmdsdeswm mweppmo/aesew salghurpar ed
under press %r)& éo%&guﬁaé %ﬁdalderSEaP&'on po‘y‘#ﬁ(ér%

10

‘The other _cold flo_w improvers will now be desc_ribed in further detail as' follows:
®  come PoLyMERS

15 Examples are those having the general formula

n ~ This Sheet Has Been Replaced

" R, CO.OR, OCO.R, R1CO.OR or OR I

where D =

20 E = HorCHzorDorR!

G = H,orD o |
) m 1.0 (homopolymer) to 0.4 (mole ratio)
| J = H,R!, Arylor Heterocyclic group, or R1CO.OR

K = H,CO.OR!, OCO.R1, OR! or COzH

25 L = H,R! CO.OR!, OCO.R!, Aryl or COoH
n = 0.0to0 0.6 (mole ratio)
R =2 Cqo o 3
Rt 2 Cqy

30 Another monomer may be t‘erpolymeri_iéd'if neée'ssary.

Examples of suitable comb' polymers are fumara'te/vinyl.acetate copolymers
Damcularly those described in European Patent Appucatlons 0153176 and
0153177; esterified olefin/maleic anhydride copolymers; polymers and

S °°Dolymers of alpha olefin/maleic anhydnde copolymers polymers and



6rfdi al kyl cit raconat ﬂ“ﬁ El' ice of the inventionlommr eREHACEBNe

onents (i) may be o of component (i) to corrponent (i)
may,  for exanple, be in the“sange of 10;1 to 1:10 (weight: wer ght) _
- CGV’DO\IEI\FI' (ii) Mnoner (a) is preferabl {¥a dial kyl ester .g. fumarate,

but I oup ‘i’ s '

ref or an) GORAHIERS 6F Sk dle ‘gef'w r@é@“ﬁé" %ogsfﬁﬁd’tsa‘g"r @ﬁa. 2@3 vl groups
can be usgehyd Eaﬁnﬁpgsc’@ §ﬁ$9 BH& Q?ﬁ?y? #téﬁﬁﬁl%ﬁ@dd%&ﬂ'ac%ﬁ such as |

t et r adecyjp st wimttethib alkydigrdepy haveitfrm il td €8 @aybom btdti tandethel pelyawir.

el o R e e S Wyt e L RSB, 51T e B

fumarate the two al kyl groups can be different. In (b). the aromatic

subst i %erxrﬁemg 2@6@“ %‘m?# uent, particularly pref er r-e_d

nmononer s bel ng styrene, 'styrenes such as a-nethyl
styrene and B-net hyl styrene whi ch may be substituted on the benzene ring,

€. g. W tIEQiRples a{i’érﬁbl?oi%lkyﬂéﬁé' Sters, Bﬂté;geast%tr/é‘iﬁerssétﬁ‘@ niikttites thereof,
substituents r]a exa a’
particu My those conta mng at east one, preferably at least two Cqg to C3g
- 10 lmear saturated alkyl groups and a polyoxyalkyle_ne_ glycol group of molecular
weight up to 5,000 preferably 200 to 5,000, the alkyl group in said
e polyoxyalkylene glycol containing from 1 to 4 carbon atoms. These materials
. form the subject of European Patent Publication 0061 895 A2. Other such
additives are'des_cribed in United States Patent 4 491_455.

= copol yner j_;%qﬁ ksagtlon reaction mxtur-e-%my—ee-n-t—-ai—mup..
es of com)no%msﬁlﬂ@ ¥ acetate) per nole of dftHp TtHd\Sdm

15 -
The preferred esters, ethers or ester/ethers whrch may be used may be
structurally deprcted by the formula

Ft-O(A)-O-Ft2
20 : o _
where R and R2 are the same or different and may be

(@) n-alkyi
) 9
- 2§ (b) n-alkyl~C

| | ﬁ |

 (c) fralkyl-0-C~(CHp),~
S
(d) _n-alkyl-O-C-(CHz),f-C-

30

n belng. for example, 1 to 30, the alkyl group bemg linear and saturated and

- containing 10 to 30 carbon atoms, ‘and A represents the polyalkylene segment of
the glycol in which the alkylene group has 1 to 4 carbon atoms, such as
polyoxymethylene polyoxyethylene or polyoxytrimethylene moiety Wthh is




ms. The nplar proportlons of (b) to (a) may, for exanpl e, be

1;1.5 and 17THs: heet S‘B@nahil ebet ween 1:1.2 and_1.2:1, e.qg. about o
: W The nunber aver i.ght of the copo’wmsnémlﬁ %lgg
rray?lje bet ween 2, 000 referably between|5 OOCRBFDQ(; 6 as
Lr o e

measjur ed by gel perrreatlon chroma ograp %c; (GPO) rel ative TOpotHys
starfjdard. Preferred exanpl-es of the conponent (ii) are styrene- furrarate

| COPrb | ymters gténtmwrlﬂléﬁrﬁégﬁfeedegl@ebksﬁblfah@mrld‘wlth'Iéwe al sldla/enéln% ueh on -
£ 000" s PHORBEAR RSN Hay MBS ardiel Gay lsep@ferrﬁpstﬂ’ﬁhé‘m A"

‘nore.t hansmjmd bermthmua(ll)n l)ne&ty Aoemalys atso contain nitrogen.

~ suitable glycols generally are substantially linear polyethylene glycols (PEG)
and polypropylene glycols (PPG) havmg a molecular weight of about 100 to
5,000, preferably about 200 to 2,000. Esters are preferred and fatty acids
containing from 10-30 carbon atoms are useful for reacting with the glycols to
form the ester addmves it being preferred to use a C1g-C24 fatty acid, especially
10 behemc acid. The esters may also be prepared by esterifying polyethoxylated
' fatty a0|ds or polyethoxylated alcohols :

¢ _Polyoxyalkylene diesters, diethers, etherlesters and mixtures thereof are suitable
_ as additives, diesters being preferred for use in narrow boiling distillates when
15 minor amounts of monoethers and monoesters (which are often formed in the
- manufacturing process) may also be present. It is important for additive
~ performance that a major amount of the dialkyl compound is present. In _
partlcular stearic or behenlc diesters of polyethylene glycol, polypropylene '
- glycol or poIyethylene/polypropylene glycol mixtures are preferred.

20 .
| Examples of other compounds in thls general category are those descnbed in
Japanese Patent Publication Nos 2-51477 and 3-34790 (both Sanyo), and
.~ EP-A-117,108 and EP-A-326, 356 (both Nlppon Oil and Fats).

( JPY ETHYLE_NEIUNSATURATED ESTER COPOLYMERS

Examples are one or more oul-soluble copolymers of ethylene and an
unsaturated monomer of the general formula '

\ /

wherein R6 is hydrogen or methyl, R5 is a -OOCFl8 group
- wherein R8 is a hydrogen formate or a Cito Cog, more usually Cq to C17, and
. preferably a Cq to Cg, straight or branched chain alkyl group; or RS is a -COOR8
5. .

gl’oup

~




- EF;D FLOW | .%K%GQA al ve conposition of the invention may be
. u i n conbinati (I_}){E;Rgg ;Eé' ere ot her Cold Flow I nprovers . as
¢oradditives such a lﬂ mmn the art.

: \ .Exanpl es are ,
- other than those co onent” (i) or conponent: [ii); HAS BEEN

pol yoxyal kyl ene esters, et hers ester/ e{@ers am de/ est er s—and Rr'rs‘PIY‘f\g?%s
thereof; ethylene unsatu- rat ed ester copol ynmers; palar conmpounds, either
ionic or grelroRBds @suptevicushe slesciibed but EPnét Ryd@dgef8s) ; sul phur car boxy

EZ”BESQ?.%@E’HTM%&PQ@%W 3 S PGk RS Bxanpl ee re those
having the general formula [err] where D= 'R COOR OCOR Rerr]COOR
or OR E= thehidnofdreWHerPRERA RRI¥6Hydrogen and RS is -OOCRS, includes vinyl
5 alcohol esters of C1 to C29, more usually C1 to Cs, mono-carboxyhc acnd and
' preferably C» to Ca2g, more usually Cq to Cs mono-carboxyhc acid, and
preferably Cz to Cs mono-carboxylic acid. Examples of vinyl esters which may
be copolymerised with ethylene include\rinyl acetate, vinyl propionate and vinyl
butyrate or isobutyrate, vinyl acetate being preferred. It is preferred that these
10 copolymers have a number average molecular weight as measured by vapour _
~ . phase osometry of 1,000 to 10,000, preferab|y1 000 to 5,000. If desired, the
e copolymer may be derived from additional comonomers, e.g. it may be a
¢ ~ terpolymer or tetrapolymer or higher, for example where the additional
. comonomer is an iso-olefin such as dl-lsobutylene

15 o : o ' . . .
POLAR ORGANIC, NITROG_EN-CONTAlNING COMPOUNDS

Examples comprisé one or more of the compounds (a) to (c) below.

20 (a) ~ An amine salt and/or amide formed by reacting at least one molar
| - proportion of a hydrocarby! substituted amine with a molar proportion of a
hydrocarbyl acid having 1 to 4 carboxylic acid groups or its anhydride;

Ester/amides may be used containin'g. 30 to 300, preferably 50 to 150 total
’ 25 carbon atoms. These nitrogen compounds are described in US Patent
| " 4211534. Suitable amines a're usually long chain C12-C40 primary,
secondary, tertiary or'q_uat'ernary amines or mixtures thereof but shorter
chain amines may be used provided the resulting nitrogen compound is
oil soluble and therefore normally contains about 30 to 300 total carbon’
30 - atoms. The nitrogen compound preferably contains at least one straight
' | cham Ca to Ca40, preferably C14 to Co24 alkyl segment

Suitable amines include primary. secondary, tertiary or quaternary, but
preferably are _secondary.' Tertiary and quaternary amines can only form
38 amine salts. Examples of amines include tetradecyl amine, cocoamine,
'~ and hydrogenated tallow amine. Examples of secondary amines include
dioctacedyl amine and methyl-behenyl. Amine mixtures are also suitable




- ORlerr] or CJerr]H CO. OR[err], OCO
CJerrlHn = t|o) R >. C[err] R1>
nmonomer may ‘be terpolyneri zed I f necessggy. Exanpl es of suitable comb
pol yners are fumarat eIV| acet ate copol yners, particularly those '
described in BycH-apthes "éfﬂd oM newabmetermelmp@ferredmm is&terifled

0: e;I n; ma: e: Cs%%b)ldé ﬁ @mgélnlat@d taudwlalvﬁlﬁésc;fqné féﬂﬁela HNFRTR2 ]Qiheft*éﬁﬁ'a |
_OEII‘]ITB.EI ITEI’S 0 rs -a C al pna
ol efins; est e éq:i ﬁfﬁ 9%?9 QHP%#?&%‘F% N hbfaf %Pagﬁﬁ)l@h"&g and
\Rﬁl ymers of aldoyhp@secbosapprommaoetyot%omm @1%!@{&(59%(01@1 d such as those
ere :
5

,2
o

’ Hoer Dm= Illus(Bhéeltlemai dfe to 0.4 (nole ratio) = H Rerr],
Aryl or Heterocychﬂ!!‘!m COCRK: H, CO. Of —OCO. :
r : BE

_ Examples_of swtable_,carboxyllo acrds and their anhydrides for preparing
“the nitrogen compounds include cyclohexane, 1,2 'dicarboxylio acid,
cyclohexene 1,2 dicarboxylic acid, cyclopentane 1,2 dicarboxylic acid and
_ naphthalene dicarboxylic acid. Generally, these acids have about 5-13
10 | carbon atoms in the cyclic morety Preferred acids useful in the present
invention are benzene dlcarboxylrc acids such as phthalic acid,
isophthalic acid, and terephthalic acid. Phthalic acid or its anhydride is
particularly preferred. The particularly preferred compound is the amide-
| amine salt formed by reacting 1 molar portion of phthalic anhydride with 2
15 ~ molar portions of dlhydrogenated tallow amine. Another preferred
compound is the diamide formed by dehydratrng this amlde-amme salt.

Other examples are condensatejs such as described in EP-A-327.423.

20 (b) A chemical compound comprising or including a cyclic ring system, the
compound carrymg at least two substttuents of the general formula (l)
- below on the rmg system '

, _ '-A-NR1 R2 : ()]
| JPY | - - o .
where A is an aliphatic hydrocarbyl group that is optionally intermpted by
one or more hetero atoms and that is straight chain or branched, and R .
and R2 are the same or different and each is mdependently a hydrocarbyl
_ group containing 9 to 40 carbon atoms optlonally interrupted by one or
30 more hetero atoms, the substltuents belng the same or different and the

| | compound optionally being in t_he form of a salt thereof _

Preferably, A has from 1 to 20 carbon atoms and is preferably a

methylene or polymethylene group
35 _

"Hydrocarbyl" in this specification means_an organic moiety composed of
hydrogen and carbon which, unless the context states otherwise, may be



groups have from 16 to 18 carbon atons and the polymer has a
average mol ecul ar wei ght of from 1,000 to 20, - PO_YOXYALKYLENE '
EOVMPOUNDS: Exanpl es are pol yoxyal kyl ene esters, et her|sTHBSSH; |
m xtures thereof, particularly those containing at |¢ast oagpur# %‘r‘:'ﬁ‘bly at
| east two CJerr] to CJerr] linear saturatgd alkyl groups -
pol yoxyal kyl ene gl ycol group of nmp- |ecul ar weight .up to 5, 000 preferably

200 to 5,000, tdliphatizyincluding alicyslig: @fpma}l@xpalaraylceﬁeblga%%lth%fc%?ﬁ aith{ay
fprom 1 to 4 carfogy séﬁtll?ed Bheﬁeuﬁeﬁtete@bm { carm SN araiiyj sfwd medy Eptiamaipn
atent Publication O O 5. A2. her su di t L bed in.
United States FERMHaN ‘A"Sﬁfﬂrai%‘ Eﬁé"}ﬂj%ﬁ m%qe' %ﬁ%gmg?ﬁ&? §%
-ester/ethers whalbgeng- mdUWowwywoeamytt urall'y depicted by the formula
R A) 0 Rlerr] _ _
~ The cyclic ring system may mclude homocyclrc, heterocyclrc or fused
polycy.clrc assemblies, or a system where two or more such cyclic
assemblie's are joined to one another and in which the cyclic assemblies
may be the same or different. Where there are two or more such cyclrc
10 - assemblies, the substituents of the general formula (1) may be on the
same or different assemblies, preferably on the same assembly
Preferably, the or each cycllc assembly is aromatic, more preferably a
'benzene ring. Most preferably, the cyclic ring system is a single benzene
- ring when it is preferred that the substituents are in the ortho or meta
15 posrtlons which benzene ring’ may be optronally further substituted.

The ring atoms in the cyclic assembly or assemblies are pr_eferably
carbon atoms but may for example include one or more ring N, S or O
atom, in which case or cases the compound is a'heterocyclic compound.
20 | e o R . , |

| Examples of such -polycycli'c assemblies include

. ~ condensed benzene structures such as naphthalene anthracene
phenanthrene and pyrene;

« 'condensecl. ring Structures_ where none of or not all o_'f the rings are
- benzene such as azulene, indene, hydroindene, fluorene, and
~ diphenylene; - '

0 . 'rings joined "end-on” 5“‘."" as diphenyl;:

. -heterocyclrc compounds such as qumolme indole, 2:3
dihydroindole, benzofuran, coumarin, isocoumarin, benzothrophen
carbazole and throdrphenylamme

35 . _

~ ¢ non-aromatic or partially saturated ring systems such as decalin (i.e.
' decahyWe cardinene, and bornylene; and

heet Has Been Replaced
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ACEMENT SHEET -5- where R and Rl err] are the same or dlfferent and may
bg (a) n-al kyl (b) (c)
Ferr] n being, for exanple, 1to 30, “the aIkyI group QWWESHEMEHASQQQ
‘saturated and cont ai ni ng 10.to 30 carbon atoms, and MDAsEmhe

~ pol yal kyl ene segnent of t he gl ycol. in whgch the al kyl ene group has—t— 4
~ carbon atons, such as poly- oxynethyl.ene, polyoxyethylene or
pol yoxyt r | net hy| erthregdimensiongh strycliTBstsuehi as nprbarneae; bigyRlonARIABE of

branching with I o %bh&hn@n Ferrgg@?ﬁgﬁufEgﬁngQCPgbﬁgﬁypropyIene glycol)

- may be tolerated b t it 1s-pre shoul d be
‘substantially linear. A may also contain nitrogen. Suitable glycols

generally are EHBRhd d:@érbg grm.qﬁconsxttuﬁn@ﬂleandﬂ%/modhe ihvefiomafBormula

pol ypr opyl ene B%Cm s %PPG q ge?qgs%yﬂag@yg%@%b& 5."&‘3‘?‘2 é g’g‘?’ty aci d.s

5, 0005 prefera ay ior, ex 3y
] _ -alkoxyalkylgroup Preferably, each hydrocarbyl group is a straight chain

alkyl group. The number of carbon atoms in each hydrocarbyl group is
preferably 16 to 40, more preferably 16 to 24. -

10 Also, it is preferred that the cyclrc system is substituted with two only -

. substituents of the general formula (I) andthat Ais a methylene group.
“ Examples of salts of the chemical compotmds are the acetate and the
hydrochloride. | |
15

“The compounds may convenrently be made by reducmg the _
correspondmg amide which may be made by reacting a secondary amine
wnth the appropnate acid chlonde :

200 (c) o a condensate of long chain primary or secondary amine wuth a carboxylrc
acrd-contarmng polymer

Specific examples include polymers such as descnbed in
. GB-A-2,121,807, FR-A-2,592,387 and DE-A-3,941 ,561; and also esters of
. 25 telemer acid and alkanoloamines such as described i in US- A-4,639,256;
. and the reaction. p’rodu'ct of an amine containing a branched carboxylic
- acid ester, an epoxide and a mono-carboxylrc acid polyester such as
descnbed in US-A-4,631,071.

30 HYDROCARBON poLYMEns

Examples are those represented by the following general formula

This Sheet Has Been Replaced
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ai ni.ng from 10-30 carbon atons are useful for reacting with the glycols
tofformthe ester additives, it being preferred to use a CJerr]-Cerr]
- fadty acid, especially behenic acid. The esters may |atgQ ETEf
esteritying pol yethoxylated fatty acids or polyet ho>1y| at eglpgl OFREN :
Pol yoxyal kyl ene di esters, diethers, ‘etlér/ esters and mixttHes ereof fare
suitabl'e as addjtives, die fers being pre- ferred for use In narrow boiling
~distill awB8Mhe Mﬁorl‘la‘i\‘oénts of nonoet hers and nonoesters (which are '
often fornmed inyUt he=mabyffagt Aniing process) nmay al so be present. It is

i nportant for additive fQr a maj or anount” of the dialkyl
conpound i s preSent” Iﬁﬁgﬂgdﬁé@é@&an c or behenic diesters of

pol yet hyl ene glwcol= pOIG/tar b (reole ratipkol or pol yet hyl ene/ pol ypr opyl ene
glycol mxtures are preferred. Exanples .of other conpounds in this general
categdbry are those described in Japanese Patent Publication Nos 2-51477 and
3- 34790 whete\RSdsyayl and EP- A- 117, 108 and EP- A- 326, 356 (both N ppon G | -
and Fats). ETHYLENE/ UNSATURATED. ESTER COPOLYMERS Exanpl es are one or nore - -

i I:-sol ol Vi f. eth d t d - f th .
8; ’ ef; “?Légé,ﬁﬁﬁ,rﬁg% qsna?( bee mé’éeeaﬁ'ec rI‘y fr%r:]n lét Sy e#&;%hf ung'épu?'gFerd Pnonon?er_s _
| or indirectly by hydrogenating the polymer made from monomers such as
10 isoprene, butadiene etc. : '

Y.

A pa'rti'cu_larly preferred hydrob_arbon polymer is a copolymer of efhylene _and' :
@ propylene having an ethylene content preferably between 20 and 60% (w/w)
and is commonly made via homogeneous catalysts. : :
15 : - S |
' Examples of hydrocarbon polymers are described in WO-A-9111488.

SULPHUR CARBOXY COMPOUNDS

20 Examples are those described in EP-A-.O,2_61 957 which describes the use of
compounds of the general formula

X—R1

A
N N
o C.
v N

Rz
25  in which -Y-R2 is SO3-*INRIR2, -SO3HNR3R2,

 -SO30MHaNR3R?, -SO3MHHZNR?,
- -S0O2NR3R2 or -SO3R2; '
-X-R1is -Y-R2 or -CONR3R1,
30 ~ -COMMINRZRY, -COHNRERY,
B -R4-COOR, -NR3CORYT, o
-R4ORY1, -R4OCORY1, -R4,R1, -
This Sheet Has Been R
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Rlerr] is hydrogen or méthyl, Rlerr] is a -COCR err] group -6-

ein Rlerr] is a hydrogen or a (Jerr] to (err], nofgls T to
" efr], and preferably a CJerr] to Cerr], straight gr brangﬁgdi&ugﬁ al kyl
group; or Rlerr] is'a -COORerr] group wherein Rl err] TS5 as—preveusly

described but is not hydrogen and Rierrj{4s hydr ogen or -COCR[e_rr] as
previ ously defi ned The nononer, when R[err] and Rl err] are hydrogen and .

Rlerr] is mcémmé&e alk Pléngkfaéy wkzvd;r polyal@xyeikflcorebinFigat lease 10[@arbbn |

nor e usual {1 er o-car oxyI Ic acid, and preferably C2 to
C29, nore Iﬁ‘} 'F] RAING err] nono-carboxylic acid, and preferably
Cerr] to C[err] nono- car boxylic acid.- Exanpl es of vi nyI esters whi ch may.
"~ be copoly 8 nd
o oot "ot TR TSRS AR T H A 19 4 B pe ety 8&8"%@?‘%@%‘%&“‘ %m&“ﬁ*g%?‘
'pref ergedis ﬁattOt%wylene andin

| ~ the carbon-carbon (C-C) bond is either a) ethylenically unsaturated when A and
& 10 B may be alkyl, alkenyl or substituted hydrocarbyl groups or b) part of a cyclic

structure which may"be'arom'atic, pblynucl_ear. aromatic or cyclo-aliphatic, it is
preferred that X-R1 and Y-R2 between them contain at least three alkyl,
alkoxyalky! or polyalkoxyalkyl groups.

15 __ S . .
M_ulticomponent additive systems may be used and the ratios of additives to be
used will depend on the oil to be treated. '

- OIL AND FUEL OIL
20

The oil may be a crude oil, i.e. an oil as obtained from drilling and before
- 0 ' refi nlng, when the inventive composmon may be used as a flow i improver or
~ dewaxing aid.

25 The oil may be a lubricating oil which may be an animal, vegetable or mineral
oil, for example petroleum oil fractions ranging from naphthas or spindle oil to
lubricating oil grades, castor oil, fish oils or oxidised mineral oil. The additive
composition of the invention may be used as a flow improver, pour point

~ depressant or dewaxing aid in lubricating oils. Other additives may be present
30 in a final lubricating oil, e_xample_s being viscosity index improvers such as
eth'yle'ne-propylene copolymers, 'suc'cinic acid based dispersants metal
contammg dlspersant additives and zinc dialkyl- dnthlophosphate antlwear
additives. ' -

- This Sheet Has Been Replaced




YRers have r rg ol ecul ar wei ght as neasured by vapour

phafe osonetry o , preferably 1,000 to §, @Q}@s;.} Thestredy

- t'he\copol ymer rray om addi ti onal conononers, § I; B’e— tﬂ
terpol ynmer or tet |gher for exanple where tne aeret . ’
conononer is an iso- oI efi n such as di-i-sgputy- lene. POLAR CRGANI C

. NI TROGEN- CONTAI NI NG COVPOUNDS Exa | es conprise one or. nore of the
conpounds Examples of fugleitssare( m)dcﬂa distillate duel oitsn deofusts ebtaipesdn refining

~reacting gh,deaitlasane fF&&tﬁfn Béﬂllel-frl tm@lteﬁkg c%"e‘?t%aénﬁ’ﬁetslualﬁ irhttiai¥ apdi ne

th I t | d
or oups. or 154 BBaHK el Qlbiraetishs, EXaTIes Aig ciseldusl, Svialian ikl Keuoseradgel”
grefergbldmlﬁéttweuarm heatihg olirdion Giemarall Tﬁmrableldistmawfwwanuesare

escri pe n
G or 118 0t PRgin e i8ha %ﬁ‘iﬁ%ﬁﬁ“‘?é T 10 B ety htion SR f M
m xt ur es theerange 160 tordQ°€), fohakamphe ttwser’aawhg alselatmelyvlmglaoFinabBoiling
| ti rcont ai ns
bout - 20 P BER), B 8050 The Rlet Bl Fnap Be AP BAIHAL vBgbitIe ¥
cont ai ns ineei «il. o'ﬂce Suelnigmayalso @ootalnrqtheoadmwe;: Suphea%sﬁhﬂtse@err] to
Gerr] al l‘:ll'spe?§§nts, antioxidants, corrosion inhibitors and/or demulsifiers.

- 10 :
| Heating’ oils may be made ofa blend of virgin distiliate, e.g. gas oil, naphtha etc
& and cracked distillates, e.qg. catalytlc cycle stock. A representative specxfncatton '
for a diesel fuel includes a mlnlmum flash pomt of 38°C and a 90% distillation
~ point between 282 and 33_8°C (see ASTM Designations D-396 and D-975). .
15 - | | |

~ The total amount of additive composition provided in the fuel in this invention is
preferably 0.0001 to 5.0 wt%, for example 0.001 to 0.5 wit% (actlve matter)
“based on the wetght of fuel.

20 Where the invention is a concentrate the additive composition may form from 20
to0 90, e.g. 30 to 80 wt% thereof Examples of liquid carriers for use in a
- concentrate are solvents such as kerosene, aromatlc naphthas and mineral
lubricating oils.

® > EXAMPLES

The invention will now be particUIarly described, by way of example only, as
follows. The examples include comparatlve examples in addition to examples of |
~ the invention as will be indicated. Mn means number average molecular welght
30 as ‘measured by GPC relatlve to polystyrene standards.

ADDITIV E_S
The additives' used were'as _follow's, designated by-the lndicated code Ietters.
35 : '

A Fortests on Fuels land | (see below) Awas a mlxture of two _
ethylene/vmyl acetate copolymers: a copolymer of Mn 2500 contammg

<




.Y '
~ment. Suitable amines include primary, secondary, tertiary or quaternary,
but preferably are secondary. Tertiary and quaternary ami nes can onI y form

:amine salts. Exanples of am nes include tetradecyl IS SHE nd
hydrogenated tal | ow am ne. Exanples of secondary anines |,@ch cedyl
nose -

am ne and net hyl - behenyl . Am ne. mxtur éare al so
dérived fromnatural naterials. A prefe ed-amne is a secondary hydro-

genated tall oWag pRulinklEcdtaidmn ﬁl"réé Bletidniftoipshdd fg ] and

err] -are alky ups derive rom z/ r.ogenat e ng gd of
appr oxi mat el y mtgy@ne]gmyp% endra copoiyreeeet |M n PRARFQIEANNG Ji%- At
c rlbogyl ic fiCIh dmyaadetdtélagxdamnéb rml $f'rwth r§p ﬁ%rtﬂw ﬂj};e%ﬁf%léﬁa oupeunds
i hcl ude cycl o ne | car | C % ohe HeC
acid, cycl openthEatip of 6% ‘%%E‘%fé 8 ﬁgﬁ?'ﬂ RO Qrg% Qﬁ% Rei d.
CGener &l ?/y, _ Ito hesemairiinig fthelse(seedilow) 18 was aoretlaylene/wmyltanetage:t:opolymea't y.
Preferred acid ef o I I C
aci ds such as amiﬂﬁlqdco%g?g%'ngeﬁaﬁawﬁw @Egéﬁﬁ ﬁigﬁﬁ‘é@@%‘&ll
Pht hal i ¢ acid groun%pehﬁg)ermamml%nggrr@unsn arI y pr ef erred. The particularly

preferred conpound is the am de-amine salt- forned by reacti ng 1 nol ar

. port| on of pht hal i ¢ anhydride with 2 .ol ar ROI"[I ons of di h_¥
the reaction’ product of one mole of phthalic anhydride with two moles of

10 o dihydrogenated tallow amine to form a half amide/half amine salt

”' D: 'a ho‘mopolymer of an ester of itaconic acid whose linear alkyl groups
, | " have 16 carbon atoms made by polymensmg the monomer using a free
' radical catalyst the. homopolymer havmg an Mn of 3, 500

15 _ _
G-K: a group of styrene/fumarate'copolymers whose alkyl groups have the
following number of carbon atoms and a number average molecular
weight of 15,000 to 30,000, |
20 -G 10
" H - 10-12
[ 12
J 12-14
I K 14
® s

FUELS

- The test fuels used were Fuels | to VI whose charactenstlcs are Ilsted in Dlagram
1 below all temperatures being in °C. '

" This Sheet Has B
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‘ed tall ow ani ne. Anot her preferred conpound is the diam de forned by
deHydrat i ng this am de-am ne salt Other exanples are condegsates such as
described in EP— A—327 423. .(h) A chenical - conmpound conpri sfi mgIsO§y

a cyclic ring & Eﬂn& trodind carrying at |east two qub- sk LAC. S BEEN
t he general for -
(1) where Ais i

on the rl% System - A—NR[err
drocarbyl “group that is optionally
interrupted by one or m)re etero atDigyrapg {hat is straight chain or
branched, .and Rlerr] and A] err] are the sanme or different and each is
N ndependently a hydrocar byl group contﬁurlu_l_r.\g 9 to 40 carbon atons- :
~optionally interrupted by -one or ‘nmore hetero atons, the substituents belng
the sane or different and the conpound optionally bei ng inthe formof a
salt therEuel Preferably, A has from1 to 20 carbon atons and is preferably

a et hyl ePfo g@ ﬁg met hyl ene - grpup. "Hydrocarpyl " inyhis sgecificytli on _
_heans an organi c nnlety conposed of hy rogen and carbon whi ch, unless the

cont ext STy be—at pnou t-e—+nettreh 79 at L,yL,I T aromnetic;
or any coc"ql{gfp Mt thereof. 1t _gay be _gubstitigted or-ansubst2tutedsd kyl,
aryl or and may optionally contain unsaturation. Exarrpl es where it
is _ o , _
' Base CFPP ' -8 B -8 9 -7 -4 0
- D- 86 IBP a 166 168 135 136 178 179
* 20% 231 248 213 200 261 257
B 50% 276 279 277 248 291 . 293
L 90% 825 327 332 329 341 350
| - FBP _ - 348 358 361 364 368 . .__373
Test Temperature: -17 -15 17 - =17 159

GENERAL PBOCEDURE

An additive (which includes a combination of individual additive components as
identified by juxtaposition of additive code Ietters in the results heremafter) was
10 .added to a test diesel fuel (1 to Vi) by standard methods at an additive _
o concentration of 200 ppm (active ingredient) for A, 200 ppm (active ingredient)
for B, and 200 ppm (active ingredient) for each of the other additive components
‘where used The followmg tests were then carried out on the so-treated fuel. '

15 THE COLD FILTER PLUGGING POINT'TEST (OR CFPP TEST)

The test which is carried out by the ptocedure described in detail in "Journal of
the Institute of Petroleum”, Volume 52, Number 510, June 1966, pp. 173-285, is
desugned to correlate with the cold ﬂow of a middle distillate in automotlve

20 diesels.

‘In brief, a 40 ml sample of the oil to be tested is cooled in a bath which is

maintained at about -34°C to give non-linear cooling at about 1°C/min.
Periodically (at each one degree centlgrade startmg from above the cloud pomt)




s!bstltut ed are oxy-, hal ogeno- and hydroxy-hydrocarbyl. The cyclic ring
system may i ncl ude honocyclic, heterocyclic, or fused polyocyclic—
adssenblies, or a system - REPLACEMENT "SHEET -7- wher e V65 SHEETOHAS BHEN
“cyclic assenblies are joinedto one another and in whigh t hREELAPER -
~assenblies may be the same or dlfferent21 Yere there are two or nore such

el 2558 arleREplead Yokt T T Boul BRo s Pt GRH B blgsEpbed® ©"
- Pref erabltime pleaodmsmgcla tept Hevicasskichliy a pipattetatwitoseiovee e red i attaghed
e e el ufingt & %E*L'étpt%% AT bolou R TaeE B s B 30 B2 eskI 0T
posi t i onStratehed al@éﬁﬁ;seﬂ'@ f @éihe&rmel i$-80380 meshusereen RAWRY ANAGE
: 5 - defined by a 12 millimetre diameter. The penodlc tests are each initiated by
applymg a vacuum to the upper end of the prpette whereby oil is drawn through
the screen up into the pipette to a mark indicating 20 ml of oil. Aftereach ‘
successful passage, the oil is returned immediately to the CFPP tube. The test is
repeated with each one degree drop in temperature until the oil tails to fill the
10 pipette within 60 seconds, the temperature at which failure occurs bemg
reported as the CFPP temperature : -

e

WAX ANTI-SETTLING (WAS) TEST

15 The extent of the settled layer (WAS) was visually measured asa percentage of

| the total fuel volume by leaving the treated fuel in a measuring flask. Extensive
wax settling would be indicated by a low number whilst an unsettled fluid fuel
-would be indicated by 100%. Poor samples of gelled fuel with large wax crystals
almost always exhibit high values; such resuits are therefore recorded as "gel"

20 where they occur.

DETERMINATION OF CRYSTAL SIZE

| The wax crystal average particle eize was measured by analysing an Optical
8 25 Mlcrograph of a fuel sample and measunng the longest axis of up to 50 crystals
over a predetermlned grid.

RESULTS

30  Additives, or combinations thereof, were tested in each of the Fuels I-Vl. The
results for CFPP, WAS and Crystal Size are shown in each of the following three
tables, designated TABLES 1, 2 and 3 respectively where the followmg '

“explanations are to be noted :

B TABLE 1 (CFPP): all results are in °C below 0°C, i.e." negative values.

S P ""ﬂﬁiiﬂ‘fiiifﬁifﬂi‘ﬂm
-




! ring atons in the cyclic assenbl':yr ‘or assemblies are preferably carbon
atflons but may for exanple include one or norering N, S Q.atom in which

‘¢ase or cases the conpound is a heterocyclic compound. Examnbeﬁngﬁw§Q§§EEN
pol ycyclic assenblies include *  condensed benzene structjures REPIIAGED
napht hal ene, anthracene, phenanthrene ?%d pyrene; * condensed TTTg
structures where none of or not all e rings are benzene such as

-azg' ene, Wﬁﬁ' @dMﬁsy* ln denﬁ téli téyrm:@%rewcdn ubpeﬁsed* 100 B'éiﬁglfglljﬁed
end-on such as di phenyl; * et erocycl,i i no

i ndol e, 2:3 di hydroi ndol e, ben sRRESFd %’Hﬁﬁgpﬁse“’?ﬁgﬁﬁ%" ?aken aRer‘Z |
benzot hi ophen, carbazol e and thocﬁihphwaﬂtamteet;temperaturer omatic¢ or
partially saturated ring systens such as decalin (i.e
decahydr onapht hal ene), a-pi nene, car- di nene, and bonyl ene; and *

~ t hr ees di EABLE®(Crystal Gigelss s @hvalyes@reeneascals @fytlt@H@pubere (i.
norbonane) blcyclooctane .and bi cy- clooctene

10 |s : <_10 microns
9is 10 microns
 Bis 10-20 microns

10 _ . ~7is  20-50 microns

. | - 6is  50-100 microns

- 5is  .100-200 microns

* o - S 4is  200-300 microns
: o -~ 3is  300-500 microns
15 | - ~ 2is  500-700 microns

1 is >700 microns

The followmg general concluslons can be drawn from the results shown m
TABLES 1-3: -
20 -
. Addmve AB (comparison example) gave good overall CFPP performance
but mconsustent WAS and Crystal Slze pen‘ormance

. ' Additive ABD (comparison exampie) gave good WAS and Crystal SiZe
25 performanc_e but regr_essi'on in CFPP performance.

\ . the above regression was remedled at Ieast partly, by any of addmves '
\ ~ G-K in combination with ABD. -

THis Sheet Has Been Replaced.
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Each,drocarbyl group constituting Rerr] and R[err] in the invention

( For a 1) may for exanple be an al kyl :or  al kyl ene grou B RG= QL
pol yal koxyal kyl group. Preferably, each’ hydrocar byl grouil‘?séﬂgﬁTéiP@mEEN -
chain al kyl group. The number of carbon atons in each hydcacar®ALAGEBUp is|
preferably 16 to 40, nore preferably 16.@:9-24 Also, it is preferred that
the cyclic systemis substituted hl v;glﬁgﬂllg zubstl tuents of the general
fornmula (1) and that Ais a nethyl r E?nples of salts of the _
chem cal conpounds are-the acetate and, tdg hydr ochl ori de. The conpounds nmay
conveni ently be nmade by reducing the cg %pondl ng am de which may be nmde
by reacting a secondary amne with the appropriate acid chloride. (c) a
condensat Additiveg chailn pri mity or $dcondaly ani neVwith &/tar bAwvdrage

aci d-contai ni ng pol yner Specific exanples include polyners such as
described 1n -A-2,121,807, FRA-2,592,38/7 and De-A- 3, 941,561, and arso
esters of gl oner aci d13md al kgnol oappnes syegh as depcribeggin '
US- A-4, 639, 256; and the reaction product of an am ne cont ai ni ng a gr anched
carboxylic acid ester, an epoxide and a nDno carboxyllc acid pol yester such

as descrl ml n US-A-43331 0718 15 16 7 3 11.2
ABDG 1118 17 15 15 7 14
.~ ABDH 1. 18 19 15 14 7 14
L) ABDI B 18 20 15 14 10 14.7
ABDJ 10 17 20 16 . 15 9 145
ABDK 11 . 156 16 17 13 10 137

~Table 2 (WAS)

10 : . | FUEL
Additive | nom vV VI  Total
AB 70 80 10 15 80 40 492
M e 100 100 80 100 75 100 925
ABDG 95 40 100 100 100 20 - 758
ABDH 95 50 100 100 100 20 775
ABDI 95 50 100 100 100 - 20 775
ABDJ 95 50 95 100 100 . 80 86.7
~ ABDK 95 100 15 100 100 90 883
1
|
' ' | R : | ' ThlS Sheet Has Been Rep
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RBON POLYMERS Exanpl es are those represent ed by in

. gene formula where T= Hor Rerr] U= HTor Ayl v TfﬂSGHEEiTQAQm;I}mI
ratio -8- w=0.0to 1.0 (nole.ratio) where R err] al KRBPLATHBSE
polymers may be nmade directly from ethyl eni caIIy unsaturat ed NONONMET S Ot

indirectly by hydrogenatlng

. -24-
Table 3 (Crystal Slze)
-FUEL |
. Additive Coon m v v vl | Average
AB ‘e 9 - 9 9 6 6 75
ABD 6 9 10 10 s 8 8.7
' ABDG 6 9 10 10 7 6. .8
-~ ABDH 6 9 10 10 7 5 7.8
Q ABDI 6 9 10 10 7 6 8
| ~ ABDJ 6 o 10 10 9 5 82
ABDK 6 9 6 10 9 7. .. 78
N
This Sheet Has Been Rep
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t he !I yn‘er' made—+om-roRorers—such as isoprene, butadiene etc. A
particularly p

e © pol ymer s a copol yner :
propyl ene havi fmmmm["mlmll m nt preferably bet Ween 0 'é{:?ds oHAY BEEN
and i s .conmonly nedecvi & henogeneous cat al ysts. Exanpl e -_ Bfbn B
pol ymers are described in V\DA—9111488 - 9gL.PHUR CARBOXY COVMPOQUNDS Exanp

are those described in EP-A-0, 261, 957 which descrl bes the use of compounds
of the gengl@mghornula [err] in which - Y-Rerr] ' _

Sgerr](-)(+ NR[err]R[err] Sqerr] (- )(+)HNR[err]R[err] - .
Sqerr](- )(+)H[err]NR[err]R[err] -Sqerr](-) )HLerr]NR[err] -

SO er r] NR[ ¢ r ] RAeraqditive conipasifioy @ompﬂsmg.xnm jnation, y-Rlerr] or
-CONR[err]Rerr], - CJerr](-)(*)NRerr]Rerr}],

+) HN - COORY, -N
qurr] (-)(%) (5?[6”] R[erorl)]/mercorﬂammgthe umt rr] R[err] Cm[e”]
_ COOR‘ | _ T - = Ts | -~
_ 2 ~]
‘l’Hz | 1 I
| coor | RS |
' B Ak L dy
_ : () | . . m '
— | "l . 3 , =
__CH:! \c'/'COOR‘.‘ R
CH——+—1 CR4._
| - ~~CH —
COOR? | |
| - | | RS . |
10 o L . Jx L - Jdy
ay | | (n
- where x is an integef andy is 0 or an integer and wherein, in the
' polymer, the sum of x and y is at least two, the ratio of units (1) to
15 units (I).is between 0 and 2, and the ratio of umts (ihto (i is

between 0and 2 and wherem

| Fl1 and R2 are the same or dn‘ferent each representmg a C1o .
_ 1o Cgo alkyl group, ' '

20 | " R3represents H, -OOCRS, Cq to Cgg alkyl, -cooas -ORS, an
' aryl or alkaryl group or halogen,

R4 represents H or methyl,

RS represents H, C1 to Cao alkyl, or -COOR6

R6 represents C1 to C22 alkyl
25 ' S

- This Sheet Has Been Replaced
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- R[err]CR[err] e -Rlerr]-Rerr], - NCORerr])Rerr]

oL Z(- )(+)NR[err] mmmm Qerr]( ) or .-CCIerr]( ); Rerr] and

Rl err] are aI yI * Mf'@zpolyalkoxy al kyl con I-ﬁk“‘” | 30
carbon -atoms in the min &hatn:s i's hydrocarbyl and gac ;\‘f ‘*Be _
the sane or different and R4 is nothlng or is (Jerr] t¢ : Kylene hAnd -
in [err] the carbon-carbon (CC) bond” € -ci t her a) ethylenically
unsat ur at ed when 2 bgisi 5 dr ocar byl
groups: or b) part%?ﬁgn%%%ghﬁfﬁh%plmuﬁémﬁ ﬁrraﬁ; gg S‘fsoarpa‘% ﬁc%f) ynucl ear.
aromatic or cyclo- '%ﬂ'}bﬁ&bﬁt&w'fw and preferred that X-Rlerr] and Y-Rerr]

bet ween them contain at |east three alkyl, al koxyal kyl or polyal koxyal Kyl _
groups. Ml ti gonmponent additive syste the ratios_of :
O e B Sa e S Ford 3 o 800 S 3o el 01
.5 _ . hydrocarby! groups, whsch hydrocarby! groups contain 10 or more

-carbon atoms :

2. A composition of claim 1 :wher'ei”_n component (i) has the general formula:
D H] (J H]
S | |

TS
w E G K L

10 _ : L Jm

In

R, C(O) OR, OC(O) R, RSC(O) OR7 or OR7
"H or CH3 orDorR8
= H,orD

= - 1.0 (homopolymer) to 0.4 (mole ratio)

‘= H, R8, aryl or heterocyclic group, RECO.OR?
= H,C(O).OR8, OC(0).R8, ORS, C(O)OH |
'H, R8, C(0).ORS, OC(0).R8, Aryl, C(O)OH
Ot0 0.6 (mole ratlo)
- 20 3 R7 = isa hydrocarbyl group contamlng 10 or more carbon

R _ atoms _ -

9 | - R8 is a C¢ or higher hydrocarbyl group, |

where

15

S rR&~<gomo

provided that at least one of J and L is an ary! group.

25 - _. - | .

3. The composition of claim 1 or claim 2 wherein the polymer as defined in
(ii) is of the general formula. o -

D
B

l

E

o—O0—I
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- | ’
The oi |+ nﬁ&y—be—a—epuée—m—l——l e. an oil as obtained fromdrilling and

_before refl ventive conposition nmay be
‘i nprover or “Hmmlmmlmw,l"']e oil may be a lubricating

ani mal ,  vegetabfe lor mm rer a oi |, for exanple petrol eu -
rangi ng from naphi has or . spindl e oil 59 lubricating oil grades, < -
oil, fish oils or oxi di sed nmineral oil <'The additive - 9- conp05|t|on of

the inventi Onwmvelhq: USeR A5 afdfd am damayag in R 2eingtJ eREABSRDte®T .
dewaxing aid in |lub él Ca@g&?ﬂj@}ﬁ’a er additives may be present in a final

| ubri cating off UNgUastIY scosity index inprovers such as ethyl ene-
- propyl ene copol yners, succinic acid based di spersants, netal contai ni ng

Bxanl octor 1 4P GiTebifiefdh el s herta e poBlifared g}ﬁéﬁé #idkafbi ai nea

in r&ining ccopelyoidr msatst;e'eneéumarateaeopelymer

5. - The composition of claim 4 'Wherein the maleate or fumarate have alkyl
groups containing 10 to 18 carbon atoms. -

10 6. The cOmpoSition 6_f ahy of the preceding claims wherein the composition
| | - contains, in combination, another low temperature flow improver for
w - distillate fuels. |

7. The composition of any of the preceding claims wherein the polymer as
15 defined in (i) is a homopolymer of a dialky! itaconate or a diatkyl
' citraconate oris a copolymer of a dialkyl itaconate or a dlalkyl citraconate.
with an aliphatic olefin, a vinyl ether, a vinyl ester of an alkanonc acid, an
alkyl ester of an unsaturated acid, an aromatic olefin, a vinyl halide, a
dialkyl fumarate, or a dialkyl maleate. |
20 - S |
8. The composition of any of the'preceding claims wherein one or both of the
- polymers as defined in (i) and (i) has a number average molecular welght
in the range of 1 000 to 50 000.

' 25 9.  The composition of claim 8 Wherein the range is 1,000 to 20,000.

10. A crude oil, lubricating oil or fuel oil composition comprising a major
| prbportion by weight of a crude oil, lubricating oil or fuel oil and a minor
-_proportlon by weight of an additive composmon of any of the precedmg
30 claims. - :

11.  An additive concentrate compris'ing an admixture of a composition of any
of claims 1 to 9 dlspersed in a liquid medlum compatible with a crude oil,
. - lubricating oil or fuel oil. :
35 _ _
12.  The use asa ﬂow |mprover ina crude oil, lubricating oil or fuel cil oras a
dewaxmg aid of an addmve composmon of any of claims 1 to 9.

This Sheet. Has Been Re laced
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the lighter kerosene and jet fuers fraction and the -heavy fuel oil
fraction. Exa__rrpa“ﬂ" ﬂ” m avi ati on-fuel, kero-, 0i |
fet fuel and he g , I l j,nHHHEeral ly, suitable distillfate %‘Eﬁﬁ%“mgg “““““
those boiling in thé rang® of 120 to 500[err]C (ASTM D11 ) y

t hose .boiling in the range 150 to 400C- 2Bor exanpl e those haV| ng a S,
‘relativel h| gh, Final Bojiling Pojnt a{FR_. of above 1’326 ﬁ%ﬁh g fuel oil
may- be ani3ni mhhe UEyRk alhCamROSHEP 110 ehelaime 2 Ab'SBnt ai n
ot her addi ti vemigdierdigtlisteaael ber s, di spersants, anti oxi dants. corrosion

i nhibitors and/or denulsifiers. Heating oils may be nade of a blend of '

virgin distillate, -e.g. gas oil, naphtha,- etc and cracked distill at es, e.g.
cat al yti ci4ycl A process far imgrovingnthet flow prppeitiasceft & cnude oilalutiricating failedr

includes a mn r % poi nt -
bet weén 282 anﬁm\g@é %Eea? ﬁgaﬂﬁggﬁhqﬁ%@s&@%\&)gg%f%gﬁgt}é@ﬂ?&g t ot al
anount of addi tnoamrzf@gpgsntqmegiaolmtlve]coﬁ@csu@n phanyiof 1o glaimsi bip Bs
preferably 0.0001 to 5.0 wt% for exanple 0.001 to 0.5 w % (active matter),
based on the wei ght of fuel. Were the invention is a .concentrate, the
addi tive conposition may formfrom 20 to 90, e.g. 30 to 80 wt %t hereof. _
Exanples of liquid carriers for use in a concentrate are solvents such as
kerosene, aronatic naphthas and mineral |ubricating oils. ’

-

\'
This Sheet Haa BeenR

[ Illlll Hil] I"!




EXAIVPLES The invention will now be partj,cul arly descri bed, by way of
exanple only, as follows. The examples" ‘include com par affTye—e
addition to exanples of the invention as will be indicated.
average nol ecul ar wei ght as neasured by GPC rel ative to pe )
standards. ADDI Tl VES The additives use2Bwere as follows, designated by tfre
~indicated code letters. A: For tests on Fuels | and || (see below), A was a
m xture of - two ethyl enei vinyl acet aﬂ@ﬁi@ﬂ ynmers: a copol yner of M 2500
containing 36.5 w% vinyl acetate and containing 3-4 nmethyl groups per 100
nmet hyl ene groups, and a copgl s of. ai ning 13.5 wt % vinyl .
acetate and contai ning 6 ety ojorv e R Her iy | ene groups, the ratio
of- the tvvo copol yners- bei ng 93 7 (wei ght wei ght) for tests on the

remﬁ Ni Rgh pﬁaﬁerﬁée%wmfue%di\lia@magoemxgga?s Pwe@sgsgaﬂfegpowm of

3000 contal ni ng Yovin ta| nin groups
per 100 qasmbipatinBs GoMPHRSING a PR M LIntaining &lﬁlégp%ﬁt"&énﬁ%l e of phthalic

anhydri de vvlth t wo rml es of di hydrogenated tallow amne to form
' COOFI1 ' - | R3

(I:Hz —
| = 'COOR? '- RS
L dx _ dy
U] B ()
10 _ -
| - en coor| RS ]
. s\c/COOR -
CH ' CR“\-
- CH e
COOR? ]
. 1 x RS
or = - = - y
a AR { |}
’ in combination with a comb-like polymer having aryl groups.

“"f’\ii\\\i\\\\\\\\\\\\\\\\\




a.hal f am de/ half am ne salt. 0: a honopol yner {0 OfEETt gconi @i |
whose |inear al kyl groups have 16 cdrbon.atons:- i{si ng thq P@(
nononer using a free radical catalyst, the ho of yner havi gn {vn of

3,500. GK a group of styrene/fumarate copol yner Gaﬂ%?l grjoups have

the follow ng nunber of carbon atons and a nunbpr{average nol eciullar wei ght

of 15,000 to 30,000, G 10 H 10-12 | 2 J 12-1 FUELS The Yest fuels
used were Fuels | to VI whose characteristics ate |ljisted in-D-agram 1

bel ow, all tenperatures being in [err]C :

OIL AND FUEL OIL COMPOSITIONS

Description

This invention relates to additive compositions and their use in impraving the properties of oil and fuel oil compo-
gitions.

itis known that wax separates out from cils and fuel cils at low temperatures thereby impairing certain properties.
It is also known to use additives ta improve thase properties, for example to improve cold flow properties and to inhibit
settling of the wax under gravity on standing. Additives for the former are sometimes called Cold Fiow Improvers and
additives for the lalter are sometimes called Wax Anti-settling Additives.

Examples of patent specifications describing such additives and their use are: US Patents 3 048 479; 3 961 916;
3252771; 2542 542; 3 444 082; 4 211 534; 4 375 973 and 4 402 708; UK Patents 1263152; 1 469 016; 1 468 588;

2129 012; 2 923 645; and 1 209 676, Japanese Patent Publications 56 54 038; 56 54 037; and 55 40 640.

EP-A-0 225 688 describes tha use of itaconate and citraconate polymers and capolymers for improving the cold
flow properties of an oil (crude or lubricating) and fuel oils such as residual tuel, middle distillate fuels and jet fuel or
as a dewaxing aid in lubricating oil, which polymers and copolymers can be tailored to suit the particutar oil or fuel ail
concerned, It describés polymers and copolymers having number average molecular weights as measured by Gel
Permeation Chromatography of from 1,000 ta 500,000 and exemplifies polymers and copalymers of molecular weights
of 20,000 and higher.

A problem using, in oils and fuel onls polymers such as those embraced within EP-A-Q 225 688 is that they may
regress the cold flow performance of flow improving additives. The present invention can overcoms this regression by
using certain comb polymers in combination as will be described hereinafter and iilustrated in the examples herein.

Intemnational Application Number PCT/GBS1/00622 (Publication No WO 91/16407) describas the use of polymers

R embraced within EP-A-Q 255 688 of number average molecular weight of 1,000 to 20,000 as low temperatura flow
improvers for distiliate fuels, such as in combination with other additives, of which comb polymers are mentioned and
esterified copolymers of styrene and maleic anhydride specifically exemplified.

In a first aspect, the invention provides an additive composition comprising, in combination,

(i) a polymer containing the units:
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where X is an intager and y is 0 or an integer and wherein, in the polymer, the sum of x-and y is at least two, the
ratio of units (1) to units (1) is between 0 and 2, and the ratio of units (Il) to (1) is bgtween 0 and_ 2 and wherein:

R and R2 are the same or different, each representing a Cyq to Cyg alkyh

R represents H, -OOCRS, C, to C30 alkyl, -COORS, -ORS, an aryl or alkaryl group or hatogen,
R* reprasents H or methyl,

RS represents H, C, 1o Cyg alkyl, or <COORS.

RS represants C, to Cy, alkyl,

optionally, each of the groups R?, R2, A3, R4, RS and RS being inertly substituted, and
(ii) a copolymer of the monomers (a) and (b) where

(a) is an ester, being a mono-or di-alkyl fumérate or maleate in which the alkyl group has 8 to 23 carbon atoms,
and

(b) is an aromatic substituted olefin having 8 to 40 carbon atoms per molecule, for example of the formula Ar-
CH=CH, where Ar is the aromatic substituent, with the proviso that (a) is not a maleate when (b) is styrene.

In a second aspect, the invention provides the use as a flow improver in a cruds oil, lubricating oil or fuel oil or as
a dewaxing aid in a lubricating oil of an additive composition of the first aspect of this invention. '
in a third aspect, the invention provides a crude ail, lubricating oil or fuel oil composition comprising a major pro-
portion by weight of a crude oil, lubricating cil or fuel oil and a minor proportion by weight of an additive composition
of the first aspect of this invention. .
In a fourth aspect; the invention provides an additive concentrate comprising an admixture of an additive compo-
* sition of the first aspect of this invention dispersed in a liquid medium compatible with a crude ail, lubricating oil or fuel cil.
' In a fifth aspect, the invention provides a process for improving the flow properties of a crude ail, lubricating oil or
fuel oil or for aiding dewaxing of a lubricating oil which comprises incorporating into the oil an additive composition of
the first aspect of this invention.
The individual features of the invention will now be described in further detail.

COMPONENT (1)

Polymer (i} may be a homopolymer of a dialkyl itaconate or citraconate or a copolymer of a dialkyi itaconate or
citraconate with an aliphatic olsfin, a vinyl ether, a vinyl ester of an alkanoic acid, an alkyl ester of an unsaturated acid,
an aromatic olefin, a vinyl halide or a dialkyl fumarate or maleate; or polymer (i) may be a copolymer of dialkyl itaconate
or dialky! citraconate with an aliphatic olefin, a vinyl ester or an alky! substituted vinyi ester of a G, o Cy, alkanoic acid.

R! and R2 are each preferably straight chain although they can be branched. It branched, the branch is preferably

. a single methyl in the 1 or 2 position. Examples of R! and R2 are decyl, dodecyl, hexadecy! and eicosyl. Each of R1
and A2 may be a single Cyq 1o Caq alkyl group or a mixture of alkyl groups. Polymers where R and R2 are each mixtures
of Cya to Caq alkyl groups are particularly useful as flow improvers in middle distilate fuel oils. Polymers where R! and
R2 are each C, to C,, are particularly useful in heavy fuel cils and crude oils, and polymers where R! and A2 are each
C1o to C4g are particularly useful in lubricating oils. Such particularly useful polymars may be homopolymers or copol-
ymers. :

The copolymer of dialkyl itaconate or dialkyl citraconate includes a comonomer of the formula:

R4
I
R3—C=CH-R?

whera R3, B¢ and RS are as defined above. Such a comonomer can be a mixture.

When such a comonomer is an aliphatic olefin, R3 and RS represent hydrogen or C, to Cy4 alkyl groups, preferably
n-alkyl groups, that are the same or different. Thus, when each of RS, Ri* and RS is hydrogen, the olefin is ethylene,
and, when R3 is methyl, and R¢ and RS are hydrogen, the olefin is n-propylene. When R is an alkyl group, R* and RS
are preferably hydrogen. Examples of other suitable olefins are butene-1, butene-2, isobutylene, pentene-1, hexene-
1, tetradecene-1, hexadecene-1 and octadecene-1 and mixtures theraof. o .
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n.octyl methacrylate n-tetradecyl methacrylate, n-hexadecyl methacrylate and n-octadecyl methacrylate, Other ex-
amples are the corresponding esters where RS is alkyl, e.g. methyl, ethyl, n-hexyl, n-decyl, n-tetradecyl and n-hexa-
decyl.

Another class of comonomers is that where both F3 and RS are RSOOC-, i.e. when they are C; to C,, dialkyl
fumarates or maleates and the alkyl groups may be n-alkyl or branched alkyi, e.g. n-octyl, n-decyl, n-tetradecyl, n-
hexadecy! or n-octadecyl.

Other examples of comonomers are those where R3 is an aryl group. When R4 and RS are hydrogen and R? is
phenyl the comonomer is styrene and when one of R¢ and RS is methyl and R3 is phenyi the comonomer is a methyl
styrene, e.g. e-methyl styrene. Another example when RS is aryl is vinyl naphthalene. Other examples when R3 is
alkaryl are, for example, substituted styrenes such as vinyl toluene, or 4-methyl styrene.

Another comonomer is that where R? is halogen, e.g. chlorins, such as vinyl chioride (i.e. R* and RS hydrogen).

As stated, some or all of the groups A', A2, A3, R4, RS and RS can be inertly substituted; examples are by one or
more halogen atoms such as chlorine or fluorine. For example, the comonomer may be vinyl trichlorcacetate. Alter-
natively, the inert substituent may be an alkyl group, e.g. methyi.

When the ratio of units (1) to units () and of units (l1) to (I11} is O the polymer is an itaconate or citraconate homopol-
ymer and when the ratio is 2 the polymer is a copolymer. The ratio is praferably between 0.5 and 1.5. Usually the
copolymer consists of units () and (I} only, or of units (II) and (1Il) only, but other units are not excluded. However, the
waeight percentage of units (1) and (Il) or of units (i) and (lil) in the copolymer is desirably at least 60%, preferably at
least 70%.

The molecular weight of the polymer of component (i), whether a hamopolymer or copolymer, may be between
1,000 and 500,000, preferably 1,000 and 20,000, more preferably between 1,000 and 10,000, even more preferably
between 2,200 and 5,000, the molecular weights being measured by gel permeation chromatography (GPC) relative
to polystyrene standards and being number average molecular weights.

The homopolymers and copolymers are generally preparad by polymerising the monomers alene or in solution in
a hydrocarbon solvent such as heptane, benzene, cyclohexane, or white ail, at a temperature generally in the range
of from 20°C to 150°C and usually promoted by a peroxide or azo type catalyst such as benzoyi peroxide or azodi-
iscbutyronitrile under a blanket of an inert gas such as nitrogen or carbon dioxide in order to exciude oxygen. The
polymer may be prepared under pressure in an autoclave or by refluxing.

To prepare copolymers, the polymerisation reaction mixture may contain up to 2 moles of comonomer (e.g. vinyl
acetate) per mole of dialkyl itaconate or dialkyl citraconate.

In the practice of the invention, mare than one components (i) may be used.

The ratio of component (i) to componant (if) may, for example, be in the range of 10:1 to 1:10 (weight:weight).

COMPONENT (ii)

Monomer (a) is preferably a dialkyl ester, e.g. fumarate, but mono-alkyl esters, e.g. fumarates, are suitable. The ™
alkyl group is preferably straight chain although, if desired, branched chain alkyl groups can be used. Examples of
suitable alkyl groups are decyl, dodecyl, tetradecyl, hexadecyl, octadecyl, eicosyl, behenyl or mixtures thereof. Pref-
erabiy, the aikyl group contains 10 to 18 carbon atoms, such as 10 to 14 carbon atoms. Where the ester is a dlalkyl
ester such as a dialkyl fumarate the two alkyl groups can be different.

In (b), the aromatic substituent is preferably a phenyi substituent, particularly preferred monomers being styrene,
and - and B-alkyl styrenes such as a-methyl styrene and B-maethyl styrene, which may be substituted on the benzene
fing, 8.g. with one or more alkyl groups or halogen atoms. Such alkyl substituents may, for example, have 1 to 20

. carbon atoms.

The molar proportions ‘of (b) to (a) may, for example, be between 1:1.5 and 1.5:1, preferably between 1:1.2 and
1.2:1, e.g. about 1:1. The number average molecular weight of the copolymsr of (a} and (b) may be betwaen 2,000
and 100,000, preferably between 5,000 and 50,000, as measured by gel permeation chromatagraphy (GPC) ralative
to polystyrene standard..

Preferred examples of the component (ii} are styrene-fumarate copolymers, it being preferred to use them in this
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where

D= R, CO.0OR, OCO.R, R'CO.0R or OR

E= HorCHzorDorR!?

G= H,orD

m= 1.0 (homopolymer) to 0.4 (mole ratio)

J=  H, R, Aryl or Heterocyelic group, or RICO.OR
K= H,CO.OR! OCO.R!, OR!or COzH '

L= H, R, CO.OR1, OCO.R!, Aryl or COzH

n=  0.0100.6 (mole ratio)
R2 Cy
Rtz C,

Another monomer may be terpolymerized if necessary. '

Examples of suitable comb polymers are fumarate/vinyl acetate copolymers, particularly those described in Euro-
pean Patent Applications 0153176 and 0153177: esterified olefi/maleic anhydride copolymers; polymers and copol-
ymers of alpha olefin/maleic anhydride copolymers; polymers and copolymers of alpha olefins; esterified copolymers
of styrene and maleic anhydride; and polymers of alkyl esters of itaconic acid or citraconic acid such as those where
th(e)0 a:,lkyl zgorogg: have from 16 to 18 carbon atoms and the polymer has a number average molecular weight of from
1, to 20,000.-

POLYOXYALKYLENE COMPOUNDS

Examples are polyoxyalkylene esters, ethers, ester/ethers and mixtures thereof, particularly those containing at
least one, preferably at isast two Cyq 10 Cy linear saturated aikyl groups and a polyoxyalkylene glycol group of mo-
lecular weight up to 5,000 preferably 200 to 5,000, the alkyl group in said polyaxyalkylene glycol containing from 1 to
4 carbon atoms. These materials form the subject of European Patent Publication 0 061 895 A2. Other such additives
are described in United States Patent 4 491 455, :

The preferred esters, athers or ester/ethers which may be usad may be structurally depicted by the formula

R-0(A)-0-R>
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n being, for example, 1 to 30, the alkyl group being linear and saturated and containing 10 to 30 carbon atoms, and A
represents the polyalkylene segment of the glycol in which the atkylene group has 1 to 4 carbon atoms, such as poly-
oxymethylene, polyoxysthylene or polyoxytrimethylene moiaty which is substantially linear; some degree of branching
with lower alky! side chains (such as in polyoxypropylene glycol) may be tolerated but it is preferred that the glycol
should be substantially linear. A may also contain nitrogen.

Suitable glycols generally are substantially linear polysthylene glycols (PEG) and polypropylane glycols (PPG)
having a molecular weight of about 100 to 5,000, preferably about 200 to 2,000. Esters are praferred and fatty acids
containing from 10-30 carbon atoms are useful for reacting with the glycols to form the ester additives, it being preferred
to use a Cy4-C,4 fatty acid, especially behenic acid. The esters may also be prepared by esterifying polyethoxylated
fatty acids or polyethoxylated alcohols.

Polyoxyaikylene diestars, diethers, ether/esters and mixtures thereof are suitable as additives, diesters belng pre-
ferred for use in narrow boiling distillates when minor amounts of monosthers and monoesters (which are often formed
in the manutacturing process) may also be present. it is important for additive performance that a major amount of the
- diafkyl compound is present. In particular, stearic or behenic diesters of polyeihylene glycol, polypropylene glycol or
polyethylene/polypropylene glycol mixtures are preferrad.

Examples of other compounds in this general category are those described in Japanese Patent Publtcatlon Nos
2-51477 and 3-34790 (both Sanyo), and EP-A-117,108 and EP-A-326,356 (both Nippon Qil and Fats).

ETHYLENE/UNSATURATED ESTER COPOLYMERS

Examples are one or more oil-soluble copolymers of ethylene and an unsaturated monomer of the generai farmula

\/
/\

wherein RS is hydrogen or methyl, RS is a <OOCR® group
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chain alkyl group; or RS is a -COOR® group
wherein R8 is as previously describad but is not hydrogen
and R7? is hydrogen or -COORS as previously defined

The monomer, when R8 and R7 are hydrogen and RS is -OOCRS, includes vinyl aicohol esters of C, to C,q, more
usually C, to Cg, mono-carboxylic acid, and praferably C, to Cag, Mora usually C, to Cg mono-carboxylic acid, and
preferably C, to Cg mono-carboxylic acid. Examples of vinyl esters which may be copolymeﬁsad with ethylene include
vinyl acetate, vinyl propionate and viny! butyrate or isobutyrate, vinyl acetate being preferred. It is prefarred that these
copolymers have a number average molecular weight as measured by vapour phase osometry of 1,000 to 10,000,
preferably 1,000 to 5,000. If desired, the copolymer may be derived from additional comonomers, e.g. it may be a
terpolymer or tetrapolymer or higher, for example where the additional comonomer is an iso-olefin such as di-isobuty-

lene.

POLAR ORGANIC, NITROGEN-CONTAINING COMPOUNDS

Exampleé comprise oneg or more of the compounds (a) to (¢) below.

(a) An amine sait and/or amide formed by reactihg gt least one molar proportion of a hydrocarbyl substituted amine
with a molar proportion of a hydrocarbyi acid having 1 to 4 carboxylic acid groups or its anhydride;

Ester/amides may be used containing 30 to 300, preferably 50 to 150 total carbon atoms. These nitrogen
compounds are described in US Patent 4 211 534, Suitable amines are usually long chain Cy5-C4g primary, sec-
ondary, tertiary or quaternary amines or mixtures thereof but shorter chain amines may be used provided the
resulting nitrogen compound is il soluble and therefore normally contains about 30 to 300 total carbon atoms.
The nitrogen compound preferably contains at least one straight chain Cg to Cyq, preferably C4 to Cpq4 alkyl seg-
ment. .

Suitable amines include primary, secondary, tertiary or quaternary, but preferably are secondary. Tertiary and
quaternary amines can only form amine salts. Examples of amines include tetradecyl amine, cocoamine, and
hydrogenated tallow amine. Examples of secondary amines include dioctacedyl amine and methyl-behenyl. Amine:
mixtures are also suitable such as those derived from natural materials. A preferred amine is a secondary hydro-
genated tallow antine of the formula HNR'R2 where in R and A2 are alkyl groups derived from hydrogenated
tallow fat composed of approximately 4% Cq4, 31% Cyg, 59% Cya. _

Examples of suitable carboxylic acids and their anhydrides for preparing the nitrogen compounds include
cyclohexane, 1,2 dicarboxylic acid, cycichexene 1,2 dicarboxylic acid, cyclopentane 1,2 dicarboxylic acid and
naphthalene dicarboxylic acid. Generally, these acids have about 5-13 carbon atoms in the cyclic moiety. Preferred
acids useful in the present invention are benzene dicarboxylic acids such as phthalic acid, isophthalic acid, and
terephthalic acid. Phthalic acid or its anhydride is particularly preferred. The particularly preferred compound is
the amide-amine salt formed by reacting 1 molar gortion of phthalic anhydride with 2 molar portions of dihydro-
genated tallow amine. Ancther preferred compound is the diamide formed by dehydrating this amide-amine sait.

Other examples are condensates such as described in EP-A-327,423.

{b) A chemical compound comprising or including a cyclic ring system, the compound carrying at least two sub-
stituents of the general formula (1) below on the ring system '

-A-NR'R? : 0

where A is an aliphatic hydrocarby! group that is optionally interrupted by one or more hetero atoms and that is
straight chain or branched, and R! and R2 are the same or different and each is independently a hydrocarbyl group
containing 9 to 40 carbon atoms optionally interruptad by one or more hetero atoms, the substituents being the
same or different and the compound optionally being in the form of a sait thereof;

Preferably, A has from 1 to 20 carbon atoms and is preferably a methylene or polymethylene group.

*Hydrocarbyl" in this specification means an organic moiety compased of hydrogen and carbon which, unless
the context states otherwise, may be aliphatic, including alicyclic; aromatic; or any combination thereof. It may be
substituted or unsubstituted alkyl, aryl or aralkyl and may optionally contain unsaturation. Examples where it is
substituted are oxy-, halogenc- and hydroxy-hydrocarbyl.

The cyclic ring system may include homoacyciic, heteracyclic, or fused polycyclic assemblies, or a system -
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where two or more such cyclic assemblies are joined to one another and in which the cyclic assemblies may be
the same or different. Whare there are two or more such cyclic assembiies, the substituents of the general formula
(1) may be on the same or different assemblies, preterably on the same assambly. Preferably, the or sach cyclic
assembly is aromatic, more preferably a benzene ring. Most praferably, the cyclic ring system is a single benzene
. ting when it is prefarred that the substituents are in the ortho or meta positions, which benzene ring may be op-

tionally further substituted.

The ring atoms in the cyclic assembly or assemblies are preferably carbon atoms but may for example include
one or more ring N, S or O atom, in which case or cases the compound is a heterocyclic compound.

Examples of such polycyclic assemblies include

» condensed benzene structuras such as naphthalene, anthracene, phenanthrene, and pyrene;

» condensed ring structures where none of or not all of the rings are benzene such as azulens, indene, hydroin-
dene, fluorene, and diphenylene;

e rings joined "and-on" such as diphenyl;

» heterocyclic compounds such as quincline, indole, 2:3 dihydreindole, benzofuran, coumarin, isocoumarin,
benzothiophen, carbazole and thiodiphenylamine; '

* non-aromatic or partially saturated ring systems such as decalin (i.e. decahydronaphthalens), e-pinene, car-
dinene, and bornylene; and

« three-dimensional structures such as norbornene, bicycioheptane (i.e. norbomane), bicyclooctane, and bicy-
. clooctene.

Each hydrocarbyl group constituting R and R2 in the invention (Formula [) may for example be an alkyl or
alkylene group or a mono- or polyalkoxyalkyl group. Preferably, each hydrocarbyl group is a straight chain alkyl
group. The number of carbon atoms in each hydrocarbyl group is praferably 16 to 40, more preferably 16 to 24,

Also, it is preferred that the cyclic system is substituted with two only substituents of the general formula (1)
and that A is a methylene group.

Examples of salts of the chemical compounds are the acstate and the hydrochloride.

The compounds may conveniently be made by reducing the corresponding amide which may be made by
reacting a secondary amine with the appropriate acid chloride.

(¢) a condensate of long chain prirmary or secondary amine with a carboxylic acid-containing polymer.

Specific examples include polymers such as described in GB-A-2,121,807, FR-A-2,592,387 and DE-A-
8,941,561; and also estars of telomer acid and alkanolcamines such as described in US-A-4,639,256; and the
reaction product of an amine containing a branched carboxylic acid ester, an epoxnde and a mono-carboxylic acid
polyester such as described in US-A-4,631,071.

HYDROCARBON POLYMERS

Examples are thosa represented by the following general formula

I
I 1

1

4—?—4
i — =T
:—?—c
c—0—x
| SO
£

where

T= HorA!
U= H, TorAm!
v= 1.01t00.0 (mole ratio)
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where R is alkyl.
These polymers may be mads directly from ethylenically unsaturated monamers or indirectly by hydroganating

" the polymer made from monomers such as isoprens, butadiene etc.

A particularly preferred hydrocarbon polymer is a copolymer of aethylene and propylene having an ethylene content
preferably between 20 and 60% (w/w) and is commonly made via homogeneous catalysts.
Examples of hydrocarbon polymers are described in WO-A-9111488.

SULPHUR CARBOXY COMPOUNDS

Examples are those described in EP-A-0,261,957 which describes the use of compounds of the general formula

)
A\C/X R
[ ]

- G
B/ \Y-—Rz

in which -Y-R2 is SO/ )+INRJR2, -SO MHHNRIR?,

- SOzM+IH,NRIA2, -S04 NHH,NRR,
- SONRR2 or -SO4R?;

- X-Rlis -Y-A2 or -CONRSR!,

- COMMINRIR, -COMMHNRSRY,
- Fl4-COOH,, -NRICOR!,

- R4ORA1, -R4OCOR!, -R4-A1,

- N(COR3)A! or ZHINRSRY;

- Z0)is SO, or -COLMY;

R' and R2 are alkyl, alkoxy alkyl or polyalkoxy alkyl containing at least 10 carbon atoms in the main chain;

R3 is hydrocarbyl and each R? may be the same or different and R¢ is nothing or is C, to Cg alkylene and in

A
C

s

the carbon-carbon (C-C) bond is either a) ethylenically unsaturated when A and B may be alkyl, alkenyl or substi- -
tuted hydrocarbyl gmups or b) part of a cyclic structure which may be aromatic, polynuclear aromatic or cyclo-
aliphatic, it is preferred that X-R! and Y-R2 betwean them contain at least three alkyl, alkoxyalkyl or polyalkoxyalky!
groups.

Mutticomponent additive systems may be used and the ratios of additives to be used will depend on the il to be
treated. .

OIL AND FUEL OIL

The oil may be a crude oil, i.e. an oil as obtained from drilling and before refining, when the inventive composition
may be used as a flow improver or dewaxing aid.

The il may be a lubricating oil which may be an animal, vegetable or mineral oil, for example petroleum cil fractions
ranging from naphthas or spindle oil to lubricating oil grades, castor oil, fish oils or oxidised mineral oil. The additive



Table 2 (continued) (WAS) FUEL Additive | I | || REPLAGEMENY, SHEE,

Total ABOG 95 40 100 100 100. 20 75.8 AB 95 50
100 100 100 20 77.5 ABDI 95 50 100 10¢ 2 S0AUG 1997
77.5 ABDJ 95 50 95 100 100 80 86.7 AB 95 10(
15 100 100 90 88.3 Table 3 (Qystal Size) FUEL AAATTTVE | |

|V

\% VI Average

composition of the invention m'éy be used as a flow improver, pour point dépréésant or dewaxing aid in lubricating oils.
Other additives may be present in a final lubricating oil, axamples being viscosity index improvers such as ethylene-

‘propylene copolymers, succinic acid based dispersants, metal containing dispersant additives and zinc dialkyl-dithio-

phosphate antiwear additives. _

Examples of fuel sils are middle distillate fuel oils, i.e. fuels abtained in refining crude oil as the fraction batween
the lighter kerosene and jet fuels fraction and the heavy fuel oil fraction. Examples are dissel fuel, aviation fual, kero-
sene, fuel oil, jet fuel and heating oil etc. Generally, suitable distillate fuels are those boiling in the range of 120 to
500°C (ASTM D1160), preferably those boiling in the range 150 to 400°C, for example those having a relatively high
Final Boiling Point (FBP) of above 360°C. The fuel cil may be an animal, vegetable or mineral oil. The fuel cil may also
contain other additives such as stabilisers, dispersants, antioxidants, corrosion inhibitors and/or demuisifiers.

Healting oils may be made of a blend of virgin distillate, e.g. gas oil, naphtha, etc and cracked distillates, e.g.
catalytic cycle stock. A representative specification for a digsel fuel includes a minimum flash point of 38°C and a 90%
distilfation point between 282 and 338°C (see ASTM Designations D-396 and D-975).

The total amount of additive composition provided in the fuel in this invention is preferably 0.0001 to 5.0 wt%, for
exampte 0.001 to 0.5 wt% (active matter), based on the weight of fusl.

Whaere the invention is a concentrate, the additive composition may form fram 20 to 90, e.g. 30 to 80 wt% thereot.
Examples of liquid carriers for use in a concentrate are solvents such as kerosene, aromatic naphthas and mineral
lubricating oils.

EXAMPLES *

The invention will now be particularty described, by way of example only, as follows. The examples include com-
parative examples in addition to examples of the invention as will be indicated. M,, means number average molecular
weight as measured by GPC relative to polystyrene standards.

ADDITIVES

The additives used were as follows, dasignated by the indicated coda letters.

A: For tests on Fuels | and Il (see below), A was a mixture of two ethylene/vinyl acetate copolymers: a copolymer
of 'M,, 2500 containing 36.5 wt% vinyl acetate and containing 3-4 methyl groups per 100 methylene groups, and
a copolymer of M, 5000 containing 13.5 wt% vinyl acetate and containing 6 methyl groups per 100 methylene
groups, the ratio of the two copolymers being 93:7 (weight:weight); for tests on the remaining fuels (see below),
A was an ethylene/vinyl acetate copolymer of M, 3000 containing 29.0 wt% vinyl acetate and containing 4 methyl
groups per 100 methylene groups. .

B: the reaction product of one moie of phthalic anhydride with two moles of dihydrogenated tallow amine to form
a half amide/half amine salt.

' D: a homopolymer of an ester of itaconic acid whose linear alkyl groups have 16 carbon atoms made by polymer-
ising the monormer using a free radical catalyst, the homaopolymer having an M, of 3,500.

G-K: a group of styrene/fumarate copolymers whose alkyl groups have the following number of carbon atoms and
a number average molecular weight of 15,000 to 30,000,

10
10-12
12
12-14
14

ALTIO

FUELS

The test fuels usad were Fuels | to VI whose characteristics are listed in Diagram 1 below, all temperatures being
in °C.



REPLACEMENT SHEET

AB - 6 9 9 9 6 6 7.5 ABD
10 9 8 8.7 ABDG 6 9 10 10 7 6 :
ABDH 6 9 10 10 7 5 7.8 ABDI 6 2 50AUG 1997
10 7 .6 8 ABDJ 6 9 10 10 9 5 - 8.2
ABDK 6 9 6 10 9 7 . 7.8 Cains 1. An additive
conposition conprising, in conbination (*"io) “a polynmer contailning the units:
[err] ' :
Diagram 1
FUEL
Fuel Properties I il ]} v v Vi
Cloud Pgint -6 -5 -6 -7 2 1 +3
Base CFPP 8| 8| 9| 7| 4]0
D-86 1BP 166 | 168 | 135 | 136 | 178 | 179
20% 231 | 248 | 213 | 200 | 261 | 257
. 50% {276 | 279 | 277 | 248 | 291 | 293
90% 325 | 327 | 332 | 329 | 341 | 350
FBP 348 | 358 | 361 | 364 | 368 | 373
Test Temperature: | -17 | -15 | -17 | <17 | -18 -9

GENERAL PROCEDURE

An additive (which includes a combination of individual additive components as identified by juxtaposition of ad-
ditive coda letters in the results hereinafter) was added to a test diesel fuel (I to V1) by standard methods at an additive
concentration of 200 ppm (active ingredient) for A, 200 ppm (active ingredient) for B, and 200 ppm (active ingredient)
for each of the other additive components where used. The following tests were then carried out on the so-treated fuel.

THE COLD FILTER PLUGGING POINT TEST (OR CFPP TEST)

The test which is carried out by the procedure dascribed in detail in *Journal of the Institute of Petroleum®, Volume
52, Number §10, June 1966, pp. 173-28S, is designad to correlate with the cold flow of a middle distillate in automotive
diesels.

In brief, a 40 ml sample of the oil to be tested is cooled in a bath which is maintained at about -34°C to give non-
linear cooling at about 1 *C/min. Periodically (at each one degres centigrade starting from above the cloud point), the
cooled oil tested for its ability to flow through a fine scraen in a prescribed time period using a test device which is a
pipette to whose lower end is attached an inverted funnel which is positioned below the surface of the oil to be tested.
Stretched across the mouth of the funnel is a 350 mesh screen having an area defined by a 12 millimetre diameter.
The periodic tests are gach initiated by applying a vacuum to the upper end of the pipette whereby oil is drawn through
the screen up into the pipette to a mark indicating 20 mi of oil. After each successiul passage, the oil is returned
immediately to the CFPP tube. The test is repeated with each one degrse drop in temperature until the oil fails to fill
the pipette within 60 seconds, the temperature at which failure occurs being reported as the CFPP temperature.

WAX ANTI-SETTLING (WAS) TEST

The extent of the settled layer (WAS) was visually measured as a percantage of the total fuel volume by leaving
the treated fuel in a measuring flask. Extensive wax settling would be indicated by a low number whilst an unsettled.
fluid fuel would be indicated by 100%. Poor samples of gelled fuel with large wax crystals almost always exhibit high-
values; such results are therefore recorded as "gel* where they occur.

DETERMINATION OF CRYSTAL SIZE -

The wax crystal average particle size was measurad by analysing an Optical Micrograph of a fuel sampie and
measuring tha longest axis of up to 50 crystals over a predetermined grid.

FIESULTS
Additives, or combinations theraof, were tested in each of the Fuels |-VI. The results for CFPP, WAS and Crystal

Size are shown in each of the fallowing three tables, designated TABLES 1, 2 and 3 respectively whera the followmg
explanations are to be noted: |



-13- -[err] where x is an integer and y is O or an integer aMPm&h@M,SHEﬂ
the polyner, the sumof x and y is at |east twd, the rati units (I'l1) tlo
units (1) is between O and 2, and the ratio of units (I1) |t 2(?)“1551,97
between 0 and 2 and wherein: R err] and R err] are the sane jor different
each representing a (Jerr] to (Jerr] _alggyl_ group, Rerr] rje sent-s—it;
-OCCR err], Clerr] to (Jerr] alkyl, - err], -ORerr], lan aryl or

al karyl grgggzo(ccdﬂa;l ogen, gﬁ[rgamrs]a,er,,p,@rbg,g@@:cs'el—j,egguvmﬁjggyl R[ETT] represents
H derr] to (err] alkyl. or -COOR[err], Rerr] represents CJerr] to

Clerr] al kippLeopMiASnal |y, esllcdsultsfard ﬁt&engégawpserda{: and daingRjlig BisdersedRprer thid obBnRlidn} ,
Rlerr] and R err] being |rR?tﬂslabeﬂstmgtq:thspt:reettheaasder(rnera)ura copol yrrer of the

MONONEr s ( aéLEagl (erygtg)&zvyn all values are on a scale of 1 to 10 whare

10is | < 10 microns
9is 10 microns

8is 10-20 microns
7is 20-50 microns
Bis 50-100 microns
Sis 100-200 microns
4is 200-300 microns
3is 300-500 microns
2is 500-700 microns
1is | 700 microns

The following general conclusions can be drawn from the results shown in TABLES 1-3:

* Additive AB (comparison example) gave good overall CFPP performance but inconsistent WAS and Crystal Size
performance.

. fAddltnve ABD (comparison example) gave good WAS and Crystal Size performance but regression in CFPP per-
. ormance.

* the above regression was remedied, at least partly, by any of additives G-K in combination with ABD.

~ Table 1
(CFPP)
FUEL
Additive | | | mw v v | V| Average
AB 13|19 20|14 ] 18] 13 18.2
ABD 8 |18 15| 18] 7 3 1.2
ABDG n1|17]15}| 15| 7 14
ABDH | 11 | 18| 19 | 15| 14| 7| 14
ABDI 1] 18] 2} 15 14| 10 147
. ABDJ 0|17 ]2 ] 16|15} 8 14.5
ABOK "M |l15] 1617 | 13| 10 13.7

Table 2

(WAS)
FUEL
Additive | 1 | 1 [ m | v ]| v | vi | Total
AB 70 | 80| 10} 15| 80 | 40 | 49.2
ABD 100 | 100 | 80 | 100 | 75 | 100 | 92.5




(a) +s an ester, being a nono- or di-alkyl funmarate or nal
al kyl group has 8 to 23 carbon atons, and (b) is an aronat CRERUASEMEN}'%EFT
olefin having 8 to 40 carbon atons per nolecule, with the pr v.ou“.u =
is not a nal eate when (b) is styrene. 2. The conposition of [ ?Werei

97 |

the aromatic substituted olefin is of the fornula Ar-CH=CH efr
the aromatic substituent and preferahlysa_phenyl substituentti.3.__The
conposition of claim2 wherein the polynmer is a styrene-fuparate copol yner

4. The conposition of claim3 wher elﬂbgae(cgﬂm)ate has al kyt—greups
containing 10 to 18 carbIUmnB.—S. memg rposTtion of any of the

precedi ng cl ai ns wher ei n—+ke—corposid fm M H-a-As—+R—eerbHnat i on, anot her

| ow tenperature flow i.mpraver for |st|IT e fuels 6 _The Jconposition of
any of the preceding cl afi aeditivagr gi ] tihe pollyived ¥sjddf|mdd {in (i) is a
honmopol ymer of a di al kyl| 1AB@Gorjat® [oro g o TRyl 100 { racpriseq or is a

copol ynmer of a dial kyl it cABoHat|es®r] 80 diabkybo ¢i100 acOnpt7eésvii th an al i phatic
olefin, a vinyl ether, a A8yl |ess dr sof| @n |abkanod ¢ Ac| d7.54n al kyl ester of

an unsaturated acid, an larAB®atijco®ljedd n, 9s;| 100 | 100} 80 | 86.7
ABDK 95 | 100 | 15 | 100 | 100 | 90 | 88.3

Table 3
(Crystal Size)
FUEL
Additive | | ] | iv]| v | VI | Average
AB 6 9 9 9 6 6 7.5
ABD 6 9 |10 0] 9 8 8.7
ABDG 6 9 |10} 10} 7 6 8
. ABOH 8 9 |10} 10} 7 5 7.8
ABDI 6 9 | 10| 10{ 7 6 8
. | Asou 6 9 J1w0}|10} 9 5 8.2
ABDK 6 9 6 | 10| 9 7 7.8

Claims
1. An additive composition comprising, in combination
(i) a polymer containing the units:

COOR1

or



vi nyl haP1

defined in
of 1,000 to 50.,°006.

rate,

or a dial kyl
nms wherein one or
a nunber average nol ecul ar
14 - 8. The conposi tion of clai

range is 1,000 to 20,000. 9. A crude oi

conp03|t|on conprising a major
and a m

| ubricating oil or fuel oi

| ubricating oil

nal eat e.
both of th

7. The conposition

AR AtEMEAT S

wherein the
r 2 56AU6|1997

proportlon by wei ght of ajcjude oi
proportion by wefjght oOf AT

e

V§

itiop of claim9

at e conprising an
ed inaliquid

conposi tion of any.of the precedin b?lains, 10. The conp
which is a fuel oil co ® An {egnlin
adnmi xture of a conposition of any of cl¥AShs 1 to 8 disper
medi um conpatible withf a crude oil, |ubugcating oil or ful
Additive | | ] m | wy} v | V] Total
ABDG 95 | 40 | 100 | 100 | 100 | 20 | 758
ABDH 95 | 50 | 100 {100} 100 20 | 775
ABDI 95 | s0 | 100] 100] 100| 20 | 775
ABDJ 95 | s0 | 95 | 100 | 100 | 80 | 86.7
ABOK 95 |100)] 15 | 100 100 | 90 | 88.3
Table 3
(Crystal Size)
FUEL
Additive | | wfmi{w/| v | VI|Average
AB 8 9 9 s | 6 8 7.5
ABD 6 g 0] 10] 9| 8 8.7
ABDG 6 | 9o|j1w]1w]| 7|68 8
ABDH 6| 9 j1wo}f10] 7} s 7.8
ABDI 6 g Jwo|j1w}] 7| 8 8
ABDJ 8 9 |10}j10}| 9] 5 8.2
ABDK 8 9 6 |10f 9| 7 7.8
Claims
~ 1. An additive composition comprising, in combination
(i) a polymer containing the units:
TOOR‘ ]
L - | CH
- CH2
COOR2
- T x

or

)

oi l.




OI’

13. Th
any-of clains 1 to 8. 14: A process for

as

i

crude oi

Iubrlcatlng oi |l which conprises |ncor58rat|ng into 'the oi
conposition of any of clainms 1 to 8.

7.

fTow improver in a crude oi |, |ubricati hgRERUACEMENT,SHEE]

L" ” Hunl an additive conposition of any o ains 1 to 8.

mprover in a fuel oil of an additiv SPAIG 9PN
i nproving the fl gwlproperties of
or for aiding dewgxitrg—et—a

an additive

| ubricating oil or. fuel oi

i OOR1 R3
_C/C
| 1 che
& “CH
o CLORZ' _l
i _ » RS _
X y
(1 ()

where x is an integer and y is O or an integer and wharein, in the polymer, the sum of X and y is at least two,
the ratio of units (If) to units (1) is between 0 and 2, and the ratic of units (ll) to (Il is between 0 and 2 and
wherein:

R! and A2 are the same or different, each representing a Cyq to Cyq alkyl group,

R3 represents H, <OOCRSE, C, to Cy, alkyl, -COORS, -ORS, an aryl or alkaryl group or halogen,
R¢ represents H or methyi,

RS represents H, C, to Caq alkyl,-or -COORS,

R8 represents C, to Cy, alkyl

optionally, each of the groups R, R2, R3, R4, RS and RS being inertly substituted, and

(ii) a copolymer of the monomers (a) and (b) where
(a) is an gster, being a monoe- or di-alkyl fumarate ‘or maleata in which the alkyl group has 8 to 23 carbon
atoms, and ’
{b) is an aromatic substituted olefin having 8 to 40 carbon atoms per molecule,

with the proviso that (a) is nota maleate when (b) is styrene.

The composition of claim 1 wherein the aromatic substituted olefin is of tha formula Ar-CH=CH, where Aris the
aromatic substituent and preferably a phenyl substituent.

The composition of claim 2 wherein the polymer is a styrene-fumarate copolymer.
The composition of claim 3 wherain the fumarate has alkyl groups containing 10 to 18 carbon atoms.

The composition of any of the preceding claims whérein the composition contains, in combination, another low
temperature flow improver for distillate fuels.

The composition of any of the preceding claims wherein the polymer as defined in (i) is a homopolymer of a dialkyl
itaconate or a dialkyl citraconate or is a copolymer of a dialkyl itaconate or a dialkyl citraconate with an aliphatic
olefin, a vinyl ether, a vinyl ester of an alkancic acid, an alkyl ester of an unsaturated acid, an aromatic olefin, a
vinyl halide, a dialkyl fumarate, or a diatkyl maleate.

The composition of any of the preceding claims wherein one or both of the polymers as defined in (i) and (ii) has
a number average molecular weight in the range of 1,000 to 50,000.
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10,

1.
12.

13,

.

[ I“IH - s
T N AUG 1997

- 14 -

The composition of claim 7 wharein the range is 1,000 to 20,000.

A crude ail, lubricating oi ; o .
oil or fuel ol and :“3‘ glr' ::JU:L 9:! compasition comprising a major proportion by weight of a crude ail, lubricati
portion by waight of an additive composition of any of the preceding clair'ns "

The compasition of claim 9 which is a fuel oil composition

u . . .
The use as a flow improver in a fuel oil of an additive composition of any of claims 1 to 8

: - - " propenles Of ac Ude 0" lub i i i i idi g
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Abstract 28 OCT 1998

Oil & Fuel Oil Compositions

The properties of oil and fuel oil compositions are improved by additive
combinations comprising a polymer containing the repeating units

[ COOR! ] [ R3 B
| Lo
1 ~
COOR? RS
L X L Jdy
) (i
_ R - -
[~ ,_—cooR] R
CH CR*
~~CH —
COOR? | |
5
or - - — R y
) ()

in combination with a comb-like polymer having aryl groups.



