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(57) ABSTRACT 

The invention relates to the use of at least one oil-soluble 
compound B) which acts as a nucleating agent for paraffin 
crystallization and which is selected from comb polymers 
that carry alkyl side chains having on average a length of at 
least 18 C atoms per mole for improving the response of cold 
flow improvers for mineral oils C), which are different from 
B), in middle distillates that contain at least one ashless, 
nitrogenous detergent additive A), which is an oil-soluble, 
amphiphilic compound that comprises at least one alkyl or 
alkenyl group bound to a polar group, said alkyl or alkenyl 
group having 10 to 500C atoms and the polar group having 2 
or more nitrogen atoms. 
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DETERGENT ADDITIVE-CONTAINING 
MINERAL OLS HAVING IMPROVED COLD 

FLOW PROPERTIES 

0001. The present invention relates to the use of nucleating 
agents for improving the cold flowability of mineral oil dis 
tillates comprising detergent additives, and to the additized 
mineral oil distillates. 
0002 The ever greater stringency of environmental pro 
tection laws is requiring ever more demanding engine tech 
nology to comply with the emissions limits laid down. How 
ever, coverage of engine parts, for example of the valves, with 
combustion residues changes the characteristics of the engine 
and leads to increased emissions and also to increased con 
Sumption. Detergent additives which remove Such deposits 
and/or prevent their formation are therefore added to motor 
fuels. They are generally oil-soluble amphiphiles which, in 
addition to an oil-soluble, thermally stable, hydrophobic radi 
cal, contain a polar head group. 
0003. On the other hand, in view of decreasing global oil 
reserves, ever heavier and hence paraffin-richer crude oils are 
being extracted and processed, which consequently also lead 
to paraffin-richer fuel oils. The paraffins present in middle 
distillates in particular can crystallize out as the temperature 
of the oil is lowered and agglomerate partly with intercalation 
of oil. This crystallization and agglomeration can result, in 
winter in particular, in blockages of the filters in engines and 
boilers, which prevents reliable dosage of the fuels and, under 
Some circumstances, can cause complete interruption of the 
fuel supply. The paraffin problem is additionally worsened by 
the hydrogenating desulfurization of fuel oils, which is 
increasing for environmental protection reasons for the pur 
pose of lowering the Sulfur content, and leads to an increased 
proportion of cold-critical paraffins in the fuel oil. 
0004. The cold flow properties of middle distillates are 
often improved by adding chemical additives known as cold 
flow improvers or flow improvers, which modify the crystal 
structure and agglomeration tendency of the paraffins which 
precipitate out such that the oils thus additized can still be 
pumped and used at temperatures which are often more than 
20° C. lower than in the case of unadditized oils. The cold 
flow improvers used are typically oil-soluble copolymers of 
ethylene and unsaturated esters, oil-soluble polar nitrogen 
compounds and/or comb polymers. In addition, further addi 
tives have also been proposed. 
0005. In view of ever more demanding engine technology 
and rising demands on the environmental compatibility of 
fuel oils and their combustion products, detergent additives 
with ever higher effectiveness are being developed. In addi 
tion, they are often used in very high dosages. It is reported 
that, as a result, for example in the case of diesel fuels, the 
specific consumption is reduced and the performance of the 
engines is increased. However, these additives frequently 
have adverse effects on the cold flowability of middle distil 
lates and in particular on the effectiveness of known cold flow 
improvers. Especially in the case of middle distillates with 
low final boiling point and simultaneously low aromatics 
content, it is frequently difficult or even impossible to attain 
satisfactory cold flow performance by means of conventional 
flow improvers in the presence of modern detergent additives. 
Thus, addition of detergent additives often results in an 
antagonistic effect on the effectiveness of the added cold flow 
improvers being observed. This impairs the paraffin dispers 
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ancy of the middle distillate which is attained by paraffin 
dispersants, without it being restorable by increased dosage 
of paraffin dispersants. Often, the filterability, measured as 
the CFPP, of oils additized with cold flow improvers is thus 
also significantly reduced under cold conditions and can be 
compensated only by greatly increased dosage of the flow 
improver. 
0006 Particularly problematic detergent additives in this 
context are especially those which derive from higher 
polyamines, and those which have very high molecular 
weights caused, for example, by multiple alkylation and/or 
acylation of these polyamines. Likewise particularly prob 
lematic are those detergent additives whose hydrophobic 
radicals derive from highly sterically hindered olefins and/or 
from high molecular weight and/or polyfunctionalized poly 
(olefins). 
0007. It was thus an object of the present invention to 
improve the response behavior of cold flow improvers in 
middle distillates comprising detergent additives. It was a 
further object of the invention to provide a detergent additive 
which is an improvement over the prior art and does not 
impair the response behavior of cold flow improvers. 
0008. It has now been found that, surprisingly, particular 
oil-soluble compounds which act as nucleators for paraffin 
crystallization counteract the impairment of the effectiveness 
of customary cold flow improvers by nitrogen-containing 
detergent additives or remove this impairment. 
0009. The invention thus provides for the use of at least 
one oil-soluble compound B) which acts as a nucleator for 
paraffin crystallization and is selected from comb polymers 
which bear alkyl side chains having a length of at least 20 
carbonatoms for improving the response behavior of mineral 
oil cold flow improvers C) different than B) in middle distil 
lates which comprise at least one ashless nitrogen-containing 
detergent additive A) which is an oil-soluble amphiphilic 
compound which comprises at least one alkyl or alkenyl 
radical which is bonded to a polar group, where the alkyl or 
alkenyl radical comprises 10 to 500 carbon atoms and the 
polar group 2 or more nitrogen atoms. 
0010. The invention further provides a process for improv 
ing the response behavior of mineral oil cold flow improvers 
C) in middle distillates which comprise ashless nitrogen 
containing detergent additives A). 
and in which the ashless nitrogen-containing detergent addi 
tives A) are oil-soluble amphiphilic compounds which com 
prise at least one alkyl or alkenyl radical which is bonded to a 
polar group, where the alkyl or alkenyl radical comprises 10 
to 500 carbon atoms and the polar group 2 or more nitrogen 
atoms, 
by adding to the oil at least one oil-soluble compound B) 
which is different from C), acts as a nucleator for paraffin 
crystallization and is selected from comb polymers which 
bear alkyl side chains having a length of at least 20 carbon 
atOmS. 

0011. The invention further provides additives comprising 
0012 a) at least one ashless nitrogen-containing detergent 
additive A) which is an oil-soluble amphiphilic compound 
which comprises at least one alkyl or alkenyl radical which 
is bonded to a polar group, where the alkyl or alkenyl 
radical comprises 10 to 500 carbon atoms and the polar 
group 2 or more nitrogen atoms, 

and 
0013 b) at least one oil-soluble compound B) which acts 
as a nucleator for paraffin crystallization and is selected 
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from comb polymers which bear alkyl side chains having a 
length of at least 20 carbon atoms, 

and optionally 
0014 c) a mineral oil cold flow improver C) different than 
B). 

0015 The combination of A) and B) is also referred to 
hereinafter as “inventive additive'. 
0016. The invention further provides middle distillates 
having a sulfur content of less than 100 ppm and a 90% 
distillation point of less than 360° C., comprising 
a) at least one ashless nitrogen-containing detergent additive 
A) which is an oil-soluble amphiphilic compound which 
comprises at least one alkyl or alkenyl radical which is 
bonded to a polar group, where the alkyl or alkenyl radical 
comprises 10 to 500 carbon atoms and the polar group 2 or 
more nitrogen atoms, 
b) at least one oil-soluble compound B) which acts as a 
nucleator for paraffin crystallization and is selected from 
comb polymers which bear alkyl side chains having a length 
of at least 20 carbon atoms, 
and 
c) at least one mineral oil cold flow improver C) different than 
B). 
0017. According to the invention, improving the response 
behavior of cold flow improvers C) is understood to mean that 
at least one cold property of middle distillates which is or can 
be adjusted by means of cold flow improvers C) and is 
impaired by the addition of a detergent additive A) is 
improved by addition of a compound B) which acts as a 
nucleating agent for paraffin crystallization. Specifically, the 
addition of the nucleating agent B) achieves the cold property 
which is or can be adjusted by the cold flow improver C) in the 
absence of the detergent additive A). Cold properties are 
understood to mean, individually or in combination, the pour 
point, the cold filter plugging point, the low temperature flow 
and the paraffin dispersancy of middle distillates. 
0018. The response behavior of flow improvers is particu 
larly impaired in middle distillates which contain more than 
10 ppm of a nitrogen-containing detergent additive A), par 
ticularly more than 20 ppm and especially more than 40 ppm, 
for example 50 to 2000 ppm, of nitrogen-containing detergent 
additive A). 
0019. The inventive additives preferably contain, based on 
one part by weight of the nitrogen-containing detergent addi 
tive A), 0.01 to 10 parts by weight and especially 0.05 to 5 
parts by weight, for example 0.1 to 3 parts by weight, of the 
oil-soluble compound B) which acts as a nucleator for paraf 
fin crystallization. 
0020 Ashless” means that the additives in question con 
sistessentially only of elements which form gaseous reaction 
products in the combustion. The additives preferably consist 
essentially only of the elements carbon, hydrogen, oxygen 
and nitrogen. More particularly, ashless additives are essen 
tially free of metals and metal salts. 
0021 Nucleators are understood to mean compounds 
which initiate the crystallization of paraffins in the course of 
cooling of a paraffin-containing oil. They thus shift the com 
mencement of paraffin crystallization of the oil additized 
therewith, which can be determined, for example, by measur 
ing the cloud point or the wax appearance temperature 
(WAT), to higher temperatures. These compounds are soluble 
in the oil above the cloud point and beginto crystallize out just 
above the paraffin saturation temperature in order then to 
serve as nuclei for the crystallization of the paraffins. They 
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thus prevent oversaturation of the oil with paraffins and lead 
to crystallization close to the saturation concentration. This 
leads to the formation of a multitude of equally small paraffin 
crystals. In the presence of a nucleator, paraffin crystalliza 
tion thus commences at a higher temperature than in the 
unadditized oil. This can be determined, for example, by 
measuring the WAT by means of differential thermal analysis 
(differential scanning calorimetry, DSC) in the course of slow 
cooling of the oil at, for example, -2 K/min. 
(0022 Preferably 10 to 10 000 ppm and especially 50 to 
3000 ppm of the nitrogen-containing detergent additives are 
added to middle distillates. 
0023 The alkyl or alkenyl radical preferably imparts oil 
solubility to the detergent additives. 
0024 Particularly problematic detergent additives are 
those whose alkyl radical has 15 to 500 carbon atoms and 
especially 20 to 350 carbon atoms, for example 50 to 200 
carbon atoms. This alkyl radical may be linear or branched, 
and is especially branched. In a preferred embodiment, the 
alkyl radical derives from oligomers of lower olefins having 3 
to 6 carbonatoms, such as propene, butene, pentene orhexene 
and mixtures thereof. Preferred isomers of these olefins are 
isobutene, 2-butene, 1-butene, 2-methyl-2-butene, 2,3-dim 
ethyl-2-butene, 1-pentene, 2-pentene and isopentene, and 
mixtures thereof. Particular preference is given to propene, 
isobutene, 2-butene, 2-methyl-2-butene, 2,3-dimethyl-2- 
butene and mixtures thereof. Especially preferred are olefin 
mixtures which contain more than 70 mol %, especially more 
than 80 mol%, for example more than 90 mol% or more than 
95 mol%, of 2-methyl-2-butene, 2,3-dimethyl-2-butene and/ 
or isobutene. Particularly suitable for the preparation of such 
detergent additives are high-reactivity low molecular weight 
polyolefins having a proportion ofterminal double bonds of at 
least 75%, especially at least 85% and in particular at least 
90%, for example at least 95%. Particularly preferred low 
molecular weight polyolefins are poly(isobutylene), poly(2- 
butene), poly(2-methyl-2-butene), poly(2,3-dimethyl-2- 
butene), poly(ethylene-co-isobutylene) and atactic poly(pro 
pylene). The molecular weight of particularly preferred 
polyolefins is between 500 and 3000 g/mol. Such oligomers 
of lower olefins are obtainable, for example, by polymeriza 
tion by means of Lewis acids such as BF and AlCls, by means 
of Ziegler catalysts and especially by means of metallocene 
catalysts. 
0025. The polar component of the detergent additives 
which are particularly problematic for the response behavior 
of known cold additives derives from polyamines having 2 to 
20 nitrogen atoms. Such polyamines correspond, for 
example, to the formula 

in which each R is independently hydrogen, an alkyl or 
hydroxyalkyl radical having up to 24 carbon atoms, a poly 
oxyalkylene radical -(A-O), or polyiminoalkylene radical 
-A-N(R)-(R), but at least one R is hydrogen, q is an 
integer from 1 to 19, A is an alkylene radical having 1 to 6 
carbon atoms, r and s are each independently from 1 to 50. 
Typically, they are mixtures of polyamines and especially 
mixtures of poly(ethyleneamines) and/or poly(propyleneam 
ines). Examples include: ethylenediamine, 1,2-propylenedi 
amine, dimethylaminopropylamine, diethylenetriamine 
(DETA), dipropylenetriamine, triethylenetetramine (TETA). 
tripropylenetetramine, tetraethylenepentamine (TEPA), tet 
rapropylenepentamine, pentaethylenehexamine (PEHA) 
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pentapropylenehexamine and heavy polyamines. Heavy 
polyamines are generally understood to mean mixtures of 
polyalkylenepolyamines which, in addition to Small amounts 
of TEPA and PEHA, comprise mainly oligomers having 7 or 
more nitrogenatoms, of which two or more are in the form of 
primary amino groups. These polyamines often also contain 
structural elements branched via tertiary amino groups. 
0026. Further suitable amines are those which include 
cyclic structural units which derive from piperazine. The 
piperazine units may preferably have, on one or both nitrogen 
atoms, hydrogen, an alkyl or hydroxyalkyl radical having up 
to 24 carbon atoms or a polyiminoalkylene radical -A-N 
(R)-(R) where A, Rands are each as defined above. 
0027. Further suitable amines include alicyclic diamines 
Such as 1,4-di(amino-methyl)cyclohexane and heterocyclic 
nitrogen compounds Such as imidazolines and N-aminoalky 
lpiperazines, for example N-(2-aminoethyl)piperazine. 
0028 Detergent additives whose polar component derives 
from polyamines bearing hydroxyl groups, from polyamines 
Substituted by heterocycles and from aromatic polyamines 
are also problematic. Examples include: N-(2-hydroxyethyl) 
ethylenediamine, N,N'-bis(2-hydroxyethyl)ethylenedi 
amine, N-(3-hydroxybutyl)tetra(methylene)diamine, N-2- 
aminoethylpiperazine, N-2- and N-3- 
aminopropylmorpholine, N-3-(dimethylamino) 
propylpiperazine, 2-heptyl-3-(2-aminopropyl)imidazoline, 
1,4-bis(2-aminoethyl)piperazine, 1-(2-hydroxyethyl)pipera 
Zine, various isomers of phenylenediamine and of naphtha 
lenediamine, and mixtures of these amines. 
0029 Particularly critical detergent additives for the cold 
additization of middle distillates are those based on heavy 
polyamines in which, in the above formula, R is hydrogen 
and q assumes values of at least 3, especially at least 4, for 
example 5, 6 or 7. In the case of mixtures of different 
polyamines, a proportion of more than 10% by weight, par 
ticularly of more than 20% by weight and especially of more 
than 50% by weight of amines with q values of 4 or higher and 
especially with q values of 5 or higher and in particular with 
q values of 6 or higher in the total amount of amines used is 
considered to be particularly critical. 
0030 The oil-soluble alkyl radical and the polar head 
group of the detergent additives may be joined to one another 
either directly via a C N bond or via an ester, amide or imide 
bond. Preferred detergent additives are accordingly alkylpoly 
(amines), Mannich reaction products, hydrocarbon-substi 
tuted Succinamides and -imides, and mixtures of these Sub 
stance classes. 
0031. The detergent additives joined via C N bonds are 
preferably alkylpoly(amines) which are obtainable, for 
example, by reacting polyisobutylenes with polyamines, for 
example by hydroformylation and Subsequent reductive ami 
nation with the abovementioned polyamines. One or more 
alkyl radicals may be bonded to the polyamine. Particularly 
critical detergent additives for cold additization are those 
based on higher polyamines having more than 4 nitrogen 
atoms, for example those having 5, 6 or 7 nitrogen atoms. 
0032. Detergent additives containing amide or imide 
bonds are obtainable, for example, by reacting alkenylsuc 
cinic anhydrides with polyamines. Alkenylsuccinic anhy 
dride and polyamine are reacted preferably in a molar ratio of 
about 1:0.5 to about 1:1. The parent alkenylsuccinic anhy 
drides are prepared typically by adding ethylenically unsat 
urated polyolefins or chlorinated polyolefins onto ethyleni 
cally unsaturated dicarboxylic acids. 
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0033 For example, alkenylsuccinic anhydrides can be 
prepared by reacting chlorinated polyolefins with maleic 
anhydride. Alternatively, they can also be prepared by ther 
mal addition of polyolefins to maleic anhydride in an “ene 
reaction'. In this context, high-reactivity olefins having a 
high content of for example, more than 75% and especially 
more than 85 mol %, based on the total number of polyolefin 
molecules, of isomers with terminal double bond are particu 
larly suitable. The terminal double bonds may be either 
vinylidene double bonds —CH2—C(=CH-)—CH or 
vinyl double bonds —CH=C(CH). 
0034) For the preparation of alkenylsuccinic anhydrides, 
the molar ratio of the two reactants in the reaction between 
maleic anhydride and polyolefin can vary within wide limits. 
It may preferably be between 10:1 and 1:5, particular prefer 
ence being given to molar ratios of 6:1 to 1:1. Maleic anhy 
dride is used preferably in a stoichiometric excess, for 
example 1.1 to 3 mol of maleic anhydride per mole of poly 
olefin. Excess maleic anhydride can be removed from the 
reaction mixture, for example by distillation. 
0035) Since the reactants formed as primary products 
especially by ene reaction in turn contain an olefinic double 
bond, a further addition of unsaturated dicarboxylic acids 
with formation of so-called bismaleates is possible in a suit 
able reaction regime. The reaction products obtainable in this 
way have, based on the contents of the poly(olefins) reacted 
with unsaturated carboxylic acids, on average, a degree of 
maleation of more than 1, preferably about 1.01 to 2.0 and 
especially 1.1 to 1.8 dicarboxylic acid units per alkyl radical. 
Reaction with the abovementioned amines forms products 
which have significantly enhanced effectiveness as detergent 
additives. On the other hand, the impairment of the effective 
ness of cold flow improvers also increases with increasing 
degree of maleation. 
0036. The reaction of alkenylsuccinic anhydrides with 
polyamines leads to products which may bear one or more 
amide and/or imide bonds per polyamine and, depending on 
the degree of maleation, one or two polyamines per alkyl 
radical. For the reaction, preference is given to using 1.0 to 1.7 
and especially 1.1 to 1.5 mol of alkenylsuccinic anhydride per 
mole of polyamine, so that free primary amino groups remain 
in the product. In a further preferred embodiment, alkenyl 
Succinic anhydride and polyamine are reacted in equimolar 
amounts. The reaction of polyamines with alkenylsuccinic 
anhydrides having a high degree of acylation of 1.1 or more 
anhydride groups per alkyl radical, for example 1.3 or more 
anhydride groups per alkyl radical, also forms polymers 
which are particularly problematic for the response behavior 
of cold additives. 
0037. Typical and particularly preferred acylated nitrogen 
compounds are obtainable by reacting poly(isobutylene)- 
poly(2-butenyl)-, poly(2-methyl-2-butenyl)-, poly(2,3-dim 
ethyl-2-butenyl)- and poly(propenyl)succinic anhydrides 
having an average of about 1.2 to 1.5 anhydride groups per 
alkyl radical, whose alkylene radicals bear between 50 and 
400 carbon atoms, with a mixture of poly(ethyleneamines) 
having about 3 to 7 nitrogenatoms and about 1 to 6 ethylene 
units. 

0038. Oil-soluble Mannich reaction products based on 
polyolefin-substituted phenols and polyamines also impair 
the effectiveness of conventional cold flow improvers. Such 
Mannich bases can be prepared by known processes, for 
example by alkylation of phenol and/or salicylic acid with the 
above-described polyolefins, for example poly(isobutylene), 
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poly(2-butene), poly(2-methyl-2-butene), poly(2,3-dim 
ethyl-2-butene) or atactic poly(propylene) and Subsequent 
condensation of the alkylphenol with aldehydes having 1 to 6 
carbon atoms, for example formaldehyde or its reactive 
equivalents such as formalin or paraformaldehyde, and the 
above-described polyamines, for example TEPA, PEHA or 
heavy polyamines. 
0039. The mean molecular weight, determined by means 
of vapor pressure osmometry, of detergent additives which 
are particularly efficient but simultaneously also particularly 
critical for the cold additization of middle distillates is more 
than 800 g/mol and especially more than 2000 g/mol, for 
example more than 3000 g/mol. The mean molecular weight 
of the above-described detergent additives can also be 
increased by means of crosslinking reagents and adjusted to 
the end use. 

0040 Suitable crosslinking reagents are, for example, 
dialdehydes such as glutaraldehyde, bisepoxides, for 
example derived from bisphenol A, dicarboxylic acids and 
their reactive derivatives, for example maleic anhydride and 
alkenylsuccinic anhydrides, and higher polybasic carboxylic 
acids and derivatives thereof, for example trimelitic acid, 
trimellitic anhydride and pyromellitic dianhydride. 
0041 Preferred comb polymers B) which act as nucleators 
for paraffin crystallization are polymers which bear alkyl side 
chains having a length of at least 20 carbon atoms bonded to 
the polymer backbone. Particular preference is given to those 
polymers which bear side chains having 22 to 60, for example 
24 to 45, carbon atoms. The proportion of these alkyl side 
chains in the total amount of the alkyl side chains of the 
polymer is at least 10 mol %, preferably at least 25 mol% and 
especially at least 50 mol %, for example at least 80 mol%. 
The side chains are preferably linear or have at least appro 
priately long linear segments. 
0042. The polymer backbone may be formed, for 
example, from ethylenically unsaturated mono- and/or poly 
carboxylic acids, for example acrylic acid, methacrylic acid, 
fumaric acid, maleic acid, itaconic acid. In addition, it may 
contain further monomers, for example olefins, vinyl esters 
and/or vinyl ethers. Particular preference is given to copoly 
mers based on fumaric acid and vinyl acetate, and to those 
based on maleic acid and C-olefins. 

0043. The polymer backbone bears long-chain alkyl radi 
cals having a molar average of at least 18, preferably at least 
20, for example at least 24, carbon atoms. As in the case of 
C-olefins, the alkyl radicals may be bonded directly to the 
backbone via a C-C bond, or be bonded to the polymer 
backbone via an ester, amide, imide or ammonium group. In 
addition, the alkyl radicals may be bonded to the polymer 
backbone via spacers, for example polyoxyalkylene or poly 
alkyleneamine groups each having 1 to 200 and especially 2 
to 50 oxyalkyl or alkyleneamine units. 
0044 Comb polymers B) suitable as nucleator for paraffin 
crystallization are, for example, polymers of the formula (1) 

(1) 

----- 
D E M. N. 
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in which 

A is R', COOR', OCOR', R" COOR, OR; 

D is H, CH, A or R"; 
E is H, A, 

0045 G is H, R", R" COOR', an aryl radical or a hetero 
cyclic radical; 

M is H, COOR", OCOR", OR", COOH: 

0046 N is H, R", COOR", OCOR, an aryl radical; 
R" is a hydrocarbon chain having at least 20 carbon atoms; 
R" is a hydrocarbon chain having 1 to 10 carbon atoms: 
m is from 0.4 to 1.0; and 
n is from 0 to 0.6. 
0047 Preferred comb polymers are, for example, copoly 
mers of ethylenically unsaturated dicarboxylic acids such as 
maleic acid or fumaric acid with other ethylenically unsatur 
ated monomers such as olefins or vinyl esters. Particularly 
preferred olefins are C-olefins having at least 22 and espe 
cially 24 to 60 carbon atoms, for example Co-C-olefin, C.- 
C-olefin, C-C-olefin and mixtures thereof, for example Co 
24-O-olefin, Cs-O-olefin or Cs-O-olefin, and technical 
grade chain cuts in the Co. range. C.-Olefins are understood 
to mean linear alkenes with a terminal double bond. A vinyl 
ester which is particularly preferred as a comonomer is vinyl 
acetate. Typically, the copolymers of unsaturated carboxylic 
acids are essentially alternating copolymers. 
0048 Typically, these copolymers of ethylenically unsat 
urated carboxylic acids are esterified with alcohols to an 
extent of at least 50%, preferably to an extent of 60-100% and 
especially to an extent of 70-98%, for example to an extent of 
80-95%. For this purpose, preference is given to using alco 
hols having at least 20 and preferably having at least 22 
carbonatoms. However, it is also possible to use shorter-chain 
alcohols, for example having 10 to 18 and especially 12 to 16 
carbonatoms, for the esterification, provided that the polymer 
already has a sufficient amount of long side chains having at 
least 20 carbon atoms. 
0049 Further preferred comb polymers are homo- and 
copolymers of alkyl acrylates, alkyl methacrylates and alkyl 
vinyl ethers, which derive from alcohols having at least 20 
and especially 22 to 60 carbon atoms, for example 24 to 40 
carbon atoms, and homo- and copolymers of alkyl vinyl 
esters which derive from fatty acids having at least 20 and 
especially 22 to 40 carbon atoms. In a further preferred 
embodiment, copolymers of dicarboxylic acids with maleic 
acid or fumaric acid and vinyl acetate which have been esteri 
fied with above-mentioned long-chain fatty alcohols having 
at least 20 carbon atoms are used as comb polymers. In the 
case of copolymers, at least 10 mol %, preferably at least 25 
mol % and especially at least 50 mol %, for example at least 
80 mol %, of the monomers contain alkyl chains having at 
least 20 carbon atoms and preferably 22 to 60, for example 24 
to 45, carbon atoms. 
0050. Further preferred comb polymers are polyconden 
sates which contain structural units derived from alkylaro 
matics. These are especially alkylphenol-aldehyde resins 
which derive from alkylphenols having one or two alkyl radi 
cals in ortho and/or para positions to the OH group. Particu 
larly preferred starting materials are alkylphenols which bear 
at least two hydrogen atoms capable of condensation with 
aldehydes on the aromatic, and especially monoalkylated 
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phenols. More preferably, the alkyl radical is in the para 
position to the phenolic OH group. The alkyl radicals in the 
alkylphenol-aldehyde resins usable in the process according 
to the invention may be the same or different; they may be 
saturated or preferably unsaturated. 
0051. At least 10 mol%, preferably at least 25 mol% and 
especially at least 50 mol %, for example at least 80 mol%, of 
the alkyl radicals of the alkylphenol resins suitable as nuclea 
tors B) in accordance with the invention possess alkyl chains 
having at least 20 carbon atoms and preferably 22 to 60, for 
example 24 to 45, carbon atoms. The alkyl radicals possess a 
molar average of at least 18, preferably 20 to 60, for example 
24 to 45, carbon atoms. In a preferred embodiment, the alky 
lphenol resins are prepared using mixtures of alkylphenols 
with different alkyl radicals. For example, resins based on 
mixtures of Co-alkylphenols, Cass-alkylphenols 
and on alkylphenols with chain lengths of Co and higher have 
been found to be particularly useful. 
0052 Suitable alkylphenol resins may also contain struc 

tural units of further phenol analogs such as salicylic acid, 
hydroxybenzoic acid and derivatives thereof. Such as esters, 
amides and salts, or consist thereof. This means that the alkyl 
radicals may be bonded to the phenol directly via a C C 
bond or via an ester or ether group. 
0053 Preferred polycondensates are obtainable by react 
ing alkylphenols with aldehydes and/or ketones. Suitable 
aldehydes for the alkylphenol-aldehyde resins are those hav 
ing 1 to 12 carbon atoms and preferably those having 1 to 4 
carbonatoms, for example formaldehyde, acetaldehyde, pro 
pionaldehyde, butyraldehyde, 2-ethylhexanal, benzaldehyde, 
glyoxalic acid, and the reactive equivalents thereof Such as 
paraformaldehyde and trioxane. Particular preference is 
given to formaldehyde in the form of paraformaldehyde and 
especially formalin. The polycondensation can also be per 
formed in the presence of aldehydes and amines in the form of 
a Mannich reaction. In a preferred embodiment of the inven 
tion, the compounds Suitable as nucleators B) are alkylphe 
nol-formaldehyde resins which contain oligo- or polymers 
with a repeat structural unit of the formula (2) 

(2) 
OH 

R11 

in which R'' is Co-Coo-alkyl or -alkenyl, O R' or O C 
(O) R', R' is Co-Co-alkylor-alkenyl and n is from 5 to 
200. R' is preferably C-Coo-alkyl or -alkenyl and espe 
cially Ca-Cso-alkyl or -alkenyl. R'' is more preferably C 
Co-alkyl or -alkenyl and especially Ca-Co-alkyl or -alk 
enyl. n is preferably from 7 to 100 and especially from 10 to 
50. 

0054 These alkylphenol-aldehyde resins are obtainable 
by known processes, for example by condensation of the 
corresponding alkylphenols with formaldehyde, i.e. with 0.5 
to 1.5 mol, preferably 0.8 to 1.2 mol, of formaldehyde per 
mole of alkylphenol. The condensation can be effected with 
out solvent, but is preferably effected in the presence of a 
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water-immiscible or only partly water-miscible inert organic 
Solvent, Such as mineral oils, alcohols, ethers and the like. 
Particular preference is given to solvents which can form 
azeotropes with water. The solvents of this type used are 
especially aromatics such as toluene, Xylene, diethylbenzene, 
and higher-boiling commercial solvent mixtures such as 
Shellsol RAB and Solvent Naphtha. Also suitable as solvents 
are fatty acids and derivatives thereof, for example esters with 
lower alcohols having 1 to 5 carbon atoms, for example 
ethanol and especially methanol. The condensation is 
effected preferably between 70 and 200° C., for example 
between 90 and 160° C. It is typically catalyzed by 0.05 to 5% 
by weight of bases or preferably by 0.05 to 5% by weight of 
acids. Catalysts useful as acidic catalysts are, in addition to 
carboxylic acids such as acetic acid and oxalic acid, espe 
cially strong mineral acids such as hydrochloric acid, phos 
phoric acid and Sulfuric acid, and also Sulfonic acids. Particu 
larly Suitable catalysts are Sulfonic acids which contain at 
least one Sulfonic acid group and at least one saturated or 
unsaturated, linear, branched and/or cyclic hydrocarbon radi 
cal having 1 to 40 carbonatoms and preferably having 3 to 24 
carbon atoms. Particular preference is given to aromatic Sul 
fonic acids, especially alkylaromatic monosulfonic acids 
having one or more C-Cs-alkyl radicals and especially 
those having C-C2-alkyl radicals. Suitable examples are 
methanesulfonic acid, butanesulfonic acid, benzenesulfonic 
acid, p-toluenesulfonic acid, Xylenesulfonic acid, 2-mesity 
lenesulfonic acid, 4-ethylbenzenesulfonic acid, isopropyl 
benzenesulfonic acid, 4-butylbenzenesulfonic acid, 4-octyl 
benzenesulfonic acid, dodecylbenzenesulfonic acid, 
didodecylbenzenesulfonic acid, naphthalenesulfonic acid. 
Mixtures of these sulfonic acids are also suitable. Typically, 
they remain in the product as such or in neutralized form after 
the reaction has ended. Preference is given to using amines 
and/or aromatic bases for neutralization, since they can 
remain in the product; salts which contain metal ions and 
hence form ash are typically removed. 
0055. The molecular weight of the comb polymers B) 
preferred as nucleators for paraffin crystallization, which is 
measured by means of gel permeation chromatography 
against poly(styrene) standards in THF, is preferably 1000 
100000 g/mol, more preferably 2000-50 000 g/mol and espe 
cially 2500-25 000 g/mol, for example 3000-20 000 g/mol. A 
prerequisite here is that the comb polymers are oil-soluble at 
least in application-relevant concentrations of 0.001 to 1% by 
weight. 
0056. The ratio between detergent additive A) and nuclea 
tors B) in the additized oil may vary within wide limits. It has 
been found to be particularly useful to use 0.01 to 10 parts by 
weight, especially 0.05 to 5 parts by weight, for example 0.1 
to 3 parts by weight, of nucleator per part by weight of 
detergent additive, based in each case on the active ingredient. 
0057. Useful flow improvers C) which are used in the 
inventive middle distillates are especially one or more of the 
following Substance classes III to VII, preference being given 
to using ethylene copolymers (constituent III) or mixtures 
thereof with one or more of constituents IV to VII. Particu 
larly useful mixtures have been found to be those of ethylene 
copolymers (constituent III) and alkylphenol-aldehyde resins 
(constituent V), and of ethylene copolymers (constituent III) 
and comb polymers (constituent VI). For paraffin dispers 
ancy, especially mixtures of ethylene copolymers (constitu 
ent III) with constituents IV and V or constituents IV and VI 
have been found to be useful. 
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0058 Preferred cold flow improvers as constituent III are 
copolymers of ethylene and olefinically unsaturated com 
pounds. Suitable ethylene copolymers are especially those 
which, in addition to ethylene, contain 8 to 21 mol %, espe 
cially 10 to 18 mol %, of olefinically unsaturated compounds 
aS COOOCS. 

0059. The olefinically unsaturated compounds are prefer 
ably vinyl esters, acrylic esters, methacrylic esters, alkyl 
vinyl ethers and/or alkenes, and the compounds mentioned 
may be substituted by hydroxyl groups. One or more 
comonomers may be present in the polymer. 
0060. The vinyl esters are preferably those of the formula 
1 

CH=CH- OCOR' (1) 

where R' is C - to Co-alkyl, preferably Ca- to Co-alkyl, 
especially Co- to C2-alkyl. In a further embodiment, the alkyl 
groups mentioned may be substituted by one or more 
hydroxyl groups. 
0061. In a further preferred embodiment, R' is a branched 
alkyl radical or a neoalkyl radical having 7 to 11 carbon 
atoms, especially having 8, 9 or 10 carbonatoms. Particularly 
preferred vinyl esters derive from secondary and especially 
tertiary carboxylic acids whose branch is in the alpha-posi 
tion to the carbonyl group. Suitable vinyl esters include vinyl 
acetate, vinyl propionate, vinyl butyrate, vinyl isobutyrate, 
vinylhexanoate, vinylheptanoate, vinyl octanoate, vinyl piv 
alate, vinyl 2-ethylhexanoate, vinyl laurate, vinyl Stearate and 
Versatic esters such as vinyl neononanoate, vinyl neode 
canoate, Vinyl neoundecanoate. 
0062. In a further preferred embodiment, these ethylene 
copolymers contain vinyl acetate and at least one further vinyl 
ester of the formula 1 where R' is C- to Co-alkyl, preferably 
C- to C-alkyl, especially C- to C-alkyl. 
0063. The acrylic esters are preferably those of the for 
mula 2 

CH=CR COOR (2) 

where R is hydrogen or methyl and R is C- to Co-alkyl, 
preferably C - to C-alkyl, especially C- to C2-alkyl. 
Suitable acrylic esters include, for example, methyl (meth) 
acrylate, ethyl (meth)acrylate, propyl (meth)acrylate, n- and 
isobutyl (meth)acrylate, hexyl, octyl, 2-ethylhexyl, decyl 
dodecyl, tetradecyl, hexadecyl, octadecyl(meth)acrylate and 
mixtures of these comonomers. In a further embodiment, the 
alkyl groups mentioned may be substituted by one or more 
hydroxyl groups. An example of Such an acrylic ester is 
hydroxyethyl methacrylate. 
0064. The alkyl vinyl ethers are preferably compounds of 
the formula 3 

CH=CH- OR (3) 

where R is C - to Co-alkyl, preferably Ca- to Co-alkyl, 
especially C- to C2-alkyl. Examples include methyl vinyl 
ether, ethyl vinyl ether, isobutyl vinyl ether. In a further 
embodiment, the alkyl groups mentioned may be substituted 
by one or more hydroxyl groups. 
0065. The alkenes are preferably monounsaturated hydro 
carbons having 3 to 30 carbon atoms, especially 4 to 16 
carbon atoms and especially 5 to 12 carbon atoms. 
0066 Suitable alkenes include propene, butene, isobuty 
lene, pentene, hexene, 4-methylpentene, octene, diisobuty 
lene and norbornene and derivatives thereof such as methyl 
norbornene and vinylnorbornene. In a further embodiment, 
the alkyl groups mentioned may be substituted by one or more 
hydroxyl groups. 
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0067 Apart from ethylene, particularly preferred terpoly 
mers contain 3.5 to 20 mol %, especially 8 to 15 mol %, of 
vinyl acetate, and 0.1 to 12 mol %, especially 0.2 to 5 mol%. 
of at least one relatively long-chain and preferably branched 
vinyl ester, for example vinyl 2-ethylhexanoate, vinyl neo 
nonanoate or vinyl neodecanoate, the total comonomer con 
tent of the terpolymers being preferably between 8 and 21 mol 
%, especially between 12 and 18 mol%. Further particularly 
preferred copolymers contain, in addition to ethylene and 8 to 
18 mol% of vinyl esters of C- to C-carboxylic acids, also 
0.5 to 10 mol% of olefins such as propene, butene, isobuty 
lene, hexene, 4-methylpentene, octene, diisobutylene and/or 
norbornene. 
0068. These ethylene co- and terpolymers preferably have 
melt viscosities at 140°C. of 20 to 10000mPas, especially 30 
to 5000 mPas, especially 50 to 2000 mPas. The degrees of 
branching determined by means of H NMR spectroscopy are 
preferably between 1 and 9 CH/100 CH groups, especially 
between 2 and 6 CH/100 CH groups, which do not originate 
from the comonomers. 

0069 Preference is given to using mixtures of two or more 
of the above-mentioned ethylene copolymers. More prefer 
ably, the polymers on which the mixtures are based differ in at 
least one characteristic. For example, they may contain dif 
ferent comonomers, or have different comonomer contents, 
molecular weights and/or degrees of branching. 
0070 The mixing ratio between the inventive additives 
and ethylene copolymers as constituent III may, depending on 
the application, vary within wide limits, the ethylene copoly 
mers III often constituting the major proportion. Such addi 
tive and oil mixtures preferably contain 0.1 to 25, preferably 
0.5 to 10, parts by weight of ethylene copolymers per part by 
weight of the inventive additive combination. 
0071. Further suitable cold flow improvers are oil-soluble 
polar nitrogen compounds (constituent IV). These are pref 
erably reaction products of fatty amines with compounds 
which contain an acyl group. The preferred amines are com 
pounds of the formula NRRR in which R. R7 and R may 
be the same or different, and at least one of these groups is 
Cs-C-alkyl, C-C-cycloalkyl or Cs-C-alkenyl, espe 
cially C-C2-alkyl, C-C2-alkenyl or cyclohexyl, and the 
remaining groups are hydrogen, C-C-alkyl, C-C-alk 
enyl, cyclohexyl or a group of the formulae -(A-O)-E or 
—(CH), NYZ in which A is an ethyl or propyl group, X is 
from 1 to 50, E-H, C -Co-alkyl, Cs-C-cycloalkyl or 
C-C-aryl, and n=2, 3 or 4, and Y and Z are each indepen 
dently H, C-Co-alkyl or -(A-O). Polyamines of the formula 
—N-(CH), NR'R' in which m is from 1 to 20, and n, 
RandR are each as defined above, are also suitable as fatty 
amines. The alkyl and alkenyl radicals may each be linear or 
branched and contain up to two double bonds. They are pref 
erably linear and Substantially Saturated, i.e. they have iodine 
numbers of less than 75 g of 1/g. preferably less than 60 g of 
l/g and especially between 1 and 10 g of 1/g. Particular 
preference is given to secondary fatty amines in which two of 
the R. R. and R groups are each Cs-Co-alkyl, Ca-Ca 
cycloalkyl, Cs-Co-alkenyl, especially C2-C2-alkyl, C2 
C-alkenyl or cyclohexyl. Suitable fatty amines are, for 
example, octylamine, decylamine, dodecylamine, tetradecy 
lamine, hexadecylamine, octadecylamine, eicosylamine, 
behenylamine, didecylamine, didodecylamine, ditetradecy 
lamine, dihexadecylamine, dioctadecylamine, dieicosy 
lamine, dibelhenylamine and mixtures thereof. The amines 
especially contain chain cuts based on natural raw materials, 
for example coconut fatty amine, tallow fatty amine, hydro 
genated tallow fatty amine, dicoconut fatty amine, ditallow 
fatty amine and di(hydrogenated tallow fatty amine). Particu 
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larly preferred amine derivatives are amine salts, imides and/ 
or amides, for example amide-ammonium salts of secondary 
fatty amines, especially of dicoconut fatty amine, ditallow 
fatty amine and distearylamine. 
0072 Acyl group is understood here to mean a functional 
group of the following formula: 

0073 Carbonyl compounds suitable for the reaction with 
amines are either monomeric or polymeric compounds hav 
ing one or more carboxyl groups. Preference is given to those 
monomeric carbonyl compounds having 2, 3 or 4 carbonyl 
groups. They may also contain heteroatoms such as oxygen, 
sulfur and nitrogen. Suitable carboxylic acids are, for 
example, maleic acid, fumaric acid, crotonic acid, itaconic 
acid, Succinic acid, C-Co-alkenylsuccinic acid, adipic acid, 
glutaric acid, sebacic acid and malonic acid, and also benzoic 
acid, phthalic acid, trimellitic acid and pyromellitic acid, 
nitrilotriacetic acid, ethylenediaminetetraacetic acid and their 
reactive derivatives, for example esters, anhydrides and acid 
halides. Useful polymeric carbonyl compounds have been 
found to be especially copolymers of ethylenically unsatur 
ated acids, for example acrylic acid, methacrylic acid, maleic 
acid, fumaric acid and itaconic acid; particular preference is 
given to copolymers of maleic anhydride. Suitable comono 
mers are those which impart oil solubility to the copolymer. 
Oil-soluble means here that the copolymer, after reaction 
with the fatty amine, dissolves without residue in the middle 
distillate to be additized in practically relevant dosages. Suit 
able comonomers are, for example, olefins, alkyl esters of 
acrylic acid and methacrylic acid, alkyl vinyl esters and alkyl 
vinyl ethers having 2 to 75, preferably 4 to 40 and especially 
8 to 20 carbonatoms in the alkyl radical. In the case of olefins, 
the carbon number is based on the alkyl radical attached to the 
double bond. The molecular weights of the polymeric carbo 
nyl compounds are preferably between 400 and 20 000, more 
preferably between 500 and 10 000, for example between 
1000 and 5000. 
0074. It has been found that particularly useful oil-soluble 
polar nitrogen compounds are those which are obtained by 
reaction of aliphatic or aromatic amines, preferably long 
chain aliphatic amines, with aliphatic or aromatic mono-, di-, 
tri- or tetracarboxylic acids or their anhydrides (cf. U.S. Pat. 
No. 4,211,534). Equally suitable as oil-soluble polar nitrogen 
compounds are amides and ammonium salts of aminoalkyle 
nepolycarboxylic acids Such as nitrilotriacetic acid or ethyl 
enediamine-tetraacetic acid with secondary amines (cf. EPO 
398 101). Other oil-soluble polar nitrogen compounds are 
copolymers of maleic anhydride and C.B-unsaturated com 
pounds which may optionally be reacted with primary 
monoalkylamines and/or aliphatic alcohols (cf. EP-A-0 154 
177, EP 0 777 712), the reaction products of alkenyl-spiro 
bislactones with amines (cf. EP-A-0 413 279 B1) and, 
according to EP-A-0 606 055A2, reaction products ofter 
polymers based on C. B-unsaturated dicarboxylic anhydrides, 
C.f3-unsaturated compounds and polyoxyalkylene ethers of 
lower unsaturated alcohols. 
0075. The mixing ratio between the inventive ethylene 
copolymers III and oil-soluble polar nitrogen compounds as 
constituent IV may vary depending upon the application. 
Such additive mixtures preferably contain, based on the 
active ingredients, 0.1 to 10 parts by weight, preferably 0.2 to 
5 parts by weight, of at least one oil-soluble polar nitrogen 
compound per part by weight of the inventive additive com 
bination. 
0076 Also suitable as flow improvers are alkylphenol 
aldehyde resins as constituent V. These are especially those 
alkylphenol-aldehyde resins which derive from alkylphenols 
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having one or two alkyl radicals in ortho and/or parapositions 
to the OH group. Particularly preferred starting materials are 
alkylphenols which bear, on the aromatic, at least two hydro 
gen atoms capable of condensation with aldehydes, and espe 
cially monoalkylated phenols. The alkyl radical is more pref 
erably in the para-position to the phenolic OH group. The 
alkyl radicals (for constituentV, this refers generally to hydro 
carbon radicals as defined below) may be the same or differ 
ent in the alkylphenol-aldehyde resins usable in the process 
according to the invention, they may be saturated or unsatur 
ated and have preferably 1-20, especially 4-16, for example 
6-12, carbonatoms; they are preferably n-, iso- and tert-butyl, 
n- and isopentyl, n- and isohexyl, n- and isooctyl, n- and 
isononyl, n- and isodecyl. n- and isododecyl, tetradecyl, hexa 
decyl, octadecyl, tripropenyl, tetrapropenyl, poly(propenyl) 
and poly(isobutenyl) radicals. In a preferred embodiment, the 
alkylphenol resins are prepared by using mixtures of alky 
lphenols with different alkyl radicals. For example, resins 
based firstly on butylphenol and secondly on octyl-, nonyl 
and/or dodecylphenol in a molar ratio of 1:10 to 10:1 have 
been found to be particularly useful. 
0077 Suitable alkylphenol resins may also contain or con 
sist of structural units of further phenol analogs such as Sali 
cylic acid, hydroxybenzoic acid and derivatives thereof. Such 
as esters, amides and salts. 
(0078 Suitable aldehydes for the alkylphenol-aldehyde 
resins are those having 1 to 12 carbon atoms and preferably 
having 1 to 4 carbon atoms, for example formaldehyde, 
acetaldehyde, propionaldehyde, butyraldehyde, 2-ethylhexa 
nal, benzaldehyde, glyoxalic acid and their reactive equiva 
lents such as para-formaldehyde and trioxane. Particular pref 
erence is given to formaldehyde in the form of 
paraformaldehyde and especially formalin. 
007.9 The molecular weight of the alkylphenol-aldehyde 
resins, measured by means of gel permeation chromatogra 
phy against poly(styrene) standards in THF, is preferably 
500-25 000 g/mol, more preferably 800-10 000 g/mol and 
especially 1000-5000 g/mol, for example 1500-3000 g/mol. 
A prerequisite here is that the alkylphenol-aldehyde resins are 
oil-soluble at least in concentrations relevant to use of 0.001 
to 1% by weight. 
0080. In a preferred embodiment of the invention, they are 
alkylphenol-formaldehyde resins which contain oligo- or 
polymers with a repeat structural unit of the formula (3) 

(3) 
OH 

R12 

where R' is C-Cls-alkylor-alkenyl, O R' or O C(O)— 
R", R' is C-Cls-alkylor-alkenylandnis from 2 to 100. R' 
is preferably C-Cls-alkyl or -alkenyl and especially C-C- 
alkylor-alkenyl, for example C-C2-alkylor-alkenyl. R' is 
more preferably C-Cls-alkyl or -alkenyl and especially 
C-C-alkyl or -alkenyl, for example C-C2-alkyl or -alk 
enyl. n is preferably from 2 to 50 and especially from 3 to 25, 
for example from 5 to 15. 
I0081. These alkylphenol-aldehyde resins are likewise 
obtainable by the processes described above for the com 
pounds B). 
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0082 Comb polymers likewise suitable as flow improvers 
(constituent VI) can be described, for example, by the formula 
(4) 

(4) 

| ------- 

0083. In this formula, 

Q is R", COOR", OCOR", R"-COOR, OR"; 
D is H, CH, A or R"; 
E is H, A, 

I0084) G is H. R", R" COOR", an aryl radical or a het 
erocyclic radical; 

M is H, COOR", OCOR", OR", COOH: 

0085 N is H, R", COOR", OCOR, an aryl radical; 
R" is a hydrocarbon chain having 8 to 18, preferably 10 to 16, 
carbon atoms; 
R" is a hydrocarbon chain having 1 to 10 carbon atoms: 
m is from 0.4 to 1.0; and 
n is from 0 to 0.6. 
I0086) Suitable comb polymers are, for example, copoly 
mers of ethylenically unsaturated dicarboxylic acids, such as 
maleic acid or fumaric acid, with other ethylenically unsat 
urated monomers, such as olefins or vinyl esters. Particularly 
suitable olefins in this context are O.-olefins having 10 to 18 
and especially 12 to 16 carbon atoms, for example 1-decene, 
1-dodecene, 1-tetradecene, 1-hexadecene, 1-octadecene and 
mixtures thereof. Longer-chain olefins based on oligomer 
ized C-C-olefins, for example poly(isobutylene) having a 
high content of terminal double bonds, are also suitable as 
comonomers. A particularly suitable vinyl ester is, for 
example, vinyl acetate. Typically, these copolymers are 
esterified to an extent of at least 50% with alcohols having 10 
to 18 and especially 12 to 16 carbonatoms. Suitable alcohols 
include n-decan-1-ol, n-dodecan-1-ol, n-tetradecan-1-ol. 
n-hexadecan-1-ol, n-octadecan-1-ol and mixtures thereof. 
Particular preference is given to mixtures of n-tetradecan-1-ol 
and n-hexadecan-1-ol. Likewise Suitable as comb polymers 
are poly(alkyl acrylates), poly(alkyl methacrylates) and poly 
(alkyl vinyl ethers) which derive from alcohols having 10 to 
18 and especially 12 to 16 carbon atoms, and poly(vinyl 
esters) which derive from fatty acids having 10 to 18 and 
especially 12 to 16 carbon atoms. 
0087 Additionally suitable as flow improvers are oil 
soluble polyoxyalkylene compounds (constituent VII), for 
example esters, ethers and etherfesters of polyols, which bear 
at least one alkyl radical having 12 to 30 carbon atoms. In a 
preferred embodiment, the oil-soluble polyoxyalkylene com 
pounds possess at least 2, for example 3, 4 or 5, aliphatic 
hydrocarbon radicals. These radicals preferably indepen 
dently possess 16 to 26 carbon atoms, for example 17 to 24 
carbon atoms. These radicals of the oil-soluble polyoxyalky 
lene compounds are preferably linear. Additionally prefer 
ably, they are very Substantially Saturated, and are especially 
alkyl radicals. Esters are particularly preferred. 
0088 Polyols which are particularly suitable in accor 
dance with the invention are polyethylene glycols, polypro 
pylene glycols, polybutylene glycols and copolymers thereof 
with a molecular weight of approx. 100 to approx. 5000 
g/mol, preferably 200 to 2000 g/mol. In a particularly pre 
ferred embodiment, the oil-soluble polyoxyalkylene com 
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pounds derive from polyols having 3 or more OH groups, 
preferably from polyols having 3 to about 50 OH groups, for 
example 4 to 10 OH groups, especially from neopentylgly 
col, glycerol, trimethylolethane, trimethylolpropane, Sorbi 
tan, pentaerythritol, and the oligomers which are obtainable 
therefrom by condensation and have 2 to 10 monomer units, 
for example polyglycerol. Also suitable as polyols are higher 
polyols, for example Sorbitol. Sucrose, glucose, fructose and 
oligomers thereof, for example cyclodextrin, provided that 
the esterified or etherified alkoxylates thereof are oil-soluble 
at least in application-relevant amounts. Preferred polyoxy 
alkylene compounds thus have a branched polyoxyalkylene 
core to which a plurality of alkyl radicals which impart oil 
solubility are bonded. 
I0089. The polyols are generally reacted with 3 to 70 mol of 
alkylene oxide, preferably 4 to 50 mol and especially 5 to 20 
mol of alkylene oxide per hydroxyl group of the polyol. 
Preferred alkylene oxides are ethylene oxide, propylene 
oxide and/or butylene oxide. The alkoxylation is effected by 
known processes. 
(0090. The fatty acids suitable for the esterification of the 
alkoxylated polyols have preferably 12 to 30 and especially 
16 to 26 carbon atoms. Suitable fatty acids are, for example, 
lauric acid, tridecanoic acid, myristic acid, pentadecanoic 
acid, palmitic acid, margaric acid, Stearic acid, isostearic acid, 
arachic acid and behenic acid, oleic acid and erucic acid, 
palmitoleic acid, myristoleic acid, ricinoleic acid, and fatty 
acid mixtures obtained from natural fats and oils. Preferred 
fatty acid mixtures contain more than 50 mol% of fatty acids 
having at least 20 carbon atoms. Preferably less than 50 mol 
% of the fatty acids used for esterification contain double 
bonds, particularly less than 10 mol %; they are especially 
very Substantially saturated. The esterification may also pro 
ceed from reactive derivatives of the fatty acids, such as esters 
with lower alcohols (e.g. methyl or ethyl esters) or anhy 
drides. 
0091. In the context of the present invention, “very sub 
stantially saturated' is understood to mean an iodine number 
of the fatty acid used or of the fatty alcohol used of up to 5g 
of 1 per 100 g offatty acid or fatty alcohol. 
0092. For esterification of the alkoxylated polyols, it is 
also possible to use mixtures of the above fatty acids with 
fat-soluble polybasic carboxylic acids. Examples of suitable 
polybasic carboxylic acids are dimer fatty acids, alkenylsuc 
cinic acids and aromatic polycarboxylic acids, and deriva 
tives thereof such as anhydrides and C to Cs esters. Prefer 
ence is given to alkenylsuccinic acid and derivatives thereof 
with alkyl radicals having 8 to 200 and especially 10 to 50 
carbon atoms. Examples are dodecenyl-, octadecenyl- and 
poly(isobutenyl)succinic anhydride. The polybasic carboxy 
lic acids are preferably used in minor proportions of up to 30 
mol %, preferably 1 to 20 mol %, especially 2 to 10 mol%. 
0093 Ester and fatty acid are used for the esterification, 
based on the content of hydroxyl groups on the one hand and 
carboxyl groups on the other hand, in a ratio of 1.5:1 to 1:1.5, 
preferably in a ratio of 1.1:1 to 1:1.1 and especially in 
equimolar amounts. The acid number of the esters formed is 
generally less than 15 mg KOH/g, preferably less than 10 mg 
KOH?g, especially less than mg KOH/g. The OH number of 
the esters is preferably less than 20 mg KOH/g and especially 
less than 10 mg KOH/g. 
0094. In a preferred embodiment, after the alkoxylation of 
the polyol, the terminal hydroxyl groups are converted to 
terminal carboxyl groups, for example by oxidation or by 
reaction with dicarboxylic acids. Reaction with fatty alcohols 
having 8 to 50, particularly 12 to 30 and especially 16 to 26 
carbon atoms likewise affords inventive polyoxyalkylene 
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esters. Preferred fatty alcohols or fatty alcohol mixtures con 
tain more than 50 mol % of fatty alcohols having at least 20 
carbon atoms. Preferably less than 50 mol % of the fatty 
alcohols used foresterification contain double bonds, particu 
larly less than 10 mol%; they are especially very substantially 
saturated. Esters of alkoxylated fatty alcohols with fatty 
acids, which contain abovementioned proportions of poly 
(alkylene oxides) and whose fatty alcohol and fatty acid pos 
sess abovementioned alkyl chain lengths and degrees of satu 
ration, are also Suitable in accordance with the invention. 
0095. In addition, the above-described alkoxylated poly 
ols can be converted to polyoxyalkylene compounds Suitable 
in accordance with the invention by etherification with fatty 
alcohols having 8 to 50, particularly 12 to 30 and especially 
16 to 26 carbon atoms. The fatty alcohols preferred for this 
purpose are linear and very Substantially Saturated. The 
etherification is preferably effected completely or at least 
very substantially completely. The etherification is performed 
by known processes. 
0096 Particularly preferred polyoxyalkylene compounds 
derive from polyols having 3, 4 and 5 OH groups, which bear 
about 5 to 10 mol of structural units derived from ethylene 
oxide per hydroxyl group of the polyol and are very Substan 
tially completely esterified with very substantially saturated 
C7-C fatty acids. Further particularly preferred polyoxy 
alkylene compounds are polyethylene glycols which have 
been esterified with very substantially saturated C7-C fatty 
acids and have molecular weights of about 350 to 1000 g/mol. 
Examples of particularly suitable polyoxyalkylene com 
pounds are polyethylene glycols which have been esterified 
with stearic acid and especially behenic acid and have 
molecular weights between 350 and 800 g/mol; neopentyl 
glycol 14-ethylene oxide distearate (neopentylglycol which 
has been alkoxylated with 14 mol of ethylene oxide and then 
esterified with 2 mol of stearic acid) and especially neopentyl 
glycol 14-ethylene oxide dibelhenate; glycerol 20-ethylene 
oxide tristearate, glycerol 20-ethylene oxide dibehenate and 
especially glycerol 20-ethylene oxide tribehenate; trimethy 
lolpropane 22-ethylene oxide tribehenate; sorbitan 25-ethyl 
ene oxidetristearate, sorbitan 25-ethylene oxide tetrastearate, 
sorbitan 25-ethylene oxide tribehenate and especially sorbi 
tan 25-ethylene oxide tetrabehenate; pentaerythritol 30-eth 
ylene oxide tribehenate, pentaerythritol 30-ethylene oxide 
tetrastearate and especially pentaerythritol 30-ethylene oxide 
tetrabehenate and pentaerythritol 20-ethylene oxide 10-pro 
pylene oxide tetrabehenate. 
0097. The mixing ratio between the inventive additives 
and the further constituents V, VI and VII is generally in each 
case between 1:10 and 10:1, preferably between 1:5 and 5:1. 
0098 Inventive additives comprising only detergent addi 

tive A) and nucleator B) contain preferably 10-90% by weight 
and especially 20-80% by weight, for example 30-70% by 
weight, of detergent additive A) and 10-90% by weight and 
especially 20-80% by weight, for example 30-70% by 
weight, of nucleator B). When a further cold flow improver C) 
is also present, the additives contain preferably 15-80% by 
weight, preferably 20-70% by weight, of detergent additive 
A), 2-40% by weight, preferably 5-25% by weight, of nuclea 
tor B) and 15-80% by weight, preferably between 20-70% by 
weight, of cold flow improver C). 
0099 For the purpose of simpler handling, the inventive 
additives are preferably used in the form of concentrates 
which contain 10 to 95% by weight and preferably 20 to 80% 
by weight, for example 25 to 60% by weight, of solvent. 
Preferred solvents are relatively high-boiling aliphatic, aro 
matic hydrocarbons, alcohols, esters, ethers and mixtures 
thereof. Such concentrates preferably contain 0.01 to 10 parts 
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by weight, preferably 0.05 to 5 parts by weight, for example 
0, 1 to 3 parts by weight, of the comb polymer B) per part by 
weight of detergent additive A). 
0100. The inventive nucleators B) improve the response 
behavior of middle distillates comprising detergent additive, 
Such as kerosene, jet fuel, diesel and heating oil for conven 
tional flow improvers with regard to the lowering of pour 
point and CFPP value and the improvement of the paraffin 
dispersancy. 
0101 Particularly preferred mineral oil distillates are 
middle distillates. Middle distillates refer especially to those 
mineral oils which are obtained by distilling crude oil and boil 
within the range from about 150 to 450° C. and especially 
within the range from about 170 to 390° C., for example 
kerosene, jet fuel, diesel oil and heating oil. Typically, middle 
distillates contain about 5 to 50% by weight, for example 
about 10 to 35% by weight, of n-paraffins, among which the 
relatively long-chain n-paraffins crystallize out in the course 
of cooling and can impair the flowability of the middle dis 
tillate. The inventive compositions are particularly advanta 
geous in middle distillates with low aromatics content of less 
than 21% by weight, for example less than 19% by weight. 
The inventive compositions are also particularly advanta 
geous in middle distillates with low final boiling point, i.e. in 
those middle distillates which have 90% distillation points 
below 360° C., especially 350° C. and in special cases below 
340°C., and additionally in those middle distillates which 
have boiling ranges between 20 and 90% distillation volumes 
of less than 120° C. and especially of less than 110° C. 
Aromatic compounds are understood to mean the Sum of 
mono-, di- and polycyclic aromatic compounds, as can be 
determined by means of HPLC to DIN EN 12916 (2001 
edition). The middle distillates may also contain minor 
amounts, for example up to 40% by volume, preferably 1 to 
20% by volume, especially 2 to 15% by volume, for example 
3 to 10% by volume, of the oils of animal and/or vegetable 
origin described in detail below, for example fatty acid methyl 
esterS. 

0102 The inventive compositions are likewise suitable for 
improving the cold properties of fuels which comprise deter 
gent additives and are based on renewable raw materials 
(biofuels). Biofuels are understood to mean oils which are 
obtained from animal material and preferably from vegetable 
material or both, and derivatives thereof, which can be used as 
a fuel and especially as a diesel or heating oil. They are 
especially triglycerides of fatty acids having 10 to 24 carbon 
atoms, and also the fatty acid esters of lower alcohols, such as 
methanol or ethanol, obtainable from them by transesterifi 
cation. 

0103 Examples of suitable biofuels are rapeseed oil, cori 
ander oil, Soybean oil, cottonseed oil, Sunflower oil, castor oil, 
olive oil, groundnut oil, corn oil, almond oil, palm kernel oil, 
coconut oil, mustard seed oil, bovine tallow, bone oil, fish oils 
and used cooking oils. Further examples include oils which 
derive from wheat, jute, Sesame, sheatree nut, arachis oil and 
linseed oil. The fatty acid alkyl esters also known as biodiesel 
can be derived from these oils by processes known in the prior 
art. Rapeseed oil, which is a mixture of fatty acids esterified 
with glycerol, is preferred, since it is obtainable in large 
amounts and is obtainable in a simple manner by extractive 
pressing of rapeseed. Preference is further given to the like 
wise widespread oils of Sunflowers, palms and soya, and 
mixtures thereof with rapeseed oil. 
0104 Particularly suitable biofuels are lower alkyl esters 
offatty acids. Useful examples here are commercial mixtures 
of the ethyl esters, propyl esters, butyl esters and especially 
methyl esters offatty acids having 14 to 22 carbon atoms, for 
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example of lauric acid, myristic acid, palmitic acid, palmi 
toleic acid, Stearic acid, oleic acid, elaidic acid, petroselic 
acid, ricinoleic acid, eleostearic acid, linoleic acid, linolenic 
acid, eicosanoic acid, gadoleic acid, docosanoic acidorerucic 
acid. Preferred esters have an iodine number of 50 to 150 and 
especially of 90 to 125. Mixtures with particularly advanta 
geous properties are those which contain mainly, i.e. to an 
extent of at least 50% by weight, methyl esters of fatty acids 
having 16 to 22 carbon atoms and 1, 2 or 3 double bonds. The 
preferred lower alkyl esters offatty acids are the methyl esters 
of oleic acid, linoleic acid, linolenic acid and erucic acid. 
0105. The additives may be used alone or else together 
with other additives, for example with other pour point 
depressants or dewaxing assistants, with other detergents, 
with antioxidants, cetane number improvers, dehaZers, 
demulsifiers, dispersants, antifoams, dyes, corrosion inhibi 
tors, lubricity additives, sludge inhibitors, odorants and/or 
additives for lowering the cloud point. 

EXAMPLES 

Improvement in the Cold Flowability of Middle Dis 
tillates 

0106 To assess the effect of the inventive additives on the 
cold flow properties of middle distillates, detergent additives 
(A) were used with various nucleators (B) and further flow 
improvers (C) with the characteristics specified below. 
0107 The suppression of the adverse effect of the deter 
gent additives A) on known cold flow improvers for mineral 
oils and mineral oil distillates by nucleators is described 
firstly with the aid of the CFPP test (Cold Filter Plugging Test 
to EN 116). 
0108. In addition, the paraffin dispersancy in middle dis 

tillates is determined as follows in the brief sedimentation 
test: 
150 ml of the middle distillates admixed with the additive 
components specified in the table were cooled in 200 ml 
measuring cylinders to -13° C. at -2° C./hour in a cold 
cabinet, and stored at this temperature for 16 hours. Subse 
quently, Volume and appearance both of the sedimented par 
affin phase and of the Supernatant oil phase are determined 
and assessed visually. A Small amount of sediment and an 
opaque oil phase show good paraffin dispersancy. 
0109. In addition, directly after the cold storage, the lower 
20% by volume are isolated and the cloud point is determined 
to IP3015. An only low deviation of the cloud point of the 
lower phase (CP) from the blank value of the oil shows 
good paraffin dispersancy. 

TABLE 1. 

Characterization of the test oils: 
The test oils employed were current middle distillates from 

European refineries. The CFPP value was determined to EN 116 
and the cloud point to ISO 3015. The aromatic hydrocarbon groups 

were determined to DIN EN 12916 (November 2001 edition). 

Test oil 1 Test oil 2 Test oil 3 

Distillation 

IBP C. 192 186 16S 
20% C. 250 222 228 
90% C. 322 324 335 

(90 - 20)% C. 72 102 107 
FBP C. 347 352 359 
Cloud Point C. -8.0 -8.9 -4.4 
CFPP C. -10 -10 -5 
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TABLE 1-continued 

Characterization of the test oils: 
The test oils employed were current middle distillates from 

European refineries. The CFPP value was determined to EN 116 
and the cloud point to ISO 3015. The aromatic hydrocarbon groups 

were determined to DIN EN 12916 (November 2001 edition). 

Test oil 1 Test oil 2 Test oil 3 

Density (a)15° C. g/cm O.835 O.8307 O.8273 
Sulfur content ppm <10 <10 15 
Aromatics content % by wt. 19.6 18.8 22.8 
of which mono % by wt. 18.0 18.2 20.6 
di % by wt. 1.6 O6 2.1 
poly % by wt. <0.1 <0.1 O.1 

0110. The following additives were used: 
(A) Characterization of the Detergent Additives Used 
0111. The detergent additives A used were various reac 
tion products, listed in Table 2, of alkenylsuccinic anhydrides 
(ASA) based on high-reactivity polyolefins (content of ter 
minal double bonds-90%; degree of maleation about 1.2 to 
1.3) with polyamines. To this end, alkenylsuccinic anhydride 
and polyamine were reacted in a molar ratio of 1.0 to 1.5 mol 
of alkenylsuccinic anhydride per mole of polyamine (see 
Table 2). Forbetter dosability, the detergent additives were 
used in the form of 33% solutions in relatively high-boiling 
aromatic solvent. The dosages specified in Tables 2 to 4 for 
the detergent additives A) and nucleators B) are, however, 
based on the active ingredients used. 
(B) Characterization of the Nucleators Used 
0112 B1) alternating copolymer of maleic anhydride and 
a mixture of equal parts of C- and C-C-olefin, esterified 
with 1.5 mol per mole of anhydride groups of a mixture of 
equal parts of eicosanol and docosanol, 50% in relatively 
high-boiling aromatic solvent 

I0113 B2) Co-alkylphenol-formaldehyde resin, 50% in 
relatively high-boiling aromatic solvent 

(C) Characterization of the Further Flow Improvers Used 
0114 C1) Terpolymer of ethylene, 13 mol % of vinyl 
acetate and 2 mol % of vinyl neodecanoate having a melt 
viscosity V140 measured at 140° C. of 95 mPas, 65% in 
kerosene. 

0115 C2) Mixture of equal parts of C1) and a copolymer 
of ethylene and 13.5 mol % of vinyl acetate having a melt 
viscosity V140 measured at 140°C. of 125 mPas, 56% in 
kerosene. 

0116 C3) Mixture of 2 parts of reaction product of a 
copolymer of C14/C16-O-olefin and maleic anhydride 
with 2 equivalents of hydrogenated ditallow fatamine with 
one part of nonylphenol-formaldehyde resin, 50% in rela 
tively high-boiling aromatic solvent. 

0117 C4) Reaction product of ethylenediaminetetraacetic 
acid with 4 equivalents of ditallow fatty amine to give the 
amide-ammonium salt, prepared according to EP 0398 
101, 50% in relatively high-boiling aromatic solvent. 

0118 C5) Mixture of equal parts of a reaction product of 
phthalic anhydride and 2 equivalents of di(hydrogenated 
tallow fat)amine with a copolymer of ditetradecyl fuma 
rate, 50% in relatively high-boiling aromatic solvent. 

0119 The CFPP values in test oil 1 were determined after 
the oil had been additized with 200 ppm of C2 and 150 ppm 
of C3. 
I0120 In the examples of tables 3 and 4, the detergent 
additive A1 used was the reaction product of poly(isobutenyl) 
Succinic anhydride and pentaethylenehexamine according to 
table 2 example 4, and the detergent additive A2 used was the 
reaction product of poly(isobutenyl)succinic anhydride and 
pentaethylenehexamine according to table 2 example 13. 
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Mw of mol of ASAmol dosage without 
Example polyolefin polyolefin polyamine of polyamine DAppm DA with DA with DA + nucleator (B) 

1 PIB 700 TEPA O 150 -29 -25 50 ppm B1 -30 
2 PIB 700 TEPA .4 150 -29 -26 50 ppm B1 -29 
3 PIB 1OOO PEHA O 150 -29 -22 75 ppm B2 -28 
4 PIB 1OOO PEHA .5 150 -29 -21 75 ppm B2 -27 
5 PIB 1OOO PAM O 150 -29 -18 60 ppm B1 -28 
6 PIB 1OOO PAM 3 150 -29 -15 60 ppm B1 -25 
7 PIB 1OOO PAM 3 150 -29 -15 75 ppm B1 -29 
8 PIB 1OOO PAM 3 150 -29 -15 100 ppm B1 -29 
9 APP 11SO PEHA .5 150 -29 -26 50 ppm B2 -29 
10 APP 11SO PAM O 150 -29 -20 70 ppm B2 -30 
11 APP 11SO PAM .5 150 -29 -20 70 ppm B2 -29 
12 P2B 1OOO PAM .1 150 -29 -11 70 ppm B2 -27 
13 P2B 1OOO PAM .4 150 -29 -14 70 ppm B2 -29 

DA = detergent additive; P 

Effect of nucleators on the antagonism caused by detergent additives in test oil 1 

TABLE 2 

Detergent additive (DA 

11 

CFPP in test oil 1 C. 

a proportion of 2-butene of approx. 80%; TEPA = tetraethylenepentamine; PEHA = pentaethylenehexamine; PAM = heavy polyamine 

Example 

14 (com 
15 (comp. 
16 (com 
17 (com 
18 (com 
19 (comp. 
20 (com 
21 (com 
22 (comp. 
23 (com 
24 
25 
26 

27 (com 
28 (com 
29 (com 
30 (com 
31 
32 
33 

p.) 

p.) 
p.) 
p.) 

p.) 
p.) 

p.) 

p.) 
p.) 
p.) 
p.) 

Example 

34 (comp.) 
35 (comp.) 
36 (comp.) 
37 (comp.) 
38 
39 
41 
42 
43 (comp.) 

TABLE 3 

Coldflow improvement in test oil 2 

Test oil 2 

CFPP C. 

-14 
-19 
-20 
-21 
-29 
-31 
-14 
-19 
-20 
-20 
-20 
-30 
-31 
-15 
-12 
-20 
-21 
-22 
-29 
-21 

Test oil 3 (CP-4.4° C. 

Oil phase 

% by vol. appearance 

Additives 

A. B 

75 ppm C2 
OO ppm C2 
50 ppm C 
75 ppm C 50 ppm C3 
OO ppm C 50 ppm C3 
50 ppm C 50 ppm C3 

50 ppm A1 75 ppm C 50 ppm C3 
50 ppm A1 OO ppm C 50 ppm C3 
50 ppm A1 50 ppm C 50 ppm C3 
50 ppm A1 50 ppm C1 250 ppm C3 
50 ppm A1 30 ppm B1 75 ppm C 50 ppm C3 
50 ppm A1 40 ppm B1 OO ppm C 50 ppm C3 
50 ppm A1 40 ppm B1 OO ppm C 50 ppm C3 
50 ppm A2 75 ppm C 50 ppm C4 
50 ppm A2 OO ppm C 50 ppm C4 
50 ppm A2 50 ppm C 50 ppm C4 
50 ppm A2 50 ppm C1 250 ppm C4 
50 ppm A2 30 ppm B1 75 ppm C 50 ppm C4 
50 ppm A2 30 ppm B1 OO ppm C 50 ppm C4 
50 ppm A2 30 ppm B2 75 ppm C 50 ppm C4 

TABLE 4 

Cold flow improvement in test oil 3 

Additives ppm CFPP Sediment 

A. B C D C. 

400 C2 200 C3 -20 2 
S3S C2 26S C3 - 22 2 

40A2 400 C2 200 C3 - 17 2O 
40A2 S3S C2 26S C3 -18 10 
40A2 25 B1 400 C2 20O C3 -21 O 
40A2 2SB1 S3S C2 26S C3 - 22 O 
40A2 2SB2 400 C2 200 C3 -19 2 
40A2 2SB2 S3S C2 26S C3 - 22 2 

400 C3 200 CS -19 4 

opaque 
opaque 
cloudy 
cloudy 
opaque 
opaque 
opaque 
opaque 
opaque 

CP 

C. 

-3.1 
-3.2 
O.2 

-1.2 
-2.9 
-3.1 
-2.8 
-3.1 
-2.8 

B = poly(isobutylene); APP= atactic poly(propylene); P2B = poly(butene) formed from mixture of different butene isomers with 
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TABLE 4-continued 

Cold flow improvement in test oil 3 

12 
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Test oil 3 (CP-4.4° C. 

Additives ppm CFPP Sediment 

Example A. B C D ° C. 9% by vol.) 

44 (comp.) SOA1 400 C3 200 CS -15 30 
45 SOA1 3OB1 400 C3 200 CS -19 2 

0121 The tests show that the impairment of the cold flow 
properties, for example of the CFPP and of the paraffin dis 
persancy, of middle distillates additized with flow improvers 
can be compensated for only by addition of the inventive 
nucleators. Higher dosage of the flow improver alone cannot 
achieve this result. 

1. A method for improving the response behavior of min 
eral oil cold flow improvers C) in middle distillates which 
comprise at least one ashless nitrogen-containing detergent 
additive A) which is an oil-soluble amphiphilic compound 
which comprises at least one alkyl or alkenyl radical which is 
bonded to a polar group, where the alkyl or alkenyl radical 
comprises 10 to 500 carbon atoms and the polar group com 
prises 2 or more nitrogenatoms, comprising the step of nucle 
ating a paraffin crystallization with at least one oil-soluble 
compound B) selected from comb polymers which bear alkyl 
side chains having a length of at least 20 carbon atoms 
wherein C) is different than B). 

2. A method as claimed in claim 1, wherein, based on one 
part by weight of the nitrogen-containing detergent additive 
A), 0.01 to 10 parts by weight of the oil-soluble compound B) 
are used. 

3. A method as claimed in claim 1, wherein the middle 
distillate contains 10 to 10 000 ppm of an ashless nitrogen 
containing detergent additive A). 

4. A method as claimed in claim 1, wherein the ashless 
nitrogen-containing detergent additive A) has an alkyl radical 
having 15 to 500 carbon atoms. 

5. A method as claimed in claim 4, wherein the alkyl radical 
is derived from oligomers of lower olefins having 3 to 6 
carbon atoms or mixtures thereof. 

6. A method as claimed in claim 5, wherein the alkyl radical 
is derived from a mixture of oligomers of lower olefins having 
3 to 6 carbon atoms which contains more than 70 mol % of 
2-methyl-2-butene, 2,3-dimethyl-2-butene and/or isobutene. 

7. A method as claimed in claim 1, wherein the ashless 
nitrogen-containing detergent additive A) is prepared using 
high-reactivity low molecular weight polyolefins which have 
molecular weights of 500 to 3000 g/mol having a proportion 
of terminal double bonds of at least 75 mol%. 

8. A method as claimed in claim 1, wherein the ashless 
nitrogen-containing detergent additive A) comprises a polar 
component which is derived from polyamines of the formula 

in which each R is independently hydrogen, an alkyl or 
hydroxyalkyl radical having up to 24 carbon atoms, a poly 
oxyalkylene radical -(A-O), or polyiminoalkylene radical 
-A-N(R)-(R), wherein at least one R is hydrogen, qisan 
integer from 1 to 19, A is an alkylene radical having 1 to 6 
carbon atoms, and r and S are each independently integers 
from 1 to 50. 

Oil phase CP 

appearance C. 

almost clear O.8 
opaque -2.7 

9. A method as claimed in claim8, wherein R is hydrogen 
and q assumes values of at least 3. 

10. A method as claimed in claim 1, wherein the ashless 
nitrogen-containing detergent additive A) comprises an oil 
soluble alkyl radical and a polar head group, and the oil 
soluble alkyl radical and the polar head group are joined to 
one another via a C N bond or via an ester, amide or imide 
bond. 

11. A method as claimed in claim 1, wherein the ashless 
nitrogen-containing detergent additive A) has a mean 
molecular weight determined by vapor pressure osmometry 
of more than 800 g/mol. 

12. A method as claimed in claim 1, wherein the cold flow 
improvers C) are copolymers of ethylene and 8 to 21 mol% of 
olefinically unsaturated compounds selected from the group 
consisting of vinyl esters, acrylic esters, methacrylic esters, 
alkyl vinyl ethers, alkenes, and mixtures thereof, wherein the 
olefinically unsaturated compounds may be substituted by 
hydroxyl groups and one or more of these comonomers may 
be present in the polymer. 

13. A method as claimed in claim 12, wherein the cold flow 
improvers C) are copolymers of ethylene and 8 to 21 mol% of 
vinyl esters of the formula 1 

CH=CH- OCOR' (1) 

wherein R' is C, to Co-alkyl, and the alkyl groups may be 
Substituted by one or more hydroxyl groups. 

14. A method as claimed in claim 13, wherein R' is a 
branched alkyl radical or a neoalkyl radical having 7 to 11 
carbon atoms. 

15. A method as claimed in claim 13, wherein the ethylene 
copolymers contain vinyl acetate and at least one further vinyl 
ester of the formula 1 in which R' is C to Co-alkyl. 

16. A method as claimed in claim 1, wherein the cold flow 
improvers C) are oil-soluble polar nitrogen compounds 
which are reaction products of compounds of the formula 
NR'R'R' in which R, R7 and R may be the same or differ 
ent, and at least one of these groups is Cs-C-alkyl, C-C- 
cycloalkyl, Cs-C-alkenyl, and the remaining groups are 
either hydrogen, C-C-alkyl, C-C-alkenyl, cyclohexyl or 
a group of the formula -(A-O)-E or —(CH), NYZ in 
which A is an ethyl or propyl group, X is from 1 to 50, E-H, 
C-Co-alkyl, Cs-C2-cycloalkyl or C-C-aryl, and n=2, 3 
or 4, and Y and Z are each independently H, C -Co-alkyl or 
-(A-O), with compounds which contain at least one acyl 
group. 

17. A method as claimed in claim 1, wherein the cold flow 
improvers C) are alkylphenol-aldehyde resins which are con 
densation products of alkylphenols having one or two 
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C-Cls-alkyl or -alkenyl radicals in the ortho and/or para 
positions to the OH group with aldehydes having 1 to 12 
carbon atoms. 

18. A method as claimed in claim 1, wherein the comb 
polymers have a proportion of alkyl side chains having at least 
20 carbonatoms in the total amount of the alkyl side chains of 
the comb polymer of at least 10 mol%. 

19. A method as claimed in claim 1, wherein the comb 
polymers have side chains of 22 to 60 carbon atoms. 

20. A method as claimed in claim 1, wherein the alkyl side 
chains of the comb polymers are linear. 

21. A method as claimed in claim 1, wherein the comb 
polymers contain a backbone composed of ethylenically 
unsaturated monocarboxylic acids, polycarboxylic acids or a 
mixture thereof. 

22. A method as claimed in claim 1, wherein the alkyl side 
chains of the comb polymers are bonded to the polymer 
backbone via an ester, amide, imide or ammonium group. 

23. A method as claimed in claim 1, wherein the comb 
polymers are polycondensates which contain structural units 
derived from alkylaromatics and have alkyl radicals having at 
least 20 carbon atoms. 

24. A method as claimed in claim 23, wherein the alkyl 
radicals are bonded to the aromatic via a C–C bond or via an 
ester or ether group. 

25. A method as claimed in claim 1, wherein the ratio 
between detergent additive A) and comb polymer B) is 0.01 to 
10 parts by weight of nucleator perpart by weight of detergent 
additive, based in each case on the active ingredient. 

26. An additive comprising 
a) at least one ashless nitrogen-containing detergent addi 

tive A) which is an oil-soluble amphiphilic compound 
comprising at least one alkyl or alkenyl radical bonded 
to a polar group, wherein the alkyl or alkenyl radical 
comprises 10 to 500 carbon atoms and the polar group 
comprises 2 or more nitrogen atoms, 

and 
b) at least one oil-soluble compound B) selected from 
comb polymers having alkyl side chains having a molar 
average length of at least 18 carbon atoms. 

27. The additive as claimed in claim 26, comprising a 
mineral oil cold flow improver C), wherein C) is different than 
B). 

28. The additive as claimed in claim 26, wherein the min 
eral oil cold flow improver C) is a copolymer of ethylene and 
8 to 21 mol% of olefinically unsaturated compounds selected 
from the group consisting of vinyl esters, acrylic esters, meth 
acrylic esters, alkyl vinyl ethers, alkenes, and mixtures 
thereof, wherein the olefinically unsaturated compounds may 
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be substituted by hydroxyl groups and one or more of these 
comonomers may be present in the polymer. 

29. A middle distillate having a sulfur content of less than 
100 ppm and a 90% distillation point of less than 360° C., 
comprising 

a) at least one ashless nitrogen-containing detergent addi 
tive A) which is an oil-soluble amphiphilic compound 
comprising at least one alkyl or alkenyl radical bonded 
to a polar group, where the alkyl or alkenyl radical 
comprises 10 to 500 carbon atoms and the polar group 
comprising 2 or more nitrogen atoms, 

b) at least one oil-soluble compound B) selected from 
comb polymers having alkyl side chains having a molar 
average length of at least 18 carbon atoms, 

and 
c) at least one mineral oil cold flow improver C), wherein 
C) is different than B). 

30. The additive as claimed in claim 26, wherein the min 
eral oil cold flow improver C) is a copolymer of ethylene and 
8 to 21 mol % of vinyl esters of the formula 1 

CH=CH-OCOR' (1) 
wherein R' is C, to Co-alkyl, and the alkyl groups may be 

Substituted by one or more hydroxyl groups. 
31. The additive as claimed in claim 30, wherein R' is a 

branched alkyl radical or a neoalkyl radical having 7 to 11 
carbon atoms. 

32. The additive as claimed in claim 30, wherein the eth 
ylene copolymers contain vinyl acetate and at least one fur 
ther vinyl ester of the formula 1 in which R" is C to Co-alkyl. 

33. The additive as claimed in claim 26, wherein the cold 
flow improvers C) are oil-soluble polar nitrogen compounds 
which are reaction products of compounds of the formula 
NR'R'R' in which R, R7 and R may be the same or differ 
ent, and at least one of these groups is Cs-C-alkyl, C-C- 
cycloalkyl, Cs-C-alkenyl, and the remaining groups are 
either hydrogen, C-C-alkyl, C-C-alkenyl, cyclohexylor 
a group of the formula -(A-O)-E or —(CH), NYZ in 
which A is an ethyl or propyl group, X is from 1 to 50, E-H, 
C-Co-alkyl, Cs-C-cycloalkyl or C-C-aryl, and n=2, 3 
or 4, and Y and Z are each independently H, C -Co-alkyl or 
-(A-O), with compounds which contain at least one acyl 
group. 

34. The additive as claimed in claim 26, wherein the cold 
flow improvers C) are alkylphenol-aldehyde resins which are 
condensation products of alkylphenols having one or two 
C-Cls-alkyl or -alkenyl radicals in the ortho and/or para 
positions to the OH group with aldehydes having 1 to 12 
carbon atoms. 


