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di al kyl ethers fromtrioxane and dialkyl ether 5 The invention relates to a
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attacked even by diluteée acids. rolysis converts themin a first step to
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and/or the flashpoint of the diesel fuel mxture. US 5,746, 785 descr.i bes the
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polyoxymethylene glycol or paraformaldehyde with methanol in the presence of traces of
20  sulfuric acid or hydrochloric acid at temperatures of from 150 to 180°C and reaction times

of from 12 to 15 hours. This results in decomposition reactions to form carbon dioxide and

to the formation of dimethyl ether. At a paraformaldehyde or polyoxymethylene

glycol:methanol ratio of 6:1, polymers where n > 100, generally n = 300-500, are obtained.

The products are washed with sodium sulfite solution and subsequently fractionated by
25  fractional crystallization.

US 2,449,469 describes a process in which methylal is heated with paraformaldehyde or a
concentrated formaldehyde solution in the presence of sulfuric acid. This affords
polyoxymethylene dimethyl ethers with from 2 to 4 formaldehyde units per molecule.
30

In recent times, polyoxymethylene dimethyl ethers have gained significance as diesel fuel
additives. To reduce smoke and soot formation in the combustion of conventional diesel
fuel, oxygen compounds which contain only few, if any, C-C bonds, for example methanol,
are added to it. However, such compounds are frequently insoluble in diesel fuel and lower

35 the cetane number and/or the flashpoint of the diesel fuel mixture.

US 5,746,785 describes the preparation of polyoxymethylene dimethyl ethers having a



-PF. 0000056804/ Kg -2- nolar mass of from80 to 350, corresponding to n =
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pri or arethers t(where n = 1-10) is that the dimer is obtained to a quite predominant extent. A
disadvantage of the processes which start from formaldehyde and methanol is additionally
that water is formed as a reaction product and hydrolyzes already formed polyoxymethylene
dimethyl ethers in the presence of the acidic catalysts. This forms unstable hemiacetals. The
25  unstable hemiacetals lower the flashpoint of the diesel fuel mixture and thus impair its
quality. However, too low a flashpoint of the diesel fuel mixture leads to the specifications
laid down by relevant DIN standards no longer being fulfilled. Owing to comparable boiling
points, hemiacetals are difficult to remove from polyoxymethylene dimethyl ethers. The
dimer formed as the main product has a low boiling point and thus likewise reduces the
30  flashpoint, as a result of which it is less suitable as a diesel fuel additive.

It is an object of the invention to provide an improved process for preparing
polyoxymethylene dialkyl ethers which does not have the disadvantages of the prior art. It is
a particular object of the invention to provide a process for preparing polyoxymethylene
35  dialkyl ethers which are particularly suitable as diesel fuel additives. Particularly suitable
are the polyoxymethylene dimethyl ethers and polyoxymethylene diethyl ethers where n =3
and 4 (trimer, tetramer). It is a particular object of the invention to provide a process for



-a parti.cul.ar object of the invention to provide a process for preparing

pol yoxynet hyl ene 35 di al kyl ethers which are particularly suitable as diesel
fuel addrvooeessosRarticul arly suitable are the pol yoxynethyl ene di net hyl

et hers and pol yoxynet hyl ene diethyl ethers where n =3 and 4 (trinmer,
tetramer). It is a particular object of the invention to provide a process
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particu trimer. The objetct achieved by a process
for preparing pol yoxynet hyl ene dial kyl ethers of the fornula 5 Hemtl C
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i ntroduced into the reaction ﬁxter@@géﬂe i al kyl ether, trioxane and/or
the catal yst being < 1% by wei ght' BRSO PR eaction mixture. 15 It is

al so possible to use m xtures of the dialkyl ethers. Preference is given to
carryi ngv&y‘l[n=tj1_e g.eaction with DME. The use of dialkyl ether as the
reactant allows the reaction to be carried out substantially anhydrously,
since water i identically pedifigeendlyng 19 dduct, as can be taken fromthe
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prefiar aby y, ﬁ%ﬂp&ﬁfﬂl@t& 9se]1g9(tm¥ of ediﬂ?&%th@s@bﬂéreﬁeh@rgiv'enttf)!cgfi'girr'@ Jutio is
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The use of dialkyl ether as the reactant allows the reaction to be carried out substantially
anhydrously, since water is not formed as a by-product, as can be taken from the following

20 reaction equation:
CH;0CH; + (CH,0)3 = CH;0 - (CH»0); - CH;

In the presence of water or alcohols, chemical reactions which would lead to a multitude of
25  poly(oxymethylene) glycols and hemiformals would proceed. Reactive azeotropes would be

formed and would lead to complex phase behavior in the attempted distillative separation.

The reaction of dialkyl ether and trioxane is carried out generally at a temperature of from -
20 to +200°C, preferably from 0O to 150°C, and a pressure of from 1 to 200 bar, preferably

30 from 2 to 100 bar. The molar dialkyl ether : trioxane ratio is generally from 0.1 to 10,
preferably from 0.5 to 5.

In principle, paraformaldehyde can also be used instead of trioxane. However, the use of

paraformaldehyde has the disadvantage that the selectivity for the desired oligomers falls.
35 This makes the recycle streams in the process very large. Morecover, paraformaldehyde

comprises terminal OH groups and thus leads to the release of water in the reaction.



‘par af ormal dehyde has the disadvantage that the selectivity for the desired
oligoners falls. 35 This nakes the recycle streans in the process very

| arge. Mpoemumroa/par af or mal dehyde conprises term nal OH groups and thus

| eads to the release of water in the féaction. PF 0000056804/ Kg -4- The
acidic catalyst may be a honpgeneous or heterogeneous acidic catalyst.
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into the reaction. As a result of the recycling, a particularly large

amount  ofy bidef %6 sbRc@RiRAIdben polyoxymethylene dialkyl ethers where n = 3 and n=4
(trimer, tetramer), a fraction comprising the trimer and tetramer is removed from the product

mixture of the reaction of dialkyl ether with trioxane, and unconverted dialkyl ether,

25  trioxane and polyoxymethylene dialkyl ether where n < 3 are recycled into the acid-
catalyzed reaction. In a further embodiment of the process according to the invention, the
polyoxymethylene dialkyl ethers where n > 4 are additionally also recycled into the

reaction. As a result of the recycling, a particularly large amount of trimer is obtained.

30 In a particularly preferred embodiment, a first fraction comprising dialkyl ether, preferably
DME, a second fraction comprising the dimer {n = 2) and trioxane, a third fraction
comprising the trimer and tetramer (n = 3, 4) and a fourth fraction comprising the pentamer
and higher homologs (n > 4) are obtained from the product mixture of the acid-catalyzed
reaction of dialkyl ether, preferably DME, with trioxane. In this context, it is especially

35  preferred to carry out the separation of the product mixture of the acid-catalyzed reaction of
dialkyl ether with trioxane in three distillation columns connected in series, the first fraction

being removed from the product mixture of the reaction in one distillation column or an



-30. In a particularly preferred enbodinment, a first fraction conprising

di al kyl ether, preferably DM, a second fraction conprising the dinmer (n =
2) and proswesssoaka third fraction conprising the trinmer and tetramer (n =
3, 4) and a fourth fraction conprisingsthe pentaner and hi gher honol ogs (n
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and is recycled with it into the acid-catalyzed reaction. The invention is
illustrated in .detail below wth reference to the drawing. 15 Figure 1
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according to the invention. A starting stream 1 conposed of dial kyl ether
and st 1.Ng i | e
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pr esenc éceprdinghie theriggemiodus aci di ¢ catal yst to give the product mixture 4

whi ch conprises dial kyl ether, trioxane and pol yoxynet hyl ene di al kyl et her

where n = from2 to . 10. The product stream4 | s passed through _a.bed 5
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cl e. stream The .bot O{@ng;i? aw 9

9, 2L 5 M TN USRS S L BB Pl TR TR 3
i N whi chconipeisell dialky{ mther, trioxane and polyoxymethylene dialkyl ether where n = from 2 to
10. The product stream 4 is passed through a bed 5 composed of anion exchange resin to
obtain a substantially acid-free product mixture 6. This is fed into a first distillation column
7 in which dialkyl ether is removed overhead as a recycle stream 8. The bottom draw 9 of
25  the first column 7 is introduced into a second distillation column 10 in which the dimer (n =
2) and trioxane are removed overhead as recycle stream 11. The bottom draw stream 12 of
the second distillation column 10 is fed to a third column 13 in which a mixture of trimeric
and tetrameric polyoxymethylene dialkyl ether (n = 3, 4) is removed overhead. At the
column bottom, a recycle stream 15 composed of pentameric and higher polyoxymethylene
30  dialkyl ethers (n > 4) is obtained.

Figure 2 reproduces the process flow diagram according to a further embodiment of the
process according to the invention. In contrast to the process shown in Figure 1, the first and
the second distillation column are combined here to a single distillation column 7. This may
35 also be a divided column, as described, for example, in US 2,471,134, Accordingly, a
recycle stream 8 composed of dialkyl ether, dimer (n=2) and trioxane, and a recycle stream
12 composed of pentameric polyoxymethylene dialkyl ether and higher polyoxymethylene



‘2). and .trioxane are renoved overhead as recycle stream 11. The bottom draw
stream 12 of the second distillation colum 10 is fed to a third colum 13
i n whi clppombsekewig; of trimeric and tetrameric pol yoxynethyl ene dial kyl
‘ether (n = 3, 4) is renoved overhead._-4t the colum bottom a recycle
stream 15 conposed of pentaneric and hi gher pol yoxynethyl ene 30 dial kyl
ethers (g 4). 1S, obtained. .Fi e. 2 reproduces 2ss. {1 [ @gr am
Sccor ai Ry e P AR T naideEl T bE pPu bR LS 003 R BT Fich Syl 74

i nventi ded tora sooond aiumo hon whodede giowe o tiinguie eand, tetramerfic polycapd t he
second ghshiibhEdih®Y SREMNL /U E; Qﬁp,iéae(q, heng to a single distillation colum
7. This nayy35 éksg %élg diViggg co unnF ag descri bed, for exanple, in US
2,471,134. Accordingly, a recycle stream 8 conposed of dial kyl ether, diner

(n=2f amdgiki P¥&§H6ducd’dnd prRe¥C fIBwSdiagAm ot ﬁﬂimp%ﬂﬂ)o@fmdhﬁﬂif&ﬁ@girﬁcess
pol yoxyrre% 000056804/ Kg

hyl ene di al kyl ether and hj gher pol yoxymet hyl ene PE 0O
Doy Y esortingn 68 Biveblon Imeentdin: i hEAroce Rl SREo AV alE 0t F BAROETEPOE h
di sti || afatabyst dodsedrand is fed iftedhd fastos dasaduthdrifeed stfeairn1 6MA béd tdreposed bfir e of
trimeric and tetraperic pol.voxy- nethylene. di.al kyl, ether (n.F 3,4) .
oo 50 Lo AR Ge iR el OMe SRS RV TH Blipdiad wie U e
furt her peodmtismeam 4oéf thieeastion dgb direatlyapdhe dirst glistilatipm eeluringh. Thenbattom r ast

ot A . ' : 3
tod 05, RRRASREALA Rk oT bAURS i BpRPARRRR e REGelEhsculiRER and [ ©
ani oni c Sl wbstieanyd7raasibe wavaved feanthst recydde staam S adediseharged flemdhe pensed
W th andyb&iRs, iR WAiHClass ineRaM it Riss Edifod @atdcnSdied B¢ tdistRGig Mtraf fd1e first

distillation colum 7. The bottom 10 draw 15 of the third distillation
colum additionally conprises the honbgeneous catalyst. A snmall substream
17 can bExdampleyed fromthe recycle stream 15 and di scharged fromthe
procgss, in which case the catal yst | oss can be conpensated by the starting
stream 16. Exanples 15 Exanple 1 30 g of trioxane and 63 g of dinethyl

et her arBxdwgd¢ éd with 0.2 g of sulfuric acid at 100C for 16 hours. After 1,
2, 3, 4, 5 6, 7, 8 and 16 hours, a sanple is taken and anal yzed by gas 20
chromat ography in each case. After 8 hours, the equilibrium conposition has

been at t 3} aed ripnee @ned §p asofiufiowtiye edrp aedwiated, withh 8. 2 adpuriuric egidmts! 00°C
char act efgr 18 %o, ARkl V83, 48%04) 778 and 16 hours, a sample is taken and analyzed by gas
20  chromatography in each case. After 8 hours, the equilibrium composition has been attained.
DME escapes upon decompression. The composition was characterized as follows: 18% n =

2,58% n =3, 16% n =4, remainder n > 4 and sampling/analysis errors.

Example 2

25
17 g of trioxane, 20 g of DME and 15 g of Amberlite® IR 120 ion exchange resin are heated
at 100°C for 24 hours. After 24 hours, a sample is taken and analyzed by gas
chromatography. The mixture comprises polyoxymethylene dimethyl ethers in the following
distribution (in % by weight): 19% n =2, 64% n =3, 1% n = 4, remainder n > 4.



‘2,-58%.n = 3, 16%n = 4, remainder n > 4 and sanpling/analysis errors.
Exanple 2 25 17 g of trioxane, 20 g of DME and 15 g of Anberlite(r) IR 120
ion exchraog®oseesiky are heated at 100C for 24 hours. After 24 hours, a
sanple is taken and anal yzed by gas chromatography. The m xture conprises
pol yoxynet hyl ene di nethyl ethers in the following distribution (in % by
wei ght ) w90k Masimed i94% N = 3, 1 %n = 4, remainder n > 4. PF 0000056804/ Kg
-7- What Is clainmed I's: 1. A process for preparing pol yoxynet hyl ene di al kyl
ethers of the formula 5 H2m+i CQ(CH20O)" CrH2m+t where n = 2 - 10, in,

i dentically o pfcédsab {J%ing:pdl%ﬁyn%thdjléhe\ﬂi‘ilﬁ ethedld 8f thit forguler sel ected from
di met hyl ether, nethyl ethyl ether and diethy 10 ether, and trioxane are

fed into a reactor and reacted in the presence of an acidic catalyst, the
anoust of water introduced i nHy,IORO(EHND),OpHR. Xt ure by the dialkyl ether,
trioxane and/or the catal yst being < 1% by wei ght based on the reaction

m xture. 15 2. The process according to claim1, wherein a fraction

conpri si ng povheoxyret hilh,ene dial kyl ether where n = 3 and 4 is obtai ned by

distillation ‘{"rigéﬂéfcgﬁﬁf’f@ig‘?heg‘ﬂy*m‘;)ftO%’e’ and di al kyl ether, trioxane and

pol yoxynet hyl ene tﬂil r-where n < 3 and opti onallg n >4 are

recycl ed i nt dntahéch 2diatkybathepeelertedriiemslimedyl cthes sredin §thys cbienand dicthyher ei n
a }‘lmst f {ﬁcltdtm, &md_ l{(dxﬁhé‘?rﬁdfeﬁ%bd aeéata&rr,zana reﬁﬁfd)ﬂ{jtﬂerlﬁéidn@?ﬁf@g&?l&d {19

pol yoxynet hyl ene di yl ether ere n =2 an ri oxane, a third fraction
conpri si ng pdﬂaﬁﬂ&&n‘g‘f’ HPRRE Ogi“éﬂt‘?{y‘imr@flw I3fPethe rqactiog mixture by H}‘Fdd‘&[kﬁ’ urth
fracti on conpthes] Hibxaae uddjorethd Waeiwst edigk ¢l 1% bewcighte bascd on 4he &tetiobt ai ned
fromthe reacti on m xture. 25 4. The process according to claim3, wherein
the first frdetion is removed fromthe reaction mixture in a first
distillation colum, the second fraction is renoved from

15 2 The process according to claim 1, wherein a fraction comprising polyoxymethylene
dialkyl ether where n = 3 and 4 is obtained by distillation from the reaction mixture,
and dialkyl ether, trioxane and polyoxymethylene dialkyl ether where n < 3 and
optionally n > 4 are recycled into the reaction.

20 3. The process according to claim 2, wherein a first fraction comprising dialkyl ether, a
second fraction comprising polyoxymethylene dialkyl ether where n = 2 and
trioxane, a third fraction comprising polyoxymethylene dialkyl ether where n = 3
and 4, and a fourth fraction comprising polyoxymethylene dialkyl ether where n > 4
are obtained from the reaction mixture.
25
4, The process according to claim 3, wherein the first fraction is removed from the
reaction mixture in a first distillation column, the second fraction is removed from
the remaining mixture in a second distillation column and the remaining mixture is
separated into the third and the fourth fraction in a third distillation column.
30
5. The process according to claim 3 or 4, wherein the first and the second fraction are
recycled into the reaction.

6. The process according to claim 5, wherein the fourth fraction is recycled into the
35 reaction.

7. The process according to any of claims 1 to 6, wherein the first distillation column is



‘the remaining mxture in a second distillation colum and the renaining
mxture is separated into the third and the fourth fraction in a third
distill aFoomosssbamy. 30 5. The process according to claim3 or 4, wherein
the first and the second fraction are-8recycled into the reaction. 6. The
process according to claim5, wherein the fourth fraction is recycled into

the 35T eaCtdtplgﬁteJat d Bﬁes i %?Sf%@@cp E)cfj :_l’(g(g hhad tﬁé‘i’ec%ﬁd it TBont 8&1%[@1 atperein

the first dis ati1on um i s 6804 - operated at a pressure
of from0.1 tRECSBONG thafrompwé t@éc‘&ﬁé“‘élﬂ?t@fﬂ&lﬁt@ﬁtl%wml?né‘f a prespiirg f fjom of
fromO0.05 to go®an esBart he third distillation colum at a pressure of from
0.001 to 0.5 bar. 5 8. The process according to any of clains 1 to 7,
wherein the anount of water introduced into the reaction mxture is < 0.2%
by wéi gh.. 9.ThEheropessc aserdiog ao dinygoft olainy loto @, avieseid the #nounbefewantet he
acidic cataly ne catal yst selected from

m neral aci dsﬁfro&@g@g}qt@ﬂ%ﬁrﬁ%&%‘ﬂ%ﬁﬁe Feérggg'?ga @t aci di c i on exchange
resins, zeolites, alumnosilicates, silicon dioxide, alum num oxide,

titaniung di oxmkemﬂl%eésszaacsmglm A im0 «J e HAGRIRe AERR. dhigs p Ny Of

clains 1 to ereln the reaction is carrie pressu of froml
to 200 bar arRPEPECEANSIADGICEESNEPYSsSiRfakysh selected fr@mmm:al afsisa&ulfonrfeac&s@cess

accoppdi ng to wfoptlyadidy, MEcidic t Rnle@xchiigE alefing,heedlitdd, kKathm&{odRicards e dilicsn

di net hyl ethe
y {Elomde aluminum oxide, titanium dioxide and zirconium dioxide.

10.  The process according to any of claims 1 to 9, wherein the reaction is carried out at a
pressure of from | to 200 bar and a temperature of from minus 20 to +200°C.
15
11.  The process according to any of claims 1 to 10, wherein the dialkyl ether used is
dimethyl ether.



