WD 03/ 053908 PCT/ EP02/ 13755 1 PROCESS FOR THE CONTI NUOUS QUATERNI SATI ON OF
TERTI ARY AMNES W TH AN ALKYL HALI DE The present invention relates to a
conti nuouwopsos®es for the 5 quaternisation of tertiary aarmPe2mi7Tsh an

al kyl halide that is dissolved in the reaction m xture. Several nethods
for quaternisation of amnes wth alkyl halides have been disclosed. The
quaterni sation processes are perforned within a variety of pressure and 10
tenperature ranges, and at different nolar ratios between the am ne and

t he quaternising agent'. There are i ncluded enbodi ments both of batch-wi se
as well as_continuous grocesses. In EP 0 869 114 a quaternisationagrocess

i s descri bRROCESS \FieR cTHE GPRDIYVAVE (QBRTERVEFRREON SOF cFEREFARK t AMENES

quat er ni SiyErRISPt A RkYE re of 1-50 bars. The process is batch-w se,
and in the working exanples the process is perfornmed in a | ow pressure
autoclave with 1.025 nole nethyl chloride per nole ester-amne during 24
hours or re. 20 In US 3 813 441 conti nuous process for the panufacture

of quaternaty W%n’r%‘ﬁ?%‘?}%sr? abescr? b%d?onté\ﬂ‘ﬂ%\l%u% PFPREFY 8pPT athe
seconglary A ierh Ssd4 €8s esk V\téﬂi@fgy&miﬁ@é O ge &b él}%;‘?ﬂpﬁéfia'é ?%lgé(xt 50-80C

and at a pressure of 3 to 10 atm °The reaction is performed in
presence ofs aii2Pkwpdoln tht weantdbnanietkedi netal hydroxide and a | ower

odi um chiror i de- i ST e TRITIHG CHE rERTT B S Omel (4P TS ehgvba
cont i nuousd Wky U &l #fds 2vlised0S@BséToddt®. WK digh exanPs£6ign 30 batch
process for the manufacture of a quaternary anmoni um

processes are performed within a variety of pressure and

10 temperature ranges, and at different molar ratios between the
amine aﬁd the quaternising agent. There are included
embodiments both of batch-wise as well as continuous
processes.

In EP 0 869 114 a dquaternisation process is described

15 where an alkoxylated ester-amine is reacted with a
guaternising agent at a pressure of 1-50 bars. The procesé is
batch-wise, and in the working examples the process is
performed in a low-pressure autoclave with 1.025 mole methyl
chloride per mole ester-amine during 24 hours or more.

20 In US 3 813 441 a continuous process for the
manufacture of quaternary ammonium chlorides is described,
where a primary or a secondary amine 1s reacted with methyl
chloride at a temperature of 50-80°C and at a pressure of 3
to 10 atm. The reaction is performed in the presence of an

25 aqueous solution of an alkali metal hydroxide and a lower
alcohol. Since a primary or secondary amine is the starting
material, sodium chloride is formed during the reaction and
has to be removed continuously.

US 5 491 240 discloses in the working examples a

30 batch process for the manufacture of a quaternary ammonium

compound by reacting a tertiary amine stepwise with a

gquaternising agent, e.g. methyl chloride, at a pressure of



conpound by reacting a tertiary amne stepwise with a quaternising agent,
e.g. nethyl chloride, at a pressure of WO 03/053908 PCT/ EP02/ 13755 2

maxi num 6@opsioge9dsmbout 5.3 bar) during reaction tinmes of Pab@EP2/105Hhours.
Solvent is added intermttently if the viscosity gets too high, to
maintain the reaction mxture in the liquid state during the reaction. 5
EP 0 288 857 describes a quaternisation reaction between a tertiary am ne
and an al kyl halide present in a nolar rgtio ranging from1:3 to 1:8 at a
tenperature between 50-150C at an over- Sessure (18 and 27.5 bar in the

exanpl es). The reaction is perforned batch wi se in the, 10 aksence of
sol vents, BAdimHE GRapeidalgbarhohi anPeshpeuRdngsredstaPRed Mg SpBhder ed

form The 5§3§I}59§3§w§e3t§5 dohp the daéathérm@Et@Hem%fheutes EP 0 012

296 and US scrl a simlar process using t sanme nolar ratio
range. |n U5sbofdty664ta tocthmghustqumaenhasattha peacessn mixisrdi ol osed

where a long chain tertiary amne apnd an alkyl chloride are reacted in the
presence oFgﬁ ﬁéﬁ%i@g%ﬁéBﬁsduEéPal§gF Fﬁthégﬁresence of an al cohol

sol vegt. The nol e Eﬁ66'9%§eéwﬁe@eééﬁlﬁakn§ ghdc L heisht 9phdechstsoht abl y
1:1.2to 1.2:1, prefera , and the préssure may be fromabout 1 20 to

210 bar. Ihetheenoaktagteaaypamlﬁe bad as askyl Hhéldenpﬁﬁsﬁﬁé pRegent
invention is to create a continuou sgfor manufactur
B8 G4 EePleen

quat er nary SﬁﬁBnFﬁﬁ?ocﬁﬁﬂgﬁﬂgs FPe y aﬁlngs Wgegﬁk

which is pgrigpredapt afivgoeat reEeasur @sganddt enpsr Baur és, taed with 25
short reaction tinmes and no need for solvents, nor for catal¥sts. The

process shewpuphesh. gfhe KeaatpeBdist Pyrépguedahat FBaWAREUATS TH
by- p{QdUCtgbsence of solvents, and the quaternary ammonium compound is

obtained in powdered form. The reaction time stated in the
examples was about 2 hours. EP 0 012 296 and US 4 275 235
describe a similar process using the same molar ratio range.

In US 5 041 664 a continuous quaternisation process

15 is disclosed where a long chain tertiary amine and an alkyl
chloride are reacted in the presence of a heterogeneous
catalyst in the presence of an alcohol solvent. The mole
ratio between the amine and the chloride is suitably 1:1.2 to
1.2:1, preferably 1:1, and the pressure may be from about 1

20 to 210 bar. In the working example 70 bar is used.

The aim of the present lnvention is to create a
continuous process for the manufacture of quaternary ammonium
compounds from tertiary amines and alkyl halides, which is
performed at moderate pressures and temperatures, and with

25 short reaction times and no need for solvents, nor for
catalysts. The process should also give high product yields
and low amounts of by-products.

It has surprisingly been found that these objects can
be fulfilled by a continuous process for manufacturing a

30 quaternary ammonium compound by reacting, at a temperature
between 50°C and 140°C, preferably from 70°C to 130°C and

most preferably from 80°C to 125°C, a tertiary amine and an



It has surprisingly been found that these objects can be fulfilled by a
conti nuous process for manufacturing a 30 quaternary amoni um conpound by
reacti ng,wetosa@svesper ature between 50C and 140C, pref er alplCy/EPonm730C t o
130C and nost preferably from80C to 125C, a tertiary am ne and an WO

03/ 053908 PCT/ EP02/13755 3 alkyl halide in a tubular reactor at a pressure
sufficient to keep the alkyl halide dissolved in the reaction m xture,
preferably at 12-65 bar, nore preferably gt 15-55 bar and nost preferably
at 18-50 bar, the nolar ratio between the 5 tertiary am ne and the al kyl
hal i de beiq? from1;1.3,to 1:2.9, preferably from1:1.4 to %ﬁZ.Y and_nost
pref er abl yalkybnralids ip a3 buulaRerproketsdt ot BEHRSPERT B HC%??EeFO
with or wEOONL: R SOLNPNtn DI £9€NA1 s RO YL aPHYE ML POML fonsR¥eaLe, 10 There
are severa vant ages connected wth the process of the present

i nventi on.pfefstdlyly byt us2 ng5 abar essure beéfieeabl? andlb55babarwindin the

given tenperature interval, the alkyl haljde will _be,present in sol ution
t oget her WW?*FtPE@f%ﬁ??%Yya%n+%é5ﬂég?ﬁacY%ﬁtwgiﬂE ﬁﬁ%fgrﬁggve ﬁ?un1
produgt forded; iy i fgi ddeand eagd | QIpNth APt hONBEL g arsehvent . 3 Ther eby the

viscosity of the reaction mxture wll be reduced. The reaction nmay even
be perforned w t howefergbly| feem, 1whi €htei L2} dagnd onpesspbyfeprblvict

formation._To use pressure_abgve 65 ha ] ] | y Li1iona
advantagesf%RWiig}?%ep%ris%h§'gg%%i?¥%n%.Sm%%u%ﬁgé?fg%g%¥§W%§r%gggé%n t he
reaction rgfien Wi | whbeho@€ hh eyetverbdpseisbng, hpgbfpralssurwivhblitrequire nore

expensi ve equi pnent. The optiml pressure depends for exanple on the
t enper at uro ket he type of al kyl halide chosen, but

10 There are several advantages connected with the
process of the present invention.

Firstly, by using a pressure between 12 and 65 bar
within the given temperature interval, the alkyl halide will
be present in a solution together with the tertiary amine

15 reactant, the quaternary ammonium préduct formed during the
reaction and optionally a solvent. Thereby the viscosity of
the reaction mixture will be reduced. The reaction may even
be performed without any solvent, which will lead to less by-
product formation. To use a pressure above 65 bar will not

20 give any additional advantages during the present conditions.
No significant increase in the reaction rate will be
achieved, and such a high pressure will require more
expensive equipment. The optimal pressure depends for example
on the temperature and the type of alkyl halide chosen, but

25 is normally from 18 to 30 bar for a reaction performed in a
solvent, and normally from 30 to 50 bar for a solvent-free
process. When a solvent, such as an alcohol, is present
during the quaternisation process, by-products, such as
ethers, may be formed from the solvent and the alkyl halide.

30 When recycling the unreacted alkyl halide, there will
normally be a build-up of these by-products that may cause

severe problems in the commercial production process, as well



25 is normally from18 to 30 bar for a reaction perfornmed in a solvent,
and normally from30 to 50 bar for a solvent-free process. Wien a solvent,
such as awoaBwosi®e$ , i s present during the quaternisation PCEEPIT13755

by- products, such as ethers, may be forned fromthe solvent-and the al kyl
hal i de. 30 Wen recycling the unreacted al kyl halide, there will normally
be a build-up of these by-products that nay cause severe problens in the
comer ci al production process, as well W) 03/053908 PCT/ EP02/13755 4 as
for the quality of the desired quaternary® anmoni um products. Secondly, by

using a nolar ratio of tertiary amne to alkyl halide between 1:1.3 and
1:2.9, there §07 |thee quahily L Bheolesred TUREERRIGrAWEXUPIRd by t he

al kyl haH(¥%é¥g£§.snaller anount of alkyl halide to recycle as conpared to
t he proce%s escribed in the working exanples in EP O 288 857, where the
ratio is 1:3.4. ThHgadndlyy dontisimys mralces saEtionrall ngettoiate dfiine to

i nvention, which results in a short_resjdence ti%ﬁ and es optinfL%use
of the avallapt 3y drelepere, i1 Pdel 19 st tore%e h"l‘”rngntr SpAcE™FTnE"
yield and 4 figtd e Qupl 11da 0ol Nco s AMIGy WE M Ayl OHATRIOUna Pa ef erabl y

the reaction mxture Is ended with the ™5 aid of internals in the
tubul ar r eastldrer BwoynesehcElkyl halkisdic menotesadl coppaoed bepabviour of

br oduct | o s (4P SRR LTSS TRl CRITORHT i R oh AT ATB for
exanpl e aRHdwe trHaGkd i Bsich. B4 gl ass 20 raschig rings. The tenperature
according to the invention varies )

Thirdly, a continuous process according to the

10 invention, which results in a short residence time and makes
optimal use of the available reactor space, will give rise to
a higher space time yield-and a better quality of the
product, such as low colour.

Preferably the reaction mixture is blended with the

15 aid of internals in the tubular reactor. The presence of
internals promotes plug-£flow behaviour of the reaction
mixture, and will further increase the reaction rate and the
production capacity of the tubular reactor. Suitable
internals are for example an inert packing, such as glass

20 raschig rings.

The temperature according to the invention varies
within the range of 50 to 140°C. At temperatures below 50°C
the reaction rate is not sufficient, and above 140°C there is
too much decomposition of the quaternary ammonium salt and

25 formation of by-products. The temperature range is normally
between 80 and 125°C.

The quaternary ammonium compounds that may be
manufactured by the process of the present invention could
have the formula

30
RiR2R3ReN* X7 (I)



within the range of 50 to 140C. At tenperatures bel ow 50C the reaction
rate is not sufficient, and above 140C there is too nuch deconposition of

t he quat ewoaspsaosoni um salt and 25 formati on of by- produ®CI/EPIIETSS
tenperature range is normally between 80 and 125C. The quaternary amoni um
conpounds that may be nmanufactured by the process of the present invention
could have the formula 30 RLR2ZR3RAN+ X (1) WD 03/053908 PCT/ EP02/ 13755 5
where Rl is a hydrocarbyl group containing- .1-22 carbon atonms, preferably
1-4 carbon atons; R2 and R3 are the sane gr di fferent hydrocarbyl groups
containing 1-22 carbon atons, preferably 8-22 carbon atons, which could be

sat ur at ed @reBe uRsatsrat oGyl cﬁrctﬁlhrﬁ,‘?’r'ébal%n% L Ct RS AR e AO
is an a;ﬁéé§g§8§¥bggggerm%g?bgnogEggé?r ON, 184 OB .o R @R @i oF carbon

at ons, y rsTan et ween R Ts an al kyl group containing 1-4
carbon at oa@ff@feﬁerhpdiyoa:az’:‘byﬂ:aglnonpat costakning a-Ral cdzbani ahoms,

preferably d-, Br- or 10 apd no r ef Th t

conpounds %?%fe’éﬁ}c’%ﬂ’n%b?% 6L PRE B§8@§ W chhéoﬁhgs%t g?ﬁygu |§:1

react kng auﬁgatﬁfaveam ﬂ?n@fart e BQ&HEhéde&?Ré'\%fohﬁ anoaw;ywheh@mde of
the fornmula R4X, where I's hal ogen and R1, and R4 have the sane

geanlng a31snamoahhyaeneogmlgabﬂp w5tbx&npre§ eprbpa eEPMEar Prafrrad iy e
ol 1 ow al G| SHEPROIARIRE:  CRyaF oBEndt BATDEE Pk arlyt) o meRhyt dnie. o o
di (rape segthepl kytdiipt Byhenineng (Fapeasbed atkyis) dpm‘etﬁhylah&yne 2di (soya
al kyl ) net hyl am ne,

carbon atoms, X~ is a halide anion, preferably Cl°, Br  or I’

10 and most preferably Cl™. These quaternary compounds are
obtainable by the process of the present invention by
reacting a tertiary amine of the formula RiR;RsN with an alkyl -
halide of the formula R;X, where X 1s halogen and Ri, Rz, Rs
and R, have the same meaning as in formula I. Suitable

15 examples of the tertiary amines are di(tallow
alkyl)methylamine, (tallow alkyl)dimethylamine,

di (hydrogenated tallow alkyl)methylamine, (hydrogenated
tallow alkyl)dimethylamine, di(rape seed alkyl)methylamine,
(rape seed alkyl)dimethylamine, di(soya alkyl)methylamine,

20 (soya alkyl)dimethylamine, di(coco alkyl)methylamine, (coco
alkyl)dimethylamine, distearylmethylamine, stearyl-
dimethylamine, dilaurylmethylamine, lauryldimethylamine,
polyethoxylated primary amines, such as polyethoxylated
cocoamine, polyethoxylated (tallow alkyl)amine and

25 polyethoxylated (hydrogenated tallow alkyl)amine and
polyethoxylated secondary amines, such as polyethoxylated
dicocoamine, polyethoxylated di(tallow alkyl)amine and
polyethoxylated di (hydrogenated tallow alkyl)amine.

Oother quaternary ammonium compounds that may be

30 formed by the process of the present invention have the

formula



20 (soya al kyl)di met hyl am ne, di (coco al kyl ) net hyl am ne, (Coco

al kyl ) di nmet hyl am ne, distearyl net hyl am ne, stearyl- dinethyl am ne,

di | aur yl meOlwglosasdsie, | auryl di met hyl am ne, pol yet hoxyl at e@CpEPORI3IZSAM nes,
such as pol yet hoxyl ated cocoam ne, pol yethoxylated (tallow al kyl)am ne and
25 pol yet hoxyl ated (hydrogenated tall ow al kyl )am ne and pol yet hoxyl at ed
secondary am nes, such as pol yet hoxyl ated dicocoam ne, polyethoxyl ated

di (tall ow al kyl)am ne and pol yet hoxyl ated di (hydrogenated tall ow

al kyl )am ne. O her quaternary amoni um conpounds that nay be 30 fornmed by
the process of the present invention have the fornula W 03/053908

PCT/ EP02/ 1R:FsB-N6( R LoBe2pF (OMIHFQ RS X- (I 1) where R5 and R6

i ndependently is an al kyl group containing 1- 6 carbon atons, preferably
1-4 carbon atonms and nost 5 preferably 1-2 carbon atons; R7 is - (CpH2p)
(QA) ZQ R8wiera Rhyhddar Hyldegeodeniiltyh 15 22 ediktydn gaotips copitefianald yi-1- 6
carbon atons, nore preferab ar bon atoggnagggnnst preggrably 1-2

car bon atoﬁs?a¥%omsa5?ﬂﬁdrB%éf%@?bg¥0654mf?ﬁ WP R al'SRE, preferably
PRI i R e TR U e AN SR I
oxyal kyl eneydrocarbit hggoup Bithr boR2acarbonppEpapabpyeberably 1-6

carbon atoms, more preferably 1-4 carbon atoms and most

preferably 1-2 carbon atoms; Rs is a hydrocarbyl group with

1-22 carbon atoms, preferably 8-22 carbon atoms; Q is

10

—é*é or ;C—O or —0—C—0 or ~N—C or _ﬁ—N
I I [ I
0 (0] 0 0] (e}

p is a number from 1 to 6, preferably 2-3, OA is an
oxyalkylene group with 2 or 3 carbon atoms, preferably 2
carbon atoms, z is a number between 0 and 50; Ry is H or a

15 hydrocarbyl group with 1-22 carbon atoms and X~ has the same
meaning as in formula I. Ry and Ry could be saturated or
unsaturated, linear or branched. The products of formula II
include the so-called esterquats. These are obtainable by the
process of the present invention by reacting a tertiary amine

20 of formula RgR;N (CpHzp) (OR),Q-Rs with an alkyl halide of the
formula RsX, where Q is -C(=0)-0 or -0-C(=0), X is halogen
and Rs, R¢, Ry, Rs, P, OA and z have the same meaning as
above. Suitable examples of these tertiary amines are the
diesters of stearic acid, coco fatty acid, tallow fatty acid,

25 rape seed fatty acid, soya fatty acid, oleic acid, palmitic
acid or lauric acid and methyldiethanolamine. Also included
are the amidoquats, which are obtained in an analogous manner
from a tertiary amine according to the above formula where Q

is -N(Rg) -C(=0) or -C(=0)-N(Rs). Suitable examples of these



carbon atons, z is a nunber between 0 and 50; RO is H or a 15 hydrocar byl
group with 1-22 carbon atons and X- has the sanme neaning as in formula I.
R8 and RowoamalosBobe saturated or unsaturated, |inear or brammErez1373he
products of formula Il include the so-called esterquats. These are

obtai nabl e by the process of the present invention by reacting a tertiary
am ne 20 of fornula R6R7N (CpH2p) (OA) zQ R8 wth an al kyl halide of the
formul a R5X, where Qis -C(=0)-0 or -C)CXgO), X is halogen and R5, RG R7,
R8, p, OA and z have the sane nmeani ng as "above. Suitable exanpl es of these

tertiary amnes are the diesters of ,stearic acid, %g fatt cid, tallow
fatty aC|dtegslﬁﬁﬁeayééﬁsf&F@yt§€|ém1§89§1F§?t?b§€F&e f&er ¥eMa, palnitic
acid or akhanal amenecyALsadl Belbuded saeqribe
anldoquatsaam% ﬁhg nggg%ﬁ%é%%n an anal ogougAnanner fron1§ teftlary

am ne accoadiidg tocbhd&aabyveciid;mbbdlatvefety msidN ¢RPp s€ed=6ptéy - C (=0)
-N (R9) . Suitable ex es of, .these,WD 03/.053908.PCT/ EPQ2/ 137

tertiary affhds SP¥3t {8 gﬁi&&&ﬁln@ e&ﬁtﬁ?ﬁgd PR Wﬁﬁlﬁ-aCl% 5%/ Tdurlc

di met Byl pr gpykenedi ami ne and a fatty acid such as stearic acid, coco fatty
acid, tallow fatty acid, rape seed fatty acid, soya fatty acid, oleic
acid, palmtic aC|atmi1|auotber5g§@uﬁ OStHuﬁt§ﬁ69ﬁ¥ra§W696u5fCa@EPBPﬁﬁry

"vent i on CHAS PAE Poy BHFA 160 ERothEch T8 CsoReTH: s BLEED. YO T
gCESCHZC» Ra¥ thewWdereueach Y independently is Hor -C(=0-R8, Eatb+c is

10 (CH,CH20) 5-Y
Rs-N*- (CH,CH,0) p-Y X (III)
(CH,CH,0) .-Y
15

where each Y independently is H or -C(=0)-Rs, Za+b+c is 3-50
and Rs, Rs and X  have the same meaning as above. These
quaternary ammonium compounds are esterquats that are
obtainable by the process of the present invention from fatty

20 acid esters of triethanolamine or ethoxylated triethanolamine
and an alkyl halide R:X, where X is halogen and Rs has the
same meaning as in formula III. Suitable examples are the
esters obtained from triethanolamine or ethoxylated
triethanolamine and an acid selected from the group stearic

25 acid, coco fatty acid, tallow fatty acid, rape seed fatty
acid, soya fatty acid, oleic acid, palmitic acid and lauric
acid.

The compounds that may be quaternised by the process

of the present invention are not limited to the types

30 mentioned above. For example, also tertiary amines selected
from the group consisting of di- and polyamines, alkoxylated

di- and polyamines, 3-alkyloxypropylamines, alkoxylated 3-



and R5, R8 and X- have the sanme neani ng as above. These quaternary
anmoni um conpounds are esterquats that are obtainable by the process of
the presewD ot i on fromfatty 20 acid esters of tri et hacolEpor/mysdr

et hoxyl ated triethanol am ne and an al kyl halide RSX, where X is hal ogen
and R5 has the sane nmeaning as in forrmula I11. Suitable exanples are the
esters obtained fromtriethanol am ne or ethoxylated triethanolam ne and an
acid selected fromthe group stearic 25 a%!d, coco fatty acid, tallow fatty
acid, rape seed fatty acid, soya fatty acid, oleic acid, palmtic acid and

| auric acid. The conpounds that y be quaternised by the process , of the
present i nReHIGHYRFOPNGATIFSY eaﬂ?@ 'tar?éﬁ%’iyﬁ’é%opéfa% rent 'é’rféi?p ad”n%f’é?mﬁbers '
exanpl e, alagdalbdty \ats1as el a1 )0 e i fenRlst | ng of di-

and pol yam nes, oxyl ated | - “and “pol yam nés, “3- al kyl oxypr opyl am nes,
al koxyl at edmd AMAMABEES5 3NAS aRCTOERRA/AEB 76 & aivafesnyimeshy ITird rmasly

N- ( 3- al koxypropyl)-1, 3-.pr opanedi am nes, | at ed .
N-( 3- al koxéﬁﬂb‘ﬂ%l%“—ef:t&lﬁr %’ﬁﬁeg#’%ﬁcﬁé@,ou%ﬁ g’)(; ar‘@satﬁdllffﬂdhds B may be
quat erni sedonthe nonl ¥ ertaaW el g dupplardd e PHIIE, (o e dpradefni sed

should 5 contain a tertiary amno group and no prinmary or secondary am no
groups. ThemdnkygriegbisSde used as the quaternising agent is preferably

et hy! ohl o de, maERYL. RO STdS. et Blce L OFk et bings by aljle, and s

preferably nethyl ori ol T'owi n X I'es ‘are’i strative of
the i nvenEr@rferaMys hetthy1neh lbe ickens e 1a b domiide, ng tther edflorideanpyt e 1

A 0.4 1 tubular. reactor with an internal dianeter of .

ethyl bromide, and most preferably methyl chloride.

10 The following examples are illustrative of the
invention, and should not be construed as limiting thereof.

Example 1
A 0.4 1 tubular reactor with an internal diameter of

0.01 m, filled with an inert packing consistihg of glass

15 raschig rings, was used for the continuous reaction of 68
g/hour di(hydrogenated tallow alkyl)methylamine/isopropanol
mixture with methyl chloride. The reactant tertiary
amine/methyl chloride molar ratio was 1:1.6 (MW amine = 523)
and the isopropanol content was 15% counted on tertiary

20 amine. During the quaternisation the reactor temperature was
kept at 100°C and the reactor pressure was 20 bar. The
resulting product was depressurized and collected in a heated
glass round bottom flask equipped with a condenser. The
excess amount of methyl chloride was removed by nitrogen

25 purging. At a residence time of 3 hours the tertiary amine
conversion to the quaternary ammonium chloride was 97.5%. The
desired product was obtained in the form of a yellow clear
liquid solution above 70°C.
- Example 2

30 | The same equipment as described in example 1 was used

for a continuous reaction of 102g/hour diester of stearic

acid and methyldiethanolamine/ethanol mixture with methyl



0.0l m filled with an inert packing consisting of glass 15 raschig rings,
was used for the continuous reaction of 68 g/ hour di (hydrogenated tall ow
al kyl) metwgloaosises i sopr opanol mxture with methyl chlori @€IT/EPa®13768ct ant
tertiary amne/nmethyl chloride nolar ratio was 1:1.6 (MVNam ne = 523) and
t he i sopropanol content was 15% counted on tertiary 20 am ne. During the
quaternisation the reactor tenperature was kept at 100C and the reactor
pressure was 20 bar. The resulting producg was depressurized and col |l ected
in a heated glass round bottom flask equi pped with a condenser. The

excess anount. of, net hyl ch] qrid s, renoyed by nitrogen 25 purging. At a
resi dence tf °5¥3§ %%u}got ea?§r¥$a?§ran$ﬂ% r%%ﬂ%%? iBﬁrébagﬁe quat er nary
amoni um chpf h&emeasy D leplorTde mdestr 6t P6ogHst 1 Wase OpliRi BREInEN=t hggf orm
of a yellow clear 1liquid solution above 70C. Exanple 2 30 The sane

equi pnent aandicshe | Pdehnel esempelt 1waaslbsedouted soroberhliagy awaBei oAt of

1029/ hour dj est of stearic i d t hyl di et hanol am ne/ et h |_m.xture
weh ot byl o oSS ot b e Bh e T N L TR S TR OO EHAPEE B The
react amt tetfid afyatarhaey idyhichl ehideia®l aasrats o Mes dedibefMitaause =
598) and the ethanol content was 15%counted on tertiary amne, At 6 a

resi dence tWafe REPLIRAIED tHee t EP¥ PPy andhiglbhyerel bewt @lesarhbighater nary

oo St 7l deo) o0 pr ot ves obtained Lnthe form ol

equi pnment as descriBxdhple exanple 1 was used 10 for a continuous reaction

of 68g/ hour dieste%ﬁg é%é?”ééﬁf%ﬁéht as described in example 1 was used

10 for a continuous reaction of 68g/hour diester of stearic acid
and methyldiethanolamine with methyl chloride at 100°C and 35
bar. The reactant tertiary amine/methyl chloride molar ratio
was 1:2.5 (MW amine = 598). At a residence time of 3 hours
the tertiary amine conversion to the quaternary ammonium

15 chloride was 96%. After depressurization sufficient ethanol
was added to the product in order to obtain the desired
activity, whereafter the remaining excess amount of methyl
chloride was removed by nitrogen purging. The desired product
was obtained in the form of a slightly yellow clear liquid

20 solution above 70°C.

Example 4
The same equipment as described in example 1 was used

for a continuous reaction of 106g/hour di(coco alkyl)methyl
amine with methyl chloride at 100°C and 30 bar. The reactant

25 tertiary amine/methyl chloride molar ratio was 1:2.35 (MW
amine = 397). At a residence time of 2 hours the tertiary
amine conversion to the quaternary ammonium chloride was 98%.
After depressurization ethanol was added to the product in
order to obtain a solution, whereafter the remaining excess

30 amount of methyl chloride was removed by nitrogen purging.

The desired product was obtained in the form of a slightly

yellow clear liquid solution above 70°C.



and net hyl di et hanol am ne with nmethyl chloride at 100C and 35 bar. The
reactant tertiary amne/nethyl chloride nolar ratio was 1:2.5 (MVNam ne =
598). At worrspsesmice tine of 3 hours the tertiary am ne PCMEPOTIYNStO the
guat ernary anmoni um 15 chl oride was 96% After depressurization sufficient
et hanol was added to the product in order to obtain the desired activity,
whereafter the remai ni ng excess anount of nethyl chloride was renoved by
nitrogen purging. The desired product wagyobtained in the' formof a
slightly yellow clear liquid 20 solution above 70C. Exanple 4 The sane
equi pnment as descrig_ll) ed _in exanipl e 1 was used for a continuous reaction of
1069/ hour di (coco amne with nethyl chloride at 100C and 30

bar. The reactant ZfGel ¢fznier @@M@{m&ﬂemlwddiqmﬁmﬁmllomﬂse?d 35
(MV amine = 397). At a residence tine of 2 hours the tertiary am ne
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10 Comparison 2
The same equipment as described in example 1 was used
for a continuous reaction of 68g/hour diester of stearic acid
and methyldiethanolamine/isopropanol mixture with methyl
chloride at 100°C and 7 bar. The reactant tertiary
15 amine/methyl chloride molar ratio was 1:1.6 (MW amine = 602)
and the ethanol content was 15% counted on tertiary amine. At
a residence time of 3 hours the tertiary amine conversion to
the quaternary ammonium chloride was 88%.
Comparison 3
20 : The same equipment as described in example 1 was used
for a continuous reaction of 68g/hour diester of stearic and
methyldiethanolamine with methyl chloride at 100°C and 20
bar. The reactant tertiary amine/methyl chloride molar ratio
was 1:4 (MW amine = 598). At a residence time of three hours
25 the tertiary amine conversion to the gquaternary ammonium

chloride was 89%. In Example 3 a conversion of 96% was

achieved with a molar ratio of only 1:2.5.



amne. At a residence tine of 3 hours the tertiary amne conversion to the
quat ernary ammoni um chl ori de was 89% 10 Conpari son 2 The sanme equi pnent as
descri bedwporsezanpl e 1 was used for a continuous reacti oRCefEPEBII7RDUN

di ester of stearic acid and nethyl di et hanol am ne/i sopropanol m xture with
met hyl chloride at 100C and 7 bar. The reactant tertiary 15 am ne/ net hyl
chloride nolar ratio was 1:1.6 (MVWam ne = 602) and the ethanol content
was 15% counted on tertiary amne. At a %?si dence tinme of 3 hours the
tertiary am ne conversion to the quaternary ammoni um chloride was 88%
Compari son 3 20 The sane _equi pnent as described in exanple 1 was used for
a continuous react ol & I6§’g our diester of stearic and

met hyl di et hanol am ne with nethyl chloride at 100C and 20 bar. The reactant
tertiary am ne/nethyl chloride nolar ratio was 1.4 (MNWamne = 598). At a
resi dence tli.re of Bhceathomosis?Prdee stserficramanarfiand uooimge res e texr nary

guat ernary ammoni um_chl ori was 89%_ 1In ampl e 3 a .conversion of_96% was
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ammoni um conpound by reacting, at a tenperature of from50C 5 to 140C, a
tertiary adimébatd the Adagting ilde Rarhaded iKed iTHRHRT tTRAGEHEtIbrR | S

performed i ul eac t 8sS W-8Suffd Gl g0ty 0. keeps t ahkyl
hal i de di s?%e\alées %i%n St%ﬁfefl reeag’{ itgon %eﬁuﬁ% Lﬁ{lh ol ar ratl o bet ween t he
tertiary ameaetismdniibaweddyltHalindabeaiatgid manuwkehn I Ho e Pary CaRind
process according to_cl.aim.1 characterjsed in that
and the alkyl halide being from 1:1.3 to 1:2.9.
10 2. A process according to claim 1 characterised in that
the pressure is from 12 to 65 bar.
3 A process according to claim 1-2 characterised in
that the pressure is from 15 to 55 bar and the molar ratio
between the tertiary amine and the alkyl halide is 1:1.4 to
15 1:2.7.
4. A process according to claim 1-3 characterised in
that the reaction mixture is, except for the alkyl halide,

free from solvents.

5. A process according to claim 4 characterised in that
20 the pressure is 30-50 bar.
6. A process according to claim 1-5 characterised in

that the tubular reactor contains internals that are

promoting plug-£flow behaviour.

7. A process according to claim 1-6 characterised in
25 that the alkyl halide is methyl chloride, methyl bromide or

ethyl chloride.

8. A process according to claim 1-7 characterised in

that the quaternary ammonium compound has the formula

30 RiRoR3R,NY X (I)



the pressure is from12 to 65 bar. 3. A process according to claim1-2
characterised in that the pressure is from1l5 to 55 bar and the nol ar
ratio bewvoeansvhe tertiary am ne and the al kyl halide isPCTEPO213755 15
1:2.7. 4. A process according to claim11-3 characterised in that the
reaction mxture is, except for the alkyl halide, free fromsolvents. 5. A
process according to claim4 characterised in that 20 the pressure is
30-50 bar. 6. A process according to claim,l-5 characterised in that the
tubul ar reactor contains internals that are pronoting plug-flow behaviour.

7. A proces cording t aim1-6 characterised in 5 it hat_.t he al kyl

halide is n@?%@? O%’nllor iadce},u%fteqcf'nayﬁ]b}g]r o4& ocﬁonte?wn hsz’r%; O%a}r]%gn Aa%b?%%éss

accordi ng tm, G M.lafeChdcaghael 5eddiffchak M&@gﬁa@&o@p@ni um
3908 PCT/ EP

conmpound has the fornula 30 RIRZRBRAN+ X- (1) 03/ 05 ‘ 02/ 13755
12 where RICORLBLBIRG otadByFalPolpaeons aPhi Agdrorp ¢APbdh dfliite AQR2iaind R3

are the sa i | , groups aLpj - carbgn atons
or a group %l}/@i%ﬁéegng%lgéﬁc‘g{np%l %yégngog?ggg%u%eé\nﬁgh&]iag}’ ggcgrbon

atons &nd ynumber Scetwmben befoeeR, H-SGn RLlEL anralk Worgranipiepntad ni ng 1-4
carbon atons and X- is ocess according to claim1-7

a hgl ide anign. 9. Ar&{ﬁ
char act eri SAFRMP FHIPS t AR hat’s faftHiftfortiATtonpound has the fornula 10
RSRER7TN+ ( @H2p) (@prdedds Xacddtdinhers EbaAnch BS éngepepdently is an

al kyl group containing 1-
that the quaternary ammonium compound has the formula

10 RsReRsN* (CoHzp) (OA).0-Rg X~ (II)
where R; arid R¢ independently is an alkyl group containing 1-

6 carbon atoms; R; is - (CpHpp) (OA),Q-Rs or a hydrocarbyl group
with 1-22 carbon atoms; Rg is a hydrocarbyl group with 1-22

15 carbon atoms; Q is
}'IRB $9
”O‘“ﬁ or ——ﬁ——o or '—O——ﬁ——o or *N‘—ﬁ or *—ﬁ-N
0] (0] O 0 0]

p is a number from 1 to 6, OA is an oxyalkylene group with 2
or 3 qarbon atoms, z is a number between 0 and 50; Ry is H or
a hydrocarbyl group with 1-22 carbon atoms, and X has the

20 same meaning as in formula I in claim 8.
10. A process according to claim 1-7 characterised in

that the quaternary ammonium compound has the formula

(CH,CH,0) .-Y
25 |
Rs-N*- (CH,CH,0) »,-Y X (III)

(CH,CH,0) .-Y



6 carbon atons; R7 is - (CpH2p) (OA) ,QR8 or a hydrocarbyl group wth
1-22 carbon atons; R8 is a hydrocarbyl group with 1-22 15 carbon atons; Q
is 19 9 -Wwo@306399C- 0O or -0-C-0 or -NNCor -C-N 00 0 0 ecrEPI¥1ESHunber
froml to 6, OAis an oxyal kylene group with 2 or 3 carbon atons, z is a
nunber between 0 and 50; RO is H or a hydrocarbyl group with 1-22 carbon
atons, and X- has the 20 sane neaning as in formula | in claim8. 10. A
process according to claim1-7 characteriged in that the quaternary

anmoni um corrpound has the fornula (CH2CH20 a-Y 25 R 9-N+-(CH2CH20) b-Y X-
(rery G%ZG%ZO%@TY VO 03/ 0 908 PCI/ EP02/ 13755 13 where each Y

i ndependent’SSY% n—%? Eap+S i B 2 57 (Z0h ks, 28 28 HaAR the

same nmeani nth@Rd,NrLoLAY! &- |Ha¢é‘tﬂéaé£&§ meaning as in formula II in

claim 9.



