PF 0000056867/ SB -1- "as originally filed" Magnetorheological liquid 5
Description The present invention relates to nagnetorheol ogical liquids, a
process for the production thereof and the use thereof. 10 In general,
| i qui ds whi ch change their rheol ogi cal properties under the action of a
magneti c fipg ghoo0ss868f98 red to as nmagnet or heol ogi cal |iquids (abbreviation:
MRL). They are generally suspensions of ferromagnetic, superparanmagnetic or
paramagnetic particles in a carrier ITEDi d (frequently also referred to as
base oil). 15 If such a suspension is exposed to a nagnetic field, its flow
resi stance ¢k Q&I CASS: iBlAodue to the fact that, owng to their nmagnetic
interacti onﬁh@ﬁm-neti zabl e particles, for exanple iron powder,
formchain-like structures parallel to the magnetic field lines. During the
def ormat i orMof an VRL .. tlhes structures are partially destroyed, but they
for m agai n MAEIGRPHEI UM oherties 20 of a nagnet or heol ogical liquid in
a magnetic field resenble the properties of a plastic body having a fl ow
limt, 4§ 'e'Dé.sEreiétﬁ) necessary to apply a mninmum shear stress in order to
cause t'he magneto "heol ogical liquid to flow. Magnetorheol ogical |iquids
bel ong to the group consisting of the non-Newtonian 25 liquids. OMng to
their flowgy.m j [ i t i hear
rate. The riicepere E‘ﬁ‘o%“;%ﬁé’?%a&*cE;%ggﬁﬁaﬂkﬁ%%!%yg?ﬁ%ﬁe% R e Hi el o
can take plpgeduciipr Hiereokiand thedise fgseolThe t heol ogi cal behavior of a
magnet or heol ogi cal |iquid can be described 30 approximately by a Bi ngham
nodel whose flow Jim¢t increases with increasing magnetic field strength.
For exHhpl d0 gepeal lgﬂﬂééﬁh‘%f’lﬁf’ég‘?&elhrh‘“'@lﬁg’c"éﬁgroﬁFmFﬁHﬂg%’fﬁ G actyn Y3 n2 can be
achi eved atmipmgnetieRl it yxfeflenss hi paghabmeoiopral kglids (Abb@hiatibhaMRI) t abl e
shear stresses are required for the use of magnetorheol ogical lLiquids in
appar at uses' $¥cH s g%%tS?:l[@’ atsBY e, (?I Jerepmas egpakgg’e%gan&gﬁgpc c8htroll able
35 devi ces paeangagnbappartcldein £esriecqud (fakpentheilso reféeal toly buser@l)st eeri ng
systens, gear- and brake-by-wire systens, seals, retaining systens,
prost heses, fitness devices or

15  If such a suspension is exposed to a magnetic field, its flow resistance increases.

This is due to the fact that, owing to their magnetic interaction, the dispersed
magnetizable particles, for example iron powder, form chain-like structures
paralle] to the magnetic ficld lines. During the deformation of an MRL, these
structures are partially destroyed, but they form again. The rheological properties

20  of a magnetorheological liquid in a magnetic field resemble the properties of a
plastic body having a flow limit, i.e. it is necessary to apply a minimum shear
stress in order to cause the magnetorheological liquid to flow.

Magnetorheological liquids belong to the group consisting of the non-Newtonian

25  liquids. Owing to their flow limit, the viscosity changes greatly with the imposed
shear rate. The reversible viscosity change due to imposition of a magnetic field
can take place within milliseconds.

The rheological behavior of a magnetorheological liquid can be described

30  approximately by a Bingham model whose flow limit increases with increasing
magnetic field strength. For example, shear stress values of a few tens of thousands
of N/m” can be achieved at magnetic flux densitics below one tesla. High
transmittable shear stresses are required for the use of magnetorheological liquids
in apparatuses such as shock absorbers, clutches, brakes and other controllable

35 devices (e.g. haptic devices, crash absorbers, steer-by-wire steering systems, gear-
and brake-by-wire systems, seals, retaining systems, prostheses, fitness devices or
bearings).



bearings). PF 0000056867/ SB -2- The transmttable shear stress of a

magnet or heol ogical liquid increases with the volunme fraction of the
magnet i zabl e particles. For individual applications, volune or weight
fractions of the nagnetizable particles of 90% or nore are entirely 5
desirabl e. PM00C0OSE8GTARRs, the individual conponents in the formulation,
primarily base oil, dispersers, thickgner and iron particles (surface
character), nmust be tailored to one afiother so that, in spite of the high
vol une fractions of nagnetizable particles, the dispersion can be handl ed.
This is understood firstly as neaning the flowability of the fornulations
over a wde tenperature range from 10 about -40C to 200C whi ch |s deci si ve
par ti cul ar | Thet Gansgytiable, sheps stigssonbe inagnesholpgical diquid seasgatythitBe ai m f or

as | ow a Vvigfgaé tf%cl'uﬁf’@l* th@?na%ﬂ@t@iamee% 1&1@@%r ‘iﬁlﬁwd@ﬂta‘pﬁﬂcdﬁfonﬁ VoRehet i c

field, as high a flow limt¢ 0ss] bl e under field, little gpilrrentatlon

of the megridt Veight &ragtionsi @f g, mlag@qtqzeb 9@@&&%@%069 %gaF SRRE S11G FYUEAS

redi speg si bidsirwe aﬁ]t tﬁéseS@déan&I mlividual $6mPEhedid (h3the Forhulblisit; Ippieegily

nmagnet or hegl o forrrul ns which, in additio fj'reler 8

conpri se g Eﬂeéﬁf%a et 2ds o ARATH e%u‘“ﬁ%@?aﬁ@@ﬂ’eﬁ fogpt from
O.hl to 1POQaH®reﬂntoad)detarQiﬂ;erth§ t}{mgriﬁt %mteecmlfomecaighf OOIIﬂiuieatftaOﬂoﬁsomﬁrl ses a
sheet silicate v rom t onif.e t e

myer ophobi CAMPISU pirtiefeShd fiserfs Sl e dERUBR Tis i PRS0 Emy 45 ¢ api o
sedi nent at i meanitp thevidow abiktyoofT itie rfgnmdat\ﬁs!ﬂSO)]vbﬂﬁlsﬁﬁeMmpéranugErm@mfm of sheet
silica ar S ehe | sad | i cations
oW ng gg thag) ﬂ{ CWH“ ?&)Olcs whﬁdg\/ﬁog'e%ﬁi%g@éﬂéulgﬁ\ys fgﬁfg&geﬁg?ﬁeﬁ% Oﬁgguse of

t hi ophos phoaeg@r alhd¢ oecessary ta aivadeor & lomarrmqnsis’ bseldasSmslbémwhmdrthe

magnet | Zab'fcul%ﬁ‘r&f'é?lrﬁg?étf&; ﬁélﬁpﬁ%i@gat R figlit 9 :iloss 18RIkt ¥ £ 'Ris 1%&967 715

relates to ‘a m xture e an iron particles in or
nmexi ni ze t hedimensdion gf thamagnmahleamtw%, Hidile teadercyreftdeeragate) @d @Sh cas are

addi ti onal | xgip&dibffy biteCleaemead@r €. Surfactants, such as ethoxyl ated
al kyl anm_nes,
15
WO 01/03150 Al discloses magnetorheological formulations which, in addition to
a carrier oil, comprise magnetorheological particles having an average diameter of
from 0.1 to 1000 um. In addition, the magnetorheological formulation comprises a
sheet silicate which is derived from the bentonite type. These hydrophobically
20  modified sheet silicates are used for preventing rapid sedimentation. However,
according to WO 01/03150 A1, large amounts of sheet silicate are used, which is
disadvantageous in low-temperature applications owing to the limited flow
behavior.

25 US 5,683,615 describes the use of thiophosphorus and/or thiocarbamate
compounds as dispersants for magnetizable particles for improving the colloid
stability.

US 5,667,715 relates to a mixture of large and small iron particles in order to

30  maximize the viscosity ratio with and without a magnetic field. Silicas are
additionally used as thickeners here. Surfactants, such as ethoxylated alkylamines,
are mentioned as dispersants. The ratio of the large to the small iron particles is
from 5 to 10:1.

35 WO 02/25674 describes a magnetorheological paste with the use of large amounts
of thickener in order to improve the sedimentation stability. However, experience
shows that such formulations are unsuitable for low-temperature applications,



are nentioned as dispersants. The ratio of the large to the small iron
particles is from5 to 10:1. 35 WD 02/ 25674 descri bes a magnet or heol ogi ca
paste with the use of large anounts of thickener in order to inprove the
sedi nentation stability. However, experience shows that such formul ations
are unsui t gt @0005636MEB enper at ure appl i cati ons, PF 0000056867/ SB - 3- ow ng
to the high flow resistance. EP 0 845 790 descri bes the use of nmagnetic
particles coated with synthetic polyners and cellul ose derivatives. By
usi ng these special synthetic polyners and 5 cellulose derivatives, it is
intended to tion stability, abrasiveness and col | oi d
stability S?L§EU9&EE%Qfﬂgﬁqﬁggﬁé?orheoIoglcaI formul ati on. Nevert hel ess,
the additional use of dispersants and thickeners in the fornulation is
required. 1gp A %h§aﬁb@BF&ﬁee§ hd RSe PRg d@ﬁgnll%eaee%%a Cith fs9hfigli@t i ons i's
that they have on Imte roperty. profi e res eCtive, fields of
use. Thus, I%OIYFBPHS|aﬁﬂlcélllﬂl9seo¢eft‘1iigv¢§n3\)&115 gtheteoraeal Hthes EW‘WF adons is

stabl e 9V€rcc@1ulds@|@ériv\éﬁ{réé lipng ﬂ@éﬂd@&l @Nlivp fﬁvet &epeécﬁheﬁeﬁompstam@ooc

whereas sufficient stabilit olo sent at. hi r tenperatures
up to 150C.2brisiveness ord stal) o the rash sgggostealgical gme

per for anCGN@Mh@Iéhs%rtheSidcﬁtiotﬁDuwf diqieﬂiahtsra&tmhlaselﬁrs inahBel fdrnmflatiolnaﬁ mal | oad.
These are firstly the rheol ogi cal properties, i.e. the flow behavior,

wi thout a ﬁﬁ@ﬁ%?fc field and under the influence of a magnetic field.

Secondly, after being subjected to a thermal load for a relatively long

tinme, e anpl es sh show_no | 0 i S, such
as aggllgme t(ﬁ%ﬂr‘iﬁgﬁrﬁagﬁ Rpffgq%‘@a” of Irl’% 1;?1%«?18%1051 ?%uglilghprk {ﬁgmgﬁﬁﬁfhgkﬁatl on of
hard sedi meoily alimitd progertyrpoofilefgethe respectperfmids of usa he known
magnet or heol ogi cal formnul ations are too highly viscous and solidify in 25
anor phous formor crystallize at tenperatures of up to -30C even w thout
appl i cat i onTlis, a mudgplicityof theknpbwiampgretorbeoldgisaldpanelagensos stahle over a

magnet or heo}eﬁﬁfvﬁsrl loh® Péﬂﬂdaédl P ASte PO ursy lﬁm‘ot1%OCP&zhé}Easasrufﬁdléntts%fhtﬁrhey have
no reversible formulatio ertles on thermal ng.
15 is no longer present at h1g er temperatures up to 150° 1n th1s context, stable is
understood as meaning that the performance characteristics do not deteriorate as a
result of thermal load. These are firstly the rheological properties, i.e. the flow
behavior, without a magnetic field and under the influence of a magnetic field.
Secondly, after being subjected to a thermal load for a relatively long time, the
20  samples should show no instabilities or inhomogeneities, such as agglomeration or
increased sedimentation, for example with formation of hard sediments which are

no longer redispersible.

The known magnetorheological formulations are too highly viscous and solidify in
25  amorphous form or crystallize at temperatures of up to -30°C even without

application of a magnetic field.

A further disadvantage of the magnetorheological formulations known from the

prior art is that they have no reversible formulation properties on thermal cycling.
30

There is therefore overall a need for magnetorheological formulations which are

stable over a wide temperature range and have reversible formulation properties

over this entire temperature range.

35 In addition, magnetorheological formulations are desired which have a low
viscosity even at low temperatures at -30°C or less without application of a
magnetic field, in order to ensure broad operability of the formulation even at high



30 There is therefore overall a need for magnetorheol ogi cal fornulations
which are stable over a wi de tenperature range and have reversible

formul ation properties over this entire tenperature range. 35 In addition,
magnet or heol ogi cal fornul ations are desired which have a | ow viscosity even
at | ow t enTRE@GI000868631SB 30C or | ess without application of a nmagnetic
field, in order to ensure broad operabjlity of the fornulation even at high
PF 0000056867/ SB - 4- particle concentrations of, for exanple, up to 90% by
vvel ght. Furthernore, magnetorheol ogi cal formnul atl ons are desired which can

redi Sp‘ifaéﬁ% &}ﬂwﬁy&tmgg gplfw%ﬁehﬁg%wt@glgmn of the magnetizable

partlcles pi gnent’e i ons having the abovenenti oned
properties should be obtained in order to ensure high transmttabl e shear

stresses OmgRihé&a! | AR mo;ﬁeolageﬁletfbﬁnﬁlhﬁm a]?@ed!smum waenetsa hgol ogi cal
formul ati ons_do not fu% he"requirenent profile 10 og}tllned above in

al | respectrgd ISIET%qqu“P% reréhhegﬁe%fﬁr bﬁeﬂqrqeytqt@nquoﬂledpagqﬁ:@g Ie PaSlgso\.
t enper a§ ur eHish lgﬁiaﬁﬁéu%rmmﬁm ﬁdvﬂlgdtﬁerﬂ)%véma’itﬁmeﬁ\/fyr@ﬁbmym@ﬁldjb@ to an
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f1 owabi | it ymagnetio@eRntire terrperat ure range is achieved only if the
concentration of magneti zable particles is not too high 15 or if |ess
t hi xotropic agent is used, which in turn neans sacrifices in the

sedi nent at i The lgtostmi inegnetorAealogidalrfgtngulationsi do odtdfuldl] the treqfirenteat profdent

| nvent i(g” t(ﬁ]tlﬁ)l{(f VibfiGe I}féﬂﬂesg rﬁ&?é@@?écﬁ%e?ﬁ%mgpfs%bﬁy Rk Whoqhwhave a

pref erabl y good proper I ons but preferably
do not havéemperaam\/tb\rdésbﬂmedndihsaﬁeldﬁrﬁgetgte o\flhl@hemkhdlm due to an

magnet or hecﬂx@@és%} lfugfl 'Wblc%l{)})@lsthe Egéésmp Bi ﬁﬁg He%a@&:la' Ve uliﬁbn?patlblhty

magnet or heol ogil ca t1"on. magn t or heol ogi cal ['at1 on
accordi ng t¥ Ctlhélspwerﬁtanérﬁmé@mlp é‘&%ﬂtst(ﬂé he flgwabifity i 6ﬁ§mett9@ﬂ@r§tur<a) at

| east one hagg Riakhididcdhiy ¥ the L&keRGationUP rhd}Re Q7 MUPpHRAEE Birob thoighli al ky!

15  or if less thixotropic agent is used, which in turn means sacrifices in the
sedimentation stability.

Accordingly, it is the object of the present invention to provide novel
magnetorheological formulations which have a preferably good property spectrum

20  for said applications but preferably do not have the above-described disadvantages
of the known magnetorheological formulations.

This object is achieved by a magnetorheological formulation.

25  The magnetorheological formulation according to the invention comprises the

following constituents:

a) at least one base oil which is selected from the group consisting of dialkyl
dicarboxylates, based on linear or branched fatty acids having chain lengths
30 of C4 to Cyp and linear or branched alcohols having chain lengths of C4 to
Cio; saturated polyol esters, based on neopentylglycol, trimethylolpropane
or pentaerythritol; poly-o-olefins and mixtures of the abovementioned

dialkyl dicarboxylates and poly-o-olefins;

35 b at least one magnetizable particle selected from the group consisting of iron
powder, finely divided iron powder, such as carbonyl iron powder, gas- and
water-atomized iron powder, coated iron powder and mixtures of the



di car boxyl ates, based on |inear or branched fatty acids having chain | engths
30 of &4 to CEO and |inear or branched al cohols having chain | engths of C4
to CI O saturated polyol esters, based on neopentyl gl ycol,
trimethyl ol propane or pentaerythritol; poly-a-olefins and m xtures of the
abovenent i @EAV0056867ySB di car boxyl ates and pol y-(x-ol efins; 35 b) at |east
one magneti zabl e particle selected frggythe group consisting of iron

powder, finely divided iron powder, suCh as carbonyl iron powder, gas- and
wat er-atom zed i ron powder, coated iron powder and m xtures of the PF

0000056867/ SB - ' : if&abl e particles; c) at |east one
%bo%ﬁ&ﬁ%@igﬁgﬁ&zﬁﬁﬁgﬁg!&&

di spersant selected tTromt roup c Isting of polyner-based dispersants
and al kyl phosphoric esters of |ong-chain al cohols or of alcohol 5

et hoxyl at e;)of t g REHRY Blpdr@niigidniED e gMB@nlstingloft golyfterdtidek = 0 to
20, particularly, preferabl

, y n =6 10,18 and 10 = Q to 10, J articular n
= 6 to 18 and x dspsryagtssandgligylphosghoriceaigrs BEE)%FHQ‘QBEQB‘&O&S %fg%fr?gccg'gied on
hydr ophgbi cal | y dgieskyldtecorshegénerdlifbinnades. 15 In a enmbodi nent of the present
i nvention, the magnetorheol ogical fornulation according to the invention
preferably essentially consists of the abovenentioned constituents. The
i ndi vi dual conmponents a) to d) conprRgED)| n t he magnet or heol ogi cal 20
formul ati on according to the invention are defined nore precisely as
foll ows. Base oil The magnet or heol ogi cal formul ati on according to the
i nventi on conpriwhse nas4anm 18 26d gid ) to 20, artadlarky efcoblys agelbatd x a

conpoupg sel ect e%Pft%@miBE)gﬁﬁP%:pf@&sjﬁ I N9-9fo 5@ Kyl di carboxyl ates,

based on |inear ranc acl aving chain lengths of C4 to C10
and linear or branched al cohols having chain |lengths of C4 to C o;

saturated pglyol4EeRh& che MARRAHPRNafFR AN b HERIphobIchiIF tRdifb P sARRNE OF
pent aer yt hr(;ﬂt ol ;a_ ,olty- a-ol efi ng aﬁ%ﬁn‘i xtures t(})&? tphg g%lggementi orsled di al kyl
silicates.

15 In a embodiment of the present invention, the magnetorheological formulation
according to the invention preferably essentially consists of the abovementioned
constituents.

The individual components a) to d) comprised in the magnetorheological
20  formulation according to the invention are defined more precisely as follows.

Base oil

The magnetorheological formulation according to the invention comprises, as an
25  oil, referred to below as base oil, a compound selected from the group consisting of

dialkyl dicarboxylates, based on linear or branched fatty acids having chain lengths

of C4 1o Cy and linear or branched alcohols having chain lengths of C4 to Cyg;

saturated polyol esters, based on neopentylgiycol, trimethylolpropane or

pentaerythritol; poly-ct-olefins and mixtures of the abovementioned dialkyl
30  dicarboxylates and poly-o-olefins.

It is preferable if the abovementioned base oils or the mixture of the
abovementioned base oils have or has a flashpoint of greater than 150°C and a
pour point of less than -55°C. Preferably, the base oil or the base oil mixture has a
35 water content of less than 0.5%, particularly preferably of less than 0.1%.
Furthermore, the base oil or the base oil mixture has a viscosity of, preferably, less
than 5000 mm?%s, particularly preferably less than 3000 mm’/s, in particular less



30 di carboxyl ates and poly-a-olefins. It is preferable if the abovenentioned
base oils or the mxture of the abovenentioned base oils have or has a

fl ashpoint of greater than 150C and a pour point of |ess than -55C
Preferably, the base oil or the base oil mxture has a 35 water content of

| ess t han PHEOGO0PSER67(SB arly preferably of less than 0.1% Furthernore, the
base oil or the base oil m xture has a6V| scosity of, preferably, less than
5000 mmR/s, particularly preferably | eSs than 3000 er/s in particular |ess
PF 0000056867/ SB -6- than 2000 nmR/s, in each case at a tenperature of -40C.
At the samg %{yﬁ'@m Fld@/s l?l?égcho&ise ) thnB&aﬁﬂ@%TCffd°C5tﬁﬁt{hé Is hvie Rmd)itRkh

t emper at ure means of 1ron and air, “ensuring optinum use over a wide

t enper at ur dasipihdas ightehemicab swbilitpat high teyaperayie byimeans ef frer #ad @ife

conti nuous Jbasfy Phinkif usd SR aLAIORMREIERIratdequi d. 1 f a di ester based on
short-chain fatty acids is used as the base oil, it is preferably a diester
of the Enkarate brands and the Pri ol ube brands from Uni gema, e.g. 10
Enkarat® 108 aae¢ bikar athe 848900RnshiRuieOlforne UED Lonfiiumk Upkd(st) o8R8 and
Priol ube 3960. |f di.e ﬁer based on long-chain fatty acids is used, it is
preferable megng}o&qoéqggcai 9Pl " pri ol ube brands from Uni gema are used, e.g.
Priolube(r) 3967. 15 A further suitable diester is known under the trade

name Qi ssaqfl di esters
are dii soo(ﬁf?l gg‘ﬁ%‘%@ on SE'O ccth% tg @é% e ug‘k‘l‘g%ﬁlgcbtag{ &IP E)'S}Eéé&[%f If a

sat ur at ed pbésyed ofeticeEmishrateS r hramdd mmd i HQOblbsedvrmdsn%@peHny{Bgﬂayc@
trimetpyl ol e Q) t i G|

magnet or he W&}% 89%{% g‘?‘kéﬁ&acggjp d%uﬁi Pfigﬁ%) ﬁi 1?2?7:%‘??%?# P %?3‘2% of

Pri ol ube brRdeber r39%60PUni genm, 25 in particul ar Priol ube 3970 is preferred.
Further unsaturated pol yol esters are, for exanpl e, Priolube(r) 2065 and
2089 fromUnigema, trinellitic esters, . Enkarate(r) .8130 and 9130 from
Uni gema, and a@@ﬁﬁﬂ dusedanalogg- cgalg Tfatpy ilcaqiqﬂgéu(seq ityig paeferable if diesters of the

Priolube® brands from Unigema are used, ¢.g. Priolube® 3967.

15
A further suitable diester is known under the trade name Glissofluid® A9. This is
dinonyl adipate.
Further suitable diesters are diisooctyl sebacaie, dioctyl sebacate and dioctyl
20  adipate.

If a saturated polyol ester of carboxylic acids based on neopentylglycol,
trimethylolpropane or pentaerythritol is used as base oil in the magnetorheological
formulation according to the invention, the use of Priolube® brands from Unigema,

25 in particular Priolube® 3970, is preferred. Further unsaturated polyol esters are, for
example, Priolube® 2065 and 2089 from Unigema, trimellitic esters, e.g.
Emkarate® 8130 and 9130 from Unigema, and complex esters, e.g. Priolube® 1849
from Unigema.

30  If a poly-a-olefin is used as base oil in the magnetorheological formulation, the use
of Durasyn® 162 and of Durasyn® 164 from Amoco is preferred. The use of
Durasyn® 162 from Amoco is particularly preferred.

In a further preferred embodiment of the present invention, a mixture of an
35  abovementioned dialkyl! dicarboxylate and a poly-a-olefin is used as base oil.



fromuUnigema. 30 If a poly-a-olefin is used as base oil in the
magnet or heol ogi cal formul ation, the use of Durasyn(r) 162 and of Durasyn(r)
164 from Anoco is preferred. The use of Durasyri 162 from Anbco is
particularly preferred. In a further preferred enbodi nrent of the present

I nvent i on, P& 000Q036867(4B an 35 abovenenti oned di al kyl di carboxyl ate and a
poly-a-olefin is used as base oil. PF,9000056867/SB -7- As al ready

menti oned, poly-(x-olefins are preferred base oils in magnetorheol ogi cal
fornulatlons This is, inter alia, because of their |ow viscosity at |ow
tenperatures, which neans that nagnetorheol ogical fornulations based on
these base oils still 5 flow at tenperatures of at |east -30C in the
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as, for exagmhfatidnBETHs &5 iREr AiaNBEvabiscrsh theit Row vaa@kutyhﬁ 1¢mw@mhﬁ@l ogi cal

fornulatlonﬁpaﬂsed on these oils are gan entl S ous §¥eﬁ a wde

t enper at ur &"H&hgEar%e VWHWTWOP(S@% ‘Wé’@s ccl"{l F@SC Bttt n

l|t;art l fcuﬂ a(r]I ik htow:ﬂpeh fgnﬁégabﬂmels:astleomﬁotrdl ﬂi\gdifmetsme lany emi ]Emﬁ;fotetbd”las now
een found t t he base vi.sco 0 0 tions in
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especially enperatur s an a eous,”Tor exahple
appl|cat|om@cwmmnthﬁhadmnﬂdeWQnmﬂmvaﬁ. VVthln thi s enbodiment for the
formatjpn of the base oils, it is preferable if the proportion of dialKkyl
di carboxylate is not nore t han 30% by weight, preferably not 20 nore than

28% by wei deording to dhe arveptipn.elt sty hsen rownd ﬁﬁ’éﬁhfzé%ebylsﬁ%ﬁl@hf’f very

par ti cul ar |y ReeRohiPical mhﬂafoﬁs tuhaﬁ FRAQOrRY s E;hbweir wuﬁaﬁé hé‘el&i@dﬂ hot nore
than 22% by wei ght, especi al

(¥ nore than 20% vie 8 in each
case on t HBIXBIEs ?ﬁrswreﬁ%g poly- ﬁée wamﬂflstealo ar Wo Rﬁ%@ 1§StF‘h@‘ a’bonponent
of hi gher M%lﬁﬂﬂ&is’b)bfltﬁe Ftﬁ% SRS Thii dmpristing setfaufdrhepanicelaﬂyqfrmcainbal if the
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in the automotive sector.

Within this embodiment for the formation of the base oils, it is preferable if the
proportion of dialkyl dicarboxylate is not more than 30% by weight, preferably not

20  more than 28% by weight, particularly preferably not more than 26% by weight,
very particularly preferably not more than 24% by weight, in particular not more
than 22% by weight, especially not more than 20% by weight, based in each case
on the oil mixture. If the dialkyl dicarboxylate is the oil component of higher
viscosity in the base oil, it is furthermore preferable if the proportion of the dialkyl

25 dicarboxylate is from 2 to 15% by weight, preferably from 3 to 14% by weight,
particularly preferably from 3.5 to 13% by weight, very particularly preferably
from 4 to 12% by weight, in particular from 4.5 to 11% by weight, especially from
5 to 10% by weight.

30  In these oil mixtures comprising poly-a-olefins, preferably diisooctyl sebacate,
dioctyl sebacate, dinonyl adipate or dioctyl adipate, particularly preferably dinonyl
adipate, is used as the dialkyl dicarboxylate.

In these oil mixtures comprising dialkyl dicarboxylates, preferably
35  Durasyn® DS 164 and Durasyn® DS 162 from Amoco, particularly preferably
Durasyn® DS 162 from Amoco, is used as the poly-o-olefin.



particularly preferably from3.5 to 13% by weight, very particularly
preferably from4 to 12% by weight, in particular from4.5 to 11% by

wei ght, especially from 5 to 10% by weight. 30 In these oil m xtures
conprising poly-a-olefins, preferably diisooctyl sebacate, dioctyl
sebacat e, AHOOPDSGRE7ER e or dioctyl adipate, particularly preferably

di nonyl adipate, is used as the dial kyl dicarboxylate. In these oil

m xtures conprising dial kyl dicarboxylates, preferably 35 Durasyn DS 164
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which is s mthe group consisting of iron powder, finely divided
i ron powder" O'Etlgﬂ lgiq‘%ws‘éhg i ron powder, which is prepared fromiron

pentacarbonyl, water- or gas-atom zed iron powder, coated iron powder, for
exanpl e i F Nia R%Mjﬁinlec stmth Si2 particles, with other netals or 15 with
at | east one g m xtures of the aboverrentloned magnet i zabl e
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pr ef erably gdvater &oﬂéxéx@plezx%nmmeﬁboa@@d Wwith 8105 Ipyirtielesf @ithkher ficats @c1 to 100
n ' 't I\Sll% % l];r ' onc polymer and mixtures of the abovementioned magnetizable
particles. So-called carbonyl iron powder which is obtained by thermal

decomposition of iron pentacarbonyl is particularly preferred.

The shape of the magnetizable particles may be uniform or irregular. For example,

20 said particles may be spherical, rod-like or acicular particles. The spherical shape,
i.e. shape of a sphere or a shape similar to the shape of a sphere, is particularly
preferred when high degrees of filling are required.

If spherical particles are used, the median diameter [dsp] is preferably from 0.01 to
25 1000 um, particularly preferably from 0.1 to 100 um, in particular from 0.5 to
10 um, especially from 1 to 6 pm. The abovementioned orders of magnitude of the
median diameter are advantageous in particular because they lead to
magnetorheological formulations which have improved redispersibility and an

improved flowability in the field-free state at low temperatures.

30
If no spherical particles are used, the median longest dimension of the
magnetizable particles provided according to the invention is preferably from 0.01
to 1000 um, particularly preferably from 0.1 to 500 pm, in particular from 0.5 to
100 pm.

35

If metal powder is used as the magnetizable particle, said metal powder may be
obtained, for example, by reduction of corresponding metal oxides. If appropriate,



10 m .especially froml to 6 m The abovenenti oned orders of nagnitude of
the nedian dianeter are advantageous in particular because they lead to
magnet or heol ogi cal fornul ati ons which have i nproved redispersibility and an
inmproved flowability in the field-free state at |ow tenperatures. 30 If no
spheri cal PFEOG000EB63/SB used, the nedi an | ongest di nmension of the

magneti zabl e particles provided accorp%gg to the invention is preferably
fromO0.01 to 1000 m particularly preferably fromO0.1 to 500 m in
particular from0.5 to 100 Itm 35 If netal powder is used as the
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spheri cal ;iamab:weerWﬂ@omh’ﬁﬁavenagmtl(dﬁﬂﬂesmqserﬂl aneters. It is furthernore
preferygd if the magnetizable particles have in each case a nedian dianeter
[d50] of fromO0.01 to 1000 particularly preferably from0.1 to 15 100
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15 100 pm, in particular from 0.5 to 10 pm, especially from 1 to 6 um, and the ratio
of the median diameter of the first particle type to the median diameter of the
second particle type is from 1.1 to 4.9:1, more preferably from 1.5 to 4.5:1,
particularly preferably from 1.75 to 4.25:1, very particularly preferably from 2 to
4:1, in particular from 2.25 to 3.75:1, especially from 2.25 to 3.0:1.

20
The content of magnetizable particles in the magnetorheological formulation
according to the invention is preferably from 30 to 93% by weight, particularly
preferably from 50 to 93% by weight, in particular from 70 to 93% by weight.

25  Dispersant

The magnetorheological formulation according to the invention preferably

comprises a dispersant selected from the group consisting of polymer-based, in

particular polyester-based, dispersants and alkylphosphoric esters of long-chain
30 alcohols or of alcohol ethoxylates of the general formula

Ra(EO)«

where n = 8 to 18 and x = 0 to 20, particularly preferably n =8 to 18 and x =0 to
35 10, in particular n = 8 to 18 and x = 0 to 5, or mixtures of the abovementioned
dispersants.



4:1, in particular from2.25 to 3.75:1, especially from2.25 to 3.0:1. 20
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magnet or heohaggewsheoldgicabfpratulasionaccor di ng to the invention after
sedi meyt ati on of the magnetizable particles. 15 By using, inter alia,
pol ymeri c di spersants, good fl ow behavior_ of the nagnetorheol ogical
for mul at i ordait dispgrsahyiermits r goode sedispersibibity: evithiy ethenmagneforheological

formulation according to the invention after sedimentation of the magnetizable

particles.

15 By using, inter alia, polymeric dispersants, good flow behavior of the
magnetorheological formulation at low temperatures can be ensured even with a
high load of magnetizable particles of, for example, 90% by weight. Typically, the
shear stresses of 90% strength by weight formulations at -30°C in the field-free
state at a shear rate of 40 s™

20 800 Pa.

are less than 1000 Pa, in particular even less than

Thixotropic agent

The magnetorheological formulation according to the invention preferably
25  comprises at least one thixotropic agent based on hydrophobically modified sheet

silicates.

The settling of the magnetizable particles within the magnetorheological
formulation according to the invention can be minimized by forming a thixotropic
30  network. A thixotropic network can be formed in the magnetorheological fluid of
the present invention by using the abovementioned thixotropic additive. For the
purposes of the present invention, it is particularly preferable if the
hydrophobically modified sheet silicates are derived from the hectorite, bentonite
or smectite type. The sheet silicates of the Bentone® serics from Elementis are
35  particularly preferred. In addition, Bentone® SD-1, SD-2 and SD-3, in particular
Bentone® SD-3, which is an organically modified hectorite, are furthermore
preferred. The thixotropic agents are present in the present magnetorheological
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powder, nolybdenum disulfite or graphite powder, cortrosion inhihitors,
extrenme pr 8ggpetarhgalogical, dguids aﬁ%@r%wr toadhei inveRidon ecordingotq wawihsthe1o The

present i Ny@phéOALR! RIS RbeRIed Ac@riding ¢8 B inQéntidncard dRParsed imabede t he
magnet or heol Oigl cal i S accord(lbtn hto t he |nvenh{(ﬁg,diiaccord| ng to which

qui
the magnePlzEBPROBHALE i thEPICHERKH LXOU8PE;aggnL2g REERRG on are

di spersed in a base oil, if appropriate in the presence of a thixotropic
agent l%nd ?r]; géane%l? % Sr%{algrhtion is effected by first initially taking the base oil or the
base oil mixture and then providing it with the dispersant, thixotropic agent and, if
appropriate, further additives provided according to the invention. The resulting
mixture is then homogenized by means of a suitable stirring unit. Thereafter, the
magnetizable particles are added and homogenization is again effected. The second
20  homogenization, too, is preferably effected with the aid of a suitable stirring unit.

Optionally, the resulting formulation is degassed under reduced pressure.

The present invention furthermore relates to the use of the magnetorheological
liquids according to the invention for applications in shock absorbers, clutches,

25  brakes and other controllable devices, such as, in particular, haptic devices, crash
absorbers, steer-by-wire steering systems, gear- and brake-by-wire systems, seals,
retaining systems, prostheses, fitness devices or bearings.

The present invention furthermore relates to shock absorbers, clutches, brakes and

30 other controllable devices, such as, in particular, haptic devices, crash absorbers,
steer-by-wire steering systems, gear- and brake-by-wire systems, seals, retaining
systems, prostheses, fitness devices or bearings containing at least one
magnetorheological liquid according to the present invention.

35  The present invention is explained in more detail with reference to the following

examples.



15 In._general, the preparation is effected by first initially taking the
base oil or the base oil mxture and then providing it with the dispersant,
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to the invention. The resulting mxture is then honogeni zed by neans of a
sui tabl e sPF0000Q568074SB Thereafter, the nmgnetizable particles are added
and honogeni zation is again effected. ;Jhe second 20 honbgeni zation, too, is
preferably effected with the aid of a Suitable stirring unit. Optionally,
the resulting fornulation is degassed under reduced pressure. The present
invention furthernore relates to the use of the magnetorheol ogical [|iquids
according to the invention for applications in shock absorbers, clutches,

25 brakes Merkingexamples ol | abl e devi ces, such as, in particular, haptic
devi ces, crash absorbers, steer-by-wire steering systens, gear- and
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syst ens, gégrrigéﬁiﬁéﬁ%fgy-mﬁre systens, seals, retaining systens,
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15 The formulation is left for 24 hours in a glass container with a screwable lid at
-40°C. By tilting the glass container, the flow behavior is assessed. In addition, a
laboratory spatula is inserted into the formulation and turned through 180°. The
resistance to the movement of the spatula is assessed qualitatively.

20 C)  Chemical stability:

The formulation is left for 24 hours in a glass container with a screwable lid at
150°C. The discoloration of the base oil and the change in the viscosity of the
formulation before and after thermal loading are then measured at 25°C.

25
Chemical changes which relate primarily to the base oil as carrier liguid are
detected by means of chromatographic methods which relate to the chemistry of
the base oil (e.g. gas chromatography, high-pressure liquid chromatography, gel
permeation chromatography).

30

D) Sedimentation:

The magnetorheological formulations are introduced into a graduated test tube, and
the percentage sedimentation is read at 20°C after 28 days.
35
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agai n honogeni zed with the aid of a suitable stirring unit. Optionally, the
formulation is then degassed under reduced pressure. 3. Exanpl es of

magnet or hed ogi déiNamplesofl mageeterhevtpgical fergmelationseol ogi cal fornul ati on

consi sig ng of - 10.5% by wei ght of trinethyl ol propane-tricarboxylic acid

ester, carboxylic acids having a _chain length of C8 - CLO (Priolube 3970),
as base o0i 13 Magnetorheological f6rmulation consisting of

- 10.5% by weight of trimethylolpropane-tricarboxylic acid ester, carboxylic
acids having a chain length of C8 - C10 (Priolube® 3970), as base oil;

15 - 85% by weight of carbonyl iron powder having an average particle size of
5 um as magnetizable particles;

- 4% by weight of a mixture of phosphoric monoester and phosphoric diester
of a C13/C15 alcohol ethoxylate having 3 ethylene oxide units as the
dispersant;

20 - 0.5% by weight of a hydrophobically modified hectorite sheet silicate
(Bentone® SD-3) as the thixotropic agent.

The formulation can be readily redispersed after sedimentation.
25 b) Magnetorheological formulation consisting of

- 14.2% by weight of dinonyl adipate as base oil;
- 85% by weight of carbonyl iron powder having an average particle size of
5 um as magnetizable particles;
30 - 0.3% by weight of polyhydroxystearic acid (Solsperse® 21000) as the
dispersant;
- 0.5% by weight of a hydrophobically modified hectorite sheet silicate
(Bentone® SD-3) as the thixotropic agent.

35  The formulation can be readily redispersed after sedimentation, shows little
tendency to undergo sedimentation, shows high transmittabie shear stress and can
be used in a wide temperature range of from at least -40°C to 150°C.



15 - 85% by wei ght of carbonyl iron powder having an average particle size
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sedi nentation, shows high transmittahle shear stress and can ]
The formulation can be readily redispersed after sedimentation, shows little

tendency to undergo sedimentation, shows high transmittable shear stress and can
be used in a wide temperature range of from at least -40°C to 150°C.

15 d) Magnetorheological formulation consisting of

- 11.1% by weight of poly-at-olefin Durasyn® 162/dinonyl adipate (8:2) as
base oil;
- 88% by weight of carbonyl iron powder having an average particle size of
20 4 um as magnetizable particles;
- 0.6% by weight of alkyd resin Borchi® Gen 911 as the dispersant;
- 0.3% by weight of a hydrophobically modified hectorite sheet silicate
(Bentone® SD-3) as the thixotropic agent.

25  The formulation can be readily redispersed after sedimentation, shows high
transmittable shear stress and can be used in a wide temperature range of from at
least -40°C to 150°C.

4. Magnetorheological formulations comprising coated magnetizable
30 particles

The influence of silica particles (SiO; particles) as coating material for the iron
particles (CIP) on the redispersibility after sedimentation and on the flow behavior
at low temperature was investigated.

35
The following tables show that coating of the magnetizable particles with SiO; is
advantageous with regard to the redispersibility and the low-temperature flow



be used in a wide tenperature range of fromat |east -40C to 150C. 15 d)
Magnet or heol ogi cal formul ati on consisting of - 11.1% by wei ght of

pol y-(x-ol efin Durasyn(r) 162/di nonyl adipate (8:2) as base oil; - 88% by
wei ght of carbonyl iron powder having an average particle size of 20 4 [Lm
as magnet i PERIOBOQEGBOTVASBes; - 0. 6% by wei ght of al kyd resin Borchi(r) Gen 911
as the dispersant; - 0.3% by wei ght Qf a hydrophobically nodified hectorite
sheet silicate (Bentone SD-3) as the I.Shl xotropic agent. 25 The fornul ation
can be readily redi spersed after sedinentation, shows high transmttable
shear stregshAfl: can be used in a wide tenperature range of fromat |[east
-40C to 150C. 4. Magnetorheol ogi cal formulations conprising coated
magneti zable 30 particl The influence of sjlica particles (SiQ2

particles) Bamc a@:hﬂ nf el i gl f Or pgjpe |igpd® pﬁéﬂté&“?{e&&i&e@ Olﬁlotvh
redi spersijbil ity aftqr sedi nentation"and on tpe fl owJ behavi o | ow

t enper at ule Bltas |ilfkygt iCdBt peoating | The- £ gl 168 npSPabl%ed shEY t '%ﬁhan?fati ng of
t he magneqi zabl qt partli plgs| Wi th $i @ﬁﬂg 91aq%ant@gﬂqus ¥4 flh, r e0a0W tjo the
redi spersilbility and |the | Bwten’ﬂi atyrle f1 ow PF 00000563 7/ 1SB - 15-

behavi or: |Exam [CI P d50 CI P Poly ghl‘(yr‘)' JBEnt on Re ? Flow fpie [% by
ClP coating a- Gen SB-3 [%si biliftpebehavior | w. ] [M ol efl n 911 [[% by w. ]
15 min, -40C D$ 162 by w]] 2008) qwj%by wi] 1 8<F 5.0 Si 15.9/ 0.6 1.5

——{D

—_—
[(olmml

0/+ 0/ + 28264 159646135
1 82 5.0 Si0; 15.9 0.6 1.5 0/+ 0/+
2 82 6.0 - 15.9 0.6 1.5 0/- 0/-
3 88 2.0 - 11.1 0.6 03 - +
4 88 1.7 - 1.1 0.6 0.3 -
5 88 4.0 510, 11.1 0.6 0.3 0

Exam- | CIP dso CIP Diester | Sols- | Bentone® Redisper- Flow
ple | [%by| CIP | coating | Glisso- | perse® | SD-3[% | sibility | behavior

wt] | [um] fluid® | 21000 | bywt] | 15min, | -40°C
A9[% | [%by 2000 g
by wt.] wt.]

85 2.0 - 14.2 0.3 0.5 -

85 2.0 - 13.9 0.6 0.5 -

8 85 5 810, 14.2 0.3 0.5 0 ++

Explanations:

Redispersibility (15 min, 2000 g):
+: readily redispersible

10 O redispersible
- poorly redispersible

- not redispersible

Flow behavior (-40°C):
15 - solid
0: flows very slowly
high viscosity

++:  low viscosity



3 88
11.1

10 O:
(-400):

2.0
0.6
[% by CIP c
21000 by wt.]

0.3 0.5 --PBOOKNE®GSE!/8B-
Expl anati ons:

-1
0.3
0

redi spersi bl e

15 solid O:
vi scosity PF 0000056867/ SB -16- 5.
| ow-t enper at ure_behavi or and,
show t hat Par gelnfiance of the thixotrapic,agent ggdhe lowy-tenpgratyrg
have an adver setlff fedispefyibilibe
redi spersibility. Exam Cl P Poly- Borchi

1.1 0.6 0.3 -- + 4881.7- 11.10.60.3 -+ 5884.0S X

0 + Exam CEP d50 CIP D ester Sols- Benton Redisper- Flow pie

ating Aisso- perse SD-3 [%sibility behavior wt.] [m fluid(r)

15 mn, -40C A9 [%[%Dby 2000 g b t.] Wt.] 6 85 2.0 - 14.2

13.9 0.6 0.5 -- 0 8855 S 14.2 0.3 0.50 ++ 5

Redi spersibility (15 m.l@- 2000 g): +: readily redispersible
poorly redispersible not redispersible Flow behavior

flows very slowy +: high viscosity ++: |ow

I nfl uence of the thixotropic agent on the

the redispersibility 5 The foll ow ng exanpl es

hehavigr apdnt on SD- 3,

and the

Fl ow Sedi nen

| ow-t enperature fl ow behavi or
Bent one Vi s- Redi sper

5 The following examples show that large amounts of thixotropic agent, in particular
of Bentone® SD-3, have an adverse effect on the low-temperature flow behavior
and the redispersibility.

Exam | CIP | Poly- | Borchi | Bentone Vis- Redisper | Flow | Sedimen
ple (% o- ®Gen | ®SD-3 cosity sibility | behavio | -tation
by | olefin | 911 [% [%by | [mPas] j (15 min, r [%],
wt. | DS 16 | by wt.] wt.] D=87s | 2000g, | (-40°C) | 28 days
1 2 {% ! 20°C) 20°C
by wt.] -30°C
O* 82 14.4 0.6 3 solid**
10%* 82 15.9 0.6 1.5 10 300 0/+ 0/+
11 85 | 14.21 0.29 0.5 4250 O/+ ++ 12
10
Explanations:
*: Comparative example (based on WO 01/03150)
Redispersibility (15 min, 2000 g):
15 + readily redispersible
0: redispersible
- poorly redispersible

not redispersible

20 Flow behavior (-40°C):

- solid
0: flows very slowly
high viscosity
++:  low viscosity
25



pie [ % a-

28 days ]| 2 [%

(15 mn, 2000 g):
redi spersi ble not
very slowly +:

i ron powder

911 as a dIS ersa

15 +:

hi gh viscosity

ol o ng {0 mul SERcorREME o0t

r[94,

++:

conpr

iHBE cSinpPis

he viscosity of the f
and a shear ™ ?aP‘éW‘aﬂf ggwgg 13 F%‘}Fi‘r%l amsiers e
5  Bentone® SD-3 as a thixotropic agent and 0.6% by welght of Borchi~ Gen 911 as

(r) Gen (r) SD-3 cosity sibility behavio -tation
(% by [nPas] (15 m n, w. DS 16 by wt.] w.] D=87 s 2000 g,
20C) 20C by w.} -30C 9* 82 14.4 0.6 3 solid** 0O 10* 82
15.9 0.6 1.5 10 300 O/+ O/+ 4 11 85 14.21 0.29 0,5 4250 0O/ + ++ 12
Expl anat i onBF 000566 AHEBve exanpl e (based on WO 01/ 03150)
readily redlspﬁsmle
redi spersi bl e 20 Fl ow behavi or (-400) :

| ow viscosity 25 PF 0000056867/ SB -17-

H@%g@bhnﬂ‘x
y wel 9
havi ng a nedi an dianmeter of 5 m 0 33% by weight of 5
Bentone(r) $k Solfswing FOIMAAIERI 12 RIENLadiNEh rﬁsé)m%\w WEEhobf BRb

0: redispersible

by olefin 911 [%
(-400

10

Redi spersibility
poorly
solid O: flows

es The
of carbonyl

1(r) Gen

Iat I\/ﬁ&@%s 3§6tﬁe‘ég1 ] ?d at -30C

a dispersant. The viscosity of the formulation was determined at -30°C and a shear

rate of 39 5™
Formulation | Base oil Viscosity [mPa-s]
D=395s",-30°C
12 Poly-o-olefin Durasyn® 162 12 500
13 Poly-a-olefin Durasyn® 162 / dinonyl | 9800
adipate (95:5)
14 Poly-ai-olefin  Durasyn®162 / dinonyl | 7700
adipate (90:10)

10  The following formulations 15 to 17 each comprise 85% by weight of carbonyl

iron powder having a median diameter of 5 um, 0.50% by weight of
Bentone® SD-3 as a thixotropic agent and 0.29% by weight of Borchi® Gen 911 as
a dispersant. The viscosity of the formulation was determined at -30°C and a shear

rate of 39 5.
15
Formulation | Base oil Viscosity [mPa-s]
D=395s",-30°C
15 Poly-o-olefin Durasyn® 162 6260
16 Poly-o-olefin  Durasyn®162 / dinonyl | 4700
adipate (95:5)
17 Poly-o-olefin  Durasyn®162 /  dinonyl | 4800
adipate (90:10)

Further properties relevant for use, such as the redispersibility of the formulation

after sedimentation, are not adversely affected by the base oil mixtures.



D=39s ', -30C 12 Poly-(x-olefin Duras n(r)162 12 500 13 Poly-a-olefin
Durasyn 162 / di nonyl 9800 adipate (95:5) F-I|adi pate Poly-a-ol efin Durasyn
162 / dinonyl 7700 (90:10) 10 The followi ng formulations 15 to 17 each
conprise 85% by wei ght of carbonyl iron powder having a nedi an di aneter of
5 m 0. 50%By00e0§6867648B Bentone(r) SD-3 as a thixotropic agent and 0. 29% by
wei ght of Borchi Gen 911 as a dispersg%L The viscosity of the formul ation
was determ ned at -30C and a shear rate of 39 s'. 15 Formnul ati on Base oi
Viscosity [mPas] D =39 s ', -30C 15 Poly-a-olefin Duras n(r)162 6260 16
Pon-a-oIef“@cg&ﬁgsyn 162 / dinonyl 4700 adi ate (95:5) 17 Poly-(x-olefin
Durasyn 162 / di nonyl 4800 adipate (90:10) Further properties relevant for
use, such as the redispersibility of the fornulation after sedinentation,

are not adver sel X ngdpheeiReidical Rfmg#idn @bmpAkingur es. PF 0000056867/ SB - 18-
We claim 1. A magnetorheol ogical fornulation conprising a) at |east one

base oil which is selected fromthe group consisting of dialkyl
di car boxyl at es, dassdessn onk ase oflrwhichnigc keldctbatitom alkd deoupasuneigting béli n

gL s oL 4 Lo P50 P S SRl er
tri met hyl ol pr opane drimlengtheof/Chtd €pland piabar-avtbraickéd alsoknisihaving cltaes of t he
abovenentioned di al lléXéthgi)Féﬁ Pooé}f)E Qatt&rateﬁrb%l)%q leXtéx(sz(bé)sleﬁ foilrﬁ%bpentylglycol,
trimethylolpropane or pentaerythritol; poly-o-olefins and mixtures of
the abovementioned dialkyl dicarboxylates and poly-oi-olefins;

b) at least one magnetizable particle selected from the group consisting of
iron powder, finely divided iron powder, such as iron particles which
are prepared from iron pentacarbonyl, gas- and water-atomized iron
powder, coated iron powder and mixtures of the abovementioned

magnetizable particles;

c) at least one dispersant selected from the group consisting of polymer-
based dispersants and alkylphosphoric esters of long-chain alcohols or
of alcohol ethoxylates of the general formula

Ry(EO)x

wheren=4to 18 and x =0 to 20;

and

d) at least one thixotropic agent based on hydrophobically modified sheet
silicates.

2, The magnetorheological formulation according to claim 1, wherein the

dispersant is polyhydroxystearic acid.

3. The magnetorheological formulation according to claim 1, wherein the
dispersant is an alkyd resin.



h) at_ |east one nagnetizable particle selected fromthe group consisting of
iron powder, finely divided iron powder, such as iron particles which are
prepared fromiron pentacarbonyl, gas- and water-atom zed iron powder,
coated iron powder and m xtures of the abovenenti oned magnetizable

parti cl es; PE080036863/SBone di spersant selected fromthe group consisting of
pol ynmer - based dispersants and al kyl p ggphoric esters of |ong-chain al cohols
or of alcohol ethoxylates of the genefal fornula R (EQ= where n =4 to 18
and x = 0 to 20; and d) at |east one thixotropic agent based on

hydr ophobi gal | ¥ 1 dhfdrBfbrinltfiica) Yol @GP accordil Go RYNGH BaliE0! oG 52
formul ati on according’ to clal , erein the ispersant 1s

pol yhydr oxyst eamherei thg cogtentrpfedippegyiat By the Serapilation is Fopmf-Al toh0%&or ding to
claim1l, whereiReidlR badbSaeihedoimilaic) al kyd resin. PF 0000056867/ SB -19- 4.
The magnet or heol ogi cal fornulation according to any of clains 1 to 3,
wherein the content of dispersant in the formulation is fromO0.01 to 10% by
vei ghéI , based OthE]tlﬂagllﬂ_tdihlé()?Lég'i@d]-AffoﬁnuiIh@ll _ﬁmﬁhgrtﬁeﬁiyogi elalmd Qrtmiu:h,gti 03
according to any of .cl ai to 4, erein t hi, xot.r opi ¢..agent based on
hydr ophobi cal | yx‘fpﬁfﬁ‘? itg%l r{@ﬁ%té‘?plc ﬁgFIi“\(l:\Qqsgg qnshﬁ‘ﬁ'f’?k‘/oé’dcaﬁlﬁ’oﬁluoﬁﬁggh%lg?ori te,
bentoni te or snsiichteeistdepeed fromithe hemgrite! bamitendleayisoattitt oypeul at i on accor di ng
to any of clainms 1 to 5, wherein the content of the thixotropic agent based
on hydrophobically nodified sheet silicates is fromO0.01 to 10% by wei ght,
based on tlee f dihaunaghesmheotogiTi domuylation phenldingi toadnyf of alains ilow Accor di ng
to any of clal m%vt&re{hg Stﬁ% fco}’x\ﬂ&ﬁ( ®F Mhd RRixbRSHY! REACRaE@GH h§&DphdBiLailyes Of

magneti zabl e partic - _ i
modified sheet silicates is from 0.01 to 10% by weight, based on the

formulation.

7. The magnetorheological formulation according to any of claims 1 to 6,
wherein the formulation comprises mixtures of magnetizable particles of
different particle sizes, substantially spherical particles which have two
different diameters being used and the ratio of the median diameter of the
first particle type to the median diameter of the second particle type being
from 1.1 to 4.9:1.

8. The magnetorheological formulation according to any of claims 1 to 7,
wherein the base oil used is a mixture of poly-o-olefins and dialkyl
dicarboxylates.

9. A process for the preparation of the magnetorheological formulation

according to any of claims 1 to 8, wherein the magnetizable particles are
dispersed in the base oil, if appropriate in the presence of a dispersant and
of a thixotropic agent.

10.  The use of the magnetorheological formulation according to any of claims
1 to 8 in shock absorbers, clutches, brakes and other controllable devices,
such as fitness devices, haptic devices, retaining systems, crash absorbers,
steer-by-wire steering systems, gear- and brake-by-wire systems, seals,

prostheses and/or bearings.



different particle sizes, substantially spherical particles which have two
different dianeters being used and the ratio of the nedian dianeter of the
first particle type to the nmedian di aneter of the second particle type being
from1l.1 to 4.9:1. 8. The magnetorheol ogi cal formul ati on according to any of
clainms 1 t®FO000056868I9B t he base oil used is a mixture of poly-a-olefins and
di al kyl dicarboxylates. 9. A process&,bor the preparation of the
magnet or heol ogi cal fornulation according to any of clains | to 8, wherein

t he magneti zable particles are dispersed in the base oil, if appropriate in
t he presen of t he,use of the
magnet or hegl?ogl csglf)a# %ir?% aplcéﬁgg%ségﬁﬁ&nta&%é%%%gg@l@@acwge% g™ n shock
absorbers, cl ut ditesss dgwafr@ebamme@tcnsrretmmgwsteam eragtegtrseeers, S@chy as fitness
devi ces, hapt i C IRY ity 1R IgB4- SKa Wil f&ﬁ%*’s ySBRHR! RAIS prostle§&y - by- wi re
steering systens, é’gear- rake-by-wire systens, seals, Srost heses and/ or
bearings. PF 0009 Béﬁ?’ﬂ% c%almpg atsk@@ko%gggggpgleolggmm@gnu #idkes and

ot her control | abkgyr@Ryits 88y osélgitsasto §.1 t ness devi ces, haptic devi ces,
retaining systems, crash absorbers, steer-by- wire steering systens, gear-
and brake-by-w re systens, seals, prostheses and/or bearings containing at
| east one magnet or heol ogi cal for rrul ation according to any of clains 1 to 8.



