TITLE OF INVENTION INORGANIC PARTICLES HYDROPHOBIZED WITH FLUOROALKYL
SILANES BACKGROUND OF THE INVENTION 5Inorganic particles hydrophobized with fluorosilanes
have been-used ta-mpart hydrophobic as well as oleophobic properties as exemplified by U.S. Patent
Application, W&2090619222815, filed by Oles et al. which teaches makingPSTEHSERRG(SSMBbIzed particles
by the covalent bonding (i.e. grafting) of fluorosilanes upon the surface of inorganic 10patrticles (e.g.

silica). The fluorosilanes employed by OI iﬁaﬁé\l%m%ﬁg@!!mon atom having four bonds, three of
which are direct bonds to hydrolysable gr ith the surface of an inorganic particle
thereby covalently bondingjife#cansdans kT R EEe Y H e SR pdisa direct bond from the
silicon atom to a perfluoroalkyl 15group. Despite the advances of Oles et al., it would be desirable
to discover hydrophobized inorganic paRidESROALY YhBavaNBdility to impart hydrophobic as well as
oleophobic properties. 20BRIEF DESCRIPTION OF THE DRAWINGS Figure 1 is a simplified
depiction of a hydrophobized partitiéOrEdE GO L ) SABROSIL 200) obtained in
accordance with the invention, Figure 2 are spectra obtalned by solid-state 29Si NMR cross- 25

polarization fhagic angI@@Eﬁﬁﬁiﬁ@@ﬁ‘&f%@(@m)z@ﬂ withyuepRdamasheaRiBREfMade from silica

particles (AERO SHedQ8)BErtNa-iiB AN GRS SR Bht ofe 5ided) treated silica particles
(AEROSIL 200). BRIEF. SUMMARY OF THE INVENTION thpjﬁ%%)rewousl known hydrophobized

inorganic partlcIe"§x§5},‘?§?’rlfﬁﬁl ¥ HeSiolaCRAPRLIAEane EosilitashioHefsSirectly bonded
to a perfluoroalkydigeenigh tbediwéroﬁlmhgzawbhnhlggmmpﬁﬁ@ﬂqsa@mm D@eﬁmﬂtmure comprise

residues from quBr ddlanss Whrer in h%( |I|con atom is flrsttggndgpa to a c[il\(/)alent organic linking group
which in turn is boRded 1o’ %?Iu TFRa?%een dTsCoV ergél ﬂwer@%mcorporatlon of the

aforementidfed cmaalelﬁsdag@rﬁdiinakln‘@@ﬂuproaﬂﬁmpr@mmeadlmytgbkasresaltmgrrwroiohoblzed
g Dot ores APV HORORE AR BRACORIARY BoRRdInsOHE piesent disclosure

relates to surface modified inorganic particles (also known as hydrophobized inorganic particles) made

by the 10methodt‘dﬁé‘él\\’§ﬁ9¥ﬁ3@§?é§ﬁ$d@m%wwﬁ%%t wilhdiestifess BlerBi)aArapaiting to the particles
hydrophobic and{gi-pigophabisy M&Fé?é%%g bR fdoiasHaBRssHSRE 9 Hae presamdisclosure have a

divalent organic linking group which bonds the silicon atom thereof to a fluorine rich qroup such as
remaining bond is a direct bond from the silicon atom to a perfluoroalky

15 group.
Despite the advances of Oles et al., it would be desirable to
discover hydrophobized inorganic particles having improved ability to
impart hydrophabic as well as oleophobic properties.

20 BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a simplified depiction of a hydrophobized particie made
from silica particles (AEROSIL 200) obtained in accordance with the
invention.

Figure 2 are spectra obtained by solid-state ©Si NMR cross-
25  polarization magic angle spinning analysis (CPMAS) of: 1) hydrophobized
particle made from silica particles (AEROSIL 200) obtained in accordance
with the invention; and 2) untreated silica particles (AEROSIL 200).

BRIEF SUMMARY OF THE INVENTION

Whereas previously known hydrophobized inorganic particles

30 comprise residues from fluorosiianes wherein the silicon atom is directly
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a perfluoroalkyl group. The fluorosilanes useful in the aforementioned 15method of covalent grafting
are described in U.S. Patent Application 12/323,593 filed November 26, 2008 hereby incorporated by
reference. In one aspect, there is provided surface modified inorganic oxide particles comprising

an o of M Wneygia i 15 DGSRERAENY SRERSHIIE I gsouR SROSaR 8l o2, 21 M Al

and combination reof; at Jeast one of said pa tlcle ace covalent bonded to at

least one fluorosiBIRPEFSHY A 8§8Fﬁe°&”89rl'—s§rﬁ$ﬁl 435: E@i‘d(‘lﬁ 8§ ﬁ‘fhef (X1
)1x-(Z2)rQ1,..... Rﬁmé’i@@!ﬁ_fﬁéb@@ééﬁt@éh%‘@@@h%@@al@Hﬂ %ﬁﬂé@tw*aﬁh\m 8 each L2
independently seieﬁedd&ﬁn&&gﬂnmaaﬂnslgmoﬂi-ha BéeB Ziatiodeatti@iH; d and c are integers

Slﬁch that: dh%hc thgd'rﬁcétﬁﬁg? mésa%@&asgﬁl&%la aoad Berhitid SrduXcand | are integers
chosen such that the mo r , er represents at
least one of the follGW mme‘t)mg“} & Pslﬁrﬁj;% here'zlin a—%%g'f%é R?e%@ !HI ééwu) a second
moiety wherein a#¥d aSF@ie@DaqagéWﬂ%?ﬁ'&Scz C12 perfluoroalkyl provided that: i) one

fluorine atom of the periior @&@@nme@sqpaqe@ luseplageetbyuiagsyaasjor ) the perfluoroalky
can be optionally mterrup by at least %n E}é en, met lene, or. 8th lene; QOIS Rhosen from the

group consisting §F&! 8% RN “’%Bé%y SRS DRE Hoalent organic
group;  Q1Gs cﬁﬁ%@ﬁ@r@h@%@‘@?@hﬁ@ﬂﬁ‘ﬁﬂﬁﬁ%ﬁ'é@ @l@‘ﬁ’&ém%@ﬁ%bdptlonally interrupted by
at least one divalémpartiagio gieymridxd Hgdrhpkebidfranad @&y thelicsinomeaipsuriher defined

wherein Z/ and Z%l@éﬁ‘ogml%é%hﬁhﬁé nreséht Ak okt m%usér&md@gr@mﬁ@%tmg of
N 0.5, NSO MO THEO00HIRIICH S s GRS b

alternatively, Z2 ig" roup consisting o eac R1lis

independently chésef TP Rl G5RP- phBR y'l“‘a'roﬁ’ll"f‘fb?f’o%?é‘r‘h'@ %%W?Fb%} terminated by
-C6H5, preféfablyntéihod vl 8pvhtestomithmeretgsaeriaddefidsd RefersiApplication

12/323,593 filed November 26, 2008 hereby incorporated by reference.

In one aspect, there is provided surface modified inorganic oxide
particles comprising an oxide of M wherein M is independently selected
from the group consisting of Si, Ti, Zn, Zr, Mn, Al, and combinations

20 thereof: at least one of said particles having a surface covalently bonded
to at least one fluorosilane group represented by Formula (1):

(LYa(LA)eSi~{CH)~Z )~ ICX (22 Q "R

wherein:

25 L' represents an oxygen covalently bonded to an M; and each L?
independently selected from the group consisting of H, a C4-C; alkyl, and
OH; d and c are integers such that: d 2 1, ¢ 2 0, d+¢ =3;
each n is independently an integer from 1 to0 12;
a, X, and | are integers chosen such that the moiety of Formula 1
30 represented by ~(Z ). [C(X"—(Z%)— further represents at least one of the
following moieties:
i) afirst moiety wherein a=1, x=1, and =1, and
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25a) Z1 is -N[-Q3-(Rf)].-; and b) Q1 andQ3 are independently chosen from the group consisting of a
C2-C12 hydrocarbylene interrupted by at least one of -C(0)-0- or -0-0(0)-, and optionally further
interrupted by at-least-ene divalent organic group. 30 Unless otherwise stated herein the
definitions USELZABYRTASr L1,12, d, ¢, n, Z1, X1, Z2, Q1, Q3, R1, and Rf &/ IfaAtRei¥d the definitions
set forth above for Formula 1. In one preferable embodiment, the surface modified inorganic

oxide particles comprise atileastefghpandieyhanigia sunfagercairaieatly bonded to a urea or thiourea
fluorosilane group such that in For]mula (%): =1, x=1, an%:l; Zlis g?g nd Z2 is -NH-; said urea
or thiourea fluorosilang'grotls TEPrE2ehte Zﬁaﬁgﬁg}%?f )8{?5’51:}%‘?-( Zi-cﬁ'l’ﬁ-C(Xl)-NH-Ol-Rf
wherein: 10X1 isfutoifieraiarucé théumndkitane! gyboan beXbieSty fepiacsthiburgafgerosilane group;

and Q1 is indepe ly: isting of a 02- hydrocarbylene optionally
interrupted by at easwo}r/'*?gH dgljg%yr[l[f%ng%élz@géﬁg&%%ﬁ@%%é?%u%u %%1&5%%%5 5 §g§n-%(0)-, -S(0)2-, and
15 -0-C(0)-NH  oxygeihdtsénpesforabiistaped thsnehasesdrtaeéhe gaMfigdcimmsigting okide particles

comprise at |easra@?-@?{tfﬁ}ﬁreéﬂﬁﬂﬂéqé%ﬁ%Wﬁ{?é}ﬂyd@é’@%?da{%%é{rgﬁeoéEUH%Htea fluorosilane
group such that Rf is chosen 20 from a 02-012 perfluoroalkyl and Q1 is independently chosen from the

group consisting ¥4 WS @ P¥Mydrocarbylene interrupted by at least one divalent moiety chosen from

the group consisting ah!$sctfE8n rS)18e GrAPLEMR)shG IBranother pigiprrblepaModiment, the
surface modified in%%‘a iC 250Xid§% zrticles comﬁrirﬁha%lﬁéeast one g)article having a surface covalently
I

bonded to a urea’8 %Wé?f%‘d? Heab‘%?ﬁ; (& R LHUSS¥Bm a c2-Cc12 perfluoroalkyl
provided tha@ 1) one flMbiinehatam iobth©perSuoroalkyl is replaced by hydrogen, and/or ii) the
perfluoroalkyl is interrupted by at least one oxygen, methylene, or ethylene; Q is chosen 30 from the
group consisting of a 02-012 hydrocarbylene optionally interrupted by at least one divalent organic
group. In anbeh&rssrefaesblerérabdefiinetwiasaio ZAcnthddideddnasgarsicabxidet particles comprise

at least one particle ha\gygaissy_ﬁg}c__eaqﬁvgtqgt}yoprpﬂ%e VERIB el %ﬂgﬂr}%ilg@;such that in
Formula (1): Z1 is -NH- and Z2 is -0-, or Z1 is -0-- and Z2 is -NH-; and 5X1 is 0! said’particle having a

surface covalently bondetrio-MisdyanatdVifetdida cHrSAARSHE O¥ENSyréig represented by the
formulae: 15 ~(R"CH~[HC(COOH)}~S~; |

b) alternatively, Z° is -NH- and Z' is from the group consisting of
—O—, and -§-;

20 ¢) each R'is independently chosen from hydrogen, phenyl, or a
monovaient C4-Cg alkyl optionally terminated by ~CgHs, preferably
H or CHg;

the second moiety further defined wherein:
25 a) 2" is -N[-Q°~(Rq)}—; and
b} Q" and Q° are independently chosen from the group consisting of
a Co-C1z hydrocarbylene interrupted by at least one of
~C(O)~0O-or -0-C(O)—, and opticnally further interrupted by at
least one divalent organic group.
30
Unless otherwise stated herein the definitions used herein for L' L2,
d,c,n Z', X", Z% @', Q% R', and R; are identical to the definitions set forth
above for Formula 1.



(L1)d(L2)cSi-(CH2)n-NH-C(0)-0-01-Rf, or (L1)d(L2)cSi-(CH2)n-O-C(0)-NH-01-Rf 10wherein:

Q1 is a C2-C12 hydrocarbylene interrupted by at least one divalent moiety chosen from the group
consisting of:NH-C(O)NH-, -NH-C(S)- NH-, -S-, -S(0)-, -S(0)2-, -(R1)N-S(0)2-, In another preferable
embodiment’ th¥#&tfate modified inorganic 150xide particles comprise dtIE4528#@¥4¢icle having a
surface covalently bonded to a carbamate fluorosilane group such that Rf is chosen from a C2-C12
perfluoroalkyl and Q1 is independently chosen from the group consisting of a C2-C12 hydrocarbylene
interrupted by at least one divalent moiety chosen from the group consisting of -S-, -S(0)-, -5(0)2-, and
- 20 0-C(0)-NH In dAchePpeégarble eepdaiantheheusiatadearidieiéwigeryaniddxide particles

comprise at leastane BATUBIEIRAA R SUTRGEEOVEIETA bencieco a calbamAieyypiagiane roup

such that Rf is chosen from a C2-C12 perfluoroalkyl provided that: 1) one fluorine atom of the
25perfluoroalky! {8 fepl&Eel BY @R GEPrOsHaNG: GiwR B dbrd AP Eetflipted by at least one
oxygen, methylene, or gthylena; ghis lehosen from the group consisting of a C2-C12 hydrocarbylene
optionally interrupted by, at least one diyalent grganic group. In another preferable embodiment,
the surface modified in?rg'gn'i%%%c?@ Zti@le‘i@b‘mprise at least one particle having a surface
covalently bondeshio ardzdcéslanatdibrosisitengrgupur stusietied iy Fosmada(B: 521 is -NH- and Z2

IS -S-, or Z1 is -S- and Z2:{s;NHz.a is,0; said:thj amate fluorosilane group represented by
the formulae: (L1)d(L2) }-"&3Ij{?%twelﬁ&gfg’?%i‘(ﬁ%‘fﬁfﬁlacsi-(CH2)n-S-C(0)-NH-Ol—Rf
10wherein: Q1 is,jAdgpendently chosen from the group consisting of a C2-C12 hydrocarbylene
optionally interrupted by at least one divalent moiety chosen from th@ group consisting of -S-, -S(0)-,
-5(0)2-, -N(R1)-C(0)-, (Nr'S ZtR)N[RA yrearftmosofe SnrA=anX SinSaitolpen preferable

embodiment, theusigifass meiipshiveraapiceaxide particles comprise at least one particle having a
surface covalently bonded to a thiolcarbamate fluorosilane group such that Rf is chosen from a

d ,
C2-C12 perfluoroalky[art BSREAGEREABARR HOLE N H e YRCGRSIR I td AR trlora C2-C12
hgzjor)cmag%l)e‘zzne ihpe!mqn&éyﬂeyiﬁbh&taﬁl @mrgelal,@ﬁé' f@@g}gli@ysshﬁmd_ i\fgp?tthﬁ}m@up cg_r]l_sizti_ng of -S-,
-S(0)-, - -, and - 0-C(0)- n.another preferable odi the syrface modified inorganic
oxide particles cogﬁ;oﬁlggeq E'ﬁ?nle\{e?s ge Bacrc%ﬁésew:%i%fg_a% §u?§@§)50\r71§@:%7 ’ﬁba)nded to a
thiolcarbaniate fluords(@peNdtoup such that Rf is chosen from

in another preferable embodiment, the surface modified inorganic
oxide particles comprise at least one particle having a surface covalently
bonded to a urea or thiourea fluorasilane group such that Ry is chosen
20  from a C»~Cs2 perfluoroalkyl and Q' is independently chosen from the
group consisting of a C»>-C12 hydrocarbylene interrupted by at least one
divalent moiety chosen from the group consisting of =S—, ~$(0O})-, ~S(0)z~,
and ~O-C(O)}~NH —.
In another preferable embodiment, the surface modified inorganic
25  oxide particles comprise at least one particle having a surface covalently
bonded to a urea or thiourea fluorositane group such that Rr is chosen
from a C—Ci2 perfluoroalkyt provided that: i) one fluorine atom of the
perfluoroalkyl is replaced by hydrogen, and/or ii) the perfluoroalky! is
interrupted by at least one oxygen, methyiene, or ethylene; Q is chosen
30 from the group consisting of a C~C12 hydrocarbylene optionally
interrupted by at ieast one divalent organic group.



a C2-C12 perfluoroalkyl provided that: i) one fluorine atom of the perfluoroalkyl is replaced by
hydrogen, and/or ii) the perfluoroalkyl is interrupted by at least one oxygen, methylene, or ethylene; Q
is chosen frem-the greup consisting of a C2-C12 hydrocarbylene optionally 30interrupted by at least
one divalenGaeidtip. In another preferable embodiment, the SGFAEEWHISHEd inorganic
oxide particles comprise at least one particle having a surface covalently bonded to a N-sulfone urea

fluorosilane group suchithaidthEpopriitaddls éinditibnineeslifaddih8¢®idd, iapeaXé is 0; said
N-sulfone urea fluorpsilane group represented py the formula: .

LD 2 51 (CH BN DTS5 cAL I SRR RE OIS oy PR A HATRSRBREIHMsen from the
group consisting wirated fukicwbapted C2:@sRdnedsachrindeine ormulia &hjother preferable

embodiment, the surf%egsmﬂgi{t%gip@%rgrgrﬂggxgezp ticles aci%r?filge_%gaghgne particle having a

surface covalently bonded to a N-formyl urea fluorosilané group such thatin Formula (1): 15a=1, x=1,
and1=1; andbz1 is -NPL, i8§¥ Z2 is -N[C(0)11]-; said N-formyl urea group represented by the formula:
(L1)d(L2),Si-(CH2)n-NH-C(X1)-N[C(0)F1]-01-Rf wherein: 20Q1 is independently chosen from the

group consisting % #est ?i‘ﬁ\}@ﬂ)@ﬁ%}?&%@l‘f@l‘?ﬁﬂi’é&oﬁ‘ﬁ%ﬂ [9R% HRC\RUASHSRYRSLY chosen from

the group consisting:@fama@MLSidneageiierapeissable epnbrdisenlade surface modified
inorganic 25oxide particles comprise at least one particle having a surface covalently bonded to a

thioether succinamic #cljflip®isiiEie grolib-Syen-tain-Roromla (1): a=1, x=1, and 1=1; Z1 is -NH-
and 22 is -[HC(COOH)(R1)ICH-S- or 30-(R1)CH-[HC(COOH)]-S-; X1 is 0; and Q1 is -(CH2)2- said
thioether succinamic deidkdrodprégresetiet (y)thd-Fdemdfae:

10 wherein:

Q' is a C,~C12 hydrocarbylene interrupted by at least one divalent
moiety chosen from the group consisting of ~NH-C(O)-NH-, ~-NH-C(S)~

O p—

NH-, =S—, =S(0)=, -S{0)2—, ~(R"IN-S(O).—, _Q
In another preferable embodiment, the surface modified inorganic

15  oxide particles comprise at least one particle having a surface covalently

bonded to a carbamate fluorosilane group such that R¢ is chosen from a

Co—C1 perfluoroalkyl and Q' is independently chosen from the group

consisting of a Co-Cy2 hydrocarbylene interrupied by at least one divatent

moiety chosen from the group consisting of ~S~, —~S(0O)~, ~3(Q)z—, and —
20 O-C(O)-NH -

in another preferable embodiment, the surface modified inorganic
oxide particles comprise at least one particle having a surface covalently
bonded fo a carbamate fluorosilane group such that R is chosen from a
C.—C1z perfluoroalkyi provided that: i) one fluorine atom of the

25  perfluoroalky! is replaced by hydrogen, and/or ii) the perfluoroalkyl is

interrupted by at least one oxygen, methylene, or ethylene; Q is chosen
from the group consisting of a C,~C; hydrocarbylene optionally
interrupted by at least one divalent organic group.



(L)YBSHCH2),T-NH-C(0)-[HC(COOH)(R1)1CR1-(CH2)m-S-(CH2)2-Rf, or
(L)3BSHCH2)n-NH-C(0)-(R1)CH-[CR1(000H)1-(CH2)m-S-(CH2)2-Rf wherein m is 1 or O; wherein each
R1 is independently-chesen from methyl or hydrogen preferably H. 5 In another preferable
embodimentY th&¥ifat® modified inorganic oxide particles comprise at |8&6%tiagpessio having a
surface covalently bonded to a tertiary amine fluorosilane group such that in Formula (1): a=1, x=0,
and 1=0: and 1071 is -M-&itH preaidedianisdinedtuaiesiianscareidrifRerr assgiafly the formula:
Rf Q3 (L)SSi(CH%TN%LR@vherein 1 anq %g is independently chosen from the group consisting of a
C2-C12 hydrocaBRSeaiiaRt SRS S AR SEE0RBE. E76Y0E AU AHATRCe=ta#ER Mterrupted by at
least one divalenbondityichdsendadrartietegfioopoetaststingupfsiteh H)in Fa@)dka WR1)-C(0)-,
-C(0)-N(R1)-,- (R1)N-S(0)2-,andNI=N DETAILED DESCRIPTION OF THE INVENTION
20The hydrophobized inorganic particles of the present invention can be made by covalently grafting
fluorosilanesbto their stirfaceNir-oetst Z6 isnp3rt &7 Hleim-btrahgdfoshebi-aanicoleophobic properties.
The fluorosilanes useg@ir;;stbf present invention have a divalent organic linking group which connects
the silicon atom to a fluorine rich group such as a 25perfluoroalkyl group. Fluorosilanes useful for the

invention have affiadb it AR ABRIRIRNS WHER FERELSSIIBCIRY fipfiegign inorganic particle
thereby creating a coyalent bond featwrenthefloprgsitsingand the inorganic particle. Fluorosilanes

that are useful in the present invention are also known as fluoroalkyl silanes which are further
described in U.S. Pat Lt)i‘br)ﬁ &t ib@ﬁ%ﬁ@hﬂd\"}gmber 26, 2008 hereby incorporated by
reference. The hydrenglirabized inorganic particles of the present invention can 5be made by dispersing
inorganic particles in a,non-polar sqlvent (e.g. toluene) and adding to this dispersjon the desired
fluorosilane. The disp@rsi%rllrppge eerﬁgﬁé? ecﬁ fgs &n %?é?/atgog{g%g?g}%' ilrggg# ggfi’é%%) for about 8-10
hours. The dispehsidiedstngarsondehts! v odktouahabiontaciers ratard ijabmnitr20i€l). The dispersion is

then placed in a EﬁB&%W%ﬁ%%&%%Hd&Qﬁ?&B&% _90__%{'@?) _r?§%|&5'ﬂif‘9_f\9@{*59.. @&Stig!es are washed

_(’\INM
~C(O)-N(R')}-, «(R")N-8(O)z—, and  h=
15 In another preferable embodiment, the surface modified inorganic

oxide particles comprise at least one particle having a surface covalently
bonded to a thiolcarbamate fluorosilane group such that R: is chosen from
a Co~C1z perfluoroalkyl and Q' is independently chosen from the group
consisting of a C»-C1, hydrocarbyiene interrupted by at least one divalent

20  moiety chosen from the group consisting of —=S—, ~S(0O)—, ~3(O)~, and —
O-C(O)-NH .

In another preferable embodiment, the surface modified inorganic
oxide particles comprise at least one particle having a surface covalently
25  bonded to a thiolcarbamate fluorosilane group such that R: is chosen from
a C—~Cz perfluoroalkyl provided that: i) one fiuorine atom of the
perfluoroaikyl is replaced by hydrogen, and/or ii) the perfluoroalkyl is
interrupted by at ieast one oxygen, methylene, or ethylene; Q is chosen
from the group consisting of a C,~Cs2 hydrocarbylene optionally
30 interrupted by at least one divalent organic group.



with fresh solvent. Washing is preferably done at least twice. The washed inorganic particles are then
dried in an oven at elevated temperature (about 100-110 C). The resulting dried inorganic particles are
the final proeluet of the-mvention. However, the resulting dried inorganic particles 15can be
re-dispersed¥ifl #HYdtar solvent (e.g. toluene) and additional fluorosil&§d &R LA to this
dispersion by repeating the entire procedure described in this paragraph. The procedure for making
hydrophobized inorganio pantbkespire e pike cetingiparag tapkisfpeefearabiteanddsganayvn as the
"convergent" 20a ach..Alternativel e of the hydrophobized. inorganic particles of the present
invention can alsé))%%%rﬁgrd@ S%Cfn%d?&%%%%ﬂ:%aésg&%% é%??gr%?# "HSttonanzet Yr?é?ag%ic particles" are
made by reactingPantieéiedihosgHane paicleoisiang gipresusioinahier Eiormhedildt precursor
comprises a silicon ator qgﬂﬂﬁg_,%ﬁ&|gag gﬂﬁ_tg(@'ng[ 23 ydrolysable group which reacts with the
surface of the inorganic particle thereby creating a covalent bond between the first precursor and the
inorganic pa?ticle. The stsp%'cursor further comprises a terminal reactive group (e.g. an amine or an
isocyante derived from an amine or an isothiocyanate derived an amine) thereby creating

RIS A '

functionalized ino YRR THRTER) BRRFGHP (HRIES L IR REANR AR R1al reactive group.
These functionalized ingrgani rticlgs,arg t acted with a secgnd precursor wherein the second
A A R S YlE

precursor comprises a ctive érminal amine, an isocyante, an
isothiocyanate, vidyereinfonyl chloride, or sulfonamide) capable of reacting with the terminal reactive

group of the "anchors;, EQQ%%@Q‘E%W%&E alse wy&ﬁ%ﬂﬂ'”{&ﬁé@ "capping agent." An

example of a useful first 5 precursor and second precursor combination rein the first precursor
comprises éQernﬁﬁﬁltﬁFﬂiﬁEeér%H&Wﬂf@%@?ﬂ‘f‘d‘%ecursor comprises a terminal isocyante,
isothiocyanate, vinyl, sulfonyl chloride, or sulfonamide. Inorganic particles useful to the invention
include any inorganic particles that have reactive 8_roups on the surface thereof wherein such

10groups are capable fr@3IR) WRIEIRE! R IRODLERRD b 66 R Brese RS DR883BiCprecursors
thereof) of the insidiopditerebyongaiisge eevalont bartitieatadey theuinatgaieapastigle and the

fluorosilane (or precursor thereof). Particularly useful inorganic aticAes re oxides, such as oxides of
Sicon, ttanium, Lo A O et (LA G Ao I8 TVSNE COLEH Beplr. the -convergent
approach istpreferable fxrimekingtiid+ydrogphobized inorganic particles of the invention. Fluorosilanes

useful in the convergentappreach [EPIESt E%g)r?y 20(L)3-Si-(CH2)n-(Z1)
[C(Xl)}c(ZZ)1-Q1-R_fFormﬁi91 2 Wﬁegr@n: e%ec ﬁﬁ IS 1 dép’endently an integer from 1to 12; a, x, and |
are integers chos8AIGILPIRA thearidiup sereanliayShepiesenizd by -(Z1)a-4C(X1)]x-(Z2)1-
further represents at |e%§“)9{l@)géi%@59ﬂmg-@@ieﬁ$§6(0)m—a’wa
wherein.
20 Q'is independently chosen from the group consisting of a C-Cy;
hydrocarbylene interrupted by at least one divalent moiety chosen from

the group consisting of —S— and ~NH-.

in another preferable embodiment, the surface modified inorganic
25  oxide particles comprise at least one particle having a surface covalently
bonded to a thioether succinamic acid fluorosilane group such that in
Formula (1)
a=1, x=1, and [=1;
Z'is -NH- and Z? is -[HC(COOH)(R")|CH~S- or
30 ~(R")CH~[HC(COOH )-S5~
X"is O; and Q" is —(CHz)o—
said thioether succinamic acid group represented by the formulae:
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i) a first moiety wherein a=1, x=1, and 1=1; and ii) a second moiety wherein a=1, x=0, and 1=0;

L is independently chosen from a hydrolysable or non-hydrolysable 30 monovalent group ft is chosen
from a C2-Ci2perflueroalkyl provided that: i) one fluorine atom of the perfluoroalkyl can be optionally
replaced by WYHFI§ER6 1 ahd/or ii) the perfluoroalk can be optionally interrdiStE¥ TR 4Rt one oxygen,
methylene, or ethylene; Q is chosen from the group consisting of a C2-C12 hydrocarbylene optionally

interrupted by at Iea&pﬁé—ﬂh&&dﬁnlﬂb?g@(ﬂl)ﬁn‘@ﬂpc&@ﬂ%&hp&@ﬁf@ﬂ}}b@@l}@zﬁgﬁjsﬂﬂg of a
C2-C12 hydrocarbyl p, e gani 1 is chosen
from 0 or S; the flrstﬁfz)e%paerﬁtﬁfggﬂ e|n @j%gwrﬁi g é%%;"f_%f)a) Z1is -NH-
and Z2 is from thehgaip Cossisting oiheipin cash K| wmswmeﬂﬂmmgss}n felC (@EOH) (R1)ICH-S-,
and -(R1)CH- [HC‘dp@ Z()_]lag, p!.eferabiSp)_falternatlvely, Z2 is -NH- and Z1 is from the group consisting of
15-0-, and -S-; C) when Z1 or Z2 is 0,/Q1 is interrupted by at least one divalent moiety chosen from
the group coﬁsstlng of -S-, -S(0)-, -S(0)2-, -NR1-S(0)2-, -N(CH)3S(0)2-, and  p-NN; d) each R1

is independently ChQﬁeéthWé} hygkaasr ehedinesa 20Eeneyateniakdet alkyhgetionally terminated
by -C61-15, preferahbly H or CH3 the second moiety further defined wherein: a) Z1 is- N(-Q3-Rf; and

25b) Qland Q3 SETHRATERGE TR BEERT R FREFAUITENRIEMG SrHace-evaiRPlrocarbylene
interrupted by at teaica of tdP{B)yGaroindd G Mpsiand gpsionalixiuribeinimemupted py at least one

divalent organic group. ggﬁ Qg%fearg%q”_fwoa[gailane of Formula 2 is an isocyanate derived
10 7" is ~N[~-Q*~(R)]-;
said tertiary amine fluorositane group represented by the formula:
! H

Q

3

(L);Si—(CH,)—N—Q"R, wherein
Q' and Q° is independently chosen from the group consisting of a C,-Cq»
hydrocarbyiene interrupted by at least one ~C(O)-O- and optionally

15 further interrupted by at least one divalent moiety chosen from the group
consisting of —S—, ~S(0)-, =S(0)—, -N(R"}-C(O)-, —-C(O}-N(R'}—, -

2 e

(R"IN-S(O)z-, and

DETAILED DESCRIPTION OF THE INVENTION

20 The hydrophobized inorganic particles of the present invention can
be made by covalently grafting fluorosilanes to their surface in order to
impart to them boin hydrophobic and oleophobic properties. The
fiuorosilanes used in the present invention have a divalent organic linking
group which connects the silicon atom to a fluorine rich group such as a

25  perfluoroalkyl group. Fluorosilanes useful for the invention have at least
one hydrotysable group which reacts with the surface of an inorganic
particle thereby creating a covalent bond between the fluorosilane and the
inorganic particle. Fluorosilanes that are useful in the present invention
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fluorosilane being a urea or thiourea fluoros lane wherein: Z1 and Z2 are both -NH-; said urea or
thiourea represented by the formula: (L)3Si-(CH2),-NH-C(X1)-NH-Q1-Rf wherein: X1lisOto
form a ureafluerositane, or X1 is S to form a thiourea 5fluorosilane; and Q1 is independently chosen
from the grotif e¥iT41&¢#HTg of a C2-C12 hydrocarbylene optionally interruptéd/by24P1&84%dne divalent
moiety chosen from the group consisting of -S-, -5(0)-, -S(0)2-, and -0-C(0)-NH 10A preferred urea or
thiourea fluorosilareagon@avire s filkdircs yd séankee wiaidt 2z (212 e fl desoaitigt amd/ (. is independently
chosen from the group. consistir - hydrgcarbylene, int ed by at least one divalent
moiety chosen frgrar? ?ﬁ(ta%g?gﬁd%aggﬂcsl{gﬁ%%b - mgg( VegbgB?éezg;n%Hé(#)é%?%H 15 A preferred urea
or thiourea fluorositeneoisimtcby el enRe is chosen from a C2-012 perfluoroalkyl provided that: i) one
fluorine atom of the perfluoroalkyl is replaced by hydrogen, and/or ii) the perfluoroalkyl is interrupted by

at least one oxygen, meth§IBW&CHNBfTREHBONORNIRH BSEIFIES POFARESHRIUSEIREFGBf a C2-012

hydrocarbylene qplinnaly thtersyeisHdPnaidenst paricv@iand REBRRH0SMPent (eégjother preferred
isocyanate derived fluorosilane of Formula 2 is a c,arbEmate fluorgsilane wherein: 2571 is -NH- and Z2

is -0-, or ZI is -0- RIFP9) i8N ARAIRGIKH IS GSBEIF'Ar "R PLSERRENGY thifformulae:
(L)3SHCH2),-,-NtisE£03:0-03-Reoheated (lo) 35 id€vizgn- @roie)ailineQd.dBRO1ODE®ifor Qlisa
C2-C12 hydrocarhylene interrupte t least.one divalent moiety chosen fram the group consisting
of NHCLO)-Nr - S TR R B s M CB S Carbarmate
fluorosilane is ontewperainré {shdsth fComia€ispersimerfisitroal ki catind ¢entdiegendently chosen
from the grogp censisti f. < h ' lvalent moiety
chosen fror?ﬁche 99%5&%%??5%%@‘%¥%%%§%m5¥§%n§%5;§nﬁdg @@éﬁ%ﬁlﬁil@g apE{})%ﬂ|§3irrH\eé?(Jarred carbamate
fluorosilane is on¥iHEFSThSRIMREhY¥an erERReNEFoERS! HYisAdddenuashete fluorine
atom of the perflyqsasikyd isreplasereb by drags andisiikineceiiuomalierbisiaterrupted by at least

one oxygen, methylene, or ethylene; %is chosen 15from the group consisting of a C2-C12
hydrocarbylene dﬁﬁ@Héﬂ}QO'H °C). The resulting dried inorganic particles are the final

product of the invention. However, the resulting dried inorganic particies

15 can be re-dispersed in a non-polar solvent (e.g. toluene)} and additional
fluorosilane can be added to this dispersion by repeating the entire
procedure described in this paragraph.

The procedure for making hydrophobized inorganic particles in the
preceding paragraph is preferable and is known as the “convergent”

20 approach. Alternatively, some of the hydrophobized inorganic particies of
the present invention can atso be made via a “divergent” approach
wherein “functionalized inorganic pariicles” are made by reacting
untreated inorganic particies with a first precursor wherein the first
precursor comprises a silicon atom bonded {o at least one terminal

25  hydroiysable group which reacts with the surface of the inorganic particle
thereby creating a covalent bond between the first precursor and the
inorganic particie. The first precursor further comprises a terminal reactive
group (&.g. an amine or an isocyante derived from an amine or an
isothiocyanate derived an amine) thereby creating functionalized inorganic

30  particles having “anchors” which comprise the terminal reactive group.
These functionalized inorganic particles are then reacted with a second
precursor wherein the second precursor comprises a corresponding

-9-



interrupted by at least one divalent organic group. Another preferred isocyanate derived
fluorosilane of Formula 2 is a thiolcarbamate fluorosilane wherein: 20Z1 is -NH- and Z2 is -S-, or Z1 is
-S- and Z2 issNH-ard-X1 is 0; said carbamate represented by the formulae:
(L)3Si-(CH2YNMHA778-Q1-Rf or (L)3Si-(CH2)n-S-C(0)-NH-Q1-Rf 25wheFER2E@8 ¥ ¢rdlependently
chosen from the group consisting of a C2-C12 hydrocarbylene optionally interrupted by at least one
divalent moiety chesgivdrgroupecgoanaansistngiod:Sn isdByante(BR-sdHiBdy4adly, N- -C(0)-N(R1)-,
-(R1)N-S(0)2-, ar\llgnNzNJi]%%é« R(grf;a[eregrtgi?gcaépna;gite qu??:EosiI]ane IS one .X%h?}%ein Rf is chosen from
a 02-C12 perfluoroa}ﬂ{ysl andOFrisin €pen en(%R/ ChEELRAFE e E;%El §iaoN isE g of a C2-C12
hydrocarbylene iteerrimslaedniiat lgrasporidtivalechonoict elsesendrpradgirsgraugisonsisting of -S-,
-S(0)-, -S(0)2-, 5 p )= 2 j atg fl 1 [ ein Rf is chosen
from a Cz-012 pﬂﬁé’ﬁg%lﬁg?”pr v@ie:égtrfﬂtggée@&%gﬁg a&r{# %%%ﬂ%%p?gﬁgulg%ﬂ@ |Fs replaced by
hydrogen, aftd/oPiiFeHESPEFIbRESINYH IBreOisarT aprabitstian davhentinlr Erst mapyiedk, or ethylene;

Q is chosen fromca e £LenFMNBATIR QR dNeliRs arkidansRRIRSE! KdRiBraRted by at least

one divalent organic group. Another preferred isocyanate derived fluorosilane of Formula 2 is a
15N-sulfone uredSTIOPGLISARY AHErGARIPACKENGHE, YRY 3O ERIeOR - ArdHHa R I%aid N-sulfone

ted by the f la: (LI3SHCH2)N-NH-C(0)-NH-S(0)2-01-Rf 20wherein: Q11
:Jnrg:preer?(;g?a; ghosi/an ﬁ%%g%%é}% Cceosn"sl?&fﬁ]g{%ft %%QU#ﬂ%?ﬁdéﬁ%f%ﬁ@%ﬁgarbylen:

Another preferre@ésticgariate deviveehitiveagitanms ohRomuldda dstbe?edi-foranglruseatfluorosilane
Wherein: 16 groups are capable of reacting with the hydrolysable groups of the
fluorosilanes (or precursors thereof) of the invention thereby creating a
covalent bond between the inorganic particle and the fluorositane (or
precursor thereof). Particularly useful inorganic particles are oxides, such

as oxides of silicon, titanium, zinc, zirconium, manganese, and aiuminum.

15
As stated earlier, the “convergent” approach is preferable for
making the hydrophobized inorganic particles of the invention.
Fluorosilanes useful in the convergent approach are represented by

20 (L)s=Si~{CHa)}~(Z)a~[CX ) rZ)-Q"-Rs Formula 2

wherein:
each n is independently an integer from 1 io 12;
a, X, and | are integers chosen such that the moiety of Formula 2
25  represented by —(Z").—[C(X")x—~(Z*)— further represents at ieast one of the
following moieties:
i} a first moiety wherein a=1, x=1, and I=1; and
ii) a second moiety wherein a=1, x=0, and |=0;
L is independently chosen from a hydrolysable or non-hydrolysabie
30  monovalent group
Ry is chosen from a C—C+; perfluoroalkyl provided that: i) one
fluorine atom of the perfluoroalkyl can be opticnally replaced by hydrogen,
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a=1, x=1, and 1=1; and Z1 is -NH-, and Z2 is -N[C(0)H]-; said N-formyl urea represented by the
formula: (L)3Si-(CH4n-NH-C(X1)-N[C(0)H1-01-Rf 30wherein: Q1 is independently chosen from the
group consisting-ef:a&2-C12 hydrocarbylene interrupted by at least one divalent moiety chosen from
the group cokSidtY 8 8- and -NH-. SAnother preferred fluorosilane of F§FFfa0g8Ie8a6tRioether
succinamic acid fluorosilane wherein: a=1, x=1, and 1=1; Z1 is -NH-- and Z2 is

-[HC(COOH)(R1{kittobi e 3é)iidrdad €4 Q6 kb Rally tdrisSieansl Qlidsst@h2)2- said thioether

(1951 (CHon NEURS) T BRSO (R RISE RS 835y o gfoup consising o

(L)3Si-(CH2)n-NH-C{)R1)BBcECRI£00 @b (@H2)me BL(E&tP iR B whstreiverdiialibmr O, preferably 0,
wherein each Rl?%] §%?&%§ntly 15 chosen from methyl or hydrogen preferably H.  Another
eo

preferred fluoro la 2 is a tertiary amine fluorosilane wherein: a=1, x=0, and 1=0; and
2071 is -N[-§3-(Rf)]-; Gails @rtisey ﬁmm&mpmaemb;nm@@fc&rﬁm@ﬂmc@fb@sq% 2);-- N -Q-Rf

QL and Q3 is indspesranyehRsRalEa e roHR SARSISING9L AGRo L2 hydrocarbylene

interrupted by at least gne -C(0)-0- a ptlonally 25further intérrupted by at least one divalent moiety
chosen from the groupt cBHE&asG 18- 08§, -S(0)2-, -N(R1)-C(0)-, -C(0)-N(R1)-, - (R1)N-S(0) 2--,
andN=11 EXAMPLES

the first moiety further defined wherein 2! and Z? are chosen such that:
10 a) Z' is -NH- and 22 is from the group consisting of ~NH-, ~O—,
~S~, “NH-8(0)z—, ~NIC(O)H]—, -[HC(COOH)R"JCH-S~, and
~(R"YCH-[HC(COOH)}-S—;

b) alternatively, Z° is -NH—and Z" is from the group consisting of
15 —0—, and -S~;

c) whenZ'orZ2is O, Q' is interrupted by at least one divalent

moiety chosen from the group consisting of ~S—, —S(0)-, —S(O)p~

T

~NR'-S(0)z~, -N(CH)3S(O).—, and

d) each R'is independently chosen from hydrogen, phenyl, or a
20 monovalent Cs-Cg alkyl optionally terminated by —CsHs, preferably

H or CHs;

the second moiety further defined wherein:
a) 2! is-N(-Q°-R;; and
25 b) Q" and Q° are independently chosen from the group consisting of
a C,-Cyz hydrocarbylene interrupted by at least one of
—C(O)}-0- or -0-C(O)~, and optionally further interrupted by at
least one divalent organic group.

30 A preferred fluorosilane of Formula 2 is an isocyanate derived
fluorositane being a urea or thiourea fluorosilane wherein:
Z" and Z* are both -NH—;
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The following inorganic particles were used as indicated in the examples below. Table 1 Name of
Inorganic Oxide Description of Inorganic Oxide 5i02 #1 Silica having a primary particle size of about 12
nm obtained~as AERGS1L 200 from Degussa AG now Evonik Degussa Industries AG. ZnO #1 Zinc

oxide nanop¥RA¥PRaRARY a primary particle size of about 50-70 nm obtaf&dUreis 8tgfha-Aldrich
Corporation TiSiai #1 Silica coated titanium oxide nanopowder having a primary particle size of about

100 nm from SigsadAldichrQaosatiapreseniédd Siltte favmgea primary particle size of about 7 nm

obtained as AEROS1L fr eg aL,Ag n onik Degussa Industries AG. Si02#3 Silica
G o o SEa et 28

having a primary particlesize o) as'’AEROSI1L 90 from Degussa AG now Evonik
Degussa Industrigs £G;, Si02#4 Silica having a primary particle size of about 40 nm obtained as OX50
from Degussa AG now E\{Qﬂik Degussa Industries AG. Si02#515 Silica having an average particle size of
about 11000 nm obtainet & @ FHER BEreR1PEORIMR Rttets ihdustiwgiadh®ioR#6 Silica having an
average partcle gizesfiaBaub#8900 nm obtained as SPHERIGLASS 5000 from Potters Industries Inc.

The following fluorosilanes were used as indicated in the examples below. Table 2 Name of
Q' is independently chosen from the group consisting of a C2-Ci;

hydrocarbyiene optionally interrupted by at least one divalent moiety
chosen from the group consisting of —S—, -S{O}, ~S(O),~, and
—O-C(O)-NH —.

10 A preferred urea or thiourea fluorosilane is one wherein Ry is
chosen from a C,—Cy; perfluoroalkyl and Q' is independently chosen from
the group consisting of a C.-Cy hydrocarbylene interrupted by at least one
divalent moiety chosen from the group consisting of =8—, ~S(O)~, ~S{Q)—,
and —O-C{O}-NH —.

15

. A preferred urea or thiourea fluocrosilane is one wherein Ry is
chosen from a Co—Cyp perflucroalkyl provided that: i) one fluorine atom of
the perfluoroalkyl is replaced by hydrogen, and/or ii} the perfluoroalkyl is
interrupted by at least one oxygen, methylene, or ethylene; Q is chosen

20 from the group consisting of a C~C 2 hydrocarbylene optionally
interrupted by at least one divalent organic group.

Another preferred isocyanate derived fluorosilane of Formula 2 is a
carbamate fluorosilane wherein:
25 Z" is -NH-and Z* is ~O—, or Z' is ~O- and Z? is ~NH-; and
xX'is O;
said carbamate represented by the formulae:
(L)3Si~(CH2),~NH~-C(0}-0-Q"-R;, or

(L)3Si~(CH2)=O~C(O)-NH-Q "R
30 wherein:
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Fluorosilane Description of Fluorosilane FS #A (CH30)3SHCH2)2-(CF2)5-CF3 FS #B
(CH30)3SHCH2)2-(0E2)7-CF3 FS #C (CH30)3SHCHO03--C6F5 FS #1
(CH30)3SHEH2)3-NE=C(0)-NH-(CH2)2-5-(CH2)2-(CF2)5- CF3 Convergent Fluorosilane Single
Grafting Th&%@At*¢3f&rgent fluorosilane single grafting” as used 5Sthrobig &Gt EE dmples refers to
the following procedure. About 125 g of a chosen inorganic oxide was placed in a 3 liter round bottom
flask equipped with a @ieshmisal stinyeiracatbyieles intevgeriatmpsphexet dieditialedtmixture was
heated to about 50 C for about 2 houwrs in order t hie neeus dispersign. 25 g of a
chosen fluorinated aiang T \(/av%sr?ﬁ]en% cKIy 58808%%%%3 gﬁ"’r%ﬁm T&%Hfoﬁé\s’ﬁé“gf é%/t)wﬁitrogen
sparging for 30 minutes. The reaction mixture temperature was-tén-raised to 75 C and stirred for
about 15 hours ulter a ritrogeéi@imosplitre. AftenthiS@ENbtted réattion time period, the reaction
mixture was cooled and centrifuged in portions at 3000 rpm for about 2 minutes. 15 Excess
hydrocarbon solvent was decanted and the remaining fluorine grafted fumed inorganic oxide product

were washed 3 times willhrikare aadarnidlagembinbewes Meduriag:in rRvaensseaven at 110 C for
about 12 hours. 20Convergent Flu rosili[;g DO(#J Ie,Graftin%] T&e erm "convergent fluorosilane
e ARt

double grafting” ZTB& trioudB LRI r&idPesH BSRRMRAIHS "convergent
fluorosilane singlgrguafitngsigtitigtbeddio@ingradidtmibalestepstehumitd By gttle@shorganic oxide product

obtained after a cpnvergent fluorosilane 25dguble grafting was placed in liter round bottom flask
equipped with a (&é’lg , “’3‘3‘?/% %ﬁ%%%%@%ﬁé%@ggg 2 nTéEr%eﬁljl Eil%%@?ﬁ’nd under
nitrogen atmospline ~Théfinreddr-mixture was heated to about 50 C for about 2 hours in order to

achieve a hginogeneous dispersion. 25 g of the same fluorinated silane used in the convergent

fluorosilane single grafting was then qgickly added to the ‘ .
A preferred carbamate fluorosilane is one wherein R; is chosen

from a Co~Cyz perfluoroalky! provided that: i) one fluorine atom of the

perfluoroalkyl is replaced by hydrogen, and/or ii) the perfluoroalkyl is

interrupted by at least one oxygen, methylene, or ethylene; Q is chosen
15  from the group consisiing of a C—~C12 hydrocarbyiene optionally

interrupted by at least one divalent organic group.

Another preferred isocyanate derived fluorosilane of Formula 2 is a
thiolcarbamate fiuorosilane wherein:
20 Z" is =NH-—and 7% is -S—, or Z" is -8~ and Z? is-NH~-; and
X'is O
said carbamate represented by the formulae:
(L)3Si~(CH2)nNH-C(0)-S—-Q'-R; or
(L)3Si~(CH2)n—S—-C(O)-NH-Q'-R;
25  wherein:
Q' is independently chosen from the group consisting of a C»>-C;
hydrocarbylene optionally interrupted by at least one divalent moiety
chosen from the group consisting of ~8—, =S(0)~, =S(0Q)s~, -N(R")-C(O}-,

iy Y-

~C(O}-N(R")~, ~(R"IN-S(O)o—, and  ¥=x
30
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5stirred mixture followed by nitrogen sparging for 30 minutes. The reaction mixture temperature was
then raised to 75 C and stirred for about 15 hours under a nitrogen atmosphere. After the allotted
reaction time petiedr-the reaction mixture was cooled and centrifuged in portions at 3000 rpm for about
2 minutes. BXee88Rytirdcarbon solvent was decanted 10 and the remainfég Aisgimsasdoiible grafted
fumed inorganic oxide product were washed 3 times with ethanol and centrifuged followed by drying in

ah vacurl]Jm O\Qen at 110I & foerbaid ﬂrclﬁolffn?ﬂb@rﬁéﬂ@ ﬁ&fg@%ﬁ@g b’ﬁéhﬂﬁ@féﬁh}jﬁﬂ@sﬁ:‘%ﬁé}gﬂn% 5;)5 Uzed
throughout the examples refers to the following pracedure. About 5 wt. % of chosen hydrophobize
inorganic particljgof)? i Ezggfﬁ%}%a{ﬂﬁhﬁ’\gﬂ&?eém‘/%t‘@d(ﬂgﬁa%éﬁanc %?)‘?BS%BEEE thin film was made
by casting three taypers afrtistinglofiarCoria-chgtirasayiadsratidesvinteeinyha ks arere allowed to dry
for about 20 10 rm(}%%ﬁ at 06E8§ ﬁt@g quﬁla [%qf%?#'#ﬁ%gg%%ﬁ%ﬁ% _a_ﬁwomggsp_og%faiti_ng of particles
on the glass slides. Advancing Water Contact Arigle easurenten ("H20 Rdv."j The térms "advancing

water contact anglet o920 AN -refer to 25 the results of a measurement conducted using a
Rame-Hart Standard Automated Goniometer Model 200 employing DROP image standard software
and equipped with an automated dispensing system with 250 pl syringe, having an illuminated
specimen stage assemPiyr AEsrpRIdlea RaTered dnedarfde RmYRSERSsiachasss. The

goniometer, whichoig 30comegiad IBreHB RdMigstRaR: o RGRITIRIBE MR easmpier screen, had an
integral eye piece%ﬁnnect dtoac mega h%/ing both horizontal axis line indicator and an adjustable
e 56 P

rotating cross lin@ HAHARBIEENEP BRSSP ARSI BNS REIMOEPREY & niers. The syringe
used were ¢arefutijeclepteecowith latesitmi aodyakowed oty anptatednbefdie tisssdrrior to contact
angle measuremgn mple on. the gl ide,was clam into place and the vertical vernier
adjusted to alignfﬁ?{&l éﬂ%rﬁf%%a%ﬂﬂg a'&i?i%t émg)é g(g%cgglgrﬂ?@gn EP@Cfﬁ‘ghrlg{orizontal plane of the
sample, and the Ideizopted positiderst the stvgéerdlatianio gneugye piece positioned so as to view one
side of the test fluid droplet interface region at the sample interface. To determine the contact angle of

the test fluid on the sample, 10 approximately one drop of test fluid was dispensed onto the sample
using a small syringe fitté@irhrisfaiise dsosi FesaivasdHamsiaRne e ikt relw o displace a

calibrated apgouny.ef thetestdiidiondushnaasraeignized water. Horizontal and cross lines were
adjusted via the software in the 15Model 200 after leveling the sample via stage adjustment, and the

computer calculated the Eonthte &l b el ipsHHiouity the drop appearance. Alternatively,

immediately upon dispénsiog the test fluid, the rotatable vernier was adjusted to align the cross line

and cross position @1 tis %he intersection of %hgéog%at%le cross line and the fixed horizontal 20line,
&t and e

coincident with tt& Sdge ofhe HLEFAGHIHEY !

SgI]H[ﬁé, and the cross line angle (rotation)

then positioned coincident with t n 0 tha € ofsthe droplet surface, as imaged by the
(L5,8n9eR, 10-10R 26195 o4 (oo

eye piece. The contact angle was then ‘read from the angle sc ich was equivalent to the tangent
angle. 20  wherein:

Q' is independently chosen from the group consisting of an
uninterrupted Co-C12 hydrocarbylene.

Another preferred isocyanate derived fluorosilane of Formula 2 is a
25  N-formy! urea fluorosilane wherein:
a=1, x=1, and I=1, and
7" is ~NH-, and Z? is -N[C(O)H]~;
said N-formyl urea represented by the formula:
(L)3Si~(CH2)r-NH~C(X)-NIC(O)H}-Q '-R;
30  wherein:
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25Contact angle was measured after the droplet has been added to a surface. Receding Water
Contact Angle Measurement ("H20 Rec.") The terms "receding water contact angle" or "H20 Rec."
refer to the 30-results-of a measurement identical to the advancing water contact angle measurement
described aB&V&EXEEdTtontact angle was measured after the droplet w&§ PARAM/FitHdrawn from a
surface. Advancing Oil Contact Angle Measurement ("C161-112 Adv.") The terms "advancing oil
contact angle" or "C18H 12 iAdbpenefenttp thesesitsofre meagucensstindesficd tCihe advancing water
contact angle m%ascg(r)em nfegles%c[iflg(;d Gl?é)%e expep hexaélle%an was S&éjo%g r'z[ FoF%St 5liquid instead
of water. Receding FEontac Anqreuleleas ement}'@fS I eg.l'cj e terms "receding oil contact
angle" or "C161-tegReun aefeistoghe’ reSulendf-dlimeasurement identical to the advancing oil contact
angle 10 measurement described above except contact angle was measured after the droplet was
partially withdrawn from a surface. Evaluation of Contact Angle Higher advancing and/or receding

water contac angle 15 MRS SRFERTTS thERURST FNGHEMRERY Pep I ariBPRIARE lower water contact

angles measurerggris dicaiad iRuesvataersaredpncy. Cases where no water contact angle could be
measured indicate wetting and very poor water repellency. Higher advancing and/or receding oll
ﬂ%ﬁ@z

contact angle measurBierts i et higher oil repellency while lower oil contact 20 angles

measurements indicaeddowei-olrie®liendi (ases MR @IE-ail-contact angle could be measured

indicate wetting and veyy; Tﬁ” 5 A surface is said to be "super hydrophobic” in cases
HLse b

where the advancing rcomntact ang receding water contact angle was greater than about
150 degreedand the kysteasisddiffaser@heween 25 advancing and receding water contact angle)
is less than about 10 degrees. A surface is said to be "super oleophobic” in cases where the
advancing oil corstiet liRgdansHrsteRling afidsatiean§e Wabeieats#ean about 150 degrees and
the hysteresis (difference between advancinadand receding oil contact ar_lbglcez is less than about 10

degrees. A surface é@%ﬁ&t@%ﬁﬁ’%ﬁb‘&@% %9995?\@9&85 BQQSBPTO Bl "super

amphiophobic.” WejgheReaient FiltorpeerSimpmerr (COThe pement. fgoiDB R-aRy given

hydrophobized patrticle l;]/vas.deter me%%rﬁ%rg\%'ﬁ%‘?% Torch mc;}tt?_.gd{ and. are shov%{n in the tables
rea ntro

below under a column fapeled "JgF. 5 ’QrﬁSFe gﬁ’w ﬁﬁlq?ﬁn'}(casting, eight

films were rHfade tbspeactitmly frotmyBi 2/t Zged ptefei8iaHi1, Si02 #2, Si02 #3, Si02#4, Si02 #5,
SiO2 #6. The water and oil contact angles (advancing and receding) were

Another preferred fluorosilane of Formula 2 is a tertiary amine

fluorosiiane wherein:
a=1, x=0, and |I=0; and
20 Z'is =N[-Q"~(Rp)l—;
said tertiary amine represented by the formula:
| f
QB
1

(L),Si—(CH,)—N—0Q"R,

Q' and Q° is independently chosen from the group consisting of a Cs-
C12 hydrocarbylene interrupted by at least one ~C{O)-0O~- and optionally
25  further interrupted by at least one divalent moiety chosen from the group
consisting of ~S—, —~S(O)-, —S(O)—, -N(R")-C(O}, —C(O)}-N(R")—, -

7 N—

(RNN-S(O)z—, and  h=n

15 -



10 measured for each of these eight films. In all eight cases, no water or oil contact angles could be
measured which indicated wetting and very poor water and oil repellency. Comparative Example A
15Convergent-Hueresiane single grafting was conducted wherein the chosen inorganic oxide was
Si02#1 and Yfe @¥8&i Huorosilane was FS #A resulting in hydrophobize®(F&¢fiate&084ifn sample was
made by thin film casting using these hydrophobized particles. Contact angle measurements were

conducted on this film sample and are shown iERBLatle§. Comparative Example B

fluorosilane single

grafting was
chosen fluorosilane was Fs\qlggtfé?l

hydrophobized p

wherein the chosen inorganic oxide was Si02#1
sample was made by thin film casting using thes

nducted wherein t hosen inor

; e Exa
O el e S g S e

6

es

Convergent
iI02#1 and the

e

g%ﬂﬁ é:g&ig;\lﬁt angle measurements were conducted on this film sample and are
shown in Table 3; Comparative Example C 30Convergent fluorosilane single grafting was conducted

chosen fluorosilane was FS #C.
phobized particles. Contact angle

measurements we
Convergent fluoro
and the chosen flu

[Licte
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ane wa

"N

Sij

%é@ﬁaﬁ'ﬁﬂ 6‘?‘WHBi‘§£ﬂE" @;g;o@'jown 1g! Tabie's. ?‘Examph'-r
grafting was conducted wherein the chosen inorganic oxid
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shown in Table 3.
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e #4-onta

Example 2
xide was Zn

CEiad B ADPRSHISH pPiEIEQNeHeIeBai 9D HiS Tiim sa
otERAYEres PERODIS IADE HBi8DaKali0ARRE TUeiRd
D8 @sih el ghisgnitsiorosilane was FS 15#1. A film san

made by thin film ¢

conducted on this

B‘iDG using
film sample g

thegedssoRepsedpaitcieg. SomastangieReasuseme
\Ebaue Sha@min dsthiact ryangiend-206Hunvergeotdtienros

grafting was condu

was FS #1. A film
angle measureme

quSioyhereir
sample was |
nts were con

) Hiigcehastadnitsgancoxdenaaspbwiirtiaand thedhasen
Meaitdhy sire GinmteastigDusmé dhe Sighyalgighohized partid
i Octesbrarionis film sample and are shown in Table 3. 25 C

Example D

SIO; #2

Silica having a primary particle size of about 7 nm
obtained as AEROSIL 300 from Degussa AG now Evonik
Degussa industries AG.

SIO #3

Silica having a primary particle size of about 20 nm
obtained as AERGSIL 90 from Degussa AG now Evonik
Degussa industries AG.

SiO; #4

Silica having a primary particle size of about 40 nm
obtained as OX50 from Degussa AG now Evonik Degussa
industries AG.

SiOz #5

Silica having an average particle size of about 11000 nm
obtained as SPHERICEL 110P8 from Potters Industries
inc.

SO, #6

Silica having an average particle size of about 7000 nm
obtained as SPHERIGLASS 5000 from Potters industries

Inc.

The

following fluorosilanes were used as indicated in the

examples below.
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Convergent fluorosilane double grafting was conducted wherein the chosen inorganic oxide was
Si02#1 and the chosen fluorosilane was FS #A resulting in hydrophobized patrticles. A film sample was
made by thir36film easting using these hydrophobized particles. Contact angle measurements were
conducted o Y HESAple and are shown in Table 3. Comparative ERGFBIE0E8/0856 Convergent
fluorosilane double grafting was conducted wherein the chosen inorganic oxide was Si02#1 and the
chosen fluorosilane was FS #13. A film sample washragle by thin film casting using these 5
hydrophobized particles. Contact angle measurements were conducted on this film sample and are
shown in Table 3.Neoreparpesdexsiompts’ FlGongiagent fluorosilane double grafting was conducted
wherein the 10 choken inorganic oxide was 8i02#1 and the chosen fluorosilane was FS #C. A film
sample was madée-hyotkin film casting using these hydrophobized particles. Contact angle
measurements weli@génducted on this film sample and are shown in Table 3. 15 Exanjple 4
Convergent fluorostiaié doyBle grafirgCias-cabBrcterwherein the chosen inorganic gxide was Si02

#1 and the chose=|@:§%03|=l§@ﬁg@5§§§@|1b@j !ﬁtg@r@g was made by thin film casting usin? theze
hydrophobized O C rents-were-conducted-26-on-this-fitm—-sample and are
s?qlowr?in Tab|ep%§gnlc @ﬁ b;"r‘%i mhfg??r_ﬁ@gﬁncllanp double grafting was conducted wﬁerein the
chosen inorganic bide warsl CHE RS 6 thés ChbEH AN KR ea§ HE HE #(CRAm sample was
made by thin film_casting uséri these hydrophobized particles. Contact angle measurements were
conducted on this film sample and are shown in Table 3. Example 6 30Convergent fluorosilane double
grafting was conducted wherein the chosen inorganic oxide was TiSiO4 #1 and the chosen
fluorosilane was &8 , Mzt Aipae OIefing/085612 #1. A film sample was made by thin
film casting using these hydrophoblzed particles. Contact Sﬂgle measurements were conducted on this

film sample and are shdWi iRy SseBI8uPRRlMs S RPRyBIRTIeKias reatcle %F

S throughout the examples refers to the following procedure. About 125 g of

& chosen inorganic oxide was placed in a 3 liter round bottom flask
equipped with a mechanical stirrer and under nifrogen atmosphere. The
stirred mixture was heated o about 50 °C for about 2 hours in order to
achieve a homogeneous dispersion. 25 g of a chosen fluorinated silane

10 was then quickly added to the stirred mixture followed by nitrogen
sparging for 30 minutes. The reaction mixture temperature was then
raised to 75 °C and stirred for about 15 hours under a nitrogen
atmosphere. After this allotted reaction time period, the reaction mixture
was cooled and centrifuged in portions at 3000 rpm for about 2 minutes.

15 Excess hydrocarbon solvent was decanted and the remaining fluorine
grafted fumed inorganic oxide product were washed 3 timas with ethanol
and centrifuged followed by drying in & vacuum oven at 110 °C for about
12 hours.

20  Convergent Fiuorosilane Double Grafting

The term “convergent fluorosilane double grafting” as used
throughout the exampies refers to a procedure identical to “convergent
fluorosilane single grafting” with the following additional steps. About 125
g the inorganic oxide product obtained after a convergent fluorositane

25  double grafting was placed in a 3 liter round bottom flask equipped with a

-7 -



Fluorosilane Contact Angle Measurements (0) H20 Adv. H20 Rec. C16H12 Adv. C161-112 Rec.
single grafting A Si02 #1 4.49 FS #A 145126 B Si02 #1 6.71 FS #B
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WO 2009/076179 PCTIUSZ068/085612

mechanical stirrer and under nitrogen atmosphere. The stirred mixture
was heated to about 50 °C for about 2 hours in order to achieve a
homogeneous dispersion. 25 g of the same fluorinated silane used in the
convergent fluorosilane single grafting was then quickly added to the
5  stirred mixture followed by nitrogen sparging for 30 minutes. The reaction

mixture temperature was then raised to 75 °C and stirred for about 15
hours under a nitrogen atmosphere. After the aliotted reaction time
period, the reaction mixture was cooled and centrifuged in portions at
3000 rpm for about 2 minutes. Excess hydrocarbon solvent was decanted

10 and the remaining fiuorine double grafted fumed inorganic oxide product
were washed 3 times with ethanol and centrifuged followed by drying in a

vacuum oven at 110 °C for about 12 hours,

Thin Film Casting

15 The term “thin film casting” as used throughout the examples refers
to the foliowing procedure. About 5 wt. % of chosen hydrophobized
inorganic particies or untreated inorganic particles were dispersed in
isopropanol. A thin film was made by casting three layers of this solution
onto a clean glass slides wherein the slide were aliowed to dry for about

20 10 minutes at 60 °C after each casting thereby creating a homogenous

coating of particies on the glass slides.

Advancing Water Contact Angie Measurement ("H.Q Adv.”)

The terms “advancing water contact angle” or “H,O Adv.” refer to
25 the results of a measurement conducted using a Ramé-Hart Standard
Automated Goniometer Model 200 empioying DROP image standard
software and equipped with an automated dispensing system with 250 i
syringe, having an illuminated specimen stage assembly. A sample was
glued to a glass slide using double-sided tape. The goniometer, which is
30  connected through an interface to a computer with computer screen, had
an integral eye piece connected to a camera having both horizontal axis
line indicator and an adjustable rotating cross line and angle scale, both

-18 -
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independently adjustabie by separate verniers. The syringe used were
carefully cleaned with alcohol and allowed to dry completely before use.
Prior to contact angle measurement, the sample on the glass slide
was clamped into place and the verticai vernier adjusted to align the
5  horizontal line (axis) of the eye piece coincident to the horizontal plane of
the sampie, and the horizontal position of the stage relative (o the eye
piece positioned so as to view one side of the test fluid droplet interface
region at the sampie interface.
To determine the contact angle of the test fluid on the sample,

10  approximately one drop of test fluid was dispensed onto the sample using
a small syringe fitted with a stainless steel needle and a micrometer drive
screw to displace a calibrated amount of the test fluid, which was
deionized water.

Horizontal and cross lines were adjusted via the software in the

15 Model 200 after leveling the sample via stage adjustment, and the
computer calculated the contact angle based upon modeling the drop
appearance. Alternatively, immediately upon dispensing the test fiuid, the
rotatable vernier was adjusted to align the cross line and cross position,
that is the intersection of the rotatable cross line and the fixed horizontal

20 line, coincident with the edge of the test fluid droplet and the sample, and
the cross line angle (rotation) then positioned coincident with the tangent
{0 the edge of the test dropiet surface, as imaged by the eye piece. The
contact angle was then read from the angle scale, which was equivalent to
the tangent angle.

25 Contact angle was measured after the droplet has been added to a

surface.

Receding Water Contact Angle Measurement (“H-O Rec.”)

The terms “receding water contact angle” or *HO Rec.” refer to the
30 results of a measurement identical to the advancing water contact angle
measurement described above except contact angle was measured after
the droplet was partiaily withdrawn from a surface.

-10-
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Advancing Qil Contact Angle Measurement ("CqsH 1> Adv.”)

The terms “advancing oil contact angle” or “CisHi2 Adv.” refer to the
results of a measurement identical to the advancing water contact angle
measurement described above except hexadecane was used as the test
liquid instead of water.

Receding Oil Contact Angle Measurement ("CisH12 Rec.”)

The terms “receding oil contact angle” or “CigHi2 Rec.” refer to the
results of a measurement identical to the advancing oil contact angle
measurement described above except contact angle was measured after
the droplet was partiaily withdrawn from a surface.

Evaluation of Contact Angle

Higher advancing and/or receding water contact angle
measurements indicated higher water repellency while lower water contact
angles measurements indicated lower water repellency. Cases where no
water contact angle could be measured indicate wetting and very poor
water repellency. Higher advancing and/or receding oil contact angle
measurements indicated higher oil repellency while lower oil contact
angles measurements indicated lower oil repellency. Cases where no ol
contact angie could be measured indicate wetting and very poor oil
repellency. A surface is said to be "super hydrophobic” in cases where the
advancing water contact angle and receding water coniact angle was
greater than about 150 degrees and the hysteresis (difference between
advancing and receding water contact angle) is less than about 10
degrees. A surface is said to be “super oleophobic” in cases where the
advancing oit contact angle and receding oil contact angie was greater
than about 150 degrees and the hysteresis (difference between advancing
and receding oil contact angle) is less than about 10 degrees. A surface
that is both super hydrophobic and super oleophobic is said to be "super
amphiophobic.”
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Weight Percent Fluoring Measurement

The percent fluorine in any given hydrophobized particie was
determined by the Wickbold Torch method and are shown in the tables

below under a column labeled "%F.”

Untreated Control Exampie

Using thin film casting, eight films were made respectively from
SO #1, ZnO #1, TiSIO4 #1, SIO. #2, SiOL #3, SiO #4, Si0, #5, Si0, #6.
The water and oil contact angles (advancing and receding) were
10 measured for each of these eight films. In all eight cases, no water or oi
contact angles could be measured which indicated wetting and very poor

water and oil repellency.

Comparative Exampie A

15 Convergent fluorositane single grafting was conducted wherein the
chosen inorganic oxide was SiOp #1 and the chosen fluorosilane was FS
#A resulting in hydrophobized particles. A film sample was made by thin
film casting using these hydrophobized particles. Contact angle
measurements were conducted on this film sample and are shown in

20 Table 3.

Comparative Example B

Convergent fluorositane single grafting was conducted wherein the
chosen inorganic oxide was SiOy #1 and the chosen fluorosilane was FS
25  #B. Afilm sampie was made by thin film casting using these
hydrophobized particles. Contact angle measurements were conducted
on this film sample and are shown in Table 3.

Comparative Example G

30 Convergent fluorosilane single grafting was conducted wherein the
chosen inorganic oxide was SiOq2 #71 and the chosen fluorosilane was FS

0.



FS #1 161 161 154 149 *indicates contact angle could not be measure because of wetting In
reference to Table 3 above, the fluorosilane used in Comparative 10Examples A-E is a fluorosilane
wherein the siliean atem is directly bonded to a perfluoroalkyl group. In contrast, that the fluorosilane
used in Exafif1é¥9Y9855 % fluorosilane wherein the silicon atom is first boRgEY R E@RMENt organic
linking group, represented by -NH-C(0)-NH-(CH2)2---S(CHZ2)2-, which in turn is bonded to a
perfluoroalkyl grat. Asishaamble Wmsonmprringtiie tlentasitiagaleimeasisements of Example 1 to
Comparative Examples . A-C, without the incorporation of a divalent grganic linki roup it was only
possible to achi(jbgge{ éﬁ%%gg\%vg erL[rJE (r:{-:-epséllgﬁgyal%? t ! o@&%ﬁg{g@?ﬁ%@ﬁf&,@gﬁgﬁ%‘fge oil repellency.
The incorporatiomwoftiisifielssturigaand latkisharoup TeBkadnple 1 results in adequate water repellency
as 20 well as adequate oil repellency. Even when double grafting is performed such as in Comparative
Examples D-E, without the incorporation of a divalent organic linking group it was only possible to
achieve adeéuat@&ﬁ%épellency but impossible to also achieve adequate oil repellency. Table 3
also shows that double grafting improves oil repellency over single grafting as evidenced by
comparing: Example 1 fg‘)@%ﬁmﬁrg Huerosiianie 99t SRERpIWES SARdERBANE Y e ER@mple 6.
Divergent SynthadissdsinglegEniactiziaaliwat 1T e tar tisenetedondtignalizationzasngsed throughout
the examples ref s tR We foIIovvlin%I roce%urg. %boi.ﬁ{%t% ﬁ.of a c.hose?hn 10inorganic oxide was placed
in a 3 liter round ottom'ﬁ%gl%%}&ﬁpp WA ELRAHTESPSHRG MBS RSt nitrogen atmosphere. The

stirred mixture waydreatediedumutise foorbotsdgmoredpuraies tits avhieverduomdgeneous

dispersion. 25 g {ESt : -(QH2 (commercially available as AMMO from
S A SOOI

Degussa AG), was then 15quickly xture followed by nitrogen sparging for 30
minutes. The reaction mixture temperature was then raised to 75 C and stirred for about 15 hours.
After the allotted ggagtign time period, the reaction mixture was cooled and centrifuged in portions at
3000 rpm for

Convergent fluorosilane single grafting was conducted wherein the

chosen inorganic oxide was ZnO #1 and the chosen fluorosilane was FS

15 #1. Afilm sample was made by thin film casting using these
hydrophobized particles. Contact angle measurements were conducted
on this film sampie and are shown in Table 3.

Example 3

20 Convergent fluorosilane single grafting was conducted wherein the
chosen inorganic oxide was TiSiO4 #1and the chosen fluorosilane was FS
#1. Afilm sample was made by thin film casting using these
hydrophobized particles. Contact angle measurements were conducted
on this film sample and are shown in Table 3.

25
Comparative Example D

Convergent fluorosilane double grafting was conducted wherein the
chosen inorganic oxide was SiO» #1 and the chosen fiuorosilane was FS
#A resulting in hydrophobized particles. A film sample was made by thin
30  film casting using these hydrophobized particles. Contact angle
measurements were conducted on this film sample and are shown in
Table 3.
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about 2 minutes. Excess hydrocarbon solvent was decanted and the 20 remaining fluorine grafted
fumed inorganic oxide product were washed 3 times with ethanol and centrifuged followed by drying in
a vacuum oven-at-1:30G-for about 12 hours. All of the above steps were preformed in a nitrogen
atmosphere WS Bi(HYERAT Synthesis - Double Functionalization The tBERHUENEBIBIGHCtionalization”
as used throughout the examples refers to a procedure identical to "single functionalization" with the
following addition@bsippatiediial?s€g Bf the inorganic oxide product obtained after single
functionalization was placed in a 3 liter round bottom 30flask equipped with a mechanical stirrer and
under nitrogen atmospHegavetgestifitadoniauecimalsidgeaéichpvedrood miuCtédraibenair? theurs in order to
achieve a homoggneqiis;di ian,: fgLéf' t S ' &)és 2(commercially
available as AMMO froml%bgg%@?&é%\%va%s t eznﬁguﬁﬁg%d%o to the 's%%rlfe% J?_r:lx SrIE ollowed by
nitrogen sparging#or 807kl eTes xrtio PiiXufimarapératusé @aesten raised to 75 C and
stirred for abgut 15 deprorAsiar tanialialted Jeacion GRS AR AR Mbtue was cooled and

centrifuged in portions at 3000 rpm for about 2 minutes. Excess hydrocarbon solvent was decanted
and the remainin§HYRAETHRRIBRIGAIAR St HRYW TBrd8RIe 8xide product were washed 3 times with

ethanol and centrifuged followed by drying in a vacuum oven at 110C for about 12 hours. All of the
above steps wer&lgpre;to%r{.meg in a ?itrﬁ:gen atmosphere. Comparative Example F Single
functionalization the chosen inorganic oxide was Si02#2 resulting in treated

particles. A film sample in fi i ' r icles..Contact angle
measurements were coﬁ%(?ﬁ\é%zg%%dﬁ{i%y?i%gggﬁgf@n%ggﬁ%n%%ﬁﬁ%%%é%%l|c')§atrha€five Example

G 20Single fnctigiRIpaiisnafas eitiives Ytk iremkibrctmsanotyarisiedidevaas $i02#1 resulting
in treated particlegcA filflsaapisevassadiey tim il easting ysing dhese treated particles. Contact

angle measurements were conducted on this film sample and are shown in Table 4. 25 Comparative

Example H  Sh¢EPRIARIERARER AW {ES ARSI WIRA IR aME RiSOYBIEi RBRGASIEDxide was 5i02#3

resulting in treateshpaiicies saniitne sample wassnase s film casting using these treated particles.
Contact angle 30 measurements were conducted on this film sample and are shown in Table 4.

15  Example 4

Convergent fluorosilane double grafting was conducted wherein the
chosen inorganic oxide was Si0O2#1 and the chosen fluorosilane was FS
#1. Afilm sample was made by thin film casting using these
hydrophobized particles. Contact angie measurements were conducted
20  onthis film sample and are shown in Table 3.

Example 5

Convergent fluorosilane doubie grafting was conducted wherein the
chosen inorganic oxide was ZnQ #1 and the chosen fluorosilane was FS
25 #1. Afilm sample was made by thin film casting using these
hydrophobized particles. Contact angie measurements were conducted
on this film sample and are shown in Table 3.

Example 6

30 Convergent fluorosilane double grafting was conducted wherein the
chosen inorganic oxide was TiSiO4 #1and the chosen fluorcsilane was FS

-23 -



Comparative Example | Single functionalization was conducted wherein the chosen inorganic
oxide was Si02#4 resulting in treated particles. A film sample was made by thin film casting using
these treated-particles:-Contact angle 5 measurements were conducted on this film sample and are
shown in TaBé #'bigarative Example J Single functionalization was cBRERCRENIFEPEIN the chosen
10inorganic oxide was 5i02#5 resulting in treated particles. A film sample was made by thin film
casting using the#¢. trediledszantiidesa Cordaettangle Messasengemyeresezonducted on this film
sample and are %hovxé)n hn g%gl % r&ge%orﬁ%as[%t(i: %E)fam%lgsﬁr mek 8“%‘,—9 f%ngt'anglgaﬂon was
conducted wherel c%eocﬁosen i%organl'c SX1dE Was Bi0245 Tesu ting in feated parﬁcefes. A film sample
was made by thiofillhizfktimpusiegibsectabmed paftidiss3Contact angle measurements were
conducted on this film sample and are shown in 20 Table 4. Comparative Example L Double
functionalizagon was conducted wherein the chosgp,jparganic oxide was Si02 #1 resulting in treated
particles. A film sample 25 was made by thin film T&stiiig using these treated particles. Contact angle

measurements weffé conducteq on this film sample and are INQYHA IR ARG MaaRlRmnample
Inorganic Oxide Particle %F C )@8@%Ie Weasurements 0 )
xample Xide % Fluorositane
Particle Hzo Hzo C16H12 C16H12
Adv. Rec. Adv. Rec.
A SiOz#1 | 4.40 FS #A 145 126 ¥ *
B SiO#1 | 6.71 FS #B 159 156 * *
-%’)__g C SiOx#1 | 2.87 FS #C 149 129 * *
% g 1 SiOz#1 1136 FS #1 81 80 105 92
2 ZnO#1 | 3.08 FS #1 124 107 80 62
3 1 TiSIOs#1 | 18.0 FS #1 160 157 * *
D SiO:#1 | 5.51 FS #A 153 149 * *
2D E SiO#1 1 12.8 FS #B 158 165 ¥ *
"% % 4 SiO#1 | 221 FS #1 160 158 155 150
©o| 5 | znO#! |575| FS#1 | 181 | 161 | 98 | 72
6 | TiISIO #1 | 11.2 FS #1 161 161 154 149

* indicates contact angle could not be measure because of wetting

In reference to Table 3 above, the fluorosilane used in Comparative
10 Examples A-E is a fluorosilane wherein the silicon atom is directly bonded
to a perflucroalkyl group. In contrast, that the fluorosilane used in
Examples 1-6 is a fluorosilane wherein the silicon atom is first bonded to a
divalent organic linking group, represented by —~NH-C(O)}-NH~(CH; )-8
(CH2)o—, which in turn is bonded to a perfluoroalkyl group. As shown by
15 comparing the contact angle measurements of Example 1 to Comparative
Examples A-C, without the incorporation of a divalent organic linking group
it was only possible to achieve adequate water repeliency but impossibie
to also achieve adequate oil repellency. The incorporation of a divalent
organic linking group in Example 1 results in adequate water repellency as
20 well as adequate oil repellency. Even when double grafting is performed
such as in Comparative Examples D-E, without the incorporation of a
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divalent organic iinking group it was only possible to achieve adeguate

water repeliency but impossible to also achieve adequate oil repellency.

Table 3 also shows that double grafting improves oil repeliency over single

grafting as evidenced by comparing: Example 1 to Example 4; Example 2
5 to Exampie 5; and Example 3 to Example 6.

Divergent Synthesis — Single Functionalization

The term "single functionalization” as used throughout the

exampies refers to the following procedure. About 125 g of a chosen

10  inorganic oxide was piaced in a 3 liter round bottom fiask equipped with a
mechanical stirrer and under nitrogen atmosphere. The stirred mixture
was heated to about 50 °C for about 2 hours in order to achieve a
homogeneous dispersion. 25 g of a first precursor, (CH30):Si—(CHz)s—
NHz (commercially available as AMMO from Degussa AG), was then

15 quickly added to the stirred mixture followed by nitrogen sparging for 30
minutes. The reaction mixture temperature was then raised to 75 °C and
stirred for about 15 hours. After the aliotted reaction time period, the
reaction mixture was cooled and centrifuged in portions at 3000 rpm for
about 2 minutes. Excess hydrocarbon solvent was decanted and the

20 remaining fluorine grafted fumed inorganic oxide product were washed 3
times with ethanol and centrifuged followed by drying in a vacuum oven at
110 °C for about 12 hours. All of the above steps were preformed in a
nitrogen atmosphere.

25 Divergent Synthesis — Doubie Functionalization

The term “double functionalization” as used throughout the
examples refers to & procedure identical fo “single functionalization” with
the foliowing additional steps. About 125 g of the inorganic oxide product
obtained after single functionalization was placed in a 3 liter round bottom

30  flask equipped with a mechanical stirrer and under nitrogen atmosphere.
The stirred mixture was heated to about 50 °C for about 2 hours in order o

achieve & homogeneous dispersion. 25 g of the first precursor,
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{CH30 )3 Si~CHz)s—NH:z (commercially availabie as AMMO from Degussa
AG), was then guickly added to the stirred mixture followed by nitrogen
sparging for 30 minutes. The reaction mixture temperature was then
raised to 75 °C and stirred for about 15 hours. After the aliotied reaction
time period, the reaction mixture was cooled and centrifuged in portions at
3000 rpm for about 2 minutes. Excess hydrocarbon solvent was decanted
and the remaining fluorine double grafted fumed inorganic oxide product
were washed 3 times with ethanol and centrifuged followed by drying in a
vacuum oven at 110 °C for about 12 hours. Ali of the above steps were

preformed in a nitrogen atmosphere.

Comparative Example F

Single functionalization was conducted wherein the chosen
inorganic oxide was SiOp #2 resulting in treated particles. A film sampie
was made by thin film casting using these treated particles. Coniact angle
measurements were conducted on this film sample and are shown in
Table 4.

Comparative Example G

Single functionalization was conducted wherein the chosen
inorganic oxide was SiO; #1 resulting in treated particies. A film sample
was made by thin film casting using these treated particies. Contact angle
measurements were conducied on this film sample and are shown in
Table 4.

Comparative Exampte H

Single functionalization was conducted wherein the chosen
inorganic oxide was SiO, #3 resulting in treated particies. A film sample
was made by thin fiim casting using these treated particles. Contact angle
measurements were conducied on this film sample and are shown in
Table 4.
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* indicates contact angle could not be measure because of wetting In reference to Table 4 above, it
was shown that single 5functionalization or double functionalization does not result in adequate water
or oil repellency.«Eapping Step The term "capping step” as used throughout the examples refers to
10the followth #¥BEEELIe. Inorganic particles obtained after single functiBRERZaEEH &6 Eter double
functionalization are reacted with a chosen "capping agent” in an inert environment in toluene solvent.
When the cappinQagentaias Bxginggiaic d, anhydride, 6, the capping agent was 15synthesized in
toluene and immediately reacted with the inorganic particles obtained after single functionalization or
after double functionaliZitiple Byntiessiizetitrevarr cimdesihydnitier eindreoshitited as taught in
USAL71282 heraRyaaPakie haY SisIentesal ieriRieids paRingke MRHRERlion was

the t e c

conducted wherein chosen inorganic oxide was S102#2 resulting In treated particles. These treated
particles wherein'stibjBeteois {he tapsrigirtepsivadhapatiealassaartiges - 19yracEPte capping
agent was OfereRy-aatdne drepbeiredcrartislanid i sapRIGMPSE&ISRYitin film casting
using these hydrgfglg%s%zed particles. Contact angle measurements were conducted on this film
sample and are n Table 5. The resulting 5 fluorosilane residue on these hydrophobized
particles was The symbol "™ represents three covalent bonds from silicon, at least one of which is

bonded to the pagticle surface o

Single functionalization was conducted wherein the chosen
10 inorganic oxide was SiO» #5 resulting in treated particies. A film sampie
was made by thin film casting using these treated particies. Contact angle
measurements were conducted on this film sample and are shown in
Table 4.

15  Comparative Exampie K

Double functionalization was conducted wherein the chosen
inorganic oxide was SiO; #6 resulting in treated particles. A film sample
was made by thin fiim casting using these treated particles. Contact angle
measurements were conducted on this film sample and are shown in

20 Tabie 4.

Comparative Exampie L

Double functionalization was conducted wherein the chosen
inorganic oxide was SiO; #1 resulting in treated particles. A film sample
25  was made by thin film casting using these treated particles. Contact angle
measurements were conducted on this film sample and are shown in
Table 4.
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10 Example 8 Example 7 was repeated except the chosen inorganic oxide was Si02#1. Example

9 15Example? was repeated except the chosen inorganic oxide was Si02 #3. Example 10
Example 7 wasvepesated except the chosen inorganic oxide was 20 Si02#4. Example 11
Example 7 W2 1¥8838¢Y except the chosen inorganic oxide was Si02 #5POHERAGHFE12
Example 7 was repeated except the chosen inorganic oxide was Si02 #6. Example 13

Double

functionalization was conducted wherein the chosgibigarganic oxide was Si02#2 resulting in treated
particles. These treated 5particles wherein subjected to the cappmg step Whereln the chosen 0O,

..S- (CHT")Z (CFZ +-EF3-6-Scappite agcn wasthere y yaking-hydrophoebized alﬂCI%".
sample was made @/XQ}HE{Q tlﬂo(‘y[%%usmgihese hydrol e ! ) 1 We%gfﬁﬂgrﬁ%f

J

IIUIU
measurements were con ucte s film sample and aA%§h DY.!@C 1§§ '%eelrée?’:ﬁjltin
10fluorosilane residgue i these NEgERpoiZed pa(l)uucb was 0 €F3-0 'p i

1O
U NI DygjlllJUl

three covalent bonds Ir(én siticor; g,tjcﬁl oneof VéIIIL,II S 'létfm. U‘?S” ﬁhe"qaftnut- auuzqf,c

H SIO2 #3 0 " *

I SiO #4 0 * * * *
J SiO» #5 0 40 14 36 21
K SIO, #6 0 * * * *
L SiO, #1 0 4 * * *

* indicates contact angle could not be measure because of wetting

In reference to Table 4 above, it was shown that single
5 functionalization or doubte functionalization does not result in adequate

water or oil repellency.

Capping Step

The term “capping step” as used throughout the examples refers to
10 the following procedure. Inorganic particles obtained after single
functionalization or after double functionalization are reacted with a
chosen “capping agent” in an inert environment in toluene solvent. When
the capping agent was a succinic

anhydride, © . the capping agent was

15 synthesized in toluene and immediately reacted with the inorganic
particles obtained after single functionalization or after double
functionalization. Synthesis of the succinic anhydride was conducted as
taught in US4171282 hereby incorporated by reference.

20  Example 7

Single functionalization was conducied wherein the chosen
inorganic oxide was SiO; #2 resulting in treated particles. These treated
particles wherein subjected to the capping step wherein the chosen
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15Example 14 Example 13 was repeated except the chosen inorganic oxide was Si02#1. Table 5
Exam pl e Inorganic Oxide Particle %F Contact Angle Measurements () H20 Adv. H20 Rec, CleH12

Adv. C161-F12Reen78i02 #2 10.7 158 155 * 8 Si02 #1 13.5 159 159
WO 2009/076179 PCT/US2008/085612

OW”\S M(CH;}}QW{CFQ}?—CFS

O\is;”"“‘i
capping agentwas  © thereby making
hydrophobized particles. A film sample was made by thin film casting
using these hydrophobized particles. Contact angle measurements were
conducted on this film sample and are shown in Tabie 5. The resulting

5 fluorosilane residue on these hydrophobized particles was

The symbol * o represents three covalent bonds from silicon, at least
one of which is bonded to the particie surface.

10 Example 8
Example 7 was repeated except the chosen inorganic oxide was
SO #1.

Example 9
15 Exampie 7 was repeated except the chosen inorganic oxide was
SiO2#3.

Exampie 10
Exampie 7 was repeated except the chosen inorganic oxide was
20 SiO:#4.

Example 11
Exampie 7 was repeated except the chosen inorganic oxide was

SiO, #5.
25
Example 12
Example 7 was repeated except the chosen inorganic oxide was
SiO #86.
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140 126 9 Si02#3 6.23 159 157 34 16 10 8i02#4 1.66 148 122 11 Si02#5 012 47 35 12 Si02#6 0.15
58

P T NN

WO 2009/076179 PCT/US2008/085612

Exampie 13
Double functionalization was conducted wherein the chosen
inorganic oxide was SiO2 #2 resulting in treated particles. These treated
5 particles wherein subjected to the capping step wherein the chosen

CH,)y—{CF4)7-CFy

Stk

Oy
capping agent was ¢ thereby making
hydrophobized particles. A film sampie was made by thin film casting
using these hydrophobized particles. Contact angle measurements were
conducted on this film sample and are shown in Tabie 5. The resulting

10 fluorosilane residue on these hydrophobized particies was

]
gy A e~ {CH L =(CF 1 -CFy

The symbot © . represents three covalent bonds from silicon, at least
one of which is bonded to the particle surface.

15  Example 14
Example 13 was repeated except the chosen inorganic oxide was

SiO.#1.
Table 5
Exampl Inorganic Oxide Contact Angle Measurements (°)
e Particle %F H>O | HO | CigHiz CigHiz
Adv. | Rec, | Adv. Rec.

7 SiO, #2 10.7 | 158 | 155 * *
8 SiO, #1 13.5 | 159 | 159 140 128
9 SiIO #3 6.23 | 169 | 157 34 16
10 SiO; #4 1.66 | 148 | 122 * *
11 SiO, #5 0.72 Y i 47 35
12 SiO, #6 0.15 | 58 52 74 55
13 SiO, #2 13.2 | 160 | 160 * *
14 SiO; #1 16.6 | 156 | 148 139 121

* indicates contact angle could not be measure because of wetting

20
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52 74 55 13 Si02#2 132 160 160 14 S102 #1 16.6 156 148 139 121 * indicates contact angle could
not be measure because of wetting 20 Example 15 Single functionalization was conducted wherein
the chosen inorganie-exide was Si02#2 resulting in treated particles. These treated particles wherein
subjected to¥R¥EABHG step wherein the chosen 5 capping agent was PCT/US2008/085612
CI-S(0)2-(CH2)2-(CF2)5-CF3thereby making hydrophobized particles having a fluorosilane residue of
ESi-(CH2)3--NH & 2nieH2) 2-(CF2)5-CF3. The symbol "E" represents three covalent bonds from

silicon, at least one of e eisrubn%ndedlzt;(z) %p%%rticclensdiﬁf é: .WAﬁfillgnns mple Wans made by thin film
casting using these hy rop(imblzectl'cﬂfpar [0S EoRTas gng e Meacurements Were conducted on this
film inorganic oxide was Si0O; #2 resulting in treated particles. These treated

particles wherein subjected to the capping step wherein the chosen
5 capping agent was Ci—8(0)>~(CHz),—~(CF2)s—CF3 thereby making

hydrophobized particles having a fluorosilane residue of ZSi~(CHz)a~NH-
S{O)>—(CH2),~(CF2)s~CF3. The symbol “=” represents three covaient
bonds from silicon, at least one of which is bonded to the particle surface.
A film sample was made by thin film casting using these hydrophobized

10  particles. Contact angle measurements were conducted on this film
sample and are shown in Table 6.

Example 16
Example 15 was repeated except the chosen inorganic oxide was

15 SiOp #1.

Example 17
Double functionalization was conducted wherein the chasen

inorganic oxide was SiO; #2 resulting in treated particles. These {reated

20  particles wherein subjected to the capping step wherein the chosen
capping agent was Cl=S(0);—(CHz)>—(CF2)s—CF3 thereby making
hydrophobized particles having a fluorosilane residue of ZSi~{CH3)s—NH-
S(0)—~(CH2)2—(CF2)s—CF3. The symbol “Z” represents three covalent
bonds from silicon, at least one of which is bonded to the particle surface.

25  Afilm sample was made by thin film casting using these hydrophobized
particles. Contact angle measurements were conducted on this film
sample and are shown in Tabie 6.

Example 18
30 Example 17 was repeated except the chosen inorganic oxide was

SiO2#1.
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sample and are shown in Table 6. Example 16

Example 15 was repeated except the chosen

inorganic oxide was 15Si02 #1. Example 17 Double functionalization was conducted wherein the
chosen inorganie -oxide-was Si02#2 resulting in treated particles. These treated 20particles wherein
subjected toMtASEIIMG step wherein the chosen capping agent was
CI-S(0)2-(CH2)2-(CF2)5-CF3thereby making hydrophobized particles having a fluorosilane residue of
ESi-(CH2)3--NH-- S(0)2-(CH2)2-(CF2)5-CF3. Thg&agymbol "E" represents three covalent bonds from
silicon, at least one of which is bonded to the particle surface. 25 A film sample was made by thin film

casting using these hydro

plobizedCparticles

PCT/US2068/085612

Cofertteahgiegiteasurements were conducted on this film

e

sample and are Skoyn,in Tawikes. Example 18VIB@ENeRMSIBd I°vas repeated except the chosen
inorganic oxide was Si02 #iar@ele 6 Exampte@hdeyanic Oxide Phitiele [Hdbontdetshng|
Measurements ( Rec. |2 Adv. | Rec.

15 SiC.#2 | 11.3 149 140 * *

16 SiOo #1 12.9 150 148 132 | 126

17 SiO#2 | 124 145 139 * *

18 | SiO.#1 10.6 147 148 147 | 144

* indicates coniact angle could not be measure because of wetting

Example 19

5 Double functionalization was conducted wherein the chosen

inorganic oxide was SiO, #1 resulting in ireated particles. These treated

particles wherein subjected to the capping step wherein the chosen

capping agent was CHp=CHy—C(O)}-O—(CH3)o—(CF,)s—CF3 thereby making
hydrophobized particies having a fluorosilane residue of ZSi—{CHz)s—

10 NECH2):-C(O}-O—(CHy)—(CF2)s—~CFalz. The symbol “=” represents three
covalent bonds from silicon, at least one of which is bonded to the particle

surface. A film sample was made by thin film casting using the

hydrophobized particies obtained after second precursor double grafting.

Contact angle measurements were conducted on this film sample and are

15  shownin

Table 7.

Table 7

Inorganic Contact Angle Measurements (%)
Example | Oxide %F HoO Adv. | HoO | CigHiz | CigHiz
Particle Rec. | Adv. Rec.
15 SiC, #1 18.9 154 151 129 116

* indicates contact angle could not be measure because of wetting

20  NMR Analysis of Example 14

The hydrophobized particies made from SiO.; #1 (AEROSIL 200)
silica particles obtained in Exampie 14 were subjected to solid-state *S;i

NMR cross-polarization magic angle spinning analysis (CPMAS) resuiting
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H20 Adv. H20 Rec. CisHi 2 Adv. Clel-112 Rec. 15 S102#2 11.3 149 140 16 Si02#1 12.9 150 148
132 126 17Si02#2 12.4 145 139 18Si02#1 10.6

SN A e A P T

WO 2009/076179 PCT/US2008/085612

in the spectra shown in Figure 2. Also shown in Figure 2 is the specira
using the same *Si NMR CPMAS analysis of untreated SiO» #1
(AEROSIL 200) silica particies.
Figure 1 is & simplified depiction of a hydrophobized particle made
5 from SIO;#1 (AEROSIL 200) silica particles obtained in Example 14.
Referring to Figure 1, the silicon atom of fluorosilane residues is depicted
by A1, A2, B1, B2, C1, and C2. In the formula of the fluorosilane residue
depicted in Figure 1, L? represents —OCHs or —OH. A1 and A2 show the
silicon atom of fluorosiiane residues bonded fo the surface of the silica
10  particle through one oxygen atom. B1 and B2 show the silicon atom of
fluorosilane residues bonded to the surface of the silica particle through
two oxygen atoms. C1 and C2 show the silicon atom of fluorosilane
residues bonded to the surface of the silica particle through three oxygen
atoms. D1, B2, D3, and D4 depict silicon atoms at the surface of the silica
15 particle which are not bonded to a fluorosilane residue.

Referring to Figure 2 and the spectra of hydrophobized particles, 1
depicts a signal consistent with the silicon atom of fluorosiiane residues
depicted as C1 and C2 in Figure 1. Referring to Figure 2 and the spectra
of hydrophobized particles, 2 depicts a signal consistent with the silicon

20  atom of fiuorositane residues depicted as B1 and B2 in Figure 1.
Referring to Figure 2 and the spectra of hydrophobized particles, 3 depicts
a signal consistent with the silicon atom of fluorosilane residues depicted
as A1 and AZ in Figure 1. Referring to Figure 2 and the specira of
hydrophobized particles, 6 depicts a signal consistent silicon atoms at the
25  surface of the siiica particle which are not bonded to a fluorosilane residue
depicted as D1, D2, D3, and D4 in Figure 1.

Referring to Figure 2 and the spectra of untreated particies, 5
depicts a signal consistent with silicon atoms at the surface of the silica
particte which are not bonded io a fluorosilane residue depicted as D1, D2,

30 D3, and D4 in Figure 1. Referring to Figure 2 and the spectra of unireated
particles, notably absent are any signals corresponding to those depicted
by 1, 2, and 3 in the spectra of hydrophobized particles.
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147 146 147 144  * indicates contact angle could not be measure because of wetting Example 19
5Double functionalization was conducted wherein the chosen inorganic oxide was Si02#1 resulting in
treated partieles These-treated particles wherein subjected to the capping step wherein the chosen
capping ageWORHEEIRT2CH2-C(0)-0-(CH2)2--(CF2)5-CF3thereby makintCAYFIREBIEEd particles
having a fluorosilane residue of ESi-(CH2)3- 10 NRCH2)2-C(0)-0-(CH2)2-(CF2)5-CF3]2. The symbol
"E" represents three covalent bonds from silicon GltAgid&g one of which is bonded to the particle

surface. Afilm s |?.W&P mage by thin film casting using the hydrophobized particles obtained after
aLis claimed is .
second precurso%gr%m.—(:ontact angle measurements were conducted on this film sample

and are 15 shown in T I%Y. Tabl g * indicates conéact an@!e could not be measure Pecause of
wetting 20 NMR Z\‘nalys suoﬁﬁﬁgﬁqgf 4morgalecé‘%) ?OB?I% ?8&8%%%‘1%8&8‘1‘%& é\be#l
(AEROSIL 200) sificagarticie s dbraingdrityamoje fdrwéne gubjecteddstvalidisttdi29Si NMR
cross-polarizatio i inpi I A lting | tra_ shown in Figure 2.
Also shownzﬁ Figépe?% IS t?‘Egﬁr%gﬂkﬁg%%%é‘%%@i@%%ﬁi@@nﬁ%ﬁéggf untreated Si02#1
(AEROSIL 200) siprid&rscidacE epielanity endplfiecatigsistionsofiwongsiiaphgbizsd particle made 5
from Si02#1 (AERQ,%%%%@ l§vi@%r9rﬁ5@t€?§ obtained in Example 14. Referring to Figure 1, the silicon

atom of fluorosilane residues is depicted by Al, A2, B1, 52, CI, and C2. In the formula of the
fluorosilane residue depicted in Figure 1, L2 represents -OCH3 or -OH. Al and A2 show the silicon

atom of fluorosil residue @ de%& th ac f‘gie jlica 10 particle through one oxygen atom.
B1 and B2 showa@meédgniébg{_j 'aﬁ of g%’géﬁg’?égﬁu Bgﬁded to the surface of the silica particle
through twd @xygen atoms. Cl and C2 show the silicon atom of fluorosilane residues bonded to the

surface of the sili&[ﬂiprgmcle through three oxygen atoms. D1, D2, D3, and D4 depict silicon atoms at
the surface of the silica 15particle which are not bonded to a fluorosilane residue. Referring to

Figure 2 and the specira.gfudrarhpbized AorigsenhPEBIE R 18I3RACORTISE! yath the silicon atom

of fluorosilane residues depicted as Cl and C2 in Figure 1. Referring to Figure 2 and the spectra of

hydrophobized pAtRRESIERIBHRICEHFAM B BRIR GRISREGIRIoR 205t ofe@ ilofdliane residues

depicted as B1 agehB2 dnd-gre hidReiersnentenbiodre 2 anddhg-spegtra of hydrophobized particles, 3
depicts a siggal consistent Withgﬁe silicon atom of quor%siIane residues depicted as Al and A2 in

Figure 1. Referring to %ﬁﬁl%‘ﬁ &?ﬁ@%%é%ﬁ%“df‘}%ﬂ% ﬂgb?z%%rticles, 6 depicts a signal
consistent silicon atorasxgtahe [2rsurfegeef thesslhcsuparticie tvbiclviate OFdonaladito a fluorosilane

nireated pariol e a0y St dor Aol S AR SEthD BO ARt U Sioa partici
which are not bofleavtogarfivistesilane residue depicted as D1, D2,
i) afirst moiety wherein a=1, x=1, and I=1; and
20 i) asecond moiety wherein a=1, x=0, and {=0;

Ry is chosen from a C~C+2 perfluoroalkyl provided that; i) one
fluorine atom of the perfiuoroaiky! can be optionally repiaced by hydrogen,
and/or ii) the perfluoroalkyl can be optionally interrupted by at least one
oxygen, methylene, or ethylene; Q is chosen from the group consisting of

25  a CxCs2 hydrocarbylene optionally interrupted by at least one divalent
organic group;

Q' is chosen from the group consisting of a Co-C+, hydroca rbylene
optionally interrupted by at least one divalent organic group;

X" is chosen from O or S;

30 the first moiety further defined wherein 2" and Z? are chosen such that:
a) Z' is -NH- and Z% is from the group consisting of ~NH—, ~O—,
~8~, ~NH-S(0)a—, =N[C(O)H]~, ~[HC(COOH)R")CH-8~, and
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30 D3, and D4 in Figure 1. Referring to Figure 2 and the spectra of untreated particles, notably absent
are any signals corresponding to those depicted by 1, 2, and 3 in the spectra of hydrophobized
particles. rl4fte - %E=WO 2009/076179PCT/US2008/085612 CLAIMS What is claimed is: 1.Surface
modified inoXfaMIt*éXfdé?particles comprising an oxide of M wherein M isRA#&[5aHEGORH#1 selected from
the group consisting of Si, Ti, 5 Zn, Zr, Mn, Al, and combinations thereof; at least one of said particles

having a surface covalegty joppdertig atdenstone fluorosilane group represented by Formula (1)
(L)d(L2),si-(cF12),-(z1)8-[c(X)Ix-(z2)[-Q1-Rf 10 wherein L1 represents an oxygen covalently bonded

to an M; and each L2 independently selected from the group consisting of H, a C1-C2 alkyl, and OH; d
and c are integers suctbiheltechaticsly, dt* #3:- Nbkashd s iméepetidegtyuprcintsigindgrom 1 to 12, a,
X, and | are integers chogan h that the moiety of Formula 1 represented by -(Z/),-[C(X1)],--(Z2).-
further represents at least one oft e'following moieties: i) a first moiety wherein a=1, x=1, and 1=1;
and 20ii) a second moiety wherein a=1, x=0, and 1=0;  Rfis chosen from a C2-C12 perfluoroalky!

provided that: i) one f'”@f"&%é’ﬁ@?‘ gm%ﬁmwwfp&ﬁﬂ ggﬂlé/nrepq{gﬁ p(g,yahydrogen and/or

i) the perfluoroalkyl can be option ﬁ‘:y interrupted by at least one oxygen, methylene or ethylene; Q is
chosen from the group CERQ¥AIRG P 254 é‘f%‘i@ﬁ?@f’d&&ﬂwm%%m@ﬁwﬁ@?ﬁ@@éj by at least one

divalent organic group;H OIQj,Hg,chosen from the group consisting of a C2-C12 hydrocarbylene
optionally interrupted by at least one divalent organic group; X1 is chosen from 0 or S; 30the first
moiety further defined wherein Z1 and Z2 are chosen such that: a) Z1 is -NH- and Z2 is from the group
consisting d0-NHhe-8gc@ ibleS(Q)2theNEfOPE M4 efie (COOH)(R1)]|CH-S-, and
(R1)CH-[HC(OOOH)]-S-élj))zalitser_lﬁtlﬁixu%ﬁ_l_,sa—lgl(lj-l- and Z1 is from the group consisting of

b) Q" and Q° are independently chosen from the group consisting of

a Co-C1z hydrocarbylene interrupted by at least one of

~C(O)-0- or —O-C(O)—, and optionally further interrupted by at

15 least one divalent organic group.

2. The particles of claim 1 wherein the fluorosilane group represented
by Formula (1) is a urea or thiourea fluorosilane group such that in
Formula (1):
20 a=1, x=1, and |=1;

Z"ig ~NH— and Z% is ~NH-;
said urea or thiourea fluorosilane group further represented by the
formula:

(LYa(LZ)eSI~CH)~NH-C (X )~NH-Q'-R;

25  wherein:
X' is O to form a urea fluorosilane group, or X' is S io form a
thiourea fluorosilane group; and
Q' is independently chosen from the group consisting of a C,-Cy
hydrocarbylene optionally interrupted by at ieast one divalent moiety
30 chosen from the group consisting of ~8—, ~S(O)}-, -8(0),—, and
~O-C(O)-NH —.
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0-, and -S-; 5 c) each R1 is independently chosen from hydrogen, phenyl, or a monovalent 01-08 alkyl
optionally terminated by -06H5, preferably H or CH3; 10 the second moiety further defined wherein: a)
Z1 is -N[-03«1:21)]-~ard b) Q1 and Q3 areindependently chosen from the group consisting of a
C2-C12 hydfgeafBfeAt interrupted by at least one of -C(0)-0- or B-BBEM8 6Btionally further
interrupted by at 15least one divalent organic group. 2.The particles of claim 1 wherein the fluorosilane
group representedl by Foneplat(@pisct ureim @ whiersiear] iomsimergioup Guad.that in Formula (1):
20a=1, x=1, and 1=1' Z1 is,-NH- and Z2 is -NH-; said urea or thiourea fluorosilane group further
represented by the o%%ﬁ?jkﬁi%aﬁﬁd@?e %%E@%@_{{ﬁ@}&%ﬁ%ﬁﬁg?&ﬁjg de X1lisO0to
form a urea fluoresiata grydmaariyleiseSteforpies thiairessuoresiiaaEgroupesnd Q1 is

independently ch&m coNSistix a92-0: hydrqcar ne jenally interrupted
by at least one divalenflr rmrt}ﬁ ég(?? gh%)sg%%mqéfgrgu’p C%C?)g%)igtiﬁ%d(ggs’-?f (0?—3?- 2-, and
-0-C(0)-NH 3. TNE particles of claim 2 wherein Rf is chosen from a C2-C12 perfluoroalkyl and 01 is
independently chosen from the group consisting of a C2-C12 hydrocarbylene interrupted by at least
one divalent moiety chqsen from the group consisting of -S-, -S(0)-, -3(0)2-, and -0-C(0)- 5 NH-. 4.
The particles of faim 2 WAGBTHASSISTHELR HEMRETE Fadsi SNosRIBRIAIRF prbvided that: i) one
fluorine atom of therpesforgafavisiceiaacd by dydiepenatandiariiy the-pastsmkgalkyl is interrupted by

at least 10 one oxygen, methylene, or ethylene; Q is chosen from the group consisting of a C2-C12
hydrocarbylene 6%’#&?&@ |H?g¥ 15896?(51 b?/ﬁ e tt%%ge |! ?5?1?%%%‘@%%@5@5@%9 licles of claim
1 Wh_erein the fIuor@sﬁa_y@gmuﬁtmmegemm&bp%rmulaaoskgri_sframahmg\am@ fI_uorosiIane group such
that in Formula (15 & 4Nz 814 €2 RydflocHbteite SpBAf¢ iRl Uotdh ey IR

one divalent organic group.

5. The particles of claim 1 wherein the fluorosilane group represented
15 Dby Formula (1) is a carbamate fluorosilane group such that in Formula (1)
Z"is ~NH-and 2% is ~O~, or Z' is ~O— and Z* is -NH—; and
X'is O;
said carbamate fluorosilane group further represented by the formulae:
(LYa(L3)Si-CH2)n—NH-C(O)-0-Q"-R;, or
20 (LN4(LZ)eSi~{CHa2)—O-C(O}-NH-Q 'Ry

wherein:

Q' is a C~C12 hydrocarbylene optionally interrupted by at least one
divalent moiety chosen from the group consisting of ~NH~C(O)=NH=-, —

__(f\fN%

NH-C(S)-NH-~, —8-, ~8(O)-, ~8(O)~, ~(R")N-S(Q)p~,  N=n

25
6. The particles claim 5 wherein Ry is chosen from a Co~Ci»
perfluoroaikyl and Q' is independently chosen from the group consisting of
a C-Cq2 hydrocarbylene interrupted by at least one divalent moiety
chosen from the group consisting of -8—, —S(0)~, ~$(0),~, and ~0O-C({O)-
30 NH-.
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said carbamate fluorosilane group further represented by the formulae:
(L1)d(L2),Si-CH2)n-NH-C(0)-0-Q1-Rf, or 20(L1)d(L2)eSi-(CH2)n-0-C(0)-NH-Q1-Rf wherein:  Qlis a
C2-C12 hydrocarbylene optionally interrupted by at least one divalent moiety chosen from the group
consisting oP“{FUEIGEIRH-, - NH-C(S)-NH-, -S-, --5(0)-, -8(0)2-, -(R1)N-SEHASBNSG26. The
particles claim 5 wherein Rf is chosen from a C2-C12 perfluoroalkyl and Q1 is independently chosen
from the group camsistingebatidds 1 Hysiosarhulenerniersupiash byat kegstone divalent moiety
chosen from the groyp consisting of -S-, -5(0)-, -8(0)2-, and -0-C 0)2‘- 30 NH 7. The particles of claim 5
horein Rt 5 cha B R BB I B OSRE T ARGV (G RETFA St of the
perfluoroalkyl is neplaced by hydirmgrem, ambidori) ttieeppeiiiomraiiiiyibimtrenniptebly &idsast one
oxygen, methylene. o g ene:.Q ?Ose from the group 5consisting of a C2-Ci2 hydrocarbylene
optionally interru%ﬁe%(%@ %/r{léﬁ%se?t&fegn |\’/§reé¥h3/r83%icag%oﬁp(.)seg.? H %{%rt%f)e@of claim 1 wherein the
fluorosilane §roupaeprdisarmed Gy-amibitigediberigtotidmiatetuomsilaneajteapt such that in
Formula 10(1): Z34s dwareﬁf‘grégri%?bﬁ. Zis -S- and Z2 is-NH-; and X1 is 0; said thiolcarbamate
fluorosilane group further represented by the formulae: 15(C)d(L2),Si-CH2),,-NH-C(0)-S-01-Rf or
(L1)d(L2),Si-(CH2)n-S-C(0)-NH-Q1-Rf wherein: 01 is independently chosen from the group consisting
of a C2-C12 hydmpcarbytrae apiinsplly dprruniednahleasbeia shealpntmeisiyfehosen from the
group consisting of -S-, -S‘%OIL-, -S(0)2-, NEE%%}&%‘? -n- -C(0)-N(R1)-, - Rl)N-_SQ:O)Z-, and 9. The
particles of claim® WRERHR R¥) a3 lears sk Sro4R SR B L s iRE8HEN dently chosen
from the grd0p cotisting of 25a C2-C12 hydrocarbylene interrupted by at least one divalent moiety
chosen from the group gensisting of -Ss2-5(0)-, -S(0)2-, and -O--C40 -. 10. The patrticles of claim 8
wherein Rf is chosen frgr?fsa 2@%%50522 ° % ’ G‘(% %% and % ;QENW—{_, ang
X'is O;
said thiolcarbamate fluorositane group further represented by the
formuiae:
15 (LY(L):Si-CHa)—NH~C(0)~S~Q'—R; or
(L")6(L*)cSI~CH2)r—S~C(O)-NH-Q' R
wherein:
Qlis independently chosen from the group consisting of a Co-Cy;
hydrocarbylene optionally interrupted by at least one divalent moiety
20 chosen from the group consisting of ~S—, ~8(0)—, —S(O)o—, -N(R"-C{O}-,

2 N

~C(O)-N(R")=, ~(R"IN=8(O)—, and  F=n

9. The particles of claim 8 wherein R; is chosen from a Co—Ci»
perfluoroalkyl and Q' is independently chosen from the group consisting of

25 a Cx-Cqz hydrocarbylene interrupted by at least one divalent moiety
chosen from the group consisting of -S—, —8(O}-, -3{O),—, and ~O-C(O)~
NH —.

10.  The particies of claim 8 wherein Ry is chosen from a Co~C1»

30 perfluoroalkyl provided that: i) one fluorine atom of the perfiuoroalkyl is
replaced by hydrogen, and/or ii) the perfluoroalkyl is interrupted by at least
one oxygen, methylene, or ethylene; Q is chosen from the group
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30perfluoroalkyl provided that: i) one fluorine atom of the perfluoroalky! is replaced by hydrogen,
and/or ii) the perfluoroalkyl is interrupted by at least one oxygen, methylene, or ethylene; Q is chosen
from the group-~eensisting of a C2-C12 hydrocarbylene optionally interrupted by at least one divalent
organic grodpO2ERE barticles of claim 1 further comprising at least one SaHiSi%#Mg a surface
covalently bonded to a N-sulfone urea fluorosilane group such that in Formula (1): Z1 is -NH-, and Z2
is -NH-S(0)2-; ancbKdissiryy stidN-suianelwesrifivieresiptiergnguiptirisedepiesested by the formula:
10(C)d(L2),Si-(CH2gn-N -C{(()))F-NH.-S 0)2--Q1-Rf wherein: Q1 is independently chosen from the
g wted

group consisting Oran AR ‘P12 hydrocarbylene. 1512.The particles of claim 1 further

comprising at least one particle having a surface covalently bonded to a N-formyl urea fluorosilane

group such that in Formgla (b azl, &&%@ﬂq ﬁ#ﬂ%@é&aﬂg%@% £ DH@F1]- 20said

N-formyl urea group further represented he _
(L)d(L2),Si-(EH2jaNROGRUfatCtoyalenty pareamhépaari-sulfape |y aadépeagiany @itwsen from the
group consisting gfi@ G<aCA 4 Bye[psaslhylene interrupted by at least one divalent moiety chosen from
25 the group consisting_gf -S- and -NH-. 13.The particles of claim 1 further comprising at least one
particle having a surfacé cSvaltinB6rdel & b rméedaer @t cinamic acid fluorosilane group such that
in Formula (1): 30a=1, ¢%gamd 1=1; Z1 is -NH- and Z2 is -[HC(COOH)(R1)1CH-S- or
-(R1)CH-[HC(COOH)]-S-; f I-

said N-sulfone urea fiuorasilane group further represented by the formula:

10 (LHe(L)eSi~CH2)=NH-C(O)-NH-S(0)-Q"'-R
wherein:
Q' is independently chosen from the group consisting of an

uninterrupted C2-C12 hydrocarbylene,

15 12.  The particles of claim 1 further comprising at ieast one particle
having a surface covalently bonded to a N-formyl urea fluorosilane group
such that in Formula (1):
a=1, x=1, and {=1; and
Z'is —=NH-, and Z? is —-N[C(O)H]-;
20  said N-formy!l urea group further represented by the formula:
(L"a(L*)eSiHCH2)~NH—~C (X }-N[C(O)H]-Q"-R;
wherein:
Q' is independently chosen from the group consisting of a Co-C12
hydrocarbylene interrupted by at least one divalent moiety chosen from
25 the group consisting of —-S— and —~NH—.

13.  The particles of claim 1 further comprising at least one particle
having a surface covalently bonded to a thioether succinamic acid
fluorosilane group such that in Formuia (1):
30 a=1, x=1, and [=1;
Z'is —~NH- and Z? is -[HC(COOH)R")JCH-S- or
~(R")CH~[HC(COOH)}-~S~;
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WO 2009/076179PCT/US2008/085612 X1 is 0; and Q1 is -(CH2)2- said thioether succinamic acid
group further represented by the formulae:
(L)BSHCH2)A-NH-CFHC(COOH)(W)]CR1-(CH2)m-S-(CH2)2-Rf, or

(L)3SHCH2 W@ {R1)CH-[CR1(COOH)]-(CH2)m-S-(CH2)2-Ri 5 wHEBBSA480B362D; wherein
each R1 is independently chosen from methyl or hydrogen preferably H. 14.The particles of claim 1
further comprising at leastier®; paticié is —(b#idng a surface covalently bonded to a tertiary amine
fluorosilane grougaji(??H;ch tliQat in Formula %f%a 1, x=0, and 1=0; and RO1-; said tertiary

= is,-N[-03-
amine fluorosilane grouf)) fUrther é’é*}%%“é% gr%fmggepresenteci%}rﬂ%}g i%)TNQLR f
wherein 15Q1 and QB)iSirtlePehashhCRsETOFOMBhE (G OIPR cSidting-B8E60ER2),CR2 drydrocarbylene
interrupted by at lea 3 -03 and-optional {_8"[ 1} g@ t lea iyalent moiety
chosen from the groElt' scgc?ng%t?%ng BE-PS%%( )-, i§ }gaﬁm?@?o - é?(b)g\lilé%@??( 1)N-S(0)2-,
andN=N 20 © wherein mis 1 or 0; wherein each R’ is independently chosen from methyl
or hydrogen preferably H.

14.  The particles of claim 1 further comprising at least one particle
having a surface covalently bonded to a tertiary amine fluorosilane group
10 such that in Formuia (1):
a=1, x=0, and 1=0; and
Z'is -N[-Q’~(Ry)}~;
said tertiary amine fluorosilane group further represented by the formula:

; —N—QL
(L) Si—(CH-N—Q™R,

15 Q" and Q° is independently chosen from the group consisting of a Cy-
C12 hydrocarbyiene interrupted by at least one ~C{O)-C- and optionally
further interrupted by at least one divalent moiety chosen from the group
consisting of ~8—, —8$(O)~, —S(O)—, ~-N(R"-C(O)-, —C(O)}-N(R"}—, —

ZaT

(RN-S(O)—, and M=t
20
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