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TREATED TI TANI UM DI OXI DE . The invention rel ates tOQ"lO'N’Q5 0
_pigneﬁréry titanium di oxide and particularly titaniunidioxﬂ@@
which has been treated with a stabiliser. _ Ti t ani um

dioxide is well known as an excellent white pignent. It is also 5

wel | known that titaniumdioxide can initiate photocatal ytic degradation of

pol ymeri c conpositions.which contain it. Many neans have been devised to
reduce the effect of this degradation process but, neverthel ess, there

remai ns - a need for a titanium dijoxide pigment which is |ess

prone to cause degradati on. It is an object of this

I nvention to provide a titani u%@@%m ~ which can be

i ncorporated into a polyneric | . ws a -
reduced effect on the rradati on, of the conposition., . S

According to the invenﬂ?‘gﬁ?veﬁﬁ?fi TiAleR I mismentary fitaniysy digxide @ad garticularly
particulate titaniumdioxide, the particles of which have been treated with
a pol y fitanjum diowide vwehichdes heendtreatdd witlea stabilissn. conpri ses a pol yner
having a main 15 chain substantially free of -acidic groups and .
havi ng. st abi | i si ng gr ojtaniur diostide is well known as#rpéxicéliend widiiePighen®. 194 4160
hi ndered am nes and said stabilising groups conprising : at | east
3 5 per cent by WyjefihnoWn thierifRiu ®bxi icle b GF €S of
the titani um di oxi de of the I rli_vent i on’-‘l %Sae" meueaﬁie ?}}oet%ctaéaéync &%rm{'&d Stvi th the

af orenenti oned hi Lhe.stabiljser. .Generall It 1$ believ 20
that the hinder edB glﬁfngigc g%lgﬁtfosn glrevr\}éhl ciongénGﬁ.r g@é‘ﬂfﬁ/eags have §5‘?’i SS‘EQQ he -
surface of theﬂpi grge t particles. However, any reference to such
a coating herein FRguce the effect’of this degradation process but, nevertheléss, there remains

é. need for a titanium dioxide pigment which is less prone to cause degradation.
It is an object of this invention to provide a titanium dioxide pigment
10 whicii can be incorporated into a polymeric composition and which shows a
reduced effect on the degr_adation of the coriipositi(in. |
- According to the invention, a fJigmentary ir_;aterial comprises a
particulate titanium dioxide, the particles of which have been treated with a
polyinen'c hindered amine stabili_ser which comprises a polymer having a main
15 chain substantially free of acidic groups and having stabilising groups, said
stabilising groﬁps being hindered amines and said stabilising groups comprising
at least 35 per cent by weight' of the polymer.
The particles of tiie titanium dioxide of the invention have been treated_'
with the aforementione_d hindered amine stabiliser. Generally, it is believed
20 thaf the hindereii amine stabiliser will be present és a coating on the surface of

the pigment particles. However, any reference to such a coating herein does



4

2 . not necessarily inply that the particles are conpletely or
coherén’tly coated with . - the hindered am ne stabiliser.

The titanium di oxi de which is of use in form ng the product of the ,
invention is any formof titanium dioxide which is useful as a pignent. It

can. 5 be preépared, for exanple, by the "sul phate" process or the
"chloride" process ' and is normally in the anatase-or rutile
crystalline form Preferably rutile ' titani um di oxi de i s used.

The treatment with hindered anmine stabilisgr is effective on titanium
di oxi de which is otherwi se untreated but it is particularly effective when

the 10 par hotGlessaily iinplyahit ¢ fitiles 4@ completelytdtcoRerdhtly coaftdvaei C

conmpounds ‘before they are treated-wth 'the stabiliser.

Typically, the ti ' i.oxide .6 _coated with an oxi de or
hydr at ed oxi de of{hggﬁe eneag'?hg%%%ﬁsaeg silicon, titanium alum nium

zirconium calcium zipg, cetiu boron,, magnesi.um or, wi,t h a,phosphate. The
titani umdioxide is trgg? Stpngym Hl'of‘ﬁjgs‘ﬁﬁf"h&%ndﬁf’d“ ?fﬂiﬁ'&ﬁuﬂl?sprﬁgf'?%&i\’ tional
15 met hods used in the titanium di oxide pignment industry.

When such i nor ganinventionis anydoem ef itanium dioxideavhichos nsefiras apigmeng. It can
preferably from1l per cent to 10 per cent by weight cal cul ated as oxide or

P205 5 Wbé prepared) doit extamplel, B thePssipleatetiprpcess betharehlodide" prodessn 2 to 8
per .cent - by wei ght - wth respect to Tierr]. 20

Hindered anine st aRj | RfhaIR 4P teCiratdd SFRuRe TBRLMER hthC Préfefably rutile
titaﬁium dioxide is used. | |

The treatment with hit'lde'red- amine stabiliser is effective on. tité.nium

dioxide which is otherwise untreated_but it is particularly effective when the

10  particles of titanium dioxidé are treatgd with inorganic compounds before they

are treated with the stabiliser. Typically, the titanium dioxide is coated with an

_oxide or hydr_ated oxide 6f an element such as silicon, titanium, aluminium,

zircénium, calcium, zinc, cerium, boron, magne_sium or with a phosphate. The

titanium dioxide is treated with these inorganic compounds by conventional
15 methods used in the titanium dioxide pigment industry.

When sixch inorganic coétings are present, the 5mount present is

ﬁreferably from 1 per cent to 10 per cent by wéight calculated as oxide or P,O;

* with respect to TiOz. Preferably, the amount is from 2 to S'pér cent by weight

with respect th TiO,. |
20 Hindered amine stabili_ser's. are wéll known compounds -which are

frequently called hindered amine light stabilisers or HALS. They are
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frequently called hindered amne |ight stabilisers or HALS. They are
3 ~ characterised by a nitrogen atom which i's hi ndered by
nei ghbouri ng groups. * Typically, derivatives of piperidine,
pyrrolidine or norpholine are used as hi ndered am ne
stabilisers. The active, stabilising fragment of such nol ecul es

can be represented by the follow.ng fornul ae 5

[err] 10 ' in which R represents an al kyl group and R
represents hydrogen, an al kyl grqup or an al koxy group. In each
of the above fornulae, all four R groups are .- not necessarily

i denti cal . | xi.de, a ordL to the invention
is treated with. chirgctensed by Qﬁmto gkoth @8&5&" éqrgﬁgp% S ORP: h

cont ai ns hi nder ed ou ;.. . Polyners Whl ch contain groups
such as (1), (I1) é(ntfaﬁh‘ieﬂvg%\@wfmnﬂwemldlne or morpholingeargrused s ar e
attached to a pol %/Ig‘gr chai n through a bond such as that marked

(a) are suitable ergd aming stabilis¢rsy The ative, d?llnlismgrﬁngnmnboﬁhunbmodiecofest hese

can be represented by the followmg formulae -

(a)
(a)

[
R

10 @ : an - (1ID)

| in which R represents an alkyl group and R represents hydrogeﬁ, an alkyl
group or an alkoxy groub. In each of the above formﬁlae, all four R groups are

not neqessarily identical. | | | |
The titanium dioxide acgording to the invention is treated with a
15 | polymeric hindered aﬁine stabiliser which contains hindere& amine groups.
Polymers which contain groups sugh as (I), (II) and (IIT) above and in which
the groups are attached to a polﬁner chain through a bond such as that marked
(a) afe suitable for use in the invention. Preferred embodiments of these
stabilisers are those in which the group R is a short chain alkyl group such as
20 - a methyl or an ethyl grol;p. Especially preferred are tetramethyl derivatives

(i.e. each of the four R groups in any of the above formulae repreSents a methyl



stabi]isers are those in which the group Ris a short, chain al kyl group

such 88 20 ~a nmethyl or an ethyl group. Especially preferred are
tetramet hyl derivatives (i.e. each of the four R groups in any of
the above fornul ae represents a nethyl

4 ' group). Preferably R is hydrogen or methyl. Particularly
preferred pol yneric : hrndered am ne stabilisers contain
tetramethyl piperidino groups. The pol yner which can be
used to formthe main chain of the polynerig hi nder ed anrne

stabiliser can be selected froma nunber of polyner types. For

hal b v e oy e PR Y o B ﬁ%@?@'@éﬁ%ﬁ%ﬁéﬁﬁf@ o

propyl ene or styrene or, fr.om other et Ienr cal .Junsat urat ed nononmers such
as esters of acryl hindergd, amips Stﬁ@[]ﬁ'é%?% %teafernaﬂwrpla%r BTQUBH ol yer based

on such nononers. Alternatively the backbone pol yner or copol yner

may be a 10 ~ pol ylhepelymer whick sanrhsiusedstoformyths yaintohiin ofthepolymeris or * a

pol yur et hane, pol yester, polyurea, polyam ne or pol yam de.

Pol yneri ¢ backbondtndefed amine stablhsercanwnctbﬁﬁogf@nmﬁbee@ﬂbaymbﬂ@péu tFgpgen are
particularly suitable and especially pol ynmers based on am ne,

am de and urga [ CRAH Pragtmarcﬁb&rehﬁfmygsfymer may be substarﬁﬁiljy aﬁryurocm%hbones

~contain symmetrica lazine entities as part repeati ng
“unit. subst anti,al I&Hf ree of

acid groups. If arﬂ?a’&c‘?’}am mafi) ?)e%erxveélrn%ﬂagygrpgargp%g)é)HPmFﬁesu&lbF%l Yﬂﬁ’ﬁ%r S

usual | y | ess than 10 ng KOH per gram
propylene or styrene or from other ethylemcally unsaturated monomers such

as esters of acrylic acid or methacrylic acid or may be a copolymer based on
such monomers. Alternatively the backbone polymer or copolymer may be a
10 polyether- (for example a polyo_xyethylene polymer) or a polyurethane,
polyeéter, polyuree, polyamine or polyamide. PolYmeric backbones which
comprise groups centaining nitrogen are particularly suitable and especially
- polymers based on .amine, amide and.urea repeating units  Other useful
poiymeric backbones contain symmetrical triazine entities as part of the

15 repeating unit. _ | |
| The polymer main chain is substantiaﬂy free of acid groups. If any acid
. grour)s are presenf the acid number is usually less than 10 mg KQH per gram

and preferably less than 5 mg KOH per gram. |

The hirxdered amine stabiliser groups can be attached to the main
20 polymer chain in any convenient manner. However, a particularly effective

polymeric hindered amine stabiliser contains hindered amine stabiliser groups



and preferably | ess than 5 ng KOH per gram _ The hi ndered
ami ne st abi | i ser groups can be attached to the main 20 pol ymer chain
.i-n any convenient manner. However, a particularly effective

. pol yneri'c hi ndered anine stablllser cont ai ns hi ndered am ne stablllser
groups 5

whi ch are pendant to the mai n chaln For exanpl e, the pol ymer cont ai ns
pendant groups -such as those shown in (1), (Il) or (IIl) above which are
pendant to the main chain and attached thrdugh the bond marked (a). The
preci se nature of the attachment is not critical but one enbodi ment of the
5 i nvent i on wisiels age peidanteta thelmainehsin. FHor rrRample,bihki poBmenttoatairss
prepared by the : copol yneri sation of

2,2,6, 6-tetranmet hyendamCervlioy such :238hbd@
tetrarret hyl - 4- met %\Haegry ggyr %?/puecr|aglqnggogrh%gnggr(lg)vgltlf\?gugp abov é‘fh'co athese

pi peridines with e et hyl eni I at u -
I n ot her suitabl e%%g?ggﬁémﬁe ?%gb%"ﬂ saé'ﬁ tﬁﬁk@ldﬂﬁ’f%fgﬁgﬁw EE‘{)&B rH’S? be 10
directly attached to, for exa nitrogen atomin the. pal yner backbone

or ey PEECise P%E%ﬂ? aBa@mqat gt esitigal byt §nwma¢dlmenheﬁ thee to

t he pol yner backbone. For exanpl e when the pol yner backbone

cont ai ns anmio andivention uses a polymeric hidered agine gpabilisetwhich iscreprtlediby the gr oups
may be attached to the main chain by means of side chains

contai ning ani no aB@élgmefidatiof | 6F2 Q606 RErameitl-d-acryloyl plpendm'Eh%rm@@QS(-ed
am ne stabiliser groups conprise at |east 35 per cent by wei ght

of the pol yer . Pr gferabhyi. HBRE P Wk-ARIPE SoudivatintSh MePBF &AL

piperidines with one or more ethylenically unsaturated monomers.
In other suitable polymeric stabilisers the hindered amine group may be

10 - directly attached to, for example, a nitrogen atom in the polymer backbone or
may be a_ttﬁched by branch chains of a similar structure to the polymer
backbone. For example when the polymer backbone contains amino and/or
triazinie groups, the hindered amine groups may be attaqhed to the main chain
by means of side chains containing anﬁﬁo and/or. triazine groups.

15 The hindgred amine st'abilisef grou'ps compﬁse at least 35 per cent by
weight of thé_. polymer. Préferably, these groups com_pfisé ét leaSt 40 per cent
by weight. The polymeric hindered amine stabiliser could comprise 100 per
cent hindered - amine siabiiisér groups by p‘reparing,' for example, a
homopolymer of an unsaturated hindered ami_né stabiiiser such as 2,2,6,6;

20 . t.etramethyl-4-acryloyl piperidine. Normally, hoWever, the proportion of the



by wei ght. The polyneric hindered am ne stabiliser could conprise 100 per
cent Tﬁ-i-/ndered am ne stabiliser groups by preparing, for exanple, a
honopol ymer of an unsaturated hindered am ne stabiliser such as 2, 2,6, 6-

20 - tetranet hyl -4-acryl oyl piperidine. Normally, however, the
proportion of the o B _
6 . pol ymer whi ch consists of hindered am ne stabiliser groups is.
| ess than 75 per - cent by weight. It is

preferred that the nol ecul ar wei ght of the golyneric hindered _
amne stabiliser is in the range 1000 to 10000 and nore preferably the 5

nol ecul ar wei ght i & r P .

General ly, the pi gpmwﬁ#ac?g%& %ﬁp@Pd%rﬁde&Rﬁggﬁ 1|11%er1]' grups rlselﬁsetaawstﬂerup

.to 1.0 per cent by Wt. f the polyneric hindered am ne stabiliser with
‘respect to Ti O er rFuWe!8 et erably, it is treated with from0.02 to 0.25
per cent by weight with respect to TiJerr]. 10

In one enbodi ment of .t Hé is paefarteddhat: the malecutrr wweighit ofithe polymerie hinddredi t h

an organi c conpound in addition to-the polyneric hindered am ne stabiliser.
Preferably, the tiaminé stabiliserxisdia the rangsal1ead vé 10000 and mgReiptefeRbET iR

ei ther after - treatment with the hindered am ne stabiliser or

si mul t aneousy y t hqr&l¥uldr-wei ht is in the ranf¥ 9600 ¢6 goggPOUNds which are useful for
treatnment of the titanium dioxide 15 i ncl ude those conpounds which

are conventionally usect;’i‘?tnl(%r yg,ﬁgkf%ie%pﬂ%vﬁy&f&? invenqio%)gsi t‘%'S"atE’& &ﬂﬁ%s such

a pol yhydric al cohol s,

to 1.0 per cent by weight of the polymeric hindered amine stabiliser with
respect to TiO, aﬁd, preferably, it is treated with from 0.02 to 0.25 per cent by
) weighf with respect to TiO,.

10 * In one embodiment of the iny’ention .the titanium dioxide is treated with
én organic compound m addition to the polymeric hindered amine stabilisér._ _
Preferably, the titanium dioxide is treated with the organic material either after
treatment with the hindered_'émine stabiliser or simultaneously therewith.

.Organic compounds which arg useful for treattﬁent of the titanium &ioxide

15 include those compounds which are conventionally used to treat titanium
dioxide pigments such a polyhydric alcohols, alkanolamines, fatty acids,
polysiloxanes and glycol etheré. _Alkanolamine§ which are useful incl‘ude'
monoisopropanolamine, aminorﬁethylpropanol and triethanolamine and useful
fatty acids include isostearic acid, stearic acid and lauric acid |

_20 : " Treatment of the titanium dioxide vﬁth a polyhydric alcohol as well as

a hindered amine stabiliser has been shown to enhance the stabilising effect of



i

pol ysi | oxanes and gl ycol ethers. Al kanol am nes which are useful include
nonoi $epr opanol am ne, am nonet hyl propanol and triethanol am ne and usef ul
fatty acids include isostearic acid, stearic acid and lauric acid 20 .
Treatment of the titaniumdioxide with a polyhydric al cohol as well as

a hindered anine stabiliser has been shown to enhance the stabilising

ef fect of : o 7

t he hindered am ne and particularly effective pol yhydric al cohols include
tri met hyl ol propane, trinmethyl ol et hane, neopgentyl gl ycol, and
pentaerythritol. ' When organi ¢ conpounds ot her than the
hi ndered ami ne ar e¢hprhisgtenad amine and partitulsly effective palyhydry elsehdls iinthale anount
between 0.05 and 1.0 per cent by wei ght 5 with respect to Tierr].
Preferably the angpfiettiviol 0 jght with
respect to Ti(Jerr] Y ﬁrbﬁiﬂe, trgn&ﬁ&l&%ﬁgﬁ? ?‘%@?ﬂ@?ﬁvy c8¥’ a{\%gentae hiol

with the hindered amn I ]. C e .canried out in any
conveni ent manner whi cﬁ”ﬁ%@%&é@g %émp 8l|ng¥sio\t/lgr>;hanatﬂe ndered apyje;3if gresent
distribution of the stabiljser over the particles of titaniumdioxide. 10
Usual Iy, pi gment arteare rﬁeﬁtx‘?‘a'éam%“‘giiﬁ‘j"%{‘Q(ﬂ)sta@dd-%qflcFWd’Yp’Mﬁlgss

as one of the finishing processes. This mlling is often called

mi croni si ng.5 The . with respect to i@ ePreferably the amauint isi fsem 0o ©6 peddend byo t he
ti'taniumdioxide as the latter is fed to a mcroniser. The _
particles of titaridightd¥ithdesifecefocTiOeated with the : _ st abi li ser
during the mcronising process. The stabiliser nmay be added to the 15

i croni ser feed as a SoftdlieAthehfof théttafiid Wbkfie wit ol ANRA SHiSE s@figE! hanol

or

can be carried out in any. convenient manner which produces a relatively
uniform distributién of the stabiliser over the particles of titanium dioxide.
10 Usually, pigmentary titanium dioxide is subjected to a milling process
~ as one of the finishing processes. This milling is often called micfonising. The
hindered amine stabiliser can be added to the titanium dioxide as the latter is |
' .fed toa microhiser. The particles of titaniu.m dioxide are treated with the
stabiliser during the micronising process. The stabiliser may be added to the
15 microniser feed as a solution in, for example, an alcohol such as méthanol or
ethanol and this is convenient where the _polymeric stabiliser is a solid.
However, it may also Ee added without prior dilution, especially when it is a
liquid or is easily melted ét the temperature normally achieved during |
micronisiné. |
20 Alternatively, the titanium dioxide may be treated .in a separate step

using, for exarhple, a mixer or tumbler, the hindered amine stabiliser being

t1rtani um di oxi de



ethanol and this is convenient where the polyneric.stabiliser is a solid.
Howeve¥, it may al so be added wi thout prior dilution, especially when it is
a liquid or is easily nelted at the tenperature normal | 'y
_achleved during mcronising. 20 - Al ternatively,
the titani umdioxide nmay be treated in a separate step usi ng,
for exanple, a mxer or tunbler, the hindered am ne stabiliser being

8 added in the formof a solution in a solvent or a dispersion
in water to the titanium di oxi dg whilst the m xture is agitated.
Subsequently, the treated titani um dioxide is usually dried to

remove any sol vent r |ternativ
treat nent net hod uatdfafexli g@éh%tfﬂ% ?gaes%lgog I"b?ts?lvstft quat gﬁﬁedﬂ?n Ingwater %° ﬁﬁ’l oxi de
“which is nhormally produced during formatlon of pignmentary titani um

di oxi de. For exanﬁFtém“Enh&%‘Fi@ et the migtusey ge edubspquently, the dregtedi c

oxi de using a process utilising an aqueous slurry. After coating
wi th inorganic oxititanium dioxide is usuatly drjedtouemove pryr solvent arwateswded: i on of t he
hi ndered am ne stabiliser is added to this pignent dispersion

with stirring. The treaAgastehiativemdatrnént fethod Wifisdslthe aqlu@ous slurryﬁ@maﬁﬁﬂd
dried and, if necessary, mcronised using techniques well known in

the pignent 4§ ndUSttﬁd)gde whlch is norma{ly Produce-ﬁrlﬁmﬂé %Fﬁﬁ{lgﬁ Xgﬂgﬁm th) tit @i e

i nventi on can be use ani c’systens such
a5 pai S and o g ok I 1S SHCPAOERLES ot oS
| '. using a process utilising an aqueous slurry. After coating with i morgamc oxide
an aqueous dlspersmn or a solution of the hindered amine stabiliser is added to
- this pigment dispersion with stirring. The treated pigment is subsequently
10 separated, dried and, if heces_sary, micronised using techniques well known in
the pigment industry.

The pigmentary mateﬁal of the inventipn can be used as a pigment in
meny.organic systems such as paints and other coatings, inks and pigmented
pIast_ics compositions used for films, fibres and moulded pro.ducts including

15  masterbatch compdsitions. ' |

The stabilising effect of the hindered amine is greater than fhe effect
observed when titanium dioxide and a hindered amine stabiliser are separately
added to a composition. This ie believed to be due to the fact that the stabiliser

s located on the surface of the titanium dioxide particles and can therefore act
20 atthe pigfnent-poiymer interface which is believed to be where degfadation,

due to exposure of the polymer to UV radiation and/or heat is initiated.
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15 . nmasterbatch conpositions. _ The stabilising effect
of the~hindered amine is greater than the effect observed when
titani um di oxi de and a hindered am ne stabiliser are separately

added to a conposition. This is believed to be due to the fact that the
stabiliser . is located on the surface of the titanium dioxide
particles and can therefore act 20. at the pignent-polyner interface
which is believed to be where degradation - due to exposure of the
polynmer to UV radiation and/or heat is i ni £i at ed. '

Al t hough the poly I ¢ hindered am.ne stahilisers dpo not necessaril, -
contain %mg%#iﬁﬁm%g;ﬂ@r@fa@@%ﬁ?‘ rﬁ/\;‘{'?f’td‘ﬁﬁeséﬂ{ﬁ)ﬁﬁ?qtﬂé to the
pi gnent particle surface, they have neverthel ess been shown to
be strongly associagy gfioupistaapabie of reacting with apd gnehoring Toithe pigpont partide can be
denonstrated by, for exanple, mlling treated 5 pignment with a
sol vent, such as nuifiva,théy have hewegtheless bebw sticivratobesarofgly associated with the
amount of hindered am ne stabiliser which becones dissolved in the sol vent.
Usual Iy | ess than plhdaer TIiSaocYiol BirtHdl defibnstiafed Bl 20} ém@ﬁe, Willihg Hegre@! ve
after 4 . hours, indicating a strong asSoci ati on. o
The activity of. the hindered.am ne,stabiliser. can denonstrat ed 10
observing. { He. el e SR W A ooIGh ot obshaopl Korc@era by B eeBlyiti it e by
the nitroxyl radicals generated by oxidation of the hindered am ne
st abi liser on amount of hindesed amine gahiliser which beqopaesizsolypd dn thersobentar oduct s
of the invention o I ndi cates that they are active stabilisers.
Surprisingly, wheWsuhlily less than difhper cent e weight of the stabilisert willatissdlveiafthr 4n
or gani ¢ conpound such as a polyhydric al cohol in addition

* hours, indicating a strong association. :

The activity of the hindered amine stabiliser can be demonstrated by
10 observing the electron spin resonance (ESR) splect'rum which is produced by’
| the nitroxyl radicals generated by oxidation of the hindered amine stabiliser on
exposure to UV. light. The ESR spectrum of broducts of the invention
indicatés that they are active stabilisers. Surprisingly, when the titanium dioxide
is treated with an 6rganic compound such as a polyhydric alcohol in addition
15 - to the poiymerié hindered -amine stébilisér, the ESR signal is markedly
. increaséd_ indiéafed ”enhanced activity. |
The invention is illustrated by the following example(s).
EXAMPLE1 |

| A rutile titanium dioxide pigment was prepafed by the sulphate route
20 process and treated with a mixed zirconia/alumina coating at a leyel of 3% by

weight on TiO,. The pigment was washed to remove excess soluble salts and

then dried. -



to the polyneric hindered am ne stabiliser, the ESR signal is

mar ke&-l"y I ncreased i ndicated enhanced activity.

‘The invention is illustrated by the follow ng exanple(s).

. EXAMPLE 1 A ruti-le titanium di oxi de pi gnment was pr epar.ed
by the sul phate route 20 process and treated with-a m xed.
zirconia/alum na coating at a | evel of 3% by wei ght on Ti Q2. The
pi gnent was washed to renpove excess saql uble salts and t hen
dried.. 10 10

A sarrple of this drier di scharge was fed in to a steam microniser at a

steam pi gnment ratio of AsdmpléoBfiisé drierdisclrrge wad fediiwtd Détean pdrynBériac aHALS
(Wasorb HA88, 3V Sigma) was fed on to the pignent entering the mcroniser,

at a rate suffici qplami faREMhEEof2:EORACRIY, it ! §f 0.22%
5 by wei ght (as l(Szlieterm negl y car bonﬁar?%nglgég hgﬂ) arge was

col | ected and f thr h t m croni ser_again at a
st eam pi gment rati (§v rb}-l?@é 3VSig as&?q H%H FPWEPg gﬁ(ﬂ"ﬁo& ko

provi de final pi gn'ent A. The remai nder passed .t hrough with

an addition of 0.3Y8J¥¢ S‘J@P’Qﬂ‘ttocﬂﬁo‘ﬂﬁiﬁﬁﬁ‘?ﬁceﬁfatmé’fws on pigment of 0.28%r i c

al cohol trinethyl ol propane (froma 60% by wei ght solution in water) at 10
a steam pi grfent r &yveight (a8 détetnungi byeatbon ahalysisy fEhetdidtharge eantoltdctediapdent C
was prepared by doubl e pass steam m cronising a further sanple

| 8f Ggfr%l) g; \?vle ?;E?r gﬁnalpt)‘ Ivgrsrgﬁ%se% %hr@ﬁglﬁthéhﬁ%hﬁér%ﬁﬁﬂtat B 3tcaf: fiEment fatRF6f DRSS W th

without any further addition to provide final pigment A. The remainder was

passed through with an addition of 0.37% by weight on.pigrﬁent of the tri-

hydric alcohol trimethylolpropane (from a 60% by weight solution in water) at

10 a steami:pigment ratio of 2:1 to give final pigment B. A control pigment C was

prepared by double paés éteath micronising a further sample of drier discharge

ata steam:piginent ratiol of 2:1 per pass With 0.68% by weight on pigment of
trimethylolpropane added beforé the first microniser pass.

" A long-oil air-drying alkyd paint was prepared from the two HALS-

15 treated pigments and the control pigment. 20g of a 20% solution of an alkyd

resin (Sobral P470) in white spirit was mixed with 46g of the titanium dioxide

and the mixture was ball-milled for 16 hours. 77g of a 70% solution of Sobral

P470 in white spirit, 4g of white spirit, 5.04g of a Cobalt driér_'(D218) and

0.55g methyl .ethyl kétone were added and the .mixture mixéd' for 30 minutes

- 20 . by trundling. A control paint was also ﬁrepared containfng pigment C and 0.2%

- HA88 added during the final 30 mirute mix. The paints were applied to



T

trimethyl ol propane added before the first mcroni ser pass.

A long=oil air-drying al kyd paint was prepared fromthe two HALS- 15
treated pignments and the control pignment. 20g of a 20% sol uti on of an al kyd
resin (Sobral P470) in white spirit was mxed with 46g of the titanium

di oxi de . and the mixture was ball-nmilled for 16 hours. 77g of a
70% sol uti on of Sobr al - P470 in white spirit, 4g of white spirit,
5.04g of a Cobalt drier (D21 8) and 0. 55g net hyl ethyl ketone
were added and the m xture mxed for 30 mputes 20 by trundling. A"

control paint was al so prepared containing pigment C and 0.2%
HA88 added during’ £ 4 i T ' .applied to
al um ni um panel s aa?]lgﬁglpilngﬁh ?l%%d?ﬁﬁﬁgﬁrig Hi’&';sag? ?@ﬂ{' géﬁqt}f%g@tlpgﬁdoso?%d
col our . measur enents on the ints .(Table 1) show that, the
HALS-treated pi gnefgasurements on the papts 6??1{1%@) show t%&'sth? Alcvireated pigments

TABLE 1 5 '~ Opacity and Col our of Long-Ol Air-Drying Al kyd
Pai nt - perform as piely gthe controlOpaci ty Col our
Contrast Ratio L* b* - @20merr]/1
A 94.6 96.4 2.7 TABLE1l B '
94. 5 96.4 2.6 10 - . C _ 94. 6
96. 5 % 6 ' ity and Colour of Long-Qil Air-Drying Alkyd Pain
Pigment Opacity _ Colour
' Contrast Ratio L* b*
@ 20m*/1- '
A 94.6 96.4 2.7
B | 945 96.4 2.6
10 C - 94.6 96.5 2.6

| ~ The panels were exposed in a Microscal unit equipped with a 1000W
mercury lamp. The panels were analysed over a 10 week period for their
hydroperoxide content, by iodometry, (Table 2) and for carbonyl content, by

15 Fourier Transform Infra-red Spectroscopy (Table 3).

20



The panel s were exposed in a M croscal

. hydr oper oxi de content,

10

15

20

.2

15 Fourier TransformInfra-red Spectroscopy (Table 3).
12 ' _ ' TABLE 2 '
Hydr oper oxi de .Anal ysis as a Function of UV Exposure

“HA88 % HA88 Hydr oper oxi de Level in Paint (ngl[err])
on -added in - . plynment pai nt.

Ti me of Exposure (weeks) 5 '

2 4 10 FABLE2 O0.22

4,000 400 80 C - -

2,500 2,000 Q¢

2,800 2,100.

uni t equi pped with a 1000W

mercudy | anp. The panel s were anal ysed over a 10 week period for their

by i odonetry, (Table 2) and for carbonyl content,

Pi-gnent

29, 500
30, 000

Pigment | % HA88 | % HASS Hydroperoxide Level in Paint (mgl™)
on ad"ied in
pigment paint
Time of Exposure (weeks)
0 2 4 1 6 |0
A 0.22 - ]29500 | 4000 | 200 |460 |80
c . 02 |30000 | 2500 | 2000 | 1,000 {640
C . - | 25000 [ 2800 | 2,100 { 1,400 | 680
Pigment | % HAS8 | % HASS Carbonyl Index*
on added in :
pigment paint
Time of Exposure (weeks)
o | 2 4 6 8 10
A 022 - |oss7 | 0884 | 0918 0921 | 0938 |0.946
c - 02 |o088s [0992 [0982 [0.993 |0.993 | 1.000
C ; - lososa | - o982 |1.007 | 1007 |1.000

* FTIR absorbance at 1780cm™ relative to absorbance at 1750cm™.

An acrylic full gloss emulsion paint was also prepared from the two

HALS-treated pigments and the control and the opacity (contrast' ratio) and

colour measurement are given below in Table 4.




TABLE, 3 _ _ Car bonyl - Anal ysis as a Function of WV

Expos e Pignent % HA88 % HAS8 Car bony!
| ndex* on added in

pi gment pai nt o Ti me
of Exposure (weeks) 15 ' 0 2

4 6 8 10 A 0. 22 ' 0. 857
0.884 0.918 0.921 0.938 0.946 o C 0.2
0.886 0.992 0.982 0.993 0.993 * 1.000 13 C -

- 0.904 © = 0.982 1.007 1.007 1. 000 * FTIR

absorbance at 1780cnierr] relative to amlm_mce at 1750cnferr]. - 20
An acrylic full gloss enulsion paint was also prepared fromthe two

HALS-treated pi gnent D4 st rati o) and

col our measurenment are Ver Tab! o ,

13 ' ‘[ABEE 4— Opacity
and Col our of Full |Cpigsenfctyl i c)pEm.yI si gn Pai@dlour Gloss Pi gment
Opacity dol our —&oss _ Cont r ast
Ratio L* g 6([ €ontjast Ratio L* b* . 60° [20nmferr]/1 5
A 93.8 97.@20m¥1 1.1 /9 B

93.8 97.5 T 7 70 T - 93.8
97.5 B2 TA 938 9A5t hpughlt he p®ymric HALS is
substantially presgnt the a : smal [ pyopor it on was found
to have been convented®o_the ni ?’?éxw rladP%al . m - % )

' C 93.8 975 . 1.2 79

Although the polymeric HALS is substantially present as the amine a

10 small pfoportion was found to have been converted to the nitroxyl radical. The
| presence of this stable radical can easily be detected by eleetron_ spin resonance
(ESR) spe_ctroscopy. By comparing peak intensities for a known quantity of

sample it is possible to determine the concentration of radicals. The pigments

A, B and C were analysed by ESR and the reselts are given befow in Table 5.

15 | They show the unexpected result that the presence of the e'olyhydric alcohol

increases the concentration of nitroxyl radical.

20



presence of this stable radical can easily be detected by electron spin

resonawtCe (ESR) spectroscopy. By conparing peak intensities for a
known quantity of ' sample it is possible to determ ne the
concentration .of radicals. The pignents A, B and C were anal ysed
by ESR and the results are given belowin Table 5. 15 They show t he
unexpected result that the presence of the pol yhydric al cohol
i ncreases the concentration of nitroxyl radical. - 20
14 - _ _ 14 TABLE 5
Radi cal Concentration from ESR _ Pi gnent :
ESR Spi n Count : A ' ' (relative
to Pignent A I LESA : 1.0
C 0.0 Kadical Concentration fropESRynent s wer e subj ect ed
to a solvent wash to det me ne the |level of ext Lact abl e HALS
pQI ymer. 50g of pignent \er e di mipgkged in 000 & kSp}rQ au_stri al
et hanol . The sl UI‘I.‘I es vere t hen rundl ed ip ajel%as,e{oalglgm aini ng gl ass
A 1.0
5 B 20
C - 0.0

The pigments were subjected to a éolvent wash to determine the level

| of extractabl_e HALS pqumer. _'50g of pigment were dispersed in 100g of

10 Mdustﬁal ethanol. The slhm’es were then tﬁjndled in glass jars containing glass

beads. Samples of slurry were removed after 15 minutes and 4 hours and

centriﬁxéed to separate the pigment from the solvent. ESR analysis of the dried

pigmént sediment and the supernatant solvent were carried out to determine

the relative proportions of nitroxyl radical. The results in Table 6 éhow that

15 less than 10% by weight of the initial level of nitroxide on the pigment is
removed after 4 hours, indicating that the HALS polymer'is substantially bound |

to the pigment surface.

20



beads, Sanples of slurry were renoved after 15 m nutes and 4 hours and
-centrM-ﬂUged to separate the pignent fromthe solvent. ESR analysis of the

dried pi gnent sedi nent and the supernatant solvent were carried
out to determne the relative proportions of nitroxyl radical.
The results in Table 6 show that 15 | ess than 10% by wei ght of the
initial level of nitroxide on the pignment is renoved after 4
hours, ‘indicating that the HALS polynmer is substantially bound ' to
t he pignment surface. 20 15
15 ' s TABLE 6
Percentage of Nitroxyl Radical Abstractegghgyp® the -
pi gment surface by sol vent washi ng Pi gment
Wash Per cent ag | 1 vl . . .
Ti me Renoved REL (Nilroxyl Radical Abstr m th (ni ns)
5 A ) 15 . _ :
240 4.2  pigm if; )\ hi 15
5.6 - _ : — 24 : _ 6.9
10 : A¢ry| | C.Pfg%é?fts wer ¢ prepwﬁg usi ng @e&mééomin%ﬂp C as
fol | ows. : g :
: Time Removed by Solvent
(mins) :
5 A 15 3.6
240 42
B - 15 .56
© 240 6.9
10 Acrylic paints were prepared using pigments A, B and C as follows.

25g of a 20% soluﬁ_on of acrylic resin (Dynocryl H260) in xylene was mixed
with 66g of thé titanium dioxide and ball-milled for 16 hours. Then, ng ofa |
- 60% solution of Dynocryl H260 was added and the mixture was mixed by |
trundling for 30 minutes followed by addition of a further 53.7g of the 60%
iS lDynocryl H260 in xylene and 30.5g. Qf a 65% solution of melamine
N formaldehyde resﬁn (Dynomin MB 13) in xylene/butanol (4:1) and mixing by
. truhdling for 30 minutes. |
- Paints containing pigments B and C were appliéd to glass panels and
cured by stoving at 150°C for 30 miﬁutes. Colour Qas meas'uredlusing a
20 - spectrophotometer ahd again after further periods of heaﬁng at 150°C. The

fesults (Table 7) indicate that the pigment coated with the polymeric HALS



25g of, 20% sol ution of acrylic resin (Dynocryl H260) in xylene was m xed
wth of the titaniumdioxide and ball-mlled for 16 hours. Then, 15g of
a ' 60% sol uti on of Dynocryl H260 was added and the m xture was

‘m xed by trundling for 30 minutes followed by addition of a -
further- 53.7g of. the 60% 15 Dynocryl "H260 in xyl ene and 30.5g of ‘a
65% solution of nelam ne - ~ formal dehyde resin (Dynomn MB'13) in
Xyl ene/ butanol (4:1) and m xing by trundling for 30 m nutes.

Pai nts containing pigments B and C were apgjied to gl ass panel s and

cured by stoving at 150[err]C for 30 mnutes. Col our ‘was neasured using a
20 ' spectrop PRt g at
150[ err] C. The B Sﬁé‘ggﬂf&&g aﬁé‘@““@#ﬁl ca%g%én?gf%gg\ﬁ'pgw coat ed
with the polymericg HALS

16 - and ?‘IIQIB 'shows a Iower | evel of vyel l'owi ng than the pignent
coated with TWP al one..
TABLE 7 . Thernal Yel TABLE7of an Acrylic/MF Stoving
Paint 5 - Pi gment Ti me under . Col our change
post-cure during post Mmuw_gmmmmmmmm heati ng
heati ng (hours)
[err] b* . B . 27 0. 67
48 5 0.81 Pigment . Time under Colour change
- post-cure | during post-cure
heating - heating
(hours)
Ab*
B 24 - 0.67
48 - 081
120 3.00
10 C 24 1 - om
48 1.05
120 : 3.63

A control paint was also prepared containing pigment C and 0.2%
15  HAS8 added during the final 30 minute mix. Paints were then sprayed on to
aluminium panels and stoved in an air oven at .150°C for 30 minutes. The
acrylic péint panels were exposed under the EMMAQUA-NTW (DSET Labs)
test condition in Arizona, and 60° gloss measured at regular intervals. Results
are given in Table 8. |

20



120 3.00 10 C 24

0.71 © . K .48 i 1.05

120 3. 63 : ~ A control paint was al so prepared
containing pigment C and 0.2% 15 HA88 added during the final 30

m nute m x. Paints were then sprayed on to al um ni um panel s and
stoved in an air oven at 150[err]C for 30 m nutes. The acrylic
pai nt panels were exposed under the EMVAQUA- NTW ( DSET Labs) t est
condition in Arizona, and 60[err] gloss ned8ured at regular intervals.
Results are given in Table 8. 20 ' _

17 - TABLEABLE 8 d oss as a
Function of WV Exposure under EMVAQJA— NTW Test . '
Met hod 5 Tag=Ya]s ‘

d oss* JITET

W Exposure (I\/IJrT[err]) (0} 94 _
188 282 376 470 560 A'M 0.22 100 100.5

103.8 97.3 68.3 60.2° 51.1

5 | pigment | % HAS8 | % HAS8  60° Gloss*
on added in
pigment | paint
UV Exposure (MJm?)

o | 94 | 188 | 282 | 376 | 470 | 560

A 0.22 - 100 | 1005 | 103.8 | 97.3 68.3 60;2 511

C - 0.2 100 | 1034 | 110.1 | 754 |53.6 | 514 | 419
10 C - : - 100 | 101.7 | 1094 | 86.7 | 60 56.1 {494

*Glosses normalised to 100% time zero gloss
EXAMPLE 2
A sulphate route rutilé titanium dioxide pigment was prepared with a 4%
.mixed zirconia, alumina,_ silica cqating. This was washed to remove excess'
15 soluble salts and spray-dried. The dried pigment was then steam micronised
with 0.1% by weight of a polymeric HALS (Uvabsorb HA88) and 0.4% by
- weight of tn'methylolpropéne (TMP) added to the microniser feed from a mixed
ethanol/water solution (50:50 by weight). The resultant pigment (D) was then.
used to prepare a lpolyethylene masterbatch as follows:-

20



C . 0.2 100 103.4 110.1 75.4 53.6 51.4 41.9 10

C \/ 100 101.7 109.4 86.7 60 56.1 49.4

*d osses nornmalised to 100%time zero gl oss EXAVMPLE 2

A sul phate route rutile titanium dioxide pignment was prepared with a 4%

m xed zirconia, alumina, silica coating. This was washed to renove excess
15 sol ubl e salts and spray-dried. The dried pignment was then steam _
m croni sed with 0.1% by wei ght of a polyneric HALS (Uvabsorb HA88)
and 0. 4% by wei ght of trinethyl ol,gropane (TMP) added to the

m croni ser feed froma m xed - - ethanol /water solution (50:50 by

wei ght) . Th_e res?g%gﬁlgﬁhglgeﬁnﬁq E%%%Nﬁs t hen used to'preparg a

pol yet hyl ene mas
18 70% Pols}./ét hyl ene Mast.er bat ch Mast er bat ch was

conpounded usi ng Mastezbateh ‘P#Fé‘@ﬁmp'éﬂ%umg%&MR‘PFOB@FM@HedWﬁhBaHbUDype
rotors and cont ai ned: Pi gnent : - 59. 5g Tigerr] 5 -
Pol yner: . type roR%'s bugd &)ﬂtaimed'_MZOZO LDPE A test sanple
of masterbatch was prepared by press polishing 1mm ' sanpl es at

130[ err] C and Zom%ﬁentThe col our59(5lg*-[,0§ , b*) of the sanples was

measured on Hunterlab Col ourquest and is shown in Table 9. A

filled PVC sanpl @Omrpre_par ed %!Sﬁ%ﬁohﬁ{ﬁ@biﬁi’g roll mll by

A test sample of rhaéterbatch was prepared by press polishing 1mm
sambles ét 130°C and 20 tes. The cél_our (L*, a*, b*) of the sami;les was
measured on HunterLab”Co'lourqﬁest' 'and is sl;own in Table 9.

A filled PVC sample was prepared using a laboratory 2 roll mill by

10 compounding 7.5g pigment with 22'1.25g flexible PVC (Corvic 571/102).

A test sample was prepared by hot pressing uéing a constant film
thickness maker. | |

The contrast ratio was determined from reflectance over a standard |

white/black tile.

15 - TABLE 9
Pigment Colour in PE Masterbatch Contrast Ratio
' ' inPVC
L*  p
Tioxide TR92 97.6 1.7  Std
20 Pigment D ' 97.5 _ 1.7 Slightly superior



10 ~ conmpounding 7.5g pignment with 221.25g flexible PVC (Corvic 571/102).
A test&-éarrpl e was prepared by hot pressing using a constant film

t hi ckness naker . The contrast ratio was determned from
refl ectance over a standard white/black tile. 15

TABLE 9 " Pi grment - Col our in PE Masterbatch

Contrast Ratio ' : - '

in PVC : L* b* -

Ti oxi de TRO2 97.6 . 19. 7 _ Std 20
Pigment D’ 97.5 1.7 ~Slightly superior
19 EXAMEXAMPLE 3 -~ A sulphate route rutile titanium
di oxi de pi gnent was prepared with a 4% m xed zirconia, alumna,

silica coating. This wﬁ%ﬁﬁ?@m %‘Gﬁgtifaﬂiu{neifi@c‘fo%p? e?fa/asoprle%ar%wgﬁguuol €

salts and dried. The dried pignent was steam nm'CToril Se

batches with the addjtion of the HALS (Uvasorb 38) by the follow ng
means. In all ca e‘iﬂ‘é"’ﬂﬂ TS 1?%‘??*‘&%35 a‘i&%ﬁﬁ‘ﬁ?ﬂ %(ES?‘SQ I IPMAYECKEEH of
0.4% trinmethyl ol propane _l(T Pigment % HA88 by
Additi on route 1@01u.ble salts and dried.

MP) . .
hediigghpigment was steam micronised in 20kg
5. batches with the addition of the HALS (Uvasorb HA88) by the following
‘means. In all cases the HALS addition was accompanied by an addition of 0.4%

trimethylol propane (TMP).

Pigment | % HASS by - Addition route
10 weight

E 02 Ethanol solution (20% w/w HA88) containing
: TMP in 2:1 wt ratio on HA88, applied to
microniser feed ' o

F 0.2 | Solution in ethanol/water (1:1 wt ratio)
containing TMP and HA88 in 2:1 wt ratio and
20% w/w HAS88 on ethanol, applied to
microniser feed

G 0.2 . | HA88 applied as finely divided solid (as
: supplied) to microniser feed, together with
aqueous TMP solution (66% w/w TMP)

H 0.2 Aqueous suspension of HA88 in TMP solution
' (66% w/w TMP on water), HA88 at 1:2 wt
ratio on TMP, added at microniser feed

15
A control pigment (I) was prepared by adding the aqueous TMP

solution (66% w/w TMP) at microniser feed to give 0.4 w/w TMP on pigment.



E ., 0.2 Et hanol sol ution (20% w w HA88) contai ni ng
TMP im~2:1 wt ratio on HA88, applied to

m croni ser feed F 0.2 ~Solution in ethanol/water
(1:1-w ratio) . containing TMP and HA88 in
2:1 w ratio and o : _ : _ 20% w w HA88 on et hanol
applied to m croni ser feed _ G
0.2 HA88 - appl ied as finel y divided solid (as '
supplied) to mcroniser feed, together w t S

aqueous TMP sol ution (66%w/w TVP) . H 0.2

Aqueous suspension of 1iA88: t-E'Vﬁ)r 20 btk E . |
(66% w w TVP on wat er ), Hﬁ« ntsVwel r‘é&rhﬁ’éﬁ by ESR to determine whether any

t TP, dd t | nt
(1) was pr epar od By aHE ““té’dﬁ'aﬁiraalg a@v#w aresiltof the g SRR i)

at mcroni ser feed to glve 0.4 ww TMP on pignent.

20 Withip ghesegsitéritysofitle speetxemetare e spectrsiion pigwents EnGraad et her
any . differences existed in nitroxide activity as a result of the
various additi on wereitemsidered to be idenvitdl hiThe hbenalissispeaktodpealodigriah intensity

spectroneter the spectra for pignents E, G and H wer e consi dered

to be identigal %{eam&é@,hgﬁads %@lﬂsé memkw&hﬁrabeﬁrﬁen%ﬂ%hw 5 for
all three pignents was al'so |dent|ca wi t-hin experinmental error.

The pignments (E-1) we t n [l

usi ng Fohp & Fl?asdAESC??' earg gﬁ" ?I C ef §{e§§§1§i§;\,\%§)§{?¢)&§€eﬁ)ﬁe§(ﬁ?ﬁ nt

concentration to dete e a 0 addi tion route on coating

appear ance. Resul”tsg‘gahg“ﬁﬁ \‘ﬁ’e%‘? ﬁ@%b@ aggylic emulslon and 20% TiO, volume
concentration to determine any effect of HALS addition route on coating

appearance. Results are given in Table 10.

10

TABLE10
i | 1 1
Pigment | Contrast Ratio | - Colour 60° Gloss
S @ 20m/t
| L b*

15 E 936 | 975 2.4 62

F 93.5 97.5 22 62

G 93.6 974 | 23 | 60

H 935 | 973 23 64

I 935 | 974 | 24 64

20



10 . TABLE 10

Opaci t\y’, Col our -and d oss of Acrylic d oss Paint Pi gnent
Contrast Ratio Col our 60[err] d oss :

20merr]/l - 15 ‘E93.6 - 97.5 2.4

62 : F 93.5 97.5 2.2 62

G 93. 6 97. 4 2.3 : 60 H
93.5 0 97.3 2.3 : 64 | 93.5

97. 4 2.4 64 20 21 : :

21 -7 EXAMPLE 4 ~ A sul phate route rutile titanium
di oxi de pigment EAMPEIRYed With a 4% m xed zirconia, alumna,
silica coating. This was then washed to renpbve excess sol ubl e

salts and dried. The ' i . . mq o cronjsed in 20k

batches with the addi ?ﬂ”b 8&%‘5@%‘%@%@@@@&%*%@5@%@?64%%88)
froma 20% w w et hanol, sql léLll Qn containing the appropriate |evel of

tri met hyl ol mixed zifcopia, Juming, plica coating, Ainswasthen washed tomemove 8xeg8s on was
added to the mcroniser f eed. _

TABLE 11 10 soluble salts api giriedt The dried pigment was Steastd\@iicronised in 20kg

o MP '

5 batches with the addition of 0.2% wiw on pigment of HALS (Uvasorb HA88)
from a 20% w/w ethanol solution containing the appropriate level of trimethylol

propane (TMP) as shown in Table 11. This solution was added to the microniser

' feed.
TABLE 11
10 ' Pigment % HASB8 - ' % TMP
I 02 0
K 02" | 0.1
L | 02 0.2
15 . These pigments together with pigment E were analysed by ESR to

determine the magnitude of the nitroxide signal asa function of amount of the
tri-hydric alcohol (TMP) present on the pigment surface with the HALS. the |
results in Table 12 belo'w show that, as in Example 1, the presence of the TMP
increases the nitroxide ;ignal,' | |

20



2

2 15 .
by ESR to
function of anou
pi gnent surface
t hat ,

J
0.
0.

:as in Exanple 1,

0.2

0.1

0
L

K-
0.2

" These pignents together with pigment E wer e anal ysed
determ ne the magnitude of the nitroxide signal

nt of the
with the HALS.

t he .
the presence of the TWP

tri-hydric al cohol

as.a o
(TWMP) present on the
results in Tabl e 12 bel ow show

i ncreases the

ni tI’OXI de signal. 20 22
22 ' .~ 'TABLE 12
Rel ative N troxi de Level as a Functionyaigy %2 Level
Pi gnent % TMP (W w on Spi n Count.
pi gent ) (" ReflevaNitDxide Level ion of TMP Level -
0 , 0.1
3.0 — L - 02 3.2
E _ . Pnfent % TMP (wiw ch 7 ESR Spin ESAMPLE} 5 10
A sul phate routejrutile titanium ¢li oxi de pignment was prepared with b 5%
m xed alum na, s{lica coating. This was._; washefl to cesp
sol ubl & p&Px@ﬁb (fe?awg o f)x _
J 0 1.0
5 K 0.1 3.0
L 02 3.2
E 0.4 2.7
EXAMPIES
10 A sulphate route rutile titanium dioxide pigment was prepared with a 5% -
mixed alumina, silica -coafing. This was then washed to remove excess soluble
salts and dried. The dried pigment was steam micronised in 20kg batches with
the addition of 0.2% w/w on pigment of HALS, the HALS being added to the
microniser feed from a 15% w/w ethanol solution. Three different polymeric
15 HALS were used, each possessing a different proportion of stabilising groups
in the molecule.
Each pigment together with a piginen_t treated with 0.4% by wéighf of
‘trimethylolpropane was incorporafec_l into an acrylic/MF paint as described in
Example 1. The paints had the properties shown in Table 13.
20 The polymeric HALS compounds were Uvasorb HAS8 from 3V Sigma,

Chimassorb 944 from Ciba and Uvasorb 3346 from Cytec.



salts and dried. The dried pignent was steam m croni sed in 20kg batches
with v/ the addition of 0.2% w w on - pignment of HALS, the HALS being
added to the m croni ser feed froma 15% w w et hanal sol ution.
Three different polyneric 15 HALS were used, each possessing a

di fferent proportion of stabilising groups in the nol ecul e.

Each pignment together with a pignent treated with 0.4% by wei ght of
trimethyl ol propane was incorporated into -an acrylic/ M paint as descri bed
in , Exanpl e 1. The paints had the%A perties shown in Table 13. 20
The pol yneric HALS conpounds were Uvasorb "HA88 from 3V Si gns,

Chi massorb 944 from C ba and Uvasorb 3346 from Cytec.

23 | TABLE 13 - ~ Pignent
t r eat ment Col our = G oss 5 L *
b*  20[err] 60[err] Tri met hylAaBEEd3ane 97.23 -1.13 1.89
76 84 Chi massorb 944 97.36 -1.08 1.90 74 85
Wasorb 3346 97.36 -1.08 1.94 76 86 Uvasor bHAS8
97.41 -1.09 1.89 77 - 87 10
' Pigment treatment Colour - Gloss
5 - L* | a* | b* |20° | 60°
Trimethylolpropane =~ | 9723 | -1.13 | 1.89 | 76 | 84
Chimassorb 944 9736 | -1.08 | 1.90 | 74 | 85
Uvasorb 3346 | 9736 |.-1.08 [ 1.94 | 76 | 86
‘Uvasorb HA88 97.41 | -1.09 | 1.89 | 77 | 87
10
15

20



15
24 N

particul ate the particles of which have been
treated Wlt t!mg “m tjer ed ani ne ‘stabiliser whi ch
8l

conprises - a

A pi gnent ar'y material conprising a

ving *=a mai n chain substantially free of acidic

groups and havi ng stab|I|S|ng groups, said stabilising groups being .

hi nder ed

am nes and said stabili si ng groups conpri sing at

35 per cent by wei ght - of the. po}_y - 2. A
pignentary material according to claim1lin whlch the titanium

di oxi de_.i s rutil emmsjm di oxi de.

10

15

20

L A pigmentary material comprising a particulate titanium dioxide, the

particles of which have been. treated with a polymeric hindered amine staﬁiliser
wﬁich comprises a polymer having a main chain substantially free of acidic
groﬁps and having stabilising groups, said stabilising gro_ubs t;eing hindered
amines and said stabilising groups comprising at least 35 per cent by weight
of the polymér. |

l2. A pigméntary material according to ciaim 1 in which the titanium

dioxide is rutile titanium dioxide.

.5

| east

3. A pigmentary material according to claim 1 or 2 in which the particlés B

of titanium dioxide are coated with a phosbhate or with an oxide or hydrated
oxide of siliéon, titanium, aluminium, iirconiu’m, calciﬁm, zinc, ceriufn, boron
or magnesium before being treated with the polymeric hindered amine
stabiliser. | |

4. A -pigm_entary material according to ciaim 3in which the phosphate,

hydrated oxide or oxide are present in an amount in the range 1 to 10 per cent

by weight calculated as P,O; or as oxide with respect to .TiOZ.

5. A pigmentary material according to claim 3 in which the amount of
phosphate, hydrated oxide or oxide is in the range 2 to 8 per-ce'nt by weight

cal-culatec_i. as P,Os.



10 - Aplgrrentary material according to claim1 or 2 in which the
partlisul/es titant-um-ei oxi de are coated with a phosphate or

with an oxi de or oxide of silicon, titanium alum.nium
zirconium calci H m, ,!l boron or magnesi'um before:
being treated w hi ndered am.ne ‘stabiliser. 15

4.. - A pignentary materi aI according to claim3 in which.the phosphate,
hydrat ed oxi de or oxide are present in an amount in the range | to 10 per
cent by wei ght cal culated as P[@grr]O[err] or as oxide with_
respect to Tigerr]. - 5. A pignentary material according to

oxide s ani]ilghrgﬂgearé‘n‘i‘ %’Rpei“”ceé‘%'ta rding SR G OF tDIFEGE g
P 0 25 :
6.[ el A[ Fe)Ir (i:]]rrent ar Yhigh the stabjlising groups are pipsTiding. Ryreligino o maspholing 8RS aj s in

whi ch t he stab|I|S|ng %roups are piperidino, pyrroliding or norpholino

gr oups. pigmentsne Material ?FP&?@M&&‘IO daimd? i which ghecstahilising i n

whi ch t he stab|I|S|ng - groups are 2,2,6,6-tetraal kyl piperidino,
2,2,5,5-tetraal kygrqupsrayei2j2,66-tetraalkyd piperiding3, 2325 Setetradlky gpyienallidimor gehol | no
gr oups. 8. A pignentary material according to claim6 or 7 I n
whi ch the stabili 3'3'"5}5-tetraalkyl morp}g[lﬁwgﬁmgge N-al kyl pi peridino,

N-al koxypi peri di no, N-aI kyl “pyrrolidino, al koxy pyrrol i di no,

ol ol 1 o Lty RS LR OMER G e B
groups are N-alkyl piperidino, N-alkoxypiperidino, N-alkyl pyrrolidino, N-
ailkoxy i)ynolidino, N-aikyl morpholino or N-alkoxy morpholino groups.

9. A pigmentary mdterial according to any one of claims 6 to 8 in which
10 ~ the stabilising groups are teframethyl piperidino groups.
10. A.pigmentary material according to any one of the preceding claims in
which the polYmeric hindered amine stabiliser contains a polymeric or
copolynieric_backbone which is a hydrocarbon, a polyether, a polyurethane,
a polyester, a polyurea, a polyamme ora polyarmde
15 , 1L A pigmentary material accordmg to any one of the preceding claims in
which the polymeric hindered amirie stabiliser contains a polymeric backbone
which contains symmetricai triazine entities as part of the repeating unit.
12. A pigmentary material according to any one of the preceding claims in
which the mein chain of the polymer has an acid value less than lO'mg KOH

20 per gram.



10 ~ the_stabilising groups are tetranethyl piperidino groups.

10. A pignentary material according to any one of the preceding clains in
whi ch t he pomuwml]ﬂﬂmﬁ m ne stabiliser contains a polyneric or

copol yneric a hydrocarbon, a pol yether, -a pol yurethane, -
a polyester, a'pdlyured, & pblyam ne or a polyanide. 15 11. A

pi gnentary material according to any one of the preceding clains in

whi ch the polyneric hindered anm ne stabiliser contains a polyneric backbone
whi ch cont.ains symmetrical triazine entitizs as part of the repeating -unit.
12. A pignentary material according to any one of the preceding clains in

-\%i ch the main chagn ofA pigmenatyiibteriflagcading @b Ylaita1 P WAk thd il viludd KOH
_ per- gram - ’

26 13. [: L al Cordj im 12 in which
t he acid val ue Ofﬂérﬂdlggﬁﬁ?ﬁ%’eﬁgpﬁ{%ﬁa{?ﬁqo fﬁg%&@;ﬁ@% | ess than 5
nmg KOH per gram ' . 4. A Di ntary material according to any
one of the preceditty Cm?lggm%ﬁymtenapacgoﬁmm et the RrResding dlaims iy od
am ne stabiliser is a copolyner of 2,2,6,6- 5 ' '
t et ramet hyl - 4- acr Wwhigh thei padymeficnkindsred amirg, gahiliser imechpolymenef BR5,¢4 oy

pi peridine or a derivative thereof with one or nore ethylenically

unsat urateds tetramethybdcureyloyl piperidine or 232, 6,6-téramaahyataethadcrglogy | al
according to any one of "the preceding clains in ' whi ch t he

stabilising or ouPHipefigingof § abdivativt AR hithondiok hRAEBFHBERly hsidifited

' monomers.
15 A pigm_entarj material accdrding 'td any one of the preceding claims in
which the stabilising groups are dite_ctiy attached to nitrbgen atoms in the
10 . polyme_r méjn chain. |
| 16. A bigmentary mate_nial according to any one of the prececiing claims in
which the stabilisfng groups af_e attached to the main chain of the polymer by
* means of side chains containing aminc; or triazine groups.
17. A pigmentaxy material accofd_ing to any one of the préceding claims in |
15 which the stabilising gropps comprise at least 40 per cent by Weight of the
| polymeric hindered amine stabilisér. | |
18. A pigmentary material acco_rding to any one of the'preceding claims in
which the stabilising groups_c_:omprise not more- than 75 per cent by weight of
the polymeric hindered amine stabilisér. | |

- 20



‘10 pol ymer mai n chain. 16. A pignentary naterial
accor 8 hg to any one of the preceding clains in . whi ch t he

stabilising hed to the main chain of the polyner by
rreans of si H"lmml mﬁmmnl ng amno or triazine groups. 17.

A pignmentary*naterk al* accordi ng to any one of the preceding clai ms in 15
whi ch the stabilising groups conprise at |east 40 per cent by weight of the
pol ymeri c "hi ndered am ne stabiliser. - 18. A pignmentary materi al
according to any one of the preceding clai whi ch the

stabilising groups conprise not nore thani?; per cent by weight of

the polyneric h|n red ,am ne stabild

o7 " 1o 18 Mﬁ@?ﬂtwyﬂk@e@%ﬁr@g&m@wﬁ% BIFSPAETR TS e
precedi ng cl ai ms in whi ch the pol yperic hindered am ne
stabiliser has a N&idciepelymerighindesediagune stabiliser has a malggilariweisht;in the)000.
20. A pignentary material according to claim19 in which the nol ecul ar
5 wei ght of rarige 1000 yor£000. hi ndered anmi ne stabiliser is in the range
2000 to 6000. - 21, A pignmentary material according to any one

of the preceding gbai A pigmentary material mxahgttbelamlwﬁ@&h&hhﬁ@ﬂsree@la.am ne
stabiliser is present in an anount up to per cent by wei ght

W th respect to Ti tﬁt]the polymeric | qmderea%:mne sébﬂkeqr??ﬂttﬁé YanJB5650 t%lso%cor di ng

to cIa|m21 in whic

2L A pigmentary material according to any one of the preceding claims in

which the polymeric hir_idéred amine stabiliser is present in an amount up fo 1.0

per cent by weight with. respect to TiO,.

22. A pigm_enf,ary rﬁaterial accordiﬁg to claim 21 in which the amount of
10 polyfneric hindered amine stabilisér is in the range 0.02 to 0.25 1.)erl cent by

weight With respect to TiO, |

23. A pigmentary material according to any one of the _preceding.claims in

which the titanium dioxide is also treated .-vvith. an organic compound in

addition to the polymeric hindered amine stabiliser.

15 24.. A pig_r.nent'ary material according to claim 23 in which the organic
compound is alpolyhydric alcohol, an alkanolamine, a fatty acid, a polysiloxane
or a glycol ether. | | | |
25. A piénentary material accqrding to claim 24 in which thé alkanolamine
is monoisdpropanolémine, aminomethylpropanol or triethanolamine. |

20 26. A pigmentary material éccording to claim 24 in which the fétts/ écid is -

" isostearic acid, stearic acid or lauric acid.



-

10 I.ne stabiliser is in the range 0.02 to 0.25

per cenit by wWith respect to Tierr] - 23. A
pi gnentary . nﬁmmluu&%ﬁm to any one of the preceding clains in

which the ti also treated with an organi c conmpound in
addition to the.polyneric hindered am ne stabiliser. 15 24. A

pignentary material according-to.claim23 in which the organic
conmpound is a polyhydric al cohol, an al kanolam ne, a fatty acid, a

pol ysi | oxane . or a glycol ‘ether28 25. A pignentary
material -according to claim24.in whi ch the al kanol ami ne S
nonoi sopr opanol amppe, Aﬁmﬂﬂa@éﬁpm}dl tot dldimidaan Whadh tR€ polylifiric  26.

A pignmentary material accordi ng to claim24 in which the fatty aC|d is

d
|2§ostear| : aCI E‘Eﬁ?‘% grren ar@l?‘rh'[a%%ec %g%gtgyla}eﬁhﬁn?o cef)genHl%lXc‘ﬂn i ch the

pol yhydri c | is trimethylol propane, trimethylolethane,
neopent yl gl ycol Opentaerytﬁnto? pentaerythritol. 28. A pi gment ary
material according to any one of claims 23 to 27 in 5 whi ch the
organi ¢ conpound 2% préswgmenﬁar)amawmhmcomtg/\f@eanym@&famﬁ!m&% tp&X7 in
cent by weight with respect to TiJerr]. . 29. A pignentary
mat erial acsor di n@hi&mheloa%aiﬂc%%mpeunms plesénbin af Aot befween 0.05 and 1.0pgani c

2 to 0.6 per cent by weight W|th respect

conmpound present is from
- cent by wenght with respect to TiO,.

29. A pigmentary material according to claim 28 in whiéh the amount.of
organic compound present is from 0.2 to 0.6 per ceﬁt by weight with respect
to TiO,. |

10 30. A process for prepariﬁg treated titanium dioxide comprising treating
particulate titanium dioxide with a pqumeric lﬁndered amine stabiliser which
comprises a polymer having a main chain substantially free of acidic groups
and having étabilising grou_bs, said stébilising groups being hindered amines
and said stabilising groups cbmprisiﬁg at least 35 per cent by wéight of the

15._ _polymer |

| 31.. A process according to clalm 30 in which the polymeric hindered
amine stablhser is added to the titanium dxoxlde as the titanium dioxide is fed _
to a microniser. | | | | |
32. A process according 'to.clai‘m 31 in which the poijimeric hindered

20 . amine stabiliser is added to the titanium dioxide as a solution in an alcohol.



]

to Ti Jerr]. 10 30. A process for preparing_ treated titanium
di oxi e’ CONPF-si j particulate-titaniumdioxide with a
pol ymeric hindered anmi ne stabiliser which . conprises a pol yner

having a main E MJ'IH] Iﬂmu ly free of acidic groups and
havi ng st abi | i SR g¥lt WISl st abi | ising groups bei ng hi ndered am nes
and said stabilising groups conprising at | east 35 per cent by weight of

‘the 15 pol ymer . 31. A process according to claim30 i n
whi ch the polyneric hindered - - anpne stabiliser is added to the
titaniumdi oxide as the titaniumdioxide is fed - to a mcroniser.

32. A process ag¥or diAngrokeyss dcedrdingltol i3 th WhRhRR¢ YBEMeRc Mrddfiged 20
am ne stabiliser is added to the titaniumdioxide as a solution in an

al cohol . ' amine stabiliser and the tita g.ar ler, tHe"

33. A process according to cf ai mlglgnid}?x' iC mfxr?g“b%fn;'/xr%ro”:u%tf ndered

am ne stabiliser and the.tjtani um digxide.are, mxed in a m.xer, Qr tunbler,
the P hastcidei R amite sapilise St Addpd i the Srangh fleaide st e
titaniumdioxide in the = formof a solution in a solvent or as a
di spersi on i n watfrm of agolution in gsolvent ar py vdispassiar inowatemg to claim 30 in
whi ch the titaniumdioxide in the o formof an aqueous slurry is

m xed with §he po34.mer Aprbeessieccoedingiton¢taim 30 in which the gidniuins dioxiiedn thee
treated pignment so produced is separated and dri ed. 35. A

pi gmentary mat er i flrmage BRaGLERAT Mirfy 4o kddDRflh thé olyRefie Mfferde ait

stabiliser and the treated- pigment so produced is separated gnd dried. .
35. A pigmentary material as hereinbefore described ﬁm reference to the |
) -Exa_mples.
10 36. A brocess for pfeparing a pigmentary material as hereinbefore

described with reference to the Examples.

15

20
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Exanpl-es. . 10 36. A process for preparing a pignmentary nmaterial as
her ei nbef ore described with reference to the Exanpl es. 15
20 :

- 30 -

TREATED TITANIUM DIOXIDE

A pigmentary material comprises particulate titanium dioxide the
particles of which have been treated with a polymeric hindered amine
stabiliser. The stabiliser is a polymer having a main chain substantially free of
acidic groups and having hindered amine stabilising groups. The stabilising
groups comprise at least 35 per cent by weight of the polymer. Preferably, the

titanium dioxide particles are also treated with an organic compound such as

a polyhydric alcohol, an alkanolamine, a polysiloxane or a fatty acid.

A



