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di spersion of ultrafine particles with a sterlcally 30 hlnderlng protective
colloid. The protective colloid serves {40 | essen the adverse consequences
of accidental additions of electrolyte to the colloidal dispersion. It
shoul d be noted that attachnent of the size-stabiliser to the ultrafine
particles may be direct or via an intervening protective colloid. This
invention especially provides a floccular conposition in which the
uItraflne partlcles are partlcles of one or nore CO|nage nmetal s or
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obtain stable transparent colouring conposition. However the stable col our
produced by the cgnpositions 45 obtained from copper particles may be due
to tra&fisparent dltrafine particles of conpound. The filnms may be
ground to powders wi thout |oss of colour stability. Because of |ack of
stability i rheatqhe'a?na'owmrerersh'tk qne enAmef fem\eﬂlomawle ﬁugebmeﬁ¢etfbplhe"'warﬁoreal'
comosed of JL e SRR R AL Thits SRS b
f orm t enaci oUS Ty Rl&RbS WSt g?rxea% Srorbide (& XA biin fctaﬁch I'hium gr oup
nmetal s, especi alt,w 1whatvs thé Mrangdai slv CBpeldtfa of h@dldum.@and.oﬁutrhwnnmmpm\urdetzsam)
addi ti onal epaetitles @5 g@f. non- coi nage netal s which are useful. It has al so
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particles conp Eeg §§ ?gs Ew str§ ml%er%vlovﬁggﬁggk%,et?) ggfzﬁf g %?@rg je to water. are
parti cul ane we{eh,nggg d,sgngu are "transparent” colouring agents, for
exanple red iron OX|de In the case of the oxides, the maxi mum partlcles
di mensi ons cixambles ﬂmc‘hZ reater than 50 nm before scatteri n(gEbecomes an
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to use solfefitn BRERMNIEUES™E Fosten’ EX3TRT AGT 193 JRN68° M’ Mifafost? u?ch as a
Banbury or a two roll mll) or high speegaglgupdi sing m xing (u5| ng for
.exanpl e 4 0 094 801 Henschel or Diosna-mxers)y—pk—and—enane!

formul ati ons may be rrace by bead or ball mlli eragemapal nts, the floccul ar

conposi ti éhs nmay be sinply stirr&@umad céagai ntd %lat?"s NccoP‘Eﬂ“ﬁng t he
materials will also cont ¥?ﬂ"‘§°0rre siggted Thi | i seP AT 1T occufiRY agent in
addition to the ultrafijne particles. Fhe inventioniss ill uetar\gfaeted by
reference to the draw rgs of which 5 Figure 1 shows the transi ssion
spectra of«col | oi dal di|sperksions snmal'l8 (15 nn) and2Parge (Msgenty) particles

of gold. Figure 2 shows™The rTansmsston spectrum of a collordal_dispersi on .,

of silveérs PagtiGlees and Fi gur &3 shows the ‘t'Fansmi ssion specttunt'of a

col | oi dal di SP&inat paHicMs &t QRREJuRHE! dréduBSd byl liding SDARIAE bddbhyliSdeddsSidlldws] UST I at ed
by e f olds 0w Ngni bk aa@Ek Bs® mel/dmh aquaodsiselutiafaf pamsies chioroaerai@wag mixed @Gigorously with 3
ref erences tGﬂS(hfsﬂQ F meldinyieselution OE%a %@e%‘smb ét‘fi}sA P'F@Jldtfa?'sm" of ultrafine
d|Sper SI ons ti glon f'r'lé)(l-fl’lumgﬁlfj %tag m V‘lfdltt&‘ Tf;"ig' n E% I;g Hﬁl S
sol ution of Ehfioroauric aC| I or oaur| c acld
cont a| Ni NGo 4€xanipelyy wei ght of gol d was di ssolved in 1 |i tre of distilled
wat er ~ and the dol amueqyn comadﬂmm ¢frﬁﬁlvrtvm era*l’f mr%lvttmwfat@ﬁefo st-l—on vvas

for use in ' ‘h?? t'ﬁt‘ dwg; o with g g

- ofbrh uontoone
ver e heat ed ’Tﬁ “#?E,% wlsf gﬁcﬁ goai% e|l < ygeﬁh%l smn of
qui ckly inkegi réht A VincbARlcG )pmueaousecgn%f .scﬁs,dum ;ﬂg;ura éstQﬂdeQﬁo thé bisguliohM
citrate in cad ajprdtesttvb lebipili sa@s & prodiee ulretingmesicied protettedbepawinyt pyonlidong. Jbé sitter
are shown |nPMSéamaW%mﬂvhﬂms"chSﬁEQesqfﬁwnét‘O%Wmﬁgl"@ms“%teﬂnhﬁﬂh‘f'ﬁ'h'é‘be'
particles of gﬁggﬁﬁg{m‘gﬁ?ﬂ‘;ﬂs@ﬁ BEeLpaRAS o dB eR A" g frangmiggien gpgetrum for a
wei ght) sol u? gumarabrc as a protectlve col l oid. The di spersion of
gol d partlcl es prot ect ed by gum arabic had a dom nant col our generated by
the absorpti Granadle bi ght by the gold particles. The number average nmaximum
di nensi on (as eHeipms %‘13 @@q e d wewema@desee%ﬂ thsf soigiemof siiver pitrate was mﬁt Pites

uce

of netal part ijf fehyterag mﬁ\teégcerg lch‘ﬁ;??ﬂfhedﬁ °hha°r‘i‘th"§9‘;wn tion to

ilver particles were obtaine xjmum dimension 2 nm.
unai ded ey65 A &St on|D ect T i spersions
are shown in F| gure 1. It will be seen from Table 1 that the di mensi ons of

the particles can be varied by varying the®ratio of citrate to chloroauric
acid. The lower the proportion of citrate used, the coarser will be the
particles and hence varying the citrate/acid ratio offers an easy way of
shifting the dom nant col our fromorange towards purple. It will be seen
fromFigure 1 that pure colours are obtained, that is to say the dom nant
transntsS|on occurs over a band of mavelengths Iess 30 than 60 nmw de in
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Magent a Exanpl e 3 Finer particles of gold could be produced by using sodi um
bogohydride as follows. 45 1 m of a 2. 5x [err] mol/[err] aqueous

sol Ution of ,potassium chl or oaur ate was m xed vi gorously with 3 ms of a
[err] mol /'] err] solution of ice col%oaduggﬁs sodi um bor ohydri de. A

col | oi dalexghhgpersi on of ultrafine metallic particles of gold fornmed and the

di sper si on hashuaowdenidiandispptsiop lotcopdr avds premirdoey [Beisting godper NedXihg BCdquedus

maxi mum ePPmE'E’SOhmpquh@dgglvdc 2te 2p @lleys had maxr mum di mensions in the range 3 :

to 25 nm ﬁf 0gMyso
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spont afie DR LR sp o o L et o
ultrafi ne metgf iC silver par q 5 ﬂ‘ po yv r‘f‘w Iy o) 1% F8RE™ was
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maxi nmufi gr?ﬁﬁﬁ% ffgohatio sigglof g errcc 'Pp?ﬁaadrpthzwbﬁtrfrtmelfo? @Mmérueshorﬁmrea
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except 2 l#ad dispegsedgh 1t protctveé meteriglcgucinps p plastiopasatarieked with 5 mMs of a 1 W%
sol uti on of etEyI ene diamne tetracetic acid in water and the ratio of
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| i beratin %per b% reducr ng an aqueous conpl ex of copper and poI yacryl ate
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vos M xequd oA o R e S Ao Pl G U
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and pol yasnyteswhichipsodiigrdelgperdidreot thexyigneat inhs weliet. Titeatispdion wvad thleresnble@edt@theni s
of the digtaned arfoliqidmil ypid theedigprargiop eparevieligidagFhasiae piethe Patisies in Keencolfoifdls of
a 1. 25M SEPEEPHA D FIRARCDi K'Y BPat e was added. Reduction of the presuned
conpl exs Gham@BPEN too@cUr red producing a red coll oi dal dispersion of
t r anspar ent CallotdaiafidgpaioaOpiaracqedirg t6 E@fnpled 3, 21a/4lweed comertad ioflovuamr agesiidne t he
col | oi dalusigg emreﬁtablnseasmaaplpw@mn yedifies] | oi d. 10 Fr ure 3 shovvs t he
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hydr azr nemac L@,srred RES RS Dbk |lip
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not suffrselumrtt taﬁdmgcmpfq;nnattdmeﬂﬁ% leawichesfsthe@g@bsorb all the I| ht bearred

to pass e‘ﬁ?r Yt 4 °T ﬁ'ée‘% xﬁffyat ‘P’tq' F §" ] E?Pé’t‘aB?"e'“ %*ﬂ °etb?°%‘6'

than a* Fﬁ;ﬁ éﬁﬁ.’o%’} g R ?o eV A Qﬁé‘f”ﬁed
e

to a fl oGeditdl inGrebERBo dnd Predibitatibrilo 'flS&@lEr&@ pbsﬂroﬁ 11%9 Q6itateMfas ORd nétdCh
as a pl asbneis ulmtiny gagticles Esangal (Sos8blARia g reaesive@libid) ta te stlé-stteifsed. mrreaafourﬁd

i ron oxi dee pragpitatadendbipe sentemption ofwitafing @artiges\it tcentaipgddare ghjwecini TabletBhe wat er
to ultfasonic vibrations for about 15 minutes. A rusty red coll oi dal '
di spersion of 25 ultrafine particles of iron oxide was obtained. Exanples 9
to 11 Aqueous col |l oidal dispersions of three pignents, nanely red cadm um
sul pho-sel eni de (Exanple 9) yellow nickel titanate (Exanple 10) and bl ue
cobal t sal um nate (Exanple 11) were made as follows:- 30 25 g of the

pi gnent was added to 250 mis of distilled water and subjected to ultrasonic
vibration for 15 m nutes which produced a dispersion of the pignent in the
wat er. The di spersion was then subjected to the action of a colloid mll
until ®HQe di spersion becane colloidal. The size of the particles in the
col | oi dal dispersion was estimated to be 1000 nm 35 Exanples 12 to 18
Col | oi dal di spersions nade according te Exanples 1, 2 or 4 were converted
to floccular conpositions using a size-stabiliser and a floccul ation

nodi fier. The size-stabiliser used in Exanples 12 to 16 was a proprietary
nodi f 1 ed hydrophobi ¢ pol ystyrene
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polyetny p
10 g~of the di sperS| on to 250 nis of water. The pH dependent flocculation
modi f»ér was an’aqueous di sper5| on of a poI yacrylic acid obtained from Rohm
and Haas under the trade nane 'Prinal’ . The di spersion was diluted by '
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