5 10 _ CQOATI NG COVPQCSI TI ONS FOR | NHI BI TI NG CORRCSI ON OF METAL
SURFACES This inventionsrelates to coating co.rrposi tions for inhibi 'mgl‘;-; "
corrosion of a nmetal surface to which they 15 may be applied. On t
maj or problens invol'ved in the use of netalg as structural nmaterig
that of corrosion of the metal, ferrous metals being particul arl
g?ceptlble -The nechanlsn1of_corr05|on i's poorly understood, b
known that the process is accelerated under. hostile gonditi :
typically in industrial and marine environments.  The standard_techni que

for reducing corrosion is to apply.to the metal surface a priner coating
containing one or nore corrosion inhibiting 25 mat eri al s. Such primer

coatingsggeneral ly conprise a resinous binding medi um in which finely
ground pignents are dispersed, the purpose of these pignments being either
to provide opacity and colour or to provide corr05|on i nhi bition, these

| atter being known active pignents. 30 The nmost commonly used*actlve

pi gnents are red | ead and cal cium plunbate, but these materials are highly
toxic. Zinc chromate is also enployed as a corrosion inhibitor, but it does
not possess the level of performance of the |ead pignents and can-also
cause co] our bl eeding of a 35 subseouent -alnt coat Furt her nore
hexaval chrom um sal t s G4 IGNS; BOR- INHIBITING: activity.

2 More recently zinc phosphat q:dm@mm @prpﬁpygﬂ ggRgA@gg-tom c alternative-
to lead and chronate pignents. MPOST LT ONS € oyrng this material are.

described in-U K -Patent Specifications Nos. 904 861
W, : - This 1nvent10n relates to coatlng composrtlons

for 1nh1b1t1ng corrosion of a metal surface to which they
15 may be applied.

- One of the major problems 1nvolved in the use of
metals as structural materials is that of.corros1on of the
metal, ferrous metals being particularly susceptible. |

| The . mechanism of corrosion is poorly understood, but it'is

20  well known that the process is accelerated under hostlle
.condltlons, typlcally in 1ndustr1a1 and marrne
environments. The_standard technique for reducing
corrosion is to apply to the metal surface a primer
coating containing one or more corrosion 1nh1b1t1ng
B, 25 materials. Such przmer coatings generally comprrse a
re31nous binding medxum in which f1ne1y ground pigments
-are dlspersed, the purpose of these pxgments being either
to provide opacity and colour or to provide corrosion
'1nh1b1t10n, these latter be1ng known active p1gments.
. 30 The most commonly used actlve plgments are red lead and
calcium plumbate. but these mater1als are hlghly tox1c.
Zinc chromate is also employed as a corros1on 1nh1b1tor,
but 1t_does not possess the.level of performance of the
- lead pigments and can also cause colour bleeding of a

35 ' subsequent paint cOat. Eurthermore hexavalent chromlum
salts are suspected of having carcrnogenzc act1v1ty.



-

5 and 915 512. - It is clained that this nmaterial is al nost as effective as

t he previously enpl oyed toxic pi gnents, but its performance is poor in
certid pi nder nedi a and under condjtjons of exposure where the atnDspherlc e
sul p di oxi'de | evel is low, typicalfy T10 marine conditions. The mechani sm

- wher zi nc orthophosphate protects a netal surface is little understood,

X i s thought to iMorteideecently pinci phapisphabe dembeémwremplayed o
i mper vi ous yer _%Qﬁ: t e ness of zinc - ¥
ort hophosph ?esaggfél cor r{glﬁt&lﬁégﬂ?é to 1-£Q, Q‘ldse%ﬂelﬁée\ré%ﬁ?{ considered to"
be linited pggmentisow chth%xtymns\Aempioymgctthmmam naray its .

activity isg ggg %Q£ ﬁQHE gggé &i%bnd rﬁggst§¢glngV|ronnent:
where it is I |se e acl orneg under agqueous corrosion
condi tioffs. an@nﬁdﬁt Piceel y Ifhelswbamﬁ@ shet $dia imateniabrd®d is usually

not the opt ames\s\salatseefﬁ‘edﬁwvevag'eﬁeaseeu%e sA3s ¢ dﬁaoéoici'@ metal nor
for controlling the dgﬁ{ee of fnerlsathn of the Ehghos}ghate The

obj ect of tRé& Fi TRY L83 PERFATRRNGR £§ ARt G9RkaLli B1RG8R!: ages.
Qur co- pendinedilr Iatndsfurmﬁlct@mﬁmbhs 337%%?:%(:6 Fihd¥ékend8) descri bes

Land ol el ShBeneite SRS LoRBRRLThaRS N RN, SHrREEARGy0 2
. naterlaUOdlmaeameddcndntxﬁnm.carrler in mhlch said glass conprises as its
e e T e R e T T
the gl ass, puvgéeleds a metal surface is little understood, but it .
o ' is thought to ihciude.anOdic pasSi?ation by deposition (W
of an impervious layer of the metal phosphate. The
15 effectiveness of zinehorthophosphate as a corrosion
"inhibiting'pigment is generally'cohsidered to be
limited by its low solublllty in water, which would
'explaln Why 1ts act1v1ty is enhanced in high sulphur
dioxide, e.g. 1ndurstr;a1 environment where it is
- 20 solubilised by:the'aeid'formed under aqueous corrosion
conditions;'”Uﬁfortunately'the'pH of the salt solution
so formed is usually not the optimum value for pro-
viding adeQuate ﬁaSSivation'of the metal nor for
controlllng the degree of polymerlsatlon of the _ :
25__phosphate. - : : S ' S -
' The obJect of the invention is- to minimise
'or to overcome these disadvantages.
Our co-pendlng British appllcatlon No.
' 23790/17'(0 F. Drake 58) describes and claims a paint
30 compositibn.adapted to inhibit corrosion of a metal
surface to whlch it is applled, the comp031t10n 1n~ '
‘eluding a glass materlal dlspersed in a re31n carrler,
in which said’ glass comprlses as its major ‘eon-.
stltuents phosphorus penuox1de and 21nc oxide,
35 which together prov1de the glass forming oxlde ard
the glass modlfylng ox1de of the glass, together -



3- with a ninor proporflon of.ohe or nore oxides of Group IIAor Goup IIIB
(the boron group) of the periodic table, the conp05|t|on of the glﬁ”‘

such that, when the-glass is contacted with water, zinc and phosph
i ons | €ach into solution. W have now found 4 hat mnthln t he- phosph

oxi de/ zi nc ox] alum,ni um oxi.de gl ass form ng region certain_conposition
rapges are payggéufapﬂﬁ OL; ProPOFd (ﬂ#rQﬂﬁ(ﬁF|m9ﬁ%|?¥hﬁeﬁ39§rﬁap§P 10
According to IT® preceoupi mmus; l(ttlhet fw:em ng:mu:y) d@g\h@hﬁap?hsaﬁaom tldo?he
adapted to.in rosion Q r i C

corrgom tion |€%$%éfngﬂg fnglpsg é& %cﬁﬁﬁ)gl??}%% Bus eFQég'l When -
pai nt bi nder,the ghash ssldogtastedommthtwaretvﬂuﬁnée&nd5pﬁés§hh&e63 3 WD|'

% zi-nc oglde idns 81£Qcﬁ5a§tggﬁPf%§Bg“§horus pent oxi de, the remainder

conpri sing alun1n|un1OX| ing application nunber 8319276
(Serial No. 2122182) rWeahavet aow fouad shathivwl thias st b@nphesphopus0

pant ox o and L5 5185, BRi4fRINRRLAF otael dfady folllind PRGTRET

8319277 (Serit#ripinoconpggitionaranges anstrartitulanlyl effecbipesasi on

conpri sing 61cér£@s§6n31ﬁlahb%t1h90m@e'e ﬁ1%5 8 to 37.8 25° mol %
phosphoggi pent oxi-de an um na. 30 35 The invention
t

will ter underst688°F%188nﬁ80FPGnBﬁﬁﬁ?&ﬁu?%ﬁﬂﬂﬁ%%ﬁy?hgrﬁraﬁnngs in
whi ch: - Fig. promaedeanpayndl 20MPoEiktevn"Gdaitd AW | M il9l ©SEof PHELDH

region of the.g & Oéaf surface to which it is applied the composition
L,’ 1nc1ud1ng a water soluble glass composition dispersed in
| a palnt binder, in which sa1d glass composition comprises
15 54.5 to 63.3 mol % zinc oxide, 35.8 to 45.3 mol % .
phosphorus pentox1de, the remainder comprlslng aluminium
ox1de. '

our copending app11cat10n number 8319276 (Serial
No. 2122182) relates to a water soluble glass compos1t1on |
20 comprising 55.3 to 57.3 mol % zinc oxide, 41.4 to 43.4
o ‘mol % phosphorus pentoxide and 1 to 2 mol %:alumiﬁa.
' Our copending application number 8319277 (Serial
‘No. 2122183) relates to a water soluble'glass composition
| comprising 61.1 to 63.3 mol % zinc oxide, 35.8 to 37.8
Ui 25 mol % phosphorus pentoxide and 0.1 to 2 mol % alumina.

30

35



5 Rhor us pent oxi de/ al um na system Fig. 2 is an enlarged ternary

di agr PWi ng in greater detail the glass formng region of Fig. 1, and
Fig. .B\l.g/a graph illustrating the change in dissolution rate with ratio of
Zn to\E 0 . - All' the glass conpbsttions included hereln are

described n terms of sha® 16y A GPIN R5e RSEPOGE | Gfidekebld iy

st oi chj onetric oxide" co onent s asses .are -des to release -zinc
and phospha1%9¢%ﬂ§tiﬁﬂowéﬁﬁe5@§ §QQﬂﬂR§FY¥#ﬁi@Fﬂﬁ§n§§slﬂ5Wh1@@npOS|tlon i s

therefore tailored toppgQvildgd e r_@qqigﬁd @fgglfa@nsf,gggn? gggdsgl ;It ;22 rate B

of -the glass is determ ped pr.inma [0 ortlon 0 : _
f orm ng oxHi???ﬁb§§h09&§s§eﬁﬂ&ﬂ%ﬁglRé&%ﬂ#lg ROcZLBAPBILERIN. In the
- conposig i on pregsPRo £ABPPehtdR ideyalihind hyshén jol e % phosphor us pent oxi de "
an increase In this pE,o Ol‘hl Qn |ncre ses%g;gﬁgigysgigtg#gg gg&%&ﬂ%ﬁq
Conversely a decrease C t S ate. -
Alnot her Eztitzgég?a\h;ghdéeamrrtmz ggJaasas mﬁmﬂn@mé@i@nlofthegprqgomdon of hl '
~alum na i.tion t na degreases the
solution rate of the SIQSS.'.%bﬁv@ﬁﬁﬁﬁ/f1#k§§5 5¥93nt 3t§ 8Pthénblass may
~be changed b@lsselnﬂdbhimatefwdthemaﬁxumnfnﬁhfwmng.OX|des For example, = .
sol uti rate is enha | | O f. ' kali, nmetal
30 v { RGN Rilheﬂ§fhﬁﬁféﬁﬂﬁﬁ§§§lé dhe' i fuﬂédnﬂéﬁeih Arle -

t
S COprOSI ron-on solfufionrate is
i 1] ustrat ed- des@rgbed dhi cbrmsmfsthhﬁ ao kdre petrcenbagei propowsdons of

phosphorus Pafd oxi geogRLBRELRIE BRidd Yorigbded s, 3 range of glass
conp05|t|ons .
' The glasses are designed to release zinc and
'phosphate 1ons 1nto ‘agueous solut1on, and the glass
| 15 composition is therefore tazlored to provide the de31red

. solution rate.  The solutxon rate of the glass is
determ1ned prlmarlly by the proportion of a01d1c glass
forming oxide (phospho:us_penhoxlde) present in the -

composition. ;In'the composition region comprising less
' 20 - 'than 50 mole % phosphorus pentoxide an increase in this
| pProportion increases the glass solution rate. Conversely
a decrease inﬁthls propqrtion_decreases'the glass
‘solution rate. -Another factor which determines glass
- -solution rate is the proportxon of alumina (A1203)

25 Thus, addition of a quantity of alumlna decreases the
solution rate of the glass. Conversely, the solution
rate of the glass may be changed by the ‘addition of other
glass modifying oxides. For example, solution rate is
‘enhanced by the- 1ncorporatlon of one or more alka11 metal

230 oxides.

35



5 desired solution rate wthin a given range.can be obtained by the
i ncorporation of suitahle quantiti-es.of one.or nore glass nodifying oxi
‘The techni que of *glass solution rate control is nore fully described irF
published U K. specification No. 1 512 637 (C F. 10 - Drake 49). The
conpositions described herein are based. on~the zinc oxide/ phosphorus '
Qxj de/ al-uni ni um oxi de TheneEfecgsobnglaiss icompositiion ontsebstidherabef or m

grasses from gyef y1peePaRbE §ATRITL! 0Wnd dbrdHst Y@ yngxi de 15
system and we have found experinméntal I'y that e practrcal "glass form ng
limts for thelakionshipybetwesnePhespborng @antoiide reontert andded area
of drawi ngs. JSPLEASROBAEEORSr Yh! BRRgENBEO ML Lol gt {S81 NAl I M LS can
-be usefully described as a_nolar. 20 gercentage of "consi deration of the.

constitdent AeBkFedn8einEing; sate yhthiande BVarbEARNIS AR Bepicted in
thg ggtgrtshgasth 0 mfao/sirh Ehehiﬁcbkpobgtwgnoaa?#hi%@d&m&i%égnsfoxi de
an ). (0] . D! o pNo 10r Us _pent oxl.de,, . ere | er. co rsL.ng :
~al um ni um 25 °R%Q% MO ﬂiggsamgg%g&ﬂ@ ﬂ*&pe&'rtﬁrgi? echnigueoft i ons

Wi thin this regss agelubiohcphdel gontirod! ive mxeafitbordeseoibeat enials,
hese et o SlATLEERE bR b RY RSl I SELIRETPE 29 o o
LdepicterMtfﬂnakéitShross-hatchgd regi on Lje bepmeen 54.5 to 63:3dnohi%
élopr;r IO)S(: gg glrlgm32| ﬁmt %ﬁ%égogﬁésg%gggﬁgg%o iilt%%cq)itngfgatcr%%; r%;reﬁééf ?éct I ve
in 35 inhi Bhe rirnorodide/pbosphonusupxide/adwgnigdium oxide ternary
N\ ' ‘'system. It is of course not possible to form glasses
from every possible compoSition ﬁithin this ternary.oxidé
-15 system, and we have found experimentally that the '
| practical glass forming-limits for this ternary system
are those indicated by the outer shaded area of
drawings. The compositions within the practical glass
- forming limits can be usefully described as a molar
'20' percentage of consideration of the constituent
| stoichiometric oxides. The range of compositions
depictéd in the outer_shaded_area'of Fig. 1 lie between
20.0 and 65.0 mol % zinc oxide and 66.6 to 35.0 mol %
phosphorus pentoxide, the remainder comprising aluminium

i 25 oxide.

- We have also found that certain glass
éoﬁpositions_within this :ange are particularly effective
as anti-corrosion materials, these latter dglasses being

_ indicated by the inner cross-hatched region of the phase
30 -diagram'of Figs. 1 and 2. The range of compositions
'~ depicted within this cross-hatched region lie between
. 54.5 to 63.3 mol % zinc oxide and 35.8 to 45.3 mol %
' phosphorus pentoxide, the remainder éomprising aluminium
oxide. The gléss-compbsitibns are extremely effective in
35 "inhibiting corrosion of structural mild steel o



exposed under accelerated test conditions when the glass is used as a
finely~ground pignment dispersed in a paint mediumapplied to the surface of
‘the $t€ Sui tabl e gl ass compositions having corrosion 5 i nhi biting

prop&rij/es are listed in.the follow ng talg e« These conposi ti ons-are given

ggky as exa °T%§r?n grlchglfé¥pﬁi;te§§]co&ﬁ%@*pgé whegat%e glg%%Ch No- -
_39.2 3 is used.&s a finely grodund plgment dfﬁpékééd in a 5a1nt ' Ef—
Zg:g 8. _ medlu%4;gplled to thé fﬁggace of thezﬁfé?b o 2609 |
1.3 - 41. 8 1Suitable .gla&s. hompositions Hading corrosiofi6. 8 20 s
%14 - 1n5n§£1513g propertleé grg listed 35.9n é%:l'r}@Bf.ollow:.ng %23 ey Wth

ref erence tdl‘Mechmpaelhaoasf aredgivien bh1X5 as iexanples and 8spednal |y

ef fective ang g§¢9@iﬂater|als As can be seen these gl asses have
conposition %% Wween-54.6 to ' 62.1 nol % zinc oxide, 43.0 to 36.8 WD|. 
% phosphor.us pentoxrde and 1.1 to 2.4 @MBLB.A uni ni um oxi de. 30 '
Two particularly preferred ranges of gli@3 qqnposrtlon are (A) 61.1 to 63.3
mol % zi nc oxide, 37.8 to 35.8.nmol % phosphorus_ pent oxi de and from0.1 to
2.0 noll0y alBakSH MO oxi de, aRAO(B) 55.3 to Pyl % zi ncPeRsde, 43.3 to

41. 4 ol . % phosphor us pentoxrde and 1. 0 to 35 2.0 mol % al umi ni um oxi de.
W have aIsG"""‘“‘ i - .

s9.8 1.0 39.2

2 | >

. 3 . 59.0 2.0~ 39.0

15 5 ~ 54.8 1.1 441
6 . 54.5 2.0 . 43.5

8 . 54.5 r 1.3 44.2
9 . 56.9 1.3 ~ 41.8
_ - 1o 62,1 | 1.1 36.8
20 11 - . 58.8 1.4 39.8
122 . 54.6 2.4 43.0
1.3 42.4

- 13 L 56.3

 With reference to Table I, we have found 9 to 13
25 inclusive are especially effective anti-corrosion
' materiaie.: As can be seen these glasses have
compositions lying between 54.6 to 62.1 mol”% zinc oxide,
43.0 to 36. 8 mol ‘% phosphorus pentox1de and 1.1 to 2.4
_ mol % aluminium oxrde. .
30 : Two partrcularly preferred ranges of glass _
a comp051t10n are (a) 61.1 to 63.3 mol % zinc oxide, 37.8
- to 35.8 mol % phosphorus pentox1de and from 0.1 to 2.0
mol % alumlnrum_oxlde,,and (B) 55.3 tor$7 3 mql_%,21nc
oxide, 43,3,to.41;4 mol,%'phosphorus.pentbxide and 1.0 to
35 2.0 mol s.aluminiumfoxide. We have also |



found t hat specific glasses within these two preferred ranges have the -

~conposition of batch Np's 10 and 13 and are particularly effecti at

¢raqvi ding corrosion protection forystructural steel when dispe inab
“paint nmedium It wi'll- of course be clear to those skilled int t that
gl ass conpositions in which no-alumna is deliberately added w In fact

contain a snBPHNGr §p8L: iSBec ifin &iasses IIRBLNSBLsSE WonRT ST R s

_?facefo{halu?hﬁgegshQWESQM€ngqﬁPgiﬁ%ﬁﬁtyfiFatbﬁ;gbng_%d(ahﬁﬁygoyed af .
one o e starting nmater,al.s. e spluble glass pignents nmay be present in
o baint. conmBoR PER BRIHACLIZTYL Shtestiye ort: RebyItinE pPP R T

vol ume, or apreatpattiod foaplsrareirdbrsteel awhenodisperaed iy gents when
t hey may xhi?Lh a ﬁner istic effect on the inhibition of corrosion. In
sone appl'caP 5 g,m% égghpignents of different solution rates may be - =
bl ended in the same pailtt widdi wf teooyrse i te @Dearotposhome miiitedn bot h

erpl oyed 10 .%*é}? PRRC R0y e RS b 6L £ 80 1B, R R P e SUbj ected 1o

exposure in aaumisandst dedribanatalontadded c¥ilyf 1ngdressicontain a

The use of tBRaghapsepdrt iU, Yy PRULBEy I J1 A1 BE BLGGAMOS] Lions. Thus
they may al so be |ncorporated for exanple, 1n reinforced concrete to

prevent Orr®8i8n of $rase of AloMming 19dRTESPNENAF B WAt grease
conposi tionsin theSgShcaRMidaldmiBoé® &5asaesofaynee s3@rtdmyi ded in the
form-of fibres rragul es,. bl ocks, powders, stoving enanels etc. They may
al so be applW@Eeg& &ri ous substrates by plasma spraying, flame spraying,.
dl ectro- static coatinThectsnluReferglass hpignents Za@ beepriesent [Iar] is

35 not to bg EQEE&V%%%ﬁ%%ﬂé{Q&ié¥kﬁQF 95258 COMIPekPDr the active
' 15 pigment volume, or as a partial.replaoemenﬁ'for certain
| conventional pigments when they may exhibit a synergistic
effect on the inhibition of corrosion. In some |
applications, glass pigments of different solution
rates may be blended in the same paint medium to provide
20 corrosion inhibition both in the short term and over an
extended:period. This technique may also be employed -
to optimise the performance of a coating which may be
subjected to exposure in environments of differenﬁ'_
degrees of aggression. | '
25 The use of the glasses is not of course limited
~ to paint compOSitioné.'Thus they may also be incorporated,
for example, in reinforced concrete to prevenboorrosion
of steel reinforcing rods, or in water repellent grease
 compositions. In such applications the glasses may be
30 provided in tne_fprm-of fibres, granules, blocks, powders,
stoving enamels etc. They may also be applied to various
substrates by plasma spraying, flame spraying, electro-
static coating,'etc. : ' . B '_ _"
|  Reference herein to Zn0, P50 and Al1,05 is

35 not to be construed as limiting the glass composition

" to these specific'oxides. They are described herein,



e specific oxides.” They are described herein, -8- for
ity, in ternms of the nolar proportions of their constituent oxides

6lgh these:oxides are not necessarily present in their free form ' >
Thi s* met hod of expressing gl ass coapgsitions i's well known to those 5 -
skilled in the art. For sinplicity, the startlng naterlals are al so

referred to as oxi.des; Fbueve one y S ounds which s
~ deconpose t& %qéiiﬁﬁ?WE b§| gEMSTR &%&3 éﬂgﬁxﬁg? %19P8 Bfepared by >
10 fusing ahmvﬁ wonstithent oogidesenl thouglds trwseommeslsambl abton L
heat i ng deconpose .t.o formt espe |de for a period of -
time to forﬁlgﬁﬁﬁﬁﬁﬁii: Qﬁ@%tig gg gkgx dﬂ%por Hgﬁégoﬁe?ﬁédnetal .
oxi des may b@'sdmﬁe&sﬁnglg@asSecumpasltﬁonmaMxnwaki knmewat 2o thosate or
n1xtures5th§gﬁﬁ8_ Tq§1gh9§p£p£us content of the glass may be added as

phosphor ds annDnlun1d|hydrogen phosphat e, --aqueous phosphori c
acid or mxtures ther&ﬂr ssmnm.agwusltyleas@argmn&mgrmlsharshadsozo

phor us compqiy PESUOREdeb ! ¢ NBoWiobekd ATRRNPaLEsS Cknblieyl 05 bY

evapor ati on o pho horus pentoxi de durtn rocess he melt so
formed i s qGORPRR %nﬂQﬂ@ht%eéﬁmpesﬁaﬁéruﬂel%ﬁ%Rﬁﬁ?%ﬁeePFHGPson to a cold

steel. plate or on tO‘@%é”%EQQse@ohﬁbkﬁtionE5aﬂal Qﬂedﬁwya|30 be
achi eved by oumlu%trma ten ggss i-nt bat h of. ter or an-oill. W

have fod&d AT SO f 588 £ONS $1s%Eolution rate is
suf fi ci ent | yompaiirs mﬁdc’naoﬁnnéhtmngpdretciompoae |mtf‘cbzymdtheol ution when

orer hert Wb P! SHideds Hr b S FAVIAR 'SerEB%EE BuRL ver oY
- to form an-homogeneous melt. For example one or more -
of the metal_okides;may be substituted by the metal
15 carbonate,'aoetate,_citrate or mixtures thereof.
The phosphorus content of the glass may be added as
phosphorus pentoxide, ammonlum dlhydrogen phosphate,
aqueous phosphorlc ac1d or mlxtures thereof .
_ Advantageously a. slight excess of the phos-
- 20 phorus compound may be prov1ded in the mix to compensate
 for the loss by evaporation of phosphorus pentoxide
during the fusion process. The melt so formed is
 quenched rapidly to solid material by pourlng either
on to a cold steel plate or on to water-cooled rollers. -
25 Quenching may . also be achleved by pourlng the molten . N
glass 1nto a bath of water or an oil. ‘We have found _
that, although the glass is water soluble, 1ts solution
rate is sufflclently low that only a. small proportlon is .
_ lost by dlssolut;on_when_water_quenchlng is employed as
30 the glass.is,in.contact'withpwater,only for a short
time.

The quenched materlal, whlch may. be in the _
'form of flakes, granules or slabs, 1s then commlnuted
. to a flne poWder by one or more_stages of erushing
35 or grinding. 'TYpically the-élass is jaw crushed,
| or dry milled in a pestle and'mortar or'pin'diso.mill,



time.” The quenched material, - which may be in the formof flakes, granules o
" or slabs, is then conn1nuted to a-fine powder- by one or nore stag S
‘Crushlng 35 or grlndlng Typical ly the glass is jaw crushed, qﬁzgggg -'f-
mtTed ina pestie-and nortar or pin disc mill, -9- or wet gro a

rotary or vibratory ball mll followed by drylng, or by air inpact mlling.
QO her” net hocw w&tﬁ mrxdl int aeratarwanralvscbn&b@mlbﬁ/bh mihd powder ed '

"bfass t hus I RGOT, veh to forma
corrosion in |t|ng %flne 1§§ %0- B aITy%ﬁgdﬁnllng, é#gh sggégr o
dlsper5|on(ﬂeQﬂDQﬁrﬁﬁlheKHQWmeln kh@wﬁPquaﬂaQ&ﬁo e ¢mpleyede use an '

~alkyd-resin as the pa"f'ﬁebpaﬂééreadg‘?‘.@ssb‘tthdst il e ey gl 86 by those
.10 skilled jn the art that other conventional resins or binders can be: -

enpl oyed5 e ifICHRATAT | 8, 2aBRINFcYebiodif HA FARM 3 BARFISLLB,

structural aﬂmiiwiaei:@g\Sprﬂmébl B thbclste@et i3ISl ai¥lleg, high 50 to 100

m crons thickness 4# eyen rg ﬁgl ass shoul e connlnuégd to a
final size iSPS&H ?Eﬁ?ﬁ%?ﬁr??y gy o e%h@%ﬁnﬁfﬂ? rERYRst8r 8% om 10 to
60 m crons, arﬁﬁenw&ﬂgréﬂerotéOusecannahhydmnysmnaahammeepathI|ke prior

herein are LB ARITRE bhPoly Wiy 38 SlBCUPRE HhokRogE0TT o
conposi tilonsskisl ket Ewl thei gnbnthaet pbherheontant 1onaesesdast i nal .
col ouring pi nderdScatihe 8m3iBYLA, C%atgdot x3 %@iﬁé?nacsgmstlon

will in many instances e adequa ’f or corrosion resistance and
final col ourer chmiarinated rubbers.

- ’

i , _ For structural appllcatlons in whlch thlck

. coatlngs are used, i.e. 50 to 100 microns thickness or
15 even more, the glass.shpuld be comminuted to a final
' size in which the majority by weight of the particles
are from abeut 10 to sbeus 60 microns, preferably 20
_to 40 microns in average diameter. - .
' .Unlike prlor corrosion re31stant compos1tlons,
20 the glass compositions described herein are essentlally_
colourless. Thus, they may be used in paint compositions
 as the sole pigment or together with the desired final
'colouring.pigment. As such, a single coating of the
present composition will in many instances be adequate
kJ; : '25 for both corrosion resistance and final colour. Thus,
the present paint compos1t10ns may be the sole palnt
" coating on a metal surface.
' By way of example, the compos1tlons ‘listed
. in Table I were 1nd1v1dually prepared by blending
30 together appropriate amounts of zine ox1de, ammonium
' dihydrogen phosphate and aluminium hydroxide, and fusing
to form a melt at elevated temperature. The melts so
._formed were then quenched by pouring onto a. cold steel
plate and the glass obtalned was success1vely crushed,
35 granulated, pin-disc milled and finally we milled in a
non-aqueous medium in a Vibratory.ball.mill; _ The_wet '



t he present pai nt conpositions nay be the sole paint coating on a netal
ace. By way of exanple, the conpositions listed in _Table | were

Vi dual |y prepared by bl endi ng 33_ t oget her approprlate amount s of zinc.
-ORi_de, anmmoni um di hydr ogen phosphat X al um ni um hydr oxi de, and fusing to
~forma nelt at el evated tenperature. The nelts so formed were then

quenched by gloiringodnbowderelid gliase wﬂsﬂﬁhawﬁbiée gl Bhesebiglianadsras

successl vt i ok S ATARSe i b 115, T g 7 o0

of powder ed Ijl assThesetwenedthed eﬁaésmtgéchsts;espmeperangl pmedland gave the

ol | quant USRS pE 3F DkBab: oa RER S e APREY AL EBhE) 801 R 1O

fol | owi n§ t diiee: TaLBYELRE Tabllepai nt fornatlons Vol ume concentration

Proportion of active to of actlve HadE 1T ... total pigment (%
ww 10 pignment . ﬁmgmﬂ _ cmoHnMed(%mhm

al kyd bi nderTest rpabet - 59ﬁ@éﬁlsns' o 6 ' 6 10
23 | Volumezéoﬁéentratlon : ?ortlon of acti®é ¥

The paints were prepare t wo-. stage bal | - to a fi ene of grlnd
of 10 microrff f 8 ﬁﬁ applied to clea$9ﬁﬁﬁ fgaen Eodg brushi ng -

and allqwed igmarie for several days. IBng(nﬁﬂlng was bh&@rﬁm@ﬂﬁﬁrut and
the | ower haM tﬂ,?) coated with a 20 pr0ﬂ| eéobi/nél kyd \A@h%%eg,l ln eaxl, nt.

10 - 23 | 24 | RN
25 | 66 . - 67
15 - The palnts were prepared by two-~ stage ball-~-

-mllllng to ‘a-fineness of grlnd of 10 microns and were
then applled to clean mild steel coupons by brushlng
~and allowed to cure. for several days. - The coating was
~ then cross-cut and the léwer half top coated with a
20 ‘proprietory alkyd white gloss paint. | .
| 'The coupons Were-thqisubjected to accelerated
and natural test schedules as defined in British Standard
No. 3900 u31ng commerc1ally avallable prlmlng palnts for
“comparlson._;- . _ .
25 The results of such testing procedures o .fvgg
showed that the glass pigments gave effective protectlon
- against corros1on at significantly 1ower loadings in a
spalnt coatlng that those spec1f1ed ‘for conventional
plgments such as- 21nc orthophosphate, when evaluated
30 either by reS1stance to rusting or lack of blistering -
- of the paint fllm. In particular, palnts contalnlng
'soluble glass plgments are especially effective in
- preventlng rustlng of the metal surface and. bllsterlng
~ of the palnt_fllm.__ In particular, pa;nts conta;nlng
35 the soiuble"glass pigments described herein are especially.
effective in preventlng rustlng of steel surfaces where
the dried palnt film has been removed by mechanlcal damage.



“The coupons were then subjected to accel erated and natural test - schedul es
as defined in British Standard No. 3900 using.comrercially available
Hrimng paints for comparison. 25 The results of such tesfi
procedures showed that the glass plgné&ts gave effective protectlo
corrosion at significantly | ower Ioadlngs In a paint coating that thes
.specified for convemnThmjluvgnbmon sachl&asbnateﬂtUnuﬂhnﬂWEMenomhen o
&val uat ed 3%afﬂfl % §53|§ﬁgnf§1&8w& %émk of -blistering of the
paint film lnparticu pai nts con |n|ng SOl ubl e gl ass pignents are
especially effectlve @@EEEE&Enling rusting of the netal surface and

blistering of the pmrﬁeg$¢ﬁé hﬁuﬁﬁétb?ukﬁhcl8¥ Kosdrafeng 35 . the

sol ubl e gl ass pignents descrl ereln are especially effectlve i.n

preventi By BISITHUR QXQE@X%@?iaéég ﬁﬁ@ﬁ@nﬁmgﬁﬁqeﬂPQﬁHhﬁr¥¢lﬂ?%§s been

renDYed ?ydmﬁﬁ@amxéﬂdéﬁwwaea nomagenéauanbb@&érsIlﬂa&ﬁrﬁiﬁdw@s, but in no
way limte

foll ow ng exanp Measur ed a ts of zinc
»orthophosphgﬂée%Jhﬂtﬁnbﬁqmg ﬁ?B?lH@itaﬁﬁﬁggﬁﬁb#:%ﬁeﬁ??ﬁl o??c aci d
welrte'bl gndedt {ghlaas&cumgmmﬁt gpéate. 2 cbaah stiee Marldtsed ‘lt'I'Jha hormglenteous -
me and was en guenc 0, a ass our.i onto a. co ate.
The gl ass W<§slat,s ?fmg:bmét?? g \M?ép@ oé‘@%fers}@' \/Se‘ftilc %sjs'ggggh:ong,' dry |

n1II|ng10an@nu5hungJ|dny miMblng,tandQWassmmkymng bdlwhest obheai ned were.

e cal ?3 JRYhiehally uptinel oBthiRel Vel Yighedd dha  ©

[err] iound tp(have the following characterlstlcs
v | a
| ' Chemical éomposition (mol %) Zn0 56.2 = 62.3.
15 | | | A1203 1.3 1.0
R P05 42.5  36.1
. . -2 -1, -
Dissolution rate (g m “day ~) 210 65
Specific surface area (m°g 1) . . 0.17 0.17
Specific gravity (g_ml-l) 3.1 3.4

20 - . Example 2 _ Lo
L Test paints, incorporating the two. pigments
A and B from the'pre#ious example, are prepared by
high-speed dispersion grinding of the following
ingredients:-

\;,_' 25 Ingredient - Weight (g)
Glass pigment (A or B) . - 98
‘Other pigments - ' o _
~(hiding and extendlng) - 311
Alkyd resin . ' 277
.30 Additives o } b
'  White spirit | : 83

Grinding was continued until the paint showed
a fineness of grind better than 30 microns when measured
on a fineness of grind gauge (to Brtish Standard 3900 :
35 Part C6 : 1970). The flow time of the paint was measured
as 4 minutes using a B4 cup and the method defined in
BS 3900 : Part A6 : 1971.



42.5 36.1 Dissolution rate (g [err]) ' 210 | 65

[err] .
gci fic surface area [err] , .17 0.17 Specific gravity (9: _
11 3.1 3.4 20 Exanpl e 2 Test paints, s

'-.rporatlng t he two pigments A and B +2om t he previ ous exanple, are -
scepar ed by hi gh-speed di spersion grinding of the follow ng ingredients:-
25 . I ngredi ent - . Mild steel coupons f&blgbbeagraﬂaimtqnangn (Aor B

08 e DGR e AL ana clegeiy S 5 0
83 Gri ndi ngchheroehhmeae,umnd a h:qudalmf phimed wasi a@rpés:?doftcgrl nd better '
-than 30 m ¢ %@ﬁ %@ﬁﬁgﬂeﬁ§%§%} neSS;ﬁé 965@@n§%”%%ﬂe(tﬁg 4ish

St andard 39 t he pal nt. was -
measur e aseklewedt 89 Gurgg TS %mfme wb@nbdad@amd@meidq BS 3900 :

Part’ A6 : 197de1 coozl%aswaedstﬁﬁ'cf&é@na&tfeheapaﬁbqrsat ed st i ng were

prepared by bead-blasting and cleaning in trj- oroet hyl ene, and a coat

of priner whRWaBphaeyeso gé&@%xﬁﬁﬁﬁl%ywﬁf$ theaypPNgT °°Hﬁ?4: I Ehgs were
then 5 al lgwesoppicbewhdited & i1s¢ss Wachta hardened steel tool was

e e T PerBa S ctinans e vaiey Sebodabh MBI ot e
-SUbJeCtrmit@eattngeaabeédlng to the following procedures: . ' .
Salt spary: to BS 3900: Part F4
802 fog: -~ . to BS 1391 S
ngh humldlty° exposure in an enclosed = o/
space above a water-bath maintained between 35 .and 40° C.
15 .Tests were carried out in dupllcate in
order to ensure repeatablllty and rellablllty of’
testing as far as possible. : '
: The results of the tests are summarlsed in

‘Table III. |
20 It should be noted that the method of analy51ng
the compositions is based on the follow1ng'-
1. Dlssolve glass 1n a01d, e.g. sitric acid.
- 2. - Sample solution and dilute..
3. . Zinc content determined by atomic absorption _ |
- 25 spectroscopy.- ) _ !
' b, Phosphorus content determined colourometrlcally
by the phosphovanadomolybdate method.

5. Alumlnlum content determlned by atomlc absorptlon
spectroscopy. '
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2.- - - A parntconposition as claimed in claim1, 10 wherein said gl ass ¥

conpetses 35.8 osphorus pent oxi de. 3. Apaint = . %
corfy i on asmm “m m}xﬂ i-n vvh h sai d gl ass conposition | Sy
' YUY : B * . no ’ :

Z|nc OXIde 5 8 to 37.8 nol % phosphorus

pe "de and 13 from0.1to 2.0 nol %5aluninjun1oxidé_ 4. A paint
conposi tion iTred in elaiml, in which said glass conposition T
“conprises 53,3 to 57.8 painto compositden alaptied 4D AinwibLt pbospbsiva V’

t d 1.0 o al.upi ni.um.Qxi.de._. 5. A paint
Composi {1 on O g Teh FuFEact Fo WhIcH UR A apkhieq e cophaBitivn,
resin sel ectigxt¥uding he wavtep sodubiei gdasis xompdsgitiesidisperaedrinat ed

bb t .
e ol aProd th EARAE RIS, Inth ek palY Gidks gompodiERu cGRERESER O
is in comm rﬁut-eﬁj ﬁmrﬁﬂd hlnohv&ragac'pamldelpe DB b 4563 ghadstparticles '
nhi Bt cor ES FeREpride,  the, EellfuBac TR A g aPuREn} in
'conp03|t|onq Qﬂlng a Mater soluble gl ass dlspersed in a paint . binder, in

whi ch-sal d glass conpgl ﬁ&fné%émbes%ianr@s Cldifedifl%1and 298 10 43.0 .
nol @6Ehosphorus pentoxide, the Tenmainder cogPr|S|n al unm ni um oxide. 8. .

. A pain Ocomﬁhﬂﬁﬂkﬂl%%iélﬁiﬁﬁﬁ FAMPEASRSL 350 Reht¥ally as
described heRigphe yils rpérE6RLq@el 0 the acconpanying drawi ngs. The text of

oo TR & I T Rt S R
The or|g|nmwﬁﬂuhxsziwtgr@@sacompgsiheoa emmptﬁsess6&w1b90|&3pacmed an th%_)
prem ses of H% I%ﬂ 52 c%é'geto 37.8 mol % phosphorus pentOX1de ‘and
15 from 0.1 to 2.0 mol % aluminium oxide. ‘
4, A.palnt composition as claimed in claim 1, in
which said glass: composition comprises 55.3 to 57.3 mol $
zinc oxide, 41.4 to 43.3 mol % phosphorus pentoxxde and -
1.0 to 2.0 mol % aluminium oxide. _ -
20. 5. A paxnt composition as claimed in claim 1, 2, 3
' or 4, in which said binder is a resin selected from the
- group consxstxng of an alkyd resin, a chlorlnated rubber,
an epoxy resin ‘and an acrylic resin.,
6. A paint composition as clalmed in any one of
25 clsims 1l to 5, in. Wthh the glass composlt1on is in
commlnuted form, the average particle s1ze of the glass
' particles being from 10 to 60 microns.
'_7. A paint composition adapted to inhibit corrosion
. of a metal surface to which 1t is applled, the
30 compos1t1on including a water soluble glass dispersed in
' a paint b1nder, in whlch ‘said glass comprises 54 6 to
'62.1 mol % zinc .oxide, and 36. 8 to 43.0 mol % phosphorus
pentox1de, the remainder comprising aluminium oxide.
_ 8. . A paint com9051t1on as claimed in claim 1 and
35 'substantlally as described hereln Wlth reference £t0 the

' -accompanylng drawings.

Phe text of the specification has bm reproduced by phofaoooprus the ;pplj.cants ongul
typescript. = It may contain a few amendments which are difficult to read. The original
typucrlpt containing thele smendments w be mpooted on the preuises of the Patent Office .



