ALUM NI UM OXI DE GLASS COMPOSH TI ONAND NAGNETIC HEAD INCCRPCRATING SANE
FI ELD OF | NVENTI ON 5 This invention relates to a gl ass conposi -

tiaen that is particularly usefut fof bonding metal alloys or
and re speC|f|caIIy, for glass that can be used |n the nanufaéﬁt5§§6%f0

magn ¢ "heads for magnetic recordi ng and readi ng.
BACKGROUND OF | NVENTI ON A variety of produegs conprlse gl ass bonded

metal alloys or netal oxi Eﬁni - ccgnﬁﬁ &ngéﬂ86éﬂ6§II£bﬁﬂ3&bCU|arly

useful exanple is a nmagne+e = —-ECoFoH gnhal s. 15

Such a head typically conprmmommmmmmm ng a gap at the-
recording and reading site that 1s accurately jol ne y gl ass bonded to the
cores. Such cores either conprise solid ferrite or. they are ferrite

provi ded with speci al plates form FFELD OFh INVENFTION structure. -The plates

are a conpositse of metal f’ﬁ YRYEAELOR L EPACEs \eb Na skl g8 L ggyuers of
a bondi ng conp05|t£ usua

ol ymers e_co 03| e be n shaped
and attached as t¥}eR{Ehehe %d?§§=§¥“fﬁ5¥$e%ﬂef“f nfeFe gl?eﬁ not
been 25 possi. bl mlbﬂw%m&uhﬁﬁdﬁlmdtm&éu‘ﬁufkﬂms fora

Such advant ages (FEPTRCHE IO Fe Radrth VaF ReRiFhetird GE FRRBRFLEC .

of thermal stabi |hea,dan£:bmmmm cregording hand readinge t he di mensional

stability of yghe nmetal heads. SeygrRtrRONED! SFSINGERTESRN encountered in the
maki ng of bonded netal all or'ﬂeraf-uxqgigmﬂr—-ggggsng{oducts éh
probl em has been to provi Tiety of products comprise glass bende
expansi on 35 thajo wErdPIRYY dRimdes] thetded idea eswpositey or netal

oxide. Failure tq éﬁl&éhéémh ﬁoeiééf&?ﬂny afeful example is a
' magnetic head for recording and reading signals.
154 Such a head typically comprisee ferromagnetic cores
' containing a gap at the recording and reading site
that is accurately joined by glass bounded to the
cores. Such cores either comprise solid ferrite or -
they are ferrite provided with special plates forming
20 the gapping structure. The'ﬁlates are a composite of
metal alloy wafers laminated with alternating layers
of a bonding composition, usually epoxy polymers, the
composite being shaped and attached as tips to the
cores of the head. 1In the past, it has not been
25 possible to bond such metal alloy structure with
. glass in a reliable manner. Glasses have obvious = -
_advantages over polymer adhesives. Such advantages
include much higher mechanical modulus and a greater
. degree of thermal stability and ‘hydrophobicity, which
30 1mp:ove_the dimensional_stability of the metal heads.
' Several problems have been encounterad in
the making of bonded metal alloy or metal oxide and.
glass products. One problem has been to provide a
glass that has a coefficient of'thermal.expansion-.f
35 that substantially matches that of the metal alloy or
~ metal oxide. Failure to match such coefficient




creates thermal stress under varying tenperature conditions and eventual

crackiWg of the glass. Another problem has been that certain gIass _
i ngr@dijents are highly volatile, and create bubbles as the gl ass .
sol i ies. Such bubbles in a magsetic head degrade the-integrity of the

head structure. |f located at the nmagnetic tape contacting surface of te
head, they may provide a sharp edge that causes damage to the tape. 10 '

_fSti A | a{&éwetsarﬂwﬁmh?&:@s@ﬁll uhhetrt : w&:y?ng teﬁpedaeuta used } ][1 gl asts o
ormul ati o 0 substanti a mat c ansion coefficients o
the metd QﬁiQAP Avenk °F@ﬁ&é ﬁg §F§s§i§8§0eptlble to cheni cal
attack, for 15 <annqher pﬂﬂbiam hpscaeenlthatlcertain glagaectic heads often
require ﬁir d%bé vorathie, oanaf [ bReatBCHuBbeemnchi ned.

n suscept |ty a S

Accor di o .chem-cal such caustic sol utions.
canndt lﬁst'iﬂ% qgé-%ensé‘ﬁ'ﬁg?%bae?h&f‘ & gAgnetdft 20 anounts of
al um mlhaaaﬂdtgtadeetheauduegrutS of th® peadi gerucearetante to attack from

Fonal 1 etk B o NaRiaE fand SontiRedhg, Supfall PELT. 015, "

‘unacceptths hieash- (khefomay2 provddeos sherp edge thatncamsess, 458,926, issued

August Syam tdkgﬂgﬂd@;g a gl ass conp05|t|on that conmprises up to 5.7 nole.
[err]. To sol ubi ~this.anmount QF nigiu gﬁlde in_a Iass conposi tion
an &essive 30 49°Q§GEQPF9? o 8y Fﬁe°§F5§§ forner. Thus,

t he pat eilngrkiﬁcsnﬁsemsdde i @ lafssS Fotmullativnsf t6i 2 for this purpose. Such
oot o SR AaTT Rl Sriiglit Sxpahathnl "¢ X0RCS] 00 11 TR
nater.eucoefﬁicienta of the metal alloy or metal ‘oxide, '
render the glass susceptible to. chemical attack, for
15 example, attack by caustic solutions. Magnetic heads
often require cleaning using a caustic solution after
they are machined. Accordingly. susceptibility to
chemical attack by such caustic solutions cannot be
tolerated. It has been suggested that significant
20 amounts of aluminium oxide, i.e., at least 5 mole %,
provides resistance to attack from caustic
solutions. Unfortunately, such amounts of aluminium
oxide do not readily dissolve into many useful glass o
networks which leads to an unacceptable non—uniform
26 composition. . o R
U.S. Patent No. 3,458,926, issued August 5, |
1969, describes a glass composition that comprises up
to 5.7 mole % Al,0,. To ‘solubilize this amount '
of aluminium oxide in a glass composition an excessive
30 amount of Sioz has to be used as the glass former.
 Thus, the patent describes the use of 52.9 mole % of
Sioz'for'this purpose. Such e large amount of
Sio2 imparts a coefficient of thermal expansion
‘that is too low (70.4 x 10 7°c ) to substan—
35 tially match that of the head material. To



conpensate for this n1snatch only an extrenely thin layer of glass such as
0.5.u can be used. This in turn requires that the glass be applied by R F.
sputtering techniques, a very linited method of 5 application. Finally,
many.# glass compasi tiens have too high a softening tenperature, e.g., a y ”E?
softéﬁlng tenperature greater than [err]. Sw3h gl asses require special, t =
expensi ve equi pnent to-bond themto a netal 10 oxide or netal alloy. The

gl ass described in U S Patent "No. 3,458,926, issued August .5, 1969, i

such a gl ass. ThusCompRnsate fomdhis mismateh, ondy &ngP§§§°Bﬁl¥o§hh‘on

that is not subj eclayér to® glﬁsé sk W.thﬁ@‘an becaskucal tmst fare is a
need for a gl ass cg ositio %r}iﬁ@a o ffl I ent ﬁ-&ﬁéhg rrg expansi on

t hat substantially HeM Wﬁﬁ a 88, ofPB t ¥ BsFde to which.
it is to be bondedspmtltbrmg esschmiques, & very Aimized: metBOdsofuti ons.

Li kew se, ther such a conposition wth a softening :
tenperature no grea er t eaég rr{ DESCRI PTI ON OF | NVENTI ON I n accordance
with this invention, 5 to JEANA}Lkymany, glags, compesisirng hevanbeo:o go
into solution in g&fgﬁ acsqftenthgtﬂempenitateneeigtaneesoﬁtenmngics by

[ gl f |
CoerTi ciont of tnesmpetinic BV chal s0d=¢; "3GEn 817RRHR ralice
oxi de to which 30 spe;tﬁlux#xnsnainﬁuequmnmentn¢@nbpoﬂ 5h9@|§958amgtabs
conposi tion t | Gx ¢ [0 e d) 4130y e RUadisNdeberapeBl &h BlEoy or

et o o) e ganic Corfnpé’ig%.rgf,mﬁ,ei“g,&d Wglst3, %1088, 24 Ebbek™t
A a glass. _
Thus, there is a need in the art, for a
glass composition that is not subject to the
15 aforesaid problems. Specifically, there is a need
for a glass composition that has a coefficient of
‘thermal expansion that substantially matches that of
the metal alloy or metal oxide to which it is to be
bonded, and is resistant to attack by caustic
20 solutions. Likewise, there is a need for such a
composition with a softening temperature no greater
than 500°C.
' o DggCRIP:IgN OF INVENTION
In accordance with this invention. 5 to 15
— 25 mole % of eluminium oxide is made to go into solution
' in glass to provide the needed resistance to caustics
by using a glass former that is compatible with the
need to maintain a coefficient of thermal expansion
that matches the metal alloy or metal oxide to which
30 the glass is bonded. |
This invention provides a glass composition
thet is_particularly useful for bonding to a metal
alloy or metal oxide, which composition comprises:
(1) an oxide of an alkali metal or alkaline
35 - earth metal,



(2) an oxide of a nmetal, which netal is both non-alkali and non-al kal ine
~earth, in an anount sufficient to provi de -a coefficient of thermal
“expansion of 80 to 170 x-- [err] [err] (3) 5.to 15 nole % of an oxide of ¢
a@m um and (4) 10 to 35 nolg.-% of a conpatible- glass former that.-.
r rs the oxide of alum niumsoluble in the conposition. -- 10, ) N
This invention al so provides-a nmagnetic head conprising a netal alloy or
met al omdéZlDonaIndotbdéI*efgﬂane;t&bnpdsidh metal digytidthcant advantage of the-

gl ass corrp03|t| g&e‘? ,Pegﬁ& Y | i s--15 that they
are substantlal y free {r? vol ati [ e- P:Ifr%)énregrﬁscsth‘gu%.I aagpl ead oxi de and
f1uori ne which ¢$@%%tt%f§4%%@6ft%mg%f%&°§ﬁﬁiﬁiﬁ%ul d prevent
formati on of a 550@&@:@@@!53@1{6@% 280 tde-170 ape- head interface.

20 1advant age of the--glass conpositions of this
, inv@ntion is th h y Soften at tenperatures no greater.than 500C and- do
“not requi ré39;peﬁi1ao 15 grote o fitan oxide moferalumirdomy tamdn t o netal al l-oys

or metal ogges102fo 35 mole 1 o%eg%ﬁﬂﬁ%ﬂ ngg FoRtW NGS Fig. -1 is a

per spectlve View o etic- I n_-an I.nt-er ne ate stage of
manuf acture, i IFG%Fr'&?W"i\gt%ng"%s‘e’"cﬁe t9fe ghumln ubl® of this
invention; -- 3fn the compos$itior. i s-a section view of an alternative

o ﬁgt;ﬁe“gﬁznz*gﬁﬁfaerﬁﬁéx?“«rw%wﬁ%s%: i S
exaggecgppgisbngcaametql a&ioy or metal oxide bonded to the :
glass composition. _
A significant advantage o£ the glass . -
compositions and magnetic heads of this'invention is e
15 that they are substantially Eree of volatile ' '
components such as lead oxide and Eluorine which
frees the glass of bubble defects that could prevent
formation of a smooth contact surface at the— _
tape—-head interface. T

20 Another advantage of the glass compositions -
of this invention is that they soften at'temperatures' | S
no greater than 500°c ‘and- do not require special high '
temperature equipment to bond them to metal alloys or
metal oxides.

25 N ' BRIEF DES CRIPTION OF DRAWIN § — _ “

Fig. 1 is a perspective view of a magnetic— '

head in an intermediate stage of manufacture, ' o _
illustrating one use of the glass composition of this -
invention, : '

30 _ Fig. 2 is a section view oE an alternative
magnetic head of the invention, and -

Fig. 3 is a section view taken along the
plane of line I1I1-I11 of Fig. 2, the spacings between
- parts being exaggerated for clarity.
35 -

U



MODES ‘FOR CARRYLNG QUT | NVENTI ON As described in detail hereinafter, the

gl ass conpesiti‘ons of this invention are particularly adapted for bonding
to.metal alloys or oxides useful 5 in manufacturing nmagnetic heads. .
However , ~such- gl.ass conpositions .can be used to bond to nmetal alloys L |
oki dbg K; the making of any end product. Also, [err] is nost often us S -
the gl ass former for the al unmi num oxi de bULs any other glass forner 10
capable of rendering soluble. the anDunt of alun1nun1OX|de of the

conmposi tion without del eteri | CARF BN of " t her nal

s T ar e et “e“mﬂ"“ 5 aﬁtm”m%%?aﬁ%@m‘s ol sueh.
o ki oot ororkiand epaBeattLiRe oE, BhtioLavrnELns nr, phriicBlatly
magneti ¢ heads. aaepEedrﬂon)bcﬁgﬂnglcoomedns altbyssotecoxides, usedull)
el o5, 1 rus) usteigaer hicagadtss! RAPTS i OWTES Blabl *
| eave a magnetic ¢emposiriensi ga@dhﬁeuseé tacbendnte vetal &1193§ 9%p, and

the assenbly is fexides ﬂacehaeﬂaaingxabaaﬂ9deha sebaubz.f0h196anple in
U S. Patent No. 3 657 266, 25 .S this

material for which2 seiédH$5§|?#Bﬁno?=? §3| %ﬁnSFBﬁs é°5ﬁ?F|EBFarly
useful. If the cothe aluminunedxﬁdelhutvehyyfouhe! gdasst ormepreferred

Probrni g thd @) MARREES of rehdEEIng §81URLe| 008, Babibl SECATAILLAICT OV
are described in thﬂeFafenhehbompoasgi¢94wi:bgusdda&ecesépuslyl976 and
havie_toef fici ent sy pEedf gak?SXEégffﬂéiéﬁétoEaﬂﬂérﬁﬁlnb§9a§§ioh01§20 X 10
't metal alloys areica or the gectice of this invention.
" Examples of such other glass formers include oxides
15 of vanadium, antimony or germanium. '
Two kinds of magnetic materials are often
‘used in the manufacture of magnetic heads. These are
a) magnetic oxides such as ferrites, and b) metal -
alloys. In either case, the heads are commonly
20 formed by first forming two core elements that are
joined together in such a way as to leave a magnetic
gap. Glass is bonded :Oche_jqiged,cores.ac the gep,
and the assembly is further machined as explained in

. detail, for example, in U.S. Patent No. 3,557,266,

25 1issued Januery 19, 1971. "It is this material for
which the composition of this invention is-
particularly useful.

If the cores are formed exclusively from a
ferrite, a preferred procedure is to hot-press

30 ferrite powder into a bulk shape followed by
' _machining the elements to the exact shape. Suitable
ferrite compositions are descrlbed in U.S. Patent No.

= 3,989,794, issued November 2, 1976, and have
'coeffieiente of thermal expansion that renge fromlSO

35 to 120 X 107/°c".
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heads, the typical procedure is to.forn1the alloy,;into thin wafers which,
when stacked and bonded together, conprise two l.am nate pl ates each

atygehed 5 to one of two core forns The gl ass conposition of this .
[ ion can be used as the bonding conposition for the -wafers,: as well- as
th ass that is used to nalntq%p the magnetic gap between the two’ N

| ami nate plates Useful netal alloy conpositions are 10 described- in U.S.
Patent No. 3, 993f2metalseddayscezebused] tor Foam mmticg and have from6

to 122h§hd?urEHh4t 18%1 ro%%@lu‘r'eeirse@% @PGentially Fe. The

aIon ' rther ar act r|ze IStivit of aj Il east 100 m cro-ohm
celrtacthin wafezs whighys “Peés H&ief%’-%‘%dﬂ‘tker s hardness of
gL eat etogbeheﬁQOcomgﬂ.beat%| ;lzemﬂm:aa platids @att dﬁt&dlﬁdme h_eXpansi on in
t e r e S C Ll this I nventlon
20 ha 38503¥f?%% g?*%f*%%@? p§%§?§ cfﬁggggﬁgﬁgp two ranges
descri thisi inveotiooceannle mepanag cndinghecampaditdanies and netal

al | oysgg rrhéﬁe'ﬁsEEPE gkasaewuas $3§E1%§5I1%;%€&&a¥ﬁeaspecif|c

coefﬂmiH 2 gerna .expansi-on_ o
val ue RAIRFAip,Ehe, magnet 8‘?p9@¢ﬁ?@“b5#ﬁb§?¥%n; sel ected to be
con5|spbateymththfu&ahetealaldoyhtohp&udhimmmpmmel(N1|s to be bonded. In
t gI 0 en of an alkali. metal or
' %?5%?‘?&8”&%?{]% fPaE:lg:aéeg% “al d%gvﬁﬁhs'awéﬁl ent anount. of a netal
OXI de Décembern- 21alB765t alt codt. ﬁr,own@h&vhe ﬁm ecadd%icient of -
t her mag sex I @n al 1 nprlse an OXIde of zine,
éis E%Bﬁ QNeo 9LPA3 ‘Yﬂ‘ﬂ N

e G nor e ol VIR
by a resistivity of at least 100 nicro-ohn- - '
.15 centimeters, a porosity of less than 1%, and a
Vicker's hardness of greater than 600. Such an alloy
. has a coefficient of thermal expansion in the range
‘of from 120 to 170 X 10™/°c-1. |
_ The glsss compositions of this invention
20 have a coefficlent of thermal expansion that spans
the two ranges described in the preceding two
paragraphs for the metal oxides and metal alloys.
That is, the glass compositions of this invention
have a coefficient.ofjthernsl ex?snsion of 80 to 170 .
25 X 1077°c-1. The specific value within that range | (L
~ for a specific compositon can be selected to be |
 consistent with the material to which such
composition is to be bonded. '
In the glass compositions of the invention,
_'30 an oxide of an alkali metsl or alkaline esrth metal
is included, along with a sufficient amount of a
metal oxide of a non-alkali metal that provides the
desired coefficient of thermsl expension. Typicelly, , .
such metal oxides comprise an oxide of zinc, copper
- 35 or boron. Optionelly, an oxide of silicon is




exceeding 30 nole % the [err] inparts beneficial 2 properties to the

gl ass conpos$ition. For exanple, it can be used to regulate its flow
ten‘perature 5 : As previ ously i ndi cated _herein. 5 to 15 ol e~ of
an o de of al'uminiumis ‘included in the corrposr'?r'on of this: |nvent
provi suffi-cient resistance to caustic solutions. A convenient te 0
establish whether a glass has sufficient 10 resistance to caustics

conpri ses placing a wei ghed -anpunt of a piece of the:glass having a known
surface area, into dAchydeduwithosuehoretabroxides sodinmmeuntsndgtng a pH

of 10, for 6 hours ekc&saihg 618616 POUKe 16, gile&ai-ﬁss Heﬁi@%‘i%q:al“ nsed.
and re-wei ghed. 15 tha about 0. per

I
o e One. i bLabBE ek 0 488 ol fad o Sa kel Aamptl e
resistant to adequacehybm used aval tégubatestits shlow itempexature.y used to

clean core el enegts of a nagggt been
determned to beglan excel | engg %P yfagﬁjé’zoifndic%toerdnel}ef%%st E oaﬁ'gemg%gunt
of oxide of al unini ¥nPHranecpxide Qheahﬂ!ﬁfb’sql! idhdingludads immedeti on. O her
gl ass forners, partesﬂbosiwm@rmntm Okrivnt FUTE 1 Sptdﬁeafwlsufiu@heai

| ass f be. " " wh t he d
oatticient of ther FAFLEEMEFE € TandErE AT Shona ) o pniRatelto slar g0 1o
170-x 10 [err] Genteaesyablimh mwhethermurglass tas Enfifdcieng gl ass fornmer..
e.g. [err]. is g3 |pegistdhéé i@aéa@gtié’ﬂe cthprids a3y of wellgned de of

re those that oxcl HRBIBELSE hPede of | A A D s Bogas o
cau$®’ bubbl i ng i n 3%reaheimt@san adueons <. G2 sAtdvh Bf as soddam salt
materials are partigilagdVa Vg al¢ | fo, L6 ¢ halFH ¥ 03T ARtel W0l %
hours, the glass is removed, rinsed, and re-weighed.
15 1If the weight'loss is dd greater than about 0.7 mg
per square centimeter of exposed surface area, the
glass is sufficiently resistant to adequately
withstand tlie caustic solutions commonly used to
clean core elements of a magnetic_head.
20 'Pzps has been determined to be an
excellent compatible glass former for the large
amounts of oxide of aluminium bresent'in_the
‘compositions of this invention. Other glass formers,
particularly germanium oxide, are also useful. Such
25 glass formers are considered to be "compatible® when
they produce a coefficient of thermal expansion that
 fa11s within the range of 80 to_170.x'10-7°c'1.
Generally, the molar amount of the compatible glass
former. e.g. P 05. is at least twice. that of the
30 mole percent of the oxide of aluminium in the
composition. _ '
_ Preferred glass compositions”of the
~ invention are those that exclude substantially all
amounts of volatile materials that cause bubbling in
35 the glass. Examples are PbO and F, as these
materials are particularly volatile. even in amounts
less than 1 mole %.
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8 _ | An exenpl ary glass of this |nvent|on
has e follow ng conposition, in nole % alkali nmetal or alkallne earth 5

oxiMe "\ 10-40% Al 203 : . .
5- 5?0" O or QuO 0- 25% B203. ’ . 2
0-2 err] 10 [err] 8- 10- 35% prOV|ded thai‘ﬁt

| east one of ZnO, CuQ, or [err] ™S present I n an anmount that 15
provides the remquxenﬂleegf glesenbfoth&beﬁ.mlenwiwmm i s apparent,

this e Ny 20 tially free of PbO and of F.
Such afgggp@éﬁ; gggsgﬁ&§g§ ?%i eFHg caustic-resistant, has a range'of

coefficients of thermal expanS|on from80 to 170 X [err], and softens at a
" tenperginat n?egggaggragﬂgmihgrghrthNot listed'in the above conposition,

but 25 us nonet hel ess, are mnor a of addenda such as pignments
_or %ol orPX&d®aterial, so long as they dgﬁhgﬁﬁ%dversely affect the
coef fig1eot, of thernal expansi on or the§=q§%stance to caustics. Such
addendg k 8 sel ected to not affectﬁqxﬁflass 30 softening tenperature
or causBYpBBbFEY% or mation as occurs wit Variations within the ranges
of conﬂfﬂératlon set forth in the aforeﬂeﬂﬁdbned exenpl ary conpositions are

usefuISig pendyng for 35 exanple upo%Jdailwagnetlc material to mhlch the -
10 PO, | ~ '10-35%, provided
' that at least one . _
- of Zn0, Cu0, or - \e/

203 is present
_ . in an amount that
15 - ﬂ SR provides the re-.
| ' quired coefficient
of thermal expansion.

As is appatent, this exemplery composition is substan-
20 tially free of PbO and of F. Such a compositiom, in
addition to being caustic-resistant, has a range of
coefficients of thermal expansion from 80 to 170 X
1077°¢-1, and softens at a temperature no greater
than 500°C. Not listed in the above composition, but )
25 useful nonetheless, are minor amounts of addenda such S
as pigments or coloring material, 8o long as theyfdo' |
not adversely affect the coefficient of thermal
expansion or the resistance to caustics. Such
'eddenda are also seiected to not affect the glass
30 softening temperature or cause bubble formation as
occurs with PbO.
Vnrietions within the ranges of
concentration set forth 4in the aforementioned
'exemplary compositions are useful, depending, for
.35 example, upon the magnetic material to which the



glass is to be bonded, and the glass flow or nelt tenperature that is
desired. Thus, if the magnetic nmaterial is a ferrite, the alkali nmetal
oxide is preferably 10 to 30 nole % Na20. to ensure that the 5 coef

of th&rmal ,expansion is from80 to 120 x [err] I8~ [err] . For this r

| easf ~fwo metal oxides fromthe group ZnO, CuO and B O are 2 3 pres
However, if the magnetic material is a netal alloy as-described previously
herein, then the 10 _alkali netal oxide_is preferahly: 10 to 35 nole % K20,
so as to ensure a c@dpfBcignkooberbendede ad 1the \9}ass |Elowyammeldach of

these ranges (80 toténPepatdz® tRat 73, aébﬁr&@effrnuéﬁniswuhéuhddﬂaﬂﬁa
reduced by i ncreasi nos.e_ of f.ol ] ZnQ,

ts_of - :
CuO [err] In ei F‘%‘é?rr?g r?sg‘asg;&aﬁg{?b Elh?‘m?lekéke’l_lmﬁ)qls ‘1@%%% o reduce
2 thermal expansi onpaafierabiyici@ate 30amelels Nazhi |tq yansTire dihatl ithe earth

oxides that' can e ysefripiéhe ofa@ﬁé@ﬁapfeiﬁaﬁeidwwiuIf%bm'ud 4@ 1200 x BaO.
20 Ceo and CaO. The speCLil C m) e any is used in the

conposi tions of thi 10 nV€nt t onFOF st Hi:beh%&ﬁﬂ ifpo‘neiqfe W%WQ'ér}perat ure that
is desired for the gkbdes fitm thecgrolp Zwde @ﬁa)farﬂm taden 2 25 the

range of 0-30 nole | o t ofs gt Re
conposition. Sim |l aﬁeggf\?\f’uet \#2‘?"2&% or %?EIS dﬁ?é ends ‘Elon t%e mel t
tenperature and vi sEQ%H—yaH@Y 28 RSGFibed mﬁmbegtq;thertm fthe

t enperature tharo dOESkZI‘D m@@al oxide is prérdiany W'#ﬂ @il edqscri bed

et el o set” for afe o84 9%.'.&#.'3”%3@& U R (o e
' 170 x 10" 7°c"!, wWithin each of these ranges (80
to 120 or 120 to 170), the coefficient can be further
reduced by increasing amounts of one or more of the
15 following: 210, Cuo0, $i0, or nzos In either
' case, up to 4 mole % Li 0 is useful to reduce
thermal expansion and to increase chemical durability.
‘The alkaline earth oxides that can be ‘used
in the practice of this: invention include e.g. BaO,
20 CeO and Cao0. :
The specific mole Y of sio . if any is
used in the compositions of this’ invention. is
dependent upon the tlow temperatuce that is desired
_ for the glass. The lower the mole & of sio within
. : 25 the range of 0-30 mole %, the lower will be the flow
temperature of the composition. similatly. whether
Cu0Q or ZnO is used depends upon the melt temperature
and viscosity that is desired. . Cu0 provides'a lower
melt temperature than ‘does ZnoO. -
30 The glass compositions described in the-
following Table I give particularly good bonding

results with the materials set forth:
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Tabl e |

conposi
nmetal o
1 produ
- caustic
(b) a s
sodi um
"Tur op
Lakewoo
resi sta

conposi th of this @mMvention. Conposition8$%0

G ass Conpositions (Mle % For Use Wth Oxide.

For Use Wth ’

“Ferrite Ferromagnetic Al loys 5 Na20 _ 10 30 [err] ,
10- err] [err] _ 5-15 5-15 2 3 ZnQ or
10 ) . _ 5-15 10 _[err 10- 25 - : ot
Si . 0-30 . =10-p-30 [err] ~10-30 :

-10-30 Wthin the above, best results are generally obtained 15 with

CuO

tions in-which the am)uﬁb;f [gerr] is within 4 nole % of alkali

xi de or alkallne earth
ce a 2 |l oss ofG 8, (1

when they are-

resi stance for 6 hours at 80C in a£§r9ugbxwygg of (a) water and
noe a 8%
rademar k

qutlon contalnlno_sod um chr. te,
| benzen&lE-ge wilth te . .k

neA

5-15

3

|de The gl ass conpositions in Table-

20 tested for

nd about

Guv | ean #2" IE}30:ron1Turco a di vi sten of Purex Industries,
lifornia__USA). This clearly deggn krates the superi or
[

nc& to caustic detergent solutions.t

~of [enﬂAlloe fromslgo 15 nole %, had shgshi ghest resi stance, i
- | east ﬁ&l T teni ng t enper at ur f all "the glass conpositions
in Tabvg aﬁref@/\e r}teq*u—;?.?f[err] The 35 maﬁ P‘?’ty of themare between [err] -

and jer

15

r§,04The concerlt®-5 ons  of the variou$—38nponents

Sio2 - 0-30 - 0—-30

ons 10—30 . o © . 10-30

Within the above, best results are generally obtained
with compositions in which the amount of ons is
within 4 mole % of alkali metal oxide or alkaline.

-earth metel oxide.

20

25

The glass compositions in Table I produce a
loss of only 0.001 to 0.2 mslcmz when they are
tested for caustic resistance for 6 hours at go°c, in
a 1:9 mixture of (a) water and (b) a solution

containing sodiuﬁ-chromete. monoethylenine. and about

8% sodium dodecylbenzenesulfonate ((b) being _
available under the tredemark "Turco Cavaclean #2"
from Turco. a division of Purex Industries, Ine.,
Lakewood, celifornia._USA). This clearly
demonstrates the superior resistance to caustic
detergent solutions that is characteristic of the

- .compositions of this -invention. Compositions

30

containing larger- amounts of A12°3’ i.e., from 10

to 15 mole %, had the highest tesistance, i.e., least
weight loss.. : . : :
The softening temperatures of all the glass

'_ compositions in Table I are lower than 500°C. The

35

majority of them are between 350° and 450°C.
‘The concentrations of the various components
of the glass compositions of this invention are

dnc.,

s characteristic of the
contai ning |arger anounts
. e.

QJ"'



of the gl ass conposrtlons of thls invention are obt ai ned by adj usting
the appropriate raw ingredients for .the glass in the conventional nmanpers
The proportions of the raw materials may have to be further adj usted
| osses and_gai‘ns. during 5 founding, as is known in the art. Such ra
ingredi ents are bl ended and nelted together in a conventional nmanner to
produce a glass frit. The frit is then eitfyer remelted and applied while
molten, or is ground into a fine powder for-"10 appli.cation to the bonding
surface. In the ¢ht4ﬁneéaby!, adfusting the appuopyistef zaw ingradients:o

the 11 ow temper at g6 phe! fEalbash EAeDBAvERRI0LAT ublinsich mhalfoce. A .

sui t abl e bondi ng technlqu I'S expl al ne reference to the dramrng
In Fig. 1, a nmagre¥oportiens SfcghﬁrtéﬁsmﬁﬁﬁreélE BR¥RAVE Boahe 10

prepared froma Sﬂui-ﬁbée aegﬁst:ed gardtéeaebednarguﬂ.ausaﬁrhagel n. dass
rods 15 and 16 fo %& g npgé tIOE é?thls |nv§ hon e.g., a -
conposi tion of? 2 §» PR gf B ERBoBEE - 055UAR B8¥ ored at. 't he
pl ane 27 defi ned ﬁqgrhéiéatsngraublenéedo&ndhneluadcuogethiheinoab|nation

is heated to the é$£¢§$§¥§§£f g&gfg%n£§g LaaéetﬁhkggsgekLQ and nds to

the facing surfaces | &S5 har ens to join
the core el enentsf ¥§§e¥ﬁe¢hende#ﬁhﬁ?a?ﬂmehéegaﬁndt8991 gdnwbdlewhi ch

becomes the portigelééa] g@nggaggguﬁaeiaggngtfgnglgbdaggegogn recording a
magneti c recqrdin such ic t copventional,
the joi ned cdr® 3%9Pt£ E EPegﬁEaPﬂﬁagﬁﬁcﬂPﬁggcﬁnd cPeEHSd fFERTa
caustjc solution égséprahéhfrtannhétbdndﬁagekurfheadaferheaﬁagnebrche

reckeder and read h%?ﬁg Eggﬁﬁe é n@gé ggggﬁdﬁgobgaa gﬁge QLsLeEE'te

they are prepare SSI ng-an appr prlate
conposi tion of 1@§nqh|sur ace.

A suitable bondiug cechnique is explained
‘15 with reference to the drawing. In Fig- 1, a magnetic
head 5 comprises':wo core'elements 8 and 10 prepared
from a suitable ferrite, as described previously
herein. Glass rods 15 and 16 formed from a
composition of this invention, e.g., a coqposition of
20 Table 1 are placed at V-grooves 25 and 26 formed at
the plane 27 defined by the facing surfaces of the
two cores. The combination is heated to the flow
temperature of the glass, which melts and bonds to
L/ the facing surfaces at plane 27. Upoh.cooling, the
25 glass hardens to join the core elements together and
maintain the gap at portion 30, which becomes the
portion that generates the magnetic field used in
recording a gagnetic'reéording'eleﬁeﬁt such as a
magnetic tape. As is conventional, the joined core
30 elements are further machined and cleaned with a
caustic solution to form the completed magnetic head
for a magnetic recorder and reader.
If the core elements 8 and 10 are made of
ferrite, they are prepared by hot-pressing and
35 machining an appropriate composition of Table I.



- . {
‘Alternatively, ferromagnetic alloys can be used to forma magnetic head, as
iIIu ated in Figs. 2 and 3. (Parts the sanme or simlar to those- already '
descd in Fig. |1 bear the sanme reference nuneral 5 to which the v
di stii shing suffix "a" has been appended.) Specifically, core el ements

8a and 10a are ferrite, as descrihed in-Fig. 1. . Portion 30a is nodi fi ed™¥n
that two netal alloy |lam nates 9@ re seal ed by a glass conposition of this-

Iﬁ\éentlgn to Wl tdrimuisrelyr) né&ﬂﬂc&i@.é egan weher at 21]9 Ggio
i's c e s gap preferably
conpri g Qe&or‘\:e% o°q‘lt“2§L %éﬁ{?e%ﬁf aI"iblc'j,ei‘l‘ 'Eg%?ﬁ‘iegn %igﬂse wi t h
ferromigead 3.al I(d‘ﬁs.'ts Athe |dame rox es:l.mﬂ.d?r ko thesehaliSeadyni nate 90
conpri t f Qﬁﬁmé ysane

t wo- di ?&%s‘%g%éa r*ap%"g) W%’?e’g@aﬁ ﬁg et her gy gl ass 110, such
gl afs &8 h‘%ﬁe‘i‘s desi gned for use

- with tlagpe a@gnapaﬁiwﬂyzwowm&ma%cmsnms is as previously

docer SEL it s gt SETLES 1 BRI TR L et
mel tedntomljdﬂed i cﬂ:mtmm mﬁtz:sls allgyslantmatés 8O &rel . This was then
S ac8ead el Wt £ WAL Mot Anon 158 %‘f};{%”é%%%@#?d*?é Theferrite
sutfacg&he3sore entis a4 1200 and to each other at 21 '
Gap 210 is the recording and/or read gap, end the
glass at this gap’ preferably comprises ome of the | | <
compositions of Table I designed for use with '
ferromegnetic alloys. As illustrated in Fig. 3, each
15 laminate 90 comprises a plurslity of wefers 100, all
having about the’ same two-dimensionel shape. The
wafers are bonded :oge:her by 3lass 110, such glsss
comprising a glass composition of 'I'eble I that is
. designed for use with the ferromagnet:ic alloys.
- 20 Machining and cleaning is as previously described
| herein.

The following examples further illustrate

the invention.

Example 1 | _ oL
25 - The raw materials of Table II below were ' ' LN

blended" snd melced ‘together to form the gless : '

composition of Table III. This was then ground

remelted ‘and drewn into a fiber which was placed at a -

ferrite surface as in Fig. 1. The fiber bonded
30 successfully to the ferrite surface. | |

35



Raw-Material - CW.%Li PO

0.4 3 4 [err] ' . 23.0 5. A1203. 3P205 .
31.6 _ZnO ' i 12.9 [err] q\\
13.7.2 3 [err]’ [err] ferr] 2 3 2 5 10 -13- - Tabke

d as&~Conposi-tion Constituent | Mol e P205

18.5 [.err] 10 15 Na[err] : .21 2 ZnO

15.5 Si 02 - o 15 [err o
19 2 3 [err] . : Ieh&s.i& ' The

coefficient gf thergmé » @on was 125 x 10 Cl. wghks conpared to a
coefficient of 120 5 5;05 |er-r| for the ferrite. Th ?0 wei ght | oss when
subjected to the ¢ ' resi stance test 2 described Herein was | ess than

0.01 ng/cm 25 Exald The raw materials of Table 2¥.0ere bl ended and
nel t ed toget her gt 0 pgi ‘69 t3lg,edgl ass frit conposition of,Tghle V. Table IV 30
Raw Mat eri al W.%([err] .
15.8 KH PO o~ - 34.1 12,9
B,0, _ 137
.2A1203 .51 O ZHéO 16.6
Alzo3 ons . 1.8
;0 o Tab ITI
. : : Glass Composition
A Constituent | Mole %
P,Og - _ - 18.5
a1,0, R .10
15 Na,0 | 21
Zno . ~ 15.5
sio, - - | 15
BO, _ | 19
Lizo ' 1l .
20 ) ‘The coetficient of thetmal expansion was 125
. x 10 °c 1 This compared to a- coefficient of

120 x 10"79¢™! for the territe. The % weight .

loss when subjected to the caustic resistance test
o described 'neréin was less than 0.01 mg/cm.
s 25 Example _ .
' The raw mate:ials of 'rable IV were blended
and melted togethet to give the glass frit
composition of Table V.

Iable IV

30 Raw Material B o Wt.%
K,0, N | 15.8
KH3P04 ' | | 34.1 -
A1203 39205 , : o - 20.1
Zno . 5.6

2A1 .81207.2320 o '.'. 19.5



20.1 2 3 2 5 7Zn0O

5.6 35 : : 4.9 2A1 .Si 0 .2H O-

19.5 JRrm -14- Table V d ass Conposition Constituent = ' S
. Mole %4 27.5 5 A1203- Lo A
9.0 [ex] K20 ZnO o - - 8.0 [err] L -

20.0 203 «lfa 8.0 10 The conposition

had a coefficient of thernal eﬁﬁﬁﬁé{ﬁﬂ of 157 X.[err], conpared to a
coefficient of 154 X 10 - alloy. The % wei ght | oss when

- subj ected to the caustic Glaiss Dompdsitiiaiescribed herein was | ess than 15
0.01 ngé&!g 3& ! e frit was then crushe ‘ball mlled to yield a fine
powder Eitue Q persed in an organic sgggg%ggbinder system conpri sing 15

g nitro?gpgulose, 40 nl butyl acetate,- 50 #d+%0l uene, 10.n . butanol, 20,

and @ njagetone. This dispersion was thengggplied to magnetic alloy -
waf eT s usﬂné conventional coating techniq%f .. The dispersion was allowed to
dry and‘gﬂb bi nder was burned out at 375C. i§$ing t he gl ass powder -and -
metal aghQy wafers at 875C nelted the 25 doBa®s, allowing it to flow and
coat th§é5Etal wi th a continuous glass en Jo These gl ass coat-ed net al
waf er s “@ then stacked and reheated to fUse the

10  The composition had a coefficient of thermal
| expansion of 157 X 10’790“, compared to a .
. coefficient of 154 X 10°/°C~® for the alloy. The o
% weight loss when subjected to the caustic ' |
resistance test described herein was less than
15 0.01 mg/cm?. ' L
The frit was then crushed and ball milled to
yield a fine poﬁder that was dispersed ia an organic
_solvent/Binder.syStem comprising 15 g anitrocellulose,
40 ml butyl acetate, 50 ml toluene, 10 ml butanol,
'20 and 5 ml acetome. This dispersion wég;then“appliEd
to magnetic alloy wafers using convéncibual coating
' techniques. The dispersion was allowed to dry and
‘the binder was burned out at 375°C. Firing thé glass
'powder and metal alloy wafers at 875°C melted the
25 glass, allowing it to flow and coat the metal with a
 continuous glass enamel. These glass coated metal
. wafers were then stacked and reheated to fuse the
glass layers together giving é'gléés-metalaglasé-'
' metal laminate. Preformed gldss-wafers'of the same
30 composition were placed on the top and bottom of the
laminate and fused to form a uniform structure.
| The uniform structure was then machined to
the proper dimensions and used to form the tip plates
of a magnetic recording head. -
35 ' Comparable excellent bonding and caustic
resistance are obtained with a glués composition

. e



glass | ayers together giving a glass met al - gl ass- netal | am nat e:
Preformed gl ass wafers of ‘the same 30. conposition were placed on tHe,
and bottomof the laminate and fused to forma uniformstructure. L{
unlforn1structure was then machined to the proper dinensions and ed

form\he tip. plates of a magnetic recordi ng head. 35 Cbnparablé
excel | ent bondi ng and caustic resistance agf obtained with a glass
conposition prepared using the procedur® %ﬁ t hi s Exanpl e using

aﬁproErlate raw nptepasged hs&ngubhblpubcaau&egeﬁhth&unﬁkanpmendsgrg a
phosphor us conpou c n n arabl e anount .
5 of G2 in placggg%ggggég iw §§?§?1§P§ B@%tégkgﬁggyé*gg m or anti nony
conpounds can be gewhaaiup OQppode for - prphpephounpapaupougﬂa :
composi i ons cont ghgkig Qxbgﬁioﬁt%ﬁs‘éoﬁ‘ihih gh Rg:}ﬂle amount The

gl ass conposition T Ined to renove
all bubbl es an® tﬂg §3t§PnP 3§°s?gpkzﬂsk VfBFﬁFE 848t tering target.
This target was usertainingpwahadicg oysaatimonfyocompouhds eant bauous gl ass

coating on nagnet | fers s of glass
coated-metal were® fﬂgﬁgg¥§cgﬂﬁ Egt 8§aaﬁﬁ°§§§gp°f’8§§f’ﬁgigt \gilfgfm a :
gl ass- et al |an1napchSbtébgsnsqnga&sénsabsidesfoﬁhshsanemecni95|t|on wer e
pl aced on the t oppRagpPet som of the | am nate and fused to forma uniform 20
structure. Exanpl® & THe T, na erials of l gke Vi ﬁ blended and_nelted
together to di%e the gl ass glasgpeorPrattérnrad gap e Vo4n Example
Tabl e VI Raw Mat eZiwas nelted and fined to r¥hove HalCbubbles and then

2567 cast into a steel mold to form a sputtering target.
This target was used in a sputtering system to form a
thin-éontinuous glass coating on magnetic alloy

15 wafers as in Example 2. The wafers of glass coated
metal were then stacked, heated and fused together to
- form & glass-metal laminate. Preformed glass wafers
of the same composition were placed on the top and
bottom of the laminate and fused to form a uniform
20 structure. | | |
Example &
The raw materials of Table VI were blended
and melted together to give the glass frit '
gu;' composition of Table VII:
25 . Table VI
| Raw Materials we. Z2°
Na,CO, . o ..25.67
A1203-3P205 S - ) 32;50
Cu0 . . _ . 15.67
. 30 3503 17.15
" A1203-P205 S 9.01

35



A1203 3P205 ' 32 ;50 [err]
' - 17.15 [err]

€] ass ‘Conposi tion Constituent
: 22.5 2 5 [err} . .
. - | - =16~ 20.0 [err] T e
25.0 P205 3 22.5 This gl ass conp05|t|on had a
coefficient of 10 thermal .expapsion_of 120 x 10 [err] and a % wei ght |oss
in the caustic resistance tes&ﬂgigexlﬁed previously that was | ess than
0.001 ng/cnR. The gl ass fgilhgsacompoBlitédnand applied to a ferromagnetic

surface, Ih!gggg d successfully to the 1801 face. Exanple 5 The raw -
rraterlacons : VI.I1 were bl ended and ﬂe%gg%_together to give the glass .
frit coMeg® tion of Table IX 20 Table VI11 Raw
Nhteélah; [o) . ' vv 96hb[er1b o -
- 25.6 3 - - 2629502 3 ZnO
. 15. 67 2 err]. ; 17. 15 [err] .
9.01 [eme'TabIe 1L X - - 25. 0 :
2 5 o 22. 5
- This glass composition had a coefficient. of
10 thermal expansion of 120 x 10 7°c ~1 -and_a %

weight loss in the caustic resistance test described .
pteviously ‘that was less than 0.001 mglcmz.- >J
The glass frit was remelted and applied to a
ferromagnetic surface. It bonded successfnlly to the

15 surface. S "

Example 5 B .
The taw materials of Table VIII were blended
and melted togethet to give the glass Erit '
composition of Table IX:

20 - - able VIII
Raw _Materials Wt. %
.Na2603 .'-.,. I ' ._25.67.
AL,0, | - . 32.50 |
Zno . o 15.67. | | .
25 B,0, : i 17.15 o ' A
1203.P205 ' ' 9.01
 Table IX
| Glass Compositions
30 Constituent ' Mole % -
A1,0, - 10.0
© Zno - | 20.0
B,0, | 25

35 ons e | . . ?2.5



22.5 [err] -[err] _ . 10.0 2 3 zZnO A
20: 0 [err] - 25 [err] 35 P2 05 06
22.5:7- -17- ‘This glass tonposition had a coefficient of thermal expansion
of 194 x 10 [err] and a % weight loss in the caustic resistance test
‘described herein that was | ess than 0.001 %err] After 5 renelting, the
glass frit was applied and bonded to a fe?‘ omagnetj c surface.. Exanple 6 A
glass frit was prepared Thimg qorunmptﬂm:im‘nlﬁaﬂ‘rmeroéﬁﬁdieduaof

appropriate raw, %‘I rﬂewﬁsiyﬁeo@m'f |1qu% iﬁ‘f ﬁNS Tabl e X d ass

Conposi tion Constituen
13.0 1 5 [err] weight loss in the caustic resistancels;egq g}eqcribed

d ass Conpositions 30 Constituent. Mole % [err]

igg gboz her_le_i.ln thla‘: was legssl tthanzh%ag)daley efﬁ‘mzm . f thermal
expansi on of 585’)?‘1‘31:31“ ﬁtgsrs was t’rﬂ? &’é’aqd:ﬁ k® & est

descri bed herei lfet:-h-aha‘ga&dﬂﬁssdrfmal 001 ny/ cnt. Th| S conposition was
found to exhi bi tEx%iEi”%nt bonding to a ferrite 25 surface.. :
A glass frit was prepared ‘using the
procedure of Example 4 with the appropriate Taw
10 materials. The composition was as follows:

E ~ Table X
- ' Glass Composition
Constituent Mole %
Na,0 - | | . 13.0
15 41,04 _ -10.0
- Zn0 ’ - 19.2
B,04 o - 19.2
SiO2 . 25.6
PZOS' | 13.0 o
20 - This glass composition had a ccefficient of

thermal expansion of 85 x 10 “Tec-1 gand a % wgt .
loss in the caustic resistance test described herein
that was less than 0.001 mg/cm?. This composition
A . was found to exhibit excellent bonding to a ferrite
25 surface.

30
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30 35 -18- Cains: 1. A glass conposition that is particularly useful

for bonding to a netal alloy or a netal oxide, which conposition conprises:

5 ) an oxide of an alkali nmetal or an alkarine—earth-netal, (2) ane
oxXi a metal, which netal is both non-aLﬂ al,i ne earth\—Ln

an sufficient to provide xl8oefficie mu ” mmﬂof t her mal

expa on of 80 to 170 x (3) 5 to 15 nole % ofcan O al um ni um .and
(4) 10 to 35 nole % of a conpatible glass former that renders the oxide of

al um ni EA&1A8H| e 15 -.- in-the conposition. 2. A conposition

~according tclxﬂeﬁlaihssMunmpasﬂﬂionnmhat dbiphttichbahlnon al kali and

non- al k C e aQl on according to

U Fge" Hohdirde " W liRal g{i%gl ora fietATPER1AkS 9

claim1 oOr e conp forner Is an'oxi de of’
phospﬁunﬂhﬁchuﬁﬂﬂEQ§ﬁt#9ﬂ|QQ&!FLiesgernan|un1 4 ‘A conposition according to

clainrg 19) n dd"'%ﬁwaiﬂ it a1kl mete’’ orsapnalkalie¢naf phosphorus or
gernanlun1 é%h A .cqnposition according'to claim 1 conprising: 10 to
35 nol e @6of oXi fum 5 to 15 nole % of oxide.of -.zinc or copper,

'5-to 15 nmol £2)» ofammdda)'fofbc& metal,t whichnmesal 38 Hetbf al umi nium 30

10 to 30 nol e % Qgefle1%a1lh AT B 1%ad 1fet Qs%Qhrmiﬂ &nof oxide of - _
silicon. 6. A co 03|t|on accor |3§Hto claim g§r|5|ng 10 to 30 nole %

oxi de of sodium uy snffdclento to providen@ gpeffipdien
- 10 _ of thetmal expansion of 80 to 170 X
|  roTec | | o . 7
(3) 5 to 15 mole % of an oxide of aluminium, and o

(4) 10 to 35 mole % of a compatible glass formet
: . that tenders the oxide of aluminium soluble
15 . in the composition.
2. A composition according to claim 1, wherein
‘the metal which is both non—-alkali and non—alkaline
earth is zinc, copper or boron. '
. 3. A composition according to claim 1 or 2,
20 wherein the compatible glass former is an oxide of
phosphorus, vanadium, antimony or germanium.
4. A composition according to claim 3, whetein
the compatible glass formsr is an oxide of phosphorus
or germanium. L
25 S. A composition according to claim 1 comprising | : e
10 to 35 mole % of oxide of potassium, | |
5 to 15 mole % of oxide of zinc or copper,
5 to 15 mole % of oxide of boron,
5 to 15 mole % oxide of aluminium,
30 | 10 to 30 mole % oxide of phosphorus, and
0 to 30 mole % of oxide of silicon.
6. A composition according to claim 1 comprising
10 to 30 mole % oxide of sodium,
10 to 25. mole % oxide of zinc or copper,
35 10 to 25 mole % oxide of boron,
5 to 15 mole % oxide of aluminium,
10 to 30 mole % oxide of phosphorus, and
0 to 30 mole % oxide of silicon.



35. 10 to 25 nol e % oxide of boron, 5 to 15 nole % oxi de of
aluminium 10 to 30 ol e % oxi de of phosphorus and 0 Jmuﬂlmﬂ'ﬂ”mmuﬁe of
sikicon. ~ -19- 7. A conposition according to claim

t enperature no greatef than [err]. 8. Conpositi8ns accor&ln t8 cfai'm 1
subsfaﬂtlally as hereinbefore described. 5 9. A nagnetlc head (i:// '
conprising netal alloy or netal oxide bonded to a glass conposition

according to any ane of .clains 1 to 8. 10. A mmgnetic head according to
claim9 substantially & hdy siomposdtioncaccopddng th ¢daimel chavitrgtd. and

as shown in. Figur gole¥niigd tetipet atiid e ndf gkBEtagCeARANYDOSCr awi ngs. 15

20 25 30 35 : :
8. Compositions according to claim 1
substantially as hereinbefore described.
5 9. A magnetic head comprising metal alloy or
metal oxide bonded to a glass compqsi;ion according
to any one of claims 1 to 8.
10. A magnetic head according to claim 9
substantially as hereinbefore descridbed with
10 reference to., and as shown in., Figure 1 or FPigures 2
L " and 3 of the accompanying drawings.
(S ' :
AN
15
20
) 25
30
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