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Technical background

It is known a plurality of glues for gluing refractory materials and ceramics
such as carbon materials, silicon nitride, silicon carbide and quartz which are
to be used at high temperatures. From US patent No. 5,474,849 is is thus
known a glue for carbon components. The glue comprises a thermoset
polysilagen polymer, 20 to 50 % by weight based on the weight of polymer of
a ceramic powder which can be SiC, 10-40 % by weight based on the weight
of polymer of Si-powder and 5-15 % by weight based on the weight of

polymer of carbon powder.

It has however been found that this type of glue is not suitable for carbon
material, silicon nitride, silicon carbide and quartz that is to be used in
furnaces, moulds, crucibles or details for such intended to be contact with
molten silicon. It is important that glue used in connection with parts does not
contaminate the molten silicon which is in contact with the mentioned
furnaces, moulds, crucibles or details for such. This is particularly important
in connection with treatment of high purity silicon which is to be used for the
production of solar cells. It is further important that the glue joints are not
wettable by molten silica.

Description of the Invention

By the present invention it is provided a glue and coating which is easy to use,
has a good strength at high temperatures, is not wettable by molten silicon
and that can be stored for a long time. The glue and coating further has the

surprising effect that it looses its strength during cooling from high



I n connection with treatnment of high purity silicon which is to be used for
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10 and the moulds will therefore crack in the giue layers while the individual
sheets not will be damaged. The sheets can therefore be reused for making

new moulds.

The present invention thus relates to a heat curable glue or coating for use in
connection with carbon materials, silicon nitride, silicon carbide and quartz,
15 which giue or coating consist of 25 to 50 % by weight of silicon powder, 5 to
20 % by weight of silicon carbide powder, 20 to 60 % by weight of fenol
formaldehyde resin or polyfurfuryi alcohol and 10 to 30 % by weight of an

organic solvent.

According to a preferred embodiment the organic solvent is selected among
20 monoethylene glycol, diethylene glycol and triethylene glycol. The preferred

organic solvent is monoethylene glycol.

The solvent is added in an amount sufficient to obtain a suitable viscosity of

the glue or coating.

According to a preferred embodiment the glue or coating comprises 35 to 45

25 % by weight of silicon powder, 8 to 18 % by weight of silicon powder, 25 to 35
% by weight of formaldehyde resin or polyfurfuryl alcohol and 15 to 25 % by
weight of organic solvent.

According to another preferred embodiment the glue or coating contains a
curing agent in order to lower the polymerization temperature for the
30 formaldehyd resin or the polyfurfuryl alcohol. The curing agent is preferably
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I s added in an amobunt sufficient to obtain a suitable viscosity of the glue
or coating. According to a preferred enbodi nent the glue or coating
conprises 35 to 45 % by weight of silicon powder, 8 to 18 % by wei ght of

silicon phegamine)Doutoaldmifiuby pivesghateotindl oddichl siehyde gudfeiric acidppayd-ur f uryl
al cohol and 15 to 25 %by_wei,(lght of organi ¢ sol vent. Accordi ng Eo anot her
pr ef er r ed'AuBRiSHRONIG @cl (BTe). BoSt NREiralzedamis wreauAnHPaAGERIUENE or der

o B f or mal dehyd resi h
oy urt eUpnBlo e il SRrFPFIICE REM Bcoe Lgal 0T B SenY e e T ol

e curing agent 1s preferabl yhexam ne, but alum nium
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)s/olvent will be volatilized at 150 to 290°C and polymerization of formaldehyde

resin and polyfurfuryl alcohol will take place within a temperature range

10 between 250°C to 400°C whereby a solid structure is being formed. If a
curing agent is added the polymerization process will start at lower

temperature.

During further heating it will at about 700°C remain a carbon structure
consisting of the remains of the formaldehyde resin or polyfurfuryl alchohol.
15 The strength of the glue will in this temperature range be higher than 20 MPa.
By further temperature increase a reaction will take place between the carbon
structure and the silicon powder in the glue and with continued heating to a
temperature above 1413°C the Si powder will melt and react with carbon to
SiC. If the temperature increase is slow, the reaction between Si powder and

20 carbon will, however, take place in solid state.

When using the glue for gluing of carbon lids for smelting crucibles the glue
according to the invention has shown to create a seal against contact with
molten silicon. During cooling of the smelting crucible after having been used
for smelting of silicon the strength of the glue disappears and the parts glued

25 together can be released from each other without resistance. The giue
according to the invention thus maintains its strength as long as the glued
parts are kept at high temperature.

Test with use of the coating in graphite moulds for solidification of molten

silicon has shown that the coating provides a layer which fills pores and



resin and pol yfurfuryl alcohol will take place within a tenperature range
bet ween 2500C to 4000C whereby a solid structure is being forned. If a
curing ageotoicgi3added t he pol ynerization process w | sPaTINGZD10/0WSS8
tenperature. During further heating it4wll at about 7000C remain a carbon
structure consisting of the remains of the fornmal dehyde resin or

pol yfurfuryl alchohol. The strength of the glue will in this tenperature
range be higher than 20 MPa. By further tenperature increase a reaction
will take place between the carbon structure and the silicon powder in the
gl ue and ghiitles @nYi ot Seas ipinst Pelatrmivhablsiticabdnte helRAls tdfeth8i  powder
will nmelt and react with carbon to SiC. |If the tenperature increase is

sl ow, thedraphiieineuiget ween Si powder and carbon will, however, ' take place
in solid state. Wen using the glue for gluing of carbon lids for snelting
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solidification of nmolten silicon has shown that the coating provides a

| ayer whi bpefin| fisegitonal sefidifigetion «af ailigon ovhemey thes neuidg fansistpedleer at i on
of sili COBo{t%OsﬁQ& gﬁ&lsﬁdgfsﬁ&qs that are glued together. The glue seals
10 cavities and surface roughness in the sheets and the requirement to the
surface finish of the sheets can thus be lowered. After solidification and
cooling the glue will as mentioned above loose its strength and the sheets can
thus be used for making a new mould. The sheets that are glued can be
made of carbon material such as prebaked carbon sheets or graphite sheets,
15 silicon nitride sheets or quartz sheets.

Short description of the Drawing

Figure 1 shows a set-up for testing of strength of graphite parts glued with

glue according to the invention.

20
Detailed description of invention
Example
Figure 1 shows a set-up for testing of the strength of glue for graphite parts
glued with glue according to the invention. The glue had the following
25 composition:

38 weight % silicon powder, 12 weight % silicon carbide powder, 28 weight %

formaldehyde resin, 18 % monoethylene giycol and 4 weight % hexamin.



graphite nmould. After cooling of the silicon and renoval of the silicon
ingot the remains of the coating could be brushed away as a dust-1like
powder amsiotzh®/i3rBd coul d again be coated with the coarCmgNaRowmodisag t o

t he invention. The glue according to the invention can al so be used for
gluing moulds for use in directional solidification of silicon where the
nmoul ds consi sts of a bottom sheet and side sheets that are gl ued together.
The glue seals cavities and surface roughness in the sheets and the
requirenent to the surface finish of the sheets can thus be |owered. After

sol i di fi ca figurentl theel isngcHematidalg skown asgraphite aracibRbdvislated e ant s
strength and the sheets can thuys be used for nmaki ng a new npul d. The sheets

that are ﬁld&@HO‘&&‘f ngee ﬁﬁ@eshﬂ‘”rﬁar-ﬁﬁﬁer?é‘mﬁ?%weé%é’@%%feﬁrc@l%‘@@ﬂg@&laﬂon
dosr pt1 SEPEPSeREitE fihder 2 e’y oLk of 22Fiin Sl B, BF Riier, 20t
of gbaphi geapimtet sylgideed \btyt ﬂmegheeofattmoghiuengcdzcndtrigeto thivee ibvertionDe {Thiel ed
strength BYIGeGe 165 &rHBRE dipRIee” fiAne e P RLE HSEa 4 S ek
i nvent i ongjyBaesthpies Westel dt8elvel 118 thE So\e& " R88 ik 1i8M4 for the crucible 1. The
temperature in the crucible was measured by means of a thermocouple and
the atmosphere in the crucible was kept inert by addition of argon via a pipe 6.
10 A ceramic rod 7 was inserted through the lid 4 in order to exert a force to the
part 3 of the samples. The ceramic rod 7 was connected {o a feather-weight
of 20 kg.

The crucible was heated according to the following program:

20-1000°C: 20 minutes
15 1000-1600°C: 60 minutes
Holding time at 1600°C: 60 minutes
Cooling from 1600°C to 1000°C: 60 minutes
The furnace was thereafter shut-off and the samples were slowly cooled to
room temperature.

20 The samples1-3 was loaded with a force of 20 kg at different temperaiures
and different times. The results are shown in Table I.
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Three danpl es were prepared consisting of an

upper graphite cylinder 2 having a dianeter of 24 nm being glued to a | ower

graphite cylinder 3 by neans of the glue according to the invention.

The

cylinder 3 has a greater dianeter than the graphite cylinder 2. The three

gl ued sanples were screwed to the | ower side of

lid 4 for the crucible 1.

The tenpelable® in the crucible was nmeasured by neans of a thernocouple and

t he atnosphere in the crucible was kept

inert by addition of argon via a

p| pe 6 . ﬁcer:\mn Jcnrl 7 \Was ine rfgr‘l fhrnan'thnJ_'Lrl Ain nrr‘l\“ to exert a
force to| tienperaiurd 0T|rﬁé1ﬁ'oﬁﬁét§|"tés Sé\'ﬂﬁplélﬂctnsén’fm@ﬂ ngglerected to a
f eat her - wei ghtocof 201 kg.mihygescr udi bl e yyas heat eokgaccoLdl ngg& o the foll ow ng
program | 20- 10000C. [20 m nutes 1000- 16000C. |60 mnutes Hol di ng time at
1600C. 60 mnutes Cooling from 16000C To T0QOC 60 m nutes The furnace was
thereafteér sH#PO0off land t WS sanplles @ slgwy cooled to roomtenperature.
The sanplesi-3 was ljpaded with a force of 20 kg at different tenperatures
and differentygppnes.| The rgpul ts jare shgwn ijn Table 1|.Table 1
1600 60 12
1600 120 >20 >20
1350 145 18 >20
1000 180 >20
Room temp No strength
5 The results shown in Table 1 show that Sample 1 which was loaded with a
weight of 20 kg during the heating period had a good strength up to 1600°C.
Sample 2 was loaded with a weight of 20 kg after having been kept at 1600°C
for 60 minutes and had a good strength at that temperature. Also after been
cooled to 1350°C Sample 2 showed a good strength.
10 Sample 3 was ioaded with a weight of 20 kg after having been kept at 1600°C
for 60 minutes and during cooling to 1350°C and during further cooling to
1000°C. The results show that the strength of the glue was very good at
these temperatures. By further cooling to room temperature the part 3 of
Sample 3 fell off the upper part 2 of the Sample.
15 The results from these examples show that the glue according to the invention

has a very good strength during heating to 1600°C and maintains it strength



The results shown in Table 1 show that Sanple 1 which was | oaded with a

wei ght of 20 kg during the heating period had a good strength up to 16000C.
Sanpl e 2 we=xo0loded with a weight of 20 kg after havi ngPoEaoO2kepioess 16000C
for 60 m nutes and had a good strength7at that tenperature. Al so after been
cooled to 13500C Sanple 2 showed a good strength. Sanple 3 was | oaded with
a weight of 20 kg after having been kept at 1600C for 60 m nutes and during
cooling to 13500C and during further cooling to 10000C. The results show
that the strength of the glue was very good at these tenperatures. By
further caoringgobling ¢ enterpeeataire beldwh¢0PATC, \Bhild tHeastpbiegth thedekftef fs t he
upper partﬁ& of the Sanple. The results fromthese exanpl es show that the
gl ue accof Hﬁ?@c)the invention has a very good strength during heating to
16000C and nmaintains it strengthduring cooling to a tenperature bel ow
10000C, while the strength thereafter is reduced.C ains 1. Heat curable
glue or coating for use in connection with refractory materials and
ceramics, char acteri zedi nthat the glue or coating 5
conprises 25 to 50 % by weight of silicon powder, 5 to 20 % by wei ght of
silicon carbide powder, 20 to 60 % by wei ght of fenol formal dehyde resin or
pol yfurfuryl alcohol and 10 to 30 % by wei ght of an organic solvent. 2.

G ue or coating according toclaiml1l, char acteri zedi nthat
the organic solvent is sel ected anong nonoet hyl ene gl ycol, diethylene
glycol 10 and triethylene glycol.



3. Que or coating according toclaiml, char acteri zedi nthat
glue or coating conprises 35 to 45 % by weight of silicon powder, 8 to 18 %
by wei ghtwof20mv13iewen powder, 25 to 35 % by wei ght of forcaNOehyd®orsesi n or
pol yfufuryl al cohol and 15 to 25 % by 8ei ght of organic solvent. 15. 4.

G ue or coating according to claim1l-3, char acteri zedi nthat
the glue or coating contains a curing agent in order to | ower the

pol ymeri zation tenperature for the fornmal dehyde resin or the polyfurfuryl

al cohol. 5. GQue or coating according toclaim4, char acteri zed
i n that ZDlairhe curing agent is sel ected anobng hexam ne, al um nium
phosphate or an acid. 6. Que or coating according to claim5, ¢c har ac

t eri zedi,n,that the acid is selected anongnsulfuric aCiP

par a- t oul dne s tl§AorHAL S GHe &t PeAtNGedorUSR (i SNAREHqIL WAth seirastery
sul phoni ¢ nggteHaliatd 88fafhics, characterized in thatthe glue or coating

5 comprises 25 to 50 % by weight of silicon powder, 5 to 20 % by weight of
silicon carbide powder, 20 to 60 % by weight of fenol formaldehyde resin or
polyfurfuryl alcohol and 10 to 30 % by weight of an organic solvent.

2. Glue or coating according to claim 1, characterized in that
the organic solvent is selected among monoethylene glycol, diethylene glycol
10 and triethylene glycol.

3. Glue or coating according to claim 1, characterized in that
glue or coating comprises 35 to 45 % by weight of silicon powder, 8 to 18 %
by weight of silicon powder, 25 to 35 % by weight of formaldehyde resin or
polyfufuryl alcohol and 15 to 25 % by weight of organic solvent.

15. 4. Glue or coating according to claim 1-3, characterized in that
the glue or coating contains a curing agent in order to lower the
polymerization temperature for the formaldehyde resin or the polyfurfuryl

alcohol.

5. Glue or coating according to claim 4, characterized in that
20 the curing agent is selected among hexamine, aluminium phosphate or an

acid.

6. Glue or coating according to claim5, characterized in that

the acid is selected among sulfuric acid, para-toulene sulphonic acid

neutralized with urea and para-toulene sulphonic acid etyl ester.



