Office de la Proprieté Canadian
Intellectuelle Intellectual Property
du Canada Office

Un organisme An agency of
d'Industrie Canada Industry Canada

CA 2594168 C 2011/02/22

(11)(21) 2 594 168

(12 BREVET CANADIEN
CANADIAN PATENT
13) C

(86) Date de déepot PCT/PCT Filing Date: 2005/12/23

(87) Date publication PCT/PCT Publication Date: 2006/07/06
(45) Date de délivrance/lssue Date: 2011/02/22

(85) Entree phase nationale/National Entry: 200/7/06/27

(86) N° demande PCT/PCT Application No.: EP 2005/013968
(87) N° publication PCT/PCT Publication No.: 2006/069753
(30) Priorité/Priority: 2004/12/28 (DK PA 2004 02011)

51) Cl.Int./Int.Cl. HOTM 6/02(2006.01),
B210D 39/00(2006.01), €O3C 27/04(2006.01),
C04B 37/02(2006.01)

(72) Inventeurs/Inventors:
NIELSEN, KARSTEN AGERSTED, DK;
SOLVANG, METTE, DK;
LARSEN, PETER HALVOR, DK

(73) Proprietaire/Owner:
TECHNICAL UNIVERSITY OF DENMARK, DK

(74) Agent: BORDEN LADNER GERVAIS LLP

(54) Titre : PROCEDE DE FABRICATION DE CONNEXIONS ENTRE METAL ET VERRE, METAL ET METAL OU METAL

ET CERAMIQUE

54) Title: METHOD OF PRODUCING METAL TO GLASS, METAL TO METAL OR METAL TO CERAMIC

CONNECTIONS

(57) Abréegée/Abstract:

A method of manufacturing metal to glass, metal to metal and metal to ceramic connections to be used in SOFC applications, said
connections being produced as a mixture of a base glass powder and a metal oxide powder. As a result, the inherent properties of
the glass used In the composite seals may be altered locally in the metal-coating interface by adding e.g. MgO In order to control
the viscosity and wetting, and at the same time maintain the bulk properties such as high coefficient of thermal expansion of the

basic glass towards the seal components.

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~




CA 02594168 2007-06-27

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
6 July 2006 (06.07.2006)

(51) International Patent Classification:
HOIM 8/02 (2006.01) CO03C 27/04 (2006.01)
C04B 37/02 (2006.01) B21D 39/00 (2006.01)

(21) International Application Number:
PCT/EP2005/013968

(22) International Filing Date:
23 December 2005 (23.12.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

PA 2004 02011 28 December 2004 (28.12.2004) DK

(71) Applicant (for all designated States except US): RISOE
NATIONAL LABORATORY [DK/DK]; Frederiks-
borgvej 399, P.O. Box 49, DK-4000 Roskilde (DK).

(72) Inventors; and

(75) Inventors/Applicants (for US only): NIELSEN,
Karsten, Agersted [DK/DK]; Kattinge Bygade 14,
DK-4000 Roskilde (DK). SOLVANG, Mette [DK/DK];
Laerkevej 53, DK-4000 Roskilde (DK). LARSEN, Peter,
Halvor [DK/DK]; Risoe Huse 13, DK-4000 Roskilde
(DK).

06/069753 A1 IV 00 AL A0 0RO ORR 0 R

(10) International Publication Number

WO 2006/069753 Al

(74) Agent: GOLDBACH, Klara; Griinecker, Kinkeldey,
Stockmair & Schwanhdusser, Maximilianstrasse 58, 80538
Miinchen (DE).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, L.C, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL., SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,

GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BEF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: METHOD OF PRODUCING METAL TO GLASS, METAL TO METAL OR METAL TO CERAMIC CONNECTIONS

& (57) Abstract: A method of manufacturing metal to glass, metal to metal and metal to ceramic connections to be used in SOFC
e\ applications, said connections being produced as a mixture of a base glass powder and a metal oxide powder. As aresult, the inherent

O
=

of the basic glass towards the seal components.

properties of the glass used in the composite seals may be altered locally in the metal-coating interface by adding e.g. MgO in order
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Method of producing metal to glass, metal to metal
or metal to ceramic connections

The present invention relates to a method of producing metal to glass, metal to
metal and metal to ceramic connections. Said connections fnay, for example, be
used in solid oxide fuel cell (SOFC) applications.

Typically, SOFCs of the flat plate design comprise a stack of multiple cells, each
of them comprising an electrolyte sandwiched by two electrodes. The electrodes
of each cell are in contact with interconnect layers which make the series
connection between the individual cells. Gas tight sealings are virtually important
for the performance, durability and safely operation of a fuel cell.

Glasses are suitable as sealing materials for SOFCs since the physical and
chemicél properties of glasses can be tailored within a wide range. Different
glass and glass-ceramic compositions have been examined within the group of
alkali silicate, alkali aluminosilicates, alkaline earth silicates, alkaline earth
aluminoborosilicates, phosphate and borosilicate glasses. However, even
though promising results have been reported, none of them have been able to
fulfill all the requirements of mechanical performance, e.g. viscosity and match
of thermal expansion and chemical compatibility, e.g. wetting and bonding.

Composite seals with crystalline filler materials dispersed into base glass, e.qg.
alkali borosilicate glass, or in sodium aluminosilicate glass, have shown
promising results in relation to exact matching the coefficient of thermal
expansion (CTE) between the sealant and the seal surfaces. At the same time,
suitable viscosities at the sealing temperature have been obtained.

However, an optimization of the bonding to metal surfaces is still required, and
particularly a bonding to the corrosion scales formed on the metal surfaces as
these depend on operation temperature, composition and microstructure of the
pristine metals.
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Bonding between the metal and a glass based seal has been demonstrated, cf.
Yang, Z.; Coyle, C.A.; Baskaran, S.; Chick, L.A. "Making metal-to-metal and
metal-to-ceramic interconnections for use in high temperature electrochemical
devices by forming bond coat on first metal part, applying sealing material to
bond coat, and adhering second part to sealing material” US 2004060967-A1, by
forming a single element metallic bond coat (M = Fe, Ni or Co) or by the
preferred solution where a composite bond coat phase (M-CrAlY) is applied to
the metallic surface prior to adhering the seal and further elements. The alumina
content of the bond coat, either stemming from the steel or from the bond coat,
IS claimed to be essential for the bond coat performance.

Oxides of the metallic elements themselves (V, Fe, Ni, Cu, Co and Mo) are well
known constituents in the so-called ground coats when bonding vitreous
enamels to ferrous alloys and are characterized by their ability to partially oxidize
metallic Fe and form vitreous or mixed oxide phases, often characterized by
dendrite formation at various oxidation states, cf. Donald, I. W., “Preparation,
properties and chemistry of glass and glass-ceramic-to-metal seals and
coatings, J. Mat, Sci. 28 (1993), p. 2841-86 and Eppler, R. A "Glazes and glass
coatings”, The American Ceramic Society, Westerville, Ohio (2000).

In view of the disadvantages of the prior art, it is the object of the present
invention to provide metal to glass, metal to metal and metal to ceramic
connections to be used in, for instance, SOFC applications, with which the
boundary phases can be engineered so as to obtain a strong bond.

Said object is achieved by a method of manufacturing metal to glass, metal to
metal, and metal to ceramic connections and which is able to engineer the
boundary phases, so as to obtain a strong bond independent of the metal alloy
composition and a protective oxidation scale developed during use

characterized by said connections being produced to a desired layer thickness
as a mixture of a base glass powder and a metal oxide powder, preferably of
predetermined particle sizes and in a binder system, referred to as a glassy
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connection layer, the bonding being provided at elevated temperatures under
controlied conditions,
wherein the metal oxide powder is selected from the group consisting of:
- 0 1010 wt% boron oxide with a grain size dsg < 2 um;
- 0 to 10 wi% magnesium oxide with a grain size dsg < 2 pum;
- 0 to 8 wt% sodium and potassium oxides with a grain size dsp < 2 um;
- 1 to 10 wt% manganese oxide with a grain size dsg < 1.5 um;
- 1 to 10 wt% nickel oxide with a grain size dsg < 1.5 um;
- 0 to 10 wt% vanadium oxide with a grain size dsp < 1.5 um;
- 0 to 5 wt% cobalt oxide with a grain size dsg < 1.5 ym; and
- 0 to 5 wt% molybdenum oxide with a grain size dsg < 1.5 um.
- 0 to 5 wt% copper oxide with a grain size dsg < 1.5 um.

Said object is moreover achieved by a method of manufacturing metal to glass,
metal to metal, and metal to ceramic connections,

characterized by said connections being produced with a mixture comprising a
base glass powder and a metal oxide powder having a grain size of 5 um or
less.

Preferred embodiments are set forth in the subclaims.

The invention will be explained in the following with reference to the drawings
wherein:

Fig. 1 illustrates the general concept and method.

Fig. 2A-2E illustrate the method of manufacturing the connections and specific
embodiments of the method.
Fig. 3A-3B illustrate a special embodiment of the method.

In the following, the invention will be described in more detalil.

According to the invention the base glass powder is a glass matrix with a high

coefficient of thermal expansion. The base glass powder is preferably selected
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from the group consisting of alkali aluminosilicates, (NAS), alkaline earth
aluminoborosilicates, (CAS), and phosphate glasses, (MAP), to which metal
oxides are added, e.g. magnesium oxide, in order to control the local wetting

properties, henceforth referred to as a glassy connection layer.

Particularly high chemical stability and slow crystallization behavior have been
reported in connection with the sodium aluminosilicates (NAS) glass, cf. Héland.

W. and Beall, G., "Glass-Ceramic Technology", The American Ceramic Society,
Westerville, Ohio (2002), and the residual vitreous glass has proved particularly
beneficial in seal applications which may experience large thermal variations,
e.g, rapid cycling between room temperature and operational temperatures

close to the glass softening temperature.

Alkali alumosilicates, (NAS), suitable for the present invention comprise 10-25
mole % sodium oxide, 40-80 mole % silicon dioxide, 5-20 mole % aluminium
oxide, and may optionally comprise 0-10 mole % boric oxide, 0-10 mole %
magnesium oxide, 0-10 mole % calcium oxide, 0-10 mole % barium oxide, 0-2
mole % fluorine, and 0-5 mole % phosphor oxide.

Alkaline earth alumoborosilicates (CAS), suitable for the present invention
comprise 40-80 mole % silicon dioxide, 5-20 mole % aluminium oxide, 20-45
mole % calcium oxide, and may optionally comprise 0-5 mole % sodium oxide,
0-10 mole % boric oxide, 0-10 mole % magnesium oxide, 0-2 mole % barium
oxide, 0-2 mole % fluorine, and 0-5 mole % phosphor oxide.

Phosphate glasses (MAP) suitable for the present invention comprise 5-25 mole
% aluminium oxide, 10-30 mole % magnesium oxide, 5-20 mole % caicium
oxide, 40-60 mole % phosphor oxide and may optionally comprise 0-5 mole %
sodium oxide, 0-12 mole % silicon dioxide, 0-10 mole % boric oxide, 0-5 mole %
barium oxide, and 0-2 mole % fluorine.

Table 1 illustrates the compositional range for the base glasses used as defined

above.
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Table 1.

Mole % "MAP" | = "CAS'

Sodium oxide 0-5 0-5

Sifcon doxide o2
Aluminium oxide 5-25 5-20

Boric oxide 0-10 0-10 0-10
Magnesium oxide 0-10 10-30
Barium oxide 0-10 0-5 0-02

Fluorine 0-2 0-2 0-2

Phosphor oxide 0-5 40-60 | 0-5
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Interconnects develop a protective chromium-containing scale having a
microstructure and composition which depend on the intrinsic alloy. In order to
control the wetting and adhesion between the scale and the composite seal part,
surface coatings are applied onto the interconnect which form strong and
chemically compatible interfaces between the two components. Further, the
inherent properties of the glass used in the composite seal parts have been
altered locally at the metal-coat interface by addition of e.g. MgO, in order to
control the viscosity and wetting, and at the same time maintain the bulk
properties, e.g. high coefficient of thermal expansion of the base glass towards
the seal components. The base glass composition has been selected so that a
considerable amount of residual glass remains after bonding and partially
crystallization of the glass composite seal and the glassy connection layer.

The grain size of the base glass powder to be used in accordance with the
present invention is preferably from 0.05 pym to 100 pm, more preferably from
0.05 ym to 50 uym, and most preferred from 0.05 ym to 30 um.

The grain size of the metal oxide powder to be used with the base glass powder
in accordance with the present invention is 5 pm or less, preferably from
0.05 um to 5 pm, more preferably from 0.05 ym to 3 um, and most preferred
from 0.05 umto 1.5 um.

The bonding in accordance with the present invention is provided under elevated
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temperatures, depending on the specific components used, particularly the base
glass powder. Preferred temperatures for the bonding are from 400°C to
1100°C. It is also preferred to select the temperature to be from 200 to 400°C
above the glass transition temperature in question and even more preferred from
250 to 350°C above the glass transition temperature in question.

The conditions for the bonding are controlled to achieve optimal bonding
strength of the connections by firstly supplying air to the joint for oxidizing the
organic binder during heat up through a temperature range from room
temperature to 550°C. Secondly, at higher temperatures an orthogonal sealing
pressure, typically between 0.1 kPa and 1000 kPa and preferably between 10

kPa and 400 kPa is applied and held constant during the bonding process,
which typically lasts from 0.1 to 10 hours.

Preferably, prior to applying the base glass powder together with the metal oxide
on the metal surface, the metal surface is coated with a metallic coating. Said
coating may be alloyed into the surface by heating to high temperature,
preferably between 750 to 950°C for relatively short time, preferably 0.5 to 5
hours in a controlled atmosphere, where the oxygen and nitrogen partial
pressures are held lower than ~10% bar.

Alternatively, a transition-metal oxide coating may be applied to the metal
surface by spraying or dip-coating prior to the application of the base glass
powder and the metal oxide.

The combined action of transition metal oxides, in particular cobalt-, nickel-, and
manganese oxide, which are preferably applied as a surface coating on the
metal, together with the glassy connection layer, encompasses a tunable base
coat, which is used for instance in a SOFC environment for providing a strong
bonding component between the metal parts and the neighbor components in
form of glassy composite seal parts, other metal parts or ceramic parts. The
transition metal oxides may also be added to the glass in smaller amounts.
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Specific connections are produced by coating a composite seal part with a
dispersed metal oxide suspension. This may be carried out by, for example, dip

coating or spraying.

Examples of the metal oxides to be added to the base glass powder in order to
control the glass wetting properties are boron oxide, magnesium oxide, sodium
oxide, potassium oxide and vanadium oxide, with boron oxide, magnesium oxide
and sodium oxide being particularly preferred. Examples of the metal oxides to
be added to the base glass powder or preferably as a surface coat on the
metallic part in order to control the glass bonding and adhesion properties are
manganese oxide, nickel oxide, cobalt oxide, molybdenum oxide, copper oxide
or mixtures thereof. Preferred oxides are manganese oxide, nickel oxide, and
cobalt oxide, with nickel oxide and cobalt oxide being particularly preferred.

Furthermore, in a preferred embodiment the connections are produced as a
mixture of a base glass powder and a metal oxide powder in a binder system.

The invention will in the following be illustrated with reference to the detailed
examples which are however not limiting the invention.

Examples:

Metallic materials have been divided into three groups; one which develops a
duplex seal of chromia and Cr-Mn-spinel (exemplified by Krupp-Thyssen, Crofer
22APU), a second which develops a single layer scale of chromia (exemplified
by Sandvik 0YC44), and a third which develops a protective alumina scale
(exemplified by Fe Cr alloy). Interconnect materials of ferritic chromium steel
were cut to shape before treated with surface coatings. In case of metallic
coatings, except for nickel, the surface oxides on the interconnect metal were
removed prior to coating by rinsing specimens in a ultrasonic aqueous
HF/HNOs-bath, followed by a rinse in ethanol and finally dried at 60°C in air.

Other coatings were applied after degreasing the metal surface in acetone and
drying at 60°C in air.
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Glass sample mixtures:

Silicate glass samples were produced by melting analytical grade chemicals
Na,COs, SiO,, AlQs, B,0s;, MgO, NaF, and CaCQO, in a platinum crucible at
1500°C for 4 hr. The glass was quenched, crushed, re-melted and finall millea
into powder (d50 < 5 um, as measured by a Beckman coulter I/S particle size
analyser). Phosphate glasses were prepared by mixing analytical grade
MgHPO4(3H.0), Al(POs)s, H3zBOs; and SiO, by ball milling, melting in alumina
crucibles at 1500°C for 30 minutes while stirring before quenching, crushing and
final milling into powder (d50 < 5 um). Thin films having a dried thickness of 5-45
um were made by screen-printing of glass powder or mixtures of glass powder
and metal oxide powders. Glass foils, typically in the range of 200-400 pm were
made by tape casting of glass powder or mixtures of glass powder and metal
oxide powder. Large bodies of glass composite sealing, for which the CTE was
matched to the CTE of the steels, were prepared from MgO powder (d = 90-200
um) or metal powder (Fe Cr alloy, d = 10-200 um) mixed in a ball mill with glass
powder for 18 h before filled into graphite moulds and sintered at 750°C for 2 h
at a pO, < 3 107 atm. The sintered seals were finally machined to obtain
parallel, smooth surfaces. Three prepared base glass samples are illustrated in
table 2.

Table 2 illustrates the three prepared base glass samples.

Table 2.

Mole % Glass No 1 (“NAS”) | Glass No 2 (‘MAP”) | Glass No 3 ("CAS")
Silicon dioxide | 728 80 394
Aluminium oxide | 9.4 15.0 10.1

Boric oxide T - 1 20 4.5
Magnesiumoxide | - ~ 300 4.6
Calcium oxide - - 401
Fluorine - T - | 08
Phosphor oxide | - | 55.o—r - -
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Example 1:
A Crofer 22APU (c) was coated with a 15 pm thick layer of glass No

3/MgO/COs0,4 (4 wt% MgO, 0.5 wt% CosO4) glassy connection layer by screen-

5  printing, (b) in Fig. 2A. Glass No 3 was prepared and combined with 72 wt%
metal powder (Fe Cr alloy, 90 um < d < 120 um) for the composite seal part (a).
Metal and composite seal were held together by 400 kPa during heating to 950°
for 4 h before cooling to 750°C, where the connection was aged for 500 h before
being thermally cycled twice to room temperature.

10
Example 2:
A Sandvik 0YC44 (c) was coated with nominally 0.1 pm metallic nickel (d) and
by screen-printing coated with a 45 um thick layer of glass No 1/MgO glassy
connection layer (2 wt% MgO, d < 1.1 um (b), cf. Fig. 2 B). Glass No 1 was

15 prepared and combined with 55 wt% coarse MgO for the composite seal part
(a). Metal and composite seal were held together by 400 kPa during heating to
050° for 4 h before cooling to 750°C in an argon/hydrogen mixture, where the
connection was aged for 500 h before being thermally cycled twice to room
temperature.

20

Example 3:

-

A Sandvik 0YC44 (c) was coated with nommlaly 0.1 pm Mn-metal (d) and
preheated in argon (pO; < 10 atm.) to alloy the coating into the surface and
after cooling to room temperature coated with a 15 um thick layer of glass No
25  3/MgO/NaO glassy connection layer (10 wt% MgO, d < 1.3 pm; 1 wt% Naz0, (d
< 2 um) by screen printing (b), cf. Fig. 2B. Glass No 3 was prepared and
combined with 79 wt% metal powder (SS316) for the composite seal part (a).
Metal and composite seal were held together by 400 kPa during heating to 950°
for 4 h before cooling to 750°C in an argon/hydrogen mixture, where the

30 connection was aged for 500 h before being thermally cycled twice to room
temperature.
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Example 4.
A Crofer 22 APU (c) was coated with metallic cobalt (d), cf. Fig. 2B, preheated at

900°C for 2h in argon (pO2 < 10° atm.) to alloy the coating into the surface and

5  after cooling to room temperature coated with a thin thick layer of glass No
1/MgO glassy connection layer (20 wt% MgQO) by screen printing (b). Glass No 1
was prepared and combined with 55 wt% coarse MgO for the composite sea
part (a). Metal and composite seal were-heated to 400°C in air and then held
together by 400 kPa during heating to 950° for 4 h and cooling to 750° In an

10 argon/hydrogen mixture, where the connection was aged for 500 h before being
thermally cycled twice to room temperature.

Example 5:
A Sandvik 0YC44 (c) was coated with Mn-metal and preheated (d) at 850°C for

15 0.5 hin argon (pO, < 10 atm.) to alloy the coating into the surface and after
cooling to room temperature coated with a 45 pm thick layer of glass No 1/MgO
glassy connection layer (2 wt% MgQ) by screen printing, (b) in Fig. 2 B. Glass
No 1 was prepared and combined with 55 wt% coarse MgO for the composite
seal part (a). Metal and composite seal were heated to 400°C in air and then

20  held together by 400 kPa during heating to 750° for 4 h before cooling to 550°C,
where the connection was aged for 500 h before being thermall cycled twice to

room temperature.

Example 6:
25 A Crofer 22 APU (c) was coated with a 5 ym thick layer of cobalt oxide (e) and

then coated with a 15 um thick layer of glass No 1/MgO glassy connection layer
(5 wt% MgQO) by screen-printing (b), cf. Fig. 2C. Glass No 1 was prepared and
combined with 55 wt% coarse MgO for the composite seal part (a). Metal and
composite seal were heated to 400°C in air and then held together by 400 kPa

30  during heating lo 950° for 4 h before cooling to 750°C, where the connection was
aged for 500 h before being thermally cycled twice to room temperature.

10
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Example /7
A Sandvik 0YC44 (c) was coated with Mn-metal, (d) in Fig. 2D and preheated at

850°C for 0.5 h in argon (pO2 < 10” atm.) to ally the coating into the surface.
The metal was then slurry coated with a 10 pm thick cobalt oxide (e). preheated
in air to 500°C for 0.5 h to alloy and oxidize the coaling and after cooling to room
temperature coated with 45 pm thick layer of glass No 1/MgQO/ B,O3 glassy
connection layer (2 wt% MgO, d < 1.1 um, 4 wt% B»Os;, d < 0.8 pm) by screen
printing (b). Glass No 1 was prepared and combined with 55 wt% coarse MgO
for the composite seal part (a). Metal and composite seal were held together by
400 kPa during heating to 880°C for 4 h before cooling to 750°C, where the
connection was aged for 500 h before being thermally cycled twice to room

temperature.

Example 8

A Sandvik 0YC44 (c) was coated with nominally 0.1 um metallic nickel, (d) In
Fig. 2B and by screen-printing coated with a 45 m thick layer of glass No
3/MgO/Na,O (10 wt% MgO, 2 wt% Na,O) glassy connection layer (b). Glass No
3 was prepared and combined with 70 vol% metal powder (55316, 50 pm < d<
140 um) for the composite seal part (a). Metal and composite seal were held
together by 400 kPa during heating to 950°C for 4 h in air before cooling to
750°C in an argon/hydrogen mixture, where the connection was aged for 500 h
before being thermally cycled twice to room temperature.

Example 9
A Sandvik 0YC44 (c) was spray-coated with nominally 10 pm layer of nickel

oxide (d 25 < 1.5 um) (e) dispersed in a binder system, dried and coated with a
45 um thick layer of glass No 3/MgO/NaO glassy connection layer (3 wt% MgO;
4 wt% NaO) by screen printing. (b), cf. Fig- 3 A. Magnesium aluminate spinel
ceramic was cut to rectangular shape and ground to obtain plane parallel
surfaces (h). Metal and ceramic parts were held together by 400 kPa during
heating to 950° for 4 h before cooling to 750° in an argon/hydrogen mixture,
where the connection was aged for 500 h before being thermally cycled twice 1o
room temperature.

11
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Example 10

A glass No 1, cf. table 2, was prepared and combined with 55 wt% coarse MgO
(a) in 5 Fig. 2E-1. The powders were mixed with an organic vehicle (paraffin
dissolved in EtOH) and composite seal parts made by uniaxial pressing.
Magnesium manganese spinel (MgMn,0,) powder (dso = 2 Um) was dispersed
and mixed with an organic vehicle. The composite seal parts were subsequently
coated with the spinel-siurry by dip-coating (e). Crofer 22APU (c) and the coated
seal pan were held together by approximately 10 kPa and heated to 900°C
where the load was increased to 40 kPa while keeping the temperature. After 2
h the temperature was reduced to 750°C, where the connection was aged for
500 h before being thermally cycled twice to room temperature.

Example 11
A glass No 1, cf. table 2, was prepared and combined with 55 wt% coarse MgO

(a) in Fig. 2E-2, The powders were mixed with an organic venhicle (paraffin
dissolved in EtOH) and composite seal parts made by uniaxial pressing.
Magnesium manganese spinel (MgMn,0O4) powder (dso = 2 pm) was dispersed
and mixed with an organic vehicle. The composite seal parts were subsequently
coated with the spinel-slurry by dip-coating (e). A Crofer 22 APU (c) was coated
with metallic cobalt (25 um/cm?) (d) and preheated at 900°C for 2h in argon (pO:
< 10%° atm.) to alloy the coating into the surface. After cooling to room
temperature, the metal and the coated seal part were held together by
approximately 10 kPa and heated to 900°C, where the load was increased {o 40
kPa while keeping the temperature. After 2 h the temperature was reduced to
750°C, where the connection was aged for 500 h before being thermally cyclea
twice to room temperature.

Example 12
A Sandvik 0YC44 (e) was coated with nominally 0.1 um metallic nickel, (d) In fig.

3B and by screen-printing coated with a 5 um thick layer of cobalt oxide (e).
Crofer 22APU (g) was coated with a 15 my thick layer of glass No 3/MgO/Co304
glassy connection layer by screen-printing (b). A 200 um, thick tape cast foil (i)

12
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of glass No 5 3/MgO/Na,O/Ca0 glassy connection layer was sandwiched In
between these two metal parts. The compound was held together by 400 kPa
during heating to 750°C for 4 h in air before cooling to 550°C, where the
connection was aged for 500 h before being thermally cycled twice to room

temperature.

Example 13
A Crofer 22APU (c) in Fig. 2A was coated with a 15 um thick layer of glass No

2/C0s04 glassy connection layer (5wt% Co304, d < 1.5 pm) by screen-printing
(b). Glass No 2 was prepared and combined with 79 wt% metal powder (0YC44)
for the compos-ite seal part (a). Metal and composite seal were held together by
200 kPa during heating to 700°C for 4 h before cooling to 550°C, where the
connection was aged for 500 h before being thermally cycled twice to room

temperature.

Example 14 |
A Sandvik 0YC44 (c) was coated with Mn-metal, (d) m Fig. 2D and preheated at

850°C for 0.5 h in argon/hydrogen (pO; < 10%° atm.) to alloy the coating into the
surface. The metal was then slurry coated with a 10 um thick cobalt oxide layer
(e), preheated in air to 800°C for 0.5 h to alloy and oxidize the coating, and after
cooling to room temperature coated with 45 m thick layer of glass No 2/MgO (2
wt% MgO) glassy connection layer by screen printing (b). Glass No 2 was
prepared and combined with 55 wt% coarse MgO for the composite seal part
(a). Metal and composite seal were held together by 100 kPa auring heating to
700°C for 4 h before cooling to 550°C, where the connection was aged for 500 h
before being thermally cycled twice to room temperature.

It should be apparent to those skilled in the art that various changes in form and
detail of the invention as shown and described above may be made. |t Is
intended that such changes be included within the spirit and scope of the claims
appended hereto.

13
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CLAIMS:

1. A method of manufacturing metal to glass, metal to metal, and metal to
ceramic connections and which is able to engineer the boundary phases, so as to
obtain a strong bond independent of the metal alloy composition and a protective
oxidation scale developed during use characterized by said connections being
produced to a desired layer thickness as a mixture of a base glass powder and a
metal oxide powder, the bonding being provided at elevated temperatures under
controlled conditions,
wherein the metal oxide powder is:
0 to10 wt% boron oxide with a grain size dsp < 2 pm;
0 to 10 wt% magnesium oxide with a grain size dsg < 2 um;
0 to 8 wt% sodium and potassium oxides with a grain size dsg < 2 um;
1 t010 wt% manganese oxide with a grain size dsp < 1.5 um;
1 t010 wt% nickel oxide with a grain size dsp < 1.5 um;
0 to 10 wt% vanadium oxide with a grain size dso < 1.5 pm;
0 to 5 wt% cobalt oxide with a grain size dsg < 1.5 ym;
0 to 5 wt% molybdenum oxide with a grain size dsg < 1.5 um; or
0 to 5 wt% copper oxide with a grain size dsg < 1.5 um, and
wherein prior to applying the base-glass powder together with the metal oxide

on the metal surface, the metal surface is coated with a metallic coating or a

transition-metal oxide coating.

2. The method according to claim 1, characterized by said connections produced
as a base glass powder with addition of metal oxide powders in a binder system
being combined with metallic surface coating on the metallic part, said coating being

alloyed into the surface by heating in a controlled atmosphere prior to application of

the glassy connection layer.

14
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3. The method according to claim 1, characterized by said connections produced

as a base glass powder with addition of metal oxide powders in a binder system
being combined with metal oxide coatings on the metallic part, said coatings being

deposited prior to application of the glassy connection layer.

4, The method according to claim 1, characterized by said connections produced
as a base glass powder with additions of the metal oxide powders in a binder system
and being combined with metallic surface coatings on the metallic part, which are
alloyed into the surface by heating in a controlled atmosphere prior to application of a
metal oxide coating on the metallic part, said coating being deposited prior to

bringing together the metal and the glassy connection layer.

5. The method according to claim 1, characterized by said connections being

produced by coating a composite seal part with a dispersed metal oxide suspension.

6. The method according to claim 1, characterized by said connections being
produced by coating a composite seal part with a dispersed metal oxide suspension
iIn combination with metallic surface coatings on the metal components which are

alloyed into the surface by heating in a controlled atmosphere prior to bringing

together the metal and the seal composite components.

7. The method according to any one of claims 1-6, characterized by the amount

of glassy connection layer material per surface area being sufficient to dissolve any

protective chromia scale which may develop on the metallic parts.

8. The method according to any one of claims 1-6, characterized by the base
glass being selected from glasses of earth alkaline aluminosilicates at compositions
resulting in eutectic crystallization behavior, or from sodium aluminosilicates at

compositions within the primary crystallization field of Albite, or from magnesium
aluminophosphate glasses.

15



CA 02594168 2010-02-02

9. The method according to any one of claims 1-6, characterized by metal
coatings which are oxidized in situ after application and then controls the scale

composition on the metallic part, said metallic part being selected from the following:

- manganese, nickel, and cobalt.

10.  The method according to claim 9, wherein said metallic part is selected from

the following:
<80 pg/cm? manganese;

<90 pg/cm? nickel,
<40 pg/cm? cobalt.

11.  The method according to any one of claims 1-8, characterized by using a base
glass in the giass composite seal with a slow or eutectic crystallization behavior in

order to maintain a compliant seal at operating temperatures higher than the glass

softening temperature.

12.  The method according to claim 10 or 11, characterized by adding high

expansion materials said base glass in order to adapt the thermal expansion of the

seal composite material to the thermal expansion of the substrate.

13.  The method according to claim 12, characterized by said high expansion
material being fine grained enough so as to prevent excessive micro cracking of the

seal, and is coarse enough so as to prevent excessive reaction and dissolution into

the glass matrix.

14.  The method according to claim 12, wherein said high expansion material has a

grain size of d = 10 - 200 um.

16
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15.  Use of the metal to glass connection components obtained with the method of
any one of claims 1 to 14 for bonding metal to glass composite, bonding metal to

ceramic components or bonding metal to metal components.

16. A method of manufacturing metal to glass, metal to metal, and metal to
ceramic connections,
characterized by said connections being produced with a mixture comprising a
base glass powder and a metal oxide powder having a grain size of 5 um or less,
wherein prior to applying the base-glass powder together with the metal oxide
on the metal surface, the metal surface is coated with a metallic coating or a

transition-metal oxide coating.

17
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