wo 2017/011155 A1 |10 OO0 O A

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/011155 A1

19 January 2017 (19.01.2017) WIPO | PCT
(51) International Patent Classification: (74) Agents: HOEFLING, Marcy, M. et al.; Albemarle Cor-
B32B 15/01 (2006.01) B23K 20/02 (2006.01) poration, 451 Florida Street, Baton Rouge, LA 70801
B21D 39/00 (2006.01) C23C 14/34 (2006.01) (US).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/US2016/038538 kind of national protection available). AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
21 June 2016 (21.06.2016) DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
(26) Publication Language: English MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(30) Priority Data: PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
62/191,821 13 July 2015 (13.07.2015) Us SD, SE, SG, SK, SL, SM, ST, 8V, 8Y, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(71) Applicant: ALBEMARLE CORPORATION [US/US]; ) o
451 Florida Street, Baton Rouge, LA 70801 (US). (84) Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
(72) Inventors; and GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(71) Applicants : HINTZE, Mark, J.; 1536 Bear Mountain TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,

Road, Charlotte, NC 28214 (US). FICKLING, Joseph,
D.; 3066 Sparrow Springs Road, Gastonia, NC 28052

(US).

TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,

[Continued on next page]

(54) Title: PROCESSES FOR LOW PRESSURE, COLD BONDING OF SOLID LITHIUM TO METAL SUBSTRATES

Fig. 3

(57) Abstract: Processes of bonding lithium plates to other

metal substrates are provided, using lithium plates preformed
with a surface having indentations imposed therein, wherein

that surtace is placed against the substrate, which reduces the
force required to achieve interface bonding.



WO 2017/011155 A1 IWATE 00PN 000 A

SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, Published:

GW, KM, ML, MR, NE, SN, TD, TG). —  with international search report (Art. 21(3))



WO 2017/011155 PCT/US2016/038538

Processes for Low Pressure, Cold Bonding
of Solid Lithium to Metal Substrates

BACKGROUND

[0001] Developing markets, such as lithium batteries and electrochromic glass, have
needs for thin coatings of lithium metal vapor deposited on various materials. Many vapor
deposition processes transfer lithium from solid lithium bonded to a metal substrate (a
“lithium target”) via plasma energy directed onto the lithium surface under controlled
vacuum conditions. Due to its relatively low melting point and low mechanical strength, the
lithium portion of the lithium target must be firmly attached or bonded to a stronger,
electrically conductive substrate with good heat transfer properties to maintain dimensional
rigidity and avoid excessive melting. The substrate is usually a metal plate such as
copper, stainless steel or titanium. ldeally the substrate should not react or alloy with the
lithium to avoid contamination of the lithium.

[0002] A suitable lithium target can be made by casting molten lithium onto a metallic
substrate in order to achieve a solder type bond. While this process gives acceptable
bonding strength, it has several drawbacks. Heating the substrate above the melting point
of lithium to assure good wetting can potentially distort the substrate due to thermal
stresses. The process of handling molten lithium is further complicated by the necessity to
handle it in an inert atmosphere such as a vacuum or argon to avoid contamination and
burning of the lithium from reaction with air. Finally as with any casting process,
dimensional control is difficult due to volume changes that occur as the lithium changes
from a liquid to a solid phase on freezing.

[0003] Processes are available for making lithium targets by cold bonding solid lithium
plates to a substrate at or near room temperature. Options for cold bonding to form the
targets include using adhesives or direct cold welding in which the metals are pressed
together under high enough pressure to create mechanical and metallurgical bonds. In
some cases subsurface cooling channels in the substrate limit the amount of pressure that
can be applied without damaging the substrate. US 8,864,954 cites the use of “adhesion”
layers such as indium (In) or epoxy filled with silver (Ag) to attach lithium to substrates.
Bonding lithium to substrates with adhesives is challenging due to the excessive reactivity
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of lithium with common adhesives such as epoxies. These adhesion layers introduce
unwanted contaminants to the sputtering process and complicate reclamation of residual
lithium from spent targets.

[0004] Therefore, there is a need for processes that make lithium targets which do not

suffer from the drawbacks of currently available processes.

THE INVENTION

[0005] This invention meets the above-described needs by providing processes that
comprise contacting a lithium plate surface with a substrate surface under pressure,
wherein the lithium plate surface has a plurality of indentations imposed therein, and the
process is conducted at ambient conditions, to thereby bond the lithium plate surface to
the substrate surface.

[0006] Further, this invention provides processes that comprise contacting a lithium plate
surface with a substrate surface under pressure, wherein the lithium plate surface has a
plurality of indentations imposed therein, and wherein the process is conducted at less
than about 80°C in an air environment having a dew point less than about -35°C, to
thereby bond the lithium plate surface to the substrate surface.

[0007] Further, this invention provides processes that comprise contacting a lithium plate
surface with a substrate surface under pressure, wherein the lithium plate surface has a
plurality of indentations imposed therein, and wherein the process is conducted 80°C or
higher in a substantially inert atmosphere, to thereby bond the lithium plate surface to the
substrate surface. The substantially inert atmosphere can comprise, for example, argon or
a vacuum.

[0008] Also provided by this invention are any of the above-described processes wherein
each of the plurality of indentations independently has a depth that is at least about 1 mm
but not more than about 4 mm into the lithium plate surface. The plurality of indentations
preferably creates a total void space in the lithium plate surface of about 20% to about
80%, or about 40% to about 80%, of the total volume of the lithium plate surface involved
in forming the bond. As used in describing and claiming this invention, the term “surface”
means the portion of the lithium plate or of the substrate that is involved in creating a bond
between the lithium plate and the substrate, and the term “plurality” means two or more.
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[0009] Also provided by this invention are a lithium plate and a substrate bonded
according to any process of this invention. The terms “substrate” and “metal substrate” as
used herein can mean the same thing. While lithium plates and substrates such as are
illustrated by the Figures and described herein are preferred, lithium plates and substrates
useful in processes of this invention are not limited to those illustrated and described
herein.

[0010] As used in describing and claiming this invention, an indentation means a
recess into the surface of the lithium plate. The indentation profile can, for example, be a
furrowed, corrugated or zigzag (sawtooth) pattern formed by direct extrusion of the lithium
plate, or created in a substantially smooth lithium surface by machining, shape rolling or
pressing. Surface indentation patterns similar to knurled finishes are also useful in this
invention. Other means of imposing indentations into the surface that are familiar to those
skilled in the art are also useful in this invention. A surface indentation profile that
increases material flow between the lithium plate and the substrate under the pressure
required for bonding the lithium plate to the substrate is suitable for use in processes of
this invention. The surface indentation profile creates a void space that facilitates lithium
flow across the mating substrate surface when the lithium and substrate plates are
pressed together. While not wishing to be bound by theory, it is believed this flow breaks
up thin lithium oxidation layers allowing non-oxidized, reactive lithium to contact the
substrate; and that in so doing, the fresh lithium easily bonds to the clean substrate. To
assure adequate flow of the lithium in the bonding zone, the void space is preferably
substantially evenly distributed over the lithium surface and comprises about 20% to about
80% of the total volume participating in the bonding during compression.

[0011] In processes of this invention, pressure needed to bond the solid lithium surface
to the metal substrate surface is reduced as compared to the pressure that would be
required for such bonding if the bonding surface of the lithium plate had no indentations
imposed therein. The needed pressure can be applied by means known to those skilled in
the art, such as by rolling or pressing processes. Those skilled in the art possess the
engineering skills needed to determine the amount of pressure adequate to bond a lithium
plate surface to a substrate surface.
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[0012]  As will be familiar to those skilled in the art, opposing lithium and metal substrate
bonding surfaces should preferably be clean to achieve good bonding. Clean lithium
surfaces can be provided by using freshly extruded plates processed in a dry room (dew
point less than -35°C). Time of exposure to dry room air should preferably be less than 24
hours before bonding to the substrate. The metal substrate should preferably have a dry
machined surface cleaned with degreasing solvents to remove residual oil just prior to
bonding. Clean, mildly abrasive pads, such as SCOTCH-BRITE, or cloths may be used to
lightly roughen the surface and aid in removal of surface contaminants. Cleaning should
preferably be done in a dry room (dew point less than about -35°C) within one hour of
performing the bonding process.

Fiqures
[0013] The invention will be better understood by reference to the Figures in which:

[0014] Figure 1 provides cross section or end views of two lithium plates, one according to
this invention and one that has been previously known.

[0015] Figure 2 provides a schematic of an extruded lithium plate with one furrowed
surface and stepped edges for forming lap joints with similar adjoining plates.

[0016] Figure 3 provides schematics of lithium and substrate plates before and after

pressing.

Detailed Description
[0017] Referring to Figure 1, a lithium plate 10 according to this invention has a surface

12 having a plurality of indentations imposed therein, e.g., indentations 7 and 9. Dashed
line 11, which extends the width of lithium plate 10, illustrates where the surface 12 was
located prior to imposition of the plurality of indentations. See also the lithium plate 14,
which represents the lithium plate 10 prior to imposition of the plurality of indentations
therein, and has the surface 11. Each of the plurality of indentations, e.g., 7 and 9, creates
a void space defined by dashed line 11 and the indented surfaces that are imposed into
surface 12, e.g., indented surfaces 7A and 7B, and indented surfaces 9A and 9B. Each
indentation has a depth, which is defined by the length of a line perpendicular to dashed
line 11, and extending from dashed line 11 to the point of the indentation that extends most

deeply into lithium plate 10, e.g., line 7C in regard to indentation 7 (as is illustrated in the
4
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enlargement of indentation 7). Each void space has a length which extends the length of
its associated indentation, or the length of lithium plate 10, whichever is shorter. The
previously known lithium plate 20 has surface 16 and surface 18, neither of which has
indentations imposed therein.

[0018] Figure 2 provides a schematic of an extruded lithium plate 21 with one furrowed
surface 22, i.e., a surface 22 having a plurality of indentations imposed therein, and
stepped edges 25 and 27, which can be useful for forming lap joints with similar adjoining
plates to create wider targets.

[0019] Figure 3 provides a schematic 30, showing lithium plates 31 and 32, joined at lap
joint 33, and having furrowed surface 35 with indentations imposed therein - and of
substrate plate 34 - before the joined lithium plates 31 and 32 are pressed onto substrate
plate 34. Arrows 36 and 38 show the directions that pressing is to be imposed. Figure 3
also provides a schematic 40, showing lithium plates 31 and 32, joined at lap joint 33, and
bonded at surface 35 with substrate plate 34 after the joined lithium plates 31 and 32 are
pressed onto substrate plate 34. The furrowed lithium surface 35 flowed to a flattened
lithium surface 35 during the pressing process. The lap joint 33 between adjacent plates

31 and 32 is compressed by the pressing to form a tight lap joint 33.

EXAMPLES

[0020] The following examples are illustrative of the principles of this invention. Itis
understood that this invention is not limited to any one specific embodiment exemplified
herein, whether in the examples or the remainder of this patent application.

EXAMPLE 1.

[0021] In accordance with this invention, two plates of lithium, 13 mm thick x 149 mm
wide, were extruded with a furrowed surface on one side and a step along both edges as
shown in Figure 2. The furrows (a.k.a., indentions) had a depth of 3 mm. The two plates
were adjoined to form a lap joint by overlapping the stepped edges creating an assembly
that is 282 mm wide. The furrowed side was placed against a 9 mm thick 304 stainless
steel substrate. The stainless steel substrate was cleaned by buffing with a SCOTCH-
BRITE pad followed by wiping with a clean cloth dampened with hexane just prior to laying
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the lithium plate againstit. The assembly was positioned between platens of a hydraulic
press and progressively pressed with 100 mm long bites at a force of 44,482 N generating
a stress on the lithium of 1.6 N/mm2 (1.6MPa). The pressing reduced the lithium thickness
to 11.3 mm. Pressing was done within 4 hours of extruding the lithium to minimize surface
oxidation. All processes were performed in a dry room at 20°C with a dew point of less
than -35°C. The resulting plates were fully bonded as determined by attempts to pull the

plates apart by hand.

EXAMPLE 2.

[0022] In accordance with this invention, two, 10.4 mm thick x 149 mm wide, plates of
lithium were extruded with a furrowed surface on one side and a step, 6 mm x 5 mm deep,
along both edges. The furrows (a.k.a., indentions) had a depth approximately 3 mm. The
steps along the edges allowed the two plates to be adjoined in a manor to form a lap joint
and thus create a plate approximately 282 mm wide. The furrowed side was placed
against a 9 mm thick titanium substrate. The titanium substrate was cleaned by buffing
with a SCOTCH-BRITE pad followed by wiping with a clean cloth dampened with hexane
just prior to laying the lithium plate against it. The lithium/itanium plate assembly was
heated to 60°C by an electrically heated aluminum support plate. The entire assembly was
positioned between platens of a hydraulic press and progressively pressed with 100 mm
long bites at a force of 44,482 N generating a stress on the lithium of 1.6 N/mm2 (1.6MPa).
All processes were performed in a dry room with a dew point of <-35°C. Pressing was
done within 4 hours of extruding the lithium to minimize surface oxidation. The resulting
plates were fully bonded as determined by attempts to pull the plates apart by hand.

EXAMPLE 3.

[0023] In accordance with this invention, two, 17.1 mm thick x 96 mm wide, plates of
lithium were extruded with a furrowed surface on one side and a step, 3.2 mm x 8.5 mm
deep, along both edges. The furrows (a.k.a., indentions) had a depth approximately 3 mm.
The steps along the edges allowed the two plates to be adjoined in a manor to form a lap
joint and thus create a plate approximately 192 mm wide. The furrowed side was placed
against a 9.5 mm thick copper substrate. The copper substrate was cleaned by buffing
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with a clean cloth dampened with hexane just prior to laying the lithium plate against it.
The entire assembly was positioned between platens of a hydraulic press and
progressively pressed with 100 mm long bites at a force of 105,000 N generating a stress
on the lithium of 5.4 N/mm2 (5.4 MPa). All processes were performed in a dry room at
20°C with a dew point of <-35°C. Pressing was done within 4 hours of extruding the
lithium to minimize surface oxidation. The resulting plates were fully bonded as
determined by attempts to pull the plates apart by hand.

[0024] This invention is advantageous in that the provided processes of cold bonding
lithium plates to other metal substrates reduces the amount of pressure normally required
for good bonding using previously known bonding procedures. Lithium plates preformed
with a furrowed surface placed against the substrate reduces the force required to achieve
interface bonding by allowing space for lithium to flow and enable non-oxidized lithium to
contact the substrate. The pressures for deforming the lithium in this bonding process can
be further reduced by heating the lithium/substrate to temperatures below the melting point
of lithium. Multiple narrow plates of lithium may also be assembled to create wide plates in
such a cold bonding process by using lap joints or other interlocking seams.

[0025] While the present invention has been described in terms of one or more preferred
embodiments, it is to be understood that other modifications may be made without
departing from the scope of the invention, which is set forth in the claims below.
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CLAIMS

What is claimed is:

1. A process comprising contacting a lithium plate surface with a substrate surface
under pressure, wherein the lithium plate surface has a plurality of indentations
imposed therein, and the process is conducted at ambient conditions, to thereby
bond the lithium plate surface to the substrate surface.

2. The process of claim 1 wherein each of the plurality of indentations independently
has a depth that is at least about 1 mm but not more than about 4 mm into the

lithium plate surface.

3. The process of claim 1 wherein the plurality of indentations creates a total void
space in the lithium plate surface of about 20% to about 80% of the total volume of
the lithium plate surface involved in forming the bond.

4. A process comprising contacting a lithium plate surface with a substrate surface
under pressure, wherein the lithium plate surface has a plurality of indentations
imposed therein, and wherein the process is conducted at less than about 80°C in
an environment having a dew point less than about -35°C, to thereby bond the

lithium plate surface to the substrate surface.

5. The process of claim 4 wherein each of the plurality of indentations independently
has a depth that is at least about 1 mm but not more than about 4 mm into the

lithium plate surface.

6. The process of claim 4 wherein the plurality of indentations creates a total void
space in the lithium plate surface of about 20% to about 80% of the total volume of
the lithium plate surface involved in forming the bond.
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A process comprising contacting a lithium plate surface with a substrate surface
under pressure, wherein the lithium plate surface has a plurality of indentations
imposed therein, and wherein the process is conducted 80°C or higher in a
substantially inert atmosphere, to thereby bond the lithium plate surface to the

substrate surface.

The process of claim 7 wherein each of the plurality of indentations independently
has a depth that is at least about 1 mm but not more than about 4 mm into the
lithium plate surface.

The process of claim 7 wherein the plurality of indentations creates a total void
space in the lithium plate surface of about 20% to about 80% of the total volume of
the lithium plate surface involved in forming the bond.

The process of claim 7 wherein the substantially inert atmosphere comprises argon.

The process of claim 7 wherein the substantially inert atmosphere comprises a

vacuum.

A lithium plate and a substrate bonded according to any of claims 1-11.
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