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(57) ABSTRACT

A castable, moldable, and/or extrudable structure using a
metallic primary alloy. One or more additives are added to
the metallic primary alloy so that in situ galvanically-active
reinforcement particles are formed in the melt or on cooling
from the melt. The composite contain an optimal composi-
tion and morphology to achieve a specific galvanic corrosion
rate in the entire composite. The in situ formed galvanically-
active particles can be used to enhance mechanical proper-
ties of the composite, such as ductility and/or tensile
strength. The final casting can also be enhanced by heat
treatment, as well as deformation processing such as extru-
sion, forging, or rolling, to further improve the strength of
the final composite over the as-cast material.
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EX PARTE
REEXAMINATION CERTIFICATE

THE PATENT IS HEREBY AMENDED AS
INDICATED BELOW.

Matter enclosed in heavy brackets [ ] appeared in the
patent, but has been deleted and is no longer a part of the
patent; matter printed in italics indicates additions made
to the patent.

ONLY THOSE PARAGRAPHS OF THE
SPECIFICATIONS AFFECTED BY
AMENDMENT ARE PRINTED HEREIN.

Column 14, lines 10-51:

In another and/or alternative non-limiting aspect of the
invention, there is provided a method for forming a novel
magnesium composite including the steps of a) selecting an
AZ91D magnesium alloy having 9 wt. % aluminum, 1 wt.
% zinc and 90 wt. % magnesium, b) melting the AZ91 D
magnesium alloy to a temperature above 800° C., ¢) adding
up to about 7 wt. % nickel to the melted AZ91D magnesium
alloy at a temperature that is less than the melting point of
nickel, d) mixing the nickel with the melted AZ91D mag-
nesium alloy and dispersing the nickel in the melted alloy
using chemical mixing agents while maintaining the tem-
perature below the melting point of nickel, and e) cooling
and casting the melted mixture in a steel mold. The cast
material has a tensile strength of about 14 ksi, and an
elongation of about 3% and a shear strength of 11 ksi. The
cast material has a dissolve rate of about 75 mg/cm>-[min]/»
in a 3% KCl solution at 90° C. The cast material dissolves
at a rate of 1 mg/cm?-hr in a 3% KCl solution at 21° C. The
cast material dissolves at a rate of 325 mg/cm?-hr. in a 3%
KCl solution at 90° C. The cast material can be subjected to
extrusion with an 11:1 reduction area. The extruded cast
material exhibits a tensile strength of 40 ksi, and an elon-
gation to failure of 12%. The extruded cast material dis-
solves at a rate of 0.8 mg/cm>-[min]/7. in a 3% KCl solution
at 20° C. The extruded cast material dissolves at a rate of 100
mg/cm?-hr. in a 3% KCl solution at 90° C. The extruded cast
material can be subjected to an artificial TS age treatment of
16 hours between 100° C.-200° C. The aged extruded cast
material exhibits a tensile strength of 48 ksi, an elongation
to failure of 5%, and a shear strength of 25 ksi. The aged
extruded cast material dissolves at a rate of 110 mg/cm>-hr
in 3% KCI solution at 90° C. and 1 mg/cm>-hr in 3% KCl
solution at 20° C. The cast material can be subjected to a
solutionizing treatment T4 for about 18 hours between 400°
C.-500° C. and then subjected to an artificial T6 age treat-
ment for about 16 hours between 100° C.-200° C. The aged
and solutionized cast material exhibits a tensile strength of
about 34 ksi, an elongation to failure of about 11%, and a
shear strength of about 18 ksi. The aged and solutionized
cast material dissolves at a rate of about 84 mg/cm?-hr in 3%
KCl solution at 90° C., and about 0.8 mg/cm*-hr in 3% KCl
solution at 20° C.

Column 14, line 52-column 15, line 14:

In another and/or alternative non-limiting aspect of the
invention, there is provided a method for forming a novel
magnesium composite including the steps of a) selecting an
AZ91D magnesium alloy having 9 wt. % aluminum, 1 wt.
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% zinc and 90 wt. % magnesium, b) melting the AZ91D
magnesium alloy to a temperature above 800° C., ¢) adding
up to about 1 wt. % nickel to the melted AZ91D magnesium
alloy at a temperature that is less than the melting point of
nickel, d) mixing the nickel with the melted AZ91D mag-
nesium alloy and dispersing the nickel in the melted alloy
using chemical mixing agents while maintaining the tem-
perature below the melting point of nickel, and e) cooling
and casting the melted mixture in a steel mold. The cast
material has a tensile strength of about 18 ksi, and an
elongation of about 5% and a shear strength of 17ksi. The
cast material has a dissolve rate of about 45 mg/cm>-[min]/»
in a 3% KCl solution at 90° C. The cast material dissolves
at a rate of 0.5 mg/cm>-hr. in a 3% KCl solution at 21° C.
The cast material dissolves at a rate of 325 mg/cm?-hr. in a
3% KCI solution at 90° C. The cast material was then
subjected to extrusion with a 20:1 reduction area. The
extruded cast material exhibits a tensile [yeild] yield strength
of 35 ksi, and an elongation to failure of 12%. The extruded
cast material dissolves at a rate of 0.8 mg/cm>-[min}ir: in a
3% KCl solution at 20° C. The extruded cast material
dissolves at a rate of 50 mg/cm*-hr in a 3% KCl solution at
90° C. The extruded cast material can be subjected to an
artificial TS age treatment of 16 hours between 100° C.-200°
C. The aged extruded cast material exhibits a tensile strength
01’48 ksi, an elongation to failure of 5%, and a shear strength
of 25 ksi.

Column 17, lines 30-41:

An AZ91D magnesium alloy having 9 wt. % aluminum,
1 wt. % zinc and 90 wt. % magnesium was melted to above
800° C. and at least 200° C. below the melting point of
nickel. About 7 wt. % of nickel was added to the melt and
dispersed. The melt was cast into a steel mold. The cast
material exhibited a tensile strength of about 14 ksi, an
elongation of about 3%, and shear strength of 11 ksi. The
cast material dissolved at a rate of about 75 mg/cm>-[min]/»
in a 3% KCl solution at 90° C. The material dissolved at a
rate of 1 mg/cm®-hr in a 3% KCl solution at 21° C. The
material dissolved at a rate of 325 mg/cm>-hr. in a 3% KCl
solution at 90° C.

Column 17, lines 45-52:

The composite in Example 1 was subjected to extrusion
with an 11:1 reduction area. The material exhibited a tensile
yield strength of 45 ksi, an Ultimate tensile strength of 50 ksi
and an elongation to failure of 8%. The material has a
dissolve rate of 0.8 mg/cm>-[min.}z in a 3% KCI solution
at 20° C. The material dissolved at a rate of 100 mg/cm>-hr.
in a 3% KCI solution at 90° C.

AS A RESULT OF REEXAMINATION, IT HAS BEEN
DETERMINED THAT:

The patentability of claims 1-5, 7-9, 11, 25-33, 35-50,
52-62, 64, 66, and 70-76 is confirmed.

Claims 12, 18, 23, 34, 67 and 69 are determined to be
patentable as amended.

Claims 13-16, 19-21 and 24, dependent on an amended
claim, are determined to be patentable.

New claims 79-126 are added and determined to be
patentable.

Claims 6, 10, 17, 22, 51, 63, 65, 68, 77, and 78 were not
reexamined.
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12. A magnesium composite that includes in situ precipi-
tation of galvanically-active intermetallic phases to enable
controlled dissolution of said magnesium composite com-
prising a mixture of a magnesium or a magnesium alloy and
an additive material, said additive material having a greater
melting point temperature than a solidus temperature of said
magnesium, said composite including greater than 50 wt. %
magnesium, said additive material constituting about 0.05-
45 wt. % of said magnesium composite, said additive
material having a melting point temperature that is 100° [C.]
C greater than a melting temperature of said magnesium or
magnesium alloy, said additive material including one or
more metals selected from the group consisting of copper,
nickel, cobalt, titanium, and iron, at least a portion of said
additive material remaining unalloyed additive material,
said magnesium composite including in situ precipitation of
galvanically-active intermetallic phases that includes said
unalloyed additive material, said magnesium composite has
a dissolution rate of at least 5 mg/cm*/hr. in 3 wt. % KCl
water mixture at 90° C.

18. The magnesium composite as defined in claim 15,
wherein a dissolution rate of said magnesium composite is
at least 45 mg/cm?/hr. in 3 wt. % KCl water mixture at 90°
[C] C and up to 325 mg/cm>hr. in 3 wt. % KCI water
mixture at 90° C.

23. The magnesium composite as defined in claim 12,
wherein a dissolution rate of said magnesium composite is
at least 45 mg/cm?/hr. in 3 wt. % KCl water mixture at 90°
[C] C and up to 325 mg/cm>hr. in 3 wt. % KCI water
mixture at 90° C.

34. The dissolvable magnesium alloy composite as
defined in claim 33, wherein a dissolution rate of said
magnesium alloy composite is 5-325 [mg/cm’/hr] mg/cm?/
hr. in 3 wt. % KCl water mixture at 90° C.

67. The magnesium composite as defined in claim 49,
wherein a dissolution rate of said magnesium composite is
at least 45 mg/cm¥/hr. in 3 wt. % KCl water mixture at 90°
[C] C and up to 325 mg/cm>hr. in 3 wt. % KCI water
mixture at 90° C.

69. The magnesium composite as defined in claim 49,
wherein said additive material has a melting point tempera-
ture that is 100° [C.] C greater than a melting temperature of
said magnesium or magnesium alloy.

79. The magnesium composite as defined in claim 1,
wherein said magnesium constitutes at least 85 wt. % of said
magnesium composite.

80. The magnesium composite as defined in claim 1,
Sfurther including aluminum, a content of said aluminum is
0.5-10 wt. % of said magnesium composite.

81. The magnesium composite as defined in claim 79,
Sfurther including aluminum, a content of said aluminum is
0.5-10 wt. % of said magnesium composite.

82. The magnesium composite as defined in claim 12,
wherein said magnesium constitutes at least 85 wt. % of said
magnesium composite.

83. The magnesium composite as defined in claim 12,
Sfurther including aluminum, a content of said aluminum is
0.5-10 wt. % of said magnesium composite.

84. The magnesium composite as defined in claim 82,
Sfurther including aluminum, a content of said aluminum is
0.5-10 wt. % of said magnesium composite.

85. The magnesium composite as defined in claim 25,
Sfurther including aluminum, a content of said aluminum is
0.5-10 wt. % of said magnesium composite.

86. The magnesium composite as defined in claim 29,
wherein said magnesium constitutes at least 85 wt. % of said
magnesium composite.
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87. The magnesium composite as defined in claim 29,
Sfurther including aluminum, a content of said aluminum is
0.5-10 wt. % of said magnesium composite.

88. The magnesium composite as defined in claim 86,
Sfurther including aluminum, a content of said aluminum is
0.5-10 wt. % of said magnesium composite.

89. The magnesium composite as defined in claim 33,
wherein said magnesium constitutes at least 85 wt. % of said
magnesium composite.

90. The magnesium composite as defined in claim 37,
wherein said magnesium constitutes at least 85 wt. % of said
magnesium composite.

91. The magnesium composite as defined in claim 41,
wherein said magnesium constitutes at least 85 wt. % of said
magnesium composite.

92. The magnesium composite as defined in claim 41,
Sfurther including aluminum, a content of said aluminum is
0.5-10 wt. % of said magnesium composite.

93. The magnesium composite as defined in claim 91,
Sfurther including aluminum, a content of said aluminum is
0.5-10 wt. % of said magnesium composite.

94. The magnesium composite as defined in claim 45,
wherein said magnesium constitutes at least 85 wt. % of said
magnesium composite.

95. The magnesium composite as defined in claim 49,
wherein said magnesium constitutes at least 85 wt. % of said
magnesium composite.

96. The magnesium composite as defined in claim 49,
Sfurther including aluminum, a content of said aluminum is
0.5-10 wt. % of said magnesium composite.

97. The magnesium composite as defined in claim 95,
Sfurther including aluminum, a content of said aluminum is
0.5-10 wt. % of said magnesium composite.

98. The magnesium composite as defined in claim 73,
wherein said magnesium constitutes at least 85 wt. % of said
magnesium composite.

99. The magnesium composite as defined in claim 73,
Sfurther including aluminum, a content of said aluminum is
0.5-10 wt. % of said magnesium composite.

100. The magnesium composite as defined in claim 98,
Sfurther including aluminum, a content of said aluminum is
0.5-10 wt. % of said magnesium composite.

101. The magnesium composite as defined in claim 74,
Sfurther including aluminum, a content of said aluminum is
0.5-10 wt. % of said magnesium composite.

102. The magnesium composite as defined in claim 80,
wherein additive material includes 1) 0.01-5 wt. % nickel, ii)
0.01-5 wt. % copper, or iii) 0.01-5 wt. % nickel and 0.01-5
wt. % copper.

103. The magnesium composite as defined in claim 81,
wherein additive material includes 1) 0.01-5 wt. % nickel, ii)
0.01-5 wt. % copper, or iii) 0.01-5 wt. % nickel and 0.01-5
wt. % copper.

104. The magnesium composite as defined in claim 83,
wherein additive material includes 1) 0.01-5 wt. % nickel, ii)
0.01-5 wt. % copper, or iii) 0.01-5 wt. % nickel and 0.01-5
wt. % copper.

105. The magnesium composite as defined in claim 84,
wherein additive material includes 1) 0.01-5 wt. % nickel, ii)
0.01-5 wt. % copper, or iii) 0.01-5 wt. % nickel and 0.01-5
wt. % copper.

106. The magnesium composite as defined in claim 85,
wherein secondary metal includes i) 0.01-5 wt. % nickel, ii)
0.01-5 wt. % copper, or iii) 0.01-5 wt. % nickel and 0.01-5
wt. % copper.
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107. The magnesium composite as defined in claim 87,
wherein secondary metal includes i) 0.01-5 wt. % nickel, ii)
0.01-5 wt. % copper, or iii) 0.01-5 wt. % nickel and 0.01-5
wt. % copper.

108. The magnesium composite as defined in claim 88,
wherein secondary metal includes i) 0.01-5 wt. % nickel, ii)
0.01-5 wt. % copper, or iii) 0.01-5 wt. % nickel and 0.01-5
wt. % copper.

109. The magnesium composite as defined in claim 89,
wherein secondary metal includes i) 0.01-5 wt. % nickel, ii)
0.01-5 wt. % copper, or iii) 0.01-5 wt. % nickel and 0.01-5
wt. % copper.

110. The magnesium composite as defined in claim 90,
wherein secondary metal includes i) 0.01-5 wt. % nickel, ii)
0.01-5 wt. % copper, or iii) 0.01-5 wt. % nickel and 0.01-5
wt. % copper.

111. The magnesium composite as defined in claim 92,
wherein secondary metal includes i) 0.01-5 wt. % nickel, ii)
0.01-5 wt. % copper, or iii) 0.01-5 wt. % nickel and 0.01-5
wt. % copper.

112. The magnesium composite as defined in claim 93,
wherein secondary metal includes i) 0.01-5 wt. % nickel, ii)
0.01-5 wt. % copper, or iii) 0.01-5 wt. % nickel and 0.01-5
wt. % copper.

113. The magnesium composite as defined in claim 94,
wherein secondary metal includes i) 0.01-5 wt. % nickel, ii)
0.01-5 wt. % copper, or iii) 0.01-5 wt. % nickel and 0.01-5
wt. % copper.

114. The magnesium composite as defined in claim 96,
wherein said additive material includes 1) 0.01-5 wt. %
nickel, ii) 0.01-5 wt. % copper, or iii) 0.01-5 wt. % nickel and
0.01-5 wt. % copper.

115. The magnesium composite as defined in claim 97,
wherein said additive material includes 1) 0.01-5 wt. %
nickel, ii) 0.01-5 wt. % copper, or iii) 0.01-5 wt. % nickel and
0.01-5 wt. % copper.

116. The magnesium composite as defined in claim 99,
wherein said additive material includes i) up to 5 wt. %
nickel, ii) up to 5 wt. % copper, or iii) up to 5 wt. % nickel
and up to 5 wt. % copper.
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117. The magnesium composite as defined in claim 100,
wherein said additive material includes i) up to 5 wt. %
nickel, ii) up to 5 wt. % copper, or iii) up to 5 wt. % nickel
and up to 5 wt. % copper.

118. The magnesium composite as defined in claim 101,
wherein said additive material includes i) up to 5 wt. %
nickel, ii) up to 5 wt. % copper, or iii) up to 5 wt. % nickel
and up to 5 wt. % copper.

119. The magnesium composite as defined in claim 79,
wherein said additive material includes i) up to 5 wt. %
nickel, ii) up to 5 wt. % copper, or iii) up to 5 wt. % nickel
and up to 5 wt. % copper.

120. The magnesium composite as defined in claim 82,
wherein said additive material includes i) up to 5 wt. %
nickel, ii) up to 5 wt. % copper, or iii) up to 5 wt. % nickel
and up to 5 wt. % copper.

121. The magnesium composite as defined in claim 86,
wherein said additive material includes i) up to 5 wt. %
nickel, ii) up to 5 wt. % copper, or iii) up to 5 wt. % nickel
and up to 5 wt. % copper.

122. The magnesium composite as defined in claim 89,
wherein said additive material includes i) up to 5 wt. %
nickel, ii) up to 5 wt. % copper, or iii) up to 5 wt. % nickel
and up to 5 wt. % copper.

123. The magnesium composite as defined in claim 90,
wherein said additive material includes i) up to 5 wt. %
nickel, ii) up to 5 wt. % copper, or iii) up to 5 wt. % nickel
and up to 5 wt. % copper.

124. The magnesium composite as defined in claim 91,
wherein said additive material includes i) up to 5 wt. %
nickel, ii) up to 5 wt. % copper, or iii) up to 5 wt. % nickel
and up to 5 wt. % copper.

125. The magnesium composite as defined in claim 94,
wherein said additive material includes i) up to 5 wt. %
nickel, ii) up to 5 wt. % copper, or iii) up to 5 wt. % nickel
and up to 5 wt. % copper.

126. The magnesium composite as defined in claim 98,
wherein said additive material includes i) up to 5 wt. %
nickel, ii) up to 5 wt. % copper, or iii) up to 5 wt. % nickel
and up to 5 wt. % copper.

#* #* #* #* #*


Lucas Stelling
4


	90014795 05-10-2022 Reexamination Certificate Issued

