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What is claimed is: 

1. A metal patch for patching a downhole well casing, the metal patch comprising: 

a base having a tubular shape; and 

a metal sealant having a tubular shape;  

wherein the metal sealant and the base have a diameter smaller than a 

diameter of a section of the well casing;  

wherein the diameter of the metal sealant is larger than the diameter of the 

base; 

wherein the metal sealant is disposed adjacent to the base;  

wherein the metal sealant transitions from a first state to a second state in 

response to a hydration reaction with a water-based fluid; wherein the first state 

consists of a metal or metal alloy;  

wherein the second state is a hydroxide reaction product of the hydration 

reaction; wherein the second state comprises a larger volume than the first state; and 

 wherein the hydroxide reaction product patches the well casing by forming 

a seal against the well casing. 

 

2. The metal patch of claim 1 wherein the metal or metal alloy of the first state of the 

metal sealant consists of an alkaline earth metal, a transition metal, a metal oxide, or a 

combination thereof. 

 

3. The metal patch of claim 2 wherein the metal or metal alloy of first state of the 

metal sealant consists of at least one element, wherein the at least one element is selected 

from a group consisting of Al, Zn, Mn, Zr, Y, Nd, Gd, Ag, Ca, Sn, Mg, Ga, and RE. 

 

4. The metal patch of claim 2 wherein the first state of the metal sealant further 

comprises a dopant that accelerates the hydration reaction.  

 

5.  The metal patch of claim 3 wherein the first state of the metal sealant comprises 

magnesium. 

 

6. The metal patch of claim 1 wherein the first state is one of: Mg + 2H2O; Al + 3H2O; 
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and Ca + H2O. 

 

7. The metal patch of claim 1 wherein the formed hydroxide reaction product is 

selected from the group consisting of magnesium hydroxide, aluminum hydroxide, calcium 

hydroxide, and any combination thereof. 

 

8. A method for patching a well casing downhole in a wellbore environment, the 

method comprising: 

assembling a metal sealant with a base, wherein the base has a tubular shape; wherein the 

metal sealant and the base have a diameter smaller than a diameter of a section of the well 

casing; wherein the metal sealant has a tubular shape and; wherein the diameter of the metal 

sealant is larger than the diameter of the base; and wherein the metal sealant is disposed 

adjacent to the base;  

coupling the assembled metal sealant and base to the well casing using a downhole 

running tool and expandable device; 

wherein the metal sealant  transitions from a first state to a second state in response 

to a hydration reaction with a water-based fluid;  

wherein the first state consists of a metal or metal alloy; wherein the second state is 

a hydroxide reaction product of the hydration reaction; 

wherein the second state comprises a larger volume than the first state; and 

wherein the hydroxide reaction product patches the well casing by forming a seal 

against the well casing.  

 

9. The method of claim 8 wherein the metal or metal alloy of the first state of the metal 

sealant consists of an alkaline earth metal, a transition metal, a metal oxide, or a 

combination thereof.  

 

10. The method of claim 8 wherein the metal or metal alloy of first state of the metal 

sealant consists of at least one element selected from the group consisting of Mg, Al, Zn, 

Mn, Zr, Y, Nd, Gd, Ag, Ca, Sn, and RE.    

 

11. The method of claim 10 wherein the  first state of  the metal sealant further 
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comprises a dopant that accelerates the hydration reaction. 

  

12. The method of claim 10 wherein the first state of the metal sealant comprises 

magnesium. 

 

13. The method of claim 8 wherein the formed hydroxide reaction product is selected 

from the group consisting of magnesium hydroxide, aluminum hydroxide, calcium 

hydroxide, and any combination thereof. 

 

14. A system for patching a downhole well casing, the system comprising: 

a base having a tubular shape congruent with a section of the well casing; 

a metal sealant couple-able with the base and having a tubular shape congruent with 

a section of the downhole well casing;  

wherein the metal sealant and the base have a diameter smaller than a 

diameter of a section of the well casing;  

wherein the diameter of the metal sealant is larger than the diameter of the 

base; 

wherein the metal sealant is disposed adjacent to the base;  

 

wherein the metal sealant transitions from a first state to a second state in 

response toa hydration reaction with a water-based fluid; wherein the first state 

consists of a metal or metal alloy;  

 

wherein the second state is a hydroxide reaction product of the hydration 

reaction; 

wherein the second state comprises a larger volume than the first state; and 

 and 

wherein the hydroxide reaction product patches the well casing by forming a seal 

against the well casing.  

 

15. The system of claim 14 wherein the metal or metal alloy of the first state of the 

metal sealant consists of an alkaline earth metal, a transition metal, and a metal oxide.  
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16. The system of claim 14 wherein the metal or metal alloy of first state of the metal 

sealant consists of at least one element, wherein the at least one element is selected from a 

group consisting of Al, Zn, Mn, Zr, Y, Nd, Gd, Ag, Ca, Sn, and RE.  

 

17. The system of claim 16 wherein the first state of the metal sealant further comprises 

a dopant that accelerates the hydration reaction. 

 

18.  The system of claim 16 wherein the first state of the metal sealant comprises 

magnesium. 

 

19. The system of claim 14 wherein the first state is one of: Mg + 2H2O; Al + 3H2O; 

and Ca + H2O. 

 

20.  The system of claim 14 wherein the formed hydroxide reaction product is selected 

from the group consisting of magnesium hydroxide, aluminum hydroxide, calcium 

hydroxide, and any combination thereof. 


