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DIFFUSED CORROSION PROTECTION ON PRESSURE CONTROL 
EQUIPMENT 

BACKGROUND 

[0001]      This section is intended to introduce the reader to various aspects of art 

that may be related to various aspects of the present disclosure, which are 

described and/or claimed below.  This discussion is believed to be helpful in 

providing the reader with background information to facilitate a better 

understanding of the various aspects of the present disclosure.  Accordingly, it 

should be noted that these statements are to be read in this light, and not as 

admissions of prior art. 

[0002]      Natural resources, such as oil and gas, are used as fuel to power 

vehicles, heat homes, and generate electricity.  Once a desired natural resource 

is discovered below the surface of the earth, mineral extraction systems are often 

employed to access and extract the desired natural resource.  The mineral 

extraction systems may be located onshore or offshore depending on the location 

of the desired natural resource.  The mineral extraction systems generally include 

a wellhead assembly positioned above a well.  The mineral extraction systems 

may also include pressure control equipment positioned above the wellhead 

assembly.  The pressure control equipment may be used to carry out intervention 

operations to inspect or to service the well and/or to carry out other supportive 

functions.  Pressure control equipment is subjected to harsh environments that can 

cause the equipment to corrode, reducing the life of the equipment, and creating 

a risk of the equipment failing.   
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0003]      Various features, aspects, and advantages of the present disclosure will 

become better understood when the following detailed description is read with 

reference to the accompanying figures in which like characters represent like parts 

throughout the figures, wherein: 

[0004]      FIG. 1 is a schematic diagram of a system having a pressure control 

equipment (PCE) stack, in accordance with an embodiment of the present 

disclosure; 

[0005]      FIG. 2 is a side view of the PCE stack of FIG. 1, in accordance with an 

embodiment of the present disclosure; 

[0006]      FIG. 3 is a schematic diagram of a system for providing diffused 

corrosion protection on components of the PCE stack of FIG. 1, in accordance with 

an embodiment of the present disclosure; 

[0007]      FIG. 4 is a flowchart of a method or process for providing diffused 

corrosion protection on components of the PCE stack of FIG. 1, in accordance with 

an embodiment of the present disclosure; 

[0008]      FIG. 5 is a schematic diagram of a system for providing diffused 

corrosion protection on components of the PCE stack of FIG. 1, in accordance with 

an embodiment of the present disclosure; 

[0009]      FIG. 6 is a flowchart of a method or process for providing diffused 

corrosion protection on components of the PCE stack of FIG. 1, in accordance with 

an embodiment of the present disclosure; and 
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[0010]      FIG. 7 is a schematic diagram of layers of a portion of a component of 

the PCE stack of FIG. 1 having diffused corrosion protection, in accordance with 

an embodiment of the present disclosure. 

DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

[0011]      One or more specific embodiments of the present disclosure will be 

described below.  These described embodiments are only exemplary of the 

present disclosure.  Additionally, in an effort to provide a concise description of 

these exemplary embodiments, all features of an actual implementation may not 

be described in the specification.  It should be noted that in the development of 

any such actual implementation, as in any engineering or design project, numerous 

implementation-specific decisions must be made to achieve the developers’ 

specific goals, such as compliance with system-related and business-related 

constraints, which may vary from one implementation to another.  Moreover, it 

should be noted that such a development effort might be complex and time 

consuming, but would nevertheless be a routine undertaking of design, fabrication, 

and manufacture for those of ordinary skill having the benefit of this disclosure.  

[0012]      When introducing elements of various embodiments, the articles “a,” 

“an,” “the,” “said,” and the like, are intended to mean that there are one or more of 

the elements.  The terms “comprising,” “including,” “having,” and the like are 

intended to be inclusive and mean that there may be additional elements other 

than the listed elements.  The use of “top,” “bottom,” “above,” “below,” and 

variations of these terms is made for convenience, but does not require any 

particular orientation of the components relative to some fixed reference, such as 

the direction of gravity.  The term “fluid” encompasses liquids, gases, vapors, and 

combinations thereof.  Numerical terms, such as “first,” “second,” and “third” are 

used to distinguish components to facilitate discussion, and it should be noted that 

the numerical terms may be used differently or assigned to different elements in 

the claims. 
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[0013]      The present embodiments generally relate to providing thermal 

processes for diffused overlay coatings for corrosion protection on components of 

a pressure control equipment (PCE) stack for a mineral extraction system (e.g., a 

drilling system, a production system). In particular, the surfaces (e.g., wellbore 

wetted areas or areas exposed to the environment or non-wetted areas) of the 

components of the PCE stack are coated with thermally diffused zinc (TDZ).  

Application of the TDZ to components and materials of the PCE stack which are 

compliant to industry standards for corrosion and exposure to hydrogen sulfide 

(H2S)-containing environments (e.g., NACE MR0175), does not alter the base 

metal mechanical properties outside stated compliance. In extension, application 

of the TDZ to components and materials of the PCE stack which are not compliant 

with industry standards (e.g., NACE MR0175) for corrosion and exposure to 

hydrogen sulfide (H2S)-containing environments makes the components 

compliant with industry standards for this environment (e.g., NACE MR0175). 

[0014]      With the foregoing in mind, FIG. 1 is a schematic diagram of an 

embodiment of a system 10 (e.g., a mineral extraction system, a drilling system, a 

production system).  The system 10 includes a wellhead 12 (e.g., a wellhead 

assembly), which is coupled to a mineral deposit 14 via a wellbore 16.  The 

wellhead 12 may include any of a variety of components such as a spool, a hanger, 

and a “Christmas” tree.  In the illustrated embodiment, a pressure control 

equipment (PCE) stack 18 is coupled to the wellhead 12 to facilitate intervention 

operations, which may be carried out by lowering a conduit 20 (e.g., a 

communication conduit, a wireline, a slickline, a spoolable rod, or a coiled tubing) 

and/or a tool 22 (e.g., configured to collect data about the mineral deposit 14 and/or 

the wellbore 16) through a bore 24 defined by the PCE stack 18, through a bore 

26 defined by the wellhead 12, and into the wellbore 16.  As discussed in more 

detail below, the PCE stack 18 may include a stuffing box, a tool catcher, a tool 

trap, and a lubricator (e.g., formed of lubricator sections that are connected end-

to-end via connectors).  The PCE stack 18 may also include a valve that seals 

about the conduit 20 to isolate the environment, as well as other surface equipment, 
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from pressurized fluid within the wellbore 16.  In certain embodiments, the PCE 

stack 18 may be a blowout preventer (BOP) stack having one or more BOP bodies 

and associated components (e.g., bonnet flanges, conrods, ram blocks, spools, 

connectors, valves, etc.).  

[0015]      FIG. 2 is a side view of an embodiment of the PCE stack 18 that may be 

used in the system 10 of FIG. 1.  In the illustrated embodiment, the PCE stack 18 

includes a stuffing box 30, a tool catcher 32, a lubricator 34, a tool trap 36, a valve 

stack 38, and a wellhead connector 40 to couple the PCE stack 18 to the wellhead 

12 (FIG. 1) or other structure.  These components are annular structures stacked 

vertically with respect to one another (e.g., end-to-end, coaxial) to enable the 

conduit 20 to extend through the PCE stack 18 (e.g., from a first end 42 to a second 

end 44 of the PCE stack 18) into the wellhead 12.  As shown, the conduit 20 

extends from the first end 42 of the PCE stack 18 and over a sheave 46 to a winch 

48, and rotation of the winch 48 (e.g., of a drum or spool of the winch 48) raises 

and lowers the conduit 20 with the tool 22 through the PCE stack 18.  It should be 

noted that the PCE stack 18 may include various other components (e.g., a pump-

in sub to enable fluid injection) and/or may omit any of the components shown in 

FIG. 2.   

[0016]      In the PCE stack 18, the stuffing box 30 is configured to seal against the 

conduit 20 (e.g., to seal an annular space about the conduit 20) to block a flow of 

fluid from the bore 24 (FIG. 1) vertically above the stuffing box 30.  The tool catcher 

32 is configured to engage or catch the tool 22 to block the tool 22 from being 

withdrawn vertically above the tool catcher 32 and/or to block the tool 22 from 

falling vertically into the wellbore 16 while the tool catcher 32 is in a closed position.  

The lubricator 34 may include one or more lubricator sections 50 (e.g., annular 

pipes; tubulars), which may be coupled to one another and/or to adjacent 

components (e.g., the tool catcher 32, the tool trap 36) via connectors 52 (e.g., 

quick connectors).  The lubricator 34 may support or surround the tool 22 while the 

tool 22 is inserted into and/or withdrawn from the wellbore 16.  The tool trap 36 is 
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configured to block the tool 22 from falling vertically into the wellbore 16 while the 

tool trap 36 is in a closed position.   

[0017]      As shown, the valve stack 38 may include one or more valves 54 that 

are configured to seal the bore 24.  In the illustrated embodiment, the valve stack 

38 includes two valves 54 that are vertically stacked relative to one another.  

However, the valve stack 38 may include any suitable number of valves 54 (e.g., 

1, 2, 3, 4, or more).  At least one of the one or more valves 54 may include rams 

that are driven between an open position in which the rams do not seal the bore 

24 and a closed position in which the rams seal the bore 24 (e.g., seal about the 

conduit 20 to seal the bore 24), thereby blocking fluid flow through the bore 24.  

[0018]      To facilitate discussion, the PCE stack 18 and its components may be 

described with reference to a vertical axis or direction 56, a radial axis or direction 

58, and a circumferential axis or direction 60.  As discussed in more detail below, 

a seal system may be utilized to form a seal (e.g., annular seal) at each of the 

connectors 52 (e.g., between a first end of a first lubricator section 50 and a first 

connector 52, between a second end of the first lubricator section 50 and a second 

connector 52, between a first end of a second lubricator section 50 and the first 

connector 52, between a second end of the second lubricator section 50 and a 

third connector 52, and so on) to thereby provide a sealed bore (e.g., passageway) 

along an entire length of the lubricator 34.  It should be appreciated that the seal 

system may be utilized to form the seal between any of a variety of annular 

components (e.g., pipes, connectors) in the PCE stack 18 or in any other type of 

stack or system (e.g., of the system 10 of FIG. 1 or any other system).   

[0019]      As described in greater detail below, the components of the PCE stack 

18 may be provided with diffused corrosion protection.  In particular, the 

components of the PCE stack 18 may be provided with TDZ to make the 

components compliant with industry standards in the hydrogen sulfide-containing 

environment (e.g., in particular, NACE MR0175 compliant).  The components of 

the PCE Stack 18 subjected to the TDZ process may be more resistant to corrosion 
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in the hydrogen sulfide-containing environment, thus, increasing the life of the 

equipment and lowering the risk of equipment failure (e.g., due to corrosion).   

[0020]      FIG. 3 is a schematic diagram of an embodiment of a system 62 for 

providing diffused corrosion protection on components 64 (e.g., components 

mentioned in FIG. 2) of the PCE stack 18 of FIG. 1.  As depicted in FIG. 3, the 

system 62 includes a furnace 66 and a chamber or enclosure 68.  One or more 

PCE components 64 may be placed within the chamber 68 along with a zinc source 

70 and sealed within the chamber 68.  The zinc source 70 may include a zinc-

containing powder (e.g., zinc alloy or zinc mixture) that includes zinc along with 

other elements.  The components 64 may be any of the components of the PCE 

stack 18 described in FIGS. 1 and 2 or any other component not mentioned of the 

PCE stack 18.  Also, the components 64 may be any of the components of the 

BOP stack described in FIG. 1 or any other component not mentioned of the BOP 

stack.  The components 64 may be made of a low alloy steel (e.g., having 

approximately 1.5 percent to 5 percent total alloy content) or another material that 

either is or is not NACE MR0175 compliant.  Alternatively, the components 64 may 

be made of a material (e.g., high cost corrosion resistance material such as some 

nickel-chromium-based superalloys) that is NACE MR0175 compliant.   

[0021]      The furnace 66 is heated to a temperature that causes the zinc source 

70 to sublimate whereupon gaseous diffusion of the zinc source 70 into the surface 

of the components 64 occurs to form a TDZ coating.  The TDZ process may occur 

according to international standards for applying zinc alloy thermo-diffusion 

coatings (e.g., ASTM A1059/ A1059M).  The holding temperature of the furnace 

66 is maintained below a specific temperature for the base material of the 

components 64 (e.g., AC1 temperature for base low alloy steel) to maintain the 

strength of the components.  The surface area of the one or more components 64, 

the amount of the zinc source 70, and a length of the holding time (e.g., at the 

holding temperature) all factor into creating an optimal thickness of the TDZ 

coating (e.g., thick enough to make or maintain NACE MR0175 compliance).  In 
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addition, these factors are relevant to establishment of the layer morphologies of 

the TDZ coating on the components 64.  Internal and/or external surfaces of the 

components 64 may include the TDZ coating.  Wellbore wetted surfaces or 

surfaces subject to exposure to the environment or non-wetted surfaces of the 

components 64 may include the TDZ coating. 

[0022]      FIG. 4 is a flowchart of an embodiment of a method or process 72 for 

providing diffused corrosion protection on components (e.g., components 

mentioned in FIG. 2) of the PCE stack 18 of FIG. 1.  The method 72 includes 

placing one or more PCE components and a zinc source into a chamber (block 

74).  The method 72 also includes (e.g., upon placement of the chamber into a 

furnace) subjecting the one or more PCE components to a thermal process that 

causes thermal zinc diffusion (block 76).  The thermal zinc diffusion process may 

occur according to international standards for applying zinc alloy thermo-diffusion 

coatings (e.g., ASTM A1059/ A1059M).  The method 72 results in one or more 

PCE components with a TDZ coating that makes or maintains NACE MR0175 

compliance.  In certain embodiments, the method 72 includes applying one or 

more additional layers on the TDZ-coated PCE components (block 78).  For 

example, layers (e.g., polytetrafluoroethylene (PTFE), etc.) to provide other 

characteristics (further corrosion resistance, bond resistance, impact strength, 

friction modification, etc.) may be applied. 

[0023]      FIG. 5 is a schematic diagram of an embodiment of a system 80 for 

providing diffused corrosion protection on components 64 (e.g., components 

mentioned in FIG. 2) of the PCE stack 18 of FIG. 1.  As depicted in FIG. 5, the 

system 62 includes a furnace 66 as described above in FIG. 3.  In addition, the 

PCE components 62 and the zinc source 70 are as described in FIG. 3.  A first 

PCE component 64 (e.g., BOP body) that forms a chamber or enclosure 81 has 

the zinc source 70 placed within it.  One or more additional PCE components 64 

(e.g., bonnet and end flanges) are coupled to the first PCE component 64 (e.g., 

BOP body) to seal the zinc source 70 within the first PCE component 64.   
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[0024]      The furnace 66 is heated to a temperature that causes the zinc source 

70 to sublimate whereupon gaseous diffusion of the zinc source 70 into the surface 

of the components 64 occurs to form a TDZ coating.  The TDZ process may occur 

according to international standards for applying zinc alloy thermo-diffusion 

coatings (e.g., ASTM A1059/ A1059M).  The holding temperature of the furnace 

66 is maintained below a specific temperature for the base material of the 

components 64 (e.g., AC1 temperature for base low alloy steel) to maintain the 

strength of the components.  The surface area of the one or more components 64, 

the amount of the zinc source 70, and a length of the holding time (e.g., at the 

holding temperature) all factor into creating an optimal thickness of the TDZ 

coating (e.g., thick enough to make or maintain NACE MR0175 compliance).  In 

addition, these factors are relevant to establishment of the layer morphologies of 

the TDZ coating on the components 64.  Internal and/or external surfaces of the 

components 64 may include the TDZ coating.  Wellbore wetted surfaces or 

surfaces subject to exposure to the environment or non-wetted surfaces of the 

components 64 may include the TDZ coating. 

[0025]      FIG. 6 is a flowchart an embodiment of a method or process 82 for 

providing diffused corrosion protection on components (e.g., components 

mentioned in FIG. 2) of the PCE stack 18 of FIG. 1.  The method 82 includes 

placing a zinc source into a chamber within a first PCE component (e.g., BOP body 

cavities) (block 84).  The method 82 also includes securing or coupling one or more 

additional PCE components (e.g., bonnet and end flanges) to the first PCE 

component (e.g., BOP body) to seal the zinc source within the first PCE component 

(block 86).  The method 82 also includes (e.g., upon placement of the assembled 

PCE components into a furnace) subjecting the assembled PCE components to a 

thermal process that causes thermal zinc diffusion (e.g., to the surfaces of the 

assembled PCE components exposed to the gaseous diffusion) (block 88).  The 

thermal zinc diffusion process may occur according to international standards for 

applying zinc alloy thermo-diffusion coatings (e.g., ASTM A1059/ A1059M).  The 

method 82 results in one or more PCE components with a TDZ coating that makes 
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or maintains NACE MR0175 compliance.  In certain embodiments, the method 82 

includes applying one or more additional layers on the TDZ-coated PCE 

components (block 90).  For example, layers (e.g., polytetrafluoroethylene (PTFE), 

etc.) to provide other characteristics (further corrosion resistance, bond resistance, 

impact strength, friction modification, etc.) may be applied.   

[0026]      FIG. 7 is a schematic diagram of layers of a portion 92 (e.g., section 

(e.g., wall) of a body) of the component 64 of the PCE stack 18 of FIG. 1 having 

diffused corrosion protection (e.g., in compliance with NACE MR0175).  The 

portion 92 of the component 64 includes a diffused corrosion protection layer (e.g., 

TDZ coating) formed by the diffusion of the zinc (and other materials) into a base 

layer 94 (e.g., low alloy steel or other material).  As depicted, the portion 92 of the 

component 64 includes a layered structure 96.  The layered structure 96 includes 

the base layer 94 and one or more additional layers 98 (e.g., layers 100, 102, 104) 

formed on the base layer 94.  The number of additional layers 98 may vary (e.g., 

1, 2, 3, 4, or more).  The base layer 94 includes the original composition of the 

base material (e.g., low alloy steel) prior to the TDZ application.  Each additional 

layer includes a certain percentage of base material and a certain percentage of 

zinc or zinc alloy.  Each subsequent additional layer 98 in an outward direction 106 

from the base layer 94 has a lower percentage of the base material and a higher 

percentage of zinc.  Thus, the layer 100 will have the lowest percentage of zinc 

closest to the base metal (and the highest percentage of base material) of the 

additional layers, while the layer 104 will have the highest percentage of zinc 

furthest from the base metal (and the lowest percentage of the base material).  At 

a certain layer, at least half (or even a majority) of each additional layer 98 is made 

of zinc.  In certain embodiments, a substantial majority of the outermost layer (e.g., 

layer 104) is made of zinc.  Besides varying in base material and zinc composition, 

the additional layers 98 also vary in hardness.  Each subsequent additional layer 

98 in the outward direction 106 is softer than the immediately adjacent layer.  For 

example, the layer 102 is softer than the layer 100, and the layer 104 is softer than 

the layer 102.  The layer 100 can be softer or harder than the base metal 94 as a 
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result of the process parameters used, such as the surface area of the one or more 

components 64, the amount of the zinc source 70, and a length of the holding time 

(e.g., at the holding temperature). Due to this variability in hardness, the layers 96 

form sacrificial layers that create a “wearing-in effect” that provides protection from 

galling (e.g., mechanical wear due to excessive friction between two moving 

surfaces).  The sacrificial layers extend the number of interactions between moving 

surfaces of components before too much galling or wear has occurred.  Once 

enough outer sacrificial layers 98 are worn away, the base metal 94 of components 

will begin to interact providing an indication that one or more components need to 

be replaced. 

[0027]      While the disclosure may be susceptible to various modifications and 

alternative forms, specific embodiments have been shown by way of example in 

the drawings and have been described in detail herein.  However, it should be 

noted that the disclosure is not intended to be limited to the particular forms 

disclosed.  Rather, the disclosure is to cover all modifications, equivalents, and 

alternatives falling within the spirit and scope of the disclosure as defined by the 

following appended claims.  

[0028]      The techniques presented and claimed herein are referenced and 

applied to material objects and concrete examples of a practical nature that 

demonstrably improve the present technical field and, as such, are not abstract, 

intangible or purely theoretical.  Further, if any claims appended to the end of this 

specification contain one or more elements designated as “means for [perform]ing 

[a function]…” or “step for [perform]ing [a function]…”, it is intended that such 

elements are to be interpreted under 35 U.S.C. 112(f).  However, for any claims 

containing elements designated in any other manner, it is intended that such 

elements are not to be interpreted under 35 U.S.C. 112(f). 
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CLAIMS 

 
1. A component for pressure control equipment, comprising: 

 a body having a wall, wherein the wall comprises a diffused corrosion 

protective layer diffused within a base layer of the wall. 

 

2. The component of claim 1, wherein the diffused corrosion protective layer 

comprises thermally diffused zinc or zinc alloy. 

 

3. The component of claim 1, wherein the diffused corrosion protection layer 

is configured to provide the component corrosion protection against a hydrogen 

sulfide-containing environment. 

 

4. The component of claim 3, wherein the component is compliant with an 

industry standard for corrosion protection against the hydrogen sulfide-containing 

environment. 

 

5. The component of claim 3, wherein the base layer by itself is not configured 

to provide the component corrosion protection against the hydrogen sulfide-

containing environment. 

 

6. The component of claim 5, wherein the base layer comprises low alloy steel. 

 

7. The component of claim 3, wherein the base layer by itself if configured to 

provide the component corrosion protection against the hydrogen sulfide-

containing environment. 

 

8. The component of claim 1, wherein the wall comprises a surface configured 

to be wellbore wetted and the diffused corrosion protective layer is disposed on 

the surface. 
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9. A method for providing a thermally diffused coating for corrosion protection 

on a component for pressure control equipment, the method comprising: 

 placing a source for zinc or zinc alloy within a chamber of a first component 

of the pressure control equipment; 

 coupling one or more additional components of the pressure control 

equipment to the first component of the pressure control equipment to seal the 

source of zinc or zinc alloy within the chamber; and  

 subjecting the first component and the one or more additional components 

of the pressure control equipment to a thermal process to cause zinc or zinc alloy 

diffusion into respective walls of the first component and the one or more additional 

components of the pressure control equipment to create respective diffused 

corrosion protective layers.   
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DIFFUSED CORROSION PROTECTION ON PRESSURE CONTROL 
EQUIPMENT 

ABSTRACT 

A component for a pressure control equipment is provided.  The component 

includes a body having a wall, wherein the wall includes a diffused corrosion 

protective layer diffused within a base layer of the wall.  
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