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Abstract: The purpose of this paper is to study the spraying material for the metal 

sealing surface of the 140MPa gate valve. We investigated the commonly used 

spraying methods for metal sealing surfaces, and finally chose the high-speed flame 

spraying method. Because the friction coefficient of the spray material directly affects 

the opening and closing torque of the gate valve, we measured the friction coefficient 

of the alternative spray materials, and we found that the friction coefficient of 

cemented carbide WC is much lower than that of FZNi-35 alloy. H2S corrosion test 

and wear test were carried out on cemented carbide with different Ni content and WC 

particle content. It is found that the corrosion resistance of cemented carbide with 

higher Ni content is better, and the wear resistance of cemented carbide with higher 

content of WC particles is better. Therefore, the appropriate 140MPa gate valve metal 

sealing surface spraying material can be selected according to the actual working 

conditions of the natural gas wellhead. 
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1. Introduction 

In the process of natural gas extraction, the Christmas tree is the key wellhead gas 

production equipment that controls the flow and cut-off of natural gas at the wellhead. 

As an important part of the Christmas tree, gate valve is widely used in petrochemical 

and other fields, and is suitable for various gases and liquids. Most of the Christmas 

tree pressure levels currently used in gas fields are 15,000 psi and 20,000 psi. Usually 

the wellhead gas contains corrosive gas and more sand, so the sealing surface 

between the gate valve seat and the valve plate needs to be sprayed with hard surface 

material to improve surface wear resistance, reduce friction coefficient and improve 

corrosion resistance. This paper will study the spraying materials for the metal sealing 

surface of gate valve, in order to find a suitable spraying material for the metal sealing 
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surface. 

 

2. Spraying material and spraying method 

The spraying material of the metal sealing surface has high requirements on strength, 

corrosion performance and hardness. The main reason is that the metal sealing 

surface needs to bear the corresponding sealing pressure to prevent plastic 

deformation and crushing of the metal sealing surface. Usually, the surfacing of the 

metal sealing surface includes Ni-Cr-B-Si self-fluxing alloy powder and tungsten 

carbide supersonic spraying. At present, the commonly used cemented carbide coating 

methods are: physical vapor deposition (PVD), chemical vapor deposition (CVD), 

plasma chemical vapor deposition (PCVD), oxyacetylene flame spraying, high-speed 

flame thermal spraying (HVOF) , plasma spraying, sol-gel method, salt bath plating 

method, plasma spraying, low pressure flame deposition (LPFD), etc. At present, spray 

welding preparation technology methods mainly include the following. 

2.1 Oxyacetylene flame spray welding 

Flame spray welding is the earliest spraying method, and three materials commonly 

used in flame spray welding are shown in Table 1. The principle is to use the 

combustion flame of oxygen and acetylene to heat the powder or rod-shaped coating 

material to a molten or semi-molten state and then spray it on the surface of the 

substrate to form a coating. Flame spray welding not only has the advantages of simple 

equipment, mature technology, flexible operation, low cost, fast speed, etc., but also 

can be used to prepare various metal, alloy, ceramic and plastic coatings which is one 

of the most commonly used spraying methods in domestic. The disadvantage of flame 

spray welding is that the prepared coating has large porosity and low bonding strength 

with the base material, so this method is rarely used in the manufacture of gate valve 

metal sealing surfaces. 

Table 1 Three materials commonly used in flame spray welding 

Name Ni55 Ni60 Deloro60 

Temperature ＜650℃ ＜650℃ ＜650℃ 

Characteristic Preservative、

Durable 

Preservative、

Durable 

Preservative、

Durable 

Hardness HRc-55 HRc-59±3 HRc-59±3 

Ni55 C-0.75 Cr-15.5 Si-4 Fe14 Mo-3 Ni-Bal（Margin） B-3 

Ni60 C-0.8 Cr-15.5 Si-4 W-3 Fe-15 Mo-3 Ni-Bal（Margin） B-3.5 

 

2.2 High Velocity Flame Spray (HVOF) 

High-speed flame spraying (supersonic flame spraying) is a high-energy spraying 

method that appeared in the 1980s，which is the most creative preparation method 
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in the thermal spraying industry after plasma spraying. The advantage of the high-

speed flame spraying method is that there are many kinds of materials that can be 

sprayed, which can effectively prevent the oxidation and decomposition of powder 

coating materials, so this method is especially suitable for the spraying of carbide 

coatings. 

2.3 Plasma spray welding 

The plasma arc spray welding technology uses the transfer plasma arc as the main 

heat source to spray and weld alloy powder on the surface of the metal substrate. The 

advantages of this technology are high spraying efficiency, high bonding strength and 

density of the coating, which can not only  

significantly improve the quality of the coating, but also improve the environmental 

conditions of the coating preparation and increase the production efficiency. 

In this paper, the high-speed flame spraying method will be selected to spray the metal 

sealing surface of the gate valve. 

 

3. Force Analysis 

During the valve opening and closing process, the preload force and the gravity of the 

parts during assembly are ignored, because these forces are far less than the friction 

force between the sealing surfaces and the thrust force on the end face of the valve 

stem. When the valve is fully closed, the valve is opened and the valve plate moves 

upward. S1 is the projected area of the gas acting on the inner valve seat at the inlet, 

and the flow channel area is S2, as shown in Figure 1. 

S1=
π

4
(D1

2
-D2

2
)                                                        (1) 

S2=
π

4
D2

2
                                                         (2) 

In the formula: 

D1—Seal groove outer Diameter of inner seat(mm) 

D2—Flow diameter(mm) 

 

Fig. 1 Inner seat section 

F1 is the positive pressure generated on the valve plate by the pressure (P=140MPa) 

acting on the projected area of the inner valve seat at the inlet. 

F1=P×S1                                                       (3) 

F2 is the positive pressure (P=140MPa) acting on the valve plate through the flow 

channel. 
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F2=P×S2                                                       (4) 

The positive valve seat pressure F3 in the outlet end is composed of the valve seat 

pressure F1 in the inlet end and the pressure F2 acting on the valve plate in the flow 

channel. 

F3=F2+F1                                                  (5) 

According to the action force and reaction force, the support force of the valve plate 

surface to the valve seat is as follows: 

FN1=F1,FN3=F3                                               (6) 

The schematic diagram of the gate force when the gate valve is opened is shown in 

Figure 2. When the valve is opened, the gate moves upward relative to the inner valve 

seat. Since the metal seal of the inner valve seat at the inlet end still has a sealing 

effect, the calculation of the friction force f1 at the inlet end and the friction force f2 

at the outlet end at this time is the same as when the valve is completely closed. The 

directions of the frictional forces f1 and f2 are vertically downward. Because the valve 

cavity of the gate valve is not under pressure at the moment of opening, the positive 

pressure at the outlet end is composed of the valve seat pressure F1 at the inlet end 

and the pressure F2 acting on the valve plate in the flow channel. 

 

Fig. 2 Schematic diagram of the force when the gate has been opened 

The schematic diagram of the force when the valve has been closed is shown in Figure 

3. When the valve has been closed, the movement direction of the valve plate moves 

downward relative to the inner valve seat. Although the f1 and f2 are the same as the 

moment the valve has been opened, the relative movement direction of the valve plate 

is opposite, so the f1and f2 is upward. The positive pressure at the outlet is composed 

of the valve seat pressure F1 at the inlet and the pressure F2 on the valve plate in the 

flow channel. Opening the gate valve requires a torque of less than 1200Nm. After 

deceleration and labor saving, the torque can be less than 200Nm. The opening and 

closing time of the gate valve should be as short as possible. The dynamic friction 

coefficient of the metal sealing surface material has a great influence on the switching 

torque of the gate valve at the moment of opening and closing. Therefore, selecting 

the appropriate metal sealing surface spray material can reduce the dynamic friction 

coefficient, thereby reducing the switching torque of the gate valve. Therefore, the 
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friction coefficient of the metal sealing surface spray material has a huge impact on 

the sealing performance. 

 

Fig. 3 Schematic diagram of the force when the gate has been closed 

 

4. Coefficient of friction measurement of sprayed materials 

4.1 Plane friction coefficient measurement 

The measurement principle of the plane friction coefficient: Firstly, prepare two 

samples and put the surfaces of the two samples in contact with each other, and then 

apply a certain pressure to the two samples to cause relative displacement. Finally, 

record the maximum resistance (static friction) of the surface of the sample during 

relative sliding and the resistance (dynamic friction) when the sample moves relatively 

at a certain speed. The coefficient of kinetic friction and the coefficient of static friction 

are the ratio of the kinetic friction force and the static friction force to the pressure 

applied vertically on the surface of the sample. 

4.2 Incline friction coefficient measurement 

The measurement principle of the incline friction coefficient is shown in Figure 4. First 

prepare two specimens and place them together at an angle. The gravity G of the 

slider sample can be decomposed into a gravity component g1 parallel to the inclined 

plane and a gravity component g2 perpendicular to the inclined plane. When the 

inclination angle θ of the inclined plane is small, g1 is smaller than F and the slider 

remains stationary, but g1 will continue to increase with the increase of θ, until g1 is 

greater than F, the slider starts to move downward. From this, we can determine the 

coefficient of friction of the material. 

 

Fig. 4 Schematic diagram of the measurement of the friction coefficient of the 

inclined plane 
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4.3 Pendulum friction coefficient measurement 

The pendulum friction coefficient measurement method, also known as the dynamic 

pendulum test method, means that the potential energy loss of the pendulum is equal 

to the work done by the rubber sheet installed at the end of the swing arm to overcome 

the friction of the road surface and other materials. This experimental method is only 

suitable for measuring the friction coefficient of road surfaces, etc., and is not suitable 

for the determination of the friction coefficient of metal materials. 

In this paper, a relatively simple and convenient plane friction coefficient measurement 

method will be selected to measure the friction coefficient of sprayed materials. The 

experimental equipment adopts the BRUKER multifunctional micro-nano indentation 

tester (as shown in Figure 5), whose vertical load is 500N and the moving speed is 

0.35mm/s. The experimental materials are shown in Figure 6, and the parameters of 

the rectangular sample placed on the bottom frame of the test equipment are 43.4 

mm × 31 mm × 5 mm. The cylindrical specimen placed on the upper end of the test 

equipment has a diameter of 6.1 mm and a length of 25 mm, and the circular end 

face is parallel to the bottom rectangular specimen. 

 

Fig. 5 BRUKER multifunctional micro-nano indentation tester 

 

Fig. 6Test sample 

The experimentally measured friction coefficient data of the two materials are shown 

in Figure 7. We selected the average value of friction coefficient obtained after two 

experiments of metal sealing surface spray welding material FZNi-35 and cemented 

carbide WC for comparative analysis. 
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(a)First                           (b)Second 

Fig. 7 FZNi-35 experimental data 

 

(a)First                                (b)Second 

Fig. 8 WC experimental data 

It can be seen from Figure 7 that the kinetic friction coefficient of FZNi-35 measured 

in the first experiment is 0.1283, and the kinetic friction coefficient of FZNi-35 

measured in the second experiment is 0.12758. The average value of the kinetic 

friction coefficient of FZNi-35 measured in two experiments is 0.12794. It can be seen 

from Figure 8 that the kinetic friction coefficient of WC measured in the first 

experiment is 0.07648, and the kinetic friction coefficient of WC measured in the 

second experiment is 0.08731. The average value of the kinetic friction coefficient of 

WC measured in two experiments is 0.081895. 

It can be seen that the kinetic friction coefficient of WC is much smaller than that of 

FZNi-35. After analyzing the torque of the two materials, we found that the total torque 

of FZNi-35 alloy is 1175N·m, and the total torque of cemented carbide WC is 794N·m. 

From this, we concluded that reducing the friction coefficient of the sealing surface 

spraying material can not only reduce the wear of the gate valve metal surface during 
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the switching process, but also increase the life of the valve seat in the gate. Although 

both materials meet the requirement that the total torque is less than 1200N m, the 

opening and closing time of the gate valve will increase due to the larger reduction 

ratio of the reducer required by FZNi-35. Therefore, in the case of ensuring the normal 

use of the metal sealing surface, the metal sealing surface spray material is preferably 

cemented carbide WC. 

 

5. EXPERIMENT 

According to the friction coefficient measurement of cemented carbide WC and FZNi-

35 alloy in the previous section, it can be seen that WC is more suitable for spraying 

metal sealing surfaces. Shihua's research found that the sulfur content on the surface 

of nickel-based alloys is relatively high. The reason is that the Ni element in the 

cemented carbide first reacts to form Ni3S2. Huang Yuzhou's research on the corrosion 

of composite coatings under the combined action of high temperature and high 

pressure saturated H2S found that the corrosion rate of the composite coating was 

relatively small at the beginning, and then the corrosion rate increased rapidly in 48 

hours. Finally, the formation of the passive film would increase the corrosion rate. 

decreased and stabilized. Therefore, this section focuses on the wear and corrosion 

experiments of WC. We selected the following three WC cemented carbides through 

extensive research, and their compositions are shown in Table 2[11][12][13]. 

Table 2 Experimental material composition table 

Carbide C(weight) Co(weight) Ni(weight) W(weight) WC(The 

total 

weight)  

A 11.79% 5.13% - 83.08% 94.87% 

B 5.63% 6.1% 6.66% 81.61% 87.24% 

C 9.87% 9.5% 4.30% 76.33% 86.20% 

 

5.1 H2S corrosion test 

In the process of natural gas extraction, some wellhead gas contains H2S gas, which 

has a serious corrosion effect on the metal sealing parts of the gate valve. It is 

particularly important to select the appropriate metal sealing surface spraying material 

with anti-corrosion effect. 

We conducted a corrosion simulation experiment according to the working conditions 

on site. The experimental medium selected NaCl solution with a concentration of 3.5%, 

the experimental pressure was selected as 28.8MPa, the partial pressure of H2S was 

0.3MPa, and the temperature was 140℃. The size of the sample for the corrosion test 

is 20mm*10mm*4mm. The sample was cleaned with ethanol and then degreased with 
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acetone and blown dry. Its weight and surface area were recorded, and finally placed 

in a high temperature and pressure reactor (as shown in Figure 9). Before the test, 

nitrogen was used to remove the oxygen in the reaction kettle for 2 hours, then the 

temperature and the pressure was increased to the set value, the gas outlet was sealed 

with water, and the test period was 48 hours. After the test, the samples were taken 

out for alcohol cleaning, then dehydrated with acetone and dried with cold air, and 

finally stored in a sealed bag. The high temperature and pressure corrosion 

experimental equipment is shown in Figure 10, and the comparison of the samples 

before and after corrosion is shown in Figure 11. 

 

Fig. 9 High temperature and pressure reactor 

 

Fig. 10Experimental equipment 

 

A                 B                        C 

Fig. 11Sample before and after corrosion 

It can be seen from Figure 11 that the surface of B is relatively smooth, while the 

surfaces of A and C have obvious corrosion and are relatively rough. The corrosion 

rate of the sample is shown in Figure 12, A has the highest corrosion rate but no new 
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material is formed on its surface, only the WC particles on the surface of the cemented 

carbide fall off. At the same time, due to the existence of Ni element in cemented 

carbide, the corrosion rate of cemented carbide is lower than that of cemented carbide 

without Ni element. Therefore, it can be concluded that the higher the content of Ni, 

the more resistant the material is to corrosion. 

 

Fig. 12 Corrosion rate 

5.2 Wear test 

During the opening and closing process of the gate valve, the relative movement 

between the inner valve seat and the metal sealing surface of the gate will cause the 

metal sealing surface to wear. Therefore, it is of great significance to conduct wear 

experiments on the metal sealing surface of gate valve by spraying cemented carbide 

materials. 

The experimental equipment is MLS-225 type wet sand rubber wheel wear testing 

machine, as shown in Figure 12, its working principle is to put the sample to be worn 

in the test piece box of the lever loader, and after adding a load to the testing machine, 

the sample is close to the rim of the rubber wheel, and the rotating rubber wheel is 

used to carry the abrasive mixed with water and the sample for wear. The size of each 

sample is 57 × 25.5 × 6, and the surface was ground to Ra3.2. Green silicon carbide 

was used as the abrasive particles in this test, and its hardness reaches HV2600[15]. 

 

Fig. 13 MLS-225 Wear Testing Machine 
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5.3 Experimental procedure 

(1) The sample materials were divided into three groups. Before each set of wear tests, 

recording the specimens initial weight and replacing the rubber wheels and mortar 

after every test. 

(2) Each group of samples have been worn for 10 minutes (rubber wheel rotates 2400 

revolutions), and then remove the worn samples for cleaning, alcohol dipping, drying 

and weighing in turn. Recording the weight of each group of samples three times and 

taking the average value as its actual measured value. 

(3) The wear test time of each group of samples was 30 minutes in total, and every 

ten minutes is used as a measuring point. The initial value of each group of samples 

minus the measured value measured each time is the wear amount of the sample. 

The wear curves of the three groups of samples are shown in the figure 15. 

The data of multiple groups in the experiment were averaged, and the final summary 

data of the experiment are shown in Table 3. 

Table 3 Weight loss and total weight loss of three materials 

         Time 

Carbide    Type 
2400(rpm） 4800(rpm） 7200(rpm） 9600(rpm） 12000(rpm） 

A 

Weight loss 178.9 115.5 93.8 75.4 63.6 

Total weight 

Loss 
178.9 294.4 388.2 463.6 527.2 

B 

Weight loss 300.1 206.4 170.2 180.5 149.5 

Total weight 

loss 
300.1 506.5 676.7 857.2 1006.7 

C 

Weight loss 361.8 263.3 201.5 202.7 170 

Total weight 

loss 
361.8 625.1 826.6 1029.3 1199.3 

 

The "weight loss" in Table 3 physically represents the wear amount per ten minutes, 

and it can also be used to represent the wear rate of the sample during this time 

interval. For example, the weight loss of sample B in the interval of 0~2400 revolutions 

is 361.8mg, and its wear rate is △W=361.8/2400=0.151mg/revolution. "Total weight 

loss" represents the wear amount in a certain period of time. For example, the total 

wear amount of sample B at 0~4800 revolutions is 625.1mg, and its wear rate 

△W=625.1/4800=0.130mg/revolution. 

The traces of the three materials after wear are shown in Figure 13. 
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Fig. 14 Wear marks after test 

 

Fig. 15 Wear amount curve 

If the relative wear resistance of material C is set to 1, then the wear resistance of 

material A is 2.27, and the wear resistance of material B is 1.19. From this, it can be 

calculated that the wear resistance of material A is 1.91 times that of material B, and 

the wear resistance of material B is only slightly higher than that of material C. 

Obviously, the results obtained for the three materials under the test conditions reflect 

the outstanding wear resistance of material A. 

Material A has the least amount of wear at any time interval, which not only means 

that the material has good wear resistance, but also shows outstanding consistency. 

The wear resistance of the material is not only related to the content of WC particles, 

but also to the size and density of the particles. Therefore, the spray material for the 

metal sealing surface of the gate valve should preferably be made of cemented carbide 

with finer particles. 

 

6. Conclusion 

(1) Through the analysis of the friction coefficient of Ni-based alloy and cemented 

carbide WC, it is found that the friction coefficient of WC is much lower than that of 

Ni alloy. Since the friction coefficient affects the gate valve switching torque, the metal 

sealing surface spray material is preferably sprayed with cemented carbide WC. 

(2) The experiment found that the higher the content of Ni element in the cemented 

carbide, the lower the corrosion degree of the cemented carbide. Therefore, in the 
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presence of H2S gas, cemented carbide with high Ni content should be selected. 

(3) Wear experiments on three alternative cemented carbide WC found that the higher 

the WC content, the stronger the wear resistance. Material A has a higher content of 

WC particles, and its wear rate is only 1/2 of the rate of material B. 

(4) When the wellhead gas is highly corrosive, the spraying material should be material 

B. When the wellhead gas has a large sand content, A material should be used as the 

spraying material. 
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