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There is currently requirements from the gas and oil industry for ball valves utilized in extremely 
aggressive environments. Oil and gas companies search for optimization conditions for their projects 
with wells recovery techniques with CO2 and produced water injection, as a way to extend the well 
useful life looking for a better production viability. Those conditions require alloys and materials 
for internal coating of equipment, accessories and industrial valves which are more resistant to 
those environments. Aiming at the current markets conditions, a ball valve internal organic coating 
alternative was developed and characterized as ethylene-chlorotrifluoroethylene copolymer able to 
act as a superficial protective barrier against corrosion in the internal part of the valve. Studies have 
been developed for coating processes with non-cyclical tests, such as saline contamination, visual, 
roughness, thickness, discontinuity, hardness, heat blistering an dimensional. There were coating 
fatigue cyclical tests, flow tests to simulate product application conditions in the field and coating 
resistance to these conditions. In order to evaluate the ball valve product, regarding its functional-
ity, we performed pressure tests.

Anti-corrosive coating: 
Manufacturing Plant Implementation 
and Performance Analysis for Ball Valves
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1. Introduction   

Industrial valves failures have become 
a serious matter in operating process-
es. Over the last years, industrial valve 
projects have demanded some more 
sophisticated plans and innovative 
needs. A big share of those demands 
are coming from the oil and gas in-
dustry which has set up new frontiers 
in the search of technological growth. 
Oil extractions become more and more 
challenging and risky, requiring state-

of-the-art equipment that may ensure 
reliability and optimal performance. 
For this revolution to take place, per-
sonal knowledge is necessary, besides 
research and development.

A very important fact to be pondered 
about valves is the product parts degra-
dation, that depend on the application 
the product is going to be put through. 
Materials show some kind of interac-
tion with a number of different environ-
ments, and very often, such interactions 

may jeopardize materials usefulness as 
a result of their mechanical properties 
decay, also another physical properties 
or even their appearance.

One of the best alternatives to fight 
material degradation in ball valves in-
volves the use of organic anti-corrosive 
coatings. Protective coatings are films 
placed on the metallic surface difficult-
ing the contact between the surface and 
the corrosive media focusing on mini-
mizing degradation. This technology 
has an excellent cost-effective relation 
for reducing the valve costs in aggres-
sive environments. The resins utilized 
may be placed on carbon steel valves 
avoiding the use of special metal alloys 
also increasing  equipment useful life 
and decreasing valve costs. 

The main purpose of this work is to 
demonstrate the implementation of or-
ganic coating alternatives for industrial 
ball valves meeting the API6D construc-
tive standards. 

2. Bibliographic review     

2.1 Ball Valve

Ball valves are basically on-off valves, 
where a sphere is used as a shutter with 
a hole through it. That has a rotational 
movement from 0° to 90° in relation to 
fluid flow direction in the pipes or ves-
sels. In the open position, the sphere 
hole is totally aligned to the pipes al-
lowing the fluid to flow through. In the 
closed position, the sphere hole is per-
pendicular to the flow direction, block-
ing the passage of the fluid.

More specifically, the ball valve sealing 
system, closer to the shutter, may have 
two constructive patterns which are 
called trunnion or floating. 

 Trunnion ball valve: the sphere is bi-
propped by shafts or plates where the 
sealing component is generally denom-
inated as the seat ring, consisting of a 
metallic ring with the insert of a sealing 
ring in resilient material called seat. It 
moves in a piston-like effect generat-
ing an upstream sealing at the entrance 
cavity of the valve. The sphere props 
are made by the trunnion shaft at the 
bottom and by the stem at the top in a 
rotation movement to move the shutter 
to open or close positions. Efforts are 
absorbed by auto-lubricating bearings 
that also minimize friction when the 
valve is actuated. The valve sphere and 
body vertical center lines, are always 
aligned. The trunnion concept, besides 

upstream sealing, allows fluid tight-
ness in both flow directions, that’s the 
so called, double blocking sealing, as 
shown in Figure 1 (a) and (b).

Floating ball valve: this project allows 
to movement freedom of the sphere 
that, in the closed position, floats mov-
ing onto the sealing ring. There’s a sub-
tle displacement of the sphere vertical 
central shaft in relation to the valve ver-
tical central shaft during  flow blocking 
process. Whenever upstream flow pres-
sure is applied, at the valve inlet, the 
sphere moves, compressing the seat 
generating downstream sealing, at the 
valve internal cavity outlet, Figure 1 (c).

2.2 characteristics of the applied 
protective coating  

A physical barrier is interposed be-
tween the metal which is going to be 
protected and the corrosive medium as 
a kind of protective film utilized to pre-
vent and avoid corrosion of parts and 
equipment made of metal. Resistance 
elements in alloys are sought for with 
carbon steel mechanical properties, 
with the anti-corrosive properties of the 
coating that doesn’t contaminate the 
fluid that is being transported. A substi-
tution process is carried out for noble 
metal alloys, which are more expensive 
to the client, such as austenitic, duplex 
and other special alloys.

High performance polymers, such as 
PTFE and ECTFE, are applied to pumps, 
valves and pipes internal coatings 
when those are utilized for the corro-
sive fluid transport . Characterized as 
Ethylene ChloroTriFluoroEthylene ECT-
FE, Figure 2 (a) (b), is considered a high 
performance polymer having as its 
main characteristics: excellent chemical 
resistance (PH 1-14), excellent barrier 
properties, good electrical properties 
when related to other flourpolymers, 
wide cryogenic use temperature range 
and high temperatures up to 150° C, 
low flame emission, low smoke emis-
sion, excellent impact resistance, good 
mechanical properties, excellent abra-
sion resistance, low friction coefficient 
and high adherence to the substrate.

Figure 2 (c), demonstrates the relation 
between operating temperature and 
chemical resistance of the ECTFE and 
some other polymers for the main indus-
trial applications. Note that the ECTFE 
might be used at the highest temperature 
of 150°C, depending on the fluid and con-
centration, the valve operating tempera-

Figure 1 - Basic concepts for ball type valves. (a) Trunnion valve upstream sealing. (b) Trunnion 
valve double block sealing. (c) Floating ball valve downstream sealing.
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Figure 2: (a) ECTFE molecular structure. 
(b) Operating temperature graph. 
(c) Comparison with other polymers.

ture tends to fall even to ambient level.

Companies that utilize organic coatings, 
as well as the biggest companies in the 
oil and gas industry in Brazil, currently 
use this coating technology, specified for 
internal coating in industrial ball valves. 
The technical characteristics of the coating 
material applied are shown on Table 1. 

The characteristics defined on Table 1 
were confirmed in tests carried out by 
laboratories with proven competence. 
There are technical specifications pro-
vided to valve coating industries with 
the tests that validated the coating un-
der such conditions. There are controls 
verified on the coating applicator which 
track down validated and tested batch-
es, being then, applied to the valves.

3. Materials and Methods  

3.1 coating Application Process   

Surface preparation must be done in 
dry condition, free of oil, grease, dust, 
burrs or oxide layers and any other 
strange materials. Surface prepara-
tion is one of the most important steps 
in the process, having direct impact 
on the coating performance. Surface 
preparation aims at removing strange 
materials that might prevent paint con-
tact with the substrate, generating ad-
equate conditions for good adherence. 
Similarly, there is special attention in 

Properties Units limit Values test Methods

Tensile rupture Mpa min. 41.4 ASTM D 638

Rupture elongation % min. 220 ASTM D 638

Water absorption (20ºC/24h) % max. 0.01 ASTM D 570

Abrasion resistance, mass loss  
(CS 17/1000g with 1000 cycles)

mg max. 20 ASTM D 4060

Immersion in H2S  
medium at 120ºC

- Failure absence (1)

Erosion resistance g/g max. 45
Sand jet at 45º and 90º 

and speed 6,0 m/s

Gas blistering - Blistering absence API RP 5L2

Hydraulic blistering - Blistering absence API RP 5L2

Notes, Immersion in H2S medium:
Test time: 2.000 hours;
Temperature: 90ºC and 120ºC;
Pressure: Water Pvap at test temperature;

Composition of test solution:
Chloride content = 70.000 ppm;
Sodium acetate = 21 g / L;
Initial pH = 5 (adjustment with addition of HCL 37%);
H2S content = 4%.

table 1 – coating requirements used on valves

permitting that roughness profile is 
defined under controlled conditions, 
which will influence in the mechanical 
anchoring of the first coating layer.   

There is a pre-heating step at 350°C to 
400°C for 2 hours, in an oven, to elimi-
nate contaminants from the metallic 
substrate. After, the surface to be coat-
ed must go through abrasive blasting 
until it gets to the white metal, meeting 
the NACE No. 2/SSPC-SP10 standard 
or, at least, to one of the Sa3 items of 
the ISO 8501-1 standard. The roughness 
profile expected is 60 µm and 100 µm. 

Any unexpected irregularities, such as 
sharp corners and edges, are eliminated 
by grinding process or any other suit-
able way. Areas to be coated must be 
well defined in the product manufactur-
ing project, also studying the coating in-
terference on the product functionality. 

For this study, resins were adopted by 
the studied manufacturer, which were 
Halar®6614 combined with Halar®6014, 
produced by Solvay Solexis, it’s a dual 
layer system, that is, one Halar®6614  
layer, with approximately 150 μm, and 
the rest of it with 250μm of  Halar®6014. 
This system allows to much higher coat-
ing adherence to the substrate since the 
product Halar®6614 has better adher-
ence properties than the Halar®6014.

The applicator made the coating with 
electrostatic equipment over the heat-
ed and oven cured part (Figure 3). The 
heating of the valve was done through 
thermal process to assure the substrate 
was not contaminated. The part heating 
temperature was 240ºC to 270ºC. The 
coated surface must have a homoge-
neous shiny appearance,  any “dusty” 
aspect indicates lack of curing. The dry 
film thickness of the coating must be 
≥ 400 μm.3.2 Coating application and 
project quotas maintenance

Organic coating is applied to the valve 
components called body and cover, being 
both integral parts of the valve shell. Table 
2 shows the different application steps. 

3.3 non-cyclic tests Applicable 
to Product Validation

Those tests show that the organic coat-
ing fulfilled the performance character-
istics that were projected, validating the 
manufactured batch. Non-cyclic tests 
were also performed with practical ap-
plications simulating severe conditions 
of the valve in the field, complying with 
results and specifications.

Figure 3: Valve body after coating application with electrostatic gun.
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table 2 – coating process steps for valve components
Trunnion Valve Internal Surfaces (Process Steps)

1º STEP – BODY AND COVER PRE-MACHINING 
REGION: For the coating application on the inner 
surfaces of the trunnion ball valve walls, pre-
machining must be performed on the components 
called body and cover, in order to allow room for 
the coating films with predetermined thickness 
that may ensure the possibility of final machining 
on the regions that require more precision. 

FINAL MACHINING REGION AFTER COATING: 
After coating application on the pre-machined 
parts, they need to go through a new machining 
process which will utilize a specific manufacturing 
design. This step intends to guarantee coating 
films uniformity and dimensional precision in 
the areas there is components fitting and also 
surfaces that will be in contact with sealings.  

FINISHED PROCESS (REGIONS 
WITH COATING): Finished 
process: the parts now have their 
inner region fully coated. They are 
ready for the valve assembly. 

COMPONENTS INNER REGION 
COATING: This drawing shows the 
coated regions on the components 
called body and cover. 

For Part two of this article, please check out  
the March issue of Valve World Americas journal.


