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The Strong Boronized Surface Finish

Our approach in June 2020:
What is the status quo and what has to be realized to improve existing product?

* On current Erosion resistant solutions of screens in the market
- What are the Disadvantages?

« Which solution in the market is available, proven and accepted for better
performance:

- Used Materials in the market Advanced
- Material e G @ ™ ao,

Zro,
Stainless Steel... S
- Erosion .

SiC - Company

: X
- Corrosion WC-Co - CompanyY

i Type Of Screen ZrOZ' Company Y Polymers
B,C - 222
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The Strong Boronized Surface Finish

Various base material properties are clearly enhanced by boriding, including

- Surface hardness — up to 8 times higher than before boriding
- Hot hardness

- Corrosion resistance to alkali and non oxidizing acids

- Erosion resistance

- Cavitation resistance

After boriding, several features remain unaffected, including

- Resistance to heat shocks
- Thermal conductivity

- Electric conductivity

- Thermal expansion

- Material elasticity Micrographs of

boride layers -

. . various materials
Exceptional resistance to wear: .
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The Strong Boronized Surface Finish

Wire Wrapped Screen treated with Boron in furnace
Specification

- Hardness for B,C: 29.5 — 33 GPa

€
2
E
2
{5}
£

x-position (pm)

y-position: 1.0332 ym
y-position: 380.2099 ym
y-position: 759.3866 pm

Testing after SPE-191942-MS

Source: Fraunhofer IEG, before Test Source: Fraunhofer IEG, after 48h
- First Test for 48h to get an impression.
- No Erosion under microscope to see

- No weight loss after 48h Testing

Advantages
- Proven Wire Wrapped Screen Application (++)
- No BasePipe — Flow Environment (++)

- No Coating (++)

Exceptional resistance to wear:

- Full coverage inside screen (++)
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The higher the hardness, the lower the - Keeping sharp edges after treatment with Boron (++) Source: msc resources AB

- Very competitive in pricing and investment return (++)



:ig : o 0 DOrC <Xo 0 :
Different Wire Wrapped Screen. Stainless [<0.5 2h Testing Average increase in gap [Design (++)
Steel. With/No Basepipe. aperture size is 114.0 Sharp edges for bridge building (++)
pum. Material against Erosion (--)
Company Wire Wrapped Screen. Stainless [Hard Metal: 16 48h Testing |Erosion for all coating  |Coating can get loose (-)
Y Steel. No Basepipe. Outside ZrO,: max. 21.7 surfaces: 140um to > No coverage inside screen (-)
coating with Hard Metal or ZrO,. 300um. No sharp edges for bridge building (-)
Company Build from SiC and Stainless 21-25 48h Testing |Average increase in gap (Material (+)
X Steel. With Basepipe. SIC Rings aperture size is 23.4 um. |SiC rings are very briddle (-)
stacked above each other. Hold If one ring or a spring breaks, the whole
in place with springs. screen falls apart (--)
e Wire Wrapped Screen. Stainless [29.5—-33 48h Testing |No Erosion under Proven Wire Wrapped Screen App. (++)
resources |Steel. No Basepipe. Treated with microscope. No BasePipe —Flow environment (++)
AB Boron in Furnace. No Coating (++)
Full coverage inside screen (++)
Sharp edges after treatment with Boron
(+)

Exceptional resistance to wear:

The higher the hardness, the lower the
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The Strong Boronized Surface Finish

The new Flushed Design sand screen has the following advantages compared to the Standard Design sand screen:

* Flushed design — for the screen modules (2m long) and in-between the same OD throughout

« Larger outer diameter of the filter modules

» Correspondingly larger open area

* Improved hydraulic performance

« Higher strength characteristics

The new Flushed Design sand screen has higher tensile strength where it is achieved by using a larger support rod. In any
case, for any sizes/diameters, the Flushed Design will always have strength no less than the Standard Design, and in

most cases even exceed the strength of the Standard Design (using non-standard pipe with larger wall thickness).

Exceptional resistance to wear:

The higher the hardness, the lower the
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The Strong Boronized Surface Finish

Surface Equipment

Surface equipment which face erosion issue (as well as corrosion) such as wellhead’s choke valve,
Lower Control Valve, CHPS pump, elbows, etc. can be treated with Boron

Pressure Gauge g T-Cap

Swab Valve Primary
Wing Valve

Exceptional resistance to wear:

The higher the hardness, the lower the
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