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Presenter
Presentation Notes
Ladies and gentlemen, My name is Oya from Japan and I’m in charge of Ethylene super tube department of Daido steel.. 

Which is the biggest special steel company among the world producing 1.5 million ton of the year, specially high alloy steels,

and stainless steels, and also forgings, castings and metal powders.



I am here today to talk about our product, Boiler Super Tube for energy industries.

Boiler Super Tubes is a working commercial name for waste energy plant from Daido Steel.

They are manufactured using Daido Plasma Powder Welding PPW technology.
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This is the process of Plasma Powder Welding.

We are using the powder for overlay.

And we are making the powder by ourselves.

So it means,  we can control the quality and chemistry of powder by ourselves.

Powder come here and this is a plasma torch and plasma arc.  

Metal powder is melt and weld by plasma torch on the outer surface of the base tube.

PPW is not a coating.

This is the welding which is strictly bonded to base tube.


Applications of PPW

Demand Applications Daido Original Powder

High temp. corrosion | Boiler tube |21Cr-13Mo-2Co-3W-Ni (BST276)
resistance 22Cr-9Mo-2Co-Ni (BST625)
27Cr-Si-Al-W (BST1)

Anti-COking Ethy|ene 45Cr-50Ni-1Mo
and carburization cracking

High temp. erosion | FCC nozzle |2C-21.5Cr-4.3Mo-9V-Co (KV10)
Resistance

Anti-metal dusting GTL,CTL |[50Cr-Ni
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This is applications of PPW technology.

Chemistry of PPW layer is selected as the best chemistry.

In case boiler tube, chemistry is high Ni, high Cr and high Mo for the function of high temperature corrosion resistance.

Next case ethylene cracking, chemistry is 45Cr-Ni balance for the function of anti-coking and carburization.

FCC nozzle, chemistry is high C, high Cr, high V for the function of the high temperature erosion resistance.

Gas to liquid, chemistry is 50Cr Ni balance for the function of the anti-metal dusting.




The History of PPW
s

PPW: Plasma Powder Welding
1960-1964 Union Carbide Co. in USA developed welding
application of plasma energy and powder metallurgy.
1973-1991 Daido Steel developed automatic Plasma Powder
Welding (PPW) machine for engine valve.
Plasma arc generator, gas controller, powder metal
feeder, and particle size controlling were patented
by Daido.
1992- More than 150 PPW machines for engine valve have
been shipped to auto motive engine valve companies.
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This is  History of PPW.

And as you see.


The History of Boiler Super Tube

1994-

1998-

2009-

Daido developed Boiler tubes with PPW overlay for the
waste to energy plant with the Japan national project.
Daido started commercial manufacturing of Boiler
Super Tube (BST276, BST625) for Japanese waste

to energy plants.

Daido developed New BST1 for higher Temperature.

4 | Boiler Super Tube BST276 & BST625

Outer surface overlay

L

Waste to Energy Plant
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This is the history of boiler super tube.

As you see



.

This is the irasutoration of our tubes.

 


Production Process of BST
Base Tube

Powder
Carbon Steel ,low alloy steel: _ _
STB340 Ni Base Material : BST625, BST276
Stainless Steel : SUS310SJ1 Fe Base Material : BST310S

Dimension

- PPW thickness : Min. 1.5mm

- PPW length : Max. 8.4M

- Tube Diameter : OD31.8
-114.3mm

Inspection l

Macro and Micro test - PPW thickness - Luck of fusion
Chemical Analysis - PPW layer composition
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This is our production process and this figure shows PPW machine.



And production ranges are 

PPW thickness  Min.1.5mm for single pass

and the length Max.8.4M.

Tube outside diameter 31.8mm to 114.3mm.
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Benefits of BST Boiler Super Tube

(1) Control of the chemistry of PPW overlay by the
original metal powders

(2) New grade of PPW overlay BST1 for higher
temperature or longer tube life

(3) PPW overlay on the inner surface of boiler tubes also
available (Min. ID:2”, Max length:5m)
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Benefit of boiler super tube.

We can control the chemistry of PPW overlay.

We developed new grade BST1 for higher temperature.

And, we can do PPW weld on the inner surface of the boiler tubes. 

Inside diameter range of inner weld is Minimum 2 inch and max length is 5M.



 


Existing Generation Materials

BST 276 & BST 625

Steam Temperature: Max. 500 degree C

Chemistry of Weld overlay (Typical)

Unit: WT%

C St IMNn| Ni | Cr | Mo | Co | W | Fe
BST276 | .01 | .8 2 |Bal|208|13.2| 22| 31| 1.0
BST625 | .01 | .2 1 |Bal|21.8] 9.2 | 2.0 - 1.2
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This is the chemistry of existing generation materials, BST276 and BST625

which should be used with the maximum steam temperature 500 degree C

These chemistries are high Cr, high Mo on the Ni base.

These chemistries are selected as the best element for the high temp. corrosion resistance .


Actual corrosion depth in the waste to energy plant
(550degree

CxB000NTS)

PPW overlay BST276

Boiler Tube BST625

Alloy625

30Cr- 40Ni

SUS347H

STBA24

0 2 4
Corrosion Depth (mm)
(Ref.) Mechanical Properties STB340 + BST276(PPW)
of Boiler tubes R.T.
T/S El

Base tube 620 28.8
(Base 5m/m + PPW 2m/m) With PPW 601 412
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This is actual corrosion depth of BST276 and BST625 in the waste to energy plant at 550 degree C.

Corrosion depth of BST276 and BST625 are similar to alloy625 solid material.

As you see, the corrosion resistance of BST276 and BST625 are very excellent.


Application of BST276 & BST625

OD: 31.8-114.3mm, Thickness: 3.5-6.0mm,

Size .
Base tube L(Shipping length): 0.9-8.2M
Grade STB340, STB410, SUS310J1
PPW Thickness | 1.5-3.5mm (Single pass)
overlay Grade |BST276, BST625, BST310S
24 waste to Energy Plants in Japan
Plants (Location: Tokyo, Osaka, Nagoya, Hokkaido, Tochigi,
Kyoto, Kagawa, Toyama, Chiba, etc)
_ Over 8000P’s are on operation now.
Quantity

Maximum years in operation is 10 years. (2010)
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This table show the application of BST276 and BST625.

These materials have been introduced into 24 waste to energy plant in JAPAN since 1998,

And these 12 years,  there are no problem at all.


~ New Generation Material “BST1”

for higher temperature and longer tube life

Steam Temperature: Over 500 degree C

(1) Chemistry of PPW overlay (WT%)

C Si NI Cr | Mo | Co W Al

BST1 | Ad. | Ad. |BAL | 27 - - Ad. | Ad.

BST625| 0.01 | 0.8 |BAL | 22 9 2 -

BST276| 0.01 | 0.2 |BAL| 21 13 2 3
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This is the chemistry of new generation materials, BST1

which we can use with the steam temperature over 500 degree C

This chemistry is 27%Cr with Si, Al, W and C on the Ni base.

This chemistry is selected as the best element for the high temp. corrosion resistance.
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(2) Concept of BST1 Chemistry

- Chemistry of BST1 is originally developed and applied for
commercial Air-heater for Gasification and Ash Melting System.

(Steam temperature: over 500°C (932°F))

-Higher corrosion resistance with higher Cr than BST625 or BST276.
-Higher W than BST276 prevents the formation of Cr-depleted zones.
-Added Si, Al prevent corrosion by Cl through grain boundaries.

- Adequate C makes fine grains to protect against corrosion through
grain boundaries.
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These are the concepts of BST1 chemistry.

BST1 Chemistry is developed and applied for commercial Air-heater tube for gasification and ash melting system.

27% Cr improves corrosion resistance.

W prevents the formation of Cr depleted zone around the Cr carbide.

Si and Al prevent Cl corrosion through grain boundary.

Adequate C makes fine grains to protect against the grain boundary corrosion.


®)
(3) Results by Corrosion test in molten Salts

Corrosion Test

JIS Z 2293

Methods for high temperature corrosion test of metallic materials
by dipping and embedding in molten salts

Salts Dipping temperature and time
Mol. % Wit. % °oC 400 600 800
Na,SO, | 3 16.8 oF | 752 | 1112 | 1,472
K,SO, 3 20.6 :
Fe,O, 5 126 time 100 hours
PbClI, 3 28.15
FeCl, 3 12.85
NacCl 2 3.95
KCI 2 5.05
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This is the result of  the corrosion test in molten salts.



Left table shows the composition of salts.

And right table shows the temperature and holding time.

with 3 level temperatures and 100 hours of holding time.


S
(4) Weight loss 3 (9
Weight loss of BST1 at| | #°|
800°C is remarkably 2 Féorc Meooc Dlsoore
smaller than BST276 1.5 7
or 625 1 J
0.5 |
o ] o
(5) Appearance after BT BST625 BST276
t"]e test 400°C x 100 h 600°C x 100 h 800°C x 100 h
BST1 - %
[T T I[1]] T IIIIHI T
BST625 | m:
I LI 1l UL |II|I\IHIWI1|I|I|II
BST276 | . . M
ITTITTTTTI T T

Consistent with the above data - almost no corrosion of BST1 even at 800°C
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This is the result of the weight loss.

Weight loss is no difference at the 400 degree C and the 600 degree C. 

However, weight loss of BST1 is remarkably smaller than BST276 and BST625 at the 800 degree C.

These are samples of after testing.

There are no damage of BST1,   excellent corrosion resistance at the 800 degree C.




()
(6) Microstructure of cross section

800°C x 100 hrs e

BST1 (800°C x 100 hrs)

Surface of BST1 is almost flat
without corrosion.

Surfaces of BST276 and BST625
are heavily damaged.

BST276 (800°C x 100 hrs)

Surface Surface
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These pictures show the microstructure of cross section at the 800 degree C with 100 hours.

As you see, there are heavily damage on the surface of BST276 and BST625. 

However, under the same testing, there are no damage on the surface of BST1 at all. As you see.


) .
Conclusions

- Boiler Super tube BST276 and 625 have been applied in the
Japanese Waste to Energy plants since 1998 without any
troubles.

- A new generation Boiler Super Tube BST1 has been
developed by higher contents of Cr, W, Al, and Si, without Mo
and Co.

- A high temperature (800°C or 1,472°F) molten salt test
revealed higher corrosion resistance of BST1 as compared with
BST2/76 or BST625 against oxide and chloride formations.

- BST1 Is expected to enable higher steam temperatures with
longer tube life, resulting In higher efficiency for waste to
energy plant operation.
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So,,, Conclusions

If you are interested in PPW technology and our products, we will explain details in Daido booth.


Thank you so much for your attention

ARIGATO GOZAI MASHITA 11



Control of the chemistry of PPW overlay

Case of Inconel 625 overlay

Welding > Dilution is (b/a)

Additional: c(mm)

Weld Overlay Total: a(mm)

Penetration: b(mm)

Base Metal
Base Metal
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This figure shows control of the chemistry of PPW layer, Calculation model.

Left figure is base metal and right figure is base metal with weld overlay.

Green color is weld overlay and this layer includes the penetration.

Total thickness of Weld overlay is A mm, Penetration is B, and weld overlay thickness is C not including penetration.

Dilution is B divided by A.






Casel: Conventional Weld overlay of Inco 625 by Mig

with 9% dilution (WT%)
Thickness C Si Mn Ni Cr Mo | Nb+Tg Co Fe
a| Total overlay(mm) 2.3 Base Metal STB 0.10 = 0.20 4 050 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 99.00
b| Penetration(mm)| 0.20| | Mig filler metal Inco625 | 0.02 | 0.30 | 0.07 | 61.00 | 22.20| 9.20 [ 3.50 | 0.00 [ 3.10
c| Additional(mm) | 2.1 Overlay 0.03, 0.29) 0.11) 55.70/ 20.27] 8.40[ 3.20] 0.00| 11.44
Dilution(%) 8.7 Spec Inco6284Min 20.00 [8.00 |3.15
Max 0.10, 0.50| 0.50 Bal. 23.00f 10.00] 4.15 5.00

Case2: BST625: PPW weld overlay with original powdfer by PPW

with 15% dilution

Thickness C Si Mn Ni Cr Mo | Nb+Tq4 Co Fe

a| Total overlay(mm) 2.3 Base Metal STB 0.10 | 0.20 | 050 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 99.00

b| Penetration(mm)| 0.35 PPW powder| Original | 0.02 | 0.30 | 0.30 | 59.00 | 25.50 | 10.50 | 4.00 | 0.00 | 0.00

c| Additional(mm) | 2.0 Overlay 0.03] 0.28/ 0.33] 50.02| 21.62] 890 3.39| 0.00[ 15.07
Dilution(%) 15.2 Spec Inco629Min 20.00 [8.00 [3.15

Max 0.10| 0.50| 0.50 Bal. 23.00f 10.00] 4.15 5.00
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This shows results of calculation.

Upper table shows weld overlay of Inconel 625 by MIG process.

Usually, dilution of MIG process is 9%, and PPW dilution is 15%.

15% dilution is to protect the welding defects, luck of fusion in boundary overlay and base tube.

Yellow color line is chemistry of filler metal.

And blue line is chemistry of overlay.

We make original powder with high Cr, high Ni, high Mo than the specification of Inconel 625 filler metal.

As a result, chemistry of PPW overlay is high Cr, Ni, Mo with 15% dilution. 
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