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Development of Abrasion Resistant Pipe (NK-SL80) for Slurry Transporting Systems
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Recently, excellent abrasion resistance is required for the
pipes used in the slurry transporting systems, for example,
which transport the coal ash in pulverized coal firing boil-
ers. We have developed abrasion resistant pipe for trans-
portation of slurries named “NK-SL80". In this paper the
properties and test results of that pipe are shown. NK-SL80
isa 0.15%C-1.5%Si-1.5%Mn-Fe steel pipe with dual phase
microstructure composed with ferrite and martensite. Mar-
tensite phase acts as abrasion resistant element and ferrite
phase provide workability. This developed pipe contains
lower alloying elements, such as C, Mn, than ordinary abra-
sion resistant pipes, and hence shows excellent field
weldability comparing with high carbon type abrasion re-
sistant pipe.
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Table 10 Chemical compositions of NK-SL80

0 mass %0
C Si Mn P S
NK-SL80 | 0 0.20 | 1200 1.60 | 1.200 1.60 | O 0.040 | O 0.040
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Table 20 Mechanical properties of NK-SL80

Tensile strength | Yield strength | Elongation®” Hardness
N/mm? N/mm? O Hv
NK-SL80 0 800 0 400 010 0 250

2 JIS Z2201 No.5 specimen



NKK O O No.174 (2001.8)

220NK-SL800OODODOOO

ONK-SL80O OOOOOOOOFRglOOOODOODOODO
gbobooboboooboOoobmooobooD 34.0
04064mmO0000COO0OOCOOODOMORIg.AOODO
0000000000 FRg20000TablelOOOOODO
gdoddoooooooooooboboboooooo
g@oboobobooobooboboooboooboo
goboogobbooboboobobooobboooboobo
obmobobooobooobooobooooboooboo
goooboooooobbooooobbooooboboboo
gbobobobobobooooboooboboboobo
gidddoooooooooonoooooooooo
gobobooobooobbooobboobobooo
gdoddoooooouooooooooooooo

Melting N (continuous) Casting

Hot working - Special heat treatment -

Testing, inspection o Product

Fig.10 Manufacturing process of NK-SL80 seamless pipe
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Fig.20 Special heat treatment process of NK-SL80
seamless pipe

23000000000

OTable30 00000000000 3185mme 000
I7ommO0000D0O00O00OO0OOO0OODOOOODOOO
Fig.lO0OOOODOOODOOODOODODOO Table4DO O
gboooboboboobobboobz2e4000000000
O000OO0Table20O0OOOOOOODOOOOOOOO
ODOO0OD0OPhoto lO0O0DOODODOOODOOODOOO
goooobboobo™@obooobooobooobooo
ggogoobobobobobbbbbbbbboodgg
ggoooooo0odododoooooboooboooboooo
Hv1i200 1500 000000000000 0 0OHv3000 450
gbobooobobooobboooboboooboooboboo

OO00O0o0pDoOooOoO0 (NK-sL8o)

gooooooooooooooooooooooooo
gogoboobobooobboobboooboooobon
gobood

Table 30 Chemical compositions of NK-SL80 sample pipe

0 mass %0
C Si Mn P S
NK-SL80 0.15 1.43 1.50 0.010 0.004

Table 40 Mechanical properties of NK-SL80 sample pipe

Hardness

Tensile strength
N/mm?

Yield strength
N/mm?

Elongation”
0

Hv

NK-SL80

945

469

14

264

0 JIS Z2201 No.5 specimen

Photo 10 Microstructure of NK-SL80 sample pipe
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Fig.30 Schematic drawing of the abrasion test machine
and dimension of the specimen (specimen
rotating type)
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Fig.40 Abrasion resistance of several materials and NK-
SL80 obtained by specimen rotating type test
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Fig.50 Abrasion test result for water + SiO,

Table 50 Chemical compositions of abrasion tested materials

(mass %)
Material Grade Hardness Hv/98N C Si Mn Cu Ni Cr Mo Others
NK-SL80 260 0.15 | 1.43 1.50 O O O O O
C-steel STPY400 125 0.10 | 0.29 0.56 0 O O O O
X52 160 0.12 | 0.28 1.30 0 O O O Nb
Alloy-steel 9Cr 220 0.08 | 0.23 0.44 0 0.14 8.35 0.90 Nb,V
NK Ever Hard 360A 440 0.16 | 0.25 0.96 0.20 O 0.63 021 | V,Ti,B
500A 520 0.27 | 0.31 0.96 0 O 0.61 0.22 | V,Ti,B
PH-SUS 17Cr-5Ni 290 0.01 | 0.57 0.47 0.45 5.11 175 0.25 Nb
15Cr-5Ni 360 0.01 | 0.50 0.67 3.70 491 14.8 O Nb,Ti
High Mn-steel 12Mn 320 0.95 | 0.30 12.8 ] O O O O
SuUs SUS304 150 0.04 O 1.02 0.36 8.13 18.2 0.23 O
SUS304N 220 0.06 0 1.69 0.14 8.10 18.4 0.08 O
TMCP-SUS SUS317 265 0.01 | 0.33 1.60 O 13.8 18.2 3.40 O
Dual-SUS SUS329J1 230 0.02 | 047 0.98 O 5.79 225 3.16 0
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Fig.600 Abrasion test result for coal ash (clinker)
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Fig.70 Schematic drawing of the abrasion test machine
(fried ash collided type)
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Photo 200 SEM observation result of coal ash (fried ash)
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Table 600 Abrasion test result for coal ash (fried ash)

O weight lossO O O

NK-SL80 S50C(0.50C)

Fried ash (kg) 5 15 5 15
Ground surface O O 550 0.20 0.83 0.23 0.90
Grinder surface #60 0.20 0.53 0.20 0.50
As pickling surface 0.20 0.58 0.20 0.60

NK-SL80

[

bty ; - 1 resier |

Fried ash : 15kg specimen : ground surface O 5s

Fig.90 Measurement result of surface roughness by
3-dimension method
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Photo 30 Microstructures of the abrasion test specimen
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Table 70 Test result of JIS Z 3158 Y-Groove cracking test

Pre-heat temperature
R.T. (250) 500 1000

Welding condition
Thickness 20mm n=3
Test method JIS Z 3158
The low-hydrogen type
covered electrode

No crack No crack | No crack
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Table 80 Welding conditions of NK-SL80 seamless pipe

Welding Metal-arc welding with covered electrode, semi-automatic
process welding, or automatic welding

Metal-arc welding JIS Z 3211 D4316
with covered Exampled] LB-47 by Kobe steel Ltd.

electrode** JIS Z 3212 D5016

Welding Exampled LB-52 by Kobe steel Ltd.
consumables Semi-automatic JIS Z 3312 YGW11
* weldingd Exampled] MG-50 by Kobe steel Ltd.
gas-shielded metal JIS Z 3313 YFW11
arc welding Exampled] DW-100 by Kobe steel Ltd.

Automatic weldingd | JIS Z 3316 YGT50
TIG welding Exampled] TGS-50 by Kobe steel Ltd.

Heat inputd 10000 O 15000 J/cm

Preheating postheating] free

Welding Interpass temperature O 1500

condition Current, voltage, welding speedd conforms to a regulated
value of the use welding materials

*0 As for the welding material, the joint tensile strength is made the welding
material of 420N/mm? or more as shown in the table.

**[J When the shielded metal arc welding is used, with a welding rod of low-
hydrogen type like the table. And moreover , please use that have to dry
immediately before the welding, and note the cold crack prevention about
the covered electrode.
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O Piped NK-SL80 318.5¢ x 17.0tx 5500L (mm)
O Flanged Material( S25C Flange spec JPI 150psi
Flange diameterd 300A  Flange typeJ SO-RF

140 17

60 3 pass Flange

2 pass
17 1 pass
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0 Piped) NK-SL80 318.5¢ x 17.0tx 5500L (mm)

- 60%

-
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p ~—\
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3 pass \ l
?
2mm

Fig.110 Example of butt welding of NK-SL80
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Nominal dia.| Outside dia Nominal wall thickness (mm)

A B (mm) 24681012 14 16 18 20 22 24 26 28 30

25 1 34.0 Ezeisg

32 | 11/4 42.7

40 | 1172 48.6

50 2 60.5
65 | 2172 76.3
80 3 89.1
90 | 3172 101.6
100 4 114.3
125 5 139.8
150 6 165.2
200 8 216.3

250 | 10 267.4
300 | 12 318.5
350 | 14 355.6
400 | 16 406.4
450 | 18 457.2
500 | 20 508.0

17 Pipe 1 pass

550 | 22 558.8
600 | 24 609.6
650 | 26 660.4

318.5¢

Fig.100 Example of flange welding of NK-SL80

700 | 28 7112
750 | 30 762.0
800 | 32 812.8

UOE pipe
length: ::max. 12.0m

850 | 34 863.6

900 | 36 9144

950 | 38 965.2

1000 | 40 1016.0

Fig.120 Available size range of NK-SL80 pipe
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