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Effects of Various Factors, Mechanisms and Preventive Methods
of Grooving Corrosion of ERW and CBW Carbon Steel Pipes
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The effects of heat treatments and alloying elements on grooving corrosion resistance have been studied using

commercial ERW pipe and simulated ERW specimens prepared by upset, flush-butt or electron beam welding,

and putting them to microscopic observations, electrochemical and corrosion tests. Grooving corrosion initiates

at MnS inclusions in the weld and grows into a deep V-shape in ERW pipe. The growth is influenced by pH,

dissolved 0, and Cl-, flow vetocity and temperature of the sclution. Zinc coating and the unremoved weld bead

delay, but do not prevent, perforation. On the other hand, grooving corrosion in CBW pipe grows only into a

small, shallow U-shape, and scarcely depends on material and environmental factors. A good simulation of

grooving corrosion at the weld of ERW pipe can be cobtained by using flush-butt welded specimens to conclude

that reduced sulfur content, added Ni, Cu and/or REM, and heat treatments, when performed either singly or in

proper combination, give excellent grooving corrosion resistance to ERW pipes. On the basis of these results,

grooving corrosion resistant ERW pipes have been manufactured, with good test results obtained in mechanical

and corrosion resistant properties.
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Table 2 Chemical composition of ERW, CBW and Seamless
carbon steel pipes
Chemiral rnmpus}tlon !
Pipe JIS Size

C Si Mn P S
ERW C aop 6oA ¢ 0.06 0.28 | 0.008 | 0.010
steel pipe 100A | 0.10 | 0.10 0.20 0.016 | 0.014
CEBW ¢ sap 65A | 0.06 0.30 0003 00[}3
steel pipe 100A | 0.07 | — 1§ 035 | 0.016| 0.012
Seamless STPG 65A | 0.17 0.28 0.48 | 0.016 | 0.010
C osteel pipe | 38 | 1508 | 016 | 0.30 | 047 | 0.018 | 0.012
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ERW C steel pipe CHBW C steel pipe
Photo. 1 Greoving corrosion in tap water (50°C, 25m/min, 240 days)
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Tahle 4 FEffect of shape of weld seam on
grooving eorrosion rate of ERW and
CBW C steel pipes in artificial sea
water (50°C, 25m/min, 15ppm Uz,
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Tahle 7 Effects of alloving elements on grooving carvosion resistance of flush-hutt
welded specimens

- :(th.an;ical (‘Urr;lptrlsi;ion' {20 Depth of Potential
No. . Others | grooving” | difference**
C Si | Mn P S | Cu | N | Cr { mm) (mV)

7 10117011035/ 0.035 001; | . 167 . ___“{_S-E)—_
2 0.12}0.10""0.475 0,020 | 0.021 I e 0.7 T
3101150201 0,32 0003 0.017 | 0.30 0.5 -10
+loaz 015 oot oaoi [ oote | ous| | T
51010 0.15 | 0.41 | 0.003 | 0.020 | 0.20 | - - 1 Sn0.11 0.4 0
61010 0.15] 0.41] 0.003 | 0.021 [ 030 | - Y 0.3 4
70000 0.15 | 0.41] 0.004 | 0021 | 030 | — | — | Ti0.045 0.4 -4
alotl | 022]043] 0003 0016 - |oas| — | Y -3
91012 0.20 | 0.42 | 0.003 | 0.018 1.0 N 0
10| 0.10 | 0.15| 0.41 | 0.004 | 0015 | — | - | 0.30 e | s
d1loro] o8]0 |oo0s|0or7| - | = lest| | o4 ST
12] 010 014 ] 0.41 | 0.003 | 0.018 | e | ! 0.2 -5
13] 010 | 0.16 | 041 ] 0.004 | 0.021| — | - |052|V 008 | 0.5 34
14| 0.10| 0.15| 0.41 | 0.003 | 0.022 0.50 | Zr 0.06 0.4 s
15| 0.10 | 0.18 | 0.41 | 0.003 | 0.021 - | 052 | NbD.OS 0.4 -4
16| 0.10| 0.13 | 0.4 | 0.003 | 0.016 ! - - | Cad.0032 1.1 o
17| 010 0.15] 0.41 | 0.004 | 0.014 | - — | - [ G000 I —25
16| 0.08 | 0.20 | 0.43 | 0.016 | 0.005 ‘ 0.6 23
19| 0.06| G.10| 0.22 | 0.105 | 0.006 -] - 0.1 28
20| 0.08| 6.08 | 0.23 | 0.004 | 0.005 | - — | - ] As0.021 0.5 -2
21| 007 008 | 0.24 | 0.004| 0006 — | - | — | Sho.ols | 04 | 6
22| 0.08 0.09|0.25: 0.004: 0008 — | — | — | Sn0.020 0.3 BT
23| 0.08 | 010 0.23] 0004 | 0.007 | — | | - | Bioott | o0z 2
240,08 0.20 1 0.42| 0.016 ; 0.004 | - | — | rEMo0.008 0.2 —10
25| 0.10 | 010} 0.22] 0.010{ 0.004 [ 029 ~ | - 0 —2
26 | 0.08 o.mlo.zsio.mz 0.004 0.31 0.2 8

27| 000 0.12J0.2575__0‘.‘70-11_Ao._oos 0.30 ] 0.29 | — 0.1 no

26 011|912 0.24 ] 0.012 | 0.004 | 0.56 | 0.6 0 9
29| 0.10 | 0.08] 0.25] 0.010 | 0.005 | 0301 ~ | — | Sbo.o2 0 - 10
30| 0.10 0.20£0.42J0A014 0.004 0.z¥3'_‘d.'24 — | REM§.014 0 2

* Artificial sea water, 50°C, 50mm/min, 15ppm 0Oz, 90 days
++ Potential difference between the weld and matrix

FAEEALL T ENF LG LA b 212 £ oA, P, Al Nb, Y, As, Sn, Bi & & i iF
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Table 4 Chemical cum;m&;itiun and mechanical properties of KRW pipe :.pprlm(ns {160A)
Specimen L. - (hum(al (‘l)mpOblllOn "( “), - B Ieng]]e (95[7777 Flattening
No. - | T N fest
and JIS 2 3 » : ~ . - Y. 5. IJT"u jOIR ] ‘
C Si | Mn 3 S Cu Ni | REM Ckgimm?) | Ckgimm?) | (7 H<9d/3
A SGP 0.06 ¢33 10,016 | 0.018 -
R | sTPG 38| 0.12]0.17 | 0.44 | 0.610 | 0.004 | — 7.6 43.8 68.0 26.0
C | sTpG 38| 011 0.17 ; 0.45 4, 0.016 ) 0.G04 0.009 376 42.8 6G4.0 26.0
1] SGP 0.0510.08|0.29|0.013| 0.003 | 0.24 | 0.25 — 35.7 40.7 40.2 27.0
E bTP(, 38(0.12]0.17 | 043 00!5 0.003 | 0.22] 0.21 | 0.619 384 45.3 66.0 26.0
A, B: (ommertm] carbon steel pipe, C, D, E: low alloy steel pipe
Table 10 Depth of grooving of ERW pipe specimens (100A]) after corrosion tests
in various solutions {mm)
L Heat 0.001N | Tap River Artifictal | Peluted | 0.0IN NaOR 0.0IN Artiticial
Specimen el . | sea sea + Lopt | see
treatment HaSO4 | water™ | water | v | overt 1000ppm CI- NaQ water
Seam annealing | 0.50 0.50 0.50 0.45 0.32 .30 0.15 345
A C steel - : - - —
940°C > 20min 0.10 0.09 0.63 001 0.02 0.11 0 0.79
Seam annealing | 0.15 0 0.20 0. 50 0.15 0.10 0 1.30
B| Low 5 —_ : - — —
920°C X 10min i} 0 0 0 0 ] 0 0.15
Seam annealing; 0.10 0.28 0.20 [y 0 [ 0 1.08
C | Low S+ REM : . —_—
850°C ¥ 10min 0 ¢ i) 0 0 0 ¢ 0.85
DiLow S+Cut Ni Seam annealing | 0 0 [ 0 0 0 0 0.30
E| Low S+ Cu+Ni+ REM ! ‘Eeam annealing | 0 0 0 il 0 0 0 0.10
+ 40°C, 50m min, S5ppm Oz 90 days
<+ 50°C, 50m/min, 15ppm Oz, 90 days
L, LSHTHiEE»ELL, RS+REMRT [FR it I T LI Wl A O i B RSB AFAL o)
LEAGE A TR & B S iR B ST ER T, IR o, EMEHSET OGSO SHHRTINT
S+ Cu+Nitf, S+ Cu+Ni+REMA 2 nffs 57, fEATREETORIRL, #id 2O
L CEF N FRRE A AL 2, B T F 1 b B AL T 70y, BB 20 B3
F oM L AR Tl R TR (940°C Hoa—H—2 LA NE (L -1 3

® 20min), LS # (920°C X 10min), (LS + REM
# (870°C X 10min) AT T HL O BRI 350 T
FEIRAY ORE. 5 R N P A

Et e i i M AR T AR IR 2
ER L Pt Y EREOITALURALY H BV
HAECEID 3EHERE AT ah, HAEFTR
HaEfise T T b,
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