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Production of alloying Bonded Flux and study of Weld Metal properties
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ARTICLE INFORMATION ABSTRACT

In submerged-arc welding, flux is produced through bonding so that alloying element can be added to
Weld Metal. In this method, mineral ingredients and alloying elements are milled and mixed with glue
in appropriate proportions. Once the drying of the pellets is complete in air, they are baked at 350
degree centigrade and broken up by using a sieve to attain the desired particle size (0.3-1 mm). The
various content of Cr, Mo and Cr-Mo was added to bonded flux. Addition of alloying elements was
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Keywords: . X . .
Sumerged Arc Welding done through flux and slag-weld metal reactions. Mechanical properties were studied by means of
Bonded Flux Longitudinal Tensile, Hardness and Charpy V-notch tests. Microstructure was studied by means of

Acicular Ferrite
Alloying elements
Inclusion

Optical and Scanning Electron Microscope. The addition of 0.4 wt. % Mo increased the volume fraction
of Acicular Ferrite (AF) to 87%. The Ultimate Tensile Strength (UTS) increased by 20% and Impact
Toughness (IT) decreased by 25%. Cr affected AF content less than Mo. The addition of 0.4 wt. % Cr
increased the volume fraction of AF to 57%. The UTS almost did not change and IT decreased by 35%.
Further increase in Cr content led to increase of Ferrite with Second Alloyed phase that strongly
impaired IT (60%). The highest proportion of AF (95%) obtained in 0.28 wt. %Cr and 0.35 wt. % Mo.
In this specimen UTS increased by 20% (100 Mpa) and Impact Toughness was decreased by 15% (20
J).
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Fig. 1 Weld metal cooling curve and phase transformations that may
occur as weld metal cools to room temperature
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Table 1 Chemical composition (wt. %) of the base metal and filler
metal

Cc Si Mn Cr Mo Fe oYgh g8
0.23 0.5 0.9 0.2 - ouile il St37
0.1 0.1 1 - ouile g3l Sz

(AMA OP139) g2 ;09 ((S)9 2oyd) (plond oS 52 Jgo
Table 2 Chemical composition (wt. %) of flux (AMA OP139)

SIOZ + TIOZ CaO + MgO A|203 +MnO CaF, M_S))

20 25 35 15

D R

ST rolie J35) (9 20,9 (plowd oS 53 Jgumr
Table 3 Chemical composition (wt. %) of alloying element powders

C Mo Cr o8
029 - 75 £3,555%
01 45 - Odeedgag 8

4 Atomic Adsorption Spectroscopy
5 Optical microscope (Olympus BX51M)
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Fig. 3 Dimensions for Longitudinal Tensile Strength test (ASTM E8M)
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Table 4 Chemical composition (wt. %) of weld metals

C Si Mn Cr Mo Fe

ez ol
009 026 115 005 -  .uls,  AS
009 026 11 005 - .l il BS
009 026 113 - 04 .l BS4Mo
009 025 105 - 07 .l s, BS7Mo
009 024 11 04 - ealgl,  BSACK
0.09 0.23 1.08 15 - oila 8L BS15Cr

0.09 0.25 1.05 0.2 0.2
0.09 0.24 1.07 028 0.35
0.09 0.24 1.06 045 0.61

ol 3L BS22
oile g3l BS33
ol 3L BS46
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1 Scanning Electronic microscope (TESCAN MIRA 3)
2 Sub size

8 Grain boundary ferrite (GBF)

4 Polygonal ferrite (PF)

5 Widmanestatten ferrite (FS)

8 Acicular ferrite (AF)
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Fig. 5 Microstructures of Base metal St37, HAZ, weld metal welded by Agglomerated flux (AS) and weld metal welded by Bonded flux (BS)

(BS) ool ouilonzr gz ;39 b 0ol (5,5 9> (o o 5 (AS) o0 0y00lST gz ;39 b oadd (5,15 o> (o= 18 HAZ ST ayly 53 JLislasy ) 5 S

Fig. 6 Microstructures of the weld metals with 0.4 wt. % Molybdenum (BS4Mo), 0.7 wt. % Molybdenum (BS7Mo), .04 wt. % chromium (BS4Cr)

and 1.5 wt. % Chromium (BS15Cr) contents
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Fig. 7 Microstructures of the weld metals with 0.2 wt. % Chromium and 0.2 wt. % Molybdenum (BS22), 0.28 wt. % Chromium and 0.35 wt. %
Molybdenum (BS33) and 0.45 wt. % Chromium and 0.61 wt. % Molybdenum (BS46) contents
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Table 6 ESD analyses (wt. %) results of BS33 inclusion

(0] Al Si Mn Cr Fe Mo ooz el

9.23 1221 1031 1131 0.28 53.64 3.02 BS33
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Table 7 Impact toughness results of weld metals in room temperature

apo g5l S obojlasye sl ploil s 15 s g5
(J) (HV) J,Ja (MPa) (MPa)
144 145 24.7 550 390 AS
146 150 24.8 520 357 BS
107 184 20.4 640 514 BS4Mo
105 211 175 826 668 BS7Mo
93 155 26 554 383 BS4Cr
60 200 11.2 882 669 BS15Cr
115 155 25.7 598 456 BS22
113 163 20.5 625 488 BS33
98 165 21 690 555 BS46
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Table 5 Quantitative microstructural analysis of Weld metals with
different content of alloying elements
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and Bonded Flux without addition of alloying elements

9 0 0aglS1 B9z 539 L osd (65 Ghgx Shex S GRS Jloges 9SS
ST polis 3538l (g o0 oailwr

0oroolST Agzr p35 b oad )5 sx ez 5B elst plp aibes B,
ol odelawsdy oo

Oeimen Wedige Vb spdy e GIBl el pacdse (g8l
b [11] s sll ez B 0 (Kejiz 5 oSl 5 255 oS5
JeSs oy plSonil gz B andse Gl L "0 S aa g
0.4 (o538 ool ail (il Culin s 3o Susd sl sl Jslowe
4 Coms plSounl ol el (BSAMO) (oo 38 4 audae ao)o
Sezg Judoas cpl cwl aile i jrals iy dlhasil 5 onls 4l >
Iy G rdulasl § sllociul a5 cul Jlislog ) 1o Siew o y® YL asyo
x4 pandse s 0.7 ol U8l sl plojen ©jgon
5 gl B Lo @ Jas 5 falS Gism ol s)lade (BSTMO)
S oo o ielS (6 pdyiilas] T 510 a5 sas colin

5 il el i 38 5 038 aal3El LML S8 s 4z
ORI L el il alS S YL polie )5 ppatar s pdy sl
Gredz Gl 5w 5 plSoiul (BS1ISCK) p5,S Sj5 Sy 15

01 o less 18 0951397 ORIV e Sule Swiie



AT 95 O yuel 9 (1) pae Jexe (Mo

O Uhen 318 olgs w0 9 il ) & SIWT Ghga 39y ile

180
160
140

12

]

rgy

5 100
80
60
40

Impact en

I~
Ll

O 1 1 1
0.4 0.6 0.8

(=]
e
(]

Increase Mo
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room temperature
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Fig. 10 Effects of Mo addition on Stress-Strain diagrams of weld
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Fig. 11 Effects of Cr addition on Stress-Strain diagrams of weld metals

OF GRS Jloges 53, sz 3 4 pa S o938 3l 11 JSb

ey
(=]
(=]

Stress (MPa)

300

200

100

O I I I I 1 I I I I 1 I I I I 1
0 7 14 21 28

Fig. 12 Effects of Cr and Mo addition together on Stress-Strain
diagrams of weld metals

SORS loged 59, ez S 4 adse 5 peS plegen (o938l Sl 12 S

ol o855

565 £S5 mo e oLt |y S 0938l byl (g5l i "14 JS8"
po,5 029l b sk 5l 18] sptie S5 s pdygits IRl el
o pgyS Gl Jdo (rren a4 cl a2l (S5 (P (Sigm 0
@yo 551 50 Wb el Sl (Fg 2oy 0.4 51 VL egasar e

404



AT 95 O yuel 9 (1) pae Jexe (Mo

O Uhen 318 olgs w0 9 il ) & SIWT Ghga 39y ile

Widgas pal 1) g

&ip-6
[1] A. Kokabi, M. Mahmoodghaznavi, Welding Technology, pp. 108-160,
Tehran: Publishing institute of Sharif university, 2005. (in Persian _..,1s)

[2] P. T. Houldcroft, ed, Submerged-arc Welding, pp. 9-18, Cambridge:
Woodhead publishing, 1989.

[3] W. De Long, H. Heverly, E. Szumachowski, Bonded Arc Welding Flux and
Liquid Binding Agent Therefor, U. S. Patent No. 3,769,099, 1973.

[4] M. Tokuhisa, Y. Hirai, Basic Bonded Fluxes for Submerged Arc Welding
Having an Excellent Removability of Slag at a Narrow Groove, U. S. Patent
No. 4,436, 562, 1984.

[5] G. Thewlis, Classification and quantification of microstructures in
steels, Materials Science and Technology, Vol. 20, No. 2, pp. 143-160, 2004.

[6] M. Fattahi, N. Nabhani, M. Hosseini, N. Arabian, et al, Effect of Ti-
containing inclusions on the nucleation of acicular ferrite and mechanical
properties of multipass weld metals, Micron, Vol. 45, No. 1, pp. 107-114,
2013.

[7] B. HKDH, Mechanism of the transition from bainite to acicular
ferrite, Materials Transactions, JIM, Vol. 32, No. 8, pp. 679-688, 1991.

[8] S. S. Babu, The mechanism of acicular ferrite in weld deposits, Current
Opinion in Solid state and Materials Science, Vol. 8, No. 3, pp. 267-278,
2004.

[9]1 H. Mabuchi, R. Uemori, M. Fujioka, The role of Mn depletion in intra-
granular ferrite transformation in the heat affected zone of welded joints with
large heat input in structural steels, I1SIJ International, Vol. 36, No. 11, pp.
1406-1412, 1996.

[10] T. K. Lee, K. HJ, Effect of inclusion size on the nucleation of acicular ferrite
in welds, ISIJ International, Vol. 40, No. 12, pp. 1260-1268, 2000.

[11] R. J. Davis, ed, Alloying: Understanding the Basics, pp. 123-132, Ohio:
ASM international, 2001.

[12] M. Khazaee, A. Kokabi, effect of alloying addition on mechanical properties
and microstructure of weld metal of St12 steel welded with self-shielded
flux-cored arc welding, The 13th Scientific Student Conference On
Metallurgical and Materials Engineering, Amirkabir university of
technology, Tehran, Iran, 2016. (in Persian .. s

[13] S. D. Bhole, J. B. Nemade, L. Collins, C. Lui, Effect of nickel and
molybdenum additions on weld metal toughness in a submerged arc welded
HSLA line-pipe steel, Journal of Materials Processing Technology, Vol. 173,
No. 1, pp. 92-100, 2006.

[14] K. Junhua, et al, Influence of Mo content on microstructure and mechanical
properties of high strength pipeline steel, Materials & Design, Vol. 25, No. 8,
pp. 723-728, 2004.

[15] J. C. F. Jorge, L. F. G. Souza, J. M. A. Rebello, The effect of chromium on
the  microstructure/toughness relationship of C-Mn weld metal
deposits, Materials Characterization, Vol. 47, No. 3, pp. 195-205, 2001.

[16] W. W. Bose-Filho, A. L. M. Carvalho, M. Strangwood, Effects of alloying
elements on the microstructure and inclusion formation in HSLA multipass
welds, Materials Characterization, Vol. 58, No. 1, pp. 29-39, 2007.

[17] X. W. Chen, et al, Effects of Mo, Cr and Nb on microstructure and
mechanical properties of heat affected zone for Nb-bearing X80 pipeline
steels, Materials & Design, Vol. 53, pp. 888-901, 2014.

[18] I. Datta, M. Parekh, Filler metal flux basicity determination using the optical
basicity index, Welding Journal, VVol. 68, No. 2, pp. 68-74, 1989.

[19] P. Krauklis, F. J. Barbaro, K. E. Easterling, Pro International Conference
Martensitic Transformations, Monterey Institute for Advanced Studies,
Monterey, pp. 439, 1992.

[20] B. Singh, Z. A. Khan, A. N. Siddiquee, Review on effect of flux composition
on its behavior and bead geometry in submerged arc welding
(SAW), Journal of Mechanical Engineering Research, Vol.5, No. 7, pp.
123-127, 2013.

[21] L. F. G de Souza, et al, Microstructural analysis of a single pass 2.25% Cr—
1.0% Mo steel weld metal with different manganese contents, Materials
Characterization, Vol. 55, No. 1, pp. 19-27, 2005.

[22] D. L. Olson, et al, Nature and Behavior of fluxes used for Welding, ASM
International, ASM Handbook, Vol. 6, pp. 55-63, 1993.

405

170
[ 116
150 |
8 E
5 110 [ 98
3 o
R
70
30 C L L L
BS BS22 BS33 BS46
Increase of Cr and Mo

Fig. 15 Effects Cr of Mo addition together on Impact toughness of
Weld metal in room temperature

e 35 ez 518 o (551 535 dealsn 5 03, Slaren (998 3l 15 JSUs
kﬂ;ﬂﬁ

s g Sad ol e il polis Sl eslind 9oy 2
b onl 5o Goez 0 vz s glalT 1) s pad LA hex
Wl (g a0 B Sl 59, (Sl i

il ganST la BT pandse (oo 4 e 05331 L 3
3905 503 04 35381 355 on g b 30l ialsil sl 5 il
meo 4y S5 Gao,ys 22 sgan yuals g nsS plSiul sas s 60
D¢l

S AeS (Gigm Sap IS 59y Sher M 4 pgS (0938l 5L 4
BKis Gigm Cuyd o,0 57 w0y 0.4 L pg,S iali8l L cwl audse
35 sgax 4,0 (655 (I 00,50 60k i plSouiul Cll> ol j8 040 oo
gl B L cud ook weyd e i MIBITL b oo Rl o)
b oo salS 0o 0 60 Sga 455 (550 g oo JSis

Soyd BSas Sl isr B a (ande 5 psyS Olesee 099381 5
0.35 ;99381 b 09 g0 polie (nl (S5 (98] & Sl (G920 )8 VL
95 290> U (Sigm Cajd che> S g8 0y0 0.28 5 Handse wo)s
100) woyo 20 sgax plSouul b () jo S oo oy Gul8l sy
boe 28l (g5 20) 9o yd 15 390> a8 (655l 5 Gl (JSwbiRe
wyo 5l 9 0abfeSas gl B L o aie 5o Gal i Gl L

S 9 g -5
S s 5 oSS gy Cislee ) wld S5 5 b b
crl el (sl 5l salsl Slge oS (owmy it T 5 Lol (sinio

01 o less 18 0951397 ORIV e Sule Swiie



