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Research on mechanism of fly ash composite active agent
for penetration increasing of A-TIG welding
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(1. Schoolof Materials Science and Engineering, Liaoning Technical University, Fuxin 123000, China;
2. Schoolof Metallurgy Engineering, Liaoning Institute of Science and Technology, Benxi 117300, China)

Abstract: In order to realize the utilization of the residual value of industrial waste fly ash, an attempt was
made to prepare a welded composite active agent using fly ash as main raw material, and A-TIG welding was
performed on AZ91 magnesium alloy plate. The effects of active agents on arcs were studied by means of real-
time welding of weld electrical properties, welding temperature field acquisition, and arc force testing. The
influence of the active agent on the surface tension temperature gradient was investigated by molten pool Bi
particle tracing experiment. Results show that compared with conventional TIG welding, the fly ash composite
active agent could increase the welding penetration by 1.4 times, the melt width was reduced, and the depth
to width ratio was 1. 43 times that of conventional TIG welding. The dissociation and ionization endothermic
process of fluoride in fly ash composite active agent, as well as the electron diffusion and compounding process
of charged particles could promote arc shrinkage, increase welding voltage, and increase heat input. The oxide
in the active agent could force the arc to shrink by mechanical compression, change the coefficient of the
liquid metal surface tension temperature gradient via the oxygen element generated by ionization, and improve
the heat input of the molten pool center. The increase in the penetration depth of A-TIG welding for AZ91
magnesium alloy was the result of the combination of arc shrinkage theory and surface tension temperature
gradient change theory.
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ALO, + 6HF = 2AIF, + 3H,0 (1)
Si0, + 4HF = SiF, 1 +2H,0 (2)
CaO +2HF = CaF, + H,0 (3)
CaF, + AlF, = CaAlF, (4)
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Table 1 High aluminum fly ash composition (wt. % )

ALO, Si0, MgO Na,0

Fe,0, K,0 P, 0, TiO,

48.500 35.400 0. 640 0.220

5.040 1.910 0.450 0.100 1.760

1.2 Wk AZESRE

R Fil DM200 74 30 B S 4R 10 SRl e A T 1
31 DX T T 44 70 DX T A Yt O 25 ) B o IR
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GBI ERE G RERIERE, A1 ~5
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TR .0,1.2.4.5 MEES 3 SEBKKR
3.1.2 #14 mm,
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mr:

4, =4, - A (5)
tang = A,/L (6)
tana = A,/L, (7)
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Fio=A -k (8)
RSN F,, T RAL R
Ficosa * L, = Fcosa * L, (9)
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Fig. 1 Schematic diagram of electric arc force measuring

device
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Fig. 2 Schematic diagram of open slot test specimen
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Table 2 Weld sizes of different fly ash composite active agents

AR

f&/mm f& 5 /mm ¥ ilen
(mg + mm"2)

0 1.69 6.96 0.243
0.10 1.69 5.61 0.301
0.15 2.03 6.41 0.317
0.20 2.36 6.75 0.349
0.25 3.26 8.10 0.402
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Fig.3 Section morphology of weld joint (a) without active

agent (b) with active agent
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Fig.4 Real-time change diagram of welding current and voltage
(@) influence of active agent on welding current (b)

influence of active agent on welding voltage
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Fig. 5 Weld temperature thermal circulation curves: (a)
without active agent (b) local amplification diagram
of Fig. (a)
(d) local amplification diagram of Fig. (c)

(c) addition of fly ash active agent
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Table 3 Test results of comprehensive action force of weld-
ing arc
S¥ Aj/inm  A2/mm /mm i/mm F/mN
Kiprs 10.00 26.00 16.00 1.17 9.70

bt 10.00 46.00 36.00 2.64 21.80
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Fig. 6 Surface scanning results of specimens with or without active agent: (&)~ (d) surface scanning images of positions 1 ~4

with active agent addition (e)— (h) surface scanning images of positions 1 ~4 with no active agent
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Table 4 Face scanning data for Bi particles in molten pool

with or without active agent

Fin 1 2 3 4
Y] 3.97% 2,42% 2.85% 4.64%
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Table 5 Ionization energy of different elements at normal
temperature and pressure (kJ + mol™")
TR F—mEBE, F_mEBE,

Mg 737.70 1 450.70

Al 577.50 1 816.70

Si 786.50 1577.10

Ar 1 520.60 2 665.80

F 1 681.00 3374.20

Ca 589.80 1145.40

0 1313.95 3 388.30
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