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The Effects‘ of Different Flow Rates on the High-Tempera-
ture Corrosion of Fe-Mo Binary Alloys in H,/H.O/H.S
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ABSTRACT

The effects of different flow rates on the high-temperature corrosion of Fe-Mo binary
alloys were studied in H,/H,O/H.S atmospheres. The scales formed on Fe-Mo alloys at the
higher flow rate (150 c.c./min.) were nearly identical to those at the slower flow rate (20
¢.c./min.), however, both the inner and outer scales were significantly thicker. The reaction
kinetics followed the parabolic rate law, regardless of different temperatures and flow rates.
The corrosion rates of the alloys measured at higher flow rate were much higher than those at
slower flow rate, and more pronounced effect occurred for the alloys with smaller Mo
additions at higher temperatures (= 800°C). Platinum markers were always located at the
interface between the inner and outer scales, indicating that the reaction mechanism to form
the duplex scale was the same at both flow rates.

Key words: flow rates, high-temperature corrosion, Fe-Mo alloys.
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Fig. 1 Collective plot of the temperature dependence
of the parabolic rate constant of oxidation and
sulfidation of some metals (Ps,=Po,=0.01
atm.).
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Table 1 Partial pressures of S, and O, in mixed gas.

Temp.(°C) P, S; (atm.) P, O; (atm.)
600 4.5%x107® 2.7 %1077
700 5.6x1077 29x107*
800 4.5%x10°° 8.9x10°2
900 2.5x10°° 1.0x 107"
980 8.1x10°° 2.6x107"

* The composition of the mixed gas is H,S (1.92
vol%), H; (13.40 vol%) and Ar (84.68 vol%). The
mixed gas passes through H;O at 0°C to obtain the
saturated vapor pressure (0.60259%). Also, the partial
pressure of H, is about 0.158 atm. in the temperature
range of 600-980°C.
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Table 2 Parabolic rate constants of Fe-Mo alloys at different flow rates.

(a) Flow rate: 150 c.c./min

Temp.(°C) 600 700 800 900 980

Pure-Fe 2.07x107* 9.92x 107 2.63x1077 5.42x 1077 1.12x10°*
Fe-10Mo -~ ———— 2.55%10°¢ 1.37x 1077 4.84%x 1077 1.03x10°°
Fe-20Mo ————-— 2.39x10°® 1.30x 1077 4.82x107 9.96x 1077
Fe-30Mo @ ————— 1.13x10°® 1.26x10°7 244 x 1077 8.57x 1077
Fe-40Mo ————-— 9.40x10°° 5.66x10°° 1.94x 1077 4.28x 1077

(b) Flow rate: 20 c.c./min

Temp.(°C) 600 700 800 900 980

Pure-Fe 6.78 x 10~° 3.85x 10°® 9.88x107¢ 1.5 x 1077 1.67x 1077
Fe-10Mo 8.97x10°° 1.41 x10°° 1.48%x10°° 2.73x10°¢ 3.82x10°®
Fe-20Mo 5.44x10°° 7.41x10°° 1.60x 107° 297x10°" 5.66x10°°
Fe-30Mo 5.62x10°° 1.09x10°* 1.58x10°* 2.37x10°® 3.39x10°°
Fe-40Mo 5.84x10°° 1.22x10° 1.47x107° 2.57x10°° 4.19x10°°

* Unit of parabolic rate constants: gm?/cm?/sec.
The compositions of alloys are by weight percent.
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Fig. 2 Parabolic plots of Fe-Mo alloys (150 c.c./min. flow rate).
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Fig. 3 The composition dependence of the reaction kinetics of Fe-Mo alloys at different temperatures in two

environments, (a) 700°C, (b) 800°C, (c)900°C.
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Fig. 4 Temperature dependence of the reaction kine-
tics of Fe-Mo alloys (150 c.c./min. flow rate)..
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Fig. 5 (a) SEM micrograph of scale formed on Fe-40
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700°C for 4 hr.
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