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Investigation of Partial Pressure Distribution of Undecomposed NH, in Carbonitiriding Atmosphere
Chikara OHK1

Synopsis : We have beeen investigating the nitrogen penetration mechanism of high carbon chromium bearing steel JIS-SUJ2 (SAE52100 equivalent) in

the carbonitriding process. Our previous research results exhibited that partial H, pressures and residual NH,, and carbon activity in an ambi-

ent furnace atmosphere were the rate-detemining factors of nitrogen penetration. In this study, an atmospheric imbalance of partial NH, pres-

sure was experimentally analyzed. In addition, distribution map of the partial NH, pressure was calculated by CFD analysis in which the de-

composition reaction rate was take into account. The extrapolated data obtained from CFD analysis corresponds well with the experimental

data. Hence, we believe that the CFD analysis is effective in order to control carbonitriding quality and to devise heat treatment furnace struc-

tures.
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Fig. 1. Measured results of undecomposed NH,; by Gas
Chromatography (GC) and the Non Dispersive In-
frared Red analyzer method (NDIR).
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Fig. 2. Undecomposed NHj; partial pressure as a function
of time.
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Fig. 3. Logarithm of undecomposed NH, partial pressure

as a function of time.
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Fig. 4. Inverse of undecomposed NH; partial pressure as a
function of time.
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Fig. 5. Relationship between H, partial pressure and Reac-
tion velocity constant.
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AN s / 0.45 300
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Table 1. Experimental conditions to examine atmosphere
imbalance (batch-type furnace).

1)Measured values at 273K and 1 atm
2)Distance from upper inwall

Table 2. Experimental conditions to examine atmosphere
imbalance (continuous furnace).

Experimental | Inflow rate of | Inflow rate of R gas (m3/h)?
Number NH;s (m3h)? 1st zone 2nd zone

3 1.5 10 9

4 0.4 10 9

¢ 500

Middle extracting position of atmosphere gases

Y

s

Fig. 6. Schematic drawing of batch type heat treatment
furnace.

1)Measured values at 298K and 1 atm

Table 3. Measured results of partial pressures of atmos-
pheric gases (batch-type furnace).

Experimental Extracting position Partial pressure?
pNumber of the atmospheric Undecomposed Holatm)
gases (mm)? NH; (X 10 3atm) 2a

50 2.30 0.343

1 2.00 0.344

300 1.89 0.342

1.05 0.310

9 50 0.84 0.312

300 0.63 0.317

0.63 0.323

1)Distance from upper inwall
2)Measured values at 298K and 1 atm

Partition between zones \

<—R gas

s Bnriched gas

-«

Conveyor b

. Extracting position of atmospheric gases

Fig. 7. Schematic drawing of continuous furnace.
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Table 4. Measured results of undecomposed NH, partial
pressure (continuous furnace).

Partial pressure of

Experimental Extracting position undecomposed NH:
Number of atmospheric gases (x 1Ogatm)1) ’
2nd zone 2.31
3 3rd zone 2.00
2nd zone 2.63
3rd zone 2.10
2nd zone 0.74
3rd zone 0.74
4 2nd zone 0.84
3rd zone 0.74
2nd zone 0.84
3rd zone 0.74

1Measured values at 298K and 1 atm
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Table 5. Boundary conditions for computational fluid dy-
namics analyses.

Boundary

Analytic model condition No. Contents
1 Volume inflow : 11.5L/min?
2 Spiral stream : 1680rpm
B?&jﬁgge 3 Natural outflow
Others Flow speed of wall surface : Om/s
Turbulent model : Standard k- ¢
4 Forced outflow : 2m%/h?
5 Volume inflow ® 4.5m3/h?
6 Spiral stream : 300rpm
Continuous 7 Volume inflow : 4.5m3h?
furnace 8 Volume inflow : 10m%h?
9 Natural outflow
Others Flow speed of wall surface : Om/s
Turbulent model : Standard k- ¢

1)Values at 298K and 1 atm

Boundary condition 3 Boundary condition 2

ndition 1
0

Fig. 8. CFD analysis model of batch type heat treatment
furnace.
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Fig. 9. CFD analysis model of continuous furnace.
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Fig. 10. Undecomposed NH, Distribution (Experimental No. 1).
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Fig. 11. Undecomposed NH, Distribution (Experimental No. 2).
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Fig. 12. Undecomposed NH, distribution (Experimental
No. 3).
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Fig. 13. Undecomposed NH, distribution (Experimental
No. 4).
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Table 6. Comparison of experimental and calculation re-

sults.
. Partial pressure of
Extrgc_tmg undecomposed NHz
The type of | Experimental p(:)sflgf: (X107 3atm)
furnace No. atmospheric Average Calculation
gases measured value
value
50 2.30 2.30
300 2.00 2.10
Batch type 1 Specimen
furnace setting - 1.95
_position?
9 50 0.95 0.95
300 0.63 0.80
3 2nd zone 2.47 2.40
Continuous 3rd zone 2.00 2.00
furnace 4 2nd zone 0.81 0.80
3rd zone 0.74 0.70

1See ref. 2)
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