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2.6 MATERIAL BALANCE—CHEMICAL REACTION, RECYCLE STREAM, AND PURGE
STREAM INVOLVED

Inthe Procedure 2.5 for prociucing ammonia, the amount of ai fed i set by the stoichiomeric rato of
hydrogen to nitrogen for the ammonia feed siream. In addition to itrogen and oxygen, the ai contains
inert gases, principally argon, that gradually build up n the recycle stream unti th process i affected
adversely. It has been determined that the concentration of argon in the reactor must be no greater
than 4 mol argon per 100 mol hydrogen-ritrogen mixture. Using the capacites given in the preceding
example, calculate the amount of the recycle stream that must be vented to e the concentration
requirement. The fresh feed contains 031 mol argon per 100 mol hycdrogen-nitrogen mixture. Also
calculate the amount of ammonia produced

Calculation Procedure

1. Select the basis for calculation and sketch the system, showing the available data and indicating
the unknowns.

For case of comparison with the preceding exarmpl, lt the bass be 100.31 kg - mol/h total fresh fecd,
consisting of 100 mol (H, + N.) and 0.31 mol argon (A). Let x equal the moles of NH, produced per
o, y the moles of H, + N; recycled per hour, w the moles of A recycled per hour, and z the moles of
H, + N, purged per hour. The sketch s Fig. 2.4
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FIGURE 2.4 Material balance for ammonia plant with purge stream (Procedure 26).

2. Calculate the amount of recycle stream that must be vented.
As noted in the preceding example, the conversion per pass through the reactor is 20 percent.
Therefore, for every 100 mol (H, + N,) entering the heater-reactor-condenser train, 20 mol will react
to form ammonia and 80 mol will leave the condenser to be recycled or purged. All the argon will
leave with this recycle-and-purge stream. Since the maximum allowable argon level in the reactor
input is 4 mol argon per 100 mol (H, + N, there will be 4 mol argon per 80 mol (H, + N in the
recycle-and-purge stream.

‘Under steady-state operating conditions, the argon purged must equal the argon entering in the fresh
feed. The moles of argon in the purge (4/80)z = 0.05z. Therefore, 0.05z = 0.31, 50z = 6.2 mol/h (H, +
N purged. The total purge stream consists of 6.2 mol/h (H, + N,) plus 031 mol/h argon.

3. Calculate the amount of H, + N; recycled
The moles of H, + N; in the feed to the reactor is 100 mal fresh feed plus y mol recycle. OF this, 80
percent s to be cither purged or recycled; that is, 0.80(100 +y) =y +2 =y + 6.2. Therefore y = 369
mol/h (H, + N, recycled.

‘Although not needed for the solution of this problem, the amount of argon in the recycle can be
calculated as a matter of interest. Total argon enteing the reactor s 0.31 + w mol; then, according to
the argon limitation stipulated, 0.31 + w = 0.04(100 + 369), 50 w = 18.45 mol/h.

4. Calculate the amount of ammonia produced.
OF the 100 +y mol (H, + N;) (in the stoichiometric 3:1 ratio) entering the reactor, 20 percent is
‘converted to ammonia. The reaction is N, + 3H, — 2NH, so 4 mol reactants yields 2 mol ammonia.
‘Therefore, total ammonia production is 0.20(100 + y)(2/4) = 0.20(100 + 369)(2/4) = 46.9 mol/h.

5. Check the results.
It is convenient to check by making an overall mass balance. The input per hour consists of 100 mol
(H, +N,) ina 3:1 ratio plus 0.31 mol A; that i, (75 mol H,)(2 kg/mol) + (25 mol N,)(28 kg/mol) +
(0.31 mol A)(40 kg/mol) = 862.4 kg. The output per hour consists of 46.9 mol ammonia plus a vent-
stream mixture of 6.2 mol (H, + N,) (in a 3:1 ratio) and 0.31 mol A; that is, (469 mol NH,) (17
kg/mol) + (34)06.2 mol (H, + N)I(2 kg Hy/mol) + (1/4)(6.2)(28 kg Nymol) + (0.31 mol A) (40
kg/mol) = 862.4 kg,

“There is no accumulation in the system, so input should equal output. Since 862.4 kg = 862.4 kg, the
results are thus checked.




