REB, The Course
Class 2, Activity 2 Solution

The charge to a reactor consisted of 66 mol H2 and 34 mol CO. Reactions (1)
through (6) occurred, after which 40% of the CO had been converted. The final ratio of
H2 to CO was 1.5, and the selectivity for methanol over carbon dioxide was 8.3.

Calculate the final molar amount of each reagent in the system.

CO +2H, 2 CH,0OH (1)
CO, + 3H, 5 CH,0H + H,0 2)
CO + H,0 s CO, + H, (3)
CO +3H, s CH,+ H)O (4)
CO,+4H, s CH, + 2H,0 (5)
CH, + H,0 s CH;0H + H, (6)

Generate a complete, independent subset of the reactions starting with the transpose of

the stoichiometric coefficient matrix.

(-1 =21 0 0 0
0 =31 -1 1 0
r -1 1 0 1 -1 0
IT121 230 0 11 )
0 -4 0 -1 2 1
0 1 1 0 -1 -1

The rank of 17 is 3, so only three reactions are independent. The rank of a working
matrix, Wl, that contains only the first two rows Ofl/T, equation (8) is 2, so the first two

reactions are independent.

-1 =21 0 00
— 8
Wi 0 =31 =110 ®)



The rank of a working matrix, Wz, that contains only the first three rows Ofl/T, equation

(9) is also 2, so the third reaction is not independent.

-1 -21 0 0 0
W,=]0 -3 1 -1 1 0 9)
11 0 1 =10

The rank of a working matrix, W3, that contains only the first, second, and fourth rows of

vl equation (10) is 3, so reactions (1), (2), and (4) form a complete, independent
subset of the reactions.
-1 -2 1 0 00

W=|0 -3 1 -110 (10)
1 =30 0 1 1

Use the given information to calculate the apparent extents of reaction.

Given: ny, ( = 66 mol, ncg o = 34 mol, fep = 0.4, Xy 00 = 1.5, and Sey,onico, = 8-3

Express the given information in terms of the apparent extents of reaction:

_Ncopo—Nco _ Ncoo ™ (”co,o =& - 54)

Jeo= =
nco,o nco,o
6 té
co = (11)
nco,o
ny,
XHy1c0 =
co
= (12)
Newor  Neroro T 61+ 6
Scrsonico, = = _¢
nco, nco,0 — <2
&+ &
ScH,0HICO, = (13)

-&



Solve equations (11) - (13) to get &; = 4.08 mol, &, =-0.44 mol, and &; = 9.52 mol.

Use the apparent extents of reaction to calculate the quantities of interest
Neo = Neoo — & — &4 =20.4 mol
Ny, = Ny, o — 28, —3& —3&,=30.6 mol
Nemon = Nemyono + 61 + & = 3.64 mol
Neo, = Nep, o — &2 = 0.44 mol
N0 = Ny + & + &4 =9.08 mol

Nep, = Nep,o + 64 = 9.52 mol



