Homework - Chapter 8
[image: image1.jpg]1. Compare the carbonylation of dinitrotoluene and the amine-phosgene routes for the
production of toluene diisocyanate (TDI) using a Tier 1 economic and environmen-
tal performance evaluation. The amine-phosgene route involves the reaction of
phosgene with toluenediamine in a chlorobenzene solvent. The carbonylation route
has been demonstrated in laboratories, but is not presently a commercial technology.
Data from the patent literature (see the Green Chemistry Expert System, Appen-
dix F) indicate that the reaction of 2,4 dinitrotoluene with carbon monoxide occurs
over a mixed oxide catalyst. Conversion approaches 100% with selectivity to the de-
sired product ranging from 70-99%. Laboratory data indicate that the reaction can
be performed in a chlorobenzene and pyridine solvent. Approximate stoichiometric
data, based on the patent data, are given in the table below.

Amine-phosgene route:
C¢H;(CH;)(NH,), + 2 COCl, — CH;(CH;)(—N=C=0), + 4 HCI
Carbonylation of dinitrotoluene:

C4Hy(CH;)(NO,), + 6 CO — C¢H,(CH;)(~N=C=0), + 4 CO,

Pounds produced

or pounds of Overall

raw material inhalation  Overall oral

required per Cost PEL toxicity toxicity

Compound pound of TDI*  ($/Ib)** (mg/m®) factor factor

Amine-phosgene route
toluene diamine —0.76 0.576 0.1 (est.) NA NA
chlorobenzene —0.01 0.550 350 100 100
hydrochloric acid 0.4 (est.) 0.027 7 100 100
phosgene -1.26 0.610 0.4 NA NA
TDI 1.00 1.340 0.14 100,000 100
Carbonylation route
dinitrotoluene 1.04 (est.) 0.365 1.5 1,000 1,000
carbon monoxide 1.0 (est.) 0.040 55 NA NA
TDI 1.00 1.340 0.14 100,000 100
carbon dioxide 1.0 (est.) 9000 NA NA

*A negative stoichiometric index indicates that a material is consumed; a positive index indicates
that it is produced in the reaction.
**Chang, 1996




