











US 9,926,408 B2

for purposes of this invention, the residence time and the Examples 18-20 and Comparative Examples B & C
temperatures of the zones are indexed against the only
extruder used in these Examples, stated above, meaning that To demonstrate the utility of the imide oligomer being
such person having ordinary in the art can alter time and able to make fibrous composites, using both carbon fiber and
temperature settings for extruders of other sizes, desired 5 carbon nanofiber, and with the former, using an in-situ
other molecular weights, or both, without departing from the polymerization process. Tables 5 and 6 show the formula-
scope of the present invention. tions, extruder conditions, and test results.
TABLE 5
Example
18 19 20 B C
Mole ratio of 3,4'-ODA:a-BPDA:End- 1:0.5:1.0 1:0.5:1.0 1:0.5:1.0 1:0.5:1.0 1:0.5:1.0
cap
Monomers
3,4"-0DA, wt % 41.68 37.51 37.51 33.34
a-BPDA, wt % 33.62 30.26 30.26 26.90
4-PEPA, wt % 24.70 22.23 22.23 19.76
Chopped Carbon Fiber, Fortafil 201CF, 10 10
from Fortafil Fibers, Inc., wt %
Carbon Nanofiber, Pyrograf III carbon 10 20

nanofiber, LHT Grade PR-24-XT-LHT
from Applied Sciences

Example 18, wt % 90

Extruder Prism 16 millimeter Twin Screw Extruder (L/D = 40)
Order of Addition All ingredients added at throat

Temperature at different zone, ° C.

Zone 1 n/a na n/a na n/a
Zone 2 100 100 100 100 100
Zone 3 210 210 210 210 210
Zone 4 210 210 210 210 210
Zone 5 210 210 210 210 210
Zone 6 210 210 210 210 210
Zone 7 210 210 210 210 210
Zone & (vacuum port) 210 210 210 210 210
Zone 9 210 210 210 210 210
Die 210 210 210 210 210
Screw 1pm 150 150 150~200 150 150
Observation at Die molten black molten  black molten not successful

material  material with  material with
higher torque  higher torque
than Example than Example

18 19

Tg of uncured resin measured by DSC, 138.6 138.3 142.2 not tested not tested

° C. (20 to 250° C.)

Tg of the cured resin by DSC 3343 3343 3373 not tested not tested

TABLE 6
Example
21 22 23 24 25 26
Mole ratio of 3,4-ODA:a- 1:0.5:1.0 1:0.5:1.0 1:0.5:1.0 1:0.5:1.0 1:0.5:1.0 1:0.5:1.0
BPDA:End-cap
Monomers
3,4-ODA, wt % 41.68
a-BPDA, wt % 33.62
4-PEPA, wt % 24.70
Chopped Carbon Fiber, Fortafil 50
201CF, from Fortafil Fibers,
Inc., wt %
Carbon Nanofiber, Pyrograf IIT 5 10 20 50
carbon nanofiber, LHT Grade
PR-24-XT-LHT from Applied
Sciences, wt %
Example 21, wt % 95 90 80 50 50
Extruder Prism 16 millimeter Twin Screw Extruder
(L/D = 40)

Order of Addition All ingredients added at throat
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