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Abstract: A series of carbon fiber ( CF) /polyether polyurethane ( PU) composites were prepared by in situ polymerization and a
casting compression molding technique. The influence of CF content and its pretreatment with a coupling agent and oxidation by
65% -68% ( mass fraction) nitric acid on the mechanical performance thermal properties and morphology of the composites was in—
vestigated by TGA  SEM and mechanical tests. Results showed that coupling agents improve the mechanical performance of the CF/
PU composites especially for silane coupling agents KH5501 KH602 and the titanate coupling agent TCA-K44. Nitric acid oxida—
tion also improved the mechanical performance and thermal stability of the composites. The adhesion between PU and nitric acid-ox—
idized CFs was better than that between PU and fibers treated with silane coupling agents.
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Table 1 Types and designations of coupling agents.
Type Designation Type Designation

Aminosilane coupling agents

KH550
KH5501
KH602
KH792

3-aminotriethyloxysilane

Long efficiency amido-silane

N-=2-aminoethyl-3 -aminopropyl-methyldimethoxysilane
N-3-aminoethyloxy-3-aminopropyl-rimethyloxysilane

Epoxysilane coupling agents

KH560

3-glycidyletheroxypropyltri-methylsilane

Special silane coupling agents

Methylpropionyloxysilane coupling agents

KH570 3-methylpropionyloxypropyl trimethyloxysilane
Thiosilane coupling agents

KH580 3-thiopropyliriethyloxysilane

KH590 3-thiopropyltrimethyloxysilane

Titanate coupling agent

TCA201  Isopropyltri( dioctylpyrophosphoric acid) titanate

TCA-401 Tetraisopropyldi( dioctylpyrophos phoric acid acyloxy) titanate

KH470  Silane adhesion accelerant TCAK44  Tsopropyloxytri( ethylenediamine-N-acetoxy) titanate
KH450  Watersilane coupling agent
KH501 Organic silicon adhesion accelerant
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Table 2 Mechanical properties of the composites with different surface treated CFs.
Elongationat Tensile strength  100% Modulus  300% Modulus Tear strength
Type Dispersity Hardess /H ,
break &/% o/MPa E/MPa E/MPa o/kNem ™!
Blank 93 501 38.4 14.1 23.6 136.2
Untreated CF poor 92 497 38.5 16.7 23.2 149.7
KH550 good 95 483 35.2 16.3 23.9 155.5
KH5501 good 94 470 39.7 18.6 26.1 161.4
KH602 good 93 516 42.4 14.8 24.5 142.3
KH792 poor 91 417 30.7 17.2 24.8 149.7
KH560 better 94 454 36.4 17.6 24.7 158.9
KH570 better 93 556 37.6 16.3 24.5 156.5
KH580 poor 96 523 29.5 17.1 22.0 157.6
KH590 better 93 465 36.0 18.5 26.2 154.9
KH450 poor 96 472 35.8 19.3 25.3 148.5
KH470 better 95 490 38.4 14.8 24.6 149.4
KH501 better 91 480 36.7 15.1 24.5 157.8
TCA201 poor 92 458 36.7 17.4 25.3 148.1
TCA401 better 94 522 34.8 16.5 22.9 164.9
TCAK44 good 95 487 39.4 17.7 25.9 153.4
2 CF KH5501.KH602.TCA K44 CF
o CF CF/PU - 1. CF
KH792 KH450 TCA-=2201 CF 1% PTMG/MDI NCO%
- KH5501 10.0% o
CF/PU . KH602
KH5501. TCA-K44
pPU
KH5501.KH602
TCA K44 CF
CF CF
CF/PU - o 1 CF -
3.2 CF/PU _ Fig. 1 Stress-strain curves of the
composite with the different surface treated CF.
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Fig. 4 TG curves of the composites with the
different surface treated CF.
(1—Blank 2—Untreated CF4% 3—KH5501 + CF4% 6 CF
4—KH602 + CF4% 5—TCAXK44 + CF4%) . )
Fig. 6 Stress-strain curves of the composite with
the different oxidation treatment time of CF.
6 CF/PU
CF CF
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29.38% CF PU
CF/PU 25% CF/PU
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5 CF 60 mi
min
Fig. 5 TG curves of the composite with different CF contents.
(1—Blank 2—KHS5501 + CFd % 66. 31% °
3—KH5501 + CF3% 4—KH5501 + CF5%) . CF/PU CF PU CF/
PU. -
5 KH5501 CF ;
CF 1% 5% 80 °C x (30 ~60) min o
3
Table 3 Results of TG analysis.
) First step Weight loss Second step Weight loss All weight
Samples ty/C
t/°C w/% 1/°C w/!% loss w /%
Blank 280 280350 39.15 350-460 42.03 81.18
Untreated CF-4 % 280 280350 40.27 350460 40.39 80.96
KH55014 % 290 290350 34.73 350-460 43.79 78.52
KH55013% 290 290350 37.92 350-460 40.27 78.19
KH5501-5% 290 290350 39.91 350460 37.42 77.33
TCAXK444 % 280 280350 42.62 350460 38.68 81.3
KH6024 % 280 280-350 35.83 350-460 43.29 79.12
Oxidation of nitric acid-30 min 280 280-350 29.38 350-460 38.04 67.42
Oxidation of nitric acid-60 min 280 280350 34.90 350-460 31.41 66.31
Oxidation of nitric acid-90 min 280 280350 30.45 360460 37.40 67.85
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Fig. 7 SEM images of the composites with the different surface treated CF.
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