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Abstract: Modification of polyacrylonitrile (PAN) films by using hydroxylamine (HA) and hydrazine to produce
hydroxyl and amine groups, respectively, and to introduce cross-linking of PAN polymers was studied. Modified PAN
films obtained by HA and/or hydrazine treatment including a successive or a simultaneous process were analyzed by the
degree of conversion, water and N, N'-dimethylformamide (DMF) swelling ratio, FTIR spectra, atom content, and thermal
analysis data. PAN films reacted with HA showed increased hydrophilicity and low dimensional stability in water. Hydra-
zine treatment gave PAN films high dimensional stability of low DMF swelling. Although the DMF swelling ratio of the
modified PAN films was dramatically decreased by the successive treatment of hydrazine and HA, the introduction of
the hydrophilic functional groups was limited due to the cross-linking. Simultaneous treatment of HA and hydrazine was
the most effective method to increase hydrophilicity of PAN films with a high dimensional stability.
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Figure 1. Changes in conversion of nitrile groups to amidoxime
groups in PAN films: (A) according to HA concentration reacted at
100 °C for 3 h; (B) according to reaction time reacted at 100 °C with
an HA concentration of 3.0 M; (C) according to reaction tempera-
ture reacted for 3 h with an HA concentration of 3.0 M.
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Figure 2. FTIR spectra of the HA-PAN films reacted at 100 °C for
3 h with HA solutions of various concentrations: (a) 0 (untreated);
(b) 1.2M; (¢) 1.8 M; (d) 2.4 M; (e) 3.0 M.
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Figure 3. Water swelling ratio of the HA-PAN films reacted with
HA solutions of various concentrations at 100 °C for 3 h.
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Scheme 1. Reaction scheme of the cross-linking of PAN with hydrazine.

Table 1. Nitrogen Content of HA-PAN Films Treated at 110 °C
for 3h with Hydrazine Solutions of Various Concentrations

Hydrazine conc.
(%, W/v)

Nitrogen content (%) 26.86 27.65
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Figure 4. FTIR spectra of the cross-linked PAN films treated at
110 °C for 3 h with hydrazine solutions of various concentrations:
(a) 0% (untreated PAN); (b) 1%; (c) 2%; (d) 4%; (e) 6%:; (f) 8%(W/
V).
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Figure 5. DMF swelling ratio of the PAN films (A) treated with
hydrazine solutions of various concentrations at (a) 110 °C and (b)
100 °C for 4 h; (B) treated with 8% hydrazine solution at (a) 110 °C
and (b) 100 °C for 3 h; (C) treated at different temperatures for 4 h
with (a) 8% and (b) 6% hydrazine solution.
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Figure 6. Changes in conversion of nitrile groups to amidoxime
groups in the hydrazine-pretreated PAN films by HA treatment (A)
according to HA concentration at 100 °C for 3 h; (B) according to
reaction time treated with a 2.4 M HA solution at 100 °C. Hydrazine
pre-treatment concentration in both (A) and (B): (a) 4; (b) 6; (c)
8%(W/v).
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Figure 7. Changes in conversion of nitrile groups to amidoxime
groups in PAN films by simultaneous treatment of PAN film with
hydrazine and HA at 100 °C for 3 h according to HA concentration.
Hydrazine concentration: (a) 6; (b) 8%(w/v).
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Figure 8. (A) Water swelling ratio of the PAN films treated with
solutions containing both HA of various concentrations and (a) 6%
hydrazine; (b) 8% hydrazine: (B) DMF swelling ratio of the PAN
films treated with solutions containing both HA of various concen-
trations and 8% hydrazine.
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Table 2. Oxygen and Nitrogen Content of PAN Films Treated
with Solutions Containing 8% Hydrazine and Various
Concentrations of Hydroxylamine

Hydroxylamine
conc. (M) 0 1.2 1.8 24 3.0
Oxygen content (%) 4.65 21.94 22.63 2328 26.70
Nitrogen content (%) 26.86 25.64 2523 2497 23.56
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Figure 9. FTIR spectra of the PAN films treated with 8% hydrazine
and various concentrations of HA; (a) 0 (untreated); (b) 1.2 M; (c)
1.8 M; (d) 2.4 M; (e) 3.0 M.
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Figure 10. DSC heating curves of the PAN films treated with HA
and/or hydrazine: (a) untreated PAN film; (b) treated with 3.0 M
HA; (c) treated simultaneous with 8% hydrazine and 3.0 M HA
solution.
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Figure 11. TGA curves of the PAN films treated simultaneously
with 8% hydrazine and various concentrations of HA; (a) 0
(untreated); (b) 1.2 M; (c¢) 1.8 M; (d) 2.4 M; (e) 3.0 M.
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