
Preparation and characterization of flame retardant polyurethane foams 

containing phosphorus-nitrogen-functionalized lignin

 Haibin Zhu, a Zumao Peng, a Yongmei Chen, a,* Gaiyun Li, b Lei Wang, a Yang Tang, a Ran Pang, 

a Zia UL Haq Khan, a Pingyu Wan a,*

a National Fundamental Research Laboratory of New Hazardous Chemicals Assessment and Accident Analysis, 

Beijing Key Laboratory of Environmentally Harmful Chemical Analysis, Beijing University of Chemical 

Technology, 100029 Beijing, China

b Key Laboratory of Wood Science and Technology of SFA, Research Institute of Wood Industry, Chinese Academy 

of Forestry, Beijing 100091, China

*Corresponding Authors: E-mail: chenym@mail.buct.edu.cn; 

E-mail: pywan@mail.buct.edu.cn

Supporting Information

Electronic Supplementary Material (ESI) for RSC Advances.
This journal is © The Royal Society of Chemistry 2014

mailto:chenym@mail.buct.edu.cn
mailto:pywan@mail.buct.edu.cn


List of Figures and Tables

Fig. S1 Mass spectra of gas products during the thermal degradation of PU

Fig. S2 Mass spectra of gas products during the thermal degradation of PU-LPMC15

Table S1 Identification of gas products during the degradation of PU.

Table S2 Identification of gas products during the degradation of PU-LPMC15.



Fig. S1 Mass spectra of gas products during the thermal degradation of PU



Fig. S2 Mass spectra of gas products during the thermal degradation of PU-LPMC15



Table S1 Identification of gas products during the degradation of PU.
Temperature

(°C)
Products a FTIR (cm-1) Mass (m/z)

126.5
 O

O 2968,2864,1456,1369 (C-H in CH2)
1261,1126 (C-O-C)
881 (cyclic C-O-C)

88, 58, 43, 30 (Fig. S1b)

290-450 H2O 3500-4000 18 (Fig. S1a)

CO2 2312, 2359, 670 44 (Fig. S1a)

CH3-CH3 2955, 2868 (C-H in CH3) 30 (Fig. S1c)

  and O O 2955, 2868 (C-H in CH2 or CH3)
1589 (C=C) 
1126 (C-O-C)
881 (cyclic C-O-C)

58 (Fig. S1c)

 and O O 2955, 2868 (C-H in CH2 or CH3)
1126 (C-O-C) 

60, 46, 45 (Fig. S1c)

 and 
2955, 2868 (C-H in CH2 or CH3)
1589 (C=C) 

56, 42, 41, 39 (Fig. S1c)

450-570 NH2
NH

2935 (C-H in CH3),
1622(N-H)
1516 (aromatic ring)
744 (N-H)

107, 106, 79, 77, 65 
(Fig. S1d)

 

NH2 1622(N-H) 
1516 (aromatic ring)
744 (N-H)

93, 66, 65 (Fig. S1d)

 

2955, 2868 (C-H in CH2 or CH3)
1516 (aromatic ring)

106, 91 (Fig. S1d)

 

2955, 2868 (C-H in CH2 or CH3)
1516 (aromatic ring)

92, 91, 65 (Fig. S1d)

 
1516 (aromatic ring) 78, 77 (Fig. S1d)

a The absorption peaks of FTIR are shown in Fig. 5 in the paper.



Table S2 Identification of gas products during the degradation of PU-LPMC15.
Temperature

(°C)
Products a FTIR (cm-1) Mass (m/z)

126.5
 O

O 2966, 2864 (C-H in CH2)
1263, 1126 (C-O-C)
881 (cyclic C-O-C)

 

290-570 H2O 3500-4000 18 (Fig. S2a)
CO2 2312, 2359, 670 44 (Fig. S2a)
NH3 17 (Fig. S2a)
CH3-CH3 2935, 2881  (C-H in CH3) 30 (Fig. S2b)
CH≡CH 26 (Fig. S2b)

 or NH2
H
N 2935, 2881 (C-H in CH2 or CH3)

1622 (N-H) 
45, 30 (Fig. S2b)

a The absorption peaks of FTIR are shown in Fig. 6 in the paper.
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