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Scheme 1 The hydrophobic modification route of poly(1,3-propylene citramide )
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Table1 M,, M, and polydispersity index(PDI) of polycitramides

citramide) (@) and cyclohexyl isocyanate modified poly
(1,3-propylene citramide) (b)

Sample M, M, PDI
Poly(1,3-propylene citramide ) 2.21 x 103 4.59 x10° 2.08
Cyclohexyl isocyanate modified poly(1,3-propylene citramide ) 2.62 x10* 3.92 x 10* 1.50
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Table 2 NFBW and P values determined from DSC analysis

Sample NFBW/ % P
Water + poly( 1,3-propylene citramide ) 24.98 6.55
Water + cyclohexyl isocyanate modified poly(1,3-propylene citramide ) 42.23 12.62
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a,c. poly(1,3-propylene citramide) ; b,d. cyclohexyl isocyanate modified poly(1,3-propylene citramide)



553 W IR WS < R A 2 T SR 1143 S e P T 273

2 b RAMO CHR, 20T o

BUREE N -25 °C ([ 44) 130 C (& 4B) MRS Y B LS CoBE ARSI (1) , 1358 € /w, % R
R E (E 4) , RBER A BRI AT (B 4a,b) 5 (& 4c,d) B4 YR 0B AR VKRR 4K (1 L 34
xC, TR,

H12¢ 3 ATLLE Y, B RTR ARk E) C,JEIRTE 30 CHRJEFE -25 CHFE/NFAiKE) €, , X BiH,
SHERTR AW SKIRARFR S, R AR KR B 5K B Z ) 5= A R misss 7/KZ
) fR U T BRI, AT 13- gt ik G R AR R KA € JGIEAE 30 Cib & AE —25 CH
BAs K, B FaiKm C, o Bkt iR A WK Mg, XK 7= — 2 sk 7, 35 TR AR R
HK Z (B &8 T, K o Tl R R AR 5 o T C a5 SR 5 W B /K AR BH S 3 5 i 7K 28
IKACAE IR S8 2 K o F iR EER G

x3 TRERGWHKILERE

Table 3 Specific heat capacities of water in different polymers

Sample Cp/(Jog™" K1) at 30 C Cp/(Jg7" K™y at =25 C
Water 4.18 2.10
Water/poly( 1,3-propylene citramide ) 3.80 1.57
Water/ cyclohexyl isocyanate modified poly(1,3-propylene citramide ) 5.72 2.31
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Synthesis and Properties of Novel
Amphiphilic Polyamides

CHI Yongmei®’, XU Songjie’, CAO Yuting’, DONG Jian""*
(“School of Material Science and Chemical Engineering , Ningbo University , Ningbo , Zhejiang 315211, China ;
*School of Chemistry and Chemical Engineering ,Shaoxing University , Shaoxing , Zhejiang 312000, China )

Abstract To provide a theoretical basis for designing natural gas hydrate inhibitors and understanding the
inhibition mechanism, and to analyze the nature and characteristics of the interactions between amphiphilic
polyamides and water, water soluble poly(1,3-propylene citramide) was synthesized and based upon which, a
new amphiphilic polymer was prepared by the modification with cyclohexyl isocyanate. The structure and prop-
erties of the product were characterized by proton nuclear magntic resonance spectroscopy, gel permeation
chromatography and differential scanning calorimetry. The results show that the modified polymer forms
nonfreezable bound water(NFBW) and the amount of the NFBW is twice the level in traditional kinetic gas
hydrate inhibitors such as poly ( N-vinylcaprolactam) or poly ( N-vinylpyrrolidone ). The specific heat capacities
of water in the modified polymer increases remarkably by 36% . The hydrophobic interaction force between the
polymer and water is enhanced, resulting in significant hydrophobic hydration restricted in the polymer. The
modified polymers show strong hydrophobicity, leading to high levels of tightly bound water molecules and
providing a necessary environment for increasing amount of NFBW.

Keywords water soluble polymer;hydrophobic force ; non-freezable bound water;specific heat capacity
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