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Toughening modification of transparent cycloaliphatic polyamide PAMACM12 by copolymerization
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(1. School of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou 412000, China;
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Abstract : To enhance the comprehensive performance and toughness of the polyamide(PAMACMI12) synthesized from 3,3'
-dimethyl-4, 4'-diaminodicyclohexylmethane (MACM) and dodecanedioic acid, a copolymerization toughening modification was
carried out using long-chain aliphatic polyamide(PA1212). The long-chain transparent copolyamide PAMACMI12/1212 was
prepared via one-step melt copolymerization using the alicyclic diamine MACM, dodecanedioic acid, and dodecanediamine. Its
structure and properties were characterized, and the effects of the comonomer content on the properties were investigated. The
results indicate that both PAMACMI12 and its copolymers are amorphous. The incorporation of PA1212 enhances the flexibility of
the copolymer chains, leading to a decrease in the glass transition temperature and thermal stability. Mechanical tests show that with
increasing PA1212 content, the tensile and flexural strengths decrease, whereas the notched impact strength and elongation at break
increase significantly, resulting in improved toughness. Additionally, the water absorption and transparency of the copolyamides
slightly decrease. Compared with neat PAMACM12, the copolymer containing 40 wt% PA1212 (PAMACMI12/1212-40%) exhibits
reductions of 15.0% in tensile strength and 14.6% in flexural strength, but an increase of 180.8% in notched impact strength. Its light
transmittance decreases slightly by 3.3%, while the water absorption decreases markedly by 60.7%. The toughened PAMACM12
maintains high transparency along with excellent toughness, demonstrating potential for application in transparent polyamide materi-
als.
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Tab. 1 Synthesis formula table of different copolymerized polyam-

ides PAMACM12/1212
g
Samples MACM Dodecar'ledlolc 1,12-diaminodo-
acid decane
PAMACMI12 2034.2 1965.8 0
PAMACMI12/1212-10% 1 845.7 1982.6 172.4
PAMACMI12/1212-20% 1 654.1 1998.3 347.5
PAMACMI12/1212-30% 1 459.5 2014.8 525.6
PAMACMI12/1212-40% 1261.4 2029.8 706.0
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SORGN:, /9/0\9\/\980+ P~~~ NH,
HN NH, :

MACM  Dodecanedioic acid 1,12-diaminododecane
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Fig. 1 Synthesis route of copolymerized polyamides PAMACM12/1212
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Tab.2 Molecular weight correlation data of different copolymer-

ized polyamides

Samples M/(g'mol™") M /(g mol™) PDI
PAMACMI12 12 834 25796 2.01
PAMACM12/1212-10% 11976 25389 2.12
PAMACM12/1212-20% 12 939 28 853 2.23
PAMACM12/1212-30% 14 578 31342 2.15
PAMACM12/1212-40% 12234 26792 2.19

Notes: M, is number-average molecular weight; M, is weight-aver-

age molecular weight; PDI is polydispersity index.
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Fig. 5 DSC curves of different copolymerized polyamides
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Tab.3 Thermal property data of copolymerized polyamides

Samples T/°C T,,/°C T../°C
PAMACMI12 147.1 4234 462.8
PAMACM12/1212-10% 141.5 420.5 461.7
PAMACM12/1212-20% 121.4 420.2 460.8
PAMACM12/1212-30% 113.8 417.2 460.1
PAMACM12/1212-40% 95.8 4153 459.8

Notes: 7, is glass transition temperature; 7.

5, 1S temperature at 5%

is temperature at maximum mass loss rate.
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Fig.9 Mechanical properties of different copolymerized polyamides
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Fig. 11 Optical properties of different copolymerized polyamides
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