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Abstract

BACKGROUND: High strength, high modulus controllable degradable and absorbable internal fixation bone substitutes the
metal implant which is currently clinically used and present with biological stability, thus avoiding the metal implant from
inflammation, too high elastic modulus, and requirement to perform secondary operation.

OBJECTIVE: To synthesize unsaturated polyester amide resin and to observe the influence of various initiator-accelerants on its
initial setting time at room temperature, as well as polymer mechanics and degradation properties after cross-linking.
METHODS: Using maleic anhydride, phthalic anhydride, ethylene glycol, 1,2-propanediol, neopentyl glycol, caprolactam,
unsaturated polyester amide resin prepolymer was synthesized with melt polycondensation method, and was then characterized.
Using vinyl acetate as the cross-linking agent, adding a certain amount of initiator-accelerants for pre-crosslinking agent at room
temperature, followed by heat treatment, the high-strength, fully degradable polyester amide polymer was deeply cross-linked.
The influence of various initiator-accelerants on initial setting time of unsaturated polyester amide resin at room temperature, as
well as polymer mechanics and degradation properties after cross-linking, were observed.

RESULTS AND CONCLUSION: The synthesized, unsaturated polyester amide resin oligomer has a good performance, which
can meet the requirement of cross-linking; different types of initiator-accelerants exhibited various impacts on the gel time of
unsaturated polyester amide resin pre-crosslinking at room temperature. The mechanism underlying crosslinking was different;
Following the heat treatment of the deep cross-linking, resin ionomer degraded in simulated body fluid, indicating good
mechanical strength retention capacity. Preliminary results show that this material can be developed into a fully degradable bone
internal fixation material.
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Figure 1 Fourier transform infrared spectrum of unsatu-
rated poly(ester-amide) resin

Bl 1 AURIERERBE IR IR FI-IR Do

2.2 Gl R MR A X A0 Ao IR BE BLE A S E iR AR AT
)RR ANV R R A B i ) AZ B AR Al T Rk 4y
PAZIRFIV ATIE P MA R, VAT IR AR B S A IR A 2R
WINE PR E A o PRA Bl R i SR AL SRR T AN
LAY AT T, TS R AR AR AN RE S
R AR AE T B LUH IR 2 i L SR e —— e
PR R 2R S I E AR B —BUEAR R o i T4 K2 e
BEFREATIR GRS, P A R (e BE R R R B AR
AR IA R

AN S Im AR AR O S 8
B REHLED ) 4 B (CO™) i JE S = M & (CO™),
Bt = Hr Bl I S A S SR (i A O, i A 4
Fid) S, PR S — ANl . TR BRI R B B S A
Yooe o il B 3k, X8 HEE G Uk T e EAVL AR
TG LR IR TR A I o

(EER AN B £R (K (2 BERCR AR, DA AE P A ()
(IS TR Bl 3k 81 R R ) AT R (R I T s ANl R A2
3735 AN [ il A 0 AN PR R 3R T I e 4 I 14 = 2L I 1)
A7 € 22 AE AR AR o R LE PR o R Bl HAT 3
K RERA

# 1 AT LR AR 5 AR HE A N AT 2R

eI e Y I 2 T o T ) 3

Table 1 Altered gel time of unsaturated poly(ester-amide)
resin at room temperature with methyl ethyl ketone

peroxide-Co-ethylhexanoate as initiator-accelerant

Methyl ethyl ketone peroxide (%) 4 30 20 10 05
Ethylhexanoate (%) 2 15 1.0 05 02
Gel time (h) 1 16 18 20 30
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Table 2 Altered gel time of unsaturated poly(ester-amide)
resin at room temperature with methyl ethyl ketone
peroxide-Co-Cobalt naphthenate as initia-
tor-accelerant

Methyl ethyl ketone peroxide (%) 4.0 3.0 20 1.0 0.5
Cobalt naphthenate (%) 20 15 10 05 0.2
Gel time (h) 12 13 15 17 4.0
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Altered gel time of unsaturated poly(ester-amide)
resin at room temperature with benzoyl peroxide
acid- Co-N, N-dimethyl saddle as initia-
tor-accelerant

Benzoyl peroxide acid (%) 0.6 0.6 0.6 06 10 08 0.6 0.4
N, N-dimethyl saddle (%) 0.2 0.1 0.050.02 0.1 0.1 0.1 0.1
Gel time (h) 0.1 0.19 05 0.8 0.150.18 0.19 0.2
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Figure 2 Flexural strength changes of unsaturated
poly(ester-amide) resin containing 20% cros-
slinker with different heat treatment conditions
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Figure 3 Compressive strength changes of unsaturated
poly(ester-amide) containing 20% crosslinker with
different heat treatment conditions
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Figure 4 Flexural strength changes of unsaturated
poly(ester-amide) at different degradation time in
simulated body fluid
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