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ABSTRACT

be governed by the competitive interactions between two distinct reactive

sites, the acrylic vinyl group and the furan ring. The formation of stable allylic

radicals from the furan ring lead to their significant accumulation within the system,
causing a fundamental deviation from classical free-radical polymerization kinetics.
Methods: A Kinetic Monte Carlo simulation was developed for the first time to
simulate the photopolymerization of furfuryl acrylate at a molecular scale. The
simulation was initialized with a system of 10!! furfuryl acrylate (FA) molecules
and incorporated a mechanism of 11 distinct reaction pathways. A custom C++ code,
employing a Mersenne Twister random number generator for stochastic selection of
reactions and time steps, were used to track the evolution of species concentrations,
monomer conversion, and reaction probabilities over time.

Findings: The simulation results show excellent agreement with experimental data,
confirming the accuracy of the simulation approach. One of the findings of this study
was the identification of the pivotal role of stable allylic radicals and their gradual
accumulation within the system. These radical species attained concentrations
photopolymerization, substantially exceeding those of acrylic radicals, thereby resulting in a deviation from
classical polymerization kinetics. The intermolecular degradative chain transfer was
identified as the most influential side reaction with a 30-39% probability, serving

reaction kinetics, as the primary factor for the significant reduction in both molecular weight and
degradative chain transfer polymerization rate. The ratio of the rate constant for intermolecular degradative
chain transfer to propagation plays a significant role in controlling the final structure
at different temperatures. This research not only provides a deep fundamental
understanding of the polymerization mechanism of furanic monomers but also offers
a computational framework for optimizing the synthesis of furfuryl acrylate-based

polymers for advanced applications in areas such as biomaterials.

Hypothesis: Complex photopolymerization kinetics of furfuryl acrylate could

furfuryl acrylate,

Monte Carlo simulation,
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Table 1. Parameters used in the simulation of photopoly-

merization of furfuryl acrylate [21,22].

Parameters Unit Amount
K L.mol'.s! 2883
K. L.mol-1.s-1 83
K, L.mol s 1.5354 x 10°
K. L.mol s’ 12.71
K. L.mol'.s! 2.2 x 10°

K., L.mol"s" 5251
K., L.mol".s! 1.4 x 10°
K., L.mol".s! 5970
K, L.mol s 0.11

K, L.mol s 1.25 x 10°
(1] mol.L"! 1.5 x 10?
T K 313

S5 JET b Qb yoals 515793
o (AIBN) L 2oy 5 ssnl sl SHET a0l s cpl o
M5 adsl Jsly 55 54 S 513 (homolytic) C3lS ) 4 conSls
Joosos JSosly 0l ey 55 adsl Gl Ol o 45 AS e
Sl L8 S pl S e fes (furfuryl acrylate, FA) &5 ST
5okl GRS1y 3l FA agige oy €850 L b g 2815
b s iy ST 31 gy S50 035 15 O ey Al 3 68
Al o aslol HLAE (2STs ol GIFA (s po 5o 55 3 OASe2 5 53]
ol Bl e s O e 55 SGIS e
o505 (ol Sl cpl 355 b sl e (gl gl sy Ik
Rl S 15 Sl s (5350 Slsh il 3z s o4 FA
35 ST IGshed s w2l nl s 35bes oKen o I
55 IS pam oo JUE1 L2815 550wl ol s s
sslme pesise 53 Sl il L85 W 4 &S Sose nb
e Sl sl sl S a4 STy pl A8 e des
DS S STy laee 55 A, (olk 5 mis 2 4 558 00
Ll o Olaman Lol sl 5oL Sl 58 Il ol STl
SV 3 Ay s g 0303 (2S5 K05 e sig0 S v o S L
A5 N ST s o)l o bl Al b ol 3,5
i1 S sk bl a1, Jleb 5ST,e 5 S s

Aea Jld OAd ey Ik s 5 B GRLL eee pbr
S b b s (O ST S oS 5 e sed sl
S ST T UL G b 51 S bl w0 Gl IS,
SLdlGsl, Kl o adsl GadlGol) (riaman 355 0 2
S It I sl UL 4 e Gme ST Sl
JSsliedns G dies S 5 L Ll e NLL ol 0558
sl LG Olyea &8 das ) ol JGo, s S S
oo b B e ol GladISSl s 5l o el SO S|
Sl 5 055 O s s JUisl sl STy 5,15 FA il 53
53 Al e dal 5 4 ey alanl g SISl ) S syl T
e sy JE s (e 5 LS S5 GELL L LS s
ol o3 e et JS0se oleme oS 53 e (gla e
s N O3 o5 Al b s ISl s QS g5l
Wb 3 pa g pd e 00538l Ol 4 s b b LS e
Al e aslal s L e g e sl e I S 0 S

Sl iSly Sl spp Sl Slos paame 2
Sl STy 53 Llg e oS Laes S ST osboss ek
GGl Ol (S e S <S8 T 55 s s SIS,

VEE T po £ 0 Lo i 9 s epoly 5 39lis5 3 pole ol alze ry-



M ST Ja99 9 (5995 0dsb poaly 93 ST 9 ST SOy s )22

sk ST Ly

V)

d g o
c 0 P
HCZ NeF N H,CZ N7
1!) KlpZ $\CH
+
eH, HCZ NeH, TP
0N\ 07N\
C/CHS
H3(.I N

)
sl ST mb

"“Hzc/?\c//o cN N
w1 “, /i\ _o
“SCH, + Hy,C~  NCH, — ﬁz F—C*
07N SCH,
= [SXN
CY)
& o & o
HCZ NcZ CN ) HCZ NP
] Ku |
\CH, H,C~+ \CH, — eH,
0N 07N
C/CHS
Ha(.] N

)

s il
H H H,
c o c o c o c o
N SENTA HCZ NcZ WA~ HCZ NcF
Hao ) . - Kirm -
“NCH CH, > CH,

f g ' b
“NCH,
o\/- \7 07N

)

(5)}'.’ L}MM L L;L«:)—l 6[.&‘):.“5‘) dLﬁ)LS})Lw - 0‘)‘jcjb
W ST 5,558
Schem. 1. Possible reaction mechanisms in the photopoly-

merization of furfuryl acrylate.
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Table 2 . Parameters and the light intensity absorbed by the

photoinitiator at different incident light intensities.

I 1 € 1

a 0

(Einstein.L'.s!) | (Einstein.L\.s?) | (Einstein.L'.s") | (cm)

1.94 x 107 447 x 10° 9.75 0.06
1.79 x 10°¢ 8.95 x 107 9.75 0.06
2.54 x10° 1.27 x 10* 9.75 0.06
3.58 x 10¢ 1.79 x 10+ 9.75 0.06
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Scheme 2. Monte Carlo simulation algorithm [19] for furfuryl acrylate photopolymerization
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Fig. 2. Simulation results of the time course of initiator

conversion under varying incident light intensities at 313 K.
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