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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 leads 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 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, was 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 photopolymer-

ization 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 103
K. L.mol'.s! 12.71
K., L.mol".s! 2.2 x10°

K. L.mol.s! 5251

K., L.mol".s! 1.4 x10°
K., L.mol s 5970
K, L.mol s 0.11
K, L.mol s 1.25 x 10°
[ mol.L! 1.5x10?
T K 313
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Table 2 . Parameters and the light intensity absorbed by the photoinitiator at different incident light intensities.

I I, € 1
(Einstein.L'.S™") (Einstein.L'.S™) (Einstein.L'.S™) (cm)
1.94 x 107 447 % 107 9.75 0.06
1.79 x 10 8.95 x 107 9.75 0.06
2.54 x 10°¢ 1.27 x 10* 9.75 0.06
3.58 x 10¢ 1.79 x 10+ 9.75 0.06

i ST 5 e gse adl ke 5 el ol (Sles 5 O sy
wilsee ol b eyl s S s +/0 VO mOl/L 5 /A
oSty gl slie as a5 8a 8 il glacas
S ST hosos ad e shias b odtes od ol

PIATONST Al acsles (VF) 5 (V) islas KaSas

V=T Ov)
[MIN,,
N, =[X]N, V 0%

Chle [M] fla e g se 3laas N ts3loand g VO 3 S
3 X 655 ad Sse sl N o350 sae N tls o 555
SIS e glas bt 3 s e 0L 1 X 58 il [X]
WAols S5 Ld Sse 5l GlazanS slaas b odes jsba &S
Sy gl e bops e S Sl 1S slae
R Gog O ey ol ojlos sk e 0 Kol ol
PoLas T Sty g3y dlaasd ol plaze 815 1) Jold ot

b o, (10) dslas U lae 5535 e esls ioles

P = —o

1 Z|=11
—_

355 o dles (VF)

)

a,=h*c %)
C».vb C 9 OMJJ&S‘) J‘}A Sl oMbﬁ)w h slee U’l\ BE

V&€ LT a0 <€ 0 losds qaiaiad 9w Jlw posly 533)9iS5 9 pgle (pole alxo

ol a S b ys SIS s psle ssba 55 AL e e o
ST S se c3lwand dul 3 IS Jsb o3 nlply ool
SIS S Jlai| 5 s [5G 5 ee 3 g sbas
Ledals (sl sl (53 cpimman 358 o oS i) a3 L]
Olal S 5 358 sl il 5 dien S5y (ES1y e il 5
) @ges 3 SHE S p SOl Jde lledds 4 S ssl clale
S 585 5508 seen Jsb 03 55 DA O 3 45 &S o (luaed
©op dd 0L ST L Sasis ek gel sl p il sl (5 5
el o s opl a5 S Sl L Fedaey Jde S

I Cige 595 b S39 Ol youls (S 3lwdmds
s bl Coale sa JiSUse lde )3 OS ey (53luan
e Dbl el G35 5 S Sl L3l S s
Sl b Slabme S35l 0Ll gl gileand o5l
Joosioss Isse 1o olaad Sl e cnl 5o ke et
Sl Sty 5 A esliial (655 O sacky (S3luand o3 O ST
ol el ol Ol o slibnS wal s il
5 ol Soen 5l Ol (g1 A alne J1S15 8 )
Sl sde W K3l eaat g sl slael s o eSS
05 Silwans U8 [VY] us eslens) Mersenne Twister b ooy
Sl ol b slalele (55 Slislons 5 C3L axn 5 C7F Las
YY Jsles RAM sl 5 V/F Hz doles b o o 5Y (slazen
Wbl b (goluancd o olnil sl o3 Ol .l | 2] LSS
el YO min s 54~ 5 Sde

sl chble dea 1 gads b byl cgsleans dsb o
b 5 il et ssba S5LT 5 i S Slke 5 il
O oy A azils &0 GBI K lde s 28Ty gles s



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

in the Control Volume Experimental Rate Constants.

1, f2, fy s are
random numbers Calculate: The Stochastic Calculate: The Number of Molecules Input Data: Control Volume Size
[aes The Stochastic Rate Constants Iniial Goncentrations (t = 0)

Select: Reaction

Determine: Type of
Active Site

Calculate: The Reaction
Probabilities

Generate: 1,
Select: A
Chain

Galculate: Average
Molecular Weights
& Polydispersity
Index

QMM LS\J" (\Q))j)ls hl»;jﬁ 6)[&:4.:,.‘1 (':d«)fin_\ e‘)‘)cfb
N ST ks os
Scheme 1. 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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