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Abstract: This study aimed to prevent blooming and improve the flame retardancy of the resin by synthesizing reactive
phosphorus flame retardants and forming a network structure together with resins and curing agents. Through the nucleo-
philic substitution reaction of phosphorus chloride and acrylic reactants, Tris[2-(methacryloyloxy)ethyl]phosphate
(TMOEP), bis(methacryloyloxyethyl)phenyl phosphate (BMOEPP), and methacryloyloxyethyl diphenyl phosphate
(MOEDPP) were synthesized. Curing conditions were established through thermal analysis and curing degree measurement,
flame retardancy and thermal properties were evaluated, and the action of the flame retardant in a solid phase was con-
firmed through char formation. As a result, BMOEPP showed the best flame retardancy performance. Through the results
of this study, the mechanism for improving the flame retardancy of resin using reactive phosphorus flame retardants was
identified, and the applicability of this to high-performance printed circuit board (PCB) materials was suggested.

Keywords: reactive flame retardant, printed circuit board, methyl methacrylate terminated poly(phenylene oxide), UL-94
vertical burning test.
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Figure 1. Chemical structure of reactive flame retardants: (a) TMOEP; (b) BMOEPP; (c) MOEDPP.
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Table 1. Molecular Structure of Chemicals Used in the Curing Process
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Figure 2. (a) FTIR spectra of TMOEP, BMOEPP, and MOEDPP; (b) '"H NMR spectra of BMOEPP; (c) GPC curves of TMOEP, BMOEPP,

and MOEDPP.
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Figure 3. Method of (a) UL-94 V test; (b) limiting oxygen index (LOI) test.
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Figure 4. DSC curves of samples with different initiator content.
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Table 2. DSC Scan Data of Samples with Different Initiator
Content

DCP content Thea (C) Tonset (C)
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Figure 5. DSC curves of [TAIC/DCP/PFR] systems with different
PFR.
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Table 3. DSC Scan Data of [TAIC/DCP/PFR]| Systems with

Different PFR

Sample Ty (C) Ty (C)
TAIC/DCP 176.16 151.60
T3 175.27 149.28
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M1 174.74 147.04
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Figure 6. DSC curves of [MPPO/TAIC/DCP/PFR] systems with different
PFR. *T3: TMOEP, B2: BMOEPP, M1: MOEDPP
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Figure 7. Curing profile in thermosetting system.

Table 5. Gel Contents of [MPPO/TAIC/DCP/PFR] Systems with
Different Curing Conditions

Gel content (%)

Different PFR
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MPPO/B2-40 173.26 130.93
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Figure 8. LOI values and UL-94 V test results of samples with dif-
ferent BMOEPP content.
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Figure 10. TGA curves of [MPPO/TAIC/DCP/PFR] systems with different PFR contents under Air atmosphere: (a) TMOEP; (b) BMOEPP;

(¢) MOEDPP.
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