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Abstract : To obtain epoxy resin with permanently attached flame-retardant groups, phosphorus compound containing di-hydroxyl
group [10-(2,5-dihydroxyphenyl)-9,10-dihydro-9-oxa-10-phospha phenanthrene-10-oxide, DOPO-HQ] and silicone compound
containing di-hydroxyl group (polydimethylsiloxane, hydroxyl terminated, PDMS) were reacted with uncured epoxy prepolymer
(diglycidyl ether of bisphenol A, DGEBA) and then cured using 4,4-diaminodiphenylmethane (DDM) as a crosslinking agent.
The properties of the resulting epoxy materials were characterized using Fourier transform infrared (FTIR) spectrometer,
differential scanning calorimetry (DSC), thermogravimetric analysis (TGA), limiting oxygen index (LOI) test/vertical burning
test (UL 94-V test), tensile properties test and impact test. This study examined the effect of phosphorus/silicone compound
contents on the thermal/mechanical properties and flame retardancy of cured epoxy resins containing phosphorus and silicone
compounds. It was found that the thermal/mechanical properties of epoxy resins containing phosphorus and silicone components
were higher than those of simple epoxy resin. The flame-retardancy (LOI: 29.9 ~ 31.8% and UL 94-V: V-0) of all samples containing
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phosphorus compound and phosphrous compound/silicone compound was found to be passed the flame-retardant requirements
(LOI: > 30%, UL 94-V: V-0) of LOI and vertical burning tests. However, the flame-retardancy (LOI: 21.4% and UL 94-V: no
rating) of simple epoxy resin was found to be failed the flame-retardant requirements.

Keywords : Phosphorus compound, Silicone compound, Halogen free-epoxy resin, Limiting oxygen index, Underwriters Laboratory

(UL) 94-V (vertical burning test)
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Scheme 1. Synthesis process of the phosphorus/silicone-contained epoxy resin.
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Table 1. Sample designation, composition of epoxy resins and contents of phosphorus, silicone and nitrogen in epoxy resins

Composition (phr) Content (wt%)
Sjampl.e Uncured epoxy resin . .

designation (Kukdo YD 128) | POPO-HQ | PDMS | DDM P Si N Total (P+Si+N)

A (P0S0) 100 0 0 26.50 0 0 2.96 2.96

B (P1.3S0) 100 19 0 20.69 1.30 0 2.09 3.39

C (P1.8S0) 100 27.5 0 18.10 1.80 0 1.76 3.56

D (P2.3S0) 100 36.5 0 15.35 2.30 0 1.43 3.72

E (P1.8S1.25) 100 28.4 5.12 16.90 1.80 1.25 1.59 4.64

F (P1.8S1.50) 100 29.4 10.64 15.60 1.80 2.50 1.42 5.72
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Figure 1. FT-IR spectra of (a) uncured epoxy resin without DOPO-
HQ/PDMS, (b) uncured epoxy resin containing DOPO-HQ
and (c) uncured epoxy resin containing DOPO-HQ/PDMS.
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Figure 2. DSC data of (a-c) uncured epoxy resin (YD 128)/hardner (DDM) system and (e-f) uncured epoxy resin containing phosphate and

silicone components/DDM system.
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Figure 3. (a) TGA and (b) DTG curves in air atmosphere for the cured epoxy resin (A), the cured epoxy resins contained phosphorous (B, C,
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Table 2. TGA and DTG data in air atmosphere for the cured epoxy
resins containing various contents of phosphorous/silicone
contained compounds

Sample  |Tio| Tmaxt | Tmaxz Char yields (%) | DTG values
designation | (C)| (C) | () [700 C 800 | (% min™)
A (POS0) | 382 386 574 | 0.1 - 22.4
B (P1.3S0) | 388 | 391/408 | 585 | 5.7 1.6 12.0
C (P1.8S0) | 389 |391/427| 639 | 12.0 2.0 10.6
D (P2.3S0) | 390 |391/427 | 731 | 17.3 3.5 9.8
E (P1.8S1.25) | 391 | 393/434 | 589 | 18.6 8.4 8.6
F (P1.8S1.50) | 389 | 402/433 | 596 | 19.9 | 10.1 7.5

Thov : temperature at 10% weight loss
Tmax: temperature at maximum weight loss rate

Table 3. TGA and DTG data in nitrogen atmosphere for the cured
epoxy resins containing various contents of phosphorous/
silicone contained compounds

Sample Tiews | Tmawa | Charyields (%) | DTG values

designation | (C) | (C) |700C | 800 C | (%min’)
A (P0SO0) 388 394 16.1 15.3 22.8
B (P1.3S0) | 384 | 388/414 | 18.8 18.1 14.0
C (P1.8S0) | 385 | 388/425 | 19.1 18.5 12.7
D (P2.3S0) | 383 | 398/426 | 19.3 18.2 12.4
E (P1.8S1.25)| 385 | 399/431 | 20.1 19.3 10.7
F (P1.8S1.50) | 384 | 402/433 | 21.5 20.8 9.7

Thov : temperature at 10% weight loss
Tmax: temperature at maximum weight loss rate
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Figure 5. Tensile strength and elongation at break of the cured epoxy
resin (A), the cured epoxy resins contained phosphorous
(B, C, D), and the cured epoxy resins contained phosphorous/
silicone (E, F).

Table 4. Mechanical properties and impact strength of the cured
epoxy resins containing various contents of phosphorous/
silicone contained compounds

Tensile properties
Sample - - Impact strength
designation Tensile Elongation (kJ m-2)
strength (MPa) | at break (%)

A (P0S0) 31.9+£0.8 1.6 £0.0 29+0.1
B (P1.3S0) 463+ 1.5 22+0.1 3.6+0.2
C (P1.8S0) 56.0+£2.0 26+0.1 4.7+0.1
D (P2.3S0) 439+1.7 22+0.1 45+02
E (P1.8S1.25) 553+25 25+0.1 4.8+0.2
F (P1.8S2.5) 534+238 23402 4.8+0.2
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Table 5. Specific requirement of UL 94 V test
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Figure 6. LOI and UL 94 test results of the cured epoxy resin (A),
the cured epoxy resins contained phosphorous (B, C, D),
and the cured epoxy resins contained phosphorous /silicone
(E, F).
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Require- | Individual after flame Total after. ﬂame time for | After ﬂarpf; plus afterhglow time for Burning up to the Cotton
ment time. t1 or ©2 any condition set, t1+t2 each Individual specimen after the holdine clam enition
’ for the 5 specimens second flame application, t2+t3 J P £
V-0 =< 10 sec. =< 50 sec. =< 30 sec. No No
V-1 =< 30 sec. =< 250 sec. =< 60 sec. No No
V-2 =< 30 sec. =< 250 sec. =< 60 sec. No Yes
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