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ABSTRACT : The flame retardant and thermal properties of ortho—cresol novolac (OCN) and

biphenyl epoxy blends containing red—phosphorus were investigated. For five types of

compounds designed with the volume ratio of OCN and biphenyl epoxy, thermal properties

were analysed by TGA or DTG, and flame retardancy effectiveness was estimated through

UL—-94V test. While the flame retardant and thermal properties were improved with the content

of filler and red—phosphorus, the excessive amount of red—phosphorus caused to deteriorate

those properties. Using the blends of OCN/ biphenyl rather than pure OCN or biphenyl epoxy as

a matrix the flame retardancy of composites could be improved by the synergic effects of high

thermal resistance of OCN and intumescent property of biphenyl. The flame retardant me—

chanism of epoxy compound containing red—phosphorus could be thought of the heat—insula—

ting effect of intumescent char—layer formed in the surface of composites.

Keywords : flame retardancy, red-phosphorus, OCN/biphenyl epoxy blend, intumescence, char.
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Table 1. Chemical Structures of Raw Materials

component

structure

epoxy biphenyl type

G, CHs
HgC\*/CHCHgO @ @ OC"bHC\jC"‘Q
(0] 0
HsC CHg

ortho—cresol novolac
(OCN)

OCHZHC CHZ OCHZHC CH2 OCHZHC CHZ

SRS

curing agent xylok

OH OH OH
OO OO0
n

catalyst triphenyl phosphine

(©;

latent catalyst

NH, A

coupling agent

— N O _N__O
N/\—\Nfczw{/ 4\<N D G G 2H0
Y N= H/NTN\H
CHg NH, o)
OCH,

HgC CHCHQO%CHQ%SI OCHg

filler

fused silica

Table 2. Properties of Red-phosphoruses Used in
the Experiment

Table 3. Classification of Compound Design

mean  phosphorus ) compound design volume ratlo'
phosphorus ze(um)  content properties OCN biphenyl

Pl 95-35 599 spherical type, inorganic matter and A 6 4
phenolic resin coating B 5 5

P9 15 20 Coalted with AI(OH)3 and phenolic C 6
resin

P3 3.0 >95 surface treated with Ti0; 5% D 10 0

P4 2.6 >95 very fine particle E 0 10
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Figure 1. (a) TGA thermograms of epoxy resins
with respect to compound design, and (b) the ma—
gnification of a square in (a).
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Table 4. Thermal Properties of Cured Epoxy Resins
with Compound Design

temperature of rapid weight loss

sample decssr:[t)(zs%t;on weight loss (C)  temp (7, C) char yield (%)
5% stepl stepll 500T 700
A 385 371 409 - 324 22
B 387 374 410 - 31 21
C 379 360 413 - 436 32
D 391 369 421 - 39.9 26
E 390 377 412 - 315 21

8Char yield at 700 C = one hundred weight percent —
weight percent loss at 700 C.
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Figure 2. TGA/DTG results with the kind of red—phosphorus N2; (a) P1, (b) P2, (c) P3, and (d) P4.
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Figure 3. (a) TGA thermograms of compound A with the content of red—phosphorus, and (b) a typical DTG
curve of red—phosphorus—containing compounds. The content of filler is fixed to 30 wt%.
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Figure 4. TGA thermograms of compound A containing P2 with filler content; P2 content is (a) 0.5 wt%, (b) 1.0
wt%, (c¢) 1.5 wt%, and (d) 2.0 wt%.

628 Polymer (Korea) Vol. 26, No. 5, September 2002



)

[e]
fle
o

§&k Ortho—Cresol Novolac/Biphenyl o15A] S50 WA T 7]

Table 5. Thermal Properties of Cured Compound A with Filler and Red- phosphorus Content

temperature of

id weight 1 .
rapid weight loss char yield (%)

P2 content (%) filler content (%) weight loss (C) temp (7;, C)
5% step I step 11 500C 700C
0.5 74 407 (406)2 414 (412) 490 (480) 85.5 (86.1)  82.0 (82.0)
78 411 (409) 413 (411) 500 (500) 87.4 (87.0) 84.7 (84.0)
82 422 (417) 410 (411) 500 (500) 90.4 (89.8) 88.0 (88.0)
84 441 (421) 415 (410) 500 (500) 92.6 (90.8)  90.3 (89.0)
86 478 (458) 416 (413) 510 (510) 94.5 (92.7)  92.6 (91.0)
1.0 74 407 410 495 86.3 82.9
78 411 411 500 87.7 84.7
82 483 418 500 94.4 91.8
84 493 419 500 94.8 92.4
86 561 421 500 96.1 94.1
1.5 74 404 414.5 500 87.2 84.0
78 412 414 500 87.9 85.0
82 428 413.4 500 92.1 89.7
84 489 413 507 94.6 92.1
86 557 414 509 96.3 94.1
2.0 74 409 413 500 86.6 83.2
78 420 415 500 89.4 86.3
82 452 413 500 92.6 89.8
84 502 414 500 95 92.5
86 507 411 508 95.3 93.0

2The parentheses are results for cured compound C.
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Figure 5. Results of UL—94V test for compound A
with filler and red—phosphorus content. The y—axis
is the total combustion time of five specimens. All
the compounds showed V—0 rating.
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Figure 6. Results of UL—94V test for (a) compound
A B and C, and for (b) compound D and E with the
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Figure 8. Morphology of intumescent char—layer analyzed using SEM and optical microscope; Cross sectional
SEM photo of (a) unburned sample, (b) post—burned sample, (c) intumescent surface for post—burned sample,

and (d) optical photography of intumescent surface.
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able 6. Elemental Analysis of Post-burned and Unburned Sample for Compound C

atomic composition (%)

sample

N C H 0
post—burned 0.09 £ 0.01 12.48 + 0.04 0.77 £ 0.02 1.04 £ 0.04
unburned 0.08 = 0.00 15.34 £ 0.02 1.29 £ 0.01 2.18 £ 0.01
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