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Fundamental Examination of Red Phosphorus Flame Retardant for

Epoxy Resin Encapsulation

- Immobilization of Phosphorus Oxo Acids by Zinc Oxide -
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Table 1 Dissolution of Cu and Ag for H;PO,, H,PHO3, and HPH,O,

Concentration of acid Cu Ag
/molL! /ppm /ppm
H;PO, 01 53 -
H,PHO; 0.1 45
HPH,0, 0.1 6
H3PO, 10 1,564 42
H,PHO; 10 1571 13
HPH,O, 1.0 90 N.D.
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Table 2 Immobilization of PO,®” by various additives

Additive Concentration of PO,3!
/ppm
Blank 68.0
CaCO; N.D.
Ca&l OHD N.D.
BaCO, 29
Al OHT} 410
Zn0O N.D.
Ca-A type zeolite 39.2
Yb,0; N.D.
Fe,Os 22
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Table 3 Concentration of PO,®” in dissolution solution for Hishiguard* LP treated with CaCO5; and ZnO
CaCO; or ZnO

Concentration of PO,

/% /ppm

Blank** - 211
H.G. + CaCO, 10 121
H.G. + CaCO, 20 101
H.G. + CaCO, 40 54
H.G. + ZnO 10 N.D.
H.G. + ZnO 20 N.D.
H.G. + ZnO 40 N.D.

*Hishiguardl H.G.[I Red phosphorus flame retardant.

**H.G. only.

2.4 J0ODODOO0OELOOOODOODODOODOODODO
oood

230000000000 b00b0O0b0bOobboOoDO
gboooooboobobobooboobooobobooboo
gooobooobooboob0obd bo0bd ZnCosM
gooobznooooooobooboobobobob
goobobobobooobobooobbooobobobooobon
gboobooboooooboooooobooon

gobooooobogon
goboobobobobbooboobooobobo
goboEeEloOoOOoooooooooooobDodo
ZznCo 00 mzn D000 DOODOO
gbds5-200 00000000000 8O0 S8MLODO
gbobobooboooobooboobosooooboaon
gooozb00o0oobooooobooooobbooooo
goboooboobobootpHOOOOOOODODOO
gboooooboobobobooooooobobooo
OO0 Table 40000 Table 4000000000

ZnCo;0znO0O0IOOOCOODODO EL DO OO BlankOO
0000 PoffOPHOA DOODODOOOOOOOOO
O000000000000000 POS”OPHOA OO0
gbobooboobooboboboboboboooboon
ZnCO;0ZnO 00000 PH,O,"OOODO BlankO OO
O00000zZnO000000 PHO"O000000O0O0O
gboooboobodoboboboooboboboboooo
gooboooobboobbooobbooobbooo
PH,O,' 0000000000 ODOOODOODOODOO
oboobbobbz2.1mo0b0oooboooooobooon
oo

ZnCO;0zZnOO D OOOOO PO OPHOL O OO
gooobooboboboboooboboboobooon
gooooobog znCcozU000O00OO znODOUODOO
gbooobooboobobooboooboboooobooob
00 soL0C"000N0000n0n0oD0nOnsSos O
cf0000DoO0o0oooooooooooIcooon
goobooboboboooobboo znOob0oononOog
gbooboobooooobooobooobog

Table 4 Concentrations of phosphorus oxo acids, electric conductivity, and pH in dissolution
solution for Hishiguard* EL treated with ZnO and ZnCO;

ZnO or ZnCO; PO  PHO PH,0," cr 50,2 E/C pH

/% /ppm /ppm /ppm /ppm /ppm A scmi?t
Blank** - 101 166 82 84 22 134 34
H.G. + ZnCO; 5 16 16 103 12 60 79 71
H.G. + ZnCO; 10 0.7 12 121 16 108 103 75
H.G. + ZnCO; 20 04 7.6 132 25 222 180 79
H.G. + ZnO 5 n.d. 28 100 7.7 16 38 6.8
H.G. + ZnO 10 n.d. 15 114 9.0 22 39 6.6
H.G. + ZnO 20 n.d. 25 123 84 22 39 6.3

*Hishiguard] H.G.O: Red phosphorus flame retardant.
**H.G. only.
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Table 5 Concentrations of phosphorus oxo acids, electric conductivity, and pH in dissolution
solution for epoxy resin molding containing Hishiguard* EL treated with ZnO and ZnCO,

ZnO or ZnCO4 PO, PHO4?" PH,0," cre SO, E/C pH

/% /ppm /ppm /ppm /ppm /ppm A scml
Blank** - 326 186 7.0 28 48 128 34
H.G. + ZnCO; 5 288 165 6.5 0.7 30 116 35
H.G. + ZnCO;3 10 227 108 7.9 05 16 98 36
H.G. + ZnCO4 20 210 106 9.1 23 43 88 36
H.G. +ZnO 5 167 86 11.0 59 26 77 36
H.G. +ZnO 10 101 61 10.2 09 11 50 39
H.G. +ZnO 20 82 41 12.0 0.6 09 41 40

*Hishiguard] H.G.O: Red phosphorus flame retardant.
**H.G. only.
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Table 6 Fire retardant test for epoxy resin molding containing Hishiguard EL treated with ZnO

Flaming Time

Concentration of P /sec judgment
/% First Second Third Fourth Fifth Sum
0 10 > 10 > 10 > 10 > 10 > 50 > HB
03 5 7 8 10 15 45 Vi
05 3 4 3 5 7 22 VO
08 0 0 5 3 7 15 VO
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