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Environment Responsive (Phosphorus-containing) Epoxy Resin
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Abstract

Flame retardant epoxy resins are being transitioned from brominated epoxy resins to environment
responsive phosphorus-containing epoxy resins. Furthermore, in recent years, there has been a
growing need for reactive flame retardants due to concerns about additive flame retardants leaching
into the environment. We developed a phosphorus-containing epoxy resin suitable for use in rigid
printed wiring boards by controlling the type of phosphorus compound and the molecular skeleton
and molecular weight of the reacting epoxy resin.
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Reaction of novolac type epoxy resin and DOPO

If X is H, phenol novolak epoxy resin. If X is CH,, cresol

novolak epoxy resin.
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Phosphorus content in cured product (%)
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Relationship between heat resistance and adhesive
strength due to DOPO modification
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Reaction of bifunctional epoxy resin and bifunctional phos-

phorus-containing phenol compound

Epoxy resins BPF type epoxy resins
Phosphorus-containing phenol DOPO-HQ | DOPO-NQ
Phosphorus content of epoxy resin (%) 3.0 3.0
Glass transition temperature (°C) 109 139
Copper foil peel strength (kN/m) 1.9 1.8
Between layers peel strength (kN/m) 22 1.6
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Physical properties based on DOPO/DOPO-NQ ratio

DOPO/Phosphorus-containing phenol ratio| 17/83 | 24/76 | 36/64
Phosphorus content (%) 2.0 24 3.0
Epoxy equivalent (g/eq) 308.2 | 335.0 | 330.9
Phosphorus-containing epoxy resin (part) | 100.00 | 100.00 | 100.00
Dicyandiamide (part) 3.41 3.13 3.17
2-ethyl 4-methylimidazole (part) 0.01 0.25 0.10
Glass transition temperature (°C) 1399 | 1363 | 127.6
Copper foil peel strength (kN/m) 1.4 1.4 1.3
Between layers peel strength (kN/m) 0.9 0.9 0.9
Flame retardant (UL-94) V-0 V-0 V-0
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BPF type epoxy resin compounding ratio
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Relationship between amount of BPF type epoxy resin
used, heat resistance, and adhesiveness

221 IXRXIBEOAFENTOEREIC L 2EMEL
PNE |2 BPF-E 2 E L7256, 2 BRE AR 52 L
WX VRIS D OO, E5TREEDIIFEET S
B, ) ALEMEORISIZE D FEIZEWS T RAES A KT
5o 2BEREMASDA%L, SERKS LRIk PNE
ZHWILUEX, DOPO BRUGL TH ZARF L EA T E R VK
GEERLOSHD, B FERGSAEBRLICC WS
i AR A I E T L L 2 S SRS TE B EE 2
720

3 %A% ER5r &34 PNE % fivaC, DOPO/DOPO-NQ
WHEEHE L CHoxfio7ze AFIVITF IV k¥ (MEK)
BIRLOVERRE 2R 9 127" T

—f%7% PNE TId) Y S AE 2% & M2 % & B TREE
LATEY, 3K EERG LT LR TREFD
PNE CIIkED L FAITHER D TH o720 211 HEREER
FHMiA FER L 72 (T 3)o

HERYE, BB RMERE L 2SS, T AWBIRE Z ED
LI EWNTE, F/2, I ABBIRED 150CHEE TR
HTELHBTHIUL, VU EAEL 25%LEDL I LD
T& 5%, MRS H L5, MOBEEEATLZ L
TH7 AN G T2 L MHETH D,

B A& # gk B W H4a245 (2025)



RIEMICHE (U XEHR) TR* VS

25000
@
+ 20000
©
% General PNE
= 15000
‘a
o
a
'S 10000
[ =4
.8
= 5000
<)
(%]
Trifunctional PNE
0
1.4 1.6 1.8 2 2.2 2.4 256
Phosphorus content(%)
9 ULEBEXRELIFRX IVHIBDOBARIEEDER

Relationship between phosphorus content and epoxy resin
solution viscosity
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Physical properties of the reactant of special PN type ep-

oxy resin and DOPO/DOPO-NQ

Phosphorus content (%) 2.0 22 25
Glass transition temperature (°C) 170 164 159
Copper foil peel strength (kN/m) 1.8 1.7 1.6
Between layers peel strength (kN/m) 1.0 1.0 1.0
Flame retardant (UL-94) V-0 V-0 V-0
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