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Preparation and Performance Evaluation of Fipronil-Treated Plywood
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Abstract: Termites occur across more than 40% of China’s land area and pose a potential threat to the
service safety and durability of wood-based panels. To develop termite-resistant plywood, a 25 g/L
fipronil emulsifiable concentrate was incorporated into the adhesive system, and poplar and eucalyptus
plywood with different fipronil loadings were manufactured at both laboratory and factory scales. The
effects of fipronil addition on termite resistance was evaluated through laboratory and long-term above-
ground outdoor exposure tests. The results showed that fipronil at the highest loading investigated
(10 g/m®) had no significant adverse effect on the bonding strength of the plywood. In the laboratory
termite test, at a fipronil loading of 5 g/m?, the termite reistance rating of all plywood specimens exceeded

9.0, except for poplar plywood manufactured from 1.7-mm-thick veneers. After 4.5 years of above-
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ground outdoor exposure, plywood manufactured with different veneer thicknesses exhibited termite
reistance rating not less than 6.0 at a fipronil loading of 10 g/m?*. When plywood is manufactured through
the co-blending process of fipronil and adhesive, it is proposed that the preservative treatment level be
defined by the mass fraction of fipronil active ingredient in the adhesive system. The developed fipronil-
containing plywood is suitable for service conditions corresponding to use category C3.1 specified in
GB/T 27651—2023 Use category and requirements for preservative-treated wood, namely protected
outdoor environments without ground contact. For such applications, the fipronil active ingredient

content in the adhesive should be no lower than 100 mg/kg. These findings provide a technical basis for

the development and application of termite-resistant wood-based panels.
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1.1 X5 R

JOR T R I RS G R . se IR | A, [ S E
45%, % N27 mPass (25°C), pH{HE N 7.5~8.0,
THIFy I TE 71 o

¥R (Populus spp.) AR : & 7KK 14%~
16%, H#% 43 %l 24 320 mmx320 mmx2.3 mm,
2490 mmx1 270 mmx1.7 mm A 2 490 mmx
1 270 mmx3.0 mm.,

¥R (Eucalyptus spp.) HAR: F7KZFE AN 14%~
16%, FFS 43 798 2 490 mmx1 270 mmx1.7 mm
2 490 mmx1 270 mmx3.0 mm.
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¥rN3.5 ), 8120 °CZAF F#4J%E 30 min, #HJE
771.1 MPa.
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TERE F Ah M A 5 RIS . MRS GB/T
27651—2023 (B J& A B9 4E FH 73 RAE SR D)
C3. 1A (RPNl L8 RIA R 7
HRIRER) BESR, ZHL A EE NS I E
WFER SN 1 000 mm>200 mm, FFAEE 6.
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HE (B D, BEJZT8CE 4 A R 32h 2 I A i
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Fig.1 Schematic layout of the above-ground field
exposure test for fipronil-treated plywood
at the field test site of the Guangdong
Academy of Forestry, Guangzhou, China
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27%, MIETEEZS, UWEAHE TG R &
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SAG =R T & R R A iR EE A B O R
MR R T TR 1, GRER, MHETHEANEM
B (GERHEN4.0), AT 024 701 IR A i fie & Bk
I SE i AE 7.0 B UL b, R ARG A ST
1E— B R B PRAR i k. Mg G S,
AR Sk 1 B — D AR

FEAH R T, MR A BR A BT S ik
PERER L T AR G . TEEZE N 10.0 g/m’if,
K 2.3 mm A1 3.0 mm SRR A5 BB Ep, s
JG SEIHE 9 10.0, BIRZ AU vh. EHAER
5.0 gm*BF, B 1.7 mm & B4R % A IR AR
G, HAtR S AR e HE K T 9.0,

®1 FREHAHERRBERERHEA BT

Tab.1 Laboratory termite resistance of fipronil-treated plywood at different loading levels

TR E IR AR Tl
AR, BARCEABRZE 23 mm) | BARCERER3.0mm)  HoRCEERJZE30mm)  HoRCEERJIZE 17 mm)  HRCRARJEE 1.7 mm)
@M grygms AR | AR ABUERR AR ABUERR  ARURS  CIBUER ARORS  EBEm

FERES  EE | REHY R A U AN R Sl
10.0 140 10.0+0.0 194 10.0£0.0 194 10.0+0.0 106 8.5+0.7 106 9.3+0.8
5.0 70 9.3+0.4 97 9.5+0.0 97 9.5+0.0 53 8.5+0.7 53 9.5+0.0
2.5 35 8.0+0.0 49 9.0+0.0 49 10.0+0.0 27 8.0+0.0 27 8.0+0.0
1.2 18 8.0+0.0 24 9.5+0.7 24 10.0+0.0 13 8.0+0.0 13 8.3+0.8
0.6 9 8.0+0.0 12 9.5+0.7 12 10.0+0.0 7 8.0+0.0 7 8.3+0.8
0.0 0 7.0+0.0 0 8.0+0.0 0 8.0+0.0 0 7.3+0.8 0 7.7+0.8

a SAUE A BRI AL TR R TI A A P B mg/kg
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EMFEE G =M ARG, BREERE, K
AR B I BE SRR . AT IR R R A R 3 2 =
I, BARRR JE R S A A 24 50 R0 o 1 BB
PNIUSEYS € T/ Ta

K FH B HUF) 5 2 TR A v o % I A AR
ERA M ERF AR PR S E JREHD
KRIRAFIKN, LA SChR A AR R B 2 = 5
S NG RE, WA B8 &
BN 140 mg/kg HI A AR GEEFE N 10.05 111 360 AL i
B R & B2 100 mg/kg I, P41 511 1.7 mm
JEMA L R A B O R 24 55 48 245 & 10.0 g/m*)
3.0 mm JEHAR . KRR Cof B2 575402 &
5.0 g/m® il RIRER, BB e i E AT
8.5~9.5 2 i, MMIALEREKH, EHRKER
ANSZ I, R G T R R A & R IR SRR
I3 BRI F] 140 mg/kg.

L O b S AR R, e 2 AR
R R G RIE— E R b, AR K R
FET7 Aol (2>, 3 B a0 L RO 20
ARHRRAEF, A 32 BT BRARCAR 2 i ik

GB/T 29399—2012 {AHB B HL (80 FHAR B
Y R, HERERE R T 2.5 mm i, FHRECR

2 BHUAE RRAREEE T (BT A8 mhTL)

Fig.2 Termites damage along the veneer layer of plywood

(arrows indicate termite damage holes)
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2062—2012 (B R AHRY T8, REFESE
%?‘J?ﬁi.ﬁﬁ?ﬁ)e?i*}ir}#/ﬁ?20mm OE R

BREE/NT 4.0 mm (R A B % o ASBIF T 45 1
R, HEARJEE N 3.0 mm B, 38 TE R R A
I 0 96 U ) A5 A AR, AT SR AS B Y B E I
R
2.3 JRAR M

T F R e e e A AR 1D P 470 e i B PR
PN APE RIS, 34N H I P A R I
WA, REHEATE 6N H K, WM EL TG B
WSR3 BIFE 35S FEMAS FEIFEZZ A,
3.0 mm A1 1.7 mm JEERAR . H2A BRI 45 TS AR
(s S aE, A LR 2 FgR 3.

®2 3.0 mm EFATRA SR SR BB ST E

Tab.2 Termite reistance rating of plywood made from 3.0-mm-thick poplar and eucalyptus veneers

AN B A RO B (mg/kg) R Uk S 4

W Z
(Cliw: Ty R T [V 0 12 24 49 97 194
B [7EN [N (7% N ¥/ [7EN [VZN (¥ [VZN L7EN [N (¥ [VZN
35 10.0 10.0 10.0 10.0 10.0 10.0
NO.9
45 10.0 10.0 10.0 10.0 10.0 10.0
NOS 35 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
’ 45 10.0 9.5 9.5 10.0 9.5 9.5 9.5 9.5
35 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
NO.7
45 95 9.5 9.5 10.0 9.5 10.0 9.5 10.0
35 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
NO.6
45 9.5 10.0 9.5 10.0 9.5 10.0 9.5 10.0
35 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
NO.5
45 9.5 9.5 10.0 10.0 10.0 10.0 10.0 10.0
35 10.0 10.0 10.0 10.0 9.5 10.0 10.0 10.0
NO.4
45 9.0 9.5 9.5 10.0 9.5 9.5 9.0 9.5
3.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5
NO.3
45 9.0 9.0 9.0 9.0 9.0 9.0 9.0
35 8.0 8.0 8.0 8.0 9.0 9.5 9.0
NO.2
45 7.0 7.0 4.0 4.0 8.0 7.0 7.0
3.5 4.0 7.0 4.0 8.0 8.0 9.0
NO.1
45 0.0 4.0 0.0 6.0 6.0 7.0
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®3 1.7 mm EFARFRABR SR BB ST E

Tab.3 Termite reistance rating of plywood made from 1.7-mm-thick poplar and eucalyptus veneers

o AR A X% & B (mg/kg) T I e ik 58 4
GEMTN R/ 0 7 13 27 53 106
B [7ZN [VZN L7EN [VZN [7ZN [VZN [7EN [N [7FN [N [7EN [N
NOY 35 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
’ 45 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
NO& 35 10.0 10.0 10.0 10.0 9.5 10.0 10.0 10.0
’ 45 10.0 10.0 10.0 10.0 9.5 10.0 10.0 10.0
35 10.0 10.0 9.5 9.5 9.5 10.0 10.0 10.0
NO.7
45 10.0 10.0 9.5 9.5 9.5 10.0 10.0 10.0
35 10.0 9.5 9.5 10.0 9.5 10.0 10.0 10.0
NO.6
45 10.0 9.5 9.5 10.0 9.5 10.0 10.0 9.5
35 10.0 10.0 10.0 9.5 9.5 9.5 10.0 10.0
NO.5
45 9.5 10.0 9.5 9.5 9.5 9.5 9.5 9.0
35 10.0 10.0 9.0 9.0 9.5 10.0 10.0 10.0
NO.4
45 6.0 9.5 9.0 9.0 9.5 10.0 9.5 9.5
35 9.0 9.5 9.0 8.0 9.0 9.0 6.0 10.0
NO.3
45 6.0 9 9.0 8.0 9.0 9.0 6.0 9.5
35 6.0 9.5 6.0 7.0 6.0 8.0 9.5 9.5
NO.2
45 4.0 7.0 6.0 7.0 6.0 8.0 8.0 9.0
35 4.0 9.0 4.0 0.0 6.0 4.0 9.0 9.5
NO.1
45 0.0 7.0 4.0 0.0 6.0 4.0 6.0 9.0

&2, RIGERATE: L35F 1IN, Ho
BRI 1. 2. 32 AR E B,
4JZ R BRI AW SEE, CHMEEIE: kK - g -\
REAWEASEN, ABEMEERN LR ke mimm, s b 9 meke.
&, AHBREISERRM TR, BRETE2E (8. .
9)2) Ab, HAREEB MBI FIFLRE Y B 0k ik
. H, EEHEEGAME 1)ZE (B3, 22
Phig ™, EAK R CE PR B, RAIRA
WS P R SRR v A AR, U T B
IR E R & LR Z iR R

Xof L 7 AR A R T B OO T R, AR
PR AR AW TR R AR (R 3), AR kK
JE B LG A% A R BRI ) I et o b & R s

AR E s —8, WM RERAERD A Bk
IR BRI R AR G, MR G 4 AR ﬁmmﬁ&

3. 54E P MR, B 9 L b A AR e 5
AR E ABUEMSE T E N 9.0; B ASER, %
PR TSI E PR E 7.00 S22 X, R A Bk
7> BN 7~53 mg/kg I E MO, 4.5 I e 47 )
{EA9 4.0, FHISUIE TR 7 B, U 3 U 24 Eg:; 'F}fll'\lll)l\ll]:: i::geﬁi)niﬁtli%ﬁ:st lg);eiﬁfllifvﬁfrllear
ERAEE, REMJLFA R &K ST A st . ground level in the outdoor exposure test

EEU& ‘ ﬁ%fﬁm

IS FMM,ﬁﬁmﬁz;mg@,aﬂﬁgﬁﬁ@o
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GEER2. RIBIE LM T
VR, RIS DL U R0 7 7 2K
T 53 mg/kg M2 HIKEWR, Z45F ARG,
SEUFE N 4.0 BREAG, FREAHP O BUSCR AR 1
1.7 mm 1 3.0 mm & SR H] £ IR G AR, 9 UG
A RN BN 106 mg/kg 1194 mg/kg (R B 4%
ZiE10.0 g/m® B, FBUEEEHE TIAE] 6.0,
7.0E29.0, B E i il REE 4

MRHE A 45 R, R AR R R S ) &
1) 9 RS B B OB A R, 3E AT GB/T 27651—
2023 R C3. 1l &R CREefl 38 KA Ry
AR ERED) LR, AR BB B O AN, E
RS A R R R B A 08 KT 100 mg/kg
Hr: 17 mm ERRHI&ENRAERKAGEN
10.0 g/m*; 3.0 mm J& FLA ) £ I G AR B 2 = N
5.0 g/m®. ZHEFEFIEIZ KT GB/T 29399—2012 H
WO M B R R HEFE B A B (60~
1500 g/m*), FKHTER R R iR I BRI =1
S, B AT SR AT AR .

3 &g

1) DAGRCHURE LI A 77 1 024 7110 s i 81 FOR 7 A
RERR AR 2, 2 SRS = A T ikl & 4
ARFIREA W7 WO A AR, 6 U FL R A AR )
R B VR RE AN i A 5 P TG R

2) R L MR A TR T A B 1 = N B )
ZRER, YEBEERAENS0 gm’ B, R
1.7 mm J& BRI & IR AR I G AL, AR
IS0k 52 S 3 K F 9.0 EAMRI S R B,
B 2N 10.0 g/, AR R EE R BE A B &
BRI I R AT (B T SO8R

3) KB B 5 e AR A ] % IR A
B, MHAARERRSERBAERTNEE
(BB SRRIRAFIKFE . FEARRIS KA T &
17 IO AR R AR I AR, 24 90 R A B8
TE R 2 A & 1 & B AE T 100 mg/kg B, 7R
GB/T 27651—2023 71 C3.1 i F £ 2% RN ANz fiph 448
RIEAGRY 0 AMREE R & 4.5 AR FrSE U B
TR UG 2% FRILE BT R A AR A 1) I R 0
R RS H AR .
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