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Manufacture and properties of Pinus kesiya flame retardant plywood

LI Xiaoping, WU Zhangkang, WANG Jun
(College of Materials Engineering, Southwest Forestry University, Kunming 650224, Yunnan, China)

Abstract: Pinus kesiya, which is widely used to make plywood, is commonly planted in Yunnan Province.
To improve plywood properties(including mechanical and fire retardation properties)and promote safety because
that the plywood panels without the fire retardation agents were easy to burn when those were used in interior
decoration, the influence of flame retardation agents on the flame retardation agent impregnation rate of
plywood, on mechanical properties, and on flame retardation of plywood panels was studied by means of
orthogonal test. Results showed that when concentration of the flame retardation agent was 12 g-kg™ and the
temperature was 100° C, flame retardation agent impregnation rates increased as the dipping time increased
from 1 h to 5 h with rates of oven dry plywood higher than air dried. The impregnation rates were also different
depending on the chemical composition of flame retardation agent and the moisture content of plywood (oven
dry plywood and air dry plywood). Additionally, as dipping time increased from 1 h to 5 h and when the flame
retardation agent was FR-A (flame retardation agent A), mechanical properties (bonding strength)of plywood
panels decreased from 0.97 to 0.73 MPa, the oxygen index (Ol) increased from 41.89% to 64.88%, and the
smoke density grade increased from 1.20 to 10.95. With flame retardation agent FR-B (flame retardation agent
B), the mechanical properties of plywood panels decreased from 1.09 to 1.07 MPa, OI increased from
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42.35% to 44.11%, and the smoke density grade increased from 10.57 to 17.95. Thus, flame retardation agents
negatively influenced the mechanical properties of plywood panels, but this improved flame retardation
properties making Pinus kesiya wood feasible for use in flame retardation plywood with further study necessary
to lower the smoke density. [Ch, 4 tab. 11 ref. ]

Key words: wood science; Pinus kesiya wood; plywood panels; impregnation rates; bonding strength;
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RAGFAR Pinus kesiya XHRERS . REARAIEHE E25" T R i dRSES . BP0 B SR &M
RIS WO TR BER R 4K RAaRAE, RamMEEMAMMAZ — RERAIE Ak
W B2 2 —, M STORIAT ST, AR RS HEN . HAT, BReREZHTFak. K
HAZE MRS, (EAR G GB 8626-2007 (£ 341 A4l 44 14 128 56 75 12 ) WL S oA 22 BE AR AL B 14 JE 45 M ¢ 51
B2 AT RRPEAR B R o AT — R AR R S AL, — HRIROR A, bRl
BT BRI S 4 T JIE AN G A S SRS e, A R D 32 B T — s IR O T e X —
ROL, P v e & BObERE R BHARPE BE R AR H L B9 o SRS, ARBUM R BLIAPERE C 5 b R B . 2
SAFTRITI R o FAE 1995 45 23 2Rl A A St 1 G SR A TR B8 BTl KOTE) o 7S Wl AL
SE, T BRIRT L TR A 6 AR T LR R RE I8 BIMERR S (B BIAP RS S J3 5, IR WAL ZR A X BELAA
e AR AR A 1 T T R R AR, AR BRI B e L BRI S B A LW A B
TR AR, BHARPEREIS B ZEOK, Ty PEREOU A RSP AN IR B, 50 S A i ARt A7 BEAA I 5T
A JH L2 PEAT FABR T AL BRA SEAT B, E— 250 BT T 4 RO RIS | AN RT3 35T ek 1) AN ) 35 K A A
T XA AR BRI R s (A E P AR IS R A BT, DA R AR BIORERAC s b B, Oy i
— 2L WA AR S W BELIA I 5 W 1) ) 3 B B i, FFAF 5 28 3 AN [) BELASR R0 76 AN [R) 322 30T N 1) 2% 1F 1 RSP A
AR PERERIAE ML, AL J) AP BE A BE R RE o
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1.1 LB ##

S P TR A 2 2SR AR 8 SR A BRI A IR B R R . PR AR . m R T
EMGEAM A BRA F S, JREEE 0.8~1.2 mm, #RETH RS 24 300 mm x 300 mm, & /KFA 7%~9%.
AR A, PR B 120 gokg, IR 4 Bl OHLBHAAR (FR-A) . EEHBERE 8 . MR .
BRSSO SR WEIR L BRI (FR-B) . 520 ol SRR B 4 o A HLARTRLBELARSR) (FR-C) : HIRER
WEER . BHRR . WAD . SEALAE LA, LRI T BEAT S . A BL e R B R (FR-D) - SR M A IR
R.OURRR . BNRR . WED . SR ENSE, FEmiE T EEAT A M A ML BELA R (FR-C) A AL it BELA 5
(FR-D) A DX 50 S 7E T 2 A £ JlGl BE AN ), 1o BELR 00 4 A 27 4193 A R a$ Al o 4123 B L R AR R AY o Jik
MERIARIRAR e R W CMOGEBUBL A IR FIR At . IR IR BRI PERE SRR . B 30~32 Pa-s,
pH {E 9.0, [ AT >4 60%~61%, F s W RE i 70 80 2.5 ¢-ke™s T fdi A IEAL 70 O S AL 8k, i, 7>
Brédi,

1.2 WHE

121 rgk ) eg iz ot & R e TR T BARIR AGEEE Jy 100 CRIBLA R W, ZOR PR BT
W 20 mm LA, BRI 3900 9 FR-A, FR-B, FR-C #l FR-D 5% 4 41, #p4H 10 Sesipy, Hop 5 B
TR, S PRt 104 CHE TR B4 TR b, BRBERIEI0008 1, 2, 3, 4, Sh, &ADEEE
3 3 B ot IR] — FELIASR Py A 2 e, BELRRSR) SR 0 B O 120 g-ke™, B BEAT 2 RSLER, SR AR ECE
i"{[{ﬁ, @H?{/A\ﬁA=[(m|—mo)/mo}><100%(,ﬁ\:qj: A jﬂﬁéﬁﬁ, %; moﬁ%*ﬁﬁifiﬁﬁ}ﬁﬁ, g5 my jﬂ%*ﬁ
AEFJE R, @), TFRIRBIR, THEEURILE 1R RAEEGIR BRI R AR, BRI 2 R R
BARA AR FR-A 71 FR-B, 7E 100 CAAF T BE— 25 70 8 BELAA X S5 M 77 2 P BE MR8 1 BE 1 32 1
W B o B2 1, 3 A5 h )5, BUHE FHEE N 60~70 CHytE il #5 T A b, F Sp T 2 5 KR
N 3%tEAT, VAR AR
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122 Jremaé&1d HRIEEJIN 1.5 MPa, #ERE 60 s-mm™, Jiti & & 300 g-m> (WA ), IR
B 110 °C,

1.3 MEEMiK

13,1 Iea-raemlaX A A )24k R 1 B K AR GB 9846-2004 (e i), 44 M2 i 45 i il
A TR, R 500 A Ik A i (UF) S50 (P b 28000 1.1), M4 R L3k 2 s .

1.3.2 rkMEgem X AHEARA A A B (OD) FMH % B ek, BARIS . AHEEODME : 24 —aER
AMTE A -RIR GRS, JRFERE S50 N S IR JA KR b BT 75 10 d /N SR B2 5 A4 BT ERbE L 1 X
RVE, RGBT, SR BIPSE T 2 E R 2, RIBOHE s G 5 SE 80 H B bR bR ofE GB/T2406.2-2009
CHBoRL T8 B0 I E BB AT A ) IEAT I o IRt R UL R 3. M I AE . 4% [ K bR vfE GB/T 8627-
2007 CHE SR BLR 2 553 fifk 1 40 %5 B2 a0 7 2 ) i AT R B RE A3 s AR AR O 25 mmx25 mmx5 mm,
PR TAEE 10 0.2 MPa, Z5 5L L3 4, MG E ZKARE GB 8624—1997 CHE HUA B be 1t 43 P 77 105 ) 1 A
TR, AU BT EEE I B ORI B, AeUHR BRI R S G J R B R R A SR R AR =32,
%5 B 45 9% (SDR) <75,

2 HEXRFM

2.1 BEMFRZBEEMILLE RS0

HiZe 1 a5 TEBHAARIFNE | SoRFME R OLT , BEE R ] A R N 1 h $E & 2 S
h), RSP AR BIR R S E BT UL RS IR R SE S, FERHAA R R B RSO0, A AR T I
W B BELAR AR ) 222 o FEMI A D246 0F T, 46T AR SP A SRR A IR 7 A0 28 T/ T SR IR BT 565
BV~ 114 S SE A AR B A R T BELIASR) 8 TR AR A 1098 1 AL RIE AR Ot o b, MR T ik ]
DA, BHARG R SEAN TR, S8 H B A LR TR DR AN A, 2 Bl BILBELAA 57 A0 32 15 3 22 w8 T JCHILRHL
AR IR0 0 SRl R B BELAPA TR, 3o 5 BELIOA ) 94 4 2 mi oy A R G5 R SR R A W R A S, R 75 i T B BT 5 P
— AT o 9 T i — T BT X AR A T 2 PERE AR B RE A R2 R, ABFITIE ] 1 2 BRI BTARER
R B BRI S W FE X Gk #EAT o SR BUAR W Y 2 FEH AR AR BE L 3% 2 iR Bt A A% i BELIA 0] H AT A
&, & R B AT s R BIXAE R IR 100 CAFR, BBt T 1, 3 F S5 h i SF A8 Bl & 091 &
By T3 A PR RE RSB ML REREAT BT, I 5 B0A Gead BHARAL BE Y 25 B P AN A AR AT XS L, DA — 22
S FELJR TR X R W S AR P RE AR T

F1 BFRBHEARITZEHTHREMBFIRHER

Table 1 Impregnation rates of plywood under different conditions

0 B 1 40 /%

LA &K%

1 2 3 4 5
FR-A 8.25 6.06 6.94 9.28 11.31 13.74
0 9.34 13.77 14.82 17.37 21.21
FR-B 8.25 5.71 6.68 8.18 10.80 12.39
0 8.03 9.44 12.78 15.73 16.90
FR-C 8.25 12.66 20.03 29.89 34.85 49.37
0 20.47 26.19 34.72 54.83 78.40
FR-D 8.25 5.81 6.21 7.30 8.53 12.66
0 9.62 15.60 14.55 19.59 25.54

22 REBRESH

2 NEFME AR . R 2 AT A% 2 BRI IS MOkt ) e 7 otk B B SRR A, JFBEE
#5 1oT IR 5] A9 364 0 B 0t A B4 5, ARUBE B R R BRI 2E o 34, i FR-B BRI AL B AY I 45 B
1 I G i B2 2 T 2 ad BHAA R FR-A AR PRAY IS S AR A IS Ao 5 o 253 3R 1 al AR, Bl R BT [ i AT K
R R AR IR BUR MR , RV G MRS SR RAE I R R, BEAE B R b 51 1%
I, AORE BB 5 R 2 A R . D Ah, TS R S BRI B R R —E B SR AR FR-A AR Hh BR
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TRV, ROouFRH, B&A—ERNMEEIY, B AEXTACE®E . ZOuR R FR-B B, &
i FR-A AT G £ AR B 1~ PR RE B 22

23 RBFMERERHREIERES T

23.1 AdEHpH BRI WG SEABREHRAALL, S BRI AL B RS I A bR Y SR O A 2
TRENRE, FRARE 1 h WEBEEERE T 55.32%, i FR-B 235 1 h A5 848 & 17 57.00%, It
HEEF R B A E R, AR e i e de s FR-A 2305 h AR e i, 6 2w ik 64.88,
Zead FR-BFHAATH Ak 2 9 J1E 45 M A 48095 BORTAS 225 FR-A BELIR SR A 240 50 5 M P 29 B2, OF HLBE R
RN ] B RE A, 38 KO 3 i AR/ o AT L, BELASA TR0 A9 Aol 24 0952 35 I 18] 0 A 1) AL i i 7
AR BB IR e . RAR MR I A B OCER R, A M) T Bt BRI X I A A A LR ROR

R2 BAamBaBRENERDN #3 BFAKEROAEHMLER
Table 2 Bonding strength of plywood panels Table 3 OI(oxygen index)of plywood panels
LI ANTR] R I [] (4 JBE 5 56 JEE /M Pa L1 AN TR 35 35t 1 18] 119 46 4 20 %
1 3 5h 1 3 5h
E=REvGE 1.97 1.97 1.97 =z A 26.97 26.97 26.97
FR-A 0.97 0.77 0.73 FR-A 41.89 49.39 64.88
FR-B 1.09 1.08 1.07 FR-B 42.35 43.66 44.11
232 BFEEH K4 N PHBRIE G AR R A I £4 EEREAWOESENRESR
AR R4 15 BRI )5, B Table 4 Smoke density testing results of plywood panels

A TR A3 AR ) e R R 8 B (L R 48 2 A5 A IR WL A
AR e R A R LR 0 3 BE 45 R A S 3 B

BB/ RO R

2 AR 0 2.38 1.20
I ELBRAA ) FR-B {9 Jgk K A 5 {1 0 0 2 2% 20 8
5 T LI A FR-A f0 55 o KA 2 i (10 40 75 2 : o7 577
bt 25 95 95 B R PO AE G, BELAR ) FR-A 1 J5 K 0 5 FR-A 3 2096 1095
M R 35 5 2 S IS B FE 28, S L 5 5 19.29 1057
B KRR A A 25 B 5 LA FR-B 19 1 2165 1357
e ROHMR % (R0 A %% 1 45 % BB 25 1R T B [a) A AE K FR-B 3 27.87 17.70
M. AT, 20t 2 FPHERI A Z I, A 5 31.16 17.95

R AR AR e, R B FR-B XA AR R AR AS F

MIRCREWIE 5 AT REJE th TR sh S A B, IR T BEA AR i R i, [R] IR Al 0 26 A i AT 7 —

E R LW /INBORE B8 A A 5 (TR T AR I BE S /N T 750 O T Bk — A O A RN AT RE
A ek ) BELASR 790 o S — 7 A AR R SE B, X W SRR A S U — 2P BT AR

3 Hib

JESPAR PR (35 35 R R BN [ BEAZR SR AP S MR A 5 K R AL Rl B S o AEBR BT E] 2 1~5 hi, B
AN [E] A RE AR AR BUR WA AR i, T IRE R BURE R T AT RS RARBR . BRaHR
P19 8 3 5 2 o A PR 2 0 R B w8 M 0k, O L BELRR SR o S 0 Jie 45 90 82 o ml 7 AR W S RO AN R I o T
PR SRR A S R 25 R i DR A s (Bt BELAPA R 9 5 3 ) B s T i v, IV 92 3 I [R] A9 i 85 1
R, IZRLRFI R R AN . 5 FR-A ML, FR-B MIBIRSCR 2, RMEH R, Zad 2 LA 4 5
ZJe, b B R AR SO B AR BOR AR A B MR AR, (EINEOC T R (ET A B A AR A A3 KR
A 8 2 25 24 R 6 2 [ S o GB 86241997 CRE AT RHIABE 1 73 2 75 1 )% B1 G0 SUM R AR 2R

KL, BELAA TR A o 2 MR o I )00 I Al 1) g~ VE RE FMA B PERE X Rl )™ AR B RS2 R, O 1 i —20
e B AR RSP A TR A AR A PR RE , ATk — 205 30 3o S 4 A 750 R el e FLAR R P RE

SE 3k
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