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Akio Okuro: Heat Resistance of Resin-Treated Wood 1
Pyrolysis of phenolic resin-treated wood
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Table 1, I K WM AF OB K

Abbreviations for samples and technical terms. -

Thermogravimetry #2 E B W = T G
Differential thermal analysis ~ 2 B 2 W DTA
Activation energy EHib xnFE— E
Gel-permeation chromatography - a4 );’;; ;j ;’; ;j’ : "GPC
Thin-layer chromatography ) #E/o~trs574—] TLC
Resin content = 15 = R C
Weight loss H = w2 W L
The resole consists of the low molecular weight phenols. Eﬁ%%ﬁ?@ AR L R
The resole consists of the high molecular weight B TEATHOD H R
phenols. 7 =/ — g
Resorcinol resin vVIvY s — vB R R
: : LROEZERD
Sample of the low resin content treated with the LR. B = Akt L L
. -, . LROEEERED
Sample of the high resin content treated with the LR. & e A bt L H
. . HROESKEED
Sample of the low resin content treated with the HR. RIS kbt H L
. . - HROESEED
Sample of the high liesxn content treated with the HR. BHis A b H H
. . . VWY =
Sample treated with the resorcinol resin. s Akt R W
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Inc.rease of. v1sc031t27 of resorcinol 2.4 BEERORE
resin solution at 25°C,

2.4.1 HA¥lo@Ex

ROFEAR B SOBIBREARL, - 74 7T E Lictk, FELBERBO T 1-500 BB < 150
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GPC curves of resins.
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Table 2. # BB BE & & EEOHRERK

Relation between concentration of resin

solution and resin-content.

" i BB W K (50) & K %
ncentration . . .
Resins of resin solution Viscosity Resincontent
(cp) (%)
20 4 37.4
LR
7 =/ — ki 40 6 58. 4
Phenolic-resin 20 6 36.9
HR
40 11 58, 4
vy s — il
Resorcinol resig 30 9 38.6
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TG and DTA curves of non-treated wood and resin-treated wood(LL).
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XEOTHEERBONRAONEH, BOMMRICE S WL i3 300°C 455 TRE 5151, 400°C HEH S
3, BAMBESOMEICEIWLAEE YD, 500°C TWL M95% ibET 5, Coflic, 250°C AH5ET
BMIEOBILICXZ LEONABRBEINMOLOTHLECEH, TOHSRHREIVLRMEAEL, LREE
B TH B EERLT B,

Ly s —vkilgd, BIEOEAHERTERPHICTONS 2, BMERIELEIBICRE S Kk
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H, BOCHE»SEY /=Y ORIBICEBEERONE WL b, 400°C [HETHALE X OBBHHE
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PRED, Thid, K LBROMICHEERESY, ZORBEHFRTRAMOEIESEC DPTL
BOTIRBOMEER BN, Table3 iz 150°C & 250°C ¥ TOWL %R Lz,

3.3.2 DTA
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FRIMEAY, BEEQEAMODTAMKE, Fig. 4, 5 KRTX 3T, 200°0C fHEd SREMET D,

Table 3. TG Lo 250°C ¥ TOERRBIE (%)
Weight loss (%) of samples to 250°C by TG.

. . Y B 2
S 2 V‘;i;ight o ¥ &

Samples 150°C | 160°C | 170°C | 180°C | 190°C | 200°C | 210°C | 220°C | 230°C | 240°C | 250°C

R L B K #
Ron treated wood 0.4 06| 07| 0.8 0.9] 10| 15| 2.1} 31| 41 6.6

LL 0.8 1.0 1.5 2.0 2.5( 3.1 3.8 481 58( 7.5]10.1

LH 1,3 1.8 2.2 2.9} 3.5| 40| 47| 54| 6.5 8.1]10.4

R i AKE
Resin-treated | HL | 0.9| n1| 14| 17| 1.9] 204| 31| 36| 45| 62| 856

wood
HH 0.3 0.5 0.8 1.1 1.4 2,0 2.5 3.4 4,7 6.3 9.4

RW 0.3} 0.4 0.5 0.7 1.1 1,5 2.0 2.8 40| 52| 7.4
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WREMRIRT, BIEWSETEERS 7, BITI2, Freeman-Carroll BT » 721819

>R OREG—ROMESIGT, ZORISEEREZRRDL S IKFET 5.

‘;_’t‘_.:K(l_x)n .............................. (2)
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nBEGRBTH 3,

K %% Arrnenius OXEHBRETE2HDETE L,

~_E_
K=Ae BT i (3)

2T, ARFERT, ERERLz Y-, RRBRAEY, T 3edBETH3,
(2), (3)X&DY

- E_
‘;—f=Ae BT o (1—2)" e, (1)
ERGBEDORRBEEX ETHhE,
X=1-x
THE06 (4) RRKRDOXHICEE S,
- E_ ’
_‘fi_)t(=Ae BT « X% e (5)
MAOREE LB E :
aXx =LA—E
(=G )X =l A~ (6)

L85,
&5, 1T OBWAEM 4Q/T) KRS 2EROEMBEED 4 TRTE, (6)RKV(AMES
s, '

Aln(—dd_)f)_” e Al X = —_IEQ— . 4(%) .............................. (7

INERINICERR IS CERLT(8)R%EE S,
dx 1
a(~G) g A1)
—AlnX -|-T . A[nX Z= Hl serteseesiessissanersarinraees ( 8)
(ORERANTREITT52FRL, BohATCHBRERE#S LT(—dX/[d)ERD S, T (—dX/ds)

omREERT s, WD, o daXid] st AUD] L e,
Aln(-—dX/dt)/

d,x ERMICE STF 0y b L, ZOERESOEES SiEMALT I V¥ —EHRED,
B &R & DRRE D RISRE n bk 5 hB. ELadb(6)RICKDVERRTASRD 513,
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INOOHER, HEAMTHTHRINATOSFAICED, a2V . —4TRE LY,
T TGOF— 2R 1CTricA vy bE&N, AT BB TRENS Table5 ® 1 T3 5°C, ITiE2°CT

FPE L7,

F-2MBORLE LT, LLOEA% Fig. 6, Table 4 {K/)RUfz, EDfEIE, 7 v s 7 4T3 J/mol
TRTEHITCESTNED, T TH, Kcal/mol_ TrlUT,
Freeman-Carroll #IC & % B D5 H3, Table 5 ITRL T,

7y b=V v o— 2AOBMEDEHAL T X v ¥~ 54. 7 Kcal/mol,

N DERXREDHEATH 5,

ABERPITR, KEUWLASHEE S 250°C L5, 2o — ADMEBBREMLETE, 2ro—
ZADORSEO E— 7 BEMED 2 DORROBEHBICOVT, ELnzRDl, MBEORREZILL,
BEOEBETELTRLTE 5,

Table 4, 7 ) —= « F p 3 VEIR X BBIEMBEB AT D

BARRICOBHEN T — 4

Kinetics data for the pyrolysis of resin-treated wood
" by the Freeman-Carroll method (isochronal).

I3 0.27 TH -7, T

SAMPLE No. 1 DATA No. 2 SAMPLE : LL
TEMP 260-295°C 4T 5°C HEATING RATE 10°C/min
yEy 9 %7V
FvF INVI)OUT NI aayy 2T

S| db | & I X Gy | m(—axjan | AT L AWCAZIdD

260 1.876 E —03| 100. 00 0.000E +00] 3.027E —-03 —5.800E +00
1.859E —03 88.53| —1.218E —01| 3.584E —03 —5.631E 400

265 1.744F —05 1. 218E —01 —1,691E—01! 1,431 E—04 —1, 388E +00
1,842E —03| 77.78 { —2,513E —01| 4.062E —03| -5, 506 E + 00|

270 1.712E —05 1.295F —01! —1,252E -0l 1,322E —04] —9, 666 E —01
1.825E —03 64.87 | —4.327E —01| 4.567E —03| —5. 389 E 400

s 1,680F —05 1.814E —01 —1.171 E—01] 9.263E —05 —6 453 E —01
1.808E —03| 49.82{ —6.967E —0}| 5.025E —03 —5, 293E +00

280 1. 650E — 05 2.640E —01 —9,558E —02] 6.249E —05| +3.620E —01
1,792E—03] 35.13 | —1.046E +00| 5.443E —03 —5. 213E +00 )

285 1,620FE —05 3.495E —01 —7,994E —02| 4, 636 E —05| —2.287E —01
1,776 E—03] 16,13 | —1,825E+4+00| 5.735E —03 —5.161E +00

20 1.592E —05 7,783E —01 — 35, 227E—02 2,045E —05] —6, 716E"‘02
1.761E-03 0.00] 292? | 2222 | 29299

5| seaE—o05 29299 299292 | 2222 | 29229
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din(—dX/dt)
dn X
3k
i Hukdh THLF— £=8289E+04 J mol
1L NP SYBRY L n=0.22
0 p~—
N D\O\u\
-3L
-5 1 1 1 1 H 1 1
o 4 12 16
A1/T) )
an x %10
Fig. 6. ) h ¥ W 7 — 2
Kinetics data.
Table 5. 7Y —= ¥ « % 4+ 0 AL 2R QN EED
EH LT k¥ — & RIBTRE
The activation energy and order of reaction for thermal
decomposition of samples by Freeman-Carroll method.
. I I
O | EERE | E_ v | BEEE | E_ "
empera- ctivation empera- ctivation
Samples ture range energy Orle'ggzio%f ture range energy gzgg{igf
[4(®) (Kcal/mol) [§9) (Kcal/mol)
ideiove 325~335 54,7 0.27
Non—?igﬁékgood 260~290 19.4 0,12 307~317 61.8 0,27
LL 260~295 19.8 0,22 295~-305 23.9 0.12
R E LH | 260~280 27,3 0,20 285~-295 21,8 0.22
X M
Resin- HL | 250~290 27.8 0.37 293~-303 33.9 0.15
treated
wood HH 250~290 26.5 0.37 295~-305 20,0 0.13
RW 250~295 22,9 0.22 299~-309 45.1 0,12
N, Sueh Cellu- | 334~348 75.6 0.28
In nitrogen | 322~338 15.6 0.01
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LIt TR &, RMBEAMO E B, RAEEAY 50 Ly ¥77Y0EKH 280~296°C Off,
23.8 Kcal/mol iCEe 2RI L, BIEMEAHTD E 12, 19.8~27.8Kcal/mol L RETERRS
TV, BIBREIC OV TEEKRTS 5o

LILONTRS &, REAMO E OfF, 61.8Kcal/mol 3, 7 v Yo -2 TERLNIE,
54.7 Kcal/mol, 674 5>® 49.7 Kcal/mol QEICIE, Thicsl, 7=/ —EIRMEAM D E OfF
12, 20.0~33.9 Kcal/mol TR E LETF LTS, LY/ —VIRIEAMO E O}, 45.1Kcal/
mol THEMEEER Ui, KIBRETRE, ZRKLESRELEZNRALNEL -7,

—&K,KHK%LTMBb@ME,ﬂiﬂﬁmﬂﬂﬁﬁbna&,*me@ﬁﬁ#é%ﬁﬂﬂ%i
D,E@ﬁ%ﬁT?é&%bﬂfwémoit,co;iﬂﬁ%ﬁ,Eﬁﬁ,&ﬁﬁﬂmﬁfﬁéﬁé
b,

A ORI RZT 2 1 5 DUE ORI S0 T, WEIAH ERAETICHBERIZTHAL,
KA A LTHATIBANEL DN, EFAREL LR, WEIBZONIN, 72/ —VEIELE
AT, BEDERABASNEELIONS, COEME, BRROEEOTVWBEIHTLRDLEN S,
EATFTCO LT —ADHSMED E O, FEW KX WIBHBRIET 39.5Kcal/mol, 4R KT
26,8 Kcal/mol &#& XTI 525, Table 5 KR Lk S ic No KT8 Sh7cffid 75. 6 Kcal/mol
TH o 7re E1BIEMEAMOL L TOMEE 15.6 Keal/mol EAEEF LYk, Z0k>ic, E DED
BT, DIOERTHETONICEDLD, 7=/ —nElEE, A1 e —2ORIRICRTTHE
BARENHDEELOND, LHL, HEOATFR, kR Lck2EER, COXROBAATER
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Heat Resistance of Resin-Treated Wood I
Pyrolysis of phenolic resin-treated wood

Akio Oguro®

Summary

Thermal decomposition of resin-treated woods was investigated by means of TG-DTA
(simultaneous thermogravimetry and differential thermal analysis).

Lauan veneer (Shorea spp.) of 12X12X0.1cm in size was treated with two types of phe-
nolic resins: one type of resole consists of the low molecular weight phenols (mono-nuclear
phenols: LR), the other type consists of the high molecular weight phenols (di-, poly-nuclear
phenols: HR) and the novolak type of resorcinol resin.

Identification and determination of the molecular weight distribution of these resins were
carried out by gel-permeation chromatography (GPC) and thin-layer chromatography (TLC).

The samples used for TG-DTA was the powder of cured resins, non-treated wood and
resin-treated woods.

TG-DTA curves were obtained at 10°C/min in an atmosphere of flowing air.

TG curves of the phenolic resin showed an initial small weight loss, beginning at 150°C,
followed by significant weight loss beginning at 300°C.

TG curve of the resorcinol resin showed a significant weight loss in the lower tempera-
ture range, due to the evaporation of the volatile components in the cured resin.

TG curve of the resin-treated wood showed an initial small weight loss, beginning at a
lower temperature than the non-treated wood, and an increased rate of weight loss in spite
of the lower content of wood. The weight loss of sole phenolic resin was small in this tem-
perature range. This suggests the presence of some interaction between resin and the wood.

DTA curves of these resins and resin-treated wood showed exothermic peaks correspond-
ing to each reaction stage of the TG curves.

Kinetics of the thermal decomposition of the resin-treated wood was calculated from
Freeman-Carroll’s method and from TG curves.

The activation energies of both non-treated wood and resin-treated wood was 19.4~27.8
Kcal/mol, in the temperature range of 250~295°C (I1). The activation energy of non-treated
wood was 61. 8 Kcal/mol in the temperature region of pyrolysis of the cellulose (II). It was
20, 0~33.9 Kcal/mol for the phenolic resin-treated wood and was 45.1 Kcal/mol for the resor-
cinol resin-treated wood.

This data suggest that the phenolic resin has considerable influence on the apparent
activation energy of the cellulose in resin-treated wood, however, the resorcinol resin is less
influential.

The obtained activation energy and the order of the reaction were within the range of
the values previously reported.
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