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An intermittent conventional drying schedule for 30 mm-thick
Eucalyptus obliqua lumbers

Shi Jingbo' Cheng Shuai' Dong Huijun' Zeng Jinsheng® Cai Jiabin'
(1. Department of Wood Science and Engineering, Nanjing Forestry University, Nanjing 210037, Jiangsu, China;
2. Liyue Industrial Co., Ltd., Shanghai 200237, China)

Abstract: [Objective] The Eucalyptus obliqua wood from Australia has extremely low permeability and is
extremely prone to crack and shrink in the conventional drying process, and it is difficult to ensure the
quality. In this study, the intermittent treatment was introduced into the conventional kiln drying process,
and an intermittent conventional drying schedule was established, which shortened the drying time of E.
obliqua lumbers and improved the drying quality as well. [Method] The drying characteristics and possible
drying defects were obtained by the 100 °C-test method proposed by Tarazawa. Combined with Keylwerth’s
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chart method, the preliminary drying schedule for 30 mm thick E. obligua lumbers was proposed.
Intermittent treatments were applied based on the extent of collapse observed on the sample surface at the
early stage of drying. The final drying quality of lumber samples was evaluated according to GB/T
6491-2012 “Drying Quality of Lumbers” from the aspect of moisture content gradient, degree of bending,
checking and collapse. [Result] The average basic density of E. obliqua samples in this study was (558 +
21) kg/m®. Based on the defect grades from the flatsawn and quartersawn 100 °C-test samples, the final
defect grade of E. obliqua wood was evaluated as “Grade-4” for the initial checking, “Grade-5 for
the internal checking and “Grade-5” for the cross-section deformation. The initial temperature of the
conventional drying schedule for 30 mm thick E. obliqua lumber was set at 46 “C with the wet-bulb
depression of 1.5 °C, and the final maximum temperature was set at 67 “C. During the drying process, severe
collapse was observed when the average moisture content of the specimens was 37.7%, 34.4% and 24.4%,
and three batches of intermittent treatments were followed with the treatment time of 16, 8 and 8 h,
respectively. The specimens were dried from an average initial moisture content of 61.0% to a final one of
10.8% in a total of 20 d, with an average drying rate of 0.10%/h. The moisture content deviation in the
thickness direction of the specimen was 0.70%. Most drying defects such as spring, bow, twisting, surface
and internal checks of the specimens met the first-class standard, but cupping and collapse of the specimen
were more serious, only meeting Grade-3 standard. [Conclusion] The 100 “C-test shows that the cross-
section deformation caused by collapse is the most serious drying defect of E. obliqua woods, and the
collapse extent of the quartersawn samples is greater than that of the flatsawn samples. Adding intermittent
treatments to the preliminary conventional drying schedule based on the 100 “C-test could effectively
alleviate and prevent further collapse development effectively. A small amount of collapse still occurs on the
30 mm-thick E. obliqua specimens dried in this study, therefore not meeting the Grade-2 drying quality in
GB/T 6491-2012, which is usually required by most enterprises in China. However, the drying time was
reduced approximately 90% compared with that of the traditional combined air and conventional kiln drying
method, and the drying quality was improved. The intermittent drying schedule recommended in this study
can provide insights into the actual drying of E. obliqua woods in the industry.
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Tab. 1 Grades of drying defects in the 100 “C-test for E. obliqua samples
PIAITRAE R NS BINARRER B

RS YIHATF 2415 L RESET) Initial Internal  Cross-section Cross-section
Sample No. Initial checking condition Internal checking condition checking checking deformation  deformation/
grade grade grade mm

RN 5 SRR S —

T1 7 short and fine surface checks and 3 4 wide checks and 16 fine checks 2 5 4 3.31
short end-surface checks
FIAN R 35 R R 5%

. FHBER 1% TS 5 LT % 4 4 4 "™
3 short and fine surface checks; 1 short 5 wide checks and 7 fine checks ’
end-surface check; lend splitting
AR 165 KimRR2%, K

- FH3I% BT 5% diF12% 4 5 4 3.39
16 short and fine surface checks; 2 7 wide checks and 12 fine checks
long and 3 short end-surface checks

T4 Fum R BER3%: HHFLA%K : 3 5 3.84
1 short and fine surface check 3 wide checks and 4 fine checks '
KANFRMA%, LR85 Kifi
RN %, mnmmRA%, SRR %

s 4 long and fine surface checks, 28 6 5k; dNF15% 4 5 4 550
short and fine surface checks; 1 long 6 wide checks and 15 fine checks
and 4 short end-surface checks; 1 end
splitting
FARA 6% FuhRASK:

- 2 B
1% e 3 el

T6 16 short and fine surface checks; ;ﬁ“ j‘jfzhéi%;;ﬁ7 fine checks 4 5 4 2.65
5 short end-surface checks; 1 end
splitting
KGOS B S AL . S S By A
}\E,Hﬁﬁs%, )\Elﬁﬁﬁﬂzﬂi . ﬁg\gs%; 25%13%

T7 5 short and fine surface checks; . 2 5 4 341

8 wide checks and 13 fine checks
2 short end-surface checks
FYEZS S, M E A% N
T8 5 short and fine surface checks; . 2 5 4 2.86
9 wide checks and 11 fine checks
3 short end-surface checks
AR SRS K .
T9 3 short and fine surface checks; . 2 5 4 2.86
7 wide checks and 15 fine checks
5 short end-surface checks
SEES IR S PP .
FHAMRHN 5 Fim R A% HRIAL, GB35
T10 1 short and fine surface checks; . 2 4 4 2.14
4 wide checks and 13 fine checks
4 short end-surface checks
TR TER2A; AR15%

RI No check 2 wide checks and 15 fine checks 1 4 3 4.87
TR A3 G R 1%

R2 No check 3 wide checks and 11 fine checks ! 4 3 >.04
TR A%k dIFL10%

R3 No check 4 wide checks and 10 fine checks 1 4 3 5.46
TR B s AL S5

R4 No check 1 wide check and 15 fine checks 1 4 3 4.87
KAZL 5% Keai 21 5% Fvn R

RS 3% R 5 A1 125 | 4 5 390
1 long lateral check; 1 long end-lateral 1 wide check and 12 fine checks ’
check; 3 short end-surface checks

R6 TS5 5% B35 IR % 1 4 5 4.54
5 short and fine lateral check 3 wide check and 9 fine checks )

R7 SEIEIE S A5 A1 125 | 4 5 200
1 short and fine lateral check 1 wide check and 12 fine checks )
RIE S MR 12%

R8 1 short and fine lateral check 12 fine checks 1 4 3 SR

VE: BT ~ TIONZ YR, HHTHmZEY): R1 ~ REAFEVIRE, HAFRS, ROIEHITZT) . Notes: TI-T10 in the above table are flatsawn samples, of
which T4 is partially quartersawn; R1-R8 are quartersawn samples, of which R5 and R6 are partially flatsawn.
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Tab. 2 Recommended initial and final drying conditions based on the 100 “C-test

IR T2

100 CE5EZ100 C-test grade

Initially assumed , ) AT RN
drying condition WIEATFEL 428D RNELGHP) ETRSIAGED) Final drying condition
& Initial checking (grade 4) Internal checking (grade 5) Cross-section deformation (grade 5)

IR

Initial temperature/ °C 50 45 46

WA FR kiR 2

Initial wet-bulb depression/°C 20 25 1.5

5 e
Ji b v 20 70 .

Final highest temperature/°C

®3 30 mm ERMHEEMXATEREE
Tab. 3 Preliminary drying schedule for 30 mm-thick E. obliqua lumbers

Er &S FERIRE FHERRILE 2 SR FIES FHR R
Moisture content (MC) adjustment Dry-bulb temperature/°C Wet-bulb depression/C Equilibrium MC/% Relative humidity/%
;ﬁrlyiof;g;/: 46 1.5 20.0 92
g;i%?:ggf 50 1.5 20.0 92
ﬁg&%ﬁéﬁi@iﬁ by drying 50 25 18.0 87
g:jri%i;ﬁi%%by drying 52 4.0 15.0 80
g:jr%%;;ﬁi?‘zby drying 55 7.0 10.5 68
{j;ji‘?’;j{f‘ii%(;/oby drying 58 11.0 8.0 54
g:s&%z;?iilssgby drying 63 17.0 55 40
THEE15% LT . - o “

Below 15% by drying
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change during drying process
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Tab.4 Drying quality for 30 mm-thick E. obligua lumbers

A RTE

HH AHKE JEBE b KR i Warp degree/% Lk B Longitudinal HEA L AR
It\ Final moisture Moisture content deviation on Twist de ?ee 1o fssure Number of Collapse
em content/% thickness/% [[TECR T E R 22 & ; d /o internal check  depth/mm
Bow Cupping Spring egree/To
2 i}
FEIE 10.8 0.7 0 0.32 0 0 0 1.34
Mean value
254 Grade 2 1 1 1 1 1 1 3
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Tab.5 Recommended drying schedule for 30 mm-thick E. obligua lumbers
FERIEEE FIRERIELE 2

e Dry-bulb Web-bulb LRSS AR REFR 7]
Treatment ry-bu co-ou Equilibrium MC/% Relative humidity/% Treatment time/h
temperature/ °C depression/C

gr(;tifo%fgf MC 46 3 16.0 85

Etiﬁrrﬁrﬁtft%rllt treatment 1 25 0 30.0 100 12
ggri)\jgg iéﬁifﬁ/{c by drying >0 3 16.0 83

e

Etfﬁtit%ﬁt treatment 2 25 0 30.0 100 12
ggﬁ;ﬁ?iiﬁi@@C by drying 50 4 14.0 79

gocrllf\ ;S‘Z)Idiiisfﬁc by drying 50 5 12.5 76

E—ljtéﬁrrﬁtit%i treatment 3 25 2 17.2 85 12
lll/igrfl)\ZZSSZS ?Ei?ﬁ%c 52 6 115 71
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