4.3 Drying Schedule Tests

Yusuf Sudo HADI and Shin TERAZAWA

WM DR X7 D 2 —ILEHER
AT AN enTFg, F R OOH
4.3.1 Purpose
The purpose of this study is to establish the most suitable drying schedule of one inch board
for each species of eighteen tropical wood from Togian Island, Sulawesi. Whereas, 100°C-test is
carried out as a guide to set up rough drying schedule tests.

432 Experimental Procedures

Test board sizes were 2.7 cm by 20 cm by 50 c¢m, in thickness, width, and length respectively.
The test boards were made free from visible defects, smooth surface, and also, they were main-
tained in green condition before running tests by wrapping those boards with polyvinyl sheet
and stored in the refrigerator room.

Three flat-grain boards were taken from each species for running test drying schedules, except
for Koordersiodendron sp. and Madhuca sp. which were two flat-grain boards only were avail-
able. Each test board was kiln dried with one drying schedule test, so that each species was tried
out three times for drying schedule tests, except for those two species which were tried out twice
only.

Available edge-grain boards were very short and narrow, and some of them had defects, as
knot and split. Only eight species could be made for drying test specimens. But, they were thick
enough, so that the thickness of 2.7 cm could be made. For its width and length, they were tried
getting maximal sizes and free from visible defects.

Estimating initial moisture content of each test board was done by taking sample-test from
each board at both end sides. The initial moisture content was estimated by those average values.
From the same sample test, it was observed standard shrinkage for each species, by means of
putting the test specimen in room condition, 20°C and depression about 3°C, and then putting in
the oven at 60°C, and finally putting in the oven at 105 * 5°C until reaching oven-dry condition.

Before putting the test board in the kiln, test board was end-sealed at one side by using
aluminium foil and glued by synthetic rubber. And then, the weight, the length, the width and
the thickness of each board were measured. The weights of aluminium foil and glue were neg-
lected because the weights were so small compared to the test board weight.

The first tested schedule for every species was set-up by means of 100°C-test, as described in
the previous chapter (4.1). Those schedules were tried to clarify whether it could be accepted or
should be modified.

By running the drying schedules, drying defects and required drying time to reach 10% from
green condition were measured. The drying-defects-observed were shrinkage to oven-dry condi-
tion and checks. Shrinkage measurement was done when the test board reached oven-dry con-
dition by means of putting the board in the oven at 105 * 5°C after finished the drying schedule
test.

The checks caused by drying was classified to be four grades which is proposed in Table 1.
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Table 1. Grade of Check Caused by Drying Schedule.

No.  Description Grade
1. Without any checks. 0
2. Check occurred at end-side only. 1
3. As number two, but the end-check is extended to the surface and no one of them

exceeds to 3 cm length. : 2

4, As number three, but the length of extended-surface-check is more than 3 cm or

free surface-check is found. 3

I3

The second schedule was set-up referring to the first drying-schedule result. If the first sched-
ule result was good, so the second schedule could be set-up to be more severe one by rising the
initial temperature and/or depression. The grade of defects from 100°C-test can be used as
guidance for this purpose. If the grade of initial check is small and required time to reach 1%
moisture content is short, so the inital depression of schedule can be set-up-at much larger
depression than the first one. On the other hand, if the grade of deformation and honey-comb
were small, so the drying temperature could be set-up at higher temperature than the first one.

If the check was found in the first drying schedule test, so that the second drying schedule
should be milder than the first one. In this case, the initial depression should be reduced re-
garding to the degree of check. On the other hand, if the shrinkage value caused by drying test
is so large and grade of deformation and honey-comb in the 100°C-test result were also large, so
that the second drying temperature should be lower than the first one,

The third schedule could be set-up referring to the second and the first schedule results. The
modification was done similarly to the above descriptions.

One of the three tested schedules was chosen to be the most suitable schedule which resulting
minimal drying defect and the shortest drying time. If no one of the tested schedules was suitable
one, so the proposed drying schedule for this species was established by means of modification
the mildest schedule to be more safe one.

4,3.3 Results and Discussion
The comparison between inferred- and suitable-drying schedules is shown in Table 2. And the
calculation of t-test for the differences between inferred- and suitable-drying schedules is shown
in Table 3.
From that Table 2, it could be seen that the inferred drying conditions of some species could
match to or were not so different from the suitable drying conditions, as for Ficus sp. (2),

Koordersiodendron sp., Dysoxylum sp., Eugenia sp., Podocarpus sp. (1), and Myristicaceae.
Some of the suitable drying conditions were carried out milder than the inferred ones, as for

Pometia sp. (1), Madhuca sp., and Heritiera sp. (2). The other suitable drying conditions were
more severe than the inferred ones.

Madhuca sp. had special characteristics, it was high density wood, 0.93 gr/cm?’, easy getting
check and cell-collapse, slow drying rate and drying stress reversal at low moisture content. This
species needed special drying treatment, very mildest one with initial dry bulb temperature of
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37°C and initial depression of 1.5°C.

Heritiera sp. {2) and Pometia sp. had drying stress reversal at low moisture content and high
grade of initial check in 100°C-test, so those species were very easy getting check but the check
was difficult to close back. Furthermore, referring to the 100°C-test also, Pometia sp. (1) had
large variation of deformation, one to four, so a mild drying schedule was better to be applied.

The average suitable initial dry bulb temperature of eighteen tested species was 53.4°C with
standard deviation of 11.1°C. The lowest initial dry bulb temperature was for Madhuca sp.,
37°C, and the highest ones were for Lophopetalum sp., Terminalia sp. (4), Litsea sp., and Ailan-
thus sp. (2) with initial dry bulb temperature of 70°C.

According to t-test calculation, see Table 3, there was no difference statistically between the
inferred and the suitable- initial drying temperature. In other words, the inferred drying tempera-
ture from 100°C-test results could be applied for practical purpose directly. In some cases, the
inferred initial dry bulb temperature could be raised a little bit if the species was not cell-collapse
susceptible which was indicated by the low grades of deformation and honey-comb in 100°C-
test results, as for Lophopetalum sp., Litsea sp. (3), and Ailanthus sp. (2). And conversely, it
was better to be lowered a little bit if the species was susceptible to cell-collapse, as for Koorder-
siodendron sp., Pometia sp. (1), and Madhuca sp.

The suitable initial depression, the difference between dry- and wet-bulb temperatures, was
varied from 1.5°C, as applied for Madhuca sp., to 8.0°C, as for Ailanthus sp. (2). The average
depression was 4.5°C, and standard deviation was 2.4°C.

According to t-test calculation, see Table 3, the suitable initial depression was significantly
different from that inferred one with 5 % confidence level. It was 1.0°C larger than the inferred
one. For some species, the initial depression was set-up larger than that the inferred one and
maintained it until lost moisture content was more than one-third of its initial, as for Lopho-
petalum sp., Gonystylus sp., Litsea sp. (3), Artocarpus sp., Ficus sp. (2), Myristicaceae (1), and
Podocarpus sp. (1).

Lophopetalum sp., Gonystylus sp. and Podocarpus sp. (1) had drying stress reversal at low
moisture content, i.e. 15%, 15%, and 11 % respectively. The other species had high initial

Table 3. Calculation of t-test for the Difference Between Inferred- and Suitable-Drying

Schedules.
Initial Initial Final Drying
Source DOBT Dcp{’ession DBT Time
(e (G2 &) O (hr)
X 0.16 -0.99 9.89 1.61
Ot 7.18 1.85 5.16 2.78
S 1.69 0.44 1.22 0.65
t 0.10 2.12%) 8.14%%) 3.08%%)

Notes: *) Significant at 5% level.
«x) Highly significant at 1% level.
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moisture content, so that a lot of free water in the wood should be moved before applying the
more severe drying condition.

If changing condition was done just after one-third moisture content was lost so the initial
depression should be set-up a smaller one that of the recommended or proposed drying schedule.
In the large scale of drying factory, this method would be better because drying condition was
usually changed in a milder condition. In this experiment, the changing condition could be done
suddenly and the next drying condition could be reached soon because the used kiln was small
capacity and the load was one to two test specimens only.

The average final dry bulb temperature was 69.4°C with standard deviation of 7.3°C. The
lowest final dry bulb temperature was 60°C, as for Koordersiodendron sp., Eugenia sp., Pometia
sp. (1), Madhuca sp., and Heritiera sp. (2). And the highest one was 80°C, as for Lophopetalum
sp., Terminalia sp. (4), Litsea sp. (3), and Ailanthus sp. (2). The depression was usually set-up
at 25°C to 30°C in the last step of the kiln drying process.

According to t-test calculation, see Table 3, the suitable final drying temperature was with
high significance different from that inferred one. In this experiment, the final drying tempera-
ture was ignored because it could be set-up to any level after passing the danger point. As cited
by Brown et al. (1952) when the wet core is dried beyond the danger point at which collapse
may occur, the temperature can be raised to any level and humidity lowered to any degree, with-
out injury the wood.

From those suitable drying conditions discussed above, the mildest drying schedule was for
Madhuca sp. with initial dry bulb temperature of 37°C and initial depression of 1.5°C. And also,
very mild ones were for Pometiz sp. (1) with initial dry bulb temperature of 40°C and initial
‘depression of 1.5°C, and Eugenia sp. with initial dry bulb temperature of 40°C and initial depres-
sion of 2.0°C.

The most severe drying schedule was for Ailanthus sp. (2) with initial dry bulb temperature
of 70°C and initial depression of 8.0°C. And also, very severe one was for Terminalia sp. (4) with
70°C and 7.0°C in initial dry bulb temperature and initial depression respectively.

The average required suitable drying time was 7.4 days with standard deviation of 5.9 days.
The shortest suitable drying time was 1.3 days, as for Ailanthus sp. (2), and the longest one was
21 days, as for Madhuca sp. The shortest one was carried out with the most severe drying sched-
ule, and the longest one was applied with the mildest drying schedule.

Regarding to the relation between wood density and drying rate, the high and moderately
high density woods took long time to kiln dry and needed a mild drying condition because water
in wood moved very slow. And conversely, low density woods took short time to kiln dry and
severe drying condition could be applied, but sometimes it had exceptions because of the other
wood properties regarding to drying, see Table 2.

From that Table 2, Ficus sp. (2) took drying time of 8.0 days or 0.6 days longer than that
average required drying time from green condition to 10 % moisture content. In this case, this
species had special characteristics, easy getting check and cell-collapse, and the wood properties
variation was very large as indicated by the grade of initial check in 100°C-test results. So that
initial high drying temperature and large initial depression could not be applied.

On t-test calculation for difference in inferred and suitable drying conditions in Table 2, re-
quired drying time under suitable drying schedule was high significance different from its estima-
tion at 1% level (Table 3). This case was caused by the different drying condition of both
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systems. As stated by Bramhall (1976), various drying schedules have the same drying effort, but
different dry- and wet-bulb settings and different duration may be devised.

Furthermore the comparison of required drying time between edge- and flat-grain boards of
eight species is shown in Table 4. Those required drying times were calculated from average
moisture content at green condition to 10 % moisture content.

The average ratio was 1.22 with standard deviation of 0.19 and varied from 0.92 to 1.54. The
smallest ratio was for Ailanthus sp. (2}, and the biggest one was for Calophyllum sp. (1).

If the ratio was equal to one, so that the edge- and flat-grain boards could be kiln dried to-
gether without any trouble and resulting in the same required drying time, as for Ficus sp. (2),
Podocarpus sp. (1), and Ailanthus sp. (2). But in some cases, both kinds of board could be kiln

Table 4, Required Drying Times of Edge- and Flat-Grain Boards of Eight Species,

No. Species Green to 10 % MC Ratio of

Edge (h1) Flat (hr) Edge/Flat
1. Lophopetalum sp. 55.7 41.0 1.36
2. Terminalia sp. (4) 61.6 47.7 1.29
3. Gonystylus sp. L7 94.8 1.18
4. Calophyllum sp. (1) 924 60.0 1.54
5. Ficussp. (2) 197.2 190.5 1.04
6. Myristicaceae (1) 107.1 82.1 1.30
7. Podocarpus sp. (1) 145.8 132.0 1.10
8.  Alflanthus sp. (1) 28.7 29.8 0.92

Note: The applied drying schedules of edge-grain boards were the third running test of flat-grain boards,
except for Myristicaceae which was the second one,

dried together whereas the edge-grain board should be finished later.

Referring to the 100°C-test results, the inferred schedule could be modified regarding to the
wood properties, as drying rate, and susceptibilities to check and cell-collapse. If the wood was
easy to check and cell-collapse so it was suggested that the schedule might be a little bit milder
than that inferred one, as for Pometia sp. (1), Madhuca sp., and Heritiera sp. (2). Conversely,
if the wood was susceptible to check and cell-collapse so the schedule could be carried out more
severe than that inferred one, as for Litsea sp. (3) and Ailanthus sp. (2).

If the drying rate was high so the drying condition could be set-up at a severe one, but the
susceptibilities to check and cell-collapse should be considered, otherwise those drying defects
would be occurred. Conversely, if it was low so that a mild drying schedule should be applied.
To accelerate drying rate, steaming might be suitable to be treated especially for the species
which was not easy getting check and cell-collapse (Mackay, 1971, and Simpson, 1975).

Mixed species in one run could be carried out if the woods had similarity in drying properties.
Grouping could be done based on 100°C-test results or the other properties, as density and color,
Referring to the 100°C-test results, the considerable grouping factors were drying rate, initial
moisture content, susceptibility to check and cell-collapse. By those considerations, the load
consisting of some species could be kiln dried as well as drying each species separately.

The most suitable or proposed drying schedule of each species is listed in Table 5.
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434 Conclusion
From sixteen species which were investigated on drying schedules for one inch board, it can
be concluded:

1. For the species that have large variation in wood properties the mildest drying schedule should
be chosen, as for Ficus sp. (2) and Pometia sp. (1).

2. Drying schedule can be set-up more severe than the inferred one if the wood is insusceptible
to check and cell-collapse, as for Ailanthus sp. (2) and Litsea sp. (3). Conversely, it must be
carried out at a milder one if the wood is very susceptible to check and cell-collapse, as for
Madhuca sp.

3. Moisture content at drying stress reversal apparently relates to the changing drying conditions.
If it is low, below 20 %, initial drying condition must be maintained until more than one-third
of moisture content is lost, or applied a milder one if changing condition is done after one-
third of moisture content is lost.

4. There is no difference statistically between the inferred and suitable drying temperatures, so
that the inferred one can be applied for practical purpose directly.

5. Average initial depression was 1.0°C larger than the inferred one, because many species were
insusceptible to check so the initial depression could be set-up at a larger one.

6. Average final drying temperature was 9.9°C lower than the inferred one. The final drying
temperature was ignored in this experiment because setting it up to any level is possible after
passing the danger point.

7. Average drying time was 1.6 days shorter than the inferred one, because the tested schedules
were carried out more severe than the inferred one.

8. Mixed species in one run can be carried out if the woods have similarity in drying properties.
Grouping can be done based on 100°C-test results or the other wood properties, as density
and color.
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Table 5.

Recommended or Proposed Drying Schedule of Each Species.

Number of Species

DBT =Dry bulb temperature (°C)
WBT=Wet bulb temperature (°C)
----- = Average Initial Moisture Content (%)
Number of Species
2 =Koordersiodendron sp.

14 =Lophopetalum sp.
18 =Terminalia sp. (4)

23 =QOctomeles sp.

28 = Gonystylus sp.

29 = Calophyllum sp. (1)
33 =Litsea sp. (3)
39 =Dysoxylum sp.

42 =Artocarpus sp.

44 = Ficus sp. (2)
45 = Myristicaceae (1)

#%) Egtimated from average initial moisture content to 10% moisture content.

47 = Eugenia sp.
49 = Podocarpus sp. (1}
53 =Pometia sp. (1)

55 =Madhuca sp.

57 = Palaquium sp. (2)
62 =Ailanthus sp. (2)
68 = Heritiera sp. (2)

X No running test with this schedule, but it was suggested that it would be suitable regarding to the results of the other running tests.

(proposed drying schedule).

165 ~166—

2% 14% 18 23 28 29 33% 39 42% 44% 45 47 49% 53% 55% 57% 62 68%
DBT | WBT | DBT | WBT |DBT |WBT |DBT |WBT |DBT | WBT | DBT | WBT | DBT | WBT | DBT | WBT | DBT | WBT | DBT | WBT | DBT | WBT | DBT | WBT | DBT |WBT | DBT | WBT |DBT |WBT |DBT | WBT | DBT | WBT | DBT | WBT
"""" YT S S DR 42 U

49 | L o 38 47 | I ] 49 62 | |
37 47 50 46 47 58
36 64 43 || 47 64 48 33 44 38 43 | 52 43.5
34 6l | 1] 43 62 45 40 37 B 43 478
40 | 31 | 70 70 | 63 | 55 | 37 55 70 | 58 | 55 50 50 40 | 36 40 13851 37 |355| 55 1 37 | 70 | 40 | 45 [ 415
45 75 65 60 55 55 47 155 | 32 | 45 | 39 45 | 43 40 50 | 44
50 | 32 57 | 75 60 |35 |60 | 57 | 65 | 37 |75 | 45 | 60 60 | 30 | 50 | 46 | 60 | 30 | 50 | 41 | SO | 47 | 50 | 47 | 42 | 38 | 60 | 35 {75 | 45 | 55
37 60 65 | 60 65 | 35 | 55 | 49 55 |40 |55 50 |55 45 | 40 45
€2 60 | 52
60 |30 |80 | 's0 |80 {so |70 |40 |70 [ 58 70 | 40 |80 [ 50 | 70 {40 | 70 | 40 | 60 | 52 | 70 | 40 | 60 | 35 | 70 | 58 | 60 | 50 ! 55 | 45 [ 70 | 40 | 80 | 50 i 60 | 30

19 1.8 2.0 6.7 4.0 2.5 4.6 6.0 2.1 8.0 3.4 14.4 1.5 12.5 21 8.3 1.2 8.3

Notes:




Simpson, W.T.: Effect of steaming on the drying rate of severals species of wood. Wood Science
7 (3): 247-255.(1975).

Steel, R.G.D. and J.H. Tormrie: Principles and procedures of statistics. A biometrical approach.
Second edition. McGraw-Hill Kogakusha, Ltd. Tokyo. 633 p. (1980).

Terazawa, S.: An easy method for the determination of wood drying schedule, Wood Industry,
Vol. 20 (5). Wood Technological of Japan. (1965).

Terazawa, S. and Shoichi Sato: Drying Schedules of Kalimantan Woods. The Properties of
Tropical Woods 12. Bulletin of the Government Forest Experiment Station No. 218.
Tokyo, Japan. (1968).

4.3+5 % 3
WO 4y D a — 5
BRI 1 4 » F MO A Y 2~ VEELZHB ZORBO BT, 20Tl s LTho
100°C DR ¥ a — WHEERBE TSV, CORRBICSET0T, BIBIHO RS Y a—n illiia
KL, £OREEATREIOR & ¥ a — Wil OSMEARE L, KIE—KH 3 [BloaER 217750,
YR 59 0 = WD,

i 18 il 188 T, nxt“ﬂ/] BIRELDM DS E T 503, REE oo fcbicd S QM %
R DR OIS & — IR L 7o b D b o BEREEID S B, 14 ¥ F HO K]
WO BB O ISR OBRERR S1e o0&, 100°CHR Y ¥ o — VHEERBOER &, WMo
Al D a = VEBROFEH & & Table 2 W —FBICHME L TRY,

Fr, TNENOBTOR LM UIER 2 7 & 2 — VO EKR EGRIRERE & OMR%E Table
51CRY, & Table 5 D X4 Y2~ Tld Octomeles sp. & Paluquium sp. (2) i Bt #i TE—CH
ST WIONDRTY P a— b EEMAa vy ba =y vk LT3,

B D S B Ailanthus sp. (2) VIR IFHE 25 B E < 1.3ATH O, Madhuca sp. #3821 HAE
LTIRETHS

F X HM OEHRIERE] & 4K E M O IER A Table 4134, T O RBBERMICRITEEZ Oh
TRy O a—VBROBICIREM & —ICE SEHMEZER LABO LD TH 2, KIBEEHTE &
EME 12 f5 i DS E M L D e K pip B,

1A Y F MDA & o — VR DRI & 100C DR ¥ o — WAETE R & SEIRIREE, 2R EkR
BEZE, WIS 3% & BICHDTE L A-7cbDid Ficus sp. (2) T, Koordersiodendron, Dyso-
xylum, Eugenia, Podocarpus (1), Myristicaceae (1) 75 &S i L L f:ﬁﬁ%’:ﬁ‘\' T 5,

— AT IR FRIR B ZE DM E M R D /NS CHHENTHE Y, Do IcHETE ORI A E CHR S
NTOB6DNZ 0, ThICEEFNLMIERILEIVNS VA, 100°CDRY Y o —MilEERIR TS
IRER T BICTS B F TOEBRISH O LENE O bOIkE L,

T, HETE DG & D B 2K  SEIRERIRIE 25 A/ NS LIS AuUd s 15, - THESEM L O

S OME R S Ntz b O Pometia sp. (1), Madhuca, Heritiera (2) Tdh %,
=167





