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The Liquid Flame Proofing Agent's
Permeating Effect of Wood Using Microwave
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Abstract

By implementing an analysis on the liquid flame proof agent infiltration of microwave-heated wood under soaking
conditions (room temperature soaking, heat soaking), its correlation with wood temperature, and the structure of wood
and permeating components after soaking in flame proof agent, which was carried out as basic research in order to
improve the fire resistance performance of the wood itself, it is found that the infiltration increases as the microwave
heating time increases, while for heat soaking, it is found that high infiltration as well as the stable permeability of
flame proof agent is achievable. Also, when the wood temperature is more than 807, the infiltration by the flame proof
agent increased, and a very even infiltration of flame proof agent was observed, which implies that the liquid flame
proof agent has a dependency on temperature change of the wood as a condition to penetrate into the wood. As a
result of fine structure analysis, the flame proof agent transfer between cells through pits was considered as a cause
to increase the infiltration of flame proof agent, and it is also shown that for heat soaking among the permeating
component analysis, as the crystallized flame proof agent around the heartwood and sapwood inner pits increases, the
flame proof agent can penetrate into the the heartwood part.

Keywords : microwave, structural wood, liguid flame proof agent, permeability
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Table 1. Research method

Before Heating Massl(g)
Microwave
After Heating Mass(g), Surface Temperature(C)
- Liquid flame proof agent wood (infiltratic;n(g)
- - Mass percentage water content(MC, %
Expgrq(rjnent - Correlation between wood temperature and
. bility
Analysis permea) - ;
- Liquid flame proof agent permeability analysis
(SEM, EDS)
Room After microwave heating, remove the heat in the

Temperature room temperature for an hour, then Soak in the
Soaking  liquid flame proof agent for an hour
Heat After microwave heating, Soak in the liquid flame
Soaking  proof agent with the heat reserved for an hour
Test Mean value of 10 test specimens per each heat
Specimen  condition
Used Tree ; :
Species S.P.F(Sprus, Pine, Fir)
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‘ Specimen Processing

v

‘ Microwave output / Select of heating time
hd

‘ Microwave heating
v

RoomS;ZTiﬁgrature Heat Soaking
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‘ Testing and Analysis
hd

‘ Deduction

Figure 1. Study Flow
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|2"d. Moisture diffusion|

3nd, Water vapor

1st, Microwave

Figure 2. Microwave wood drying system
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Table 2. Microwave heating condition

Specimen
) _ _ 6, 8, 10, 12, 14, 16
heating time(min)

Water content 11.6(Electrical resistance moisture meter

before heating(%) measurement)

Temperature(C)

- 25 / 65~70
/Humidity(%)
Specimen size(mm) 180x300%38
Microwave output(kW) 35
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mo="""" 00 )
my
Here, m; : Specimen mass before drying(g)
my : Specimen mass after drying(g)
MC : Moisture Content(%)

H=1000W,c, (T, — T)

W, = Volume of wood(m) x Specific gravity of the
species x 1,000
c, = 0.268+ 0.00055 (77, + To)
Here, H : Heat energy consumed for heating wood (cal)
W, : Complete dry weight of wood (Kg)
¢,, * Thermal capacity of wood (cal/gC)
T} : Temperature of wood before heating (C)

77 : Initial temperature of wood before heating(C)
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Table 3. S.P.F Physical properties of tree species

Shrinkage(%)

o Air  Radi Tange
Division  Dry al

Density direct directi SNMK
ion on age

Spruce 042 39 7.1 1.7 70.3 40.1 75
Pine 047 39 65 105 70.4 40.3 74
Fir 043 441 78 114 714 38.8 8.1
Average 044 40 7.1 1.2 70.7 39.7 7.7

' Compre :
Bending ! Shearing
VauTe  girength st?glr\\/gth strength
(MPa) (l\/IPa) (MPa)
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Table 4. Chemical configuration of phosphate flame proof agent

Chemical Formula
NaHgPO4 . 2HQO

Components
Monobasic Sodium Phosphate

Dibasic Ammonium Phosphate (NH4)2HPO,
Borax NazB4O7-10H0
Boric acid HaBO3

Water(thinner) H.0

(b)Microwave heating
/drying machine

(a)Phosphate flame proof agent

Figure 4. Using materials and machine
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Table 5. Flame proof agent permeability after microwave heating and soaking

Room Temperature Soaking(g) Heat Soaking(g)
reaino At At
(“me) Before  After imrr?(;r Infillra  Before  After imn?ér Infiltra
MmN Heating Heating . fion Heating Heating "o tion

6 909.5 8880 9352 472 8034 7826 9044 1218
8 8783 8553 9108 555 9397 9184 1099.8 181.3
10 9544 09132 9474 612 7977 7520 9885 2365
12 8956 8362 9145 783 9191 8555 1220.7 365.3
14 9681 8878 9847 969 10115 9338 13977 4639
16 9115 8105 8998 893 9388 839.0 1239.0 400.0

Average
Average Average Average
Mass J9ss 544 fiitegs 714 Mass 548 Infitration 2948
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o
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=== Room temperature  soaking (after soaking)
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Figure 5. Wood Mass Change and Flame Proof Agent Permeability(g)
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Table 6. MC before and after microwave heating and soaking(%)

Room Temperature Soaking Heat Soaking

Heating Water Liquid Water Liquid
time Content Increacs]e After Content Increase

(min) Reduction Soakin Reduction After
After Heating g After Heating  immersion

6 24 53 2.7 15.6

8 2.7 6.3 2.3 19.8

10 45 37 6.1 314

12 71 94 74 42.7

14 9.0 10.9 8.3 49.7

16 12.5 11.0 11.9 47.7

Average 6.4 7.8 6.5 345

60

Room Temperature Immersion

®Heat Immersion
50

40

30

MC(%)

20

JII

Mmrowave Heating T\me min)

Figure 6. Liquid water content percentage compared to wood
mass after soaking(%)
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Table 7. Flame proof agent infiltration according to wood

temperature
Room Temperature Soaking Heat Soaking
Heating Temperature after
time drying at room Infiltration ;ﬁgpﬁgﬁe Infiltration
(min)  temperature for (@ (0) ¢ (g
an hour (C)
6 28.3 472 85.8 121.8
8 33.2 55.5 915 181.3
10 33.7 61.2 97.0 236.5
12 342 783 9.5 365.3
14 40.6 96.9 101.5 463.9
16 35.1 89.3 110.6 400.0
Average 34.2 714 97.7 294.8
50
2 40 *
3 .« s —
3 §3° . Y =0.A75x + 21.69
28 R? = 0.771
% =20
3
10
40 60 80 100
Wood permeability after soaking in liquid flame proof agent(g)
(a) room temperature soaking
120
g
= 110
2 *
£ /
§ 100
E / y=0.069x +79.07
E 0 P R? = 0.928
] ]
; *
5
g 80
]
70

100 150 200 250 300 350 400 450

Wood permeability after soaking in liquid flame proof agent(g)

500

(b) heating soaking
Figure 7. Correlation between wood temperature and flame

proof agent infiltration after microwave heating
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Table 8. Thermal energy consumed for wood heating (#, cal)

Room

_ Temper Temperature Soaking Heat Soaking
Heating ature
time  before Temperature Temperat
(min) heating 0 after drying for /A ure after H
(C an hour after  (cal) heating (cal)
heating(C) ()
6 28.3 966.4 85.8 19699.6
8 33.2 24232 915 21751.7
10 33.7 2573.3 97.0 23765.3
12 5 0985 34.2 27237 99.5 24691.4
14 40.6 46725 1015 25437 1
16 35.1 2995.0 110.6 28885.0
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(b)heat soaking

(a)room temperature soaking

Figure 8. Pits at heartwood center of wood immersion at room
temperature or in heated liquid (x1,600)
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(b) heartwood part (center)
Figure 9. Permeating components of flame proof agent of wood

soaked at room temperature
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