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Summary

Plywood used for construction as a decorative inner material is inflammable to bring large fire accidents
and burn out human life and their properties. To diminish the fire disaster, fire retardant plywood has been
required indeed.

In the methods of manufacturing the fire retardant plywood the soaking method is occasionally used.
However after soaking plywood into fire retardant chemical solutions, redrying of soaked plywood is the
most important.

In this study, 3.5mm thin and 5.0mm thick plywoods were selected for fire retardant treatment. Treating

solutions were prepared for 20% dilute solutions of ammonium sulfate, monoammonium phosphate, diam-

monium phosphate, borax-boric acid and minalith, and water solution. 1-, 3-, 6-, and 9 hour-soaking treat-

ments were applied and after treatments hot plate drying was applied to those treated ply woods at 90°C.120°
C and 150°C of press temperature.

Drying rates, drying curves, water absorption rates of fire retardant chemicals, weight per volume and
fire retardant degree of plywood were investigated.

The results may be summarized as follows:

l. The plywoods treated with ammonium sulfate, monoammonium phosphate and diammonium phos-
phate and diammonium phosphate showed increase of chemical absorption rate with proportion to increase
of treating time, but not in case of the plywood treated with borax-boric acid and minalith.

2. In the treatment of definite time, the absorption rate per unit of volume of plywood showed higher
in thin plywood (thickness of 3.5mm} than in thick plywood (thickness of 5.0mm). In both thin and thick
plywoods, the highest absorption rate was observed in 9 hour-treatment of ammonium sulfate. The value
was 1.353kg/(30cm)? in thin plywood and 1.356kg/(30cm)? in thick plywood.

3. The volume per weight of plywood after chemical treatment increased remarkably and, after hot
plate drying, the values were to a littie extent higher than before chemical treatment.

4. The swelling rates of thickness in chemical—treated plywoods increased similarly with that of water-
treated piywood in 1-and 3 hour-treatment of both thin and thick plywoods. But in 6- and 9 hour-treatment,
the greater increased value showed in water-treated plywood than any other chemical, especially in thick
plywood.

5. The shrinkage rates after hot plate drying showed the same tendency as the swelling rate, and the
rate showed the increasing tendency with proportion to increase of treating time in thick plywood of both
chemical and water treatments.
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6. Among drying curves, the curves of water-treated plywood placed more highly than chemical-treated

plywood without-relation to thickness in 6- and 9 hour-treatment except in 1- gnd 3 hour-treatment.

7. The drying rate related to thickness of treated plywood ,was twice above in thin plywood com -

pared with thick plywood.

8. The drying rate remarkably increased with proportion to increase of the plate temperature and, the -

values were respectively 1.226%/min.,
120°C, 150°C in thin plywood and 0.550%/min
90°C, 120°C, 150°C in thick plywood.

6.540%/min.,

25.752%/min. in hot plate temperature of 90°C,
., 2.490%/min , & 187

%/min, in hot plate temperature of

9. In the treatment at 120°C of hot plate temperature, the drying rates of chemical-treated plywood

showed the highest value in monoammonium phosphate of thin plywood and in diammonium phosphate

of thick plywood. But the drying rate of water-treated plywood was highest in 6- and 9 hour-treatment.

10. The fire retardant degree of chemical-treated plywood was higher than that of the untreated plywood

as shown in loss of weight, burning time, flame-exhausted time and carbonized area,

11. The fire-retardant effect among fire retardant chemicals were the greatest in diammonium phosphate,

the next were in monoammonium phosphate and ammonium sulfate, and the weakest were in borax-boric

and minalith.
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Table 1. Fire retardant chemicals and their

compositions
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icat (composition ) tration
type (%)
A ( Ammonium Sulfate Reagent 20
(NH,),50,

B ' Monoammoniam Reagent | 20
| Phosphate
| N H,H,PO,

C ) Diammonium Reagentj 20)
Phosphate }
i (NH,),HPO, i

D ¢ Borax -Boric acid z Reagent% 20
Na,B,0O, 60% | Reagent |
H,BO, 40% | Reagent,

E Minalith Reagent 20
(NH,), HPO, 10% Reagent .
(NH,),50, 60% Reagent
Na,B,O, 1% Reagent

. H;BO, 20% | Reagent
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Sulfate | soaking*|soaking |soaking**|cold bath
Monoammon-| Cold Cold Hot Hot and
tum Phosph- soakjngrisoaking soaking Icold bath
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3
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MAEHERBRS 55 o #sl 3ES L Kl
akyl ek,
1) BE@Ee Rit®
. Ca(%): £ RALE
Cae + 2x100-@ Ca: pfbmb (B)

a: AR E
) EREAE
Wl (%) = _VE_“;;.E& o 1O eeenes T
Wi (%) - BRBSE

W, : e 5] ER
W, : & th BB

4. BB &R
4.1 GRS W AR

4.1 1 XE BkE

MLEESR B B Bl g 9 chemical reaction &
BE #iRsld Table 3, 4,5 2 63 b "lx |
BRR MLEEol 4] el FERE Bl -2 35mme| oF
o el #5538 Borax —boric acid 7} 7pA =2
24 4.095kg/ (30em)® olgla rhy *E fH+= Mono
~ammonium phosphate & 4 1.47()’09/(300vn)3 o]
ol o control o] KAMEL= 2.947kg/ (30om)® &
Jefd gl crelil o] 54 chemical retention
2 Borax - boric acido] 4 0.819kg/(300m)3 o]l
7. Mono — ammonium phosphate = (.294k8/(30
em)d 2 Al Akslgleh, 5.0mme] A G Aol ShelA
VERu) SR ik & Mono —ammonium pho-
sphate 7} #}aF =0 {HEA 2.629kg/ (300m)ieiain
74ab o it Ammonium sulfate 54 1.843kg/
(30em)® ojgl ov AHME-= 115Tky/ (300m)® o]
et zeli o]4-2 chemical retention-& Mo-
no —ammonium phosphated] 4] 0526%k¢/ (30 om)®
sl¢d 1. Ammonium sulfate = 0.3694g/ (30em)*
debd ook webd | B5R @Ee] Sie] 4 Mono —
ammonium phosphate % &Gt 3.5m2] gk
frto] D.omme] S-A G- G AREE e o] EE TR
o vpebulis BATREN B Bula ol chemical
retentiono] ¢f Frid 22 o 5 ¢t 3R 4
Bop A viebvhe FEHEE BME-D 352 oFe w
o) BB Borax —boric acid 7} | B3R B
ol A B2 fERA 50644/ (300m)? e gl 7t
b oGO ffol] gl Al Y | HEM ZLEESl ¥ 7bc] Mono
~ ammenium phosphate 24 2 217kg/ (30em)? &
viebu 3 oomd control o KAALEES- 4.313k/(30

om)? o) givl, e|¥9 chemical retention .2 Bor-
ax —boric acid 7} 1.013%¢/ (30om)3 o] 32 Mono —
ammonium phosphate &= 0.433kg/ (300m)? ¢} gich.
F 5.0me) $AE el A el FHEBE B
=0 R R el el % ibe] Borax —bo-
ric acideff 4| 7}k =2 24 3.079k8/ (300m)3 o]
713 Mono - ammonium phosphate 3~ 7} 2o
fEE4 1.573kg/ (30em)? ojgic}, KARLEEE 1.790
kg/ (300m)® & vhEbUIgiTl o} 59 chemical ret-
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ention 2 &% Borax —boric acide4] 0.616 kg/
(30em)®, 22|22 Mono —ammonium phosphates
A 0.315kg/ (300m)® 2 GtE = et ol oF 3ol 3JEF
] fLBoll 4 = |85 B Fo| 35m o) oo &
Blol 5.0me T ¢ Gyt —EEEHY 4B %
o ebube BTN KK BYgE 3 chemical
retention o] o 37 v}E} ghe},

6BFR] ) MME A vtebd FHEE BIES 35
m 2] $Fe Ao BE Borax ~boric acid & a)x
32 Minalith 7} 523375/ (30em)? 24 s}ab =gix
Ammonium sulfate 3= 4.230kg/ (300m)® 241 7}ak
S EE el g om] KARLEA 597948/ (20em)®
24 Minalith 8 e}% #& 8 2olFm geld |
Bffol 365 Bl o} 2 BHE Mo aa g
oj¥2] chemical retention -2 Minalithol 4] (45
kg/ (300om)3 ol odsl Ammonium sulfate = 0546 ke
/(3Cem® & vhepdiolel zel® 50me FAL &
ol 4 el FHE Birat o Borax —boric ac-
wdel 4] 4.885kg/ (30em)d 24 vbak w8 (Y B
Folot KopELBECl 5.704kg/ (300m)? off =iz x| &
todal sbxb oo fi= Ammonium sulfate  F 4
0.492kg/ (300m)® o] Givk  whebAd FERiAbo| 2| BubtE
mlof eFzk $lupba U3E o UG Pk ok
ef bmmel Fald SHMcl 35me gfd A
B BugcE el I BRR LI 6 8R bx] BBWLEERE
f“” Rt v v 28 B bR vk 2

./‘ (lr}_

e, QRIS el A byt ‘W‘J%f& Bl
au Bf”le WS Gl Bl b v fE Mo-
no —ammonium phosphate & 4| 6_75@!@/(‘30m)°
ojniar 7hab b0 fl = Minalith 24 452949/ (30
om)® & febui gl ol control ol A4+ B 8.320
ky/ (3007»)3 o JC"W?” I e Rl R |
el 2l 31 o]“r2] chemical retention& £& Mo
no —-ammonium phosphate 7} 1.353kg/ (30om)?,
Minalith &= .906kg/(300m)® 2.8 GtE = givl 50
mm 2| ]G el A vheb RHEE Bboe>- A
monium sulfate 7} 7pzb 52 (HEA 6.780kg/(30
om)3 olgl b ube- v Minalithol 4 3.369kg/
{30em)? ¢] 3l o »f control¢] kLo dRiEal
T571kg! (30cm)? &b pEESEH Wl wobss S o
4~ ¢lck ol& ¢ chemical retention-Z
nium sulfateci 4 1.356kg/(30em)® o] gl 2 Mina-
lithi= 0.674kg/(300m)> & Hep glch ofop el
WLEBEE o] 4ERE o whe2l Kk B BME ] B

Ammo-

sk BHiEme ¥ T glov 35me g &K
o] %8, Minalitho] 4 6 BFRilacl 9REfTo] HHK
Burgo! bz KTk RESE Hed 593 5.0m
F7-¢ Sl A+ Borax ~boric acid o 4 6 B
web 9EsfHje] ME S 28l BBl KTl @
LIRS %swain‘r(Table 3.4.5 6 BRE).

4. 1.2 BWE

Tl 3.5mel 50m ol $ishe FALE E‘Iﬁi
ela RAREERE T K AHMEY QSRR
#ForstH Fig 2 2 33 el Fig 2+ 3.5m/l

Table 3. Mean chemical retentions of
1 hr -~soaking treatment by solutions

Soaked | Thin plywood (3.5==)|Thick plywwd(5 -)

Absorbed | Chemical [Absorbed {Chemical
solution |content |retention |[content |retention

[eg/cu ft.) |(kgfcu. ft.) |(kg/cu ft))|(kg/cu.ft,)

Ammoni- | 1.328 — | 0266 — |0.989 — | 0.198 —
um 4.333 0.867 3.028 0.606
Sulfate (2.689)%1 (0583) | (1.843) (0.369)

Monoam- | 1.111 — | 0222 — |L114 - | 0223 —
monium | 2,076 0.415 3.989 0.798

Phosphate| (1.470) (0.294) | (2629 (0.526)
Diammo- | 1.840 ~ 0.368 - (1.152 —~ 0.230 —
nium 2.862 0.572 4.002 0.800
Phosphate| (2.453) (0.491) (2.257 (0.451)
Borax -~ | 2311 - | 0462 — |1.488 — 0.298 —
Boric acid| 5.641 1.128 4.008 0.802
{4.095; (0.819) (2.329; (0.466)
Minalith {2783 -~ | 05567 - |1.595 — | 0.319 -

4.260 0.852 4.086 0.817
(3.454) {0691} (2.373) {0.475)

Water 2.143 — 1.035 —

3.770 1.435

(2.947 (1.157)
* ) : Mean value
e SHe ERELES KALEERS Hne) =
oh bl gl H MLEE ATS] AHKEC] ST e
s A vhab b ﬁﬁJ—~» 5,_047-;@_ ol AR B

o HERES A 2 HE 2 F o MEK
Al <bei 2] E-%‘e——l &) 530 ZJr HmS RHA
ehuf e gleh o RABR #Ho ARE-S AEER
o) Bmakel web Kk et ERE Jebd o
e 1ElE BARER e ARES EABRK #e
gl et Y e dReS Jrhin slou &
RN g2 che o7k 32 RS Jebd ook
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Table 4 Mean chemical retentions of
3 hr ~soaking treatment by solutions

Table 5 Mean chemical retentions of

6 hr —soaking treatment by solutions

Soaked | Thin plywood (3 5m) Thick plywood (5za)

Absorbed [Chemical {Absorbed {Chemical
solution {content {retentioncontent |[retention
(kg/cu. fry(kp/cu. ft) fog/cu.it) |(kg/cuft)

Ammoni- | 1.775 — |0.355 — | 1.308 — | 0.262 -
um 3.141 0.628 3.241 0.648
Sulfate *02.566:] (0513 | (2.329!] (0466

Monoam- | 1677 — |0.335 — | 1.272 — | 0.2564 —
monium 2.933 0.587 2.044 0.409
Phosphate (2.217 '0.443) (L.573)} (0.315)

Diammo- | 2.014 — | 0403 — | 1.444 — | 0.289 —
nium 3972 0.794 2.378 0.476
Phosphate (2.639)] 10528 (18911 0.378)

Borax — 3936 — | 0.787 — | 2478 — | 0.496 —
Boric acid| 6.642 1328 4.380 0.876
(6.064;1 (1013} | (3.079); {0616}

Minalith 3.810 — | 0.762 — | 2.018 — | 0.404 —
5.720 1.144 4.942 0.988
“4.700:1 (0940 | (2781 (0.556)

Water 3304 — 1474 —
5478 2.201
4.313 (1.790}

* ) : Mean value

Sl 5.0mme] AL Hhiel ¥ HRE EED
EgmEasiel el wtet Jebd #fg-e Fig3st
el o} 2R 35m SR BB 3ol K
WM TSl FRERCH Bk B ABEC ¥4 i
S EmS v Ttk e BARER e BH
o MM AT AEME o RS Hebd
deh, 2Eln ke 35m Bl vieby EHRE &
Riga bome 578 K FREMHRE KR
shel FA & AMY BRES KRB sk BR
Ei o] 9ol 25 o HmE vebdglch 2
o U R wehd 1w x) @gEERe] B e
afe sy Fcl

4.1.3 EREd GEE

mEREfe] debd o & EEBUK B FAMRE
S 2 plotste curve 2 vebiw Fig.d ¥
59 zch Figd & 57 35m el &5 AHAA
ol o WEREAAR QY ERLBEEM E&Y
ko LEARS BiEEo] EAS 6 Rt Q%Fa‘]
B A = ERAEAHS BREY S -8 T2
& Jepga glvh ® 50me FAL &Ml o

Soaked |Thin plywood (3.5%)| Thick plywood (5an)
Absorbed |[Chemical |Absorbed |Chemical
solution |content |[retention|content retention
(kg/cu ft,)|(kg/cu. ft )| (kg/cu ft) | (kg/cuft)
Ammon- | 3164 — | 0633 — | 1530 — 0.306 —
mum 5.600 1.120 3.351 0670
Sulfate | *(4230:| 08467 2.462" 0.492)
Monoam-| 3.458 — | 0692 — | 2319 — 0464 —
monium | 6.003 1.201 3.995 0.799
Phosphate) (4.564: 0.913 12.597 (5,591
Diammo-| 4.205 — | 0841 — | 2489 — 0.498 —
nium 6.186 1.237 5.027 1.005
Phosphatel  (4.796; 10,9591 13.,397: (0.679°
Borax~ | 3.959 — | (0.792 — | 2.940 — 0.588 —
Boric 5527 1.105 6.950 1.390
acid (5.039: (1.008:| (4885 @ 10977
Minalith | 4,072 — | 0814 — | 2.052 - 0410 —
7.023 1.405 4.459 0.892
15,223} 11.045)] 12952 10.590
Water 4.880 — 4.075 —
7498 7.576
(5.979) (5.704
* )« Mean value

> ElRAERERE Aatstdd Figo beof 2800l K
BHHR ElREa REstd g9 35me] ¥ 4
Bk 5.0me] F7 8 G deld e B
e ZEEL 9FY 35m Gcl 4 6UFH AL
Lol A MLmEE o] £5kod Ammonium sulfate
% Minalith §-2] @R&e] B TaE woffye o
<ol Bsted b.Omm o] 73 el <)+ Mono ~am-
monium phosphate £ #j ¢ 3} K HE-L 949
RE EBAA Bl ko] bFsky gl 8L Jel
W ool el

vhioll, BEBAER & B T 2y f
T HE S BB AR curve ® Eiulw Fig,
6 3 73 el Fig 62 35me) ¢5o &l A
od 2 W kEERR U, RBENEREH] ] 8ol wel
6 BEH B2 = Me#EEe] K4&E Ammonium su-
Hate & Bflsla & ERSH #RE Jepdgle
o Lkl MBERME RS Borax —boric acidg} Mo-
no — ammonium phosphate & B4 st eslsd (K
Tk F RAFE Yk E H0m FAL &

ol 4 of & Wﬁ“zﬁ;%-m #Frstd Fig, 73 7o}
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Table 6. Mean chemical retentions of

9 hr —soaking treatment by solutions
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Soaked |Thin plywood (3.5m] Thick plywood (5m)
Absorbed|Chemical {Absorbed {Chemical
solution Lcontent retention gontent |retention
kg/cu ft.) [kg/cu.ft) [kp/cuft.) (kg/cu ft)
Ammoni - | 5.140 — | 1.028 — [4.700 ~ | 0.940 —
um 7.998 1.600 8.004 1.601
Sulfate (6.317) (1.263) | (6.780) (1.356)
Monoam- | 5797 — { 1.159 — |4.556 — | 0.911 —~
monium 8.607 1.721 6.870 1.374
Phosphate (6.766;] (1.353)| (5.495) (1.099)
Diammo- | 5708 — | 1.142 — 14.393 — | 0.879 —
nium 8.271 1.654 6.789 1.358
Phosphate | (6.657)| (1.331) | (5.832) (1.166)
Borax - 4981 — | 0996 ~ 12587 — | 0517 —
Beric 8.342 1.668 6.007 1.201
acid (6.132)1 (1.226)| (3.981) (0.796)
Minalith 3962 — 1 0792 ~ 12524 — | 0505 —
5.385 1.077 5.316 1.063
(452931 (0906)| (3.369) 0.674)
Water 6.856 — 6.454 —
10.082 8.825
(8.320} (7.571)
% . : Mean value
+— Water

s—e Ammonium sulfate

4—a4 Monoammonium phosphate

¢—¢ Djammonium phosphate

»—x Borax —boric acid
Minalith

%

0 =" de

0.5
f)'#

0.

7
- ‘/

4

-

drymg
treatment

before i atter
treatment [ treatment

e

= =
o I
e T
. )
s

Treating time (hr,)

Fig. 2. Variations aof W/ V of 35mm thin

plywood related treating time,

Fig 4 Variations of W/V of 5(mm thick
plywood related treating iime,
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Fig 9. Drying curves of 35mm thin plywood
related 3hr treatment.
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Table 7. Drying rates and shrinkage values of | hr-soaking treatment at 120 C

of plate temperature
§ — S S,

Chemical | Thin plywood (3.5 ) Thick plywood (5 mm )

WV Initial and |Drying ;IDried W,V Initial and |Drying !Dried
type Range fina IM.C. |rate MC.| thickness | Range fine M.C, rate M.C | thigkness
{Mean) (%) {%)-min | shrinkage | (Mean) (%) 199 min | shrinkage

» (%) | %}

Ammonium | 0.477-0.526 } 30.293-7.359 6.552 k 2525  0522-0.694|21.495-9.311 3481 1437

Suifate (0.499) i (0.610)

Mono- 0.451-0.519122.390-9.000 , 6.695 1 1.912  0518-0.656}26.082-3.138 ;  3.957 0.§71

ammonium| (0439) | ! | (0.568)

Phospate E ;

j -

bi- 0.460-0.503 | 28.400-8.580 5662 2.037  {0537-0.725126.210-8.697 3881 1.574

ammonium| {(0.528) l (0.581)

Phosphate ‘

Borax- (0.476-0.542]38.996-6.165 7.295 3.250 :0_493—“0.7051124.369—8.544 TE3T O B

Borie (0.509) {0.599) w

acid :

Minalith (04810527 35.168-7.276 5.071 2.862 i()‘i’t’) )b70‘51.863—13529 3085 200

(0.507) ] (0566)
Water (0.496-0.532{35.205-1260B | 6457 1.95¢ 0.546*—()7291' 18.841-1050B 20781 LTB0
(0.523) (0.623) §

Total 37.732 | 14536 19842 | 11LA57

| | [

Mean 6.288 2420 | I Co3ser | 1u4e
4.3 WHAKOAEAH fAE —4E gk JHIE-2 glal ovtk Minalithds 27804 7}
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Table 8 Drying rates and shrinkage values of 3 hr-soaking treatment at 120(

of plate temperature

Chemical Thin plrwood (5.5 mn ) Thick plywood(5 mm )
WV Initial and |Drying Dried WV Initial and |[Drying Dried
type Range final M.C. |rate MC.| thich ess Range final M.C. rate M.C | thickness
(Mean) (%) {%)tnin shrinkage| (Mean) (%) {%.-min |shrinkage
(%) %)
Ammonium (0.484-0.527|29.025-8.793 6.744 1.725 {0.537-0.710| 23.622-8.752 3.304 1.862
Sulfate (0.505) (0.605)
Mono - 0.470-0.596 | 25.900-8.364 7.014 2.612 ]0539-0.725{20.768-9.785 2.745 2.650
ammonium | (0514) (0.632)
Phos phate
Di- 0515-0.625(29.799-7.904 6.255 3.312 |0.536-0.689]21.545-9.081 3.116 1612
ammonium { (0.535) (0.612)
Phosphate
Borax - 0.4 74-0.605 [ 44.898-4.741 5.736 4.325 10.524-0.651,30.430-8.415 2.201 3550
Borie (0.520) (0570)
acid
Minalith [0.471-0.669]41.834 4.801 7.406 3.737 10501-0.728|26.204-7.471 2.341 2.762
(0536) (0611)
Water 0483-0518156.206-1148 | 8.130 3587 10527-0.725123.223-11577 2.588 2.375
(0.501) (0.612)
Total 41.285 19.293 16.295 14.811
Mean 6.880 3.216 2.715 2.46%
o— Water
1lp 2Z. Ammonium sulfate 5 .—. Water
a__nMpnoammomum phosphate ,* ' s—o Ammonium sulfate
16} 5y Diammonium phosphate . s—= Monoammonium phosphate
o__pBorax—~boric acid £ #—d Dijammonium phosphate
g Minalith® . o g . *—1 Borax —boric acid
g = & °—° Mimalith
= S
S~ 8' * . o . .
3 . . . T
Sl . : Dogk e . .
) ; t . = ;\.
2 ) . ' g gj \. s e
» - S L] X
2 5pF . = 2r
R H
- 4 %0 \o
£ N NG o *
= 3F ° a 1k
A
9
]7 - 1 Il 1 k
1 3 6 9
£ 1 : N .
i 3 GL g Soaking time ( hr )
Spaking time (hr ) Fig. 23 Drying rate curves of 5.0mm thick
Fig 22 Drying rate curves of 35mm thin plywood related soaking time,

plywood rel ated_soaking time
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Table 9. Drying rates and shrinkage values of 6 hr-soaking treatment at 120C
of plate temperature

Chemical Thin plywood (3.5 mn ) Thick plywood(5 mm)
WV Initial and |Drying Dried WV Initial and |Drying Dried
type Range final MC. rate MC, |thickness| Range final M.C. |rate MC | thickness
(Mean) (%) %) - shrinkage| (Mean) (%) {%) min | shrinkage
%) (%)
Ammonium0.49]1-0.647 {39.704-5.868 3.383 5100 [0537-0.672(25.983-8.465 1.751 2.625
Sulfate (0.521) (0.578)
Mono - 0.472-0540141.996-4.852 9.286 4.112 0.544-0.63727.640~7.400 1760 | 2.937
ammonium| (0.505) | (0.585) '
Phosphate ‘ |
Di- 0479-0661 (41.855-4.735 | 4.360 4.312 |0.562-0.72628.779-7.188 1.793 3.825
ammonium | ((0.548) (0.644)
Phosphate ‘
'} | ! '\ {
Borax~ (0462-0.62243.910-4.803| 4.600 4.850  |0.498-059048.967-9.826 | 2174 | 3462
Borice f (0533) (0.543)
acid i
Minalith [0498-0539 {46.936-3.919 | 4.782 4.700  10.520-0.606129.090-7.246 2.184 2.837
(0516) (0.552)
Water 0.420-0597 |63.163-12.349 7817 7.062 0.515-0.59053.386 11542 | 3487 5.137
(0.498) (0.6567)
Total 34.228 30.136 13.155 20.823
Mean 5.704 5.022 2.192 3.470
-—+ Water
60 e—o Ammonium sulfate

a-—aMonoammonium phosphate
¥—9 Diammonium phosphate

‘ ‘"""Borax boric acid 501+ .
50 . 2~ °Minalith / T,
g [ e
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T plywood related treating time in plywood related treating time in
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. chemical sojutions, chemical solu



24 FWT SEE (5424 10(1)
Table i, Drying rates and shrinkage values of O hr-soaking treatment at 120C
of plate temperature
Chemical Thin plywood (3.5 nr ) Thick plywood (5mn )
WV Initial and |Drying Dried WV Initial and |Drying Dried
type Range final M.C, rate MC. |thickness| Range final MC. | rate MC.| thickness
(Mean) (%) (%) min |shrinkage (Mean} (%) (%) /min  shrinkage
(%) (%)
Ammonium [0.467-0.536 53.352-2.1231 5803 | 4200 :0499-0639;51.168-1.912 2.238 4.837
Sulfate (0.503) ‘ (0.565)
Mono - 0.482 0539158566 -1.557 7.126 4962 3141.538-4.043 2.343 3437
ammonium | (05]0) !
Phosphate
Di- 0.495-0.631 56.512-1.873 8.939 | 4.087 10506-0.713'47.797-3.742 3.038 5.100
ammonium | (0.523) (0.624)
Phosphate
Borax- 10.475 -0.554 1h3.244-2.715 3.609 5.700 0520-0.708140.272 11766 [ASES 5.287
Boric (0513) D (0611
acid :
Minalith [0490-0.641 [41.097-4.8051 3024 3.337  10.531-0.706130.058-7.320 1.421 3,787
(0.518) (0601)
Water 0.437-0581181.860-12.023 | 10.744 6.100  10.558-0.703]60.964 ~11.264 3.313 5.975
(0.005) (D617)
Total 39244 28.3886 14.944 28.423
Mean 6.540 4.731 - 2490 4.737
100 - 35mm thin plywood a: Water 90°C Y = 0.048X7*% 3658X
35mm thin w L
o0 = + 8053, 1 = 0.996%*
\ b :Chemical 90°C Y = 0.042X*% 2661X
- 8%\ 450426, 1 = 0.987%*
= 70k ¢ Water 120°C Y = 1.329%X* — 18.779X
AN + 80.614. 1 =0993™*
o N i : Chemice 90°C Y = 5 2 16.97
s 50|\\ N ¢ bh%mxcdl 120°C ‘tw 1.615X 16.975X
M\ N + 51483 © = 0.993
5 40 y AN e : Water 150°C Y = 11.447X% — 59.319X
- >
5308 Y N + 85.608. T = 0.994%*
= oal\ v S N f : Chemical 150°C Y = 14.173X% — 52.814X
20 AW Ny RN
AN e \\a + 51958 1 = 0969%*
PN b
S : \ . ,J A3, 05 KELEAEKSS BT A5 ROES
10 20 30 40 50 Gwch WS EAG RRE HelFT oo ok

Drying time (min,)

Fig. 26, Drying curves of -water and chemical

treated plywood related plate temp,,
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Table 1. Drying rates and shrinkage values of g hr—soalging treatment at 90 C of plate
temperature
7 7
Chemical | Thin plywood(3.5am) Thick plywood(5 =)
WV Initial and |Drying Dried WV Initial and |Drying Dried
type Range final M.C. | rate MC.! thickness| Range final M.C, | rate M.C/ thickness
Mean) %) (%) 'shrinkage| (Mean) (%) (%} ~min | shrinkage
(%) (%)
Ammonium {0.462~0.614 |45.768-4.576 1287 3.837 |0535-0.664]42.078-4.472 0.626 4.975
Sulfate (0.514) (0575)
Mono- 0.481-0580 56.371-1.569 1.712 5062 10543-0.70832.177-6.594 0511 2675
ammonium | {(0.515) (0.629)
Phosphate
Di~ 0.483-0.631 |59.763-0.950 0.980 4500 10.539-0.712[43.008-4.060 0540 4225
ammonium | (0.513) i (0615)
Phosphate | }
i
Borax-~ 0.486-0.531 155.468-3.177| 0594 7.100 10522 U?OQi 058-6.559 0.374 4625
Boric (0.522) (0699) |
acid j
Minalith [0.480-0.530 149.686-3.593 0.743 4.587 0517-0.713131.116-6.952 0.377 3187
(0.510)  (0.601)
Water 0.462-0522 186.711-13242 2.040 4.950 0.558-0.694]60.409~11.371 0.875 4.875
(G.500) (0.612)
Total | 7.356 30.036 3.303 24.567
Mean L 1.226 | 5.006 0.550 4,093
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Table 12. Drying rates and shrinkage values of § hr - soaking tretment at 150°C of plate
temperature
Chemical Thin plywood ( 3.5mm) Thick plywood ( 5m)
W/V Initial and |Drying ra-| Dried M/V Initial and |Drying ra-|Dried
type Range final M.C. {te M.C. |thickness| Range final M.C.|te M.C. |thickness
(Mean ) (%) (%) /min | shrinkage| (Mean) (%) (%) /min |shrinkage
(%) (%)
Ammonium|0.454-0.596/52.844-0.383 | 26.230 4,150 105b27-0676 | 36.357-4.441 7.979 3.400
Sulfate (0.524) (0.601)
Mono ~ 0.485-0.592159.187~-1.384 | 28.901 4.275 10558-0.674|36.740~-5.657, T7.770 2575
ammonium| (0512) (0.608)
Phosphate
Di- 0.471-0.600162.816-2.070 | 24.298 4.762 10.523-0.692140.391-4.097, 9.073 3.587
ammonium| (0.518) (0.592)
Phosphate
Borax— 10.499-0.659[46.841-52251 27744 3550 |0541-0.722127.316-7.207:  6.703 3.487
Boric acid (0L551) (0.633)
Minalith  |0.500-0.666|38.102-5.641 16.230 3.625 10.554-0.697 27.912—7.747: 6.721 2.125
(0.569) (0.620)
Water 0.484~-0.627,87.028-9248 | 31.112 6.650 10.539-0670155526-12.017) 10.877 5.212
(0.527) (0 599) ‘
Total 154.515 27.012 49.123 20.386
Mean 25.752 4.502 8.187 3.397
Tl 35mme] e Lol ol EHEUEEWE B of el Fal 3.5 me] 5O ARG B8 AL
Fo02 AR weld Rebel MBSl RAFS BESHAH 0 ~5fale Fshed 7‘<ﬁ5@ﬂm SR
B %4 10~ 15em3t 533~80% 24 T E LS B 1178 125884 - - Wl L
B gogal Fol 50me] FAE S & g3 ol 5.0me S S ,ﬁo{]xi—‘: %ﬁmgzﬁ\&
R 858, £o oo BAbike] f4% [~ 6.2 2] sg# Borax-—boric acid ¢t Minalith @] 5.8 &
emsl 2~ 27 %aldl BEle] sKAALEE2} ’/MLLE@'W % 21188 126 85 Jekwlo] KA RUABEEK
& &% 15omst 80~ 803% 24 FTHA T ER o fiEel 145382 TIM N GE TR BRET e
2 ulebu] of v}, i 31‘,0,»} cLE S 33~ 207THEA Moy whR
g upf el EBMB ) A pEbG BlERERE Eavst A oEgbel, o4k Zo|ob RALEM-Z FAl 35 m
o Table 16 3 2tk o] ol 4 WAL 4 35 2] %}"v?— G &4 i, KBLBEERAA && 02 fE

mm o) OFO iRl ¥HEF K kA S B KAME} K
B4 o] K& SBo) 11?901 ol Blgbed FBME
Mo 10.7~27.3% % vepd i Sl 50mme]
Ao Aol A s KSR RLEEA & 117
foek |1 Bold Kahe]l EBAEARE 93~1838
2 el g ovh Borax— —boric acid 2} Minalith
2 Bhlsin s FRT #&F85 el ged Ammo-
ninm sulfate ¢ Mono — ammonium phosphate =

A M) RMBER R T TR o BRRRH

A’o

5 th-}bH sl o} Ammonium sulfateo]A=l-& &
Jemsl 33%% woifdch v KHLE
Aﬂﬁ’%& ¥Fa 15em2t 80~8L7% 2 H
#stel 2 ERE Jebd el zela FA 5.0me
S5 Aol e EHEABEAHAA &8 L8~ 11
5.7~ 38.7% 24 KoM FOBEHS A
ol 15omst 80% M TH RIS AARE ebd gieh
gk, ﬂﬁ‘”ﬁi*l HBEEBLES Fretd Fig, 24
o5 7ch Fig, 24 & T4 35m &K AR
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Table [3. Burning and flame exhausted time of | hr soaked plywood by solutions
Chemical Thin plywood (3.5 mn) Thick plywood (5mn)
Burning Flame exha-i; Flame Carboni - | Burning Flame exhau-|Flame [Carboniz-
type point usted time length zed area | point sted time length |ed area
(sec.) {sec.) (om) (%) (sec.) (sec.) (om) (%)
Ammonium 12.3 133 10 45 14.7 104 15 73.3
Sulfate
Mono - 15.3 116 15 66.7 13.3 8.7 25 | 7.7
ammonium :
Phosphate
Di - 16 7 0 0 14.3 17 2.3 5
ammonium
Phosphate !
Borax— 22.7 190 15 53.3 18.7 28.3 5.3 18.7
Boric acid :
|
Minalith 18.3 l 2.7 0 0 18.3 14.3 L7 43
Water 11.3 130 15 78.3 14 77 15 783
Nontreated ;| 11 ! 125 15 80 il 71 15 80
Table 14, Burning and flame exhausted time of 3 hr soaked plywood by solutions
Chemical Thin plywood (3.5 mm) Thick plywood (5um)
Burning | Flame exh-|Flame | Carbonized|Burning Fiame exhauJ blame {Carbonized
type point austed time| length | area point sted time length | area
[ (sec) | (sec.) {om) (%) 1 (sec.) (sec.) | (om) (%)
Ammonium 12.3 7 0 0 4.7 73.3 6.7 30
Sulfate ;
{
{
Mono ~ ' 153 2.3 0 0 14 5.7 1 3
ammonium |
Phosphate |
Di - 15.7 2.7 0 0 o127 13 L7 4.3
ammonium
Phosphate
Borax — 14.3 1.3 0 0 237 87 58 24.7
Boric acid
Minalith 32.3 0 0 0 24.7 119 10.2 48.7
Water 8 107 15 83.0 13 90 15 75
Nontreat- 11 125 15 80 11 71 15 30
ed
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Table 15, Burning and flame exhausted time of 6 hr soaked plywood by solutions

1

1

Chemical Thin plywood (3.5mn) Thick plywood ( 5an)
Bu.rning Flame exh- | Flame | Carboni-; Burning | Flame exhau-{ Flame [Carbonized
type point austed time | length zed area ' point sted time length |area
(sec.) (sec.) (om) (%)  (sec.) (sec.) (om) (%)
Ammonium 12.3 53 0 0 13 7
Sulfate 20.7 2.5 5.7
Mono - 13.3 1.3 0 0 11 7.3 1.7 5
ammonium
Phosphate
Di- ) 25.7 2.3 0 0 16.7 4 1.5 6
ammonium
Phosphate
Borax-— 17.7 33 0 0 24 6 1 2
Boric acid
Minalith 25.7 0.3 0 0 15.3 44 3 6.2 27
Water 8 96 10 53.3 10.3 74 15 83.3
Nontreated 11 125 15 80 i1 71 15 80
Table 16. Burning and flame exhausted time of § hr soaked plywood by selutions
Chemical Thin plywood (3.5mm) Thick plywood ( 5mn}
Burning |Flame exha-| Flame |Carbonized | Burning | Flame exh-| Flame |Carbonized
type point usted time length | area point austed time | length | area
(sec,) - (sec.) {om) (%) (sec.) (sec.) (om) (%)
Ammonium 12.3 2.3 0.7 3.3 9.3 17.7 1.8 5.7
Sulfate
Mono — 10.7 0 0 G 9.7 3.3 2.7 8
ammonium
Phosphate
Di - o 12T 0 0 0 11.3 20.7 1.8 5.7
amrmonium |
Phosphate
Borax — 13.3 5 0 0 18.3 211 10.2 38.7
Boric acid
Minalith 27.3 0.7 0 0 17.9 126 11 35
Water 8 117 15 81.7 1.7 145.3 15 80
Nontreated 11 125 15 80 11 71 15 80
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Fig.27. Drying curves of water and chemical
treated plywood related plate temp,

& o

b

Table 17.

5.0am 2]

5.0m2 7 & %&cl
HojFa

Summarized table of dryi

SR T plotgh curve 24 IR
7= KL s *‘%W@EA&*POMI EH T
of il 9o EHPMEBEH AL
o R

sho fEe ads HE

o)
A B

| vdEbve EER

A 3.5 m2

o) et

ng rate in

treated plywood by treating time (3.5m)

"""" 1 ! !
Y Treating } i :
Y time (hr) 1 ? .
Cmg 1 i 3 6 9 Total {Mean
EC T N
Ammoni- | 6 552) 5,744i 3383 5803224820 5621
um ! | f %
Sulfate ! : !
Monoam- ’ 6695’ 7.01 41 9.2 86! 7.126 3().1215; 7.530
monium i : |
Phosphate | i !
| i
Diammo- | 5662, 6.255 4.360] 8930|2526 6304
nom ; ‘ :
Phosphate ; ! :
i ! !
Borax - 7.295. 5.736 4600 3609]21.240| 5310
Boric | ] 1
acid ? ; !
Minalith | 5071 7.406| 4.7821 5.024/20.283 | 5071
Water LB, 437 8.130 7.817; 107411 33,148 ! 8 287
{ |
|
Total 37732]41 285 34.22353&),244152,490‘g
{
Mean 6. 28%! 6.880 | 5.704| 6.540 !
SRS (R M ER S BN
Chemicals : F value = 2240 {Non -sigmficance)

Treating time: F value = (.4900(Non significance)

a : Water 90°C Y = 0.016X***~ 1.706X
+57.834. 1 =0995**

b: Chemical 90°C Y = 0.012X"**— 1.065X
+ 32545, r =0.975%*

c: Water  120°C Y =0.285X"**— 5901X
458754, t = (.993**

d : Chemical 120°C Y =0307X***— 6.156X
+39.209. T = 0978**

e: Water 150°C Y =2.802X° —20.734X
+54.971 r =0996™*

f . Chemical 150°C Y = 2.768X° — 17.066X
433464 T =0997**

#F2 plot g curveald AAMEESL KBALEE
fistolo] Fold EFRE RATH Qi Fig. 26 &

5. # R

& BRgRol A Aol S MESLe] oL chem-
ical retention & Xk {hkT MEEERS BnAzlel =
el Whnss ﬁﬁful--"* ol g9l ek, o

Eickner, H W, e} E.L. Schaffer(1967)7F %
BAR B AMIES ERstel BAHRE BRI
glol4 0.31bs/cu.ft, Bl k2| retentiong =%
MEslol e FATeral oo, B retention 42
gk Wb b, = Juneza, S.C. 2t LR, Richa-
rdson (19775'e A#Rel FAMEE Fsl A Soak —
treatment & sty =, 10, 60, 180 % 420 %
2 Qliiﬁ?ﬂ"’l 4 6.2. 92 100 % 102
tention-& -2 ub glo| A, MEERR]o) L o

%2 re-



30 E=WHF

3 2

(=42 10(1)

Table [8. Summarized table of drying rate in
treated plywood by treating time (5 (mn)

[

‘\\‘Tre ating \I 1 t
Atimethr) 4 I Mer
Chemical ! 3 6 | 9 |Total | Mean

e N L 1
Ammoni- | 3481 3.304 | 1751 | 2.238(10.774 v 2.694
um [
Sulfate <
Monoam- | 3987 2.745 | 1.760 ' 2.343110.835 | 2.709
monium ! :
Phosphate ;
Diammo- | 3891 3.116] 1.799 3.0(38511.844 S 2.961
nium : ‘
Phosphate |
Borax - 263712201 2.174 | 2591} 9.603 . 2401
Boric i
acid
Minalith | 30551 2341 | 2.184 { 1.421{ 9.001 ' 2.250
Witer 2778 2.585 | 3.487 | 3.313{12.166 ‘ 3.042
Total 19.842 (16.295 {13.155 i14.944164.223 ;

i
Mean 3.307| 2.715 | 2.192 | 2.490 t

Chemicals : F value== [ 135 (Non - significance)
Treating time : F value =4.078 (L.5, D, 0.05 = (0.8695)

2}l chemical retention o] sl M-S H o5
28 v IR Ei{ke retention-2 iR odl
ol x= US. Fogsst Products Laboratory(lg’ffi'))
2k Koch, PL(1972)ef #&absd A E W AAE=
sl A —gio w MEEEA Yol el minim-
um retention & 1,125~ 2.25kg/ (300em)® ( 2.5
~ 5 B5/cuft) & Mg #nete gleh A B
ol 4] 3= o] 9} 7ro| REFIL 9+ HIL retention
& A7 BelA BEEMS 98sH (54040 7 L
grozs Ktk BEES &MY 5 galoh (Tablef)
x &K FHALEES MEkoR EHEs &
chemical retention$ g, King E.G., Jr.2t D,
A. Matteson, Jr. (19613 4] 2.45k9/ (30om)® (5.451bs
/eu, ft )&, Jessome, A P (1962)-& 1.35,270,4.05
/ (300m)® (3, 6, 91bs /cuft.) E Mackay, J.F.G,
(1978)"'% J.W.Johnson (1979)-& 2.25k8/ (300my
3} 3.42kg/ (30om)3 (5lbs/cuft. ¥ 7T6lbs/cuft)
2 s el BT 5o EKELEE syo
£{%e] retention& US, Forest Products Labo-
ratory 2| 3ol we} BEHES LERM <&

ek,

Table 19. Summarized table of drying rate in
treated plywood by plate temperature

(3.5mm)
\’f‘reating |
temp(°C) | .
Chemical 20 120 150 |Total | Mean
type :
Ammoni- |[1.287: 5803 26.230133.320|11.107
um :
Sulfate
Monoam- | 1.712 | 7.126 | 28.901137.739 [ 12.580
momum ‘
Phosphate
Diammon- | 0.980 | 8.939 | 24.298(34.217 : 11.406
ium
Phosphate
Borax— | 0594 | 3.609 | 27.744 31.947;10.649
Boric :
acid
Minalith 1 0.743 | 3.024 | 16.230|19.997 6.666
Water 22.040 10.744 1 31.112]43.896 | 14.632
Total %7.356 390.245 1154.515 1201116
Mean 1.226 | 6.541 | 25.752

Chemicals : F value= 26368(Non—significance)
Temperature : F value = 126.906*%* ( L.S. D, 0.05
=51036)

B BAE EEsle], REEZ IR ¥ obd
st , SHEFE 1.25k8/ (300m) 3 <
retentionel] ol & 4 = HE7Hx] BUHRE A
b vh

Ataiel sheb Aol MLEBEHIo| HEAntel wet B
TR ks BRE oo EE -F®T(1978)
9 g - EAEH (1980)% o B4 o2 &Rt
—gE D Yad 2oTArh

A Fal A o & ARE- RAE LEaA S
PR iR & bR EEE Tk sl =
ol & MAEEAIRE W o4 BT & RS o4
el ol ok EHMLE g1 FRERT o LA
e RS Rl FoUck(Fig. 2 3 3). ojzl& &
WERE A% o 3.528/cd(50psi) 2 MEE ¢o B
W 2feE S A s KMEsel B
ol WAt o] EREF Hel ohd st K b

minimum
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Table 20. Summarized of drying in treated
plywood by plate temperature (5. zn)

] N

Treating { |

temp (°C) | \ i
Chemical 30 120 150 | Total ]Mean
type f i

Ammoni- | 0.626 | 2.238 | 7.979 | 10.843 i3.614
um :
Sulfate

Monoam- | 0511 | 2.343 7.770 1 10.624 & 3541
monium ! !
Phosphate §
Diammeon- | 0.540 | 3.038 | 9.073 | 12.651 14.217
ium ;
Phosphate

Borax~ | 0374 2591 | 6703 9.66%
Boric

o
0~
oo
w

acid | '
Minalith | 0377 | 1421 | 6721 8519 @840
Water 0875 | 3313 |10.877 | 15.065  5.002
Total 3.303 |14.944 149.123 | 67.370
Mean | 0550 2.490 | 8187 ﬁ

Chemicals : F value = (.3020 ( Non ~significance)
Temperature : F value = 15.844** (L. 3. D, 0.05
= 1.4805)

el @EA&QI ol R EL FAl 35me &F
& HRE A 5.0me] A3 Al 4] KikR
FEHER o iéf}n%“ﬂ whel Fo RRE e Hnski- @
e wedFa glgl et A 35me] gh A
A6 ER Litgel = o8l Tl Bl o] (KT8 18
B4 74>, Ammonium sulfate % Minalith %
o] MmEEol4] ey Borax—boric acide4 5 =
A R 23ke EEe LoFodck(Fig 4 Y H).
el 68 R ME M kSO E
WOESEOE SR 4 A vebd i
o, o &= MEBEERgel Mamel =teb kS B &
Bl LRstd Bl BEY o 2 BRe v A
o & alofxlet

= MES] AWS BEERTeREd L MEXR
o WEEES) siEst ol MERFMol e el

AWMES 2 EMS B TUN, KALEZ KK
MEBARI #stol 6REHa 9RH MBAAH —

BT BeEe v Fa g A% (Fig. 6 20N,
Bdciel & AW 2ubd BEESE BEP KD
BilgB ol 27 of ol oo MLE: B KMEE
wEAl B ol EEse Ao s wlelaleh

S (198010 £W HEmRETG 4§
of e T BHOAKES B, AanEe
Bl o} SEW Yo o W kG LET MR, N
e Crabg aAl velbd RS BE 8 gl
# Bogvel Ko Bl aE o 5 elch

A CBRgEel 4] A BEE R BA Hn%‘*‘,?»@l
FER ol »M ﬁﬁ%&% g3-d Koch, P, (1964)% Lutz,
J.F. (19,4) Lutz ,J.F, H, Habermanm» H R,
Panzer {1974) )“‘ Chen,P. Y, S, (1918) “’*“' 5 7)
1.27em(1/ 2inch) LLITF o] BAfol v BMHw BH
sl ol HEey o BBl 121.1°C(25C°F) &1
#e EREES #H02 BEETL 352~T.04
kg/oh (50 ~ 100 Ppsi )& @RIsel KMt i'f!' ol ot
Heebink, B . G o} K.C. Lompton(l%b), Hmme
ier M E G L. Comstocker R, As Hann(l%h
Haygreen, J.G. ¢ K T‘urkxa(lgf,&), Tur kia, K,
2§, G. degreen(]%éi) T—.}g Chen, P Y. S 2 F,
E. Bi tonen(m?‘)) '”%3-“ -l 1 27em (1/2inch)
BLbe] Bgol v ARGR-S Sl Siel A
HWBE S 1488~ 176.6°C (300 ~ 350°F )4 3 1
st BRI S 176~ 1056k /0 (25 ~ 150 psi)
o aE ek %‘%Zﬁ kb glel eldrol SREdel g
o] A ol 2 HUAE R BAREY FHE 17667
(350°F)2 3.52kg/ch (HODSI) S HAISLE ol b
Zk EAERoleba sl ek

whebd A& ggtel A, MR Y RS Aol A
3.5mmel 5 0mm 2l LEH) 92 GRc]s] al el
E OB EHA et B R 120°CY BNEE
oF 352kg/ch H BETD S HEAst o R BAHE
Bl ohE RS RU7) B4, 9B UESH
off ¥t3ked 90, 120 % 150°CH @HIst 352kg/
ol 2 NS EASe RS ETAZ L EBER
of whel ol & KERHE (Fig, 8~ 16) o #Retsd,
A 35mme| MBARN} FA 5.0mm 2] MBEEE KA A
35m o) ¢k e AW 1B MBS 4 B0om T
75 el | EBHa 36 B Yy 48 i
RS Bty 25 AEEERR ) A sk 4 HLER dhR o]
QB HBE o B e olHe K
A ARS WS AR I Fr] el Jepd
Higoleh wlojxlel, bl whabel 0 Skl &
o 2abg —E SKEd BEde EREMe
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of FiEsctn 4 7l ch

= —ERMe Jelhvie ERIRE LB
g ud Fo 35m2 g GHRAAT 6EMH A
e Mono — ammonium phosphate & B#std 3
B bl b2 Bl A kA ER¥e| KA
He EgEu ol A Jelva glow ojep 2
L Hge Al 5.0mel TA L AR ddHdE 6
B Lo B4 22 HRE e AT
S ok 7 oleh o9} ol [BFMel vt IR AE
Bty 6BMcl v 9BERml o] RERM-E s
slo EH BilEol LRSI = =d, ool Fel M
Bl Hindt EHLBAEK L 21abF AKSLBEEW
off H@rste] Hifk4l7] |7 olRiche AE o 7 Uch
¥k HEPES BFY BELE B Mack
ay J.F.G. (197877} mmemel AT#sol 4 2
2 Turkia, K, 2} J.G. Haygreen (1968 1o} AT
E}ﬁlb“ | #RE A A Bl o 3*;6’@#(1980)
= e e T¥e fhAMEAE Y B 4 &%
%&% - Bedkshi H OBACE R Ak (MG
hr) s} 4324 Gk (M C./min) 2 FRslgdoh. o]
£ e &0 B mﬁ«! ‘?ﬂﬂ of w}E ol
oh v o Yo EEE R b gla, oK BRgRet
6] control 24 m%fm&m Lt@z bt 259k7| a4
of dHE HBEE SoF 9o ohal B (1980)" ¢
Forkifol K3hd EREE T Fobd 45 KILE
GHel H@Rge) EWABER LT & EHEE T
wabA skel vk alebs & BreRY REsel - Hshe
- vepigd o), Sl 35mel oF e BielA
Jotk e ALFEEERSe] Mpnghel wul EE BigEel 8
huskz) el ﬁii%’s #ol kHsbe ML el A
of obuisb #EIE sl zeld FA 50me FAR &
Hiol A= MFEFH el Wondtel «leb B Bulcee|
fogke) E P T EHAe RRMERE RoiFA &

gkeh,
7] of w}:. HEs el F 35me gk &
ol A oo Eigdo] $Al 50me F¥AF HER

h 749} F ’r% b Ermis Jepd e &
Bigeol A, 252 35m Tl o GRel A e 3
oxo HBEO Bglolo 7Y A MEAEKRS B
mago) glolAd ETFY mAgo Ry oF MBAES
el 7hx) EaE s v Bffe] o gl Al &
Hol BE RS B o) R BARE “E &E
2 #FA7E o BEREe Aoz wejale 1
g A Rome FAE SRS KEE ETH A
ondy BEMfE] ¥omE kS BERMES 2

b ok sl o

B R IE B ol W};:;E)» EERRY HEsld v Mac-

kay, J.F G.(1978) 7} MEE&He| ALTEBRE £
gholl 2leld kiln o] BEE 63. 74 85 ¥ 96°C &
FHEAAM BHBE sty ol BF EEREELA4 o
o AL 126,190,239 % 258%/hre] HE
deld BREE T LR w}ﬂ é’ii%é [ =csay

&elda, &L $9ﬁ%?(1%0)4 ol kst

MIEM S BG4 BREEE 1211°C250°
Fi, 148.8°C(300°F) @ (76.6°C(350°F)2 L#
Al L Eshy vl B&dd 4] od O EEED
ERAERS AKOMIEA4 36.6%/hr,, T0.1%/hr, Y
123.7%/hr, 24 @8s LHgE yd ¢y 25
a2l B4 L, 34.9%/hr., 939%/hr. ¥
140.2%/hr, 24 H3ko| iEpE 7k wobdal e}
Felola Eggkol LHE wolaggleh A fgel
A3 I 35mme) R0 frfeel BEB, AE 90,
120 8 150°Coll A &% viepyt &g 1.226%
/min_ 6540%/min, % 25 75)0/(/mm o,
A hQm g A G- SRS Hase TR TS MER
froll A K2 RSl 0.550 %/min, 2,490 %/min,
A B187%/min. & e AL olol Al SRR ( 284R)
7b wod gl AA EHGE o b i ¥
o] pEER A —Fsha gleh

Hittmeter, M E |, G.L Comstock % R, A,
Hafm(l%Sioc"ﬂ fesbedl, B EREl el 4 RMBBE
173.9°C (345°F Yo} BAF 77 3.52k8/ch (50Ds1) &
WA S ol F2 1.27em (1/2inch) s #ifEa)
WU kel =l b ks 4~ 6% 7kx

gla= w25~ T7hH 4po] HeEjq —‘Tf-»u 2540»!(1 inch)

T
Lo

#e 100~ ’OH}C’P ﬁzkékﬁv*ifn of FRExeb shg ek
’?5@?(1980)” e f{‘ﬂml la9cm(5/9m-
Ch) ol o] ER AR J.-er-E’L MB G WS R

o Ul FACE 0~ 12%7Hx B A7) oo
= Al whel oFzkel mgReREe ERE el gl
o} yhar A s s+ Chromated zinc chlo-
ride & Befhsba 12L1°C (250°F) 9] #5558 150~
6104, 148.8°C (300°F )l 44+ 80~ 1504, &
I 176.6°C(350°F )l A= 60~ 9540e] FHE=SG
o},

X PRl OREH B E Y o2 HHR%L F
Fsto] EES RN EEs v W Sk
#E 110%3%2 3L BAE 10%7H2 #4)7l= o
JEE - BAREESL 22 30°Ce 4 Sl 35
m = 815643 FA 5.0mm= [81.814 ] FrEsgl
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