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SUMMARY
(F &8 k)

In order to use waste soybean oil with additive of the pellets, waste soybean oil was re
acted with O3 and then, wood pellets were made with adding ozonized waste soybean
oil.

The chemical reactions of ozonized waste soybean oil was analyzed using FT-IR and s
o on. The FT-IR spectrum of WSO had an absorbance peak at 3010 cm™ that was the cha
racteristic peak of the unsaturated double bonds. As ozone treatment time increased, t
he peak of the double bond was disappeared and carboxyl peak appeared at 1700 cm™.
Especially, the double bond of 3hrs- ozonized WSO was vanished almost. In results of t
he dry bonding strengths of the 3hrs-ozonized WSO mixed with polymeric methylene
diphenyl diisocyanate (pMDI) were the strengths of weight ratio of 3hrs-ozonized
WSO:pMDI, 1:0.5, 8.08 kgf/cnt, 1:0.75, 9.53 kgf/cn 1:1, 44.16 kgf/cn, 1:2, 58.08 kgf
/o, 1:3, 61.41 kgf/cnt, and 1:4, 46.95 kgf/ci’. Therefore, it was found that the op
timum equivalent ratio was formed at the ratio of 1:2 or 1:3. Under wetting the b
onding strength of 1:3 ratio was appeared higher than that of 1:2 ratio, while the results
obtained from hot-water and cyclic boiling shear test were similar.

Thus, the pellets manufactured with adding 3hrs ozonized soybean oil, 3hrs ozo
nized waste soybean oil, soybean oil and waste soybean oil.

First, the results of quality characteristics of pellets manufactured from Larix Kae
mferi Carr sawdust are as follows. Moisture contents were shown 7.66~9.48% whi
ch satisfied the first grade (less than 10%) of quality standard of wood pellets a
nnounced by Korea Forest Research Institute. The heating value of the manufact
ured wood pellets in this study exceeded the first grade of quality standard(mor
e than 4,300 kcal/kg) and it appeared that the pellets manufactured with adding
oils and ozonized oils had more heating value than the control pellets. Ash cont
ents 0.34~042% also passed the first grade(less than 0.7%) of quality standard an
d apparent densities were adequate for the first grade(640 kg/m®) on the quality
standard. Durabilities of the pellets manufactured with adding soybean oil and o
zonized waste soybean oil were shown over the first grade(97.5 kg/m”) of qualit
y standard. In the general results of durabilities, the pellets manufactured with a

dditives had better values than the control pellets. After 24hours absorption ratio



experiment, absorption ratio of pellets manufactured with additives also appeared
much lower moisture absorption than the control pellets and they still had the s
ame results after 5Sdays absorption ratio experiment. Elementary analysis of the s
ulfur content was satisfied the first grade (less than 0.05%) of quality standard o
f wood pellets and the nitrogen content was also adequate for the first grade (le
ss than 0.3%) of quality standard of wood pellets. The pellets manufactured fro
m Pinus densiflora and Pinus rigida Mill appeared similar results as Larix Kaemferi

Carr pellets.



CONTENTS
(3 & =

Chapter 1 Outline of research projects

Chapter 2 Status of international and domestic technology

Chapter 3 Results and discussion

Chapter 4 Goal achievement and contribution to the related industry
Chapter 5 Applications of research results

Chapter 6 Scientific information from abroad

Chapter 7 References

16

20

21

67

69

70

72



I
N

A1 AidaAe] e 16
A2 U Jeid 3% 20
A3 AFEsy e 23 21
A 1A AFZ7EY =48 21
1. #2712 AHA 21

2. HFNE QEAY 21
A2 A4 eEzAE HFEV|ES 38 2 48 B 21
1. &4k HF 7|89 FTIR 24 Z3} 21

2. L &8 HEF Ve DSC B4 Ay 22

3. e=43) HZ7E9 TGA B4 Z¥} 24

4, @ =23 HZ7]29 'H-NMR 24 ZA 26
5. &4+3} HZE 7|22 GC/MS B4 Ax} 27
A3 A eEzAE HFEVIEY HAY A9 2 Ay 29
1. AdA 5 29

2. Adurd 29

3. AY AT 30

b T e s o) R e A = 30

A 44 He] Azxdy 2@ Ay 33
1. 9949 By £99 2 Az 2 E4 33

7}, A A8 33

v Bl Az 34

o 2R 34

2t 2327 35




35

(1) Fr&

37

38

g
=y

39

o
{jm
__o_.h

40

41

41

™

T

__OU
Ul

41

=0

H

U o=y

42

o Zxdele] Az

42

xr
R

U
il

44

,ﬂl
ol

__o_u
Ul

44

45

46

46
47

~—

47
48
48

—_— N =

49

49

™

T

__OU
Ul

50

=0

U o=y

50

o Ao Az

51

52

=
T

__o_u
Ul

53

(1) Fr&

53

54

(3) 3 & --

_10_



55

@) 2Ry 9%
6) W4

55

56

o
{jm
__o_.h

56

X
i

F

57

57

™

T

__OU
Ul

58

=0

U o=y

58

o Ao Az

59

61

=
T

__o_u
Ul

61

1) &

61

62
63

8 & I

=
o o
= 4
=T bp o
o & &

~r N~ N

65

5. BAA

68

70

A5 g Ay g 3 Aekeds

73

H

&0

Ay

2

<] #}38}7]

3]

ki3

gl A 3

75

e
i

A

1_._A.o

A1 GC/MS &4 A3

|

A3 A2

g2

)

-

ot
gl

11



1.

hy
ik

b

b

5]

5]

5]

5]

Ja5e B A¥e 42 WA= P 54

1. Characteristic of raw materials for pelleting

2. Moisture contents of raw materials

3. Moisture contents of manufactured pellets

4. Densities of manufactured pellets

5. Ash contents of manufactured pellets

6. Water absorption ratios of manufactured pellets

7. Heating values of each wood pellets

249% B AxAY 2 A%

8. Productivity of manufactured pellets

9. Moisture contents of manufactured pellets

10. Heating values of manufactured pellets

11. Ash contents of manufactured pellets

12. Apparent densities of manufactured pellets

13. Durabilities of manufactured pellets

14. Water absorption ratios of manufactured pellets
15. Concentration of elements from manufactured pellets

16. Elemental analyzer of manufactured pellets

_12_

34

36

36

37

38

39

40

44

45

46

46

47

47

48

49

49



3.

5]

5]

g7tk dg AzAdld 2 Ay

17. Moisture contents of manufactured pellets

18. Heating values of manufactured pellets

19. Ash contents of manufactured pellets

20. Apparent densities of manufactured pellets

21. Durabilities of manufactured pellets

22. Water absorption ratios of manufactured pellets

23. Concentration of elements from manufactured pellets

24. Elemental analyzer of manufactured pellets

v dE Alxdd o A

25. Moisture contents of manufactured pellets

26. Heating values of manufactured pellets

27. Ash contents of manufactured pellets

28. Apparent densities of manufactured pellets

29. Durabilities of manufactured pellets

30. Water absorption ratios of manufactured pellets

31. Concentration of elements from manufactured pellets

32. Elemental analyzer of manufactured pellets

_13_

53

54

55

56

56

57

57

61

62

62

63

63

64

65

65



3 33, Agle) Ak

_14_

66



<119 E 3>

1. 243} #HF 71 5:pMDIS] F#ulo] W& IR &4

2. pMDI9 e EA HF7|E DSC &4

3. 2ZA7 #HZ7|E: pMDI F2A FFu|E 1.05~ 1:4 DSC BM

4. 924332 7]1 53} pMDIS] TGA #4

5. 9ZxE HZ7|2: pMDI FZA e ZFud 1:05~ 1:4 TGA EA

6. LE43} HE71ES HNMR #4

7. 445 HF7IE4 GC/MS &4

8. Average values of bonding strength under drying

9. Average values of bonding strength under wetting

10. Average values of hot-water bonding strength

11. Average values of cyclic boiling bonding strength

_15_

22

23

24

25

26

27

29

31

32

32

33



HH2f 7HR

=
ol

F

R4l

T

KO

Al 1

A

]_

Al

o] JuYrgS Lo A2z A

-

T

T

s o Ao A

|

[e]
pi

L

Aoz 1973 AlA

TE
H 2 fE9en o2

of A A =}

°

1

2}

Rig

Qs
o] 7} o]
Al

=
=3

-

k3l 1978

1

o] EX| 9} 750l
Ae 5 g B o 2dW AstrE ALFORH Azl

=

A2 A A ol A
o]

o} olm] =

ol

A1A A=
13 45-9]7]
2o g2E 2 UIA}

e

il
—_

Ho
o)
b

i
)

2l

FEFE 7171 FHHLE ARES] dAZA

AIA 73 Al o

o
AL

]

(o]

ar

A1 7]

#%

=
=

= AAH BRoR oloX JduA 8

~
o

7} 20054

by
Ho

b
e

<)

7] F ol
A7F A" He 2

!

A¥™ oA < 1800 dth 280ppmol E7}

379ppme. 2 35%} 7}

550ppm

T

T

20503 o]

T

T

=
T

!

k.

kel

R
4o
<0

)

1A

7T

el

SIE

e
il

kel

A

v

Ao
gy

e

om olH Al7] Qe 1.8~4.0% 7}

20~30% 2] A EFo]

T

T

_16_

o]},

stA <

]

&

o

2
=

pr

R ¢kol U 91712 = "ok 20509
=

AL A HE 100]~200]F 0] B &
E



AEsor a4 ol Aol AANE B AB4E FT A2 o] 47 9@ o
da, A48 PARAS AF AY ouX L ATHEE I AvsEzo
AR o] thak Balo] ol ole] tat tjgo 2 HolemAE of %

29 298 714 A AT o), YEAD 24 uwpolor) A Ae] B

°l=°
JPU
)
e

=

Z7bsta Qe FAot B4, = Hy d8 FA7E 4~10m= dolE 20~50
~5,000kal/ kg) 2 FrAFEE 4,500k0] /2]

Aol AA AR 2 ZEEa gt A, d3lE olFd AFEA

AA F g ] Folo ek FA A FAXREE AHET, 2000640 2F 150
g B9 #Helo] At o]F fY - HHE F4oz A&KHo = FUhste 20061

of <F 7005 E, 2007d%0= oF 1,010% Eo] #Hglo] AtE o]F, 2010d ==
A AAReZ oF 1,5005 Eo] d= Hlo] Astd Aoz osdsta

!

H

ok

;B Ax A HATHAIR 2ole LEAEVIEY &S 55U A A
Y27k =P =73 HAnlel(Christian Friedrich Schonbein)of 23] @A E I ow, W.
E Ad 2~ (W.von Simmens)ol] 9|35 = @A77 1t AT 282 EA
(Fox)oll o8 @& dazhgo] Hid oz, 59 dxuldAdis &9 4
Y& ol&std AxAgo] A&t At EF EZ(Wolff)= &9 4kt &3
He o]&dt E=AFY FAAN AT F ASS LRSAEH, AFAFHE]
o} AF e obAT AL FHow Tarsld LENs2 FFAI)
Z

Z o 2 ol2d BRS Tt F 2 B VIEAGES dd eEXE

¢



o] 7hsdE AARRE BT B Stol2e A7] A4l AFHA R 2EFS ARSI
e EET A Jdeon, Fdo SR & (Hansler )71 258 & LA
718 AT olf o FAel AR dAHC =z olgsHA HIU-
LELZ g FHI AsEI ghgAe] FHE] el fHed=de Ay
stete el AtstAe el 2
AdEokell Ao FABAAA sl I ATE LEY AMEAE FH i1 o
%

Bloll A Ao g 2Y wo AAHE AR, 37i9] 2tad
A7F 47kA B gHTFEE 2P E FHE EXEHH, ATEY LEL 24
FAolal, 15%0]749 FEdAs FEAS YEWT &L 0.02ppme] A5 Eof A
j

_O|L
ko)
lo
'
rlo
N
e
N
3
)

fr71E +0; ->2F3E (ozonide) > H| 3| = ->F 7|4t

seuetel Wy Age AFE A 2do] A HA @ ZrlwAd Yok 24 2
R AAA BATIA ek gl Ael Al ofalgol T o)z s F1A ]
el gsta gabgel HolxE wael gtk Ed, W BUT 1 Fl9 =
259, 2A7t FEotel graol EobAT oo whe wdFel Wold wl ok
g, @ o8} gt

olo] & AFHNEL HEfFY LEANFHERE ol &std Wl kAol BAHE
ol @dHES HEY F Ues YA, HEF B LEA7IEE pellet]
HEste] AzA Z1A FetHe 1dEe sk, AF3HE pellete] 571 of
o AFAEAE NAdskE Aolv. eE4stE IS I AATE AHEAY R &

HS=o7t AAEY ARA HPH TS ZAel HgE Axd AFL &



3}E pellete] A

o wekA AlF

2= 0
T

ki3

—_—

TA AL

o] g} Ay, ofdf T

A pellet#]

o
-

_19_



H 2 & =aUe 7[00 o

1. =W 7« &%

Setebe 20089 79 19 B4 W3 AN U Mg Aoz 2008
79 F& A% DA A4 AF TP £, 20009 19 7] Fe) HAZHE
43 EXQFEAEHAA EAZHoE A 9 FFo] AFREHALH, T3 58 A3t
3, AR M= 2020d71A] 1674

X
TS
“*%
£ 1
2o
&\1
—Ex
o,
=
oA e,
P
oZioH
LB
= o
rﬁ%
P
()
e off
ol
ol
R

2 AFY-S 3 20083 24tH, 20093 33

2. =9 7ev¥

Hgle 1970d 13} 4Lz & A7 T ue|olutz o A Al st 1980\ E-H|,
WOz Ao 2007d Zel= A AA A dsl 3 442704004 14,000,000
= A & AEE MEA FAFH 7t v 53] {7 AFA" sEE 1000
g2l olde =2 7HAE fAstE 3, At 20% HE AT fAE Ao=w

A=A

AR E FAs gtk E SAEATEE GolE 20208707 AFE 20%E 2
Aetrislsl 29, 71771, £3, o189 dEAXEE TEIIR Bon Adga

ARE 201

fr

TSR 20148E7HA] 1V A 2ATH= AgS A o 3b

)

7

0@ AEANE S FA, del FF3dd wat 25 FEE 2010 @ 160ha, 201213 116
4ha, 20203 5180ha7l %] &tfsict= ®golt).

_20_



A 3 & A+

A1 A

7715 4]

(=]
=

A2kA) Azol AHLE 9B AT @Y ABET s Ao TABoR HE
Holn de 718 FRAN Fojslel Aganh. T ATIIEL WA W
)8 A1gstd HAZIE AT

3

kg/cm® o =7,
0’/0" RIS

SEBERYE

A YEE AR
ol A 5‘1%6}915}.

5 0 FEAT
%% oL M| &l
Lab-2 (220Vac, 60Hz) OZONETECHA}, thd)2 Algste] G2

wukslE A @ Ukl 7](Model

05 LPM, &8 1

483}l magnetic stirrer2

== -

O -

Z, L=F% 1585~158.8 g/cn, LA 7.13~714 g/he=
FHABNRA 142, 247, 3417 L 248 Aestgt. eEA
2 0CTAH FY B2l SHE AASD, 24 AT 2 A

gtk eEAHEAL LERAY) Az FHGE ¥

L

A2 A oz fEre s 2 91 24
B g 2771804 B8sl1 9% FT-IR, DSC, TGAE o|&stdd &3
HEZ7189 =AY Al 2 249 7|2ZRAE AAst L2413 HF3VEY A
A& A}o}oq LEAD HAEE sty Y eLEqAY 2HE 7R, 33

NMR, GC-MS& & ©]§&35t #HF 759 ExIE FEHE AT

1. e=4k3) #HZ7]

29| FTIR £4

_21_



—\“Ww“m QEHALESPMDI
60 - 1:0.5
1075
=3
12

[l il el ot

- 4

% Transmittance

Wavenumbers (cm-1)

a8 1. L&A} HF 75 pMDIe] FFHo mhE

e FTIR 282 HoH E3EE o] &3l e&43 HE7E7 pMDIZF A=
ghgate] o= FRFHAA M HHo| He 7HE %Ohﬂ% 4 weln.

B ggoA HEo] pMDIS EHT =
7} 1:05~1:4 2542 937} A oldlz ARLS & 4 9,@ o}wl 7](N H:3350-3180c
m)E 1:05~ 1:3 v}z] 9327t AXE ¥HeS Ho|thrl 1494 ZFolEes AL g9l
& 4 lth olHly]E pMDIS] EXRw El_?l o] A Al o}y o] E 7](N=C=0:2275-2240cm ")
o} & HF 5 §4¥ = OHZI(3500em™V7F M2 whg-sle] A7 30
oh olBHo R E o 1.2 FRFHA —Er g7 Hu weE & Ao oSy
U ¥gAd Ee 'A% 544 AFE(Crosslinking)o] FHAAEHA Z8-717F g2}
Abe gtoz 9AEHA pMDI slutoll HF 715 2MHA 3717} gaHEel 1:29) 1:3
ZollA Aol FAEE AR Helr

2. =48 HF U8 DSC 24 Az

o

DSC(A 2} AL % A|: differential scanning calorimetry)g 2%¢] W3ld w2
B4 FE ¢ 2dd 9o A AolE FHstH, LEAS HIFVE, pMD
I, 2% #HZ7)8 pMDI A 1:.05, 1:0.75, 1:1, 1:2, 1:3, 142 E A5}

_22_



=
n

@
o

Hest FlowEnda Down (mif)

4855 60 80 100 120 140 160 180 200 230 240 250 260 283
Temperature (°C)

2% 2. pMDIY QEAE HF7E DSC EA,

pMDIZ DSCE o]&3l9 EE8EME HAAS A3, <oy 2> e Bk
Zol MA3 =7t etz we Foizx pMDIZE 260 T R ZolA &3] E
glojAe wegg EAT.

LEAY HAZVNEL S0THEZAAM ¥ ARNA 110CHZAA otz F
dub-go] BT 170C F A FaZrt TSI 200CFE A = 3 9
Harzt 4Astd #dwrdol yedE ¢ F AsdH.

10T ¥ w32 Fdge B4 0EAF AT B0

3y 1
2ol Bm FA4ol ol Bz WAL APoz 2Ae At Ao
Be @¢ FFE ACR BEHH, 170T~ 00T PIANE FEWEE do}
gt LENs MF/Eel AVE/Y M2 W Ao BaAG

_23_



Down (M) —— ——

73 3. =X 3 #HZ7]=2: pMDI A ZFuE 1.05~ 1:4 DSC 24,

2 a"dM, LA HAF 1%?4 pMDIF #Al= AAH Lz 110T F
obefFoz Fd W&ol dofita 190T ~ 220T FZolAd T gub-&o] 24
o™, 260C 2o A e o3t %%HWM AT of 28 2= JH& <2
d 2>o] e &3 AT 15 DSC BAF Ao FA & Aoz vEygn. dA
A 2P Hol e A HIF7F3 pMDIF A ] wheAl v A wH-E-8
A R G eEAE AFVIE eIV MR wgd oz Helg.
110C e FEHE2 oA <ad 3> EHA AFET upsh Zo], 223}

o AAAel gle dAo] =okM watH= AR HeolH, 190T~220C

nlm

& X

F2o Mg F2 SEAGHANE R WLt A2 HEdte] vEd Ao=
Ak o] AHAAM 2E43} HF7F: pMDI B &o] 10504 142 Fo}d
FE A" =FFol HH &vs]l Anrt shuhel vzt golAREA 14 M E
shitel 2 deueE 3L 2

ol QEAS HAFINEY W77 pMDIsh W3S E}LH—E AoE, OF
Atst A Z7189] we7] AAZE pMDIsh w-gete] HAF & 549;1 v, pMDI
Sh A WHEEhA] RE w3 Eo] HENEE HolHA A= ﬁvﬂr% é F 4

3. 2&4k3) HFU|E9 TGA &4 Z3

d5F EA7|(TGA: thermogravimetric analysis)= A& 2z 23S 7}
stel Azl AW Ao} £E9 FHz FFAT. Ame AFEde
ool ey 4EE A4at BEhigd s wAEn

_24_



KU
WSB0 TGA
Overlay PMDLTGA

110
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80
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B0 -

a0 -
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w [

30 -

20 -

L

.

e b by by e by e by e b e e by e b e by e by by 1 1
0 &0 00 150 200 250 300 3]0 400 450 800 580 BOO
Temperature (C)

[Thermal Analysis Software for Windows]

I8 4 EA HF 715 pMDI9| TGA #4

pMDIs} @ E4tg HF7EL ol &std AdFHENL HAAS ZAF, pMDI=
<2 g4>o A vElG v Zo] 2000 FEZAAM FAE dbgol doju 300T7t
A FFol tdFoeE FASAT 300C~600C7HAE 257 b wet FF
o] A3 Faste HhEE BAT

LEMNS HIVIES th EFFAT FUIHoZ 4dd AW U dolw
th 60CHEZAA LS A FafA] 200CHEZAA Buhe 173, 200CH A A&
A 350CA EafEE 273, 350CA A AR A 450CEVE 377, 450C
A AZsA 600C7HAE 477t 2, Aol #Aadte FFo] YEKT
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KU
14505 TGA 1WE2 TEA
Overlay I 1VE0.75.TGA 1¥53.TGA
1451 TGA 1VS4.TGA

100

o0 -

a0 -

0

Weight (%)

i -

40

op L b b b e e e e e b b )
0 a0 100 150 200 250 300 350 400 450 500 850 600

Temperature (C)

ag 5. L&A T HFE7E: pMDI HZA S T 1:05~ 1.4 TGA EA.

B agdAEs dAH02 1055H 14747 F7150) A% tha B3shd 2371 4
ol AL & % 9lon, ol <1y 4>9] 2223 HFIE AE A Hxat
th ool AL 9=A HFIE: pMDI FHA <ol wlA wgHA EF A O
z38 AZ7180l dolA ol QA olsh B wgo] Yol oz WEHE
. %, 9 ZA AF7E: pMDI FHAE 5 o W F Fo A wgeA
3% o228 HFr80] A e AR BT <agd>e] 92 7HFr e
27 wms) 2 o, 9L shgel makd AAMd BeEE AeR Hol A Uk 2
Z3L HZ7)|80] AYF oz wed AL & F gtk <2y 5B>E 1.05~ 142 25
2 3% s Ba7h =@ Y Utk ok, Flwg 34 eEks ATIE
ol 14dl4 b ke AL & 4 gtk ot A FFAES nEe AN 224l
3t HF71E 1g9 pMDI 45 FFHE 42 v LEN3} WP dHH o ge
FHol pMDIg WEHYLE & % Utk

2402, TGARHE a4 105~ 142 ¥ Fo H2A Yo obF whgsin 2
f& z3 AZ7180] A4S ke A& ¢ 5 e, pMDIFE £2FE 9F
3o BRo] pMDIst ¥-3-3t3, old me} FAlse AZ1gel Fol

4, QZ23 #3712 'H-NMR EA4 A3
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1) #4 23

"H-NMR< Brucker Avance DPX 400MHz spectrometer (Germany)Z o] & 3}
o spectrum<S A 3%}

7 ot WA 0822 ppm Alold UEh}E B
T3 etslgeae] TR 5 methylene(-CH2-)
2 methyl(-CH3-)71¢] 42 YeEhiz Jdew 4 ppm AEEZ UEY= multiplet

s LYAEE TSI Y= acetate A4 LA F methylene 2 methine(-CH
) 7le] 922 Yehia gl

=3 51 ppm R2el A UERFE B3t 23 o|FAF] AAstE F4E 1
B SIEk 8 ppm R AT }F AAT D28 deda gl o, gHs =)
AzRAsld AR U Fho ATdR FAHAT Ao wFon EAss
Aoz 24% & Ao

O 6. LF243) HF 7189 HNMR £4.

5. o zxsh HE18e) GO/MS B4 A7

1) 24 27

@ = A EE Acetoned] 208 3 A43le] B35 HFUT
@® GC Column : HP-5 (30x0.32 mm, 0.25,m)
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@® Column flow rate : 1.0 mL/min, He

@ Inlet
P Injection volumn : 1 uf
P Mode : Splitle 20 : 1
P Temperture : 250 C

@ Detector
p Mode : MSD
p Ion source : EI, 70 eV
P Ion source temperature : 250 C
P Scan mode : 50~550 m/z

@ Oven : 50°C (5min)-5C/min-200C-10C /min-300 C (15min)
2) =4 23

LEA o FAHE o|FAFY EHAES FHsr] st GC-MS £A4&

St 29 2 HoA HE uvlel Zo] retention time 11.900)A4 & 2FAH hexanoic

acid), &4tz (calcium hexanoate), &AM }E F(sodium hexanoate) 2 3 Ak (hexa

noate) ¢ AEF I o1 retention time 1407 A= = dLH s =

HEF Y T3 retention time 14.830) 4= 18]¥ =Z 2 o] 23" ek (l-cyclop

ropyl pentane)o] HZE Itk ZE| 3 retention time 202804 & =

acid)7} A& = At

o} A2 B o I E O fFEAe A
E

(n-nonanal) 7}

R
ZHHn-nonanoic

Gl
2 2b(linoleic acid)e] EAEZREEH AAE oz FAHIT F don Al
I f=EAe gsA:aklinoleic acid) == &8 Sl4koleic acid) Fo] A3}, 7] EE] o
FAE Aoz FAHEY. 28 A8 EH JFEL QA9 AstEo|L) Ad) A
.‘: =
L =
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AMbundance

TIC: S_3.DWdata.ms

1500000
1400000
1300000
1200000
1100000
1000000
900000
800000
700000
600000
500000
400000
300000

200000

100000

T T T T T T T T T
10.00 15.00 20.00 25.00 30.00 35.00 40.00 45.00 50.00 55.00

Time——>

a9 7. 248 ATI1E) GC/MS A8,

A3 A exas HEE 4% 49 2 A

A

L}. pMDI

t}. o

A= A8-& 20083 7HE KS M 372090 2] A} Aw }3;1 w, 4% 2%
S B9 HAAFHEY A o APHES AFsAch W Qs J|AUs
0.68 g/crrdl AR S AR, FAE 6m, ffJ 6%018}i Z745}+9)

=2
HZ 78S oA Eo] &35l magnetic stirrer® wWyHlHEA QWA 7] (Model :
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FTE 158.5~158.8 g/an, LELATF 7.13~714 g/he=
0°/O0* £Z7IAE FRWHEA /7L 2403k, 341 &4kg Aestgnh. &4t
8 A2 F HsAL 0T BY vEote] g AAsL, 4L AR 2
AA 82 AT LA zAL 2zuy] Az A FHete WS
oA AHgstrt.

2 2A17 HZE 7153 pMDIE 1:.05, 1:0.75 1:1, 1:2, 1:3, 1:4 ZF

Azd HZAE ol8std HAAE P& A FHE Azt Az 27108 KS M 3720
o oA FHA EXZF0.015 g/ crf (AW 7 |E EX)E EXs1gon dYgxAL 25 150 T,
A= 10 kgf/ o, 3202 3t AFHES AZ3G T el A2 A FHS 48A13F o] W
A8 3 )29 Aol A AL, W AES AIFHE (3021) T =59 37 3
A3 o, (20£1) T & S50 1023t FA st 22 i 29 FejollA Al sttt e
A2 AR E(60£3) T 2 27 £ofl 3417 JAE 5, d-29 S5 42 W73 A5t

czpsn BxFlFAYel Adsel 4T A2RAYE HA2RANe T4
3 olusigas YAATEA SARATS FAVT BAY 2379 F2Ea)
£ AUE oE4d AFIIEL pMDIY A& Ho R wesle] LEAFEL BT
o2 AelME ez ATIIEY 2AE AAAZA AetsHe AES
7] #18le] pMDIE 1:.05, 1:0.75, 1:1, 1:2, 1:3, 1.4 FFH| 2 TH3} HHAAE A=



a3l KS M 37209 & A3t 3 &2HA Hfﬂ% Azt e A

w3, MEAPLeR £ pMDIZ FHAZ APH] FHAEE thed 2t
5D.101

20 5.0.6.1

8
3.0.85

5__ 60
=
[ie] 27 5046
=+
£ a0
L]
)
g 30 H Mean
@
I8
& 20 5D 17sb3z
3
R

. l

i B

1:05 1:0.75 1:1 1:4 pM D |
ratio of waste cookingoil/pMDI

S.D.: standard deviation

a7 8. Average values of bonding strength under drying.

19 8ol A 3417 AHE] eFEA4tE #HF71E/pMDI HEA Y e HAAAE FA
ATE e el AldelA 3AIZE 2&4ke #HF 7183 pMDIH&o] 1:05¢
u] 8.08 kgf/cr, 1:0.75¢ ] 953 kgf/crt, 1:11¢ o 4416 kgf/cr, 1:2¢ wj 58.08
kgf/cmz, 1:39 uf 6141 kef/crr, 1:4QuwjE= 4695 kef/cirs VERN QAT pMDIgke =

= 0 kgf/ars YeERITE. ¢ A¥Zz 2 d3oA 343 &4k A #JF
71%% & 129 1344 71 =& HAWEE Eo pMDIste] HA G0
12, 13524 ZHE S & 5 ATk

@ s QA FAY=

WEP RS

T 2 st A%E Uehd A&k A HF

715:pMDI Hl&9] A GFu|etr AZE< S8 1.2, 1332 Agste o] 59

W A= AZeYth 28 994 2d HAE FFe FHH 129 B3-S

28.48 kgf/cit, S0 1:39] 3% 39.86 kgf/citE WER 1:39] F47F o =& Y

AZAA=S BHE Edvh. 5382 1:229] A4 58%, 1:39] B¢ 47%E Ho Huf

FolMes 127} #2425 UEHe. JHE3 Saes Ed, 30 129 3¢
]

Eilgo] 2% Bt WFHAYEE sl Hojd pMDIZF i o
b Fou) 130] H w7 UEhee & & ok



S0-aa0001 $.D.6.46091
o 50
(=]
a
S 40
Lige]
A4 30
L N Mean
T 20 -
&
iy 10
(=]
3
A a
1:2 1:3
ratio of waste cooking oil/pMDI

S.D.: standard deviation
a7 9. Average values of bonding strength under wetting.

O

I8 10014 W24 F2EL 347 L&A AE] | #F 75 pMDI Blgo] 1:2
ol 7499} 1:391 A9 2} 344 kef/cr, 33.2 kgf/crd] AHAAEE B B]$£3F 43
£ vEien, 5082 247 87%, 60%E WEFATH

H

o 50
o 5.0.4.315082 5.0.6.78372
jv
= 40
o
3 30
@r W Mean
> 20
=
1]
il
= 10 A
3
=

i

1:2 1:3
ratio of waste cooking oil/pMDI

S.D.: standard deviation
27 10. Average values of hot-water bonding strength.

@) HERY IFADE A=

I8 1TlellA vehd jEEEY HAFAM e 3ATE43} HF 7] 5:pMDI9] Hl&
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g 130 o7 &
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% 1. Characteristics of raw materials for pelleting

Raw material Characteristics

. AN FYE = FHos L7155, AAE,
H

FAEGAR(A) o

°emr o So] 3w A( W AR A 25mm 7FA])

AT AE 573X 2398 E 4x4mm mesh® Z] B354 &2 A
oro (B (10mm~25mm 7}4))

ZA 8 E 4x4dmm mesh® ZE] 343 A

(M) A EE~10mm7}HA])

Col #H7HAE 92 AD) | A & Fytd AWES 59549 2% H7t

H
9= uHE) 7VEEA ol F A HAE AR (S 7F A flo
s EA 0.1lmm, Zo] 1~3mm A=< oFe ulgiyl )
T 9(F) Fyvto g FAHE A (2x5x5~10x10x20mm)
A T A FAoA AAE Ft

)
)

12% Welolv B dFeres Aol A-&-3 é%&xi17 Hglo] 71 F A
z ot SEH wet FES ZAsAT

2 93 AH¥r)= AAF Capacity 500 kg/hre] Hrt}o](Flat dies type,

hole® 7 6mm, 27l roller)E A}&-3tH v HB A 7|(Pelletizer) S T st 43 H

4952 Aol 4AT Ad AxE 5 EAH3Y HFE F=3

d8e At Az F4dg § do] 20~25mme] RS A

f‘%}% %i%iﬂ Aste] AlgtE

B>
12
e =
o
e
>
2
S
>
ofo
it
(e
2
fl
ofj
Mool o2
o
ot
s
(e
fl
i
=)
>
20
™
X
]
o
S
=
it
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B} ® 29 o,
g2 245 A3 1

¥ 2. Moisture contents of raw materials

9]

aw materials

Moisture contents(%)

13.86 (1.875)

14.30 (2.396)

17.56 (0.416)

17.80 (1.802)
15.82 (0.754)
18.23 (0.950)

13.36 (0.873)

) & Standard Deviation.

F 3014 BofF
AR FAANFE 17 10%15H8 BEAH O,
$E 1223%8) & B4EE HolFw Qe ol AFIHAA 3
g o %ol gobd Wzl o
W A9ao1z Aza) A8 29 B
T 53 AYE A
A7k A D)E 3

£ 3. Moisture contents of manufactured pellets
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4. Densities of manufactured pellets
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Densities (g/cm)
Raw materials [ AeAR -
THEFLRA) 1.2876 (0.069) 1.3053 (0.080) 1.2982
A% AE FHA &2 AB | 1.2748 (0.040) 1.2113 (0.154) 1.2431
AT AE T4 2O 1.2846 (0.035) 1.2416 (0.149) 1.2631
Col #7H& 24 (D) 1.2755 (0.030) 1.2506 (0.121) 1.2623
HHE) 1.3195 (0.041) 1.3794 (0.188) 1.3491
D) 1.2682 (0.265) | 1.3254 (0.036) 1.2968
Al kg & F¥HHG) 1.2785 (0.050) 1.2137 (0.089) 1.2461

+ ; () = Standard Deviation.

—_
ol
to
©
N
I3
H
2
to

), 7F8go 3 Aol 7}

5
Jevt, YRR Axw dsle] JEFS B 2106% 2 A

o]aL £ A3st Aol Mg 2e FAGS

I AP R AL E ool & Zlo R AR HAT

A gtel dEFe] Fubd o] vah ol AAie 544 AR X

AZFEEHAA olEAY AAY TRl F3] HL A HFEH SR A}
o JA7HAE ¥ HI(D)e FVHAE ¥A @2 FA(QRT IEFS i =

£ 5. Ash contents of manufactured pellets
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Standard Deviation.

0.396(0.001)
0.353(0.094)
0.192(0.006)
0.244(0.029)
0.226(0.154)
1.846(0.065)
0.2871(0.053)

T

T

)

based on air dry weight

i (

=
T

Ash Content (%)

%

0.424(0.001)
0.378(0.105)
0.2073(0.038)
0.2803(0.029)
0.2422(0.058)
2.1036(0.013)
0.3268(0.048)

based on oven dry weight

(D)

©

|3k
o} A HHE)
3)(F)

P
T

=

3|

Raw materials
S

=

AF A
Cal
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4,447.3 (30.66)

4,538.3 (14.18)
4,460.7 ( 9.29)
4,477.3 (14.46)
4,505.0 ( 9.64)
4,468.3 (54.68)

Heating value (kcal/kg)
4,496.0 (34.30)
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* 3 AF = ARAAR G d3dx B9 ()2 Standard deviation.

et As B E

2 &
FelAlze] AHEE 948
7]E(Soybean oil)-& Al-&3} T}

G #HE7+&
gl Azol AHEFE 98 HITVEL dA ABHT JE CA 7]
F7I Fe 718 TEHAMA Fuisted ARgSiGTh FelE HF VRS H]Aﬂ?‘{ (

ulm
HU
ue

1) I71% g%ﬂﬂl

F718S oMAlEC &35t magnetic stirrer2 WHFSIHA] @ =HHA 7] (Model
Lab-2 (220Vac, 60Hz) OZONETECHA}, tj#)2 AMg-dte] &% 05 LPM, &3 1
kg/ecm® o 27, &, LEXE 1585~1588 g/, LELAF 7.13~7.14 g/hoz
0%/0" ER71AE EHLWAA 343t 24U} ALSH. L2} A F b
SAE 70CANAM #AY 523t &ulE AAsIL, "3 AxE Y52 ALY TH
ZAY 21 LR Az At FHeE HdA H_aA.

HZ7E2S ol ES &alsla magnetic stirrer2 mWykslHEA] @ ZdHAE 7] (Model :
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Lab-2 (220Vac, 60Hz) OZONETECHA}L th#)E Al&3led 4% 05 LPM, 43 1
kg/ecm® o 27, &, LEXE 1585~1588 g/, LELAF 7.13~7.14 g/hoz
0’/O* EF/NAS EHRUWHEA A7 o243 AFstdrt o243t A7 & 6k
AL 70CAA A FFst £ E AAsIE, B AxE Y952 AMSSIEH
ZAYzAL 2EDAT Az AN FHeEe B A F&add

Al 989 BHe AAAR & T4 15%2 s 982 ALYt &y

2kst 718, L&A 3 l 715e FAMY
% A7tste] HIlE Azxstyon, iz FAF s Axsurh Al
23 M= /‘34\_ capacity 500kg/hre] ¥ t}o|(Flat dies type, hole &7
mm, 27} roller)E AM&3lHth A 7| (Pelletizer) S F3tste] A d EAxH
A& 6(-0.1~0.2) mm, Zo] 10~30+2 mmO]‘}i"’ AFHA YollA 2447 A A=
29 2AqEgel HHL AT F 43 49L AAsdnh Azs 2A9Y
w2 %7 315mm (SO 3310-2¢] FH) ] FE 2L APEAE AS2 A}

N o=
i o,

=)

oo ofx rlo

ol
917
ay

u)
o
(2
oX,
W,
e,
Py
o
(i
M
1%

@) 34\_“3

Al 8D 71E 37
g AT7E, LT 3018, e HI3ES
A7 FAHE FHoz e R HAJYYY &S
lkgell Z+z+e] 7|55 FAWH 3%E 92 AH} FHF
A3 4712 "3 Azxsta, Axd d3ls 273 3.15mmA| (ISO 3310-29])
TR Adste] Aol E2 "elo FAE F33to Axtag=z st

@%Q s, ddH, B8, 2EVIEE, A gk S
39 TA] A 2009-25(20095219)9] ‘EAANEZATA s1Fe A5
XY 712) 9A 53 RB4SHAG T 9 FHE 2 P 4

it

A BN e

Ay

r>~

o r
n{m =

g
b

AzE 2AAY F4ge YA Y AFHL 105:3CelA Az F A
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Hold geom WA W Ax 05T PPl TIF Fo= 491 °
NE st ZAZ 890 2 F EAS A AL 105£3T2 XA A
B2 ZHPF HAY FAZL A3t gl WA Azxd T oA @A A9
A A olH A A27t2] WzhA A old BAFE AR T g AaE ol%
st & e ekt
= 522_2:3 > 100
Ma : 5% 71F 992 g8
my ¥ AR+ B 24
me : AE A AEgHE + G + 252 FA
m 2 AE F AGHE + EA + 218 FA
4) TEF
Azd ZAHs dFA 540 e FEAREA HdF FFAYHLE FHY
ANBEE gZAz7)9 €57} 1053 CAA ko] T2d w7t Azd T g A #
olE A geos WA F, A A5 AMsGrh BdFe AxE A
B 05g2 A (Parr 6 calorimeter)ell Wi A4AES sty Yalste] dLAF
LT3 2 RE dIFE Ads
) =&
R SAYPeRE A E 1g AEE w3} (Furnace)oll A EAFH FAHH A
ol A

A3 2 AAE250CAA] 605, 575Coll Al 1208)d] &) ALAE F,

7l AEd A S71E 9715 gHEM E ¥9 52HE ol 167mmo|
ol7} 228mmol gt} W& £7le] AR HFe 2HE 200-300mm o]
2R Roj 4L o|FA ¥ F o2 150mme] Folz R FHI wig 9
2 15mm SAe] JEH 9o £Hoz Wolma 33 AT, £7] ol
£ 50mm BAAE olgatd AAF T 2AS SHsAT

g A7 3.15mme] F(ISO 3310-2¢] FA)= Al Zxdg
0.0lg +2717 2AZ ZAste] YEAAF 7| (CEN/TS15210-16] F3)
% 50£2 AL Fol 50034 APL 3 F, HA 315mme] M2 Ze
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2L
Hu
_O|Lr
kl
pacs
fr
I
2L
(1,
P
o
_l

X,
il
_11)1:
_O|Lr
B
in)

®) F5&

Azd SAEY FEHEES AMAFY BH A $83 AREA, dL7|d4 4
aAl GEEA DS AATE H7l W2 ol g AdFE HASAT. F, B
T TR tE AR ARE dotrR ] St A S5 AEHHEKS F
2205, 2004)l] oA AHEE 0%, LE20CE ZAHE Fx| LolA] 2447F 2 5¢
A & FAWS 3 FH5ES SHSt vusAUTh F5E 4 AMEE A
2S[O AFA-FFTTA)/ 71 AFA <1009 2o we} F3th

AzE Ae PaZAL BRI
Elemental AnalyzerZ =7 3tth ICP-AESES

1ATA] 9 Fste]  ICP-AFS,
A, AR AHEES 98 A

ol _lle r{o
odl

25 F7 01000g 714 EAE ©@ 3 HNO;E €1 watch glassE 22 Are]o A
hot plate ol 2F200C AHZolA ¥h-g-& A|ZIth 4bol]l 93] Es|E A|REE beaker
o ¥u FHAZl T Ak FEIF 1-5%FE HEE St oy AIEE FA

2000005 744 TAE @ F

ICP-OES (Model : JY Ultima2C (1.5KW 40.68MHz) Jobin Yvon, France)& ©|-&
o EA35}9 0t Elemental Analyzer 242 Hglo] MZL 20Mg 92 sl &%
1100°C ol 4] Flash EA 1112series/ CE InstrumentsZ o|8-3}e] =34 3t Th.

[S)

-

ok Ag 23

Aze 4434, Ao AR 9% Bl AR ¥4 g%e A
Furel FAHN 3% A7 1%, AFNE, L2NG BT, 2283 A7)
g2 W ¥ AzE Wz AL vasnh

3% 8. Productivity of manufactured pellets

Raw materials Input quantity of sawdust(g) Productivity(g)
Control 1000 280
3% ¥71%5 7t 1000 425
3% HZE715 A7t 1000 461
3% 2E=xt3 715 H7b 1000 375
3% =4kt AF7E Ht 1000 450
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F 8ol At o] AakdE #Hgle]l kS Control(280g) Htl 7|5 H7gE Hs]
(425g), HF7IE& H7I Hsl@dely), 248 FUIEE HUI W (375g), &
2bsl #HF 7158 FH7HgE HEl(450g)o] Control HelHth (1.33~1.64)u) =A AAHE
= ¢ F Ak ols, el 4¥ A FATHAYA 718 85HE E5do] AabrAd

2YE Faee Toln vlEel 2T BHAA A3l AHS TH ARE ¢ &
.
@ w8

oAl Aslo]

QiR ! ANz7
= h=
7 2 AzxEe ARERAS FUHdss 15%7F 7P AETEE 4 g °‘2;1EP u}2k
3|

S EPERE
Az W GHEe Az F UL AW F SPAGoH, F 94 Bel T
Fol Bit 766~948%% Lieh} BRA3e) FLAFE 1F 10% o5 BEAA

3% 9. Moisture contents of manufactured pellets

Raw materials Moisture contents (%)

Control 8.02(0.33)

FT7ES AWK AR 8.96(0.08)

HE7l5& d7rek A 7.66(0.25)

LEqet FUIES AR 2 9.48(0.08)

QEAS} HFVES HUHE AE 8.63(0.05)

* ()& Standard Deviation

debA Rl B9, FAe "3l ¥ oF 12% Frtol tho|(Dies)ét Z2{(Roller)7} F
2E AEE el Y2 o 1E A= Eod o 2" I8 ade 1
ol 23 tholo] YFE T (holes)S 4FH HFHWA FHEH| 25~3072 4=
He o o|FofXint. o FHAHA FHA7} 7V\§‘rﬂ‘ﬂ/ﬂ F&3 FHo Fwuzt
of Aol o]FAAL FEo| FLEH, EI AE7] T4 F drixsEeot W
e AR gorgel FwET wed Yngoz 2Ade AFL of 10% He
Frgo] HE, & dPdAR ol¢t 22 hE-A4¥ A ZAE 10% mvre] H
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3 2E¥

delAFe TEFL A8 Frbed wE dFo| At & 5 Un. Azxd
SAEsle] dFA S tI F

e

3 10. Heating values of manufactured pellets

Raw materials Heating value (Kcal/kg)
Control 4492.30(0.03)
8L Ake A3 4520.06(0.07)
H5]2e Hobe Ae 4552.42(0.05)
S &S F7E2S Hybse A= 4520.86(0.11)
PR 4546.04(0.09)

#* 5 1 ()i Standard Deviation.

Azg d3lAFe] HddF SH 47 F47E 15F (@300kcal/kg)S F3] 3513
43

o, A} EHol &Y FFol7] Wi ¥ S o3k #d#e Aol gl
o, 7 A &3k 2Fo]HE B 4 At} Control(4492.30kcal/kg)2 H7IAZ ¥

ok o

of Az¥ F7IE W (4520.06kcal/kg), HF71E Wl (455242keal/kg), 2FA4F
(4520.86kcal/kg), ©.Z2tsl #HZ 7|2 3] (4546.04kcal /kg) BT} e Hp

d=S JER I Q. olE 7|29 38t E4Ao] Hal dih A HdHLe =
3

Fe HAE Fay proz 4Hnh

£

3 11. Ash contents of manufactured pellets

Raw materials Ash content (%)
Control 0.42(0.03)
T7NE= A7g 2R 0.42(0.02)
HE7Ee A7he 2= 0.35(0.07)
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&S FUIES MR AR 0.34(0.03)
&8 HFTIES AU 2EY 0.40(0.09)

* = ! ()& Standard Deviation.

Hglo] 3B HHF 034~042%2 ZAFZ 159 07% wlgre] MZFo] £3F Ao
2 YEh(E 11), P J8202 Abgo] ke LFEES delozE FeHIUN-

X 12 2RV AR HF e AT AezA, Ax Al BF7L FAVE
w)S TEAAT gR2E @7AE @rhsk "ale] Control BTh 2R 7
A7l A Jeigt o, 7|89 S5l "ul AlxA "3 4¥7Y £8F
= 3|

wel 9% 4gol §olSES el Az Azl WE P

—
ol H
xR
=
o
~
]
\

)

3 12. Apparent densities of manufactured pellets

Raw materials Apparent densities (kg/m')
Control 640(0.14)
F7ES Hrkst A= 667(0.18)
HF7155 A7k 2H 664(0.12)
eFME F71BE WhE A3 650(0.09)
oze} Aes Hrte W3 647(0.07)

* = ( )¥ Standard Deviation.

(6) NT-A

E 13e Azd "3 YPAL A Aok Azxd A YIHe T

22 A7hS W (9850%), ©Z=4ks} HTBL WA A (97.56%)0] FA 71E1
F(975%0] )& =3I} o] vrol Control(96.07%), #3722 H713 Wl (96.9

0%), LEN3F F718S A7MS W (9673%) FA 71F 3F(95%01 )0l Uge

Z27e 522 RGeS v F/AES H74E Felo] Control BTt W74

3 13. Durabilities of manufactured pellets
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Durabilities (%)
96.07(0.08)
98.50(0.16)

Raw materials

Control

™
)l
)
"
el
] n

Mo

96.90(0.46)

e
=l
o
RE

el
1

After 5 days
4.8179(0.12)

96.73(0.10)
97.56(0.05)
Water absorption Ratios (%)

After 24 hour
2.7837(0.07)

Raw materials

sl A

T

T

: ()& Standard Deviation.

N

14
14. Water absorption ratios of manufactured pellets

=

:\__'JJL_
3
Control

S

3.5121(0.08)
4.6697(0.03)

2.0487(0.05)

™
Gl
)
"
el
i}

o

2.6195(0.09)

e
=l
o
RE

el
] n

3.9379(0.09)
4.1624(0.05)

2.7446(0.04)
2.7082(0.11)

: ()& Standard Deviation.
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uzel
A
el

{lm
__o_.h

B

=L

1)

Z=

I

Hzglo] Control Bt} Yo F58&

A

=z
THEE

1 Control®} H 7}A)

3]

AT7E F

2412k

L

Y

el

é-_]__

= 37

ol A H7kA

& 2~0
==Y

&
T

dElo] o

1

kel
pa

2743

=

=

A

H7HA 7]

T

o= Control ®Ht} FH7}A|

1} o]

wK

o
%

Ll

—_
0
H

TR

™
ol

o FHgol B

=
=

o] "ojAl= ddel vehAl Ho. wEkA A
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(7}) ICP-AES ©] 3} 5 A3}

Azd "9 ICP-AES 4 A7, 39 fiFol EAd FAVFE 1500
5%) °]&tE wEAZAT. 2 F F7IEL 73 "HEl(0.0069%)e] Control(0.0066%)
ASHA Bk, ole EAHle] FA|FEA HLst Ek

Bk g gael
W 2 Aolgow B 4 gith

o
=

I 15. Concentration of elements from manufactured pellets (%)

e Adess oo e

Control R B T P _%7_]%% ﬁl%_ﬂ%%

ARt el Hret A
Ca 0.0424 0.0405 0.0451 0.0420 0.0441
K 0.0334 0.0353 0.0365 0.0372 0.0365
Mg 0.0094 0.0100 0.0100 0.0102 0.0104
0.0044 0.0050 0.0051 0.0050 0.0050
S 0.0066 0.0069 0.0066 0.0064 0.0062

(1}) Elemental Analyzer 9|3t 2472

12162

EAS] 27 A7 vpehd

o £471% 18(0.3%)

RHo=z, AzE Hg
olslE WA

¥ 16. Elemental analyzer of manufactured pellets (%)

Az PPl 2

L T PR
E=iAyJ R=SNCcR HEZ 7122
Control 2 7h5 el 745 Al = HE71 55
W ws Ase A9
N 0.11 0.12 0.12 0.13 0.11
C 59.42 58.76 61.64 58.46 60.36
H 5.39 5.33 5.73 5.24 5.45
@) 23.94 22.22 23.81 24.54 24.12
PR P ESSU e
7. A%
(1) 2171c Fi
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@ 2715
Azl ALE 28 484 71EL WA ABHD A= Aol 485 3
7]E(Soybean oil)-& Al-&3} T}

(3) A%

oAz AHE A5 AFTNBS DA ABHT YE A H8HE HE
A3 e 78S BHPAA Tolsel Agsidnh TR AFEe Pl AP
2)g Mgt AA7E F3r

1) I71% g%ﬂﬂl

F718S oMAlEC &35t magnetic stirrer2 WHFSIHA] @ =HHA 7] (Model
Lab-2 (220Vac, 60Hz) OZONETECHA}, tlA)E A4t &% 05 LPM, 48 1
kg/ecm® o 27, &, LEXE 1585~1588 g/, LELAF 7.13~7.14 g/hoz
O’/0* EF7IAE EHRWRA 3/ 228 Helsdnt. L3 Az 5 o
AL 70CANM #Y =3t &vlE AAsIaL, " AxE YEZ AMEIIYHL
LEAYZAL LEDIA Y] A2 Aol FHEE HHNA FHL39 T

.11]—-—7]%% O]-/‘ﬂ%oﬂ 433} magnetic stirrer2 wWHEIH A} @ =HHA 7][(Model :
Lab-2 (220Vac, 60Hz) OZONETECHA}, th#)E Al4-3te] &2 05 LPM, &3 1
kg/ecm® o 27, &, LEXE 1585~1588 g/, LELAF 7.13~7.14 g/hoz
0°/0° ER71AE FHHYHA 34 2243 AsAck. o= Ay F
SAE 70CANAM #AY 523t &ulE AAsIL, "3 AxE Y52 ALY TH
LEAHTZALE LERAT] AZIAPA A FHEE HAAdA HL5

o EajAEe] Alx

A5 BHe AAAE F P 15%2 2Pste] AR ST F
It Biel 2718, ﬁ%l%’—ﬂ%, ozNe B8, LENG AT TAY

RC
!
~
ol
2
ﬂlﬂ
P
o
2
b
ol
iR

lo
)

3 , HxTE 7R d3lg Azxsith. A3
ZE 93 AHyr= /‘3/& capacity SOOkg/ hre] #Holo|(Flat dies type, hole &7H
6mm, 27} roller) st th. B A Y 7| (Pelletizer) S 33l HAFE SAjdz]

il
S
>
Ol=O
olr
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2 & 6(-0.1~0.2) mm, Zo| 10~30+2 mmo]ai T, AFA YellA 2447 JAAZx
E 5% EAgEY MEE A= T A% Ad3E AAEsd. AxdE ExdE
% me FHA 315mm A|(ISO 3310-2¢] 778)#ol Fe= AL AFEAE FEE AL
&3tch.

2} "5l FEEA

Az =4 4%&4 g, ddF, 38, ZEVEE, T s SHYEe
TP TS 1A A 2009-2i(2009521°1)4 ‘BEAQAEHEFATH TIEe] A5z
(F2 9 FZ2AF 718 9A F3 EASATh 2 9 F5€ 2 dEl9 d4F

e A,

2) Fe

Azxd 52D d82 Q7 e FFES 10513 TlM Az 5 HAA <]
Bl A % %Ei WA R, el Ha 2065 P #LY Fo2 ¥ °
MNe Tste] FAES SAHAT. 2 F G/E AASL 106£3T2 2=cllA A
B2 X HAY FAZE M S w7k A2 & e2ddA B2E A4
A Al olH el A AF27bA] FAARAH. old A AW F o AYS ol

Ma : 5% 71F 939 &
my B AR + EAie A
e A2 @ ARHE + HA + Al FA
e A F AEE + HAl + AlEY FA

Azd ZEIY dFH S0 3 FEAFVIEA TEdF SHAYPLS AL
ANEE @FAx7IY 2E7F 10543CollA el =23 w7t Adxd F HAA
olH oA Aoz WA F, FAE FAste ASIAth ddHEe Az A
B 05g% EFA(Parr 6 calorimeter)d]] Y1 A4S FAs L H3lste] dLHF Y
2ERSERE dES ALtstan
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B YYo= AB 1g AEE B3} 2 (Furnace)ol A FZA7Ad 7AHE A
Aol A A F22AF250ToAA 607, 575Tell Al 1207 o8] ALaAE =,
A e FAE FFs At

6) 2E7HE=
AR7] WEd AHEE §71E 27)
B o]y} 228mme| Tt WS

[r

dej 24 = 13 58 HE WAl 167mmo]
719 A4E EFa 252E 200-300mm 9o
HOBRE Hol i o|FA 3 F ol 150mme] Zo|ZHE HH3 nie 9
Tz 15mm FA 9 I Ao FHo g Hojmy 33 A1, &7 flo &
32 50mm FZAAE o] &3] AAT & FAZ FHSAUL

tlo oft
ol

o o

o =2 ™ K

7 2 dzix A48
Olg FE7HX Prﬂli RS 144“7““]54 7](CEN/T515210 1ol 7)
Zo] 50034 Al¥LS 3 =, A 315mme A=z AY

w
—
Qgﬂ
lo
)
—
N
o
W
W
=
O
I\.)
=2
Zi

O

7) F5&

Azd SAEY FEHEES AMAFY BH A $83 AREA, dL7|d4 4
aAl GEEA DS AATE H7l W2 ol g AdFE HASAT. F, B
T TR tE AR ARE dotrR ] St A S5 AEHHEKS F
2205, 2004)o) 1A AUEE 90%, SE20CE =4FE F2 oA 24437 & 59

o,
=2
>~
ol
oo
)

)

e

Tl 8 F ko] ICP-AES,
Al AES AAEE s A

watch glassZ 22 ol A

Azd Ao WazAL BRI ERA
Elemental AnalyzerZ =7 3tth ICP-AESES
22 24 01000g 747 =AS © 3 HNO,=

ol _lle Mo
ox,

K

hot plate 9ol ¢F200C HZNA ¥ AlZIt}h 2boll 93] E3|E A|EE beaker
o ¥u FHAZl T Ak FEIF 1-5%FE HEE St oy AIEE FA

2000005 744 TAE @ F
ICP-OES (Model : JY Ultima2C (1.5KW 40.68MHz) Jobin Yvon, France)& ©|-&
o 4519, Elemental Analyzer =732 Hgle] AZS 2.0Mg g sl 2%
1100°C ol 4] Flash EA 1112series/ CE InstrumentsZ o|8-3}e] =34 3t Th.

[S)

-
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(1) Fr&

1At ohet

kel

g 15%7F M Adge &

=13
H

= Al

Mg & Az

e

Moisture contents (%)
9.12(0.25)

st

S

17. Moisture contents of manufactured pellets
Raw materials

So| BF 8.01~9.87%2 Ut} EAdele FA7FE 15 10% ol

h B8R gre
%_
.

Control

A BUHETES 15%2 23

A
it

8.01(0.28)
9.34(0.69)
9.20(0.19)

e
il
)
o

]

TNE

9.87(0.37)

Standard Deviation.

1
R

S0

==
.

S

| 28" dxd Aot o

3]

E2ie] ¢

(holes)2 4A=F4 7

5

A

21 1% 3%
7
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1=

E
T

|

ol

il
0
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==
=

C]):]‘-
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10% m=]qke]

o_]|:
AFRZ 10% wu]wte] =

SR EoE o] 25-38 2
e

=

oz 293 AFL

H
R

=

o] IHlA FA7F 7hAistE
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il
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2},

3 18. Heating values of manufactured pellets

Raw materials

Heating value (Kcal/kg)

Control

4538.92(0.05)
4690.91(0.09)
4557.01(0.14)

S =23 Z72S Hylsk A 4523.41(0.08)

N

&4 HEF3VES HUrs A= 4513.21(0.03)

* = ( )¥ Standard Deviation.

2
PN
4,
i,
Pt
2
<
(o3
L
1349
ofb
N
ox,
i)
i)
fr
<
i)
N
N
[-'O
p—
i
ull
=
(60
(]
o
=
8,
~
=
g
o
oz
ok
ol
B

om, H7AY 9% zolHE E 4 glth. Control(4538.92kcal/kg)S H7HAIE 4
o] AzH T2 W (469091kcal/kg), HZ71S = (4557.01kcal/kg) ET} S
HdFS Uehlz sle
718 "gl(4513.21kcal/kg)& Control Wl Hr} W& wr@gzko Holx )
+% Yrittee 9823 Controle] o #(4538.92Kcal/kg)e +F YIS
223 Controle] =< aF(4492.30kcal/kg)oll H]3] k7t =&
|, ol 98 7ot FAFA F FATE Ze FFoloA Fikel FA7L
Je BARZ Yt dder E 5 n. mebd FF grine J7AECE
)5 AHUHEE dubl Al wd®o] £F YAFeR Az A v &4
st HF71EE HM AL Adstis AvHeR =
AolZ7b Al edstth. 2 gkl o7k 2A @2 A
Fol 3%F =] Pk Aoloja I o] A2 AR

e
fr oo

(e
5
N
T
fz
o
ki
¥o,

fin)

=)
3

N

e o &
)
ll

A 7% A5x)E L5 2AZ oA @IAPL stk

3% 19. Ash contents of manufactured pellets

Raw materials Ash Content (%)
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Control 0.53(0.22)

TIEE AUEE A 0.48(0.15)
HZ7 28 Hrpe A8 0.50(0.17)
&S FES HUH AR 0.38(0.07)
&S HAFVIES Hk 2E 0.49(0.02)

* = ()¥ Standard Deviation.

dlo] 32 HiF 0.38~053%2 FATH 159 07% wmgre] HFd £33 Ao
2 YehhE 19), 7Hd8o2 A8l 7hed 1EAY daloz FuEIch

< ZE7] ’AEe BT e AAZ AerAM, Az Hil T LETi3 A
IT7EE H7E @%01 %@71% 13(64Okg/m)% “J%—/\]Ziq- vz Ayl

,j_

1:]

=
=3
T4l ﬁi% Al Z2A ﬁi% 349714 %%% O—d'%*% stERA FRe 4549

3% 20. Apparent densities of manufactured pellets

Raw materials Densities (kg/m')
Control 622(0.08)
785 Hrbst 25 637(0.12)
755 H7He A= 630(0.04)
QEAD} FUIEE HUHE AR 631(0.09)
QEAS} HFVES HUHE AE 651(0.15)

X 218 Azxg "3l WTFAHE 2AS Aot Alxd Hile YFAHLE oF
< Zrbe W (98.02%), LT HETIIEL Arter Wl (98.02%)°]

A 71E1F975%014) & wE5Th o] uel Control(93.90%), T715& H7He
H3(97.34%), ATNES HA7FE WI(97.28%)2 EF 71F 3F(95%0A)0] hgke



Durabilities (%)
93.90(1.24)

Hzglo] ControlEt} U774 0]

21. Durabilities of manufactured pellets

1

kel
e

Raw materials

A7t

=

=

Control

A
it

L, H7HA

97.34(0.08)
97.28(0.28)

S
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: ()& Standard Deviation.
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After 5 days
3.7470(0.05)
3.7410(0.09)
3.4457(0.06)

Water absorption Ratios (%)

After 24 hour
2.4590(0.09)
2.4017(0.04)
2.4241(0.07)

Raw materials

sl A

T

T
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22. Water absorption ratios of manufactured pellets
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3.6044(0.13)

2.3583(0.07)
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(7) Qe

(7}) ICP-AES

Azw Hg el ICP-AES =4 Z3, o Fsko] Exdaglel ZTAJFE 17
0.05%) °l5tE FHZAIAHT. 2 F F7IES H7He H3l(0.0240%), LE43} #F 7
22 H73 "(0.0125%)°] Control(0.0103%) Btk 3Fe] Fako] @oton}, ol &
AHg o] TAF AEsle] BYS u 2 ojFozm B 4 grh

I 23. Concentration of elements from manufactured pellets (%)

T P PR i

Control Aohs M A7E B _%7_]%% _‘31]%_7]%%

Db W Ade 0

Ca 0.0704 0.0990 0.0722 0.0663 0.0698
K 0.0469 0.0816 0.0501 0.0439 0.0488
Mg 0.0195 0.0306 0.0196 0.0186 0.0197
0.0076 0.0339 0.0088 0.0059 0.0075

S 0.0103 0.0240 0.0093 0.0089 0.0125

(1}) Elemental Analyzer
®E 4= EAS 3 ZFE Yl o=, Axd EE "Hil9 HdA TR &
AAel o] EA7F 15(0.3%) ©|5t2 = A AT

¥ 24. Elemental analyzer of manufactured pellets (%)

L I PR e
Control ase Mg @e A _%7_]%% _‘31]%_7]%%
Ade A 3w 99
N 0.18 0.21 0.18 0.13 0.18
C 61.03 60.96 61.63 59.32 60.75
H 5.96 5.82 6.05 5.58 5.42
@) 23.90 22.52 24.36 23.44 23.98

4. vty del A4y A3
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AAZE FA QARE THRM 20T £F9] BUe ASHAT A8 € F
e FPaUdeeg AAAZE 9% 4 A2 2wt

o ¢
(e,

71 w2 7]
B

g0 o
2 14 Tekstel ALgsTh. TE AFAEe wA
)2 Agstel M7A7)E dsich

L eEzAY WY

1) 3715 L&A
FT7E2E oA Ed &35t magnetic stirrer2 nHES

THA =9 7](Model
Lab2 (220Vac, 60Hz) OZONETECHAL, th@)Z Arg&sted §3 05 LPM, 948 1

kg/em® o 27, &, LEFE 1585~1588 g/car, LETWAY 713~714 g/ho=
0’/0" ER7IAE ERUAA 3/ 243 Azlsirh e&as) Az F
SHE 70TAA e} FFsk] $uie AAsty, WA Axg 982 ARSI
LEANYEAL 2F

Ly

A7) Az At A Z=HE= WY A&}
Q) HFZNE &=

==

j -

HI 715 oAl

f
i )

g

Eo &3]3} magnetic stirrer2 wHFIHAA] QL ZWAI 7](Model :
Lab-2 (220Vac, 60Hz) OZONETECHA}L th#)E Al&3led 4% 05 LPM, 43 1
kg/ecm® o 27, &, LEXE 1585~1588 g/, LELAF 7.13~7.14 g/hoz
0’/O* EF/NAS EHRUWHEA A7 o243 AFstdrt o243t A7 & 6k
SAe 70CANH Zd &

st Ul AAstz, Hal Az Y8 ARt
LEAYZAL EZ AT AZIA A FHE= HAA A&t

o EajAEe] Alx

sue AAAE F P 15%2 2Yse] YRR AT E
g Byl 3718, 9%

2 Az

N

718, LE58) FU1E, L&438 HE3 VIS FAY
stged, 72 T8 "HilS Axsgu. A
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6mm, 27 roller)2 AM&-3tSith =l A E 7|(Pelletizer)E F3sle] HId EAdE
& ZE 6(-0.1~0.2) mm, Zo] 10~30+2 mmo|H 1, AFPA
T EAAIL P /=T F AT LAY

o
me]l 7 315mm A(ISO 3310-2¢] FA)Hel Fe A AFEAE HEE AL

oo ofN i rf

el s, YEF, JE, BEIVEE, W73 tE SN
FPA-TEY 1wA Al 2009-25(20095.21L)e] ‘B ZAFE 7]
2 FEAE 1)l 9A A E48AT 2 9 F5E€ % Hy9 94

N

@ #5é&
Az 2AYY F5Ee Y7L A= AFEL 10553TlA Az F HAA )
HolA 2oz YAAZY H3e Hib 20g3 HFHo| g3 Fo=2 ¥ g
ME 23t FAE FHsHY 2 F GAHE AASL 105£3C9 2% o4 A
55 TS HAY FAZE Wb gls d7tA dxs F QBoA QAE 44
A A lH A A G272 WA ZT olf AAFS AR T thed AREAE ol
stel B5& ghe FaAT
. i (712, m3)
il m——

Ma : 5% 71 439 T2

my Bl A+ EAe] 74

mp : HE A AYEHE + E0 + 4189 FA

e A F AFH + EA + 4B FA
Q) &4

&
Az FAdEle %4 SA 3 FEH7IEA TEFe FHUE
19] =7k 105£3 ColA el =2 wj7px] A
2 WA ¥, BAE 24
5ge F#A(Parr 6 calorimeter)ol] @il Al

HotE R dFS A

o N
N
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B SHAYHoRE AE 1g AEE &3 & (Furnace)ollA] FATFA FAH A
Aol A A F22AF250ToAA 607, 575Tell Al 1207 o8] ALaAE =,
A e FAE FFs At

G) ZR7E =
ZE7] HE A8H & 97]F FHEA F F3 58HEZ WA o] 167mmo]

a1 YH =ol7F 228mmeo] ATt Ji?\% 719 45 HF2ZFH 200-300mm o]
A Xo2HE Ho] g o]FA 3 F o]Z 150mme| Eo|ZHE HHFI uly <
of 4% 15mm F7A9 UF3 Qo £xo=7 Hojrry 33] x|, §7] 94 &
2 #Hg& 50mm HAAE o] &5t AAG & FAS SHSATL

(6) HHL*J

00§];1<j AL -dL z 21,73 315mme] A= Zd_ﬂ%

7) F5&

Azd SAEY FEHEES AMAFY BH A $83 AREA, dL7|d4 4
aAl GEEA DS AATE H7l W2 ol g AdFE HASAT. F, B
T TR tE AR ARE dotrR ] St A S5 AEHHEKS F
2205, 2004)l] oA AHEE 0%, LE20CE ZAHE Fx| LolA] 2447F 2 5¢
A & FAWS 3 FH5ES SHSt vusAUTh F5E 4 AMEE A
2S[O AFA-FFTTA)/ 71 AFA <1009 2o we} F3th

8) 94574

Azd el Ado54L Fx7]|2HAddTHA =5t ICP-AES, Element
al Analyzerg =7 8}2}1’4— ICP-AESE =4 /\], AlBQ AAYE 3] AlBEE B
Al 0.1000g 7+A] FAIE @ & HNO;E Y1 watch glassE 22 “JEjol A hot plat
e 9ol 9200T FEelA ¥H-&& At Akl s &EalE A &EE beaker o ¥
FLAIZ T AR F=TF 1-5% e HES S o3k AlRE FA 20.0000g 7}
A EAZE & 3 ICP-OES (Model : JY Ultima2C (1.5KW 40.68MHz) Jobin Yvon,

France) & 0]%—8]-04 E X359 t) Elemental Analyzer 5742 Hzglo] =S 2.0Mg
Yoz st &% 1100Co)|A] Flash EA 1112series/ CE InstrumentsE o]-&-3}o] =
4 stloh
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Moisture contents (%)
7.75(0.03)

st

S

25. Moisture contents of manufactured pellets
Raw materials

%ol BT 637~874%2 JEh} ZAjdele] FA7FE 17 10% ©ls}
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1) g8

Control

A BUHETES 15%2 23
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it
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=l
o)
A

]
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7.56(0.42)
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2o dFH S40 03 T2 WohEA n9 HAFL E4F 27 ¥ 263}
2},

3% 26. Heating values of manufactured pellets

Raw materials Heating value (Kcal/kg)
Control 4639.55(0.07)
T7IeE 7k A= 4824.06(0.10)
HAF715E5 H7te 29 4656.30(0.04)
QA FUIES Hrher AE 4646.08(0.08)
QEA ﬂ 7155 H7He 29 4642.72(0.06)

Azd delAFY 2% FHZ27H= F27E 155 (4300kcal/kg)S 33]35}H3]
o, AHgE EWo] BY FFol7] Wi Ew SA o3 ddHF Hole §
o, H7HAY 93 zolHE E 4 glth. Control(4639.55kcal/kg)S H7HAIE 4
o] Az® F7|E =sl@4824.06kcal/kg), HIF7|E l(4656.30kcal/kg), 2 ZA+3}
F718 AP (4646.08kcal/kg), L4135t HF 7S W (4642.72kcal /kg) BT} e
S UER Atk ol 7159 38H SFAdo] 3 A4 A BEHE =9

Fol da TaH FFL AE FLF FROR AW

¥

mlo

StH, =% AUE 7S 9852 A Z3 Controle] 2 #F(4639.55kcal/kg)e +F

d47e d=2 Ax3k Control® Wd=k4492.30kcal/kg) BTt A UERGSS

& F Utk o8& olfE FF AUFY H|Fo| 04724 IEF 061ETE EA
ol o

&2
sl Hglo] HF ZF, Y= (Compaction ratio)e]] A]
s

L=t B
< VAR d4aEdE 52T ol B wold waFol =4 e

Wl B

3% 27. Ash contents of manufactured pellets

Raw materials Ash Content (%)
Control 0.50(0.13)
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FT7IEE ke s 0.46(0.02)

AE715E A7he A 0.43(0.0)
SENEL FNEL AT A 0.44(0.17)
SENE AZNEES A4S 2 0.48(0.04)

dlo] 32 HiF 043~050%2 FATH 159 07% wmgre] HFd £33 Ao
2 YEh KR 27), /M8 2 AREo] 7hedt 1Al dAsles dnsh

15 (640kg/ m')= ==ZAZT ol Aol HAHA B5& Edsw, F7HAE
F74e "delo] Control Bt ZEH7] d=7t =4 YEsH. o=, 7
5l Az Aol FdE71e] &2/ 928 stezA Fiel 45 A0l

S shol 247 Walel WEst PYH] A WEI} Z7bE Row ARD

3% 28. Apparent densities of manufactured pellets

Raw materials Densities (kg/m')
Control 648(0.10)
Fr22 Arte A 668(0.04)
755 H7Hek A= 665(0.06)
QEAD} FUIES FHUHE AR 662(0.12)

&g HAFTIES AU 2EY 656(0.19)

Az "slel WP ZAT 2velth Az® "l YTHL oF
S Ei§(97-90%) Q&4 AZVIES M WE(98.78%)0l
EZ4 71F15(97.5% )4

#2)(95.90%), HZ7E
U, #A7tAE Hoke 9

Z3l9it}. o] yel Control(95.07%), F715< gy}a
dﬂ?ﬂ el (95.53%) F2 7IE (95% Aol vt

&)= 07
= 35
ﬂ ] COHtrOlﬁ_ﬂ- LH:rL/\O O] %-74] ]/]_M_%_% (3_:1_ ]q_

3% 29. Durabilities of manufactured pellets
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Durabilities (%)
95.07(0.06)
95.90(0.09)
95.53(0.42)

Raw materials
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: ()& Standard Deviation.
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Water absorption Ratios (%)
After 5 days
4.4469(0.08)

After 24 hour
2.9646(0.06)

Raw materials
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30. Water absorption ratios of manufactured pellets
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3.9915(0.02)

2.4159(0.03)
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(7}) ICP-AES

Az A ICP-AES F74 23, o] FiFol EAdsle] F27E 1500
5%) °l3lE gEA AT Control(0.0119%)L A7IAIE Qo AxH 718 H3(0.00
95%), HT71E H(0.0086%), LEAE Ty H(0.0089%), SEAE HITE
A (0.0087%)Ht}t =& & FHFS YERA Ut

I 31. Concentration of elements from manufactured pellets (%)

Y] S &M
Control S A %ﬂﬁj a}%ﬂ;@—
e A At a0 T L e
Ca 0.1458 0.1388 0.1346 0.1456 0.1350
K 0.0502 0.0543 0.0495 0.0508 0.0480
Mg 0.0190 0.0202 0.0182 0.0193 0.0181
0.0075 0.0103 0.0068 0.0068 0.0064
S 0.0119 0.0095 0.0086 0.0089 0.0087
(1}) Elemental Analyzer
¥ RE FA9 =3 A= Ugd Ao, Axd 2E A9 AL FHFo] B
AAg o] TA7E 15(03%) ©]5tS TEA|ATH

¥ 32. Elemental analyzer of manufactured pellets (%)

ggs  dAdgss oo LEAE
Control 1 mm ara am o o= ATIES
Arle Me Ade A
N 0.15 0.18 0.14 0.14 0.16
C 61.42 62.37 61.25 61.65 59.79
H 5.56 6.04 5.62 5.45 5.32
O 21.34 23.41 22.57 23.08 22.80
5. AAA

A "3le ArAld "l Az F Z<1 Die 9} Rollerd] i¢tgo] 4
TAIES 2 At} o= AF AxEA st dEle AR HUAEH
o} Die ¢} Rollere] 47, T2la 4437 WH3S #AAS 2t Qo

Tk

o
rlr

N
-
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L= Hr o] =
AFEA s gad g AR g %)
SEAYR HAZVEE g HBVEE oMEd &Eetn 2EEA
AR, HAFZ)I S BEEe] 7] ARRSte] FR05LPM, ¥ 1kg/
AZ71E SFEAL |[TAFe] AtsHY o|FAT |ar9 AR EHVIAE FYEUHA
3} A of MAdTt. olF A A 1A, 2/, AT EASAE] ao 100
dA=e wet BEAEA |JTVIEA FRHE de olFEHE
) AHNHE-& sl N A A T
&g AE HFVEY olFAH
9] sl AEE L7I9lste] WA F
T-IRS 4o FT-IR spectroscopys A
&35ke] A2, 2XZF 32 Oz*@}ﬂ
AP 5 = 3010en " 2o FEUo)
AR L 1700em ™ F-2] 7}E’E*‘714
Frust AlFbel Ades AA vEy
o&Ag AY® HI|=< =3 '5—3], ]7}ﬂ1°ﬂ 3010em ™ H2o o]
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