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ABSTRACT

The chemical compositions, cell wall biopolymers and non-isothermal behavior of the stem
biomass of Nicotiana Tabacum originated from tobacco industry were investigated in depth. On
a weight basis, the contents of total ash and total sugar are 191% and 20.7% respectively. Lignin
content was around 3% of tobacco stem biomass while pectin was over 7%. The holo-cellulose
content in cell wall biopolymer was around 13% and the «-cellulose constitutes 60% of the total
holo-cellulose. The thermal behavior of stem biomass showed different patterns depending on
either inert (nitrogen) or oxidizing (air) atmospheric condition. In the air atmosphere, the rapid
thermal decompositions at around 473°C and 581°C were recorded as the peaks in DTG curve,
while the peaks were not shown in the nitrogen atmosphere condition. The thermal analysis of
the freeze dried soluble obtained from hot water extraction of tobacco stem biomass showed that
the rapid thermal decomposition at around 581°C in the air atmosphere was due to the residual
char originated from the soluble fraction. The distinct difference in thermal decomposition
between hemicellulose and cellulose were easily found in the DTG curve obtained in the nitrogen
atmosphere.

Keywords: stem biomass, chemical composition, cell wall biopolymer, thermogravimetric analysis,
hot water extraction

.M &

il (Nicotiana Tabacum L.)E A AlA| & o2 o
A gUYhE o] A4kE= vl g Fad A EES
shubE A H ¥ (Cigarette) Al ZE 913 A5l A4
< 98l ZA2AEcH(World leaf review 2007, 2007).
Az dEe S Axstn KHAAA, Y8A
A A A §& 58 Adgd. o8
A Aoz o] dAle] T4 AF dHoZ A
Z5E F9 AP o] @) vle] v v T4
Q2 wjEE =, o] FA WA= vlo] v~ of
FEE AAsE Aol Hul F9 vlo]oujx
(Tobacco stem biomass)elt}. o] Fu ulo] @ wjx
= gu3, 284, 853 SA4o] dde FHuq
Suie) 44 (Lamina) @ 2 A F27] W&ol §-7}3
91 ¥4 %, W3} ¥4 (Expanded process) == 3
44 F# (Reconstituted tobacco process) 55 &
8l 27z, 3 54 58 MAste] A 19
58 AL stoJgod(A. Norman, 1999). 24 g
v -2 wlo]evjx 53], £ ulo]Qujie] HS

ol A Fulel A 20 wt% ©14S 2R 817
ool o e g Fuf o] A A% &g Fujitg] 2
AR Tl & 9FE VA= dds] T8 1A
2til & F Quth. H2 50 o]¥A AEEHE= FY
Hlo] @ 9] thfdlt FH F, v B2 o]y 54
i Fold FI4 2 AR FE £ol4 & A7
g del S22 Ag2, Agad gue 87}
A7 Ao Fujakgel B a3 5= 4
Z}E o da, Al L ARSRE HBAa solu: gle
Z1 A o] th(N. Baskevitch. 1981: F. Abdallah. 2003).

Al A2 2 246 oig B4 )
Aol djgh A AR HE A Fo A= A
F 1 BAsY g AFEo] FPHo At
(T. Longanezi et al., 2002: S. Yi et al., 2005: V.
Oja et al., 2006: L. Nappi et al., 2007: O. Senneca
et al., 2007) &4 vlo]Qujx9o] EA E3] i3
EAd digt AF29E5LS Ao nud wpl gle
AAolt}. oo ulet & AFME 1 FRA O
= AX7bE ol T vlo] o uj o] HEZRA A
Y 52 44 % 0 2N g A

= 339
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ZALEEATE =3 B8] FE RS AA
Aat o] dis] 54E vlaL Briste] A Dl
5] S A= LR 54E %.?C’Piﬁl'
, GE8 2o upel BAE = BF ashe] W4

el o] Wals #Aste] s T tAad —r“—'l
uho] @ uj 29] char 548 <o} Bk},

di Jlﬂ‘ ri Nio

oZr_

2. Mz 4 4o
21. A=

B AFoME dl 7 F 2 ANEF R ALE
o] iyt ople A MAHLRE M B
31 % 2l (Bright Tobacco) 2] F9 nlo]uj~ &
e EAs. 3l Qe TheE el g9
(Lamina) @} ¥-2] 5 o] v &5 = #MF 59 nfo] @
ul ~(stem biomass) A5 & AFI}H e, Al 2

71l <] gk sl - ‘é—rﬁﬂ '—‘?*3-4 HolE HAs)
37) 93ke] 60°ColM A ANEE g F
35~60 w4 Abole] ¥+ —E% Fste] ¥ A *}
g3kt

2.2. AEYUY

221 3Etd 2 =4

Fa wlolQuj 2ol Fa SR £4S dF
o] QAF AES B3] A #udA R Al
X dutH oz HLHn Qs EEEAYE AHE3)
o] %24135}9tH(CORESTA methods N°35~N°38, 3
5. 1991). 9F Uzey A3 FF AFEY7
(BranLuebbe) 2, S AA4 33e CNS #4 7]
(Leco CNS-2000)& #Astgom, Z3&F T
A7) oA 550°C &2 241 AaAZ F ?:_Hr
&9 Z4ste Prlsict. =8, JdHE FEEF
2o soxhlet %78 o] 43l F&¢ ¥ 73 &
Al e Z243te] AR 71H 2RvE LY
¥ (Gas chromatography, Agilent 6890N)& # &3}
o] A& Ul f7]4HE (oxalic acids, malic acids, czt—
ric acids)S A% dgeH, A8E FRFE F

Table 1. Operating conditions of ICP-AES for
mineral analysis

ICP-AES
Model Perkin Elmer, Optima 5300 DV
Forward Power 1300 W
REF. frequency 4068 MHz
Plasma gas flow rate 15 ¢/min
Carrier gas flow rate 08 ¢/min
Pump speed 20 rpm

slo] gl ) MABAES A AT F HPLC (High
performance liquid chromatograph, Waters system
with Empower) & #8-3lo] z} /)83 §3F& &
At cH(# S, 2005).

222 FIE 24

NE Fo] #7194 B43l7] fiste] £ A3l
A= vlol ARyl EIYE ALt AMEES AA
22 HAstd ) oF 0.2~0.3 g2l A EE F4H65%,
ultra-pure electronic grade, Kanto Ltd.) 10 m¢E 7}
3 % nle]a2 a9 284X (MARX, CEM Ltd.)& ©l
f3lo] 2 A2 BaF o} g, 100 me2 A3 F 3
~ 5l 848} %ﬁﬁ}ﬂq(i 5. 2006). o]21gk v}
olag Fale 4% due £7] ¢ollAe] FE
E3 w2 Rz 2 &8 N 2HEHY 29
ujA] 225 A Aoz A2 bl 5o Aol A=
Aze wyew de] HE&s 9t

vfo]z 2w Eaoz g AEE FEAY
Zetan) 92E 553 7] (Inductively coupled plas-
ma-atomic emission spectrometer: ICP-AES, Perkin-
Elmer) 2 ¥45to] £7)2 §3& A% #4830
], olmje] APEAL Table 19 ER) A

2.2.3. MEZY M2 =4

AZS A8 B 5ol d2-alAl(] : 2) EFEu)
250 mE 7}3to] soxhlet 5715 44, 48417 &=
% & Jde AAE AH 2 Axsan. ol F #AA
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Gl kgl frel wiol ol o) SR AL

¥ A 2E #5F ¥2Z7](Reflux condenser) & AH-8-&}
o AFF28 Fo=H Le4E, ARA GF
o] ujFEARES AASATHTAPPI standard
204 cm-97). o] g A FE S AAT FETA A
Ay FAHA4E 3. Holo-cellulose, 271d(TAPPI
standard 222 om-98), ¥l 9] FU4& ztz} FA3}
A3l 53], Holo-cellulosedl X @, B, 7-cellulose
z}zte] & TAPPI ‘H(TAPPI standard 203
om-93)°l whel AF st

2.2.4. OHREMLHEY 4

o Alge] TGA ¥4 T dEdld o8 FAZA
7h 23] et S5 159] 5 ash AR E A
#3te] EDAX (model: phoenix)Ate] EDS (Energy
dispersive x-ray spectrometry) 2 /4 94 A&
A& AAsAT. 53], £ dTdAe At
2HEY S E4ste Fe& 2¥EY dad
atoms (%) =2 2t 74 949 FFE F4353
o ol HiFo R HA 23 4AH& Tl &=
Bslo] met zhzhe] A E B ZAasE 4
& Albate] Brhstar

225 BEH 54 &4

Fo vlojoujzo HF AFF EALS TA
InstrumentAte] AFFEA 7] (SDT-2960)& AR
3to] AAlatglony, FLdA 900°C7HA 10°C/min
o $e4ER dsel drABYS B,
AEZF WMol & HAsl8l7] S8l A8 Alae g
10 0.5 mg® H&st9i o, 100 mé/min FHo 2
A4 4 F7E 47 $UA R HEsto] ztzte
A2 g2 71A 29971949 d&s 54 va
B7tskd et

3. 44t & &
3.1. U HlO|ROjAQ| 3lEHN ME

w2 upo] @ uf o] 38} A 242 Table
20 skl GepAT vl 5 ighule) shstA

Jm
oL

5
>,

Table 2. Chemical compositions of bright to-
bacco stem biomass (all values ex-
pressed on a percentage dry weight

basis)
Components (wt%) Stem Biomass

Total alkaloids 052
Nitrate 032
Protein type nitrogen 091
Ethly ether extractive 142
Total 2073
3 Glucose 517
Reducing sugars Fructose 615
Sucrose 208
Citric acid 034
Organic acids Malic acid 481
Oxalic acid 106
Ca 192
K 380
Inorganic compounds Mg 057
Na 001
P 037

AAE R B3, 723 54 52 A9 2 7)
Fx, Ay, AFAG], A=Y T U 2
Aol we} deb| 2| ek, C. Leffingwell, 1999), &
o Fue] g0 = AlE e AAFA ] 19.1%9
B 4ol 23 Ee] EAshs AR e, o
% K% Ca F7]949] #o) 53] £ AL &
T Utk olgd Ty AA nlo]Qujre] g
w8l 54 2 dadd B 93 v £ e
(B. M. Jenkins et al.. 1995: K. A. Raveendran et
al., 1995: B. M. Jenkins et al., 1998), z} 71" &
7120l o] gt ) ulo] Qw40 AR 54 Bz}
of digtel= o} z2A|3] vrE A wlz} 917] o fof
FF v o] = A7t e Ao A7y
ot @4, 9 vlo] w2 Yol i= 20% o] 4o @
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Table 3. Chemical compositions of cell wall biopolymers of bright tobacco stem biomass (all val-
ues expressed on a percentage dry weight basis)

In Holo-cellulose (100%)

Residue
EtOH: Hot
Total after s ; Holo- Total
ben (1:2) water Lignin Pectin e 8- %
ash solubles solubles e;?g;?;ﬂ cellulose ejjylose cellulose cellulose (%0

(%) (%) (%)

Bright
Stem 191 200 338 538 30
biomass

70 130 604 243 153 9538

Aol gf=of i, olF 53] fructose?t glu-
cose?] o] e AL & F ATk o)A w
Feteke gaE gulje uHe SHeR, O
wlF 53], wolglF gule By s F
Fo] A9 @A A = AR &aA ArhG. H.
Bokelman et al., 1985: J. C. Leffingwell, 1999).
el ko] &4 F7]E 53 3% 4o FH=
ZAe= Aoz LA (V. Oja et al., 2006) citric
acids, malic acids, oxalic acids 59 7}2 54 4k9]
e 6% A=A, ©] ¥ malic acids®] el
AoHes & A& & F Ao

AA Fo wlo|ouja AR F oF 46% A=
g AR & FEAE E ARAge] @5t ¢
S &l RS AAT F FE B2 T AX
Bl AJfo] FAJH]E 54 38o] Table 3o Yehilt
glad e 3%E WA JERGA Y HAgle] ek
& %2 BAEHAR, ERAER AT oF 13% &
T8 74 %len, AA ERAERLE F
a-AERQ ~0| gk oF 60%E AA| 3 YA
A% r-dE2e29 Ao EAHAUY. ol&
B3 Fu vlo]Qvjso] Ag- EA Fol ula] AE
B TAANE 7L AdA e Ha glade] gl
o il #Helo] MEyE FAEI = T8 T
AEF AL & F Utk

3.2. FW dio|ojAS HEH S
F7) 2 A% 7zbe] 71 AzA9A 10°C/ming]

zoir g AL A 900°C7HA| Bl dEHE
AN 1 EFH WH3E TG % DTG FHe=

Dertv. Weight (% T)

Temperaturs (T}
Fig. 1. TG and DTG curves of tobacco stem
biomass in different atmospheres at
the heating rate of 10°C/min.

Fig. 20| =A18tA ). Aol A 120°C7HA] =3¢
oA AR = dFE AL A5 EAEE
FE 9 ARG Huy B4 FEE QAT A
oz 434 dEd(H 5. 2007), A F9 vio]L
vjxo] A7 EAL At TR T2 ot
A e} A7) Qe AaT|AZ2ANA & ZolE vE
He AL 8 5 9l o)A Ax7 A=A 4
a7 Aojd e =g A dojur] o A4zt
5 31(J, J. M. Orfao et al., 1999), £3] o]&l A 44
7} EAFE AL 4909 sl AR
AolA Bt of 10% A= EF5%F 47t o A
3l Ao et

AMEy FASAES] &8 540 B e
ATARES w2 dHo g EeHA FudE
2ok v 2% g9 150~300°Coll A #as
i, Bago] Am AAA] & FERE VK AE
2929 Afos 273 ¢ & 2599 210~
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gl Alel el ol Qul el SN % AR B4 W

350°Col A @E37} s Ao A o
21 o] 9ol 250~500°Ce] FH& &% 99
oA dE& Hi= SAo] 2l AR HauFA gl
th(J. E. Reina et al., 1998: J. J. M. Orfao et al.,
1999: 8t &, 2007).

Ful ylo] Qujxe] Ao oF 150°C &%= o) F
A FA% dFF 47t s = 53] 250~
300°Col A 1 Agke] AA UEhE AE E 5 2
0}, o]AL nEA} @438 A" FrjAERe
2, Ag2e 29 R0 o A2 DTG F4
o] BAEE 53l v s 4YE A 37
1A ZRAN A= o] =W FalstA el
g4 @& W & 7k e 3327 DTG &
Aoll VeRRIRE, AA7|A R A= 242°Cet
285°Col A § 7HA Ha2 2 A8 tEEE AL
oF & oo}, @ 2xo| WAk HuAERe A F
0 e £5e] gars 487029 dEE UE
e Ao Holn, 53] et F/] 35 H ¥
Blo] dRa]z s 150~300°C Ate]olA] 3 =9)
ol

a7t EAsE =700 wrsEe] dEsl
= chare] 4& 7HHL o|#HA I4E chare
400°C o] 3ol thA] HE& 7] Az}, DTG 3
AolX & 4 ARl F717]AeA 473°Cel 581°C
Lo F el FAG d7F Havt wAska
didl, Aav|A e Ao s G A G dd
o2 Abad 9§ Ho o ehdd 4tsl, A4zt HAy
ks A4S & F A o]y FA4 T chare] 4
3= Ao w oF 600°Ce] F717] A =7A
2ZART 20 wt% olde] dFF i Aol E 7t
HeE AL B F .

600°C °lge] £xd A= 7714 279 A%
o] o]iel Faig AdFH it BAAEA LdA ¢
AL7NA 204 E AEAQ) E5F a7 24
= AL 4§ U oled AT AA e A&
Hol A5 F A4t F 2AAol9 4F% 44 74
A& AA Eole ANE AL A Ha, A7 E¥
3 HF 2591 900°ColAM &7 71z A5 7.9
wt%, A7) AZ2A0AM = 12.7 wt%2] ash7} A

- W vore OAshat470T
1 - . O Ashat900T 0
. 9% * Reduction (%)
8 *
s1%  S3% 60

Atoms % in ash
-
Reduction (%)

Fig. 2. The change in the element composition
of residual ash depending on the ther-
mal degradation temperature with EDS.

At A ¥ 4 Yk ol%h o] Ak BAGE
Aesh 194 ge A Az e dudl 5

= char®] F73% 43 Fo] Y= . J.
M. Orfao et al., 1999), A4l &8 54 & 2t 2
oM 2 ash ARE HAF 3t o]eid FAT @
T8 a7 a2 FAY9Le] FAH st vA=
GFE oA Fak AHEP S A Eato] £
tH(Fig. 2).

Fu) wpolQuf27b F7171H £917100A &3
sHA AFEE ashe] & x7] AlEUH] 470°C
L5 A 29.3%, 900°ClA 7.5%7F v A& ¢
F Aok, Ztzte] 2xolA A3 ashE AFH s
AUA EAIAHEY A4S Ao, k9
A5l wE ashe] FAYLE FAaES AL
Fig. 20 YehfATt,

470°Col A 7+ ashe] FAF-& A9Rd giit
38 9 ¥4 438 53] 25 (Potassium) s}
Bo| FAREL o]F 1 Y= AL FUT 9%z,
o e SR E o3 wstd f7Ee] F&
F238 ZAde AL B F 2t} Ashe] A3HE
& AR e F71E GA oA EaflE o] FLE
o WEE A& 8% & UAL o] A& HA| ash
o] ZA A AL E 5o w1 Anrt gk
F Avke 71Ee] A7 Al Bdda & +
CHB. M. Jenkins et al.. 1998).

Do s 2 3 ash AA P49 F
F2E 7ML Wk oy}, 7 YadE B A
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Table 4. Relative fractions of elements in the
remaining ash at different temper-

ature

Element (Atoms %) 470°C 900°C
C 374 154
(e} 275 356
Mg 19 a5
P 15 28
5 17 13
c 33 27
K 223 271
Ca 45 115

Ash weight at TG 293% 75%

Temparature (T}

Fig. 3. TG curves of tobacco stem biomass
residue after hot water extraction in
different atmospheres at the heating
rate of 10°C/min.

=7 2etdel uet Z- gA o AF ash& #Ask=
A5y A= 2 &S v A €t Table
4ol LR o} o] zt Q47 A o8 2|8
EHE 250 g vasE o, 229Feg 3
of w2} ash & B4l H|F 2 Yol Ak A F o
2 771440 A5tE Qg A4 ¥ Fr)d4ee F
bl EolA= AL B £ o

Z38) 39 vlo]Qujxo] HEAGF B

1.1|p

A as
ETFE

Deriv.Weight (% T)
£

[} 150 300 450 600 750 900
Temperature (T)

Fig. 4. DTG curves of tobacco stem biomass
residue after hot water extraction in
different atmospheres at the heating
rate of 10°C/min.

A3 FUd B2 5L AAT F G Ay JB
o] S8 54& 4% ZA1k= Fig. 37 Fig. 40l
AT &5 200°C o]dtoll A= A Ealek B2
Y B Fol oln] AFEe o8 £&5
of AA g gt & o]99 dFHF P4 E o
A ZA e 21 eSS ¢ 5 U =R A
Ao R AA A8A 21 P87} ol A E
*é-i*— 53], ERAERQ 20 AT £ 2 0

2 FTHEA7F 200~ 350°C 2= oA =24 o
0114'—" A& B F dEd, AaA 2A0AE
Fig. 1ol A ¢} vl@d7kA & DTG 34 o] 259°C3} 326°C
oA ztzt F e HAE AT 5 ). LR
AA Aol vl&] 127 Ve 2571 9F 10T o]
A ZolE AL B F Ji=d), ol 3 e
a4 gstE e AA o e gekoleta Mg
t}. Calahorra et al. (1989)°] A Z 3t nje} 7o)
cellulose®] vlAlF+2 &, AA =, EA3F, WA

Sol o8] DTG Z4e] 32 SEi= Jge Wi,
AASET} B3 BAg] FE4F B LRA
S G B4S uolEe Hed B AY

AolN A5Eol ola] AASHES} a8}
$9 RS HEES $ohsdol 74512, ol
oR nRAF HAFE A} ABZOA

Shapol ol el wel 1 F 2 DIGHAAA
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Temperature (T)

Fig. 5. TG and DTG of freeze-dried soluble
fraction of tobacco stem biomass in
air atmospheres at the heating rate of
10°C/min.

A7t s 227t A5 Aolga & 5 givh
o|213t A2 53] Ax7|MEANA ]S A Y
s A& ¢ F Sk

ghpstEe] ARl BEolR chare Aart &
A stz 1A ZEANA 43| sl = AA Fig. 404
B 5 9l5o] 462°Col Fi #4F vAE JERS
o} 53], £ 2ol AAHY] He| ds HE
(Fig. D3t vl o) 1 Fart oig- whz2s &
ojubar gl& gk ofu g} 550°C &5 o] o] s
ol A= 730°C F-2oll A WA s F7] 8 4bsle) <
gk ddiA e 2e Are] AFF A (W, Wang et
al., 2005) o]®elli= Ao FF7harl HASHA &=
AL & & 9. ol#@ A4S Fig. 1¢] 581°CellA
Vel DTG 9] ¥ a7t &4 & o 25 e ff

o oy i
2

FsdtAl @k ol @ WFe A% A3
A doldl $ulE WEAZE F dojn Bug 37|

713 Z27ol A GEd A7IWA L 5A4E B4 EA
}(Fig. 5).

B3 /d 5] TGS} DTGE] FadelA] B upel 2
o] A& W Bl UYe FEHET 28 ¥
§F A& gastE S0l 350°C olEhe &
oM A&EH oz AEHE YodIUN TFHL
7} G AE R o] ¥ 555°C7HA] 2 FRHAE YE
W2 ek gk 555~600°C Alele] 2zl =

4% FEg47 B 2& B 7Y o] &
% HglolA e 9% % 74 @42 Fig. 19 DIG ¥
A 9] 581°C SEoll A BAS A5 F 4 WA7t &
A EoA FUdE Charel EEslol 9§ ZUS
HolFEE Aog AuHoz AEAFe] @
5ol 2la) dA == chare] 540] Al EdoA
719149 charete] 5Alo] b2 7] wifef WA E A%
olgtir BerETH(J. J. M. Orfao et al., 1999).

4. 2 &

B Ao Suldaxedd 2 FhdAR F
4 F ujEH = ol 2e] o & A8t 3
2k 71 F8A4 o] AX7N= F9 nlo] Q. vj 29 51314
. oAXY £ 24 2 HE2 200 EES)
EAo) disf #4497} &

HEAQ FujF FAF F9 nlo]Quj2e] 7
o HAANE 7|Fo R ZIEL 19.1%, Aa g3
e 20.7% AoE EAEHAY. U4 Fol=
ZEo| 3.8%= 713 el TRl Ada AEF
ol A+ fructose?} 713 Bol EA18l= Ao 1}
ERgeh AlEY AR F elad §3E 3%E 2U%A
ok Ao e 1% 1 ko] Ehon 24
E202E % 13% AEE A Aoz BAFH
ok, A FRAERZ A F og-AEZQ A7) oF
60% AEE A s Ao vebg)

A2t Qe A 2433 4Akao) Qs Aa0)
A 2R ] ¥l 54L& AolstAl el
53] 447t A 26 A = 473°Ce) 581°C &%
oA F e FA% A 37}t DTG FAllA
Uelton, o] F 581°C €449 HaE d5F
E F 79 vlo]Qujx ZAbe] AF-E| Aol 2A
a2 kit FFE Al Beld SEA AEe
FHE AR GEANE 53 o] HAs} F9 v}
ojeujxe] &aiA AEolM 7|AF Charol 9J3
AYE AT F AN EF AL AZANA
HEAEN S AAF A9, dndER 29
AEZ Q20 AF & 7] 9 DTG A <]
¥ A7} 2h2} 242°C9) 285°Coll A FalatAl T 5 o]

= 145 —



485

vehbe 2 298 £ At ole @ A7A
£ FF 79 vpolovjze] SAviet @ A4 @
$2 A% NxAazA A48E 5+ U Aoz 4
Zgiet,

% aes

L A5, 4714, Gagh 783} o4 2005 HPLCE
o] &¢ 7 FEEC F EAY A7 Az
27(1)x 114~119.

2 Azks, Jag v, g, ol B4, ol &, A&
&, B4, e, A3, Ues, ’2}71 A, A4
1991 ghef A A |, S x(), AL
KOREA.

3 ehEat, MR, A, S, olAF, oAl SRS
2007. Fuha} shrie] 988 54 95 ] Korean Ind.
Eng. Chem. 18(5) 415~423.

4. 249, A9 F, A4, 288, N 2006, w4
T ZF 244 Gk dxdxes]A] 28(1) 51~57.

5. Abdallah, F. 2003 RECON's new role. Tob. Reporter,
5 (2003) 58~06L

6. Baskevitch, N. 1981. Continuing upward trend in
low tar and nicotine cigarettes. Tabak Journal
International. No4: 45~49.

7. Bokelman, G. H. and W, S, Ryan. 1985. Analyses
of bright and burley tobacco laminae and stems,
Beitr. Tabakforsch. 13(1): 29~36.

8. Calahorra, M. E, M. Cortazar, ]. L. Egulazabal, and
G. M. Cuzman. 1989. Thermogravimetric analysis
of cellulose: effect of the molecular weight on
thermal decomposition, J. of Appl. Polymer Sci.
37 3305~3314.

9. Jenkins, B. M, R. R. Bakker, and J. B. Wei. 1995.
On the properties of washed straw. Biomass and
bioenergy. 1(4): 177 ~200.

10. Jenkins, B. M, L L. Baxter, T. R. Miles Jr, and T.
R. Miles. 1998 Combustion properties of biomass.
Fuel Processing Technology 54: 17~46.

11. Leffingwell, J. C. 1999. Basic chemical constituents
of tobacco leaf and differences among tobacco
types. in: D.L. Davis, M.T. Nielsen (Eds.), Tobacco:

Ll

Production, Chemistry and Technology, Black-
well Science Limited, Oxford, UK, 265~ 284.

12 Longanezi, T, M. P. A. Campos, and C. G. Mothé.
2002 Thermal investigation of uncased and
cased tobacco. Thermochimica Acta. 392: 51~ 354,

13. Nappi, L. and C Liu. 2007. Advanced kinetic
study on combustion of tobacco char by
TG-FTIR, Proceedings of the third European
Com- bustion Meeting ECM. 1~6,

14. Norman, A. 1999. Cigarette design and materials.
in. DL Davis, MT. Nielsen (Eds), Tobacco:
Production, Chemistry and Technology, Black-
well Science Limited, Oxford, UK, 353~387.

15. Oja, V,, M. Hajaligol, and B. E. Waymack. 2006.
The vaporization of semi-volatile compounds
during tobacco pyrolysis, ]. Anal. Appl. Pyrolysis
76: 117~123,

16. Orfio, J. J. M, F.J. A. Antunes, and J. L. Figueiredo.
1999. Pyrolysis kinetics of lignocellulosic materi-
als-three independent reactions model, Fuel. 78:
349~358.

17. Raveendran, K., A. Ganesh, and K. C. Khilar. 1995.
Influence of mineral matter on biomass py-
rolysis characteristics. Fuel. 74(12): 1812~1822

18 Reina, ], E. Velo, and L Puigjamer. 1998,
Thermogravimetric study of the pyrolysis of
waste wood, T hermochim. Acta. 320: 161~167.

19. Senneca, O, R. Chirone, R. Salatino, and L. Nappi.
2007. Patterns and kinetics of pyrolysis of tobac-
co under inert and oxidative conditions, J. Anal.
Appl. Pyrolysis. 79 227 ~233,

20. Yi, S, M. R. Hajaligol, and S. H. Jeong, 2005. The
prediction of the effects of tobacco type on
smoke composition from the pyrolysis model-
ing of tobacco shreds. J. Anal. Appl. Pyrolysis, 74:
181~192

21. Wang, W, Y. Wang, L. Yang, B. Liu, M. Lan, and
W. Sun. 2005. Studies on thermal behavior of re-
constituted tobacco sheet, Thermochim. Acta.
437 7~1L

22 World Leaf Review 2007. 2007. World Tobacco.
Nol: 29~30.

= 114G =



