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Summary

I . Title of Research Project

Development of Application Technique of Functional Charcoal Material on

Fine Porous Adsorbent

II. Target and Importance of Project

1. Purpose of Research
1) Manufacture of composite flooring board based on wood porous material
To examine the mixing materials with charcoal and loess.
To manufacture of wood flooring board with charcoal.
To analysis of wood composite properties as flooring board and
industrialization plan.
2) Manufacture of Slow release fertilizer based on wood porous material.
Mismanagement of fertilizer, whether organic or inorganic that used in
conventional agriculture are well known in inefficiencies of plant nutrient use,
leading to a loss in farmer profits, potential damage to the environment and
insufficient use of energy. Nutrient leaching in soils, with low nutrient
retention capacity causes low crop yields and contaminates the ground water.
The risk of soil salinization and damage to seedlings with poor water quality
must be taken into account. Slow-release fertilizer have low solubility and
can provide a gradual nutrient supply for a long period of time, which
improves the nutrients efficiency of fertilizer and reduce leaching losses. In
the last two decades several types of slow-release fertilizer have been
developed and tested to keep the environment eco—friendly.
There are 20 essential nutrients required for plant growth. Among them N,

P, K, Ca, Mg and S are the macro nutrients and the others are micro



nutrients. By impregnation of common pellet type fertilizer into the charcoal
will supply major macro nutrient (N, P and K) for plant slowly. The main
important advantage of using impregnated fertilizer into charcoal is that, it
doesn’t need any microbial activity or temperature requirement to be released
because fertilizer solution is impregnated into the cell through the cell pit
aperture. It has been reported that wood derived charcoal is useful for soil
amendment, purification of river water, waste water and other similar
functions. These utilizations are based on charcoal’s high stability. However,
making slow-release fertilizer is the new dimension of wood use. The
objectives of this study focused on impregnation of fertilizer into the charcoal
and also observe the release kinetics of fertilizer.
3) Immobilization of microbial cells with industrial application using Korean
wood charcoal material.
Tartaric acid and malic acid are the major organic acid in grapes. These
two acids not only contribute to 70-90% of the organic acids in the grape
juice and wine but also significantly influence the sensory properties and
qualities of wines. In this study, microorganisms, which degrade the organic
acids, were isolated and immobilized using Korean oak charcoal and sodium
alginate to investigate its possible application for degradation of organic acids
in wines.
4) Study of the physical and chemical properties of the porous wood materials and
the mechanism of the carbonization process
. To extend the knowledge of the physical and chemical properties of the porous
wood charcoals.
. To understand the carbonization mechanism.
To provide the information needed for selecting the appropriate carbon
materials for the further applications.
2. Necessity of Research

1) Technological Aspect

There has been an elevating utilization of wood charcoal in various fields



ranging from a residential building to environmental friendly materials. Even
though the wood charcoal is still a section of the forest products industry,
relatively low density and safe handling as well as utilization of natural
adsorbents make it attractive to manufacturers and consumers of wood
charcoal. Generally, loess is a reddish brown soil which loam was weathered
by water and wind for a long time naturally. The loess has been widely
applied with some advantageous properties such as the radiation of
far-infrared, adsorption-condensation-precipitation of a toxic substance. It was
also reported that loess shows the high sound and impact absorption, thereby
showing the proper flexibility and releasing the burden of the human body
and activating the metabolism.

However, very little data were available on the relationship between thermal
treatment temperatures and wood charcoal properties. The objectives of this
project were to investigate the influence of wood charcoal, loess, and to find
the use and effect of wood charcoal and loess on the physical & mechanical

properties of the wood composites.

2) Economic and Industrial Aspect

Wood and woody waste can be easily converted to charcoal. Wood charcoal
material has been widely applied with some advantageous properties such as
the radiation of far-infrared, adsorbent of a toxic substance such as VOC and
so on. It can be applicable to various fields such as wood flooring board with
environmental friendly and Slow release fertilizer, immobilization of microbial
cells with industrial application. Therefore, we can foresee a large benefit in
the future by the use of wood charcoal from an economic and industrial

angle.

3) Social and Cultural Aspect
A lot of useless wood could be formed from forest, construction work and

also from different wood industry. It has been reported that wood deriver



charcoal is useful for some advantageous properties such as adsorbent of a
toxic substance, soil amendment, purification of river water, waste water and

other similar functions. Therefore, the more we use carbonized wood, the

more useless or waste wood volume would be reduced.

IIl. Results of the Project

1. Research Results

1) Manufacture of composite flooring board based on wood porous
material.
(1) Equilibrium moisture content (EMC) of composite was increased with the
amount of wood charcoal. In water vapor sorption properties, adsorption
ability of charcoal was about six times higher than that of loess.
(2) Charcoal-based loess composite can be easily made by blending method
with water. But the composites had much brittle fracture pattern with the
increase of charcoal content. That is due to the lack of loess that takes
linkage role of composites.
(3) Fixations method of charcoal-based loess composite in wood flooring
board was found. Nonwoven was effectively used to mobile stabilization of
wood charcoal and loess.
(4) Floor composites of wood charcoal and loess were easily cracked in
places owing to the drying. This phenomenon was prevented effectively by
use of above 3 percent defiberated fiber as an additive.
(5)Flooring board with cut a groove for insert the wood charcoal and loess
was safe for practical use, because of the success in a strength test such as
compressive strength, bending strength, hardness.
(6) It was concluded economical efficiency of wood charcoal-based loess
composite flooring board is very excellent for the well-being life as a good

marketing method.

_10_



2) Manufacture of Slow release fertilizer based on wood porous material.
(1) Fertilizer injection technology into Charcoal
Fertilizer injection technology into Charcoal was developed through Physical
configuration investigation of Quercus variabilis and Pinus densiflora.
(2) The optimum condition verification of Slow release fertilizer manufacture.
The optimum condition of Slow release fertilizer manufacture is 40T
temperature of fertilizer saturated solution for 40 minute.
(3) Slow releasing characteristic inspection of Injected Charcoal.
Through continuance test using distilled water and soil solution, Injected
Charcoal was inspected Slow releasing characteristicc. We definite Slow
releasing characteristic of manufactured fertilizer using Charcoal.
(4) Pellet type fertilizer manufacture using Charcoal powder and fertilizer.
Pellet type fertilizer is more useful than other shape fertilizers about store
and management. Using Charcoal powder and fertilizer is able to manufacture
Pellet type fertilizer without specific treatments.
(5) Functional revelation of Slow release fertilizer with Charcoal.
Through Germination test using Radish, Chinese cabbage, Lettuce, Slow
release fertilizer with Charcoal revealed functional characteristic. This was
more effect than other using fertilizers.
(6) Germination elevation verification of Pellet type fertilizer.
Germination test proved plant growth elevation that between using Pellet type
fertilizer and non-treat condition. but pellet type fertilizer does not

continuance characteristic.

3) Immobilization of microbial cells with industrial application using Korean
wood charcoal material.
(1) Microorganisms degrading tartaric and malic acids were isolated and
identified to be Acetobacter tropicalis and Issatchenkia orientalis, respectively.
(2) The optimal media and culture conditions were studied for the production

of tartaric and malic acid degrading enzymes.

_11_



(3) Korean oak charcoal was the best for the immobilization of the isolated
microbial cells among several charcoal materials.

(4) Sodium alginate was useful as a side material for the immobilization of
microbial cells using Korean oak charcoal.

(5) Immobilized microbial cells were prepared using Korean oak charcoal and
sodium alginate.

(6) The immobilized cells of I orientalis could degrade malic acid efficiently
in the wine prepared with Campbell’s Early grape which is the major grape

variety in Korea.

4) Study of the physical and chemical properties of the porous wood materials and
the mechanism of the carbonization process

(1) The properties of the woos charcoals were investigated using SEM, elemental
analysis, nitrogen gas adsorption—desorption, ir, raman, and GC/MASS.

(2) The characteristics of the wood charcoals were greatly influenced by the
carbonization temperatures.

(3) As the carbonization temperature increases up to 800 °C, the average pore diameter
decreases and the specific surface area increases. Above 800 °C, the reverse is true
because of the pore filling and the sintering effects.

(4) The optimal carbonization temperature for the adsorbent application of the wood
charcoal is 800 °C.

(5) The new hexagonal phase is observed at the wood charcoal carbonized at above
800 “C.

(6) The volatile liquids and the wood charcoals simultaneously obtained during the
carbonization process were analyzed. Based on the significant weight loss, changes in
the ir spectra and the results of the GC/MASS data indicate that the cellulose and

hemicellulose were decomposed to give 2-furan derivatives.

_12_
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Ste® Atk A¥E FAAE 100 Ax7]dA 24Ase #4 X

stol A HE wES] AGA A4S 2AEH,

Table 1-7. Amount of mixtue(Charcoal & Loess) in specimen.

. Charcoal Loess Total amount of
Specimen type .
(g) (2) mixture (g)
Control 0 0 0
Type A 0.13 0.17 0.3
Type B 0.26 0.34 0.6
Type C 0.39 0.51 0.9
Type D 0.52 0.68 1.2

S, ¥ AEAdge AHgd EAE 9% 042g/cn, & 101%, Hit oA
FZ 55mel YT (Pinus koraiensis) S AF&3tdon F7|E A FAR o
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Aok Ty GRS AR S AREI = HAY mbF3o R 20£1TC, RH
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Table 1-8. Density variation of charcoal-based loess composites with the

mixture ratio of charcoal and loess.

Blending
(charcoal :| 80:20 60:40 50:50 40:60 20:80 0:100
loess)

Green

, 1.197 1.154 1.189 1.245 1.728 1.636
density

SD) 0.033) | (0.129) | (0.04D) | (0.099) | (0.07D) | (0.149)
Oven-dry

densit 0.631 0.808 0.805 1.035 1.150 1.492
S 00220 | 007 | 0048 | 01100 | 0.058) | (0.127)
(S.D.)
Density | =66 0.346 0.384 0.210 0578 0.144
difference
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charcoal:loess= 80:20

150
Vapor adsorption time (h)

——85%RH ---E-- 95%RH —&—10%RH
—>%— 33%RH —— 54%RH

Fig.1-28 Variation of water vapor sorption in different relative humidity(RH) of

charcoal-based loess composites with time.

15

charcoal:loess= 20:80

A A
A A

0 50 100 150
Vapor adsorptin time (h)

——85%RH - --B--- 95%RH —&— 10%RH
—>%— 33%RH —%— 54%RH

Fig.1-29 Variation of water vapor sorption in different relative

humidity(RH) of charcoal-based loess composites with time.
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Table 1-9. Variation of sorption amount of monomolecular layer(Vm) and

and moisture

heat(C)

sorption
content(MC) of monomolecular layer in the mixture rate of raw materials.
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Fig.1-32 Vapor sorption isotherm(20C) of composites with the mixture of

charcoal and loess.
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Table 1-10. Mechanical properties of each specimens.

compressive
specimen WPG MOE MOR
. strength
types (%) (107kg/cmt) (kg/cr)
(kg/cr)
Untreated - 10.93 961.9 405.8
Water glass 5.1 (7.79) 11.43 915.4 471.2

* 1 WPG of compressive test specimens
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Table 1-11. FIR emissivity and FIR emission power of specimen at 40C.

Type FIR emissivity (5~20um) FIR emission power(W/m’)

Control 0.901 3.63 x 10°
Type A 0.904 364 x 10°
Type B 0.907 3.66 x 10°
Type C 0.910 367 x 10°
Type D 0911 3.68 x 10°
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Fig 2-1. Fertilizer production tendency in Korea
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Fig 2-2. Fertilizer consumption tendency in Korea
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Fig 2-4. Consumption volume of Fertilizers
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Table 2-1. Fertilizer consumption volume by farmer

(unit : ton)

on 8l. 12.~{ 88. 1.~ | 90. 2.~ | 92. 4~ | 9. 2.~

97. 1.~ | 98. 1.~
86. 4. | 88.12. | 92. 4 9. 2.

96. 12. 97. 12. & 7Y

f4ME | 249,200 | 179,000 | 158,800 | 166,740 | 176,500 | 185,500 | 265,000

S

204,400 | 190,000 | 174,000 | 182,700 | 193,000 | 202,500 | 290,000
(21-17-17)
Table 2-1. 1A R0 B3¢l vg 947bAL IMFol we Hgle] o)
Reo 7hob S 30.0%7 AT ARAY L BARTOR Fuetd 97dn
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Table 2-3. Surface area measurement of charcoal & control
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Sl 3 A7 SR HehEs HAblA bdes PE AREeRslon, 44442 Table

Table 2-4. Chemical compositions of Fertilizer P

J & (%)
A A 20
T8 QA 9
T84 7t 20
FE&4 IE 2
&4 A 0.025
FE4 T 0.02
T8 U 0.015
F&4 o 0.0045
F&4 T 0.003
Fe4 298 0.0015
3) AL
7hH #g Fd A

#%7]1(EYELA ROTARY VACUUM EVAPORATOR, TOKYO RIKAKIAKAI
CO., LTD)E ‘&3ke] HAFlA Aldhs= 5985 PE 2 FAskith
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Photo 2-2. Flow tool for flow method using in release experiment
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Table 2-6. Changing weight value of injected Charcoal (Quercus variabilis)

=% (g)

& (%)

0.05 8.06

0.67

0.62

Quercus variabilis

0.45 0.06 15.38
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Photo 2-4. Impregnated fertilizer into charcoal (Vertical section)
Photo 2-4.& TdHoz Aoy HesS 3 Aoty Wy FAF o o
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Photo 2-5. Vertical section of Impregnated Fertilizer in Charcoal
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Surface portion of cross section

Core portion of cross section

Photo 2-7. Cross section of Impregnated Fertilizer in Charcoal (Pinus

densiflora)
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Distilled water Releasing Fertilizer

photo 2-8. Development condition of radish

Distilled water Releasing Fertilizer

photo 2-9. Development condition of chinese cabbage

Distilled water Releasing Fertilizer

photo 2-10. Development condition of lettuce.
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Table 2-8. Development condition of farm products
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Stem (mm) Root (mm)

Germination
rates(%) | Length |Thickness| Length | Thickness
Radish 95 71.43 1.55 37.74 0.87
Distilled | Chinese
100 10.92 1.22 27.44 0.49
Water | cabbage
Lettuce 100 15.95 0.77 34.69 0.70
Radish 95 63.97 2.20 4375 1.98
Releasing | Chinese
100 21.64 1.27 39.97 0.52
Fertilizer | cabbage
Lettuce 100 13.37 0.98 35.26 0.77
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Photo 2-13. The upper part of Pellet type Slow releasing fertilizer
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without starch

Photo 2-16. core potion of Pellet type Slow releasing fertilizer

with starch

Photo 2-17. core potion of Pellet type Slow releasing fertilizer
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(L.1) (L.2) (R)
photo 2-18. SEM of fertilizer (L.1, L.2) & starch (R)
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Fig. 2-12 Release pattern of N from charcoal by Distilled water and
Soil solution of static method (Pellet type)

12
10 F B i
g L VAN
/
£ / --m-- DW
o 6 J
a , —® - SS
4 - /
/
2+ /
ol
0 6 12 24 48 72 120 240

time (hr)

(DW : Distilled Water, SS : Soil Solution)
Fig. 2-13 Release pattern of P from charcoal by Distilled water and

- 111 -



Soil solution of static method (Pellet type)
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Fig. 2-14 Release pattern of K from charcoal by Distilled water and

Soil solution of static method (Pellet type)
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Fig. 2-17 Release pattern of K from charcoal by Distilled water and

Soil solution of flow method (Pellet type)
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Fig. 2-19 Release pattern of P from charcoal by Distilled water and

Soil solution of static method (Pellet type with Starch)
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Fig. 2-21 Release pattern of N from charcoal by Distilled water and
Soil solution of flow method (Pellet type with Starch)
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Fig. 2-22 Release pattern of P from charcoal by Distilled water and
Soil solution of flow method (Pellet type with Starch)
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Table 2-11. Weight difference of before & after Impregnating experiment

samplel sample2 sample3

Zo Z%
Aol

@ | @ @ | @ @ | @ |
g & (g) & & (g) & & (g)

.
el

LR
2
2

7‘:}-01-;8 7‘:}-01-

g AU |2

H

w

4@-
2
o

o

20| 060 | 095 | 0.35 | 0.72 | 1.19 | 047 | 0.73 | 1.08 | 0.35

40C {40+ | 064 | 1.13 | 049 | 073 | 1.29 | 0.56 | 0.73 | 1.15 | 0.42

60| 0.70 | 114 | 0.44 | 074 | 1.14 | 040 | 073 | 1.22 | 0.49

20%-| 071 | 111 | 0.40 | 066 | 1.14 | 0.48 | 0.71 | 1.13 | 0.42

60C |40+ | 0.74 | 1.16 | 0.42 | 061 | 1.07 | 0.46 | 0.74 | 1.18 | 0.44

60| 069 | 096 | 0.27 | 0.72 | 0.79 | 0.07 | 059 | 097 | 0.38

20i-| 064 | 094 | 0.30 | 0.74 | 1.11 | 037 | 0.71 | 1.11 | 0.40

80T (40| 0.74 | 1.04 | 0.30 | 0.75 | 1.07 | 0.32 | 0.72 | 1.02 | 0.30

60| 0.70 | 124 | 0.54 | 0.63 | 1.03 | 0.40 | 0.71 | 1.27 | 0.56

Table 2-12.= @845 MRE 74 79 A1 F Fuste] 23 F7L v
9 glelt),
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Table 2-12. Average weight of before & after Impregnating experiment

<= = Al ZE e A F T Aol Hat(g)
20+ 0.39
40C 40+ 0.49
60 0.43
20+ 0.43
60°C 40+ 0.44
60 0.24
20+ 0.36
80C 40+ 0.31
60 0.50

2) SEM & &3 =744 g v g9 Eg7 AN

Photo 2-19.~2-20.% @& AH] 2o SEMZ Axto|t},

40T 40% 60C 60% 80T 60+

(15.0kV x1.00K 30.0¢m)

Photo 2-19. Core section of Impregnated Fertilizer in Charcoal
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.3} Table 2-13.

-21

o}Z 2] Photo 2



A g5y vE Ay B E3HE AlH] C: &
Photo 2-21. Development condition of Radish

Table 2-13. Effect of Slow release fertilizer on Radish

A(SEAAR) B(& g 5 C(=)
#e] 4 o] (mm) 13511 89.63 69.73
=715 7] (mm) 1.89 1.75 1.78
<7]4 o] (mm) 17.14 15.22 14.31
el Zol(mm) 93.52 68.20 44.42
% %2 o] (mm) 29.24 19.68 1712

Photo 2-21.%} Table 2-13.914 Hi= wie} o] Wej= A g4 HEE AlM| =
Aol Bau g} EnF AlnjetE A Z7F 150%, 190% o]4ke] #al Zo] QS
Aoz veth 2719 A% 11

ahe 3%, 120% AE=e| o] AFS shgion,
AZ o] Aol 150%, 176% |42l 45& ol AFESL BAde AL & &
sk,
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o 9434 HES A3 2 F2e o8 €84 HEY JHFAA

olg) o] Table 2-14.2 2006 %= €+&A W52 Ao & Fvjr}Z oot

Table 2-14. Price differences of slow release fertilizer in different seasons

(&9 21/20kg )

A=
AEF(Ea-2A-4F) H]E ]l vl 7HA
A7) H] 7]
18-7-9 14850 14550 16830
12-8-12 11900 11700 13310
18-8-8 13650 13350 15290
22-10-10 15650 15350 15290
18-7-10 14950 14650 16940
16-9-12 14250 14000 16170
13-6-7 11150 10950 12540
11-4-5 13250 13000 14850
15-5-10 12000 11750 13420
Aol FellAl & F Axol A 4EA HIEE 12000904 160009 A& Al

b=
o= AdH T ok B¢ 4EA MRS A4S A= AL Ak, 9, BES
T4 W&ol ohehe g o 5 9t
o= The W=7}t 30009014 100009 Abelel A BulE: AL wms) BE
[e)

o wland ke s an glvka Azt @ 4 vk w3 43 vRe] 7HE s
AARshe A2 anAe] FuidF JAE g Az A Al Akdrib 2
Ta% 24 Ardolet At
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, ZHEol +An) 7t Table 2-7.

ZFA 3 9lem Table 2-14.9F v W3] =

o

X
s

=
=

g A 9o TEA A ]

)

hem 7H4

fife)

R

el

olo

o 0.50g o= A

s

3} =89 Lo 80T, 60 7+ A

LHER AT

bl w) 024g ©2A 7HE

9]

A
m
ol
T
el

my
Hr

1.

=
=

N 2 F Aol
2. 60C, 603+ A2

wl 7Hg el

A atle

4. 0ColA 40:7F

o}J

o v,
2R PANE A%

2

g0l 113%~190% ©]

o
o

—_—

Nfo

ojy

el

o] 1200099914 16000 AFo] 7} A

7. 9hmA MEe 4AE 20kg 1
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A3-148, € AY nAE gAY By 2 R

EeFe A AAAeR gy AHEHA e dFAS] ¢3S SEREA I

A AES, ¢, =3} FHAstet 22 Al A S Ad, o
ek gdvh dvkar &eA vk H2 fEivEelA] xS AR §35Eka
Qo I Anje tiFo] o] ErFolmg Ak 23wk gejo] whdk
9slE njstal Aok A Hoz MAAR FA= V. vinifera 2 XEE X
= d5E AEL oy, fEuEte] V5 oFd Zrpk 1
o= A3t F2 NV AE HEE Vitis vinifera 2 Awjol AgstA] &
o fEyEls F AMERS FF9 H|&o] Campbell's Early 70%, Az
13%, 1% 8%, MBA 3%, 71} 6% =24 Campbell's Early7} 79| tjifis =}
A gkaL Tk

A4 Fold FE AujE= Campbell's Early %5 w=tolA sf3
Vitis labrusca &°l 43t S-gvet 71520 vg- Agsim, o] £, 2
g T Az o] gfomw 9gjo] Fujof] 2 gk ¥icolt) wgk GE o 3

o] 151924 5 9 ETEF Axo A3 EAS 1A a o}, Aldko]

~]
Jm
ol
Y
o

Ui Zste] X=F2e Jhgd s TAde] ok XEFY 42 98 X%
of FA wavjee e JF¢S won ¥ro FAHL FF E A
7139k Aol et et TEFE FEE FRE7F 20%0]40] Hojof
AdIE T/t 11% A= Y255 WE 4 vk =3 pHE 3.29014 3.6 &

b Sw 4 fEelr] FAkel @l 0.6%14 08%7t AYH Szl

Campbell's Early® A$%% &4t 0.65~0.85%, pH 3.2~3.52 XLEF9 A=
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AAsHA T A 7F g Ao 5ot
xx9 f7]4F F tartaric acid®} malic acid®] o] 70~90%=A TiH-E
ApA|skaL Qlow Wog 9 mg/ml 7hEe] &tk FUIAt FEFS LT
A AAs = T3 adelth. %9 malic acid %% 9 1~10 mg/ml
ol AuiA g ] 7] %ol FaFs wol WAl H=d wsEdk 7] 5oA AulE
TR 53 7)FolA AuE EE] malic acid o] =
gug} = A =<1 Campbell's Early:e= 9F 5.3 mg/mle] malic acidE 3
=

kil ol Malic acide EEF9 AALEE FXA]7]aL, F33F bacteria=5-E

o
o2 o

O
e
rE
)
|o
it
o m

Ho

o
__cé
il

d

=,

o
o
-
rr
2
re
oL
I
2

k1
2
ki
33
ki
m{m
>
®
CY
b

Acidex & o83 FaYHoIH, CaCO;2 T 3}A7]

AW 3l Acidex: tartaric acid®} malic acidE 7L & AAs=E ZHe=z ddA

2
—t
I
nt
I
o]
1)
)
a.
[oN
N
N
_{
!
2,

ATk L 9 Oenococcus oeni ¥ P& fAbts o]&€3 malo—lactic
fermentation YWY Shizosaccharomyces pombeZ ©]8€3F malo—alcoholic
fermentation °] oM, HAFERl ofyko] o]y Em Fxo YAHIE 9T
@jolate] ol§ Fol #e Wik S W LEF {714 Ash BaE v

i v g Agolc,

ek B Ao s Ak 9] 35590 Campbell's EarlyE AR&-3F Sh=p
B2y Y EFo] 7hgAe] TAE Atm2d S e, x5 ey ol g
A JeERE 57142l malic acid$} tartaric acidS 23 stE nAYES B E)
3 5 oA o3 vAEY 1AgstE St LEF9 4k -l A 7et
S zlol | 12} 313 T

2. A8 2 9y

1) o, 91 2 AdAE

BoAFo AL e B AFANA BT Saccharomyces cerevisiae
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IFO 1, S. cerevisiae TCY1, %= S A3|NA +F W& S cerevisiae
KCCM112158} Schizosaccharomyces pombe 71682 AF-&3}
of r¥el AE malic acid®] wEHE fate] 2 Aol £ FAI malic
acid ¥3] &% 5 AFgalP o 181 tartaric acide] =S 93t

A 2g =43 tartaric acid &8 A< AFESHTH

2
T
2
=y
2

Tartaric acid 3l A< wWjkol= AE—TA ®{A](L—tartaric acid 0.2%,
Bacto peptone 0.3%, yeast extract 0.2%, ethanol 1.0%)E A}-&3}3t}.
Tartaric acid 38 HEE 54371 95k AE-TA ®|#] = Coopertl =]l
0.2% %=X 0.5%9 L-tartaric acidE EA2do 2 H7F8 0.1%9 glutamines
Ahdo= H7HE wjAE NaOHZE pH 4.002 ZAste] AMEaith. are vl
kS 93 vl EE YPD HiX| (1% yeast extract, 2% peptone, 2% glucose)=S
AF8-818 0™ malic acid w38 &% 2 % malic acid®] EIAHEE FAMSH
7] $13%F ¥iAEE YNB-—malic ¥§*](0.17% Yeast nitrogen base w/o amino

acids & ammonium sulfate, 0.5% ammonium sulphate, 2% malic acid)E A&

sreiet.

Table 3—1. Composition of media used in this study
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Media Ingredient Concentration (%)
Yeast extract 1.0
YPD medium Peptone 2.0
Glucose 2.0
Yeast nitrogen base(w/o AA&AS) 0.17
YNB medium Glucose 2.0
(NH4)2S04 0.5
Bacto peptone 0.3
Yeast extract 0.2
AE-TA medium
Ethanol 1.0
L—Tartaric acid 0.2
Minimal salts 100 ml
10% CaCl: 1 ml
Cooper medium Vitamins 1 ml
Glutamine 0.1
L—Tartaric acid 0.2
Tl wleFe 30CAIA SE Bk MR FAFAS 10(MHA A2
iAol A Fsko] 30CelA 150 rpmez & wielty, T=5 Tgo] AR
g U8 ¥XmE 2003d%E 20059 99 Eed AH AFClAM e

Campbell's Early & A%S TUste] Alg3stglon deod ug —20CoA X

ashaa slEstel AL

2) Fr71Ak 28l vA

Tartaric acid #3 A9 & 5l X% 3 $ol=

N B wAE ¥

AE—PT(1% potassium

e,

29| 2]

AE-TA(1% L—tartaric acidE

tartarates 3 AE HiA]) LA o] =it
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S o] MUIAES 0.2%F 0.5% L—tartaric acid® -3 Cooper FBiA]9
2% (v/v)E qFsle] wj kst tartaric acid FAHEE ZAsEY] tartaric acid

o Ralisol ol w2 st

F2YUE 28tk 24 #E 775 YPD AA wiHe] JFFete 2447 vt
0

#

l

Malic acid 3] E&EE &
AN EE Sk YNBol fd ©AYC =R malic acid (2.0%, wv)E H7te o
A WA S AFESEe] 30CelA 150 rpmeZ 3 Az A® wjgstict. ik

RES
YNB-malic acid atA] wjA]e]l =2ato] 30TColA 2 Azt wjged & F=YS
Fgsts 478 1A sl ddE gFE5 YNB-malic acid A wj=ol

A wjoFsle] ZE3+= malic acidd]
M w2 A E HES AEESI

tio

=43 3 = malic acid $HFo]

3) F71AF & A EY 54

Tartaric acid &3 Ao $4S 9Aste] 2] o] wiFshs], Jeshs 4l
Ayststa 548 FASto] Bergey's Manual of Systematic Bacteriology Al 2%
o wel BAsgom AWAFEA API 20E kit 2 16S rDNAC] d71A<d 44
T s AA8E Fote] g1kl API kitE o] &3 sAS wgE et

Z3la 30CoA 24 A1ZF ¥-2-A171 3 biochemical

x>
=
)
2.

=2
pone)
—
(@]
(@)
=
il
X
ofN

ol

&t} Biochemical test:
saline &Nl A|PHS Aggste] dAxd 71do] o3+ kit cupulesol HE
sto] Ml = @A ekS HIbste] 2] tAMGFE Aol wistEA #A S

, assimilation test™ FHAu|Ad A& AlFHS ©FstEo] FAdsh @AY

test, assimilation test L2]31l fermentation testE 3J

).

al
o2 Eo9+ kite] cupulesel HFE wYgs T AlFdo] ol TS o8 &
=X oF-E5 8x 3tz <ol H ktl. Fermentation testvs TOo=ZHF-E AHS

AAksle] pHe| Wtz #HAsE ). GC—fatty acid E44o] o3t BEFEAHL A X

%0

F 2 g xe el A E Al LPS, phospholipid 55 esterification A1 $ fatty
acid®] %A (Length, Branched, Unsaturated, Cyclo)S &X&doaxn 7 nAE

S BE A= Wy o = Hewlett—Packard (HP) 6890 gas chromatograph
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(GOE Argste] Axdel At =4S E488id. AlE= HP 7683
autosamplerE AFg3lo] GColl FU39 o1 data systemeEE MIDIASY] 1| A}
5 BF543A (Sherlock system)E ©]&3}Ath (Table 3—2).

Malic acid &3 2R $AHS fste] & o vt Fefsts 2 A
3lstd EXS FALEE & Kurtzmand Fell®] The Yeast, A Taxonomic Studyo®ll

A
wet A9 o rDNAS ITSIH ITSIIS ¢71AdS A4 & A5 AN
=
[e)

Table 3—2. GC conditions for the determination of fatty acids

Parameters Conditions

Column Ultra—2(25m><(.)..2mm . I.D.,. crosslinked
phenylmethyl silicon, film thickness 0.33 pm

Carrier gas hydrogen

Aux gas nitrogen

Air air

Column head pressure 9 psi

Split ratio 100:1

GC temperature information

Injector temperature 300C

Detector temperature 300C

Initial temperature 250C

Initial time 0.00min.

Ramp
# Rate(C/min.) Temp.(C) Time(min.)
1 5.00 260 0.00
2 40.00 310 1.50

5%

4) rDNA &4
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Tartaric acid #3a] Al 16S rDNA 9SS ZSE3lry] 93slo] forward
primer 5-AGAGTTTGATCCTGGCTCAGS}H reverse primer 5-
GGTTACCTTGTTACGACTTE Al#sislon 2 axel ITSI¥ ITSI 99
S SE37] 98] primer ITS 1 (5'— CGCGGATCCGTAGGTGAACCTGCGG)¥}
ITS 2 (5'-=CGCGGATCCCTCCGCTTATTGATATG)E Al&Fskaith. PCR ¥k 10
ul®l Taq DNA polymerase ¢+&8&° (x10), 8 wle 2.5 mM dNTP &3-&9,
2 we 3 DNA (<1 pg), 2 w9 100 pmol primer, 0.5 pwl®] Tag DNA
polymerase (5 units/ul) % 75.5 plo Hd SHTFE £33t 33}t PCR
HES-2 94Col A 383 13 A g v 94CoA 18, 45CoA 28, 74C
X 1.589 cycled 313 wHE3on w8 3 PCR AHEL agarose gel A7)
o2 sttt

PCR ®F& AFE-L Dynabeads PCR Clean Up kit (Dynal Biotech ASA, Oslo,
Norway)E AFg£3sle] AAS & DNA 7|4 4E A AFE389 . Sequencing
WSS PCR primerE sequencing primer® AF83}o] Big Dye terminator cycle
sequencing kit (Applied BioSystems, Foster city, USA)2] Wl wa} =343}
Stk WS 95CelA 36%3t A2 §, thA] 95CelA 363, 50Tl 36%,
72CoA  84%9 cycled 253] HEEStal, 4TCeolA 13 cooling 3}t
Sequencing HF$AFES Applied Biosystems model 3730XL automated DNA

sequencing system (Applied BioSystems, Foster city, USA)S AF&3}o] 7]
qEs A5}

5) Tartaric acid A%

b
@
o
O
(=)
@
=
jus)
==
2
=
4

Tartaric acid &% 412 0.2% tartaric acid& 3t

& R F o 1 mlE 5,000 rpmol A 1027 94 st d2 A4S

500 uloll 1% ammonium metavanadate 500 ulE &8sl 540 nmollA 4=
= SAskelth e ¥R eSS st EESAeREFE de o
S 2102 tartaric acid S-S 4FEFA T

Tartaric acid (mg/ml) = Asy X 0.7143
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6) Malic acid A
Malic acid &% #2412 Goodbane] ol o]3te] Al& 1 mlol] gk 3iko

L3138 1% 2,7—dihydroxynaphtalene €% 0.1 ml¢} 13 32k 6.0 mlE £

gale] 2087 WA &, BFFEAE o]85te] 390 nmolA FHEE SH
skt Fd3 WHow A FrEaHoRRE FFEdd e malic acide]

w

2

")
SE,
=
e

1) Tartaric acid <3l A9 &

Tartaric acid®} malic acidE= gyl F2 AHlE = Campbell's Early
Ero] o IFE ol E= FUIAEE oF 90%E AHAlsaL dvt. Tartaric
acide X% F29] 7bgoly =T Ao oA tartaric acid ZHES HH
= JAAEs P45t F45 d3tste ¥ malic acide X259 Ax Al 4

o cAt}, webA tartaric acid®} malic

A9 BHa o F ol&FE sl%d ALe Tx

o,
2
2
fr
r o
ol
£
kel
k
B N
lo,
N
w
tlo
e
2
[ o

oJo7} S AoeR AZHO| tartaric acid®} malic acidE ¥

W By LxF FuI0 2 RE 0.2% tartaric acidE U3 e@rgoz ¢
frotal & WAE AMESES tartaric acidS o] & 4 e 13 #FE £ 3§
ATt EE ol 93k tartaric acid®] wE AEE ol 934 0.2%,
0.5% tartaric acidE &3+ Cooper viA]ol] #& HE3sle] 4A]7F tAo =2 A}
T9} <= tartaric acid S ZARSE A= Figo 3—-13 2o o A3 %
ol S. cerevisiae TCY1& 3] tartaric acids EasHA] E3 o} #2
B 53] 5 KMBL 57773 KMBL 57782 9] A3 &0 dA %

tartaric acid®] 4 A4S UBHAT. 53] 0.2%9] tartaric acidE ok

Mo o
NN



A9-Htt 0.5%9 tartaric acids st A5 2]

Lol HS it wEbd 2y dFe fElve 2o FEFQ
Campbell's Early £%9 ¥ & F2 A%

4 AAE A aLAdoRE AHEE 5 s AeE AEHA.

I 5 7 AFol 4%d F 5 KMBL 57773 KMBL 57782 0.2%
tartaric acidE &3t AE—TA uvix]o] XM =uokslt A3 Fig. 3—2¢ &
7% tartaric acid ¥31E

A7) $1ste]l AE-TA
CollA 3L3E mjFate] FAAA AN Z o2 w2kt 2

TAYAQ hre] e vhehe

:J_
!
=
0Q
w
|
w
H
i
o,
4
M
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el
N
ta
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Fig. 3—1. Growth and tartaric acid degradation of the isolates in the Cooper

media containing 0.2%

source.

(A) or 0.5%
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tartaric acid (B) as a sole carbon




Fig. 3—2. Growth of the isolated strains on the AE—-TA agar plate

containing 0.2% tartaric acid.
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Fig. 3—3. Scanning electron microphotograph of the isolated strains KMBL
5777 and KMBL 5778.

2) Malic acid #3 a®9] #3

IE2F 2o ZXRE malic acid 23 ERE 257 Y5t AlEE A LA

HashAA A ste] YNB viAo] Y w49

o

2 malic acid (2%,w/v)E 7}
g oA wjA S AFREHe] 30°CelA 150 rpmO® 3U3F X8 wjeFsgitt. o]

OFol O

FNE YNB—malic (2.0%, w/v) LA wix]el Zwtaslo] 30CelA 2 Azt v
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o o FEUE 4% dF 16 75 12 Al 14 Adde JFE
YNB—malic acid (2%, w/v) A wlA]el] 30CelA 150 rpmO& 2447
3t FE35FE malic acid®] S Wwd Ay 3 #F 16 £ EF malic
acidE g & Jd&S s oen 1 F ZFESE malic acidd] ek
0.249%% 7} & #5¢ KMBL 57742 % ¥3lo] malic acid a2
A FATFE Y. B2 oF KMBL 57749 RS dvjgow #Ed
A AFAR BEY EES YERNAT (Fig. 3—4). AlX9] 715 A 2
3} KMBL 5777 0.75~0.95 X 1.8~2.4 me]¢lal KMBL 5778 0.8~1.08 X
1.6~2.1 m= F &5 EF 2717k FARSEI T

oo

Fig. 3—4. Microphotograph (<400) of the strain KMBL 5774 isolated from

wine pomace.

3) Tartaric acid &3] Ao &4

Mukgl 35 KMBL 5777, KMBL 5778¢] A4S 91ate] defsts 2l Aest
4 EAS A A Table 3-3, 3—49F B3tk ¥ #F EF A acetio}
= A A=A a8 SAZFF 2 A mobility test 23 $EAo] gle Ao

2 2AAE, A A% AxolglT. Axe Felsh 5] s 4ol
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FAEIG oY BEoldog T Be #F BT A acetiot “Fold A FEA0l fle
Aoz veElytl  Catalase®t VP test Aol o™  urease, cytochrome
oxidase, methyl red test, ONPG(B—galactosidase), MR test, gelatin
liquefaction, arginine dehydrolase, lysine decarboxylase, ornithine
decarboxylase, tryptophane deaminase, H»S production, indole production 52
A S o7 Yty e £ 45 25 glucose®t melibiose, rhamnose®l] A
AHS AYAFEFSI 2} saccharose, inositol, mannitol, arabinose, sorbitolZ%-E 4F
S AAEHA Esh ol#d 5SS A aceti oot Wlad Ay} urease
¢} B—galactosidase, arginine dehydrolase A& 2 mannitol®} sorbitolel A 2]

A AR Fol Al acetioh Aold 54 S YISl

Table 3—3. Morphological characteristics of the isolated strains KMBL 5777 and
KMBL 5778

Portions observed KMBL 5777 KMBL 5778
Gram staining — _
Cell size(gm) 0.75~0.95%1.8~2.4 0.8~1.08x1.6~2.1
Cell shape rod rod
Mobility - -
Shape entire, circular ,convex entire, circular, convex
Color pale white pale white
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Table 3—4. Physiological characteristics the isolated strains KMBL 5777 and KMBL

5778

Characteristics KMBL 5777 KMBL 5778
Catalase + +
Urease - -

Cytochrome oxidase - -
Methyl red test - -
ONPG(B3—galactosidase) - -
VP test + +
MR test - -
Gelatin liquefaction — —
Arginine dehydrolase - -
Lysine decarboxylase - -
Ornithine decarboxylase - -
Tryptophane deaminase - -
H,S production - -
Indole production - -
Cycloheximide resistance

100 ppm - -
1000 ppm - -
Acid produced from

Glucose + +
Saccharose - -
Inositol - -
Mannitol - -
Melibiose + +
Rhamnose + +
Amygdalin - -
Arabinose - -
Sorbitol — —

FopFel AEW AP B4 A3

£

ZF2 A, aceti7} dHEElal 9=
lauric acid(Ci2:0)E 12 Aoz YeEldd. 5 #5+ myristic acid(Ciao) 9}
palmitic acid(Cie:0)E ot YA 53] oleic acid(Cis)7F BT} w2
T KMBL 57773 KMBL 5778 J&7tolle A4k Aol fAe 2 1 24
Hlo A= 4% Aol & HEAT (Table 3-5).
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Table 3-5. Cellular fatty acid composition of the isolated strains KMBL 5777 and

KMBL 5778
Fatty acid KMBL 5777 KMBL 5778 Acetobacter aceti
Fatty acid composition(%)

Ciz:0 - - 11.38
Cia0 2.90 2.88 4.61
Ci41 Whe 2.09 2.23 2.87
Cis:0 20H 13.71 13.96 -
Ci6:0 8.86 8.86 10.50
Ci6:0 20H 9.85 9.95 -
Ci6:0 3OH 4.26 4.34 -
Cis:0 3.14 2.90 -
Cig1 W7c 46.69 46.23 4.40
Summed feature 2 8.51 8.65 57.16
Summed feature 3 - - 2.38

* For fatty acid methyl ester (FAME) analysis, strains KMBL 5777 and
KMBL 5778 were grown at 30C for 3 days on GYC agar plates.
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o] #59 KMBL 5777 2 KMBL 57789 8tz "yl 93 4
Aete] T #F 16S rDNA A7NA 4GS AASGTE A4 F 759 16S
rDNA ©3#HE ZZ317] 938t primerES BioneerAl (Bioneer Co, Korea)el] ¢
#ato] gttt 443 primer® PCRS &to] A7)19%3k Axk ¢ 1.4 kb
Z dehE Aol g¢l ATt (A8 mAA]). PCRZ 5Z ¥ 16S rDNAS 7]
Axstar o] A7INLES 719 dlolE wojxel vk A}
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n
X
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X5 Acetobacter tropicalis®t A AIE AU AVIAMEY] A
A¥} KMBL 5777 #4F5 A. tropicalis LMG 16633} 96% o] A
Eliloe™, KMBL 5778w+ A. tropicalis No. 399 99%, A. tropicalis
LMG 16633} 98%°] &&d< 7Hv Aoz SdEdn. & Aol 4L F
T 16S rDNASH 7|Eo 4elxl A, wopicalis®] 16S rDNA®] 7|AE&
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Fig. 3—5. Comparison in the 16S rDNA sequences of the isolated strains
KMBL 5777 and KMBL 5778 with that of A. tropicalis LMG 1663, which

showed the highest sequence homology.
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w3 KMBL 57773 KMBL 57782 A. tropicalis <+ 39 AAAAE =
AF&le] 243 phylogenetic treex Fig. 3—63 v}, 8 #+5 KMBL 5777&
A. tropicalis Y—1BM¥} 7} 747k Aoz vElg o KMBL 57782 A,
tropicalis 16S/CWB1/B—4183} 7}4 717h& Aoz et}

—  Atrapicalis Ko 39
KMWEBL 5777
A tropicalis LG 1653

A dropicalis Y-1E68

—  Adnopicaks Moo3
_{— ROl =B
A ropicsls 16SACWELE-H18
0.01

Fig. 3—6. Dendrogram demonstrating phylogenetic relationships between the
isolated strains and several A. tropicalis strains based on their 16S rDNA
sequences.

The dendrogram was generated using the ClustalW

(http://www.ch.embnet.org).

4) Malic acid 3] &R &4
w75 KMBL 57749 FHsH4 545 2Abet7] flsted YM @ vl
A dom AAF A3} o] Ax7h dePolen A x

22 @At Fotdl o& FFTAES shlen dAbs FAsHA Uk

A g

o

Glucoside E3lls, A& FAHEE AT, urea a5 ATt =3 glucose
2R S AAEA Zskorm, 50% glucose$t 10% NaCl sXolA 43S
o™ cycloheximideo] thdh A &AL EA5HA] Lgt). gAYl o

a
3 A= glucose, fructose ¥ mannoses Wadtgort a1 99 ©@irde W
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adtx Btk gaY9 xS ZAFSE A3 glucose, fructose, ribose,
mannose, inulin, succinic acid, malic acid 2 ethanol2 #}3}3}9 2™ salicin,

rhamnose, trehalose, galactose, lactose, sorbose, mannitol, dulcitol

et

methanol>  #}3}3l#] &}t Z12]al raffinose, arabinose, maltose
sucrose= mekEHAl AElelETE AAY AFAHLS L-lysine x}3atgd ot
nitrate, nitrite ¥ cadaverine> #}3}8}#] 3}SI Tk

e 85 Skl 18S rDNAS] 714 2A 5 s HAS skl
w2 75 KMBL 57749 a71M<de A5 @A An(Fig. 3-7),
Issatchenkia orientalis$t 99% 1742 ‘&5
e #5Ql KMBL 57749 Fefghs, wjFsts 9l AJefshs 543 rDNA
ITSIZ ITSIIS] A7IMES 24 2 B2 g5&

i
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)
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P
ftlo
o
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o
32
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jus)

orientalis =¥ 1 4

I
Ho 7 TR [ orientalis KMBL 5774% ™43}t

CLIESTAL W {1.74) mullipk: segusnce algnment

BBl AL TOLGGRAAGGA TCATTALTGT GATTTAGTACTACACTGCGTRAGLGG| &l
o fetad e T T AL TG L TGONGAA LA TEATTAETET GATTT #GTACTACACTEC AT GAGDGG
vpLsrTe VT [ A A A A T AR AT GT TGRAT A TADCATATAITCRACAMIIAAATETA | 170
o TenEa i BTN AL ACADC T AR ARTOT AT ATAGCATATATTCRACAAGAGAMTCTAL
FMEL 57T AR -CARACAARACT T TCAMCAALGEATCTC TTOAT TCTCRCATOGATOAMIAGDEE 1RO
oF el e (A A RA R A AT ARA LT TTCA R DGIAT CTCTT BT TET LA TIA TAA R
FMBLAT T4 BECIAART OOGAT A TAI TG AT TECAGLOA TCO TRARTCATCOAGTICTTIRDEE 240
o antaiia BECTAAAT AT A TATG TGAAT TECAGDCA TCO TRAAT CATCOAGT LT TIAADEE
FMRILSTT4 A TT GG T AT TC L aEAT GOs TETTTGAGOETERT T TOATC T, 00
or iantaiis WCATTROGCOCCT COCEAT TCCABGANGCAT BEC TG T TT BABCETEETT TOCATCTT Bon

TR
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1
FRLST T § LA GADCAGTOT TOGGALALAA TCRACCTRAAATCAGGTAGGART AL 460
o femtalis ¥ GG AT GT TEDGA GALAR LA AL TCRAC L TLAAATEAGG TAGGART AL
TR L e T P T T T T S L e e e
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o fevrlal e CECTGARC TTARGLAT AT CAATAAGI GGG

Fig. 3—7. Analysis of the internal transcribed spacers (ITS) and 5.8S rDNA
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sequences of 7 orientalis KMBL 5774.

The strain KMBL 5774 sequences were aligned with those of 7/ orientalis
ATCC 24210 acquired from the BLAST search
(http://ncbi.nlm.nih.gov/BLAST). The ITSI and ITSII sequences were boxed
as the solid and dotted lines, respectively. 5.8S rDNA sequences were

underlined as a solid line in the figure.

4. 28

Syuetes F AMERE EFF9] H]&o] Campbell's Early 70%, Azl 13%,
A% 8%, MBA 3%, 718} 6% =24 Campbell's Early7} 72 thi-ES M3t
Atk F FE< Campbell's Earlys ©& FFcl Hlste] AazmAe] F4o] %
Fatal et Lk v)sel AFE ¥ oofuel d=e] ApejEAe] A s
545 7ML ol 22 Amise] $tth. Campbell's Early %=+ FE9] %
A AFEH(15.3%)9F ¥lS2EE 15.1% %A Fgolu B Az 4o wla
ol ey Algre] Zale] wbEo] Alzol: A edl} Lo A zo] =

1
=

malic acid24] 53] tartaric acide X% IFo|y EEF
A338l1 malic acids= Campbell's EarlyE 982 3 L= =
et FAE vYmA gtk 2 AT = olyd EAHE siAsty] g gk
ow B4 tgEdAE AH&sle] L Agstetr] 9% Al WS g2 A
tartaric acid®} malic acid &3 " ES F2staL

Tartaric acidE w3l & 4 A= dF5 5] Aty AEAYUe] ¥
H4Yd EYY X5 F80 2 HE tartaric acid HIAE AFE3FY] tartaric acid
5 o] g3 = 9= 15 #F5 BT 2 FolA tartaric acid 8ol 7}
% #ojk KMBL 5777, KMBL 5778 3 Awslqltt. F w59 $4< 9
skl FHEjsha], AEstd AdS FAbele g AHbE A4S A lauric

acidE 12132, myristic acid®} palmitic acidF7F 92 E3] oleic acid?} Bk
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tartaric acid %3f Al

o mAdE dAe aAsE AY 5 dedARAs dibder A

EoBgus) Fa Abrel £2 Agste] w4s GE4S AL Hglw
45 B4 vEaAs W 54 A4avdos Hasgd

2. A2 4 v

1) vAES] wjg
Tartaric acid 3 H=E FAs7] 9kl 0.2%9] tartaric acidE fdhe
AE-TA WA & A}83} 3L malic acid #3] AE=E FAsH7] HsiAE 2.0%
malic acidE ¥-F3h= YNB wiA & AL&3lqlth o] wjxjo] w©adz HAe]
T, A9 pH, MY 2%, M AF B WY HEE WA 7|HA bt
8,

000 rpm)3t =, Lozl Wi AN JHESE tartaric

| 1t
acid =¥ malic acide] T=FES ZAHIAT. HAAE] ASE FAHLS
spectrophotometer(Shimazu, UV—1601, Japan)S AF&3}od 600 nmolA 4=
s 5435t s

2) Tartaric acid®] A

Tartaric acid &% £A41& 0.2% tartaric acidE &53+= Cooper HiA|ol]

= g F g 1 mlE 5,000 rpmell A 1057 dAEeete A& A
500 wlol 1% ammonium metavanadate 500 ulES £3%13te] 540 nmolA &%

T
. I
& A4stn gEadorty 9L o

5 4315 sd3s o g xFEaA
& 210 = tartaric acid THE 4FsFG )

Tartaric acid (mg/ml) = Asy X 0.7143
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3) Malic acide] A=
¥ %9 malic acid

1% 2,7 — dihydroxynaphtalene €<% 0.1 ml¢} 23 Ak 6.0 mlE H7}skod

8

||V

Alg gl 1 mlo] 3 Frtow g3k

flo

20%-7F Wk-S-A171 3 spectrophotometerE ©]&3}e] 390 nmolA SFE=E =7
3ol H Ao 2RE malic acid 35S 73t E259 F7]4F £ malic
acid =S BA387] Yt HEN 50 g methanol 160 mlE &3ate] U4A
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AFZ 80% methanol 50 mlE 7}ete] AAAZF £33 & dARges 245
23] Ax AAsISET. A BES FolA 500 mlE ZES & olF 100 mlE
Hste oF 2 mVt HESF FFAZAL $FH AIEE dry ovenol Wil 105Ce]
2 F=A43 7198 14% BF3—methanol 2
mlE #7kek ¥ o}7] chloroform &< 2 mlE #7183ith o] 5 80TCelA 30

B0 kS-S Al71a, A BE AdH A4 4 ml £3F amonium sulfateE H7}

3 % #7]2F methyl ester® 4 ml chloroformE 7}8te] =& st th =0
22 % chloroform =& 3302 FHslo] 2% Na,SOE 7l &4 2@ o3}

g & GCE Al on, A x312 Table 3—63 .

;’O

Table 3—6. Operating conditions of GC for the analysis of malic acid

content.
Item Condition
Instrument Hewlett Packard 6890 series 1I
Column HP—-FFAP (0.25 mm X 30 m)
Oven temp 70 C (hold, 1 min)—57TC rise/min—210 C (hold, 11 min)
Carrier gas H, 12 psi
Injection volume 2.0 ul
Make—up gas N2, 30 ml/min
Detector Flame Ionization Detector (FID)
Injector temp 220 C
Detector temp 220 C
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M= e BSEA skt

B oF A tropicalis KMBL 57773 KMBL 57789 &Xo] W& tartaric
acid #3lESs ZASH7] 94l LB wiAlol Fwiek & AE-TAmjAe] #ZF3}o]
150 rpme £x& FeatdA 20T, 25C, 30°C, 37ColA zhzh wjFsbdA
tartaric acid 3] EE 9F 13 L3t SAHSS 37CoAAME 72 Aol gl
O P2 tartaric acid 3] EI dojupx] &kt (Fig. 3—-9). A. tropicalis
KMBL 57772 KMBL 5778 R 25CelA 714 &2 tartaric acid w39 S

LHER AT

3
B

() (=) |
g g°
£ =
() (©)

0 == wn B wm W mn B e B mn B e R e B 22

0 3 6 9 12 0 3 6 9 12
Culture time(d) Culture time(d)

Fig. 3—8. Effects of culture temperature on the cell growth of A. tropicalis
KMBL 5777 (A) and KMBL 5778 (B) in AE—TA media containing 0.2%

tartaric acid.

-@—, 20C; —H—, 25C; —A—-30C; -[J-, 37C
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Fig. 3—9. Effects of culture temperature on the tartaric acid degradation by
A. tropicalis KMBL 5777 (A) and KMBL 5778 (B).
-@®—, 20C; —HW—, 25C; —Aa—, 30C; —[O—, 37C
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Be] 45 A. tropicalis KMBL 57773 KMBL 5778¢] pHoll W& A&4E=
Z2A48H7] 918l YPD wiAlel Fuld g TS pH 2~pH 9= 7t %

AE-TAw|Ao] 25ColA 150 rpme.2 X w3l pHE ASole a3k
Zkol7b Ao pH 204= AS3HA Xaklal, pH 3, 404 3974 AH
o] AF|E A pH 4~9eME 14HEH F35d ASFEE YERHUTE. o] H7HA]
pHE 7434 &5 AE-TAWMIA R £ A{EE Hol Tt 53] w3

o o] FHE AT s Hol Y (Fig. 3-10).

Growth (A600)
N
Growth (A600)

0 3 6 9 12 0 3 6 9 12
Culture time(d) Culture time(d)

Fig. 3—10. Effects of initial pH on the cell growth of A. tropicalis KMBL
5777 (A) and KMBL 5778 (B).

-@—-,pH2; -O—,pH3; -M—-pH 4; -[J-,pH5; —®—, pH 6 ; -
- pH7; —A— pHS&8,;, —A—, pH 9
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ol JFo R pH 4~pH 97-3rollA FA% tartaric acid w37F #2 AT
KMBL 57779 7% pH 5914 tartaric acid 2a1&o] 23 o7} AAA W F
THoRE 2 o7k vk, KMBL 57789 Z$-ol= pH 4~pH 97-3tollA
tartaric acid &&= 2 2ol7} ¢tk Ak o= KMBL 57779 KMBL 5778

2% pH 23 & ¢ wWE tartaric acid Fal#S Hol £} (Fig. 3—11).

0.3 0.3
A B
502 £0.2
& [
2 0
£0.1 0.1
© ©
— —
0 0
0 3 6 9 0 3 6 9
Culture time(d) Culture time(d)

Fig. 3—11. Effects of initial pH on the tartaric acid degradation by A.
tropicalis KMBL 5777 (A) and KMBL 5778 (B).

-@—-, pH 4, —-O—, pH 5 —M—pH 6; —[1—, pH 7; —¢—, pH 8 —-{-—,
pH 9

29 2 29 ATE 0.2% tartaric acidE 3t= AE—TA A v x] o] A
1297F wjokslaA] w9 FA %9 tartaric acide] EMAEE FALS 2
Fig. 3—12%} 2t} A. aceti #5+ A5Fo] E7Fs31l oM tartaric acid w35

= Ay e AeE veEt. 28y 29 o5 ZF AE-TA iRl A5
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=7 4o 7F8E tartaric acid ®IEAS HAT F o5 EF x7)
0.2%9°] tartaric acidg $Hsh= BiAolA 12Y wiF & °F 90%9] tartaric
acidg #3lE & A} AA7HA P =o] & tartaric acid®] Hafol] #aho
T B2 A7 AYEA Eeldv). HE tartaric acidE WIS § U= vAE
22X Candida tartarovorans 77t &8l 4% vk o} o] FF9 tartaric
acid #allsS FL3 BArYO R tartaric acidE $HF-3F LA HRA A A Fo]
7hsgk Axto] delx Q)& B A A Y tartaric acid &3Ol #HIH A
v A dEAA @i Jrk wEA] E Aol 8 54 tartaric acid &

 7dFE L9 7ty F BEAE do7)E tartaric acidd FAES st & 9

g b ¢ {osgE

g i L "III L)

gts o F I 1P 2

£ Ao Hodo g

Ei.ﬂ s EHJ\ -"‘"'_.%] 8

o A =
0.5 |

Time {d) Time (d)

Fig. 3—12. Degradation of tartaric acid by A. tropicalis KMBL 5777 (A) and
KMBL 5778 (B).

During culture of A. tropicalis (open symbols) and A. acet/ (closed
symbols) in liquid media containing 2%(w/v) tartaric acid, cell growth at

600 nm (O, @) and residual tartaric acid contents (], ll) were monitored.
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) Malic acid &3l &%l 213 malic acid2] &3l

L orientalis KMBL 5774 €] malic acid #3537 o ASXo] v X+ malic
acid ¥=9 4&F& FASH7] $lste] YNB wiA|E 7] WA & 3} malic acid
9] FEE 1.0%°14 10.0%7F4 1.0 ¥4 22 H7tste] 30CoA 150 rpmo =
24 Nz wjFste] o] ASEE 54T s dal FEste] vk &S
malic acid®] =& 543 A3} (Fig. 3—13), malic acid9] =7} S71E4=
ZhEeE malic acid®] W&ol 9HA UEROH, malic acid®] H7F s&7}
2.0%9 ™ mailc acid®] Ea&o] 7 okl o ASEE malic acid®]
A7F SX7F 3.0% 7HAE SV AL, 4.0% o)l ASele RVt SUMET

% 3 AR st 2% e,

s

14 100
—u_
12 Kkl
. _.-—\._ 4 &0 E
| g}e’b«.ﬁ = | =
.-E.“] T =]
.l,l' Ty
2 , Sy T
g8 ¢ 1% %
s |/ £
E 6 - { l"'. 4 40 B
g Rl
1 e
4 I i g
1 g 5
29 z
1] : : 1]

(1] 2 4 ] g8
Malic acid concentration (%)

Fig. 3—13. Effects of malic acid concentrations on the degradation of malic
acid by 7 orientalis KMBL 5774.

During the culture of the yeast cells at 30C for 24 h with shaking (150
rpm) in YNB media containing various concentrations of malic acid, cell

growth at 600 nm (O) and malic acid degradation ratio () were assayed.
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L. orientalis KMBL 5774 9] malic acid &3l o ASFEd vA= 27]
pHe Ad&S ZA87] Y35Fe] malic acid #38] =2 wjx]2 2.0% malic acid,
0.5% sorbitol, 0.2% yeast extractE -3 YNB ®lA| 9] %7] pHE 2.0 4]
10.07h4] 1.03FA o2 43t 30CelA 150 rpmO 2 24 At wjgate] o]
ASEE SAT v 94 Zadte] mjddo] &S malic acid®] &S =
A3 A3} (Fig. 3—14), AF3+E malic acidd] &S pHIF 71342 =7}6}
= A%E vehdidlen x7] pH7F 2.09 W 0.091%=2 7H UHA UEbseh o
BSEs %7] pHZE 3.07H4= S7kske] pH 3.09 o 7Hd 58Flal pH 3.0
ool e o AFETF et AIFE UER AL

12

=
o=

10 ¢

=
(2]

(=]
Residual malic acld 1%)

Growth (ODsoo)
[=r]

4
1 0.1
3 =
0 : 1 0
2 3 4 5 & T =&
pH

Fig. 3—14. Effects of initial pH on the degradation of malic acid by 7/
orientalis KMBL 5774,

During the culture of the yeast cells at 30C for 24 h with shaking (150
rpm) in YNB—2% malic acid media whose pH were adjusted as shown
below the figure, cell growth at 600 nm (O) and malic acid degradation

ratio () were assayed.
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I orientalis KMBL 5774 ©] malic acid %353 &+ 459 A wjf =2
ol 2.0% malic acid, 0.5% sorbitol, 0.2% yeast extractE 33 YNB HjA] 2]
%7] pHE 2.00% &} %7] 9 HATHS 5.0% (v/v) HEI 5, 30CelA
150 rpmo.2 wjF3tHA v Aol whel 9] ASEe FESHE malic acid

™
malic acid 2a8-& etk #e] A EE W Al LojR5s Skl

o= 7 4T FES FASH

&
jus)
==
02
—
oo
>
o
©
o

Growth (ODsoal

Residual malic acid (%)

1] 12 24 36
Time (h)

Fig. 3—15. Time course of cell growth and residual malic acid content
during the culture of 7 orientalis KMBL 5774 wunder the optimized
conditions.

During the culture of the yeast cells at 30C for 36 h with shaking (150
rpm) in YNB media containing 2% malic acid as a sole carbon source, cell

growth at 600 nm (O) and residual malic acid content (M) were monitored.
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g A3 FR [ orientalis KMBL 5774%} S cerevisiae TCY1, S
pombe 7168 2] malic acid®] #3] HAEE vl FAEH7] Yste] HZA 8 <}

A% w 2004 TS MFHAA T AHEG BEHE malic acidE 373

M
rot

slo] WYt (Fig. 3-16). =L A3 o WSEE B A48 grel [
orientalis KMBL 57747} malic acidE H7}3F 299} H718hA] e 4§ 2%

-

Hlal 58 vz f#FRt AS5E7F $783le™, 53] malic acidE F7H3
Aol it BHEZF ek e AESE malic acid®] e e #F
Ql I orientalis KMBL 57747} W% 15A1ZW7HA] 543kl malic acid®] &

Ao vl #Fe tix 77 g ARt AY dABE wEE 1A

st

2.5
B

s B 2.0
= © =~
© )
o =<
o (U:g 1.5 |
= ES
' © =
3 23 1.0}
S - O
5
3 ©° 05|

0.0

0 6 12 18 24 30 0 6 12 18 24 30
Culture time (h) Culture time (h)

Fig. 3—16. Cell growth (A) and malic acid degradation (B) in YNB media
containing 2% malic aicd by 7 orientalis KMBL 5774, S. pombe 7168 and S.
cerevisiae TCY1.

® — O |/ orientalis KMBL 5774 with malic acid(2%); OO — [, I
orientalis KMBL 5774 without malic acid(2%); A& — A S pombe 7168
with malic acid(2%); & — <O, S. cerevisiae TCY1 with malic acid(2%)
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Fig. 3—19. Schematic diagram for immobilization of enzyme with activated

charcoal.

= oy 3] AHI ts Y ARRSFAE FHATIEA 600 nmell A o] FHEE

A Ak Table 3-7¥ ol £ ARF2E dA Y §F FEEE £
AbgE A3 0.8800]1 04 pectinases LAY AT FUES S A F

p

o= +3%E7F 0.2988 "ozt E3 AE FAIHS AN AMHFAE
o] 2] (Advantec toyo 2)& oJ3ste] FHLEE S48 23 IRl Rz <
sto] FoetA o3E YT 5 Asden o

o mebA 2 Aol A FRe gAuAsE Al aHo R

ko)
D
o
S
o8]
w
D
i
]
ox,
(T
=2
SIS

e 4 Ao pectinase HE| e} ST AHE FAlo T ¢ A= AAE
a19ke 4= 9l Sl

Table 3—7. Effect of treatment of pectinase immobilized with activated

charcoal on the turbidity of apple juice

Turbid apple juice Eluted through column Filtered

Turbidity

0.880 0.298 0.041

(A600)

2) 54 g dAS ol &3 s FAe a3t
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ato] A7|17F Y A7) Wl Aow AU (Fig. 3—20).

At ow Aol A7]e axol nlste] wje vk webd das R
Al Ao A ®2] 3 tartaric acid W3] A uAHIIE A=Y LS
IS ALg3lY] tartaric acid ¥-3 Al KMBL 57773 57788 A&k 1A
stek 3 2 FHS FAAAAN Ao R AN A3 Fig. 3-213% o &%
of W|ste] L A7) 7F wi§- Z2 tartaric acid 3 A AA] Sl A
gstatA] st

7

Fig. 3—20. Scanning eletron microphotograph (SEM) of an activated carbon

material after immobilization of S. cerevisiae TCY1.
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Fig. 3—21. Scanning electron microphotograph of an activated carbon
material after immobilization of A. tropicalis KMBL 5777 (A) and KMBL
5778 (B), the tartaric acid degrading bacteria isolated from Campbell's early

grape.

W) TAk £o] TR mE vAEe] nAs} g
gAdete] nAES 1Agstelr|o FAFste] wA4F Ay, 23U, ARy
o] £E5S5 AF838lY] tartaric acid Bl Ao nAIE ALt Tartaric

acid ¥l A7e AT £ AR A2 F @ FAAAAN G0 BB
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A3 Fig. 3-229 2ol £ ¥F & A9l FA nYRHA @ £ Y
Eeo] F8) Qo FAL Bol Ae FARATE webd fol o vge
al

Ae & 339 2 U Aok Aol AEE TARII] AL A Ao A

Fig. 3—22. Scanning eletron microphotograph of tartaric acid degrading

bacteria immobilized with Korean oak charcoal.

3) el vAAE #A T3S
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g3dFE Eol %9 % tartaric acid #3) A st oA AZA|A FAL

H
AR A o2 2Ae A= Fig 3-23% 2ok 1 A3 vdFol o Al

Fig. 3—23. Scanning electron microphotograph of bacterial cells immobilized with

sodium alginate.
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= #FEY Falled o AFE7E B etk
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22 9 vt =3 W3 755 AREE A9l malic acid #Eol 1.11
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Fig. 3—17. Comparison of ethanol fermentation characteristics between an
industrial wine yeast and /. orientalis KMBL 5774.

Fermentation was carried out at 20°C for 21 days in the grape must
containing 200 mg/l of sulfur dioxide. During the fermentation, changes in
the ethanol (A) and titratable acid contents (B) by an industrial wine yeast,

S. cerevisiae W3 (QO) and 7 orientalis KMBL 5774 () were monitored.
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Fig. 3—18. Malic acid contents in the grape wine fermented by S. cerevisiae
W3 and L orientalis KMBL 5774.

Fermentation was carried out at 20°C for 21 days using the grape must
containing 200 mg/l of sulfur dioxide by S. cerevisiae W3 (an industrial
wine yeast) and [ orrentalis KMBL 5774. After the fermentation, wines
were prepared by filtration of the fermented mixture and their malic acid

contents were determined using an HPLC.
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Fig. 3—24. Scanning electron micrograph of Korean oak charcoal.
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Fig. 3—25. Photograph of the immobilized malic acid degrading yeast cells
with Korean oak charcoal and sodium alginate for the degradation of malic
acid in wine.
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Fig. 3—26. Scanning electron microphotograph of the immobilization of malic
acid degrading yeast cells with Korean oak charcoal and sodium alginate for

the degradation of malic acid in wine.
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3-27). 1 A¥ malic acid7t 143t A& o8] 548 HaTgE & 9
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Fig. 3—27. HPLC chromatogram of organic acids in wine before (A) and
after (B) treatment of wine with the immobilized yeast cells immobilized

with Korean oak charcoal and sodium alginate.
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02% ALz & W37l yepyA] gt (Fig. 3—-31). X
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Fig. 3—29. Changes in the alcohol content during the treatment of wine with

immobilized yeast cells.
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Fig. 3—30. Changes in the sugar content during the treatment of wine with

immobilized yeast cells.
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Fig. 3—31. Changes in the reducing sugar content during the treatment of

wine with immobilized yeast cells.
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Fig. 3—32. Changes in the pH (@) and total acidity (O) during the

treatment of wine with immobilized yeast cells.
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Fig. 3—33. Changes in the Hue value and Intensity during the treatment of
wine with immobilized yeast cells.
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Fig. 3—34. Changes in the content of total phenolic compounds during the

treatment of wine with immobilized yeast cells.



Fig. 3—35. Growth of the yeast cells during the treatment of wine with

immobilized yeast cells.
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2. A4¥ W

22F &speto]l AUk &3 A7 AR Z4ske] AEFe] 2.0 mmo]sksl

Y4844 E  Thermo-Finnigan AF2] Flash 1112 Series Elemental
Analyzerg °©l&3te] 2 mg AEe] A5 diste] Fd3st3tt C, H, N, S&
WA A BAeAed, a FEI ZAAA Furmaced A 4w H
catalytic columns A CO, HO, Np, SO,& H3AZl H  packed

column¥thermal conductivity detector® &3 GC=E EA319 oM,

chromatogram® WAE& X+ Al5et vluste AHHFSAT. olu, AL
L= 1100 °Celt). 3, O Separate O analyzer AF&3lo] =gz o=z
FAstd =, A4S E8l# €3 Carbon rich Furnacedl Al COZ ¥ 3HA]A

FTIR £~ E#L BomemAte] MB-100& o] 43te] 4em'e] Hals o=
4392, wood powderE KBr¥t 74 42 & Z ZolA pelletS

=3G9 om, pelletd] AEFL 129 mm olRoew, FAE 04
mmeo] At FTIR 2#Edo|A 329 assigne Pandey [8]3 Er:in [9]

Zete] Ay FF¥e 7] BEEXE 9 012g9 AlFEol dste] Ny 7149

FA-ggyom Tl 77.35 Ko F&z vRel ARE A3 99.999
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%9 AHAA7IAE 7Pk 3 MicrometricsAFe]  ASAP 20105 o] £3}9,
E&-2F isotherms =743t th degassinge H&e] S 200 °C, 2.6
«10°  mmHgslol A 1242F B9k skdom, dHelEHE 77.35 KelA
etk A= HEAA Y Hd T3 A5 Brunsuer-Emmett-—Teller
(BET) &2#2]S, micropore volume t-plot WS o] &sto] Falglom,
pore size distribution (PSD)2 A|Fo] A& AAEX ¢ AdAy Yozt

el g 5ol BIHEE A8t e
Z) SEM

Zetol EglF dRed FRE dolrr] 9389 Scanning  electron
microscopy (SEM)#} field emmision SEM AF2-&  Z}Z} Shimadzu Af
S-4500N3} S-4300S ©]&3t4 150 kV % 200 kValA A9t Ze
AMmeE S A AP B s o] &dte] #HAlF F stubflel EHtEaL

platinum coatingS 3t $ol| 4313

3. 2% ¥ E9

1 IR

a9 12 g@SA 1A &2 Ay (a) B 400 °Coll A dlv] gksthA z] Ak
(b) 2 600 °C (¢) 2 700 °C (d), 1000 °C (e) A 2z} &3}A|7] A9
IR ~8E"dS Ueld Aolth (0)= & AR X} baselined AAM F3=
g, o]zl 4k Arle] Bxrh A7) wiEolth gepA 714 S AU (a)ol
21158 2 1048 cm 'l YA T vAE Z7 Az udsz =9
C-0-C 2C-0 A%, 1268 ecm '¢] v3aE a9 C-0 413, 1600 cm ‘ol
AT WA Pade] s FHo o3 Aolrh. @3, 1738 cm oM #
ZE = vae udEsE=o udAstE C=02% o Holm [8, 9],
3400 cm oA #BEEE VA= FE Fa 4TS HolE O-H AlFe 79
e 400 °Coll A olv] &3t H2d (h)e] A$+ (a)9) Hluse] Agz= 9
A AER=2] C-0, C-0-C 415 ¥ C=0 Z2%¥ #dd a7t Foix o
2 AA A o] W= C=C band (1600 cm') & Azl 477}k
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1. IR spectra of heat treated sugi. (a) untreated, (b) precabonated at 400
o, \¢) carbonated at 600 °C, (d) carbonated at 700 °C, and (e) carbonated at

1000 °C, respectively.
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Fig. 2. SEM image of wood Eh%?gozﬁ carbonated at 600 °C
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Fig.3. N2 adsorption isotherms at 77.35 K on charcoal out-gassed at 473 K
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Aoz fEge Y EAES vwon AEE pored UHEA HER
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HNEEAe BEe wgwd (5 mYgrRos A¥, F4E (1500 mYg)
o g gskeEE 1000 CE S7hA71W v EW A 176 mYg o=
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Aol > 10 nm =27]1¢] pore £°] o= AR EAFTS & & Adk 2P,
700 C oA w3t Hee] Agole Aol AFeo] <10 nm o]skSl

359 AAMol Fo uEd. E3 AEo 26 nm ¥ AEo] <25 nm<l

Table 1. Surface area and micropore volumes of chars

32 = (°C) untreated | pre 600 700 1000

BET surface area (m”/g) 36 91 | 417 | 547 | 180
micropore area (m%/g) -0 ~0 319 422 155
micropore volume (cm”/g) ~0 -0 0.145 | 0.155 0.07

#5714 SA FAE Hojvyrna ZA4T £ glden, Hd 53
AEL 202 nm ¥ 204 nmoltt. A, pored] YFE Fo] EF dHA=

g2 02 Aoz #AHYT}

ore] 5747 Alge] tat 94 B AR ¥ 20 et
M Az R F 5 574A Qa0 gkl BAeded, dast e A9
a kel

¥4-20] w2, ov] gslaA A it AbARY AdlEQl ghEe]l A
FadleE Ao R Hol dehydration®} decarboxylationo] dojuysE AE &

o] EEolA e AgAe Aol W3t 2 condensation WHS-©]

Hkgo] AV Wi %7l © ZElE AR RS 2 ugE
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Table 2. Results of elemental analysis of untreated and heat treated sugi..

. contents C % H % 0% total % | nc : ng : no

T. (T)
untreated 48.37 5.96 41.64 9597 |1 : 147 : 0.65
precarbonation at 400 C 73.17 3.61 18.70 9597 |1 :059 :0.19
600 84.29 1.68 8.45 9442 |1 :024 :0.08
700 85.29 1.13 7.56 9398 |1 :0.16 :0.07
1000 88.20 0.53 5.98 9470 |1 :0.07 : 0.05
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2. 49 4

1) A=
staral A Eo] iyl AAS T, AAFe "AARE 47 B & AAEe)
Mol Fs F4ol ddd &7]o ¥l o] @A AT dn] gslo A=

100 °Coll A 1A1ZF &<t 7Fdakar, 2 °C/min ¢ 7FE £2® 500 Cx 7H4 3 F
IAIZE &9 500 C= fFAsten, 005 °Co HF== A WJZAAZ. 24
g3t A= 1.2 mmHgel ¢FEstelA 06 °C/mine® 22k &3t =% (500, 600,
700, 800, 900, 1000 °C) 7v# 7kdstar, 1 AzF Eot =5 FA3 5

2) ¥4 Wy
EA, FTIR, @4 714 &&-a2% 9@ SEMS 12 dxe A3 Hwwyy e

WHow Fasith
Raman<  FTetet #3418 ol&3to] H2oA A8t He-Ne
#olAE (6328 nm) 7] HFoZ o] &89 o, back scattering WA o=
v 4e o]-gate] 20073500 cm ' WYl A dlolEE SR
28 458 2 APl AA ARG UV FF 1E718 4RF CE
o

Ao NFmolty, & AE7r EAlwe ¥ &

AN BAT] =S Ags AolF7] s n

kV;  Glassman  M]J30P400 Module)el 2" AAe  F  E
W5 d(Adrich) s A28 5 AFE7] EA# 2ol g3 EAA2(HA
75 m, €17 350 m) Polymicro Technologe Inc.olA T3}l AL-&3$c).
a¥ 5 o ekl A" PMTHAZ=71E 423 CE A2=92 39 Dy #2

rlo
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(Hamamatsu E8039)oll A4 & W& dA=E ALEse st Ao ¢
3 (14 mm)dl =4H& ZLFown U= IFgeo Hul Mesie &4

Ag7t BA@e E3Az1 & PMT (Photomultiplier tube, R928)=

PMT?®| signal Lock-in-Amplifier (Stanford research system, SR510)%
A SZAZ 5 PCE transfer sto] tlo]H & A skt

rd

o 5 '.
e
e e |
e . W
.x . 1 .

Outled _ Sample Inlet
Powar supply TESETYOr Te5eIv0il

Fig 4-5. Schematic diagram of CE system
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e % o AARoR Tusy] dstel BUAA AdAY @ aspde 53
dEAe Eeld 44 242 AL Gl gt AFHoE 245
vt

1) 94 24

Swde} hwdZ3E e chard] W3 A
dJerQth ®a, Fa, da 24 % g 5 574H A dad
W

BAEgliy), ge A%

AR - ED—?—
wet eno mE x4 W F oo 4/ dobR & UxE 1Y 460
JERIAT % 60] W2 hwdeh swds 0 W WA msd AEe

UER AT Aot Ao Ao gkl dn] ghst wAlel A A
d wkgo]l Aoy As d F
Row, ou] &3} Fole= on AR dii-iEo] BAR FAE USFE
Bol F3 9t} m3L pyrolysis BFE& dH] €3l @A A T
dojupArt, 800 T7HA= Aouwt steh#  ghst wkgo] A HH o
dolupe, 224 w3} %7t 800 T ool =W 3heA vl whgo] A
Ao AFo HEE 71 WStE HolA &gt

#HasE Aow Mol @ieh wrpEBA

Table 3. Results of elemental analysis of untreated and heat treated swd

o 2 | intreated | Pre | 500 | 600 | 700 | 800 | 900 | 1000
Co% 530 | 869 | 843 | 865 | 900 | 911 | 887 | 938
Ho% 63 | 25 | 20 | 16 | 09 | 04 | 05 | 02
0% 397 | 68 | 59 | 45 | 34 | 27 | 22 | 20
N% 003 | 021 | 016 | 0.13 | 007 | 002 | 028 | 018
5% 000 | 0.00 | 000 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

- 208 -



Table 4. Results of elemental analysis of untreated and heat treated hwd

R ntreated| Pre | 500 | 600 | 700 | 800 | 900 | 1000
Co% 87 | 862 | 878 | 894 | 911 | 917 | 923 | 933
Ho% 59 | 25 | 24| 20| 11] 05 | 03] 02
0% 376 | 745 | 63 | 53 | 42 | 31 | 23 | 20
N 002 | 003 | 003 | 002 | 000 | 001 | 0.02 | 001
5% 001 | 000 | 0.00 | 0,00 | 0.00 | 000 | 0.00 | 000
2) SEM

a9 7-(@ek (hE 500 CellAl du] g3t 9 800 CTelA 22 wstAlZ
swde] SEM (x 100k) ARzlelth (a)ol & AFel <F 60 nmA =Sl 7]3¢]
2 7 BEEY, AGAE #AFEH S 9 #e J|FER HAY (b)e
800 CeolA ©3}¥ swd charcoald SEM AlAS (a)9F 2L wi&2 =3
Ao= AFo] ¢ 15 nmel slit FEje] F3 B 7|gE°] #F
&s o ol o e B MFEe] #AFHega AZEch 7oA
B vkl o]l 2 AFtolA HE SEM ARIES i sli
VFER AL T

ﬁ
ot
)
lo
i}
Q
¢
u

¥ 82 AwjER FAg 44 w3t (a) % 1000 T (b) oA 2z
EtslAl 71 chare] SEM Abdolt}h a)= 7F=3e] #2u b)i  sintering
a2 s FHE 4 RgoR YEha ot
% 9% 900 TollA 2z ®stAlZl Here] SEM Aol & uiol
s = AF T 60 nmel 24 7lwel ¥ Aghd S B o Utk
T3 T dFol B M EE phase E°] ®o] AAH AS E £ don
%! |

o g A olse S47]Fe] Ho 3% WoeR ue
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Fig. 6. Variation of the carbon, hydrogen and oxygencontent as a function

of carbonization temperature.

fig. 7. SEM image (X 100 k) of swd charcoal carbonized at (a) 400 oC and (b) 800



Fig 8 SEMimmge of pine wood charcoal. (a) precarbonized and (b) 2" carbonized char
at 1000°C.

P l:i

! . BB prm

Fig. 9. SEM image of pine wood charcoal of swd carbonized at 900 °C.
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Fig. 10. Nitrogen adsorption—desorption isotherms of swd charcoal (at 800 °C).
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SZ=3 #AE Aot} E3| low pressure hysteresisE F2E0] Ao #&
A71E Ze sFo vIgAoR FEHE AR AWE F gt

swd®} hwd® % micropore area % BET #®ZWHZAS T 5¢ 69
et ew, 53 swdel WEWAS @3 2= IFem ad 119
YR A=, swdet hwd EF800 C 7HAE w@ele=rt S7hghe] wat
Z7FskA k800 C o] Aol A= micropore area % BET H|ZEWHZ o] <3¢
Ao @3 227k 500 T wol= swde] H®WAC] hwdRth
Zov, w3l 2%7F o F7FskH hwde WEW Al o A EI Har
%% A&7 micropore volumes hwd’} swdi.t} ©f 2ok=d], I =ol&=
et WA S Arr A9d 4 vk AdAow A WANT=

o
Colld Az A48 oFe T Ao Ee AdyA 3

Tﬁble B. BET surface area, micropore area and average pore diameter of swd
charco

=] o T
=) untreated | Pre | 500 | 600 | 700 | 800 | 900 | 1000

BET surface area (m’/g) 2.2 83.7 1333.7|341.4|344.8 |376.8|355.6 | 348.4

Micropore area (m*/g) 0.000 | 22.0 |256.2|278.3|297.4|324.5|309.2302.1

Ads. ave. pore dia. (nm) 457 3.01 | 227|227 | 2.24 | 2.25 | 222 | 2.23

Table 6. BET surface area, micropore area and average pore diameter of hwd

charcoal ﬂ
S50 | ntreated | Pre | 500 | 600 | 700 | 800 | 900 | 1000
BET surface area (m¥g) | 26 | - |279.8|397.13988|415.7|417.3|378.0
Micropore area (m%g) | 0000 | - |223.4|337.2|349.4|366.7|366.3|3336
Ads. ave. pore dia. (nm) 4.24 - 122111891190 |1.89|1.90 191
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L1. Specific surface areas of swd charcoal carbonized at various temperatures.
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4) IR
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L1. Specific surface areas of swd charcoal carbonized at various temperatures.
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Fig. 13. IR spectra of standard sample of cellulose, lignin and their mixture.
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Fig. 14. IR spectra of untreated swd and hwd of pine.
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Fig. 18. IR spectra of loess as a function of baking temperature.

Fig. 19. SEM image of loess baked at 1000 °C.
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Table 7 . Results of elemental analysis of untreated and heat treated Korean
Red Pine.

g 3t 2 =
(C) |untreated| 180 | 210 | 240 | 270 | 300 | 350 | 400 | 450
contents(%)

C 48.7 496 | 50.8 | 526 | 56.6 | 70.9 | 75.6 | 78.0 | 82.6
H 6.3 62 | 60 | 60 | b8 | 49 | 44 | 33 | 30
O 41.8 4171 398 | 382 | 344 | 199 | 16.8 | 13.7 | 11.0
N 0.02 0.08 | 0.08 | 0.08 | 0.07 | 0.08 | 0.07 | 0.06 | 0.06
S 0.00 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00

+5g
b HAQHI A st AFe JERIQT. o] AL 270-300 ColA
o] wEoldm 4 a

=
F otk 7 SRl AEW A2 B, AT B F ¥ 2o 58
4

Table 8 . Yield values for preparation of chars

rfo

@32 =
(C)

contents

sawdusts (g) | 2.65 2.72 2.70 2.59 284 | 236 2.82 2.19

3

180 210 240 270 300 350 400 450

chars (g) 2.54 2.597 2.33 1.70 1.06 0.74 0.84 0.72

vields (%) 9.8 | 945 | 8.3 | 656 | 373 314 | 298 | 258

) ir
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Fig. 22. IR spectra of heat treated Korean Red Pine. (a) untreated, (b)
carbonated at 180 C, (¢) carbonated at 210 C, (d) carbonated at 240 T, (e)
carbonated at 270 C, (f) carbonated at 300 C, (g) carbonated at 350 C, (h)
carbonated at 400 C, (i) carbonated at 450 T, respectively.
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Fig. 23. IR spectra of heat treated (a) carbonated at 270 C, (b) carbonated
at 300 C, (c) carbonated at 350 C, (d) carbonated at 400 C, (e) carbonated
at 450 T, respectively.
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Table 9. Pyrolysis Liquids Compounds Identified by GC/MS with Retention
time Reported in Figure 24

rlllg. compounds 1,1113 compounds

1 Nitrogen oxide (N20) 29 2-methoxy-4-propyl-phenol

2 Ethanedial 30 Vanillin

3 Acetic acid 31 Phenol

4 1-hydroxy-2-Propanone 32 2-methoxy-4-propyl-phenol

5 1,3-Dioxol-2-one 33 2,4-Dimethyl-6-allyphenol

6 Propanoic acid 34 Acetovanillone

7 Propanoic acid 35 Phenol

8 2-Furancarboxaldehyde 36 Benzoic acid

9 2-Furanmethanol 37 4(5H)-Benzofuranone

10 2,3-Butanedione 38 Phenol

11 Cyclopentanecarboxyli acid 39 Propenyl guaicol

12 2(5H)-Furanone 40 | 2-Methoxy-3-isopropyl pyrazine
13 2(3H)-Furanone 41 Pro%e;réoroi;rggg;lgﬁsé—él—

14 5-Methylfurfural 42 Ethanone

15 Phenol 43 Benzeneacetic acid

16 3-Methyl hydantoin 44 | Cyclopenta (def) phenanthrenone
17 Corylone 45 Phenylacetylformic acid

18 Guaicol 46 Methyl eugenol

19 2-Furanmethanol 47 2,3-Dimethixoybenzebytric acid
20 4H-Pyran-4-one 48 2-butylfuran

21 Otanoic acid 49 12-Octadecenoic acid

22 2-Methoxy-4-methylphenol 50 2-Methoxy=5- (%1,3’7?’ ~dimethoxyphe
23 1,2-Benzenediol 51 Xylometazoline acetae

24 5-Hydroxyfurfural 52 Benzeneacetic acid

25 Phenol 53 1-Phenanthrenecarboxylic acid
26 | 5-Acetoxymethyl-2-furaldehyde | 54 Dehydroabietic acid

27 4-vinyl-2-methoxy—-phenol 55 Catenarin

28 Eugenol
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Fig. 25. Yields of Carbohydrates, expressed as percent of initial dry

wood mass(wt) as a functions of the reactor temperature.
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Fig. 26. Yields of Guaiacols, expressed as percent of initial dry wood

mass(wt) as a function of the reactor temperature.
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Table 10. Results of elemental analysis of char-600 and activated carbon

e (1) activated carbon at 750 T
contents(% char=600 1 A7+ 2 A 7F 3 A7t
C 86.1 85.8 81.2 83.3
H 1.7 0.68 0.81 0.82
0] 0.44 6.82 8.67 9.00
N 0.03 0.02 0.02 0.03
S 0.00 0.00 0.00 0.00

) IR

600 CollA &3kr7l Hekyt 750 CTolA COy 7IF3atol A 1 A7 2 A7
23 Az A7l o] IR ~HERS a9 274 YERdY 1F
oA (b)-(d)e =29 BFe] 7 e AoRE Yeyraz
A7 e dEs 71703 @] Fxo 9FS vAA @ Ao® K
t}. 34503} 3180 cm el A ®eolE W& w:= hydroxyl groupel O-H 2139
o)a AHolar, 1800 cm ‘e °F&t I A= lacton® anhydride 5o FEA5H=
C=0 AZ&3} #de] 9lrh ZeheA] 1600 cm ‘e A= BT AE v 9

ALY, AAaE EFHE AATIG BIFE A% Axe TxE 2

)

C=C 21Zo] 93 AHo|t} & 1400-900 cm ‘9] %<& W hydroxyl group¥}
ether 7-22] O-H A= 93t Folv}, Hety} gdAdete] ~dAlEd o] o]
1600 cm ' 9] =9 intensity 7} & gholl A = w9 oFs #] a1, HEgi = 1400-900

cm 'Ol A= intensity 7} Z7FstthE Aol

4. A&
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Fig. 21. IR spectra of char and activated carbons, (a) char at 600 C, (b)
activate carbon in 1 hour, (b) activate carbon in 2 hours, (b) activate

carbon in 3 hours respectively.
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