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SUMMARY

[. Title

Development of Antimicrobial-Internal and External Material Using Pyroligneous
Liquid as Wood By-product

II. Overview of Research and development

According to World Health Organization (WHO), lung transmissibility of
indoor atmosphere is 1,000 times higher than outdoor pollutant. And with
regards to the Ministry of Environment and National Health Insurance
Service, 3 times increasing of atopic dermatitis and 5 times increase of
asthma over past 30 years were identified, and social cost of environmental
disease is estimated over 2 trillion KRW annually. Especially, for children and
youth, asthma is in the first rank of disease burden while skin problem
including atopy is in third rank. Furthermore, disease from sick house
syndrome 1is increasing. The biggest reason for this occurrence is from
interior finishing materials, and consequentially there is increasing need for
finishing materials that don't emit pollutant and have performance of
antibacterial and atmosphere quality control.

Meanwhile, pyroligneous liquid which is a by-product of wood industry can
be obtained with classification of 3 layers by collecting smoke and
vaporization when wood 1is carbonized in 500~700°C. When cooling and
condensing this smoke and vapor, it is fermented in the room temperature
for 30 days to over 1 year. Mostly, the second layer is used. Main component
of pyroligneous liquid has phenolic fraction with high antioxidant. Natural
lumber such as oak or pine is mainly used for manufacturing pyroligneous
liquid. Because pyroligneous liquid is known to have superior performance in
various research such as suppression of Eumycetes, performance of
antibacterial and deodorization would have this kind of effect when
pyroligneous liquid is applied in constructing fishing material.

The biggest problem for using existing pyroligneous liquid is a long-term
stability problem, and because it is liquefied material, there is problem of
applying to products like dry mortar. This study tries to manufacture
pyroligneous liquid Iimpregnation aggregates by impregnating liquefied
pyroligneous liquid to light-weighted carrier in advance and to derives plan



for applying this to interior and exterior material for solving the problems
mentioned earlier and applying pyroligneous liquid to interior and exterior
material. For this, this study develops mortar that substitutes KS F 4715 and
KS F 4716 which are acrylic mortar used for exterior insulation construction
method among exterior finishing materials that can have surface deterioration
according to pollution by germ to impregnation aggregates of pyroligneous
liquid. Moreover, this study evaluates physical characteristic of this mortar,
and also develops mortar for EPS attachment, where performance of epoxy
resin mortar is improved by using wood tar. For the interior material, this
study develops plaster coating material that substitutes impregnation
aggregates of pyroligneous liquid. Furthermore, this study evaluates
characteristics like coating material and performance of atmosphere quality.
Also, it evaluates stability for exterior construction through MOCK-UP test,
atmosphere quality performance, characteristic of control temperature, and
humidity of plaster coating material.

. Performance detail and result of research and development
(Description of process for research, result of development and etc.)

This study develops KS F 5715, KS F 4716 and plaster coating material
through manufacturing, impregnation technique of impregnation aggregate of
pyroligneous liquid by using by-product of wood industry, and develops epoxy
mortar where hardening is not added by using wood tar. Also, this study
evaluates eco-friendly construction finishing materials by examining physical
characteristics, antibacterial, atmosphere quality performance and
characteristic of temperature, and humidity as a interior and exterior material

of manufactured mortar.

1. This study analyzes characteristic such as impregnation rate and color
of pyroligneous liquid for each light-weighted aggregate to derives plan for
component analysis for pyroligneous liquid and manufacturing of light-weight
aggregate with pyroligneous liquid impregnation.

2. This study examines temperature condition and attachment ability
according to Iimpregnation aggregate, water absorbing coefficient, shock
resistance, small division characteristic and antibacterial by capacity that
substitutes impregnation aggregate of pyroligneous liquid for dolomite
aggregate to KS F 4715, which is acrylic mortar. And through this, the study
derives optimum light-weighted impregnation aggregate and mixing rate.



3. This study examines curing temperature condition, attachment ability
according to Iimpregnation aggregate, water absorbing coefficient, shock
resistance, small division characteristic and antibacterial by capacity
substituting impregnation aggregate of pyroligneous liquid for dolomite
aggregate to KS F 4716, which is an acrylic mortar. And through this, it
derives optimum light-weighted impregnation aggregate and mixing rate.

4. This study manufactures epoxy resin mixing mortar without addition of
wood tar mixed with hardener to produce mortar for EPS attachment, and
derives optimum wood tar mixing rate by examining compressiive strength,
flexural strength, tensile strength, attachment strength of epoxy resin, XRD
analysis, MIP analysis, and characteristic of freezing and thawing.

5. This study manufactures plaster coating material by using
impregnation aggregate of pyroligneous liquid and derives optimum
light-weighted impregnation aggregate and mixing rate by examining
attachment strength, absorption and desorption of moisture, harmful gar
emission, ammonia absorption, and VOC absorption characteristic.

6. This study manufactures development prototype by using developed
materials, and examines atmosphere quality and temperature, moisture
characteristic through making MOCK-UP structure from prototype. Also, it
examines economic feasibility of technical development analyzing raw material

charge.

IV. Final research performance and applied result

The following results were acquired by reviewing manufacturing of
pyroligneous liquid impregnation aggregate, physical characteristics of interior
and exterior materials, antibacterial characteristic, and air quality
characteristics to develop interior and exterior materials to manufacture
construction material of high added value by using pyroligneous liquid, which
is a by-product of wood industry.

1. Solidity amount of pyroligneous liquid is about 1%, the color is reddish
brown and the main component is an excess organic acid with polyphenol.
Light-weighted carrier using pyroligneous liquid is composed of 1.2mm of
perlite, 3mm of vermiculite, active carbon, and zeolite. Impregnation rate of
pyroligneous liquid is 8.75% for zeolite, 7.32% for active carbon, 5.03% for
3mm perlite, 1.52% of vermiculite and 0.47% for 1.2mm perlite. This means

that zeolite has the highest rate.



2. If pyroligneous liquid is mixed with acrylic mortar, problems such as
mass property reduction according to low solidity amount with organic acid
and flexibility control may occur. If impregnation aggregate of pyroligneous
liquid is mixed with acrylic emulsion coating aggregate of KS F 4715, and if it
is light-weighted aggregate, changes of flexibility is lower than plain and has
homogenetic characteristic. Attachment strength is the highest in high
temperature curing, and it appears to decline according to the increase of
light-weighted carrier substitution rate but above 0.6 N/mm? Here, KS
standard is satisfied in each mix. For the surface of exterior finishing material
that uses impregnation light-weighted aggregate of pyroligneous liquid, perlite
and vermiculite are discolored because impregnated pyroligneous liquid is
emitted to exterior. Zeolite has small color change and homogeneity, and from
this zeolite optimum aggregate for exterior finishing is selected.

3. In the physical characteristic for each impregnation aggregate of KS F
4716, perlite and vermiculite have problems including reduction of attachment
strength and increasing of moisture absorption coefficient. However, active
carbon and zeolite have small changes of flexibility, improvement of solidity
and moisture absorption performance until 10% of mixing rate. For the impact
resistance and small division characteristics, most impregnation aggregates do
not have problems, but active carbon has negative small division
characteristic. For the curing condition for each temperature, impregnation
aggregates of pyroligneous liquid have high solidity in high temperature curing
compared to low temperature.

4. As a result of examining antibacterial of acrylic exterior mortar using
impregnation aggregate of pyroligneous liquid, it has superior antibacterial in
the mixing rate above 10%. Furthermore, as a result of test antibacterial of
specimen of KS F 4716 which has strong alkali after storing above 1 year
there was still antibacterial which means that impregnation aggregates of
pyroligneous liquid have superior antibacterial.

5. For the case of wood tar substitution for epoxy resin mixing mortar
without hardener, hardness of epoxy resin is accelerated according to phenol
component of wood tar and material property such as compressive strength,
flexural strength, tensile strength, attachment strength. Furthermore
characteristic of length changes are improved. 3% of epoxy resin mixing rate
and 10% of wood tar substitution rate are the most optimal rates. Freezing
and thawing resistance are superior in all mixing rate with unit cement
amount. In particular, performance is improved by epoxy resin mixing.

6. Optimum mixing ratio for improving solidity of plaster coating material



is 1:0.5 of binder rate and 10% of slag. Attachment strength of plaster coating
material has a maximum value of 2~3% of mixing rate in pyroligneous liquid
impregnation light-weighted carrier, no problem from physical performance
above that mixing rate was identified because attachment strength exceeds 0.4
N/mm?, which is the standard of interior coating material in any mixing rate.
For plaster coating material using impregnation aggregate, there is no
pollutant in atmosphere quality. Moreover, ammonia attachment performance
is improved according to increase of mixing rate regardless of the type of
impregnation aggregates, which are standards of interior coating material. As
a result of examining attachment performance of toluene, only active carbon
has performance. Thus, effective light-weighted impregnation aggregates for
interior material are active carbons.

7. As a result of MOCK-UP test, using developed plaster coating material
shows that there is reduction in emission type of pollutant when compared to
plaster board. Furthermore, it has high temperature and moisture control
performance. As a result of producing prototype, there is cost reduction effect
which identified 95~98% of cost difference in comparison with standard cost
when light-weighted impregnation aggregate. In case of using epoxy resin,
economic feasibility is ensured because it has cost reduction effect of 45.73%

in comparison with the existing product.

V. Achievement of research purpose and effect

Through this research and development, interior and exterior material of
high environmental performance, air quality control, and antibacterial can be
produced by wusing pyroligneous liquid, which is a by-product of wood

industry.

Pyroligneous liquid used for this research and development is expected to
replace existing inorganic and organic antibacterial materials that are supplied
as antimicrobial of high price that is produced through complex chemical
procedures with natural materials. When manufacturing interior and exterior
materials by applying this technical development, it is judged that technology
that promotes clean rooms in medical institutes and sanatoriums can be
provided.

In the exterior insulation construction method area, construction stability
can be ensured through improvement of surface pollution and physical



performance, and economic feasibility could be ensured through development
of new material. As an internal material, it does not emit pollutants and can
provide materials to improve quality of air.

This technical development can provide skills to reduce health
expenditures related to sick house syndrome which is 4 billion KRW annually
to ensure the living of healthy people.

VI. Application plan for result

Market expansion effect of this technical development is considered to be
appropriate because of market expansion of exterior construction method and
eco-friendly material. Also, it is applicable to replace existing exterior
insulation material or plaster board finish material in general living areas.

Impregnation aggregate of pyroligneous liquid can be manufactured in
dry process and is considered to be possible to be applied in secondary usage

of various construction material.
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H 1.3.4 222 &8 SE HOH A4 (1999~2001)
1

Qg 999 2000 2001
- SEH(E) HIE (%) +E(E) HI 2 (%) >H(E) HIE (%)
SH= 15,552.8 30.6 13,675.7 27.5 9,317.8 27.5
STER 2,049.9 4.0 1,338.0 2.7 1,017.8 3.0
52 9,107.3 17.9 7,272.5 14.6 8,838.2 26.1
=42 11,346.8 22.3 10,623.3 21.4 2,997.8 8.8
PIINE= 240.0 0.5 354.0 0.7 255. 1 0.7
=3 - A0 1,803.9 3.6 1,109.2 2.2 1,924.7 5.7
OH EH = 429 .4 0.8 1,077.1 2.2 905.7 2.7
=] 241.7 0.5 149 .4 0.3 175.7 0.5
HdE 24l 207.6 0.4 144.5 0.3 160.5 0.5
AF 283.2 0.6 4351 0.9 421 1 1.2
FHAIR 311.6 0.6 249.8 0.5 264.9 0.8
S84 318.6 0.6 272.1 0.5 244.3 0.7
Z2AHIHE 406.6 0.8 378.9 0.8 271.8 0.8
sS42 259.5 0.5 1,123.4 2.2 1,116.8 3.3
CEE] 547 .6 1.1 512.4 1.0 428.7 1.3
J|Et 7,728.7 15.2 11,040.9 22.2 5,569.8 16.4
S (EOHZ) | 50,8351 100.0 49,756.5 100.0 33,910.7 100.0
AFE: 28 BB e.2002.12. THEER,
T 1.3.5 229 2LY =xH T A= (1999~2001)
g 1999 2000 2001
- +EH(E) HIZ (%) +2H(E) HI 2 (%) > (E) HIZ (%)
SR 1,837.4 47.9 5,232.3 65. 1 4,914.8 57.0
ST 16.9 0.4 7.7 0.1 22.5 0.3
=AR 404 .4 10.5 412 .1 5.2 688.3 0.3
AZEIIE 520.9 13.6 530.8 6.6 142.4 1.6
pINiE=] 75.7 2.0 66. 1 0.8 28.6 0.3
HUASER 257.9 6.7 861.6 10.8 800.9 9.3
AR 130.5 3.4 264.6 3.3 254.4 3.0
A= IR 250.6 6.5 267 .1 3.3 294.5 3.4
222 228.0 5.9 349.3 4.3 1,407.3 16.3
AER 91.8 2.4 3.7 0.0 32.7 0.4
=3 - A0 1.3 0.0 1.0 0.0
JIE 26.6 0.7 41.5 0.5 34.6 0.4
BHHI (EHOHEE) 3,840.7 100.0 9,038. 1 100.0 8,622.0 100.0

NE: 2B BREHRE.2002.12. THEBR,

o WA A% FHFEOoEAMY Farvt AA FdEHL e 19999l A dv)
2l ° = A A 26.1%%1 88382E¢] AHEF
=

L ’ L ’ ’ ’ )
AYLEE, £, HEANE, B8E, 258, 55 Al o] F2 o go] Hu
om 1999yl A JufgFe] 99.3%, 2001l 99.6%7F ol &E= Algo] H.
ARATHE, N19AS Fe Bulge] A% gastn Qon, F4g, 22ge e 4
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7

H 2.1.3 =949 LC=4 HOolH

=24 Qual
Propenoic acid 42
Acetic acid — 1 83
Acetic acid - 2 78
m-Dioxan—-4-ol, 2,6-dimethyl- 72
3, 7/-octadiene-2-one 59

3,7-0ctadien—-2-one
Phenol, 2-methoxy- 53
2,4-Cyclopentadiene—1-ethanamine 46
Butanal, 3-hydroxy- 56
Phenol, 2,6-dimethoxy— 64
4,5-Dimethoxy—-2-methy|phenol 90
anhydride with formic Acid 74
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3kl FT-IR(Fourier Transform Infra-Red
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+n00 acon 2000
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SEl2 LC 4 A3 F8 FAAEZLS Acetic acid, Phenol, GUAIACOL,
2-propenyl, Methyl ester 522 eyttt #Hls A2 22 AF e Ao 93
71 EHA Exd Az T AAE EYds JuoE Qs o dAdHE
H 2.1.6 SEIE2%O LC=4 UOOIH

=&4 Qual
Acetic acid 90
Phenol 94
GUATACOL 91
2-propeny | 94
Methy| ester 99
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(1) ob=2=EA 4 EEHE=

O oladE oEH EEEE=E

olad oA mEeze wge AA FA Fo &S 116904 126%= W3}a)
Rom, A "FA THG EYE wE 5EHS AR IA QT of2d odA
waees 4% BAd s 2aEe w35

=

Eoolmy £AE Fastel Fust
e AAseTh $4 ue A7hA
Fae Mo FAol ojrlste] §AHM
20%= sttt

3t 221 7] vie] of=2 ™ oEdo] 11.6%% Hl %

Type Mix Proportion (Wt%)

M:rftar Dolomite Binder | Vermiculite P(%rrI:]tren)l (P1e.r2Iitmer:1I) Charcoal | Zeolite \?i/i?

Plain 88.3 11.6 - - - - - 175.6
VL-5 87.5 12.1 0.33 - - - - 175.6
VL-10 86.6 12.7 0.69 - - - - 175.6
VL-15 85.6 13.02 1.08 - - - - 175.6
VL-20 84.5 13.9 1.49 - - - - 175.6
PLI -5 87.5 12.1 - 0.33 - - - 175.6
PLI-10 86.6 12.7 - 0.69 - - - 175.6
PLI-15 85.6 13.02 - 1.08 - - - 175.6
PL I -20 84.5 13.9 - 1.49 - - - 175.6
PLII-5 87.5 12.1 - - 0.33 - - 175.6
PLIT-10 86.6 12.7 - - 0.69 - - 175.6
PLII-15 85.6 13.02 - - 1.08 - - 175.6
PLII-20 84.5 13.9 - - 1.49 - - 175.6
CC-5 87.15 12.1 - - - 0.74 - 175.6
CC-10 85.8 12.5 - - - 1.53 - 175.6
CC-15 84.4 13.1 - - - 2.4 - 175.6
CC-20 82.9 13.6 - - - 3.33 - 175.6

ZL-5 87.3 12.1 - - - - 0.46 | 175.6
ZL-10 86.3 12.6 - - - - 0.96 | 175.6
ZL-15 85.2 13.2 - - - - 1.5 175.6
ZL-20 84 13.8 - - - - 2.1 175.6
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Type Mix Proportion (Wt%)

M:rftar Dolomite Binder | Vermiculite P(%rrlri]t;)l Z?rznrfnlql) Charcoal | Zeolite \?:/i?

Plain 87.2 12.8 - - - - - 155
VL-5 86.3 13.3 0.32 - - - - 155
VL-10 85.4 13.8 0.68 - - - - 155
VL-15 84.3 14.5 1.06 - - - - 155
VL-20 83.2 15.2 1.49 - - - - 155
PLI -5 86.3 13.3 - 0.32 - - - 155
PLI-10 85.4 13.8 - 0.68 - - - 155
PLI-15 84.3 14.5 - 1.06 - - - 155
PL I -20 83.2 15.2 - 1.49 - - - 155
PLII-5 86.3 13.3 - - 0.32 - - 155
PLII-10 85.4 13.8 - - 0.68 - - 155
PLII-15 84.3 14.5 - - 1.06 - - 155
PLII-20 83.2 15.2 - - 1.49 - - 155
CC-5 86 13.2 - - - 0.73 - 155
CC-10 84.7 13.7 - - - 1.51 - 155
CC-15 83.2 14.3 - - - 2.36 - 155
CC-20 81.7 14.9 - - - 3.28 - 155
ZL-5 86.2 13.2 - - - - 0.45 155
ZL-10 85.1 13.8 - - - - 0.95 155
ZL-15 84 14.4 - - - - 1.48 155
ZL-20 82.7 15.1 - - - - 2.07 155

_30_




of=Zd ol & AME E2EEo] w2 Y @A TR SdEC wE
545 AurEaz &t A el H7HA = FdsA sden, dEH A
A gh&2 WA Tl thinjete] &AM = FAkete] 5, 10, 15, 20% = sFi . o9
qEA Y AHME REREs ARMEZ E05 glo] 53 FAGE =do] ol

# 223 ofad oEd &%) AWE REEEo) uigi

Type Mix Proportion (Wt%)

M:rftar Dolomite Cement | Binder | Vermiculite P(%rﬂ;)l zérz";?nl:) Ch:lrco Zeolite \?:yi,E); \?c/y/oc);

Plain 32.6 61.6 5.6 - - - - - 453.8 | 15.25
VL-5 31.5 62.6 5.6 0.11 - - - - 453.8 | 15.25
VL-10 30.3 63.6 5.7 0.24 - - - - 453.8 | 15.52
VL-15 29.1 64.6 5.8 0.36 - - - - 453.8 | 15.79
VL-20 27.8 65.6 5.9 0.49 - - - - 453.8 | 16.07
PLI -5 31.5 62.6 5.6 - 0.11 - - - 453.8 | 15.25
PLI-10 30.3 63.6 5.7 - 0.24 - - - 453.8 | 15.52
PLI-15 29.1 64.6 5.8 - 0.36 - - - 453.8 | 15.79
PL I -20 27.8 65.6 5.9 - 0.49 - - - 453.8 | 16.07
PLII-5 31.5 62.6 5.6 - - 0.11 - - 453.8 | 15.25
PLIT-10 30.3 63.6 5.7 - - 0.24 - - 453.8 | 15.52
PLII-15 29.1 64.6 5.8 - - 0.36 - - 453.8 | 15.79
PLII-20 27.8 65.6 5.9 - - 0.49 - - 453.8 | 16.07
CC-5 31.4 62.5 5.6 - - - 0.26 - 453.8 | 15.25
CC-10 30 63.4 5.7 - - - 0.54 - 453.8 | 15.52
CC-15 28.9 64.3 5.8 - - - 0.82 - 453.8 | 15.79
CC-20 27.6 65.2 5.9 - - - 1.1 - 453.8 | 16.07
ZL-5 31.5 62.6 5.6 - - - - 0.16 | 453.8 | 15.25
ZL-10 30.3 63.5 5.7 - - - - 0.33 | 453.8 | 15.52
ZL-15 29 64.5 5.8 - - - - 0.51 | 453.8 | 15.79
ZL-20 27.7 65.5 5.9 - - - - 0.69 | 453.8 | 16.07

_31_




d ZENS e

O3 g clE&elAHOIE SxAH Ti02

1 100

2 80 20

3 75 20 5

4 70 20 10

5 65 20 15

6 60 20 20

/ 60 40

8 55 40 5

9 50 40 10

10 45 40 15

11 40 40 20

12 65 19 15 1
13 65 18 15 5
14 65 17 15 3
15 65 16 15 4
16 65 14 15 5
17 45 39 15 ]
18 45 38 15 5
19 45 37 15 3
20 45 36 15 4
21 45 35 15 5
22 22 19 70 10
23 23 9 80 10
24 24 17 70 10
25 25 15 70 10
26 26 7 80 10
27 27 5 80 10
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AldA & AldA &
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= A
gial Eis s
18 2.2.6 &4 Ald UE
G4 B7h e FEG ADETIE KS J 420600 wher A@ASt AREE A

(Escherichia coli)®] + F#/& Al&st

JE20o7 gd& Fof 35+1T, RH 90%0l A 24417+ A =] vk

Prepare
Cell suspension

(ca 10° cells ml?)

Incubate for 24 Hours at 35°C
Under Humid Conditions

Polyethylene Film
Cell Suspension

. e v
Test Piece i f i
i wbidstantsia ity | | H i

Inoculate 3 Test Pieces (50 x 50 mm) Cover with Sterile
with 400 ul of Cell Suspension Each Polyethylene Film (40 x 40 mm)

Transfer each
Film and Test Piece
to Neutraliser in
Stomacher Bag

]

A=

Determine TVC

8 2.2.7 JISZ 2801 : 2006 25 L &HY
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2 X A3 (Staphylococcus aureus)¥ o &+f
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A2 At AR v S Ao s AN A
| €]

A3t (Staphylococcus aureus)® ™%+t (Escherichia coli)S % wol AL-8-31%

=] o] A9 S LBHIA| (Tryptone 10.0g, NaCl 10.0g, Yeast extract 5.0g/Liter,
pH 7.0)¢} LB agar plate(LB + 15g Agar/Liter)S, X271 7Z4-% NBH| A (Beef
extract 3.0g, Peptone 5.0g/Liter, pH 6.8)2} Nutrient Agar Plate(NB + Agar
15.0g/Liter) & 1 Ed 715 o]§3ke] 121TCol A 1517F Hitste] ALE3lTh

Wi = A7) BES ASA 20% =lAlES HUbste] -80T 9o =A== WHILE A

garaek

2 00
FRREAL o8l #4E S et 242 Bk AA Aol Wi
AT s wedz 34(107~10 )8t T4 =(660nm)E =4t A WA =
Sk 5 24A17F EoF 37C w7l A v gste Al E(colony)S ¥ &, JEgFE

18 2.2.9 Mz 85+ =4F
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gholE A FAle gl AE fdl FIAA FAS Alsko] Pt W}
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L EE 22| gaan 2|82 H

Plain 0% -
ZL-5 5% -
oag ogH ZL-10 10% -
DEE2 7L-15 15% -
/L-20 20% -

OF3g g™ 22 | 72.-50.05 5% 0.05%
AUE Z=Et= ZL-5-0. 1 10% 0.1%

ZL-5-0.15 15% 0.15%

7L-5-0.2 20% 0.2%

A EEAFo] A= Plain A&
=
=2

= Wl wiste] o 5% A| g AJH-E 87.6%
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H 2.2.16 ZT= &7 (Staphylococcus aureus)Ofl CHEH Ot E M2 ™ R2Et=29| g ds
x= 1x10° 1.70% 10" - -
Plain 1x10° 4.84%10° 71.5 -
ZL-5 1x10° 2.1x10° 87.6 56.4
ZL-10 1x10° 1.29x 10° 92.4 73.3
ZL-15 1x10° 7.8x10° 95.4 83.8
ZL-20 1x10° 1.7x 107 99.9 99.6
ZL-5-0.05 x10° 10< - -
ZL-5-0.1 1x10° 10< - -
21-5-0.15 1x10° 10=< - -
Z1-5-0.2 1x10° 10< - -
T 2.2.17 tH&Z(Escherichia coli)Oll CHEH OIS NYE RI2EI2 9 SRds
HEHED AlH?%%_éE#é EHﬁiéHHI Plaj:ipiéHtll
CHEZ 1.8x10° 2.0x 10" - -
Plain 1.8x10° 3.92x10° 80.4 -
ZL-5 1.8x10° 2.00x 10° 90.0 48.9
ZL-10 1.8x10° 1.96 % 10° 90.2 50
ZL-15 1.8x10° 1.20x 10° 94.0 69.38
ZL-20 1.8x10° 2.00% 10’ 99.9 99.45
Z1-5-0.05 1.8x10° 10< - -
ZL-5-0.1 1.8x10° 10< - -
Z1-5-0.15 1.8x10° 10< - -
ZL-5-0.2 1.8x10° 10< - -
@ ofad odd &S AWME REEt29] ditds BFrt
ofd odd & AMHE mEg2d i3 ddtdss B A ZRAT A
+ Plain Al5 & dlxol vlste] oF 804% 7t #AstAth AlsgtolEE 5% %3
AIFE 90% ol At S WEhlor, ZL-2001 4 = 99.9% ¢ it Ad s Bl




e A5 gk iyt div] Plaing o A& 81.7%E XAl A
I FAbSEAT. Aol EY XS] WE diExar tiH] FHAES AY FANS e
Uil o, Al&eto]lE 15%l A58 tdo]l 99%<] Ao = yEwkth. 7]t Al
A7 Al TS EPEE A

H 2.2.18 I AP (Staphylococcus aureus)Ofl CHEH OF3E Y& & AIHE

CEE29 ga4ds
Z=88= Mu?%%%j c@:’igu Pgnigm

CHE 1x10° 1.70x10" - -

Plain 1x10° 3.43x10’ 80.4 -

ZL-5 1x10° 1.80x10° 91.0 47.5

ZL-10 1x10° 1.96x10° 90.2 42.8

ZL-15 1x10° 9.20x10° 95.4 73.1

Z1-20 1x10° 2.01x10’ 99.9 99.4
ZL-5-0.05* 1x10° 10< - -
ZL-5-0.1* 1x10° 10< - -
ZL-5-0.15% 1x10° 10< - -
ZL-5-0.2* 1x10° 10< - -

Notes, * : Imorganic antibacterial replacements to binder

s

2.2.

& (Escherichia coli)Ofl CHEH OF3E Y S

AMBIE 22E29)

19 C 2
stads
g — ANEg 88 == 04y Plain CHHI
HA=d3d o 2 TP AAg
== 1.8x10° 2.0x 10" - -
Plain 1.8x10° 3.70x 10° 81.5 -
L5 1.8x10° 2.00x 10° 90.0 45.9
ZL-10 1.8x10° 1.10x 10° 94.5 70.2
ZL-15 1.8x10° 6.00x 10 99.7 98.37
ZL-20 1.8x10° 2.00x 10’ 99.9 99.45
ZL-5-0.05* 1.8x10° 10< - -
ZL-5-0.1* 1.8x10° 10< - -
ZL-5-0. 15+ 1.8x10° 10< - -
ZL-5-0.2* 1.8x10° 10< - -

Notes, * : Imorganic

antibacterial replacements to binder
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= TE7F obF EStske] AAACNE EAEH, FA 87| 7E v oj 9] @o] AME-S)
= APSE RS ofuERAlSl FERA otk ol EHAlE AZolA ZhEstH FEILE A
ol gttt Azl whel zFol7k glont, 900T o] dol A FEFU] 4
Aotz oA 2AsE BT FEL R Aol H

T+ 7HA qbstE R R FE5u) 2o flou ofuErAlZE FEd R Y gl §

F 22 A4 27 b8 ¥ FF AsERe E4S

§ Hof= atsEw wWolA WAS= OH o)z SAatae] o] &uio]
w

od

H 2.2.21 ¢EEIE SFR0 OHE =24

Property Anatase Brookite Rutile
Crystal Tetragonal Or thohombic Tetragonal
Density(g/cm) 3.9 4.0 4.23
Refractive index 2.55 - 2.76
Dielectric
48 - 114
constant
Har dness(Mohs) 5.5~6.0 5.5~6.0 7.0~7.5
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Mix No. OL3E OZEH clS42AHO0IE SN Ti02 2E
1 100 75.6
2 80 20 61.7
3 75 20 5 61.4
4 70 20 10 60.0
5 65 20 15 49.5
6 60 20 20 51.4
7 60 40 56.2
8 55 40 5 55.7
9 50 40 10 53.2
10 45 40 15 51.9
11 40 40 20 48.7
12 65 19 15 1 59.4
13 65 18 15 2 58.1
14 65 17 15 3 44.5
15 65 16 15 4 47 1
16 65 14 15 5 46.9
17 45 39 15 1 42 .1
18 45 38 15 2 49.7
19 45 37 15 3 50.4
20 45 36 15 Z 47.9
21 45 35 15 5 42.8
22 19 70 10 1 36.4
23 9 80 10 1 30.1
24 17 70 10 3 28.7
25 15 70 10 5 27 .4
26 7 80 10 3 26.5
27 5 80 10 5 25.3
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Mix No.
KS F 4715 KS F 4716
Plain 0.09 0.07
1 0.007 0.01
2 0.002 0.005
3 0.006 0.008
4 0.007 0.01
5 0.01 0.05
6 0.015 0.07
7 0.016 0.008
8 0.012 0.01
9 0.02 0.012
10 0.018 0.017
11 0.019 0.02
12 0.007 0.004
13 0.008 0.004
14 0.006 0.005
15 0.01 0.009
16 0.004 0.01
17 0.02 0.017
18 0.018 0.018
19 0.019 0.017
20 0.015 0.04
21 0.02 0.01
22 0.041 0.007
23 0.07 0.012
24 0.044 0.009
25 0.048 0.02
26 0.072 0.02
27 0.053 0.012
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stAl 37 EMM2 4 3kAl o] AFE glo] W49 /fdy v 7t = S 44
o] EeEv] AWIE REIZELE9 AxVF Jbeer Aoz d4HA vk AIA FHIE
EMM W ol Z&A] =X A3} 7|+ 19 2.2.87% 2ot

s, SEEE HxAS A2 o dAE = FAER A A= &5 AbgelA 7]
Z A5 2 AEHAoY AfFstste] WdR dAAle H7IEE wWEHIL o BEES
=& AAste FAFGAA wiEEHE A7IE A A Ao EFHo] dojA L oA
= AAstE AAGoA FHEHEVE FFol tEForE HEo TN, REHEE 4~
11% AL, BN 31~37% AE7 AAEHE Aow g Qo). Begze Fa A
T HERE Ao vhal BaEI ok A= A, BRAIEA AREE LA
A e APoeR Fgo] HA Zol gFES AL AY WA EHI Qo] oE &8
st7] 913 HEFZo] NaOHE H7lste] $-3 A9 sd=A JA2AE /Hgs A7
Hixa glom, Re =29 A& dAsh Aot}

mebaA AT E T8 AdEo] HEQ SEEY AL 3 Wetom HshA 7
7F EMCell &93sto] olZFAl A9 ds Mdstazt s 7124 AFo=2N HEE=E
= o Z Ao el A gketo] FEkAl FH7F EMMe Al &stal AR5, o FA] A9
et B4, oldd2E, XRDEA S B3 4% A5e dotstax s
2. Alg As 2 Ay Wy
7F AHEA &
(1) AWE

2 2Ag oA AFEE AWIES KS L 52019 74" REEZEWREAWEES ALE3IA
or, st iR A de ¥ 2229, ¥ 22307 £
H 222 BEEZEUCAIMNES 5™ XA

SiO2 Al2Os CaO MgO SOs K20 NazO Fe203

21.09 4.84 63.85 3.32 3.09 1.13 0.29 2.39
H 2.2.30 ESEZ=SHE AHES =28 4

SZ A2 o =2 = (MPa)
HIS o -
(20C) (cm?/g) == S 32! 7Y 28
(min) h)
3.15 3,400 240 7:00 20 23 38
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(2) =7
EAE AR 025~06mm)E AFEEl e, =94 AE % 22319 2

H 2231 =2 E4

201X celgE sy uc sag
(mm) (kg/L) (g/cm®) (%)
1.2 1.5 2.62 0.40
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HSAl & e —— HI=S MA(G)
(g/eq) (mPa-s, 20T) (20°C)
184-190 11,500~13,500 380 1.17 0.2-0.4
(4) HZEF=

oA FAl FA9 A &g HEIE2= el M AatE= A A "@3tRoM Hx A
=

L A A A=

BA3tA FHIE A FA FA £9 ZEW AWE EE2HZPMM)E ARMEZIER)] =
LOS(AFH]), ol FA] =x]e] 92 Zg v AWE B (P/C ; Polymer-cement ratio)E
0,1, 3 % 5%=% stiL, AlME &3-§ MaddERZ e 2e AME tiate] 1%= 53t
A E&Art. B 2o £9& ZEel2/oZ A =% B(W/E; Wood tar-Epoxy resin
ratio)E 0, 5, 10, ¥ 20% = I
27} 17o+5mm4 HA7F H=5 2 e F 2233
of AL E A7 gk FAAL AL 40x40x160mme] ==
of AEstdon, FAAEE S4s5t7] A FAIA = 40x40x2mm A FAE A P sl
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* 2233 Wi R

ANHE : T2 Z2|H-AIHEH| Et2 &I} w/c
(by weight) (%) (%) (%)
UMM 0 0
EP1 1 .
(E1)
E3 3 0
E5 5 0
EP1PT5
0.05
(E1W5)
EP1PT10
0.1
(EIW10) 1
EP1PT15
0.15
(EIW15)
EP1PT20
(E1W20) 0.2
1:0.5 37.2
EP3PT5 0.05
EP3PT10 0.1
3
EP3PT15 0.15
EP3W20 0.2
EP5SPT5 0.05
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increase — getting better
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increase — getting worse
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Pore size
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volume of paste parts
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Total pore size
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Gel pore
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Pore size
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NHsz, H.S, HC
Polytec IV 1 30 sec
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Mix No. m®) 9 &2 (g/cm?)
se 0.06 0.0205
Ol 23ttE 0.08 0.06
AXEY 0.014 0.005
18 0.0533 0.0278
o 0.0433 0.0192
3 0.0697 0.0311
48 0.0561 0.0297
5 0.0647 0.0186
6tH 0.0497 0.0314
79 0.0617 0.0297
8t 0.0689 0.0333
9 0.0764 0.0356
10% 0.0467 0.0169
118 0.0492 0.0122
128 0.0469 0.0140
13§ 0.0611 0.0219
148 0.0678 0.0417
158 0.0672 0.0328
168 0.0581 0.0231
178 0.0722 0.0364
188 0.0625 0.0286
1984 0.045 0.0239
20¢H 0.0522 0.0264
214 0.0619 0.0392
228 0.0403 0.0211
231 0.0689 0.0267
248 0.0503 0.0331
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H 2246 810 HIEMS 22L0t JtA &2 2 VOC &2

Mix No. 2L OHppm) VOC(ppm
B E 120 40

ol 2ot2tE 120 100

DEEH 96 60
1l EA 85 65
281 86 62
3 91 72
4'H 106 73
54 70 67
6% 102 70
=i 102 75
8t 104 78
9t 93 83
1081 92 95
11¢ 91 100
1291 99 100
1381 108 76
1481 111 79
158 120 82
1681 95 90
1781 110 97
18¢1 115 100
19% 89 84
2081 91 100
2181 130 95
229 96 80
23H 120 100
24'H 91 100
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19 2.2.166 Trap by curie point

Curie Point 2% System -
=} o o o

o o o o

system

() GOMS B4 z7
GCY #+A4x712 DB-624 AFHE A&stgon, &% 12
29 10T Aoshe] B4 FAeE B4 208

3l Purge & Trap9 &4

3 2.2.48 Analysis condition of gas chromatography

40°C oA 260C7HA]

835

Y = 47 3
=97] &% | 280C
*H 7] A He, 1.0 m¢/min
ae DB-624 71249
- Length 30m x Dia 0.25mm x Film 0.25/m
<% X233 | 40C(3min Hold) - 10C/min to 260C (5min Hold)

(L= Sxsteao] &2 o 7HA4)

3 2.2.49 Analysis condition of mass spectrometer

3 5 A

AHEHHO) 2 &% | 250 T

ojl2d 2% 200 C

o] 23} W A 2to] 23170 eV)
AZFHY 270, m/z 35 to m/z 300
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3 2.250 Analysis condition of purge & trap
Air Purge&
Load Stand by | Desorp Analy
Purge Trap
Time(min) 1 30 1 3 29
P.S (mf/min) 55.0 55.0 55.0 55.0 55.0 55.0
S.S (m¢/min) 44.0 44.0 44.0 44.0 44.0 44.0
PAT (C) 30 30 280 80 80 80
Cryo (T) -40 -40 -40 1 1 1
— ',
—
s&& g 2.2.168 Purge & Trap analyzer

@ FX2L SH

18 2.2.169 MOCK-UPAIE

2te| VOC & &

0K
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7002t LB agar plate(LB + 15g Agar/Liter)S, X=47112 4% NBH X (Beef
extract 3.0g, Peptone 5.0g/Liter, pH 6.8)2 Nutrient Agar plate(NB + Agar
15.0g/Liter)& 1 E 7] E o] &3slo] 121TColl A 1563 Etste] AF&sHS T
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Line#:12 R.Time:14.792(Scan#:1632) MassPeaks:265

RawMode: Averaged 14.783-14.800(1631-1633) BasePeak:105.05(242811)
BG Mode:Cale. from Peak Group 1 - Event 1

100

7 1S

51
4@‘\ L A | lfu 147150 181193 207 231 240 277 200303 317327 346357 377388 403 426 457 460 458
040 60 S0 100 120 140 160 180 200 220 200 260 280 300 320 340 360 380 400 420 440 460 450

HASZ peak =4 0I0IH

Hit#:1 Entry:8863 Library:WILEY7.LIB

SI:95 Formula:C7 H6 O CAS:100-52-7 MolWeight:106 Retlndex:0

CompName:Benzaldehyde (CAS) Phenylmethanal $$ Benzenecarbonal $$ Benzaldehyde FFC $$ Benzoic aldehyde $$ Artificial Almond Oil $$ Benz
100

1pa

; \.(
| N

3G .‘
AL N OO I L R S O L0 A 2 00 S O L 10 OO AL A N S Y LI . ] VI SO S S O 0 54 O S0, 0 IO SEEL W 0 B S S M K g ¢
20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

0iE CIolE

|53 s

1. R. Time 14.792

<< Target >>

Lmme#26 R.Time:19.167(Scan#:2157) MassPeaks:290
RawMode:Averaged 19.158-19.175(2156-2158) BasePeak:105.05(543584)
BG Mode:Calc. from Peak Group 1 - Event 1

100

105

7”7 122

, 65 o4 W27 146 181 103 207 221 251 269 281 301 322 348 370 389 414 430 442452 475 480
it e ks i o

! U ! ! ! ) ! ! ! ! 1 ! T ! ! ) ! ! ! ) 1 1} ! I ! | ! ! 1 | U ! T ! I 1 ! ! ! ) ! ) |
10 30 50 70 90 110 130 150 170 190 210 230 250 270 290 310 330 350 370 390 410 430 450 470 490

SIAIE peak E400IH

Hit#:1 Entry:16326 Library:WILEY7.LIB

ST:98 Formula:C7 H6 02 CAS:65-85-0 MolWeight:122 RetIndex:0

CompName:Benzoic acid (CAS) Retardex $$ HA 1 $$ Tenn-Plas $$ Retarder BA $$ Benzoic aicd $$ Solvo powder $$ Salvo liquid $$ Dracylic acid
100 _

122

w7 /%/ CO2H

] s

9 < i
27 B, ]I 65 ) St

T vy

I
1030 50 70 90 110 130 150 170 190 210 230 250 270 290 310 330 350 370 390 410 430 450 470 490
OH& CIolE
1. R. Time 19.167
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g BY 54 dolg - Yun=

Chromatogram Sample 2 C:\GCMSsolution'\Data'Project6\20150203-JHS-S2 qed

3.111.183 <
" 2
P g
=
S 3 8
= g £
2 3
§ lE8E e
ol & | = !
| I N ST
| s Il ML)" [ — 8 (1)
§ AN
W
TR —T T
10.0 20.0 30.0 34.0
= |=] _ =
& Bl GCE4A] dolH MR =
<< Target >>
Line#7 R Time:7.083(Scan#:707) MassPeaks:205
RawMode:Averaged 7.075-7.092(706-708) BasePeak:78.05(184936)
BG Mode:Cale. from Peak Group 1 - Event 1
100 %
] 51
1 ‘“N 63 I 90100 114 120 142 162 186 201 217 233 263 292 315 334344 357 378 306 413 431 440 465 481

320 340 360 380 400 420 440 460 480

G L A A L s Lo L S o b WL el
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300
Hit#:1 Entry:2108 Library:WILEY7.LIB

SI:97 Formula:C6 H6 CAS:71-43-2 MolWeicht:78 RetIndex:0

ZAIE peak =400 EH

Hit#:1 Entry:2108 Library:WILEY7.LIB

SI:97 Formula:C6 H6 CAS:71-43-2 MolWeight:78 RetIndex:0

CompName:Benzene (CAS) Phene $$ Benzol $$ Benzole $$ Pyrobenzol $$ [6]Annulene $$ Pyrobenzole $$ Coal naphtha $S Phenyl hydride $$ Cyel
100 %

P ER

52
39

0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480

OiE .OlolH
1. R. Time 7.083
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<< Target >>

Line#:13 R.Time:9.742(Scan#:1026) MassPeaks:230

RawMode: Averaged 9.733-9.750(1025-1027) BasePeak:91.05(1045251)
BG Mode:Calc. from Peak Group 1 - Event 1

100 —~

65
4‘5 1. d‘ 74 | 111 128 148 168 187 207 219 232 249 270280 300310 329 362 376 393 408 422 441 460 481491
by M i Wi i o i il i R ikl Al A N e T el AL

| ) T 1 i T i 1 i 1 i I !
20 50 80 110 140 170 200 230 260 290 320 350 380 410 440 470

2 AIE peak 4040 E

Hit#:1 Entry:4670 Library:WILEY7.LIB
S1:97 Formula:C7 H8 CAS:108-88-3 MolWeight:92 RetIndex:0
CompName:Benzene, methyl- (CAS) Toluene $$ CP 25 $$ Methylbenzene $$ Toluol $$ Methacide $$ Antisal 1a $$ Methylbenzol $$ Phenylmethane

100 5
] Me
s "
1 - \%
27 L) M 74
b A e e e g o 0 i i b i o W
20 50 80 110 140 170 200 230 260 290 320 350 380 410 440 470
OH& GIOIE
1. R. Time 9.742
Line#:20 R.Time:14.842(Scan#:1638) MassPeaks:236
RawMode:Averaged 14.833-14.850(1637-1639) BasePeak:105.05(222128)
BG Mode:Cale. from Peak Group | - Event |
100 s
7 51
] asl| 63 4l ss | 120 335147 163 177 103 231 235245255 268 288 300 33 351 375 300 410 433 4SS 474 488 500

20 50 80 110 140 170 200 230 260 290 320 350 380 410 440 470
AN Z peak & 0I0IH

Hit#:1 Entry:8859 Library:WILEY7.LIB

SI:96 Formula:C7 H6 O CAS:100-52-7 MolWeight:106 RetIndex:0

CompName:Benzaldehyde (CAS) Phenylmethanal $$ Benzenecarbonal $$ Benzaldehyde FFC $$ Benzoic aldehyde $$ Aurtificial Almond Oil $$ Benz
100 -

195

CH O
AN

A

25§ “\ & g )
U 1 i

T R s T
20 50 80 110 140 170 200

T T i KL i L

30 260 200 320 350 380 410 440 470

[1S]
e

OH& CIolE
1. R. Time 14.842
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Target
Line#:33 R.Time:22.242(Scan#:2526) MassPeaks:269
RawMode:Averaged 22.233-22.250(2525-2527) BasePeak:104.05(295644)
BG Mode:Calc. from Peak Group 1 - Event 1
100

104
76

45, 61 84 | 125135 1715 164 177 192 207 221232 251 269 281 300 322 344 355 368 384 306 417 430 443 461 487
i il el i s S

(i i G il i ol e i et i S B By o i s i vl Wl vl e
10 30 50 70 90 110 130 150 170 190 210 230 250 270 290 310 330 350 370 390 410 430 450 470 490

2 AIE peak 4040 E

Hit#:1 Entry:36416 Library:WILEY7.LIB
SI:95 Formula:C8 H4 O3 CAS:85-44-9 MolWeight: 148 Rjet[ndE\ 0
CompName: 1.3-Isobenzofurandione (CAS) Phihalic anhydride $$ o-Phthalic acid anhydride $$ ESEN $$ TGL 6525 $$ HT 901 $$ Retarder PD $$ R«
100

T
76

1 \

~ - -
50 H

‘ 148 [}
< 6 o N

4’\ i Hl \l‘ 92 | 118128 ‘
i e e L

10 30 50 70 90 110 130 150 170 190 210 230 250 270 290 310 330 330 370 390 410 430 430 470 490

OHE CIOIE
1. R. Time 22.242

(@) T W B

Aa A 27 AFguct o] aAE Aoz eI
2w g0 -100%2 et LRI

3E 2252 KS F 4716 A @A S L= Fd A2+

LM77 (Staphylococcus aureus)
NEEE=
ESEcESETa s Hiot 2 A == OhHl 248

=z 110° 1.7x10" -
ZL-1 1x10° 4.23%10° -75.1%
ZL-2 1x10° sEds -100%
ZL-3 1x10° sEds -100%
ZL-4 1x10° Eds -100%
ZL-5 1x10° Eds -100%
22 H 0.05% 1x10° EZE -100%
22K 0.1% 1x10° E2= -100%
2R 0.15% 1x10° 24 -100%
L2 0.2% 1x10° Eds -100%
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& 2253 KS F 4716 A& Ae] didw a4 AldZd+

CH&Z (Escherichia coll))
HAEEERS | EoST | nra gy 248
i &F = =
=2 1.8x10° 1.7x10" -
ZL-1 1.8x10° 4.5%10° -73.5%
ZL-2 1.8x10° 22A= -100%
ZL-3 1.8x10° 22A= -100%
ZL-4 1.8x10° 22A= -100%
ZL-5 1.8x10° E2= -100%
SR 0.05% 1.8x10° E2E -100%
HEH 0.1% 1.8x10° EAE -100%
SEH 0.15% 1.8x10° 22AS -100%
SEH 0.2% 1.8x10° 22A= -100%
(4) N AFe BAAY H7}

=25 AREE AEAE] KS F 47159 KS F 471621]%94 BT T8 AR
ZAE Aste] ALgatgnt Exd FHZAY m 7HE L 4000009 A E
ZA7F 910,000 2.2 1/2714 o]l Aoz vepy Hxd I FAE AMST
of we} 47k Axte] 7hed Ao w® YT

=z 2
Mo Mo ot
1% o

H 2254 &8 =M dHld &4

IE MZE (I AN M m=
=\ B 2 A Dz BE DY
2x0H: 10009 /kg
AT 2 2l
MEd 3502 /kg H=2H0IE: 10009 /kg
A2 U= 2.65 0.2
a8t S
b & H| M | | 22X 1 HZ20IE 1
I 2,000€ /kg
2R 27 2.600kg/ 200kg/ M
SR I 910,000 /m' 400,000 /'
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olof wiz} X wjgel KS F 47159 KS F 47169 thate] A ZAZS X33t
o] AAAMS AuEw ofefjol Zuh T3 A AREl w

9B% 74 o A3t &7t

At

H 2.2.55 KS F 47152t KS F 4716K&2 =

0] =
AR -

AR YEoy,

KS F 4715 KS F 4716
JIE WS It 700.23& /kg 573&/kg

262.50& /kg

183.40&/kg

437.73&/kg

388.6&/kg

5 255.14 5 178.26
E_;I_Q_OH SN _T’E_XH
e =i 10 D47.78 10 173.12
2NF sy JIA
(2 /ka) 15 240.43 15 167.98
20 233.07 20 162.84
5 692.87 5 566.86
E_;T:_OH Sk Xl _T’_XH
—eRs HiE = 10 685.51 10 561.72
2XF sy JIA
(21 /ka) 15 678.16 15 556.58
20 670.80 20 551.44
0 100 0 100
IE HS I3 5 98.95 5 98.93
iH 2xo &a&
- 10 97.90 10 98.03
2N xasy
I HI2(%) 15 96.85 15 97.13
20 95.80 20 96.24
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el 71E AEQ KS F 47169 A1FA wrbs of 215902 vhehgdon], A A
E9 EPSY3§ W

ZEl2 9 7HA2 oF 147.039 0.2 oF 4573%9] ¥7tdite] 7hss)
o
AR

H 2.2.56 KS F 471682 EPSEx=2 2 E2EI=9| Jt&AH| W
JIENS EPSEXE T =EI2
o= MBS 2A NUE + kS Farig | 0o T EARASEE
= AETTe == + A+ MC
JIE HS< ABIE © KS F 4716 AHEWZA 2X:2E2:7FAHMC
2| 5:5 65.36 : 1.76 : 0.2 : 32.68 : 0.65
AlSIE 70 AlBIE 70
KS F 4716 573 = Al =Xl 3,800
AI29 c)
Tk l j Z2Et=2 0
(& /ka)
A 90
MC 7,800
AlSIE 35 AlBIE 45,75
KS F 4716 286.5 A=Al =Xl 67.06
XM = =2
‘A= HI0l [E 2F2 0
JHA ()
A 29.41
MC 5.09
SHHI (& /ka) 321.5 147.31
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Otch H 2.2.582 WY HMB0 CHE JIE |AF MSWe LRAUIIE Hlw =48 X
OICt. 2 JHE MB0l et FMSH 242 Sof MAJAIIE 24E A2 HE H
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