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Summary
I. Subject

Development of non-portland cement dry lightweight construction—purpose

panel using industrial by-products(blast furnace slag, etc.)
II. Objectives & Need for R&D Project

Concrete is the most important material to make SOC(Social Overhead
Capital) structures and residence building. However, cement generates a large
amount of carbon dioxide during 1its production process in which
approximately 0.95 tons of CO,; are created per ton of cement. Thus, it is
necessary to develop alternative materials to reduce the use of cement which
generates carbon dioxide during the production process in building materials.

Meanwhile, Korean government has focused on apartments for supply of
multi-unit houses/apartments since enactment of Housing Construction
Promotion Act in 1972 to resolve housing shortage. Current government plans
to supply 2,000 houses in 2016 through renovation-based lease of old houses
in a bid to mitigate housing shortage facing the socially disadvantaged such
as low-income elderly people living alone, university students, etc., as well as
promote housing stability for middle class and common people. However, most
existing multi-unit houses/apartments have wall-type structure which
integrates the ceiling, floor, and wall from the aspect of architectural structure,
making it difficult to change the spatial section in case of remodeling, and
furthermore, have noise-prone structure resulting in dispute with neighbors
which has increased every year in relation to noise transmission through
shared walls and inter—floor noise.

In response to that, the government is inducing construction of multi—unit
houses/apartments that adopt pillar-type structure. As a result, there will be
an upturn in the demand for partition walls used in construction of multi—unit
houses/apartments with pillar-type structure.

Partition walls currently available in the market are the partition wall using
EPS such as sandwich panel, along with ALC panel, extruded cement panel,
hollow panels which have lightweight properties or strength. These panels
have clear advantages of lightweightness-centric performance or strength, and
durability and have found application to sites in a way that suits their unique

features. However, panels using EPS has disadvantage that they are very
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vulnerable to fire. Fire on facilities, such as warehouses built using EPS as
primary material, can cause causalities and significant property damage.

Furthermore, ALC panels which undergo high temperature and high-pressure
autoclave curing has drawback of high cost. Panels using the cement are not
eco—friendly due to problems involved in use of cement as mentioned above,
along with weight disadvantage.

Thus, this study was intended to develop dry lightweight inorganic panel
which could be manufactured at room temperatures by using only blast
furnace slag, paper ash, fly ash which are generated as industrial
by-products and activators, replacing the existing cement-based panels or

construction—purpose panels requiring autoclave curing.

M. Details & Scope of R&D

In this study, we selected the target performance of panel to develop dry
lightweight inorganic panel that could be manufactured at room temperatures,
verified reactivity and performance of each material to select panel core
materials meeting the targeted performance, derived optimal blending of
materials conforming to performance requirements and validated the
performance.

Finally, we built a system for panel production and evaluated performance of

panel. Details related to specific research and development are as follows:

1. We conducted an experiment to select optimal blending based on material
design method and analyzed reactivity of matrix in order to select materials
meeting the requirements of targeted performance of dry lightweight inorganic
panel, and examined performance of dedicated accelerator through verification

of reactive influential factors.

2. We examined hydration reaction of matrix used to produce industrial
by-products and substances created from such process in order to investigate
reactivity of matrix of dry binding system and select optimal blending, and
furthermore, carried out an experiment designed to determine final blending to

satisfy the targeted properties.

3. We verified self-foaming performance of panel core at room temperatures
and carried out an experiment designed to attain optimization technology,

followed by another experiment for selecting suitable foaming agent, in order
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to develop technology for achieving lightweight properties of dry panel matrix
using the self-foaming performance of low-carbon eco—friendly binder and fine

independent pore.

4. To determine optimal blending of panel core, we prepared lightweight
matrix by varying optimal blending level and conducted an experiment

validating various performance.

5. To design and manufacture eco-friendly high-strength lightweight
composite panel and build concerned production system, we made a prototype
by taking the bonding method, curing conditions, etc.,, into consideration

among panel configurations.

6. For evaluation of eco-friendly performance of flame retardant/thermal
insulation composite panel manufacturing system, we conducted a test to
validate eco—friendliness based on the experiment designed to assess
respective physical properties of finished panels and apply the dry lightweight

wall.

IV. Details & Results of R&D

In order to produce eco—friendly light-weight composite panel using
industrial by-products such as blast furnace slag and paper ash, etc.,, we
conducted an experiment to verify various properties of panel core and panel.

The results of experiment were as follows:

1. Domestic and overseas panels for construction applications, which are
available in the market, have a density ranging between 1.2 g/cm and 1.3 g/cnm.
Panels, which are produced through curing method such as autoclave, etc., or
produced by using lightweight aggregate such as EPS, etc., have a density of
approximately 0.75 g/cn’.

The material used in this study was industrial by-product having the
foaming properties and were considered to exhibit lightweight properties
equivalent to those of autoclave and panels using EPS because many pores
were formed inside binder when foaming performance was accelerated.

As strength was similar to that of cement paste of matrix produced
experimentally by stimulating the industrial by-product, the targeted

performance of lightweight matrix was set to 3 MPa or higher in compressive
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strength of panel core and to 0.8/cm® or less in density.

2. The material selection experiment was conducted in such a way that the
targeted performance of primary material for panel core could be met. The
results showed that relatively higher strength and stable durability were
achieved with NaOH or KOH when blast furnace slag was used as binder,
and therefore blast furnace slag was found to be suitable for panel core
application. In addition, paper ash was found to be a material that could help
achieve lightweight properties of panel by reacting with materials containing

OH and creating a large amount of gas as a result.

3. As pores can be created even with small amount of paper ash, the ratio
of used materials was derived through experiment in order to meet the
targeted performance of matrix. The results showed that the ratio of blast
furnace slag and paper ash was 955 and that excellent performance was
exhibited with alkaline activator containing 12.5% NaOH.

2. R&D process in the 2nd year
1) Selection of optimal blending to meet the targeted performance of dry
binding system

Based on the results of this study, blast furnace slag and paper ash were
used in lightweight matrix to meet the targeted properties of panel core while
optimal ratio of blast furnace slag and paper ash was found to be 95:5. For
the materials to reduce the use of alkali activator, it would be the most
reasonable to slash the amount of NaOH through quantitative calculation of
the amount that can lead to maximum generation of hydrogen gas iIn
consideration of unreacted Si in paper ash, rather than using industrial
by-products separately. Regarding the materials for improving density and
strength, lightweight matrix with lightweight properties and high strength can
be manufactured if 6-99% perlite, an inorganic material, is used, considering
that density of perlite itself is in the range from 0.1 g/cm® to 0.2 g/cm® and

therefore can reduce unit volume weight.

2) Selection of optimal blending of lightweight matrix and performance
verification

Optimal blending of core was selected for application to dry lightweight wall.
To validate performance based on optimal blending, we conducted experiments

on water-resistance, thermal insulation, fire-resistance, and durability. The
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results suggested that all experiment items, such as water-resistance, thermal

insulation, etc., met the standards satisfactorily.

3. R&D process in the 3rd year

1) Establishing design, manufacturing/production system for eco-friendly
high-strength lightweight composite panel

We collected information and data related to curing conditions and regulations
related to manufacture of existing eco—friendly high-strength lightweight
composite panels. There were no separate regulations. For existing products,
inorganic cementitious lightweight panels and cement composite panel were
used mainly as cement. The production was made using inorganic fibrous
materials, such as mineral wool, glass wool, ceramic wool, etc. In this study,
we established the curing conditions while experiments were carried out based
on type of surface materials and bonding method to derive optimal design

plans for prototype.

2) Preparing the manual for evaluation of eco-friendly performance,
manufacture/construction of flame-resistant/ thermal insulation composite panel
manufacturing system

The products completed in this study were verified for dynamics,
water-resistance, thermal insulation, and lightweight properties. To verify
environmental performance of eco—friendly wall system, we measured the

formaldehyde emission, deodorization rate, and far-infrared radiation.

V. Plan for applying the results of R&D

1) The eco-friendly lightweight composite panel in this study has excellent
lightweight, fire-resistant(non-flammable), water-resistant properties, excellent
durability, etc., and therefore can find wide-ranging applications such as all
non-load-bearing wall (inner wall and outer wall), underground double wall,

firewall of factory facilities, prefabricated structures, etc.

2) This technology enables composite functionalities and reduction of raw
material and manufacturing costs, compared to existing materials, and
therefore i1s considered to ease entry into existing market and have very

far-reaching spill-over effect.

3) This technology is expected to be in great demand and contribute

significantly to sales growth of companies, considering that remodeling of
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existing facilities has been carried out actively amid the enforcement of
stringent fire safety standards for buildings, energy efficiency improvement,

etc.

4) Analysis of economic effects

This technology can help reduce cement consumption in construction industry
and furthermore can facilitate aggressive marketing in overseas markets where
carbon tax is applied, given that the issue of carbon credit(carbon tax) has

come to the fore worldwide.

5) Analysis of policy-related effects

This technology will be able to induce construction of multi-unit
houses/apartments adopting pillar-type structure(ramen structure) based on
upward adjustment of floor area ratio, scoring under the Housing Performance
Grade Indication System, etc., when new multi-—unit houses/apartments are
built.
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A2AdFHNE 3RS R 2
1 A5 U
R LR

1) AFBAFE ] B E W S EX BA

(7h Sllell A S = ARRAE ] 3 A R OSSR 4

(1) 1=2&d9
186211 59| Langere] AFAHAER] &0 A FE Hrtsle] n=&EHd e AL
al7] AlAFako], o] 9 1953 A Al nEEH 18t v FARS X S 1E A xSk A
Rl Age] s wEE7EA AR ddY 12EY 1 nEES 12
A 1o =& EAFste] F3A 22FAEHNTE Z2 2 (Roller MilDol Al €A

A As welw, n2ET v vxHAe] wet 1, 2, 3FeE ETh
= AFA DB A HE A= PAHoNA AEH 18D 500~1000 kg HAE=7F A 0]'5_7
ZFol F7Fskal = FAlolth EE rEY

AL oo

iy ng do

m 7 o N R R = M o2 oo
Y O S S NI R e

i)
A

AREY ESAZ AGEA B S ANEY A o FAYS FuG & Qo
Fodst PR Fu, S5 TR 2 A, WP, BEA 59 Aol dol a8

o #AHEE foldl 2e 5 AUtk AAW TaYe Fde BFAHD /B AT
3o wxe] glon, BRoR AMFE A% FAFAA o8 A BAANA Aw
ol F3lehs 548 /M Atk nwEdae] Fo g Ee SiO, AlOs CaO E MgO
b 94~97 %% AASI Ytk olF MgOt TENES AWES] 5 %E Zdshd Feivi1y
Aol7t AR E el ol el gl MA Y mmsa vEwe] Aol 15 % AR ¥ike
i oglel® d7h gtk 2eA Qew PR 9 % oshe] FHES AAm Uk wREd
o] A7IE[(CaO+MgO+AlLOs) / SiO.l&= Hit 18602 =S5 Wk

= Aol Al He= AFo
dom, Fydsts B3 m&FS S0l AA He Bl o

setgre (& 2-303% 2o

39,

(£ 2-3] 120 0|22 ststd 2
T

= | Si0 | Al0; = Ca0 Mg0 | Fex0s = MnO P03 | Ti0s .S S S03 Naz0 K20 Cl-
Za~ 307 12.6 | 40.5 | 4.2 | 0.02  0.19 0.000 0.42 - 0.41 - 0.11 ] 0.18 0.001
g2 | 33.1 13.8 424 6.1  0.29  0.40 0.008| 0.96 - 0.66 - 0.23 | 0.31 | 0.004
ZICH 349 152|439 | 9.2 | 0.64  0.55 0.016 1.73 - 1.02 - 0.40 | 0.45 0.007
S I R:0(%) L.0.1(%) insol (%) SelESHE(%) HIS S= (%)
ESEN 1.73 0.29 -1.40 0.01 95.0 2.88 0.00
g 1.86 0.40 +0.08 0.08 99.0 2.91 0.14
ZI CH 1.99 0.61 +1.10 0.36 99.9 2.95 0.50
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2 AFA AEE 1REH e dWE 291 g/on, EHE 4464 af/gQl =Wl GAFY] AlF
2 97]=+ 164, SEM AR A 2-1], XRD 42 [1¥ 2-1]¥9 Zoew, XRF &4
[ 2-4]3 &t

S
o
T

[AFE 2-1] n2&efae SEM & (O3 2-1] n2sefae XRD &4
(£ 2-4] D12sefae Sty E
SHEtE & (%)
aE
Si 02 Al 203 F6203 Ca0 MQO 803 MnO P203 Ti 02
et 35.80 13.87 0.52 41.10 3.60 2.36 0.38 0.02 1.20

B oA Aget medal gwon AREA gl W2 AFA7 Bad 24
#7449 5AE AN ek o= Qs dzel AFAE wRsae] Fauge] A5E
A% Abloltt 90 AGAE nEEAIE Eedn g 9% saHe nmsdn
ot BAEo] Yrom $E¥0 nredsl BYGT) gl ALHoR WP W
$EHE AT et

-----------------------

L REEEN

,‘J_ig :Lh“urjh?* X Dm Rhesd ol Sl LI LLELI L AT "
; E“B«Jx}:m ﬂéf” ' [ mesm1mas

.................
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(2) Eetol oA

S sol A BT E AR
ol g3 AL N AH oz WA SN2l o3
e augow Fyoln Ay OPCRY) BREs}
ol At}

fAE PR YA BaAE FAA A4 FEie] JAS PASE 2 o)
o qge FozA AYHS M, Dad NEL/E Q7] A% WAFFL
om, Zaee FEE wud z7le APAE o AR 4717

> 0
o ml ofp
N, ol WE !

R 2>
i

2> o
oo Hoy L
4y i
o Mo =~

)

olfAl= W ArstEo] EAst o5 WFE2 SiO; AlO; % FeO3 9 el
A =

om FAEM, I el wel Cv R FHel E2fol ol T FETHASTM C 618). CH &
o] hAI = SiOp+AlO3+FeO3 50%<1 EefolofA| 2 d' = ofgHdetel da Ao A==
HAAd e Fegr Hojglen, Ao, 3], 4 % GA, CS 59 LS st 29
e 7ML Atk Fa E2kolof Al SiOp+ALOstFeO3 70%6%) FA® E= Fad o] di A
BAE = SeholofAZ A, AHF, ALY 55 Tt vAALY] FYTEE Hol Jde
W xEd 2AdNES Ik

I AFolA ARER EdoldiAls W 2.22 g/on, v‘:_'—‘i—'il::_ 4125 cnr/gQl =l DA oA A
AE Ao 72 Si0,+AlLOs+Fe03 81.01 %, SEM AR [AFz] 2-2], XRD #412 [19 2-3]3%
Zom, XRF 42 [ 2-5]9 2t

Q Q: quartz
- M: it
3 F: fg‘:o\'u;neite
=
w
c
[
=
> 2
= vl
D i
: i el s
5 1Io 1|5 zlu zls I 3|5 I 4I5 I I.r. I 65
2 i 29(Cuka)
[AtEl 2-2] Z2to|ofAle] SEME Y [ & 2-3] Z2lolofA[2] XRD
[ 2-5] Z2toofAl2 ststME
SHEFE 2 (%)
2z
Si Og Al 203 F6203 Ca0 MQO 803 MnO P203 Ti 02
=i 54.38 21.50 5.16 10.83 1.89 1.29 - - 0.62
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(3) A A fA]

AA NN = Folg Rt=s AzeAodr TAst= Aew, 1, 223 4 A 44 F U8
el olE2dS AAT e wel AAEHA7E B, AASHAES L7t Agsts AN
A A A 7F EASHA AT o] 27 AN K| fA o] BT A FFY, 2AA ] aEE, 4F AA
€ ofF SO weE=E Qeto] A X HikFo] Frbgtel w2 TR vid Frbeta (=
FAlolth. AA A o] WAFEL 1990 o] F HA3] Frketo] dA= oF 1507 = A=
Aetar Atk olgf gk FAHES AWES] A7 Fog AREHo]l g dFE AZtely WY
of o= AeHo] sith AA FAAAM BAst= AASHA Y s B S ES Fol
of Fioll wel A= WMAAA FRA EAEE YA e 60% AR ST
Well= vhdke] o] SAeta F71&2 8] Fol] 65%, 71Ed e &2 o 3% 4=, 7|EH &
do] ¢ 5% AEE YEWI Ut olF FrlE2 AA AN EdEH= vAdE Ty 7dF
T7lEe HEE olgd FolH, FrIEE Y rE2 AAE AL & 5 vk o]#E
A= oY B dAE T4 T ALD e, ol a4AY WHe 24 A
T7l=el AL WEE AAIH

B AT AgHE AR S B0 AN TR BAER BAGe ANSHAE 27
A7 AA NGNS AGsE oM, SEM AP [AH7 2-3]% 2 or], XRDIEA &
(19 2-4], XRF®A & [ 2-6]9F 2t}

2
o
r
o

Db

\l‘ﬂ‘ |
L L] L

Two-Theta ()

Matarls Dsta, e ROED RO B DD W, i 20,201 1026 MEULAO)

[ARZl 2-3] M X[ofjAl2] SEM EAH [23 2-4] M X|ofA[S] XRD =4

[E 2-6] M X[offAlo] =tetd &

St Z (%)
oz
Si 02 Al 203 F8203 Ca0 MgO 803 Cl P203 Ti 02
et 13.0 10.1 0.94 65.71 4.40 1.74 2.39 0.58 0.44
(4) d=m=

Y EE HIAAOEZRE FAsSFEn /Y (AI(OH)3/AlO3) A Z=1}7dof| A
ah= AP FAHEoIth AA A 02 pH 11 o]4e] wi§ =& 7l FrdEAN FAE
3hH (Fes03) 471 (ALO), TT4(SiI0)7F 5 ol Fa glow, &4zl Al Na O

°F 10 %A% Rk k.

o Hu
=
<

o o



B Ao A AgE PearEs We
o & SEM AR [A}H 2-4]9F o,

e

of
= o

[AHZ 2-4] B E =2| SEM

+ 337 g/en, HHES 3483 ar/gQl =l KA AlF
XRD#A 2 [19 2-5], XRFiEAl 2 [3& 2-7]9 2o

Intensity(Counts)

M
7-016-4000 Hemslte - Fe, 0

‘A‘M h” | | [

‘ 970200726 Quartz-5i0

‘ 57-001-5165 Calcite - Ca(C03

70024473 Anhydite - CasO

L
‘ §7-002-6455> Baddeleyte - Zr02

20

£ 60

o
Two-Theta (deg)

[zl 2-5] el E{ =29 XRD &4

(£ 2-7) HlE0{=9| 35N g
Shate = (%)
e
Si0p Al 503 Fex0s Ca0 MgO S0s Cl Naz0 Ti0p
ste 14.20 29.12 25.12 13.99 0.40 0.43 - 9.60 -
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(3) SEM-EDS

SEM-EDS #X42%, n2&d a8 A3 AJgal= Cao, Si0, 2 Al ¥ o] F
Aom Zgolof A= Si0,9F CaO Ao F %]
A=Al oJste] mREY 1o I do] Ty

= AAss Fapubso] dojyy] WEdl AL

Yo
(N
WL s}

ToHE

A=A

7h wbgste] =y 2ol Add AS #Add + S 1311% OH 71] 7} obd NapSiOs=
AREFE ol 2B Ao FAEA Fe AoE YEut STkl Ag el
Ao esto] FefolofAl7t S WS doA Astetv] MEd Aew dAddn

AA WA E AFEE AF A EDS #4143, Si0,, CaO 2 C Aol F=2 ##EJoH,
SEM Zgd3}, AAfA et dze] A=5A7F whgsto] wfg- mAg VXS YA T 0]
FAEA e, FeA el mAgE o] LA Aow AFEHIY. dEHES ARSS AY
Al EDS 423, ALOs; CaO % Fe A4&°] =2 #&HAt. SEM #9423, d=v=9f
gz ASAF bEte] AR =do] AdE AL FAY F Moy B2 2E2: A4

A [ =1~
97 g A4S FAT F A

[ 2-9] BFS-NaOH-5% Al 2| EDS &4




[ 2-12] FA-Na,SiO3-10% Al A 2l EDS &4

&#lel EDS £4

[ 2-15] PA-Ca(OH),-5% Al A el EDS =4
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Intensity(cps)

dxd el EDS &4

(4) XRD

[0& 2-10] BFS-NaOH-5% AIE A2l XRD &4
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Intensity(cps)

g 8 8
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: 0 x 30 0 70 80 %

) 7 £ % 100 o 10 » 0 2 Ed )

2theta(deg.) 2theta(deg.)

(23 2-12] FA-NaOH-5% Alg& el XRD &4 [ & 2-13] FA-Na:SiOs-10% Al&A 2| XRD =4

ity (cps)
ity(eps)

P 1 MM T P ‘ MM I
o W WA i | MW

o 50 & i £ 0 10 ] 10 o 0 o 50 & i £ 0 10

8

2theta(deg.) 2theta(deg.)

(22 2-14] PA-NaOH-5% Al&dd el XRD =4 [Z® 2-15] PA-KOH-5% Al 2| XRD =41

"

Intensity(cps)

£
5 d Py =

2theta(deg.) 2theta(deg.)

[22 2-16] PA-CalOH):-5% AlgA 2] XRD =4[22 2-17] PA-NaxSiOs-10% Al & 2| XRD &4

FAR'Y M e

10

8
ty(eps)
§ B &8 8 8 8 8 8

g 2

§ 8

Intensity(cps)

g
Intensity(cps)
-}

H

g

0 P R Y Y - M A
W WL Mwﬂ M)lWAJ\ , ) “'NJWMRWA W(\'WWM

o 50 & i £ 0 10 ] 10 o 0 10

2theta(deg.) 2theta(deg.)

[22 2-18] RM-NaOH-5% A& 2| XRD &4 [ 2-19] RM-Ca(OH)~10% Al& A2l XRD &4

A3 A A FAEe] R B AF5A TR webA AeiAe] dEAEE tUETE
As g & & don, 53 zi*m:u 49 NaOH®} KOHQ| #A=A#17F =& o
frElskdar, AANAIe] A9 OH o o8l theFe] 71A] dAox2 AFA e 7|2E FA
g 7 e A5 AS A 39, dEvEs 549 Aedde Az g=
el AR T NaOoll o o4zte] A=A AHEFS AstHA 12&H 1] 9uhs
Byste] ZEs A 5 e 247 9 5 dE AL delart

ole] LR2EFHLE 7|Wo R st} AR fAle] BE EAS o] &3lo] HFo ASA A=
sta e EE AR ApgdoaN urte] &7 AFAL ALES Eo] AGRAIES AL
3 184 AF AgA Ax 7HsAde Felsdh
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3) &7y A=A T H HIbEol wE FAWME A3 54 HE

7hH nzsd 71 FskA el A=A SR B AUbeel mE A 3 A we A0

(1) Ag7nea

AA A S AEst] Aol AAE Axsy] A AAAFS T AFE 2
7INF AtA ] 54 9 g7 AFAe] AAAEFS HESY] fe d¥oer nzde 1o
ZE Hd D A ofAIL} wbgEte] V|EZE TAAIZE F JdE OH & X33 4748 A=SAE
AL-g-3F o Tk

2) AAAE 2 Py

AP AFAEAN n12&Y a9 dun=s ALEson, é}ﬂidoiw~Li§
awe AFEF 49E @7 AFAE 10, 20, 30 (%) AFAARL, wwsYze dEv=E
T%§?$%5ﬂ2§ﬂ1f§%é7P”@£ﬂtﬂca10%)%(é)W%ﬂﬂ;% Ap=
AE ASA FTZFod 10% H7Fskt. W/BE 0552 A o FAXEAL AdEE 8045
%, &% 202 T F2FFolA IS AAsAth ANFIdEL AFA 55488 HES
71 8 ZRS 2 22$E SA891, 43NS AES] 8 g45HEE 4 AUHE
-231.

(£ 2-19] 2e+E 2 29l
=1 A=
ZE =A « BFSY, BFS+RMY
EEESIE " BFS - O
d=0= xgs - BFSHAM : 10, 20, 30 (%)
ot2re| X12A « KOH, Ca(OH), NaOH
2B A * BFS : 10, 20, 30 (%)
222 A=A #otE « BFSHAM : 10%
W/B . 55%
OF AN X 2 - MHBE 80+5%, 2% 20+2C
NEES FZ2R B 222, U=UC
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Compressive strength (MPa)

Flexural strength (MPa)
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3 days [[] 7 days [] 28 days

Plain 9:1 8:2

(23 2-64] &Z2| A=A 2l 5 &(NaOH

14.4

116

12.6

6:4

17.4

17.6 17.7

. NagSiOg,)Oil e 454

3 days [] 7 days [] 28 days

Plain 9:1 8:2 7:3

(23 2-65] 2&a2| A=5H 2 5] 2(NaOH
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2) nmgd 1ol da% &Y A=A FF L ARSF A

h ARAE 8y

= H

[e

2L 71H AEkAe] 223 NaOH % NaOH o]¢o n2&d1s FA 3 sl 33t
EIEESIE °L71r’4 A=A F5F 2 HUMFS AAS7] fg wHe [3E 519 22 AEs
AAjsle] EEsh WA, AgdA= 12&EY 29 FFS 100 g2 stof wigae 4 35
g :T, W/B+= 03652 1ASH ;\51 NaOH, Na,SO,4 NasSiOs 59 HI7FEFL v 35 g% 7
02 1,3 6,9 12 (M) 5 F b5coz AAsY 23S AASAT AgdHo2= wigr
o] pH T%9 &4 & Ho]l2EY Z8¢ & Z729 4 gHoli Z29 AN &8 #ol
2Eo & 4 FH ArE FAHSY T AlFGAZE g7] T =EHAS w A A7
o] T ¥ = WslANS st e A=A FTF 2 HAUES AAE T
[F 2-38] ME+= 2 29l
g2¢l *E
AR =H . BFSY
%F;EFPJ XFEI‘” * NaOH, Nast4, N828i03
r2t2| X=2H Botet «1,3,6,9, 12 M)
W/B «0.35%
QFAH X 24 « 5T 8045 %, 2% 2042 C
ANE &= ‘pH =5, E22 2 E22, 012 E22, 2TAIZH, &= 2 8 AT
a) BFS : D=zl
v Aedy)
(1) pH 5%

1l 9] #4 pHE 4317 984 &z AsA49 T/ 2 H7bsd wet A"s & H, vl
Tl 7}t HHS#A o]l gle=s "o E A7l Hel F2dFTleA &%=7F 20 T7F
7EA] A A A T

A, [27 2-66]0] WERH A3 o] NaOHE #H7beh wig<e] pHE 1M 4% 11.0
et laz, 3M2 11.1, 6M 10.9, OM 10.7, 12M 1052 3MS AF&3+ vjgtro] sw7F 714
o, o]% FHrtwke]l Tl wel pHx A8t¥ o] NaOH-12M ¢ A%Ae] pH &=7F
A9 FEE YEAT o= pH 4719 AgwrF B A% AN S8 AT
A4 FE pH 527t HolAl+= S #etet S w NaOHE AFE-3F wighs9] pH H=+ 11
Aol o aZEE wa Y Aow duF

A, NaxSO.E& 1M 7 Mg s 71 92 pH =2 845 YES L, NaSiOsE
IM H7bgh Wi+ 1012 NaOHE AH&3 wigrro v @¢e 525 Yeluddoh =3
Na;S0,2 25 IMS 233te] wishgot &3 45 g oA 2= Zoiy A}
&3 & fldeH, NaSiOs= IMS =33 A A2y 22 Je=2 a7t Hof AMEE

gL T
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12.0

11.5

11.0

10.5

10.1
el XS H| P orztal Xt H|

40 100
=X %8 =X| ¥

pH

9.5

9.0

8.5

8.0

" ; A V'
Y v ¥ ‘b o o o o Ny % 3 > 5 ke
& PP o 9? e’*"f,o ‘é’o t\"';5,;:3 ‘g&f?o P S

(2 2-66] €22 A2H 5F 2 mole o E pH 5%

E29 2 EFES H HolE FEF AEAY= [1¥ 2-67] YEATE. 1 A ¥, NaOH
= A3 S HA$ NaOH-1M©o] 105 mm, NaOH-3M 120 mm, NaOH-6M 1255 mm,
NaOH-9M 120 mm, NaOH-12M 104 mm= 6M—°— A 7}?‘% AztAe] F297F 7HE e ol
=2 ZAo® Yewoen, 6MS x73}e] 747}0} T B2 o] #adE AIFS UE
W, NaOH-12Mo] 71 e =2 1:} o] Huld gfo] NaOHE AL&3

A5 wbgAdel ¥ NaOHZE vl7) & 8= 54 wiel A@Ajel Ab8EE =
Fol S7tEol 227 S7kE= Aolvl, NaOHO| Abg-wfo] wWobd A9, nzadfast we
Al S o9l 2ol Hol AR nREUIVF Wt feds AAT slor ddd
o},

+ NaOH-1Me¢| 2075 mmE YWEF AL, moledFo] S 7Fgholl wel 228, 2335,
2185, 175 (mm)E YEFHAT 4, NaSOE& 1M AFE3F A3tA= 260 mm= 7FY 354
o] £& FHoZ YEH ST, NaSiOsE AFESIAR S A9 Aol A9 glv Aoz YEy
=
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OFlow cone flow [@ETable Flow

300

250

200

150 |

Flow (mm)

100 |

50

N
S F&F FEF L P LS Lo
NI R R R S I I G

SANNS F43% A= [11 2-68]d YER AT 1 A NapSOs-1IMP NapSiOs- 1M

4 4 4 ¢ldth. NaOHE AMg3l9S A5+

5= A4S ¢ F A=, NaOH-1M

o] xHo] 458+%, T4 1564802 7 W EFSE AL, NaOH- SM«l ¢ 24 1218,
TA 250 o2 NaOH-1M¥} T4 Al7ke] Apol= oF 22A17HS

g stete=d vig A dZE ASAE AREst yERd A3l dzi %‘r%ﬂﬂ%, 12E

= gy ASAR FAdstete] AFETeRHA wE FAALS YEHE Ao 54

p

O

7] 9JsiA s g2 x}lzﬂﬂ NaOH®| A& &2 i 3MolA Eojof dtf= S & 4
Atk A, NaOH-6Mo] ZZAAIZFS 65weldon, T4 12975 YERAL, 9 M2 =4
57H, 7 968, 12 MS %2 618, £2 972 2% NaOHO FH7bgo] Z7Hgo] wa $4A
Zro] ©EE ATh
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800

Setting time (min)

600 |

400

200

& & & & & o* o" > o~ ¥ o o &
&L & & &L ‘\,IP x\”"“? ) .f? O S S & &

284 9] Zrol A NaOHE 6M H7bgh Al A 9] f=74
Aew, 6M<= Z¥ste] NaOHE H7Heh 4 shA=
ol A¥e UEHAT ol AT ol de &z A=A
7 EE AstA7le 827 does e o 5 dtle
M, NaOH®| A4 A& 6MS Aoz dAchevy, T3 A A 29s dHEGS o, 1,
3,6 M)l A A o G ARl BolA FUAN 9, 12 (M9 FF Lz i ol
TS A FEL A AL & A0Y H, NaSO;-1Me| 45 A" 28UelA 1.1
MPa& WERH AL, dze] Aoz FHo s AS #EE ¢ AT
2 AdEe A (2" 2-7019 2ol Aot FAR dFS vErW L=, NaOH-1M 9]
Zﬂaﬂ 289 # A=+ 25 MPaz NaOHE AHERE A3 FolA 7 v A=E YEhlol
, NaOHE 6 M 283 AstA1¢] f A=l 180 MPaz 7FHg =& 8 =& Yehdidth
W}E‘r/ﬂ 22 7|9 AspAlel dag 4@y A== NaOHelW, 19 H7bg2 =
39 g 7]—r 6 MSl Zo= dEr),
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Compressive strength (MPa)

Flexural strength (MPa)

45.0

40.0

35.0

30.0

25.0

20.0
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5.0
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20.0

18.0

16.0

14.0

120

10.0

6.0

4.0

[ 3 days [[] 7 days [] 28 days

O O I I

Nl o3 ol i : d 4 ¢ g o o < o
S &S S A o & FF e

L R R R S & & @ @ ¢ &

[ 3 days [] 7 days [] 28 days

S o S S N
o > o 5 v N
& ¥ £ N ¥ ¥ d ol ¥ o o o .o +

N P
& @ LR

(23 2-70] &Ze| X5H &7F % mole sZo g & 4k
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3) HoE TAA7]7] 918 NaOH A& 4H4
AANA 100 geoll E3FH o] = mIRkS- Si

1o
s
ot
o
N
N
o
ol
ol
N
do
o,
>
=3

2-39, 40]°1 et

9 XRF #4] 3 B4 dEHE Si00 g9 ARgHE dEHs Siol g3l Aol
£ vjurg Sighm ARSI, H1-1% ol g3l F2WAS YR T & 9= NaOH Fg &=
F3qrh

[Z 2-39] MX|ofAle] =tstd = (EXH

=& Ca0 | Si0 | Fels | Al0s | Cl Mg0 S0 | Ti0x | Ps0s Cuo Zn0 | etc.

Sf=&f 58.7 124 852 6.91 3.9 338 1.76 1.3 0.783 0.62 | 0.62 | 0.97

[E 2-40] M X|offAl2] =tstd & ()

A Ca Si Fe Al Ti Cu Pb Ba Mn Co Sb etc.

gt 46.6 | 256 | 13.3 | 7.09 | 3.15 | 1.3 | 0.89 | 0.684  0.219 | 0.188 | 0.111 | 0.87

[ 2-39]9] SiOp°] A& 124 %olE=Z 2.07M o] =, [ 2-40]¢] Sie] A=Fui
& 256 %= 9.14Mo] "nh. webA, o] 59 A= 7.07Me] 1, vk Sie] mole®o] Htt.
ol Ald YT BF Fa7AE A= TAAZ 5 J= NaOHO| H7bd2 thaollA ¢
ol 56.6 go] ¥

i r

. Si .

H]- O Al

e - (paper ash) + 2NaOH + HQO — Na28103 + 2H2

Q2 mole® :  7.07M 14.14M 7.07M 7.07M 14.14M
gde A= (100g) 56.6g 12.7g 86.3g 2.8g

KMIXIOHAI 100 g JIZ=

et Ze g NaOHO| FH7beFe AlAofAl 100 g& 7IEo= 566 go] =Hw, & d&
127 go] Atk ol dddnE vHoR FAWME FF AAE Axsr] e 12S
19] Abgel mE W/BS NaOHE aeste] Al ofAle] AbE S 5 go2 AT 4% W/B
T 040°19, NaOH+= 108 go.2 & = Qivh ojujo] g [ 2-4119 2t

(¥ 2-41] n2&elfd 7|8 A2 dskA e ot

©@el g
W/8 Water Blast Furnace Slag Paper Ash NaOH
0.40 40 95 5 10.8
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4) AA NS AHETE B F A 9] NaOH A8 % <

7h AEaNa

NaOH94 Ares ATs] AT A2 2dAl=s =S AA cfAlolH, o] R o] A%
&< 5 %otk NaOH®| #H7h&2 7&1}111 <@l 25, 75, 108(131HM Siol o8 =&d A
9 40

o% Lxg o}‘iit‘r. OMZiZi% Q; 80+5 /), == 2022 TolH, Alg 52 2y 5}
At ArEN 2Ry LS ZA5a, old 2 P A3 YY)

=

Wb 294N 2
NaOH AHg#& Feletr] 919 dgoms, dgAzs nzsda, A4S Asaa
o A=A 2E= NaOH, NapSiOsE AR&skal, NaOHO H7b&2 7.8, 9.8, 10.8, 11.8,

128 (%) ¥ 6rwo® AAS}AY A2 de 4 A EE S5

i

[ 2-42] A& & 0
g R0l dEgrE
ZE M « D2=ef(BFS), MIXI0HAI(PA)
KIXIOHAl XI2t= * 5%
gzl A=Kl + NaOH, NapSiOs
NaOH&E Jt= < 7.8, 9.8, 10.8, 11.8, 12.8 (%)
NagSi0s <0, 0.5 (%)
W/B * 40 %
A « HHESE(80£5)%, =5(20+2)T
ANge= L

SREE

(1) A= ZstA¢ NaOH A& A%
NaOH®| 7] we Zur U
F7beke AFS JERA, HRy) A%

9
984 A g NaOHe| X 7heFo] F7hshel whef
Iw wukg SiS

AetAle] 2Ry v} 7% ko 7 o7 eyt o]

=5t %ﬂ'g 10.8 %<1
7

+= NaOHel #H
22 H7ME A FAe B ik A Ye A4S YEA, 2345 %7}% e ]
HHS- Siel NaOHO| whE-A|to] ©@=rx|o] nHiHlA oA Fa7| A7 47 AdEo dert 5

7he Ao g e
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13

12

—«—Bulk specific gravity —0O— Unit volume weight

11

1.0

09

08

o7

Na-7.3 MNa-9.8 Na-10.3 Na-11.8 Na-12.8 Ma:5i0,-7.8 Na:§i0z-3.8 Na:5i0;-10.8 Ma:5i0;-11.8 Na:5i0;-12.8

(23 2-71] Zd2F Z3td el NaOH A8 HEE <

Ol

L Z Fedel 2E

o o o

r

(2) 2% d3tAe] NaOH A& HS& 9 4% 439 dh=4d%

Ar7] dret mz7FA 2 NaOH #H7FE 108 %E 7|=°o =

1.94

193

192

191

1.90

1.89

1.88

=7}

O3days E7days M28days _NW mﬁ

ol 3.2
24
2.2
15 h =

Na-7.8 Na-9.8 Na-10.8 Na-11.8 Na-12.§ Na:5i0s-7.8  NaSi0:-9.8  NaSiOs-10.8  NaSiOs-11.3  Na:Si0s-12.8

(22 2-72] 2% Z=tM ol NaOH AFSY A5 S fIet 4 datxe =2

™

ftlo

Az, asda A FANE FF AsAY Axe] QoiA, bd HAs NaOH
e R AANAe] FAFE BAT S gdgow, AX Al Abgel 10 % ool
R BEASS BT 5 AT
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ok A A

lo
ol
1
f
e

D &z A=A S5 2 e A

7hH Adne

HAE 2 NaSiOz9h NapS042] vj&8 AA3 7] 98 Ad oz NaOHO mole 55 E
= =252 7|4k 73]35]'}“-/] FENAE ‘ﬂsﬁ CDEL%E] A=A el NagSO45’Jr NasSiOs= *%‘7}‘
2 H7tste] olE9 EA AE % A AsiAe AxE HYsr] 9% d3tow v x Ay

= A8k

i}
(o

B ARS 4F 9 29e ARAE wedawe A3l NeOHS 4488 ATA F
ol 6Molr], <zl A FFE NaOH % NaSO, NaSiOol™, o]5e] Ae&e
o Eas

I=]

=
/gx

NaOHe] F el 0, 10, 30, 50 (%) & 4TTo= skt W/B+ 0.350], A=A -L
T 8045 %, 2% 2042 T2 &85 £7oR uAHsPL, Ad d5S F54S HESH]
At Z2F F Z299 HolE EE29oy, SAATY dF 2 3 A% F 55T eE AA
=g
[ 2-43] Ag== 4 29l
A0l AfaE
28 =AH . BFSY
2422 X=2H| « NaOH, Na,SiOs, NasS0,
22| XA=2H ®Ots « 8.4 (wt.%)

Na,SiOs, NaSOsXle= « 0, 10, 30, 50 (wt.%)

W/B + 35 %
ZlxA « H4UHEE(80£5)%, 25(20£2)T
NS - SER 2 2R € HOIZ2 SE2R, S2A2, 25 & 82

EF25 % HolE E2§

29 4 HolE Z2¢ A94¥= [2¥ 2-73]9 eI 1 A3, EF2S
Z Z29% A¥dZAI+= Plaine] 110 mm, NaoSiOz9] A 3H&o] w& Z29+= 109, 105, 105
(mm)o] A em NapSO,9 A 3H&o] weE Z29+= 107, 109, 108 (mm)=Z ZE ZTA7l ==
-9 o7k A9 glE Aoz Yeiwth i, ol B A HolE ZE9E EE AFAV
229 Z Z299 29 WIE Bgow, Plain® A9 222 mmolom™, NaSiOse}
Na;SOs 5 A& AdFAl=x3&o web 181, 199, 219 (mm)E 50 %E g3
Plain?} fAFE Z2295 YEWAT NaxSOs AHES 23 A% NaSiOss AHEE Ao
npR7MA 2 X gl FUbgke] wE EESE SUteke AEes vYEided, 1@ 44
214, 220, 229 (mm)E Na,SO.Z 50 % 83k A7}t 714

3T
1 =
3T [e) 3T
T2 2 5
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= 45 Z9HR NaOHel F5= 759 o] 23y
ES AR UE ZolH, NaSiOze] 4% NaOH®| Apg-ol

a9 s < NaSiOE A&t Sw o] F7fste] =97}
Ui sk, deA e @844 SreA doh ol ]%% gAad 45 Age
o]

o
kel et Wskse G Fohbl Ho) ey A3l Ao s

OFlow cone flow @ETable flow
250

229

200

150

Flow {(mm)

100

50

Plain Na2si03-10% Na2Si03-30% Na2Si03-50%  Na2s04-10% Na2504-30% Na2504-50%

[23 2-73] NazSOs, NapSiOs2| x| etEo e 229 2 229 4 Hols 227

(2) AN

NaySOs, NapSiOze] A gh&el wE A [17] 2-
A5- Z2Ao] 80, TH0] 2342 & 4AF bl A FHA
A dEFSE T NaoSiOsE AHE-eh A= 10% 243t 3)
& omE SAAE UERlaL, ofF A&l TUbdel whet
Buidth 2 AR A s 30 % 24 83%
T2 252%°lt. o= NaSiOzo| 4% &zel # t
BF AEE ¥ mEA 27] ol NaSiOsEs AHEg 23471 o
e o2 Addn. 98, NapSO5 AHE3H A3 Ao A e
117+, +4 280 2% Plain? NaSiOss AHE3H AFAH thi wE ié’\]{}% L}E}‘H
i, NapSO-30%+= =4 170%, 4 3Bhiee= 7P = {t
Na;SO,-50%+ =4 170, T4 301822 X 3E& 30 %9 =4 At & =
Boh w2 AIZFS YERAT o= NapSOu7b o] 23F ¥ Algto] dojAuA A 7ho] =

ﬂ

4]01] ettt 1 A3, Plain

Jly ol
b
[\)
Q1
J
o
o
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400

350

300

250

200

150

Setting time (min)

100

50

Plain Na25i03-10% Na25i03-30% Na2S5i03-50% Na2504-10% Na2504-30%  Na2504-50%

i
0lo

A2}

[Z18] 2-74] NaxSO, NaSiOs:2l x|&&of A7
Q) 4= % A=
Na;SOs, NapSiOz8] A gkgo] mE d54d=s [2d 2-75]d yehlide. =1 23} Plain®
=AE 3900M 234 MPas Wbl Rlar, AE 7delA 266 MPaZ A 3UNA 7R
BE T A gl AR AE 7dedA 28U R AEFHL oF 2w AR AEUHAS
s, I A EE 447 MPag UYERHATH NaSiOss AH&3H A stAle] A& 289 =
72 NaxSiOs-10% 39.5 MPa, NaySiO3-30% 35.0 MPa, Na,SiO3-50% 48.4 MPa=Z %] g+
WA BE SRS YEd F 50 %2 XS T AL A 30 %EY =2 s
WAtk E=3F NaSiOze]l Z =+ Plain Bt} & ZE2ds 9
AGFANZ AFES AFEoA LR FH ATl NaOHSF NapSiOse] Hl-&©] 50 : 504 7 =
12EHIE GASEAA Aol TS Fol FE7F o EolAE Aotk Na,SOE A&
BstA e At AgE 10 %9 B¢ AE 28Ul 432 MPa, 30 %= 51.8 7
MPaZ Na;S0,-30%%F Na,S0,50%5 A8 A7t 714 & s Hdsdh

A A= APdANE (21 2-76]0 YErdsled, e e AR S e
t}. Plain®] 9% A& 28¥olA] 122 MPa ©|%lil, NaySiO3-10%+ 11 MPa® Plain®.t} T}
2 9 ARE 2ddgdon, NaSiOr30%t A#E 28¥cA 81 MPaE eI
NaySiO5-50% % 11.3 MPa2 574 =9 Zuddgre) thih B2 Aoz Yepyt

s

Tt

¢
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Compressive strength (MPa)

Flexural strength (MPa)

60.0

50.0

40.0

300

20.0

100

0.0

16.0

14.0

12.0

10.0

8.0

6.0

4.0

2.0

0.0

3 days [] 7 days [] 28 days

51.8 51.7
484
44.7
_ 432
39.5
35.0
28.1 28.2
Plain Na2si03-10% Na2si03-30% Na2si03-50% Na2504-10% Na2504-30% Na2504-50%
[j-IEZ! 2—75] NaQSO4, Na28i039—| 7-(| =29 [Ll'% ?:u"‘-’-'% PAS
[ 3 days [] 7 days [] 28 days
1.1 13.8
12.2 12.2
115
11.0 g 111 11.2
10.6
100 10.2 10.5
8.5 a1
7.4
6.7 6.4 6.8
Plain Na2siO3-10% Na2SiO3-30% Na2Si03-50% Na2s04-10% Na2504-30% Na2504-50%
[12! 2-76] Na,SQ4, NasSiOs2| x|zt e & 2z
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2) Na25i039] j]%]' g‘l @7}% }?jxél

w AP NapSiOze] A1k 5 H7bgol ofsiy A7 AshAle dx SE AEstr] 97
A3E AAEth NaOH® A4 #H7HE 108 %S EUZE A AIE ALEste] A 4 shA
& A=xst B dsAe = S

a2 AAE Ao R NapSiOze] A8 B H7Fso] o s A
al

H
g9} A A A S AFESLS] NaOHol H71eS ZAA T Ho 108 % 7
sttt AEE BAstaA AFR3E Gy AFAE NagSiOsol ™, NasSiOze] 2384 2 7}

&> NaOH® F =l 10, 30, 50 (%) To= AAstAtt. W/Bx 040019, 821 F5
805 %, <& 20+2 CT= I35 iﬁoi wgetda, Al FE2 dEde ARSI S

@ dn] WEet & % 9 BE Fom 4Asur

As0l A Az
28 EA « BFSY, PAY
w262 XH2A * NaOH, NasSiOs
u2te| X=2H Bt * 10.8 (wt.%)

Na2Si03el xI& / EII8 « 10, 30, 50 (wt.%)

W/B * 40 %
2l A « HHESE(80£5)%, =5(20+2)T
=R - 222 2 2R E HOIE 222, SZAML, 25 € 82

a) BFS @ DZ=ei, b) PA ¢ HMIXIOHAI

DIRLEE

(1) 9=

NaySiOso] 2| 3h& 2 H7bgo we Zur] ¥
A8 AL NaSiOzo] 288 %L H7pgol upet %7}3}{_
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Flexural strength (MPa)
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[E 2-56] AETE & 29
g2¢l =
28 =A * BFSY+PAY
HXIORAl XIEtE “ 5%
NaOH ZJI2 = 125%
dENE XIEs =0, 5, 10, 15, 25, 35, 45 (%)
W/B = 0.40
QA 2 - 5E 8045 %, 2% 2042 C
NEg= 2T, 2= 2 g 2T
a) BFS : D2=241, b) PA : HMXIOHAI

- 104 -



L E

A=)
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2 A% Azre] Aol wel BEw EobAr

14.0

H
#3130
T
o
125 448 10.8 10:8 10.8 10.8
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daete Ags UEhddoh g a8 A A ] Ay de 2RV dEe gEns X%
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gdemz=o] Nggo] g2 ¢EAEE (28 2-106] etk 2 23 Plaing ¥ 28
d GEAEE 49 MPaz2 7HE v AEE YEhl e, RM-5%% 7.8 MPa, RM-10%+=
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MPa, RM-15%% 14 MPa, RM-25%% 1.4 MPa, RM-35%+% 1.2 MPa, RM-45%% 1.2 MPa
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Flexural strength (MPa)
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Flexural strength (MPa)

] 3 days [[] 7 days [] 28 days

25.0
e 204 20.2
20.0 ] 19.1
17.8
15.0 13, Y 14.2
11,318 1.9 116
10.0
6.5
5.9
i 45
0.0 8
Sy AN}
*® ,_p’g'
g - -
Vv o oV
& & &
(O 2-111] el E =2 X|etEnt 2| XFHe SF7F & #HIMEd WeE & 2

- 114 -



S Beety] 9 ddeor My A 22 2HoR vzl A

Toe ARARA nz2Se et AX NS FF A& 95 52 145
dzbe] A=A ZH NaOHE 234 100 gol 125 g #7hetdth A== NaOHdl| T#&Fo =
0, 5, 10, 15, 25, 35, 45 (%) & & 7o A& on, vt st NaO& &= A
th. W/B= 04001M, AL FdiFE 8045 %, &% 2022 To® HA3 AT A ddHe

du7] dEeh G A FEE SAsen, pH =9 4= R 3 AEE ST

O

il

(£ 2-58] dE4= 2 29l
AER0 AEAE
ZE =A * BFS®4pAY
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/8 « 40 %
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ANEE= pH, &= 2 2%, &
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12.0

119

118

117

116

115

pH 5=

114
113
112 9.73

111

11.0

0 1440 2880 4320 5760 7200 8640 10080 11520
oz ag (-] 3% @ g 52 (6 %) 7% (8 %)

ZA1tA|ZE (min)
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(1) ¥=
(17 2-116]% Zfolofrle] A g&o mE Fr7| dxof G848 dS el Ao =,
sejolofAe] Apg o] Frhdel weh Rrs] WEE Fadt 42 dHiA o w9
g4 a%e] Agol W Frdt 4L JEd Row no}l EefolaAe Agow 43
Aol Fol ool vEd Aow wwHn, w, EeholojAle] AbEo] FrleA 3]
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(b) FA-1% (c) FA-3% (d) FA-5%

(e) FA-10% (f) FA-15% (g) FA-20%
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@ 4% 2 8 A=
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