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Effect of Changes in the Constituents and Moisture State of Concrete
on Laser Scabbling

Seong Uk Heo

Division of Architectural and Fire Protection Engineering,
Pukyong National University

Abstract

It is known that concrete waste accounts for more than 70% of the waste
generated during decommissioning of nuclear power plant. A lot of research
has been conducted to reduce the amount of concrete waste using mechanical
decontamination and chemical decontamination process. However, problems
such as safety of the worker, limited accessibility to contaminated area,
secondary waste generation, as well as waste disposal and handling have
been issued with existing decontamination process. Laser scabbling has been
introduced to reduce such problems because it can be used remotely from a
long distance to minimize access to radioactively contaminated areas. In this
study, the effect of mix proportion and moisture state of concrete on laser
scabbling process was investigated. Laser scabbling with 200mm/min scan
speed was performed using 5kW fiber laser located 900mm away from the
surface of concrete. Weight loss and surface condition of concrete after laser
scabbling were evaluated. Compressive strength and void content of concrete
were measured, and FE-SEM(Field emission scanning electron microscope)
was used for microstructural observation of concrete after laser scabbling.
According to the experimental results, high strength concrete with lower void

content showed higher removal of concrete after laser scabbling (highest



efficiency). The concrete with oven dry state did not show the efficiency for
laser scabbling, and, as a result, vitrification has occurred. However, laser
scabbling was successfully applied to air dried and saturated surface dried
concretes. It was found that the presence of moisture is a necessary
prerequisite for laser scabbling of concrete, but moisture content did not seem
to significantly affect laser scabbling performance as long as moisture exists
in concrete. The effect in the change of the fine aggregate proportion and

paste content on laser scabbling was negligible.
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NeerA AGEe AEAE B A5 Ak,

4

WA 232E AVlee dem A A ek Ald Ve
A 2T IAA A7zl e @A STk 1 A2 veAde] Al

E dolxEs FASE TAR ZaAUEE 34 o Fd Aok, A4

7] wZolvk. R Al ThA ol A
Adsta 22 sefe] A7kA] ezt 7w AN ZAI7E LA
A Hgo] Mo 3teh4 A HA

£
joll Wlal 7] wiol, stehd Adrleses 2AHUE £W 24 AAd 2

2] o]
L3 Ae 2F &ZUdd Ao FAdH,

318ty A2 dutikde] AFFAHG FASEY 71E Ad FPSs &5
Ad AdS 9A A Adel Aoz 48AZ2 4 ot} v AY
Hl go] AH3t HA3 seAS Adstd odAT FH HAIAEZ

46) US Department of Energy. (1996). Electrokinetic decontamination of concrete.
DOE/MC/30162-97/C0804, Morgantown.

47) Shimizu corporation. (2013). Treatment method of activated concrete. Japanese
patent, P5234416.

48) Shimizu corporation. (2016). Treatment method of activated concrete. Japanese
patent, P52016-161422A.

49) Choi, W. K, Kim, G. N, & Lee, K. W. (2010). Technology development for
recycling of decommissioning waste (No. KAERI/RR--3128/2009). Korea Atomic
Energy Research Institute.
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NEH

<]

231 71&

o] 27l

=
=

Ad Baez de 48 oy, At

71 A A

aha=

T A LA

22
|

M.

AN

)

H

il

o

q

i

_fOH

g

ol

Mo
=

-

HojFA| gk, Ao A7]= <

Ho

Echt et al. (2002)%0)2 ~7)&+

% 42L/min®| AH]|

i

~
o

0.64mg/m’2, 7% Ae2] 383mg/m® thu] 80% o]

At} Feltcorn (2006502 7] )

23

A=

G
T

‘mwo
gl

el
JJo

Mo

—~
o

u

o 300ft o]

™
=
g
_T
No

=3
"o

S
=

=
=

7 7]

sfof

1 ol

1=

HEPA(High efficiency particulate air) 3-& Al

50) Echt, A., Sieber, W., Jones, A., & Jones, E. (2002). Control of silica exposure in

construction: Scabbling concrete. Applied Occupational and Environmental Hygiene,

17(12), 809-813.

51) Feltcorn, E.

Technology reference guide for radiologically contaminated

(2006).

surfaces. US Environmental Protection Agency: Washington, DC, USA, 11-18.
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¥R sk= 7lsolth Feltcorn (2006)0 w=™, 7|& 2oHE" 342 24

Aol A Aol &eolstH, 2 T WAH= 22 T T

FaYES #HolAH 2AEHS HEAZ Atdl T Lawrence$t Li (2000

ad2), 2000b53)2] A= CO, #e]# % HDPL(High Power Diode Laser)

52) Lawrence, J., & Li, L. (2000). A comparative study of the surface glaze
characteristics of concrete treated with CO, and high power diode lasers: Part I:
Glaze characteristics. Materials Science and Engineering: A, 284(1-2), 93-102.

53) Lawrence, J., & Li, L. (2000). A comparative study of the surface glaze
characteristics of concrete treated with CO; and high power diode lasers Part II:
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= AHER 2AE Vles dE vad Adow dubHom A 2§
HE COy dlelAE HDPLY @ 274Ed 7Iwe a&4ddd tet

?ldl, HDPLel Hl&] =AEH Z&C] =2 AL

Peach et al. (2015)59¢] Ao WEW, EEEl29] Holx X|EF o]
7N

%ol 7% Egtor, NHE soj2E ¥ Tade soz

ot

doll &S MAAT ZaAS Alojsts A 4= ofd AL

Mechanical, chemical and physical properties. Materials Science and Engineering:
A, 287(1), 25-29.

54) Hilton, P., & Walters, C. (2010). The potential of high power lasers in nuclear
decommissioning. In Paper at WM 2010 Conference, Phoenix, AZ (pp. 7-11).

55) Peach, B., Petkovski, M., Blackburn, J., & Engelberg, D. L. (2015). An experimental
investigation of laser scabbling of concrete. Construction and Building Materials, 89,

76-89.
56) Peach, B., Petkovski, M., Blackburn, J., & Engelberg, D. L. (2016). The effect of
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=
oA ZAZES HolA 2EY de AolE &7l A% AT,

Fx3kE OPC #lolAE= %7] AE e OPC #Ho|AERT #o]A A&
=

concrete composition on laser scabbling. Construction and Building Materials, 111,
461-473.

57) Peach, B., Petkovski, M., Blackburn, J., & Engelberg, D. L. (2018). The effect of
ageing and drying on laser scabbling of concrete. Construction and Building
Materials, 188, 1035-1044.
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ke

ATl KS L 52018 ®EESste Ul SARY] 1€ BEE X
ANRAES ARSI, AMES] Wik 315g/m’2 SA4E o, Ald
Eo 3}stx A2 X-Ray fluorescence spectrometer(Shimadzu, Japan,
XRF-1800), #&E4 %4L& X-Ray diffractometer(Rigaku, Japan, Ultima
V)& AF&3te] 318 74(26) 5~70° 999 HHS 245tk

TR0 Ca0 64.54%, SiOs 1859%, AlOs 5.53%, MgO 3.67%, ¥ Fe.O3
Aoz yetgr. o8 312 AWES X-Ray 34
HE UEd Aojth AWES] tfEA] FE7FS Alite(CsS), Belite(CoS),
Aluminate(C3A), Ferrite(C,AF)9F W3l A (Calcite), wF1u] A] o}(Periclase)

2 X 31 (Gypsum) 5o &2l% ).

[\
o]
al
X
t

I
o
rr

(Wt.%)
CaO Si0; AlxO3 MgO Fe203
64.54 18.59 5.53 3.67 2.95
SOs K20 TiO2 P20s MnO
2.64 1.26 0.31 0.27 0.16

58) KS L 5201, (2021), ZE5H= AJWE,
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CsS : Alite

C:S : Belite
C.AF CsA : Aluminate
E; C.AF : Ferrite
cS G : Gypsum
s | cs C : Calcite

CS

X-ray Intensity (a.u)

2) Zg}o] ofA]

E AFdA = AHME gin] A& wE AR Fgko] oA E ALE
il Zgto] oA RMEE 223g/cm’E ZAHYG. E 328 Zdlo
Aol st AS A Aot Fdkol ofjAe] FAEL SiO.7t
60.42%°]™, AlLO; 22.15%, FexO3 591%= Al ¥o] ASTM F+ Z&}o]
JAIAS F1E = glom, CaO FFFol 49% Froz ALHF Zo
A= E7FE & dvh 19 329 X-Ray 3|4 #jdo] w2, &efo] of
& A (Quartz) ¥ Edlol E(Mullite)® T o] glon,
BHfolEE HE FE9 WA HAdA Fd® Fad FEQ ATl
3|47t 15~25° F el A HAGAL] bande= AZFE FEho]l oAl

APAQ Y o=, sspAle] Asts YaahA A G,

¢

>
Lo
E
i
>
2,
M

r°l'



I 32 E2to| oAl =tetME

(Wt.26)
SiOz Ales Fe203 CaO MgO
60.42 22.15 5.91 491 1.36
TiO, K>0 P,0s5 NayO SO3
1.30 1.27 1.24 0.72 0.49

Q : Quartz
M : Mullite
Q
=
S
2
g
=
&
i
Q| Q Q
w" SRS e 8l
5 30 3I5 40 4I5 SIO 5I5 610 6I5 70
Diffraction angle (260)
% 32 210 oAl =4k =N
3) 1E EY 1

B AP AME g A& 2 AR 12 EYaE ALS
stk 12 S#ae ¥WEE 29lg/m’E A HAY. ¥ 328 1R &
e et xS A Aotk nE S#1e] FA4wL CaO7t
48.45% 01", Si0; 29.08%, AlOs; 14.30%% T3 =] AATH
2 £¢19 X-Ray 34 sjddS ved Ad, 12 S

Lo
ot
)
£
i
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% 3|d7F 15~25° g Fol X|g v ZAAA bandv ZEHol B EFH
AgACE AE vAAE FE2 dHoly, A }o] E(Gehlenite), T
2324 (Portlandite), 521 22 (Anhydrite), W34 o] &2]3}

18

(Wt.%)
CaO SiOq Al,03 MgO SO;
48.45 29.08 14.30 3.61 2.56
TiO; K30 Fe03 MnO SrO
0.61 0.60 0.48 0.31 0.06

G : Gehlenite
A : Anhydrite
P : Portlandite
C : Calcite

X-ray Intensity (a.u)

Diffraction angle (20)

0z

#3383 12 sl =4 =
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4) 4314

2 oAl E AMIAE Fe AR &85 98 HdAT 25mmel
23] AbgEkiTh AEA e Wa Wk 268g/cm’, E4E2 0.72% % =A
H AT F 34v MM ey A4S A Zolt. A FHES
CaO7} 79.83%, SiO.= 9.97%, ALOs7F 3.62%=, 1 2l w&e] MgO,
Fe.0;, KO, TiO; MnO, SrO, P05 5o FA4d%<e] At 18 34+
31419] X-Ray 34 #elS vebd A, F2 Moz FAH] 3
on, Ae, WK (Muscovite), =144} (Clinochlore)o] &EAst= Aoz 3

A= A

%

(wt.26)
CaO Si0g AlO3 MgO Fe;03
79.83 9.97 3.61 2.82 2.00
KzO TiOz SrO P205 -
1.29 0.31 0.13 0.05 -
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C : Calcite
Q : Quartz
C M : Muscovite
Cl : Clinochlore
=
&
z
&
Q
E
>
s
=
Q L c ¢ S
M c U =
gﬂL%Cl T I(A) }\ T . IC IJL }‘kl_‘J\_IIJULI 1 C |C ?
5 10 157208 25% 30, '35%=F40" 457508 55 g60™65 70
Diffraction angle (26)
a2 34 MEA B2 Ty
5) A% A}

2 dFdAs AR E F=AE &8357] A HHASF 5mmel 5
AbgEt A AHALe] Ma UEE 258g/cm’, FTE&S 15%, HE

(Fineness modulus)© 2322 SAFAY. 1 35+ AFHAY seb2 x4

-] -

o

S AEgk Aotk MAHALY FARL SIOE FAEY on, 1 £
Al,O3, K0, CaO, NaO, MgO, TiO;, MnO &°| YEltt 13 35 Al
Aol X-Ray 34 sidS yvERd Aotk AlHALe] FE44 A& A
o] JE Ao, 1 2 274 (Albite), A4 (Microcline), - 5.7

o Ao UERT

_,4
N
2
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E 35 MAHA L E
(wt.%)
SiOz Ales KzO CaO Na2O
76.35 12.54 4.60 2.46 1.58
FezO3 MgO TlOz PzO5 -
1.46 0.69 0.24 0.09 -
Q : Quartz
Q A : Albite
M : Microcline
Mu : Muscovite
z Q
P
M
* Q
Mu QR o Q Q
| M My Mwh [ 2] 9 4. I
5 lIO 1I5 2I0 2I5 3IO 3I5 4I0 4I5 SIO 5I5 610 6I5 70

Diffraction angle (260)

a2 35 MAA &
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3.2 Z3YE A FA AZF Z 8T

3.2.1 23T E AEA AZF

2 AFoA = KS F 2403 “ZATES] Hx Al FAA A2 wy”
of wel FAYE WS PSR, FAYE Wi A ZAHE
M= A (HS 1240, Hanshin Gumpung Co. Ltd.,, Korea)ZE 3] 2 A&t}
b S 2 dE ] EAe 5 FAE 1 S vHS AAEA

B3 A2 W rste] 30 E¢k AnwMe asrg ).

o} d&FAE SAHE B tAd o] A8 FAAE At 19
362 ZAYE AH AL YERd Zlo g golA ~qEHE AJHe 300
mm x 300mm * 80mme] #& FAAR AZEFPoH, k=L AT L

AL ¢100mm x 200mme] L& FTAIAZ A 25 AT

59) KS F 2403. (2019). A E] 7% AT FAA Az,
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T8 36 Z3ZE AlEA 4

E wigAdAed ApgE Az 5452 318 e L8ttt 71F Plain
o] He duA=E FAYES {(BAVIE ST E)= 24MPacl™, W/B
(EA2FAH)= 05, S/a(&EA&) 51.4% = Aatth. ZAYES 44+

oz FAZA&Y w9 AWMEZ Hlo W2 HolH AAMEY F&A
S F7retr] flell S/a 40, 60%, SARME 210kg/m’e] FAYEE
7t AARST BE, 34E 2AYEY fuii= 40MPacl®, W/BE 034,
S/as 47%= AP ZaPEY e ZAE HFHA AZAE= A A
2 abgdgith 24 2o Zaged Z
150£20 mm= A At Fede Frst] ¢

AAazx= SR-3000F)Z ARE3FA T}

oL

4

o2

4o fAS) A EHzE

¢

o
ol

I 14d% AEZSA(F

~
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E 36 Z232|E djstMdHFE

(kg/m®)

N S/a |y av i A

Bl € W/B Hl 3} <= = =34
(%) nae | Fh| SR aza Fo 24
NC-517V 514 920 870 2.7
NC-40 40 166.63 236 51 51 716 1,074 2.7
0.50

NC-60 60 1,074 716 2.7
NC-HP 514 210 208.17 63.9 63.9 820.7 776.1 34
HC-4772 0.34 47 160.18 280 47 140 822 920 5.1

1) NC : Normal strength concrete
T2) HC : Higher strength concrete
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33 A" 28Y 4= A F

A 289 ZATE ¢EAEE KS F 2405 “ZATEY = 7% A
A a7 stk 29 379 el f04 2aYE GEPE A9

71(S1  industry Co., Korea, S1-1471D)E A}&3a, AsEEs

2.67mm/min® A 8t =3 5} ¢ t}h60),

J8 37 232 E AFLE AT

60) KS F 2405, (2017). 238 E9] &= 7% A3 v,
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ol

34 F38E FFE ANE
B A= ASTM C 642 “Standard Test Method for Density,
Absorption, and Voids in Hardened Concrete”6Dol] =3fo] SaTES] ¥
SES SAsAT 19 38& ZAYE FFE AP EAEE YETL
ZAYES 3 AH WE FAE SA-sta, ok A 1) T Q)= &
H o raEs AN F dvh 35EY SAS ddEl, AEASTE) ¢
105Col A 24X =z FHol T3, B(RATH) @ 21T FFolA19 484

AT R e T, C(dE 29 21 T 1 5AES B
5

g,(Bulk density, dry) = ﬁxp, p = density of water (1)
g,(Apparent density) = ﬁx P (2)
(g,—g)
Voids (%) = %x 100 (3)
2

@ Water filled void @ blocked void after boiling

A. Oven dry weight B. Saturated dry weight C. Saturated weight after boiling D.Immersed apparent weight

% 38 23ZE 358 Al 2A4E

61) ASTM C 642. (2020). Standard test method for density, absorption, and voids in
hardened concrete. ASTM International, West Conshohocken.
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35 dolA =AMEH

(1) Al=" T4

a9 39% Aol AbgE HelA AAE" A

o

AT

il

LHER
Aottt dxdo]l (A) 1070nm<S! 5kW YLS-10000 3 #elA (fiber
laser) (IPG Photonics, Oxford, MA, USA)E AF-&3t a1, B4 o] A9
st == ZFAZHocal length: f) 160mme] Al 7](collimator)<}t
160mme] Hl7W @z 2 wE Foz FAH Ut AR A
(stand off distance)™= 900mm= A= ATE #eolA 2AMEH AAHS
a7 Y3 I3t 7 EHSC 640, FLIR Systems, Inc., Wilsonville, OR,

USA)= ]2k st o2 RE ZAYE AHALE ®H3s17] Yaf ZAZE A

|

Holl A 45m Holxl ol AA|eAH6. FAYE AA WS A=A 27

E3 37] fdl delAe A2E “a’xe] JHE A g

a2 39 232 E #yo|X AfE AT

62) Oh, S. Y, Lim, G, Nam, S, Kim, T, Kim, J. H, Chung, C. W., ... & Kim, S.
(2021). Laser Scabbling of a Concrete Block Using a High-Power Fiber Laser.
Journal of Nuclear Fuel Cycle and Waste Technology (JNFCWT), 19(3), 280-295.
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2) A9 =1

gol A 2E" Ald =2d4S v 2o 37HA e, 714,
FAHEH)E ARt ZAYE dolA 2" AdS AdeAn. 7]
A BHe ZAYE AHS FASH] el FAo] e AlES A2elA
wnasgon, dd gy ZaE AL 10545C, 60A41F 22 (HQ-DO
156. Coretech Korea)oll Al AZAIZTH 37 e Z3ZE AlHLS Agq
UM Esttstda g AW vF, vtE FHS AMESe] ZWs
£ AAs A #d =9 olF £

2
L &Rt UR =Y A% Fagee] BWel Ha (R824, BEW

o

H
rr

ds rlstlen, dolxe =¥ Ae2 5kW, oA A

309+1x2 AA st
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3.6 A TZ EA

BEoAFo A= 29 3.109 YERY JEM-2100F field emission scanning

electron microscope(JEOL, Japan, FE-SEM)S %3&| #lo]# =AEH A-

T ZAYE g vATEE st stk FE-SEM £43 §4]
o Energy Dispersive X-ray Spectroscopy(EDX) #4418 &&-83}o] AL
olF EA A HolA e 3stx AHE WslE delstuz st AAH

242 98 o smme) 2712 AE AWE AR dolER Rk

o,

]

o

QLA A

o2
N

132, Mg ol&ste] W SIHS a”ste] d=AdS FAAZ

T2 3.10 FE-SEM ZHH|
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==A
|

Zoltt.

M

24MPa°ol™, S/ast &9 A

-
R

:_:,-E] E—'g] fck

KeR
L

H3lvh NC-51

3o
28.79MPa, NC-40°¢] 32.04MPa, NC-60°¢] 31.81MPa, NC-HP7} NC-51 tf

57.02MPa=,

E =
W

7he 39.94MPa= 1%

=
[}

H] 38%

57.02

I

39.94
31.81 I

NC-60

32.04

NC-40

60

N

”

)

N
T T S R e —
(=3 (=3 (=3 (=3 S (=}
) 5 ) Q —

(edIN) Yr3uans aa1ssardwo))

HC-47

NC-HP

NC-51

O 41 MY 28
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rlo
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k1
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2
flo
Ay
=
X
it
=
s
)
piv
K-
i)
4w
Jh

ok
1
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o

C
o
8
=
o
rlr
I
o

ARER Wt wE FAES FFES HlWsHH, NC-40S 13.02%,

—60°] 12.84% = A& Apole] W F=E| Aol= Z WA gl
o] YElkth. NC-HP= 10.62%= dwk FAFE ] 13.22%0° H]3l 24% 7%
St oH, AR FFEY] FA7E AR oS VAR Aow %

e o

¥ 41 238|EQ Rudr, €27 2 A S=E

T NC-51 | NC-40 | NC-60 | NC-HP | HC-47

A: Oven dry (g) 857.6 8739 870.9 386.2 987
B: Saturated (g) 906.1 934 B9 931.4 1,021.7
C: Boiling (g) 907.2 934.1 925.9 931.8 1,020.9

D! Immersed

461.3 510.1 4977 502.4 545.8
apparent (g)

g1- Bulk density, dry

(oo 1.92 2.07 2.03 2.06 2.07
g Ap?gjiﬁg)demty 2.16 2.33 2.33 231 2.23

Volume of permeable

pore space (%) 11.12 13.02 12.84 10.62 7.13
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4.3 dolA =MEH

4.3.1 FTdH BE ZAIE oA 2=

a9 42% 2AYE F5AE Wste wE fold AAEY 2
= dERd etk TRl 42 (a)o vERd A3 AdEe] A ES AW
E Fo]~ET} Rl A o] sk zAle] wwlel dlo]A mde]
HAz Qe A welAd A=l met fEsht Yo, e g4
I dedon walis A’ Awrt ade =l BRI
17 42 (b), (©°] Ye 71 dEet 231 JH ZaYEE 2=
o] Wule), Tro] HeA AL WAlo] BAS T o] WL wmFof
o3 Aelgt gRe ZEAZF WAG] A Folth 7] G 54

HE 7H = Za4EY 2Ed A-F 5F #daes £ 429 Yebdlth

-

o

o] EAskE AlES 713 A E(NC-AD) 6.19% 2 3 A E|(NC-SSD)

]_
As ol fFelsht BAgsgon], Aenst 1420CAX FH59

otk 71727 AdEHe Z2aE w3 HeolAe FAEVE e HEA
2l L w=7F FASHA AdeEe]l e o] AAHAAN, ALk &

0CE 245, 87 Ju ABe] Aew o 60% +FOE vehg
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e 22 d& =2

257 As

u}e] 5] of

ol A

fie)

HbEA o R A E AT

0.25

6.19

5.67

p

16.07

14.85

15.63

i

16.11

15.83

16.57

NC-0OD

NC-AD

NC-SSD
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(b) NC-AD 274

(c) NC-SSD 27154 -5 A4

a3 42 syl WE 232|E A7

[==]
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(a) (b)

(c) (d)

0°C 650 °C 1420 °C

07 43 M7 Mejo] Z32lE Ak gioEl S
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(b)

(a)

(d)

(c)

850 °C

360 °C

0 °C

32| E ety Fto2t 53

=
—

e

E|

L

A
o

ral

iz
ar

bk

|

7

4.4

=
=

a
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O 455 2~AEHE FagE FWe FE-SEM<S ueld Aotk 1
459 (a3), (ad)oll A= BAHA
Aol 7pgAEdAE #d9%E #EHAT 17 460 UERH EDX Aol

2w, FE AL EEUTe]E(Ca(OH),) T+ #a]A(CaCO)?l A

(Wt.%)
CaO Si0; Al203 Fe203
45.00 30.90 9.38 6.13
MgO K20 TiO2 SrO
2.43 1.58 0.78 0.05
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— 10um.

& Ly

(a4) 20.0kx (b4) 20.0kx

g 45 2= E E3E|E EW olMFxEEe
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X-ray Intensity (a.u)

. Spectrum 3

Q : Quartz
C : Calcite
P : Portlandite
Q A: Albite
C
P A p C "
\Mﬂ Q Q Q Q Q
5 ll() IIS 2I0 2I5 3IO 3I5 4I0 4IS 5I0 5I5 6IO 6I5 70
Diffraction angle (26)
O3 47 29128 E 232 E =4 =4
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(2) frelste 2a8E

Ao dolUA R HAH fFElstE A AW welel vA FRE 9ot
st7] Aste] frElste A ES xWS EAsth 1Y 482 f2lghd
A2 E #W FE-SEM< Yerd Aojth. FeEstd ZAgES] mA+%
= i wEE 2WEES VHA e FEHE GERRA, ARkl 2P EdA
AEEE #d, F5 2 ARG FIEAEE T FAT F jldnh 1™
FA B EA]
F2 BEEHE C, Ca O7F obd Si o] =A Yelyon o AWE
Hol~E7} ofd A7l ol =& FIA FgolA st F2= A
st the As 9w gttt a7 4100 vERE 20 3@ 7F 15~35° A9

M2 e £ FAES A AN fFEst B dv=

(Wt.%)
SiO2 CaO Al,03 K20
62.63 19:39 10.08 2.90
MgO SrO FesO3 TiOy
1.38 1.34 1.32 0.27
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(a2) 1.0kx

(a3) 8.0kx

(a4) 20.0kx

g 48 wel

=l Z232|E
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(b2) 0.8kx

(b3) 1.5kx

(b4) 20.0kx

SICINEES-

Al
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kig

Weght %

Q : Quartz
=
&
z
Iz Q
£ \
S
>
g
=<
o Q
Q } Q
[ gh | N (,;\__
T T T T T T T T T T T T
5 10 15 20 25 30 35 40 45 50 55 60 65 70

Diffraction angle (26)

a3 410 ®e2ls 232 E =4 =4
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433 FAAR RN & ZAYE #olA 2AEH

713 EE fAse] 2aYES] PR e oA 2ede A

ottt 19 4112 ZAHE FAAR e 2Ed A5 xHs

LERd Zolth, B Aol el gk sk edsten, A
I~

gl m2A sAERE BEES BHEE 5 AN,

r
[
vl
m
Z,
¢
s
v}

NC-40< 6.19%, NC-602 4.24%, w9 AldlE o] wpe
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