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k4

: PY-3-6 [Z3Hr{ici:

J
HFE FBF : 20064 2H27TH 200§255746F0

1—+——|2

LIN

1K hiyvh

um SEI

fF8 @ 1000 £
— HIE SA—H —
I : 15.0 kv AR T O 0.08 nA
LI E : 149.81 ¥ Ty F&A L 33 %
A1 ZhIRE ] : 100. 00 # HE e 3 1343 Aov b/
7)ky b : AR 100 ﬂz .
T XA 1 0 - 20 KeV  HES W iRRE
e RN TFABY Kihas NTA—F —
X il & £f 0.0 ° Belf& 0.00 pm
EE] 30.0 ° AlEX 0.02 pm
FFir i 920.0 ° c HES 0.05 pm
NI JEE 90.0 ° R & 0.00 pm
I v LA 30,10, ° b aw
W3 44 0.0 ° AuRES 0.01 pm
e HH T A B 48.0 mm SiT7y FEES 0.15 pm
VR 20.0 mm fii b fh BE s 0.0
Frigsm s 20.0 mm Mn K a 43 fifhE 144.0 eV
— T R
Tt (keV) Y HAEY By kA EEY Kuvi A -I-  -A-
0 26. 98 56. 54 k&%  0.931 3.700
Na_K 1.04 5.92 0,21 7.61 Na20 7.04 0.0198 1.002 2.633
Mg K 1.925 0.00  0.00 0.00 Mg0 0.00 0.0000 0.979 2.021
ALK 1.49 0.23  0.02 0.28 Al203 0.43 0.0014 1.010 1.601
Si K 1. 74 2.20  0.10 2.63 Si02 4,70 0.0167 0.982 1.343
P K 2.01 0.06  0.01 0.07 P205 0.15 0.0005 1.016 1.231
S K 2.31 3.31 0.14 3.46 S03 8.27 0.0296 0.991 1.136
K K 3.31 0.29  0.03 0.25 K20 0.35 0.0029 1.032 1.033
Ca_K 3.69 17.59  0.45 14.72 Ca0 24.61 0.1733 1.009 1.016
Ti K 4.51 0.25  0.03 0.18 TiO2 0.42 0.0022 1.106 1.045
Mn_K 5.90 0. 31 0. 04 0.19 MnO 0.40 0.0027 1.133 1.013
Fe K 6. 40 23.44  0.95 14.07 Fe203 33.51 0.2089 1.114 1.007
At 79. 88 100. 00 79. 88
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AEHL  : PY-3-6 [4HT{ifE:3]
HIE H I 0 20064F 2H28H 17THRFL053 1%

LIN 1K d9~b

——+— 20 um  SEI

% : 1000 f%
— BE RTA-H —
I EE : 15.0 kV I i : 0.08 nA
Y SIBLERD! : 147.38 Fy REA A : 32 %
A 2HIRFH] : 100.00 F FE-C S s 1171 hOvMED
Uy b : fIEhRFR 100 # —
Y i 10 - 20 KeV  MEHE o W RE
— AT A UFARY BRHEE RNFA—F —
Xl & 14 BE 0:3 " BelEX 0.00 pm
144 30.0 ° AlEX 0.02 um
LA g 220.0 ° C HEX 0.05 pm
NS4 90.0 ° AR X 0.00 pm
0 LA 30.0 ° fttaw
a3 £ e 0.0 ° Au TS 0.01 pm
I ) A A B 48.0 mm SiFv FEES 0.15 pm
() i e 20.0 mm A5 0.0
B & 20.0 mm Mn K a 43 iRfE 144.0 eV
— i ER —
SIE (keV) s My ETEs ke EHEY Krvi A -Z-  -A- -F-
0 29. 58 60. 07 &% 0.900 1.921 1.000
Na_K 1. 04 0.00  0.00 0.00 Na20 0.00 0.0000 0.970 4.476 1.000
Mg K 1.25 0.00  0.00 0.00 Mg0 0.00 0.0000 0.947 2.891 1.000
ALK 1. 49 0.06  0.01 0.07 AI203 0.11 0.0003 0.977 2.108 1.000
Si_ K 1.74 0.06  0.00 0.06 Si02 0.12 0.0004 0.950 1.648 0.999
P K 2.01 0.18  0.02 0.19 P205 0.42 0.0013  0.983 1.408 0.998
S K 9,31 0.50  0.04 0.50 S03 1.24 0.0041 0.959 1.254 0.997
K K 3.31 0.40  0.03 0.33 K20 0.48 0.0039 0.997 1.064 0.982
Ca_K 3.69 1.32  0.09 1.07 Ca0 1.85 0.0134 0.975 1.039 0.972
Ti_K 4.51 0.15  0.02 0.10 Ti02 0.25 0.0015 1.067 1.016 0.924
Mn_K 5.90 0.00  0.00 0.00 MnO 0.00 0.0000 1.091 1.000 0.965
Fe K 6. 40 64. 62 1. 54 37.60 Fe203 92.39 0.6050 1.072 0.997 1.000
AR 96. 87 100. 00 96. 87
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B PY-3-6 [0 1]
HIE HIE © 20064F 2] 28H 16K7384 9fb

LIN 1K #fvp

F—+—1 20 um SET

fER 2 1000 1%

—— HE RNFA—H —-
B ¢ 15.0 kv W B T : 0.08 nA
ESIBLER | : 150,01 # T REA A : 33 %
A ZhIE] : 100.00 £b HEcE : 1214 Hovb/ER
7wy k : AR 0 B
T R F IR : 0 - 20 KeV WE )5 T SR
— VAT LA VAABMY MR AN A—F —
Xl B % 14 JiE 0.0° BelfE& 0.00 pm
o 30.0 ° AlREX 0.02 m
Fir A g 220.0 ° cC EX 0.05 pm
N5 90.0 ° ARERIE & 0.00 pm
By H LA 30.0 ° H¥{LE&w
ige 9 A HE 0.0 AulgFs 0.01 pm
e HH e A B E 48.0 mm Si7y FREREE 0.15 um
iTify P e 20.0 mm i i £ JEE g =
W & 20.0 mm Mn K o 2 fifiE 144.0 eV
— oW R —
TGN (keV) HEY  EY RTEs (kA ®ERY KLt -Z- A~ -F-
0 6. 98 59. 70 &% 0.908 1.990 1. 000
Na_K 1.04 0.84  0.07 1.30 Na20 1.14 0.0024 0.978 3.581 1.000
K 1.95 0.00  0.00 0.00 Mg0 0.00 0.0000 0.955 2.441 1.000
ALK 1.49 0.30  0.02 0.39 A1203 0.57 0.0017 0.985 1.850 0.999
Si_K 1.74 2.31  0.11 2.92 Si02 4.95 0.0161 0.958 1.497 0.999
P_K 2.01 0.10  0.01 0.12 P205 0.24 0.0008 0.991 1.335 0.998
S K 2. 81 0.48  0.03 0.53 S03 1.20 0.0041 0.967 1.206 0.997
KK 3.31 0.24  0.02 0.21 K20 0.28 0.0023 1.006 1.048 0.981
Ca_K 3. 69 3.63  0.18 3.21 Ca0 5.08 0.0368 0.983 1.026 0.977
Ti_K 4.51 0.00  0.00 0.00 Ti02 0.00 0.0000 1.077 1.015 0.939
Mn_K 5. 90 0.00  0.00 0.00 MnO 0.00 0.0000 1.101 1.000 0.972
Fe K 6. 40 49.88  1.32 31.62 Fe203 71.32 0.4624 1.082 0.997 1.000
ARk 84.77 100. 00 84. 77
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k4 GF-3-4 [SFriiE: 2]
HIGE B - 200645 2H 280 18Mf534750F)

LIN 4K h9vb

T A é

SEI

{38 1 1000 f%

0.00 [keV] 5. 11
== i IRF R
D137 ¥ Y : 15.0 kv R T O : 0.08 nA
A0 ] 1 221.43 Ty REA A : 54 %
A 2D : 100,00 ¥ EHECE 2447 hys N B
7y b : R 100 # )
R LR : 0 - 20 KeV  MIEHE : e fRhE
—— VAT Ah TAARNY Wi N A—F —
Xl & 4 I : 0:0° Belg& 0.00 pm
44 £ 800" AlES 0.02 pum
J7 N £ BE : 220.0 ° CcC Ex 0.05 pum
NI i i 90.0° HHER IR = 0.00 pum
YL f 30.0 ° AL ay
PrHigs 9 a4 0.0 ° AufglEs 0.01 pm
Wi wedid AR 48.0 mm Si7Tyv FRES 0.15 um
{0 e 20.0 mm  ASARANE 0.0 °
Peitidem & 20.0 mm Mn K a 2 144.0 eV
— o R —
JER (keV) mAe A% RTE% ke ERY Kvid -Z2- A~ -F-
0 42. 81 61.94 {b&%  0.960 7.581 1.000
Na_K 1. 04 0.00  0.00 0.00 Na20 0.00 0.0000 1.032 2.391 0.998
Mg K 1.25 0.30  0.01 0.29 Mg0 0.50 0.0017 1.008 1.746 0.996
ALK 1. 49 9.92  0.15 8.51 Al203 18.75 0.0666 1.037 1.443 0.996
Si K 1. 74 0.98  0.03 0.81 S5i02 2.10 0.0063 0.942 1.670 0.995
P K 2.01 0.00  0.00 0.00 P205 0.00 0.0000 0.976 1.456 0.991
S K 2.31 13.14  0.18 9.49 S03 32.82 0.1076 0.958 1.285 0.993
KK 3.31 0.54  0.03 0.32 K20 0.65 0.0046 0.971 1.233 0.977
Ca_K 3.69 32.15  0.36 18.57 Ca0 44.99 0.2885 0.956 1.166 1.000
Ti K 4.51 0.00  0.00 0.00 Ti02 0.00 0.0000 1.009 1.370 1.000
Mn_K 5.90 0.15 0.0l 0.06 MnO 0.19 0.0012 1.064 1.148 1.000
Fe K 6. 40 0.00  0.00 0.00 Fe203 0.00 0.0000 1.055 1.108 1.000
At 100. 00 100. 00 100. 00
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Bk GF-3-4 [orHT{iifE:2)
HIGE AW : 20064F 21280 19WF5145 1150

LIN 4K d%vp

——+—— 20 um

fE : 1000 f

~— Qg AFR—=F ——

IR : 15.0 kv R TR : 0.08 nA

B : 959. 41 Ty RaA : 61 %

A 2 : 100.00 atdcR 2659 WV b/ FY

Z7VEy b : AR 100 # X -

o o (P S 1 | : 0 - 20 KeV ME ik ey A

— AT A DPEFABRY HRiHER ATA—F —

X il & 4 T 7 i Belgx 0.00 pm

{45 v BG.0° AlEX 0.02 um

J{oL A : 22000 ° C JH& 0.05 pm

NI A ;90,0 ° HEEREE S 0.00 im

WY L T HELEY

Rt ae9  f i : 0.0 ¢ Au@!—ié : 0.01 um

o H 2 A R : 48.0 mm SiFyy FREEx : 0.15 pm

RN : 20.0 mm A A : 0.0 “

A & : 20.0 mm Mn K a 5HifHE : 144.0 eV

— ot R —

I (keV) Y s % (e @BERY Krid -7- -A-  -F-
0 35. 70 60. 34 b4 0.925 2.918 1.000
Na K 1.04 0.65  0.02 0.76 Na20 0.87 0.0018 0.996 3.603 0.999
Mg K 1.25 0.54  0.02 0.60 Mg0 0.90 0.0023 0.967 2.480 0.998
ALK 1. 49 2.76  0.06 2.77 A1203 5.22 0.0147 0.993 1.903 0.998
Si K 1.74 9.94 0.14 9.57 Si02 21.26 0.0635 0.946 1.655 0.999
P_K 2.01 0.00  0.00 0.00 P205 0.00 0.0000 0.931 1.806 0.999
S K 2.31 0.00  0.00 0.00 503 0.00 0.0000 0.915 1.518 0.998
K_K 3. 31 0.56 0,02 0.39 K20 0.67 0.0051 0.971 1.154 0.987
Ca K 3.69 7.46  0.15 5.04 Ca0 10. 44 0.0714  0.953 1.109 0.989
Ti K 4,51 0.14  0.01 0.08 Ti02 0.24 0.0013 1.036 1.117 0.979
Mn_K 5.90 0.00  0.00 0.00 MnO 0.00 0.0000 1.079 1.043 0.991
Fe_K 6. 40 42.24  0.57 20.45 Fe203 60.40 0.3849 1.066 1.030 1.000
ARt 100. 00 100. 00 100. 00
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Matrix: 1024800

Data Type: SE(ADC)
Magnification:  800x
ImageSize: 0.1604x0.1253mm
kV: 150
Tile: 0
D:\_MMC\2008031 7EDX\PY-3-1_2-3-01\POINT03.SPC
KV:i15.0 Tilt:0.00 ThotT:30.00 Det:SUTW Reso:132.05 Amp.T:25.6

SKa

CaKa

FeKa

nkhb
. FeKb
Mnk

6.00 7.00 8.00 9.00 10.00 1L00  keV

EDAX ZAF Quantifica (Standardless)

Elem Wt At K-Ratio Z A F

0] 19.4 37.07 0.0339 1.0744 0.1627 1.0004
NaK 0.29 0.38 0.001 1.0018 0.3516 1.0014
MgK 0.11 0.14 0.0006 1.0258 0.4951 1.0029
AIK 0.1 0.11 0.0006 0.9974 0.6351 1.006
SiK 0.32 0.35 0.0025 1.0278 0.7513 1.0115
P 0.14 0.14 0.0012 0.9907 0.8367 1.0213
S 26.29 25.07 0.2417 1.0135 0.8978 1.0104
K 0.37 0.29 0.0033 0.9706 0.9075 1.0406
CaK 34.38 26.23 0.3206 0.9918 0.9359 1.0046
TiK 0.3 0.19 0.0025 0.9037 0.9031 1.0087
MnK 0.4 0.22 0.0034 0.8815 0.9616 1
FeK 17.91 9.81 0.1562 0.8969 0.9725 1
Total 100 100
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[Tz E]
A study on specific rocks containing harmful mineral for effective utilization of as a dam concrete aggregate

This study examined mechanism and control method of deterioration of concrete caused by pyrite, which is one of the
harmful mineral which causes quality of concrete to decline. Exposure tests on mortar and concrete using aggregate that
contains pyrite, observation using a polarizing microscope and observation and chemical analysis using a scanning electron
microscope were conducted.

The result of the exposure tests is that in almost all samples, the relative dynamic modulus of elasticity remained at
90-100% of the initial value, and there is no evidence of dramatic decrease. The other samples showed the same trend, and
no clear differences have yet appeared, regardless of whether exposure condition (indoor/outdoor), whether or not the
aggregate had been oxidization-treated, and whether or not the samples had been neutralized. In addition, no outward signs of
deterioration, such as fissuring, lamination, etc., have ever appeared in any of the samples.

The result of the observation and chemical analysis is that in case of deterioration of pyrite in concrete, reactive
components such as ferrous hydroxide, glauberite, ettringite, gypsum, etc. are produced. However, an amount of these
reactive components is very small, and no signs of rapid deterioration caused by intense reaction of pyrite and concrete or
mortar were appeared in any of the samples.

The result of these examinations is as follows: in case that the content of pyrite in concrete is within 5wt%, pyrite-induced
deterioration of concrete hardly progress under the condition that no water and air intrude from outside like interior concrete
of dam.

Keyword: harmful mineral, pyrite, exposure test, polarizing microscope, electron microscope





