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A study of lightweight aggregate formation from sintering

water treatment plant sludge with flux addition

Abstract

To ease their disposal problems, drinking-water treatment sludge (DWTS) were
used as constituents for the preparation of lightweight aggregate (LWA). This study
investigates the effect of SiO, and Al,O; on the sintering mechanism and
characteristics of LWA, Different fluxes, such as clay and waste glass, were added for
enhancing the productivity of LWA. Only Lin DWTS has good potential for
manufacturing LWA in this study.

All DWTS were sintered at temperature between 1000°C and 1150°C for 15 min.
These LWAs are characterized with a particle density of 0.77—2.43 g/cm®, a water
absorption rate of 1.74—44.21% and a compressive strength were 112—169.9 kgem™.
In addition, adding appropriate amounts of clay and waste glass could promote the
sintering effect during LWA formation. The particle density of LWAs are 0.89 —2.54
and 0.37—2.01 g/cm’, respectively. Their corresponding water absorption rates are
7.89—26.20 and 5.74—27.35%. For their compressive strength, they are 106.6—
198.8 and 108.4—124.7 kg/cmz, respectively. As the ratio of waste glass/DWTS is
100/100, the resulting LWA has the lowest particle density and water absorption rate.
In addition, the results of M-TCLP test meet the Taiwan environmental regulatory
requirements, indicating that all LWA are non-hazardous and can be used for green

construction reuse.

Keywords: drinking-water treatment sludge, lightweight aggregate, sintering, sludge
recycle, sludge reuse
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Wp o 2w BAIERNE NS G M -~ RIS R EguE AR
s [Paneral,2001] 3% 5 A7 S da 0 wHC R F1% BRAHET RY HE AL
F(he t RGED S BB s AR T F % ¥ & [Goldbold ef al., 2003] -
AR w T A hFE R S ESE G2 A BERNLE SRR A
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T EHEARY ERAHPTRES o ER AT 6T K B otk K
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By v ek 2 ik RFERRRFFAIFFHI o e FEER
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232 Bt BASTIRRE TR 2%

BB E AR E A 5 uSi0, CaO~NayO~MgO5 i » HET R | #
BRSO LG FHA Y LARLES P o5 d N RERBEF L :
CEE RBRY FECS AR AGT R B RES BT R pemagR
ErU R ASLR| AR BN A G RE AN RETE YR RAER
BRBFRE LA BB IFALFTLLZ LT s [Sobolev et al.,
2006] > P w o B RRBETRECLNT BT NEAHPEABAEIARF > T H
R a5 B) ~ B [Cheneral, 2002)] (BIBF .G £ F F k&P i
THRFEIX 2D A FIECVRARABEL A AT T E) S A RFEME &
FHEE Y o Fpb > v BB AN ST RO R TR RN 2 R

[ Rakshvir et al., 2006] -
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24 EFF M2 ik

LAE A H I R BF ] 2 B R g 2 glom’
T > Cheeseman® ¥ $#£ 3] % A% H2 3k A £ F2.4~2.8 glem’ > @ d= T F HAE
%A F0.8~20 gom’ s A F s FEE Y KF FREFASETARS 2 T
i A 4442 [Cheeseman et al., 2005) ° & ¥ H# £ 5 Fig ~ MAGELK ~ R
Noert i o dEE R M2 BT 5 0 19174# £ ®S. J. Hayde® * %@ R1ALL 2 |
BETES I RMIF AL AFETRPAFNAL FH LA
IR AL G IET R HA T 2 B [ BN 2001) - B - 2 R ARDF
FREY EEFF MRS F4 o P BT E S #refPark Plaza Hotel .42 33 #1920#
EFEHREI ST c AR5 > 1970& - A H A F I A CIRFKFE FA
I mZ P EEPOURET A BARP A RETE Haht o 2 S p g
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241 EFEH2 A5
—HETEHT AL AREAGEHA A L AET 2 AR AR
T[22 <5199 ; 2% 52001 ; # < > 2007]:
R g S A
TREFE M §FE ARG E S VLA B)E
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2. At
PRER AR o R F IR H R AR R B R A
[ Cheeseman et al., 2005; Chiou et al., 2006; Lin et al., 2006] ~ T k&2 -k5k
[ Cheeseman and Virdi et al., 2005; Chiou et al., 2006; Xu et al., 2008 ~ *% % [ Wang et
al., 2009 )~k B 7~k [ Wei et al., 2008; Chen et al.,2010)% %t 2 [ Xu et al., 2008; Cusido
et al., 2003; Jord’an et al., 2005; Mun et al., 2007) ) @/ *d FH # o & £ g 4
HEERPCREFTLEAF > w7 3B AR MEFTRELFIF 2555

242 EFFH2 41 [ < 1996; Cheeseman et al., 2005]
1. 3% A (<2 glem’) 4345 EN 13055-1, (2002)2. “Lightweight Aggregates — Part

1: Lightweight Aggregates for Concrete, Mortar and Grout”  °

N

Bk 3 (2~20%): 1295 GB/T 17431.2-1998, China, Lightweight aggregates and its

test methods—part 2. Test methods for lightweight aggregate,  ~ 1 f2J&* F >

T M (k)3 ok AR T 3 15 % ™ o g - SRSk g RO 2-20 %

3. MEpLRE A (20 ~ 850 kg/em?) : # A 1 42¢  Chinese National Bureau of
Standards( CNBS )+ "& % {5 2_ 4 B 4 3L 37 £ Bulk density<900kgm™)% H ji *
b i E 2 Bl FURSE R L 7.5 MPa=76.5 kg/em” -

4, iKW F (40% ~95% )

5 FHE I RBC A WALRKFAF o



25 EFFHEAEL RE

EFF A R SURMEE 2 R Tﬂ?%ﬁi’/’a\ﬁﬁé‘%ﬁé_i%ﬁwém
9 » @ Riley* 1951 £ 3 = Bl v FH 73 7 2422 & % ¢
(1) ERFERFRIY ZEFTAFZPF -
(2)ZELERBREZET BAMAEZRAAZ UL ¥ HP A2 hf

_’*‘T
=
P

AL T AT o
(3) bk irifed #5 24 - K BIG Tt Sk Ak » % Hookso
REFEARR L Z BB F  RIF o oAl AT 17 g2 i
SRR RETERT FE T TR S R TR R ST
oo A AR IR AR ¢ RN SV A AT RS TP
Foareb kg A 4 gz wE A [ < > 2005] -

2.5.1 d; A\
Riley *7# 113 & WH g [T H = ApBl4e®) 2.1 #77 > & SiO; ~ ALOs fres 25
#| (Fey03+K,0+Nay0+CaO+MgO %) 2 v 6= Ap B Y » mMFRFIPN 5 K

e o @ R B EHE R MR R B S BT R ewie
ki ] KRR 2R 242 &+ [Riley » 1951]

SiO,
100 %

AAN
A,

( F6203 +K20+N320+ CaO+MgO S )
50 %

Bl 2.1 Riley *7#%& 13§ £ WL 7+ 0= 4p B

S

Al O;
50 %



B 5% 1951 #42 > Riley f1* R e g @ = 4R > K35 o=k k& oi

75 [Riley  1951)] » A3 H N ESFL P Fex? 2 RIS FEL 4
§ o 2 & = A1 SiO; ~ AlLO; ~ Fe,O3 ~ NaO ~ CaO ~ MgO ~ K,O % 5 4 > @
Si0,/(FeO+Fe;03+Ca0+MgO+K,0+NayO) 2 v & » B * ki h i £ F & 5] 849
RN EA LI E 2 S R R A VR
1. Si0,
b ARRE R FSIO N e BB FE AR AR R AR
TR A o gt SIO H - AR F P SRz ARSI AL SHFY A
B2 fofpe - F It EREFRREFFIELIRFLF R AT R EelE
FPF Bt B SO R TELER 2 FR AL R R F R F L F
B 1000°C PEZ 5 B seipApdbd i) o @ d b dne Bt RS R AR
ek B it sc% o [Skrifvars et al., 1994; Xu et al., 2008; Wang et al., 2009 ]

DM

b

S~

2. AL,O3

% v 47 (Aluminium oxide) & - ffv ¢ F4Y > H45{c§ hit &4 o H gLl
2054°C> L1 %79 » §F i 4E¥ S WIFTRRALMAE S22 052 > B 5 2cd 1 LMk
L A o i B F T LR R R SRR FRT
B fotRn B [Tsaieral,2006]- 2 7 BB 5 HFELER > B RIS
[5552002] - 427 > i AU ¥ i 3R Sits 23w 5 M2
WA I R R AR R 0 BN CART R R SR SRR RS
B [Xuetal,2008) -
3. Fe,05

FIFTApN FeOs - oMl &4 0 7 & FeO3 crds FH 4+ 0 88
HEEAET 0 FerO; ¢ B F § DA N4 eanS ffp o ApH » § R/ FFF IR
2% & o [Zouetal., 2009)

EREIEY NaO» Eetiphl Bv7 hgmter 3 5P A 0 - £ NaO B

et 50 B RE A RS R R SR o



5. CaO §r MgO
i3 4%F 1 H (CaO-~MgO %) %1 %1 >CaO~MgO ¥Fa#* kir i

%@@%&&Lyﬁﬂ’ﬁ&ﬂﬁﬁﬁﬁéﬁCw?ﬂ@Oﬁ%%ﬁ%ﬁﬁﬁii

AR AR o @ K e &R FRATZ EE B o Barbieri 77 7 B % d3p 1€ CaO AZiE 4T
TR PE € A4 TP A " K F 442 5 & [Barbieri er al., 2000; Xu er al., 2009;
Zou et al., 2009]
252 $a57 X
BRSBTS 2 B

— ~ k3 E (packing) @ i =52 Bode i B T BT B en

Fde o g Ak e NEATRA O RORIFZLH

= ~ k3 %35 (plastic deformation ) © L F 5+ 4 > B PR S A

AR REPHEFZIRBRRES -
s e+ B2 (brittle fracture ) * S F o+ 3 4 3518 > TS

ZEH P ERF AT s e {BERT B F ok

BRI HE R
Bhatty 2 Pm*%@u’_ﬁ ARG REFORBHERE  FHBARYE

PIRRISRE T Ak 2 A2 SRR BFFHES R o A& H MM 23 ey A
T it o DA R A L Z AR ARV SRR AR > T
EHMF e EY o @A EMER  [Bhattyeral., 1989 ; 32X > 1999 ; 4 < > 2007] -

I

SR TS LA
2.6.1 3¢ #.15+|( Preheating mechanism )
- R AIFRAILEARY € B AP PGP 2 D moR ek o
. %-K( Dehydration ) : ¥ #4 k2 en P R f SRR P 97 3 ansfo ke ok 2 0 R
PR LR BB R AL o
2. g1t (Carbonization) : 7 4 H P it 2 p ~ - F it~ - F R TEHEAY
AAF e E Nt Mg R - AT R AR EF e @Y £ - Erp A

10



ok B ( 24F tFF RisE%NF § 0 #9594 Fe0; & 1000-1100°C P 18 2%
0,) [Tsai et al., 2006])

Qi #AF L %4 N FHMI 500°C P B M ing £ AT ClFe
WY R G 7 AR R o TR LB C/Fe v b AP B TR o § AR
FPER G 10 248 > L se% T 7 2 20 ez £ 16 MO B> F]pt s ol (C/Fe) vt
SAPHRERM O ERFHMAE TP M T RZWRE - EFRREARA LS FRA
SR R fosiok SR M o § IEAPER AL 5 20~30 A 48PF 0 & 400°C pF > T L GE
Bl E R R IR R oSk o B DAY A A a2 17 C/Fe vt AT 3E
degie F L AFamck o XA o FIE RS D 400°C 1 pF > C/Fe v i § § R
BAciE AL B HE HFEF 2 JIRF [Qieral,2010] -

2,62 &84

SO F e Tidp e MON B T GEBET Ael SERN IV E ATR A1 o
M EERE KRS [N 1999] < ELF BE &y TS R3O0 ELEAR
PHE NPT RV E RA G FRAER S AEFIESE 2 2 S [Hupa 19895 £

< > 2000])
1. 7 i % % (solid-state sintering) : 1 * % & #H47(Surface Diffusion) -

s 16 # 47 (Lattice Diffusion) ~ #_ 7 #4<(Boundary Diffusion) 2 7 i = 5 £ % [
FF BB R )L TR B

2. AbiF on & (sintering by viscous flow) @ R E d L8
(non-crytalline)t~ Frin e #73i¢ = e A p BRBARE TRF VES 5 A R 288
4] [Skrifvars > 1994] o ZRFER € X B FIH > HRFIZRBE G

= SRR AT A 2 T = [Nowok » 1990]) -

3. % fs &% (liquid phase sintering) : 1 * 3 f# 2 B ML Lk > 74 B 4o
R N S

German 7B ¥ 177 2 2 7 42 #A] > 4oB] 2.2 977 o HIBH MG e+ B

2L S i[%aﬁ,‘%z :
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Hy
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7
= i

TR SR B BRI F b B o DFINF Lo T B

o

fw

Fod B2 Ak % (grain boundary) » ¥ A R F BFEFR T 0 A BT A Kg L
= — B =3 [German > 1996] -

loose powder initial stage

intermediate stage final stage

B 22 3 FESE BT R B

PEESRZVAIE ESER - FEFEF L e SRS ZRTAF o

L'ESR AR U FERERZFMNER06~08 G > f S A2 jpaLy i o
BEREARY 0 EAR TREERATF LN D LR EFHN AT IRL TR
BEIVELE B MARIA AT > EIET ok o

2. HFEMEE NI ELERSZFERER > LBt HA RS BB EFEF -
Aot 2F L AF Il V- L Hp s fEd 5
2 F pEFEEF REDEFEFTRTIBBHIERGE 0§ VEDER S o

3. M F N M PR S A TR RZER TS - Rak 2R P2
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Y 'L#;'LEL'JF?/E(‘ ;ﬁ"im.)i PV TR R R IERE R 2B o
4, AR F VAL SHRERFEEAES N ORBAFRIVERA RPN e BE
P AR AT RER ANERFEFERA A AR k2 A

(i

fRAF 2P BERLA S d FHWA L 2 Fie §F AR T 4o i
AR d A G LR B AR PR T R R E R Y
SR A # N IR SR TR R B S G B e 0 S Gkl
PR e R R RSAFE PR R O WAE 0 A g s RS H [E <5 2009]) -

5. XARA AR RA B FRHET PRIBES Ao XARS 4K 5 3F
AR AR R o A B EE Sk .

6. RS A T FMARAR] > H RPN AR R AR o B e AR S 0 it
4

2.64 e

e - PR S EFRECF2 R FWAL 2 FeR g5 bt B E

BB AR RZE AP R 2 BT~ F V3 F PR G B ERGH
s A5 e _E_Tak T [ Bhatty et al., 1989] -
EFPHRFCRNFER ST S BELEFIEER S

1. TARRGEE 1§ RALEE > 1100-1200°C B> 4 £ 5 2B d R P b
MR G KA AL IR > e P IRehy o RA S g e
= TR A G o kgt o @ RUE SiO, fr ALOs Bl R IR A B 2 A
[Riley., 1951; Qi et al., 2010]) »

2. TAFHE DRPIIE- TAMANFRLZE REY ¢ ZRHE L5
(4% 5] £_Fe,05 & 1000-1100°C P4 Oy) » ird 7 3% - § 1 #(CO) ~
F VB (CO)TrE 4 (O ° @ izl 5 M CO~CO~ O, € EFA LR > Qi &
A i g B C/Fe vt ¥ 3 2 £.€ & 0 [Riley,, 1951; Qi er al., 2010; Tsai
etal.,2006] -

b QIE A BERFHE RAP N FHMLLEFMY SR LR



ST (surface tension) # @ 5% # {-BF (bulging force) &g+ % & i* § 2 3 C/Fert i)
kfEfRF e Mg > ST=BF=0% W & 5 +c ¥ > 30k 4 & B 424 1 > o PFST{wBF
A ONE2 M Av o B UEHLE R MT1000°C IR T AR 2B L F AL A A 24 (ST
feBF® & 1T 30) - & i31000°C2 % > 44 3§ RAF S kS o F R AL

BRBSIFRT R

ST>BF

HUE B A 201000~1100°C 2 B > 3pdd o B 2 45 14 o STH 4v 2 i& F1* BF k eh3g

Pl BRSO FF AR TELS ARBNFRARLILGR PR

ST=BF

FUEEE R L 1150°C 0 3 A R e AR R @ T N INF M R e Al
WIRR 4 o Bk S FRAOHARR T RTRME

ST<BF

FOEGUER S T1200°C 0 F BRI ER R B RS MR Pk [Qier al,

2010] -

T TERY o FHMPAE S kP R R 2> & Tsai - Huang

EABRRNEEF LR AR

Lo Rt er g etk (G 3 Rl endmdt @ Jid sS4 @3RIV ED) 0 S R
600°C P 5% B0k (- 420 HyO A i i & 4 5 &) e s foi 3 o

2. Fii 2 ERpe ™ A 400°C § it A2 4 SO, -

3. F (5P T L T00°C) BN fR2 > A4 CO 2 CO -

4. F “4ehh 1100°C PEF B A 3K s » FeyO3 K ¥ it ¢ 33 6Fey03—4Fe;0,
+0, » FeS,—FeS+S » S+0,—SO0, » 2FeS + 30,—2FeO + 2SO0, [Tsai et al., 2006;
Huang et al., 2007] -

14



T AT TR (TA-Mass) BRI UK ENE P A 0§ M2 873 2 e & Rl Ak 4
XA E BB ERE  BERT AT HRM I BT H
FEFHMARLE N HO CO,~CO~0,% > 4k 2.1 4777 s g FH 7 R

F Rz ApBE it F 3 dok 22 Aron o

2021 F A2 A E A AR

8Kk F AL # R (°C)
A 1,0 2 %120
w5 H,0 200~600
B8k H,0 ~900
3 CO ~ CO, 300~900
B4 14 4 (FeS ~ FeSy) SO « SO, 250~800
Pl
(Caccf g ;jcog CO ~ CO, 500~950
i 4(Fey05) 0, ~ CO ~ CO, 1000~1300

[ Bethanis et al., 2002; Corrochano et al., 2009) [ & =< > 2009 » # < > 2006]

222 A0 EARE D F AL BEEEER

F o™ AR F s R (°C)
FeS,+0; — FeS + SO, 1 350 ~ 450
4FeS +70, — 2Fe,03 + 4S50, 1 500 ~ 800
Fey(SO4); — Fe,03 + 35031 560 ~ 775
MgCO; — MgO + CO, 1 400 ~ 900
Na,CO3; — Na,0 + CO, 1 >400
CaCO;3 — Ca0+CO, 1 600 ~ 1050
CaSO4 — CaO + SO3 1 1250 ~ 1300
FeCO3+3C0, — 2Fe,03+4C0, 1 >800
6Fe,03 — 4Fe;04+0, 1 1000 ~ 1550

[ Merck » 2001 )

15



2T BFFEUSETEH2ZRAP HpHE Y

Mangialardi 4] * @ #87 2. 4 * § % » & 267.5 kg/em® B4z & 25 » EHE B L
1140°C > PFRF 5 15~ 120 4B o A5 %% 7 » "EF UL ELPFT > FWBAEL T
2 HeB R I s G R ARR  FP T I RO E & HR T
MR @ALF T FA D - [Mangialardi » 2001]

Cheeseman % 4 & * R A § tamdl > B s W] 8 mm 2 24 3k >
BEAFgk 2w lE R BRI EUET @R R A Y 14gem’ ~
1.6 glem® > &k % 10 ~ 15% » B U 55 & | *+ 870 psi 2. 4= 5 # ++ [ Cheeseman et al.,
2005

BRI A SRR AR o A AR TS A BT R AT R
AT FORET 1200°C 2 AR S 10%6PF 0 G ookt M MR A 0 £
BT MR HEg 132 TCLP £ & i3 ey &30 R % < >
2005]) -

ﬁ%@%@ﬁ«%@ﬁ@i%ﬂﬁ@%@ﬁ«@%ﬁé’i$£%ﬂ@®%
o R R R 1150°C ¥ B A R A I5%F ) R R
BA 5 08 glm’s ok F 5 22% B ST E M2 R RS 2 R[50 2006]

Tsai % 4 @& % s BRI ToRIT IR ALOy 2 AT R 0 B R
3 HF e % Si0— ALOs; —flux v G+ 38 e itz FLB - B % KT > Si0, 7 &
TR BT S S 2 IR R ek 0 e ALO 2 AT f it T
HPURG R » AT F5 05 A AR ER > R B E BB M2
4+ [Tsai et al., 2006] -

sl poiE pe RDR R N 2 de o e 3 e G TR (A - SO,
ALO; ~ ik & AL @it £ 4 ~ AT ) 0 & 900~1150°C T 42 20 4~ » FF4 & ¥
Pz H@ i @™ o jFr 7 34 3 A TR HIERE S e Y R &
§oo 0 B R RBRIEN 1000C T H 4> 2587 0 SEM Bl 5 Bl 34k
A4 o EER A Y 1100 ~ 1150°C > :#H A R A 4 352 F o 253230k « A3 s
B 5 098 ~137 glem’® » 2ok F 4 25~68% ¥ ¢h o ik 4 NaCO; 2 KoCOs % 33

16



Ao TR CEMERER o F HAF R 5 20% P B 11S0°C UG AL S
g & EFEME G s Ay B o[ X 0 2007]) -

FEAF L¢P L BB KREMNEZ it NaOH £ CaCO; {5 > EW = & T ¥ 1 - &
RRET O UK E R b NaOH 7 § 2% MUERIE & » § NaOH 4
£ 15 %P WERE R T D 950°C ¥ b g ek 4 CaCOs 13 3 > SEF CaCO;

\rﬂb e»ﬁl

[ Seo i s B2 Mo d M H HURE R B R SR 7 i Flt > CaCOs

S

Foe B B A1 B 5 % T o B e @A 950 ~ 1100°C SRS 0 ok B 2 9F
PRAEL05~21gem’ s Bk F 5L 1.1 ~196%; A #EMFE2ZIEERAE S 05~2.8
glem® » Bk % 4 1.9~19.6% [ 5= > 2008])

Huang 2 A 1% <27 - HAE T I RELBFFLZH I B EWETF -
BRI P HIPLETRFLRE > HRA S 05~1.6 glom’ > T F R RS
1150°C 2+ p s BE &R E £ TCLP i3 B BEAR v el B ST F
o3 EH I H R HetanF A x4 £ gAscE [Huang eral., 2007] -

Xo 34 FFRATAARWUEARAH TR ILFERFLS IR Bl E
oo AW FEUETRFE RS ~RFIFE IR S B S T RFIR/AED =33% 0 K
BIB/EES =15% R & 2 S E R B 850~1200 °C > % % AEom ¢ M AR 1000
°C 5 323 # » & 2. 3% JF (0.5 um< pore size < 10.0 pm) » p >t H 5§ RER 12 4%
S RCU IV fode e A o o1 SRR H ] M3 1000°C A & fy 4p 5 quartz e kyanite
(E8& 7) e & 1000~1100°C pF » i & & 4p 2 kyanite (£ 8 #) 5 2 0 A 1200 °C ¥ >
A& &HAP mullite 34 0 Flpt o R RO ARG - T2 BT AR KRS
B 1000°C 5 2 arE®WE B [Xueral, 2008]

Xu % A & wf* Bk B R 73 R fo KB R 2 73 F 5 (TR E R AR
AL T HE 3 SiO, v ALO; tefg T 3Ek? 2 & ¢ - TGA Bl &+ 0 13t 600 °C
2 ERAFA A A kAo f e A 900°C b o LR IR e i g
o v A d B Feng Mo g T ERFRAM ALY 77 RSP NaCa £ 7
(F) et & A Sh SR B EUE T RTRG L i 60 B H 18%<AL0; <26% >
30% < Si0,<45% > © # F 14% <AL0;<18% fr 22.5% = Si02 < 30% > & & ‘%

BT EEFRBAIr L P R AR B 5T A EFLAFESAET Y R

17



BRI AR KR TR E- BE N AT N 2E SiOy e ALOs 2§ o
B A ) & 14-26 %Fr 22.5-45 % [Xu et al., 2008

Wei % 4 1% 59 B Ry Sl 5 H o &% 57 5 1050~1150°C 44 1
2T R LR A<20gom” Fes R F A2 ~20%2 EFF HIRE > 2 & 4
K (Hg, As, Cd, Cu, and Cr)ig ) % 43 224 > @ Pb+ & TCLP 3 J14R % » 3%
g4 Fe b g st &P 5B &5 Ao idland & > R 10 2 AT
o ¥ A2 #HEkiT 0 i3 i [Wei et al., 2008]

Wei % 4 1% B ds Kk BNE At =t 8 % B %88 1050°C 4r 1150°C #4 &2 ih
EAEY 0F F TR M o R F e Bl B T iR R A u 5 2.08
gcm frl 18gcm o Fe it &40 ik P e e 440 X kg R FHH L 470
Gro e RAn e K R NE P 5 59 BRI S ¢ 2 FettAiN A % & 1150°C
A F MR b B s FH Fe 5 24k X FetahaiN o A g4 B
1150°C "8 t5 & 4 p +5 2 38 3¢ F i 5_F] FeSO, A fi2 & FeO ¥ 427 X% % S0,~SO;
frO) F A2 UK 5 P Fe inff e A 2% o — S350 | % 7 22 chf | R 720
Fe,0; B R & FeO» » 8320y L aF 7 ¢ ¥ ABRET| LR % [Weietal., 2009])

Xuf A 4w % Bk AJR 2 5k o R ARJE R 2 5k 5 R F3
(Fe,03+Ca0+MgO0)/(SiOx+ALO:) (T 2 % 5 FISA)2 vt ] » T 537 B b G ¥ 18 LA
B2 P B58T 0 $0.175<F/SAratio<0275p » ¥ T % % R fc I B &
2 M AR W A2 T EF/SAH FI0.175<F/SAratio<0.45 > & RN
WHE DR T R P fEAA AR D RS T IFL G oo 2 ik

[Xuetal., 2009)]

Ducman % 4 7 b BRIy EE e FEU AR ERAE L KRR AT
FAAFER G > LRGSR PRIV 2 F A% R > B~ hot-stage microscope
EEEURF BRERME AR EFDOFER % 0 £ § » % Z880°C > 10~15 min"E ] =
R AR AR 0.18% M 20.15g/m % ok F A 11% FEFTFE L] A
0.1 ~ 1 mm:3z 5 % 4 [Ducman et al., 2002]

Ducman & A % 7 | &3 S (5l4e @ #50F ~ 2R3 ~ BRI AT Bt B R
ETE&ETEH 2 RAEKEREY £ 3 7%MnO, fr SiC # % ¥4 ;¢ (pore-foaming

18



agent) » ¥ i 4e £ B AP fraglay § ot Mgt M Bl g R AT 0 TR E
FHL B EF RN ARG B R LR EP LRI R SR
B 1220°C 12 44 & # ] 0.42-0.98 glem’ o 4r % #2 i5 R ¢ b Rk T % 808
A RIERT 1150°C 18 F Mac 3 scendf i e b 3850 £ % MO A& 4 [ 0.57-0.82
glom® = Flpt o @ P AL B WA SRR 400420 2 B2 E
# [Ducman et al., 2009 ]

Wang % 4 & % ToR5 R A et B A 0 5 420°C TE £ 20 A 4TS 1
1050-1100°C ¥4 4 H > P B % Bm > o R A F e f WRER - § F 5
18-25 % e pF > ® & 1100°C &% 30 » 458 » ¥ @33 S F g T H 4 o 0t oh > &
15 A JimE &7 2RI > As, Pb, CA,CrNi,Cu,Zn 8 73 41 (8 1 & & bk 2R

[ Wang er al., 2009]
Corrochano % A | #* -Kief 475K ~ BA ~ 72 FEWH EHAE > TR EZ R

3515 > TFAT AL B 1150 ~ 1175 ~ 1200 ~ 1225°C *+ 10-15 A 48 0 5 §
FE T 5 RERTHIFE D EA=TS %25 %Fr 50 %:50 %pF 0 d=F AT F PlEL
B AR s ok EF s 3 HUR B B [ Corrochano et al., 2009)

Chen ¥ 4 @& * "R EPNE G4 d et 2§~ F s~ R EAWUREFT 4
Py, d WEAMCE P Si0y 7 8K > FIP g * At F f%ifli“\?’?\"]f% * o
PEFYRILBEENUS P HIERARA L 099 gem’ s B L - BB R EE
Fpr> P EIEFHFDRES 593kg/m v 4 & ASTMC3305 e ¥ H2 F g & s
a0 880kg/m Z AR o gh sk ARG B DRGEY B A SRR [Cheneral,
2010)
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223 WA AP e L Sodp L

iT¥

(34

(& o R A ER
T -k % ik :Quartz (Si0O,), haematite (a-Fe,03),
maghemite (c-Fe,0;), calcite (CaCOs;), hydrated
calcium phosphate [Ca;(PO,), A H,O] and
. n calcium—magnesium phosphate
Merinoer | =k | BEEEEE | pcampypoy -
al., 2005 A T 41200 °C #4 A&J2 14 :Quartz, haematite and
T calcium—magnesium phosphates [(Ca,Mg);(POy),
and Ca;Mgy(POy)¢] °
& 1300 °C #4 52 {8 - Haematite and the former
calcium—magnesium phosphates.
EE - e b AT . . .
. 2y ¥ 0 4 (49MPa) ‘/ﬁ»% raf.’Ji P AhFe (CasSiOs), Belite (Ca2S1O4),
Shih et al., L o w1 pom e | Tricalcium Aluminate(Ca;Al,Og) and Calcium
RS @/E?l"ﬁgfirﬁ?/g/}{ R . K .
2005 oy aa e | o oxide (CaO), Calcium magnesium silicate,
* f‘j" W 4 (1400°C - 3h) Nickel oxide, Calcium Aluminium silicate °
e
Cheeseman | ~-ki3 i~ HA > RFER Quartz(Si0,), hematite(Fe,053),
et al.,2005 Ao~ Ak 2 (1020~1080°C) whitlockite(Ca;Mg,P¢Oy4)
A 1Y & % :Quartz(Si0,), Calcite(CaCOy),
Hematite (Fe,Os) and Ghelenite (Ca,Al,Si07) °
%1030 °C #4 A&J2 14 - Wollastonite (CaSiOs),
Cheeseman AR A HA o RFESR Diopside (CaMgSi,Og) and Clinoenstatite
et al.,2005 (900~1080°C) (Mg,Si,0¢),  Albite-Na(AlSi;Og) °
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Quartz (Si0,), Mullite (ALO; -+ Si0,), Tllite

-
X‘; eral, | s gea ﬁ O”S‘f‘lf (KH,0)(AIMgFe)s(SiAl,)O o[ (OH)H,0,
005 (105070) Calcite(CaC0y)* 3 %
Tsaieral, | , 77 | i (1050-1160
2006 v Jj\ ~ Jj\ N i DC) B ’J\' e 7’3\ : Quartz (8102), F6203, P205, A1203
passr L
Ak 2 : Quartz (Si0,), Illite
(KH;0)(AIMgFe),(SiAL)O,0[(OH)H,0],
Muscovite v Z # KAlz(Alsl3010)(OH)2
Acchar et | 43 ~ s | HEEWES | Rydle, Kaolinite (ALSi,05OH))
12006 NS T (30MPa)> % & 1 % Reject(marble+granite): Quartz (Si0,), Biotite
at., | H#(950-1150°C) (K(Mg,Fe)3AlISisO10(F,0H),),
Albite-Na(AlSi;Og), Anorthite-Ca(Al,Si,Op),
Ortoclase-KAlSi;Og, Calcite(CaCO;),
Dolomite-CaMg(CO3),
B R
Linetal, | . ., (3.5MPa) - < .k i5 i 4 :Quartz (Si0y), P,0s, Fe,0s, AIPO,,
2006 o (600-1000°C AI(OH);
1/2~4 )
Xu et al., ToRFE S | RFRE S ERZ | Quartz (Si0,), Kyanite(AlSiOs),
2006 464~ 3t7 | (1000°C » 10min) | AlbiteNa(AlSi;O), Mullite (ALO; - SiO;) °
TR R L . .
' ”;I‘ s d( B ~ ) »«bd : Quartz (Si0,), Calc:1.te (CaCO0O3;) and
Merino et 1 g | FE w3 | illite (KH;0)(AIMgFe)(SiAlL)O [(OH)H,O0],
al., 2007 T 3 zg 900-1200°C Dolomite (MgCO3; ACaCO;), Chlorite,

o IR

Felspars(AlSi;Og), Andalusite(Al,SiOs) °
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HAj A

(5-10mm) »

T -k 5 ik :Quartz (Si0,), Feldspar (AlSi;Oy),

T RSB SR N
Mu;of)gal" ;:i’f %8t LWAC | Muscovite v 2 % KAIy(AlSi;040)(OH),,
(1050-1150°C > Chorite-(Fe, Mg, AD6(Si, Al),0,0(OH)s ©
10-15 min)
Wang et al. N H bR 2 | Quartz (Si0,), 2Ca0.AL0;.5i0;, CaCO;,
> | TokE R | (950-1080°C 0 15, | Ky0.AL05.48i0,, P,Os, AIPO,, Fe,0s,
2008 30 > 45min) CaSO,, 3 ALO;.2Si0, «
BEFEE B
(Cd(NO3), »
K,CrO, »
Xuetal., . Pb(NO3),> CuSO,) | Kyanite(AlSiOs), Albite-Na(AlSi;Oy),
2008 o 7 ki3 ik & 12 | Quartz (Si0,), Pb,O(CrO,), CdSiOs, CuO
850-1200°C % i
R LAY
L s
Quartz (Si0,), Kyanite(AlSiOs),
Xu et al., Bokid R s | B B | Albite-Na(AlSi;Og), Anorthite-Ca(Al,Si,Oy),
2008 & #* -k & | (1000°C » 35 min) | Sillimanite-(Al, ogFe(2)SiOs,
Enstatite-(Mg,Si,04) ©
Quartz (Si0,), Anorthoclase((Na,K)AlSi;0g),
Xu et al., TokAR | R ko2 | Kyanite(AlSiOs), AlbiteNa(AlSi;Os), Sodium
2008 A2~ 3 | (850-1200°C) silicate(Na,Si,05), Mullite (AL,O5 + SiO»),

Sillimanite(Al,SiOs) ©

22




B R

Wei et al., B A 5000 psi) Quartz (Si0,), Hydrate (Si0,), Al,O3(Corundum,
2009 (1050-1150°C > 20 | syn), FeO ( wustite, syn )
min)
CRE R | i il e s ik Quartz(Si0,), Kyanite(AlSiOs),
Zouetal., | & i‘ R e %57 | Albite-Na(AISi;O;), AnorthiteCa(ALSi,O).
2009 G okiEk | (1000°C > 35 min) | gipimanite( Al osFeg »)SiOs, Enstatite(Mg>SisOp),
Ferrosilite magnesian-(Fe,Mg)SiO; ©
}g‘ 7]\, SFOR Alblte-Na(Alsl30g), AnorthiteCa(AIZSizOg),
Xuetal., I B F k%2 | Enstatite(Mg,Si,Og), Ferrosilite
2009 . “ | (1000°C » 35 min) | magnesian-(Fe,Mg)SiO;, Kyanite(AlSiOs),
N Quartz(Si0,), Sillimanite(Al; ogFe(,)SiOs ©
Quartz(Si0,), Feldspar(AlSi;Oy), Illite & % %
Ducman et | # i3k ~ & | £ R o823 | (KH;0)(AIMgFe)y(SiAly)O,o[(OH)H,01/
al., 2009 2~ By 900-1220°C) Mullite(Al,O5 « Si0O,), Muscovite v £ #
) (
KAL(AISi;0,0)(OH),
. apa g | BEBE | o
Shin et al., PN (10MPa) » “& % % | Quartz( SiO,), Feldspar(AlSi;Oy), Illite,
2009 ’E)‘% 5 F(800-1050°C » | Cristobalite * 7 #( Si0,)
2h)
5 4 £ &k, B
Anagnostop | & A% | s A F B W | o 000si0,), AnorthiteCa(ALSiOp).
1 tal (% M E) # LWAC .
oulos e at., | F SAL ! Cristobalite * 7 3 ( Si0y), wollastonite
2009 fedtk (1000°CT) | (CasiO,), Hematite (Fe,Os), Magnetite ( Fe;0) ©
R FR(LS
Y tal mm) > 400 °C 3¢ 4t | Calcium oxide(CaO), Petaline(Ca3;Al,Og)
ue et at., 24 v a4 20min #& 4 Andradite(CasFe,Si;01,),
2010 (650-800°C > Fe,0;, FeO, a-Al,O5 °
10min)
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A5 - D
=%
B S TR

31 FMPEERE
311 FEHE
1. /®-ki5 % (Drinking-water treatment sludge )
AT TR Y 2GR G AP RT ke RRFE o » %5 Feng ~ Hou »
Tung ~Jia~Line E-RFEHEE RS8P EREE > 11 105°Cig 2 &
57 i & S0 mesh {6 0 B 3t PE#gif * o
2. B33y (Waste glass )
AET TR 2 RBIER G BT LRI c BRSSP ER
B is 0 2 105°C 4% 2 |2 & A7 B & 50 mesh £ » B> PE i * o

3. 42 (Clay)

AEFTATRE* 23R AP FEFERFPG UL TRk AR SR PER

Bis 0 2 105°C 4% 2 [ & 57 B & 50 mesh £ » B> PE @ * o

3129 %% &

1. #p& (Nitric acid, HNO3 ) : 69 % » GR.* > Merck > Germany °

2. Fripgk (Sulfuric acid, HSO4) : 98 % » GR.% > Merck » Germany °

3. #@pk (Hydrochloric acid, HC1) : 37 % > GR.% > Ridel-de Haén > Germany °

4. & 4 & (Hydrofluoric acid, HF ) : 48 % > GR.% > Ridel-de Haén > Germany °

5. 7k ;’jﬁ i (Acetic acid, CH;COOH ) : 99.8 % > GR.% > Merck > Germany °

6. iH3% i*Z (Hydrogen peroxide solution, HO,) : 3095 > GR.% > Ridel-de Haén -
Germany °

7. %% ;% (Standard solution) : AlI~Cd~Cr~Cu~Fe~K->Mg-Mn - Na-~ Ni -~
Pb ~ Hg ~ Co ~ Zn 1,000 mg/L » Merck » Germany °
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313 2 %% &

1.

% L (Balance): (1) ¥ #f=3 10* 5. » LIBROR AEX-200B -
SHIMADZU Corp. » Japan
(2) ¥ #4=3 107 5 » GF-3000 » A&D Company,
Limited > Japan °
128 44 (Hot air rapid drying oven ) : RHD-120L > max. temperature 200°C »
RISEN > USA -
B R et A2V 24 B N4440 - WEST Co. » UK ; max. temperature 1,450C ¢
THE A %5 L2 7 > Taipei > Taiwan ©
M v B ek i B (Microwave oven) ¢ MWS-2 » Berghof Laborprodukte
GmbH > Germany °
pH B| Z_i% (pH meter) : pH/mV/temp.meter SP-701 » SUNTEX - Taipei > Taiwan °
g % B (Mixing devices » 30+2 rpm ) : TYPE 34R4BFCI-5R » Associated Design
Gearmotor > Chicago > USA -
7 B4 5 1 Max. shape pressure 25 ton > Pan-Chum Scientific Corp » Taiwan °
F M 1% & TYPE 34R4BFCI-5R » Gearmbtor » Associated Design and
Mfg Co > Virginia » USA -
e 1 (1) Ashless Circles #41 > 90 mmy > Whatman Co. » England °
(2) Advantec glass fiber filter Gf75 » 142mmy > Toyo Roshi Ksisha Co »

Japan o

313 AR E

1.

2.

3.

BEEE R ch F & ¥ 5456 3 % (Inductively Coupled Plasma Atomic Emission
Spectrometer, ICP-AES ) : Optima 3000DV » Perkin Elmer » USA -

L9558 3 vk 3 ik (Flame Atomic Absorption Spectrophotometer, FAAS ) :
7Z-6100 - Hitachi » Japan °

kB #F 4 8 T s (Environmental Scanning Electron Microscope, ESEM ) :
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Quanta 400 F » FEI » USA -

4. 5 # i X k¥ & ¥E (Multipurpose X-ray Powder Diffractometer, XRD ) : D8
Advance » Bruker AXS > UK -

5. &g+ £ £ 447k (Thermogravimetry and Differential Thermal Analysis »
TG/DTA) : Pryis Diamond TG/DTA > PerkinElmer > USA -

6. T SH¥EsR T 4 47 & (Laser Diffraction Particle Analyzer) :LS230 > Beckman
Coulter » Germany °

7. -+ %47 & (Ion Chromatography, IC) : DX-100 > Dionex » USA -

3.2 %R

AFTARAS AR - R EERFFREELT R AR EEK
75kt 3000psi = AIRA T 2 RREREHSZERFENT 0 R FE L ENRS
J (Tung % Jia) ’T SeBs iR A (BB B BRgLIRH) 0 £ 1000psi & AR 4 0 7 e et &
F R R RCEE o PR R S e ITE S R o
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\

A RERL

mesh (<297 1t m)]

( Feng ~ Hou ~ Tung ~ Jia ~ Lin)
[5105°C #3524 pF > 2 AL 50

J

\ 4

= A& 4 3000 psi

\ 4

/

Rd
=
—l,z-\-
O

;Efism 4 >

d F R ¥ ‘EL <8 3 500°C
: 100°C/min) » ¥ %
B4 gr

\

Particle size range
XRF

XRD

TGA/DTA
LEHRE
ICP-AES/FAAS
ICF:~ % &)
TCLP

\ 4

;

3#4821000~1050~1100~1150°C
SRR EUISSE

\ 4

SEM, XRD,
Weight loss,
Particle density,
Water absorption,

Compressive strength,

TCLP

/)

J

B 3.1 ki35 R a0 P 2B
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N
Tung% Jia %-KR75 %

[5105°C #3224 P > T pk L2 R BRI
% 50 mesh (300 ¢z m)] F 0 &£ 105°C
Z MiE 24 o) PE
A3 <50
; y \ mesh

AT R I AL (B2 R Rk
£ 2 1t 80/20 » 50/50 » 20/80

\ 4

o F R koo 1 R KR (30£2
& 24 /] P s & 105°C g R as

J

\4

= A& 4 1000 psi

\ 4

d EREMREI500°C
(< g & 3100 °C/min) » 3% i
73

24 & o B g

v
3#4221000~1050~1100~1150°C
SRR EUSS 4

/

2

\\.

\4

. N
SEM,
Weight loss,
Particle density,

Water absorption,
Compressive strength,
M-TCLP
s J

%32%«%%@%%ié@ﬁ@%@@ﬂ?%ﬁﬂﬁ
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33 AT 2
L R Rise T RRT 45238 R2 ik (ICP-AES)

ICP-AES chR IS itk 3 Rd g4 F »ZBRoRlgahreEy 5
Tesla coil #- Ar 3 5 Ar®fe e o hit ok # fhinduction coil %5 27 MHz < /it 7 (radio
frequency generator ) & #s > & 4 — BEEH o d F[Ar® +e + =% S
6000 —8000°C ) # § Bl FF (ﬁifﬁf)’ FlLEPFMRAEL R M
FH AL 0% ~F T F i d i (ground state ) o3 Tl g ik (excited state ) »
FErAL R

s BT E S

gi \
[e=
[

LPE D T OE B R e o B o & o %%’r} emission

2.

7
“~

EI =3 TRUEIP
m A F

SV SR TR T (N EN) 2 F o

(A
Ik

2. 53 X % k%58 (XRD)

Xk b4 955472  von Laun 219122 3 I > H R IT 4 Xk 1 & B O 4 5P
FWood BN KR T F TR 2,204 BT 2 gk £ 0 FF g g 1
Fiip g o FF IR RS k2 $FRUL KL iR 45Bragg™ #25% 1 2d sinf=nk > ¥
RS Rk B EEYd ) F1EF A a2 LA FIERAp R > FIL VT R\ FE TS o
hA)H MEEFAUE A5 2 MESFALSE R (Bragg intensity ) VoA SRk ol > SRl d &5
B4 3 (s om0 2 s v ok & MEsHR 8 &£ £ B € (The Joint Committee
on Powder Diffraction Standards, JCPDS ) F 4L & 2 B3 > & {7 & f g2 _o

3. #E-+ L FEL R (TG/DTA)

AREBET N ERPEENIRERATAL L BRI R AAAERE RSB
HEFEFARM(CRABET R B FELRIF ) A EEEFRR
BRI E D R THRSEFIT RS LTI RFEAFLAELE  FUSERER
R R A KM RS e BB Y B 2 F A o AP R A2 A

EEARESEE S 10mg 34 E 100 ml/min > 2§ :# & 10 °C/min > BB F & 5

1200C -
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B d T 5 st (ESEM)

AFTEHY O RSN T HRSU(E-SEMBELR AP N iRt 0 £ F
Fd pgRendt i g0 KRl R RS AR Rl R T L AR o A F TR
2B fe 2 7 B s 5 Quanta 400F, FEI, USA ( Scannig Electron Microscope,
SEM): SEM Z4|* 3 £enT 3 BB L AFRES20 > 117 I HAELh T
Ho T F A NG BEESIAEE T IERL T £ (FSEM B 1B 5 &
BB TR RRT R AR S A G s > RS2 FT N M TV R
FREEE R A2 4 8 URIEGHEE RPERL R E BB EHEL B

f

5. #4& & f# (Particle size distribution )

A G eiE 2 2 L BT AP M REC KRR BRI B A RIS T e
FE A0.053 mmrd b @ dF iR E 2 0 ) 300.053 mmB] @ b E 2 a4 s Hic
P R AR B B & T e

844 (Weightloss)
500°C # @ 18 23748 8 ~ B B % 0 & 1050 ~ 1100 ~ 1150 C4c £ pF F 20 & 48 »
EEFETEH > BB LR L ETERLEEHL o AP H o0
L2 4 (%)= (Wi-W2) /W] x 100 %
Wit setiw it e € (g)
Wy etisize € (g)

7. %4 € (Loss of ignition » LOI)
R R BAEE >~ 900 CLBER = P RS2 ETHLTIRZELL o
FE AN e
B4 £ (%)= (Wo-Wa) / Wy]x 100 %
Wy sk £ 8 (g)

Wq: se#tsmmir €8 (g)
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8. w-kFplE 32 (Water absorption )
BARTHEEzZ ok g hirgy? RERIRE [CNS-487 miest
WE R R RERE ] BRI o B E ~ 23°Ck Y 24 ) pF o B ES s B3R
ookFicte RELE T EREM R rE ML £ 8 B3RP 2N e T
Zok F (%)= (Ws-Wa) / Walx 100 %
We:ic#HEL (g)
W, g ig ke frdZe 2 (g)

9. 3% R % ARE /2 (Particle density )
rfe A 7 (Archimedes) Rz K842 5 R > RIEEMMHAL > L&
BWERAG 0 TEE MR BARTE 20T
FHHAH Ve (em’) =V, — (Wp-W,) /py
HFRBA ps (g em”®) =W,/ Vg
Vo (em’) 1 opet @M BA (g-om®)
W, icue g (g)
Wa:z‘é’p‘;—‘“ﬂ%é—é*"‘a‘ﬂ (g)

10 F £ xP$FF 3 2% 4k (Toxicity Characteristic Leaching Procedure »
TCLP)

v1 A A ffe B (TCLP, NIEA R201.13C) i#l2#2 Cr~Cd~ Cu ~ Pb ~ Zn

Se~Ba~As~Hg iz I 8 o # Bpde™ 1§ LT E PR 2 47 P~ Sgsample ‘e » 96.5

ml 2 33Kk T SssppH e 2 pHE<S5, BI#* 5% A- % pH &>

5B/ £ 4~ 35mlI.ONHCl > 250 C4c# 10 48 >4 4r2 38 > BlpHE » &

pH & <5-B] & % 5B A% pH &7 >5 81 * ¥ Bp Bo¥ 8% A 5 CH;COOH
/NaOH i® &% » 2 pH & % 4.9340.05; @ £ 5~% B p| 5 CH;COOH 2 -ki3 % » &
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pHE 5 2884005 £ 20 Bk FE£ 2 5Bk > £ 4H AL Imm 17T 2 FHG g

T 18 ] FFZ F P~ (30 rev/min) 0 3 R SR Rg D {8 0 @ * ICP-AES 4 7.3 !

11. L% 3 ek ik (FAAS)

e s BipfrT Bk RiFd Oy 4 RE o p S mp AR
> o HFFCE (nebulizer) 6 A fr v F ] KiF » Ried o (¢
WY NFRARE (ZF) o Ed LARE RS EGRF o
FHE®BEE S XK F R+ & F (atomic vapor ) % fz3% ~ % # Tk £ 1% >

23 g (Beer'sLaw) stk R B2 A% ¢ A {7 2. ER = & W o
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#4 > .
*Frx 5%
41 EERFF AR A AL L

EFPH2 B FSrOVEHR R FERFR LB ARG S )
B4 2 e i & [Riley» 1951 5 Wang ef al.,2009 ; Shih et al.,2009 ; Anagnostopoulos
et al.,2009 ; Lin ef al.,2006 ; & < > 2009)c gz AF7 7 #7i¢ * 2. Z-RFEB-p 587
FeoZ ok H o B fLa w5 Feng ~ Hou ~ Tung ~ Jia ~ Lin > 73 /£ $2 15 554 4 ~ P4iE
EGCAR A 0 T B I AR A R 1S 2 3# W ICP-AES ~ XRD -
SEM » M-TCLP ~ s js 2 47 ~ B R 2 R EA 1T~ F e ~ PR -~ iz
TEER NREHRE S NIEPESE R 0k o
4.1.1 #E‘H’.?ﬁ’

ERFREHREFL SR PE R s BB > M E RS0 SR G R (T
WER A LT SRS A AT RIS A T o bt kg £ B R 3% USDA
FHEP T AR 411 #ERIE >2mm 1 o Bk (sand) E RS A 16 BLEF

(2.00mm) % 270 35L& (0.053 mm) 2. B » &5k (silt) % 4% A 0.053 mm I 0.002
mm 2 fF > Z£3 (clay) 2 #2081/ *% 0.002 mm e S A T A F B AT o A%
% 4cB) 4.1.1 #7577 > Feng ~ Jia ~ Lin £-K /3 k2. Dso T35k & B 5 524 3 597 um
2B > B3 AT Feng ~Jia~ Lin K758 ¢ e b F Sk st b » B2 R4 0t b5 =

s B ik N L s i e 2 4 A Ao BB b2 ;,(3_4 B4 g%
i¢ K L 4 o 4p $13* Tung fv Hou % -k % i B] Dso & #9245 A u] 5 13.33 2 20.95 um>
Hppgapd v o)X ik 2 & 5 57 2 Tung o Hou i ki5 ik @ 3 30w >
KRR TF A igg,\&\;‘ °

)28 S ﬂfr'»«é:‘ 2 et S4B 4.1.2 1o 0 BRBLIF R 2. Dsy T IEFRS
96.75 um > F 1 3 3R L GNP 3ERE A o FE4 Dso T s 711 um 0 B B
b BB ARd G B 2 FIREM A R R £330 B F v
GERMZ R o FHIERAR ] H EHA P AR 6 AR B e AR o R
% fg [
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411 2 FERIT A B

7 = >
= 7 (gravel) >2
Fj ¥ (sand) 2-0.05

B (silt) 0.05-0.002

ZbF(clay)

0.002 r27®

Number percentage (%)

100+ 41100
sol Feng 1s0
M (Number percentage) 160
—e— (Cumulative number percentage)
140
420
0
1100
180
60 I (Number percentage) 160
40l —o— (Cumulative number percentage) | 40
20+ 420
0 0
100 4100
80 180
60 160
M (Number percentage)
40t —e— (Cumulative number percentage) | 4()
20+ 420
0 0
100} 3i 1100
1a
80+ 180
60 ! 160
M (Number percentage)

40} —e— (Cumulative number percentage) | 4()
20+ 420
0 0
100} Li 1100
so[ -1 180
60 M (Number percentage) 4160

Cumulative number percentagy
40l —o— (Cumulative number percentage) | 40
20+ 420
0 0
%Y & > > A 9
S n,wé\ oY B g o
P 3 : B » v &
.@' Qt\% .6\ .@' \$ &?“\
>N 9 NV

Particle size range ( um)
Bl 4.1.1 2 ZRFFE 2 IS A W
Blgr AR A

Cumulative number percentage (%)

Number percentage (%)

34

100 | Waste glass i 100
80 - 180
| I (Number percentage) 1

=== (Cumulative number percentage)
60 60
40 40
20 20
0 0
1001 gy 1100
80 - 180
60 - 160
I I (Number percentage)
40 —e— (Cumulative number percentage) - 4()
20 20
0 0

Particle size range ( pm)
B 412 Bptagp &gkt 2 s

oL g R AT A

Cumulative number percentage (%)



412 it B w3

it Fe gl S ETE M s B FR AR EERSFRZ B
FOE S A R AL % @ &L KT R it B 3 A 0L SI0; « ALO;
% Flux (Fe;O3 ~ KO ~Na,O ~CaO ~MgO E)~2% 54 » b2 Flap k- -RiEse
Pk Rt EE o SURARIR TR @2 L ERFIEZ ALOshg £ Bt b
) 16.48~25.95 %2 B> 1 B §_ A -RARR © 5% 48 LR GUR| (Irkrpadrt & (V48 %)
AR o e PEL VELE 1 Hou > Tung ~ Jia = i K5k 4p ¥ Si0, 2 B> » #igdt i
BES 8 Reily “H3 2§ £ T H2 $ 02 2 S EE R doB 4.13(A)
FIM Lin E-RFEE AR @%%@F\ R IR R e ra\»ﬁr;?ﬁf‘ Hz -8 e
& > Feng i% -k 5 & f #h 437 4 B [Riley » 1951] -

BRBIZEGES o & 2 L Si0y 0 A2 % 5 93.83 %2 61.06 % 0 o 3t SiO, H_F
gL BR2 €& AN @ﬁa@ﬁﬁgygiﬂp,ggﬁﬁﬁﬁ%ﬁm%ﬁ,
Mo E R R Aok IR B it 2k [Xueral,2008) o FpF>d £ 412 ¢ 7R E
Hou ~ Tung ~ Jia % /2 k352 SiO, z £ R M - R m72 7 WA S EFTFH ot
FrAuRED v plARd fosgl Ik 3 Tung 2 JiaZ K5 A ¢ KA L Z-RiFR P
SiOy 7 £ eP7 B o Rig Mot > Reily “r# i2 F &AEFH 2 L= =
> Bt i 4o 4.1.3(B)(C)aF R (Tung/Glass=50/50 ~ Jia/Glass=50/50 ) ;8 & v
Pl AR Y mARFEFEPN R FEASET 2 FS -

gtk 202k R P Flux (Fe,03+K,0+CaO+Na,0+MgO) &) 4 3+ 10.83~15.73
Yo2_ ¥ > ”] 4o AL} Flux 7& ik — 70 &) 0 Fpt A 2iE 427 FeyO3 ~ KO ~ CaO ~
MgO % NayO #if FEt i 2 & & > 4 % MUBRER 2 B o
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(A)

(B) Si0,
100 %
A2
/Clay = 20/80
Tu’il;r/lilayai/ - AVA'A Jia/Clay = 20/80
Tung/Clay = 80/20 é’%v% Jia/Clay = 50/50
%‘A\-.%‘:%jle Jia/Clay = 80/20
()
\/
AL O; /\/\/\/\/\/\/\Flux
70 % 70 %
©)
SiO,
100 %

Tung/Glass = 20/80 Jia/Glass = 20/80

Jia/Glass =50/50
Tung/Glass = 50/50

Whmlm 80/20
Tung/Glass = 80/20 W\/\
Alzoa/\/\/\/\/\/\/\ﬂux

70 % 70 %

Bl4.1.3 (A) & Z-ki5 & 2 42 (B) Tung/Clay{rlia/Clay(C) Tung/Glassfrlia/Glass 2_ = = i» °
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%412 it B (Wt 15 i3 47 )

Wt % Feng Hou Tung Jia Lin glass clay
Si0, 59.082024 39.24:013 41.20z062 44.86:037 65.182003 93.83 x009 61.06+0.14
ALO;* 17.33z002  25.73:032  25.952021 23.49:017 16.48:019 0.12:000 16.60:0.13
Fe,0; * 4.98=0.01 3.21z000  5.34:002  7.23x024  5.60x001 1.27:001  6.81x0.06
K,0* 3.27:032  2.23:007  3.08z013  3.81:027  3.44x031  0.68:002  3.53+0.04
CaO* 0.02z0.01 1.11:017  0.13z001  0.96:016  0.40:004  0.05z002  0.13z0.01
Na,O* 6.22:031  6.61x036 1.86:002  2.81:025 1.17x003  3.37:007  2.38z0.02
MgO * N.D. 2.35:004  0.42:004 0922032  0.86:020 0.01z000  0.72+0.06
CoO* N.D. N.D. N.D. N.D. N.D. N.D. N.D.
NiO * N.D. 0.01x0.00 N.D. N.D. N.D. N.D. N.D.
ZnO* N.D. N.D. 0.01:000  0.01x0.00 N.D. N.D. N.D.
CuO* N.D. N.D. N.D. N.D. N.D. N.D. N.D.
PbO * N.D. 0.01:000  0.01x000 0.02+0.00  0.01x0.00 N.D. N.D.
Cr,05 * 0.01x000  0.03z002  0.01x000 0.02£0.00 0.01z000  0.25:001  0.01=x0.00
Cdo*? N.D. N.D. N.D. N.D. N.D. N.D. N.D.
BaO* 0.01z000  0.032000  0.01z0.01 0.02x0.01 0.01=x0.00 N.D. 0.01=x0.00
Hg* N.D. N.D. N.D. N.D. N.D. N.D. N.D.
As*® N.D. N.D. N.D. N.D. N.D. N.D. N.D.
Se N.D. N.D. N.D. N.D. N.D. N.D. N.D.
cr 0.03=z0.01 0.17x000  0.102000  0.07x0.01 0.03=0.00 N.D. 0.05=0.00
So,” ¢ 0.10:002  0.41x001  0.26:000  0.21x002  0.28:0.03 N.D. 0.72+0.01
LOI® 8.55 18.87 21.19 14.98 6.27 0.40 7.97
LOlIspo " 5.44 13.41 18.47 10.80 5.11 — —
Flux ¢ 14.49 15.51 10.83 15.73 11.47 5.38 13.57
CaO+MgO 0.02 3.46 0.55 1.88 1.26 0.06 0.85
Flux/(S+A) " 0.19 0.24 0.16 0.23 0.14 0.06 0.17
Can 007 0.10 0.09 0.13 0.08 0.01 0.10
SiO,/Flux 4.08 2.53 3.80 2.85 5.68 17.44 4.50
Si0,/Al, 05 341 1.53 1.59 1.91 3.96 781.92 3.68

al BRSO s
b: M T8 (CNSII393Z % F - & 47 ) 2.3 2 p|{F -

¢t *N.D.Z 7 ] & 00 kB pEL

s #f 1 I ICP-AES 7 & ik R R 2 (n=2)

(Cr : 0.005 mg/L ; Cd : 0.008 mg/L ; Cu : 0.003 mg/L ;

Mn : 0.007 mg/L ; Zn : 0.005 mg/L ; Ni : 0.011 mg/L ; Mg : 0.018 mg/L ; Se : 0.021 mg/L ; As :

0.462 mg/L ; Hg : 0.008 mg/L) -
d:®» 2g &>
e : LOI = Loss of ignition at 900°C for 3hr.

f : LOIsp = Loss of ignition at 900°C for 3hr after preheating at 500°C for 2 min
(temp ramp:100°C min™' for 5 min), pellet formed at 3000 psi.

g * Flux= Fe,0;+ K,0+Ca0O+Na,0+MgO -
h : Flux/(S+A)= Flux/(SiO,+Al,03) °
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42 & ERFFE B nkhﬁlif%ﬂé“?%ﬁiﬁﬁbﬁ
AELA L EASFAEUSETRHTRCFAY > TR S D SRS
(3000 psi) » 4 #l:8 & 1000~1150°C » = i§ i& Z (% 8 ~500°C > 100 °C/min) > &% p¥
B (500°C FE4% 2 A 4818 » A 4P % 28 > £ 12 1000~1150°C #5415 2 48) - &
HWis2 ¥4 SEM BEMEHER M ~ T2 REEF L ~IPRTR ok - R
BRCBEFL BRI FEAIE E 4R TCLP £ - F 42 o

4.2.1 4%'5(%*}#.%1“

SEM % % &5t > Hou v Tung % -k 5 & # &% >t 1000~1150°C pF > ;548 p 30
EIVF AL B PR EEE S & > T ML PRIV K3 &0 @ Feng
Fe Jia E-RF R §E® A 1100°C PR | 3V 24 > B ¢ Jia & K5 R EH T 1150°C
P RN IRV R AR o b o Lin ERFAEFEWEARBAKFPH
i%&' < o
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Temperature (°C)

1050°C 1000°C

1100°C

Feng
®4.2.1

Hou Tung Jia Lin
LKk AR R R 18 2 SEMEI(x100)
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422 £EFpa g
LRSS RGER G2 £ B4 4 404 42,1 #7571 > Hou ~ Tung ~ Jia = HE

B AR ERHL G 1627-2255% 0 @ ppgfinFeng frLin & § 2 £ £ L &
oo ERIFA S 593~935% 0 pEEFERESTREEPEL o

423 SR R B
#2495 EN 13055-1, 2002. Lightweight Aggregates — Part 1: Lightweight Aggregates
for Concrete, Mortar and Grout, — £ B ¥ 2 % & iR 2 g/cm3 Mo d &
BRI R R (BT T BIE-KET R R A § TR AR AR
P FlRARF R B RS OEIRAR U o AR FRECERTA 2 2 F o T
T e s o Jp R R S AR o B RER R R B RE T 0.77~2.43 glem’ > fe 3E A
B 30a A dapm R RS &2 it 2 A1 0 % 3R Hou ~ Tung ~ Jia 2 73
P SO REAXEEEH AR LR RFIERBWIAIVES S 2 gF oL d
TERE R T Rl 2 SRR R 0 F A B IR AR 2 4RE o e Lin
E KB EEEAT 1150°C BF o> ER P LR 1Y a S BdE o

-

ad

424 GoR KB
129% GB/T 17431.2-1998, China, Lightweight aggregates and its test methods—part
2. Test methods for lightweight aggregate, + * 1 42/ * F > 42 F ¥ H ()= k F %
B IS % T - AR R RARE P M6 TSR R & 4§
BRI R e > FRSORF M R ERHEF R S 1000~1150°C EH 18 0 B
*drdo 421 Bor o SOk F R 1.74~44.21 o0 & FIRINA R & T AN SOk SR
B FFulE_ Jia 2K R B 1000~1150 °C BF > sk F b Az RS o b gEgd o
BiFERES 3 ﬁ_%“q?% E it o LR i (TR FORIREAY o Rk
PR G A - BET R MR R SR A 2~20 %2 FF o

BH 4TIk o IR
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425 R B B

4 41 42¢ > Chinese National Bureau of Standards( CNBS ¥+t & % 15 2_ 4 " 14
% 374 Bulk density<900kgm™)% H iz * + » #r% 2 | LR R 5 7.5 MPa=76.5
kg/em? ( IMPa=10.2 kg/em?®) o it — # HFR % B3 > S5 40k 421 7 > ki
5w B g Rt 112~169.9 kg/em® 2 ¥ > 2 RF RS REREUE Y R EETE
PR 55 B 2 4RIE o gt eb > d % Hou 7% /K5 & &5t 1000 4r 1050°C 14 » &4
BHEREAL LIRS ERPFRBAEF > B At o AR AL 42109 -
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421 R ERSFFEEUCFEHZ FEFEL 4T

1;?)[8%) Feng Hou Tung Jia Lin

1000 8.84 20.1 22.36 1627  6.23

Weightloss 1050 8.64 19.86 21.89 16.84 593

(%) 1100 8.78 20.26 224 1698 935

1150 8.94 20.19 22.55 16.83 821

_ 1000 243 2.41 242 1.77 2.43

E*;;t;ictl; 1050 2.36 2.39 2.19 1.96 2.13

(glom’) 1100 2.28 2.23 1.78 1.36 221

1150 2.07 1.99 1.57 0.95 0.77

1000 36.12 4421 29.9 19.61 3598

ab:’gi;iron 1050 25.3 30.66 15.39 1045  21.94

%) 1100 17.21 28.29 13.05 9.39 9.82

1150 10.88 25.89 11.89 10.51 1.74

1000 169.9 - 130.1 1265 1265

Compressive 1 5 140.9 — 135.5 153.6 1283
strength

(kgem) 1100 135.5 122.9 128.3 1193  113.8

1150 108.4 122.9 106.5 112 130.1
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4.2.6 TGA/DTA ~ 7% %

EREHELERY 0 AR ABRERT WAL LHAMEAL TR B
NFHEFENYEL LT RF ML ERIFATETI RS2 E8 - A %
LERHSFRASD #uE 2471k (TGA, Thermal Gravimetric Analyzer) % ( DTA,
Differential Thermal Analyzer) & |43 4o £ 2 4 FriE A2 H Sl 3a ik o & &
FERAELLIHESERYI0mE *t 2 F 74 Ti&F » 283 % 20°C/min» 28
#F 5 3ED 1200C -

FEREFAoB 422 777 0 T BERFEEFE S EIT G 350CH > DTA R4
7P B e AVE Y (AoB] A BROTR ) 0 BB S Sk Y SR EF o BB iR
K A o s R B Y 350~617°C FF > DTA Bl A8 P & vz #% 1U (4o @) B 2R >
e Lin -k i3 &8 &> 431.47~573.90C P > w»fF 3 2 ) TGA B &7 £ -ki5
Rz ER PRS0 R R SR KPR oy B TR o B AR

IR AR REFEFR S d] > BB B E 1000~1150°C 4e i pF > BT i
S e a4 o Lin fv Hou -kl A4 (RPIZABRBARD CO, #
#) > @ Feng {v Tung £ -ki3 F 3 F A2 GRl: 5 PP 2Ed +) (R C &
#7575 ) DTA Bl & 78 B> 617~1000°C FF » JL PR Ediipl 1 & B2 sl fL B 4E A 3 =
CO HRIARELRFCFHFERIFIZ R HER) -

Bk s bl 4.2.2 #7570 T B % ki35 F ¢ % 12 Hou > Tung fr Jia i -k i35 it 22 TGA
Bl s B4 c P85y 2L 421 2 BUUREMLEZFLABEPRE VT
Rz F g 230G e e e F A e TR e
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Feng 150

90¢ AR {30
85 .7 'SR 120
2 B T TGA 3y
- ---DTA 1
1(9)(5) S Hou ]50
? 90:\\A ''''' -."‘\-I;-._.___,_. {E-_gg
& 85} L 120
-~ 80 \\ 110
N LT 10
o lgg— AN Tung 150 >
S o JoL /" c 140 =
oms 90 3 . Rrep R 130
g P S —— o ~
s 7 \ 110 <
L ;.51 — Jo [
- 100} o . Jia so =
Al A I
G- B B
S8 —
[r= 1o
70
100f~—uoo Lin 150
95¢ T~ 140
90} KH— T 30
g(s) [ . \B \C 120
i g 110
r 10
70 : : : : : :
0 200 400 600 800 1000 1200

Heating Temperature ( °C )
Bl 422 % %-ki5F TGA/DTA ~ 7 Bl 3%

% 422 % E-Ki5 % TGA/DTA 2. &2 47

TGA ( Weight loss, %)

Feng Hou Tung Jia Lin

Room temp.( °C) 100 100 100 100 100
500 °C 8.31 17.44 22.76 14.05 3.50

900 °C 11.31 21.87 27.30 20.21 8.74
1200°C 12.21 22.83 28.11 21.82 10.33

# 423 % & k3R 500°C Fp o £ 22 LOI (= 4] & 4 : 3000psi)

Home-made furnace LOI ( no-preheating )

Feng Hou Tung Jia Lin
900 °C 8.43 % 19.56 % 22.88 % 16.11 % 6.09 %
Home-made furnace LOI ( preheated )

Feng Hou Tung Jia Lin
900°C 5.44 % 13.41 % 18.47 % 10.80 % 5.11 %
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4.2.7 8 5540 ¥

ERF R RE S (105°C %52)2 1150°C - 16 17 2. B K 4pdl i > 2 XRD
EFREFART T AR 20=5~80" 7%k 4wB 42387 > T BEKFE
R (105°C ®30)77 2 %Ky A1 &2 SiO, (quartz) 5 1 > H & 5 ALO;
(corundum) > i F 84 1 FeO ~ Fer03 ~ K0 ~ CaO 2 NayO i &

EFEULERES > L RF R REREIS50°CHT 2 2 8 H i3l 0 4rWl4.24
BT o T fERF R AERE1150°CH 7 2 B R+ § 17+ ALSiOs (kyanite) 5
i > H =t % SiO; (quartz) ~ AlLSiOs (sillimanite) ~ NaAlISi3Og (albite) ~ AlgSi, O3 (mullite)
EhApd e d B4A1LST o EFEEE R DRF 0 LR RF RS0 ftp i R
Tt o LR IR 2 SIO fa AR R ERIE R ZTISOCH » S dadp o [k - =2t
S AR BIHAR 0 A A BIH I G 0 FRSIO P 3 B R [N 5 2004]) -
Xu% A XRD# % 51 > 5 EE R A000°CH + pF > & Bn B Al d 2L 0
Al b 2 B R Ap B A2 [ Xu er al., 2008 ]

it
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Intensity (a.u.)

1600 1600

a Feng 105°C Feng 1150°C
1200+ h a: $i0,(Quartz) e Ca0 1200+ A i ALSIO(Kyanite)  k: ALSIO, (Sillimanite)
800/ bvﬁlao(:\foruvdull\,;yn) f,]\:g% 800 L §NaAISLO(Albite) L ALSLO, (Mullite, syn)

c: Fe Vustite, syn g Na,

400 d: Fe,0 (Hematite, syn)  h: K,0 400/ . ]'1 € e

0 c a 0 1 k il a ¢ a
1200 1200| Hou 1150°C
800 800} a
400 —~ doo} ok K one

0 :‘ 0F ! w ? Mc A

° + + + + + + + N

1200 & 1200] Tung 1150°C
800 N éz 800 i
400} P w o 400; Kod o

ol Mol Phb . f 5 ot Sk e
1200 - Jia 105°C : 1200} Jia 1150°C

T=

800 N 800}
400} 8 400} j

NI K 3§ ST S ol pikk
12001 3 Lin 105°C 12001 Lin 1150°C
800 800} n

a

400 400} i .

0 0 h i a a

10 20 30 40 5‘00 60 70 80 1020 30 40 50 60 70 80
2-theta () 2-theta ()

B 423 &E-kHg5 k%5 XRD Bl B 424 &E-k375 4 1150°C &8 {2 XRD Bl#
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CEBBNERFFRITAZT S I AP R - 0 Ft 0 T R E
kFFREZ NP FLFHBERE SNBSS > RMFEeFTEAI I LR
25 2 kiR o 8 TCLP %% 4r# 424 57 > Feng &-ki5k ¢ Heggrdn & & Fia
ERVHBERSEFAER o A EKSESAZEERADER T MANERTE &

- R ERE WS IETE ARSI TR L 1Y 2tk
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1424 2 RBFREETE SRR DRRESE

Leaching concentration (mg L) ROC EPA
Feng Hou Tung Jia Lin r&%‘;ﬁﬁ;’?
Cr® N.D. N.D. N.D. N.D. N.D. 5
Ccd® N.D. N.D. N.D. N.D. N.D. 1
Cu® N.D. N.D. 0.01 N.D. N.D. 15
Pb® 0.13 0.13 0.10 N.D. N.D. 5
Zn® 2.36 2.04 2.30 1.17 1.69 25
Se® 0.19 0.29 0.20 0.10 0.10 1
Ba® 2.75 1.18 1.04 0.61 0.24 100
As® 0.70 0.70 0.44 0.18 0.23 5
Hg" N.D. N.D. N.D. N.D. N.D. 0.2

*: Toxicity Characteristic Leaching Procedure, Test Methods for Evaluating Solid Waste, NIEA R201.13C,
Environmental Protection Agency, ROC, 2003.

I ND.Z 7 E M % E ERE (Cr:0.005mgL ; Cd: 0.008 mg/L ; Cu : 0.003 mg/L : Pb : 0.012
mg/L ; Zn : 0.005 mg/L ; Se : 0.021 mg/L ; As : 0.462 mg/L ; Hg : 0.008 mg/L)
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43 LERAFFRGSDR IR Z FABRRAFR I FORERT
U ETEHZ LT

TREIF S F I AT TORF R G AA S RIAL AT ET T H [Xuer
al., 2008; Cusido et al., 2003; Jord’an et al., 2005; Mun et al., 2007; Ducman et al.,
2009] >tk & ¢ 4R Tung 82 Jia i K05 R A WG A ARD R BEIE > LR G
Aedb ) s R R EE S B S e T M2 F P THENE e M
BEAET)F o AFT T AR 2 RBIE R 2 ket A w5 2050 ~ 80 wt% » Tung
2 Jia R R A B AR 2 R e~ FRAVRE R E (i =30+2
pm) R & 24 ) PE > L SR goALEE 1 1000 psi B4z EEE R L 1000 ~
1150°C » FF# 2 = g3 (4 22 2 500°C > 100°C/min) » EEPFA (G 4edbd 238
W12 1000 ~ 1150°C 45 S5 15 4 450 7 4 sk 3y 5 2 301 12 1000 ~ 1150°C ##
FEES ) mWis 2 SEMBBHAEHERT BRI ERH L IPRBA
BoRF SRR R~ BhipF AL 152 M-TCLP %1 0 st 42 #1 -

4.3.1 peip®
Tung % Jia -k 73 ik 7 fedbd RS 2 MR Ao Bl 4.3.1 41 0 Jia E RS
gt 20%3E 3 MR 1050°C 4 P SRR SR B AR A 2 e 3 F o SEFARD
S B RLE R PR F 0 3V F P AH < 08 > & Tung KI5 G 4 80%
vobiARS SERL 1100°C 2 b g o SRR IR A G OP AR e o $0 Tung 2 Jia i
SR LTSNS 2 SRR SRR Ao 432 4T 0 T 1100°C B A
fet B 5 S0%FF o EREPN IRF]R R A KA ALF IR 0 KRR R REF -
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Temperature (°C)

Jia/Clay=80/20 Jia/Clay=50/50 Jia/Clay=20/80

Tung/Clay=80/20  Tung/Clay=50/50  Tung/Clay=20/80

Tung/clay ratio Jia/clay ratio

Bl4.3.1 TungZ Jia;® -k ;3 ik 74 dE2 &% {5 2. SEMB](x100)

“

Temperature (°C)

Tung/Glass=80/20 Tung/Glass=50/50 Tung/Glass=20/80 Jia/Glass=80/20 Jia/Glass=50/50 Jia/Glass=20/80
Tung/clay ratio Jia/Glass ratio

Bl4.3.2 Tung% Jiaj%-ki5 & /?J‘ S gt 33 ks 1] 14 22 SEM B (x100)
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432 £ R4 B
Tung * Jia %Ki R4 skt 2 tmp » SR H L L2240k 431 2
4.3.2 %7 »Tung & ki3 ik dedbd 2 £ BAF % §EFARL v b1 4o m T Lt 484
TR LS 1269~22.58 % 5 F 2 o JiaE-kiF kb de 2 ERAF AR EEFAS
W) R R ABE 0 £ R 5 11.07~16.05 % o - ¢F 5 4edk 432 #57 > Tung % Jia
g«ﬁﬁ@ﬁ@ﬁ@%iﬁiﬁiﬁm@%“wﬁﬁiﬁ%ﬁﬁ’iiﬁiﬁ@
11.49~20.79 %% 8.92~14.64 % o * * » ¢ * Tung fv Jia & %7 4c 50% ~ 80%Js 3.3
Bl R XA B AR RSN ] TGRS s kg R
EEFAP o B Bar o w2 et 431 2 £ 43229 o

433 s R B

245 EN 13055-1, (2002) 2 “Lightweight Aggregates — Part 1: Lightweight
Aggregates for Concrete, Mortar and Grout” , — 4#= 5 ¥ 34 & iR 2 2 g/cm3
W osod (431 % £ 4323 % ARV o Tung 2 Jia E K5k 7 edbd AR
Wb A R ROER S 2 AR T R BE  0.89~2.54 glem’ > @ 7 b R
B3 0.37~2.01 glem® o & K5 R A H| % e BIARS 2 RBEBEB DR
EREFEUNERER A EN > P FF o RS ERF R R A RS R BRI
SR EHP RN > VAR F A oot bl e R R R Y P AT
Moo 2B 2300 F B R Elmditird s > A 7 e BB B2 AR
1100°C 12 P/t 2 3R R v G4 AR A R Mo RPIA L RFZHEBE ? R
51810, 7 £ A3 R B PRl A A dF Rtk > TP RS A AL F 4
F e Baod LV A A ERFE Hed beow RIS o R B UEE (S 2 3
RHAT B EFE > LR P bAE A7 PEAEUG IR TR 0 TG 3L
e R 2 B o gt b0 d 3t Tung e Jia A B3 4e 50% ~ 80% /4 pL3§ 5 R 1
WA WA FHMFZ R ENE T BF YRR A MG KE SRR A
PP Bcdp A BRE o A ek 431 % 243227 o
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4.3.4 vk E g

- 4@ 3 0 1395 GB/T 17431.2-1998 (China)2.  “ Lightweight aggregates and its
test methods—part 2. Test methods for lightweight aggregate “, 4 A1 A2 * + > &
FH PRk F R F ST IS BT o sk F R F 2 R PRI
BFoM o B B g s o kS g% A BHMICHERERR M P H IR
BBk A e B8 [BR > 2004]) o TungZ JiaiE -Ri5 0k A B4R it BEES 2
BRI g 2 ok F g i £1000~1150°CHE g 15 » B %40 43.1% 443287 > &
ERER G AR et bR R 2 Bk FER 57.89~26.20 % 0 @ 4 A e bt
H%ﬁ@%i$%&$$%ﬁﬁﬁiﬂdﬂﬁ%ok%’ﬁﬁ&ﬁ%@ﬁzkwm
BB H Lok FRFRIEARSE 5 R hdd Lk F AR o
HELE R OYIIS0CHE sk F o % 3 > dp| AR S 4 g IV ek 2 o gt v
d 3% Tung fr Jia A %) 4050% ~ 80% A g3y #5 YR 15+ A 03N SRR FI B
G REFRRRED IS S BRSORIE o B B 7 A
#43.1% %4322 7 o

435 FRB B B

4 41 48¢ > Chinese National Bureau of Standards( CNBS )+ '& % & 2 4= 7 14
Z 37 #( Bulk density<900kgm™)% H g * 1+ » 9% 2 B FBR % A 5 7.5 MPa=76.5
kg/em? o - HHFURM RIS > L% 40k 43.1 2 432 57 o Tung 2 Jia 3%k i3
A BT A R e BlRR S 2 SR FUR 5 R §5 F] & 106.6~198.8 kg/cm2 2/
IRV BB 2 AR FUR R B 108.4~124.7 kefom® 2 [ B DR 4o 7
kww@m@%iﬁﬁiﬂﬁ@ﬁawﬁﬁ%k”%%iiﬁﬁkﬁﬁ’£Wpﬁ
A PR RERE Y P EET AR AUR S R 2 AR e gk d 3 Tung fr Jia
A B e 50% ~ 80% A B AL o A S B AR R EUL T MY SR

TR AR5 R 40w S B RIFURG R P B P Ao A e d 431 2 £ 432
7 li’ o
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F 431 ERFR AR B blAR S RS RH L A4
Tung/Clay Jia/Clay
Temp. Tung/Clay  Tung/Clay Tung/Clay  Jia/Clay Jia/Clay Jia/Clay
(°C) 80:20 50:50 20:80 80:20 50:50 20:80
1000 22.24 17.87 12.69 11.30 13.48 15.54
Weight loss (%) 1050 22.56 17.75 13.03 11.07 13.52 15.97
£ 1100 22.44 18.18 13.20 11.55 13.77 16.05
1150 22.58 17.95 13.40 11.34 13.99 15.95
1000 2.54 2.52 2.07 1.98 2.08 2.20
Particle density 1050 2.20 2.19 1.98 1.78 1.80 2.05
(g/em™) 1100 1.69 1.69 1.49 1.39 1.33 1.23
1150 1.66 1.41 1.02 1.02 1.02 0.89
1000 26.20 16.35 21.70 19.37 14.26 18.08
Water absorption 1050 14.36 11.14 10.89 9.03 11.09 11.54
(%) 1100 11.20 9.46 7.89 8.61 10.50 11.98
1150 11.24 10.99 11.85 12.32 13.86 13.55
1000 142.8 146.4 130.1 119.3 198.8 160.8
Compressive 1050 144.6 140.9 166.2 128.3 126.5 122.9
strength (kg/cm’) 1100 121.1 122.9 121.1 119.3 112 121.1
1150 117.5 115.6 112 113.8 117.5 106.6

% 432 % -kiF R Fred -3 S-S AREEY i EEE = A )

Tung/Glass Jia/Glass
Temp. Tung/Glass Tung/Glass Tung/Glass  Jia/Glass Jia/Glass Jia/Glass
(°C) 80:20 50:50 20:80 80:20 50:50 20:80
1000 19.71 13.71 - 14.04 8.92 -
. 1050 20.06 13.47 - 14.21 10.21 —
Weight loss (%)
1100 20.79 11.49 — 14.64 11.84 —
1150 20.76 — — 14.53 — —
1000 2.01 1.08 - 1.73 1.12 —
Particle density 1050 1.49 0.94 - 1.47 0.67 -
(gfem”) 1100 1.34 0.55 — 111 0.37 —
1150 1.36 — — 0.78 — —
1000 27.35 8.69 — 17.99 11.2 —
Water 1050 23.23 9.6 - 14.91 104 -
absorption (%) 1100 21.21 5.74 - 13.49 9.62 -
1150 19.15 — — 12.17 — —
1000 117.5 117.5 — 115.6 115.6 —
Compressive 1050 117.5 121.1 - 115.6 124.7 -
strength
(kgfem?) 1100 119.3 119.3 — 108.4 119.3 —
1150 121.1 — — 117.5 — —
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4.3.6 % =x 3 B~2_#F {43 I\ 385 ( Multiple toxicity characteristic leaching
procedure )

* 7 ¢ % Tung % Jia ®-K75 0k /,’J‘ Ak 2 BB AT FRVET RERE
Wisz 5= 5P2 3 M3 % 0 & 433~43.6 7 0 &5 1100~1150°C &
Wit 2B L BERRE (PR 243783 mgll) Ex 28 F 2 BER (FF
1.54~5.17 mg/L) » F]p* » /,’J‘ e A(RE2 B BRI B)EE RS REREEN S E 2K
o PR A EBN2PT o T FHMERPCEEEBERY P ER D

FRTERIFERE

o

&

e

54



%433 % 434
£ £ % M-TCLP ;3 1k 2 (mg/L) £ £ % M-TCLP ;3 1k & (mg/L)

TCLP Tung/clay=20/80 1100°C TCLP Jia/clay=20/80 1100°C

7 7

i . |Cu|Cr|Zn|Se|Cd|Pb|Ba|As|Hg _i}% Cu|Cr|Zn|Se|Cd|Pb|Ba|As|Hg

EN =X
1 | ND |ND|2.56|ND [ND | ND [3.16]0.07| ND 1 | ND [ND|[243[ND[ND[ND [3.51]0.09| ND
2 | ND|ND|3.67/0.01| ND | ND [2.62| ND | ND 2 | ND|ND|339]0.04| ND [ND [2.60[ ND [ ND
3 ND [ND|3.29(0.03| ND | ND |3.16| ND | ND 3 ND |ND|3.28]0.03]| ND | ND |3.27| ND | ND
4 | ND |ND(3.14/0.01 [ ND | ND [2.46| ND | ND 4 | nD [ND|3.13[0.02[ ND [ ND [2.81| ND | ND
5 | ND|ND|2.96]0.01| ND | ND [2.10| ND | ND 5 | ND|ND|2.83/0.02| ND [ND [2.01[ND [ ND
6 ND [ND|2.83(0.03]| ND [0.01]2.30| ND | ND 6 ND |ND|3.22]0.02| ND [0.04]2.59| ND | ND
7 ND [ND|2.67| ND | ND | ND |1.54| ND [ ND 7 ND |ND|2.59]0.01| ND | ND |[1.69| ND | ND

Nl Nl

o e

o 15152511 (1] 5(100f 5102 o 15151251115 (100 5]0.2

¢ & M-TCLP 7 0k & (mg/L ) ¥ & % MCTCLP 72 1k & (mg/L)

TCLP Tung/clay=20/80 1150°C TCLP Jia/clay=20/80 1150°C

Nl A ﬂz

s |cu|Cr|zn|se|ca|Po|Ba|As|He T |Culcr|zn|se|cd|Pb|BaAs|He

% E
1 ND [ND|3.46|{ ND | ND | ND |3.04|0.08 | ND 1 ND |ND|2.57| ND | ND | ND |2.70]0.07 | ND
2 ND |ND|[3.99(0.01| ND | ND |2.32| ND | ND 2 ND |ND[4.02]0.02] ND |0.03|1.96| ND | ND
3 ND [ND|3.53(0.03| ND | ND |3.01| ND [ ND 3 ND |[ND[3.06]/0.03| ND | ND |2.03| ND | ND
4 ND [ND|3.28(0.04]| ND | ND |2.78| ND | ND 4 ND |ND|3.81]0.02]| ND |0.01|2.81| ND | ND
5 ND [ND|3.37(0.03| ND | ND |2.38| ND | ND 5 ND |ND|3.06]/0.01| ND | ND |1.88| ND | ND
6 ND [ND|3.66(0.02] ND [0.05]|3.42| ND [ ND 6 ND |ND|3.3710.01| ND [0.04]2.56| ND | ND
7 | ND|ND|2.67|ND [ ND | ND [1.54| ND | ND 7 | ND|ND|2.85/0.01| ND [ND [1.55 ND [ ND

% 0 %

e 15152511 1]5[100f 510.2 o 151511257115 |100] 5102

#* N.D. % 77 B & M3 R B o plHET

(Cr:0.005mg/L ; Cd : 0.008 mg/L ; Cu : 0.003 mg/L ; Pb : 0.012
mg/L ; Zn : 0.005 mg/L ; Se : 0.021 mg/L ; As : 0.462 mg/L ; Hg :
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% 4.3.5 % 4.3.6
# % M-TCLP i 1k & (mg/L) # & M-TCLP i 213k B (mg/L)
TCLP Tung/Glass=50/50 1100°C TCLP Jia/Glass =50/50 1100°C
%0 %
7 |culcr|zn|se|ca|Po|Ba|As He ’fg Cul|Cr|Zn|se|cd|Pb|Ba|As|He
=X =X
1 ND [0.03{2.47| ND | ND | ND |2.88{0.08 | ND 1 ND [0.07{2.59| ND | ND | ND |4.25[0.08 | ND
2 ND | ND [4.35]0.02| ND [0.01]3.72| ND | ND 2 ND | ND [3.40]0.02| ND [0.01]2.46| ND | ND
3 ND | ND [3.17]0.04| ND | ND |3.91| ND | ND 3 ND | ND [3.26]0.03| ND | ND |2.79| ND | ND
4 ND | ND [3.53]0.03| ND | ND |3.25| ND | ND 4 ND | ND [3.42]0.03| ND | ND |3.48| ND | ND
5 ND | ND [3.38]0.03| ND | ND |2.52| ND | ND 5 ND | ND [3.43]0.03| ND | ND |2.33| ND | ND
6 ND | ND [4.36]0.01|ND [0.13]3.04| ND | ND 6 ND | ND [2.91]0.01| ND [0.06]3.58| ND | ND
7 ND | ND [3.36]0.01| ND | ND |2.32| ND | ND 7 ND | ND [3.62]0.01| ND | ND |2.46| ND | ND
s A ﬂz
e f1s s (251 1|5 (100] 5 [0.2 v 150525115 ]100] 5102
Lia i
# % M-TCLP i 13k & (mg/L) # & M-TCLP i 213k B (mg/L )
TCLP Tung/ Glass =50/50 1150°C TCLP Jia/Glass =50/50 1150°C
NG /;‘\ :lz
’f};‘ Cu|[Cr|Zn|Se|Cd|Pb|Ba|As|Hg —;}:‘; Cu[Cr|Zn|Se|Cd|Pb|Ba|As|Hg
=X =
1 ND |ND|2.73| ND | ND | ND |4.40{0.09| ND 1 ND [0.07(3.77| ND | ND | ND |2.37{0.11 | ND
2 0.01 |ND|[7.83]0.02| ND {0.03]3.03| ND | ND 2 ND |ND [4.15]0.03| ND {0.02]|5.17| ND | ND
3 ND |ND [4.99]0.04| ND {0.01]1.83| ND | ND 3 ND |ND[3.65]0.04| ND | ND |2.90| ND | ND
4 ND |ND[3.28]0.04| ND | ND |2.78| ND | ND 4 ND |ND [4.12]0.04| ND {0.01]|4.43| ND | ND
5 ND |ND|[3.62]0.02| ND | ND |4.16| ND | ND 5 ND |ND|3.80]0.02| ND | ND |3.44| ND | ND
6 ND |ND[5.80]0.02| ND {0.40]|3.89| ND | ND 6 ND |ND[3.60]0.02| ND {0.01]|3.31| ND | ND
7 ND |ND|[3.58]0.01| ND [ ND |2.29| ND | ND 7 ND |ND|[3.43]0.01| ND [ ND |2.62| ND | ND
NG NG
o e
1 2511 |1 1 . 15(5(25{1]1]5]100] 5 (0.2
o 515125 5 1100| 5 (0.2 o

x N.D. % 57 & B (B MO R B pH&T

(Cr : 0.005 mg/L ; Cd : 0.008 mg/L ; Cu : 0.003 mg/L ; Pb: 0.012
mg/L ; Zn : 0.005 mg/L ; Se : 0.021 mg/L ; As : 0.462 mg/L ; Hg :

56
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2 .
F1I % 3@
511 it B &=
RS F R LR SRR TR SRR F P PR
BEF 0 B3 1951 & 42> Rileyf|* rflche g @A = p@ > kI E o= &
v ;e 7 5 [Riley » 1951]) @ SiO,/(FeO+Fe,03+CaO+MgO+K,0+Na,0)2_ vt &1 » f
kA R AT ED AR HAF M4 o d 24122 SiOy/Flux &
Si0,/AL O3t & %8 5+ » FengfrLin® ¥ A 2_Si0y/Flux ! G|# B » A %W 2 4.08% 5.68 > e d
Fengi% -k i3 ik 2 TGARI4.22% 7 T /o & » ¥ B RT700°Crm F d o pP- o ¥R
BERIAIZER S EEFAR] > HPEFEMANT R ALESF R RPN
it > AR g e mLiniE KR53k 2 TGARFE T A3 EF L EHF AR
<> HSEMR % % v i WLiniE k5 k &3 RS H2 B > L ERSFIR
SiO/AL O3 B '8 A §% 2d~5.62_ FF o pt ¢k 51t ﬁiSEMl’ﬁ?‘M.Z.lﬁIﬁé’}ﬁ% it ¥ ZrLin -R
A CEETII50°CHE > e s b B F o AXuE AT BEEE B A 412 Bt
B 277 2 (F+CHM)/(S+A) P B & K375 F % A 7% 20175 = (F+C+M)/(S+A) =
0.450 » 82 ?XHou ~ Tung ~ Jia= ¥ ﬂ 2 Si0,2 AL,O3 7 £ 75 %+ 8 % & # Bl (18% = AL O3
=26% > 30% = Si0,=45%) [Xu et al., 2009]) > & B B ' ERW S 24T A e > Jwp
5Si0,F B3 K0 BREMAMEE A BT F i A 0 T 0 F AR
?Si0, % B KiEFHF etk 1 2 55 % o d Chen® A FT§ LEL > 2 2412 % 1L
2R KSR 2 F(S+HA) Y B ¢ 2 300.1~0.2852. FF > e § ¢ RSEMB4.2. 11 p’fﬁ% [
B 7 > 4 Hou ~ Tungi® -k i3 /& % ¢ M85+ 1150°CHs » :2 8N 200 3L F A 4 » 28]
A% EFEZALOZ B 5B 0 BURSIO R EH > 2 AR R L A LR
Jo? CaO+MgO2_ +t b ¢ A48T % o
& % > De’Gennaro® 4 1% i 7 #R G i = [ # > £1350~1500°C™ “E @

2544 BARKTEUE —BETEHF R A E05~07 gem’ - LOI >10 % » B
SiOy/Flux £ & +* & 4 ] § & 2 4~752 B > 2 SiO/ALO; ' &) & 4~5.6 2 &
[ De’Gennaro et al.,2004 - Fakhfakh % 4 i # k4 #4328 & £ 7 # 44 3% 41§ Si0/

57



Flux<2p% ¢ 5 $oitcnabfe & - $ R oWy 7 i g »ok5 e fap
2% [ De’Gennaro et al.,2004 ; Fakhfakh et al.,2007]) - & it .3‘; %5 % » % SiOy Flux>2
oV OREERE R R R AR ETF H

Xud A * ok m ik foE RiE ik g TG B AR > T3 Si0 40
ALO; e fg ZAFA P i 2 & ¢ o FRAM LI 77 #° 9Na-Cak 7 (F)fr2t
BhA S SRR T EERG DL G (FFI8%=AL0;=26% > 30% =
Si0,=45%) ; it 4 F114% =AlL,0;=18% = 22.5% = SiO2 = 30% ° % BER
VOEE MR SR LR [Xueral, 2008 - Xu% ¢ S5 7 0 Y
B A3 (F+C+M)/(S+A) =( Fe;03+Ca0+MgO )/( SiOx+ALO3 ) b1 » Flpt » 7 & 33 K
B ¥ (F+C+M)/(S+A) v ] % 17 3] 00 ™ it > & 2 71 L2 F0.175=
(F+C+M)/(S+A) =0.450 > % (F+C+M)/(S+A) ¥ 4c » ¢ " M B FR % & [Xu e al,
2009) > Chen# * @& * "R AR F o A2 F p RWA T H > 2 ¢ &3> F
F/(S+A)v b3 14 » PIERE R S gt BLE R~ SE2 &8 R FIAMF/(S+A) &) §
SIAZ AP B AEAR R o ¥ — 2 6 0 i B F/(S+HA) b vk F R e (38 B ok Ap Ak
MR A MAERAERTELERY ETIH R F TR
F/(S+A) = Flux/(SiOx+ALO3)+t ] 4 %70.1~0.2852. FF fo( CaO+MgO )7# 42 7 % > B
TR - BEEFEHA F1E B EPCa0FMgO » § BIESIO R B 0 F oA
MR 3% & [Chen et al.,2010]) -

A 5 HEFFEARFE Y SIOEALO  EHETF HEAR LT &
R BRI T 5 e R ¥ B Rileydk 12 Z PRl RO B0 d Bl4.1.3% 7
Tung/Glass= 50/50 ~ Jia/Glass= 50/504 f&;8 & v 655 & B¢ mARFE P > & F Efl
VR LS gt b B %Y 4 L% 5] Tung/Clay= 20/80 Jia/Clay = 80/20 ~
50/50 ~ 20/804=Tung/Glass = 80/20 ~ Jia/Glass =80/207% t i 4§ I + 2 fe 4% &
SEM®4.3.12 4324755 » % EH > 1150°CPF - R 383k 7 513 ~ > 57 JIRiley
Bz ZApRFEFR 27 WF ST A
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512 e
&% &7 > Hou - Tung /%K i35 it § 4> 1000~1150°C pF ¥ B 53248 ) 30
AV AL BRI VR ER S o D EM G PRIV & RR
LM ABAL FRRS —‘ﬁ BRpp i s 2 SiOy 7 20 i A g R
BHBATIINE ST ¢ RO M @ BN R 421
SR OETINERASE T L HRF > ETIHLRRLFUASER M o
Feng v Jia & K5 & § &8>t 1100°C P 3k 24 > 2@ Jia &L 5 A&
1150°C P > REEP 383k 5 %~ AB% o ) #h > Lin E-K 5 A F SR A& F A 7
TEPREH L O JERIR FIE TR A ERIT A 2 SiO; 7 B ¥49 2 Fluxing B E A~ A
vt F g [Xuetal,2008) » 4c b 5% £ (LOL)#RM » 3 EEH e 5 4%
RECE I 7 A
- HEE Tung 2 Jia E-REF R G edbd BRI L MBHERT 0 dof]
4.3.1 #4757 » Jia %K 3% i 4 20%36 2 YR 1050°C r2 b pE o SRR R 4 A 4 A
I SEFRRI VG e HERR R DB 0 IV G P AN S A8 % > @ Tung
KAt 80% Bk SER 1100°C 12 b B 0 SEREN FRI K A F P AR g 4o
$° Tung % Jia i 4o B gt 4 WEHL1S 2 G20 P 3R 4R % 1 4o 4.3.2 %758 > Wang %
AR TR E R TR 2 SEM Bl R B or o LR R 1050°C 12 b o RAY
PFRE IRk TS B E A 0 R R 1080°C i b pES { Sy REA A
FLiF g I A Y B Aot F R 4P IR % [Wang et al., 2008)e A&7 5 % &4+ 1100°C
PIAR T 4ot Bl G 50%PF > SRR PR F]R R SiO; 7 2 &S5 8 Flux )= &5 447 ot
g o BB EREF PR FIIEIELEFOFENRIEfoRDCHEHSF [Xu er al,
2008] -
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513 BHhiffis e

¥kt > Merino® 4 i % TR F R A A AEREE A XRDE ® AT
Si0,(Quartz), a-Fe,Os3( haematite) , y-Fe,Os (maghemite), CaCOs(calcite), [Caz(POq), A
H,O](hydrated calcium phosphateand) [(Ca,Mg);(PO4),] [Merino er al., 2005) - Xu%
AP TORFE R AR B E PR A B A ) XRDS R Bor 0§ R O
1000°Cp » H i & 8 4p % SiO; (quartz)frAlLSiOs (kyanite) » &% 1000~1100°C pF > #H
2 & 4 12 AlLSiOs (kyanite) ~ NaAlSizOg (albite) 5 3 > H =t % AlgSi,O13 (mullite) -~
Al,SiOs (sillimanite) » 2% 1200 °CpF » 3 & & 4p ™2 mullite (AlgSi,013) 7 i [Xu et al.,
2008 ]

EEFEUERRF 0 LK A1I50°CER S T 2 BRI 0 e BI415
ot > Horg 2 B RS § P ALSIOs (kyanite) 5 3 > H = & SiO, (quartz) -
Al SiOs (sillimanite) ~ NaAlSizOg (albite) ~ AlgSirO3 (mullite) % & 49 15 & > pL & % &
Xuw# gbip i+ [Xueral,2008) - d B4.157 7w "FFHFEUER » L ERFEZ
SiOxi% do 38 i+ APFIR > > HHRIELF ERGF > & EKFIR 2S00 & dp LR
B E11S0°CRF » it 285 % fi 2 f3gdp - 3R SIO el 4 55 & 35 © Xu® 4
TGA/DTA% % 877 » 4 IR & 21900°C 11 B » L L % 82 & 1753 4 B
GRBRBERHSD 2L AE 2S84 o [Xueral,2008)
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514 TGA/DTAL 7.8 %

B HREE AR 4.1.6 977 0 T BEKFEKEZE SR G 350CH > DTA Bl &
T P EE e AVE 1 (Ao @) A BRATor )0 4B S sk g i 5 -k & & [Bethanis er al.,
2002; Corrochanoa ef al., 2009) - Xu & 4 < # & 3| » DTA B3 & K3 450°C pFc s &
¥ i g MARRM > A B3 450C P BAKE BT A f H Ao e R o
TR o AR BT 350~617CPF 0 DTA Bl & P Ag e v g v (4o B 2977
e Lin ®-R 75 F 8 R 431.47~573.90 Crr > v F s+ & 4 ) TGA Bk T & &
REFR2ZEREFAEMR R R SN R e B85 Tk & [Tsaietal,
2006; Huang et al., 2007; Corrochanoa et al., 2009) » #* pF » % 4c #3% 1000°C ¥ » Lin
fr Hou we#i F e 2 4 (Gap| i spa @1 CO, # #) > @ Feng fr Tung % -k i3 ik 3%
MFE AL GRS B EE L) (4Bl C 271 ) 0 DTA Rl Ao 8 &>
617~1000°C F# > pL P B4R A & 22 g 2 B 3 & f2 = CO,[ Mangialardi er al., 1998; Tsai
et al., 2006; Huang et al., 2007; Corrochanoa et al., 2009) % fu 2% - 5 B (F# R A FH
P2 SRR cXa 24P BT FERF 90CH L BRI EBARG,
d 2L R @R 2 S YiE [Xueral, 2008) - % &4 8 & > 1000~1200°C & » = }’%
FEH R § MR NT R Slavo ¢ ¢ BRI EAAR Sk £
Bripa Bag A 2= SO, # %8 [Slavo er al., 2000; Corrochanoa et al., 2009] > Wei % 4
PP A 1150°C MEH S H N fr2 B e K R EF] FeSOy4 4 f2 = FeO ® 477
LrEE SO, ~ SO3fv Oy 4 8 & 4 H3k [Wei er al.,, 2009) > Huang % % ~ @ % 5| > §

«-

4 1100°C FE B R A f2F b > Fe,03 F L7 i ¢ 5§ 3 6Fe,03—4Fe;04 +0; »
FeS,—FeS+S » S+0,—S0, » 2FeS + 30,—2Fe0 + 2SO, [Huang et al., 2007] -

peth s he@] 4.2.2 #7or 0 T B KRG E P 2 12 Hou ~ Tung {v Jia /% -k /5 ik 22 TGA
B#Ar T € B4 0% (21.82~28.11 %) > st %% #4421 2 Y #WE B
LAREApPE VAL EZFAF G WY T Aowie f W BT e .
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515 gk r it
SRR G TR M AT ET 2 ki S R KRB CAER SATER
F g R gtk AR P ARR R § B R 95 ] o Cheeseman ¥ ¢ T
LAl X RE M2 R R PR 24~28 glem’ » @ d= R AR R B 0.8~2.0
gem®’ > AEFE ML FUEGT kf TETASETRAI ZETSZAHE
[ Cheeseman er al., 2005] - 1245 EN 13055-1, 2002. Lightweight Aggregates — Part 1:
Lightweight Aggregates for Concrete, Mortar and Grout, — #RZ B ¥ 3% & ik
bi-3 2g/cm3 MU e v gk SE S FF SRR R AR NWE BRI R
R e R o @ e n R N IR MR A 3 4o 3 B [Merino ez al.,
2005; Cheeseman > 2003] - Mun < © f2§# » F @ > 1 & 5 5 FEmi
4§ Wigsgste 3 B [Chiou et al., 2006; Mun et al., 2007 ] °
FAQUVI PR BRRVERRET > I BERSFFTEZILEBREEFENUNER
ARG @ TR Lt R KTE R B 2 31 0 Hou ~ Tung ~ Jiaz 4 #Si0 7 £ 7
&_ ¢ Fluxing(Fe;03 ~ K,O ~ CaO ~ MgO ~ NayO)7j = ¢h 3R E 2 £ FF A HF 5 1 &
RF e MEFEWER RS > FHP NGRS TF R FFEF > FeF iR
AMERF e AR ARIEE s RAF A AEE . ERBEM O IEL R T B
3 o ¥ 1L iR SEMBI4.2.15% % 1 » % Hou ~ Tung ~ Jia= —'ﬁééﬁv‘fﬁ IFRIC R R
1000°CP » &2 % B¢ MG A4 » grec L L d > Xu% A BIVESERY » SiTTE
A F Tt tectosilicate(e 2 e @) P 0 P Lk w5 a‘?ﬁiﬁ*f?SiOf’ ( Si-O-Si )35 %
DAl 4eSI00T (1000 CCHf fe A & 0 i A ALOsT el @ i g
F= A5 = P 47 4p (] 4eAnorthited® £ 7 -CaO « ALOs » 2Si0,) » 48 #F3 %1000 °C¥ "% i<
Y5 Bh{od SR ApAkF on 2 = [Accar et al., 2006 > Xu ef al., 2008) ° F|t > & F S i
BHFASIOF BE F A L ERFE T RILE G RA o B F e 3
AlLOs; > d £43.1%2 432 (P53) %1 > & E-KiFE A ‘%'J‘)flt v A et AR Y 2 B TR
Fo2 AR REFEWEREF A ER BRARTFEEURRERPF ST
AT BAEERF B2 B IRE 4 pLg § e &£ i 7 [Weier
al., 2008] > 2 FHEERAR T AFL A2 FA 0 GRS EEF 220 R
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T g B Rk [P0 2 2004]  sLags i 4ot B 5 S0% 2 340 B d 2 1100°C
L 2 AR R sk ARk i 420R] 4 SI0, 7 R AU 1 Fluxing) ¥ &
RALFRIGA > FIP B RA 2 B MZ TR ALLAR PR FHB P e
o P R P 5 MR B R F]E S

5.1.6 &k & i

- HETE MBI B S RF VTR I RETLEA 2R Ak
&3t 5 (porosity)ih 3 F F B o @ GV S < ) & a & G AP B2 [Wassmen er al,
1997) &+ %ﬁd FPHS RFFREFI ISR 2 G TP HE RGNS
it A2 o gt b o [Souza et al., 2004] P 3t HERER S R FAMA Lok F2 £
B Sl EFEBIE R AR e SOk % K2 4B 0 & B A ERE & 1000°C 1
A 5P egmipana; G Moo Lin% £ @ % T ki3 R AR 600~1000°C > ok
F LR T A HUEET1000°C T EE > ek K FRER P B LI A R H ek
F i+ [Cheeseman et al., 2005]) » &8 > 1050°C 12 b » ook @ AgrE i > o 3548
mIRIC AR S e % oo ki@ + [Lineral., 2006]
d AA2 15 % BT 0 &R HE R ET 1000 B o ok 5 19.61~44.212 7
% B gL R Houi® /R i3 ik B R4 oh 3R IV < RO R X 0 B 0 2 22 Cheesemanih B
o MEFERERR I 1150C » 4l R FRER AR 2 Si07 Bb s A A
BORPF RS R RS T e RS W o A LiniE k5 R § S E1150C
P o F B ok S dRl R Bl S 5k A BT ] ® Si0, 7 B %49 & Fluxing § 82
FEA G F o e bR A E(LOLRK > F R e f A et 2

% o Huang$ 4 2 ¢ &3] » g H ¢ PRI Hent ] fo s § Lok F K P
F]F o B R AT 0 SR F MO0 %PF 0 AT T & 5 L33 1 2k i [Huang er

al., 2007] © $t*F % 3 > Tung® Jiai K75 R G4 2 ot b2 ak2 15 0 d 44311
FRE A F AR 3 GRS Rk S *%T»pf¥% ;44328
T MEF BRI A G Aot 05 50% 0§ REEATTI00C BF o %ok 5 g i

P R EBREG I M etk B B R Fd SRR E Y L

> 10% 127+
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SiOz & 54 v F BEEWR > BUMP IS AL RAPES > e E IR TRERE K
'fr’iﬂ T $ER Rz v [ = > 2004]) > »); BAGCUE LA S B 1L TR 5 Flm RAE Y Bk

B sk

& m

2% o

&

517 BB R 1

EFEHOPRB AL TR 2 N E R S R FURBAEfrLT ]
7Bl () FHAR RN F AR E 7 R TIRBR )2 £
R EAREH G R MEURB A ) () Bk F( Mok F LG RE i

-

—3

BAAE )~ (@) CHeht e s (S)d Ao e F R B o 0 A D
#7ds 48 [ Chang et al., 2007; Fakhfakh et al., 2007; Corrochanoa ef al., 2009)> Xu % % =
PRI F A # S0 BE P g AL B R O AR 3R H e
iR RF > PSS FERSE S [Xueral,2008) - Park and Heo % 4 4 % 377 -
SI0,7 WL etk BAEA ¥ 0 il ¥ H 4 Si00F £ 0 T R AL T [Park er al,
2002) > 4 £43.1% 4325 % k% > Tung® Jiai-ki5 ik § 22 2 AR H 5 £ H 4
OS2 R ER BN 2 ETIHORAE AT AP R - HRRF:F
BOREPE 0 RSP 4T E 1 F 3 (Fe05 ~ Ky0 ~ CaO » MgO ~ NayO) ¥ it 5 ' i
Has & en® B F)5 [Toyaeral,2004] ¥ i 4ei 5 Si027 £ FF » 3840 3R B 1 2
RHY O RPURBARTGMELF o TP KAFT AL SI07 EHARSR

PR A B XuE A B4 [Xueral., 2008])

5.1.8 TCLP
P BB EERR N BER DY T FEFEF I A B
RIS RS LT R ERREE D RERREERTHLE ERRA

[Chen eral., 2010 » Wang er al.,2009] > Wang & A 3% 4 > BEE R N7 5 2 F
B R BN E £ RSB A F &R R R [Wang er al, 1998] ¢ d
TCLP %% 4% 422 %7 »Feng 2 ki3 A ¢ BB 8 F 2 B NER vV A=H 32
KBFFR kg o R A EARBFFIRZE SR NRR G FONERUE IS - &

FEERAF > FHARIETEHRAERGLEI TR Il f1* 250k o
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6.1 %%
1. MGAM 2 4% %R > Feng ~ Hou ~ Tung i K75 & § HH > 1000~ 1150°C

FE O SRR h BT LG P A 0 B Y Jia g okiE R OE T 1150°C pF 0 Al p
IV G R AABE o Pt S LinE RS AEFEWEREF I F P AR L o
Tung % Jia % -Rki5 ik Joe 3 I fevt ab2 &I RG> 2 EFAS
DI e IR R R 0 TV P R chdl SRR R 3T 1100°C
BLIAS bt Bl 5 S0%PF 0 RN VR 1ok RATE

% ks ik 5 1000~1150°C % B ts - B ® A 5 0.77~243 glem’ » ok
F 5 1.74~44.21 % > SERAUR % B B B 112~169.9 kg/em® 22 F > {2 & 254 4f 54
IR R BSOS R S R R AT MO RUR 3R 2 R .
Tung % Jia £-Ki5 K 7 b A ERBEBEINS > Hipk R AR A B 5 0.89~2.54
glem® 2 0.37~2.01 g/em® » ok & A B % 7.89~26.20 %% 5.74~27.35 % > 34
55 R 4 ) 106.6~198.8 kg/em® 2 108.4~124.7 kg/em® 2 [ » & -k /5 iR 4c B
ot Gl 7 FE R BRI 2R R Y P ERE LR Bt bapd &

R LAARRR RGNS B AR AR A R R R b
BRI 2 SR IR FRUEARF A Akl 2ok F Pl RIS
P& R EETE RS R E (R R AR RE 2 glom’ 1T ook
5§ 2~20 % o AERFUR 3 A F 2t 76.5 kg/em?) -

TCLP 2 M-TCLP % &7 » Feng i ki5ii ¢ B4 € £ B3 kA v 2
EORBFFAE B LA ERFSAZEEBADERE MY ERLE(L L 424)
w- ST ERERF A Tung frlia 3 @R E G54k SERBHET F
et R BRI ME 7§ B2 2 113 1% (M-TCLP) » # 4.3.3~43.6 &
T o & PRET 1100~1150 °C &t > HEE £ HERRE (3 F 243~7.83
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v

mgl)> B A8 E 2 BEAE (PR 1.54~517 mg/l) > fe#rf RMEkplsd £
ERRRTFERNA LT ERP S ZREE -

6.2 £

L BT e Bl INER SR AR RAE F B2 RE S ) B RG
A2 g Rt LR RS X MENRER R ISR S
2. ¥ 58 TGA-Mass 4 17 > $£30 Rl t & so #08 B o0 iR N2 § s e
TR oo sl D Rmpa gy QL AR ERY -
3. ZRVWRA @R FESNORFRE S B RER Rk s YRR
F)2 F g p M (Batch 3 B R g 2 )R
4.gﬁv%@ﬂ@az@%ﬁﬁﬁﬁiﬁg’ﬂ*ﬁ?%ﬁﬂﬁi’&ﬁﬁéﬁi

P TR AR S LR

P
&
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SPECTRO X-LabPro Job Number: 990601

——— Preset Sample Data

Sample Name: T98051907 Dilution Material:

Description: Sample Mass (g): 4.0000
Method: 6242tqk- Dilution Mass (g): 0.0000

Job Number: 990601 Dilution Factor; 1.0000
Sample State: Cuvette, 28 mm Sample rotation: No

Sample Type: ’ Cuvette (powder) Date of Receipt: 2010/06/01
Sample Status: AAAXXX Date of Evaluation: 2010/06/01
——— Results -_

The error is the statistical error with 1 sigma confidence interval

Screening analysis Main compounds

13 Al >366300 + 7300 ppm 14 Si >604900 + 2200 ppm
14 Si >604900 + 2200 ppm 19 K 24490 % 110 ppm
15 P 6151 &+ 82 ppm 26 Fe 18740 1 30 ppm
16 S 796 12 ppm -
17 Cl 454 % 5.4 ppm Sum 101.4 %
19 K 24490 110 ppm

20 Ca 5450 ¢ 38 ppm

22 Ti 211 % 15 ppm

23 V < 8.0 ppm

24 Cr < 26 ppm

25 Mn 2835 + 5.9 ppm

26 Fe 18740 ¢ 30  ppm

27 Co < 26  ppm

28 Ni 148 + 0.8 ppm

29 Cu 132 ¢ 0.7 ppm

30 Zn 818 1.0 ppm

31 Ga 112 % 0.4 ppm

32 Ge < 1.4 ppm

33 As 169 + 04 ppm

34 Se < 0.6 ppm

35 Br 31 = 0.1 ppm

37 Rb 604 = 0.3 ppm

38 Sr 363 = 0.2 ppm

38 Y 1.9 % 0.2 ppm

40 Zr < 50 ppm

47 Ag < 30 ppm

48 Cd 37 % 0.4 ppm

50 Sn 152 1 0.7 ppm

51 Sb < 6.2 ppm

52 Te < 72 ppm

53 | < 17 ppm

56 Ba 178.1 # 4.6 ppm

80 Hg < 3.0 ppm

81 Tl < 27 ppm

82 Pb 132 % 0.5 ppm

83 Bi < 2.8 ppm

90 Th < 3.8 ppm

92 U < 6.9 ppm

Main compounds

13 Al >366300 + 7300 ppm

Date: 2010/06/01 Page 1
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SPECTRO X-LabPro

Job Number: 990601

Preset Sample Data —
Sample Name: T99051908 Dilution Material:
Description: Sample Mass (g): 4.0000
Method: 6242tqk- Dilution Mass (g): 0.0000
Job Number: 990601 Dilution Factor: 1.0000
Sample State: Cuvette, 28 mm Sample rotation: No
Sample Type: Cuvette (powder) Date of Receipt: 2010/06/01
Sample Status: AAAXXX Date of Evaluation: 2010/06/01
Resuits

The error is the statistical error with 1 sigma confidence interval

Screening analysis

Main compounds

13 Al >453000 + 7000 ppm 14 Si >52690C + 2000 ppm
14 Si > 526900 ES 2000 ppm 19 K 13170 * 70  ppm
15 P 6175 77 ppm 26 Fe 14360 = 30  ppm
16 S 2324 % 19  ppm ——
17 Cl 1058 ¢ 12 ppm Sum 100.8 %
19 K 13170 ¢ 70 ppm

20 Ca 8119 40 ppm

22 Ti 1707 11 ppm

23V 115 1.0 ppm

24 Cr 86.8 + 5.0 ppm

25 Mn 2637 12 ppm

26 Fe 14360 + 30 ppm

27 Co < 25 ppm

28 Ni 224 * 0.8 ppm

29 Cu 119 % 0.6 ppm

30 Zn 347 0.6 ppm

31 Ga 104 = 0.4 ppm

32 Ge < 1.4 ppm

33 As 309 % 0.4 ppm

34 Se < 0.6 ppm

35 Br 90 ¢ 0.2 ppm

37 Rb 278 t 0.2 ppm

38 Sr 413 ¢ 0.2 ppm

39 Y 71 =z 0.1 ppm

40 Zr < 50 ppm

47 Ag < 30 ppm

48 Cd < 30 ppm

50 Sn 139 ¢ 0.6 ppm

51 Sb 129 # 0.6 ppm

52 Te < 65 ppm

53 1 < 17 ppm

56 Ba 816 = 3.7 ppm

80 Hg < 2.8 ppm

81 T < 2.8 ppm

82 Pb 80 0.3 ppm

83 Bi < 2.8 ppm

90 Th < 3.3 ppm

92 U < 5.7 ppm

Main compounds

13 Al >453000 + 7000 ppm

Date: 2010/06/01 Page 2
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SPECTRO X-LabPro Job Number: 990601

—— Preset Sample Data ——— —

Sample Name: T99051909 Dilution Material:
Description: Sample Mass (g): 4.0000
Method: 6242tqk- Dilution Mass (g): 0.0000
Job Number: 990601 Dilution Factor: 1.0000
Sample State: ) Cuvette, 28 mm Sample rotation: No
Sample Type: Cuvette (powder) Date of Receipt: 2010/06/01
Sample Status: AAAXXX Date of Evaluation: 2010/06/01
Results s —_———

The error is the statistical error with 1 sigma confidence interval

Screening analysis Main compounds

13 Al >490000 =+ 7800 ppm 14 Si >477300 £ 2000 ppm
14 Si > 477300 + 2000 ppm 19 K 21630 E 100  ppm
15 P 6563 1 76  ppm 26 Fe 22070 30 ppm
16 S 1526 % 16 ppm S — S
17 Cl 838 % 12 ppm Sum 101.1 %
19 K 21630 100 ppm

20 Ca 6354 & 38 ppm

22 Ti 2743 % 15  ppm

23 Vv 232 ¢+ 1.7 ppm

24 Cr < 30 ppm

25 Mn 1387 ¢ 10 ppm

26 Fe 22070 + 30 ppm

27 Co < 30 ppm

28 Ni 191 % 0.8 ppm

28 Cu 139 #* 0.6 ppm

30 Zn 538 0.8 ppm

31 Ga 9.7 * 0.4 ppm

32 Ge < 1.5 ppm

33 As 16.8 = 0.4 ppm

34 Se < 0.7 ppm

35 Br 106 = 0.2 ppm

37 Rb 471 % 0.3 ppm

38 Sr 517 = 0.2 ppm

39 Y 115 ¢ 0.2 ppm

40 Zr < 50 ppm

47 Ag < 30 ppm

48 Cd 37 % 0.4 ppm

50 Sn 132 % 0.6 ppm

51 Sb 123 ¢ 0.6 ppm

52 Te < 55  ppm

53 | - < 17  ppm

56 Ba 1514 + 4.2 ppm

80 Hg < 26 ppm

81 TiI < 2.8 ppm

82 Pb "7 & 0.4 ppm

83 Bi < 2.8 ppm

90 Th < 3.8 ppm

92 U < 6.6 ppm

Main compounds

13 Al >490000 + 7800 ppm

Date: 2010/06/01 Page 3
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SPECTRO X-LabPro

Job Number: 990601

——— Preset Sample Data

Sample Name: T99051910 Dilution Material:

Description: Sample Mass (g): 4.0000

Method: 6242tqk- Dilution Mass (g): 0.0000

Job Number: 990601 Dilution Factor: 1.0000

Sample State: Cuvette, 28 mm Sample rotation: No

Sample Type: Cuvette (powder) Date of Receipt: 2010/06/01

Sample Status: AAAXXX Date of Evaluation: 2010/06/01
Results =

The error is the statistical error with 1 sigma confidence interval

Screening analysis Main compounds

13 Al >436400 + 8300 ppm 14 Si >501400 + 2100 ppm

14 i >501400 + 2100 ppm 19 K 26050 # 120  ppm

15 P 6162 & 89 ppm 20 Ca 21410 % 70 ppm

16 S 1161 t 16  ppm 26 Fe 29160 =z 40 ppm

17 Cl 555 - 12 ppm

19 K 29050 & 120 ppm Sum 101.7 %

20 Ca 21410 70 ppm

22 Ti 3259 19  ppm

23 V 202 % 1.9 ppm

24 Cr < 31  ppm

25 Mn 8069 =+ 9.0 ppm

26 Fe 29160 + 40 ppm

27 Co < 33  ppm

28 Ni 313 11 ppm

29 Cu 214 2 0.8 ppm

30 Zn 557 = 0.8 ppm

31 Ga 144 % 0.5 ppm

32 Ge < 1.5 ppm

33 As 240 = 0.5 ppm

34 Se < 0.7 ppm

35 Br 103 £ 0.2 ppm

37 Rb 68.7 + 0.3 ppm

38 Sr 689 t 0.3 ppm

3y M1 = 0.2 ppm

40 Zr < 50 ppm

47 Ag < 30 ppm

48 Cd < 3.5 ppm

50 Sn 15.7 ¢ 0.7 ppm

51 Sb 121 + 0.7 ppm

52 Te : < 54  ppm

53 | < 18  ppm

56 Ba 1656 % 4.8 ppm

80 Hg < 31 ppm

81 TI < 2.4 ppm

82 Pb 148 t 0.5 ppm

83 Bi < 3.0 ppm

90 Th < 4.2 ppm

92 U < 7.5 ppm

Main compounds

13 Al >436400 + 8300 ppm

Date: 2010/06/01 Page 4
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SPECTRO X-LabPro

Job Number: 890601

—— Preset Sample Data

Sample Name: T99051911 Dilution Material:
Description: Sample Mass (g): 4.0000
Method: 6242tqk- Dilution Mass (g): 0.0000
Job Number: 990601 Dilution Factor: 1.0000
Sample State: Cuvette, 28 mm Sample rotation: No
Sample Type: Cuvette (powder) Date of Receipt: 2010/06/01
Sample Status: AAAXXX Date of Evaluation: 2010/06/01
Results

The error is the statistical error with 1 sigma confidence interval

Screening analysis

Main compounds

13 Al > 330600 + 7300 ppm 14 Si > 618400 * 2200 ppm
14 Si >618400 + 2200 ppm 19 K 32890 . 3 130 ppm
15 P 5653 81 ppm 26 Fe 28500 + 40 ppm
16 S 809 + 13 ppm - —
17 Cl < 4.6 ppm Sum 101.0 %
19 K 32890 + 130  ppm

20 Ca 8414 ¢ 49  ppm

22 Ti 3866 + 20  ppm

23 V 114 & 1.5 ppm

24 Cr < 31 ppm

25 Mn 2135 + 5.2 ppm

26 Fe 28500 ¢ 40  ppm

27 Co < 33 ppm

28 Ni 185 * 0.9 ppm

29 Cu 108 = 0.7 ppm

30 Zn 633 0.8 ppm

31 Ga 123 % 0.5 ppm

32 Ge 156 % 0.3 ppm

33 As 106 % 04 ppm

34 Se < 0.6 ppm

35 Br 08 % 0.1 ppm

37 Rb 746 ¢ 0.3 ppm

38 Sr 531 0.2 ppm

39 Y 133 = 0.2 ppm

40 Zr < 50 ppm

47 Ag < 30 ppm

48 Cd 38 0.4 ppm

50 Sn 191 % 0.8 ppm

51 Sb 125 = 0.7 ppm

52 Te < 65 ppm

53 | < 18  ppm

56 Ba 1949 # 50 ppm

80 Hg < 3.2 ppm

81 T < 2.8 ppm

82 Pb 122 1 0.5 ppm

83 Bi < 2.8 ppm

90 Th < 4.1 ppm

92 U < 7.8 ppm

Main compounds

13 Al >330600 % 7300 ppm

Date: 2010/06/01 Page 5
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JCPDS-ICDD Copyright {(c) 1994 PDF-2 Sets 1-44 database

Rad: Lambda : Filter: d-sp:
Cutoff: Int: Diffractdmeter I/Icor:

Ref: Roy, Z. Kristallogr., Kristallgeom., Kristallphys., Kristallchem., 111 185
(1959)

Sys: Hexagonal
a: 4.994(2)

SS/FOM:

|
|
|
{ Ref: Ibid.
|
|
|
|
|
|

| Distinguished from Silica K by absence of 3.85 and 3.17 reflections.

| silica-rich end of silica O series (S§i02 - LiAlSiO4)}, probably not pure

| 3i02. Has a distorted quartz structure, caused by lattice disorder. Cell
parameters generated by least squares refinement. Reference reports: a=5.006,

| ©=5.459. Mwt: 60.08. Volume[CD]: 117.45.
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2a: 1.7¢

| Ref: Winchell,
(1964)

Sub., 60

Wi
Peak hei

corundum subgroup

| diamonit

| 254.80.

5.0

a1

04

hite

ght 1intensities
Technology corundum standa
2anphi

lines:

Rhombohedra

A

Lambd

Int:

Ref: Welton-Holzer, J
Dakota, USA, ICDD

nwB :

Di

1

1 56

+ McCarthy,

.7686

, Winchell, H., Microscopic Character of Artif

ctometer

lter: Mono.
I/Icor: 1.00
G., North Dakota State University,

Grant-in-Aid, (1989)

ey: Sign: - 2V:

Al203 type Corundum group,
Also called: alundum.
PSC: hR10.

alumina.

101.96.

| 2-theta | Int.| h k1

Also called: ruby.

Sample is the National Institute of Standards and
rd reference material 674.
» siama/Tobs)=+/-0_01
Alsc called:
€. Si used as internal standard.
validated by calculated pattern 43-1484.
| al., Acta Crystallogr., Sec. B, 26 228 (1980) . Mwt:

Alsc called:
To replace 10-173 and
Structure reference: Ishizawa, N.
Volume [CD] :
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icial Inorg. Solid

76.880
77.234
80.423
80.692
83.217

84 .366
86.356

86.500
88.997

N

3
6
2
5
1

IS

"

[GIRNErS

EXERTR:

O

Nk WwNo

W e e

[N

© ‘oM Ok

O

-

©ouwo

ES

-

- @

® ;o

o




ad: CoKa Lambda: 1.7302
uLoff Int: Diffractomet
ef

| ea: nwB: 232
Ref: Dana's System of Mineralogy,

Color: Black
Average of 13 patterns of sample

<317, 18.4, Ref.: IMa Commission
group, periclase subgroup. PSC:

Strong lines: 2.15/X 2.49/8 1.

er I/Icor:
¢ Allen, W., U.S. Steel Fundamental Res. Lab, Brivate Commuj

ey: Sign: 2V:

7th Ed.

prepared by fusion of FeC204

iron crucibles Fe203 varies §-11% by analysis. Crystals are
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33-664 JCPDS-ICDD

.54056 Quality: *

I

|

|

|

|

|

| Additional weak reflection [indicated by brackets] was observed. Also called:
| crocus manti
|
1
|

Also called: venetian red. Also called: ferrite. Also called:
ed. Al

|
called: crocus. 1203 type. Corundum group, corundum |
Also called: burnt ochre. Also called: colcothar. Alsc called: |
1ouge. Ay used as internal standard. PSC: hR10. To replace 13-534 and |
validated by calculated pattern 24-72. Mwt: 159.69. Volume[CD}: 301.93. |

|
|
! | |
| 30| 01 2 |
| 100 | 10 4 |
| 70| 110 |
| 3 0 0 6 i
| | 20| 11 3 |
| Rad: CuKal Lambda: 1.540598 Filter: Mono. d-sp: Diff. | | | i
| Cutoff: Int: Diffractqmeter I/Icor: 2.4 43.518 | 3 2 ¢ 2 |
| Ref: Natl. Bur. Stand. {U.S.) Monogr. 25, 18 37 (1981) 49.479 | 40 | 0 2 4 |
{ " | s4.083 | as | 11 6 |
——————————————————————————————————————————— | 56.150 | 1 2% 1 I |
{167) | 57.428 | s | 12 2 |
13.7489(7) A: C: 2.7303 | | | |
Z: 6 mp: 1350-136C deg.| 57.589 | 10 | 0 1 8 |
| 62.449 | 30 | 2 1 4 ]
| 63.989 | 30 | 3.0 0 |
| bx: 5.27 Dm: 5.26 SS/FOM: F30=69(.011,39) | [66.026] | <1 | [ 1 2 5] |
T T e e e e e e e e S i e mm m e S R e | 69.599 | 3 2 0 8 |
ea: 2.94 nwB: 3.22 ey: Sign: - 2v: | | | |
Ref: Dana's System of Mineralogy, 7th Ed., I 529 (1944) | 71.935 | 10 | 1 010 |
| 72.260 | 6 | 11 9
—————————————————————————————————————————————————————————————————————————————————— | 75.428 | 8 | 2 2 0 |
Color: Dark reddish brown | 77.727 | 4 | 3 0 8 |
| Pattern taken at 25 C. Sample from Pfizer, Inc., New York, New York, USA, | 78.758 | 2 | 2 2 3 |
heated at 800 C for 3 days. CAS no.: 1309-37-1. Opaque mineral optical data | | | |
on specimen from Elba, R1R0=30.2, RR2Re=26.1, Disp.=16, VHN=1038 (mean at | 80.709 | 5 | T2 8 |
100, 200, 300), Color values=1 .299, .309, 29.8, 2 .299, .309, 25.7, Ref.: I 82.937 | 5 | 0 210
IMA Commission on Ore Microscopy QDF. Pattern reviewed by Syvinski, W., i 84a.913 | 7| 1 3 4
McCarthy, G., North Dakota State University, Fargo, North Dakota, USA, ICDD 88.539 | 7 | 2 2 6 |
Grant-in-Aid (1990). Agrees well with experimental and calculated patterns. 91.342 | 2 | 0 4 2
| I
| |
| |
o
! I

2-theta nt.| h k1 | 2-theta Int
o = i = o 5 s o

LAY (| 2 110 | 116.040 5 |
| 95.236 | <1 | 1 112 | 117.753 1
| 95.659 | 3 4 0 4 | 118.692 3|
| 102.282 | 4 | 3 1 8 | 122.425 6 |
| 104.910 | <1 | 2 9 | 125.923 | 1
| | I | |
{ 106.619 | 5 | 3 2 4 | 128.752 | 3
| 107.021 | 4 0 114 | 131.871 | 5
| 108.086 | 5 4 1 0 | 133.235 | 3
| 111.514 | 2 | 4 1 3 | 144.448 | 4 |
| 113.590 | 2 0 4 8 | 147.961 | 4 |

Strong lines: 2.70/X 2.52/7 1.69/5 1.84/4 3.68/3 1.49/3 1.45/3 2.21/2



Lampda: 1.5418 Filter: Ni
£ Int: Diffractometer I/lcor:
Kovgan, Nakhodnova, Russ. J. Inorg. Chem. (Engl. Transl.),

U.
a

i B: c
Ref:
Dx: Dm: SS/FOM:
B o
ea nwB: ey Sign: 2V

Strong linmes: 3.33/X 3.00/X 2.28/6 1.91/6 1.88/6 3.68/4 2.09/4 2.52/2
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Filter:

i: CukKal Lambda: 1.5405 Ni d-sp:
Cutoff Int: Diffractometer I/Icor: 2.10
Swanson, Tatge, Natl. Bur. Stand. (U.S.), Circ. 539, 1 37 (1953}
| o 8 cimimin = i i i S S i e SR i S i e i e o S e s
| Cubic $.G.: Fm3m {225)
| 4.213 b: c: A: e}
! B C: Z: 4 mp:
Ibid
Dx: 3.58 Dm: 3.56 SS/FOM: F10=56(.018,10)
2a: nwB: 1.732 ey: Sign: 2V:

Ref: Dana's System of Mineralogy, 7th Ed., II 499

Color: Colorless
Pattern taken at 26 C.

for 3 hours.

High purity phosphor sample from RCA heated at 1800 C

J
i

Spectrographic analysis (%): Ca and Si 0.01-1.00, Al, B, Cr, Fe,
| Ni 0.001-0.01. Pattern reviewed by Martin, K., McCarthy, G., North Dakota
| ~twiu Undversity, Fargo, North Dakota, USA, ICDD Grant-in-Aid (1990) .
Except for (220} reflections, there is good agreement with experimental and

calculated patterns. The experimental

i

| pattern had had 1(220)=28; the
| calculated value is I(220)=49.

I

ClNa type. Halite group, periclase subgroup.
Also called: magnesia PSC: cF8 Mwt: 40.30. Volume[CD): 74.78.
Strong lines: 2.11/X 1.49/5 1.22/1 0.%4/2 0.86/2 2.43/1 1.05/1 1.27/1

database

.54056

Quality: »

1 & %
2 0 0
2 2 0
& 4 2
2 2 2
93.991 5 4 0 0
105.685 2 3 3 a
109.729 4 2 0
127.190 E 4 2 2
143.576 5 1 i



| Rad: CuKai Lambda :

i Cutoff: Int: C
| Ret: Natl. Bur. Stand.
|

6,449 b:

Zincl et al., Zz

2.28/X

Strong lines:

1.5408 Filter d-sp
alculated I/Icor:
{U.8.) Monegr. 25, 10 (1972)

5.6 Fu3m
G a: €y
C: Z: 4 mp

Elektrochem., 40 588 (1334}

SS/FOM: F15=149(.005,20)

Volume [CD] :

3.23/8 3.72/2 1.86/1 1.32/1 1.44/1 1.61/1

98.

104 .
131.

118

126.

081
.581
. 620

024

S61

120

803
677
.931
710

N

N N SR SN

S

o e

©

NSNS

o

SN

9

wo e o




Rad.= 1.54056 Quality:

-

4 |

; > r [ |

s 27.946 | 40 | 111 |

‘¥ | Sodium Oxide | 32,421 | 4y | 2 0 0 |
1 46.534 | 100 | 2 2 ¢ !
| | 54.935 ! 10 | 301 1 |
Jomme =7 e L Eahe S | 57.557 | 20 | 2 2 2 |
[ R Lambda: 1.54056 Filter | | | |
‘e £ Int: I/Icor: | 67.306 [ 30 | 4 0 ¢ |
fr Matthews, F., Canadian Industries Ltd, Private Communication | 74.677 | 5 33 1 |
| [ 76.807 | 29 | 4 2 o |

L DT Tmmmmeaell Bt TS Roemi ot S e “cmo-| 85.948 | 39 | 4 2 2 |
| Sys: cubic S.G.: Fm3m (225) | 92.000 | 5 | 5 1 1 |
] a: b5.5% b: @ A: o] | | | |
| a: B: C: Z: 4 mp : | 103.627 | 20 ] 1 4 o |
| Ref: 1bid 110.059 | 5 | 5 3 1 |
| | 112.72¢ | 10 4 4 2 |
| Dx: 2.408 2.270 SS/FOM: F17=7(.148,17) | 122.759 | 0| & 2 0 |
Joee P S R S e e R R “Tooee- 131.148 | 3| 5 3 3 |
| ea nwB ey Sign 2v | | [ |

.| Ref: | 233,936 | & | 6 2 2 |

P | 148.161 | 5 4 |
! | |

| CAS no.; 1313-59-3. Sample from Eimer and Amend. Decomposition temperature
| 1275 deg.. PsC: CF12. Mwt: 61.98. Volume [CD] : 170.95.

Strong lines: 1.95/% 3.19/4 2.76/4 1.39/3 1.13/3 1.60/2 1.24/2 0.98/2
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! hk 1 |
[ALsio |
| 2z s | | \ |
| | 13.203 | 3| 1 0 o© |
| Aluminum Silicate | 15.029 | 3| -1 1 0 |
| | 20.073 | 5 | 11 0 |
| Kyanite | 20.639 | 25 | -101 1 |
R e T T - e L L e —— -] 23.579 | 20 | 0 2 0
| Rad: CuKal Lambda: 1.540S Filter: Mono. d-sp: D.S. -114.6 | | | }
| Cutoff: Int: I/Icor: | 25.879 | 5 | =2 1 0 |
| Ref: de Wolff, P., Technisch Physische Dienst, Delft, The Netherlands, } 26.586 | 65 | 2 0 0 |
| Communication ) | 28.036 | 100 | -2 01 1 |
R T T ——— | 29.55¢ | 15 | 0 2 1 |
| Sys: Triclinic } 30.304 | 20 ! -2 2 0 |
| a: 7.112 b: 7.844 | |
| A: 90.09 B: 101.1 | 32.148 | 1 2 1 0 |
! Ref: Ibid | 32.815 | 9 | -1 0 2 |
| 33.165 | 25 | 2 -1 1 |
| Dx 3.67 Dm 3.65 | 33.228 | 25 | =g -1 4 |
[ T, | 32.303 | 7 | -1 01 |
| ea: 1.713 1.728 Sign: - 2V: 82 deg. | | |
| Ref: Winchell, al Mineralogy | 34.439 | 3| -1 3 o0 |
| | 35.597 | 30 | 0 1 2 |
o e e e L - | 35.758 | 20 | 0 3 o0 i
| Color: Blue | 36.495 | 5 | 2 -2 1 |
| Specimen from Zillertal, Tyrol, Austria. Intensities verified by calculated | 37.999 | <1 | -103 1 |
| pattern. PSC: aP32. Mwt: 162.05. Volume[CD}: 292.98. | | | |
{ | 38.083 | <1 -2 00 2 |
| | 38.184 | 30 -2 1 2 |
| | 38.268 | 30 -2 3 0 |
s | 38.592 | 20 1-3 1 |
i | 39.636 | 11 | 0 -2 2 |
| | I

| | | |
| | | |
| ! | | |
| | | | | |
i | | I | | |
| | | | | | | |
| I3 1 | | I | 1 3 11
| 45.162 | 7 3-1 1 1 7 -4 3 1 | 66.600 3 | -4 1 3
| 45.960 | 3 2 -1 2 | | 3 -2 -3 2 | 67.296 | =25 | -5 2 0
| 46.233 | 55 | -1 4 0 | | 20 | 11 03 { 67.415 | 7| -5 1 0
| 4a6.916 | 50 | 13 1 | | | 4 -1 1 | 68.027 | 75 | 4 -4 1
| | | | | | | | |
| a7.045 | 50 | -3 03 1 | 80.153 | <1 | -2 -2 3 | | | |
| a8.293 | s | 0 4 0 | 61.075 | 1 0 -3 3 | | | i
| 48.789 | 3| 1 -3 2 | 61.524 | 7| 0 5 0 | | | |
| 49.325 | 3 1 -4 1 | 61.70 | s | 2 -1 3 | | | |
b 50,077 | <1 0 0 3 | 62.258 | <1 | -3 -3 1 | | | |

Strong lines: 3.18/X 1.38/8 3.35/7 1.96/6 1.94/5 1.93/5 2.52/3 2.36/3
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[ 2-theta | Int.]

| 262.22. Volume([CDl: 332.42.

|
| Naalsi o [T T e
| 38 | | |
[ 13.847 | 20 |
| | 14.902 |
i | 15.841 | |
i | 22.038 | 16 |
! | 23.040 | 8 |
| Rad: Cukal | |
| Cutoff: 23.516 | 25 |
| Ref: Smith, Mineral. Mag., 31 47 (1956} 24.138 | 20 |
| 24.278 | 16 |
——————————— 25.361 | 10 |
| Sys: Triclinic 25.546 | 2| |
| a: 8.144 | | |
| a: 94.26 26.386 | 8 | -1 1 2 |
Ref: [bid 27.893 | 100 | 0 0 2 |
| 28.299 | 10 | -2 2 9 |
30.126 | 10 | L3 1 |
30.452 | 15 | 0 -2 2 |
| ey: 1.536 Sign: + 2V: 70 deg. | | | |
| -+ Elements of Optical Mineralogy, 2 312 (1951) | 31.182 | 8 | 13 1 |
| | 31,440 | 2| =1 -3 2 |
S0 S e s S e S e S b e e S | 32.089 | 2| 02 2 !
| Color: Colorless, gray, white, bluish | 33.941 | 6 | -1 3 2 |
| Specimen from Amelia, Virginia, USA. Composition (wt.%): albite 98.2, | 3a.980 | g | -2 -4 1 |
| orthoclase 1.2. Low temperature structure. For variations in 2theta with | | | |
| composition to 50% anorthite see Smith, Mineral. Mag., 31 47 | 35.335 | 2| -3 -1 2 |
| (1956), also Smith, Yoder, Am. Mineral., 41 €32 (1956). Feldspar | 35.728 | 2] 1-1 2 |
| group, plagioclase subgroup. C.D. Cell: a=7.439, b=7.718, c=7.160, | 35,950 | & | 2 -2 1 |
| alpha-107.32, beta=100.44, gamma=115.03, a/b=0.9638, ¢/b=0.9276, S.G.=p-1 (2. | 36.495 | ¢ 2 2 1 |
| PSC: aP26. To replace 1-739 and validated by calculated pattern 20-554. Muc. | 36,758 | a4 | -2 4 1 |
| I I

Strong lines: 20/X 3.78/3 6.39/2 3.68/2 1.82/2 4.03/2 3.66/2 2.93/2
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|
Al &1 O s |
6 213 |
|
Aluminum Silicate |
|
Mullite, syn |
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, |
Rad: CuKal Lambda: 1.54056 Filter: Ni d-sp: |
Cutoff: Int: Diffractometer I/Icor: |
Ref: Natl. Bur. Stand. (U.S.) Monogr. 25, 3 3 (1964) |
I
e

Sys: Orthorhombic $.G.: Pbam (55)
a: 7.5456 b: 7.6898 c: 2.8842 A: 0.9812 C: 0.3751 |
A: B: c: z 75 mp: |
Ref: Tbid. |
!
Sxy 8 |

ea: 1.637 nwB: 1.641 ey: 1.652 Sign: + 2V: 45-50 deg. |
Ref: Winchell, Elements of Optical Mineralogy, 2 401 |

Color: Colorless |
Pattern taken at 25 C. Sample was prepared from stoichiometric mixture of |
wind SLCIIKHIC. Sample was cepeatedly ground and heated up to |
temperature of 1725 C. Spectrographic analysis: 0.01 to 0.1% Fe, and 0.001 to |
0.01% each of Ca, Cr, Mg, Mn, Ni, Ti and Zr. Chemical analysis showed Al203 |
|
|
|
|

$102 38 (mole%). W used as internal standard. PSC: oP15.75. Mut:
Volume [CD}: 167.35.

| I
. e L T T T -
2 1 4 2 | 70.991 | & | 2 1 2 | 84.493
2 4 1 1 | 71.576 | a4 | 5 1 1 | 87.002
| 35| 33 1 71.903 |} 3 35 0 | 88.569
| <2 | 15 0 | 72,647 | a4 | 5 3 0 { 89.090
| <2 | S 1 0 | 73.901 | 7 | ¢ 6 0 | 93.817
! | ! | !
| <2 | 2 4 1 | 74 181 | 13 | 2 5 1 | 98.446
| 8 | 4 2 1 | 74.880 | 6 | 2 2 2 | 98.958
|18 | 0 c 2 | 75.162 | 12 | s 2z i [ 99.868
4 | 2 5 0 | 75.555 | <2 ) 6 ¢ 0 |
| 8 | 5 2 0 | 76.836 | 6 | 103 2 |
| ! | | I
siiv § «E § 11 2 | 77.182 | 2
69.616 | | 2 0 2 | 78.311 | 2
69.806 | | 4 4 0 | 78.835 | <2 |
0.442 | 12 15 1 | 80.480 4 |
70.844 | | 12 2 | 81.046 | 3|

Strong lines: 3.39/X 3.43/X 2.21/6 5.39/5 2.54/5 2.69/4 1.52/a 2.12/3

1.54056

[

hkl
i1
2 0
1 2
2 1
U]
2 2
1 3
L
301
0 2
2 0
1 2
2 3
3 2
2 2
0 4
4 0
1 4
31
3 3
2 4
3 2
4 2
c 4
4 0

Quality: i
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(wt.%): Si02 36.15, Al203 62.17, Fe203 0.90. Si used as internal

|
|

|

|

| standard. PSC: oP32. To replace 10-369 and 22-18. Mwt: 182,05 Volume [CD] :
| 331.68.

|
|
|
|

|
Al Si0 |
P2 s | | | \
| | 16.506 | 12 | 11 0 |
| 19.386 | 2 | 10 1 |
| 23.149 | 14 | 0 2 0 |
| 23.752 | 3| 2 0 0 |
| e T TP [ 26,071 | 100 | 12 0 |
| Rad: CuKa Filter: Mono. d-sp: Diff. | | | |
| Cutoff: 17.7 Int: Diffractometer I/Icor: | 26.458 | 35 | 2 1 0 |
| Ref: Keller, L., Rask, J., Buseck, P., Arizona State University, Tempe, Arizona, USA,| 27.893 | 1 | 0 2 1 |
| ICDD Grant-in-Aid, (1987) | 30.388 | 1 3 2 & |
fimm o s st S B oy i i i e i S --] 30.731 | 1 2 11 |
| Sys: Orthorhombic S.G.: Pbnm (62) | 30.960 | 7 | 0 0 2 |
| a: 7.486(1) b: 7.675(1} c: 5.7729(6) A: 0.9754 C: 0.7522 | | |
| a B: @s Z: 4 mp: | 33.407 | 16 | 2 2 0 |
| Ref: Ibid. | 35.278 | 20 | 11 2 |
| | 36.962 | 3| 2 2 1 |
| Dx: 3.24 Dm: 3.25 SS/FOM: F30=50(.016,38) | 37.104 | 20 | 13 0 |
o T ST i e S S i B T | 37.883 | 1 3 1 ¢ |
| ea: 1.6575 ey: 1.678 Sign: + 2V: 25 deg | | |
| Ref: Deer, W., Zussmann, J., Rock Forming Minerals, 1 121 (1962) | 39.010 2 | 0 2 2 !
! | 39.329 3 3 0 1, 2 ¢ 2
- TSR S s s s = i i S S S ST B i = miim i s SR SR S i o o | 40.35 1 13 1
Color: Colorless 40.91 30 | L 2 2
Specimen from Norwich, Connecticut, USA. Chemical analysis, average of seven 2 | 301 3 2 1 2
!
|
I
|

| 2-theta | Inc.|
I . .

48.825

@
s

[ | |
| 49, [ | | I
| 49.698 | 2 | |
I s0.092 | 1 | I i
| 51.089 | 2 | | | | |
| | | | |
| s1.616 | 1| 1 4 1 2 4 a o, 4 3 2| 83.800 | 1 0 4 4 |
| 53.648 | | 2 4 0, 3 3 1 2 1 4 3 84.530 | 1 6 0 2 |
I a0 ! R L T 5§ 2 84.758 | 1] 4 0 4, 2 5 3|
| 54 3 4 2 0 5 | 12 4 | 85.02¢ | 2 1 4 4 |
| 54 1 12 3 3 2 1 4 | 87.236 | 1 3 6 1, 2 & 2
| | | | | |
[ 54. 1 2 1 3 1| 5 1 2, 3 3 3| 88.671 | 1 2 4 4 |
| 57. 12 0 4 2 1 3 5 0 | 88.946 | 1 4 4 3 |
| s8. 1 a4 0 2 o N 4 4 1 | 89.141 | 3 4 5 2, 6 2 2|
| so. 3 2 2 3, 1 4 2 30 | 0 6 0 | 82.378 | 1 | 4 2 4 |
| 60. 1 3 0 3 81 3 5 1, 2 5 208969 | 1| 5 4 2, 2 1 s |
I | I | |
| 60. 14 3 4 o0, 3 3 2 | 2 2 | | |
! 4 3 0 [ | | I
| | |
| | |
| |
| |
| |
| |
| |
|

Tromm Timees 2 ARUV.327/4 5 20/3 1 28/3 2.54/2  2.42/2 2.68/2 3.84/1
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