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Table 1, Apparatus and operating conditions of
inductively coupled plasma emission
spectrophotometer ( ICP )

Apparatus Shimazu
Frequency 27.12MHz

Rf power 1.3 KW

Coolant gas Ar  1,41/min,
Plasma gas Ar  1,51/min.
Carrier gas Ar  1,01/min,

Sample uptake 2. 35cm?/min,
View point
Integration time 20 sec,

Washing time 70 sec,

GVM-1000P

13mm above work coil
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Table 2 Comparison of decomposition procedures

NBS std. HCI+NO, HCIO, +HNO,
fly ash +HF +HF

Si0, (%) 48.8+17 48,7 37.6
AlLO, 26.5 25,9 6.13
Fe,O, 13.41+0,94 14,1 10,1
MgO 0.76x0.016 0,67 0.02
CaO 1.556%0,014 1.37 0,12
KO 2.2620. 072 | 2.12 1,55
Na,O 0,2310,014 0.27 0
TiO, 1,34 1.32 1,39
Ig. loss 3.44 3,44
Total 99, 26 60, 35
Mn (ug/g) 190 182 166
Cu 118+3 107 107
Zn . 220+10 227 221
Vv 300 304 363
Cd 1.0+0,15 0 0
Be . 12 13 0
Cr 196+6 207 192
Ni 127+4 113 132

G0 b 2 BIEFRR LM RFEROERE R\ D Fig. 1 Scheme

Fikb, KBRIRFBRISEL LV PHRE LSO

SRR R AT 5 TTEEIED B 5 Fok-Hifbk R Sample ~ (50mg)

DEE AWV E FEZDOWTERET L7z, NBST7 7 Decomposition vessel

AFwyaAy vy —NF1,633a, 50mg % ¥} & (Unisea)] 23m])

Lwﬁﬁﬁﬁﬁﬁﬁ%@%ﬁ,ﬁﬁ$@2Mtﬁ

HCl 0, 75cm® {20 %)

B 1o, BLAER 1arfv, EXROBSRE
K 1er, BALAER 1o HTHEL .

S SRR s 7 BRI (45g/ dmf) 10 % I 2
Wb AkERmE A2 L, 00— EE L LBEE
ICP &8 THHT Lize R E LTV 2 BRI,
v A EFRENEUCEE BV CEEOE L o ER
D TR B FRN SRR £ N2 TR L 72,
AR % Table 2 12535,

BHEERRARBOBAIARRRESIEIND
JIHERL T B A8, 200°C 4 B O SMERR T b 7
RIS S TR IR 7 { L b 4RI ELE
AE r BphBEMEIC KT o

FAREBOBEIRRRFISES LT VT
W, FHRE R STIK OB RN —E
#(800°C, 1SR L TARMREERET 2 0F
Nh s, L Lo ERAMMER D L $105°C,
IR TEe i fThht, i LEK (35%EHR
3 60%RME 1) A ANTEL T EB T TR
A B 2k ASREE b, B2 T 7 T VYR
FORNMEEL, YU HOSESMEL &5 KA

0.25cm® (60 %)
1.0cm® (48 %)

HNO,
HF
Heating (100°C, one hour)
HF masking (10cm®, H:BO:, 45. 0g/dm?® soln, )

100cm®

Determination by ICP

2iH o tr, MLEOREIZ20%IERR0. T5cr & 60208
B, 0.25f% BlZA Y Ricz, SEEES
115°CI 2 Z & X D ERL -,

1.3.2 R

BN E D T MR (Fig. 1) 7% © NCICPE)
E&eft (Tablel) Xk D, NBSEZ#ESLE (1,633
a) zoNdbtEERNOKAFEER L DHHE S
BIRIK B ST U IR ETable3i2m s, 24K
M ERS = L TSI0,, ALO;, Fe,0,, MgO,
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Table 3 Analysis of coal ashes

NAIE EBETSU NBS, std, 1633a

CA. ICP CA. ICP ICP
Si0, (%) 59.0 60. 4 60,3 61.5 49,1
Al,O4 23.8 23.6 22.5 21.5 25.8
Fe, 0, 4.8 4.43 5.92 5.35 14.2
MgO 1.83 1.53 2.07 1.84 0.67
Ca0 2,52 2.55 3. 60 3.57 1.45
K.0 2.57 2.41 2.20 2.13 2,16
Na,O 0.90 0.91 1,19 1.20 0.25
TiO, 0,97 0.85 0.75 0.74 1.40
Ig. loss 2.90 2.60 1,17 1.17 3.44
Total 98. 99 99.28 99.70 99. 00 98. 47
Mn (ug/g) 500 415 600 532 193
Cu 47.3 42.0 119
Zn 88.4 33.2 225
Vv 189 160 340
Cd 5.8 8.6 0
Be 0 0 13
Cr 74,6 127 193
Ni 26.3 34.6 130

Ca0, Na,0, K,0, P,0;, TiO,® 9 g5, &
B 1EMn, Cu, Ni, V, Cr, Zn, Cd, Be ® 8 i
SThH B, NBSEHEREHC DWW TRERE L, K
HTIAT vy 20 TIAEESNE (—HE
KX ROE, FFRAESELZ &) LIIER
W—EERL T3,

1.4 #5 ]

ICP S L IR EHE O ST AT ER - &
R L, ARIKE & N 202 725 RIK (Y
7 A, RS OETERRAESIMERFEIL
fro ARIHTIEIZFEBORTAEICH 3 B, ICP i«
& 2 HTREE IS 4 SR TLTTE (250

aw 2z La5gE) DREBBEENAAER, W
TENIITETH S,
E—DERITH L) W DWTIRICPSHT
TITHTTRICH L TRENETRE £ 2 %RBE
ThY, BESNEE LTRBRTEERH 2 » &
b s h, ANRORCHEK S » LELWED
AURPHTE & LTt e < RIS %2 ks 53
E, DUAEOTERLMTELRbN S,

SEZ5M
1) PRE=FB, tRELHE:
A1t - SHEALIREZ AL E T4 (1982), P10
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2.2 BHRURHIAR

EBRICHER L 24EEOERIIREDR: 518
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Table 1. Proximate analyses and Ultimate analyses of raw coals

No. Samples Proximate analyses, wt % Ultimate analyses, dry wt%

name Mois, Ash V.M. F.C C H 0 N S
1 Sunagawa 2.4 29,4 32.0 36.2 54,8 4.4 9.2 - -
2 Ashibetsu 2.1 31.5 3.1 35.3 55.6 4,1 81 - -
3 Horonai 2.6 32.1 33.6 3.7 52.1 4,1 10,7 — —
4 Akabira 2.7 48.9 24,6 23.8 38.7 3.1 81 - -
5 Taiheiyo A 5.3 22.0 40,2 32,5 56, 0 4,7 14,3 - -
6 Taiheiyo L. G. 3.9 36.6 33.2 26.3 44,6 4.0 12.7 — —
7 Miike 1.4 18.1 39.7 40,8 67.3 5.0 7.3 - -
8 Miike L. G. 1.4 23.4 41,1 34,1 61.0 4.9 8.2 — —
9 Takasima 1.7 8.1 42,4 47.8 75.5 5.6 8.8 - —
10 China 2.6 12.9 27.8 56,7 70,8 3.9 9.9 — —
11 Mafty 1.4 18,4 11,9 68,3 74.2 3.2 2.7 - -
12 Lithgow 1.8 20,9 28,7 48.6 66. 0 3.8 7.2 1.1 0.6
13 New Hope 2,0 18.9 29.1 50.0 74,4 4.8 9.6 - —
14 New Castle 2.5 12,5 30,7 54.3 72,3 4.3 9.4 - —
15 Hunter Valley 3.2 8.3 35.4 53.1 65,5 4.3 8.9 - —
16 | Austraria A 7.7* 10.3 25.3 56,7 74.1 4,0 8.9 1.5 0.4
17 US. A A 6, 0* 9.2 39.9 44,9 72,1 5.1 10.9 1.4 0.8
18 U.S.A. B 18, 9* 11,7 42,0 27.4 60, 2 4,6 19,7 1.0 0.2
19 U.S.A, C 3, 6* 8.2 4.4 83.8 85. 6 2.6 1.6 1.2 0.5
20 U,S.A. D 9.1* 5.2 37.4 48,3 73.0 4.8 14,8 1.5 0.4
21 Canada A 3.3 13.2 30.2 53.3 70.8 4,2 9,0 1.7 1.0
22 Canada B 1.2* 17.1 26,2 55.5 70, 4 4,0 ol 1.0 0.3
23 South Africa 6. 6* 10.0 33.8 49,6 70,5 4,5 13,2 1.0 0.3
24 Mt, Klappan 1.9 5.4 8.0 34,7 85.6 2.5 3.4 0.6 0.5

* wet best
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Table 2. Chemical composition of ash samples used

No. 1 2 3 4 5 6 7 8 9 10 11 12
Name Suna-  Ashi- Horo-  Aka-  Taihei- Taihei- Mitke  Miike  Taka-  China Mafty  Lith-
gawa betsu nai bira yoA  yoLG. LG, shima LOW
Si0; (wt %) 58,37 61.94 63.89 63.22 57.31 58,03 46,57 51.29 44,75 63.01 56.26 67.11
62,76 63,08 66,89 63.41 58,62 57,96 48,70 46,92 63,73 63,20
Al,0, 22,54 19,68 22,84 21.25 25,88 27.17 20,36 24,09 26,18 19.63 20,29 25,17
20,55 17,92 20,51 18,98 20.58 24,56 17,28 22,65 16,90 18,85
Fe,0, 4,78 4,78 3,16 5,60 3.51 2,42 9.94 7.04 6. 85 9,57 4,71 0,78
4,41 4,43 2.91 5.05 2.51 2,28 8,14 6,11 8. 40 4,46
MgO 1.92 2,02 1,43 2,12 1,34 0.70 1.45 1.30 1.95 0.49 1.79 0.30
1,77 1,85 1,31 1,91 1.06 0, 64 1,25 1,72 0.41 1.66
CaO 2. 63 4,65 3.30 2.38 5.82 3.36 9.44 7,34 7.07 2,13 4, 64 0,42
2.49 4,31 3.17 2.26 4.73 3.10 8.13 6. 25 1,84 4,24
K,O 2,21 1.62 2,10 2.34 1.26 1,37 1.00 1. 65 0,91 1.56 2.94 2.72
2,03 1.54 1.83 2.16 1.11 1,23 0.88 0,88 1.38 2.60
Na,0 1.36 2.17 0,72 1.43 1,16 0.95 2,09 1.91 1.56 0.23 0.51 0.09
1.49 2,04 0,73 1.62 1.29 1,03 1.99 1. 44 0.52 0. 59
Ti0, 0.87 0.77 1,06 0. 30 1,15 1,08 1,15 1,43 0,94 0.98 1.29
0.78 0.71 0,98 0.73 0.92 0.99 1.26 0,82 0.95
S0, 1. 56 1.58 0.71 1.28 1.75 0,97 5.61 6.96 532 1.96 2.7 0,42
4,01 2.50 1.62 3.69 1.82 1.53  15.96 9,05 5,91 0,67
Total 96,24 99,20 98.21 100.32 99.28 96,05 97.61 102.73 96,02 99.52 94.83 98,30
160,29 98,38 99,95 99,81 92,64 95,12 103,32 96,28 99,91 97,22
M.P. (°C) 1410 1300 1470 1380 1440 1500< 1300 1320 1355 1425 1335 16500 <
No. 13 14 15 16 17 18 19 20 21 22 23 24
Name New New Hunter  Austral USA. USA  USA  USA  Canada Canada South Mt
Hope  Castle Valley ia A A B C D A B Africa  Klappan
Si0, 61,78 61.35 57.02 61.62 64,02 48,02 45.52 44,19 5558 37.84 43.52 55.05
61,32 61.36 58,02 61.09 65.69 45.69 56,61 45,80 57.22 41.11  45.92
ALQ; 29,63 31.74 22,04 33.68 18.80 29.59 28,81 23.19 18,70 25.94 31.34¢ 27.28
25,35 28,52 19.67 30,13 16,35 24,04 26,55 17.97 15.91 20.98 24.60
Fe, O, 2.64 2.81 7.14 4,11 3.67 5,98 6,50 7.54 4. 49 2.42 6, 62 4, 45
2.23 2.42 5.47 3.52 3.14 4,97 6.09 5.22 3.61 1,93 5. 45
MgO 0, 45 0,68 L1 0. 42 1.30 1.52 1,47 1,69 1.08 3.02 2,84 .77
0. 40 0, 60 0,96 0.38 1.08 1.25 1,42 1.32 0.92 2,28 2.12
Ca0 0.94 0.58 2.93 0.59 4,72 9.71 4.79 8.35 8.56 21.06 8.62 2,26
0.87 0,52 2.59 0.59 3.87 7.91 4, 41 6, 66 6.87 16.17 7.34
K,0 0,50 0,91 1,23 0,92 1.08 0. 89 1. 60 0.93 0, 60 0. 61 0.82 1.36
0. 46 0. 85 1.02 0.90 1.00 0,77 1,47 0,58 0. 40 0.11 0.41
Na,O 0,15 0,37 0.79 0.50 0.78 0.33 0,71 2,73 0.59 0,66 0. 43 1.69
0.31 0.39 0.93 0,70 0,83 0.58 0.98 2.17 0.58 0.58 0, 34
Ti0, 2.17 1.28 1.15 1,43 0.95 0.89 1.68 0,96 0.77 1. 46 1,31 1,97
1.95 1,18 1.07 1.29 0.84 0.79 1.58 0,75 0. 66 1.16 1,11
50, 0.61 0,24 2,00 0.01 3.18 1.85 3.15 4,62 3.17 1.92 317 0.93
1.19 1.10 5,47 3.66  10.30 1.79 3.09
Total 98.87 99,96 95,51 103.28 98.50 98,98 94.33 04.20 93.54 94.93 98.67 96.76
94.08 96.94 95,20 102,26 103.11 87.79 102.20
M.P. (°C) 1500<  1500< 1440 1500< 1375 1400 1485 1295 1325 1380 1410 =1500

L.G. stands for low grade
Upper values show analyses of coal ash produced at 800°C
Lower values show that of LTA
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5. 754 FvadMBBEIRICE T 3 EBEER
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4.1 #&

il

BRIKENLIFES 254, NMBMET 2k
&, {7, BRIKONEGETEI 81T 2 K
WRERET L Z L BNEETHE, ARER, &
RIK (7 74T vya) R A7 R,
AT AR, BMEFCNI T2 2 e 2HMELT
-7 Bptnys sl (BEREER, Bk, &
BEE) ORIz oV TNE,Y

4.2 EBRF*

4.2.1 EBEH
FERICERALGRK (7747 v v a) ik
HWEEIHD5,000Kcal ARIABEERIT-> T3 4
REF»oRMEL T2 0 (A~DIFE) B X
0'6,000Kcal B RBEEOFEERO DD (E) T
& DALFERRL, LT, FEREE% Table 12
T e A~DDILFEHEKICIFHEERRICLSE, B
Bz X 2= Sk, EdFA~DIT
H#EE L T Si0, 80 % 47 < Ca0, KMRIRZF T4

- T - seRREA

B, Eiz, VERRICKENC X 22, HEUE
Bz L2 ENTDONE,

4.2.2 bR, @5, BARE
SO A, B, EISE JIS M8801ic
HEUTHIEL 72,

4.2.3 HEARE

FLEE TR L 723007 8 10 BB K 10wt % % iR
mucERE (Ef 7Tm, B3810m) %Ki
Bets, BAEREST (AZEETHE) wh hElEL -,

4.2.4 BEekEER

BERIC X DEe» I L-ER 3 S EY

AR10wt % EEIL CHERE A (EEl4m, &3

#114mn, FETZET1,000ke) % BIREHERE, IRODE

TR L, P SERE, BkE, EfEHREL2EE
L7z,

IR

BERIREE ©

PR ERIERY

N H

10°C/min
800~1,460°C
60min

BT OBIRZ YT D s Al

Table I, Chemical composition and particle size of flyashes.

Chemical composition (wt %)

Sample Mois- Residuai Particle
Si0, ALO, Fe0. Ca0 MgO MnO TiO, Na,0 K0 ture  carbon  size{mm)
A—1 60.32 22,47 5,92 3.60 2.07 0. 06 0.75 1.19 2.20 0,04 0,63 0,125
— 2 59,74 22,70 5, 10 3,48 1,980 0,04 0. 88 0.78 2.34 0.03 1.52 0.091
-3 59,52  23.50 4,84 3.04 1.66 0. 04 1.11 0. 90 2.48 0.11 1.55 0. 051
B—1 61,96 21,29 6. b6 4,10 2.09 0.07 0.68 1.33 2.24 0.14 0.72 0.100
—2 59,72 22,80 5,84 3.08 1.74 0.04 0.94 0.85 2,38 0.06 1.86 0. 065
-3 60.18 23,00 4,33 2.10 1.59 0. 04 0.95 0,88 2,64 0. 06 1,13 0,053
C—-1 61,44 21,77 6.20 3.30 1.94 0. 06 0.74 1.15 2,34 0.15 1.51 0,130
-2 59,01 23,77 4.80 2,52 1.83 0.05 0.97 0.90 2.57 0.07 2,04 0, 068
-3 61,21 22,85 4,76 2.39 1.74 0. 04 0,97 0.98 2.54 0.12 1.60 0, 057
D—1 59,94  23.30 5, 64 2,68 1,84 0,05 1.06 0.82 2.72 0,03 0.28 0,072
-2 61.20 24,17 5,31 2,80 2.04 0.05 0.98 1.22 2,87 0.01 0.48 0,057
E—-1 56,22 24,40 4,01 7,30 2.00 0,04 1.17 1,19 1. 67 1,42 4,77 0,072




Table 2, Thermal point of flyashes,

Sample  Softening  Melting Fluid
point point point

C) S 0

A—-1 1225 1335 1400
—2 1210 1405 1460
-3 1210 1380 1490
B-1 . 1230 1300 1350
— 2 1210 1350 1450
-3 1210 1410 1495
C—1 1225 1320 1395
-2 1230 1400 1475
-3 1245 1375 1480
D-1 1200 1390 1465
-2 1155 1395 1465
E-1 1225 1280 1330

»EEE L ABRFOER, BE»SFHEL L,
WeKEE | e DB £ A AT BEL TS
FMBENRSEAST R LERO KRS 2EL &
XL, BEMBOEBEENSRD,
FEHERE | BERBRORERA 2, TOZEINTE
T, HETIRNC DL T EERE (EEEE 2 mn/min)
FHIEL 72,

4.2,5 Beb, BiER

74T vy a OFHEICEE L, BEEE T A,
#5 A b, BREIC DV TEREF -y 2122 B1
THBAGEE T oo BB A- 3 CRIERTH & L

1000
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Fig. 1 Thermal contraction of flyash.
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Fig. 2 Physical properties of fired flyash briquets,
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BB L2EZnRADoNS, REE GRS,
AR ESMoRE X DBV, Zhid CaO 2%
OMENET LD EHEERRS,

4.3.2 BERE

ok A- 2 OEERESE R Fig. 1 2R, $600°C
TIESS RS D, 800°CE THMATH 5, 800°CLL
LT UEREENKRELA2D,1,0000CTH 2%
HEL 770 2 5121,000°CRL L CEBUZ I L,

1,150°CTHI2%IE L - B F o LB
THET & 208, BIOERBRFERE»S, Zhlllk
DEETIZFERE (Bl BB T 5,

4.3.3 BERAER
BREOBERFEBROBER % Fig. 210577, &34
FHe bBO0CLUT Tl BB DRHRAE L <, £z
1,250°CELE TIRBEDOTED 5 VIR (5
1) W EBERHEL Wice, BukE, HHERE

Table 3. Molten state and fluidity of specimen,

Specimen Temperture
FA-CaO-MgO 1200 1250 1300 1350 1400 1450 1500
(wt %) (°C)
100-0 -0 bbbb bbbhb baaa
9%-5 -0 baBC baAA baAA
95- 2.5- 2.5 baBC baB(C baAA
9-0 -5 baBC baBC baAA
%0-10 -0 baBC aaAA BCAA
90- 5 -5 CaBC BBAA CAAA
90- 0 -10 baBC aaAB baAA bCAA
85-15 -0 baaa bCBC aCAA LBAA
85-10 -5 Cabhb bCBC bCBC PBAA bBAA
85— 7.5- 7. CaBC CCBC CBAA CAAA
85- 5 -10 BaBC(C BaBC CBAB CAAA
85- 0 -15 Chbh CCBC CBAB CAAA
80-20 -0 Babhb bCBC bBBC aAAA
80-15 -5 Babhb CCBC CBAB CAAA
80-10 -10 Babhb BCBC CBAC CAAB CAAA
80- 5 -15 Babb BCBC BBAB BAAA
80- 0 -20 Babb BBAC BAAA
75-25 -0 Babb BCBC BAAC
75-20 -5 Babhb BBBC BABC
75-15 -10 Babhb BBBC BAAC
75-12, 5-12, Babb BCBC BBBC CAAB
75-10 -15 Babb BAAC
75- 5 -20 Babhb BBBC BAAB
75- 0 -25 Babhb BAAA
70-30 -0 Babhb BBBC BABC
70-25 -5 Babhb BBBC BABC
70-20 -10 Acbb BBBC BAAB
70-15 -15 Babb BCbhh BAAB
70-10 -20 BBbb BAaa BAAA
70-5 -25 Babhb BBaa BAAA
70- 0 -30 Bbbb BAAA
65-35 - 0 BChhb BAAB
65-30 -5 Babb BAAB
65-25 -10 Acbb BBbb BAAB
65-20 -15 Babhb BBbb BAAB
65-17, 5-17, Babhb BAbbD BAAB
65-15 -20 Babhb BABa
65-10 -25 Babhb BAbhb BAahb
65- 5 -30 Bbbb Bbbb BAbb
65- 0 -35 Bbbhb
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TRMAIZEL (ZOBOHSEELT L /afll
), 1,200°CRLETHER (Fi0) »SERfA L 72, 3
FIEQERFEO» S FEIRL.278 /ab T, i
IO/ hEwn, T, EEBERRAEH DS
ERAFRE LT B Y, oADK &
ULTHEERIENRZ D LICERLTWwWL D &
Abhb, 72, 00°CETOERFEIH5.5% &
%<, b ThiERIERSTED 512,
COFRELHARZ L DD L FEESND,
KL 900°CTHIA0% TH - 25, BAIEE T+
BETR/NELETERY, 2R LELORETE
R O(CEWE) PRI, BUENLED 2,

RS B I ANBRIRAE I o IO L, RIS
P CHRALZD 2N LOBETEMEY T3,
D— 2 i lERTh S BmER AR {,
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BHLDFR L DRz I (BERE) 23R < T
LizbDeEZOND,

4.3.4 BR - BTER

7747 vaXwtd%, Ca0 Ywt %, MgO
Zwt % OEEHEKEOFELE (X-Y-2) tED T, &
KO O EEEFR % Table 3 1277,
BB IO vy MREE 7547 vy a8
B, 7747 vy a95wt %OEEHI1,5000Ciz B
WTHBEIENEL, Bl vy MBS
nNmpodzn, s OFEEHT DL T, 400°C,
1,450°C, 1,500°ChugAtk, WEiaBREHZSRHI I
Y FU T UM, 74T vy o Bk
L500°CIEBWTH I AL Lo te, 2RI L
T7947 vy 295wt BOEEENLL, 400°C T
Bid % oA 7 A{BREEC H Y, 1,450°C, 1,500°C
ERRIEE BICDONTREDA 5 AbaEnE s
Nize 7547 9290wt %5 (65—15—20)
EZTOEEHEIL00CUT THBRIC L 275 A%
oy MRS, TI AT vy 20wt BOSE
TT7 7247 vy aQEENES T 21 CKEBRET
IR, 77 AMLHTEETHD, 7I4F vy a7l
wt DRI T, 1,250°CE TR T Lz, 277, 7
TAT vy aBiwt R TIC DWW TR—7 54 7
vy 2 BIEOFEE R IET 5 &, Ca0 28 LT
MgO DS5809 213 EHIRIEE DS < 5 2 @R
P oz,
SHETENOFE: 7547 v v B, 75
A7 v v 295wt HOFES LU (90—10—0),
(90~ 0 —10) OFAFHI L, 500°CE T RTHE T
ENSBES Iz, ZhiiLT (90—5 —-5)
F1,400°CRAETA & ZiIghBE S e b - Te,
774 Ty 28wt %D EEIECa0 D %
(85—15—10), (85—10—5) #31,350~1,500°C
THEIENMEI - 703, (80-7.5—7.5),
(85— 5-10), (85—10—5) BEEEFTLE
EROHE I 5o tz, £, 747 v a80
wt LI OFHNT (80—20— 0) @ & 251, 350°C LA
ETEHES N SMOEBE 7 54 7 v > 265
WEHRETTRTHEITNEFE S BT,

BE X
1) B6L # - GUBE - BT - 8AEF
RS BB R MR ST S (1982)
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5. ARRKRDEE

SRR - 10 A - 3R

5.1 ¥

i

ARKIE, ¥V ET NI FTHRHBREIRD
E, &, ANV TA, TRV TA, TLAY
SROBIMPESF —F—TE&EA TS, C
Ok 3RO E 2 ERE S U R, HE0IEE
AL CEM, tARMEE L TER R RICEE T
%12z, ERONEDE 0 CIEMLER T B B
Hh, FRUERBCBETL s OEHNEE %
TR L I hidse 5750,

Aigeid, REB@TOXNEERN» SFEHL S
NTwdARK, 725 0N 2 OK I INELE %
Z7-WE DT, B R EMEE TR L
B WHMOBHEOMTEXBEYA 2707 FIA4Y
— (EPMA) &+ —9 = EHEME (SAM) #H
WTIT, BREOMEE L &b ICERIEB T 5K
OMBEEFERL, ARKOBIHHREOIHD
WIBFEC DWW TR 2B b D TH S,

5.2 EBFE

HEhE, JEEENOKIFEER» S E e

REREORK 2EELEHW, Zhs0Ekz
FOFEE, ¥dEEREHERS R TNELE
(~491,400°C) U= b D ZBIFRICEE DA K E SHY
30~40pm DHEF I L7z,

2 e OREHOME L ORF OFERIRE, Z1L
B O, BioERRBEEFANS
iz, RMERH R & I EEH OEHE T
THRELR,

Z e OEENHC W T, EPMA 987 i i EEER
Az A — R v ERE 2T, Bk & CIZERSHT
BiFotr VT, A=Y 2 B EEED T+
— UV R T H 5 UDERL -E I
BlE QW TORL, GRIKOV 7 AMEEEC BT
2 RS OEE EF, GREKDA 7 Ak oV
IEEME T 2 BAOFEREER S I LTz,

Fislz oW T OHE

T BBIR S IR R S - e R AR (UK

5.3 EEHERCEE

5.3.1 ARKROSKEEYIZO>WT
BANORRE L LRKTH 5 LE KT FEER
(LEEEIER) & O HiE S BERIK (R S

HI1,800°CTIHREE B b b, BRIRKODAF I AED B
DEFHRD T2 F 4 N PBREESNE, RN

BOREEE TR T 5 &, 94 wtRD< 725
4 VNSNS, IhENEERE CEHET S
r, Photo.1 {a, b, ¢) CFNFNHLENDL LD
w2, @TEBZ LKL D, (b, )HRRDD
DOMRHD, BHFIDGEANEAEL b OfiMto
LS HObE, —EFERML-EENLZER
b BB RT OO AREIENE, Zh6dD
HEwowrEhEhOSfA (1, 2, 3) T

EPMA 2 £ b Bence and Albee IHZ2ICE T W T
EEST LIRS Table. 1 &3, HT{ED» 5
AER O b O )P 4 &AL TP B0
SiIOED TH VT F AT [ b R—ATH Y,

Photo. 1 Three types of magnetite particles in coal ash.
(&) Massive type. (b) Crystal type. (¢) Dendroid type.

Table 1, Composition of magnetite particles
analyzed with EPMA,

Composition (wt %)

Sample| Si0, | Ti0, |AlO,|Fe, 0, FeO [MgO| Ca0
(a) 0.04 | 6.63 | 4.54 |52,70(32.72] 3.46 | 0.03
(b) - — [ 1.79|75,60/12.12]12, 38] 0. 85
(c) |6.86|0.04|0,52|51,75/40.00| 0,02 | 0,07
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Fig. 1 Auger spectra(a) at two positions(A,B) shown in a
SEM image(b) of magnetite particle.

Photo. 2 Magnetite particle melted in coal ash compact.

DIDFELEDE 1 MgQ 224380 2 L7 b,

BlmEbD LD BV Ebhd, £, &
HARRR(OW DWW T, M EAO FISETH 2
23, Bl =W L 5T Si0, 8% <, MO i385 T
i, EPMAWR X2 OBE, E—4FE1
am CLEDEED S Xiga R s h 2 0T, #5
TR pm OEFEICh - > TEHEha h
B, 7z, FZSi & Al &BBEOR S 2S5
&, PHEERCI RS TREOC 7 MBS
Y7 T BDOTHEICRAESNEL S, 5T,

IR I LRI EKRT, WIC0. lLumBE: T
E—bLBEWENEZ T —P 20X 25n 6,

Photo. 1 (e)iz & & i /- BRSO e HH R 5 & =
MU 7 ZAEGEREPIL CESF LA — 2 1
—27 ESEM &% Fig.1 (a, ik FhFhFv,
AREBREDA -V 20— 2 DM S, Y

WD EHDERANC KB = Y v 7 AEB)IC I
EEEDSiOHW I EEn e,

1)

Table 2, Composition of magnetite particles
melted in coal ash compact.

Composition (wt %)

S5i0. | TiO,
8.35 | 1.51

ALO,
10.76 | 0.04

Cr,0; [ Fe,0, | FeO | MgO
27.72 1 44,04 | 0,62

D EDREREEET L L, ARIKIZEENLTH
BYTAY A FESCIE STEEOENSLD, (1)
EDLHVONSICTFEAERBLEZWTEE 24>
T3 b0, QIEROBEEEDRTERZ TK
O S0, & KIG L ahs e —FEERL 72 b Db, B
RO F s S THEBES R Lz b o, (3)
SOW—FEERLI: DN, ©52hkGHhEE
DD HAN L~ 7425 4 M OBRFICREL
TebDEWFI A ENTES, INHIF—FHD
REBEOZEREDO L O FEEHEES ML D
EBbNZH, InoDv Ay 4 RO AR
KIZ 2R XD E 3 ICHERFEL, $h¥0kok

BETEASHE»E, COEE» S IZHELAT
T,
W, ISR I 24 M IA5EA

RORIKEERLUS MLzt ~vy ol
THEEFH L2 b DD 0T, Photo, 2 R,
MEREL, 340~1,360°CD & DTH D, # D4
fGFL Table. 2 W RT LBV Th b, BRikD <2
2FA BT v ARBEFHLTCEBLED
T8 Y, Table 112 L 72 Photo. 1 ()54 iz

Si02
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Fig. 2 Phase composition of magnetite particle in the
Si0,-FeQ-Fe,0; system.
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T Si oMk, Fedodb L Twson
COBERRLTWS, Bk, ZOES% 3D
AFEIREEN®, (Si0,-FeO-Fe, 0, %) I A
Fay b LTHEIOMFig. 2 THD, Mrs, K
K[HE T SIOEE R T2 RE 2852 &
Bbohb, o T, Fe DHWEREE, L DEVE
BTHEP T SIO2 ML 2 0ENHD, £
7o BRIK O RIFE OIIEL, = 5EmR
RETENT N BE LR,

5.3.2 fARROBRMIEBIEL

5.3.2.1 RSBTAERINOESS

ARIKD 72 At SR 255720
RERGRIK T H DLV JIFEBRT QA RIKIZ D
VT, 975°C, 1,150°C, 1,340°Cic 5% > T 1 BERETAN
B E I Z 72 & DIZ D W TR B 2 1T
Str, IHLDIER%S Photo. 3 (a, b, ¢) &%
T, Photo. 3-a DIIERE R WHEEE, FEHEEK
TR 2 7o B & 2R3z r s T w
L8, BRI Sz onT (Photo. 3 (b,c)), &
KFHICB02WEBEITD 5N 5, HiC
1,340°Cx Timhs s &, ARIKIZE#ML TH 7
AeaBIG L, RFEORFIRHET 2 SRR
SWOFRENEHE Sh, FERALRENECTWS
ZEBEDOND,
%%FHK%F:omf@m~m@%Mit%

T B T FH WAL EE D 5 1L (Photo. 4),

Phato. 3 Structures of coal ash compacts changed with
heating temperture.
(@) 975°C, 1 hr. (b) 1150°C, 1 hr. (c) 1340°C, 1 hr.

Photo. 4 Pore structure of coal ash compact
after heating.

L250°CRREEAEIC L D —ER Tk b 2 34 5
AMERSABG T 5 L R EL RIS b 173
LI rarERa N,
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FTIBMBE L2880 0nT, BELZWLESR
WD U A BADESIEAL S EPMA I & 5 534F
fhir o #ET L7z (Fig. 3), Fig. 3iciash?
k9 SiKa t AIKa DF 4 >7 07 740D
b s, MEOEREICHEMHEEEROH 2 2 kb

Al(ka)

Intensity {(a.u.)

Fig. 3 Result of linear analysis of Si, Al, Na, K, Fearound
a quartz in melted coal ash compact with
EPMA.
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Tzo TODOFER Table 3 2R ¥ L5 kS zhz
NEMTETREE, 2 TiE Table 3R L-THE
LD HL, M SRR & U CRERE
Pcroy B Ik, BREOETIZ
DWTEBEEITo 2, BAFRI,

(1) Si0,—ALO,—Ca0 &,

(2) Si0,—AL0;—Ca0+10% MgO #,

(3) Si0, —MgO—Ca0+20% AlLO,%
DIFBHETH 2, Table. 3 TizFIFiL SiQ,+
AlLQO;+Ca0+MgO TE2ILEDHN% % L T
WLOT, Ihe@id R ey bE32 Lk
UL B SRR OERLE 252 2 & 2 ARE T
b, ZITlk, Table 3R LI-&EXDOEERS
(Si0, —Al, 0, —Ca0, Si0, —MgO—Ca0,
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OB TVEIRERIZFig. dicmT B TH
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Fig. 4 Phase compositions of artificial samples
(1,2,3,4,5) in the Si0,-Ca0-Al,Q; system.

Table 3. Composition of coal ash and the norm composition of artificial samples,

Composition (wt %)

Sample CA. | Ca0 | MgQY| Si0, | TiO, | ALO,! Fe,0,] MnO MgO| Ca0 | Na,O| K,0| P,0,
Coal Ash(C.A) | 100 0 0]/ 60.98 ) 1.14 | 24,08 | 4.96 | 0,04 | 170 | 311 | 0.92 | 2.54 0.52
1 80 20 0 48.78 0.91 | 19.26 3,97 0.03 1,36 | 22.49 0,74 2,03 0.42

I 15 5 y] Y] » » Y] 6.36 | 17.49 ) » D

3 7 10 10 » Vi Vi 0 Y 11.36 | 12.49 Y ” Vi

4 b 5 15 » Y/ y a b 16. 36 7.49 i Vi ”

5 p] 0 20 i Vi Vi 7 i 21,36 2.49 i Vi Vi
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M L% V2
Ca0 90°% Al03 90 %
MgO0 10°% Mg0 10%

Fig. 5 Phase compositions of artificial samples(1,2,3,4,
5) in the Si0,-Ca0-Al,0,(Mg0:10 %) system.

Si02 80°%
AlO3 20%

v Vi V) v v ¥
CaO 80*%
Al03 20%

MgO 60 %
Alz0; 20%

Fig. 6 Phase compositions of artificial samples(1,2,3,4,
5) in the Si0.,-Ca0-MgO(Al,0::20 %) system.
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Fig. 7 Temperatures of artificial samples(1,2,3,4,5) on the liquid-solid

phase separation line of the three system.
(a) Si0,-Al,05-Ca0.
(b) Si0.-Al,0;-CaO(Mg0:10 95),
(c) Si0,-Mg0-CaO(Al,0::20 %, Si0,:53 %).
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Fig. 8 Liquidus temperature of artificial
samples(1,2,3,4,5) in the three
systems.

(a) Si0,-Al,0,-Cal.

(b) 8i0,-Al,05-CaO(Mg0:10 %),

(c) Si0,-Mg0-Ca0(Al,04:20 %),
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Abbreviations

An : anorthite (CaAl,S1,0.)

Cord : cordierite 2MgO * 2AL0; * 55i0;)

Crist ! cristobalite (high-temperature form of
Si0,)

For | forsterite (Mg.Si0,)

Mel : melilite, solid solution of akermanite
(Ca,MgSi;0;) and gehlinite (Ca,Al,SiO;)

Pyrox : pyroxene, solid solution largely of
dopside (CaMgSi,0Oz)and clinoenstatite
(MgSi0;)

Sp : spinel (MgAlQ.)

Trid ! tridymite (form of Si0,)

Di : diopside (CaMgSi,Os)

Cor : corundum (Al0,)

Mul : muilite (3A1,0; + 25i0,)

Pw I pseudowollastonite (CaSiO,)

Geh : gehlinite (Ca,Al,Si0O,)
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1.1 ¥

1]

KIFEERE VP Sz ARKCH V2R
., xERL, B L, ZEMOEEREY Y R EE
TAHERGHEILah, RELIRE 2200,
mEllkahtns,

AT —HREL, FEELL Ik exdse
THRIRENEED I X FERFET LI L R2EH
Bz, AR AL o Afc A VIEERIIT S
ZEREDERT 2 ARKEERE Y BEEERY )
AERLE UCHD LB algEn b2 2k, &5
REINU 724V o AR RO A AR &
iz, GREA AT AL > THFIEH
5w FRACHE T X EEL

1.2 #A#HsIUEHARER

EBRNCHER Ui RN SO PR T

HY, OIS, TRINER Table 1175

Table, 1 Analyses of raw coal and coal char
Proximate analyses (%)

Moistre  Ash U.M. F.C.
Taiheiyo coal-1 4,7 10, 2 45,9 39.2

Y/ -1 5.3 22,0 40, 2 32,5
Taiheiyo cher-I 5.0 17,0 17,7 60, 3
Vi -1 2.4 27.6 14,4 55,6

Ultimate analyses ( dry base 9% )

C H ON.S Ash
Taiheivo coal- 1 63, 2 57 15,4 10,7

Vi - 57,3 4,8 14,7 23.3
Taiheiyo cher- I 70, 2 2.1 9.8 17,9
v I 62,5 19 6,7 28,3

Uze RIEFEER — 1 YD A A LTS ¢4
ENTHZHDOTHL0, KOGHEMED,
EHEODSZ -1 L FAE L,
REBRIAEL AR 2T 72, ARAER
KPR K Z0.25~ 2 @ ORI I- Bk L, AE
100mn 2 /5 & 1, 000mm D EELUF 12 3RHT90 8 % FoiE
L, EXYABRHAKT CHREEEH L F v — 280
T3, EZ844F110°C min TH00°CE THE L,
F DIREE IS0 IR U I RS U o, KB T
FRLZAVEES v—1X, BEEOD ) 2IFEM
Lz AEgEhicE o gEf8F v —2 &AL, %
DY v KA L TEBRL TE I,

i}

1.3 EERFZE

AT 0 e 2T HE U 7z [E R B A A AL SR

Thermocouple

Gas sampling
CaClp filter

P

Gas meter

O ice bath
Q
O ..
ol
o o - Quartz filter
O (e
o e}
€02 gas — Redct
or
—~=F >/
"= Mini flow pump
Inert gas
Water
0il bath

Fig. 1 Experimental apparatus



EEOBI % Fig. LionUl, PHEBRTHEEL
7o RO I3 E30mm, £ S550mmD BRI T B 25,
REEEC i E40m, ¥ 2600mmD b D2 HEE L,
RO O OIS R, PoicGESEm T 4
WE—, BERED? OO 4w OEES L
LD ENE EETEALTHY, HEIRIGE
FEHONRA vy 7 AH T ABD Ry = BN
WL 72,

R A KER 2 {ERT 254, KB
EREPEEHB R A I DEO L 4 VA PT
MEALCEA L, £, KIGEE TOFEA A
TEKREROEF TS b — e —y —%
a4 VRIZECTIR L 72, RIGE IR £ KEkE
REWEI N T v P TEU L 7 82 B A % 4 A
720 b TS E DB UIERS SR DI,

KEHEXD 5 UHRIGENIC A Y 2833
TR D ERFIEL, FEEN A EEALT
REMGREEZREL A 80T 2 RE S T
L, ZOWRBEICELIE, KESD B IR
HAREAL Tz, BUGIEREIZ800~900°CTH D,
RIGHSERT 5 £ CERPME Lz, WL
DIRIZKERAL A ) 7 AL KBRS U Y 4D TREEET,
WIE G RGNS L, 2 ~10wt % THh 2,
ZOWIMLIzA ) Y L DORIGHEOERERIKIZH T 2
FEEIL K, OBET6~26%TH 5,
ST

Rt OB OERRBRIFEEE 7 X<
FEHFER (ICP) W L V7570, SAEB L
TosOTH 3,

(1) Z#EHY (c—K,0);30Cn 2% 7 =~ v

RERIER T 5 K,0
(2) ABEES D (w—K,0) ; 30°COAITIEHT 2

K,O
(3) FIEMER (s—Si0,) ; 30°CH0.5N—HCI

REWEH T B Si0,

1.4 EERER

1.4.1 HREFIS
25 AAC RIS — RN AT AT A F i L R L %
WA TEbIhAME L AR L v 7
bEIG S MFEL T2 1E D, FAF Y ALRG &
LTHSNBQ)RDRIEHH 5,
C+H,0=CO+H, (1)
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Reaction time ,  mln

Fig. 2 Rate of gas evolution for the water-gas reaction

CO+H,0 — CO,+H, (2)
C+C0,=2C0 (3)

A AGHTER D 618 ol & RFEE B ORI
{tD—B% Fig. 2iCmm Ui, KROFECERT
5 & K,CO 2 0% TN 7255 & #7053 TRISH
BTLTwh, —75%8 &2 %EMOBEIT
DIERETH R BKERORENTED SN L, (1)
DA =R DRIGE (x) 1 Fig. 2 123 L 7- S
TRt Lt A ABRE A LED S (@) X v R
¥5,

dx.dt (Wi Mc)

=Qi (Yeotyeo) ~22.4X10° (4)

ARF ¥ — ERBY A 2RGS0 L 3
A= R RIGE (x) 13 Fig. 2 win iz EARER &
AREELE»G)R L vRE 3,

dx.“dt (Wi, Mc)

=Qi * yco, 2X22.4X10° (5)
Wi T —HEEI R BEE, £
Mc [ A—-KRY4S3FF, £ mol
t  RIGEER, min
Qi CRIGHER A A &, mi/ min
Yeo AR COFASE
Veo. . HEpE CO, A R 553K

D@, B)RpeRD SN AR IEEE
dx/dt DEHER Z KT L7628 Fig.3, 47
Hb,
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1.0

Char-Steam

®300°C 5%ZKOH
4 900°C 5%KOH

0.5

1-X ., -

o]
&l \ N
0.05 f\ T\ o' .
' 10 20 30 40 50
Reaction time , min

Fig. 3 Weight decrease of char-steam reaction with and
without addition of KOH

1-X ,

1.0
Char-Coy
o Yddijg,
0.5
l.React. temp. 800°C
4 5% KoC03
0.1 i | 1 1
0 10 20 30 40 50

Reaction time , min

Fig. 4 Weight decrease of char during char-CQO, reaction
at various contents of potassic salt

Table, 2 Tests for fertilizer

c-K,0 w-K,O 3-Si0, c-MgO w-MgO
Char steam
800°C K,CO; - 2% 1,07 0.05 3.38 0.18 0
- 5% 6,08 0.11 12, 48 0.30 0
-10% 15,90 0, 55 20, 64 0,83 tr
835°C -13% 14, 34 0,11 18, 87 0, 66 tr
850°C - 2% 0, 82 0,08 2.70 0.14 0,01
- 5% 7,14 0,08 11. 50 0.22 0.01
-10% 15,63 0,16 24,73 0,14 0,02
900°C -109% 12,90 0,08 21,85 0. 87 0,02
Char-CO, ‘
850°C K,CO; -13% 13.9 0,18 22,4 0,42 -
900°C -13% 18, 4 0,30 23,4 0.60 -
c-K;0 : Citric acid soluble potassium
w-K,0 : Water soluble potassium
&-5i0, : Soluble silica component
¢-MgO : Citric acid soluble magnesium
w-MgO : Water scluble magnesium

Fig. 3 R aRF v — EARKORIGDWT
KOH %#RiL 72356 L ilmosa 2 L i
T B EEHBICCO & 2 KOH % 5 %Es
L7z b & O JUSHEE E R ERIN O 85 R s fy
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BLETT 22 eBE» 0o THL, ZOL
EOREEEREBEMOBRICET2%
KOH o & %1.6(%, 5% T2.465, 7%7T3.4
fFritrotz, —H, K,CO % 5 %Nz 7fERIZS5
% KOH #iMz MR EIZERIUTH -7
Fig.3, 4»6Honik L5y VBN RN
D& & ORIERE I REEY 2 W HARER D5
K&, COERNOEEOETABIINT 5K
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Fig. 5 Effect of K,CO; addition on ¢K,0 and s-Si0, of
fertilizer at various temperatures for
char gasification
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AEETH B I,
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ARD A AT OX ZA~Z VIERERML 7z [E5%

AD A AHEER E LT ik 5,

1) A VUEORIMNZEA» i H A ERIGHEE 2=,
FOREFIRMBICEHIL TRELS 2D, &E
BRI TIRERNO L S 24 EOEE2E
Joo Eiz, RIGEEWXEIML -4 VK (KOH,
K,CO;) DIEFEW & 22D NS,
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LT BHERYY biuidbThrofEls
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VERE (05N R IC X DB T 2 HEEHS30%) ¥
DA EBDIENEDONTWVE, INET
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2. BLD7547vaaEHET3RBOEE

P ILARE: - SRIHIEES -

2.1 #

REIRERO7 I T vvazFEREL, 7
BHERS VIEROEEMTOA TV, EREH
BEERERICLINE, TREBFLUMD7 47y
VapbREORVIERIEETE 2ok S
b Twd, LrLarofEoRHrHV %
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BUOD, 7347 vya b BROSEOMERHE
THLDOTHAHY,

2.2 EBRIEH

7IAT vy 3EEREE LI, FRHITT
(M), THLUVE (Li:E) ©% otk
Table. LiZm U7z, & U BEEE U TRESME SR T
E® A Y 8, Kalsilite, Kaliophlite
(KAISIO)TH Y, 7747 v ¥ 2fd Si0,, Al,
O ELTHMT 54 VIR K0 BEMEIG TER
T2, ZOFSHERAKCRET T, EHOESS
Wd B 7 X BICIEY, EPNCEIRCRINE
BHDTHD,

I THTEAVEE LTKOH 2HnTwna,.
L L7 st e KOH 338 BB wit8 vz o,
HEORABRSHETH -7z, > CSREDERHIC
BT, #VFEE L THEEK,COH % it KCI
BFHW, 7947 vy 2 h )V EORSEE:
KCl O #&32.3wt %, K,CO,D#&26.1~34.8

BT - =L

wt % (K,O #1819.4~26. 7wt %) & L7z, K,COs
DOz AL Oy, Fe,0,, MgO, #RJE(Table. 1.R.M.
ZHE) ® 5 %BEIML TERE2IT- 7, 22 B
i I, Tt CaO 7pdME N7z, 2 e Dz
Ca(OH), 4. 3% FML BB DWW T bR %
Tolee 7747 vy abH VEBSLUZDMD
W DBREE S WHHEIT L DT,

2.3 KERH&

(1) ZRXEET
REFENN0.28 %2 £ D, BB O EE X REH
AR vy — g s, KR&HDH 2 iz CO,
L (100m  /min) THIEAL 243 & XAEET %
1T 720 MBS E1220°C/min & L7z, bt
AR DS RIT 72

2) BLEHER

RASEL. 8 28 % H Vv E R4 TS5
L, BBIEDRF 2 W REH TIEL K 21T
bz, MBAARRIPERAREERTESIF A
i, 20°C/min CRELEOEE X THREL, —
EIRE T—ERFMRE Lz, KIGEOSEHIHED
PIESMCEL D L, s R U XREPT B
S MRS IC#E L 72,

c—K,0 (2% 7 LroBiciEH 3 2 K,0), w—
K,O Ric¥EHT 5 K,0) % PIERE SO 34D
#, t—K,0 (K, 0) 2L ENS DR LD
FE T u-KO(MNEE K,0) 2K T, £77, s—
Si0, (0.5N HCl T % Si0,) %47 L 72,

Table, 1 Chemical Composition of Fly Ash (wt94).

Sam. 510, AlLO, Fe,0, MgO Ca0O K.O Na,0 Ti0, C
I 56, 84 23,67 5,03 1,98 6,70 1.46 1.23 1.11 1.92
T 06, 22 24,40 4,01 2,00 7. 30 167 .19 1,17 4,77
E 59. 52 23.50 4,384 1. 66 3.04 2.48 0.90 L1 1.55

R.M. 11,22 18,70 44,22 0,18 2,62 0,77 5.47 6,79
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T 67.7, KCl 32.3 él..
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Si02  Si02 P
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Fig. 1 Transition of K,CO, observed by high
temperature X-ray(Cu Ka),
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foo 7 ESVEEERE A Y IERIOBRRIE c—K,020%,
s—Si0.25% AL TH %,
RIGHOFROFEST T w—K,0 081k
K:0, K,CO, %2 &, c—K,0 O#41E KAISIO, 7% ¥
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AEEOXAREHIZ L VB s o T,

2.4 KEEER

(1) BB X#RERF

B ) o855 12 55T b K,COs D InEaR
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(CuKa) % A KR THETL 72, K,COs i Eid
WBWTADSERNUSRKER> TWwah, #
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Fig. 2 Reaction of KCI with fly ash observed by high
temperature X-ray.
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=72,
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T 73.9, K,CO3 26.1%
K 850°C, 12 min.
KK e M| K K
T 73.9, Kz;CO3 26.1%
900°C, 12 min.
T na lJS T ‘CNII L T
T 739, K;CO3 26.1%
950°C, 12min.
- lykl}L [t
T 73.9, Kz2C02 26.1%

1000°C, 12 min,

45 (20)

K: KALSIO;, S: SiO3, M: KoMg@SiO,
C: KyCaSiQ,, L: KAISiO¢

Fig. 3 Reaction of fly ash with K,CO; at
various temperature.

L 0,~ K.0+ ALO, + 2810, +Cl, T D RIGIF#EAT
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O, B o XA RE T Fig. 312570
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2%, o Tu—K,O5b % ko EmEAL
5 LA EDRER & D BB EE 1, 900~950°C
EEZ s,

FwuTiTo - E R, BE (I, T, E)IZ K,CO4

(32.4, 34.8wt %) #EAE L, 3073 M D B K

(900, 950°C) L7850, ThEhoFofl
22 E % Table. 2 /2R L7z, Run 1~ 6 THE
FREEAS900°C £ 950°C 2 L3 % &, £ DIRE
ECR IR OB (BN wHEBREsZ
c-K,OB3TE LTI HEL, EdshichE
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Wiy, c—K,0 #EF® 2N TER 22 K,

1 67.6, K, CO3 32.4 %
Run 2 K 950°C, 30min.

K
KK Ml KK
T T

1
T T T T T

T 67.6, K CO; 32.4%

Run 4 950°C, 30 min.

CM[
L

1
T Al T — -

E 67.6, KO3 32.4°%
Run 6 950°C, 30 min .

L L
all 11 Ll CMI

T T T T T T T

E 65.2, KO3 34.8°%

Ran 7 950°C, 30min.

T !?I T T hl‘l —

15 20 25 30 35 40 45 (28)
K : KALSIO, M : K;MgSi0,

C 5K2C35i04 L Z-KAlSiQOS

Fig. 4 Reaction of various fly ashes with K,CO,,

CO; %34.8wt %I 5 L THR 217> 7248, c—
K,O e 4 w—K,0 (REJE K,0) 2S3Ehnd
LDHTH T2, Fig. 412 Run 2 ~ 7 O XAREHT
RERUEM, B L& 0TI KAISIO, Ol i 2
@ K,MgSi0,, K,CaSiO D& A 5z, E
DOWTIRFN S O KAISLO, D AR R, &
iz,

K,CO,DEEE*34.8wt %W L7 Run 7
T KAISLO; DA R oz o fe fiEo
T, Fig. 3R %2bb¥ 5 L, K,O0 5 FEX A
THEENEVIE L KAISLO, DA IZ % < 7 5 18
H23% %, c—K,0, s—Si0,i3, KAISIO,» 5348
FTEZEZEDANERICRRZDLEELISND,
o THEEE LToORME R T 5720101,
KAISIO, # % < R X ¢ KAISLOs B S ¥ 7
WZEDNRETHD, 3BOT77A47 vy adis
EoMEE A5 £, KAISIOZERT 2701213
ALO, B2 D B L TWwah, %7z, Fig. 4 OF
£ K,MgSiO,DERBR sn/cd, BE=0D
Wh & LT ALO, % 7213 MgO % 5 wt %N
U7k Run 8 ~13TH %, ZOREZ NS D
mingh b c—K,0, s—Si0, ZHEins ¥ 550
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1 62.6, Al,0;50, KzC0332.4°%
E 62.6, AlDy 50, K;CO5 32.4 %

Run 8 K 950 °C, 30min
Run 12 K 900°C, 30 min.
K
S 4 S N - D 3 S KK s ¥ K K
T T T — T———
I 626, Mg0 50, Ky,CO4 324°% E 626, Mg0 5.0,K;C03 32.4%
Run 9 950°C, 30min Run 13 900°C, 30 min
M M ’ '
f:ﬂ { Cll M, .G T bﬁ |'rl |l| Mt"Gl
T 1 T T T T T
T 62.6, ALO, 50, K,CO, 324 % gu:&?}. Al203 5.0, Ca(OH);4.3,K;C0432.4%
Run 10 950°C, 30min ’ 900°C, 30 min.
o A C 1A A AC
| A cl:l lA A ) JA T T T T T T L
T T T T U T T
E 58.3, MgO 5.0, Ca(OH); 4.3, KyC0332.4%
T 626, M@0 5.0, Ky,CO3324% Run 15 900°C, 30 min.
Run 11 950°C, 30min l “
M M C.( M 6 C
s 20 25 30 35 40 45 {(28)
c } : M G

1 Pt

T T T T T T T
15 20 25 3 5 4 45 (20
° 3 0 28 K: KAISiO, S:Si0, G:Mg0
K: KALSIO, A: AlLLO; G: MgO M: KzMg@SiO, C: K, Casio, A: Al0,
M: KMgSiQ, C: K,CaSiQ,
Fig. 5 Reaction of fly ashes containing Al,O, Fig. 6 Reaction of fly ashes containing Al,0;, MgO
and MgO with K,CO,, and Ca(OH), with K,CO,,

Table, 2 Dissolubility of Fertilizer (wt%;)

Run Sam. FA. ALO, MgO Ca(OH). Fe0, RM. K.CO, FT. Time | cK0 w-K,0 uwKO tK0O sSi0,
1 I 67,6% % % % % 9% 32.4% 900°C 307 18.7% 2,9% 0 9% 21,6% 22.3%
2 I 67,6 32,4 950 30 18, 8 1.8 0,9 21,5 23,9
3 T 67.6 32,4 900 30 17,9 4,3 0 22,1 22,5
4 T 67.6 32,4 950 30 1.6 3.5 0.9 23.4 24,1
5 E 67.6 32,4 900 30 16,7 4,4 1.9 23,0 18.3
6 E 67,6 32,4 950 30 16,3 3.0 2.8 22,1 18,2
7 E 65,2 34. 8 950 30 15,8 11,9 2.1 29.8 23.8
8 I 62,6 50 32.4 950 30 21,0 2.5 0 23,6 23.8
9 I 62, 6 5.0 32,4 950 30 22,4 1.7 0 23,5 26,8
10 T 62, 6 50 32.4 950 30 21.7 2.5 0 23.7 23,4
11 T 62,6 5.0 32.4 950 30 22,5 1.1 0 23,6 28.9
12 E 62,6 5.0 32,4 900 30 17,7 3.9 i.5 22,9 18,5
13 E 62,6 5,0 32.4 900 30 20,3 2.1 1.4 23,8 22,5
14 E 58,3 5.0 4.3 32,4 900 30 21.3 2.2 0.6 24,1 20,4
15 E 58,3 5.0 4.3 32,4 900 30 21.3 1.9 0.8 24,1 25,8
18 T 62,6 5.0 32.4 900 30 22,5 2.0 0 22.4 25,5
19 T 62, 6 5.0 32,4 950 30 23.6 1.3 0 23.6 26,9
20 T 62, 6 5.0 32.4 900 30 22,2 1.7 0 22,0 25,0
21 T 62.6 5.0 32.4 950 30 21,5 1.5 0 21.8 26.9
28 T 58.6 1,7 5,2 34,5 950 30 25.6 1.6 0 26,2 29,7
29 T 58.6 1.7 5,2 34,5 950 60 26, 4 1.3 0 26,4 30,6

ERTD 51, B2 MgO OFESNEL ¢, c—K, RL7, 2he il k3 & ALORIOBE I, £,
O 20wt %BLA L, s—SiO I3 HmE 29wt %D b D3 RGO ALO; R sNE Z b H 152,

feni, IhsOXBEHFFHRE Fig. 5, 6 KAISL,Os DAL R & 17 v, MgO BN B&
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i, KoMgSio, 05 g»Hm< Rah, iz, KK
I MgO OERBREONL bbb, 35K
I, TTWK,CaSiO,D&ER DR >z,

LEAFHERI L 3 & ERF O CaO 343t &
R TiEW®, 202 L c—K,0, s—Si0,»8
BiNL 2wER—D2TidhuwheELoNl, &
NEFEND B 725 AlL0;H 2 v it MgO D fifr e
Ca(OH), #4.3wt SIRMML TEBE »{TR -1z, %
DOFEE % Runld. 15127R L7243, CaO O iRMD
BN & picELD STz, Fig. 6 DZFh e D
XGEEITFERE» o bbb X I, ALO+
Ca(OH), IO 5 E I ik K,CaSiO, DK & &
ORFIIED ALOsH R 5 iz, MgO+CalOH), 7k
MMDBE W ik K. MgSiO, D AR b E 5D R KIS
D MgO R &Nz,

W2 OMICEAOEMY E LT Fe,05%, &
SIBLOWRMY & LR (ERS Si0,, Al,
0., Fe,0.) DR IZOWTHET L7z, 2h > OfE
$% 4 Table. 2 =R L 72, Runl8, 191 Fe,0;% 5
IR T 3%E, Run20, 2113 R % 5 %R L B
Th 50, b c—K,0 1220wt %L E, s—SiO,
E25% L BB L T2,

INETOEBRRERLS, 7747 vy 20K
SEBEFUCRERG2EMNT2 itk D, B
BoOBErETE L2 2 o8l Mt o/, T
hbb734F7vyattAVE KO »5
KAISiO,, K(Al Fe)Si0,, K,MgSiO, % % \»id K,
CaSiO L EOHMEER S L1 DWCTRET S
&4y, AlOs, Fe 05, MgO & 533 CaO 2z
LTHIER #8E 42 & c—K,0 B £ F s—S8i0, 78
mET 2, -2 s0EIMBKRSFHET 2 &,
SFEO/NSVLLOELE-EEORMK L 5 E
WEIS% e D18, IWMOMRBRKICR S, T
bt MgO, Ca0, ALLO;, Fe,0,DJETHIR MK
B\, CAREPDERD Run28, 29TH 5,
FRBOMIIZ S 512 MgO #HEMLI- L 25, ¢—
K.O, s—SiO, #REWICHEREE 2 I LHTE
Foo WEDHERI O 7747wy a®FRET S
e 5 ) RO SLE I Y - Tk, Fe,05, ALO,
¥ L U7 AU LHESERBRY MgO, Cal) @
Frsic kb, 747 vy FROBERHDT
iR 2 7 V7 —T& 2 RBLEE, 35612
T I RSO BEEREY T H 5 MROBE R A
WDOWTH DD EHF,

2.5 #

oo

SEEO 747 yyakEfle LToElE
B4 ) IR ORLEREE 21TV, ZORBOWEIC
RO HHENNCOWTLUTOZ & 2HHS I
Lize 28, #VIEELTIE K,COs %7z,
1) 7347 vyaiey L KCO,OEBEEDAT

i, c—K,020wt %, s—Si0, 25wt % D IR

HHZIZEL W,

(2) ZEMEREY UM KAISIO 2T 3 7
WX, 7747 vy ahid ALO T A2 L
TWwbDT, ALO;DWINL 7 IEME DB I iF
LW, LL, ALO;OEHEMD AT c—K,0 i3
20wt %ITET B3, s—Si0, 1326wt %IEL &
Vag

(3) 7aAhY) LEeEREY Mg0, Cal 3O
b, 7BEHEORBCITLTIFE LY, B
MgO DOEM»BEHERSH D, c—K,0 1322wt %,
5—S10, 1329wt %IZE L 72,

@) Z7iErEERTEYIR KAISIO O iz K(Al,
Fe)Si0,, K,MgSiO,, K.CaSiO, T# % Z & »38H
B 0Tz, 2D AlLQ,, Mg0O, CaO R
LLUTHt, w7327 vh—, AKAR
ORI LD, EROBEPIEFHFTE S,

(5) WO E LT Fe,O 2 FALEEE T - 72
£ 3, ALOIRIN & FIARARIRBTD 517z,
FOFRICEIE, TUVIEHOREENTH D
REOFIFA%EE 2 THRINEBEE{T R o7z & 2 3,
c—K,0 1222wt % ,s—Si0, 1326wt % D JEk %
BET B I ENTE R,

6) 77947 vyvakRERed s 7ENERD Y
BRSNS Iz H 72 - TiE, BRI (ALO;, Fe,
0;, Mg0O, Ca0Q) DEB X UBERENG (BE,
) OB LD, 754 T vy aDEER
MbFERHER 2 7Y 7 -T2 2 REBLE2E,

BEH
1) EIBE - BEZERR - sUHFET - FRE=RE
NE, Vol.19, No2, P.31 (1984—3)
2) BRYESEER - AHERY - EIUBE - FRE=HE
EZITZEEWMREZERSE, P83 (1983)
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3. EEEANYIEMOIEHRER

TlRE - GHEE=E0 - BERT - fBIEILA

3.1 #%

il

HENDO K IFERE VI L - GRIKXL D
BEE LIRS VBRI 2R L mRFER (1 18)
O 1 FEDOEE 3O 7 IBHIERE H ) JER R (i
FEE L, Zhs 20 UIEY % B L 2 ORER)
WO W T HEBRRET U e, FERIRAER 13 At iEE T KA
BEEFEBILO N 7 ABENTIT- 120,

3.2 EBAEH

EERCHE L SEOEE T80 THD,

ity c—K,0 (2% 7 = oBiciH+ % K,0)

21~22%, s—Si0, (0.5NHCI i+ 2 Si0,)

25~26%TH 5,

(F—1) A% Fly Ash69.62, MgO6.4¢2,
K,CO, 40.08, 920°C, 30min hn%y

(F—2) EH Fly Ash 68.02, Red Mud 8.0
g, K;CO, 40.08, 920°C, 30min JI
#

(F—3) TS (118

3.3 EBFHE

AT AURERT a/5,0007 7 A AAw b EFH,

ATEOVEY) (597 70—, T4 LFE, Fa2v
U, F¥b) 20 & EIERO BB 2 1T o T,
Rt BREREHRR L TH B,

R DR KO0 E LT EED VIR

Table. 1 Amount of Fertilizer Applied

applied (kg/10a)
Plant
N P,0s K,0
ladino clover 4 20 10
barley 12 20 14
cucumber 20 20 20
tomato 20 20 20

B, P,ORE LBV »BAIK Ca (H,PO,),:
mCaSO, (m=3~4) #NE L LTHFZEZ (NH,),
SO,& 2 WITHHEEAK Ca (NO,), « 4H,0 % v
7o MEAREIZINYREMREEEE R T R, HERE
BEERERL THRE L, Table 1 T3S &
HEE® R T,

3.4 ERER

FERIZI9844E 5 H~ 7 HiZfTh i, HIEEBIT
WOBEDTH B,
5,724 B X URAE
5728 Y7 0—nBEXUTA LY
6730 FavU, hv oI
T4 FALFINE
76 T2 u—sIULEE
Photo. 1 iz —ffll& LT+ 2™ U DET RN %
R dBOFWIIERE S ICAEERHEL,
;ﬂ%me%M%Lﬂ§@L#%¥%Eaﬂﬂ

Phot, 1 Cultivation test
No. 1 Tomatah Mg0
No. 2 Tomatoh Red Mud
No. 3 Isogo fertilizer

Taple, 2 Dry Matter of Grown Shoot (g/pot)

Plant ladino cucum-
barley tomato
Fertilizer clover ber
F-1 MgO 4,93 13.83 19,10 21,22
F-2 R.M. 5,34 13,73 17,29 22,42
F3 1 5,02 13,91 19,24 21.90
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Table, 3 DM (Dry Matter) Index

ladino

cucum-
Fertilizer barley ‘ tomato
clover ber
F-1 MgO 98 99 99 97
F-2 R.M, 106 99 99 102
F3 1 100 100 100 100

BHEE L7z, Table 2 o EEBEHO R > 247
D DEHE %, Table. 31 F — 3 2100 L7235&
@ DM e ==L 72,

InenT—Fe 3EBROES KT 3
L, 2%, F—1 (Mg0O) £ F—3 (FAER&A)
BIErAEENZY, F—2 (RM) TiE, 7¥
Jra—nNEF a2y T DMBEICEND S,
ZDDH BTV 7a—nN"TIR AREORBENK
L, TOEVOFTEERENITEVWEEZI SR
B, FavVIZDWTIE, EE L LBEO S
ReHbETEZLLILEND S,

VERIR DR EEE % Table. 4 \RT, - ORE
Bz ks, #EEMOBEREC LS TEMIIEE
AZBanTtsy, EEEOEEEZEZRD S
N oi,

3.5 #%

HEIRERO7 7247 vvaziBel, 7

BUEEERR A ) fOR O EEM TR T 5, B
EEBERCINE, 1REBFUADTIA4 Ty
Yahr s EOROLIEHRZETE koS
bhTwad, ULrLareBEoaAEL2MAwe-%
AT ET i D S LT a0l A5l
MEND K IFEBIOARK 2 FEE U TEE
N BB ) IEROIEZNZ DLW TH#E» D % H
WEF-o> TiITbiiz,

EERICHE U - JERNSE, (ERIK I MgO %2R
LTEREL SO, QIERKICHRBEEMNL TR
LD, BLUHEDLEHE) I THHERER
DIBETH 5, BohfHERITROEY Th 5,
(1) S o8 U 7 HER - TR O ERhic s

BERFED s o)z,

(2) EEREYTHIREBOBMRHEO—2LL

T, IERAOEIMEERSH - 72,

B
A RER VL BRI iEE ST R AL B RS RS T
bz, EEROHEE S H - HIEERMBRE
PERIER, HifGE =P RCE s
LEF2,

BEVH

BRTEZERD « EER - PR =HE
HAMELFESEEE (1985)

1) s -

Table, 4 Nutrient Content

Nutrient Content ( % )
Plant

part Fertilizer N P,0; K.,0 Ca0 MgO

ladino clover shoot F-1 MgO 2. 88 0,58 5.65 3.89 0,57
F-2 R.M. 2.95 0,59 5,63 3. 68 0,53

F-3 I 3,02 0,52 b, 44 3.94 0. 56

bartay shoot F-1 MgO 1.94 0,54 5.13 0,72 0,25
F-2 R.M. 2,02 0, 57 5. 09 0,70 0,23

F-3 I 2,04 0, 5b 4,99 0,71 0, 24

cucumber stem F-1 MgO 1,99 1,23 7.16 3.66 1,18
F-2 R.M. 2,02 1,16 7.33 3,48 1.09

F-3 I 2,17 1,17 7.11 3.86 1.18

leaves F-1 MgO 2.47 0,55 2,44 3.40 0,78

F-2 R.M. 2,38 0,50 2,31 4, 04 0, 82

F-3 I 2,36 0,51 2,21 3.76 0.76

tomato stem F-1 MgO 1.55 0.51 5.32 1.75 0. 59
F-2 R.M. 1,58 0.63 5.44 177 0,56

F-3 I 1,57 0. 65 5,37 1.93 0,63

leaves F-1 MgO 2,32 0,39 2,81 3,98 0, 65

F-2 RM. 2,30 0,42 2.81 3,94 0. 60

¥-3 I 2, 3b 0,45 2,81 4,21 0, 66
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4. BIEAYV T LERRIREEFC T 3 EHEERER

BIBSEED - IR - RIS - =0

4.1 #

WA, HREN TV 7SRy VDR
U RS UTkER S U A REES Y LR
FROTWA L OEMTHDZ, £27T, TAME
W ERE LT, BEfixiEs) v azHn 38
WAL, AR TR ARAEREZ LT
ERIGH ARAVDL I LD, AU LE
A VL Ul BIFG 7 R ) BBRO 7z 7
BEFEERWIZLI-OTENESHET S EED
W, REORBEIET2EERERI DL TR
A4,

4.2 EERHFHE

(1) BhERER

Fig. l CEBEEOBMS 27, RIGEXAZE
B AEBREABIRIEHRBE TH 5, KELRITH
170°CIZ B L Fe A A Ao Ao ER R Y 7Tk
OHFFEZFE L THEET 5, RICICEI DAL
HC A R4 N7 A TEIRL, # O pH
A=F—I0iTd, R 7747 v a ki
4V 7 AOREY A 0 7 LEINE T K0
HET22%) WEAT—ADNA v — 52T

QTherm(.n:ouple

nser
o \

o]
Contral © O/'S‘:"“Ple
thermo. o| § []

CaCly filter
1. |

o ,Furnace

° S
0| Water trap
PH meter

Manometer ~—Quartz reactor

AN
o
&
3
-3
]

Pump

Water
Oil bath

Fig. 1 Apparatus

EF0.25~ 1l micER LD Th 5,
ERGIEEZ, 23ER5.08 2 RINE AR,
HAEAODSH A (Ar, Q,, CO,) BZFHIL M
S BERUFTRINE 2L T < 550°CTRER
PENCEALRICRFABE T, 65 FEES
HEFE L, RREIREE (730~900°C) WKCHBRUHE—
ERHRISZ2ThE 5, KISELSTTLHHA
i, Kt 7v7ECaCl,7 A VT —%FE>TH A
A= —ZEmp b, RIGHKE TR AR L
HDTRIGEZZNL, BEERITE» 6RO HL
THEIT I

AEEEIT & 2 MBI KRG, VAR
EEDOEELZTB, #2C, TNoDEELXT
fHEENIC L DG LI RR, FEREMFR YT A Lk
RILOMERE1 12.5—-TF& L, BHEA2E NG
BEZBASTUnf O 2{EE L7,

@) DHZE

RED ST, EAREBITRERRETT IR
(1967FfR) FWEEE N T W50, KIFEIZE
TR, FERET 7 A=FHNEERE (ICP) 21
WA RESATEIZ L DT 570, AoEEIC X S
SHTERFEY S L > THISNTW S,
SMEBRUTOLOTH %, (V7 BMEY
U I30°CD 2 % = vEKBERICIBEE T 5 K0,
C)ARBEEA Y (w—K,0) : 3C°CORICEH T 2
K,O, (3)aJ¥E1EEER (s—Si0,) : 30°CD0.5NHC]
KRB IZEH T 5 SiO,
LEOORER» W) 7EES Y (c—K0) -
EVEEA ) OKEES Y BE LWz 0,
GIEE7 Y —K0) I FBoEr ) v ads
EIZEEHAVEELF Wb DR ERLEFNKDI,

4.3 ERER
(1) RicicET s8R

ISR VRN, 75 A T vy adho
HERE{Em e mmLU b I {be s BRIET 2
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c-K;0 u-K;0 s-Si0;
g+HO © ® >
Co,+H,0 O [ ] n
Ar+ H,0 A A A
20 - gas:steam =1:2,5 , 2Unt
;\: react. time  60min.
— 0
- ! ]
2 A
€
B— 8 8
. A
A s v
0 ] | |
800 850 900

Temperature (°C)

Fig. 2 Effect of ambient gas on the yield of
c-K,0, u-K,0 and s-Si0,

LWk oTET B, ZOIEMERICEE LD
SN Lo THIESNTHE D, K,00ALO,2Si0,
EVIMEE D ORRAKRDO—DOTEALI LEZ
ETWwa, LAV v a%HVHE T HES,
WD &S E GRS EZL 5N D,
2KCl+(ALO, + 25i0,)+3- 0,

— K,0 + ALO; * 28i0,+Cl, (1)
2KCI+ (AL, * 25i0,)+H,0

— K,0 + ALO, + 25i0,+2HCI (2)
2KCl+H,0 — K,0-+2HCl (3)

WO RS RGEE%1,000Cic LTHIEE A
PETLEWI & 2HERLTWw5, L LRDK
2 750°CLL E TR s c T L, 500°CHETH
HFE HCl BSERE S 3 HC ORI LE
2 B30 RINIE1,0000CT d B TIRET LR

Uy,

(2) HhEEER

AT, KERDBRIGEARRTHS I &
BRATRI A, EFo A REELLES, K
BREERD 2 W ITRBEFE T A e AL T
wEnks, 22T, AFESABORECDNT
WETT 5728, 0,, COH A ZHE L 723535 D IER
AT DN TRDIFEEMFig. 2 TH A, £72,
D0 Ar FAEFERLLBEEWEDOWTHR
AT

R TH 5 c—K,0 B X U s—Si0, D adft

100 20
0,H,0=1:25 , 2Umt

react. bme  60min o
@

o
/ i 5=-5i0; o

@
AL~
o A c-K,0 10
\ _Z6 o
W—Kzo e} O
/f—u——iﬁ?_\
e L I
%th«zo ¢
i N A
700 800 900
Temperature { C)

initially added K,0 (%)
(S)]
(@]

Content of s-5i0, (%)

fraction of K,0 to

Fig. 3 Effect of temperature on the conversion of
potassium and the yield of s-SiQ,

100 20

—— 850°C  0,.H0 =1:25 , 20,
is.sioz 2 e ™

-—-730TC

TR

»
i)
w
o
)

9.3
[o=]
i
’
;

410

fraction of K,0 to
initially added K,0 (%)
;%%
=
\ o
I
I
i
>
!
!
R,
S
=)
;
Content of s-5i0,

0 60 180 300
Time (min.)

Fig. 4 Effect of reaction time on the conversion
of potassium and the yield of s-Si0,

BERICAT 2EREE, Ar VY ADRER L O,
CO M ARFERLUIESb M Eon s,
% 72 KGR 2800~900°C & 2 2 T b [k s 5
Tholz, ZORER»S, UTOERBRTEY AE
% Oy & L TEEhRET L 72,

Fig. 3 BB E 1o ¢ 2 BRSO ERE S
ROTAERTH 5, HhH V7 ADFA (776°C)
AN 297500 C R EIC, RIGOBFIZER 3,
s—SI0, X700°CTHL0% TH % 238, T60°CT LAY
16% I, c—K,0 i3, R KISz iinL
Fe ) B L10% 4 550% F THEML Tw 3,
e DS DOREIMEHIE L TR KEED KCL iz
HKT 52 w—K,ODER# - CE L,
BOCUEDRE TRHRRIEHTERZL Twb I L%
TRLTW3, 2D ki, s—Si0 B & U e—K,
O DAEREMTS0~00CCOEEHFETIZIT—ET
HHIehsbbird, LrL—F, RICERE
TEAV T LOEZENL, S5 REES VR
HYOELRI20% EEIML Twa, ¢c—K,0 %)
REWicERS ¥ 220123, Che0ELRHES T



PEPDHD, TOENT, RINERECHT 5 RIG
REOBBIC DWW TR LIERSFig. 4 TH
%o

RIGEE #850°CE L 228, s—Si0,8 & f
c—K,0 13 RIS 212093 T % 2 1 §916% , 42
%DHERME SN, &5 KIGHEEERX L6057
ELRBEZOBIME LY » TH o1z, RKIGH
VI3 RIGEERI20 TR 7 % & iz £, RS
M3 BRWAERLNE N, £, FEES VLEY
L RAANDEGR S 205 TITIFRIRIL T b,
—4, BUCORIGRETIT>7:%H5, s—SI0,
OERE TGRS & & I MmL, 5
T80 COIER LEBETH o7z, c—K,01CD
WTIRRBROBINMS R 515 b DO DERKEDHEXT
fEi/ha <, 5EMTHLRRIED KCl i D%
BLTWD ZELORIGHFERZL TniinI b8
bnd, LrL, TEED ) OERES & UH0R
Uiz U BI13850°CIc B B R 25 2 AT
= A

KClo 7 #E{tFE2 35 0E s 2 BN TR
(MgO, CaO, ALO., Fe,0,%) %inx /- EE%
To7. KCIEINE % B0 EE & FHk K,0 fH
T22% & —EW L, 2 &I MgO, Cal, Al
05, Fe,0,, AV v %7547 vy akZhdh
b %BEAZ TERZTH 7z, Bl 2hRIZ K
FRESE, BOCTIS0AIIE L Kt 21T - 72,
R U TR Y BB O S O SaTE N, EIn
WEEREFEEAYRSNT, t—K,0418%,
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ThHolze COMBEFTIMID 30 Fig, 2R L
TR CIZIFERTH Y, H-T, AVEELT
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— K,0 + ALO; + 25i0,+2HCI

(2) 7EMEH Y OEREICTT 2 AERICEET
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750~900°COFETIFIF—ETH > 77,
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BOSBEASENIZ E D n,

(5) IRIE TEHESNIIERES 7 BEA U IRHI10
%, ATYATEEERR 13916 % THRE R I 3 E L ¢
Wizvads, KCl & AT d 7 e s ) i
DEEENTFIEETH 2 BE 2B,

BE M
1) BBVAER - BHEEE - EILRE - P
LEILFHEEMREESTE, P83 (1983)
2) FEZER - RS
Hib - sHbdniEErafRSEEE, 19824, P10
3) HINRE - BIEEER - BHEEY - FESER
v Vol19, No2, P.31 (1984—3)



(40)

EIH H7RAEEMOBLEHRER

1. 7547 v>aOREE{LHER

BBIL F - EINRRE - SRR

1.1 #
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1.3 EEBRFX
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FYRE L 725810 € % 721280 8 I BRI R K10
wt %2 REL T, REASH (MR I
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¥ (B E20ke /o', 1 S3FERRD) R, HEiRIC128E
LA LBE U CRERCFIER & Lz,
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ki Bic 7 s 8% LE, oL lEs
& OB FPF200 X 200 X 200mm) 2 &
B, IWOFHTHERKL Tz,
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AR 10°C/min (BERGREE
~500°C) B) B{nE=R
WA (500°C~= i) AEHRE (600X 100mm) % BERksE, [ % FEE
EID L, FOEI DWW CORERGEER (GE
1.3.2 iRz TE R BARIE, FEFIE TE ShothermQTM —D) 12

BRI DREB It O W T B2, FHE
b, »3&E, [ERE, BEERE, TEaE 2§
EL,

(1 EE%ft=
BERETRORMOEEN SFHE L 12,
(2) BEEHE

BEERET O EMARR 1L, BEERTOHABOE R,

Lo THIEL 72,
6) IEHEaE
AEHEERHEL R S Ea FRCHL T
HE B (10X10X10mm) ZE70 H L, #E5
M (ESAMAICEERE) BLUOEAMCOWT
A YA b o EERERE X o T, EHEEE 5 oo/
min TEIE L7z,

EEMSFE L. BEREOREMETRIE, BRI 1.4 ERBEREBIUEE
Lo THEBEPER L CFRERCR L0 ,ﬁﬂ@
HEKEE2WE L RBHAR & Lz, 1.4.1 BEREORIRIREE
7347 v va (FA) Xwt %, #5 A (PG)
3 Hr&EE Ywt %, KTZA (WG) Zwt YoESHEEOR
PEEEE, FHEE, A oTE L, Be (X—Y—-2Z) ££b7,
TIAT v a, HIAE, KH T A ERL0wt %
@) saE FIZECE Lo FARE (EF30m) O FPERE
BERC R OB O SIREE, HEZE0mn THERL L 72 BT EERE GARLEE) # Fig. 1icR7T,

Afte 2 2EIL, OFIEEERBEMEICERE, B

R (80—10—10) OARE X ITERTETHED

EiRE L THEL ., zfbnie <, BEBOPERATHE & 1E 18T 2,
;:g ?g zu7|0|o 30[28] 10 401305]020[ 10507 40] gg T20] 1o | 40 [ 20
c\woj 10 |10 [ 20 10|20 (30| 10| 20 | 30 | 46 [ 10 | 20 | 30 [ 0 | %0 L 40 [ 60 ]
600 L) & & @
- ® 080 ehHDHe D&
750 L2 @@ @ ‘@@‘ y
800 @@@@@@@@@.ﬁ@@ A 7
@@@@@@@@@0®@@@ , b
| 0C0PBPPOHRORBO O )
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w000 OBDHHH O @
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FA:Flyash(wt%) PG:Powder glass(wt%) WG:Water glass(wt%)

Fig. 1 Foaming condition of firing sample.
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Fig. 2-a Relation between firing temperature and bulk

density of firing sample.
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Fig. 2-¢ Relation between firing temperature and bulk
density of firing sample.
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Fig. 2-e Relation between firing temperature and bulk
density of firing sample.
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Fig. 2-b Relation between firing temperature and bulk
density of firing sample.
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Fig. 2-d Relation between firing temperature and bulk
density of firing sample.
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Fig. 2-f Relation between filing temperature and bulk
density of firing sample.
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1.4.2 HEE|E
ERBOLBERIBEICS T 5 » X EE % Fig,
2@~(NZRT,
oA (90— 0 —10), (80—10—10), (80— 0 —
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10), (50—20—30), (40—50—10), (30—60—10)
BN ZTHORIBEBEREE B TESED &
Na, InoloFEEs a5 EGIRE T8
T EErEEs s s HTEANS, £128
R DFERHIBERIBE D LR fi- T, BEA»S
WMEZET, »PEAEENBEIL, BE G »
BEINZN, 7747 vy 2DEEOEES
DL (90— 0 —10), (80-10—10), (70—20—
10), (70—10—20), (60—-30—10), (60-20—
20), (60~10—30), (50—40—10), (50—30—
20), (40—50—10) i, SEESHEREE: THE
(1) KR L Cw b, ZOMoEHIESE AT
WEICELLOL, 2N LI O ERRE CIHE 8
A GBESTES Sh, B EESHENT 2,
IGEEENES s wREEBOT L 754 7
v ¥ 2 DEIG OV EENE SRFA T,
BOREE % & 5 ICER I T ISR BT 3
EHEEZND, 5T, ERHIEREED LR
R T, E-RER (BW) IR OFRD @
Belh, ThzTniEAE (BA) F10FT 2
BERIRESH D, 7547 vy 2 QEESHREAT
PIEEXTDORENEL w2 EMARDNE, 7
FAT Y a2 HIARBEENEL D EHIEER

2,50

— ]
peal =
f=) S
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BULK DENSITY ( &/cm® )
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|
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Fig. 3 Relation between firing temperature and bulk
density of firing sample.
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B Ul SRR T 3 BHRESERT T 5,

Weight Toss ( % )

‘7347vy1$%,ﬁ5x%%%,7547
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DEFERBRE BT 23 EE% Fig. 31077,
74T vy al3950CE THREEMITIEL AL
% <,950°CLA L TIEAHE Z D A S B EATE AT
Bo H T A iF650~T00°CT & i 1o IV K5 L,
750~800°C T — 2 iz L, AL FOBEETIX
WREGT 5, 7747 vy a2a—#5 ABEER
BHI1,1000CE TIRKE L ThH X BENEIL,
LIOCCHUETHA T2, 5T, 7947 wa
Bk, 77 AR, 74T vva—FIT 2%
BEAEEEE, »IFRid600~1,000°CIe B LT
HEERD LN, 7547 vy a—kH TR
BEawehd, 8EKke b, BRR»IHE, B/lbp
BWMEWET B HEGRES S DAY 7 A DE &
WAIT 212 SRR ENCEAT L iR/h o SEEHET
THERRD L, 20D E 51, 1000CTDH
WRAAZ ZARET 20D EHTEINS,

1.4.3 BEXI(

BERIC & B HATLR (BREORHES
FRRTDHRVEE) O 8F % Fig. 4 10m¥, 3tk
LY EWRRE CEEEMMSE LA LED SNk
W3, OBH S BERIEE T T B E
BTLTED, ZhoDBRERTRIZEALES
ZAE2IERD & e, BH (30-50—20), (30—
10—60) 12D\ T, FB~600°CI2 B 1} 2 BEBAAL,
ZHFR T Fig. 4 R T . WEEFEL o2 0 H
L, 600~650°CE T T LT3, ok
MOBUOBEMAETRT D L#FE S5, Table,
LIZSRABIOBERIC & 2 BB ES X U8/ b
SEEE FOROBERIBE ST, 75 A K%k
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Fig. 4 Relation between firing temperature and weight
loss of firing sample.
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Table, 1 Weight loss, minimum bulk density and
firing temperture of firing samples,

Sample Weight Minimum Firing Sample Weight Minimum Firing

FA-PG-WG loss bulk temper FA-PG-WG loss bulk temper

density -ature density -ature

(wt%) (%) (g/om) °C) (wt%) (%) (g/ar) c)
0-100- 0 0.3 50- 40-10 =11 <0, 57 >1100
100- 0- 0 =2 50- 30-20 =14 0.6 1000
90- 10- 0 2.5 1,22 1200 50- 20-30 =24 0.36 950
<0, 65 >1300 50- 10-40 =25 0,32 850
90- 0-10 =10 <0, 91 >1200 40- 50-10 =11 <041 >1000
80- 20- 0 2.2 1.16 1200 40- 40-20 =13 0, 37 950
<0,99 >1300 40- 30-30 =15 0,29 900
80- 10-10 =11 <117 >1100 . 40- 20-40 =26 0,27 800
80- 0-20 %17 0, 88 1100 40- 10-50 =21 0,23 800
70- 30- 0 2 1,26 1200 30- 60-10 =10 0,36 850
1,30 >1300 30- 50-20 =13 0,22 850
70- 20-10 =12 <1,01 >1100 30- 40-30 =20 0,21 850
70- 10-20 =14 <0, 64 >1100 30- 30-40 =17 0,24 800
70- 0-30 =19 0,63 1100 30- 20-50 =19 0.22 800
60- 40- 0 2 1,41 1200 30- 10-60 =28 0.19 700
1,83 1300 20- 60-20 =13 0,19 900
60- 30-10 =10 <0,91 >1100 206- 40-40 =24 0.21 800
60- 20-20 =15 <90,42 >1100 20- 20-60 =27 0,18 700
60- 10-30 =13 <0, 55 >1050
60- 10-40 =11 0.38 950

FA : Flyash, PG : Powder glass, WG : Water glass

13650°CE TIWH0.3%, 7 I AT vz HIRiE
650°CE TR 2% BEL, 7 EORE TIZIE

LACHEBBROONT, 77AT vV a—HT Fig. 5-a Relation between firing temperature and pore

ZEHEEEE D 700~1,300°CTH 2 BOWE R R
TOT, BRRDOREEHIATZ AL T
WwWa, TR L- XS, AT ABEEK, 77

size of sample ( flyash 70 wt %-powder
glass 10 wt %-water glass 20 wt% ).
(scale : 1 mm)

4T vy a—H 7 ANBEERENZ11000C E THIE

DEEINRZTOLOT, BEHRIEFALT T ALLDS H I ARMEENIEEY 7 AMEiL, [l
HFARECERATA LD LHEERNLS, Table 1 OB > TR Z AN L BT ARE UAD BTz

WWBWT, KTT7 AR EBENHIGL TV, DEEZBENDL, F1AHTARRESENZTVLES
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Fig. 5-b Relation between firing temperature and pore
size of sample ( flyash 60 wt %-powder
glass 20 wt%-water glass 20 wt% ).
(scale : 1 mm)

OF ) o ¢

1000 °c &3 ‘di

Fig. 5-¢ Relation between tiring temperature and pore
size of sample ( flyash 50 wt %-powder
glass 30 wt%-water glass 20 wt% ),
(scale : 1 mm)
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Fig. 5-d Relation between firing temperture and pore size
of sample (. flyash 40 wt %-powder glass
40 wt %-water glass 20 wt % ). (scale: 1

mm)

.Table. 2 Bulk density versus firing temperature for
firing samples contained water glass 20wt93,

Sample Bulk density ( g/ar )
FA-PG-WG Firing temperature ( °C )
(wt% ) 750 800 850 900 950 1000 1050 1100
©80- 020 . 1,46 , 1,52 1,09 0, 96 0. 88
701020 CL12 1,39 1,26 1.18 0. 96 0.77 0. 64
60-20-20 S P51} 0, 88 0.75 0. 59 0.52 0. 46 0, 42
50-30-20 099 079 0. 66 0,53 0.46 0. 46 0, 46
40-40.20 © .- 059 . 0,43 0. 38 0,37 0. 43 0. 46 0,71
. 305020 053 - 0.32 0.22 0,22 0.26 0, 41
" 20-60-20 0,39 0,26 0.21 0.19 0,27 0, 65

FA :'Flyash, PG : Powder gléss; WG :“'Water'glas"s

CHIKS T RRDHINT B LA T ARDH T A
EAC 7 > THRRBHEITT 5 LEX 5N,

1.4.4 SUBR

=¥ (70—10—-20), (60—20—20), (50—30—

20), (40—40—20) OBBERIBE BT 2SR
BE, X SEPEF % Fig. 5 (a)~(d), Table. 2 IZ/" ¥

(Table. 2 W& F (80— 0 —20),. (30—50—20),

(20—60—20) W DWTHED . (70-10-20) X
950°C & TRUNZ RIS BEE S L3 4, 2 SR
FEAEEIL BV, 1,0000CH0 5 5Es AL,
BERRIRE AV 7% B i D L TRESREIEA L T
KRBT 270, HDIBEEMET T2, 20
AR 7947 vy 22X 7 AMTESHZL I
SREALCRBIT U I3 BEMNMET T 5, (50—30—
20) TIX1050°C, (40—40—20) TIZ950°Cr & il
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Fig. 6 Relation between bulk density and thermal con-
ductivity of firing sample
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1.4.5 BnEx

60 > 100 X 10~20mm iZ 5% 2 #700~900°C T Bk
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0.1Kcal/mh’CLAT @ & OEFHTH 07, HEE
OB » S HEE0. 38 /Ll FOEES - OEFE I
Ab,

1.4.6 [THEsHES

BB O» 3 EE L EiEH s O BE % Fig.
TWRT 7 I47 v aDEEDENESL 000
kg/on' & FEEPTEREE 2 R TH, BEMSEITL K
HAREL»SBEMET T 210 0N CEMRERE
DBRAT 5, HESEEIL /i T OREITE20
kg/cn' AT DIEHERE £ % 5

1.5 #%
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TIAT v a e HTRA KA TR B HARKS
£ U THBAEBE LT, RoFERE2E:,

(1) FEHEEREEO LR utE -EE (F
) —IdE (B OWfErr 5, BERSI
RIS’ CTHE T T 2.1 » THEBRFHI BB I
BLTHRAN» S FENGTEET 3,

@) 7947 vy a@STEIEONTRI,R
HEMETL, FERRENMEL 25,

Q) PEEENMET T2 &, BYRER, FiF&aE
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Fig. 7 Relation between buik density and
compressive strength of firing sample
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BEXE

1) EBr#E—ER  Z=HEE, 65, P.210 (1957)
2) BEATHE, B8 O

KR T HERAMTABAERR, 29, P.174 (1978)
3) BT, LB 7

A TSRS, 29, P.294 (1978)
4) BE/THE, BB O

AR ERANRERATZRR, 30, P81 (1979)
5) BANTHE, L% 4

AR TEFMHBATES, 30, P.178 (1979)

6) BT, EB J7:
AR T BHITEBRFTES, 30, P.285 (1979)
7) BRI 2, LT, SRR
RERSRILILEE ST RS ESE (1984)
8) &M W, TH—E, F&%F, & kT,
BT %
B S E ST R R AT S E (1984)
%) ERMABMHRESSFE .
MEIALF—Dn DR, KESFIRE, P.
104 (1980)
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2. 7547 aDMiE{LEER

BBIL % - il

2.1 #

ol

RS EGRKE FR e L O 85& L, £
RIKOFEDFFICHES LI ET2DTH B,
JUNEEKILIK (¥ 7 R) o#ERic DWW TIRER
BERTHEREE, WM7Arh Uiy 7247 Ak
W22 TR AN TEERAMEER AT, JLyEERE kL
IK DREHEALIZ D T AL B 37 T3 BRI 235
LT Wb,

REBTHAORK (7547 vy =) FEAL
TH 7 AR EET 2 2 v ENELT, 75
ATyl BERETE (Tra ) 88s) »
FG, B, 77 AbL, EEKORE, 55555
B, #iR3EE, SEOSIEBEEI D TREL

723,

2.2 RERF*

2.2.1 H5A@HRLETE
7 AHEREEIR D TRRIC & - TR L 72,
¥ R = ot B S i T
v bRk N T A

2.2.2 EBESEH

GIRIKIE, B 1E TR FEECERICHEEL
127747 w2 (A—3) 2EEERE LI,
BT RN AR ALY Y A (CalOH),,
), KEE< Ay A (MgCO,, ) #{#ERE L
7o

Table, 1 Composition of batches,

Component Composition { wt% )

Flyash 90 80 80 81 80 80 70 60 50
Ca0O 5 20 15 10 5 0 15 20 25
MgO 5 0 5 10 15 20 15 20 25

E - AR

2.2.3 AS3RAAHL v bOBEE

Table. 1 W RTHBICR DI LI TSI AT v
2 (FA), KE{bA LYo b, RE< 24
RS, EBEL, 703 YR (SSA—H, 50m
) CEARZ, BERBERFC L - T
1,400~1,500°C, 60~120/3fEvERt L, Brdisl 7 >
TN ECER, BB LTH ALy b RERL
776

2.2.4 H32RHL vy b ORMEER

RN B8 2 BR{EDES) B T+ 2 Stokes D
FEANCE DD | LA EERTFIC L > TH T 2
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Table, 2 Properties of glass fiber manufactured from flyash,
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Specimen Fibrous Diameter Tensile Modulus of Fibrous
FA-Ca(-MgO temperature strength elasticity hardness
(wt%) (c) {gm) (ke/mit) (ke/mr)
90- 5- 5 1230-1310 13.7-25.4 69, 7-180, 4 5345-6775 easy
Average 20,3 128, 5 6060
80-20- 0 1210-1300 6,4-29, 8 86.6-198, 7 5325-6835 easy
Average 14,2 147.3 6060 (fiber cut)
80-15- 5 1165-1300 8.8-20.7 95,3-201, 0 4780~8190 difficult
Average 13.6 151, 3 6435 {fiber cut)
80~10-10 1085-1265 12,2-22.9 75.9-140, 0 5425-7000 easy
Average 17,7 114, 2 5925
80- 5~15 1200-1280 9,4-21,1 66, 6-170,3 5550-7120 easy
Average 13,6 110, 0 6565
80- 0-20 1200-1315 6.1-17.7 130. 9-245, 2 6390-7610 diffcult
Average 12. 0 189, 9 7015 (fiber cut)
Total average 15,3 140, 4 6339
FA : Flyash

SPHINT 3 LSRRI 2 EAX D 5,
Table. 2 IZ&AEEL D EANZ D W THIRIEE HFH
B & ORI REICE T 3 HlEER, sERS,

SRR OFIMEOFE, RSOOSR
T

2.4 #%

il

T4 T v, Bk A, B %
VT AEERESELTH T AMuEE, KEEE,
WA CEER 2 T, DTORERE2E,

(1) #72biz (50—25—25) %Rk <A ATRE
THY, 7547 v 280%,70%DEMNES
TH>7,

(2) BefbAnv ey a, B3y o L0OEMI
L D HEMER TR0 % R ATH -7,

(3) R#g#EI31,085~1,315°Cla BT 7547
v ¥ 2.90%, 80% DKM EIEETH D, (90—

5—5), (80—10—10), (80— 5—15) 2% 5
ThHoiz, Bz A T AEHE D Fryns s »
Table. 2 IZ7:¢,

B

KR EED 2 ICHD, REMEELLTH
RIKD A 7 24b, M#ELCD» THIBE 72720,
Te R CERMERERRAT FEIHNESE (455,
FH AR AT SR B I RS - L 3,

X B
1) #LESHE, MARE, SHEhE, xR, HHHk
ER, FEEE

TEAEL 27(1), P.85~104 (1979)
2) hE—, WA, Fa=k, FEE—
B 7 TR BIE#RENo281, P.141~148 (1982)
3) BT ZFE, EIEE, $HABRM:
EZXEeRIIALEE RN EERLERE (1985)



(54)

3. ARRERERPE LAAZAOMWT VA HHER

B & - snARRAL - ihded - O e

3.1 &

SHEBRT S 2 E TSN GRKROOAIET
BO—2OHEE, GRIKEZFREELTEARD S
WIZEERME S 2 W FORMEIELZETH
2 rBbhd, KB TIRARKZ R CREL
HETOBONIERORLZ ST H DA T AD
HLOHREER T L 2—20HAMCL, =
v ) — hEbE A T AMHEE U CoOTEEE 2R
ND T D7 A U R 2T, BT AMBE (T
T AED Tz 2ENFIOBEE 8, 77 A
{LRESOEME) 7wy ) RO R, ik
fit 7 VA VP T A & OMREHEE 21T - 12,

3.2 EREZFLLUVICER

3.2.1 ARRDHS A5

ARIR & LTI ALET BIFEERTK (7747 v
va) B, TR RERSRRINU 2
FEVERLU 72, ARK EBNEIOFGREELT
ARK . (CaO+MgO) #30 :100~65:35% L,
254z, Ca0 & MgO ot b2 B & w750k
BT VEFY RATNEEMLAZ A4 vy b
PRSI 72, &7 AMKIREEGWRIDY 2 BT Al
OE, Bl B350, 1,250~1,450CTH >
tro BUSRETH] (CaO+MgO) #25~30wt %N 2
7oA, 1,300°CHIR THMS & Ziknkl, 47
2L, HEORWY Ly PRSI,

3.2.2 MW7ZNH)HEREEL D UICHER
3.2.1TBeNEAZ AL vy b EHEKRE Ll
T ) BB U, VA ) IEERER A
S ZMEOR TR, Th VB, B CEER
&I A THEREENAS S EESN D, AT
ZHZ B WL TR IEEAAEES PR WEH TICE Y
LEBRESEHREICEN TS I Lh b, KT
FA105~149 & L, 5% NaOH, 50°C, 1 [

BT 2EBEOREECL VT2,
ASRETHRIO=, & (CaO . MgO DELZ Y

D) ERNRE, B&URME, FREEORLD

AEHI00E I DT LR 7 A4 ) EB T

STHERBBLZFUTOZ &bl

1) BlAEBTH (Ca0+Mg0) DEH15~30%D
HIARENTTT D ) HEETRT O
Rand, 3Bb%BLLEOHENETIEM 7 A4 V1%
BIET T 2,

2) CaOEMgOODEERL I 1 EEET
CaO 3% WIBE I 7 v & U A3 W E R 23
Honsz, Linl, CaO BHDBE X R Ot 7
LAV ERRER N,

3) EREBETHIZ A2 EEIRERMRE LD S0
BEXBEONT 1~ IREH s 2 L7 LD
D b A ERAE S A2, EaETA
B OEFTEREIEER SR,

4) WFAAVEERRLIEIENE L LTHS
NAWEI V= 2— 2, EBR{LHERIITRIKE
FRE 7207 AWCHENMLICEEICS ZOR
BROIB, L, ZOREZEINE %S
WA Z A TH Cad & MgO DIRINE 2 #1412
LiBe, AEs LR L VENEEELRT
BeanRohnsd,

3.3 %

A& T Al (CaO+MgO) OEINE xR & NS
Ca0 & MgO 0EI&2E 2, GRIKOH F A{kE
EOIAREE Uiz, ZORE, BLEBRTHIOR
MEH25~30% DHFE1,250~1,300°C TR
F2TEZZ R RV LI, £l sBiE
DHZAEDWTIT A D EERE2TH, YL
= 2— AEWT AV ERMAES YD RIENE
Bziz iz Th, HUEITHEEDROWYT 7 AHRD
B xRV L, DEORE» S BRIKER
Blrdayo 20T, a2V — ol
A 7 A RO RTRMATED 5 172,



(55)

Sophisticated Utilization of Coal Ash

The aim of this project is to establish the process to produce fertilizer and building
material (glass fiber and foamed glass) from coal ash. This project entitled “Activated
Treatment Techniques on Residue in Coal Combustion Process” was conducted under a
support of Environment Agency.

Abstracts
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part 1
Chapter 1

Analys is of Coal Ash by Inductively Coupled
Plasma Emission Spectrometry

Saburo Ito, Mituo Okeya

An analytical method for the simultaneous multielement determination of Si0,, Al,O;,
Fe, 04, MgO, Na,O, K,O, TiO,, Mn, V, Cu, Ni, Co, Cd, Be and Zn in coal ashes and silicates
is described.

Rapid decomposition of coal ashes is achieved in a vessel made of Teflon (Du Pont)
without volatilization losses at 115°C, 1 hr with hydofluoric acid, hydrochloric acid and nitic
acid. The solutions were analyzed by inductively coupled plasma emission spectrometry.

The method was tested by analyzing coal ash standard sample (NBS 1633a) and several

geological standards.
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Chapter 2

Properties of Coal Ash in the Thermal Process

Shohei Takeda, Hidero Unuma, Takashi Tsurue,
Sogo Sayama and Saburo Ito

The basic properties and thermal behavior of 24 coal ash sampies (nature countries : 6)
were tested through cherical anylysis, X-ray diffraction, TG-DTA and JIS melting test.
From these experiments, the following results were obtained :

(1) The main mineral componentes of coal ash in initial state were quartz, kaoline, iron
sulfiddes, ferdspars, cabonates and sulfates of alkaline earth metals.

(2) Carbonates and sulfides, such as CaCOs, FeCOs,and FeS,, were decomposed up to 800°C.
Sulfates were decomposed at approximately 1000°C. In addition, following reaction took
place during the heating process: alkaline componentes and clay reacted to produce
ferdspars and iron compounds were changed into Fe,0;.

(3) Various crystalline minerals presented in coal ash at softing point during heating. But
only three kinds of mineral (mullite, quartz and feidspar) were detected in ash just before
melting point. After melting point, some coal ash samples were perfectly melted into
glassy substance, but in the other cases, the crystalline minerals such as mullite or quartz

were recognized slightly included in glassy substance.
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Chapter 3

The Fusibility of Coal Ash

Hidero Unuma, Shouhei Takeda, Takashi Tsurue,
Saburo Ito and Sogo Sayama

In order to investigate the relation between the fusibility of coal ash and its chemical
composition, 24 ash samples were tested through chemical analysis, differential thermal
analysis (DTA) and JIS melting test. In addition, ash model samples were prepared to
discuss the fusibility in the view of mineral composition of coal ash.

From the experimental results, it was considered that the “melting point” defined by JIS
method means the temperature at which most of crystalline mineral matters in-coal ash melt
into molten state.

The fusibility of coal ash was strongly dependent on the relative amount of mineral
matter contained. From this fact, an empirical index to predict ash fusibility was estab-
lished, which indicated the melting point of coal ash with satisfactory accuracy. The

applicability of the index was furthermore confirmed by 9 additional data from a literature.
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Chapter 4

Properties of Fly Ash in Heating Process

Takashi Tsurue, Sogo Sayama, Shohei Takeda,
and Yoshikazu Suzuki

This reptrt describes about basic experimental results on the thermal expansion test by
the dilatometer at 20~1150°C and firing shrinkage test at 800~1450°C for cylindrical speci-
men of fly ash, and fusibility test for the compound of fly ash flux (CaO and MgO). The
results may be summarized as follows: The shrinkage for specimen C-2 started at about
600°C and was 12% at 1150°C. The maximum bulk density was above 1.75g/c’® at 1090
~1180°C. The maximum porosity was about 40% at 300°C. The compound of 70wt% fly
ash and 30wt% flux was able to cast at 1250°C
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Chapter 5

Reactant Transfer in Coal Ash Compact
at High Temperature

Yoshikazu Suzuki, Takashi Tsurue, Katsutoshi Yamada,
Shohei Takeda, Hideroh Unuma, Sogo Sayama,
Saburo Ito and Masatsugu Yamamoto*

In order to fuse coal ash (major oxides are alumina, sillica, iron oxide and so on), a
heating temperature higher than about 1350°C is necessary.

In this paper, the kinds and the amount of additives were investigated to lower the
melting point of coal ashes in the production process of potassium silicate fertilizer and
architectural glassy materials.

The results obtained are summarized as follows :

(I) Coal ash particles contain about 4wt% magnetite particles, and there are three types in
form ; they are massive, crystal and dendritic type.

(2) Alkali elements such as K, Na transfered from matrics of coal ash base to adjacent
qualtz particle at high temperature and reacted into silicate compounds.

(3) From referential research on the phase diagram, it is understandable that liquidus lines
of coal ash come to near the lowest temperature when it contains 20 wt % CaO and MgO ;
it’s ratio (MgO/Ca0) is between 1 and 3.

* Department of Geology and Mineralogy, Hoppaido Universioy
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Part 2
Chapter 1

Production of Potassium Silicate Fertilizer
in a Coal Gasification Process

Shohei Takeda, Hidero Unuma, Sogo Sayama
and Saburo Ito

The combined process described here is advantageous not only to a production of the
potassium silicate fertillizer but to a coal gasification process. The ash produced in the
gasification process by the addition of a potassium compound to coal, could be directly
utilized as the potassium silicate fertilizer. Furthermore, the improvement of the coal
gasification efficiency could be expected also.

The results of laboratory test were as follows:

(1) The reaction rate of the coal gasification increased in proportion to the additional
amount of the potassium compound. Maximum value of the rate constants were about 4
times larger than that of the no addition.

(2) The optimum temperature of the fertilizer production was approximately 850°C. This
temperature was lower compared to the production temperature of fertilizer from dischar-

ged fly ash which has been already commercialized.
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Chapter 2

Production of Fertilizer from Various Fly Ashes.

Sogo Sayama, Hidero Unuma, Shohei Takeda
and Saburo Ito

Using three kinds of fly ash samples, production test of the potassium silicate fertilizer
which contained citric acid soluble K,O were carried out. K,CO; reagest was used as
potassium additives. Fly ash was mixed with 26.1-34.8 % K,CO; and respective additives
(ALLO;, MgO, Ca(OH),, Red Mud 4.2-5.0 %), and compacts of the powder mixtures were
heated at 900-950°C in air. The roasted specimen was analyzed and the amount of citric acid
soluble KZO(C-Kzo) and HCI soluble SiO,(s-Si0,) were determined. From the experiment we
obtained following results :

(1) Without special additive, the content of c-K,;O could not achieve the value of 20 % which
was decided in the ferilizer quality standard.

(2) The addition of a suitable amount of Al,Q;,Mg0, Ca0 and Fe,O; or Red Mud was
favorable for the increase of ¢-K,O.

(3) It became clear that reaction product K;MgSiO, K,CaSi0O, and K(AlLFe)Si0O, are also
citric acid soluble in addition to KAISiO,.
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Chapter 3

Effect of Potassium Silicate Fertilizer

on Some Crops.

Sogo Sayama, Sabro Ito, Shohei Takeda
and Hidero Unuma

The efficacy of potassium silicate fertilizer was investigated using three kinds of
fertilizers. The weight of grown shoot was compared. They were F-1: made from
Tomatoh (Hokkaido) ash with MgO addition, F-2: made from Tomatoh ash with Red Mud
addition, F-3: Isogo fertilizer on the market. Four kinds of crops (ladino clover, barley,
cucumber, tomato) applied fixed amount of those three fertdlizers were cultivated using
Wagner pots in a glasshouse.

There was little significant difference between the weight of dry matter of each grown
shoots applied various fertilizer., The analysis of the nutrient content of crops showed also
same tendency. It was possible to produce fertilizer of sufficient quality from fly ash made
in Hokkaido.
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Chapter 4

Production Test of Potassium Silicate Fertilizer
from Fly Ash Using Potassium Chloride

Hidero Unuma, Shohei Takeda, Sogo Sayama
and Saburo Ito

Using fly ash and KCl, production test of the potassium silicate fertilizer which contained
citric acid soluble K,O were carried out. KCl which was cheaper than K,CO, or KOH was
used as potassium additives. Fly ash was mixed with KCl and respective additives {Al,O,,
MgO, Ca(OH),, Fe,0O;, Red Mud), and granules of the powder mixtures were heated at ahout
750°C in steam by test apparatus.

From the experiment we obtained following resultes :

(1) It was possible to produce the potassium silicate fertilizer by the following reaction ;
FA(ALQ; + 2510,) + 2KCl + H,0 — K,O - AL,O, » 2Si0, + 2HCI

(2) The above reaction proceeded rapidly at a temperature above 750°C. The amount of
citric acid soluble potassium (C-K.0) and soluble silica component (S-Si0,) in the product
were approximately constant in the temperature range of about 750°C to 900°C.

(3) The amount of unsoluble potassium (U-K,O) and potassium scattered from reactor
increased with increasing reaction temperature.

(4} C-K,0 component obtained was about 10 % and S-SiO, was about 16 % in products.
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Part 3
Chapter 1

Production of Foamed Glass from Fly Ash

Takashi Tsurue, Sogo Sayama and Yoshikazu Suzuki
Using mixtures of fly ash, waste glass powder and water glass as raw material, produc-
tion test of foamed glass was conducted. The compact of mixtures expanded by heating
at firing temperature of 700—1100°C. The bulk density of the foamed glass was
0.2—1.0 g/cn’. The thermal conductivity of the foamed glass produced at suitable condition

was smaller than 0.1 Kcal/m.h."C.
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Chapter 2

Production of Glass Fiber from Fly Ash

Takashi Tsurue, Sogo Sayama and Yoshikazu Suzuki
Using fly ash and flux (MgO and CaQ) as raw material,production test of glass fiber was
conducted. The continuous fiber was spun for samples of the composition of (fly ash
90-Ca0 5-MgO 5wt%), (fly ash 80-CaO 10-MgO 10wt%) and (fly ash 80-Ca0 15-MgO 5wt%)
at spin temperature of 1085~1315°C. The diameter, tensile strength and coefficient of
elasticity of fiber were 12-20 gm, 110-190 kg/mm? and 6000~7000 kg/mm?, respectively.
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Chapter 3

Alkaline Durability Test of Glass Fibers Produced
from Coal Ashes

Takasi Tsurue, Yosikazu Suzuki, Sogo Sayama
and Saburo Ito

The chemical durability of glass produced from coal ash toward alkaline was investigat-
ed because of its utilization for GRC (glass fiber reinfoced cement).

Since, chenge in composition of a glass were effectively influence its durability, about 50
pieces of glass were produced with various mixing ratio of coal ash, calsium oxide and
magnesium oxide. Durability tests of pulverized glass samples (105-149um) were run using
50°C, 1 hour, 5 % NaOH aqueous solution as attacking medium.

From the tests it was found that the glass produced from coal ashes without additives

such as ZrO, or ZnO but Ca0 and MgO were fevorable for the view point of the durability.



.h‘)

) 4
A%
7 - -
- -
- ] o
§ -
fOLBETIRMRBRBRT RS
s\ 37 B '
- FERI60F12F208 ¥ 1T - ‘
) D EE-BA TEETRABETEMRERRT
: LRTE PR AER 2R IUTH 2E 1S
: ' BEES 004
‘ %53011(851)0151
“ g Bl = B X A B B X 2 #
- HBRTHAREAE6RBITE
' om0 (5D 101 2 0




P

S REPORTSOF ' : T
THE GOVERNMENT INDUSTRIAL DEVELOPMENT
LABORATORY HOKKAIDO
— No 37 Dec 1985
, SOPHI'STIVCA{TED,UTILIZATION OF COAL ASH
| LCﬁo’nten‘t's, -
- Tntroduction ...... Lr .......... e ...... .......... (D
~ Part 1 " | o - B
o Chapter 1 - Analysis of Coal Ash by Inductlvely Coupled Plasma Emlssmn Spectrometry [RRRLEESITLIEIE (3) _
_ Chapter 2 Properties Of Coal AShAl’l the Thermal PI‘OCGSS e berst e desiiaeira i ............... resateansin ( 6 ) )
Chapter 3  The' Fus1bll1ty Of Coal Ash ...... e ERR e veeneias - ' SRR ot (13)
Cha’pter ,'4 Propertles Of F}y Ash m Heatlng "Process .‘..'.t....' ......................... e fiaesresnsanaan '.a.';7.:.7:.7.7.......{16)
Chapter 5 Reactant Transfer in Coal Ash Compact at ngh lTemperature e T (20)
~ _Part 9 ”/rl o o R - T R
) _ Chapter 1 Q‘Productlon of Potassmm Slhcate Fertlllzer ina Coa] Gasification Process RN -+ (26)
~ Chapter 2 - Productlon of. Fert111zer ffom Varlous Fly Ashes. rreusiereseniees s """"’7“;(730)’
- -Chapter 3 Effect of Potassium Silicate Fertilizer on SOME Crops, «+rwidsmsessusrsesmensssusnns e (35)
" Chapter 4, Productlon Test of Potassrum Slhcate Fertlllzer frorn Fly Ash Usmg Potassrum Chltorlde ------ (37
Part 3 - o I B
Chapter 1. Production of Foamed Glass from Fly Ash -eee SACTIIPRISIPITPOR '.—v.;.' ........ SRR Cereee i, (40)
Chapter 2 Productlon of Glass Fiber from Fly Agh-e-eeeeees it eeens RS RN e (49)- |
. Chapter 3 Alkalme Durablhty Test of Glass Fibers Produced from Coal Ashes ------ e ECT VR '
Pubhshed by '
" The Government Industrlal Development Laboratory, Hokkaido *
_ . IZ"JO 17-Chome; Tsukisamu-Higashi,. ,Toyo_hn{a ku, Sapporo, Japan -




	表紙
	序章
	第1部石灰灰の基礎性状
	1．高周波プラズマ分析装置を用いる石炭灰の迅速分析法
	2．石炭灰の過熱過程における基礎性状
	3．石炭灰の溶融性
	4．フライアッシュの加熱過程における基礎性状
	5．石炭灰の高温反応

	第2部珪酸カリ肥料の構造
	1．石炭のガス化プロセスにおける珪酸カリ肥料の構造
	2．種度々のフライアッシュを原料とする肥料の構造
	3．珪酸カリ肥料の肥効試験
	4．塩化カリウムと石炭灰を原料とする肥料製造試験

	第3部ガラス質建材の製造試験
	1．フライアッシュの発泡化試験
	2．フライアッシュの繊維化試験
	3．石炭灰を原料としたガラスの耐アルカリ性試験

	奥付

