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B Abstract

The Japanese cement industry today produces the best quality portland cement with the lowest energy consumption
and highest labor productivity in the world. In addition, since the 1990s, the industry has been demonstrating a new
role for the cement industry by using industrial and municipal waste as Alternative Fuel and Raw Materials (AFR). The
Japanese cement industry has thus come to pursue two industrial missions: the manufacture of quality cement and
contribution to a sustainable society.

The cement industry in Japan started in the 1870s when the Japanese government constructed the country’s first
cement plant, in Tokyo, which relied on European technology and equipment. For the next 90 years, up until the 1960s,
Japan imported new technology and equipment from Europe and the U.S.A. Rotary kilns, tube mills, vertical mills, kiln
waste-gas boilers/generators, air-quenching coolers, and blending silos were among those imports. Also, major imports
of technology included the addition of gypsum in cement, cement quality standards, and several types of special
cement such as high-early-strength, low-heat, blast-furnace-slag, fly-ash, and silica cements.

During that time, in 1959, Onoda Cement Co. Ltd. (now Taiheiyo Cement Co.) developed a new cement
manufacturing process called the “New Calcined Lime (NCL) Process.” With this process, limestone is separately
calcined in specially designed shaft kilns, then mixed with other raw materials and sent to a rotary kiln for clinker
formation. This produced the astonishing result of a four-fold expansion in unit volume output from the same kiln. The
NCL process is considered the first major “Japan original” cement manufacturing technology.

In the 1960s, the Suspension Preheater (SP) kiln process was introduced from Germany. This process rapidly came
to prevail in Japan because of its high energy efficiency, excellent upscalability, and prolonged operation period.

Soon after the introduction of the SP process, Japanese cement manufacturers and plant builders, observing the NCL
process, began competing with each other to develop a New Suspension Preheater (NSP) process, assuming that unit
volume output would greatly increase if a calciner were installed at the bottom of the preheater. These efforts produced
fruit in early 1970s. A couple of companies successfully developed NSP processes of their own. Each type of NSP
equally achieved higher energy efficiency, better upscalability, and a longer operation period than the SP process.
Consequently, the NSP process made the Japanese cement industry the most energy efficient in the world.

The success of NSP stimulated Japanese engineers to innovative further with cement manufacturing technology. The
O-SEPA separator, the OK vertical grinding mill, and the vertical pre-grinding mill are among their inventions since the
1980s.

Japanese cement chemists, t0o, have made a great contribution to the cement industry’s progress and development.
In 1968, Japan hosted the 5th International Symposium on the Chemistry of Cement. Through this epoch-making
conference, Japanese cement chemists played a major role in elucidating the scientific basis for the formation of clinker
minerals and the hydration of cement, applying the very latest modern technology such as Electron Probe Micro
Analysis (EPMA). In the 1970s, Dr. Yoshio Ono of Onoda Cement created a microscopic method to estimate clinker
quality onsite. This method, called the Ono Method, is now recognized worldwide.

The Japanese cement industry began using AFR as early as the 1960s for the purpose of reducing manufacturing
costs. Since the late 20th century, however, the industrial and municipal waste problem has become a center of focus
along with growing concerns about the global sustainability of natural resources. The Japanese cement industry
realigned its position on the use of AFR from mere reduction of manufacturing costs to the even more positive one of
contributing to sustainability through greater use of alternative fuels and more recycling of raw materials. In pursuing
this new mission, the industry has been developing innovative processes and equipment in order to make greater use of
a wider range of AFR. To date, several processes and kinds of equipment have been successfully developed, such as
the Chloride Bypass Process, the Ash Washing Process, the Biochemical Conversion Process for household waste (AK
System) and Ecocement. These recycling practices are now widely recognized internationally.

Cement consumption in Japan fully matured in the middle of 1990s; however, the Japanese cement industry and its
engineers have great hopes for a future in which the industry is positioned at the core of the sustainable society.
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EBp 2 X N EATRAE, NP R X 2R,
1980.
KFiEt 2 v MR AR
HAR T30 AL, HEEWEE -
1962.

—W—, BRERARJS, BRI =ER, EHE 7, B
KAyt (B KPFEEAY M) (NG [
A NEA 4% BEBU ], pp. 144-152, 1978.
Bt x v MRS, B E A v AR,
1974.

X v M, BEEMEESME T2 =772
IVF VI =5 =BT 54, 1955

A M, HEBNEMEBE SRS T-22 4
IANVF— - BGREA T 2 Wt E, 2002
YUAW, 2V v h—r—5—DBIRELIFEK, &
341t 2 v M BUGERAN Y YR Y A, pp.
71-84, 1977

A M, BREEMEEHSEE T-11 v—%
V—F Voo —5—IZB7 584, 1974
—Wie—, BEEER, BRR, X x v (-
KPR A ) AENER T2 Y oA $4
% BLEPAM ], pp. 96-111, 1978

AR R, BWERE, Rt x b B KR
AV M) MNEER [ x 2 MaA H4% Bk
Heabi |, pp. 111-118, 1978

W G, B A VN (Bl KPR AV
FENEE [ 2 Y Mg 5 4% BEEAN ], pp.
118-125, 1978.

T A v MESE 2014 R, 2V MERIRE, 2014
ML, &f%—, B2y b Bl KPE
LX) HNER T XY MK 4% G
Beali |, pp. 218-229, 1978.

R A v MERRAEHE, Bkt X v PR,
1987.

INFFHE X VB,

X > NUGERITORIILBE
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5 | WA B ORTERRILRE (1960 4-)

HARER X, 1960 LA HIHE D & 1980 4FE £ TOHKY
204EM., WMo 2mICbhs [F4 VY ay 7y
ZRMRLT, [HERE] 267, tx v MEED
ZOWIZH o T WARBREMME E2 L1z, 1960 (I
F135) 4RI 2200 5 b v ot A v MEREIR.
1979 4E1213 #8800 5 + >~ (N IX 8300/ ) &
ZhEFCcoBR SRR L, TOK. HARKIX
ERERRICZ D, A Y PEELRDEMIC R T
K725, —RERIEPA - IREBERB KR T ¥ 7 EA
OB R 03 o Ty 1996 4E I IF AR IE 14 b
VIERT (NEIX8240 /5 b ) FTMHU /e LA L.
DRI IRAME I ASHE X . 2014 4E D4 w51 6,100 T3 b
v (N®EIE 45000 b >) & WHAKREE OBEET
ThENDHDHDHOD, 1996 4 D 4 PE 5 D 60 % FLEELC
FTHRHLTVE, XY FENEEOHRZX 5.1
RS

DX AN EEDRBER R RN O
WHOHT, kX v MLGEEWN OHAWN O NE S D
Tk BBl oNniz,

ORI BERMm o [RBL] 255D Sh

72
OUEERMIC 2 2 & a 2 MR D 728 D4 = A Hifii
iRt A R/E Ay (A

AR/ L Ch 51 [EIRIG BRI AL 2o i 4
B ] ~OEHEZ X 5 720 OFEM IR AL
o7z,

At 10.000

8.000

1960 AELABED £ X ¥ MEMHICET 22 K& <

FLrl, LTFTOXHThAIH,

1) A Y FFN Y ORBLDHEST L7
FUryoRBEICH IS LT, FURF TR - AR R T
B AT TR OBEMR - 2 S KAML L 720 KAUL
IR E RGP S Lh . ARAHILOSE
et A Y MOV EMFICEE R TEAT
Yl 2 RA T, WREEITONDE X )Tk o7z,

(2) KEMbo#FET, [WANFA 7 -] [ [V
K= EDIERTT XIS T 5 SPF L~
(Suspension Preheater Kiln) D PEATHBEIC
ol

(3) kit (2) 1THWT, SPF IV VOYRE L LTH
NSP (New SP) F )V v OBFE» KT D HAFE
DR 2 >~ N EEEA [NSP HA] 23
TN L 720

4) 2BDOF AN gy 72T, EXA Y P LGOS
TOREM - 2l [BT A ] BREZES>Two
720 ¥V ¥ D NSP, FBribf o BRI I v o BTk
B2 Y., F Mm% (O-SEPA &
&) BRI VKPR b (CKP & &), B
LAY PIW (0K IVAYE) &, BREoOX
W2 RF T v TI2D % h3 % HARTE OB B 5 A
Wizo FNV - 7= —0OPEHAE XY XY O
BEETHWE 5 [CEFEE (BERJEE)] bEK
L7ze FRELT, HROE AV FEEDOZ RV
F—FHHEMIZMRO Ny TRV e ol

6.000

/\/‘\./

) . WY

\\

-

N

4,000

7

zmiﬂfgf/

?950 80 70 80 a0 2000 11EE

Z 5| g 3]

g A Lo ogZz = A

EE ¢ § g2 E 7 7
£ ® 7 = &3 a

= % 2 R 1% ] F m
— G,
2 = LH i

51 tx> NERNEEOHHE (1950~2011)
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(5) Eit (1) ~ (4) FToLMME - £TR2ELT,
TutANar¥a2—4%—ar bua— V{LHHEST
L. LROREL, MEOn EHEAZ,

(6) 1970 4EARIC BREEBIAR O BB AV S . &
Y PERDE LIS ZE S NIz08, AR O
RORF R E OFAMBAFE Z M Z Ty Wk LBl
Bz 7)) 7 LTwolz,

(7) 1990 4EARIC A - TA B [HERiRBRLIEE ] A
KESHETFONE X)o7 MEOMBELC
MAT, FROHKADOBRETH Lk EE
P32 € 2 ¥ PEFIE. HEBERNICFEE2HEA T
IR ENIET XY HAZHED TV 5,

(8) 1960 4F-ARLARE, &AM, B UHME. X
OB R EICKRERESEN DY, FREL
Ty AV MEWR L A ¥ N AR O W T R
RAMEAPEONL L SR ),. ERSAMAICED
Wiz TR 2 v ] bikax LRSI,

(9) [AxA] 2L T [HWERBREERED2DDEEN ]
ZHERTEZHEIORNS, [2A Y VEEZEL
THREWLHZT 5] )i LuHEEOHE
FhT&7%,

(10) 1990 fEARB IR, & X ¥ M EEIHANT 5 H
SEBIREOWT, EFEBREIEY M A WY B
FEIADRIPRFICE - TE 2. 20 [BEFEY
TEFALFE] 2IEKT272012. [E0EL0
BEFEWZ LAV METHECTUHTES] 7200
Bz AR SN2 Zak x v b, HHFENA
NZA, AK Y A7 A (WFhB 4§ 9 FHTrtl) %
EOWH T A T T RRA L ERLI N,

P EAT1960 4E48H 5 4 HICE 28 B o H AR 0
LAY MABHEMORBORNTH LA, 209 b
1) ~ (B) ZRET, 6) (7) KO2VWTIFKRDHEG6
FT, (8) W2V TRET7-8FT, (9 (10) 122w
Tl HITETHRT 5,

5 1 SPHELY (BANYY3YTLE=5—f
- ! %)L, Suspension Preheater Kiln) V®®

1960 4:~1980 4E D 20 ‘EfiE. ENOE 2~ MRE
AHRWM A TR 2. — ) TAEMRBHS 2R L <
Lol ThoTze TDX O LFEREOT T, &
AV bRV oML LTk, OBRIRPRIFT. @
135720 oBKHE 2K E L ORM % € #inhsn]
BET. @EMMLOZ ) VA —h RS, GREEEYE
EWP v, T EIRD SN,

SP ¥V KUtk $ 5 SP F IV &% K L7 NSP
FLUE, SRHDHIZBVTHERFLV L) HER

THY. 1963 (HF138) 4. D EHRMD SP F v~
BE—LXA N Bl 74 - A0 AN
THEB MG S T LA, NSP A3B%E & L 1970 4EAR
B E T, Bl ENAF NV VIZIFEALDSP S
viERoTWwolz,

1975 (BAFI50) AEREN CTEEL TV F L v Ok
AW TRE G ], RS Y BElE ] ThThokk
KXo [RKEHFNV Y] Z2E51ITRT,

K51 FICHRAFERHE - BEYY)REE - &
KEghxw>?
P ™ {“‘f?}“gmum YL
keal/kgel! | kg/m*h t/D
#4 74 (DB) 1,520 38.8 3,300
¥ va—w (L) 850 63.0 2,800
“e7 b (S) 890 125.4 260
Y ABE T (NCB) 450 167.6 2,600
& | FARAYVI¥TVE—FH (SP) 760 64.4 5,300
H ” (NS P) 710 141.0 8,000
= Z4mF - F4FH (WFB) 1,520 35.4 740
74 mFH (WE) 1,390 23.7 860
oy (W) 1,240 22.9 2,200
A Ve WFL) 920 48.7 850

A1) [HERER ] Ml ke-clinker 24 ) O #R keal 2R
(kgel' =kg-clinker) o
(AR D BED ] 3. F v Y IAR Im® M) o 1HE
BM720 20 v —REla,

E2) [BERcEhE | 1% [ME28 WA F 7z BEki B | 72
FCThb,
NCB (S HBEk ., AIRBEKEE) &k o ik
i HIKZ OB (K 550kcal/kgel) WX 5
VENRD 5,

SPF¥N iz, 7L —%—hT, OEBEZF
WV HEA AP REIEE (FARY Y ay) SETH
WL QT X DORA B TR O34 & BLIR B %
13852 LTy OERDOMMKF L > X ) EEK)
Kb, SEEHWELT, FAYDTI5 b A—
Ho— 7 VRN MHEDY1950 SEICHR L7z, F D,
RYVII A, RF=7, 7y T (BEFAY), FL
AIA (Fr=—2) EPS, FHBEWIZIXFE LA
LB WRORLEL SPF IV AR EhT, K521
SPEFNVBEIOZOYUKRETH S NSP F > (52
THEdL) O— MBI HHEEX 2R T,

SP 25, ZE TOAEKF IV VPRI THE
NTW B E 425, [BR)ER R ], [REYEAS 6
[RUGESGEEAEE ] 22 L TH D, UF. 2hbd
DRI WTHRR2,

5.1.1 SPFILVOIER"?I O

(1) BHERORSE

B RE (K510 Bk SR o
EhoTVWBDR, ARV Ya vy IFLe—%—]

X > NUGERITORIILBE
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(sPAz)

(Suspension Preheater)

(NSPAR)

(New Suspension Preheater)

HmEE d
===+ BRHADEL
— BERE YD
- FELTIT N
F
£
[]
“i
L
s E=1:3
2B Dy 2 I
R OSN— K==\
.ﬁ:-ﬁ“ BAK | &

aER
(E-5U—%12)

e

4 EER
e AHAE (E-sU-%42)

52 SPARE NSP ARDMEE "

&) B R L JER O [ O T5EY 7 BASIR O A A T H
%

R, Wl - WG - S ik, TLoTa v
7 (FEB KD DB F) ST, CFW (Constant
Feed Weigher. @& ftint) 2R T7Le—r -1
‘SN, HEMPOLBTAPIHEASNSE (K525
). ZOHK, K4 70 r0BITE AB~58) 12,
T ZBHEATMEE S DVBELEFSTRL, &
40% FEEE F CTHUREE SN CTIIRZEICA S,

—Jiv FVVPEA A (1050~1100C) X &4 2
° Y THEB AR L NS EA L, & EERYA 70
VERM DA ARE 350~370C F T T35, &
DOPEBIZHELRREIC L ) T L e — & — 0 S5 PR &
MDD, ZTORBIZE HITHBIEE - FORRZR A
ENb, BB, Y427 a0y OBEBIZ4BENL VA, T
Lt — ¥ —TOMLWO—IGON L2l T, —&T
5B A 7 u v SP RSN,

Tle——RehElol, REEIPOLEVAZ
N7z, 4 70 v oFETLICRIEO R [k
W] 2 LA bHTRAEERZ T 5055
ESIER I 20 o T [TREASHR | Z2 LTw, &)
BB o 72 A ARAIMELNT VWD, &
MIZ X T CaCO; DF 40% D CO, 23573 S, Bl
#13 3,150~3250k]kg-clinker ¥ TTFiFbh b, F
72 DFICBRB X )2, Fv ok LE Ef%E
TEfRZ W REE L7z,

SP ¥V v OBINEHFKS521TRT, RTHL LK
BB LOBELEDH5H LI ICRZ D5, W UM
THELZEF— 7 TRAEVOT, [ TORY
W30 bhkw] LT 200ZU KK TH»
Do PERAEDEFRTHE 42 IR L TV D,
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F52 SP X)L DHIVEK (BAI : keal/kg-clinker) ©

B s P # » ¥
(3%
& M FR—w | Fydwh | Y- a 3 = 18
— | (@® (1425 (73 (1) (43%)
(97.1) ( 97.6) (97.1) (97.1) (97.3)
AgE B O om KR 816.7 828.9 785.8 762,0 8148
¢ 2.9 20| (29| (2| 2
x @ ft AP ‘s 23.4 23,1 23.0
aw.0 | awo| awo| awo| awo
BLA R & B 8410 849.5 809,2 805.1 837.8
5 50.6 47.3. 52.3) (53.7) 49, 8)
7Ivi-BmBARR R EP| & aP| Bl
TREIR T ARR (0. (2| (9| (29| 2o
| JfEATVoRORER 169.5 8.6 | 1691 176.1 1758
R 2.9 1.9 29| (4D| (2@
79 ¥ h—DRFEME CEP gl 2P 333 216
(uo| (w2 (el o @
PR AR ER 1194 1123 102.2 0 1115
1.0 Bol (| (w2| (np
wiromonsm | (GO G 75.1 1543 9.0
L1 2.0) 2.0) Ln| ¢ Le
I 2 f CEPL CEP| CEP| i 133
100.0 1000 100.0 100.00|  00.0)
BoM A& W Gerl GRP| GRP| @R 87,8
o B R (% 50.8 46.8 5.9 52.9 49.7

(2) REBEFHEE., £ U TAERY LN OTEE

REEETEA Y PREDRWL TN T, &
XV ISR OB - BERAE KD 5N D
IV HhoTE, TDXI RFEHRIEO P T, SP
FUIHERDOMRKE RN ER, T4bb
(HEERED)) x (iif#EizHE) oMz K& TE
LZUREEZ A LT 5D, 1960 A0 IE AR, 3
WEENDF NV VDIZEAENSP FN Ik,
[REUE L, TRBESGE ] L) ZDSPFU o2
KEREZ, Fbe—5 =, bbb [EindEr A
DI, WEIEGRRA T —KEFD X 9 REEFEIR
B, ) ZEIGERT S, DUFICHE T ORISR
Mz32 (£512H).

LR—=VF N Ot BEREGETIE, SPITH~N
THREIZEDLVHIEFETERY, BBT 2L %
SP XV ol (A4 7arviky ]| Brnwitz®
AL MOBTFORVFEFLV I ELHVE D, L



L. 424 THRBRRZEIHE LE—LVTLEe—%—
X, 900C~1,000C &\ 9 Hi A AHOH T L — |
% MR E R % 0T, KRALT % & BRI
M UIBEAZ %720, I KHETIIE 2000t/d
TREAH)LE3NTWiz, 2D, 1980 HE1UH & Ik
F53000t/d Z®Z 5 &) K SP - NSP F v o
BREINZWDOPHT, LR=VFNVVIZHADE X ¥
FERDPSIFLEEZHL TV o7,

KA T—fFFn >y (- ) DYt PokE
DETSP FNVVIZKRIITHTELRNZ EITMA T,
RBKAL T—DKEDRX Y FF YV ARFEAL F— DK
D7D ITBM OFH M REE AL ETH Y . PAEDL
DHHEINIAFETH o720 720 REAKAL T—D
B B S b, 1960 SERDRA T —fFF v v idiRK
BB TnwitEZ bR TWw,

BRIV OBE. SPF VKL BEK
Bum i3 < LTy, RIEGEL & w9 MTiE
THEHETH o720 L. SNV VOREL (1% &
X)) LEEWBEENICRRICE>TBY .. YRR F
Vo s RELIENECH -7z B, BV T F
V. FV Y AR KT B D5c, SP ¥
J—% iR AZET2/EULOWENTEEICE S
F—=2bdHY, TOLH % THAE#k] 2 Lzur s
FLrbohiz,

5.1.2 SPFILVORER

FRLD XD ENYET, REIO XL 2 T
ORI EP OB L7 SP FV  Tldd 555, —
HTe W OPDOREEDW SN hoTE &b
ThELLBELE SN [H4 7y ] & [
KR OME] 2L FICHHELTB L,

(M) YroOveEs

SP ¥V v itz LORKOWRD [H4 71 vk
D] THbH. BIMOFEDHEND A4 70y Tk, K
B d oV IZPEA A O R (& LT Na®
K o) 2SEUFCTH A4 7o v NBEICHE L. RET S
LHFELT, 4 270 FHROBRHBOY 2— M &gk
FOHRHTCLEHIENRI S, —HH A4 70y HOn
WEDLE. WA Y ORERS AT ST, B
A7 NBEELELRAEBTHE S TLE W,
FUEIRIZEVAT R, ANTOY A 70y Nio
TAMREEHEEZRE D2/ k5, HiEETD
fEatEETdH . TFN MRIEORFNRIEKD
KEVDLDTH D, WRELTHRZIZUTOE ) &
ERERLN TS

D7 V) 5DL %V ERE R A,
@7 Ve —%—o%EiEln (P A R, FORE
DE - R OEH /NS ) 2OENT S
@M (B2 AL E) 4 7 a RO
=T 4 Y TREETS (7 7Tu—%KE, Bl
JEAKICE D ATFEELR L),
BEAEDOTLY TR, Q2D TEZIH L THA
7aYEELRVEIIHNTE, TRTHRET
LEHITLIEHD. LWV DOVENES72, TOHA
sy, ODLONSPFNV VIZoTHRER
EALIZHA SN0 720
Rz KE L WESE2DI1F 1990 FEDOFR L A ¥
b GH-RPREEXA VD) I2XD [HHEAL 2]
BHTH L, WEANANRLEF [FTLe—F—HOK
T VAV IEGDIRENEL ol b, BT AD—
W RN EM S | L v ) E T, 922 TRBT
o CHIZESoTHA 70 VLD IZRVICEKE N
720 WHFENA N, FHTR [CA Y PFL Y TO
BEREMLEL | (IR RV & LT ES T 6T
WDHRH, DEDEIE [FA 70 v offH] o7z
WY MA R ROFEHTH - 72,

(2) RERDMAIEREDEFN
[ERh ] [ RN AR | [ RBML] CTRITh T
1960 4EA% A & 70 4R H T TH W% A3 A 72 SP
Vb, FAE6m - BEM R 5000t/d H72) TR
BALAHEATZE AT, —DDOREIZEON B LI
Todze [WEDHKMEOT®] ORETH 5,
1963 (IHFI 38) AEITHEL IR L7z HARM O SP
FV i, B4m - B X 62m - 5 1,200t/d TH -
7oo M. BALDSHIHERRT 5 SP F v v idik A & KA
1t & . 1972 (I f047) 412 1 F62m- Kk &
125m - ) 5,300t/d & V) ERF IV ¥ TEY L7,
COEIT, FNEDP6mMEL TTICAE-TL S
Lo OF NV PERICER D STV BRI O At
W0, REBERICHARLE L 2o TL B2 L2
Mo TETze RMILOFFERITHET 5 LR HE
FIZLL T2 THh 5,
OBEFKREL D E, FLV Y ONEYVHILEZ XS
T —FDXFEIDEIL o TL b TDDITIE
s THE%S | 75BN %%,
@OBEMENKRELS 2D L. T PITWATRED
%0, BEEH (R OBEMAITKE
o Ty WKW EEGILTSEIEITORD 5D,
COEE] Z2FDBZ 5L, KHEICHEXRS
NSP ¥V Y DRFEDORELZAND—DTH - 72,
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NSP FIL2

|52 Tl o200

NSP &V v id, PP THHEWL TS [HA
%] oM THD, HADE X ¥ FEHERHE S ERE
NI H B WIET T Y P A= —EHATHRIEZ
10720 W OPDHRAEIDEITHFE S NIz, ©»
FTHOHERXD, SPELVYOTLE—F—FIZ, PO
MRBENT (BN ZHLAA T, BUR O B3 % % 1) |k
S, HIRZEORMENEZM ARSI E2BE T TH
5o NSP RO TLe—%—LF L ryONBIEEZ
1412, SP ¥V v & NSP ® )V v ORED ik % X
5212, BERBUE 7 0 2 D% K 53 IR T,

CaCOs—+Ca0+CO;—467Keal/kg 7 Y v — 7 v % —{La¥kl

(60~7507T) 750~950'C 950~1450'C

FEBR

R

| =]

B

fﬂ |
1
40% (fiBEE)
$ARYZavFle—¥ ik U el S
S bl }
;tﬁ[f':";” f v 8506 () m—ru-—Fnrv
NSP  [e—bfe :;: b

5.3 SP & NSP O RIC:BED kHEk ©

K531ICRTTEL, SPFLYTRTLE—F—
BT 2EBOBKBEN0%ICLEEED, KD
609% DARBE & BEK UG & 2 B OE VT —5 ) —F
Vo (HEZE) THRbRIFNER S 2w, THITH
L. NSP ERTIETLe— % — 2Bz fmL.
¢ TR A2 B 7 Bl 2 ARSI 0 © B3R LSRG L C B b
BE % 8% LICH O, HIRZENTIIERY) LT 20
IRBE & FEBUSUIS T I B BER SR & AT % b8 % 721123
LY, H—¥ A XoNiEZEOBEREEN %,
SPE N D2 LIRS ELT LML -
7= (51 M), NSP F L ¥ B Z 06l % 53
R,

5.2.1 NSP FI)LVDiERE

IANF—LHBRRPEETD B & A ¥ I EFEOHA
BIZLoT, [AANF—Faioms] & Rtz
MR TEDLLRWHMHBEHETH S, HAIZSP ¥
N HEASHTHD %L BARDE X ¥+ BEHA
HOWHIZ, [ A Y MEKT O 2OHPTHRIZLD
BREZLEELTDIANIRADBRRBEKIGE, TL—
F— TP AR LT & {AThE, FV U
B oBtEZ KES LTHMEZREDL] v
NSP )V ¥ DEAW L ERPBREPATZDIZ, HDHE
RUROEVITETOH o720 TLTHMELHIT,
[ZDOTATFTT7TRFEHTENIE, SPFV > O—fFoiH
LB AIME R L] LHEE S 2720, N
Mt x> b CTHREE 2B TR L T/ [P
%] OFERTH -7

BREOF IV NERY Y BEMEN, SPFV v %
EO7AMORERITIERT, F 3T [Hi#EV] OFVE
FTHHIEIZ. YD XY PERTRILASHN
TeRETH o7 (L1, X ¥ MEEEAM
HEEORKKIZE T THARD L X ¥ b HE A # A
INSP] &7 4 775 w7-0id, 22 THAT
MEBATE S M-S RBERE ] 25H ORHSAIEL T iz
2HTHb.

A 40 4E4R (1965 4E8T) ICAB &, ZEE XV b
FEFEEL, B A Y MRAEIGE &M, N
X > M E R (JeisEF L v @B C
NG E T L 384E) T ZNZFN NSP IO HL D f A
ZPMG L7z PIZEOHEZ, SP v v iZxt LTH A
%, OBIMROUE, QRMIERHEIZEOER. @F v
YEEIDBR, Tholz,

FERL LTERPERNO (=R o) NSP *
ViE, ZZEE A Y ORI - ALY T, 1971 (H
f46) 12 HICRE Lz =AY =R
X ZONSP % [MFCA ] & 47z, B 197247
HIZREHR 2 v b ANBHREE TS, WER - %

#53 NSP F/L Y% (SF F/L>. HEHE : 8,000t/d D) ©

A # H #
E I =4 #® B H
H B (kcal/kg—) v g (kcai/kg-)
7Y v H (%) ] (%)
BREL o B B 745.0 97.0 | Vv AH—EEREH 420.9 54,8
7 OE o 3.1 0.4 | FERERORDOHERR 4.7 0.6
E 8 o« 12.2 16| Frve—sHHand ba s 166.5 21.6
1IRZEZD # 7.5 10| 7—FHRMBbbEBH 85.0 11.1
TV v h—bbEHH 17.9 2.3
FAPHELELE 7.2 0.9
HUHR S 66.6 8.7
A &t 767.8 | 100.0 & B 767.8 | 100.0
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RH—TYT [SF X o%#inz ik, R4 12 1
BNEFHE X Y FAEFE L7 [RSPA] Fv >
ZEME - HWETHTRKANL . 1971 4EXP D
DB LRI, 3 /7D NSP 23 —ZI 2 HE % G
L72DTH 5,

KFE2A Y PEERHOLIPTH, HEAEX Y M E
kA ME, Gt B O NSP 2R L C
W7, R TERAIZME W NSP [SCSA] #
L. 1979 E PRI N2 v b (FHE) T
BRI L7 F2HARYE X ¥ M BEGRT & HL
AT [DD R 2B L. 1979 4FdLiiEE - LAY T
ESUL iR T YA
(78) MFC : Mitsubishi Fluidized Calcinater System

SF  : Suspension Preheater & Flash Furnace

RSP : Reinforced Suspension Preheater

DD :Dual Combustion and Denitration
Process

SCS : Sumitomo Cross Suspension and Spouted
Calciner

NSP 22w Tid, ZDH%OHBMOMB LWL R %
EVRRRINTWD, 1982 (HEAI57) 4EF TITHE
SN/ NSP B D—8E2 K54 1R,

#54 NSPHRA—L (1982 F£37#%E) ?

= GE)
B m EHRED s
(t.7d)
BatAU M
DD | 7 3,950 [RaN=repth
FLS | 1 4,001 F.LAIR
GG | 2 3,300 EHEBTENW
KSV.
NKsy | 8 3,600 UL R e <]
MFC = .
wre | 18 3,532 SHHEE A
RSP | 12 | 3,258 NEFEEAME
scs | 4 3,780 HERtA MY
SF.
BR AU
ol B IR I T 32 T
& | 69 | 3617

() Pzt x > M &migeIc ko & 5E L

5.2.2 NSPFILVDiEER
ENZFhoXolEZR I Eho [FFE] 248
R T2 2% NSP O &K 02, B EURR 3
BIREM 2 E 2R &L ColkrsZEd 2L H
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TOX) RBMLRENRTH L0, T2 FEMHE

beavZ)—HME, ROXIHBEFE

NTWiRVEbEV,

Ok £ ¥ b ORI AR HH 74 TRz E B
Dﬁ%&@@%f&éo

QARMBISIE, ZHOKBEERT (Nay0, K,0, SO,
Ca(OH), & &) %3 E./v?ll?fif'ﬂ'ﬁ@TiéJ B
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7.5.1 KHRMBICBIFDEEDEEIE CA KFER
(1) BEREE L TORERMDHEE '©

BAEOEREV SV FE Ay FPICIE 3% BEDOAE
BHEMENTEY, SNITX TRV OB
ML VR T WL S ISR EhTwd, TAT
TUYDOENFT YRR MY (1824 4) MBI
IV A—RZDFE IR LR TS0 T, B
DAY MIFEFEIEAHETH - TOEMME
[HAEAL ] A2 LICXoTRAITA LI ICR 72
DF. EETIE 1800 AR FEIETH D KEITIE [
Ai AL X 2 BERS I | 2% 1870 AR ITHERFIC 2 - T
Wb, FOETH, BRAHA S KIEM#EEF Tk 13
ALY % 3 TR R 2 47 > Tz 2 &k, 323
T R7z,

YAV POBRROREN G L7-DOICHERZRES
ClEEZOVEOIZ. 1870 (Wih3) £, FA v o
INTY R (7410 (11) W) 2L 3hTwb,
INTY AWHE OBRGBER RIS -0, B
TOE)BBRIZOVTOBENSEH572L9TH
b Thbb, FAYDATFyF VY IHT, TRET
BRTEZZ o 2k AV P ASRUTERETEIC R D . SRR
BT MHEHES SEESH. ZOE, 20T
D EOF NV T Y 2 v 2 (Hugo Delbruck,
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LLtWWRBRITZIEEZREILED, AE
(CaS0O,-2H,0) WMDFEIIIO Lol binz bh
TWwho LA L, YErZt £ ¥ Mo Rmy % 2
AT LIFFELOLSNTEY.,. AERMNE [~V
LENTWL ) TH5D, 1883 (iR 16) 4FICE -
Ty FAYERX Y MHARIETERA Y MZ2% F TORSE
Wowmmz o, AERMmEARIN.

L2rL. FA YDATIE 1880 SERICIZ F EAE R
mEmsnhTninroiz, KETIET b T AN lE
LETOX A Y MRERIZEY) (1890 4E, 331Z&M) L
Teds, BB L2k A Y bOSRESE L, MR
HIEKOBEEIZ R 5720 Z ORMEMRID720 4 X
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BHRZED AT ABER TH B 720, 7V ¥ H — O 55
PR L7 EDHHEE R T2 HIE, 77 Y ATH
BAZE TORICABZBEM» LT A Y ML TW
LHILICL Y IEHT, EAYMIAREMZALZ &
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7.6.1 XYV MERICEAT2EFIBBZBICRDBSF
ANREEDSHR
XY MEEIZOWTIE, HATYH [KR=—7oK],
[TA4T—OR] LHALAZADTIHIN TS Tl
DOARD, WHRIITED SN IHMW L HRHETH S,
(1) “The Chemistry of Portland Cement”, Robert
Herman Bogue, Reinhold Publishing, 1955
(2) “The Chemistry of Cement”, Vol. I & I, HF.W.
Taylor, Academic Press, 1964
(3) “Chemistry of Cement, 2nd edition”, H.F.W.
Taylor, Thomas Telford, 1997
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6 “:H é nf:ﬁ}f%%%%& .............................. 651
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7.6.2 XV MEZEERSEICSITDEHAARAE
DFEFERDIEX

[ 2 ¥ b4k 2 H B & ik (ICCC: International
Congress on the Chemistry of Cement) ] X, & X ¥
MEZDOISEHE - BrE 20 LEBER#ETDH
%o 19184121 ¥ F ¥ TH 1 AP S fu. 1960 4
DX 4~6 1M OR—2THES LTS HIC
FoTwb,
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SNH, E1E, FE2HTOHARANDWLIELRITE
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O THoze 3 M 1952 (FAI27) 4E, Hu »
FYCTHfES M, O TRIFEZ—IFEL K) &/h
ML (Bt 2~ b)) 25, EFHX (Principal
Paper) 12X 3 % afaw (Discussion) (22N L CiES
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b DC THMEINe ZTORETIX. HAATEE
WX B EWL (BB 208m3L) DREIIZE LD o7
DD, i (Supplementary Paper) & 6 #is (&
BABTN) & HAANMREDGHIERE R LIGD 7,
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H5 FIKXI3 1968 45 10 . st b s (L)
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KTOEML 20D H b HARAWIER 235 da
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TS EPMA 22 EOFET, 7V v A —HWR
X Y b OKANZE Y B AFFEA— D DTHKIIIE L7zl
MoMEcbdH o722,

WROKAMREE, BemEX2 7 (1974), 471
2% (1980). #E8MY A FVx AL 1 (1986). %59
M ==a2—5Y— (1992). F10M AL 57K Y (&
V=5, 197). E1WMFT =Ny (7 7Y
71, 2003). 5121 bYA=V (2007). £ 13 o]
< FY—=F (2011) &, 4 14 MIR&E 2015 4446
TSNz, WFhOKATH, HADNLDOFRE
ZIMEEYN L 2 LR BTV D,

H1l: ¥Fv>5UE— 3> (characterization)
[TNE—RMTHBH 7] L) EMICHT 50%%
WRyHZ L,

T X Y MUEEOEETIE, 7 ¥ B — KR O
W OKEREE. LS W - LN 2 & E
KMPT LI LRV,
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ARTh, DBIIEEZORLETHHH) L 2T 5,

3 @A - BAR
FEAH O TR 2WEAE NI —IETES 2 L &
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W4 M
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8 AV MKOEELGEDOS LD

WINOEEIZBWTH, [HK] ZEIG R s
b, HWoMEREN Lo s b, EHICHEETHL S
LIREEREL V. LAl EAXA Y MEEIBVT
. DT 2008 M» S, [Bitk] 3& ) biyEE
RMESFICHHLEFRZA
(1) XY ME. 2279 — bOled EELARAE

THY., Toarz ) — MEEROWITERIZ
504100 4EH B ik Eeh D Laliffs s, 2
70— bORBEOBKLEH D £ X ¥ M, W
BEPOENLZTONMERPTFONTVEDTH
D, AV MEKIE, ZOEEOMEIHT S
AV IA=H—D [FR] THHLEHFR 5o
SO ERE—HT, XY MEMIEE, BIE
EMALD ETHEAI. BEHEWIS [R4 -
] MIZOWTHLWHMNESNSZ EI2H D
Lh b [HERM] 2 [H#BAIORA ] 25
BA - RLOHDOARED S Bl W5k R o
BRI I NG T TIZAETORMELSH -2
L. BCh 2B THB (34, 552 M),
(2) AV P A=H—=1ZloT [JISHEDOE X b
5] ik, S oOMNERTOH L L
W2 b, BX Y N DREINEHEOR TN
HETH Y, AEFELRIET 2 H AT O
Wi, T A Y M JIS SR Z ] 25—
RS TVAENDTH b,

BRICHE L CH ) — o HEELMICMh TR & 72
Vo DAEOE X Y bOAFE - FEAGNE. BiEO K
RITH & KA C R B D ¥ — I F VI KRI%
SNBBRBICHR-TEY (4I123ZH). ZOMKH
WCHEBUL S W74 - il kfl A, EiR ok
ELTIRBIREMMAZEZ LR TWD, BARARIT,
2013 D A v Mgk, HERLV FT YRRV
kT 10,000 1 /t=10 1] /kg" TH %o Z D -
WAL, — T [ a AR - KA - K E %
R D Lo TBY ., Lzdi> TREIMEDNS
LAY NThVE, TOERE - FEAREIO X ) v b
WHEIT Ve SOOI, o b L OHFHA - ikt
ThoTh, HEMOWELA2S [BHEILL ML
T5] CLEMRTHMRICELI L DD, T2,
BB HIZE SN TR Td, 5% - i X
M D72 DITEBITIERG AR - MBS TV Zewn
KRBT 2 bl IS %o

LAY MK ERLUED XD BB F iR
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2. COEETI. OB E Bl oI HES
HARDE X v MK OEEL, A Y ML LD
EhzE-E5,

81 Tld. HEOEERLMHEOL ML % BT 25
FiERE L. HARENTRIE S TWEO JIS B
DEAV b, QXY MEMLOAF TR EITBIRS
NTw3 JISBUEDSNORBRE X ¥ b, BEUB®® X
¥ M ORBIEICHET 5 JIS o %E (HH) 24T %,

82 Tld. FAVEBHOME LT LA MBI
MHIEEND X )Tk o7k E R, Thifis L
T 38AE THARRNL 5 v Fe X v bikRiE] 28
HllE S TUE, 2010 R TOEAE D X~ b
B DEEE RS,

83 T, 81 T L7z X v PO ELR S DIC
DWT, ThEhORNE - Y x5t ET5,

8.1.1 2015 FRADEXY MEF JIS #4348 >

XY MIZBT 2% HATIERK (JIS : Japan
Industrial Standard) %, 314 (201544 H 1 H
RO BB 2 B A5 BIKS. SRER DTSBTS5
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