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B 20fFEe 23ha sl

<FE-1> Seminar &K} BF
Nl President ’ Director ‘ in?:ggglt ' Manager { Engineer L Foreman [ 7] 123 1 Total
U.S.A. 60 12 16 135 139 3 11 576
Canada 4 2 1 14 8 2 31
Mexico 1 8 9
Germany 1 3 4
Switzerland 2 1 4
Ireland 2 2
Denmark 1 2 3
Korea 1 1 2
England 2 2
Norway 1 1 2
Finland 2 2
Venezuela 1 1 2
Elsalvador 3 1 1
China 1 1
India 1 1
Brazil 1 1
Costarica 1 1
Nica Ragua 1 1
Columbia 1 1
Total | 6| 1| w | 1 169 | 5| n | a

3. Seminar 3k H|O}

Alelvtel g Aok kA 3 <R-2>9 Red AdE THAA Tz FAfn Q&
AFe HHEAA FA90 he FFo) ARBol Gk Ao] =R K APl 5o Fx
<E-2> B%& Theme X #% A
2 ox 0 oA om|m & K ANIGA ] 2ES AE &7

Management trends 3 s ohg-sk 2
Fuel economy 4 1) The Korean Cement Industry
Operations 4 . .
Quatity eontrol 4 Bk  MEEY (SRER Co.)
Dust control 3 2) Raw Mix Blending Control
Refractories 3 Wik s Bk

Total 21 '

BEHAL F2 slide & Fu[sle] 498tz
gov BEREHS 1540H =282 B 38 EEEie 155 =8 304Hes Atz g
o FmE Ak AvveA HEY Hre <F-3> &AMk
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<E-3> B2 ® B X

Monday, December 3, 1973
9:00 AM. Welcome
George K. Konz, Publisher, Rock Products
Moderator-Sidney Levine, editor, Rock Products.
“European cement industry-trends and practices”, Ole F. Peddersen, president, F.L.
Smidth & Co., Inc.

“Mini-computer systems for the cement industry”, Derek Edwards, systems engineer,
Computer Data & Control Applications, Ltd., Canada.

COFFEE BREAK
“The compressed work week in a highly-automated cement plant”, Bernard Bonneau,
plant manager, Ciments Canada Lafarge Ltee., Canada.
“Bearing maintenance”, George Blair, staff engineer, Bantam Bearings Div., The
Torrington Co.
12: 00 Noon LUNCH
1:30 PM. Fuel Economy Symposium
“Fuel economy for the U.S. cement industry”, Frank C. Stevens, president, River
Cement Co.
“Spray drying in processing of cement”, J.P. Koedt, Niro Atomizer, Ltd., Denmark.
“Design and operating considerations to improve kiln thermal efficiency”, H.M.
Garrett, project manager, and J.A. Murray, project manager, Kaiser Engineers.
COFFEE BREAK

“Converting from wet to dry process in cement manufacturing-some possibilities”,
Werner Buech; general manager, engineering, Polysius Corp.
“Feeding the feeders—an approach to bin design”, Gerhardt Bussian, manager,

Merrick Scale Mfg. Co., and Ron Board, engineering manager, Merrick Mfg. Co.

Tuesday, December 4, 1973

8:00 AM. Film
“Bulk handling via the Serpentix conveyor”, Presentation by Donald C. Altman,
sales manager, Serpentix Conveyortry Co.

9:00 AM.

“The Korean cement industry”, Hai-Hyung Cho, managing director, Ssangyeng
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Cement Industrial Co., Ltd., Korea.
“Raw mix blending control”, Kei Sang Ahn, Quality control manager, Ssangyong
Industrial Co., Ltd.,, Korea.
Quality Control Symposium
“Quality control in the cement industry—future impact”, P. W. Gutmann, vice
president, operations, Marquette Cement Manufacturing Co.
COFFEE BREAK
“Geologic quality control-guide to planned cement production”, William E. Cutcliffe,
president, Dunn Geoscience Corp.
“Sampling systems in cement plants-a review and evaluation of current techniques”,
P.R. Huntington, manager, Sampler Dept., The Galigher Co.
12:00 Noon LUNCH
1:30 P.M.
“Large roller mills-their performance and reliability”, E.J. Klovers, senior applica-
tions engineer, Cement and Mining System Div., Allis-Chalmers Corp.
Dust Control Symposium
“Monitoring of particulate emissions from cement plants”, Dr. Heinz T.Beutner,
director of marketing, Lear Siegler, Inc.
COFFEE BREAK
“Gravel filter dust collector at General Portland’s Tampa plant”, J.A. Schueler, ma-
nager of application engineering, Envirex Inc., Rexnord.
“Trellex dust-proofing system”, Tord Larsson, product manager, environmental
products, Trelleborg Rubber Co., Inc.
Wednesday, December 5, 1973
8:00 AM. Film
“Automatic palletizing and shrink wrapping of palletized loads”, Presentation by
Peter Keim, director, Moel lers Maschinenfabrik, W. Germany.
9:00 AM. Refractories Symposium
Film
“Refractory concretes in cement plants”, (produced by Ciments Lafarge SA, France)
presentation by John M. Stubus general manager, Lone Star Lafarge Co.
“Installation methods and techniques for monolithic construction in kiln linings®,

Norman Bernoth, assistant to vice president of sales, C-E Refrctories Div., Com-
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bustion Engineerng.
“Chemically—bonded refractories—a new era”, Thomas A.Geisler, research engineer,
Lavino Div., International Minerals & Chemicals Corp.

“The year ahead”, Sidney Levine,

4. £E #E Theme AT EH
<FE-3> rho) A @ A9 2 REE 2994 ey ot 2ok

4-1 The European Cement Industry:Trend and Practice
(F MHE T¥o| gRt B

ul ¥ A= Denmark, F.L. Smidth & Co.9) #ifEel FeddersonKzA F3 AWE TS 5
Fhiegst AAAQ ) ate] @ HHEet vaddA LEsg F o T ANETHES 2:A0F
o =& AHES ART muifks g4 g # o] Energy shock® 913} skl A4
o BRERS AMEY =L $39 AdE T BT Axdzx g

1) Clinker production

i) Wet process

Shaft kilne]4 Rotory kiln®] @z FEdkEe] a4 S48 =3 FA9 Wet-process
= ANE BB BB B 9 process@th ol'de Wet Process kilnel & Preheater”t
M=ol DA Fgk7l ATl B R vl =

ii) Dry process

@ifpyel Raw mix o ¥#%, Handling @ BE&TE 59 71¢ ALz 1950 F£4R o4 Wer
process o] 4] Dry process®@ = Eol sioh. 10duiolE 10,000t/d Cap. o Kiln #iE7F wIEES
k. New process: Pre-calcinatorgl¥] Coolerd] A o= H#hd RES FIMES Kiln 445
o] Calcinator & ##i&3lel Suspension preheaters} Kiln A}o) o 4 Pre-calcination 3} A 2%
T F# stz ik o Processd H5F3 AL ¥-E Suspension Prehesaero] 4] calcination
degreer} 45% A=<l wksle] o] Processol 4+ 2] 90% o] 42 Kiln fijol 4} Calcinationd}
A H 2 & Kilnel A= ©}vt Burning T#E% 9934 do Mk 9] d38dz =& Kilng
ang 49 5

iii) Cooler

Coolere] #5ZHEFL Rotary cooler — Planetary cooler — Grate cooler — Planetary cooler
2 whA el girh Kiln® dy st vzt g ko] £AA o Dust £A= Jdte] FHot {HHF
£ A= F L Smidth@&itr} HEstd stz 9+ Planetory cooler® tha] @o] Ahg-
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Al Hx = B Fol A+t

sikslel o] Planetary coolers] Fz7F @edhz MREs AFd- = BpRs doe A
o] 917 W®o|tl. E3 2¢3 Fo2AE Grate cooler®] %% % Dedusting RIE- fhrte
Aol e},

2) Kiln feed preparation

Pre-homogenizing before grinding, continuous sampling, #3¥ X-ray G#ikES] FH =
2} = Electronic data processing 5o} dutd e g AA=z glvh

3) Exle| Crushing®} Grinding

Crusher™= JEF¢ abrasivenesso] wz} =] o]of &t} 54 Single =+ Double crusher
s} AEz gleh. =k Efo] EEsEM:olw Jaw crushery} Gyratory crusher$ AHg3tAl =
v 2274 R 3349 Crushing T#le 2 pgEHEIe Raw mill TF Loz 25mm under
sizez gEestE Aol mEolvh JpEEt: A 4% Hammer millg F2 A& A
Wet grindingel $lo]A4%& Open circuit®] Compound slurry millg 2% A A3z 9lvF. Rod
mille gl A hd 7k A=l gheh o] typed] milld wl-$- HECI A coarsedtz ¥
78] old e YR AL Hd 10~15%9 B HFE 4& F ok A 104zl =
Sitrry mille] Rubber liner7b Al A= o] geh. 22} 10~25%9 BHst &E £4° 7 &
.- Raw mill®] Drying capacityt mill jgfke] = Fol ul=gteh. Grinding capacitye] g

<F-4>  EER Kiln FREl ¥ 2f A (B Zold ot dA3E A+ mil
RS 3.5 AFol vl

4) Cement grinding

‘% xwyssoLp By FLS.  f AW E BEIEN QolAE 490 89 ¢
WA A 7] 28 mill cement& water cooling®]

40007 1} air cooling® 34l =t} straight grind-
ing mille] glel A& steel ball® coatingfK

3000 1 o] v} el agglomeration §o.8 <l3he]
Blaine 3,200cm?*/g o]A¢el ¥resl +estA

20001 feh. wekd ol od gkERel WRERH
o 9}, =3 Reduction gear 7} gl mill

gL % GEirel) ¢ <+ 9l= Wrapround

1000+ motore] 2]38F cement mill %4t (10, 000 HP)
9 AF 7 APH =z 9o gy AAL A

\ . . EE &=z glet. o] Wrapround mill2 &

1950 60 70 80 goja wd AAH et RE mille
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vl & AXu 7} H3 Operation cost7} Erbs Ao £z sfr).
5) F.L. Smidth Co.7} BF¥&st Kiln £& 2 Capacity
Smidthiit7F FEE KilnZ# 2 Capacitys <&E-4> 9} 7},

4-2 EBE MUE T#o| gy

o] A2 U.S A. River Cement Co.9 jit&Eel
Frank C. StevensiGe] H w24 & vy
o PRBIEEIR EAF AT AAAAN B
# SFol disted HEG ol

1) %Ee] Energy #fgs HFHEe= <&-5>
o zEe,

2) BRBHER Ol wE A E EEHARL (&
-6>3 2t

3 B FBE A <F-7>3F 2.

4) BREY bR FAE <FE-8>H AL

=3k Stevensie @A w59 Oil kAR
Fel =l <F S0fEskel Zitz d LEHE=R
A Aagtebd 1985FE o= oF 2508 5:<] Oil
< Fgdlor Etz Fetz Ao

wFe] AulE TS 235¢ kb, %E
5 98 w2 &iEt $2 Process control
Foll 93t Energy® A os f=. =zt
2 7l dolA F7)HQ Wt gl 7
24 A E T 9lo]A New process) 7l
who] #AgF g7oF A Fdheta Azshg e

Energy 8% HEA o & &4 o]
AA3 = 3
o BEEE oA EEIEA 7 AV EER

ql £4o=2 9% Energy £4.

<&-5> %EC) Energy i1} BE
(867 : 10' Btu)

T FE 0 | 5 | a0 | s
# Energy 5% | 67.8| 83.5| 1026 128.9
HA B S| 59.4( 655 741 86.0

= Y [ 18.0| 28.5] 389

<E-6> HEERM ME AMHE £EHFE
(%fi 2 %)

e ) Coal | Ol | Gas |A ®
47 67.4| 1L5| 211
69 47.2 8.4 44.4
72 520 100 380
97 93.0 5.0 1.0
(projected) . S :
<R B FEMG £H
(847 : Ib/t-d)
M] Coal 0il Gas

47 | 6651b/t-d | 46.2gal/t-d| 8,000cuft/tcl

72 503 37.6 5,750
87 400 29.6 4, 500
<E-8> BEge k& A
(%fz : US$)

47 |[Fuel price
1970 | 1985 | 138 | increases
(%) |(1985) (%)
Coal T #E L) tuoE | 7.84) 960 220 25— 30
v (BREWL) » | 4.87 6,80 40 35— 50
Oil, bblg 3.18 6.60 108 60—125
Gas, MCF¥% 0.17) 0.53 210/ 80—250
Uranium, Lb¥ 8.00| 15.00 87, 85—105

HENE LA 3-T% (BH)

» Low alkali cement #{3%=2 18 Dust losse] 28 Energy <4
o ZREREV Kilnod AMg=lE BMER Jd BE2 A3 €4, F ME Gas ol BE 1% o]

4 A+

*RBR RN L& FRE RS Kin 402 A% MAMEL $99 22
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e W3 Shut downs} Start upe & QI+ #E .

* Screening @& 9l& Over-crushing® RES ARE BEE A K % Cement over-
grindingo 2 ¥ BJ) =% Energy £4.

» Cement type-I specificatione] glelAl MHEE 3,000~3, 200cm?/g Blaineo] 2= FEHE v
% Ttz ol A& 3,800~4,200cm¥/gAA AAA BA HEtE A 5ol vrsde d
o]y = Energy 44 o]+t

e Concrete TH#0¢] 9loIA Cement £% 0.7~7.9 Gal®] KEE 0.5~5.6Galz FoiA A3}
A =R 28F #WEE 3,0000b/in*l A 4,5001b/in*2 et BESE Cement 100Ib% 70
Ibe] AEE 50IbZ ZeiA ALgstd Concretee] 28H ML 50% MmAsh 2A¥E &
Fotz B KBS A4ste] Cement WEOIT Energy <4& 713tz gle 2ol olsfst]
dRihe s e

4-3 Energy Crisis0fl B8t Cement kiln2| 5t
Kaiser Engineers Co0.¢] Project managerql Mr. Hoke M. Garrett$} Mr. James A. Murray
b FFoE HER Fro A ABEIRE 9% Kind BBARE 7ol
1) #E AMHE TZn} 7|22 Energy 2H|
i) 2E AHIE T &t

<E-9> 28 Cement plant2| Data
Number of process Estimated rated capacity Average plant
Plant process rated capacity
No ‘ % t/y % t/y
Wet 97 58.5 49, 000, 000 56 505, 000
Dry 69 41.5 39, 000, 000 44 565, 000
Total | 166 | 100 ) 88, 000, 000 100 530, 000 (75)
<#E-10> %M Kiln Data
: Average kiln | Kiln per plant .
Plant process Total kilns capacity number Average kiln age
No ’ % t/y Average years
Wet 250 55 196, 000 2.6 25.6
Dry 204 45 191, 000 3.0 23.6
Total | 150 | 100 194000(Average) 2.7 24.7

£t : Average kiln age; 75% =254, 25% =404

ii) 2B A|ME T#2| Energy shock
@ Labor cost; 0.35~0.75 man hours/t-cement CkZ&ETH : 0.4 LIT)
@ #¥}; 3.5~4million Btu/t-cement
® &J; 130 kwh/t-cement
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LEGEND,
[———1 CONSUMPTION/TON-%
COSTS/UNIT-%

2 COSTS/TON~%
————— J PROJECTED MINIMUM %
ANTICIPATED IN 10-25 YEARS

4~ ~ - - 874 OF 1945 COSTS/TON
KWH/TON(NO CHANGE CURRENT OR PROJECTED)

DOLLARS/KWH
192% OF 1945 COSTS/TON
FUEL 25% 6.5 MBTU BTU/TON_ — DOLL%RS/ BTU

) 2009 OF 1945 COSTS/TON

LABOR 40%~0.8MH = HOURS/TON DOLLARS/HOUR
TorallC — — T i SO
80%

L ] ] ] i | | l | ] | )
14.3 16.7 20 25 33 50 100% 200 300 400 600 700
1970 < % OF BASE YEAR | (o5 —» 1970

(BASE YEAR)

< z28-1> US. Cement Industry-Labor, Fuel and Electrical Consumption and
Cost Relationship (1945~1970)

2) 8% Kilno| #hE HE
B Kilno] xeh ZgAal # £ faRk %

& FAsge

EHEZ ¢3te] Mr. Garrett® vh&-3 o] TiEL =

i) Air infiltration
Kiln burner hoods} K& & T#l4 Kiln seald 52%3tA do=z4 US$ 30,0009 %
2 4ER3 oF US$ 90,0008 A & gvke 1< A= S+
ii) Chain system2| ;BN E
Kiln #f gasd] 919 3+ BES =9 F Iz REE AT F do &8 {E-11>9
<F-11> Chain ZEZ 215t MREERK ZHkE Chain systemo] 3ol 9= %2 Kiln

Fuel saving-Btu/t-clinker 2 H#st Aol

Ib of chain ,
per daily ton
of clinker l Wet ‘ Dry iii) Kiln feed end2| EfCH &%
100 J 1, 150, 000 500, 000 Martin Marietta Cement Co.oj A AA| &
200_ | 2 100, 000 1, 000. 000 Feed ende] &+ ¢+ Chain system?] BINE
100 Diff | 950,000 | 500,000 o a0 00 Clinker HES 79x °F 20%¢]
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10

RS A sty
iv) Waste heat?| E]lf -

Cooler =& Kiln exhauste] #|d FIFL
72 (#l Raw material dryings} Raw coal
drying %).

v) Cement rotary kilng} trefoil system
ERTZE

R Kin W37 3EERSE T35
7] WE] Kiln 39 FEEkgel A= = wet
A BB RERC) Aoz BERER i
KH o BhAs w9 + g o] Trefoil
system-> % Rotary limestone kilnf ol 4]
HE= 2 Aeh(<z9-3> #=).

vi) Kiln tumbling ledges

California Portland Cement Co. $} Kaiser
Refractoriesoll 9 8p4 Kilne] Calcining zone
o] Tumbling ledge &£ liter2 4 ] s}¢] Bed
H12} Cold core® 7hamshe] BHERREE 23]
A7) 5 Sliding bed K-S w1 3he] Tif kB
o RS F9 § g0 T

California Portland Cement Co.9} 13/x 15/
%4909} Dry-process kiln(19634£0] RE)
Calcining zone 100'o] 43 3"-high steel
ledgeE 10 ringo] Aol BfrfkpE 10% =
A og AR 10% WAy ads B - K
At A2 Fee] ledged: <295 o
vhepal e,

vii) Oxygen enrichment

BB ZR BEE F71 FFste Kiln
R da FEE gaEste Wy 19604
#e] Southwestern Portland Cement Co. of
A AbE] 9 e

18 [
Cement price—

17+ {100

16
=1
S ’
815 A 90
& 15f v‘ ion 1
- o v Producn:tlon | R
8 ’ \ Capacity !
314 i \Utilization_¢f
A~ / | g
E13 RS ! i1 802
I { \‘,1 ] S
s ! / A =z
w12 t \ 77— S
8 l 1 NG/ a
2 1 <
£ A ©
SN g {7y
g ] [} =
E L 5
S Lol —f '8
8 1 =

i

5 " DATA SOURCE: 6
Z 9 1 US. Bureau of Mines™]

8

1940 1950 1960 1970

Year

<z#¥-2> U.S. Cement Price and Production Data

A TR s
IR

FH55"Schematic Dia

gram of

Kiln Trefoil System
¥t : Hardison Walker

o marmte gt
Rotary

°]213 A& High carbon, High ash fuel& AH-&3te FFqA4 a8 & 4 9o mu
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HEXAGONAL OR e CORRUGATED
OCTAGONAL LEDGE ZONE\.
FLAT ZONE
KILN
ROTATION
STEE
TR CASTABLE
PLATE | e
LEDGE ES LEDGE
TUMBLES ~“ANGLE OF REPOSE ZONE
\‘ WITH LEDGES
{
)\ ANGLE OF REPOSE
NN\ WITHOUT LEDGES
PRECAST

REFRACTORY LEDGE CASTABLE LEDGE

<% -4> Schematic Diagram of Rotary Kiln with Tumbling 1 Edge Concepts

ot 2} Kiln¥l Dustgo] ®o] £38 A4 & 259 flameg A === Dusto] 938 %
B Bl s AASY BEAREER € BuiER A7ods ELAES 24T 4+ Adth

REER; BARE B At AdiA oz &Ko fE] FoE7] Wi B GasEx: 24
sz 39 A9 BERE S 2 del HO 2 CO8 &gl AvA ez Jrtdows
Flame emissivity 7} $713t £& 229 549¢& 9& & Jx BEESE AAE + I

BET 327t T3 A MERFH 35% 0742 2 &3t 435 Z718ke 35% 0, o 49
73 % SubetA o

19725 Rock Products Seminard] A} %3 Mr. Frank McEntee® [The Use of Airco
Oxygen-Fuel Burners in Cement Production]e] 2] &ts] #+7 Coal, Oil, Gas & AF-&3l+ 107
o TANA =9 YA FHE KRG 20%, BEEE 24t BE 18% HFEE 23tz I

Odessa Plante] A& 11.5'x400' Kiln(gas A}2) ol BES FvF 23 o244 700t/d Kilndl
A 840t/d el ez d8E 128 ZaH Y

viii) Other thoughts

@ Process control

196074 Computord =9l {FH o 2R 5~15%9] 4FEER A 3~5%9 MBS B9t
o Rrtete] AN S50l 28t d4sn BEY BES 9¢ ¢ 99Th 1963~19726
Abolel <k 20748 Computors} Cement plante] ==k Process®] ikl T3z
Burning processe] = Computors] A1-&¢] 71537 Computors] &3 Process control &
Total optimizationd] H}3ko 2 Az gz 42 Kiln gt = A-29 A wlto|t}

® Forced production

— 24—
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Cement plant ol 49| R@EHEEAE-S FORMER, BRI 2 IDF, Cooler 59 #fiol 2
At ol 9 shA e 27 wet HEY FHEch ¥ B FERE FTFToEN BREE
£ 5322 £37 £7 Kiln9 Operating datas Ei=s o £43+= Plants ¢

@ Staged wet to dry process conversions

Wet processe] Al Dry process®] e F7}x] o) lth. Al Dry process kiln 3%
B4 Wet process slurry &S 283te 35% k5< 15%2 72A7A Pellet & w5 Wet
process kilne] Zd-8ha Aabwk WA BEHE #4E 718 4 Atk £ & Dry process
kilne 2 % &2 E@7E Wet process kilng /M z3= A o]t

Thailand®] Jalaprathan Cement Co., Ltd. o} 4= Dry process & ##i3}y] £33 Grate
preheater$t Dry process raw mill-S- §8inZE 3tz Wet process kiln-g @i o =24 Dry raw
millz} Wet raw mill®] SlurryE B4 Pellet2 wlEo] Grate preheatere] ZF3 vl o &3
Wet process®] A3 A3 =71 2 Rkl A3t AA3A et

@ Dewatering wet process slurry

Wet process kilnol A XK%-& #H8= Slurrye] 23 #ygits 20~25%0] 232 Z ol &
FilterZ o} AA gt AEFARS d42z il 7153

1940~19604Eft ol = Wood, Steel, Cloth& = Drum filter& AF23tg ot Bz w&f A
HE7F AS3lgdernz ol &itko] ¢lglth &+ B9 Plastic =g x Man made fiber®
=l Filters] /W2 ABEB7 205 F AU D2 o] & o] &3tz gl

® Raw materials

28 7+e] Burnability 9 B2 Rk (LEBHRK, HYERy HE 2 particle sizeo] 23 ¢l
o kel E 23 sHRE X Fetg 7] @£l Burning zone BE 4459 &7 wek Radiation
heat loss$} WEEEE 23k F ol Eol BkES] Fotel wet Burnability kg ]
g e 22 el ez Y
« Silica &89 A
e lron &S] ¥h= Flux &7}
* MgO(&® 3%) &7t
e Low calcining heat ¥ Low burnability heat®] 948 7%
 Cement mill ENWAE A& 27159 HHRERS S99 Raw mix 23
e Raw mealej] 5] 2] Blaine value <7}
¢ CaCl,, SiF,, CaF, 9] A7}
« Kiln dust9] [k
o ZAsfREEAO] A 9] Alkali content Z7}F

® Insulating refractory brick

— 25—
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v gl AE 2 MY FZA Kiln shell2 %859 Radiation heat loss& 744717 $3he]
Insulating brick& Abg-8}z 9ot §HAAE EEEY o & THAA FEHSAT = BE
Bl AalAl= oA s B3t '

@ Dust insufflation

%2 Cement Tl A& Kilnol 4 <33t Dust® BurnerZ Flf3sle Kilne 2 oA Fof
Yo] F7 % &}, ol= F=Z Burning zoned] Coating MRS &2t WA 9 43 =
Bi#ol 9tk o) =8k Dust: 349L wela &ife] = o] Burning zoned} Calcining zone] 2
HES £4 k. =28y Kiln inleto]l 9] Loads Z7}A# Waste gasd #ig%S 24 3
°l & mEk3te Kilnol FgEiast= £A7F HA g&

Preheating primary air

TRE AHE3tE 342 Cooler= 28 Primary air& Eo} f {#sA 1} v 2] Bt A}
S = @t Gas, Oilg AL&3HE 4 ol KFH Airg FIFg . Primary air BE7T F71et
= Airsh Coal®] & #4314 @] 9215 22 1A ¢ Burner makerst 39 st Zo] Frt.

@ Kiln burners

Burnere] EE#:S Plant energy?] #3Eo] of7] 2 A Vzhche AMARE Rolx Fa3tth
Flame®] BBMEE o 7771 lov] Fpre i, el M, ke i S ==t 2
2t2 ¥ Kiln operatore 747 £4 9& 3192 Zoldteh. webA] Burnerd AHg2 Sciencezt
ZEHE Artstz @ F QoH WAKAY F9 4%, AEtEL, AR wEE 9384
Engineer-operator-maker 7} &> Hgeste] Arto] 4 23] 8le] Sciencez Rzl oF ek

3) Dry process kiln2| g

KB A # o] AA= Suspension preheater kiln=}e] u] =

i) #BEE Hheg ii) Waste gas Mt
<E-12> RARBHE <#E-13> Waste gas L& B
2Ol £ BE| K BN waste gas i @
Process !(million Btu/t-cl) | (%) Process | (scf/t-cl) (%)
Long dry 4.2 100 Wet 100, 000 100
Lepol 3.2 85 Long dry 70, 000 70
SP 3.0 71 SP 50, 000 50

iii) @1} #R %Ee| SP kilne| Data

<F-14> 2B} #R £ SP kiln2] Data
& B = 4 ES
BOE & BB £ B 2 L2l
1966 ‘ 1971 1971
Humboldt 1950 580 267 16
Wedag 1962 15 19694% Humboldt
F.L. Smidth 1955 24 75 1 o &6
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Polysius 1958 55 132 3
Krupp 1964 11 2% 3
MIAG 1968 0 5 2
Total i 285 | 505 | 22

Fuller-Humboldtjit®] 4-stage Suspension preheater kiln® <z3-5>¢], =¥+ Smidth,

Miagitte] Suspension
<238-6>¢ et

Polysius, Krupp,

preheaterod] wHd A&
v gk
iv) Secondary furnace(SF) kilns

IHI SF preheater kiln®] Flow sheet:
<2E-7>e vehd gt o] SFo Qubd
¢l 53 & Kiln A ne)A Calcination degree
7} 45% (SP) ol A 90% (SF) = 2715 ] Kiln
of FFH ez st e FiEe] gt

A=)
@ Kiln specific capacity?] ¥ini(22% #= )

yi)
@ W KR AL WA (F 50%)
@ e WA (SPel Heal <k 5% woh)
@ NOx gas9 7+&
® Process controle] Fo}d Aoz o4
® Alkali controle] Fo}a Aoz o4
@ BER7T A4 Aoz o4

v) Japanese SF system

SF system®) #%4& BAZES Aol JL& A

Gas duct to ID fan with Vi
expansion joints ond e
venturi 4
Fulter-Kinyon [ STAGE i
raw feed line e /\Cyc(one {pont. reficziory fined)
y /™~Gas duct (ickroctory lined)
——Feed pipe
{ ——Bellows type expcnsion ioint
STAGE 2 >—— Double tipping valve
Cyclone (refroctory lined)— _-Splush plote
Gas duct (refractory lined)-
Feed pipe (retractory lined)
Bellows type expansion joint.
Double tipping velve STAGE 3
Splash plate ~—= Cyclone {refrectery lined)
-~ Gas duct {retractory lined)

Bellows type expansion joint
_Feed pipe (cefractory lined)
-Bellows type expansion joint

L
/Doub\e tipping valve
| A

Splash plate

STAGE 4

Cyclone {refractory lined)
Gas duct (refractory lined)” 4=z
Expansion joint
Feed pipe (refractory lined)
Single tipping valve ——
Gas duct fo dust collector

Rotory kiln

Feoed end housing with feed
shelf (refractory lined)
Preheater induced draft fan

DATA SOURCE FRulier Company

<z23-5> Fuller-Humboldtft2| 4~stage SP

2 gt} THI Suspension flash preheater (SFP) &= 19664E0] B 9lom] o] SFP:= B
Humboldt SPE 2402 & Fgeo =4 Licensed 19634 0] wEstg ok e o9t KU
SF system ©h& 59 SP system$ 4482 stof ot Bk @itolA Aww Ro|oh

vi) European SF system

Polysiusell Al &= <z8-10>¢] el vlo} 22 Flash calcining process(FCP) & pazEstq

vh. 2 %S Vertical flash calcining shafto] =
of FrEsl = #E 50%E oA Mg s &

N9 Burners} = o g}gvﬂ % Process
el vk, 53] Alkali build-up [H5ES) Bb-SF

Calcining degrees} 95% L) ko] =5 £ Zstso] 9o Aol
Polysius FCPE West German Cement Manufacturest BEez BEEE Az Yoy
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Feedpoints

Feedpoint 1

1

2
2

3
3
4 4

F.L. Smidth . Polysius

e |

. Feedpoint
Feedpoint

Miag Krupp

<2.%9-6> Smidth, Polysius, Krupp, Miagite] SP
o] West German Cementjit® o] Type?] Process &< 1,500t/d & Kilnd o8] 64£/]
olvt 7txlz et o] West German Cementjitol Al 3-8 ©] Process &< BEsAl 2 &
712 Kerogen(Oil shale Hiell &85 & A 2L FJaEFA TRERS dh ol 455
o Qe B BEE At A=Y H T WIF22 P 3,000t/de] o] Process cement
T3 BRY #xrs vx 3
A% SF systemi} FCPS| 8% M

@© Gas+t Oil & FCPAAME ARS AL 4 Ut

@ Kiln by-pass duct& AH3tA g7 WEe] Alkali 559 4, Planetary coolerd 44
¢ T It
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humidity control waier

kiln exhaust (for preci\pitator) __ TzZio
0.1314 kg/kgel— =z P &30
f rotary feeder
N
-1\ first stage ttemperature ¢
_?.;. cyclone p pressure -mmag
T 234 _
P 890 i second stage
cyclone 1
suspension
T 756 preheater / T 310
P 433 | cooler exhaust
/ \J ! —
- g m 2 havst ¥ third stage + W\
stack dust collector main exhaus - LN
stac biower i/ (\Q cyclone I exhaust’ blower
i &/ |flash
T 280 | TE0 N\ furnace ERi
P 343 . p burner 5 dust collector
l\ . flash
RN [;%}D e baps
. , 31 - sintering .
bucket elevator g\} furnace secoridary air duct
A/ 983 '
/ N 627
urth sta ; .
. f(“ ! . ger "“('I,‘ 748
equipment added to \separation) P35
cqnvert sp to sf system cyclone
T 1133 -
P2 rotary kiln
material powder - o T 130
N air quenching cooler clinker
. .
' data source : Th]

<z¥-7> Flow Sheet of Rotary Kiln with Suspension Flash Preheater

@ Oil shales} 7o WAMEE MES AHLE § Sieh
@ 64 AA A<l Plant #E RS 7= A

vii) American SF system
Fuller Co.olAl= AARAA A3k SF systemeo]] @3] zAtslz s dA SF system 7]k
S o] ks $Aolm gt} Fullerfibo] A= o] Process® 19744E#jo] Marketo] W] =&
T I o= g5
Allis Chalmers Co.ol A= A H#A SF systemo] dsle] Hifife
A IRl A E Kikms Aotk
viii) 2B QL0{A2] Other kiln concepts
O TECO(Thermo Electron Corp.)2| Trough kiln BRS¥
BEE <29-12>d4 2nE big o)
o A 2] Rotary kilns}+ 2& Stationary kilno] ¢}.
*» Preheater zone¥} Calcining zoneo]49] 3 a]& Trough Calciner kilnd]4 w8tz Cooler

— 29—
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TO PREHEATER KILN
DUST COLLECTOR '_q

DRY FEED
¢~ AND DUST TO PREHEATER FAN
2
C, FIRST STAGE CYCLONE C‘- =
C, SECOND STAGE CYCLONE \iAS
C, THIRD STAGE CYCLONE
C. FOURTH STAGE CYCLONE Qg 220
3 A
SWIRL BURNER €
. BY PASS FEED (20-50%) ! SWIRL CALCINER [ i
TO FLUIDIZED . ‘ HOT AIR N7
CALCINATOR INDUCED FAN Vit
FOR EXTRACTION : R
4 ROTARY KILN  §/»
r 3 E
SUBMERCED MFC IZILN BURNER— =1
; / DATA SQURCE: KAWASAKI
OIL BURNERS “BED ] | TL{ QURCE: X
B L

FAN—+

6 KILN

<239 -8> Schematic Diagram of Rotary
Kiln with Mitsubishi Fluidized
Calcinator (MFC)

waste gasE -F-= 3l A&

AIR QUENCHING COOLER

< 29-9> Shematic Diagram of Rotary
Kiln with Reinforced Suspension
Flash Preheater (RSP)

e Special burnerr} Raw mix Ho A Ql5 o] o (Trough calciner kiln).
¢ Trough kilndl ##=+ d3 5 28 HEE 9 4 20%.

e Low alkali clinker 4 4tA] Trough kilno] #] By-pass gBERTHE.

e Long dry kilne] (& REHRET 5~10% WAtz o 4.

@ HOC (Harrop Osciplate Calciner)

HOC process?] E:#4-2 Fuller clinker grate coolert 2a #%&9 RS Stationary hearth
$el 94& Osciplating push platez A FAA o2 BRI (<2E-12> IF=2).

o] Calciner®] #Eker b a2®-13> 64 RE ul¢}l 3bo] Hearth plate 9J9 #'HE- Push
plated] &3t AL oz F-2 ol Fo] HulA A2 #H AEdol A7z EFA HE H
& #ifd Chamber 4o 2 ]2 Burners} #AH sz g}

HOC%:= Slurryyt #K#kS] ¥ Feeding® Kkl FRA D wgesids @&tz 9o

=

g o] BERS FFe 538 2% F4oz Dustr} o] HAdA SErhE = e
— 30—
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Raw Feed E7o] geh. o CalcinerdlAE FOR AR

ol v} FgEe] =4-& Push plated] Stroke [E#

1 WY 2 44 .5%%= = Feed hoppert} Vertical

4 4 gater} Pusher #fEcz2x 715314 o] o
Stage 4 Cyclones ot

o] Pusherx= & Eo] A =xe¢ 9+ Pneu-

é . Stage 3 Cyclones - Maticel v} Hydraulic cylindere] o 2hef Sole-

noid valve®} #3H Timer® AZ 314 F o}, o]

AAE 1966We] A mESAET o we

; Stage 2 Cyclones 1o mqo zz fidrhe] HEMEC Y} K5
/ Vertical Flash & AA A48 2 T&E BEE 1,038°C
Y T/ o —® Calcining Shaft (1 000°F), gE 100t/di%h = Hgele
197246 AluminaZ Calcinedt:= EA o=

20t/d ‘ﬂ-iﬁ‘] _Iﬁﬁgyl{: ~1’, 316°C(2,400°F) o
}. o] % BEE o I5EH T HED KE
sk o] Operating F 9. 7% 2% A

- Stage 1 Cyclones

tipl - ; 5 i
Multiple Burners & Cement clinker B4H& 93 HHS Pilot
E?It:ry test’t B FH ol ke Aol

® Fuller Co. 2] Pyzell System
u _ .
<z£Yg-10> Schematic Diagram of Rotary Kiln 19674 %% Fullerfitel Al Pyzell fluid bed

with Polysius Flash gCalcinin Process type kilng B%, WHE sl ot AgR
Dus_t Collector

DATA SOURCE: POLYSIUS

Trough Calciner Kiln

Rotary Kiln

Fuel

Grate
Cooler

Clinker

Data Source: TECO Cooling Air tn  °Ut

<z#-11> Schematic Diagram of Rotary Kiln and TECO Stationary Trough Kiln
— 31 —
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ﬁ;z,'____.

STATIONARY '
91 } ; - HEARTH PLATE TYPICAL
| I MODULE
| B PUSHER PLATE
& (@] L

FUSHER ASS'Y
(DWELL POSITION)

AIR CYLINDER =2 —1[

o)

PUSHER ASS'Y
OUT POSITION

<z.¥-12> Schematic Diagram of HOC Osciplate Module

EXHAUST

PUSHER ASSEMBLY
(TYPICAL)

DATA SOURCE: REANEY ASSOCIATES

RECIRCULATING
ADDITIVES BIN

PRIMARY COMBUST
‘COMBUSTION AIR

FAN COOLING

COOLING AIR 4,
DISCHARGE Vg

< 2% -13> Schematic Diagram of HOC Calciner

EAl A HEkRESE & T e wF A

FoF BREA XA
— 392 —
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RECIRCULATING
E_,@‘N ADDITIVES

PRIMARY
COMBUSTION AIR! g ’
> +

PUSHER ASSEMBLY
(TYPICAL)

FAN COOLING
AIR

\‘
i

DATA SOURCE: REANEY ASSOCIATES

COOLING AIR FEd’
" DISCHARGE * (e

<:z2.9-14> Schematic Diagram of HOC Calciner
4-4 =H MHE T A M2 [EEE (BE KK

Marquette Cement Mfg. Co., & bl Phillip W. GutmannjSe) 22 EZA ERY
ANE TFel ol EEHE dste] A} v s 57 zFo] R

1) Cement Specification

A E B HIER Businesst #a s & 759 Parameter£e] sz s ojof g}, ol HE9
3 Specification& Basic business parameter9}E o} F BIfR glo] #HfE (Artificial) 3 A o) o] A4
AAL A BEE S B & ket £33 Biel ddted AAF R FEE /H
Sk ohAl 24 Cement T3] glojA Quality control& 7] &4 Q1 #EELo] 1} Marketing,
Operating, 3% %¢ 9 A3} Specificationo. 2 28 HA A5 o gir).

g FIE 2ASM old THAA Max 0.6%9) Alkalizts H# (ASTM) off ©t3e] S48 A=
Alkalig 0.7%2 & = 2r} Dust R =%l 4/ 260,000 38 F1EAEEYD) ol st 49 2
o] ¥ 2854k JE 0.7% Alkali A ES} 0.6% 2t} Concretee] © H=E3lct: Technia
cal data® FRA XYt 2H= stz 0.1% o AT 4 =A-F] £/ 260, 0007
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o] ¥l E A FoBA utF FHEY 4% JMA g

AMES] g A9 BHRs 9A9d 1960FER BigstA BRI od RS Bwst Zol
AHES] TRESE dx J& WA AztA vlal AR et 2¥dz §4 LE59Y A
E @EHe @A duadrt 22 AR EE AAx oz e FAE g

Wob Zetast she A Bgel LE gtk #ol ol x wlHY AHE Hige AdE T¥
& HEEAA ool BEE&T Quality controle] ook bz JHERsty o

ol¢ o], Phillip W. Gutmannie] $8al Jerry Yorderfr o2 B4 5o AA 3
Quality control ko] RHEEES ZA WI7lA = FE3 o83 o] nwasgch

i) Construction cost

oY I8 AA KEfAS =z 9. & Kilng 8,000t/d, Grinding mille 9,000 HPée] =
dets 9wt whebAl Operation HRE AR sz 9o = A48 ¢ 9z 357 JE
Side effect® dojriz ot F—3 AH Kiln# Coolerol A 4= 2f&2] Clinker (liter weight
1,300 2 1,000)= <FE-15>9 2o £HET A

/

<F-15> Clinker liter weight?] BHE H&
Clinker 1, 300g/! Clinker 1,000g/!
Crystal C:S, C;A Well crystalized Imperfect crystalize growth
HWOE (interstitial phase ®3) 280 M/} o &vh
Size distribution 10~25x ranges} %, 104 o137 & e
Alkali Much higher K,O

(1, 000g/! chnker°ﬂ rs 2{%)

ii) Air % Water pollution

A APz 9l Pollution law (AER I#:) = Clinkere] Alkalis} Sulfur leveld] 2 A A
o dFE vl Aelvh. Alkalig 0.5~0.9% 2 X717 98 ZH9 duste] dBE Kiln]
A Eul sz v A & # 3ok (30~400t/d).

1975f!3 78 18%€ Water pollution law #<fo] Alkali$} Water pollutantsE wo] &3}
KE BRESA g ol AL 197746 714 eE5d3 2L HkoeZ Dusts: BERY + ¢
gte}. Kiln dust® © ge] Kilne] ReturnAjzlebsd Clinker rho] Alkali®} Sulfate &5
ol o & }7]51 e FEEE AAE WA

Alkalis} 3% Au] = Ao 7 & 1,300g/! clinkerd] A Alkali®] 90% >~} Calcium
Silicate phase®. ﬁ%Ef?} (X-ray diffraction study) Alkalit= dutA o2 KC,S,,& &8t
= 4HA YA F 2¥9A EAY SEHe] 9rH(<z¥-15> F=2).

Large kiln¥} Mill systeme] ¢l o}4 & Small particle size fractione] Alkalir} B#Es =
iAol gheh. Alkali solubility Particle size$t @A g A 7F Qlel. 53] 25u o] 3ol Al ©]
<+ &°] Ferh 1,300g/! clinkers #HIHS &l AL MilldAl ZHs2dY k& Milld]
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Per Cent Available ———=
S

[ 10 [ 20 { 30 1 40
Mean Particle Diameter (Microns) —*#

£ z2%-15> Actual Available CS in the Various Sieve Fractions

A A% ATk 280 FEZE 3001b/in®(%F 21 kg/cm®) Eohz -

iii) Fuel
23 WdE ANE TS BB pREACZTH Ol2 BREE AE3 Eifsgl<d

A Z& Oil shortage® qldhe] = wbs A F& vebl = Sivh Fhe] Ash content$} Burning
rated] w2 C,S¢] WEL & 3.6%0]th Coal ashe] w2 C,S #EL 5% Loz CS &5
Bjo] 28% BRI H((FE-16> F=). :
ffzzh o G2 Eie AHEstd Clinker 459 &L o % AAddE Af 438 < A+
of® T#-& o|v] Clinker 9 SO} 2% 5 2#dvzn Bxw Jlow FRKS #iEol EHiEs
£ Burning £A4 WFel | #Fk Ayt £ES 24 F9E A= AFAAH
iv) Raw material source )

Perfect cement stone® A9 2753 o]A= Cement HiEol ¢lo]4 Blending procedure

AN

i

2.04
1300 Li ]
90 Iter ;
T e o,
@70 ] ]
0 o 10
8 50 : 2. 1
7 404... 1000 Liter Weigh; Cement o
g B E TP 20.5
S 30 T g o 1000 Liter Weight Cement -
5 20 g e L Rt
A 10 g T T T 1
| 10 | 20 | 30 | 40 ) 10 20 30 40
Mean Particle Diameter (Microns) — Mean Particle Diameter (Microns) —
<29-16> % Soluble K;O in the Various < z8-17> Distribution K;O in the Various
Sieve Fractions Sieve Fractions
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<F-16> Monthly C,S Variation for Type-I Clinker as Related to Possible
C.S Variation due to the Effects of Coal - (BT %)
' April 1 May ! June \ July 1 August 1 Average
Plant C;S High 62 59 54 56 60 58.4
Plant C;S Low 44 42 41 38 37 40. 4
Plant C,S Range 18 ‘ 17 13 | 18 24 18.0
% Effect of Coal
On Monthly Plant 5.0~ 5, 3~ 6. 9~ 5.0~ 3.8~ 5.0~
C:S Range 20.0 2.2 | 27 | 200 | 150 20.0
£f : Calculation of =AC;S(Total) %100
% Effect of Coal Monthly Plant
On Monthly C,S C;S Range
=3.6/13.0
=27.7% etc.

7} ¢ dosHA =k =3 oAy AdEY 2% Alkalist MgOsF ¥& Raw material
S Foty] oA HAqth o] FeAx A= Alkalioldl #ER7F 22 WyeEE Alr and
water pollution regulation =] ©® 4 2409

Alkalis #FEYL & 9A Ao BEH9
. 2000 F
#od HRKS ] Cement clinker 5 2
AEA @ Aeolrh ~1600 -
A% Alkali& o]® A Operating level2 ) §
9 ¢ Aol kb wFoE, HA S5 k Eiaol
#l Kiln, Cooler, Finish mill, Separator % §
He A2 WA B2 9 800
(5]
«
- B
5. SMERE dwf &
s Mean Particle Diamet icrang)
1) %8 MRS Energy crisisl Ot A2 2 T AT s s g
Wk 294 AelAE #A EREER 0 0 05 L0 L& 20
. \ o e 7 Log,, Diameter ____
= isi & maho 5
=9} Energy crisise] =9t Fale A2 2 < 7.8~18> Surface Area Distribution for
oldvt. dE B EHEY REHEL 60 the Various Sieve Fractions

mile/h obF2 Fotet sl tE Al & A7z gk = Q3 AL ChristmasE
AFste] ool v AdAon z BHEHE HAslz Qde Aoz Euds EE
Energy crisise 2 83 U7 4 & Aolgt= oJ= T.V Announcer? =& ChicagodA
ARtz A B E5eh New Yorkd] wiA= & 4745w 34384 gz o 7 ol gleh=
Aol #E7E 7 1ol At
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2) RE2{2 Seminar BEFR
E4 AR 2 29 E BEels] wfelo]Xwt A& Seminard] #47lE zofEE 317
o g+ Aolgivh. o] 2 Ew Frank C. StevensiGr} B A 7+3 Energy crisise] %3 Theme
BER A It A 2 AE W%ﬂi I'EIZIK% A e EHEA g e
oltk. o]#d 1}ele] Energy crisist wl¢ AZd A Tod Jg& Aolztxz *37—.‘5]*‘:—‘11
Energy crisis?} HA&Y Sauna(Al$b)o] =X &= °3 of Hal HEHN FAANLLEHE ZAE
o] HiRo] BES AohiA 8 AL urizte i L97E FEFA Y 9 Wit Sle
o) gy A

3) Korean cement0 CHEF B2

gl d ks BE jidE 2E st e ﬂhﬂ% REfECl W= ROl fle
B0t} Theme FHEE LT Atgo] tolA W8] F& BEE 1% R 24 =g+ 4
2= e BE ANE T 4% @S AEA vz z} hl A o

1) cf2l & @or

& Semina ZHES 98 e A e QA 714 2] e ¢7ﬂ, #47) 3 AH)
2, EE B Sol o] FolA o] Aot EEAMZTSl R T & . 2HY
of ol dul AT FuFA gorz P Agelx AA Heow HWEE e Al
Yol A oz 78] olgieh Be BinEE At HEEtn 4 A L9 o A= A
A Astes A4t Aok e o] As AR 28z AEE 9 7k Inform-
ationg 9% g S BES s Ao

5) A& Seminar 2y AP

#rheh ¢l A Seminare] Holm #EH A & FARe] Zpdte AL Atz Ao 59
S v A ESF BEE FUHE AR KRS otz v d4% FHE Aok {HRIA A
HE TEY 5FE dJddtn o8 7kx A2 HRE devhe Aol = W EE] A%
ol tt.

Fo2 A& Seminare] Al 8} FA EH Groups) GRYE AA8A AX T4 HE 9%
A BEH === wpolth

I r“l

=

I
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