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Tig 2, Summary of kiln operation
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wO~3W°C - T
, © 4w ~450mm WS
1200~1250 rpm
A < ;
L - S’cag e -1 A
A AW °~ 320 °c
. 42~44t/h,
L Stage 2
540 °~ 560 ¢ -
L r Raw Meal
L Stage 3 .

Raw Mili , 68) °~ 700 °¢
aw 1 .
| 450~4 Y0mm ws

Ls tage 4 | 290~300m®/h

. / o =]
46 ~ 55 mm WS 780 ~ 80 C

Primary Aivw

L Rotary ZXilno f

1B~ 120°C )

L3~1.35rpm 0il

3.0~ 4,0 0,Vol. % :
100 °¢

Fuller Cooler
guing II I

: s
20~30 30~40 T0~8)mm W&

LClinke’r Storage
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V’.}’.‘able 1: Technical data for the kiln irvesti—
ga ted

Kiln

Maker ! Humboldg
Year Of construction : 1953

Dimensions D 3.4%m X 40m

Effective kiln volume. 246 mS

Spec. volume fafing of kiln:1.69 24 hm®

Inclination ‘ 3.5 %

Kiln ‘speed : 1 rpm

Type of fuel . bulverised coal
Fuel feed . twin ecrew fseder

Source of primary air. exhauset air from ¢ooler,
and fiee air -
-Primary air nozzle diameter: 150 mm

Raw material feed: cel%Plar feeder for dry raw
: mea
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Dust collection ! Elex electrostatic preci-—
pitator

Dust return * into kiln inlet

Preheater

Process . Suspension prehsater
Maker , ;- Humbold't
Year 0f construction :© 1953

Dimensions « 4 cyclone stages

Clinker Caooler

Type : inclinei ravse Coo-—
TP ler (Full%r

Maker : Claudius Poaters

.Bize . 695

Effective grate area . 13,95 mS

Waste heat utiligation: utiligation Of exit
gas in two Humboldt
drying 4 grinding
mille 10r raw mater—
ials. exhauat galr '
from cooler used ad
Primary air,

BIR ol it gt  Gemman Cé’mént Work's Association
(v.p,2)R)ea4 T %@iﬁ‘é"rﬁ&?‘l_. e A whE Al #l
Table 18 kiln ol & MR ZE Table 2ol i‘é?ﬁ’d v}
o e
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Table 2; Heat balance of rotary kiln

KcalKg|Keal Kg
romarks clinker | clinke+
1, Heat intake
L.1. from co0Oal coal consumption 858
o =12.34% :
1.11 calorifiz valuye Hu =6.90Kcal kg
HzO=U.8%
gas=1u. 6%
ash=14.9%
1.12 sensible haat 30T < 1
_intake from fuel ' 858 858
1.9, from rew material 1+52 1 kg raw meal kg cJT
1.21 comhustible consti—|0, ¥9% carbon 25
tuents ”
‘1.2 sensible heat of 60 °c 14
the raw msal 4
intake from raw mater-— 39 39
ial
i3, from cooling air 250 NmS kg c1. ;14 °C -5
892
2. Heat expenditure
2.1, theoretical heat re— — 396
quirement for clinker
burning
9« U.,41% Hz0
2-2 eVapDratiOn‘Of water 314'0;1.&5Nm3/] Cl. 4
3.3 eoxit gas losses n=1L39(after heat 184
exchanger)
gégzgéhg% refarred
0z2=4,9% Lo
com0. 0% | 1TT eas
false air 192%
5




: KealRg | Keal Kg
~remarks E clinker| clinker
2.4, dust lossges(sgsensible 192.1% exit 244 °C 5
heat) entry 162°C'
&5;radiation and convection
9,51 kiln shell 119
R radiation
2.8 firing nood 2
‘ ’ cOngtant
2.88 ¥iln inlet casging , 1
: c=4 .
2,4 heat sexchanger ) , 32
losses due t0 radiation :
and convection : 154 B 154
2.6. 1logses at cooler
2,61 clinker waste heat |82 °C 11

- 2.62 losses with exhaust ‘..-0190;1.67Nm3/kg cl. 95
air from cooler inecl,
wasgte heat vtiliza-—
tion

2.683 radiation and con— 3
- vection

2.64 cooling water

109 109

'2J.cooling wéter ; B -
2.8. remainder : - 40
total heat expenditure ' 892

Fuller cooler # #if4kelE clinker 2| ‘Wwaste heat. cool—
er ¢ exhaust air ol 12‘2@} # , cooler 8l radiation I ‘con—-
voction o ik #%, 2ea k’ilnﬁﬁibﬂ EAS 2 % ¥ waste
heat ( ARBAMA N Hig HRA gHIE Re od gad)s
°f flths  olinker cooler ol fojMe) MELE AN Lk
A€ rotary kiln o MEHE FMoed ceol I A o
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S Table 36l ol & FlEmcH,

Table 3 Heat and air bvalances for Fuller
cooler
; heat air bal-
remarks balance jance Nm3.
Kal mrkg{per kg Of
of clirker | cliuker
1. Intake
1.1 with clinker 1.350°¢C 349
12 with cooling air 14 °¢C -5 2 .50
Total j 337 2 .50
J— ——— ——— | - ,.+>__
2. Bxp:mditure
2,1 'secondary air 827 ° ¢ 292 v.83
{romainder)
2.2 primary-air 129 ° ¢ 6 0,09
0,17Nm3 K cl,
1 =16% of
combus tion
air
heat recovery Zfor 298
kiln
23;waste heat utili— — —
sation
24 exhaust air from 210 ° ¢ 95 1.58
coo0ler .
2,6 clinker waste heat| 82 ° ¢ 11 -
2.6 cooling water - - —
wagste heat
2.7 1o0ssss through - 3 —
walls
heat losses 109
expenditure 337 2.50
BN ARSI 41 Tavle 2 9% Table 39 Z< #HEE dd=

o RETHRB( EpBERETIN mEflse XE

CRY )
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Table 4. Test results for fuel used
(coal ready for firing)

A=

net calorific valus Kcal/Kp coal I 6950
watsr content % 0.8
ash content 14.9
volatile constituents % 19.6
temperature °C 30
: 7 AR
cO0al consumption ¥ cl. - 127
peume - 12744
fineness Of the coal ready
for firing
retained on sieve 0.2 DIN % 0.9
4188, 90U meshes cm? :
retained on sieve (.09 DIN % 11.4
4188, 4900 meshes, m?
Elemental ahalysis
“a'sh % 14.9
water % 0.8
carbon C % 75.2
nydrOgen H % 4.1
total sulphur § % 1.2
nitrogen N % 1.2
Oxygen O % 2.6
Total 100, 0
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Table 5 . lest results for clinker producsd

Nné design;;;bn ' fﬂ@ﬁqeg max | min
1 ‘\prod’uc ed amount of clinkew T5»\“/‘,2 4h 416 —_ _
|pulk deusity(5-Tmm) | Kad |1.345 "
1vstandard deviation Kg/1 10154 — —
S ' S Gomo | % |1 | |
;"6U'—wmm % L Y 18| < 1
40— 30mm % J

) grangunlometric } 30~—-1 _5mm % 3 J 206 _1_ 3

1 composition 15— 7mm % 29 44; 14

| 7~ Amm % | 23 34 14

; 3~ 1mm | % § 192 94 )

‘ < 1mm I 4 14 1

4 | gilica modulus T 2.5 { :

-
5 |aluming —iron ratio

lime standard (lime satur—

6 tation sxpressed as a per— 96.20
centage)
CzS = 3Ca0,8105 ; % 5;3.2 )
C28 = 20a0.810 % | 17.3
7 1 C3A = 3Ca0,Alz03 % 12,0
CeAF= 4Ca0+Al2034+Feg05 % E 7.9%
Cal ¢ree % U.89§

Table 6.. Laboratory—mill grinding test ressults
for average clinksr samples

gpecific surface : | Cm2/g 2,506
percentage retainedi on DIN % <1

V.20 sieve




<

perc3ntage retainedi on DIN
.09 sieve

Zypsum admixtufe

initial set

final set

water requirement
oxpansion in autOclave teat
hoiling test

cold —water test

% 3.2
% 3. 4
h min 3 50
h min 5 10
% 26.0

% 0.26

— satisfactory

- satisfactory

flexural strength KgCm2 .
at 1 Aay —_——
at 3 days 44
at 7 days 69
at 28 Adays 79
compressive strength Eg/ Cm2
at i day —
at 3 days 211
at 7 days 334
at 28 days 486
Table 7. Test results for raw meals
NQW designation mmr%pl max min
1 CaCOg+MgCOs convnent % § 77.13|78.25(76.00
(titration)
quartz % 4
"kaolin % i.4
i1iite '% ) 17,5 o
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No, designa tioOn sverage | mMax min
montmorillonite % -
2 lwater content of the kiln % 0.41 0.5 0,3
fesd .
3 |litre weights 0f the gran— ﬁyﬁ 1,18y
uloes )
fineuess 9f raw meal
£iln west
A |percentage 1:'eminc~"’10nSifﬁvaﬂ.‘zp % 3.8 Y4 w8
DIN 31838(900 meshec, cm?)
nercentage rstained on sie~ % | 19.8 2i.4 138,00

ve LOY DIN 43i88(4%0¢ mesh—
os//cmt)

gieving

20 96.5
a20] 92.4
<KWy 81.8

<60} 70.5

table 8 ; Chemical analyses 0f raw meal, ass

clinker and dust

) | raw meal Jj'ash clinl-cer __112232?_@;%
No, congtituents 31%]-1—‘ -%geril- tiégx&i—_
i a b 7 c 4 © bl g
1 |{insnluble residus — — - 0B Uw — —
2 810, 14.01 |21.66 |47.0 {21.52(21.60 [17.94 [96.41
3| Alz0s 3.85 | 5.95 |24.0 | 6.%|6.18 | 5.50 | 8.10
4 TiOz 0.12 | 0.19 — U.20) 0.20 | 0.16 0.24‘
5 P20s | —t = lus — - — -
6 | Fe203 '1.23 | 1.90 11.2 | 2.49/ 250 | L8 | 2.4
7 Mnz0g 0.10 ] 0.15 ] — | 0.U9! 0,09 | 0.09 | 0.13
1 —_— ! : i i




) ; raw mealaSh‘clinker raw Sa?

MNo. constituents ‘ifg.— iﬁ:ii-— ﬁl_
A b c 1 Y f g

8| cao 43.30 |67.00 | 4.4 6663 | 6653 | 39.53 58,18
9l Mo veel 0w (2.7 0.8 vl 0.87] 18
10| 805 wowal v.60| 093] 4.2] 092 ve2] 11| 1.63
11| s — = =] vl ow|l -] -
12| K20 0.67| Los| 3.8 80| 09| 1ay 1w
13| HNazo 0.06| vogl 08| ousl 0.06] 0168 0.2
14 loss Oon ignition :ﬁsma - - 0% — 3206 ~
15|{Sum 1 — 14 99.981 99.03198,7 [100.08 100, (7 [10U. 3y 0.6
16 ﬁfcn;);;ﬁ:;és CXam e | 97.90189.9 97.94) 98.30 | 65.65 | 96.64
17| © T - = - —{ 0w -
18] Ca0 ppgp 0wl v — | 0.89] v.89] —| oue
19 c0z 31,83 — k — — — | 99,32 —_
20| H20(K110° C) 041 — | -1 - - | 0.8 -
21| H20(>110°C) 31 -1 - - -] 274 -

Table 9, Test resulte for dAusts from rotary kiln-

suspension

No, : dimeneiodn prehen ter
‘ kiln

1 |[clesan gas dust in- | g¢/Nm3 ‘ o 0. 47

the exirt gas % of amount generated 0.11

- 2 |raw gas dust in g/ Nm3 72. 8

the exit gas % of amount generated | 12,1
3 |[qust in raw gas Nm 3 , 55
at kiln inlet | % of amount generated 7




? : | suspension
M. | Aimension )ynmﬁﬁer
i kiln
4 |Dust in the ahQVe N
ga 8. | ‘

cyclone 1 g ANm3 72,5
t0op stage % of amdunt generated 12.1

o g 149
cyclono 2 Uf amount generated . 23,7

. g,/\lm'5 206
cyclone 3 % Of amount generatai 31.9

{cyclone 4 %(Nms | 254
‘bottom stag of amount genelated‘ 37.8

|

Table 10. Gas and air COUllthﬂu for the rotary

kXiln
T B i f T
. tomper—; flow ! static
No, desiguation ature | rate Droesasure
¢ Nmbkgcl | mm wW.g.
- ‘ . ' 755 mm -
1 |atmosphere g, 14 - mercury
reldative humidity in % 93% ; —
2 | primary-air 129 .16 —
in % of ccmbustion air -~ 16% —
3 leecondary air 827 v.83 | —
4ifalse air(firing hood) ~20 0.U6 -
5 {theorsetical amount of - 0.95 -—
combustion air = L pgin(for
=1)
6 {actual amount of combus— = '1.05 —
tion air and air excess :
7 jair excess factor n= - 1.11 -
8 {cooling air 14 | 250 | + 120
9 exhaﬁsﬁ air from cooler 210 1.58 o~ 3.0
10 |exit gas measured 344 1.66 ~ 530
il |exit ga® calculaved 344 | 1.59 — 530
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tempef¥

) flow gtatic
No, | d1esignation ature rater |pressure
°c Nm3 &kgel | mm W, g..
12 false air(kiln inlst to — - -
¥inal =2xhaus®t fan)
13 |Proportionof primary air 9210 0.09 =
from the Fuller coo2ler
14 (hot air from Fullsr cool— — - —

2r to coal grinding mill

)

Table 11: VUrsat analysssg, exXxCess air factor.H 30

contgelts and dew—points

i ‘ ' o
o COz | 02 | CO| Ng _H20 in  dew-
No. |iesignation n | % re—|kgfm3 |[POi—
: % % % ' %grrrlgi—o fdry cnc-t
istghg 288
1 {kiln inlet 6.6 11,910,371, 411,11 — — -
2 |after heat—|28.0(4,2|Sp. (66.8(1.31/6.6 D.103; 49
exchalger . ‘
]
Table 19. Radiation and Convection _
No, designation ‘kcalli”)"/h‘km.]/lq cl.
1| kiln shell (+5%) . 2-061 | 116
2 | firing hood (45%) 0030 2
3| coolser (+10%) 0.055 8
4 | suspeneion preheater
cyclone stage 1 (top stags) 0,208 12
cyclone stage 9 0.100 6
cyclone stags 8 0,100 6
tyclone stage 4 (botnom stage); 0-170 9
Total 2.722 157

AESH e Humboldt system ol A2 EREGGR Hpied
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(1) Paul Weber; Warmelibergang im Drehofen (Heat

tranegfer in rotary kilrns with dus regayrd to cy—

clin processeg and phass formation). Bauverlag

GmbH, 1963. Special edition 9 of the journal

YZement—~Kalk—Gips”, Wissbaden, 1959,

VDZ!. Arbel tsmappe. #/Berechnungs-—unterlagen
fir Ofenversuche/’ (portfolic 7Calculation sheets
for kiln tests”). Dusssldorf, 1959. Rechnungs—

gang fur 4ie Untersuchung von Dreh —und Schacht-—

dfen in der Zement indastrie (Calculation procs-
dure fOor the investigation of rotary kilne and

Shaft kilns in the cemsent induétry);



