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IUl'RODUCTION 

China is a developing country. Her shaft kiln ce.-nent \lorks are charac­

terized by the manufacture of cement vith locally available raw materiel. 

for local constlli:lption , small investments but quick returns, suf fi­

cient utilization of local mining resources existing in small qua.nti­

t ies, great adaptab:tlity to inferior fuel of l.ow heat and lo\l trans­

port expense. There.fore, ever since 1958, various types of shaft kiln 

works have mushroaned. Tcday, there a.re J,I.r:xJ such works scattered 

all CNer China, with an annual 0•1tput of 47 million tons, about tvo­

thirds the total cecent output of the nation. They have made co.1sider­

able contribution to the capital co~~truction of agricult\Ual irriga­

tion, local industry and civil engineering; e.nd played an impcrtant 

role in socialist construction. · 

At present, more than 110 shaft kiln ca~ent works boast a yearly 

output of some 100,000 tons; more than 200 cement wo:..·ks some 50,000. 

tons while anothe~ 200 have a yearly output of 10,000 - JO~OCO tons 

each. And the rest turn out less than 10,000 tons per year. 

According to operation, kilns can be divided into three kinds: can­

mon shaft kilns (manual feed and discharge), se?:i-mechanical shaft 

kilns (mechanical feed but ma~\.13.l discharge) and ~echanical shaft 

kilns (mechanical feed and discharge). The products are chiefly 

Portland cement grade 400 (the ce!!lent grade or strength cf mentionei 
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in this paper refers to the state standard of "earth-dried" mottar 

test unless othervise specified), slag Fortland cenent gra~e 4CYJ c..-ld 

poz.:olanic Portland cement grade 400, apart fr . Portland or slag 

Portland cement grade 500 produced by sorae .;~ent works. The average 

opera1;ing data of vertical kiln cement works E::e that specific standard 

clJS.l consumption is l45 ~t.cl., specific power consu:nption SJ kvh/t. 

cement an! t!ie maximm output per person 115 t/yea:r.mim. Thd cement 

cost is 41$ higher than those of large and mediun-sized rotary kilns. 

Burning procttsse:s currently employed by lrertica.l kiln plants in Chi~ are 

the corrventional burning process, the partial black !lleal burning pro­

cess, 1;be black meal burning process, the differential heat burning 

process and the $hell process, etc •• The foll oving is a brief ir.tro­

duction of burning processes beine e:iployed in China today. 

'@ Burni:lg Process 

1.1 Conventional Process 

It has been proved in practice in 0hina that this pro~ess is qt:.ite 

simple:, ea~y to operate and control. Coal ~roportion can be flexibly 

regulated and coal size distribution reasonably selected to satisfy 

the demands of shaft kiln sintering. frovided that raw mE:&l is pro­

portioned reasonably to obtain a hOl!logeneouR ~ stable c0C1position, 

the coal is propcrtioned strictly and the operation is correct, the 

conventional process can also prepi .'"e cement above grade 400. 

The cun·.rentional process, however, has s1lch shortcooings ans slow 

sintering, unstable clinker output and quality anj high power con-
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sumption. 

1.2 Differential Heat Burning Process 

Heat consumption differs in the side pellets and the middle pellets 

as burning goes on in the sha~ kiln. According to heat balance, the 

middle meal rectuires a heat supply a:noun°~ing to only 650 Kcal/kg cl. 

or so and the side meal as much as 1,100 Kcal/k~ cl. or so. 

The flov she&t or the differential heat burning process Ca.."l be general-

ly divided into three sorts: 

(1) Mono-feeding system 

Only ·one conveying am feeding systeri is employed to proportion coal 

and t~e rav meal of the side part and the middle part, feeding amo11nts 

being regulated by means of feeders. Am then they are prepared by a 

disc pelletiser into nodules of the s~de part and the middle part to 

be fed separately into the kiln for burning. The mono-feooing system 

is suited for the differential heat burning of the conventional pro-

I I 
cess ani the partial black meal procesz i~cluding the process in 

vhich the middle meal is vholJ.y made of the b1ack me.ci.l. The mono-

feeding system is knovn for its si:nplicity or productiori technology 

and lov cost of i.nvestment for equipnent aril construction. With slight 

improvement on the control of produi:tion, the conventional bu."."lli.ng 

process can br. converted into the differential heat burning process. 

However, atrict proportioning of coal and feeding are essential; 

otherwise, th'? burning proce:;5 vill be adversely affected d·..:.a to the 

improper m:I xing of the· side nod ill.es and the middle nO'.lules. 

(2) Di-feeding system 

I 
____ I 
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Tvo conveying and feeding systems are ~ployed, the side and middle no-

dules being pelleted in tvo disc pelletisers separately and fed into 

the shaft kiln through di-c.liutes . 

This te~hnology is reasonable and the operation and control are simple. 

It is suited for the differential heat burning of the conventional pro-. , 
cess arxl the partial l:>laclc meal process including the proc~ ss in vhic.li 

the middle and meal is made entirely of the black m~ . 

{3) Di!!erential heat burning system o! the •black meal• process 

\ I 
By this syst~, the black :neals of the side parl and the :!liddle paxt 

are pulverized ~epar~tely in tvo mills. ~erefore, two preparation 

systems and storage silos for the raw meal are requirf.ld. '!'his tech-

nology, wich is canpllcated, requires high investment cost. Conse-

quently, it is adopted by a limited number of factories. 

\ 

1.3 Differential heat burning of the process in which the middle 

meal is made of the black mea:: 

The differential heat burning process is e:xter:tively emp!cyed arxl con-

siderably improved in China. It has been now applied to the conventional 

process, the 1partial black meal' process, the process in which the 

middle meal is me.We entirely of the black meal and the shell process. 

The f olloving is a detailed introduction of the application in produc-

tion of the differential heat burning process of the middle meal made 

entirely of the black meal. 

By this process is meant that the raw meal of the middle ?art, called 

the middle meal, is made entirely of the 1ble.ck meal'; to vhich is ad-

I. 
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ded a definite amount of coal particles for the preparation of the 

rav me:a.1 of the side part. After that they are pelletized and fed bto 

the kiln separately for burning. 

Statistics shov that, in general, coal ~or the 'middle meal made of 

the black meal' is proportioned in acco:..-da.nce with the specific heat 

consumption of 750-850 kcal/kg cl. and coal for the side meal in ac­

cordance vith that of 1,000-1,200 Jrcal/kg cl., the averaga specific 

heat ccnSU!ilption being 900-1,000 kcal/kg cl •• 

The differential heat burning process of the 'middle ~eal made of the 

black meal' is best suited to shaft kiln burning for the following 

reasons: 

(1) With the rf!duction or specific heat consumption, fuel is saved a.'"ld 

heat loss caused by incomplete cherrie'll canbustion is reduced. 

(2) As fine r:oal power burns quickly, the heat capacity of the kiln 

increases. In addition, the short burning zone and ~he improved ~en­

tilation in the middle pa..~ of the shaft kiln make possibJ~ the in­

troduction of more ail' and more meal into the shaft kiln, which J eads 

to increased output. 

(3) Because of the :!mproved ventilation i!l the middle pa.rt, which 

helps to homogenize the air distribution of the \bole cross section 

or the kiln and a greater hanogeneous sintering degree, clinker qua­

lity has improved. The product is loose and porous, formed int.:> masses 

in the manner of 1~ape clusters, which is conducive to cooling and 

1'ravention of col:.apse. 
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(4) This process is particularly advantag~ous to utilizing inferior 

fuel or lov heat and high a".!h. 

A de~cription of DFH Cenent Plant, a typical plant adc?ting the dif-

ferential heat burning process is given as follo~s: 

Since 19·n, vithout the introduction of :nore main equipment, DFH 

Cement Plant has increased its output by 12% due to t.lie adoption of 

the di.f'ferential heat burning process of 'the middle meal .made of the 

black meal' • 
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The raw meal of this plant canprtses li:nestone, cl.s.y, cinder of pyrite 

a.rx1 anthr:'lci te coal. Rav material anrl coal are proportioned by means 

of belt Jeigh-feeders urxier the silo and fed into the p2.2 x 6.5 M 

rav mill with a 4 M air separator in close circuit. The finess of 

the rav meal is less than 10% residue on the 0,088 mm sieve. After 

g'l" lndi.ng, the rav meal is homoge_!lized by mechanical means before 

being transported to two storage silos vi.th a capacity of 1,200 tons 

each. Next, the raw meal is simultaneously discharged !ran the tvo 

storage silos and convey.ad to a storage bin above the kilr house. 

Finally, it is fed t\l the ¢2.8 M pelletiser by means of a feeding 

screw. The differential heat burning proces~ of the 'middl.e meal 

made of the blaclc meal' is carried out according to the established 

operation system. The specific heat consumption of the 'middle meal 

made of the black meal' is 819 kcal/kg cl., that of the side meal 

1,169 kcal/kg cl., and the average 950-994 kcal/l:g cl •. The clink:?r 

discharged from the shai't kiln is f.ad into two cli:l.ke:t' silos after 

being crushed by a jaw crusher. 65% clinker, 30% slac, 5% spoil and 

an optimum qll'.!ntity of gypsum are PLoportioned by means of the fee­

der and fed to the two ¢1.83 x 6.12 M mills in open circuit to be 

pulverized, the finess being less than 6% residue on the 0.088 mm 

sieve. After gri:lding, cement is conveyed for storage to the six 

cement silos w1th a total capacity of 4,800 tons. With a diameter 

of 2.84 m am! a height of 9.5 m, the shaft kiln is provided with the 

'Loesc~e'grate {cone grate) equipped with~ four-~ta3e turbo-blower. 

The average output of the shaft kiln re~chcs 11 t/h. Table 1 and 

Table 2 show the eomparisori made in chemical cociposi ti on of the 
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rav m:?Sl '1nd clinker and the strength of cement made of pure clinker 

before a.rrl after the adoption 5n this plant or the differential neat 

burning process of the 1 mid· lle mec.l r.tad e of the black meal r • 

The slag Portland CE!l4ent produced by this plant in 1980 is grade 425 

(plastic mortar test), with its specific paver consumption amounting 

to 79.8 kwh/t cenent and cement cost 33.12 Juan RMB/t. 

1 



Chemi~nl compositions and moduli of raw meal and clinker Table l 

. raw meal clil'ker 
\ .. · 

Laj$ 5,.°' 4llq r.lo (40 MjO kH 7t p 5;0. Al~01 h1 '1I CaO 11j0 f-C.( !<H I KH- 1i l f 7 

76 J(1£ IJ.Z3 J.2l 2.f6 4;.fz 1.t>/ 0.119 i.i7 /.,.' J..1.71 r. 63' ft.~t t1.11t 2.71 q,f) o. ff1 t>-7f1 Z.,lf {~ 
-

• 

J'f.il I"· 9? 
3.""" Z.ft ''·r~ Z.60 b.ftl z.o 1 /Jf zo. 6'f (. f} 4 ~/ '2.t;lf f,) ff 4.1; (), 7"7 4'.f°jf },/O /.:Zi 77 

• 
3f. Jo 11.3'1 z.r~ I.Sf o.f29 f.M 4.i8 61.36 J.14- l, IO ~.f/3 o.f'f.f' 2../f /. H 7~ 3.H J8.b/ )./) /. jJ U>. Qf 

• 
3f.6/ 112.29 J.ltf ].~~ 1'8. t?j /. f] 0/1-5 1.07 79 /. , ... U.ov r.70 ~~ 

l I 
4.17 l~.'fl ).)"1 1.7'1 (),o'jb D.fiff l.D{ /.ft/ 

tlote: ~~II lime saturatrion factor Cao - 1.65 A120' - 0.35 Fe20}-
KH a 2.8 S10

2 

n silica modulus 5102 
n = -Ai203 + Fe203 

p iron modulus Al2o~ 
P "" Fe203 

» After the ddoption of tho ditferentib~ h~at burning process of the 'middle meal mnda of tho black 

mcnl •. 

I 

I ..... 
0 
I 

_J 



S\ .gth of cement made o: pure cl inker ~bl.Ll 

r fineness' I tonsile strengt~ comprosuion ~trongth rtanrlnrd 
kg/cm2 specific residue .- peclfl•f--- kg/cm2 ayernge 1 Yr. on sur~ace ·- l.:oa grade · 

o.ooonun cm /g J d 7 28 d consum t1 
sieve ~ nys days ayn 3 days 7 days 28 days lks/t.ci. 

- - -- --, 
76 6.o 3689 16.9 17.6 25.2 300 369 520 365 143 

-

11* 6.2 2883 18.6 20.1 25.7 346 437 543 428 137 

-----·-~ --- - -·---·-- -----· 

78• 5.3 3032 20.0 22.0 21.0 382 474 576 47i; 13'7 

-

79• 6.4 3024 22.3 24.l 

I 
28.9 Yl7 ~68 574 528 J.42 

I I I 

• Note: clinker produced by the differential heat burning process of. the 'middle meal aade ot the 

!>l i:ick meal• • 

outp11t 
ot kiln 

T/ll 

8.9 

A.6 

9.6 

10.8 

I 

I ..... . ..... 
I 

I 



I. 

-12-

1.4 Shell process 

The shell process is ~ed for the purpose uf preventing and reeucing 

the following ~eaction in the preheating zone of the shaft kilns 

co2 + ·c ~ 2cot as well as heat loss caused by CO discharge. On the 

other hand, since the lime saturation factor of the shell of the 

~ite raw meal is higher than that of the· centrical pellet and its 

liquid phase quantity is low, clinker contract~on decreases and 

clinker is not liable to form a big wass. This in turn contributes 

to the ventilation in the mid~le part. 

The centrical pellet of the shell process is made entirely of the 

'black mPal', but sanetimes .::oal particles are mixed into. it. 

Since the shell procesr ;.ae fl.r:l.o~ed in clinker burning in LS, GZ 

and CZ Plants, better results have been achieved in production, as 

shO\lll in Table 3. It can be seen from the data as indicated in 

Table 3 that the shell process contributes to 

( 1) increase in clfoker output 

According to statistics, the use of the shell process shovs an in-

crease of 18-28% in output as against that of the conventional 

precess. 

(2) impr~vement of clinker quality 

Clinker appears in the form of grape clusters er black particles. 

The quantity of the free lime (f-CaO) in cli:i.ker is low and the 

strength of cer:ient made of pure clinker has increased to some extent; 
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(J) decrease in specific coal con:rumption 

In general, specific coal consumption of clir..ker decreases b; 20%. 

The shell process has opened up a broa:i ,-ista for ntilizing such in-

ferioI fuel as coal shell and spqil as vell as bituminous coal etc •• 

CCJ4~ison between shal.l process arxl others in clinker output, qua-

llty and specif"ic coal collSUlllption 

Table 3 

I I 

61 
! • I I 

I 
I 1 2 3 4 I 5 7 I 8 9 I 10 

I I 
I -· 

ll.~ ¢1.45x6 Convention 
I 
! anthra-

al precess 400 I 135 cite ccal 
LS CallI!lon 

I i I I ' 
I 

lJ-!18.2 
I I shaft I Shell I 

14 :-'Zl .3 500 25 I 104 2J: ditto process I 
kiln ' I 

I i I 

48.C I 
I ' 

~2-5.xlO Black 400 
I I 

185 i bi tumi-I I sh art meal ! nous coal 
I GZ kiln with : I I I 

'Loesche' I I I 

1)51 grate Shell 66.7 27.9 
I 

400 
I 

0 I 37: ditto 
I i I . 

I i 
¢2.5xl0 Conven-

I Sha.ft tiona.l ~s.o 400 ditt~ 
CZ I kiln 

.with I I 
I 

'Loesche' Shell (:().9 ~6.8 450- 12.5 129 ditto 
grate 500 -25 

1. Plants 2. Dimension of shaft kiln (m) 

J. Production process 4. Cut;:>ut T/8h 

5. In~rease in output ~ 6. Clinker grade 

7. Increase in grade 8. Ste.ooard specific coal con-
sumption ke/t cl. 

Q. Decrease in specific co&l cons 1 n % 10. Coal used 
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@Air Supply of the Sha£t Kiln 

2.1 Choice or blover 

The follo\ling types of blovers are usually selected for use in sha :t 

Blower for Use in vertical kiln Table 4 

Qua.ntityor Pressure of 
I 

Type I Drive motor Dimensicn of 
sbart ld.ln cw air M3/min air DDll WG I (KWH) 

i 

¢ 1.7 x 7 I 60-90 1,000 I LG D36x60 55 I 
I 

I 

I 120-150 

' I I 

¢ 2.0 x 8 1,000-1,500 
1. 

LG i)60X.4.8 I 75 
: 

' I 
I 

¢ 2.5 x 10 200-250 2,500 ' LG D60x90 215 
I 

; 

The centrifugal blover may also be used in the shaft k!.ln requiring 

an air pressure less than 1,400 mm YG. Besides, mul";istage turbo-blover s 

are used in a fev shaft kiln cement vorks. 

2.2 Air blowing 

( 1) Blowing air !ran the bottcm 

(2) Blowing air fran the lateral of the lower pat 

Because of lov resistance presented by the bed of pellets, blo~ing 

air from the lateral of the lower part caitr.lbutes to homogenizing 

air distributior., an<i to reducii1g air leakace at :l:.e outlet of dischurce. 

(3) Blowing air from the lateral 
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· t · i produc•ion shov that in ~rder to enable input air Exper1Illen s mau e n " . h 
ch th t al "'"'""t of the kilr. the optimum all" velocity at t e 

to rea e cen r r- ' . th d. t z- ? 2 5 I' 
nozzle outlet should be 20-30 M/sec. for kilns \11. a iame er o .... -- • ·1 

and 30-40 M/sec. for kilns vith a diBllleter of 2.5-3.0 H • 
. - . -

(4) Blowing air from the center 

By this is meP,;1t that an air pipe equipped with a blast cap is stretched 

into the center or the illiddle part of the kiln, as ::movn in Fig. 2. 

In sane canr.on kilns the air pipe passes through ~~i"l grate en the 

bottom and stretches upva.rd to the center of the kiln. In general, the 

air pipe usai to blov air from the center ia placed at 40'/, of the 

height of the kil;1s from the botta:i. 

Table 5 shovs the size of the blast cap and air pipe of TS, ES Flants. 

Size of blast cap and air pip~ in TS, ES Plants 

Table 5 

1 2 3 I.. 5 6 7 8 9 
from tJ.c·>* 

TS 1.86 Y Nor.~ cone 55 0.5 1:3.? 6.x60 350 1.2 

ES 2.4 LG 
D)6x60 cone 60 0.5 1:5.0 l5x.~o 400 1.1 

* ~ - top angle of blast cap 

l. Plants 4- For:n of blast cap 7. :>ize of ventl-
la' n hole(?!' .. "11) 

2. Dia.'Deter of shart kiln 5. Diameter of blast cnp 8. Diameter of air 
.(m) (m) pipe (mm) 

3. Type of t.lower 6. Dia:neter of blast co.p/ 9. Ratio of vent!-
diruneter of ki].n Ui'n area 



' ' 
1, 

l. 

2. 

J. 

4. 

5. 

0 
Q 

2 

Fig. 2 Vertical 

vertical. kiln 

air pipe 

hepper 

support 

convex roller 

-16-

kiln vith roller discharger 

6.lining of crusri-"t' 

1. hopper 

e. nexible connector 

9. vibration conveyor 

10. column 
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.,.. 0 Technic~ Means to Reduce Free u:ili!e (f-CaO} 

r· .. , .·I 

Feed material movement in the shaft kiln is different from that in the rotary 

kiL"l. This leads to inhOll!ogeneous heati:~g. For this reaso11 plus imprcr 

per, operation, the product tends to be in the form of grey-black solid 

mass, grey-black grape clusters, grey-blacl: particles1 wite mass, yellcv 

pellets and yellov power etc •• Consequently, the free lime to be found 

in the product may be divided into several categories. 

{ 1) Under-burned f-Ca.O, wich exists mainly in yellOll pellets and yel-

lov po .. ider. 

{2) F-CaO (lm.,vn as the first f-CaO) which fails to be combined after 

sintering and which generally exists in norroal clinker. 

(3) F-CaO {know as the second f-CaO) which is decmposed &i'ter sinterbg 

and which generally exists in clinker of the brown mnss after slow 

cooling in t.~e condition of reduction. 

For the purpose of reducing f-CaO in clinker the folloving measures 

are taken: 

(1) addition of mineralizers such as fluorspar, gypsum, phosphogypsu:n 

and copper slag. Generally speaking, the amount of fluorspar to be 

added is preferably 0.25-1.0% of the vdght of the raw meal. 
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Effect on clinker quality of varying amotmt of added CaF2 Table 6 

Sample CaF2 in rav f-CaO in Soundness of Average grade cf 
Ho. meil % clinker % clinker 

I 
clinke.r 

Al 0 
I 

3.41 collapse 393 

12 a.JS 2.97 loose 443 

A)" 0 .. 61 2.56 crisp 
I 

498 

I l I 
0.75 1.47 1 canple"te 578 

A5 0.92 0.78 canplete 635 

As the practictl experience of sane cement plants shcvs, the optimum 

amow1t of Cal 2 t.o be added can come up to 0.9% (see Table 6) and be 

effected by the lime saturation factor (KH) of clinker {Table 7). 

Effect of the S8Jlle amount of CaF 2 on burruibili ty of rav meal 

with different KH Table 7 

' ' 
CaF2 % m of clinker f-CaO So1Jndness of Average 

KH I Kl1 clinker grade 

I 

2.35 I o.87 0.84 I o.so era.ck 400 I I 
I 

0.87 0.89 I o.87 1.99 I crisp 503 
! 

I 
I I I 

o.87 0.91 I 0.89 0.73 complete 

When the KH value is increa~ed up to 0.9, the cperation of the kiln 
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can be i'a.cilit.ated a:ld outward appearance of clinker improved. Thu3 it 

can be seen that the amount or ca:·2 to be added must be propcrtionate 

to the KH value of th:t rav meal. 

(2) stabilization of t~e raw mec.1. can.position 

In general, control is exercis'3d aver the titer of CaCOJ (TCaco3 t 0.5%) 

of the raw meal in Chi.Ju, 1 s small-sized ceme.'l.t plants. The index of the 

qualified ratio should bs above s~. The relationshop between the quali-

fied tCaco
3 

ratio of the rav meal ied to the kiln a.nU cliriker quality . 

is shown in Table 8 am ·rable 9. 

Relationship between qualified TCac0:3 ratio of raw meal 

fed to the kiln and f-CaO of clink.er Table 8 

Qualified TCaco3 ratio (%) J2.e 65.6 75.0 

f-CaO in clinker {%) 0.70 0.55 

Relationship between qualified TCaco3, ratio of rav meal fed 

to the kiln and strength or clinker 

QUallf'ied TCaCOJ 
ratio % 

50 

72.5 

92.5 

Clinker modulus 
KH n p 

0.87 2.10 1.32 

o.sa 2.12 1.)8 

0.90 2.06 1.40 

Table 9 

Average clinker 
grade 

330 

403 

483 

r 

I 
( 
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To improve the 4.ua.lified ratio of TCaC°J in the rsv meal fe:i to the kiln, 

the f olloving measures are taken: 

a. The proportioning of the di!f erect rev !:r.a.terials :i.s controlled by 

such ~eighing equipnent as the prog:oam control veigher, the veigher-

type electroni~ belt feeder ar.d the electronic belt veigh-feeder so 

that they are proportioned as required when fed to the mill and this in 

turn increases_the qualified TCaco3 ratio of the rav meal, 

b. The rav meal discharged fran the silos is coveyee to another silo by 

mechnical means or mixed in the blending silo equi;::poo with 11.eration pads 

for homogenization. Since blending silos uitr. a~tion pads were used in 

GJ Cem~nt Plant, the qualified TCaC°J ratio of the raY meal has not 

'failed to reach 100%. 

()) ;.i1e optimum fineness cf the rav meal is controlled 

As shovn by thP. experiments conducted by some research institutions, 

f-CaO in clinker increases as the amount of particles vi.th the size 

of O.OSS-0 • .2 mim (especially quartz particles) g::-o\.:~ (see Table 10). 

Relationship betveen fineness of raw meal (residue on 

0.088 mm sie<re) arid f-CaO in clinker 

Residue on o.088 sieve (%) 
mm 

f-CaO in clinker (%) 

0.90 

0.76 

1.40 

o.84 

Table 10 

.2.1+2 

1.57 

J.06 

2.u. 

It is, therefore, degirable that the residue of the raw neal on the 

0.2 m/m sieve should be in general le5s than 1% and the raw meal should 



I 
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consist largely of particles naller than 0.083 m/ra. Thus the burna.-

bili~y may greatly be improved. For this reas-:;n, the raw oeal fin&-

ness should be approximately 10% residue on the 0.088 m/m sieve. The 

relationship betve~n the fineness of the raw neal (residue on the 

O .083 m/m s:eve) and f-CaO of clinker is shmm in Table 11. 

Relationship between raw meal fineness (residue on 

0.088 m sieve) and f-CaO of clinker Table 11 

I . . 

13.62. u.;o ! u.62 \ 10.10 I 9.291 Residue on 0.083 mm 1 

sieve ~ 

l-CaO of clinker (%) 2.15 l.OS \ l.04 i 0.94 \ o.6-7-+-,-o-.-44---

In QD Plant, the raw mill in open ~ircuit has been converted into 

one with the air saparator in close circuit. As a res~lt, particles 

of the rav meal are mnde !llore homogeneous, a:rl t~e content of coarse 

particles is greatly reduce:i. On the basis of the s3r.1e fineness, not 

only has the output increased by 27%, but also the residue on the 

0 .2 mim sieve has drcppe:i from 1.6% to 0.21%. Under the condit!.c.n t:iat 

the lime saturation factor remains the sa~e, f-CaO in clinker has 

drop;Jed from J .6% to 2.4%, and clinker quality has improved. 

(4) adoption of the 'black meal' process 

Table 12 shows the effect en clinker quality of the 1 partial black 

meal' process and the 'black meal' orocess applied to one and the 

same kiln. 

- I 
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CCJ!lparison of clinker quality before and a.rt.er adoption 

of 'black meal' process Table 12 

~-\ 
f 
I 

Rav meal used KH n p f-CaO !Aver-...i.ge grade 
I 
I 

Fartial black meal o.sao 0.32 \ 1.87 I 1.02 i 3.25 432 
I 

I -
Black meal I 0.925 \ o.89 l.SS 1.28 2.20 .>17 

Practice in BC Plant prove3 that since the 1 black meal 1 proc3ss was 

applied, not only has clinker quality impro·1ed, but also th£ kiL"l 

output has made a corresponding increase. The cutput of the shaft kiln 

vith the rotary grate (¢2.5xl0 M) has ir~reased from 8.5 t/h to 10.5 t/h. 

The output of the shaft kiln 'With the 'Loesche' grate (cone grate) 

has ccnsistently been a:aintained at 9.,5 t/h a."ld above. Its specific 

standard coal consumption is about 132 keft.cl., 'Which is considered 

not high. 

( 5) application of the di!feret~~ial heat burning r-rocess~ the process 

of the 'middle meal made of the black m83.1 1
' and air blowing from the 

lateral or !ran the center. These measures taken have improved the 

ventilation in the center of the kiln a."ld reduced 1'-CaO content in 

clinker. 

G Height/DUmeter Ratio (H/L) of the Sl"~t Kiln and the Kiln \!ith 

a Large Diameter 

4.1 Detemination of the height/diameter ratio "f the sh art kiln 

The problm of the r.e1.ght/dh.meter r.ntio of th~ kiln iR in fact one 

... 1 
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of the height of the kiln. The reason is that after the output, the 

specific heat consumption, the relative velocity of the Kiln gas and 

the specific air consUClption are defined, the diam.eter of the shaft 

kil~ can be deternined according tc a particular forraula, folloveJ by 

the selection of suitable H/D data, 'Which means that the height of the 

kiln should be reasonable, and checkoo b7 the amount of time that the 

ra.., meal vill spem in the preheating, burning, and cooling ~,.,nes of 

~he kiln. 

The length of time spent by clinker in the: kiln can be defined either 

by calculation of the heat balance or through practice. China's shaft 

kiln works have rich experience in the latter ?I'actice. Air ~lc"Wi~g 

from the center and fran the lateral as practiced in camnon shaft 

'..-ilns proves that the air pipe can be raised to ap~1·ox:imately 4(1f, 

of the height ~r the kiln and that it is desirable tv define at 2.3 

the effective height/diameter ratio, i.e. the ratio of the distance 

between the air outlet and the kiln feed inlet (as represented by H) 

to the diameter of the reduced part of the kiln (as represented h°'J D}. 

As a resuJt, r-iore than 20 shaft kilns(¢2x5 M, .¢2.5x6.2 M) have been 

designed and built in China. It has been proved in practice th~t the 

optimum H/D ratio or the kiln is from 2.5 to 3.0. Such kind of shaft 

kilns are termed "short and brO'ld kilns" (i.e. short in height and 

broad in diameter) • 

4.2 "Short and broad kilns" in production practi~e 

The technical and econemic indexes of China'z ty?ical r.zhort and bro~rl 

kilns" are shovn in Table 13, while Table l4 is the CO!'lparison or the 
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technical am· econocd.c indexes between the tvo kilns vi.th the same 

dial!leter and different height, built in one am the same plant. 

Generally speaking , in canpa.rison with the conventional kiL~ 

whose H/D is 4, the n short and broad kiln " has nearly reached the 

fcrmer 1 5 standard of production in terms of output, quality and spe­

cific consumption. Besides, it enjoys the follcuing good qualities: 

(1) Sintering mass has been decreased, fl•1id resistanca in the kiln 

reduced and air distribution has improved. According to the measure-

ments taken by a certain factory, the kiln vit~ a dis.r:?eter of 2.5 H 

and a height of lOM P.:~s~~ts a resj stance of 1800-.2400 "':n/:n W .'.}. 

while the kiln vith th~ same dia.rneter as the above but with a re-

duced height of 6.2 M presents a resistance o~ 900-1300 m/m W.G, 

which has dropped aL'llost by half. 

(2) The ability to discharge has improveci and the life of the grate 

has been prolonged. As clinker does not sinter in a mnss, most of it 

can be discharged intact from the kiln, thcs L~proving the ability 

to discharee, reducing the vear of the erate a~d prolcn1ing its life. 

( 3) The costruction of a 11 short and broad 11 kiln requires less in- · 

vestment and consumes less steel, a drop cf 10~ each as compared ~ith 

its tall counterpart (H/D~- 4). 

Ot.C' exP"rience shows that in using the " short ancl broad kiln " , care 

must be taken that: 

\ 

(1) The differentiol he~t burning process of the middle meal made of 

the black meal' ~s ad 0 pted. 

(2) The flame con h:u-dly be seen but iz ~h:·:llo\./ in t:ie course of o:i-

~ration. TPe thicknes~ of the wet pellet l~yer does not exceed )Oc~, 



Technical and economic indexes of "short and broad kiln" and conventional kiln in Chino. Tahle U 

Name dimension grate I H/D 
output specific output clinker speci !icl 

air typo 
( t) 

(kg) quality heat con - burning 
Of of for blowing Of sumpt'n 

plan1s 
blower per per per cros s per vo- f- av. procesa 

kiln dlschargE day hr. aren (M2 ) lume (MJ; cao" grd. kcal/kg 
cl. 

blowing I 
back 

ZTC ~2.5 x 6.2 .. cl: :forth 2.48 
air from LG 200 163 5.79 1305 208 J.14 492 1020 di f!1trenti 

bottom ho at 

dif. heat o 

BL ~2.1 x 5.0 m do. 2.38 10. Y nor.9 100 '1.17 1205 221 1.42 550 945 
111iddle meal 
111ade of bla ... ~ .. , 

MP ~2 x 5 m do. 2.5 do. do. 115 14.79 1525 277 3.16 475 960 do. 

ux ~2 .:: 8 m 
four 4.0 do. 8-18-11 102 4.24 1350 167.6 4.27 430 BOO 

diflerAnti 
roll'lrs nor.a 

heat 
- -- -----

RM ~2.2 x B.O N 
back a: 3.6 d\l. Y nor.9 120 5 13H. 164.5 
forth 

do. 

- I I -- .. ·---- ----· - ·-

al 

:f 

ck 

al 

I 

I 
I\) 
V1 
I 

_j 



I 
I 

I. 

-26-

Technical and economic indexes o: "short and broad 

kiln" and conventional kiln in TC Plant 
Table 14 

Dimension LM) ! 02 .5 x 6.2 I :¢2.5 x ~-4* 

grate for dis~harge back & forth vib. roller 

feed end of diameter (M} 3,.3 

shaft kiln height (ti} 1.4 

enlar.ired an£le I 14° 

burning process di!feren tial 

average per hour (t/h} 7 

output (t) oer dav ( t/d) I 168 I 

spec.i!:l,.c volume capacity (kg/M3H) I 209 

specific cross section capacity 
I 2 . 

(kg/M HJ 1340 

on .. ration ratio "'' I Al 
I 

speci!ic standard coal cons,unpt•n ~kp.:/ t) 145.4 -
:t:-cao (~) I 3.14 I 

product rati'> (~} I 100 
I 
I 

~vera£e clinker grade 

type 

493 

, LG 200· 

rotation 
I 

per min. (~pm) 960 

drive motor (kw) :?40 

bl<'ver ouanti tv of air (m3/mln) 200 
I 

operating q·.ian. of air " 164 
' --r 

3.5 

t.4 

. 19.7° 
l 
:ieat proces3 

6.45 

154.8 
i 
I 132 I 

! i;::.o 
' 

16 
'145.4 

3.70 

I 100 

473 

I LG 200 

960 

250 

152 

presstU"t: of air (mm WG) 5000 5000 

operating pressure ot!air 900-1300 1800-2400 
1--~---~--------------- \mm wG] blowing airi blowing air 
1--a=i=r...._.b~l~o~v~i=n...._g _____________________________ _._1 from bottom!' from bottom 

weight (t) i l?n I 42.3 

price (ten thousand Yuan \'RMB) J 9. 2 I 9 .98 

Note: 1. The output of this kiln is average in Chi~a. 

2. Some used material has ~~en employed. 

I 

I 

I 

I 
l 
I 
I 

-
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and the sintering zona in the middle p3rt of the kiL"l 2 M. Improper 

operation, which rAsults in a long sintering zone, will bring about 

an increase in the temperature of clinker discharged fro:n the kiln. 

(3) Coal particles to be added are not larger tha~ 5. m/m. 

(4) The maximum amount of air is supplied during operation so as to 

raise the sintering zone and accelerate clinker cooling. 

4.3 Larger diameter shaft kilns in production practice 

To meet the reqllirements of cement. \IO!"ks of a growing size, lzrge-

scale cement equiµnent ~s being developed. Over the past twen~y years, 

the output of the l.."lit shaft kiln has co?:lsiderably increased, although 

it is i;till below 30ot/day and the diameter of the kiln 3m. 

The main obstacle to establishing kilns "W'i th a large d iamete"!' is the 

problem of hanogenous air distribution on the cross section of the 

shaft ~iln. It is considered by soma ~eople that the homogen~iiy of 

air ~istribution can r.ct be guo.ranteed in the kiln with the diameter 

exceeding 3 M. During the last ten year~ or so, experts on the shaft 

kiln in the Sovi9t Unio"l, '.r.'est Ge:rnany and Czechoslovakia have put 

forward the suggestion of establizhing kilns with a large dia.~eter. 

Design~ ar:".3 experiments hav~ been made only to pr~ve that it is fea­
' 

sible to f'urther increase the diameter of the shaft ktln. However, 

quite a number of people are still doubtful about the hanogene!ty of air 

distribution in the &haft kiln with a large ci:imeter. That ~xpl.8.ins 

the r-Mson why the sug~;est~.on for the esta~listment of such kilns has 

not been put into practfoe. 

Two " short and broad sha:~ kilns " (p3.6xl::l !·'., H/D 2.73) equipped 

·.11th the 1 L<..iesche 1 grate were set up in China's T.T Ce:nent Plant in 
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Oct. 1978. or such kilns can.pleted and put into production in the 

world, they have the largest diameter and ~apacity. After beine put 

intc operation for over a year, the7 are believed to have achieved the 

anticipated results, the average output of the kiln being 16t/h or 

384 tons per day and the average clinker produ\!ed bE:ing above grade 

4oq 'llhile slag cement grade 400 is the chief product, slag cement grade 

500 and Portland cement grad t: 400 have been prodt:ctd in a planned way. 

Table 15 shows the canparison of tile technical and economic indexes 

betveer. the sh:_;ft kiln with e larg'! diameter and ~he cc.nventfonal shoft 

kiln. ' 

In order to overcome inhOl!l0£eneous air distribution on the :::r()ss sect.kn, 

the following measures were taken: 

(l) Proportion of ~he rav mt'.al vas reP.djust~d,. •. ·ith Fe
2
o

3 
decreasing _ 

fran 4.5% to J.5%. The sintering zohe vas thus mnde short, ~nd cvr.&~lete 

and difficult to break. 

(2) Much attention vas paid to operatioa with emph8s~s laid on the pc­

sition and thickness of the sintering zone, which vas 1. 5-1.8 M u~der. 

kiln feed e!"'.d. When the sintering zone was steady and cor:plete, the 

maximum amount of air was supplied. 

{ 3) The size of coal particles we.a reduced and coal in the "partial: 

black meal" increased. Coal particles were smaller than 5nun. 

It can be seen from the above that the height/diameter ratio of kil~s 

with a diameter smaller than 3M can be r~~~ced to 2.~ to ) a~d that 

as the diameter of the kiln grows, the H/D should rnake a correspondi:-.e 

decrease. 

'!'he practice in TJ Cement Plant proves that it is possible: to use k:!.lns 

• 
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Comparison of technical and econOQic indexes between 

large diameter shaft kiln Cd3.6 z 10 M) and shaft 

kiln (~2.5 x 10 M) is TJ Cement Plant Table 15 

dimension ~ 3.6 x 10 M ~ 2.5 x 10 M 

'Loesche' grate rotary grate 
grate for discharge (cone grate ) (disc grate) 

output per hour (t/h) 16.2 9.5 

specific volume capacity 
(kg/H.x3) 170 180 

specific cro~ section cap a-
c1 tJ' (kg/H.. ) 1590 1940 

specific standard coal 139 130 
consumption (kg/t.cl.) I 

I ----
I f-cao (~) 2.23 3.0 
I 

everage clinker grade (earth 
dried mertar test) 450 400 

number of blower 2 1 

type of blover LG 250 LG 250 

-
opera ting guan ti ty of air 
trom blover (M3/min.) 250 • 170 250 

operating pres2ure of air 
from blower (ram VG) 1700-2000 1500-1800 

blowing air blowing air 
air blowing from bottor.i from bottoa 

veight oi ·1aft ki'.\.n (t) 120 68 

investment cost 77.46• 17.7 
ften thousand Yuan VRMB) 

output per day (t/d) 389 228 

I 
I 

• The cost of this trial product is high, but the expense will show 

a significant decrease after the product is put into for:nal pro­

duction. 
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vi th a diameter or more than 3 M. 

But this vertical kiln has not been pu-t to use for long a..~d its ca?acit7 r 

has not been brought into full play. Imp~cveme~ts are beir.g !!l3d~ on the 

kiln whose potential remains to be released. 

CONCLUSION 

11ert1cal kiln plant in China, 'Which vary in kiln type, and structure, 

production technology, burning process, and air blovine, have accumula-

ted abundant experience in clinker burning. 

For the purpose of boosting output, improvir.f: ~uality and reducir:.e bi.J.l"-

ning ccnsunption, China has successfully employed ar~ develo~ed ir. ver-
. 

tical kilns such technology as differenti~l heat burning process, the 

' black meal' process as well as the roe:!.l process. MEWnwhile, researche 

and trial production have beer. conducted on the kiln t:'Pe and structure. 

Bold experiments have, in particular, beer. IDtlde on the height/diameter 

ratio of the vertical kiln, resulting in the " short and broad "kilr;s • 

It is believed . throueh experi.menrs in prod~ction that it is possibl~ 

for the HjD ratio to be smaller than 3 but greater than 2.5. 

The ¢J.6 x 10 M " short and broad shaft Kilns " with the 1 LOF.sCHE ' 

grate designed and made in China, which have been in production for over 

' a year, ha.ye proved to be capable of stead;.r operation e.nd preparation 
I 

of clinker that is up to standard ft 

In the a.hove, an introduction has been mace cf China'~ sm311-sized ~e~cnt 

er.terprises and the nev attemp~s mode on the bur!'lir.(; proccs!': of ~he zh::ft 

kiln cemeut plants. Ye hope that in promoting the cement indu~try '..he d&-

veloping countries vill benefit fran our endeavours and that Ye will offer 

I, 
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enthusiastic=.. co-operation vi.th those who take an interest in our YO!"k in 

this field • 

• 
• 

I 

• 

l - - - - -
' 

-=II~~~~~~~~~~~~~~~~~ 




	0001A01
	0001A02
	0001A03
	0001A04
	0001A05
	0001A06
	0001A07
	0001A08
	0001A09
	0001A10
	0001A11
	0001A12
	0001A13
	0001A14
	0001B01
	0001B02
	0001B03
	0001B04
	0001B05
	0001B06
	0001B07
	0001B08
	0001B09
	0001B10
	0001B11
	0001B12
	0001B13
	0001B14
	0001C01
	0001C02
	0001C03
	0001C04
	0001C05
	0001C06
	0001C07

