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ABSTRACTS

Using lignitq~as a fuel, Kai Yuan Cement Plant, Yunnan Province
has succeeded in manufacturing ordinary Poriland cement by wei
process kiln # 3.3/3.0/3.3X118 m, hence creating a precedent in
our country ¢f sintering 51gn quality cement clinker with inferior
lignite and expanding the energy resources. The lignite has high
moisture content and low heating value. Whea burned in the wet
process kiln, its flame is long, its combustion temperature lower,
the heating powver of the kiln decreased, the heat consumption of
clinker higher and the kiln output dropped by aboui 15%. As the
counter-measures, we have to select burnability for proportioning,
increase the rate of primary air ard to work out adequate thermal
condition and operation nethod. At the same time, the capacity of
the drying equipment and grinding system for raw coal shall be
increased. The practice of Kal Yuan Cement Plant in the past ten
years proves that although the kiln output is rather low, the
quality ¢f the cement :linker ic good. It has set a guod example

of utilizing the energy resources according to the local conditions.
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Introduction

Lignite is one of the inferior fuels with a low heat value of 2,200-
3,000 Kcal/kg. (practical base) Utilizing the local lignite from
Hsiaoc Lung Tan quarry, Kail Yuan Cement Flan%, Yunnan Province has
succeeded in burning the ordinary Portland cement by its wet process
rotary kilns, hence creating a precedent in our country, of burning

high quality cement clinker with lignite and expanding the energy

resources.

In Kai Yuan Cement Plant, there exist two £3.3/3.0/3.3 x 118 m wet
process rotary kKilns and two £ 2.2 x 5.0 m air swept =mills for
feeding pulver;zed coal, It was designed %o use a coal mixture 90%
of which was the bituminous coal from Yang Chan, coal quarry at |
Hsun Wei, and the remaining 10% was lignite from Hisao Lung Tan.
The transport distance from Yang Chang quarry to the cement plani
was about S00 kilometers, and the bitumite even had toc be trans-
fered to another train during the course of transport. So in 1970,
the plant begarn to feed the kiln with lignite only. Since the °
content of Ca( is fairly high in the pulverized lignite, the .
inferior marl and the overburden etc. on the limstone quarry, which
was regarded as waste stone in the original plan ne:d rot be
stripped oZf any longer, so the resources have been increased. In
the past ten years, the plant hes constantly increased the ouiput
and improved the quality of *he products. The average strength of
the cement clinker is mere than 600 kg/cm2 on dry mortar dasis,

(more than 514 kg/cm2 on plastic mortar basis), At present, this
nlant 13 under extensioﬁ, and is developing the capacity of producing

cement with lignite so as to increase the cement output for Yunnan

Provincs.




In this paper, a technical summary is presented to show that lignite

can be used as fael for clinker burning in the rotary kiln.
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ed in ¥Xai Yuan Ceaent Plans.

The lignite at Hsiao Lung Tan formed in New Tertiary Miocexe is
part of the continental sediment and deposited in tremendous thick-
ness. It contains some bands of shell, gypsum and ¢ ther calcareous
matters, which are fairly even-distributed. It has sush character
a3 high volatile matter, high moisiure content and low heat value.
In addition, it also has high contant of Cxyzen and is eayy *o zet
weathered and burnt spontaneously. In its‘chemical composition c?

the coal ash Ca0 and SO, content is rather high whereas A1203 and

3
8102 congiderably low. Generally the sofiening temperature of the

coal ash is 1120—133000.

According to the elementary analysis and proximate analysis of Misao
Lung Tan lignite, and the chemical aralysis of the pulverized coal,,

the fusing point of tne pulverized coal i3 shown in Table 1 - 4,

Table I. clementary analysis (%)

element cy ol ¥ o s¥ I A7 ! W | Total

contrnt(%) |36.06 { 2.72 | 14.28 | 0.92 0.98|20.o3 'r34,96ﬁ 99.95

Y - means practical base.
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Table II. Proximate analysis of the pulverized lignite (%)

Content % ,

Sia bowr | w8 481 ¢ ivowReal/xg

| Zate | (

! {
average content (in 1977) by gg|45.04]13.94/39.69 | 2976 ’
Average content (in 1978) R3.67!46.28|13.8640.33 3170

Average content {in 1979) b0.79(45.74{13.92{ 40.45 2969

f - means analytical base (%)

g - dry base (%)

Table III. Chemical compositios of pulverized ligni%e (%)

Content % | i
!
bata $10,| A1,0, Pezo% cao | g0 | S0, K,0 | Total i
1975 18.21| 9.18(8.09|38.34|3.03{22.22[no data!99.07 |
[
June, 1975 [17.81}10.58|6,84{41,02|3.62}17.17| 0.74 i9e.1e

4
April, 198C [14.G4} 9.27 7.78146.98 2.36117.78|no data|99.06

Tanle IV. Fusing point of pulverized coal.

o o lijuefaction
t, C deformation t., C softening temperat- t, C temperature
\ 2 3
” —uaxreg
1190 1270 1300

The rav material for EKal Yuan Cement Plant are limestone, sand-

dtone and iron cinder.

Ping 2a San lizmestorne quarry 13 of the marine deposi® in mid -
Triaasic period. The lithological characters are very complicated.

It consists of limestona, striped argillaceous limestone, mafl.




a'd flag limestone, 3tc.. A substantial amount of the rocky deposit

is outcropred and it's overburden rather thin. The marl, a small

amount of which to te blended in

. H i
Jas e in N2

origzinal

cesizm

3Zn of the ligestine julrry.

bR T
puis-apet

sirce

the raw mix,was sirirped off as a

lignite is used to burn cement clinker, the marl has no longer been

stripped off and is mixed completely into the rav meal.

Du L1 Shu sandstone quarry: Since marl was used as a component of

rav meal, the amount of sandstone used in cement production has

been cut down. Recently, argillaceocus sandstoune, which were

excavated during the expansion of the plant is used as siliceous

correcting material.

Iron cinder is from sulfuric acid sludge discharged by ¥Xai Yuan

Phosphate Fertilizer Plant. The chemical composition of the raw

ma*erials are shown in Table V.

Tatle V, Chemical c¢

asiticn of the raw materials (%).

) i LB F
content <% Sources of i ! ! ]
3 s 1 0, Fl.C. 17a0 |¥g ‘Na_CiTiZ,lC

l rav loss SiO2 203 .11b3 ¥430 g0 KZO é‘azﬂiT 2 ”02

M2 terial material | : ! b

ping Ba Saa , ; ' |
limestong quw 1.21 4.0 1.12 An78 52.31 0032 0011?¢083 0.03?
striped v b ‘

| ar Illacebu; 9.70| 6.34| 2.07| 2.00 48.82{0.23
flag - n b ” .
lim.stovq 5.96 1-.33 3.27 2.38 1‘3088 020
marl . . 8.46(22.92!110.55| 4.97 29.38|1.01|2.32|0.08% -1
regolith | * » |0.12]{40.60|27.68| 14.25 |2.31| 1.42]{3.64

Du Li Shu |
sand stone 2,97:78.75] 9.67 4.34 {0.4710.44|2.1310.24.

T quarry s . - ) '
argillaceops .. o oord 4.89170.990 13.14. 5.70 *1.74|0.88|2.25; 10.75
sandstone ﬁ ! ‘ | [ |

constructilon i ' ! L
sutfuric | Phosphate 4r : l
b F‘rti L] - L] L [ ] * L ]
acid SIudgrPlant 1izaro 29‘ 5.32| 4 34277 06 [5.75]3.24 l AL? 35
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/;;) The technical characters ia burning cement clinker.
A=

C:} The selection df equi table raw mix proportion based on the characters

of ravw materials and fuel.

Since lignite has a low heating value and a high moisture content , the
actual fuel consumption is great and the heat capacity of the rotary
kiln is limited. wWhen proportioning, the easy-burning mix design should
be chosen. Raiiing A1203 content of the clinker to a certain ex+*ent to
increase the liquid phase during the formation of clinker and the mi-
neral contents of flux, the burnability of the raw mix shall be im-
proved. Meanwhile; there must be enough 035 in clinker so as to guaran-
tee the stirength of cement and raise a bit the lime saturation factor
(X4). The productive practice of Kai Yuan Cer 21t Plant in past ten
years are shown in Table V1 !n which we can see that the output and
quzlity of itsproducts of the rotary kiln have been progressively in-
crreased.
The control rate of the chemical parameters of the clinker in the
present operation of the cement plant 2re: Lime saturation factor
(1) 0.89-0.92, Silica Modulus [.SM).179-1.95; Alumina:Modulus (AM)

-

1.4-1.6, AL203 6.2-6.5%. The output of the po%ary kiln keeps at 2
constant'rate of 13.5t/h. The strength grade of clinker has attained
more rhan 600 Kg/cm2 on dry mortor basiz. ( more than 514 Kg/cm2 on
plastic mortor basis). It has almost removed ring formation by bur-
ning inferior coal. The rotary kiln cuan thus be =afely operated for
a long period of time. The annuzl rate of the kiln operation has
amounted to about 90%.

The pulverized ligni;e; with a higher Ca0 content and a saturation

factor (KH) within 0.4-07, has little effect on chemical composition

of the clinker., Thamarl which makes up 30-50% of the ruw meal has a .. -




Table 6. The relatiorn between proportion rate (rlinker) and rotary kiln output and quality

of products

produc; N :v:rL
Al_o_ content in clinker and rate unningj ag
23 : tion htreng-
3F capacif r3t1°th ngde remarks
Dato . A1203 < LS¥ SM M s B T orer -

8 little high production
formation, -

the increased production
output and less ring

73 - 77 [ 6.0 - 6,5 (0.88 -~ 0,90 | 1.90-1.95 | 1.3 - 1.4 | 11,75 | 79.73 | 630 formation.

the increased production
output and less ring

. | the increased nraduction
formation.

the increased production
output no ring formation
on the whole.

80.1—3 6.3"" 6.6 0090 - 0.94 1-8 - 2.0 1.4 - 1.6 ‘3080 92.20 619

Remarks: The average strength grade is on dry mortpr basis,
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high dispersivity and homogeneity . Through X-ray fluorescence
aralysis, it still contains about 1.0% of titanium oxide (Tioz).

The Zypsum (CaSo4) band in %he ligni%e is also blended into the
clinker. These minerals not only act as fluxes to reduce the melting

temperature, but also =statilize C_S to improve the absorption of Can

2

and facilitate the formation of c3s in:burning clinker process.

In order to study the burnability, in 1975 we made normal slurry ir
kiln feed semi-dried and made it into pellets of # 15 mm. After drying
then up, we controlled temperature within 800 - 300 oc in resistance-

heating electric furnace to make CaCQ, parily deccmposed and then

3
removed them into the electric furnace with silicon'and carbon electrode
to burn at 1340 oC for 30 minutes, and thereafter took thém oﬁt Zrom

it to cool under the room temperature. The pellets were olack in

colour and har in quality. The chemical compositions 2and the

result of lithofacies inspection of the clinker are shown in Table 7

and Fig. 1. Cnomparing the result of this test with the production, the
chemical composition and the result of the lithofaclies inspection oZ

the high quality cement clir':er produced by the rotary kxiln, are shown

i1 Table 8 and Fig. 2.

Table 7. The chemical analysis of clinker burnt in the electric
furnace with silicon and carbon electrode.

omposi tion .
Materi 3102 AlZO3 F6203 cao fgo SO3 fCa0 | Total
rav mix 13.39| 4.27 |2.65 |42.06

clinker 20.86) 6.64 13,91 |65.23]1.81 0,32 {0.36 {99.17

Table 8. Chemical analysis of the high quality clinker (%)

i ensile strength Compressive stirentl
K. 0[ISP|sm| IM . .
2 . 34 a da -Va days) 28days
‘ — azarld_xi_ZQ__11rid, y Vi
20.47|6.34 | 4,16 54,61'0.59 0.91p 1.95 1.52 30.B 34.4/37.1 [471 |568 |692

310 Al?oq Pe?o1 caQ




Fig, 1. Clinker etched with Fig. 2. Clinker etched with NHLcl

NH, cl reflective

. 4 reflective magnification 250x

magnification 250x

Fram Fig. 1 and 2 we can see that Alite crystals are fairly in good
condition and are in the shape of plate and column and most of thea
are 15 - 3C X, Belite crystals are finger-shaped (Fig., 1) or round-
shaped(Fig, 2). Fig. 2. shows that the cross greins of the crystals
are obvious in Belite and distribute in the form of small heaps in
Alite, All of the dark interstitial materials are point-line shaped
or small piece~shaped. The light intersiitial materials are beter-
distributed. In Fig. 1, we can not find fCao and periclase, fCao

is rather little in Fig. 2, that shows that the raw meals are easy

to burn, and they burn well,

e e —————
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,Ii. The rational thermal cnndition and oneratirg method for the clinker

burni-~g
(1). Increasing the groportion of primary air

Lignitc has a low heat value and contains higher volatile matter. The
consuzption of coal In kind is about two times more than before. In
order to mix the pulverized coal with air and make them burn complc-
tely, the quantity of primary air has to be increased, which amount to

40-50% of the total quantity of gas flow,

(2). The burning method of "Thin clinker layer and fast rotating"

“as been adobted to control the particle size and iiter weight of

clinker

In view of the character of lignite and raw materials,while selecting
the proper plan for easy-burning mix, Kai Yuan Cement Plant has made
out the burning method which is called "Thin clinker laver ard fast

rotating" so as to ensure tic sutput and quality cf the cament clinker

and achieved good results.

The burning method of "Thin clinker layer and fast rotating" aims at
increasing the heat -~xchange between the material and the gas flow and
between the material and the kiln lining so that the utilization rate
of the heat can be raised, and the formation of kiln coating avoided.
The kiln speed has been controlled at 72-80 r./hr.. Under the normal
crerating condition of the kiln, generally, the pulverized coal burner

woull be properly drawn out to concentrate the heat cf flames. Owing
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to high Aly03 content in tre bateh, the materials , having been melted
under the high temperature,have-a high visc:osity in the liquid rhase,
Simultanecusly, the particle size of the clinker is a little lerger

© with an average liter weight of 1.5-1.6 kg.

(3). Stabilizing the sintering tempcrature, promoting tne volatiliza-

tion of 803 and YZC and ensur.ng the guulit; of cement clinker

The high contents of potash feldspar and mica etc. in sandstone, over-
ourden and marl, make the content o’ K,0 in the raw meel as high as

~().8-]-'(}%.

SO3 in cement clinker mainly ccmes from lignite a<h (SO3 is 13-22%)
and iron cinder (SOBI>3%). The contents of K,0 and SO3 in the clin . er |
have something to do with the burning teuperature. The higher the vo- ,
latility, the higher the burning temperature will be. K20/803 as mea-

sured in the clinker of Kai Yuan Cement Plant is 1.1-1.3. 1t means that

under noraal burning temperature, K,0 and S04 mainly form KQSOA (on1

1y a few NayS03) and exis® in the clinker in the form of the liquid

phase, and crystaliize when cooling down. The exi;tance of the alka-

1li sulphate is helpful to drop the burning tempe:ature and premote the

early strength of the clinker. The clinker of Kai Yuan Cement Plant

I8 characterized by early strength, which is not only related to the

higher contenu of CBA’ hut also tc the presence of K2802.

When the burning temveraturz is slightly low, the volatility cf 50

and SO3 may drop and ths gypsun (CaSOA) in lignite mz2y not be comple-

tely calcined or when SO3 content is higher in clinker, double alkali
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tion pineral of KC53S15: (K,0.23 Ca.125i0,) are not discovered. It
may chow the mutual infliuences and restrazinis among K20, SO2 and CBA
in the clinker. At different burning temperatures, there exist in

clinker alkali sulphate and double alkali sulphate to varying degrees,

so there is little possibllity to form KC23 S19e

Under the normal burning condition, the volatility of KZO is more than
40% - even amounts to 70%. The K;0 content in cement clinker is 0.5-

1.0‘,3.

Through the x-ray and chemical analysis, the volatilization of the

kiln dust is shwon in Tgagble 9 and 10.

Table IX X-ray Analysis of the Kiln Dust (1(20 Content is 8.09%)

-—

liajor composition CaLCC)3 KZSOA .:\'-’Sioz b—- CZS

Secondarr composition f£CaQ Fes0q

Table X Chemical composition of the kiln dust (%)

Colour = s TS LTI T S iTI - T
, of the ' ' !
No. kiln R k
o I il r‘ossbioﬂio‘bpzbao I@O’Bozlk’o fc@{Tota.l emarks
' a3 a | Tigh burn-
Yellow "1339|156 49 3 48, }26“23439 330 99.29-133 tenp.
) I . .
9 87 92 Low burne
Greyish 143311854?0 2! 33‘30 11511 T 024 ge. ing tenp.

dark

e - . m e e

Py - PP B

During combustion, K0 voletilize] and SO; or COp in the flue gas (when

2
lack of 802) combine to form the soluble KZCOB’ which is carried
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to the kiln feeding end by the flue gas, and which coagulates at low
temperature to form microcrystal, which is collected by electrofilter
and fed into the middle section of the kiln in which it accumulates by

mearns of circulation.

: :ﬁ: Compare the thermal engineering index with that of the rotary kilmns

—

“of the same capacity which burn Lituminous coal
(1). High heat consumption per kilogram clinker

Kai Yuan Cement Plani determmined the ihermal engineering imdex of No.l
kiln in December 1973. Its heat consimption being 1,893 kCal/kg cl.

was higher than those of Kun Ming, Yong Deng and Da Tong Cement Plants.

The heat loss by waste gas, the heat 'loss due to chemical and mechani-
cal incomplete combustion of the fuel and the heat consumption for
evaporating and vaporizing the moisture of the pulverized coal are
rather high (see Appendix No.l and No.2). This results from the

lower heat value of lignite, high coal consumption, much resultant of
the fuel gas, fast gas flow rate at the burning zone where the pulverized
coal stays for a short time and the high moisture conte... of the pul-
verized coal which reduce the cambustion rate snd has increased the
heat loss due to chemical and mechanical incomplete combustion of the
fuel, even the secondary combustion probably emerge from the unburnt
pulverized coal in the kiln causing the temperature of the waste gas
to go up. The clinker lump discharged from the kiln sometimes bring
about th§ spots and rings with yellow cclmm, This may further show

that there is reducing atmosphere in the kiln from time to time. And

because of dragging out a little the burner during operation and the
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cooling zone thus get comparatively shortenci, the temperszture of the
clinker discharged from the kiln rises at thg same time, and the heat

loss may also increase slightly.

(2). Low heating capacity of the kiln and the strength of the ther-~

mal force of the burning zone (2) (3)

Calculated on the basis of specific heat consumption and output of clin-
ker, heating capacity of the kilns at Kai Yuan and KunAMing Cement
Plants is 25.7 x 108 kCal/h and 27.07 x 10° kCal/h respectively. After
Heducting the heat loss due to chemical ani mechanical incomplete com-

bustion of the fuel, the actual heating capacity of the kilns at both

plants is 23.3x106 kCal/h and 26.3x106 kcal/h respectively. If the
length of the coating of the sintering zone is 10 m, (that of Xun Ming
Cement Plant is 10 m) the actual strength of the thermal force of the
burning zone is 35,2x10% kCal/m3h and 39.8x10% kcal/mBh respectively.
But after checking the kilns during down time,it is discovered that
the coating in the kiln at Kai Yuan Cement Plant, which burns lignite,
is longer than that at Kun Ming Cement Plant, reaching 12-15 m. That
is why the'actual heacing capacity of the kiln and the strength of

the thermal force of the burning zone is lower e2s compared with that
of Kai Yaan Cement Plant. The flame brightness and the thick kiln coat-
ing which is easy to form, also show that the temperature of the flame
is lower than that of the flame of bituminous coal. Depending on the
favourablz burnability of the raw meal at Kai Yuan Cement Plant, we
may think that the cement clinker of Kai Yuan Cement Plant is burnt

under lower tamperature.
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{(3) Cutting down 15% of the kiln output

p y According to the statistics of cement production from 1977-1979 in
Arpendix No.2, the heating capacity of the kilns at Kai Yuan and Fm

¥ing Cement Plants are bassically equal as calculated.

Since the lignite for Kai Yuan Cement Plant has such chsracters as

low hest value, high moisture content and high voletile matter, it
brings about low actual hesting capacity, low flame temverature and

high specific heat consumption. The production bractice in the past tea
years enables Kai Yuan Cement Plant at vresent to keep the aveir—

age output for betk kilns at 13.5 t'h or so. Tn o~*minal desion, the
bituninous coal would be used and the normal output of the cement clinker
would be 16 t/h. The output is reduced by 15% against the desisned ca-
pacity. But with the reduction of heat consumption, it is rossible

to further increase the kiln output,

(4) . The requirements of the quality of lignite for burning high qua-
lity cement clinker

Using lignite to burn clirker is the majcr reason causing reduction

of outout of the rotary kiln.

The ash and moisture content of lignite with low hest value may also
contribute to cut down the hest value and hesting capscity of the kilm,
and bring about the difficulties for burning cement clinker. The nrro-
duction experiences accumulated by Kai Yuan Cement Plent shows when
the content ash on dry basis (Ag) ic more thar 17%, ani the low calo-

rific value (QYDW) is less than 8M kCal/kg, the kilns may probably
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operat: in bad order, the output and quality of the cement clinker may
get reduced, rings may iorm at frequent intervals, the thick kiln coat-
ing may get increased and the running period of the kiln may be shortaned.
The moistre content of the pulverized coal to be fed into the kiln !
must be kept close to its regular value so that it will be favourable

to increasing the heat value and raising the heating capascity of the

kiln thus creating the conditions for increasing the output and improv-

Ing the quality of the product and reducirg the heat consumption.

?’IV:)Technical measures for lignite burning technological system

LN

(). Using the coal preparatior equimment with larger production capa-

city and kiln hocd blower

Since the fuel consumption will be increased by burning the lignite,

it is necessary to select coal mill with larger specification and appro-
priate cyclone separator for air-swept mill coal mix preparation system,
To meet the requirement of increasing the primary air, the blower with

large specification must be used.

(2). The addition of the drying equipment for lignite and the storasge
yard for dried coal

The moisture content of pulverised coal directlyv affects the combus—

tion condition, A little moisture of the coal may raise the flame tem- -
pesature and increase the strength of heat radiation. But if the
moisture content of the coal is too kigh, it may reduce the flame
temperature. The calculation chows that the reduction of 1% of moisg-
ture will éause the increase of 5C kfal/kg to heat value. For lignite

with 40% moisture content, it is essential to add coal drying system
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and the storage yard for dried coal.

(3) . Air-exhausting measure must be considered for the air-sw=zpt mill

" system

The air-swept mill system has much more air intake than the prim-

ary air for the kiln. Since the raw coal has a high moisture conteat,
the heited air also contains much moisture. If all taken into the kila
as primary air, the amoun! of air intake is rot only tco much but
also may affect the stability of the thermal counditior. Therefore, the
‘coal grinding system must be provided with air-exhaust equipment so

as to release the excess air and to decrease the moisture content of
intake hot. air and all these provide a favoursble condiiion for burn-

ing.

(4). Prevention of lignite self-ccambustion and explosicn-proof and cdust

prevention in coal drying system and coal grinding syrstem

Comparing with bituminous coal, lignite has the following characters:
loose structure with porosity, small volume weight, high volatile mat-
ter, low ignition point, high activity and easy self—ccmbustion. These
characters will increase the ash content and decrease the heat value
of the coal. In the drying and the air-swept mill systems, the tem-

perature must not be kept too high so as to prevent explosicn.

Based on such characters of lignite as light weight and easy burning, ap-
preciate dust prevention measures shall be made and dust collecting
equirments zhall be selected to aveid pollution by pulverized cosl

and protect the environment,
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V. Econoical effects in burning cement clinker with lignite

The statisticzl data of cement producticn frca‘1976h1979 of Da Tong,
fong Deng, Kun Ming and Kai Yuan Cement Plants of same capacity ha..
shown (see Fig. 3 and Fig. 4) using of lignite to burn cement clinker,

~ Kai Yuan Cement Plant has the lowest kiln output per hour emong the four,
but a considerable high quality of its clinker. The average strength
grade of its cement is 610-664 kg/em? (on dry mortar basis){equivalent
to 523-568 kg/cm? on.plastic mortar basis). The clinker quality of

Kai Yusn is -superior to that of Da Tong and Kun Ming Cement Plants

and is about the s;me ¢f that of Yong Dene Memen® Flant. In fact, it

is one of the advanced cement plants in our country in receni years

for leng-period of running rotary kiln safely and production of superior

quality clinker.
Conclusion

1. The production practice in the past ten years by wet process rctery
kilns at Kai Yuan Cement Plant show that lignite with low heat value

on practical basis (QYDw) of more than 2,800 kCal/kg and the ash content
on dry basis (Ag) of less than 17% can be used for burning the

clinker of ordinary Portland cement. When the raw mater -ls and chemi-
cal composition of coal ash are desirable, the high quality cement
clinker could be burnt. Thus the energy resources could be used in

many ways. .

2. 3 compared with bituminous coal, when lignite is used for burning

cement clinker, the heating capacity of the burning zone of the kiln

e an ¢ —————
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iz guits low, Ths heal 1oss amd ithe specific heai consumption are
rather high and the kiln output has reduced about 15%, Larger coal mill
~and the blower at kiln discharging end shall be needed., In addition,
tne coal drying equimment and storage shall be provided in order

to suit the condition of burning lignite.
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Appondix 1, Determination of thermal conditivn of B 3.3/3.0/3.3 X 118 m wet process rotary kiln

Kun Ming No. 1V

Kai Yuan No.

Item unit Detormined in April 1980 Determined in June 1978
g |production capuacity per hour t/h 16.76 13.56 L
3 % Production capacity per 1nt;;1or specifio surface area kg/-z. h 17.35 14.03
§§ product’an capacity per specific volume kg/-3. h 24.29 19.64
: production capacity ;or specific area of burning zone t/lz. h 2.54 2.05
§ E’ coal consumption in kind kg/t. k 343 610 ]
5 - oonsumpt. .. of standard coss . 2% 007 2&0‘
s heat consumption (based on pulverimzed ocosl) Xoal/kg. X 1615 1893
"g:g heat generating cipacity Xoal/h 27.07X106 25.7!106
- g strength of :he thsrmal foroce per specific volume.nt toal/n3. h 28.8!104 27.54!104
E'g strength of the thermal foroe per specific section arni Kcll/lz. h 4.1!\06 s.eax1o6
g atrength o:n::e thermal force per specific volume at [oll/.’. n 4.‘x1c4 38.5!10‘
‘.: heat abiuction at kiln shell Koal/h 40\.46)004 190.11104
- heat taken awuy by kiln shell cooling water Xoal/h 25.3!10‘
heat adbduction at cooling %tank Xoal/h 120,47x1o4 102.4!104
:g: totul Xoal/ky.k 521.93)(10‘ : 31?.ax|o4 o
heat loas per 'nit produot " 311,41 ' 234,11
-E-E estimated material consumption kg/kg.k 1.434 .\.466
i g actual material conauamption » 1.549 1.509
Er moisture conteni of coal meal i 35.5 36.0
moisture content of rav coal < 1.58 27.5
] 9.2 36.6

L*—___
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Kun Ming No.

Kai Yuan No, 1

Tten untt Determined in Aiprl 1980 Determined in June 1980
Temperature % 24 60
3 static pressure v 308.5 62¢
E &8s flow A(undor vorking condition) ’ .2/h 12511 16350 L
3 &3 flov (under standard condition) g..j,h 9488 12640
E percentage of total geas flow % 26.21 40.6 -
noszle velocity (under working condition) n/y 54.5 76.3
ccal denaity ka/Mm’ 0.345 0.573
volatile matter density - 0,075 n.181
g temporature % 424 443
g %3 flow (under vorking condition) -3/h 50344 49500
e 883 flow (under standard condition) n.’/h 15671 16750
" percentage of total gas flow < 43.29 53.6
E air-leakage at kiln charging end u.-’/h 14913 1810
Li percentage of total gas flow 3 30.5 5.8
temperature %4 207 287
E g8s flow (under working condition) -.3/h 137494 129000
g g83 flow (under satandarid condition) !l-’/h 62148 55700
2 vaste gas flow per speoific produot(:::":,\:}??g;'* h’/kgl k 3.7 4.1
o vapour content (under satandard condition) nuj/h 23890 18940
'f percentage of waste gas flow < 38,44 34.0
& |dust content i 5/_,.,3 10,87 Vi.6

-
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Kuvlm.ng Cement Plunt No. 1 Kal Yuan Cemont PPlunt No. 1
Iten Unit e A T e
Determined in April 1980 Determined in AJnno 1980
§ lnlot__feuporlturl of olipker B A oc 1_(.)22~ 1154 _—
E outlet teaperaturs of clinker L % 280 28
cooling efficiency < 47.19 52."15M
rav material balance 7 kg/kg. k % kg/kg. k %
dry rav meal with slurry 1.549 26.56 1.509 24.57
g physical moiature content with slurry = 0.853 14,63 0.948 15.43
S | flue dust feed into the middle section of kiln 0.322 5.52 0.176 __2.87
; pulverized coal blown into kiln B 0,315 S5.41 0.535 _ 8.70
g primary air o 0.732 12.5% 1,207 19.65
P seconday air ) i 1,209 20.73 1,595 25.96
false air _ 0.852 V4.6 0.173 2.82
vapour vith primary air ~
total ) 5.832 100.00 6.143 100.00
g clinker quantity 1.0? 17.18 1.00 . 16,13
g quantity of flue deat eacaped 0.411 7.06 0.216 J3.48
§° wvaste gas at kiln discharge end 4.4 75.76 4.984 80,39
i total 5.821 100,00 6.200 _ 100,00
differcnce +0.011 -0,057
relative error +0,19 -0.93

£z~




Kun Ming Cement PFlant Kn. 1

Kai Yuan Cement Plant No. 1

- o —

| o
De termired in April, 1978 Determined in Jum_:L _{‘)’ID i
Hrem Kcal/kg. ¢ % Koal/kg. @ %
Heat balance : . - S U R e
| Chemical energy of the pulveriged coul . 165 95.75 1893 o 94.75 .
Physical heat of the pulverized coal 3.64 0.21 S L 0.79 .4
hysical heat of the slurry ‘31.25 1.85 39.4 1.97
hysical heat of returned dust L L | A8 | 0.9 2.21 0-“________1
physical hoat of primary air 4,21 _ 0,25 17.6 . v.s8 |
physical ;;t of sscondary air - i 10.73 0.64 25.8 1.29
physical heat of false air 16.92 1.01 4.1 o.21
wwl o |sessa | w000 99781 | 00,00 ]
clinker formation 388.62 23.14 400,00 ~20.03
evaporating the moisture of slurry 507.54 30.23 564.6 28,35 |
ciinker discharging 57.40 3.24 6€.5 3.44
kiln dust diascharging 6.34 0.38 12.2 ___0.61
docomposition of kiln dust 9.46 0.56 3.28 0. 16
waste gas from the kiln charging end 353,97 21,08 417.0 26.94
moisture of the pulverized coal 100.4 o 5.04 ]
[draught at the kilm discharging end i I 10,3 0.52
radiation 1033 of returned dust in kiln ) ~ 1.8 i 0,09 |
radiation luss at kiln shell surface o 311,41 -18;2“_5: ] 234.1 _WeTs
chemical incomplete combustion of the pulver -wd coal 21.75 1.29 137.8 6.92
mechanical incomplete combustion of the pulvgrised coal 22.68 1.3% 41.7% 2.10
total 1679.17 100.00 1991.73 100,00
difference +T.AT +6.08
relative error __ o +0.44 +0.3 _,'

-‘z-




Appendix 2.

Index of Techno-Economy and Tiermal Engineering for £ 3.3/3.0/3.% x 11m Wet process Rotary

Kiln at Home (1477 - ‘979)i

- S E Techno-sconomioal ‘ndex
» = v T o e I i
: § g 3 cutput |output output output | coal consumpticn heut l heat atrength of atrongth of |average
o 3 per per per per . v consumptlion gunerating the thermal the thermal |ntranth grade
E R * hour |[interior|effedine sgection: cz;s::g;lon ccogtm tio capacity force per force per of cement
E E] aurface |volume area tandard 1. ki? " volume Q. suction areajslinker
e g area | atendar LA n qQ WA (dry mortar)
B .
o t/n | xg/udin kg/wPon t/m i !kg/t.g_ kg/t. k  |kcal/kg/k  Kesl/k Kcal/m’.h  heal/md, h | kgle?
E 1977 1..43 11.83 16.56 1.73 ‘303 668 2121 24.2‘!106 26.001104 | 3.671106 642
g > 4 roa 12.76 | 13.35 | 1a.ar 192 265 617.65 1855 23.56x10% * | 25.28010% | 5.56x10° | 661
x -ttt e - R s
197? 13.27 13.73 19.23 2.01 , 256,31 604.63 1794 23.8\:106 25.55x104 i 3.60:106 664
s W e - <
E 1977 14.95 15.4} 21.67 2.26 l2‘33.63 381.38 1775 26.54!106 28.281104 ! 4.02x10 » ‘Qﬁ'r
x 2 | w97 140 84| 15.36 | 21.50  2.25  232.74 381.23 1629 24.17x00° | 25.75x10" | 5.66x10° 534
g - ———— - e e | — ——
Vo 6
1999 15,76 16,31 22.04 2.58 228.97 354,21 1603 25.26:106 26.91):104 ! 3.82x10 520
g R — e e+ — . B
2 1977 17.51 17.7 24.59 2.30 210,74 239.4 1475 35.83:106 26.41:104 3.51:106 569
; . - _— ; e e e R RO
[
1978 18.38 18.60 25.81 2.49 . 206,6 234.04 1446 26.581106. 27.581104 3.61x106 591
g ' , 6 4 6
g 19717 18.42 18.61 25.87 i 2.50 . 224,77 299.3 1573 28.97x10 29.62x10 3.94x10 646
4 X T —
S L . 6 4 6 66
* 1978 18,32 18.71 25.7 | 2.49 I224.}0 © 292.4 1570 29.41x10 29.41x10 3.91x10 2

The shell No. 2 kiln at D& Tong Cement Flant wus enla%ed to 3.8/3.3/3.3x118m in 1972. A3 there ia no

for eac'

-

" the Xiln, the data in the tahble is averaze value calculated for the four kilns,

geperate stati:ticnl data

.
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Appendix III

Conversion Table of Strength Grade from Dry Mortar Basis to Plastic

Hortar Basis ( q )

Conversion Equation
dry mortar
crdinary Portland cement R -
28 d compressive stremgth

plastic mortar
= 1l.2R - 17
28 d compressive strength

dry mcrtar
sl cement R

28 d compressive strength.

plastic mortar
28 d compressive strength

Strength Grade Strength Grade (kg/cmz)
. on dry mortar basis
on plastic morter basis
ordinary Portland cement slag cement
625 755
525 6l §59
425 | %93 bed
320 | 378 427
275 513 36¢
- - t

<20 l 253 g1l







