6.3  Theorctical Background
6.3.1  Blending of Raw Malerials

The matetial composition of portland cement is usually expressed by the following indexes.

Ca0
Hydraufic modulis (.M. = 171024
ydraulic modutus (H.M.) = 0, + ALO; + Feg0; |

3102____ =121040 (usually 2.4 to2. T
Ale; + RgOJ

Sitica modulus (S.M.}=

AhOy
Fe, 03

Iron modulus (I.M. )— =1.0to 4.0 {usually 1.5t0 2.5)

In addition, as a rcference for limeslone conlcnl limestone reference “k” (indicated in %; lime
saturation degree L.S.D.) is used, which is 90 1o 95 for ordinary portland cement, while it is
95 to 98 for early-strength portiand cement.

(i 100 CaO
2.33;05 +11A1,05 +0.7F2,0;

Prowded that the blending ratio of hme materials is glven lhe amount of materials necessary
" to produce 1 kg’ ofc!mker is expresscd as follows: First, when limestone is decomposed by
' heating, 44% catbon duoxude is released as shown in the followmg equauon resultmg in
~ weight reduction.

CaC 0,=-C 0 C 0
(40 + 124 48) ~ (40 + 16)+ (124 32)
100 CaCO, = 56 Ca0 + 44 CO,

Approximaie'ly 7% water oftrystallization is taken out of the clay' Therefore, the satio of the - £}
. i

amount of the n,qmred blending material and the clinker to be obtained can be calculaled by

the following formulas.

__044x% CaCO;  0.07 x{100-% CaC0;} ~ Clinkerkg
100 100 _ Blending material kg .
: b. _1 _ Blending material kg
o a Ciinder kg .
% CaCO, X 56,

TS - Cg() p;:rccnlége in ;linker _
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For example, igﬁition loss (ig. loss) when the blending material including 76 % liniestone is
heated can be obtained as follows:

From CaCQ, 0.76 x 0.44 kg CO, = 0.3344 kg CO,
From Clay 0.24 X 0.07 kg 1,0=0.0168 kg H,0
Total ig. loss = 03512 kg

This means that about 0,649 kg of clinker can be produced from 1 kg of blending materials

including 76 % CaCO;. In other words, 1.541 kg of raw matecials is theoretically required for
producing 1 kg of clinker. -

Raw materials actually used are composed of various constituents, which should be skilifully
blended to produce such raw materials as will satisfy the values within the index range. [f the

~ components thus obtained fail to Salisfy the requirement, the third substance will have to be

added to fit! the insufficiency.
(1) When the component ratio of CaCO, necessary in the b]ehding material is given: '_

The blending ratio of two raw material c_omponeﬁts can :ea'sily be oblained by applying
a proper value to X. ' ' -

- Supposing that X {CaCO, content requ'i'r.e_d in the material mixture) is 76 %, a formula
can be obtained based on the following material content, as given below. o
a = CaCO), contained in lim¢stone = g_gsz.ﬂq = 94.5%

_b'= CaCO, contained in clay = 5—'32;:6[00' ﬁ_?.?%

N sy X=945-76=185.

X
RN y=76-77=683
b X
. - Material analytical value (Example)
% §i0,  ALO, MgO: igloss SM
_ Limestone : 29 Ll 03 420 1.53
S Clay 504 222 2. 12.5 1.64
. . Limestdn_é ;683 1.69
Conchision: ——— =77 =

‘Clay - 185 _ _ _
- (provided that the molecular weight of CaCO, and Ca0 is 100 and 56, respectively.)
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(2)

3)

When hydraulic modulus (H.M) is given:
The blending ratio can be expressed by the following formula,

Limes(on&p HM.x$-C
Clay - G -HM.x§,

where
H.M. (hydrauhc modulus) 2
$: Ratio of (Si0,+Al,0,+Fe,0,) in clay
C Ratio of (Ca0) in clay
: Ratio of (8i0,+Al,0,4Fe,0,) in hmestone
Cl: Ratio of (Ca0) in limestone

By applying lhe analyzed values of the raw material indicated in a), the followmg result
can be obtained.

leestone 2x8|l 43 165
Clay _529 -2x48 1

Asa resuil. the composition of the blending material will be as follows:

. $i0,. ALO, ‘Fe,0,  Ca0  MgO  igloss
* Raw blending material 13127 5.64 245 - 4245 - 169 3565 -
~ Postignition material 2039 876 - 3.81 65.97 1.07 '

S SM: 1.62

M 23

K : 951
Calculation based on the CaO content in cemeni

_ €a0 % (Raw lime ash}—Ca0 % (Cement)
Ca0 % (Cement)-- CaO % (Clay)

Here, X is the ratio of clay to limestone 1; the values of posl lgnmon matenal are
applled to CaO % (Raw hme ash) and CaO % (clay).
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(4)

Calculation for blending 3-constituent materials
Supposing that the mixing ratios of limestone, clay and silica sand in the blending

materials are X, Y and Z, respectively, and that liydraulic modulus and silica modulus -
are given, the following 3 formutas will be established.

X+Y+Z=1 (1)

* Ca0 % {Limestonc)x X + Ca0 % (Clay)x Y + Ci0 % (Sahca sand)x Z

(810, + R203) % (Lm}cstony) x X ={Si0, + 820’,) % {Clay)x Y +(8i0; + Ry03) % (Silica s:md)x Z

= H.M. (2)

Si0; % (Limestone)x X +8i0; % (Clay)}x Y + (Si0;) % (Sitica sand)x Z

: | . sM )
- (Ry03) % (Limestone}x X +{R,03) % {Clay) x Y + (Ry0,) % (Silica sand) x Z <)

where R,0, = ALLO; + Fe,0,

- Solving these simultaneous equations by giving H.M and 5.M values, and composition

! ratios of raw materials allow X, Y and Z to be obtained. Concerning the composition

of raw materials, the value corresponding to each condition will be obtained irrespective -
of use 'of the value for raw materials. or the use of po_sl-ignition malerials.

. The followmg examp!e is based on thc composnlon of the raw malerials, where HMis
: 20andSMlslﬁ

% S0, ALO, - Fe,0, C€a0 = MgO - igloss Blending ratio

Limestone - X 44 27 25 ~ 493 ~ 05. 406 0825
Clay * Y. 1325 225 106 215 ¢ 21 108 0.111
Silicasand = Z 944 25 18 . 05 - 08 0.064

- Blending material 1327 489 236 4309 064 3475 1,000

. There are other catculation formulas recommended, and simple methods for obtaining
-an approxnmatc valug by means ol‘dlagram which are oumted herein,

" To obtain a pmduct of high slrenglh and stable quality, higher H.M and S.M values are

préferable. This, on the other hand, makes raw materials difficult to bura, consuming
a considefable amount of fuel if the bummg technique is insufficient. Therefore, the

-blending ratio in actual cases should be decided depending on the actual situation after

many trial and error operations within the allowable range of the abovc mentioned

'ca!culaled values for the ratio.
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6.3.2  Theory of Grinding
(1) ~ Required energy

The following equations have been so far proposed to express the relationship between
the power necessary for grinding and the grain diameler of the material 10 be ground

dx

Lewis  dB=-C-— (D

Rittinger E= C(L—l] _ @
X X .

Kick E:Ciog(ﬂ] | )

: A X2 . .

2

o | o

where
«C, n v Constant
X : Grain diameter :
‘X, X;: Representative diameters of a grmdmg malenal and a ground producl _

respeclwely

© Formula (l)__e'xprcsses the reiati_onship between grinding work and achange in the grain

- diameter in agenerai form. This formula was originally proposed based on the unique _
idea. Intégraling-F_‘orm_ula'(!) with n as I, 1.5 and 2 allows (3); {4) and (2) to be
‘oblained, respectively. '

Formula (2) is called Riltinger's theory, which was derived from the hypothesis that the.
-energy required for gnndmg is directly proportional to the increase in the surface area
of a material: This equation may hold good under the ideal condition of physical
grinding of a single grain, bul it does not apply so well to the actual industrial siluation,

* because of inter- granular friction and mechanical loss.

Formuta (3) is called l{lck‘s theory, which is based on the hypothesis that when two
- 'gcomctncally similar objccis are SUb_]EC(Cd to simitar dcformauon the work amoum'
- required for this is proportional to the volume of the both ob;ects or their weight. This
formula can be used for cmshmg homogenlous materials but is not applicable to the

' pulvenzmg zone.
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Formula (4) was proposed by Bond in 1952; this formula is called the 3rd theory
different from the above-mentioned two theories. Assiming that the energy required
for grinding a cubic body with a side length x is initiatly propostionat to x* and then to
x?in the pulverizing zone, it can be considered actualty proportional to x*%, an intermediate
value belween the twe. On the other hand, the number of grains in the unit volume is
reverscly proportional to x% therefore the grinding power per unit weight will be

' proponioha! to /4.

Eachof these formulas represents a different part of the comphcated grinding mechamsm

in spite of some theoretical ambxgmty However, by giving the coefficient ¢ according
to the situation through extensive experiments, the use of these formulas will allow

‘comparative calculauons of power required for various kinds of grinders.

Bond's third theory is applied in the fo)iowmg formulas to ball mills genera]ly used in
the cement industry. : :

N A 1 : . ' ) L . - | .' :
Wae=C Wil -—=— : : . : 5
Ca ‘[Jp TE) L L ©)
- where . ; o |
W : Power required for grinding materials - kWh/sh.t
‘Wi : Work index according to Bond’s test mill  kWh/sh.t
P : Microns 80% of the product passing TR

F : Microns 80% of the feecl passmg ‘ "
Cn : Constant - :
16 R - -
Wiz ——e |- 6
: I Gbpo_sz 100 ) _‘ . . . ( )
whe'ré
Wi : Work Index KWi/sh.t
Gbp: Grindability index accordmg to Bond s ball mill method
Pi : Product size (microns (u) of sieve)

Aclual power required can be obtained by calculating Gbp, i.¢., the grindability of an
object to be ground according to the Bond's wet-process test mill method, converting
Gbp thus oblained into a specific power consumplxon index, and then correcting the
value accordmg to lhe charactensucs of actual mil} by the 'use of somé cofréction
factors, :

Asa mclhod of ca!culatlng the grmdablhly index other than the above melhod there is’
Hardgrove s theory available. The correlationship between these two is expreSScd in

* the fotlowing empirical formula
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2)

, 435
w1=-—~—--}{g0~9' . (7)

Hg: Grindability index according to Hardgrove's test mill

These calculation formulas with their own clear characteristic are adequate enough to
conduct a comparative evaluation in terms of energy conservation, though they involve
some difficulty in determining a correclion factor. The performance of other similar
equipment can be estimated by conducting comparative tests of material physical
propeities using the same test mill. An accurate estimation of the result is also avaitable
when the operating conditions alone are to be changed with the equipment reniaining as

+ they are, since the material physical values and various coefficients remain unchanged.,

Ball mill driving power

The load power for the cross-sectional model in Figure 6.24 is expressed by the *g
following formula.

'=%x:\’ s_inax@% g o - oy
wherc - :
N : Load power - kW
- W Weight of medium kg

Y : Distance from the center mill to the paWder gravily ‘'m
a : Dynamic angle of repose ~deg ' :
n : Rotation speed rpm

With some modifications, this can also be expressed as follmivs_:
N=CxGxDixn N ¢

'C: Dynamic coefficient = 27 Y Sina | | 3)
: 6.120Di

G : Weight of medium '

- Di: Mill effective inner diameter m - -

Or, it can be r'_eprésenl_ed in the following formula,

N=CxGxyDi =~ = @
~ where _ _
n: 070750, pm

n, : Critical mill speed = rpn

42.5
VDI
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Figure 6.24 Mill Cross-sectional Model

X Pawer factor C in Formula (2) is not constant as also fo_ufld from Formula (3). It
L ~ decrecases as the volume filling factor of the grinding medium increases as shown in
* Figure 6.25. ' e

" Figure 6.25 Power Factor C for Detcrnﬁrﬁng the Mill Drive Power

Foﬁ'er Facto:' C
026~ '

Lé'rg‘e Balls
- >40 mm

© Small Balls

" Cylpebs
<40mm

A IR S R R S R REN S
20 22 24 % 28 30 32 34 35 8
o : % Mill Loading

. j - An example for calculation; :
When for a mill -
Di: 293 m
n : 16.8 ipm
G 95t

and the fitling factor y: 33 %
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then,

C: 0.22
thercfore,

N=0.22x95 ><29%>< 16.8 == 1029kW
“(3)  Measurenient of barticle size

- For raw materials and clinkers of larger diameters, a screening method by means of a
standard sieve is employed, while for fine products such as mill products, an air
separating method and an elutriation method are employed. An examgple of air-
separating method is shown in Figure 6.26. Here, particles dispersed in the air are
separated into the fing and coarse groups in a gravitational field with the desired patticle
diameter as a boundary by a specified ascending current to obtain a particle size @
distribution with the mass reduction at the coarse grain side as a standard. L

Figure 6.26 Chujo-type Air Sieve

Symbeol ’ © - Name
A Blower
B Air purifier
C  Gasmeler "
D Pressure gauge
B, Airseparator
(). Motor -
- {2)  Airinlet port
(3). ‘Airvolume regu!anng valve
(& Oil trap : :
. (5)  Adzole for drying
S {6) Cotton for fi Ilermg
{7y Airbasin

8) ° - Valve for fine adjustment #iks
9)  Nozze ' _ @

(10} Container

(11}  Joint pipe

{12) Bell

{13) Air separator ¢ylinder lower pant

- {14) Air separator ¢cylinder upper part
{15y  Flashreflecting cone
- (16} 1 Upper cover door
{17y - Upperdocr
(18)  Lowerdoor |
< {19y Air ventilation poﬂ
B il)) Cleaning brush’

- Figure 6.27 shows the device for measuring a Blaine vatue by means of the elutriation
method specified in J1S R5201.
The measurement results can be oblained in terms of specific surface arca (cm¥/g).
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Figure 6.27 Blaine Value Measuring Device

Unit: mm
Manometer
$2.0105
_Je10t03
* Plunger _ Celb
_ - P06
3 A o206 .
'| 5y o j-—tb!?.‘?io.?
pul P i"‘? 1l
- i

15

>N s
y : H /7 1
—~ ‘ i N I $ +
+ . I -SRI =
o S — | E : <
&l — Léﬂ)_ vlyl Ll g
‘ " H _ B
s C [} _ : _.'I —lea
= pit— _ 31K
n B
n
b5 A -+ Perforated metal disc
il ] No. of holes 25 to 35
=l . Diameterofhole 1.0£02
B\

4 Parlic_lé_ size distribution and classification

"Table 6.9 shows an example of parlicle size distribution of the cement mill product. The
_ " measuring resulis, usually represcnted as shown in Figure 6.28 and 6.29, are used for
g’ ' ~technical analyscs. These figures allow evaluating the performance of the separator
' used for the mill and the closed-circuit system. Logarithmic cross-ruled paper, logarithmic
probability paper, Rosin-Rammler diagram, etc. are used for expressing the measurement
results, because they can represent particle size disiributions in the form of index

function, and because the particle diameters range widely from ! to 100 .
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Residual comém (%)

-Figure 6.28 Parlicle Size Distributions of Cement Mill Products

S 110G

—e— Retum meal
-~ -~ Mill output
=4~ Product meal

—#-- Qpen-circuit process mill
grain size

...-‘

b
s S, 8
i 2 T .

. . . . L o
S0 : : : e Sy

0 10 20 -3 40 50 60 70 80 90 100 110 120

. * Particle diameter (micren)
Figure 6.29 Distribution Ratio to the Return Méal

100

80

i

Distribution ratio (%)

20 i

[T A S I SENON U JC N SRS SR

0 10 20 30 40 S0 60 70 80 90 {00 10O

Particle size (micton)
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6.3.3

leat Conduction between Powder & Granuter Material and an Aerial Current

e)

General convective heat transfer

Many heat exchangers such as rotary dryers, rotary coolers, etc. conventionally used in

- cement production factorics include the (wo types available according to the flow

direction of hot gas and the material, which are each called parallel flow type and
countercurrent type. The relationship between the heat conduction volume and the

- outleVinlet temperature of the equipment i expressed by the following formula.

. Q = Un°A0m'va . ' : ) . (i)

- where

Q : Total heat exchange volume "kcal/h
Ua: Heal capacily coefficient keal/h®Cm? (usually 30 to 160)

"Here, 0, =T, - y,
02 = Tz = l; ) .
(For parallel flow)

or, @,=T,-¢,
0,=T)=t :
{For cou_ntcrcmrenl) :

'V, Effective internal volume of an equipment m?

: Figﬁre 6.30 Paraitel Flow Mo‘del o

T‘-a-.

3 e VY
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Figure 6.31 Countercurrent Model

T‘ -’

lz""

- T,

-e-ll

For rotary kilns, only the butning amount per internal volume is generally discussed.
“The following are the approximate value for each type of kiln. '

Type of kiln | Wf:i-’procésé long kiln - SPkiln :NSP_ kiln
(Ydm?®) -0.45~0.8 "1.4~20 20~30

(2) Heat conduction inside the filling layer

- Since lhe contact heat lransfer between a parucle and ﬂu:d is the main heat conducl:on

+ for grate-type preheaters, coolers shaft kilns, etc., the calculallon formulas are complicated.
However, pmwdmg some assamption allows. approxnnale values lo be obtained. If
only the heat generated by the fucl and endothérmic reaction of raw materials are to be
neglected, the countercurrent model shown in Figure 6.31 just applies 1o the vertically
moving bed such as for shafi kilns, Thie lemperalure al a desired place can be given by

the fol!owmg formulas:

oLy - exp{—cx(Iu )X} @
T -1 - yeXp{—a(l )}
Tt t—yexpl-a(l —-y)} .
where _
E‘T____Crp_erE
T Cp V(1 - €)
-9 xa
CepiVee 'l’p. .
5'c=5c!xo

Concemmg gzale type heat exchangers, there ate the followm g formulas available for -
the honzomally lra\rellmg bed shown in Figure 6.32. It is: advisable to use such a
diagram as shown m Pigure 6.33 because of a difficulty in numerical calculallon
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8(x,mn)

L 02

Y

0 =W(X,n)=expl-nfrexp(-{No{2yE W 4

0=1-¥(X,n) {5)
where
_ M 30-8) x
CioeVe ¢
Gy € 4
~h={r-X)C
'C—i"‘_s.gs_pi
T e Cip
Figgré 6.32 Model of Horizontally Travelling Bed
Tyttt
e Yy — Y
Figure 6.33 Sclﬁmaanuf:sas ljiégfani .
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Heat conduction in a multi-stage model
Supposing that a suspension preheater has a cyclone of n stages and that the heating
decomposition of the material is disregarded, the gas and raw material temperature on
its ith stage, ti, can be obtained by the following formula based on the heat balance on
each stage in Figure 6.34,
T= CM' {C| Cn»nl —l)T _ I)T} _ R {0)
where -
CiGy
C=—+—~+
C.Gy _ :
Cy = Mean specific heat of gas keal/Nm? °C
C, = Mean specific heat of material kecal/kg °C
G; = Gas consumption rate " Nm¥kg-cl
G, = Material consumplion rate kgfkg-ci
- T, = Kiln exhaust gas temperature  °C
. T, = Material inlet temperature °C
Figure 6.34 Multi-stage Model
L _ J Mawrial T,
: .Kilne_xl'.iaust pas T‘l a1 1 ) -_:";__.-j_.__";’"'." } n '_..TN
-

T

Consuienng some amount of hcatmg decomposmon '1, can be used instead of Tg after
bemg corrected as shown i in the followm 2 formula.

L kqG, '
T =T, "> : : : 7
| & Cfo : . { )

where
k:* Material decomposmon rate %/ 100
q. Material decomposmon heat_ kcallkg cl

Following is an example of calculation,

“Conditions:
C=148
G, = 1.47 Nm¥kg-cl
© G, = 1.53 kgikg-cl

T, = 1050 °C
T,=50 °C
k=15 %

q =470  kealtkg-cl
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6.4

6.4.1

Promotlon of Energy Conservation

Managerial Method

(hH

Step 3 -~ Process impr‘ovemenl: _

Promotion procedure

* Generally, encrgy conservation measures which have been taken in the process indusiries

as well as in the cement industry can be classified into the following three steps.

Step 1 - Thoroughgoing management:

' First of all, energy conservation cfforts start with elimination of waste, then followed by
- areview of the exisling operation standards, more effective information communications,

re-education of employees, revitalization of minor group aclivitics, etc., lhr'ough which
the present situation should be reviewed to niake necessary improvements. This can
lead to a substantial result without much equipment investment. A nicasure to be taken

“in the next step will not be identified untit as much effost as possible is made under

various reslrictions.

i. Stép 2 - Equipment improvement: -

“The productivity and the energy efficiency of the eniiré plant can be improved by partial
* modification without changmg the process of the existing equipment. Efforis in this
“stepinclude the changing of the duct- connccimg positions, rcp!acemcnt of fans or.

motors, addilion of a monitoring and control meters, addition of a waste heat recovery
cqu:pment and so forth. Although this slep involves some amount of expense, the

+ - profitability of investment can be rather easily esumated with rcgard to spccnﬁc items,

Therefore, these efforts should start wnh shortterm proﬁt recovery eqmpmem

This phiase aims to change the production process itself, e.g., from the wet prdcess to the
dry process, or from an open circuit mill to a close citcuit mill. Needless to say, this
requites a large amount of equipment investment, and in sonie cases involves a toss due
to the shut-down for a cestain period. The purpose of this investment is not merely to
promote energy conservation bul also to 'i'mproire the additiona] valug of products as
well as productivity through the modcrmzatlon of the process, thus recovering or
maintaining the Iong term compemwc power. Hence, d:ffetenlly from steps | and 2,

this slep requnres a high-lavel managenal judgement to be made at a good llmmg

Table 6.10 sum'_marizes the measures actvally taken in Japan for each above—mentionc_d

step.
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Table 6,10 Examples of Energy Conservation Measures Taken in the Japanese Cement Industry '

Raw material process

Clinker burning process

‘Finish grinding process

First step

Selection of raw
materials

Management of product
fineness

Management of gr.indi'ng
media

Prevention of shut-down
due to a failure

* Selection of fuels

Prevention of leak

Cembustion control

Management of product
fincness

Managecment of gnndmg '
media '

Improvement of
operation rate at night

Second step

Use of industrial waste
material (fiyash, slag)

Replacement of a fan
rotor

" Control of fan rotational

speed

~ Addition of mixing
" equipment

Computerization of raw

material mixing ratio

Chahging of fuels and
use of substitutes

" Use of industrial waste.
" (waste tires)

" Use of exhaust gas from

preheaters and coolers

Replacement of dust

. collectors

"Change of cooler layer

thickness

Use of waste pla'sler
Madification of
scparators '

Introduction of sound

‘control

_ ~ Addition of spare
{drying of materials and ~ '

generation of electricily) . Use of admixture

i+ Mill internal modification

crushérs

- Third step

© Converssion from wel
process (o dry process

Conversion to roller -
mills

Change from wet
process to dry pmcass

Modlfrcahon of SP to
NSP

Conversion from open

- circuit process to close

circnit process

.(2.).

- Replacement of coolers

Recogni_lio_n of the pres_em si@ualion

Ffforls to search for a new phase should normally starl with avoiding the stereotyped

manner to recognize the prest-nt situation accurately.

“The recognition should be objective and yet rational. To achicve this end, the logical

approaches mentioned above will be useful. The heat batance of kilns, for example, is
specified in JIS R0O303, the actual examples of which are shown in Table 6.11.

These exaniples were obtained thtough the surveys conducted by Japan Cement Association
on the heal balances of SP and NSP kilns operating in around 1985, .
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(3)

(4

The kiln efficicncy and burning efficiency for dry-process kilns are neatly identical, |

i.e., around 50 %. In the wet process, a large amount of heat is consumed to evaporate
water contenl, resulting in a large reduction of burning efficiency. The heat loss is
mostly caused by the sensible heal taken away by the pre-heater and the cooler. To
improve this situation, the total volume of exhaust gas need to be reduced or the exhaust
gas temperature shdul_d be lowered. Radiation heat or other heat loss, most of which is

~ the radiation heat from the kiln surface, should not be neglected either. In NSP kilns,
- heat loss is smaller than i in NSP kilns.- This is probably duc to the difference in the kiln

size.

Preventivé maintenance

~ Supposing thata kiln which daily prbduces:SOO tons of cement stops operation because

of a failure, loss of encrgy and loss due to'decreased production occur at the same lime.
For example, the following calculation can be made. When the energy costis 15.5 $/¢,

~ marginal profit is 29.5 $/1, then the loss will amount to as much as 5,600 $ for a single

time.
Ener_gy loss:

500 vdxlIZh
24 Wd

1s. 5 ¥Tx x50 % or equwarenl 1,938

Lost profits due to output reduction:

29.5 $hx 30—0_‘1"—"—’33 %30 % ot equwa]enl =3.6878

24Wwd

: Also in some cases where low- !evel opcranons due to malfuncuon of the equipment

cannot be avonded if not leading te a shuldown, there occur similar types of heat loss.

" These losses tend to e neglected since they do not appear. visibly in the form of cash
“expense. It is, however, obviously advantageous to take a preventive measure in
“advance.. The proper nnintenance of the equipment’s soundness is essential for the

premotion of energy consesvation in the process industries.

. Subslitute raw material_s and fuels

Table 6. I2 shows the subsmule matenals and fuels recently used in the cement industry
‘in Japan. -
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Table 6.12 Utitization of Industrial Wastes and By-products in the Cement Industry

(Unit: 1,000 1}

, Year 1994 1995 Ratio to the previous year
Kind
Blast furnace slag 12,860 12 486 97.1
Converter slag ’ : 970 l 181 121.8
Coal ash | 2,872 3,103 108.1
- By-product gypsum 2,286 2,503 109.4
©  Debris o 1,923 1,666 866
* Non-ferrous slag . | 1,415 _ 1,396 R %
Sludge S - 785 ' © 905 £15.3
Unburnt ash and dust 367 487 1325
Molding sand 350 399 114.0
Waste tire S a5 266 | 1083
Waste oil and reclaimed ofl 02 83 153
‘Waste China clay o 59 1 o 1589
Others - o '__34? o S 319 S 1092
Total 24,683 25,097 S (N

" Source: Japan Cement Association | , ;

In: Japan, blast furnace siag is employcd in two ways, that is, as a raw material and as a

raw material to be mixed into the product. Japanese Industrial Standard (JIS) prowdes
qualily standards conccrmng lhe mlxmg of bl_asl furnace slag into lhe producl

© - Waste tires have been effectively used bccause of thc lnlroducuon of NSP kill‘ls Thcy '

‘aré now used as they are wuhbul being fmely cut.
‘Vartous substitute materials and fuels may be found depending on the r'egiori In this

regard however, these substitules should be used under strict qualily comrol lest the
use of them should result in lowenng lhe quahly of the producl
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6.4.2

(1)

.(2)..

- Improvement of Equipment

Flowrate control of raw matesial and fuel

Powder and granular matesials stored in the silo or the hopper are occasionally influenced
by the shape of the equipment and the angle of repose, “displaying an unexpected
behavior. This often causes a blockage or an outbursting phenomenon and prevents a
smoaoth operation, which pose a serious problem in large dry-process plants. Theoretical
or practical countermeasures for such problems have been so far taken, bul fundamentally
the shape of the hopper itself should be improved. Thus, the selection of an extraction
device and the installation of an automatic control device will be secondary imcasures.
The outflowing mode of the powder & granular material should be taken into full
account at the designing stage to avaid a faiture.

Figure 6.35 Oulﬂmé Mode from the Orifice

Padticle repose angle {funnel)

>

4”2 23 . -
L. Secondary motion ellipsoid

- Primary motion ellipsoid ] ‘ o
. : —t- Qutilow funnel

T o
|
71 FONSERTE L i
!

‘4—
2
&

ol

Figure 6.36 Varfous Hopper Shapes

s

Coumermeasuré-s againsl'ltoubles of fan and duct

An altempt to make efl'ecnve use of waste gas and ns relamed heat will mevuably make

~ the piping system more comphcaled and the extension fonger, Waste gas usually

contains 40 10 70 g/m’ dust which, when accumulated in the pipmg, is difficuit to be

- removed by human power, and causes various kinds of trouble when left unremoved.
Hence, horizontal installation of piping must be avoided, and due consideration should

be taken such as providing heat insulation to prevent dew condcnsauon

As a fan becores larger, sudden vibration sometimes occurs and makes the continuation
of operation impossible. This may probably be caused by the following:
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1) Temporary mixing of a large amount of dust
2) Pan generating the surging
3) Fan's rotation number being close to the resonation point.

1) can be, in many cases, avoided by some improvement of piping method. 2) is due
10 the characteristic of the fan, and occurs in the low wind volume area, This can be
avoided by changing from the damper contrel system te the rotational speed control

system. 3) occurs when a large amount of dust stick on the blade of the fan or when a

thick liner is attached as a wear-resistant measure. This is because the increased weight
" of the rotating body has lowered ils resonation point in the design, and made it approach
* the rotational speed at operation. The only possible measuré is to replace the shafl..

Figure 6.37 Pipingat Fan Qutlet

Header

: Dust;_ {

Figure 6.38° Fan Perl'o‘rman’cé Curve
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- Figure 6.39 Rcsonation of a Rotor

3ire 1
¢=0
L
43
51 £=02
2
i e
L=1 i
0 | 2 3
W/,

“Saving of airﬂow amount -

In order to reduce the heat taken away by the cxhaust gas, il is necessary lo lake a
measure to reduce the gas amount as well as 10 lower the temperature as mentioned .
above.” This will tead to the reduction of the alrflow pressure toss in the entire process
and then to the saving of elecicic power. As is comnion to other combuslion equipment
measures to enhance the performance of the burner and to lower the éxcessive air ratio

- should be taken. When a grate cooler is used, an effort 10 increase the secondary air

temperalure is al_so made by mcreasmg the layer thickness of the chnker

‘The process is generally operated by the negatwe pressure allowing the excessive air to

casily flow in. The fsgure below shows a trial calculation with one stage of the prehealer
as a model to estimate how much energy loss the leak air witl cause. The result reveals
that allowmg an aboul 10 % air leak wnll cause a loss of IS keal/kg-cl.

F_igurc 6.40 Heat Los;s due‘to Leak Air

C, =036 kealmly | 0.36x553x(1.47 +0.15) =310 kealikg <l

Cy=»021 kealkg | 036%533x147 =292 kealkg-cl
Tomty=553°C | Balance: ‘ 18 kealkg-cl
Ty =t,=533°C :

Raw Meal 1.60 kg/kg-cl 320°C
t - :

-+ Qutlet Gas -
To=+ Ty

" Inlet Gas brr
147 mhykgct 1
- Léakage
0.15 migkgcl 4
‘ Raw Mdal
" Sad 11

" Cyels
2
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6.4.3

Process Change

(1)

- Grinding equipment

When the kiln type is to be changed from the wet process to the dry process, the mill
type should be changed accordingly. In such a case, it will be advantageous (o employ
anew a vertical mill for raw materials, while modifying the conventional ball mill into
a cement mill.

Thie open-circuit mill can be converted to the close-circuil system by adding a separator,

~ but in this case the mill internal structure requires some degree of modification,

Clinker —

(2)

An attempt to employ a roll press and a roller mill is now being made for crushmg
clinker, but this still leaves some problems to be solved. Rather lhan this, the use of a
roller mill as a pre-crusher is supposed to spread more rapidly.

Figure 6.41 2-stage Clinkér Grindin;c; System

Cgemeoeeeesseq o Fan " = Exhaustair
: ' '

- Roller mill Classifier Dusi collector |~—{  Classifier

1 S N
CAirflow . - Product:
Return meal
Aiflow — L 1 Ballmi:
Cogeneration

Table 6.11 indicates that the preheater exhausl'gas sensible heat for SP kilns (43 unils)
amounts to 21.0 % in total, and that for NSP kilns (8 units) 20.4 % in total, and that
likewise the cooler exhausl gas sensible heat for SP kilns amounts to 13.3 % and that for
NSP kilns 15.9 % respectively. Ideally, the loss of about 35 % in total should be
reduced by the improvement. of the process. For the present, however, it is ulilized for
the drying of raw materials and cogencralion. Figure 6.42 shows a plant wheu two

boilers are used o generate steam by which the (urbine generator is rotated to provide

the electric power necessary for the planl. In Japan, this is gerierally said to pay only for

large-scale plants with an annual production 6 0.6 m:lhon ton o5 more. Howéver, this

range may not necessarily apply to such regions’ as cannol affoid sufficient eleclnc
power, and are often subjecl to power failure or load restrictions. :




3

4

Exhaust Gas
160

Figure 6,42 Cogeneration (Waste Heat Recovery Powér Generation)

[CER

Kiln type

PE}—

—{ M)

I'Kiln ]

{ Coolex]

- Gas

ILP.B _:High Pressure Boiler
LP.M :Low Pressure Boiler
" T . :Turbine
G . :Generator
"€ . :Condenser
;8P :Suspension Preheater
EP :Elcclros!anc Precipitator

- Figure 6.43 is prepared based on the data of Tab]d 6.11.

Most of the 810 kealkg-cl

thermal input is consumed for the decarbonation (calcining) of limestone. This chemicat
reaction is conducted at a temperature of 900°C or less as mentioned eatlier. To supply
this heat to the kiln by a burner, the temperature must be raised to 1,650°C once for
maintaining the temperature of the smtermg zone. - Just scparalmg the sintering zone

Fagure 6 43 lleat Balance Model for lhc Burnmg Process

“and feedmg the fuel directly in this zone can lower the thermai load of the kiln.

——— ——

Miscellanzous Radiation Cooter Exhaust Gas
10 .. 60 © 130
" Preheat ' | Cakine - “Heat Up - Sinter
25 - 470 iy .8 -3
. 255
410 400
Firing Firing
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The NSP system is based on the foregoing concept, which was at first highly regarded
as the most effective method to make the kiln capacity larger. As this NSP system is
widely used and various kinds of calciners (Figure 6.44 Calciner) are developed, it has
graduvally been found that the NSI* system, ifonly itis propetly designed, has atso other
more advantages such as stabilization of the entire system operation, a fifty-percent
reduction of nitrogen oxides (NOx), etc., irrespective of the size of a kiln. Nowadays

~ the NSP system is highly evaluated as one of the most rational combustion systems.

Figure 6.44 Various Kinds of Calciners

"MFC RSP - ‘DD

I o

/Raw Meal ~

(4) ; | Change of lhe pr‘odu‘c{ion pro'cess of lhc' emi_re plant

‘Pigure 6.45 shows an example of traditional plant’ w:lh 6 wet-process kilns which have
produced cement of 1.5 million ton annually. To cope with an eves- mcreasmg demand
© as well as to attain niodemization, this plant successively mstalled two SP kilns capable
. of producing one million tons of cement annually, which is indicated by the hatched

portion in the Iayou( figure. During the construction period, both the wet-process and
dry-process lines were operaled i in parallel

After complelion of addition of the dry -process kilns, the modification work of the wei _
process No. 6 kiln into an NSP kiln was started. Upon completlon of the work about 1.5

 years’ thereafter, ihe operation of all the wet- process line was sloppcd while the

equipment availablé were all converlcd into the dry-process line. The work areaat this

llme |s mdlcaled by |he pomon painted black in the I':gure

_The' modificalidn of thé wel-procéss No. 6 kiln intd NSP has increased ilsﬂai!y cement

production from 1,680 to 3,960 ton, thus allowing only 3 dry-process kilns to produce
3.5 million tons of cement annually. Fuel consumption has also decreased from 1,500
kcalfkg-¢l to 740 kcal/kg-¢l.
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7. ENERGY CONSERVATION IN THE GLASS INDUSTRY

7.4 Characteristics of Use of Energy

7.1.1 - Manufacturing Process and Main Equipment

The manufacturing process of sheet glass is relatively simple as shown in Figure 7.1..

- Cullet

Figure 7.1 Manulacturing Process

Silica sand -Soda ash . Dolomite Lime stone

- Weighing

Mixing

Meliing

| Refining

- Forming

.Annealing

Inspection -

L

Cutling

Inspection

|

Sheet taking "

Product

“The composition of glass varies from one apphcauon to anolher Sheet glass is made of soda

lime glass of the composition shown in Table 7.1.
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Table 7.1 Composition of Glass

Components Contents
$io, 70~74 %
ALO, 1.5~2.0

- Fe,(y

- G0 8~12
- MgO

~N&0 1316

-K,0

Manufacturing process

According to the glass compoSilion required for the manufacturing process, silica sand, -
soda ash, limestone; dolomite, etc. are mixed, and small amounts of auxiliary materials,
such as refining aids, colorant, and decolorant, as weli as an appropriate amount of
cullet, are blended with (he mixture into a composnle material.

The cOmp’osite’ material is charged into the furnace (sép Figure 7.2) that is kept at about

" 1,500 °C, where the material is heated and melted by the radiating heat of flames in the

upper space.’ Then the mollen material is refined and its bubbles are separated. The
center part of the furnace is kept higher in temperature than the rest so that unmolten
material in the furnace will not flow out to the working hearth.

The molten, 'r:efim:d glass runs to the working hearth, from which it is supplied through

-the forehearth or the canal to the forming machines. When the molten glass is in the
_working hearth and forehearth or the canal, its temperature is adjusted to suit the
‘forming of products. 'l‘hcre the matenal is, in some cases, healed by a number of small

burners or directly by applying cleclncuy

Thete are various forming methods including Fourcault methed, Colburn method, etc.
for ordinary sheet glass, a roll-out method for figured sheet glass and a float bath for
float glass. '

Formed producis are annealed in an anncaling lehr so that there will be no thermal sirain

left in the produ'cls Annealing temperature and time vary depending on the glass
composmon, product thlckness etc.  Generally, however, formed products of

6 mm in thickness are grad_ually cooled from 500 °C ~ 550 °C to about 400°Cata speed

of aboul 20 °C per minute. ‘Although anncaling lehr includes the gas heating type and
the eleciric heating type, an eleciric heating type continuous furnace is mostly used for

. tecent lehrs for the float glass.

After annealing, the preducis are inspected and packed.
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(2)

Main equipment

There are two types of furnace for melting glass material: the tank furnace that is suited
to continuous, mass production, and the pot furnace for producing a variety of kinds in
small quantilics. From now on we describe tank furnaces only. Figure 7.2 shows a
typical tank furnace.

Figure 7.2 Outline Sketch for Tank Furnace (Side Port Type)

A high temperatur¢ of about 1,500 ‘Cis necessary to melt glass so that combustion air
must be preheated by heat exchange with combustion exhaust gas. ‘A regenerator or
recuperator such as shown in the figure is used for this preheating. Instead of heating
with fuel, or as a boosting means, an electrode may be directly inserted into molten glass

o directly heat it Wit_h_e!eclricity.’ :

The me]ling furnace is constructed of erosion-resistant electrocast bricks of ZrO,-
" AL,0,-Si0, in the lower part which is exposed to molten glass, and of silica bricks in the

upper pail.

' The burners are arranged in the both sides of the furnace (side port type) in large-sized
- furnaces. A farnace that has a regenerator is burned every one side, and the reversal of
" the combustion side is made every specific time, usually every 15 to 20 minutes.

A regenerator is provided on each of the right and left sides. The one on the side of the

operating burner is used to preheat combustion air, and the other heats the checker

" bricks through combustion exhaust gas lo store the heat in the bricks. Some regenerators

have the chambers separated for each port so that combustion control will be easily
performed. :
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7.1.2  State of Use of Encrgy

In glass factories, énergy is consumed as shown below.

-Figures 7.3 and 7.4 show an example of energy consumption by purpose of use at some sheet
glass factories.. As is clear from these figures, energy conservation is important for the

melting and other furnaces.
Figure 7.3 Share of Total Energy Consumption

Cutting and ware-
house 3 %) Others (4 %)

Forming and ¥
Apnealing (4 %)

Melting(89 %)

Figure 7.4 Share of Electricity Consumption

Fumace B5%) %
. =3

Cutling - . 3
cullet batch (10.9 %)

Float . O Cowm ¢
Lighting - _ Lighting (9.5%) |
(6.3%) Others
Others 0il (104 %)
0il (2.8 %)
Compressor
(57%) |-
. Water (28.1 %) _
"  Water (i1.8 %)
Cutling _
- cullet batch (5.4 %)
| 10.5KWhAMGS 4AKWHMGS
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For your reference, a heat balance chart for a sheet glass furnace in Japan is shown in Figure -
7.5. The thermal efficicncy of this furnace is 24 % before taking energy conservation
measures, and 42 % after taking them. Heal toss is mosily from exhaust gas and the furnace
wall.

Figure 7.5 Heat Balance Chart for Glass Melting Tank .

1977 Before saving energy : 1986 After saving encrgy -
MGS:388 vd o S MGS:452 Ud :
0il: 106 kL/d H sepg: " Qik72 kLA D Oire. '
264 Sible hegy . N -, ;l Sensipy, heas
" Fuel heating value 7 Ato ' ‘ |, Fucl beating vatue - %A. ]
C910% 0.4 % sty : 970 % fom;
: | / * : i : 04 g toan,
 00% . - £00.0 %
REG. recovery REG. recovery

“The example in Japan for your teferencc shown in Flgure 7 6 reveals lhat ovérall energy
intensity for sheet glass, mciudmg power consumpuon was improved by about 35 % in 1989

over the reference year of 19?3
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Figure 7.6-Trend of Energy Intensity Index in Sheet Glass Manufactoring

100 “‘0‘\1\ - 5,000
9 |- \ g
. 80 . § ' . =1 4000 K
~~ - N - . N B . ) . b
& ~ : ' ' HRE N £
© — R - e R 3000
1973 '74 75 '76 77 '18 °79. ‘B0 '8l '82 '83 'B4 '85 '86 '87 ‘88 89
"~ Year l
S - : " Heavy Oi) 9900kcalll. - 82%
Details of Energy Conservation Items in Melting Furace ‘_: LPG = 12000 kcalkg 2%
. Scale up of furarice by Float system 15 % ' Electricity 2,450 kcal/kWh - 16 %,
Improvement of insulation 10%
Improvement of yield 5%
. lmpm\emenlof“asle heat recowry S% :

" Energy intensity for a glass melting furnace largely varies depending on the scale of the
furnace. If the molten glass size (MGS) ‘produced by a melling furnace is plotted on the
. horizontal axis, and heavy oil consumptmn rate on the vertical axis, a siraight fine is formed
on the Poganlhmlc scale. Figure 7.7 shows the re!auonshlp between the fumace size and the
energy intensity. The width of the shaded portion in the figure represents the range’ occurring
from dzsparllles in the required product quahly, an mcrease of fuel il consumpuon rate with
the aging of the furnace, elc. o : Do . é :

Figure 7.7 Relation between Intensity of Heavy Oil and Size of Melting Furnace in Sheet Glass

5 10 - 20 30 4050 100 200 300400500 1000
s MGS (V) C _
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7.2

7.2.1

Rationalization of Use of Heat Energy

Melting Furnace

(1

Optimization of air ratio
Glass is melted at a high temperature of about 1,500 °C, and heat is conducted
predominantly by radiation at such a high temperature. “The quantity of heat, Q, radiated - -

from an object T,K in absolule temperature to another object T.K in absolute temperature
can be expressed by the following equation, '

Q= 4883{(1‘20) (l’fil) }kcallmzh

where € is the emissivity.

"It is known from the above equation that the amount of heat transferred increases as

flame lemperature rises. Decause flame temperature lowers as eXcess air increases,
however, the air ralio must be lowered within a range in which incamplete combustion

-will not occus.

it is also imporiéant to decrease the amount of cxhausl gas because il still has a
temperamre of abonl 50{} *C after waste heat recovery :

if the actual amount of exhaust gas is G, the lheoretlcal amount of exhaust gas Gy, the

‘theoretical amoum of combusuon air A, and !he alr rallo m,

G=Gy+ (m -1 Ao m? /kg (%) fuel

As expressed above, lowamg lhe air ratio. wnll help reduce lhe amount of exhaust gas.
Although G, and A, should be calculated from the composition of the fuel, they can be

“approximately calculated from the lower heating value of the fuel by the equation

(Rosin's equation} of Table 7.2.

If the amount of exhaust gas decreases from G, to G, by improving the air ratio, the
- decreased exhaust gas toss will reduce the amount of fuel to further decrease the amount

of exhaust gas. In this case, the percenlage of fue! savmg can be expressed by the
: 'followmg equauon :

lOOR( - %ﬂ

Fuel saving (%) = —--———-
el saving(%) 100 _RG,/G,

(there R is the percentage of exhaust gas loss before the improvement.}
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Table 7.2 Relationship between Low Calorific Value lZ and G, A, (By Rosin)

Fuel G, Ay

Solid fucl O89ME | | 65mInfkg fucl LOIHE | o smskg fuct
(HE: kcalkg fuel) 1,000 1,000

Liguid fuel 1AIHE 4 . - 0.85H¢ 3

——— mn/fkg fuel —+2.0m n/kg fuel

(HE: kealkg fucl) 1,000 N8 1,000 NkE

Low calorific value gaseous fucl O’JZSHC FLOWRm’y foel 0.87511¢ e s J’m’N fuel

(H£: 500 10 3,000 kealim’ fuel) 1,000 ’
| High calorific value gaseotis fucl : !_1_4_}_1_{ 025 N:"m3N fuel :}.09}12’ ~ 0.25mpfm?y fuel
< (HE: 4,000 to 7,000 keal/m?y fuel) 1,000 1,000

Tank furnaces in Japan are generally operaling in the range where m'= 1.05 to 1.15. As
the amounl of excessive air increases, the amount of NOx also increases. It is,: .
~ therefore, also important for the prevention of air pollution to control excessive air.

An amount of combustion air ¢cannot be directly measured because, apart from preheated
air for combustion, there is air entering through the openings. Thus, it is determined by
measuring the concentration of oxygen or CO, in the exhaust gas and calculaung the
material balance. If fuel has only small mlrogen content, burns comipletely, and if the

' nitrogen content of the exhausl gas is 79 %, air ratio can be calculated by lhe followmg
equanon

o =j 2k. =
21-(0,)+0.5(CO)

ms=

where (0,) is the cqnc_enitralidn of oxy'gen. in ex_ha_usi gas {%).
{CO) is the concentration of CO in'exhaust gas (%).

or,
1-{C0,)-1.5(CO)

1 - (CO; Jmax « (CO,)+{CO)
0.79 (CO;. }max

m= +0.21

where (CO;) is the concenlrallon of carbon dlomdc gas in exhaust gas (%)
- (CO,) max, the maximum concentration of carbon ledee gas in thcoreucal dry
cxhausl gas (%).

X 100%{solid/liquid fuel)

(co, )max = 1,867.0
h : GG

© Gy =Go-(112h+ 1244 W) miykg
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where h is hydrogen content (kg) in 1 kg fuel;
W, water content (kg) in 1 kg fuel;
C, carbon content (kg) in 1 kg fuel.

In the case of gas fuel, the same can be calculated from analyzed values of the
components, '

The following values may also be used for {CO,) max.

Coal (18.5 %); fus! oil (15.7 %), natural gas (12 %); LPG (14.5 %)

To keep the air ratio appropriate. the following must be borne in ming.

a." Inthe case of liq:uid fuel, observe the following: -
i Preheat ilh tb an -appropriate level of viscosil;'. :
ii  Remove solids from l'hé fu;l using a filter.
il Keep the Bume_:r tips cie’an. .
v Adju's.l éloﬁaizing_ steain or air to approp.r'ia':e pressure.

‘There was an instance in which fucl co'ns',um'plion was reduced by 2 or 3 %'by'
atomizing natural gas instead of air.

b.- Prevehiihg air leakage and radiation heat loss from the openings
“Air leakage throug_h the dog house, around the burners, peepholes, ¢tc. will not only
increase the amount of exhaust gas but also lower the temperature inside the

furnace because That air is cdol.

It is necessary to take the following steps in order to reduce air leakage to a
minimum and prevent radiation heat loss,

« Make the openings as smalt as'_p_ossible by, for example, completely sealing the
" joints, narrowing the clearances around the buirners, or sealing the dog house

\_vith baich.

« Adjust the damper to maintain the correct furnace pressure.
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¢. Control

Control the amount of secondary air in proportion to the amount of fuel. In cases,
a computer is employed for more accurate control, involving compensation for
changes in crown temperalure, O, concenlration in exhaust gas and secondary air
temperature, and shortening of reversal time.

Tmproving flame emissivity

In gas combustion, heatis transferred mainly by sadiation from the clear flames of high-
temperature carbon dioxide gas, water vapor, and other (riatontic gas.

In fuel oil combustion, heat is tranferred by luminous flame radiation, and solid
sadiation from the suspended carbon particles that are generated in the flames during
combustion plays an important role.

" Emissivity € of radia.lio.n heat transfer differs between fuel oil (0.6 to 0.8) and natural -

gas (0.3 to 0.4} in the initial phase of combustion. In actual furnaces, the effect will be
less because there is re-radiation from the furriace walls in additionto radiation t“rom the
flames, but gas has less amount of radiation heat tiansfer than fuel oil.

Figure 7.8 shows an instance, in which a baffle is provided in the port. Fuel gas is

' injected in back of it lo be burnt in a state of rather insufficient air so that fine carbon
_patlicles will be gcneraled and they wall burnt into Tuminous ftames in secondary
‘combuslion. : ‘

214



(3) -

Figure 7.8 Baffle Block in the Port

S

L

Baffie block

Reinforcing heat insulation

- The refractories of the melting furnace are e'xpo'sed to very severe condilions in terms

of temperature and corrosxon by the glass. Conscquenlly, they had not been sufficicntly

~ heat-insulated, and the outer surface of wall of moltén glass level was cooled by air. As

is clear from the heat balance charl, heat radiation from the furnace walls accounts for
a large percentage of heat loss, so the fumace was being improved in heat isulation
using high-grade refractorics. Specifically, lhe furnace crown was constructed of

© super- duty silica bricks having small alkali or alumina content; the tank block and

boltom were construcled of electrocasi bricks of a]umma, zirconium, silica inside and

: wuh clay refraclmy bricks, msulaung brucks, of ceramic fiber outside.

The outer surfacc tcmpcralure of the furnace wall can be obtained by gwmg the inner
surface temperature of the furnace wall, the material and thickness of the refractorics
composing the furnace wall. . More specifically, the heat conductivity of the furnace
material is obtained from Table 7.3, and the overall ML is calculated based on the heat
conductivily and the thickness of the furnace material. Then the ouler surface temperature
can be oblained from the graph in Figure 7.9.
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Table 7.3 Heat Conduclivily of Refractory

Material A (kcal/mh*'C)

Elect. cast AZG 3.2~3.7
Elect. cast Al (a, B) 3.4-338
Magnesia ©3,2-38
Zircon (Bonded) 18-2.2
'AZG (Bonded) 1.7~2.4
Mullite 1.3~L.6

" Hiplex 16
SK34 1.2~1.4°

©$K31 11413
Silica 1.4+1.7
VRC | ':1;2
Liplex " 0.55
.Chrome-rhag. 1.4~1.8
Isolite 1SB 035:0.5
tsolite €28 033
Isolite C1- o028
Isolite B7P 0.26 -
fsolite BS 0.18
Isolite B3 0.16
[solite BI_ 0.14

' Casla.‘lC'l.E_)O}"-R N 013
KAO\Vooi 1600 E 10,1-0.26
Supc_r Board H. . 0.09>
Super Board L. 0.045>
Silica Board 0.047>
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Figure 7.9 Relationship between Inner and Quter Wall Temperatures

340

300

250

- 200

150

~ Quter surface temperature (°C)-

0 50 1000 1560

- Inner surface tem petalure Q)

ot = l

m (k( al/mh C}

lf lhe outer surface lemperalurc of thc fumace wall is given, the amount of heatloss can
be calculated by the followmg equation.

Q- 488% 09[(T +273) (-T'J'm) }H.ss(’_l"r"!‘,)m N

100 100
Q: kcal/m?h

To: Outer surface temperature °C
Ta: Ambient temperature 40 °C
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Figures 7.10 to 7.18 show the brick composition for each' part of the old and new
" furnaces, and the difference in their heat loss aniount,

Figure 7.10 Heat Insulation of Melling Furnace Crown

Qld design New design
Ceramic fiber 3
A B-5 9
- Céramic fiber 3 -
; . T _ v
Silica ins. 2 _B 6 =z
Sitica ins. 3
Sitica g Sitica 8
@
™~ Inner surface \Im'ler surface
Inner surface temperature . 1,550 °C 1,550 °C
Outer surface temperature -~ 132°C 100 °C
-Amount of heat loss 1,210 kcal/m?h - 692 kealfnith
 Figure 7.11 Heat Insulation of Working Hearth Crown
'OM design _ : New design =
_QCeramicfiber . - & - Ceramic flber -
Silica ins. - g ' T :
_ Siticai ; L3 | Ty | 3
| B e |
Silica ins. 2 g
Silica 2
~
' Silica s
o o3
o ' \Inﬁer_ surface” . -~ Inner surface
 Inner surface temperature 11,250°C 1,250 °C
Outer surface temperature Hs*C jocc

Amount of heat loss 922 keca¥mlh - 297 keal/mih
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Figure 7.12 Heat Insutation of Regenerator Crown

Old design ' "New design
" Ceramic fiber 22
B-3 S
B-5 ot
B-5 8 Ins. fire brick S i
Basic
| Basic chrome o
chrome : : . @
g 8 -magnesite s
-magnesite .
E’; : ™ Inner surface " Inner surface
Inner sﬁrface‘ temperature 1,450 °C . 1,450 °C
-Outer surface lemperature “128°C o 76 °C
- Amount of heat toss 1,147 kcal/m*h 369 keal/mth
Figure 7,13 Heat Tnsulation of Port Crown.
' ~ Old design _ o  Neéw design
| : . Ceramic fiber cast ©
B-3 R
B-S 2 B-5 s
- Ins. fire brick . 5
g}-__. . . Fused A.Z.S. g Fused A.Z.S. §
< <
. Inner surface . Innersurface
Inner sutface temperature " 1,500 °C 1,500 °C
QOuler surface témperature’ © 155 °C. S 95°%C

Amount of heat loss " 1,64T keal/mth - 0 621 kéal/m*h
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Figure 7.14 Heat Insulation of Regencrator Sidewalls (Upper Part)

Inner surface\

Old design - New design
) . 25
30 230 s 238 s © 230 50
Basic " SK.-34 B-5 B Basic SK~ | Ins.
‘chrome- 8 | chrome- - 36 | fire brick
magnesite § imagnesite .
5 L’
8 A
& Fiber Cast /
Calcium silicate boatd
Inner surface temperature 1,450 °C 1,450 °C
- Outer surface temperature 118 °C 100 °C
Amount of heal toss -9 kealim*h ~ 692 keal/m*h
- Figure 7.15 Meat Insulation of Melting’l‘ank'Bl’ockf. E
Old design . -~ New design
B-AZS.
o Fused SK.. o Fysed 3
& |AzZs| |- 34 & |Azs.
o i Ceramic fiber’
f: . “ . ’/__'_“"‘_"""_‘—‘
250 |14 | 250 J3s| {0
R . F_.-,.__.HT___J
Inner surface temperature’ 1,350 °C - o 135%0°C "
Outer surface temperature 285 °C i c41°Cc

Amount of heatloss - 15,365 keal/mh 1,376 keal/mth
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Figure 7.16 Heat Insulation of Werking Hearth Tank Block

Old design

_ SK--34
- e

Fused | ~]
a8-|.
" Alumina

Inner surface

200 65

g -—

Inner surface temperature
‘Quter surface temperature
Amount of heat loss

- New design
8 .
v B--$
27 3248 L
v 1 : iy .
2  Fused| 7 Calcium sﬂxcgte]ggirg
2 E el
= ap-| | 4. .
1 b A Caleium silicate board
- Alumina|. 650 °C
: . '(/ _ .
|- 200 s0
11$ 50
1,200 °C - 1,200 °C
330 °C 14°*C

2,274 keal/mt-h

' 348 keal/imih

Figure 7.17. Heat Insulation of Melting Tank Boftom

Old désig:: New design
- Innér suiface  Inner susface
Fused A.Z.S. XS R
= ' Fused A.Z.S. 2
B AZS. 2 AR
Ziicon v - B. ::' AZS. 5
= - Zircon S :
: SK-36 %
Clay §
| ’ SK-34 %
s
lnhcr:sglffac:.e leiﬁpéréturer _I,350 c’ 1350 °C
" Quter surface temperature - 225 °C R KR e

- Amount of heat loss

4,291 keal/m®h
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‘Figure 7.18 Heat Insulation of Working Hearth Bottom

Old design : ' New.design
surface Inner surface
Inner iy
- i v)
a.f--alumina e a.g-alumina h “
—— vy
SK--36 &
" Clay § : :
SK-34 &
SK-32 §
B-5 3
Inner surface temperature " 1,100 °C : ~ - L150°C -
Outer surface temperature. 250 °C . 80 °C
‘Amount of heat loss ' 4,]26 kealfm?-h © 446 kcal/m*h

Compared wnh the calculated values, the aclual amount of heat loss increases consldetably'
because of heat loss from the joints of the furnace material or lhrough the metal parts,

{4)° Waste heat récovery

Because a melting furnace requires high temperature, the waste heat of burnt exhaust

gas is recovered Lo preheat secondary air. Either a regeneraltor of recuperator is used as ég
a wasle heat recovery unit. Generally, a regenérator is used except for small-sized
furnaces. ' o

The heat recovery ratio of the regenerator can be improved by decreasing the thickness
of checker bricks, incieasing the velocity of exhaust gas running lhrough the checker :

: bncks and raising the height of the regenérator and thus increasing the amount of
jchcckcr bricks, F:gure 7.19 shows thé types of checker work and the unit surface area
for heat conduction. - Figure 7.20 shows an example of telationship belwcen the heighl
of checker and air preheating temperature..
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Figure 7.19 Type of Checker Work and Unit Surface Area for Heat Conduction

(®) Swraight Pigeon Hole
A _4_?: :;; A Oh 31000 (i’

M_ﬁLERZ Figeon Hole

- (D) Chimney Box Type
(VEITSCHER)

" Closed blacks with :

Iateral openings

s1E
jE

. MS:STV

W‘I('I.l).hﬂlhﬂa )h ;
Ay hi2the(a h
TS

1 E) Interweare

B{a+b) .

T (atbrn? *1000
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Figure 7.20 Relationship between Height of Checker and Air Preheating Temperature

Thermal conductivity (wfrhk)

Height of checker {m)
|
P
|
i
! .
\i}\ |

v

3007 100 €60 800 (09D 140D Tin0
Air preheating temperature {°C)

_ Normalty, secondary air is preheatéd to about 1,150 “Cto 1,300 °C. The checker bficks

cause breaking down by reaclion wi_glf the dust i cxhaust gas over years of use,
clogging up the gaps and reduicing the heat exchange area. Therefore, magnesite bricks

“and electrocast bricks of high corrosion resistance have come to be vsed lo last as long

as the melting furnace itself. The heat condﬁcti'\éily of magnetite bricks and electrocast

bricks is two or more times as large as that of the convenlionally used aluminosilicate
bricks. (See Figure 1.21) This considerably contributes to :mpmvmg the heat rccovely

rate (mcreasmg the air preheatlng lemperalure)

* Figure7.21 Thermal Conduclivity ol' Checker Refraclory

.
P I~ i ]
.\L' | . ' : ;
. \ N -C S\-'"
hY : § : MO AN
> SR oy PETsd
s \ ’ a"'
AN : ) : R 14
4 \\ \‘._ . "‘ p" A
N \-....\. . --.___::4_‘:-::-‘-
. "--.'... [ -~ —-‘\ B N
s | . 1 o x\ﬁ"ir_g_\
2 . T
: Aluniino-Silicate
) I A

ol L. ' ] S
2000300 400 SO0 600 700 8007 900  1000° 1100 1200 1300

Temperatore ("C)
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As for récuperator, the radiating type recuperator which is free of clogging with dust is
mostly used, but a multiple ceramic tube recuperator is also used.” Fhere is also a type
which withstands gas temperatures of up to about 1,500 °C, bt its heat recovery ratio
is low because preheated air temperature is up to about 800 °C. However, it is used for
smalt-sized furnaces for reasons that it costs low to install and does not require much
floor space.

To make maxinium use of preheated air, it is necessary to reduce the leakage air of
normal ambient temperature through the openings.

(5)  Raw male_ri:il and cullet
" The energy used for melting can be sreduced if cullet is mixed in a larger percentage,
- provided that product quality will not be adversely affected by their increased percentage.
The relationship between the percentage of cullet and required lieat is shown in Figure

7.22 and Table 7.4.

Figure 7.22 Heat Consumption Rate for Cullet and Fuel Sa\}ing Rate

Fue! decrease rate (%) .
o

= 16 20 0040 S0
Consumption rate for cullet {against the weight of finished product} (%)
Based on the consumption percentage of 10% for cullet, _

“Tabte 7.4 Heat Required for Production of Various Kinds of Glass (Theoretical Valuc)

Heat required for melting glass (kcalikg glass)

~ Kind of glass : Tempcratufc ‘C Cullet addilion rate %%

| | ) R 2 0 60 80 100
© ‘Tabloware plass 1400 576 S43 510 477 444 410
| : | 1250 0 . 530 497 464 431 398 365
Sheetglass 1,500 706 652 598 545 | 491 a7
1,400 - 666 614 - 561 509 . 456 404

1,150 s68 519 470 420 - 3 322

Laboratery appliances 1,400 508 482 455 429 402 376
1,300 a1 45l 24 398 3 345

Lead glass 1,400 496 472 448 424 400 376
1,100 391 367 343 319 295 271
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The heating valug for sheet glass here is obtained with 20 °C as a reference temperature
for the charging material. Moreover, in the case of sheet glass the hieat required for
melting the matefial and heating it up to 1500 °C. is defined as effective heat, Batch

melting heat varies depending on the composition of each product, but it does not .

necessarily follow that the composition requiring less heat leads to energy conservation.
Specifically, reducing the alkali content lowers the melting heat theoretically, bul
actually it decreases the solubility. In this case, therefore, it is necessary to raise the
melling temperature or to decrease the charging materiat quantity, which will eventually
result in energy increase.

Use of refining aids will shorten the refining time, and result in saving energy. A'lype

“and quantity of refining aids must be selected 10 suit the furnace conditions.

Electric melting

This method uses an clectrode inserted into the mielting furnace 1o directly apply -

electricity to glass which becomes electro-conductive al about 800 °C. 'If it is used in
a fuel-heating furnace as an auxiliary means to increase the amount of pull and adjust

the lemperalun, inside the furnace, it is called booster. About 100 kW ofclccmculy 1s .

required to increase guantity by 3 tons or more per day. If the efficiency of conversion

- fromi fucl oil to electricity is 35 % and if the fuel intensity is 175 liters or more per ton,’
'encrgy can be saved by using a boosler -

ab!e 7 S shows an example of heat output ml:o af electric meltmg farnace. In some
case‘s of small-sized furnace, electric mellmg is iore cconomlcal even in cons:derauon
of encrgy prices and auxiliary cqmpmem Furthermore electric melting has advamagcs

such as smaller air pollution, easy control of lcmpcrature and easy producllon of high.

quality products.
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Tabte 7.5 Heat Output Ratio of Electric Mclting Furnace

Heat output  Ratic Heat output  Ratio
(kcal/h) (%) (kcal/h) {%)
Heat release from - 28 {0.07) Ceiling 1,800 2
ceiling Side wall 10,700 35 30
Heél release from 5,883 Botton 9300 13
furnace bottom — : - : .
L _ : Cooling water for 1,400 2 i
Heal release from 5,200 - ;
, : clectrode
*throat side walt - — .
. ‘ Calorific value - 2,200 3
Gther walls 7,850 .
: : required for -
Total 18,961 a4.1 | vitrification 68
Loss by water cooling 10,435 24.3 Soaring temp. 46,600 65
for electrode o of glass '
For glass heating 13,584 3.6 - | Total 72,000 100 100

.;(Capacit)'r 750 kg, pull quantity 400 kg/day)

7.2.2

723

{Puill quanllly 60 Lfday)

= Fornlling Machin§ and Float Bath

For Colbum machines and roll out machmcs, gas bumers are used lo adjusl glass temperature,
though in small numbers. - :

By contrasl thie float bath for forming float glass is a targe hearth of abouf 50 m length, for
which etectric heating is employed Heat insutation of the hearth needs tobe remt‘orccd from
the ylewpoml of energy conservation.

A.;n'ealiﬁg Ilehr‘ |

' Formcd glass nbbons still have a temperalurc of over 600 °C, $0 if lhcy are taken into the Ichr
.'wnhoul losing this heat, heaung should be Iheoreucally wnnecessary, provided that the
" following conditions are met. Aclually. however, heaung is required in the annealing zone,

where temperaiurc must be controlled to correct the lcmpemlure difference particulady
between the upper and lower surfaccs of the glass ribbon, and that between the side and the
center.

Lehrs have convenltonally bcen of bnckwork structure, but recently there have appeared some
lehrs of steel-plate structure lined with heat-insulating malcnals Yeating methods include’

- gas heatmg and electric heatmg Lehrs for float glass are mos!ly of steel- plate struclure and
“electric healing type. In either case, heat insulation should be reinforced for the purpose of

energy conservalion. " Lehrs of steel- plate simclure is preferable in lerms of prevenling

* leakage of hot air and enhy of cold wmd
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7.2.4

Indirect cooling by cold air is mostly used in the cooling zone, where a lot of cooling fans are
necessary, but from the viewpoint of energy conservation, adoption of inverter control and
centralization of fans are performed.

Meling Load and Encrgy Conservation

(N

(2)

@)

(4

Melting load and forming capacity

‘The molten amount per unit area is called melting load. Maximizing this melting load
leads to énergy conservation. This, however, requires a sufficient allowance of forming

* capacity and follow-up.

Melting load and product type

The standard of melting load differs depending on the preduct type. In the case of
ﬁgurcd sheet glass, for example, melling load can be increased by about 40 % as
compared with ordinary sheet glass and float glass. It can be increased by about as
much as 90 % for bottle glass

Even fbr ttie same lype of glass nielti':ig load varies according to the difference in the

required quahly, for exanmple, there is an aboul 10 % difference between glass for
consiruction and glass for mirrors.

An absolulc value for unit area is not mcnuoned hercm because cach company has xls

- own way of its deﬁmlmn
: 'Mclli.n'g load and hleliing 'éap'_acily

'Mellmg load dlffcrs dependmg on mellmg capacily, which is determined based on thc

total of all the factors including the structuré of a furnace, operating lcchmques control

: lechmqucs raw materials, ¢tc. In this regard, parucu!ar attention should be given to a -
disparily in material composition and particle size distribution. Since melting capacity
is not an instant value but a mean value stably obtained, it is important to reduce the

disparity by means of probess control and quality control.

‘Melting load and scale merit

The scale merit is as earlier shown in Figure 7.7.

' “Aggrogating small furnaces into large ones leads 1o a substantial eriergy conservation.

In Japan, for example, 29 furnaces have been combined into 17 furnaces for the 10 years

- since 1973, achieving an about 15% energy saving. (See Figure 7.23)

Figure 7.24 shows the changes in the production amount.
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“Figure 7.23 Trend of Numbers of Melting Furnaces in Operation in 3 Sheet Glass Companics
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7.2.5

Improvement of Yield and Eﬁergy Conservation

Lnergy consefvation is fmaliy evaluated in terms of energy intensity per unit of produchon

Hence, improving the yield leads to energy conservation.

~ Generally, the yield in a narrow sense means the quantity of product for the quantity of puil -

total produclion amount, but the yield here refers to that in a broad sense including the

-~ " improve the operation rate through reduction of color-change loss, etc.

" Note:' TQC:_ Tot'al'Qualily Conltrol

Company -wide activity in Wthh all the members in all the depariments of a
company ar¢ involved to proceed with QC activities in order to achlcvc the
company’s operation target

TPM: Total Produclive Mainienance

Mamlenancc of producllon as a total syslem in wh:ch a!l the employces of a
company ‘patlicipate.

To maximize the equipment’s life cycle efﬁcmncy is the purpose of TPM,
“which is participated in by all the members of a company from the lop management
“to the employees working at the first front,
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8. ENERGY CONSERVATION IN THE
| TEXTIL]:. INDUSTRY






ol

8.

8.1

8.1.1

ENERGY CONSERVATION EN THE TEXTILE INDUSTRY
Current Situation of Energy Utilization
Energy Intensity

Energy intensity is one of the measures for evalualing propemess of cnergy management.
There are two methods for the evaluation: One is that the level of the energy intensily is
checked in comparison with that of competitors, and the other is thal the trend of energy

intensity is checked, that is, it is checked whether it is :mprovmg ‘or on the downgrade.’ '

"1 it is unknown whether energy intensity is in course of lmpmvemenl or detcnoranon the
comparison with others at the same period does not lead to an exact evaluation. It is preferable
to examine enecgy intensity in the indusiry over a tlime span of several years or more.

'Figure 8.1 and Figure 8.2 show the trend of energy intensity in the éhemical fiber industry and

‘the dyeing industry--the most Iyp:cal energy-intensive categones in the Japanese textile
mdustry
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Figure 8.1 Trend of Energy Consumption and Energy Intensity in the Chemical Fiber Industry
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Figure 8.2 Trend of Energy Intensity Index in Dycing Industry

S B T : T 11
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Year
Fuel = Electric Power e Fuel + Electricity
{1973 = 100)

. An approximatety 40 % reduction of energy inteusity has been achieved over the period of 20 '
~ years since the fisst oil crisis in 1973 In this regard, the cnergy consumption of chemical fiber

industey accounts for 2 % in the cntire manufac!unng industry, which nieans 3 % in the enlire -

. textile industry.

The overall energy mlensxly in the dyeing mduslry was reduced by 26 % in 1992 as compared
with that in 1973

()

Fuel intenSily

' Fuel intensity had been rapidly improving until 1985 but thereafter it has tended to

increase due to the oil price reduction, the multikind smaller lot production system, the

ER upgraded processing techniques, and so forth.”

@

: Elcclriéily intensity

Although me_a_sfnres' to conserve ¢lectric power have been positively taken atong with

 those for fuel conserv'ation' the increase in power consumplion has overtaken the effect
- of power saving. The possible factors for this include mslallauon of polluuon preventive

facilities, intfoduction of fabor-saving eqmpmem lhe mulukmd small quanmy production

. system, higher values added by the dcvelopmenl of composate materials,

&)

: Energy inten’sity' by type of indusuy

Table 8.1 shows the statistical data on the fuel intensity and electricity intensily by
product type of the textile and dyeing industry,
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* Table 8.1 Energy Intensity by Major Textile lnd'usll"y

- (Average for the three years up to 1990)

goods dyeing

Fuel Electricity
Type of Industry o ) .
Catego Subcat Intensity Intensity [tem Manufactured
“ategor ubcategory
gory Boty (Lt on) (KWhikg)
Texiile 278.8 2.9
Cotton, staple fiber 233.9 231 Cotton, chemical fiber, staple fiber,
texlile industry : s_ymhclié short fiber fabrics, blanket
" Silk, rayon (cxule 305.0 5.03 8ilk, chemical fiber, synthelic long
industry fiber fabrics, tirc cord
‘Woeolen textile indusley 1669.0 - 1.68 Worsted cloth, woolen fabric, woven’
felt _
Flaxen fiber textile industry 71.0 4.27 Flax and jute fabrics = . G
- Others 576.2 © 229 Moquette, other fabrics
. Dyeing 8209 1.10 .
Cotton, staple fiber, and 1 ,046.2 1.82 Scouring, blc'aching and dyeing for .
e flaxen fiber fabric dyeing ' ' cotton, flax fiber, staple fiber and
) ' : synlhellc fiber spmnmg fabrics
Silk and rayon fabric 5936 0.74 Scouring, bleaching and dyemg for
dyeing sitk, rayon and symheuc long fiber
fabncs
Waol fabric dyeing 2,187.2 262
Fabiic general finish 265.9 0.37
~ Cotton fiber and yarn 810.2 L2 _ Dycmg for cotton yarn, synthetic flber
‘dyeing _ o yar and others {3
Knit and lace dyeing 1,145.3 1.48
Miscellaneous textile 1,917.3 2.16

Including raising

l) Fuel mtensﬂy Annua! fuel consumpuon by items (kL) +
: [Quanmy of processmg by items (m’) X Spec:ﬁc weight (kg/m’)]
2) Elecuicuy miensnly = Power consumption by items (kWh) +
- o [Quannly of processing by items (m*) X Specnf ic we:ghl (kglm‘)]
[Source lnduslnal Stallsllcs (ltem)]
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8.2

8.2.1

Gencral Description of the Fiber Manufacturing Process

There are a wide variety of textilc products, and the process from the slage of raw material to
that of products includes the following steps: Step to make synthetic fiber from chemical
material, step to spin yarn from natural and synthetic fibers, step to weave fabrics from yatn, and
step to dye yarn and fabrics: In the stage of spinning yam, a wide variety of types of yarn are
produced depending on the type and length of fibers, methods of twisting, and thickness of yarn,

“Texture is the specific standard for grading fabrics: To obfain fabrics of a unique texture, there

are a wide variety of weaving and finishing methods. For the same purpose there are also vatious
dyeing techniques, inchiding vat dyemg and printing. -

' Here, the general description of (he relauorr between common manufacturmg processes and .

utititics is gwen

: Chemical and Synthetic Fibers
Each manufacturing process of polyester, acrylic and nylon fibers, which are the main
synthetic fibers, will be described below in relationship with the enérgy consumpuon required
therefor.
(1)  Polyéster fiber

Figure 8.3 shows the Japanese common batch process in which ethylene glycol (EG)
and terephtalate (TPA) are used as raw materials,
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Figure 8.3 Process Flow Chart of Polyester Fiber
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Drastic reduction of the time for estenﬁcauon and polymenzahon is a(lcmptcd in the
“continuous process recently used.

“The mainstreéam of the mclhods for processmg filament bulky yarn is false l\wslmg _
This is a method that yarn is finished by feeding and furlher passing it through a false .
twist spindle and a heater and thus pesforming healing, thermal fixation, and untwisting

- in continuous processes. The finishéd yarn has many applications, including knits and

fabric. . :
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© (2)  Acrylie fiber
Figure 8.4 shows the wet type spinning prbcess. which is the mainsiteam in Japan.

Figure 8.4 Process Flow Chari of Acryl Fiber
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" (3) " Nylon fiber

' "l?igu're 8.5 shows the general nylon _fi'ber_ man_ufat;luring process.,
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‘Figure 8.5 Process Flow Chart of Nylon Fiber

Caprolactam
Raw matenial

Melting @

Polymerization @

Exteusion

HMonomera . Cooling ' ®® '

3
' Cuuing.

L Recovery — Extraction @ .

0w

Driedchip

- Me.i!ing spinning

Winding ®

Draw twisting @ L Packin.g;-
Inspection - o . “Nyton filamént
Legen 3

~ Electric power

-« Steam

- Waler

. Heat medium

- Much cnergy consemption

IFEEEE

238



Also in the recent nylon fiber manufacturing process, such steps as chlppmg. drying and
rcmeilmg are omitted since the continuous poiymenzatlon process, in which molten
nylon is directly fed to the spinning machine without making any chip, is employed.

8.2.2  Cotton Spinning
(1) Short fiber spinning
A standard shorl fiber spinning process for making yarn from raw cotton and chemical
and synthetic fibers consists of the steps shown in Figure 8.6. This process is common

to mixed spinning with synthcllc fibers and smgle and mixed spihning of man- made-
-ﬁbers, such as rayon and acctale. '
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Figure 8.6 Proccss Flow Chart of Cofton Spinning
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The drawing processes from scutching to prespinning are to unravel fibers, remove
foreign matters therefrom, and subsequently make them parattel and uniform for the
improvement of yara quality. A higher quality yarn requires a larger nuniber of {imes
of repeating the drawing processes.
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(2)

Spinning is the process to stretch ciede yam fed by a prespinning machine, properly -
twist it, turning it into yarn of a specificd yamn number, and then wind it on a bobbin.

The scale of production of a spinning mill is measured by the number of spindles in
spinning machines. Nearly 50 % of etectric power for production in a spmnmg mill is
censumed in the spinning process. '

- After spinning, single yarn on bobbin is wound and shaped in accordance with the
- produclion facility of weaving factories and carried into them, Single yarn on bobbin
s usually rewound by rewinding machines into cheese shape before shipmem. '

" Many winding procésses are provided with hlgh speed automauc winders for produclwny

improvement and labor savmg, and most modernized in spinning facilitics. However,
the automation of knotling, waste yarn collection, and cleaning requires larger preamatic -
power, and thus increases eleclric power load; there are cases where the electric power
load exceeds 20 % of that of the entire spinning process.

. Wool spinning

& C'i'assificat:ion'of WOol yarn by'spinning melhod

Wool yarn is ClaSSlﬁcd into worsted yarn and woolen yara accordmg to the spinning
method.

Worsted yarn is a wool yarn with relatively smooth surface, and is obtained by
_combmg raw wool to remove shorl fibers and performing spinning such that long
fibers are arranged in paraliel. Woolen yarn is, on the contrary, a wool yarn spun
“such that fibers are twined around cach other and maintains crimps specific tosheep
wool fibér. - Worsted yarn -is finished into relatively thin fabite or fabric of
intermediate thickness; woolen yarn is finished into thick fabric.

b. Features of spinning process
The worsted sbinning prbcess is almosl the same as the cotton spinning process,
except for fop making processes to intermediate products. Bulky syntheltic fibers,
such as acrylic fiber, are processed in accordance with worsted spinning. Figure

‘8. 7 shows a slandard wool spmnm g process from raw wool.

Anmher feature oftht, wool spmmng process is that dyeing is usua!ly performed at
© the s{agc of raw matenal '
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Figure 8.7 Process Flow Chart of Worsted Spinning
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@ Wool dyeing: Scoured raw wool is dyed before spinning. This is often used
* for woolen yarn, :

@ Top dyeing : Top, an ihlclrme.dia'tc'product‘ from raw wool, undergoes dip
(batch) dyeing before spinning. This is usually used in ordinary
cases. ' : ' ' o

8.2.3 Weaving

The weaving .pr'ocess is roughly divided into the preparation process and the weaving'procéss.
Figure 8.8 shows a standard weaving process.
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Figure 8.8 Weaving Process
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{1y - Preparation pro’cess
The mlmduchon of réwinders of higher winding speed and automation is promoted in
the rewinding process for productivity lmprovcmem and labor saving. On the other

hand extensive aulomatlon causes the power consumption to considerably increase.

The sizing process is for improving the efficicncy of weaving. After stuck size has been
_ dried by hot air or heat cylinders, yarn is wound around loom beams.
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Weaving process

A fabric is made by crossing the weft and the warp at right ahgles. The mechanism is
based on the motion of passing the weft through two groups of the warp, alternately
localted in the upper and lower positions, and tightening the crossed weft and warp with
a reed. Conventionally, a mechanism to drive a shutlte was used to pass the weft.
Recently, the shuttleless loom, such as the airjel loom (mainly for shori fibers) and the
water jet loom (for synthetic fiber filaments), has been developed, and the productivity
of weaving has been remarkably improved. " Those are methods that air or waler is

© jelted, instead of driving a shuttle, and the weft is fed by makmg it ride the stream,

These methods produce less vibration and noise.

The wool fabric process is basically the same as the process mentioned above, except

* that sizing is unnecessary in the preparation process and weaving machines are different.

824 Dycing -

{ Generai description
Dyemg is roughly class;fued into two types: Dyemg at lhe stage of raw ntaterial or
'spmmng, such as cotton wool, top and yara, and dyeing at |hc stage of fabric.
" a. Basic Dperatitm in dycing
The basic operations in dyeing are lhe-following five as shown in Table 8.2:
“Washing”, “Adding”, “Dchydrauon" “Drying” and “Seuting”. In addition, the
' dycing process ‘includes the preparauon process, composed of singeing, desizing,
*bleaching, and mercerization. Also, specral processing, such as shrink resistant
- finish, crease resistant finish and water proof ﬁmsh is performed at lhe stagc of
finishing in the dycmg proccss - : - :
Table 8.2 Operalions in Dyeing Process
~ ltem _ _ Operation .
Cleaning A fabnc is cicaned usmg coId water or hot waler to remove unpunhes unfavorab!c '
conlem and extra addllwes and auxiliaries.
Padding " Dye and auxiliaries are apphcd to ground fabnc by dipping paddmg. prmung, coaung and
L uansfcmng
Dchydration © Exira moisture comenl in ground fabric is rcmovcd by applymg phys:cal foru:, such as
squeezmg, vacuuim and centrifugal force.
Drying Mmsture content and scﬂvcnt in ground fabric is vaponzed using cylmders hot air and
infrared rays 10 dry the ground fabric.
Dye and pigment are stuck to fibers using dry or wet heat,

- Selting -
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{2) - Shot fiber fabric

Figurc 8.9 shows a standard dyeing proccés‘ for short fiber fabrics using cotton and
chemical and synthetic fibers.

Figure 8.9 Dyecing and Finishing Processes (Short-Fiber Textiles)
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a.

Preparalioﬁ process
(D Singeing
@ Desizing

@ Scouring
@ Bleaching

®  Mercerization:

- ® Heat'seu'in.g' .

: 'Dyeing process

: <I)ip dyeing>

1 Process to burn fluff on the surface of fabrics and remove it.
: Process to decompose size on the warp and remove it.

: Process to remove fat, pectin and coloring matter a large

guantity of which is contained in natural fibers, using atkali
and surface-active agent.

: Process to decompose coloring matler contained in fibers
through oxidation and remove it thezefrom. Hydrogen peroxide _
*and chlorite soda are in wide use for bleaching agent.

Process to immerse a taut cotton fabric in a concentrated
caustic soda solution to provide the ground fabric with gloss.

- After the process, high concentration alkali effluent is recycled.

Process to heal treat polyester and cotton blended fabric and o
thereby improve the form s(ablhly and the dye affinity. of
: producls

The dyemg procass is roughly classified into dlp dyemg (sohd dyemg) and lexule o
- printing, :

A method thal a fabiic is immersed m Iow conccnlranon dye solution and the dye
is almost completely set. Typical processes in dyemg are as follows:

(1) Padding

: Process io a'pply dye through dyeing and tie
'dye'ing For drying after the application of
dye, severe drymg condmons are requ:red to
' prevent uncven dyeing.

'@ Color developmﬁnt and sefting: Process fbllo:wing the' paddiﬁg process 1o S_ei -
I .dye and develop color, Dye is ofté_n' set

using steam and hot air.
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@  Postlrcatment

~ <Textile printing>

A mcthod that dye, pigment and auxiliaries arc mixed in size and set on the surface
of the ground fabric by pressing. A typical process for machine textile printing is

described here,

- (@ Textile printing

@ Color development and setting:

Finishing

: -There are three methods for textile printing:

Roller printing, automatic screen printing and |
rotary sceeen printing, which is the combination
of the two methods.  The method of the

* combination efﬁc:emly provrdcs a sharp and

high printing effect.

Process io heat th‘e"printed ground fabric
using steam. Steamers and agers are used far

-~ this purpose.

: Tosuf: ﬁcienlly clean the color-developed and
- dye-set ground fabric and then dehydrate and

dry it to provide more excellent texture.

A process (o prowde fibers with soﬂness waler rcpel!ency and water proof depending -

on the apphfatmn of them.

“Tn addition, the ﬁnishing procéss includes sanforizing (shrink preventive processing},
_ raising (fluffing), and calendering (glazing).

‘Figure 8.10illustrates the outlme of lhe structure of major continuous type equipment;

Figure 8.11 shows the outline of the structure of ma_]or batch type cquipment.
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Figurc 8.10 Continuous Dyecing Machine
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Figure 8.11 Batch Type Dyeing Machine
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(3)  Synthelic long fibes fabric
Figure 8,12 shows a standard process for polyester fiber finished yam fabrics.

Figure 8.12 Dyeing Process for Long-fiber Fabric (Example of Polyester)
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Operations specific to long fiber fabric manufaclure are described below. |
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a.

Preparation process

@ Craping

@ Scouring

@' Drying

@) Heat seiting!

: Distortion produced in fabric processing is eliminated by swelling

and breaking to provide the fabric with bulkiness. The eqm pment
for this purpose is called relaxer.

: Process to remove’ fal size and any ether mrpurules applied to
. ground fabric.

: Process to evaporate and remove the moisture contained in the
~ ground fabric by a hot air dryer, a cylinder dryer, etc.

Heat treatment to remove synthetic fiber waste and stabilize the -
form. There are two' types of heat selting: Indirect heating

- sysiem using heat medium and kerosine and direct heating -
- system using gas. Recently, the direct healing system is in wide
* use because of its high thermal efﬁcrency and easiness for

~ mamtenance

Dyeing process

: The dyeing process has two types: High pressure dyemg and normal pressure
- dyeing. The high pressure dyeing activates molecules of dye and fiber using high

temperature high pressure thermal energy to make lhe dye penetrate into the fiber,

Refer o lhe section of short ﬁber fabrlc for.the textile prmlmg and the finishing

processes

'Wool fabric finis!ring

" The produci value of a wool fabric depends on |ls texture. Unlike the other fabrics, the

wool fabric is of felt, and accordmgly, the mainstieam of the manufacture thereof is the
balich system. The wool fabric requires morc complicated finishing process than any

* other fabrics. Figure 8.13 shows a common f:mshmg process for worsted fabric, and
' descnpuon is gwen to thie difference between it and the dyeing process for other fabrics.
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Figure 8.13 Worsted Finishing Process
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Process optional but imporlant for prov:dmg woolen fabric with
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¢. Finishing and touching processes
Excessive distortion in wool fabric is eliminated through dry decalizing to prevent
products from spontancously shrinking. Pressing is also carried out to enhance

“gloss.,

- A woo! fabric gencral finishing process requires a large quantity of hot water.

© 8.2.5 ° Special Fabrics

(1Y Velver fabric
The warp and the wefl are twined with a pile yarn and woveh into a fabric. While at the
same time the woven fabric is being cut at the center by a knife just in the same manner
as culting the fish open, two pieces of the cut fabric are wound up at the same time, and,

* through the subsequent processes, they ar¢ finished into products.

" Figure 8.14 shows the vélvet fabric ni'anufa:ctu.ring process.
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* Figure 8,14 Process Flow Chart of Velvet
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Figure 8.15 shows the manufacturing process of a tufted carpet for general use.

Figure 8.15 Process Flow Chart of Tufted Carpet
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