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Introduction

wlneral wool is made up of artificial fibtres ;= ..
through blowing a l.iquid silicate melt of slags wiua 200 .t
fine glassy filaments which nunden wii: LCiLy COuiwie .. ™
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w.lvctlons
wetiods of mgnufacturin-. actificial rinconl £ e

Ireu sla(s aud roci wacs alreed, :i.own over 10C years u ;*).
Pibre foroution vwuo occasionally discovered for the . .
time in a blast-furnace process: gas65 SGUEBZIing C.il .ol o
slags through leaky jeints in the walls of o Ulest . .r.oce
made luwrs of .la.ent like wool. 1n 1304 jecrge to.o , ol
wales, obtaiel slag fibres by playlng a steam ‘et ¢ ..oliun
slags escaping {rorm the blast furnace.

In 187C Johm Fleyer Iroz the 34 wes given o ate.t
for menufactdriug uwineral wouol from slugs and glass :ove,

In 1l&%¢ the firm of larrot erected the first 1. .uouoial
enterprises .n Greenfield, and in lermany uearby Csucu. .o
the firm o1 George lLarienrct e di:i “he guwe at 3 metall »-.cgl
works. Tie latter cewo.clrated im 1872 3t tie Vienuna uieuoti-
onal Exhibition its pipes insulated witl unizeral wo .o, oy
which a great interest in ti.c new , DoductLlion wes rudsec.

In 21897 Hell Cii.U'. discovered in Alexandria /Ind.,
USA/ limestope from wnich mineral wool was obtained, and since

then its production began.
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*) gee paint 15 in the List of Literature %o be
ded,

recomme n-




waSiL, o 0tia L Tothe rerur oot e of zlac vools sas
po88tly develop C© L M Dag.a, OeCAULC 10 Sunnecti.n Naib.. L€
blocade ticre furmel . Jelicii 07 such iusSdiulans @atur.o.s
as net.tu. COerd 8i. . .Lo€: .0

<€ LI LELV G oL CI wlherai flores Lliby ww C0.ue

I- ¥ v e ele ‘t

i

I0CL L SADD L LW Lo w€ecund horla e val in

cd

incowase Loc. L Toooaetar dn 1222 ap to Lot Cuetas du oL,oh,

li. ussio =lnwrol wouls were obtaine: frow uiast-furnace
siags for tne fi~st time in 1w i. In tne USS« there mapuluc-
turln, ve . au in L3 1n the Urals.

The coustiuction industry in progress, the production of
uierel wools 1n %ue JSSn was growing papidly every year ruwn-
aing. If t= - 1 -° Cutput of minerel wools in the USSR was 35C
tons, i l--- .. .rcreasec already up to S0C( toas.

In the . i- > egro o ihe maouZacture of tock- and slag
wools cegan L. ... o1  .pidi, 1in ti.e soviet Lnion aud almost
in all counte.cs U7 the .. »1d. The c.ure was that we were bad-
1y 1o neec of fou..n .1 01 aevepop..+ sSuch indust: ies as
cheaistry, caoecpetics, 0.l « gas vrocessing, metal ulg-, - %Ce

-8e Ol trerm8.i 1l.s.iating materisls .usel ou o~ ck- 3.d
slagwools in constr:ciing apartment houses, iudustrial and
civil tuildin s alivws to save main ouildin & ca.erials - ce-
ment, metal., urics zau weod, - to reduce labour Co.sudpticn
and coastruction terws rixen, anc Lo cut coun Lue. Sousu.L,, —
tion 1o maintairiny build.. 8.

Use of thermal iusulatiug water 4is ia .ncus

LYY aLso

[

perw.ts to reduce reat Lusses and sael co. . wnrtion. Theemal

i e

lasilaticy oF equijacut oue J.r.ngs  vods. .. L&Dk -ases o

w

intensify tccuuc.._ica: _roce., - ; an .o.v ..s fop seleg,

€ugin.wllny aue lavo. +otecticn,




vi Lour:e maico.als everywnere, siwple
flu 1l... whliv: , ‘cuuwCliun, cesistance to moluaiug snd rotting,
ipeombustibil.t s, t i t.eraoinsulating end .ound-proof charac-
teristics, capacility . f wauufacturing varicus produc.s with
0 1€8 L. -vo. .aC weipnt £or aifferent purposes, and of using
tre.. tc la...ute suriaves hested u W A3 -, C - aul those
factocrs . ove Towclevaane. a wive &, pl.cution of wineral wools
and tueir pouc .c.s o8 tre .usi  seful tuermoinsulating water.s.
in mau, countries .. tne worid.

In 1958 the uSS? pruduced ~+ toou. tons, and in 196 -
84C tnou topns 0: w.ouwlsi WoO.l o z2ud Lue'r products.

The output ¢f 1usulstirg mater.ais Lase. 0D minersl woOC.
end its use in the cunstruct: n iniustry was &L cvur-3.5tlue

increase .n the USSR during tu.s ;eriol, ccunting the produc-

tion voliume in cubic 1etires,
Tne fcliowing fie..es show tre .cvelopueat of manufacsure

of miners. wools an. thear ;roducts in a unuaber ccuuntries four

tLe lest few years., Proauction voluuwes are given in Teble I
in tbousand tons™ |
.aoie I

Countries 1964 19¢5 1966 1907
USa 1750 180C 1800 [
U3SR 740 840 900 Lo
Scaudinavia 214 L 248 b
FR%G 2U? 209 c? <o~
GDR 24

x}écco“dine to nrospects of "Jungers Veistaua A"

T Lcnve.tional conversion coeifd _ent ie 1, 1.6 i,

m in 1 ¢tn.




iy
Teble 1 (ocont,.)

T euntedes 1964 15 1966 1967
Greet britain 72 71 76 80
Praoce 70 7 72.5 73
Italy 248 23 23 27
Switzerland 11 u 12 18
Czechoslovakis 13.5

tcmania 35.8

Cenelux 24 29 30 b
Spain 8,6 L8 11 1)

The manufecture of mipersl woo.s is alsc ouducled ip
Japan, “aneda, Y.gosievis, lcelend, the NeSherlisuis, :.rtugsl,
Polend, Buuth Ameri a and Indise.

Aocortis W informmvice svelieble the zsin ssnufectu-
rers of aivera. ii.: . a0c $he Lol owins Damuns
USd:

Americen Rockwool Co.; Boldein-:iill Co,; Prentun N.Y.y
Philipp Corly "o.; Bagle FPicher 'c¢.; Porsy-Eight lusulastioa;
Johpe-Mauvi..ie; Armstrong; w.d-: apd; te!l s tWwry pauiationg
Hol. bowpsop Piber Glese ‘0. babecuck » aticx Co,

Caugpda:
Jouns—-Mauvilie Co. Ltd.; Douctar

Grest Br.tu.u:

btisilte riuducts Ltd.; Rudders & Paynes Ltd,

Japen:
Khi¥tobo
aruuzwel, und tHertasonn; Dortsund-Horder Hutteaumlios 4.0.;
Iscle—Minerawol le-Werke; Deuteh¢ Mockwool Minersiwool; Rretve

Decutcle i muntwolile Koo dugust Negmler; Weintapi L.isesverke

A.0.




LRugce.

Stillite francaise, Pransicol

There have rece.tly appesred new treunds in the msnufacturc
of ainersi fibres:

- use of primery flame-l. ild slays at metallurgical worus,
with isert 'u of such slege fros siag-carryling ladles {ute a BR¥EK
sleg cstoner which ise heated by coke gases; in the USSR tlas

gethoi 1o eajp.oved at some plantsg

- eplarging the use of UK QuUCK a% tl.e zadn raw material
end eu sn addition to slags 1o keeping with high requirements to 2
she scid modulus snd to the useful life of 1ribresy 3
- mastering of the ,ro-esses on the production o Whermo-
stotle filements | to & micrvps thick wh.o *A\youre! Lhe use
of new coabired methods uf t. re I.rmatl o, a.d use 0 refrac-
tory ew msterie. t: k@0lin, slilCe, 8i4n.0A. luo orie to melt
thosel Boer . a. #. CWELC T oaDlo cLoAg are o essary.
An 18 xnv-uxl thermostst @ wo. .8, w.l:. 8 tempersture for
uee up o loa'’, are msmufactured by 8 UB firms, cnvu fritish
eompany (Cape [nsulevion » Asbestos , aud others.
; roduction development of mcoustic slabs ¢f Lifterent
kinds.
protlems of Whe manufscture of +rermostabin ! .l res and
soouati- . .sbn are uot a nubject of our study in the present
papes.
¢l w we ere considering some questions of the technologli-
ra. psoduction, physico-mechanicsl end heat resistant proper-
L. 3, : ‘vducticoel econo@y end use of minera! wools and their

pod ot s effective werwoinsulating ssteriuls in the

Goadtmectico imduesry.
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CHAPTER I

NOUMENCLALU S A.D CHARACTERISTICS UF

ot first minersl fibrec cre bein: uan.ufactured

iike wouol , and w.olch veose calic., denc. il  .n soudrcc

waterials, sia0, ctone, roci aac vusall WoOls,

rater "wineral wool™ becaue the wost senerally
used term. This terw will be aencefcpth used in the
present work, repardless of an, kind of »aw waterial,

The wanuracturing of varisus vroducts froo ineral
Wools is effecteu to facilitate c.onsirsuction aad therwc-—

insulating works. Jrganization o1 orocdction ol wiperal

wools dates back to the pesisiniagr of tiw thirties. ripst
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muneg 0'
experiments cn the processing of z&ékwool resulted in

obtaining granular wool and felt. At present, out of
zgggzoolswe can make a great variety of products for
different purposes, and it can be subaivided Jnto the
following main groups of materials according to their

structure and assignment.

Type of material Assignment

Priable materials

Rawiggggiool in stacks Filled~-up and stuffed in-

rolls, or packed in sacks; sulation, 1nsu1atioqﬁgxygen
installations. i

granular wool packed in

sacks.

Flexibfe

P2éewt, rolled materials.

Felt (soft slabs), mats Insulation for pipes of big

and éﬂ;ﬁ; stitched with a diometres, vessels and

facing of paper, glass fibre, apparatus; insulation for

crimped card- walls, ceilings, floors in

board, metal geids: mesh building low-story houses.

Semi-Brd materials

Slabs Insulation for protectimge
mats stitched in form of structures in bulldings, and
mattresses. for equipment surfaces.

= st i -




Type of mater?al

Assignment

—— -

Nelf- and cut cylinders

Riqid
B naterials

Slabs, bdlocks cETskEEbes
bame with binder

Insulation for pipes
2l to 40U .o in

diameter.

Heat and sound insulation
for walls, cellings,
roofings, floating floors
in industrial and civil
buildings; insulation for

refrigerators and stovey,

mi ntra?

—

The main factors of ramliwool and 1its products determ-

ining their quality as a material for heat and cold

insulation are heat conductivity, volume,weight, temperature,

rigud r
strength factors (for semi-Ms® and h¥g$ products).

miLner u?

Below are given characteristics of remNwool according

to the LU Standard.
varu'

1. E¥¥xwool produced by centrifugal-blowing and

centrifugal-rollexr methods:




o

MMM

Types
"7y ‘100° ‘129
Volume weight 1n kg/ou.®
under rated load of v,02
kg 8q.c®., (not more) 7 100 129
Conteat of non-!ibasent
S‘fiﬁﬂi}.. i; atgve of over
0.2% am, in per cent (not
more) 12 » 2
Heat conductivity in
Cal/m.hr.°C (not more)
at an average temperature of?
25¢5° 0.036 0.0)8 0,040
100° 0.0% 0.0%  0,0%2
200° 0.092 0,088 0,084
Average f!iéﬁsai diameter
in microns (not aore) 6 8 8
Temperature for use,in °c 600 600 600
Oxides total ratilo
8102 + A1203
Ca0 + Mg0
(oot less) 1.2 1.2 1.2
Mineraf

wool 18 not subjeot to moulding and rotting and

is non—-combustible materirl.

minero

4
The yewkwool heat conductivity in struotures with
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different packing will depend on temperature as

follows:
—— S
Volume weight in Heat aonductivity,
kg cu.m Cal/m.hr.°

mineraf Peswoo ]

pliant in structures

65=70 7% 0,032 + 0.0003)¢gy
100 0.03% + 0,0002284v
12% 0,038 + U,000198av
17% 0.U40 + U,00016 $av

90-100 100 0.03% + u,o002 ¢
129 0.U38 + U.0LOLT ¢
1% VOB + 0,000 av
200 U042 + 0,000 f.v

-mf!tznf

Lependence of the reekwoo] heat con uctivity " (' »
8t a temperature of 20° 1n strui tures on the volume weight

can be expressed hy the formula ( for technical Calculations):

U.uT7s ).
= 0,031 » Cal/m.hr.C
100
where: Y - volume weight 1p kg cu.m. under rated load

of V.t 2 kg sq.cm.
M{Nhﬂf
2. Kowkwool manutactured by the drawing - blowing

method, should meet the following requiremeats:
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Volume weight under rated load

of 0,02 xg/sq.om (not more) 75 kg/cu.m

1bre mr(’nsions
Content of non-fiiament adminmw

ih
surss by size of over 0.5 mm

(not more) 4 9

$bre
Average fiiament diameter

(not more) 8 miorons

Heat conductivity in Cal/m.hr.°C

at an average temperature of: with Xk?5 kg/cu.m, with pack-

ing up to ?

125 kg/cua
0 0,030 0.032
%0°C 0.044 0.040
100°C 0.058 0.048

Ac1d modulus (not less) 1.5

Studies made in the USSR and other countries have

shown that by reducing the diameter of common mineral
Siber
ftiament !ts strength and resistance to various faotors
arising from the process of exploitation such as vibration,
temperature, moisture., etc., increases. However, the
rre 3 @ 5?

longevity of yeskwool does not only depend on 1ts thickness
and strength of elementary filamsnts, but also on 1ts

bibre
chemical coaposition ( the aocid modulus), methodsof fiimment

};‘r ¢ nu?us‘ons
formaetion, content of non-filament admixturss,

A higher content of the oxides 41,0, and 510,,
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and also FeO, (up to a certain level) increases heat
resistance of";;;fcool. The firm of Jungers Verkstads 4.B.
and others indicate that the total content of 8102 + A1203
should not be less than 53 to 57% (using the centrifugal
method).

Filement not less than 4 to 7 microms thick can be
generated by ususl methods of Rtizﬁzgt formation
(centrifugal, centrifugal-blowing). Uptimum packing made
by these methods ranges rrom 9 to 110 kg/cu.m, The heat
conductivity increases with softer or more solid packing.
This dependence 1s shown graphicaliy 1in Fig. 1 (according
to the Jungers Verkstads A.B. firm's figures onlgcggfool
genersted by the centrifugal- roller method). The higher
8olid packing the less the so-called angular coefficient
characterizinz dependence of the ;;;g{ool heat conductivity
on temperature in rig. 2 (according to the Jungers Verkstads
firm's figures,.

In order to manufacture products of certain shapes
and of specified dimensions,':;::zool 1s soaked with in
cohesive resins, placed into s« moulding installation and
is treated with heat.

Depending on the prouperties of resins used and on

munerol in

the packing o: wwekwool soaked with resin we can get

products with different volume weights and for various

purposes.
M, hrfﬂ’
Koekwool products are also obtained by washing
mineral mesh

xpgkwool placed in 1lining materials: metal sxtis, glass
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my N xxon fuy &
lleat Conductivity,
cal/m.hr.°C
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Pig. 1. Dependence of Heat Conductivity of
Kineral Wools un Vulume weigut (centrifugal-
roller fibre formation method)
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fib!.;q_\taterproof paper, ¢rimped cardboard and others.

lmE'rery year the output of friable (anc granular)
;i:!c'fzmol decreases because of its remaking, on a growing
scale, into products of various kinds.

The ratic of volumes for use of friable (and granular)
wool and 1ts products 1s defined, for example, by the
folloming figures:

- in 1963 the output of :\:’s}'wool in the USA‘)was

443 ou.m per one million dollars' cost of construction and

erection works, including:

frigble snd granular reekwool - 25,6 cu.m
products for constru:tion industry - 252.1 cu.w
proaucts for equipment - 141.8 cu.m
others - 23.% cu.m

During the period from 1958 to 1967 the production
of slabs, mats and other products was an over 7-fold

increase, and the output of friable mruk!wool for this
where
period lncreased by 25
xx)
The $FHB's output oif slabs and mats from 1958 up to g

1964 increased by 242%, while the output of commercial

raw xnﬁwool increased by 42%.

minere

Besides, slabs and mats, were produced sheiis and
' hﬂl} "l\nd(rs

insulating corad.
The main types of "{’,to'k'wool products for a great
pumber of firms are as follows:

Rigud
a) H‘lq‘ri slabs (inclualng acoustic ones) 1 x 0.5 m or

X) Report oy 'Sungers Verstads A B in the USSR, 1967
xx) c!nsus u} Manu’u(‘ures, '953-,964,




121010 sise, 9 to N ea thick, sad volume weight
170 to %0 kg cu.m;
b) ;emzvggaﬂ slabs 1V0 se thiok, 1 x U,% @ or
l x1ain size, und volume weight BG to 1™ kg cu.m;
¢, voft jreducts in form of metas stitched with

verious lining:, besde, sattresses, feit, cloth, with

1L e'ﬁ
volume welyght tro~ ¢t N kg, cu,.m,
Haly iylindes
d, ihni’s and Cylinders for insulation of pipes fros

1€ m@ up in tiameter, volume weight 100 to 220 kg/ou.m.

The turtrer eniargement ot the variety o! heat
insuleting preducts 1s following now the aext maln
trends:

a; vreatton ol wmuiti-layer structures and struct .res
of big stzes ~apadb.# to perform not on.y a ‘unction of
heat insulwsttfon but slse a function of space division;

b, strengthenin, of semi~!;§r products (sjaba and
g’:%t:ﬁnand enlargement ot a4 vartety of products for
pipe insulation;

c) manufacture o1 a greater range of acoustic
products.

Table 2 shows the variety and characteristics of

g&:&:ool products in compliance with the USSR Standerds.

Dependence of heat conduction on temperature is

represented for various products in Table §.
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Chapter II

ineral
m, logry of mwool Ianuf!cturiu

1. Baw Material

Naturel silicate and carbonate rock can serve as raw
material for the manufacturing of':;:;goolsas well as the
same materials processed and which are by-products in other
industries: ferrous and non-ferrous slags, ceram'c rubh@e
and rejections, etc.

The main criterion determining the adap'.b1)ity of
raw material for producing 5353}001 is the aci4d modulus
"Mk" which 13 used to define the ratio of a silica and
aluminia percentage to a percentage of calclum and magnesium
oxides.

According to the SU Standard the acid modulus of
zoskwoei mrst not be less than 1.2, that 1is:

8102 + 1.1203
M, = = 1.2 (1)
Ca0 + Mg)

Yet, rock muck and industrial by-products can rather
seldom be used for produotion without any chemical admixtures
10 correct their ohemical composition.

If the acid number of source materials is high
carbonate rock (dolomite, limestone, dolomitized limestons

and others) is added; if the acid number is low acid rook
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muck, red and silicate brick rubble as well as ceramic
rubdble and others are added.

haw materisal having a big acid modulus usually have
a higher viscosity and a higher melting temperature. Still,
though the tasalt acid modulus is much higher than that
af ".ost iurnace slags, the yield (fluidity) cof duth
zﬁgﬁqnx is the same at a temperature of 1320°C. Good vyield
52 3 Yasalt molten mass at a texperature of 1)U to 12320%C

16 “ue *u the presence of rerric cxides in basalt,

‘. a.t, diabase, gabbro, axphiholite, syenite,
peroooti., trachyte, fnug otrers belong 10 natural raw
muteris. . laving - i..ner content of ferri:c oxides and

alkall metals ebicn s re ususlly called fluxes.,

~ver.ge lhoulcal compositioms of raw mineral
materiiis trhat cen he used to manufacture zaﬁsroolsare
recordes 1 latle 4 where the most typical characteristics
ere zivern,

Lump raw material can bte melted in cupola furnaces.
But those zaterials not having enough strength to be melted
in cupola furnaces should be crushed (granulation, milling)
up to a required size and can be melted in furnaces of
£lass and cy~lone tyres.

The universal availlability of raw materials to
produce {:ﬁf;ool was favourable to the fact that 5&55'001:
became predcminant among other thermoinsulating materials
in the heavy and construction industries.

The wain oxides determining the quality of a iultol

from which xegkwool 1s .ottainkdg are silica, aluminia.

muneral

L'\ﬂ’
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calcium and magnesium oxides.

Silica is always present in xsekwool. Wool used
in the construction inaustry is obtained from fustsms melts
having a temperature o: 1300 to 140C°C,

As 13 seen from Tabdble 4, the content of the four main
oxides ranges within considerable limits. Despite it
gg:&wool procuced meets the requirements of the Standard.

Une o!f the most important churacteristics of a {:a&on
1s 1ts vi3cosity at the moment of drawing it out into
filaments.

If the temperature of a ﬁsgton being extracted out of
a cupola furnace does not exceed 1400°C the viscosity
required is achieved by selecting a chemic'l composition
of the charge.

Fig. 3 amdx# show graphs of the viscosity of three-
component fusisms (8102 - A1203—C30) at the temperatures
of 1400°C and 1500°C,

In order to oaloulate the viscosity of silicate melts
fusions at a temperature of 1400°C the following empirioal

formula is used:

4,9
% - poimse ()
X C.0+lgO+FeO+InO+T102+320+S
2 =
8102+11203

where: Cao,MgO, Fef, etc - content of corresponding oxides,
in ’o
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Fic. ¢4 %exy¥ roprecentsdiggrams worked out ty
T, rrylinztonz2 giving possible chemiccel compositions of

regkkwool with a content of gsilica of 25,40,45,%,%5 and

bl
€', and with varyine contents of sluminis, calcium and
marnesiua oxides.

sreas crosshetchied »iihin 4 triangle indicite a range
of possible ﬁﬁgffOOI chemicul compositions. In the
crosshatched aress are drawn curves on which lie composi-
tions of ghgznna enatbtling to obtain ﬁyfxﬂ'fffiii"”“t
2 microns and more 1n diameter at the .using temperature
of ISUUOC, and with the blcwing of a4 fusiomxget by over-

matten tregm

heated steam at a pressure of ¢ to 7 atwn,

Knowing the chemical composition of !licate rock
or siag enda using tre above mentioned diagr - 5, one
casn determive, with n certein degree of appre.lmation, an
adaptanility of pgiven rock muck or slag for the manufacture
of yeg¢km.oin Un the other hand, in order to produce fibres
xockmeel. rilagment  microns in dismeter and with a conteat
¢f silica of 45%, any point in the crosshatched part of
the triangle 15 taken on the itlamemt dispersity curve

bebrw
in the diagrou (Fig, @ issume that we choose a point on
g a9 p

S

the curve crossed with the first line parallel to the base
of the triesngle. This point corresponds to a content of

10% MgO, 10% 41,0 and 35% Ca0. It follows that the rexits muneral

J
wool chemical composition desired will be: 510, - 45%,
A1203 ~ 10%, Ca0 - 35% and Mg0 - 10%, and the wool acid

modulus as follows:




-30=

3102 + 131203

Ca0 « Mg0

= 1,22 C&D

However, whils cslculating the acid modulus on the

Lasis of the four —atn cxides (610,, £1.C., Cuv and Mg0),
[ * et

coptarty 1 orae s oyidas waich oan scretimes cousiderstly
Inflo o orar celtdy tewcersture 37 the charge and
over ithe ow:ltty ~F o fustem *u be oblulned, are a0t

always takat Anto annijeration.

If rawn mols-1u) a43ipgned {0 predune tsxvwo0ichar @

her s
higher contsn® of e, Mal, 123 and Kxowy, 11 Ls expedient
to use the acid wedulus found in the Staudary togsther
with the saturation coefficient 'KB' whi-h 1s ratio of a
percentage of 81licic acid and Jluminia to a percentage

of other oxides:
510, + 41,0,

KB ) C30+HgO+K3+NaEO+F004HnO

The saturation coefficlent for ocharges to bes melted
in & cupo.. furnace csr be 1.5 te 2. KH can be aven more
than 2 if charges are melted in bath or cycloae furnaces.

Seleotion of raw materials and caiculation of
charges are made on the basis of a chemical composition
found. In choesing raw material and in caloulating charges,
4t is necsssary to consider the individual influence of a
separate oxide over the characteristics of fusisas melts.

and products obtained from them.
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4 higher content of silica favours to increase
a8 tamperature’??écosityﬂrange (a very valuagble characteris-
tic especiually needed in processing 4 ng}an by centrifugal
and centrifugal-blowing methodsi, ~Y=»uical resistance
of manufactured 63}?§¢nt and to reducs an apt.*ude
towards recrystallizetion.

Alumine as well as silica increases the viscosity
of a ﬁxz!ou and, simultaneously, temperature resistance
of gxgiwool produc>d; for instance, 52?5?001 frow meltedn
kaolin end containing about 44% aluwlp’ 5 esuiures a tempera-
ture up to 1100°C without any change ,f ptyslcal charac-
teristics whereas usual standard wool begins to noticeabdlw
change its physicsal characteristics at a tramperature
of 600 to 700°C,

Calcium and magnesium oxides are tluxes r~educlng the
melting point of alwsniposilicates. However, 1f a Ca0 content
is over 45% the viscousity of gxﬁ?uns risea, which i3
explained by orystallization of a two-caliium silicate
2030-8102.
551§-nz containing the two-calcium silicate are apt
to decomposition when being ocoled. Ferrous and
manganese oxides (¥e0 and MnO) reduce consideradly the
viscosity of fuskemsx melts

Snydlr is contained in gzzgun: usoed to manufaoture
ggg!rool, in chemical compounds such as ferrous sulfigde,

oaloium and manganese. The higher a oontent of sulfides
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the less chemical resistance of xsekwool, That 1s why

muneral

the Standard sets a limit of 1,%% to the content of

au]:‘ur in xuu'woo ls

mingr e

2. Lalculation of the charge

From the point of view of production organigation
and simple exploitation it 135 most advisable to manufacture
=g:¥roolsfrom an one-ccmponent charge, that 1s froe rock
muck of one deposit, or from one slag. But such cases
are rare. 3}:}}001‘:2 produced wmuch oft:ner from a two-
component ek charge one component of which has an acid
character, and another the main character.

Many components complicate considerably the manufeo-
ture and are used in exceptional conditions.

Below i1s representec the simplest method of calculating

a two-component charge it & chemical composition is designa-

ted as shown in the given table.

Table 5
Charge Chemical Composition, in % Aoid
Coamponents * ~ Modu
8102 4\1203 Fe 0, CaO Mgy R,0 Caleina-, o
tion
lLoss
Lst component S' A? | A ct M R' n' M*

k
2nd component S'°®' A" re ce u» R 0" I‘L

Reskwool froms
Minegrat

these charge
components S A r c M R - .i




et

The proportion of charge components necessary

to odbtain xllhroo]sof the desired acid modulus can be

"ingr g

celculated by decidiny the followiny equations:

(ii'#A')K'x ‘ (‘;u,ﬁn) h“f

1) — e e M (R)
(ﬁ'f“')ﬁ'.& o ||.uu‘) h"y

)
(5) 2) x =y = 100, where A 1s a conversion
o= N '

factor containing an amendment for calcination losses of

the first component ( [1');
100

K'. — 15 the same for the second component;
100-7) "

X - portion of the first component in the charge,®%,

J - portion of the secund component in the charge, %,

Exemple:

Chemical composition of charge components

| lable 6
Charge Chemical Composition, in % Ac1d
Components Mo dulu

3102 Al,0 Fe, 0, Cao Mgh Others Calcina-
tion
Loss
Red Brick
rubdble 69.82 12.7 4.91 5.61 3.62 J. 4 - 3-93
Dolomiti-
ged lime-

stone 5.14 0,34 l.21 41.89 8.78 0,09 42,.5% 0.108
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Let's assume that ®sekwool should have the acid
modulus Mk=1.3.

In order to define in what proportion components
should be taken to compose a charge it 1s necessary to

introduce into formulas 4 and 5 relevant values:

100
(69.82+412.7) x+(5.14+0.34)100-42.55 .
1) — '—'103’
(5.6143.62) x +(41.89+8.78) 100
100-42.56

2) x + y = 100

On deciding the given system of equations we get:
x = 60%
y = 4%

L}

That 1s, in order to obtain frow components the desired
ohemical compositiomn of gﬂgﬁnool with the acid modulus
Mk=1.3 the charge must contain: 60% of red brick and 40%
of dolomitized limestone.

The correctness of calculations made may be ohecked

by determining a chemical compositien of xeskwool to de

produced. (Table 7

Table 7
Charge Conversion Chemical Composition, %
Components faotor .
S;O2 AIZOJ FeZO3 Ca0 Mgl Other
1 2 3 4 5 6 7 8

[]

Red brick XK — X .
100 100

rubdle 100

=0 , 60 41.87 7.61 2.9 3.33 2.17 2.00
100- *
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Table 7 (cont)

1 2 3 4 5 6 7 8
Dolomitiged y-K'" Y
limestone 100 100
100

* 100- 1"

0.,39.,174=0,697 3.55 0,23 0.84 29,27 6.14 0. &
Chemical
composi-~
tion of
ﬁ':ffool 45,42 7.84 3.77 32.60 8,31 <.

06

Kox we receive the acid modulus by formula 1:

S10,+41.0,
2

Me 20072 . _45.42 +7.84

CaO+Mg0

32.60+48.31

3103

The above calculations ere preliminary because only

the main chemical coamapounds are taken into account in calou-

lating a charge composition.

Calculation results are usually checked by making

laboratory melts of raw material and obtaining zeskwsai

ftiament from a ﬁﬁgtll received.

muoneral 4ibres

In order to define & productivity possible when using

chosen raw material, experimental melts are made on

industrial installations available, similar to those which

are being designed.




ﬁnatons are obtained by melting raw material in
[ 4 5

special furnaces. Currently employed methods of manufactur-

ing x»egkwoolyrequire a continuous inflow of mineral fuq}nn:
S

Mmntraf mel

to a fiinullx formation unit. Therefore furnaces used for
ibre

this kind of production zre of a continuous operation type.
At present the following furnaces are used to manufacture
5&353001; shaft furnaces like cupola ones, bath furnaces
like glass ones, electric furnaces, cyclone furnaces (now
being assimilated,). 5lag catchers are used to produce
ﬁ&:&roob from tlome-114utd metallurgical slags.

Cupola furnaces

At present the muin type of furnaces used in the USSR
to melt raw material is s shaft or cupola furnace. They are
practised on a large scale due to a high coefficient
of fuel heat utilization, a big productivity, small dimensions,
simple design, lower investments, simple maintenance.

Thanks to high (echnical characteristics and efficiency
cupols furnaces have the advantage over furnaces of other
types especially when using lump materials not containing
carbonate ingredients, e.g. slags and rock muck of volcanic
origin, as raw materials.

A cupola furnace consists of two main parts: a hearth

and a shaft with a spark extinguisher.

Fuel 1s burned and raw material is melted in 1its




lower part, the hearth. The highest temperatures are
obtained here. Therefore the hearth is protected with a
water jacket. 4ir for burning is fed through tuyeres.

" gxgtol proauced in the cupola furnace flows out of
special tapping holes cooled with water.

The bottom 1s made up of two folds +hich open downwards
to gacilitate diiéarging the furnace,

In the shaft part of a furnace the charge 13 being

with combustion
heated and melted by kramzfexximx heat te/products that

z:rhunsmg
g0 up.
Above the filling opening, the shaft turns into a

pipe outletting end products into the atmosphere.

Eigx 1ix Zoms tempersturxe axd gus eompement dksgtridu«
Sk ftn 3z supeiz furmase.

zi ma 'i * tewperaturew Of mwatprimi ame gases

XesyegrivaXyx

The spark extinguisher 1s assigned to catch red hot
particles of rew material and fuel being taken away with
flue gases. Particles are caught due to a sharp change in
the direction of passing flue gases when thev enter the
spark extinguisher, and due to their losses in speed 1in
its widening part.

It 13 desirable to divide the cupola furnace into five
gones from top to bottom to facilitate the consideration
of its processes( see Fig ).

I - heating zone;
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and Contents of Gases in Zones of
the Cupola Furnace.

tm and tg - temperatures of materials
and gases respectively




II ~ melting zone;
III - reduction zone of the bed charge;
IV - oxygen zone of the bed charge;

V-~ gngtll overheating zone, the hearth,

The following processes occur in the gas medium.

A1r supplied for burning through tuyers (in the graph, the
inlet corresponds to the line dividing zones IV and V)
meets incandescent fuel and is heated. Atmospheric oxygen
reacts with the carbon of the fuel.

The reaction of the fuel burning in a layer results in
obtaining at the first stage CO2 as well as CO, The
presence of free oxygen allows for CO to burn in COQ, the
combustion process being so rapid that, at this stage of
burning, 1t is impossidble to fix the availability of CO in
combustion products in carrying out gas analyses by
ordinary methods. “assing gases lose their oxygen, and
a deoxidating reaction starts: oarbon in the coke reacting
with the formerly received carbon dioxide, forms ocardbonic
monoxide. The higher a temperature of the medium the quicker
the reduction process.

The following processes ocour in the gzones,

Zone V is located lower than the tuyer belt - from 1t
up to the hearth. The presence of free oxygen supplied
with air through tuyeres permits to maintain the sxidieing
capacity of the medium in its upper part. Here, the ded
charge coke burns intensively. The exidiring capacity ef

the medium is less below, and 1s equal to sero at a level




of the fet%gngs.

Carbonic monoxide is absent in the upper part of the
gone, it appears only in the middle gone and at 1ts end,
its content is the highest at the hearth. The medium in
this gone has a high temperature close to a maximum becauase
heat is consumed here only to cover thermal loss2s through
the side walls and the hearth, and also to heat a little
the fustemy melt.

Zone IV 13 located above the tuyere belt-from the
tuyere axis up to a conventional line where, praotically,

a content of free oxygen i3 equal to gero.

There 13 an oxidiging medium in this zone as in the
upper part of zone V, and the comdbustion of coke is intensive
here.

The reaction of carbon burning in the oxygzen medium
can be practically calculated as follows:

C +0, =CO, + 97650 cal/mole (4)

This reaotion proceeds in giving off all heat that can
be generated by burning carbon. The content of oxygen 1in
the zone decreases while moving upwards, and the content
of 002 rises. At the end of the zone the content of oxygen
is practiocally equal to gero, a temperature reaches its
maximum, and CO degins to appear in small quantities.

A shape of the oxygen sone depends on the fuel quality,
siges of its lumps and temperature of the medium. The

higher the reaction capability of fuel lumps the qqflor the
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combustion reaction and the narrower the oxygen gone.
The oxygen =zone 1is considered equal to 5-6 diameters of
an average coke luamp.

Zone III is located above the oxygen gzon® conventional
line, up to the top of the bed charge.

A deoxldating reaction 13 developped in the reduction
zone:

C +CO, = 20 -38790 cal/mole (%)

This reaction proceeds with taking away heat, and as
a result of 1t temperatures in zonme III are a 1ittle lower
compared to those in zone 1V,

The higher the amount of CO2 passing into CO ( anad
the latter depends in its turn on two factors: fuel reaction
capability and sizes of fuel lumps) the bigger a tempera-
ture decrease for ocombustion products in gone III.

The fuel reaction capability mezns a capability of
fuel to regenerate the formerly produced carbon dioxide
into carbonic wmonoxide according to reaction foruul a (7).
This reaotion decreases the heat efficlency of a cupola
furnace by reducing the fuel combustion coefficient.

CQ-to—CO2 ratio ranges from (.6 to 0,05 in the end
#f the bded charge, depending on an air temperature and
intensity of 1its supply. The more intensive air supply the
less this ratio, but at a higher heating temperature it
goes up too.

Dr., Mariyenbaxh L.M, advises that the cupola fuel
should have a low reaction oapability, within a range of
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15 to 20%, and besides — should meet the following
requirements:

1. Must have such a mechanical strength that could
withstand strains in coke when being transported,
charged into the shaft of the furnace, and also because
of the pressure of a charge column in the cupola furnace
itself;

2, Be thermostable, that is not to crack at high
temperatures.

3. Contain sulfur not more than l.5%.

4. Contain cinders within a range of 8 to 9%,

5. Meet the condition that the ratio between the
furnace diameter and sizes of coke lumps to provide for
blowing and atmospheric oxygen for getting to the centre

of the cupola furnace, is as follows:
Dp= (10412) 4, (6)

Approximate dependence between the furnace diameter
and sizes of fuel lumps is given below:

Furnace Diameter in Light Dy, mm Recommended Sige of
Fuel Lumps dk,nn

7% 60 — 75
1000 0 - 100
1230 100~ 125

Unsorted coke chocked with fines must not be uged.

Use of such coke results in uneven fuel combustion because

of am wproportional gas flow through the furnace profile.
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6. Contain moisture not exceeding 3-4%,

7. Contain volatile matters within a range of 1 to
1.25%.

Coke filled into the cupola furnace getting to the
high temperature zone, loses its volatile matters. They go
upwards and burn over the charge surface. Heat from their
combustion is not used. In addition, emission of volatile
matters is favourable to coke porosity which results in
a higher coke reaction capability, i.e. in deteriorating
its quality as a cupola fuel,

8. Contain carbon not less than 8%5-90%. The carbonm
content defines the calorific power wh'ch depends, in
its turn, on a content of cinders, sulfur and volatile
matters 1n fuel. The calorific power desired in good cupola

coke ranges from 6800 to 7200 Cal/kg.

lone II 13 located directly above the bed charge.
Incandescent combustion products escaping from the bed
charge get into touch with fuel particles and lmpart them

4 heat necessary to melt. Uince the speed of a C02 deoxidation

reaction depends on temperature, the process of CO
formation in the melting zone slows down and ends at a
temperature of 725 to 7%°C,

Special attention should be payed to a height of the
bed charge. In melting a bed charge level should be

constant and such that combustion prnducts passing from

the bed charge into the melting zone should have a maximum




~lylym

temperature and a minimum amount of carbonic monoxides. A
higher bed charge level enables to: widen the reaction

gone, increase au (U amount in combustion products,

reduce their temperature in the melting zone and, therefore,

the output of a cupola furnace, and increase heat losses
with chemical iagcomplete combustion. Such an lncrease

of the level occurs in case of extending the size of a fuel
seclion of the bed charge, and of using very hip coke
lumps. A pertodical change o! the output ¢! 8 furnace 13
the main factor in high coke nousumption. In order to
stabilize melting processes 1t is necessary to

minimize the bed charge fuel section in sige.

In Jowering the bed charge level 13 against the optimum

one, at first the output increases a bit but later on,
when some unmelted raw lumns appear in sight of tuyers,
melting 15 stopped and "besr" 1s formed. On finding out
in good time signs of a Jowsr ted charge ‘evel, 1t 3
possible to remedy the stituation by filling an extra coke
portion, a gso-called "overfi11l®, into the cupola furnace.
Overfills rist be used only on emergency. They cannot be
recommended as a constant preventive means since use of
overfills without any weed gives a rise to the bed
charge level, with all ensuing consequences: coke
overheating (end 1ts overconsumption) and decrease 1in
the output.

In observing the technclogical requirements towards

VT SN
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pou saterial sad ceke (quality, freeticnal cempesitics
ete.), the bed obarge level 1s stedilised By eelectiag
serrectly the retio of raw te fuel compounemts in the
bed charge.

igpe I 1s located detween the melting sone aad the
upper charge leve’'. In this sose heat exchenge occurs
Detween coke cosdustion products and the obharge deiag
f111ed4. The composition of combustion preducts ian this seae
chenges because volatile matters are emitted from ceke
deing heated, solasture is vajorised ocut of raw @aatertal
snd coke, and gasifors components are l1tberated.

Fuel volatile matiers as well as cardbomic momoxide
burn primcipelly whem they come out onto the cherge surface
bdecause of the presence of atsospheric oxygen fed through
the filling opening.

Heat obtained in the cupola furnsce is spent,
coke belng dburnt, to heast rav mesterisl and to prodwoe s
sineral :ggto: - which is the main purpose of the
entire cupola procesa, it 1s also spent on unavoidabdle
heat losses: with water to cool the furnace, into the
sabient medium, with escaping gases, and with fuel
products inocompletely durnt.

Raw saterial oan be divided into the following twe
groups from the point of view of cupola proceasses:

1) Raw material mot containing carbonate components

end moiasture and for this resson not requiring asdditicnal
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hoat ccnsumpticn to veperise the metoture aad to decon-
poss carbesstes. fhias type 1avluwdes setsllurgical slege
and some kinds of rook suck.

2) Ravw saterisl contalsing goisture snd carbvonste
oomponents snd reguiring additional heat consuap tion 0
vaperise the soisture and to decospose carbonetes. This
type includes, for exemple, sarl, dolosite, limestone.

It would he sore comvenlient ' A1vide the heatl sxchen go
preocess 1o the cupola furmace beteeen combustion products
end ravw vaterial into teo stages. The first stage is
hesting the charge froe a teaperature at which 1t is
f£111ed into the furnece, up to the melting point; the
second stage 11 selting rae asterial and overheating
the fyghes from the melting point up to & temperatuse ot
shich the ‘;I'"tﬁl ismaves the furnace.

!zﬁé%ﬁgnwﬂit'ftu»!aﬂ,ﬁzﬁmmh*
It is possible to mell raw saterisl osly there where
ooke combdustion products have a temperature higher than
the initial tesperature for melting rew materiasl.
Melting 1s lmposaible {f the tesperature of combuast 108
products does not exceed the tespersture of raw saterial
deing melted.

Thus, in order to selt rav saterisl ead te overheat
the gagtnl produced, the beat of combustion produots

osan be consumed, only within a range froms their saximue

teaperature tl to a temperature t: st which they
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Jesve the eelting seas, sad which 1o slvays »
fittle hicher thea the initial rev waterial seltiag
tesperature tg .

Let us calculate what ssount of fupses an be
ebtained by using the heat emitted frow burning | kg of
coke provided that ras s:«terial passes late the nel ting
gone heated up to the meiting tesperature tg , ant that
it is overheated up o tf at shich the gsgtit ieaves Lhe
furnace. This value 13 called aspecific Tusibility and
1s assigned a letter "p” and 18 calculated Ly the

following forsula:

9s t
pe () (1‘;{9 :ee) b

moedc (- et ) 9. kg/1 kg of coke

iy wb

(n

e

:
:
R

lowewst operatinys heat power of ree material,
fn Cal kg
%y - heat losnaes due to rhesical incomplete
combuation, 1n #
@ - aablent heat losaes and heat by=passed eith
coolling water, 1in L
@ - latent heat to melt raw aaterial, in "ol kg.
- average heat capacity of u ggﬁl.l, ini;kg.ut
U - coefficlent (haracterieing s degree o! decom=
position of carbonates in rae saterial in

the melting sone




Z.ﬂ,- total consumption for Aecomposition of
carbonates contained in raw materisl pef
1 kg of g‘.nng in Calshg.
Ia this formula, the suxious teaperature of combustion
preducts in » cupol, process under concrete conditions
§s a value sractically iavariable and is equal to aboutl
16%°°  in ordinary ‘oot hot, bPlasting; actual tesperature
of comtustion products ti at which they leave the
meltins sone alre riaes 1f the 1@ttt sl temperature fop
melting rae miterial tf {ncreases, The mure t;} the
hicher t: , and theref re the lesn the tesperature
differe -« gtwt?;} iIn order to alloe for production
ol o ﬁ}”‘u: aut o f tre furnece and for 14 tranafer to @
fsg’n-at re 'len upit, with the optisum viscoaslty for
!t‘j‘-omt forration, tg should net exceed tp ry ¢ to
ot
Le-ideringe the above-mentioned one cas arrive at
the folloeing vvn:lusionsl
a) 1t paw sateriai having o high laitial selting
teaperature 1s uned, the smount of heat to de used to

aelt ravw material and to over'eat the &u*tn. 4decreonned

_, Y
(the vaiue b 'a becomes less , and certainly
¢t

the apecific fusibility of such rae saterial decreases
too. !n saditiom, the output of a .upolae furaace 4rops

as well,

P
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%) If rav meteriul countaining cerbonate componeats
its uased the specific fusibility of raw saterisl Adrops,
sadl by the way, the less a degree of decompoaition of
carboaate components in the rae material heating -one
the qui~ker. .. portion of heat in the selting zone that
could de used fur meltling 15 spent o decompone
carbonstes.
For use purpo.es {1t woul: be more converlent to
#0dify a little formu.. § to 4~fine the specific fusibility

of rav material, as ‘ocliocws:

t Y ‘{s {V, tn
‘,u..(l I :ut}) t,
SO &

P moec(t th)e (1- U)Zq‘

T™he followiag changes were sade in the formulai there
was added coefficient (f taking into account heat losses
ol th gases escaping through the tap holes. The value
of the coefficlent y depends on a tap hole diameter,
R8s pressure and temperature at the hearth. tf =]
(usual tapping holes. 't tap hole dtameters are seald,
the gxatit oceupytay all, or aleost all, the sectional
area.

The 4 value should be calculated 1f 1t 13
necessary to use special tap holes with a big secticasl

sres for utilising the heat of combuastion products te
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ssiatein o Migh temperature of the w 10 the
dietriduting oredle. Iu some cases y 0.8,

There are nes values in forsuls 48: ¢ - saziewm
tempereture at which thc'!!'at. is produced, end t - tonpo~
reture of comdustion products escaping from the melting
goae, it is conditionally equal %o the initial rae

P
ssterial selting temperature: L L., . In addition

tl - ti . tg - tn sod t, - t: . ti - tn; therefore

such a change does not sodify the value of the specific
fusidbility "p°.
P
The inltial selting teaperature t, b2ing equal to the

ssxisus temperature t;, the specific fusidility ts equal
P

2 ° !

to sero (psU) decause t 3 - t‘, and thet 1 ohy!

tiutauﬁ.

W* It 1s possidle to sake wp ° "-reula
for the asount of the charse in the heating sone, a8
was done for the melting rone, shich cen be heated by
combustion products eaitted fros dburning ! kg of coke.

This forsuls 1a as followa:

b 9y Gy t-hetatys
Q..U' le0 tﬂ?) t,

-

Culty -t e UZ g, 4w (9)

where! Pg- esount of a charge to be heated 1im the heating

gone by durmning 1 kg of coke, in kg.




ot -

t’* = tomperature of combustion preoduets escapiag
froa the heating mone, ia .

C‘- = sverage heating capscity of the charge, ia
Cel/kg °C.

-
¢
'

tesperature of a charge bdelag filled iate the

cupola furnece, 1n °.

Ci. - he@t consuaption to vaporise soisture, 1o Cal/kg.

Proportion of saterials contained it a charge is

defined by formils 18 since 1t shows shat amount of rae
seterial 1s to be taken per | kg of coke, and them

Py *P*l, 1.0. amount of a charge to be heated ir the
heating, mzone by durniog 1 kg of coke 1s equa. to the rae

saterial fusibijity pelus cne (]l kg of coke,.

Ia order to determine shether heat proceeding late
the heating sone eith combustion products la sufficlemt te
prebeat the  L.rge, tc remscve soisture from §t and to

decompose carbonates, 1t 1s necessary to decids equation

!’ 1o regard eith t .
7
An » rule, heat proceediag fro@ the selting iate the
hesting sone is more than enough to heat up the charge
(rot @aterial and fuel. , to resove solsture, tu decodapoes

cardonates contained in ree material. and to aublimate

volatile matters from coke. Yor this reason the teapersture
of combustion products escaping out of the heating sene

t}x i1s always high - %0 to 200°C,
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Mipd that a higher charge level, 1.6,
artificial widening of the heating
sone over that required to heat the
charge, will not reduce the temperature
of combustion products escaping

fros the cupola furnace. It 15 clearly
41lustrated in Fig. 6a. Temperatures
of the charge and gases approach each
other practirally at a helght H}.

A higher charyse level leads to increas-
fing height H, where heat exchabge

between the gan medius and the charge 1t

im essence absent. The charge canfot

“ﬁ& absord all the heat fros combyuation
Reegren of hept products, for the charge hent capacity
exshamge Sus8be 1s less than en amount of heat 18
shgsrge desitag coabustion producis.

RS

doe let us comelder the sain foctors o which depend
the speed to heat up rae essterial lumpe, tc seltl them, 1]
te overhea! the fapsen.

Spegdfle ;urfase «f Luha (00 BASSEAM

Phe sider the apc 1Tl surface of Fae aetorial the guisker
§88 Peating because there i: a \arger sutpface, th rough
ehich heat esxchange 13 effected, per sach volune wmit of
seterial.



Lower level of
melting sone

¥ig. 6. Diagran »f lieat Exchange in
tie Charge eating Zone.

1. ..arge

2. Gases



Shhe

¥ith figer raw material, a charge height may bde

lewer - in proportion to sirces of raw material lumps.

Mpisture and carbonute components. Their presence ia

raw material retards heating and melting of raw material :
pot only bec.ause 1t reguires an additional heat consumption
but also because moist vapours produced in the beginning

of heatin; and carboen dioxide emitted, when carbonates in

the end of heating are decomposed and raw material is
@elted, proceed from the centre of a lump to its periphery,
towards a heat flow, When heated, they carry some portion
of the heat retarding thereby the heating of the central
part of a raw luamp.

That i5 why raw material containing carbonate
components 1s recommended to be filled in form of smaller
fractions than raw materisl not coptaining carbonates, or
to increase a charpe height.

Moisture being ;resent 1in raw material as well as
in fuel, it is necessary to {ncrease the charge height 1n the
oupola furnace, other equal conditions being equal.

imount oif alr for burning. The amount of alr being

reised, the amount of combustion products in the furnace
and, therefore, their mcvement in regard to raw

materi:] increase. an Increase in the speed of 4 heat
carrier leads, to a vertain degree, to a higher heat

transfer coefficient, and for this reason, to accelerate

heating &nd melting of raw material.
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If heating and melting are retarded, the amowm

of air for duraing is reduced.

Uniformity of charge lumps. Combustion products

moving upwards pusa through a charge layer making their
way between raw lumps. The value of these ways and their
character depend on the arrangement of lumps in regard to
each other, on the amount of free, unoc:upied by raw
material, space and on the amount of volds formed.

A wrong opinion 1s widespread concerning a dependence
of the total void volume on sizes of charge material
lumps. The volume of voids depends on a charge packing
degree, i.e. laying of a charge, but not on sizes of
lumps.

Surveys of the volume of voids in a charge containing
lumps of irregular shape have shown that va ,33:13 no-
ticeably reduced if the difference 1in sizes of lumps to
be mixed 1s considerable. But if this difference is not
great, Yasuun even increases a bit sometimes.

It 1€ known that an admixture, for example, of omnly
10% of carbon dust in a fraction of 1+4 mm will rise
severnl times the resistance of a layer, the height and
the air inflow speed being the same. An attempt to raise
air supply results in such cases 1n carrying all the dust
and partially fuel fines out of the layer, *his can
always be observed in forced procedures. Thus, sizes of
granules in a charge being more equal to each other,

it 1is easier to attain the stationary performance of a

furnace, and therefore its higher efficienoy.




Working g?th fractionated charges provides for
simultaneous filling of only one fractiom of raw material
and fuel to be used. Fractions being different, they
should be nlterncted and not be used simul taneously.

hesearches carried out by various authors have shown
that gas permeability of materials comparatively a little
depends on the character of lump surfaces since the
influence of the luatter is insignificent 1n comparison
with tre resistance of a charge layer.

However, reducing the average size of lumps 1in a
charge will ipncrease to a certaln extent its total resis-
tance, for even vasumm bheing retained, the friction surface,

veuds

the number of turms and the number of gas Jjets per unit

revelutions

of a way length will increase.

The output of_ a_cupola furnace can be determined

by the following generally used formula:

v

= —mmwmme———— 100 110
n K L )10)

where: [1 - furnace output, in kg/hr
V - air consumption per hour, in cu.m/hr
K - coke consumption coefficient, 1n %,
L - rated consumption of air necessary to bura

1 kg of coke, in cu.m/hr.

In order to use this formula the value of alr consump-

tion V should be defined taking into account the efficlenc)
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of blasting devices and providing that air from 50 to
70 cu.m/min is to be supplied per each square metre of
the cross section of a cupola shaft.
The output of a cupola furnace is directly proportional
to the amount of air supplied for burning and therefore
to the amount of coke to be burnt.
The value of rated consumption of air necessary to burn
1l kg of coke is easily determined regarding a coke
chemical composition by the formulis generally used in
heat englineering,.
The following formula could be advised for approximate

calculations:

P
1.1-Q-§

L= H cu.n/kg v
1000

Pigx k8x Memsgram foxr dsterataiug speskfic fustwsikiy we
¥aw maksrtat sk vaztews weittug peoimtes

The coke consumption coefficient K 1is taxen on
the basis of practical datc and ranges from 1% to 40% in
relation to the quality of raw material, fuel and cupola

procedure.
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Rated coke consumption is inversely proportional
to the rated output of a cupola furnace being a quantity

factor of its performance. The rated output characteriges

a cupola process from a qualitative side, i.e. how
: rationally heat obtained from crke burning is used.
The rated output of a cupola furnace, or as it was

called above - raw materiul specific fusibllity "p", depends

on a chemical composition of raw material, 1ts melting
temperature and its melting procedure as well.

On the basis of the above - said:

100
K =
P
Making a substitution in formula 1@ we reoeive:
v
n-= — P (@F V)

The output of a furnace is directly proportional to
the coke oonsumption "I!' and to the specific fusibility
Ip" .

The specific fusibility of raw material can bde
determined by using ourves (in Fig. T¢) caloulated by
formula t8. Below are given values that were taken 1.
caloulations: they were obtained as a result of the
processing of balance tests of cupcla furnaces 1250 mm

in diameter carried out by the Institute "Tgploproyekt"

("Heat Project") during the period from 1955 to 1961:
QB =6800 Cal/kg; anl)i; Qg = 15%; m=75 Cal/kg;
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P4g. 7. Nomogram for Determining Specifio
Fusibility of Raw Material at
Different Kelting Temperatures.
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Cw0.19 (1+40.00039 tP) Cal/kg °C; fel; UsO.%; :“-o;
903100;1%0;.00; X0 Cal, kg of fusion; t =16%°C; ty=14%°C)
P - P o x0%C; oty s20%C; ] «900; 1000 ;1100 ;12009
Tre above-piven method parmita to determine the
output of » furnace in relation to a chemical composit.on
of raw matertal snu its initinl meltin; tenmperature,.
Curves in Fig. T¢ show that the output of a furnace
1s higher 1! the initi.]l melting temperature and the
content o1 ca.cium and tagnesium carbonates in raw

material are lower.

cxpmples of calculatipg the output of a cupols {uimags

1. Determine tre output ol a furnace 125 mm in
diameter operrating -ﬁﬁh blast-furnace slars having the
initial melting temperature ol tf £10%0°C; fuel 13 coke;
Qz «EBU0 Cal, kp: rated air consumption U per 1 sq.m
of the hearth = " cu.m/min.

a) ipecific fusibility of raw materi.l is determined,
In the fucihility; nomogram (Fip. Té), ffq. being equal
to gero (slag without carbonate components , p will be
5.6 kg/kg coke,

b) amount o! air supplied for burning 1in the

fumace:

n &2
Yo —. U . 60 1.29°%0.78% x %0x 60 = 1390 ocu.a/hr
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¢) Amount of air necessary to durn 1 kg of coke s

roughly oalculated by the formula, as follows:

1.1 @ 1.1x6800
L » wemm = =7.48 ou.n/'kg
1000 1000

d) Output of the furnasce:

v 339
P s pe e 55,68 2%40 kg/M2
L 7.48

2. Vetermine for the same furnace under identical
conditions the ovutput by using marl as raw material of the

following chemical composition (1in %):

5102 - 41.5 Cao -~ 31.1
11203 - 6.7 Ng0 <~ 15,5

a) Calculate the amount of air to be consumed to decom~

pose carbonate components in the melting zone:

> 4 waco, *+ 4 myco,

Yu
vhere! (‘CICOJ and L‘HgCOJ represent consumption of
heat to decompose calcium
and magnesium carbonates
contained in 1 kg of raw

material.

Decomposition of caloium carbonate is made by the

following equation:
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GiSQJuC.O + CO, - 42900 Cal/aole

Admitting that the molecular weight of CaCO3 is
equal to 100 the amount of heat to decompose l kg of
CICO3 will be:

42300 425 Cal
100

When recalculated in relation to the end products from
burning Ca0 having the molecular weight of 56, the heat

consumption will be:

42500 289 Ca1/1 kg of Cad
56

Decomposition of magnesium carbonates 1s made by the
following equation:
MgCO ,~Ng0 + €0, - 26150 Cal/mole

Admitting that the molecular weight of l5003 is equal
to 84 the amount of heat to decompose 1 kg of Mg CO3 will
be:

201X0_ 337 cal
84

When recalculated in relation to the end products from
burning Mg0 having the molecular welight of 40, the heat

consumption will be:

2%%22 = 654 Cal/1 kg of Mg0

The total heat consumption for decomposition of carbdo-

nate components per 1 kg of £§Rill will be as follows:
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. 1202ad . _$24.212:2,
:E:5* 100 100 29 Col/kg

Using the nomogram in Fig. J we deteramine, et
tp-1050°C, the specific fusibdbility of raw aaterial
pele7 kg/kg.

b) Output of the furnace:

1,25%x0 ., 785x50x60x 3, 7x1000

P -142033/“

6800 x 1.1

Alongside with advantages a cupola process has 1its
shortcomings too. The main drawbacks are as follows: some
non-uniformity ol a gﬂﬂ*’l obtained from the furnace
especially when a combined charge containing several
components 1s used; impussibility to use without any
special preparation loose or free - flowing material for
heating; necessity to use as fuel expensive coke difficultly
availadble.

These shortcomings make us search other furnace units

suitable for melting mineral raw material.

Bath furmaces have a lower (compared with cupola

furnaces) coefficient of heat utilization, and for thls

reason they were rarely used in the x'l%'ool industry.
mainerd

At present the manufacturing ofnﬁﬂfSyoolsin bath furnaces
nerg

has become expedient ia conneotion with the development

of the gas industry and with the avallability of cheap

natural gases.
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Complex empleitetion of such furnaces 18 payed
off by o very high quality of o gglmun produced sad b
e possibility to uase local raw seterial unsuitable to be
used 1o cupole furnmces. The i!#"' s kept in e bath
furnace for s long time, and this provides for its sore
thorough bdoiling snd uniformity.

A possibility of all-out autowmation and relisbility
to control all heat as well as technologicsl processes
allows for obtalning =» 3351': fet to bde transferred to a

™ rtream

d eamgt formation unit with conatant paraseters dn
:;;;unption and temperature as wel!l as on cheamical
uniformity, and this 1s what is impossible to achieve 1ia
cupola furnaces.

Therefore, the bath furnuce 18 an obligatory
smelting unit when a g:,tzlauttl a higher quality must be

tooy
generated to wmanufacture meskwools. The drawing and

mineral

blowing method of ﬁ{ﬁflllt formation widely used by the

firm of Grungwelg and Hartmann (FRB) and the centrifugal
drawing - blowing method used bty the firm of San Gobim
(France) require constaut cheml.al compositions of fustens mells
and their temperatures for without this it 1s tmposaible

to get<ﬁ§£:lclt of a high quality. The £=Rt11 should

not contain metals or sulfu: compounds. Their presence 1ia

the gmgxln destroys the material from which draw plates

are usually made, the main component of this materigl

being expensive platinum.
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A oupola furnace cannot provide for producing a
!:a?nu of a required quality for these methods of filsment
formetion. That 1s why bath furnaces are used for these
two methods - drawing-blowing and centrifugal-drawing
blowing.

tlectric furnaces

Slectric furnaces are not used to manufacture coamon
types of :::Eroolsbecausc of a relatively high cost of
electric energy.

But it 1s ifmpossible without electric furnaces
to obtain spectal types of.gagawoolxresistant to high
tempcratures. Difficultl,fusihle material, from which
temperature - re31stant!:::"091 ts produced, can be melted
only in electric furnaces.

For the above-mentioned reasons electric furnaces are
pot widely rractised to manufacture :::'mwooh.

glclone furgaces.

i cyclone furnace is usually made in form of a vertical
metal cylinder cooled with water. Gas or fluid fuel
i1s fed tangentially inside this cylinder into 1ts upper
part, by special burners., Dust-like raw raterial 1s blasted
in there by apccial devices., Dust-ltke material 1s

quickly heated and melteu thanks to a high heat tension,

and therefore to a high temperature.
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Batch Furnace with Regenerator.

Fig. 10.
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Drops of a g:a?ll are thrown onto the walls of
a furnace as a resuit of flame rotatior under centrifugal
forces. Drops form on the walls a zlzlll film to which
unmelted particles of raw material stick, and they are
easily melted in this thin film. The &ﬁff" obtained
on the walls drips 1ittle by little down into a bath
placed under the cylinder. In the bath, the gsﬂﬁtl is
neutralized and bciled up. A desired temperature is
maintained in the bath by combustion products escaping
from the cyclone. The fusken 1s outlet and guided from

melt
the bath up to a ﬁtiflclt formation unit in an incessant stream
et through tapping holes.

Cyclone furnaces are not yet used tc manufacture
roskwools, but the first experiments have shown that

mineral

furnaces of this type will bﬁgﬁ? the near future
especially when other industrial dust-like waste fit by
xtth 1:c chemical ccmposition 1s avallagble. For example,
dust-like waste of various concentrating mills, dust

from electric filters at heating and power plants, from

cement works etc.

3lag catchers.

Creation of clag catchers permitted to begin using
flame - liquid slags of the ferrous and non-ferrous

industries in manufacturing':azﬁwool; Use of flame-liquid

slags to produce"50:¥wooh is beneficial eco&hically,
ntra

for it allows to considerably reduce 1ts cost. This
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can be achieved by decreasing fuel consumption,

by excluulng expenses on slag dressing in refuse dumps,

on its grinding aad sorting. In adédition, use of
flame-liquid slags 18 favourable to use gasiform and
cheap fiuid fuel to heat slags, and not expensive
coke necessury to operate a cupola furnace.

sli» catrter 1s 2 re zenerating bath or a
recuperatin, furncce with a feecer equipped with
special tapping holes for letting the 5:5?“‘ out of the

furnasce, taking & chanse in its level into account.

otellur,zeal Ilame-liquid slags are transferred to
a slap catcher in ordinury Slag lailes. lransfer of
clars in ladles provides for the normal operation of a

gsgkwool factory situsnted 1n & slag dump area of some
minerof
metsllurpicnl worko, i.c. at e ¢ist-nce of 3 to & knm

frow the blust furnusce rlunt. Correction 0 s5lag chemicel

is offected by adiing necessary admi stures.

compositicnc
L degirn of u slag catcher is chown in fig. 181,

[

Installations of # similar type function at six

plants in the UJUOR,
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Table 8
RN e
Characteristics Cupola Bath Bath Slag
Purnace Purnace Purnace Catoher
1250mm A8 sq.m 18 sq.m
1 2 3 s 5
Type ef furnace Shaf$ fur- Regenera- Recuperative Regerativ
nace tivg, Sur- ftrnace furnace
000 1600 oc 2000 and
Output, kg/hr up to 3 6 5 Ior;m
Purnace mirror - A8 10 17.5
area,sq,m
Specifio eutput of
melt from 1 8q.m, up to 2450 30-40 25-30 114
kg/Bq.m.hr
?T;nace heat effi- - 6.0:106 2.25::106 1.?5:106
noy,ua
Comventional heat ten- 3 3 3
sion of miﬁ;u‘, Cal/8qQq. = 425x10 125x10 408x10
Rated fuel comsumption, 1080-1950 3 50@ 4500 880
Recrde heuting surface
of regeneratdow 8q.m - 1070 - -
Ditte per {1 sq.m ef sur-
face mirror, 8q.m/ocu.m - 22.3 - -
Puel censumptionm: - 53‘(}{) 338:) -
mazut, kg/hr
(Qf=9500 Cal/ke)
hur - eso® 275 _*Hf.)
Fargelaftaatroe ) T W

coke,kg/hr 400~700

(Qf = 6800 Ccal/kg)
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Teble 8 (cont)

2 3 4 5
Blectric pewer consump- - 60 20 10
tiem per 1 hr,kw
: Steam sonsumptiom for
- mazgut spraying, kg/hr - 150 70 - ‘
- Nater consumption in
eooling system, cu.m/hr 10=25 3=4 - 10=15
ve ~iy cansumptiom for
combustion,ocu.m/hr 3000=5000 8500 M000 3500
Alr consumption for
lewing over furnmace - 76000 25000 -
cooling surfaces,
ocu.,m/hr

x) Nete: numerator-fuel oonsumpiiex in bath furnace;

deneminator-iuel cemsumption for heatig up

the feeder
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4., Methods of Fibamemt Formation

Current methods of industrial processing of a mineral
ggatln into filaments can be divided into three main groups:
blowing, centrifugal and centrifugal-blowing fiiamwax fibre
formation methods. Each of them in its turn includes some

other forms which can be traced in Fig. 12.

Mineral f{tunntx formation blowing methods include a
bre

tlowing-horizontal bulge proper (see Fig. 19a) eud a drawing-

blowing-vertioal bulge (see Fig. 13v).
The essence of this or that method 1s that an energy

carrier (steam, air or combustion products, 1iquid or

gasiform fuel) reacts on « vertical fmskemxgwing owxxgukwy

ten streams

flowing out of a cupola furnace or out 0f the dxzwwpkzias
steve- bike bushin’i
of a bath furnace feeder.

The difference between these forms of blowing 1s
that when using the blowing method proper an énergy carrier

flow 1s headed onto a ilftuxxtlt 7 to 15 mm in diemeter and
motten stream

at an angle of 15 to 20° to the horizon, while usin
’ £

the ¢rawing-b'owing method it 15 headed onto gets up to J mm
>

T eams
in diameter from top to bottom and from two sldes at an
angle of 7 to 10° to the vertical.

The energy carrier splits a ﬁ!ﬁﬁf‘“"* into finest
particles speecing them up. it the moment when particles
break away {rom the main’?lt they are drawn and instantane-

ceam

ously cooled, l.e. they are converted into filament.

Calculations as well as research\made by sclentists
ey
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from different countries have shown that the durability
of a ﬁtillﬂlt formation process is counted in ten-thousandth
re
fractions of a second (10_4).’¥llill particles not
slten
drawn into filaments tend to take on a spherical shape
undexr surface tension forces. Such non-drawn spherical
ki . L ]

solidified ﬁ!ﬂﬁ?‘ particles are called "beads™ and they
are always present in a certaim quantity in fikimmemx fibres
obtained by the rlowing method.

The above-given principle of ifixnnut formation by

$ibre

the blowing method can be equally referred to the crawing-
blowing method. But in this case the erergy rarrier

reasots on separate fugtsmxgwks flowing out of dwuwxpkakesn,

malften streams sieve like bus‘mn,s,
and this improves conditions of f{iﬂlllt Yormation; for
fibre
this reason a number of "beads" in f&ixacnt is insignifi-
$rbres

cant and they are even smaller.

When using centrifugal methods a fﬁffll is
b me

drawn into fllaments, as is seen from the name itself,

by centrifugal forces acting on fugkmx particles. There

mcPten

are one-disk (Fig. 192 c¢) and multiroller certrifugal
(¥ig, 19 4, e) methods of ffinuxnx formation.
threg

The principle of f&iﬂ"ut formation is as follows:
the fmgkem getting onto rollers (Fig. 19 d,e) gticks
to their surfaces. Under a ceatrifugal force and in
certain tewperature conditions, the ﬁxatsl begins to

fiow off i1n many points on the surface cof 4 roller,as 1if

forming a variety of "fountains". Kuxsism jets of these
Molten streams
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"fountains™ having a speed equal to the roller rotation
linear speed and tending to escape from their surfaces,
are still more drawn and thinned.
Peri 1 1
eripheral gﬁzisgett ng into an air fli- headed
across the roller rotation plane, are cooled, converted

into a fginnant settling chambre. Non—draw fusksx molten
re

particles ("beads") having a less sailing capacity aund

moving or the roller rotation plane, are separated from
fibews and are gqih!xli under the centrifuge from where they
f(f

are periodically or continuously transferred to a waste

collecting place by special mechanical devices.

"Fountain" Fsgzsdirected to adjoining rollers get
onto their surfaces, stick to them and are again processed.
The cavity between rollers is protected from 4he air g}’"’
therefore there are no conditlons to intensively cool the
iultnn there. E:E}fl transfer from one roller onto another
allows for its distributing on roller surfaces (in
width) and therefore for increasing the output of a
centrifuge.

A @entrifuge of the type shown in Fig 12 4 can produce
3 to 3.5 tontgibcrsper hour, an average fﬁzrlrux di ameter
being 6 to 8 microns.

Centrigues having an arrangement of rollers as shown

in Fig. 192 e can produce 2 to 2.5 tonggibp!sper hour,
»

and ftismsmixks obtained of a higher quality with an average

jibres ore
diameter of 4 to S microns.




St Rl e e

3

7%=

By using the disk method (see Fig. 19 c)

an 1ncessant ﬁnffnxxj&t is headed into one of the grooves

molten séream

made on the surface of a rotating disk. The fuattl fills
my
in a groove and flows off in thin Jets across its external
regms

edge under centrifugal forces. These g&&isare drawn in
flight and, being cooled, are converted into filaments.
Fibee is very long. Filaments are 10 to 12 microns in
diameter..The output of a disk is 250 to 300 kg of fibpms
per hour.

This method 1s not widely practised at present because

of a low output.

Out of centrifugal as well as other fflllllﬁ formation
1pre

methods the most widely spread now 1s the centrifugal -
roller method shown in Fig. 19 e.

When using combined methods, f%ixl!ut formation is
ibre

effected in two stages: first, a fusxomxgmk i presplit

molten stigam

into separate ?ttn under centrifugal forces, and then
S

frQms

fiber is finally formed by processing these %ets with a

stream s

strong steam or air 2%-: if you use the centrifugal=-
‘l’

blowing method;
second, the fﬁgﬁll, under centrifugal forces, 1s
me
pressed out through ix-?:’iat-n on the walls of a rotating

Sipvy bushin
L] ’s
towl, and fwakomxgets flowing out ol dxawxpkwkas are

molften streums the hushm't

additionally preccessed by hot gases escaping from a ring

nozgle,

In order to split the :’gtl‘ and to draw fibpesit is
L §




Fig. 12. Tibre Formation iiethods.

a. norizontal blowing

b. Tertical drawing-blowing

c. (ne-disk centrifugal

. & e. Centrifugal multi-roller
f. Centrifugal-blowing

g. Centrifugal-drawing-blowing
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is used.

meking Jobres of a melten ctream

are employec,
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Table No,9

R e e

in manufacturing 1 kg of wool.

peceasary to consume a certain amount of energy. “hen
energy of an air, steam or gas tgr' escapling out of a
i

motors rotating the functioning organs of a centrifuge

of !!ztlnxpxllllttlgxlnx-xthcx. 1f combined methods

The following below table gives amounts of power

the efficiency of utilization of energy to be consumed

using blowing methods, an energy, source is the kinetic

nozzle; when centrifuging the fugsom, the prower of eleofric

The two kinds of energy, are used at different stages

conspmption for fiiament formation by the maln industrial

methods. In addition, in order tc compare and to determine

for fikmmemt formation, it 15 pgiven in heat units (Cal/kg of

wo0l) to be spent to obtain an energy carrier to be used

Technical @haracteristics of Fibpmewt Formation Methods

Fidbwent Formation Methods

—

Name Unit Blow- Drawing Centri~ Centri- Centrifu
ing blowing fugal fugal gal
(hori~- (verti- roller blowing drawing
zon— cal) blowing
tal)
1 2 3 4 5 6 7
1, Normal pro- kg/hr from 50C from from
ductivity of 500 to 1500 1500
a technologi- 2000 to to
cal line 2500 2500
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Table 9 (cont.)

1 2

3 4 5 6 7

Producti-
-ty of one
Bbhment for-
iation unit

‘ blowing head,
idrawing boat,

centrifuge) xg/hr %0 100 up to up to

b) Nuambter of
working fibme
mext forma-

tion units
usually ins-
talled 4n

a technolo-

gical line pc¢

2. Znergy

carrier con-
sumption

to obtain 1

kg of xeeks mineral
wool with

use of:

2500 2500

lto8 5¢to6 1 1 4-3

a) Stmeam kg/kg 1-1.4 2.5 - 1 -

b) Compres-—

sed ailr cu.m/ 1 2.9 - 1l -

kg
c) Hot sase-
ous combus-

tion products cu.nm/ - - - - 5 to 8

Heat from
burning

gases Cal/kg - - 440 - 910 to

1470




1 2 J 4 5 6 7
d) Electric power kwhr/kg - - 0.01 0,001 0,02
0,06

3. Total heat

consumption for

fithpens forma-

tion with use of:

a) Steam Cal/kg 860 to 2600 22 862 -
1210 to

868

b) Alr Cal/kg 135 to 2980 132 135 to 954 t«

198 198 1514

Note: in centrifugal-roller method: numerator-
power consumption only for fijhpemt formation;

denominator-power consumption for fibpment

formation and for blowing off fiberes.

The above-given comparative table shows that the most
rational fibsaent formation method is centrifugal-roller
regarding use of power, then comes centrifugal-blowing,
blowing with horizontal bulging, centrifugal-drawing-
blowing, and at last drawing-blowing.

Besides, the table indicates that use of compressed
alr as an energy carrier 1is uore preferable than steam
from the point of view of the efficiency of utilization of

power to be applied. However, practically, steam was

oftener used thar air for blowing. It can be explained by
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the fact that a boiler station 1s simpler to maintain
than a compressor hLouse.

as to the quality of fibeesproduced methods can be
arranged in the following order: fibpes produced by the
centrifugal-drawing-blowing method has the best quality
factors, then - by the centrifugal-roller one, drawing-
bloving, centrifugal-blewing, and at last - by the blowing
(horizontal, method.

M {
suality Factors of XURNw001 Produced by Bifferent

Pibemans Pormation Methods

Table 10
Quality iituncnt Formation Methods L
‘actors Unit Blow- DUrawing centri- Centri- Centri-
ing blow- fugal- fugal- fugal-
(hori- ing (ver- roller blow-  drawing-
zontal) tical) ing blowing
1 2 J 4 5 6 7
192) 19b) 19¢) 12d 12%¢)
l. iverage mic—- 3=5 5-8 4=5 7-8 3=-4
Tibgmens ron
diameter
2. Fibpagnt mm 2=17 5=15 a few 5=15 a few
length cm ca
2. Content 2 40-50 up to 5 7-10 15-2% practica
of "beads" 1y ab-
sent

4, Heat con- Cal/ 0,042¢ 0,038 to 0,038t 0,040 0,036

ductivity, g.hr. 0,044 0,040 0,040
at 20°C ¢




Table 10 (cont.)
6 7

5. Volume kg/cu. 150-200 75-100 75=-100 100-125 S50-75
wvelght under

load of

0.02 kg/sq.cm

Note: 1. In determining dead contents only beads
having a diameter more than 0,25 mm are
taken into account.

ﬁzzsyool fibhpaent lengths are not standardiigd
in view of the absence of methods to

determine them. The given fibpmemt lengths do
not claim absolute precision and are

input here only to have approximate,

comparative data.

Concercing complexity of equipment used to manufac-

ture xeskwools the fibpmemt formation methods in question

minprof

can be put in such an order: The blowing-horizontal method
1s the simplest one as to equipment used as well as very
simple in service. This is the oldest industrial method

to produce g;z&yools.It was known since the middle of the
last century and was practised on a large scale till the
middle of this century. &t »sresent this method 1s almost
stopped to be used because of a low quality of fiberes

obtained,

Then come centrifugal-blowing, centrifugal-roller




snd drawing-blowing methods, and at last the most
complex, as to equipment and service, is the centirifugal-
drawing-blowing method.

The first three, 1.2. blowing, centrifugal-blowing
and centrifugal-roller methodg, are used in any furnace unit
that can provide for incessant transfer of ilhe g&a?ll to a
fibepmeat formation unit on conéition that no high require-
ments are made to the chemical composition of raw material
and to the teuwperature oi a Sﬁ?}" being transferred for
fibpment formation, because some d:viations from the
made requirements will influence over the quality of fibpaons
but will not destroy the equipment in use. Centrifugal-

drawing and centrifugal-drawing-blowing methods are used

only in furnace units which can provide for producing a
strictly fixed amount of gzgﬁﬁl not containing suq‘ur
compounds anc metal and having a strictly fixed teamperature.
Non-observance of these requirements will result in
quick wear or in complete destruction of,platinic radium

sieve~ fike

dxmopkakex. Cervice of dxgwxpkakma 1s aggravated, 1f the
bushings bushm,s
centrifugal-drawing-blowing method is used, because they

are under considerable centrifugal forces.

Hereabove were describecd the main industrial
fibpasut formation methods and furnace units used now in
the production oinﬁzgzrools.

Option of a filament formation method can be made

very simply when organizing  new production. At present
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the centrifugal-~rolier method 1s most advisuble for
industrial and construction insulation needs. This method
permits to get high-quality fibmeemt with the lowemst
expenses for its manufacturing. Vhen employings the
centrifugal-drawing-blowing methou platinum is used and in
this connection high requirements are made to raw
material. Concerning expenses it does not Justify a minor
improvement in the quality of fibess, in comparison with

the centrifugal-roller method.

But option ol a furnuce unit for producing :::5yools
is not very simple. It depends on properties of raw
muterial as well as on the availability of fuel.

If the selected raw materinl ic lumpy, hara, stone=
like, e.g. me'allurgical slags, rock muck of volcanic

origin, and if coke i5 available to be used to generate

zgckrooh then cupola furnaces can be employed as furnace
herse

umits.

4 technological scheme of production might be the
following: autoroads and railways for transferring raw
material and coke; raw material and coke dumps Cusually
the volume of a dump is taken per one month's needs of a
plant); transport means and necessary mechanisms for
transferring raw materiul and coke to digsclarge hoppers.
Discharge koppers are usually of a volume cnough to ¥mke meet
su 24-hours need ¢& raw material and fucl for ~ furnace
unit, and transport and chlarging mechanisms at raw

material dumps of such a power so that they could charge
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discharge huppers per one shift. Such a decislon favours

to reduce the personnel. Weight dosers should be installed

under huppers. It is recommended to equip hupper chutes
with vibrofeeders which provide for even tilling of the
material to be dosed into a weight doser thus increasing
the precise performance of the latter, und creating a
reliability in operating such dosers in an automatic cycle.
Then the dozed raw material and fuel are filled, in tum,
into a cupola furnace by means of a skip holst or conveyor.
The cupola furnace 1s equippe” —ith: a radio-active level
indicator whicl. shows a charge level and gives pulses to
fi11l a next charge into the furnace; a thermoregulator by
which a constant, [ixed temperature of the cooling water
i1s maintained in the furnace water jack; a system of
regulating devices that can provide for supplying a
certrin, fixed, amouat c¢f alr to the furnace for blowing.
Such equipment of the cupola furnace provides for,
while operating in an automatic cycle, its stable output
and the constant Szg?:; temperature. The fustwn flowing
out of the furnace is gulded onto rollers of a centrifuge
by means of regulating devices. Fibpmemt generated by
an air inflow passing through the roller rotation plane
are carried into the fibpmamt settling chambre where
41t settles on a latticed conveyor. The air sucked from

under the chambre conveyor 1s relieved by a

ventilator into the atmosphere. If this is a phenol
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spirit adhesive which 1s dispersed in the settling
chambre then the air before being relieved into the
atmosphere should be cleaned particularly from phenol
and formaldehyde vapours. a lay.. CfT5!§5f°°1 settled
on the chambre conveyor 1is contiiuously taken out and s
guided for further processing. The vantilator sucking
alr from under the fibpmemt settling chambre conveyor
should be of such an efficiency as to suck air through
the roller rotation plane with a certain speed to
remove the air suppolied into the chumbre from blowing-off
devices which evenly distribute fibpmeat, and to remove the
alr entering the chamber through its leaky joints.

If raw material is fine, loose, dust-like or sticky
it cannot be melted in a cupola furnace. Therefore
when using marl, different clays and the like as raw
material to obtain'zzfzwoch it 1s necessary to use bath
furnaces of a glass type taking at the same time as
fuel-gas or liquid fuel.legardless of the lower heat
utilization coefficient compared to that of a cupola
furnace, bath furnaces can be economically justified
because of a lower cost on gas and 1iquid fuel than on
coke,

4 technological scheme may be as follows:
Raw material 1s supplied to a dump equipped with
mechanisms for taking 1t to the dump from transport

means and for putting 1t into production. From the




c-:'t"-

dusp raw material components are oarried to a prepares-
tion section where they undergo preliminary prooessing,
that is grinding and drying. The prepared coamponents

are taken into discharge huppers, from which, by dosers,
into a mixer where they are carefully mixed to obtain a
uniform mass. The mixed raw material 1s transferred by
special transport mneans to discharge buppers of the
furnace from where it is filled, when required, automati-
cally by feeders into the furnace for melting. « ready
ggt}-l 1s outlet uninterruptedly from the furnace
through a feeder and is guided onto centrifugal rollers;
then the scheme is amalogous to the first one.

A bath furnace is equipped with automatic devices
to conduct all heating procedures and to keep a constant
g;gtlﬁ level in the furnace,

When using flame-liguio blast furnace slags or some
others to produce’ﬁzggwoulsa technological scheme may
look as follows. A slag ladle with flame-liquid slags
48 installed under an acidifyinsg instellation cover where
a special burner is put into the ladle and an acidifying
admixture (mostly sand) 1s supplied in a certain
quantity. The ar1difying admixture 1s quickly mixed up
and melted, duc to the operating burner, with submerged
flame. kftex Slag acidification is over, the alagﬁ.adle
1s transported to a chute for discharging the fusion
out of the ladle into a slag catcher. The fﬂﬂf" is

overboiled in the catcher. Through axtmsessantipy
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tapping bole with a regulating level the ready fustem melt
1s guided ﬁazsr,oontrtru;al rollers; then the techmologi~-
ocsl scheme is similar to the firat one.
Since flame-1iquid slag is transferred periodically

but 1ts discharge from the slag catcher 1s continuous,

the g&ﬂ?" level in the furnace is variable. In order

to continuously outlet the £=Ht!l with a constant devit
the furnace feeder is equipped with a special tap hole
which can move uninterruptedly or periodically regarding

changes of the 5&#*" level in the furnaos.
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fact Minerol
'““‘:;giun of R';iwbol Products

sondin'
l. &dhesive Materials

The following adhesixes are used in the manufacturing

binders

mintro

of rluhrool products:
- synthetic resin;

- bitumen and emulsified bitumen;

starch¢

1

bentonite;

- cellulose derivatives.

These adhesive materials can be used separately
as well as in different compositions with other resins or
with various admixtures imparting to products such features
as waterresistance, flexibility, heatresistance, etc.

Synthetic resins such as phenolformaldehyde, carbamide,
urea-formaldehyde and others are most widely practised
in all the countries. Phenolformaldehyde resins are
very wide spread in the USSR, the USa, Great Britain,
France, the 8FR§ the GLR, Sweden, Finland, Canada, Bulgaria,
Czechoslovakia, Yugoslavia, India, Japan, etc.

In the USSKH the following fgngtvcn are used: phenol-
formaldehyde resin (phenol spirits), carbamide, bitumen-

clay or bitumen-diatomite suspension and starch. In order

to raise the elasticity of :cckrool products, cutting

Tuntre
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emulsion and rosin compositions are added to
resins. A composition of phenoformaldehyde and
polyvinylacetate emulsion 1s also used.

There can be used various :35::&!: compositions, for
example:

-~ The #FR#'s firm "Grunzwelg und Hartmann" uses

compositions of phenolformaldehyde aud polyvinylacetate

emulsion or cutting emulsion. The firm's products have a
trade mark "Sillan".

- The American and British firms use urea-formaldehyde
combined with ethylene-glycol, phenolformaldehyde,
melamine,

~ The French firm "Fransicol" uses compositions of
phenolformaldehyde, starch and heat-resistant admixtures;
starch-paraffine-magzut compositions; phenolformaldehyde
with mineral oil admixtures.

A number of firms use iﬁﬁ::?"' on the oellulose
derivatives base. Thus, e.g. the Norwegian joint-stock
oompany "Kureholnes Aktiebolad"™ has a patent to obtain
products on the base of carboxylmethyl-cellulose.

Some US firms and firms of other countries use
tf:#f*"’ on the base of starches (corn, malze, potato) with
admixtures of bentonite, asbestos and other inorganic
materials for obtaining 5;5" heat-resistent and acoustic
xaskwool slabs.

Resins used for manufacturing gn:kvool products

ingral

should meet the following main requirements:




- high adhesiveness;

- capacity to generate water emulsions stable in
time;

- lowest content of toxic admixtures and free alkalil;

- good adhesion to mineral fiberps;

- capacity not to harden at temperatures of 50 to
60°C in fitbpeent formation chambres;

- capacity to completely harden in heat treatment
chambres at temperature of 140 te 200°C within a few
minutes;

- low hygroscopicity.

Below are given technical characteristics of some
g{-:tr{ used in the USSR for manufacturing ggﬁwool
products:

Phenol spirits: phenolformaldehyde resin of the resol
type is a primary product of condensation of phenol
(CGB5OH) with formaldehyde (Cﬂao) at the presence of alkaline
catalyst (NaOH); it 1is transparent liquid dark-cherry - or
bdbrowm - ooloured.

Dry remainder content - not more than 0%,

Dissolution in water (stable ssSution

transparency) - not less thea 132
Hydrogen faotor pH - 7.5 to 9
Ostwald visoosity at 20°C - 10 to 20 oentipoise
Speoific weight at 20°C - 1,14 gr/ou.om
Freesing temperature - 69C delow sero

Free phenol content - not more tham 9%
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Optimum hardening point - 160 to 180°C
Storage temperature --3 to 15°%
Storage time - up to 2 months

Phenol spirits do not generate explosive ooncentrations

snd do not burn.

Urea-formaldehyde resin KC-II 1s a product of

condensation of urea with formaldehyde; this is syrup-like
1iquid of white to light dbrown colour.

Dry remainder content - not less than 60%

Dissolution in water - not less tham 1:5
Hydrogen factor pH - 7.5 to S

Viscosity at 20°C - 10 to 60 centipoise
Specific weight - 1,27 to 1.29 gr/cu.cm

Free formaldehyde content - not more than 5%
Optimum hardening point - 160 to 170°C

Storage time at 25°C - not less thun 2 mon ths

Polyvinylacetate emulsion (N.B.A.) 1s a product of

polymerization of vinylacetate in a water medium at the
presence of an emulgator and initiator; 1n apperance it
looks like a tough homogeneous liquid white-coloured.

011 bitumen 1is used a3 a xocﬁyool dus! removing

mingra

means and as am adkesise in the manufacture of rockrool

binder minera

soft (felt), semi—nqxi and kax# slabs for heat insulation
l”l
of surfaces having a temperature of not more than 200°C

(outdoors).

Bitumen bB-U, 6B=W<-Y 4is used for wool dust remswisg

cuteh ng
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and for manufacturing felt, semi-}:ap and h:ﬁf slabs;
bitumen 6H-IV or BH-V - for semi-—ﬂg&d slabs.

4 Sample Composition of Different Bitumens

Table 11
Bitumens Composition Contents, % Softening
Bi tumen
0ils Resins Asphal- Carbenes & Temperature,
0
tenes Carboids ¢
6H-~ LU,
BH-W-V
6H-IV 52,80 28.84 8.70 9,66 70

Cutting emulsion is used as a ymekwool dust cadching

minerm

means and as a plasticizer in a composition of synthetic
resins in the production of f'x"t‘rylih mats and soft slabs,
and 1s a colloild solution of mineral oils and high-
molecular organic acids in s concentrated water solution
of alkaline oils (mostly naphthenate). Cutting emulsion,
when mixed up with water, generates another emulsion.

The USSR produces three types of cutting emulsion:
3-1; 3-2 and 3-3.

3-1 and -2 are transparent homogeneous liquid of
light to dark-brown colour; 3-3 1is homogeneous liquid

of dark-brown to black colour,

Kaolip (levigated), diatomite aud bectonite are




used in the USSR in combination with dbitumen in form of
emuisified bitumens in production of Bxsi :nlﬁpool slabs.
;gl munéra

When screening levigated kaolin through screen

No.0085, the remainder should not exceed U,4%,

Ground (scutched) raw diatomite

This is ground settled rock muck mostly containing
amorphus silica, and must meet the fellowing requirements:
Filled-up volume weight in dry condition - not more
than %00 kg/cu.m
Maximum granule size - 5 mao

Moisture should not exceed 45%,

Minergl
2. Methods of Manufacturing,ﬁg;&wool Products

Regarding methods of'ggfkyool processing there are

‘thero
the following types of lechnclogical processes for
manufacturing x0¢5w001 products:

mingro
1. Conveyor - line production based on incessant

transfer by conveyors of 2 soaked in some adhesive xmskwool
layer (GQarcket) supplied airectly from the fibpmemt
settling chambre conveyor, and on its heat treatment with
obtaining products during its transfer. Soft, semi-hagdripd
slabs as well as moulded sheiis are munufactured by

haly cy?indus
this method.

2. Conveyor - non-line production based on obtaining

products out of preliminarily taken from the faXmmemt fibre
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settling chambre conveyor half-finished produots:

rolled xsskwool stock, packs and packages. Subsequent

minero@

geekwool processing into products 1s effected on equipment

minerat

installea aloof from the main line, and stitched mats,
wound cylinders, ’hﬁg‘,i,‘,,‘d,ﬁ“d others are produced there.

3. Non-conveyor — line producticn based on mixing
loosened granules or "x‘:gg)u:'wool flocks with some sdéwewkwe binder
in form of a water suspension, on moulding products out of
the hydropaste obtained, and their heat treatment. More
solid, sc—called kljﬂ, slabs, blocks, stock for acoustic
slabs based on bituminous, starch or other ?ﬂtfrl;lml are

manufactured by this method. Below 1s given a desoxription

of technological procedures for manufacturing main types

of xsskwool products.

mingrg

ith Binder
3. Manufacture of Products sa Synthetic udhesixs

3.1. Slabs (soft, semi-'h‘.;ad and 5%‘)

Pechnological processes of manufacturing slabs emwws with
synthetic agh:snl include:

- Qbtaining mlneral fxkamemty fibres.

- Preparation of g‘h!:xx- water emulsion,

- Coating fibeesmt with adkexkxmx binder.

- Pressure moulding and heat treatment of ,5?.:5}’“1 Sanket
EREFu kX

-8€anftet cooling and its cutting into slabs.

- Products packing.
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The following production methods differ by a

procedure of coating fthnnt with some sdkesixax hinder:

$ibres

— Adbggixe spraying into the filament settling

Binder
chambre at the moment of f«%hnnt formation.
ibre
~ &kiéhgsixe dispersion on a reskwool bBanket produced
Binder mineret

with subsequent sucking off its surplus at a special

installation.,.

Bnndt
&ihl"lbu emulsion spraying in the fﬂmln:t settling

fibrg
chambre is made by sprayers, special dispersers, rotating

disks, and steam or air nozzles.

?a{
1
;|

:

Commercial resin 1s usually diluted with water up to a
concentration or :_I;{ﬂ@iiﬁti in the emulsinn from 12 to
inder
17%. In orar to disperse the adhesive evenly on rnknool

minerul

filaments the emultion should be sprayed fog-like and

cover ithlnxn forming thin films on them.

l res

Rnkwool Wanhget moisture at the output from the

MNingrat

settling chambre should range from 2 to 8% to avoid

premature asdkeakve hardening.

nder

Coating ithnnt with adhesive by its spraying

bres

permits to treat the xsskwool c:rplt with heat at a

minerat blank

minimum time and with the lowest fuel consumption; that
is why this method i1s wide spread. But there are certainly
shortcomings: considerable losses (up to 20-25%) of

the xdhexixs settled on the conveyor and the settling

binder

chambre walls or partially carried with air being sucked

out of the chamdre.
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BCanket aibéndex dispersion with subsequent

sucking off the -i’nstxe emulsion surplus 1s less practised

bon ing
though it ailows to cut adg«sttt losses, to process
ben llg
the ﬁpskltliXII!plf more evenely,and to obtain slabs of
anket

a better structure., Carpet mofture after sucking-off 1¢
50-55%, and to dry it, a considerable fuel and electric
power consumption, a longer heat treatment and consequently
bigger dimenslions and weight of technological equipment
are required. This method ot manufacturing semi-Naxs rigid
slabs and stock for acoustic slabs is used by the &7RC’s .
firm "Grunzwelg und Hartmann", "Sillan', and at some factories
in the UGCR.

%ihlxtx: consumption for obtaining products is

|'\ er

determined by the formula:

@ G - o)
C = kg/hr

where:

Q - productivity of a line, kg/hr

C - commercial resin consumption, kg/hr

c - tﬂhﬁfﬁﬁn contents in clabs, ¥

K, - dry remainder in commercial resin conteant, %

Kn - resin losses ccefficlent, K = 1-0,01N

Ml - resin losses during dispersion, %

Ko - coefficient of losses during :1fp:t cutting
and slahs waste, (eefficient.

Concentration of the working emulsion "Kp"

received as a result of dissolving the mikmatxs im water

binder

4s defined by the ratio:
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K
Kp = g %
1 +P

where: P - water volume to resin volume ratio taken on the
base of practical data.
Pressure moulding, heat treatment, cooling and aeﬁgrt
cutting 1into slabs are effected on equipment installed on
a conveyor line with a %lelllt settling chambdre.

«n equipment line includes:

Transfer or distributing conveyor.

Chambre for heat treatment.

Chambre or zone for cooling.

i
!

Dividing conveyor equipped with knives for ﬁf"f* cutting.
onkp

Moreover, some lines may irclude installations for
slab papering and packing and for felt rolling.

When obtaining slabs by zﬁ?:sxxz dispersion on the blanket
xoekweadk gaxpet the line 4lso includes an installation for
soaking which 1s set up before the heat treatment chambre.

The most important unit on the line 15 the heat

% treatment chambre where atﬁgsfrool &a{!zt is pressed up

é to a given volume weignt and thickness, is dried and heated,
% and where the ?f?clixc is hardened.

:% The heat tr;:tment chaombre 1s made up of welded
structures with walls hanged in form of doors of panels
insulated with mineral wool, and is equipped with two
couples of perforated apron conveyor convered with z::&g::s'

x&xtusx The lower conveyor is for transferring, and

the upper one for pressure moulding. khawtttesd coverage
The mesh
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provides for a necessary texture of produots. Cells of a

&fﬁ?&tﬁt conveyor are 50x4 mm in sige. Lower and upper
1§

moulding conveyors are in the chamhre body and operate at
0
a present temperature in the chambre of 170-200 C; the

back sections of kftttsli conveyors are outside and are
esh

continuously cleaned by driving brushes. UOf course, other
conveyors are quite possible: of special rod and braided mesh,
kattinwy of perforrted plates, etc. Conveyors should have a
strength tor Ifrrlt pressure moulding of u.g6 - V08 kg/sq.cm.
A rl!‘wool ts!pct formed of thin filaments has a
mine wanket
high heat exchange surface achieving 2000 sq.m. per one
cu.m. Thanks to this effect, the srrru 15 heated and 1ts
blenket
moisture i: evaporated very ictensively, especially by the
lihtltxn spraying method when the lnxp(t moi sture does not

dinder Monket

exceed 8%. Duration o! the ffr ﬁ* heating and mcisture
[ 3134

vaporizing proucesses directly depends on the amount of a
heat carrier passing through a layer, that 1s on the speed
of air or gas-—air mixture infiltration,

Time for synthetic sshmsiwy hardenlng depends on the

binder

fiﬁ:nrrt properties and temperature. Optimum hardening
inder

temperature for most of synthetic resins used 1is 140-180°C,
Time for aﬁ}:gtrq hardening at optimum temperatures is 1l
to 2 minutes.

The total heat treatment duration is composed of

time necessary for ll!glt Peating, moisture vaporiging
Wlan
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and rzun hardeaing. These processes Pass te & great
extent alwultenecusly and the total heat tresteent

luration can be detersined oaly experieentally aad oa the

base of practicral dats.

1 rder to reduce time for heatin 4 ar

o DECRES Reoting e drpiag,
the speed of the heat arrier iafiltrating through s layer
suat De Lacressed, amo 1t 13 celculaeted by the foreula:

L

| & sc
1l b )60

shere: V- heat carrier amount, cu.a hr
L - chasdre working sone length, o

- 1dth
b -y e e

Yet fncressing the heat carrior smoumt sakes incresse

the power of ventilators for 1ts transfer, fuel coasuaption
and cg:rn hyirsulic reststance. The lastter requires use

Honk et
0! high~pressure ventilators, Furthermore, 1in heat treatasent
conveyor chambres the heat carrter Passes in between the
t’rm and chambre walls, and then some air is sucked
seoahet
through the carpet input and output emds. As a result the

a¢cf¥al amount of the heat carrier passing through a aswpes benket

layer 1s much less than the rated and depends on a chaabdre
struoture.

Practice has shown tha. the most advisable infil tra-
tion speed of any heat carrier should be U ,50,7 a/sec,

the uu‘.m Spraying method being employed. In thig
binder

'i




ease \he heat treateent duretion cam be frem 2 to 12
slsutes regarding A!E:EE?‘ nroperties, cheabre structiupe,
thickness and voiume we i ght of slabs produced.

The :szcts.ﬂattirt iyspersion @ethcd belog used and
‘z:zgt golsture hoing M-%%8 the infiltration speed ip
1,8=2.2 8 sec and the heat trestsent duration 1%2% wia,

lacreasing the sl.h volume welght and thickneas asked
increase the heat treatsent duration because carpet hydrau-
1ic resistance rives and the 3 :" amount of the heat carrier
passing throurh a layer decreases,. This regulires either
a8 sdditional hest carrier amount or iine productivity
reduction.

Line productivity is detersined by the heat treatasnt
duration and dy length and width of the chesbre, and i3
defined dy the formula:

L d h 60
Q= a

kg/hr
t

- line 5335:0@1 productivity, kg/bhr
- chambre working zone length, =
- |rrrqt width, @
Munket
slad thickness, o

- slab volume weight, ®

o S W o r O
]

- heat treatment duration (as to preetical emd

experimeatal data), min

The heat treatment chambre length is detersined by

the forsulas:
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The heat treatsent chesbre leagth cem b 12 - 180 &,
eeEveyer productivity 10U te 220U kg/hr (couveyer 2 @
eide), 1t the ?g:it" sprayiug eethod 1a2 used, The fire
*Grupseeiz und Hartesana”™ uses chambres = @ long, | & wide,
productivity belng "V kg br, 1f the :mti 1l speraion
sethod is effected., The heat carrier 1s usualiy a sixture
of air and flue gases obdtalned io furnacea froma burning
l1iquid or gas fuel. as a rule chamdres are divided into
s0808 "7 ® each, en1 eech of them has a separate fire-
she@bre esquipped with a ventilating installetion. Heat
carrier ssount is deterwined by the forwulai

Vevgl. v . )60 cu.ahr
shere: v - rated infiltration speed, a sec
L - chamabre or sone length, @
b - 21... zt width, =

Supply and infiltrstion of the beat affasted carries
having a teaperature of 160-180°C are effected by
oentrifugal ventilators alternately in each zone from top
to bottom and from bottom 1o top, through the enxymt blonket
soving between the two perforated conveyors - the upper oae
for transferring and the lower for preasure amoulding.
Coaveyor perforatiou degree shouvld be & maxisus.

Necessary sladb thickness and volume welght are fixed

by a position of the upper conveyor and its speed.

Depending on the chambre structure, heat carrier
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tsensfer schene onéd teaperature for hest trestomt
peference fusl comsusption 1s W= kg oer 1 tea of seterisl,
1f the Eﬁ.”‘" sprasing sethed 1s used.

Feferen e "ue; sn-usption lacresnes up to L TERY k‘

per 1 ton of ”tsont. it the second method 19 used.
e B4
Tomtot
mﬁm‘%&w after heat trestaent i: agde
By bdlowing i’ alr at a temperature of sbowt ©° through

the m”‘n, sollng time 18 J2-4 win.

O0ashet - utting 19to 3lgby is elfected by disk or
guillotise knives on o dividiag coaveyor. Fiaished prods to
are pecked into packages, bozes sud bdoards, or sre relled
(felt),

Pig. 12 shows a general outlime for slad production
b the ma- spraying sethod on sn sutomated conveyer
14ne 1o cese of cbtainling the ﬂm ia the cupola furnsece

sud of W tormation by the centrifugel sethod.
*

).2. Maguigcture of Feelwool preducts im form of helley
half-oylinders.

In this respect the following production sethods are
known!

- Winding » wox layer on dars.

- Iscesssnt vressing.

Rolling.
-« Cutting of sladb stook,

= By-the-pilece pressing.
The first two method ~ winding aand incecsmut pressfag -
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oo sost wide prectised. By the wvindiag sethed ore
obtained hollow criinders which are thes aut iate halfe
syliiaders.

Yig. i3, iechnologt ai cutline of slad productios wih

88 syathetic mhustve«dpse. | and /. - Belt coaveyor with

[ F

plough ejector. ' - . av saterial bapper. 4 - foke Sepper.

% . Dosiag conveyor. & - Skip holst. 7 - Cupole furaesce.,

@ -~ Blowing ventilaetor., 9 - Roller contrifuge.

10 - Pidesoat biosing-off ventiletor. 11 & 12 - }ibgmems
settling ~humbre with {lueges exhauster, 1} - installatics
for rolling. l4 - “ragulator. 1" - Lroas coaveyor.

1¢ - Bagper. 17 - (yclone. I8 - Poeusotri.arport veatilater.
19 - lastelletion for sack packisg. A/ - Trensfer coaveyer.
21 - Meat treatment chasdre. () - Fire-chambre with veatil o~
tiag installation. o) - Hood. 24 4 2% - Loollag chambre
eith ventilator. .¢ - bougthWampet Biutting koife.

27 - Ozssalhoppiog knife. .8 - lnstallatios for slad
packing. ¢ - Blectric loader. X% - ‘onveyor for fustes mel

pefuse. 3] - irensfer o! 3‘3"3“ emulsion for sgprayisg.
!‘k'tn’

Wipding fncludes the foliowins techmologlical processest
- Winding « thin g!g&puul layer on dare: whose
external dismeter is equal to the internal dismeter of
products.
- Calibration and roliiag.
- Heat treatmeat (dryiag, heating sad sibsstve Sindor

m%u) .
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= Romovel frea ders smd cosliag.

« Cutting 1a sises required.

- Feckiag.

Vindleg of geplpool o bars con b effected ¢irest)ly
froe a thin wool Wambet, sosked in the *1 passing free

Snd@e
the fitivaent settiing chambre conveyor;, froe a thin W
! wabsl

bibra
’ [ |

iayer cut off froe o ~£=£§fﬂﬁl 10i] earitar obtatned oo the
settling -hesbre ronveyor, from a rockeocl roll eith
subsequent sosking whsh the adbWEtIWs bnder

Heat trestesnt i1s -arried ou’* by biowimg the heast
carrier through » yr’“ iayer wound on perforated bars, or

L 22 X231

by dlowing 1o Kkila or continuous dryers. There are some

41 fferent productiom sethuds for einding mpepocl on bare.
=i g

T™heir production 1s as fﬁliﬁ'l.d?ﬂ*rﬁﬁi roated with
»tra?

the ?‘ ‘?nio i1s wound on certoa bars into tight rolls RW

te 100U me in digeetsr ohich are transferred om a truchk eor
comveyor to an installetior for mmmufecturiang cylinders,
Wool ro.le are takes 1nto the rear part o1 this installetion
shere there are a receiving device ond » @achine for
cutting., The cutting saschine by seans o a belt saw cuts
of f (1a circumference.’ free rolls a Wool layer cf o fined
thiokneas. Then at the winding ®machine pla.ed in the freat
pu‘t,&"“ﬁml is wound on bars ehich are put 1ato the
sachine end are sutomatically f{ixed there. 4is socon s the

layer thickness preset 1s achieved winding 1s eut.satlcelly

stopped and the no?ninmn obtajned 19 cut by sesnsd
P bleoated
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of a quillotine. The tranafer part of the mschine stops,
oylinders are taken amanually out of the machine and put
4ato a device for surface calibration where they are
processed until receiving the exact sige, and the surface
18 glued over with pap r or fabric.

After that, cylinders are put onto & truock and placed into

s kiln dryer. Lried cylionders are discharged from the truck,
lidereted fros bars and filied into & maohine for length,
eross and edge cutting. Finished products are coll ected 1n
the éoltwerwggu:tcllatxon, then are aanuslly pecked iato
bexes. Bars in the sschice are lubricated eith o1l heated
W te 1%,

Now the USSR orgeaises sutomatic preductiocs 1108 to
ssaufacture cylinders with sa intersal disseter of 97-27)
@8, sad the productivity of 160 lin.a/hr.

4 line is set up right after the ztgplalt settling
chesbre and lancludes windiag erd calibraticn spchines,
ecoutisvous dryers, sechenisme (.r tekiamg out bars, their
lebrication end trensfer, @echines for cutting proJductas.

In the lest years there appeared iastallstions 1ia
shich sinding, calidration emd heet trestasat are combined
ta ene wmi'. Therefore dar ostesmiag sad sonec dryers are
aet necessary.

ds squipseat liae tacledes o sethimiagttend tressfer
ssaveper; inocesssnt viadiag EPO eith bdare sad fost-~
ro@svadie @outhiieces of 41 ffersat diemetera, wiia

perferation for eupplyiag direct slesm ond et adry}
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installation for cutting edges dy belt saws;
instellation for lmwgtssshitting ef cylinders by disk saws.
Only piling of gssfwool Manget stock onto the tranafer
conveyor and packing ot !intahed cylinders or half-,linders
into carton bdoxes are made maenuslly. The output of such @
line 18 9 lin.m/ hr for cylinders JUu to AU =e in exterasl
dismeter end 2] mm in minimum intermal dlameter.

The coptinuous pressure mouldipg method 1s thet the
soving mﬂx-mﬁ soaked ia the &e:ml is moulded

iato wave-like form by mesns of rollers arranged acrogs

the cooveyor, then it 1 trested with heat snd further out
iato half-cylinders (shells,.

Production cac be made 1o lipe vith the fohkememt fibre
settling cheadre, or from rolled gztmol itoock., vne of these

sethods used in the ULLE 1s sellenpgreirsheids fros the
lmm,nobits oo holbe gl mdors

iadessant Mwoi ul?lt prucessed itk g syothetli ﬂm

TS 11 willd s
o8 8 conveyor line withk the output of W'i-4C lin.a hr. The

1ise coasists of o trarsfer conveyor, hest treatuent

chambre and dividiang conveyor. The heat trestesnt chasbre

19 equipped with perforsted trays 1an fore of balf-cylinders

ond profiled pressure rullera for svuldiog sheils. Heat

trestoent 1s effected by blowing hot iy through the o4 .
y ¢ ugh n'm -

Production techaclogy by this sethed deee set differ free
that of seaufoctuiing slade.
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. Nggufgoture or Woalwool Prody
senpstusxiigae

4.1, Wygid siebs

Preduction includes the follewing processes:

« Preparation of eaulsified ditumen.

- Miying 5::::903 loosened into flocks with eaulsified

bitusen.

« Slabs msoulding.

- Charging of dryiag truckse

~ Slabs drying.

- 3labs coollag.

« Discharging of daryiag trucks.

- Slads packing.

Smulsified bitumen is prepared oy dispersing melted
Pitumen with clay or dx’gito suspension heated up to 90-95‘3,
with subsequent diluting with water up to @ comcentration
of J-41 (dlatomite to bitumen propertion is 1:2.5).

ResiWool from the “iilllt settling chambre coaveyor

48 transferred onto 8 bglz.ballnce and then into &

soutcher where 1t is loosenad. RsakWool flocks are takem then
4ato a hydromixer where they are mixed with esulsified
bitumen in a weight proportion of 1:10-12. Hydropaste

obtained (pulp) 1s trensferred into a volume doser.

The moulding installation functions as follows. Bapty

trays are put oato the delivery doard of o chain coaveyor
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and are lowered along a cheek on its chains. Then the
conveyor drive and the pneumocylinder of sliding guides to
stop trays exactly under a vacuuz shield are turned on
simulteneously. at the same moment the shutter ot the volume
doser is opened by means of the pneumocylinder, and a
portion of hydropaste 25J-280 litres in volume fi1lls up

a movable pressmould. lhen, after 8 sec., in order to drain
the pressmould the latter is transtferred on rollers by means
of & hyurocylinder under the vacuum shield which pre .s-

and vacuumizes two siabs while lowering into the pressmoculd.
35lab thickness is regulated by special regulating bolts on
the vacuum shielc. After pressing (3 sec.) the vacuum

shield extr:cts slabs from the pressmould. The vacuum shield
moving upwards, the pressmoculd simultapneously comes back
iato the ipnitial position under the doser. Then the vacuum
shield is lowered for a full stroke of its cylinder, vacuum
is turned off and slabs 55-60% molst are discharged on
trays.

The vacuum shield going upwards,the tray guides are
lowered at the same time, the chain conveyor is turned on,
and the trays piled are transported to a slab loader at a
pace of J0O00-4C00 mm (visually) until new empty trays are
transfer;ed under the vacuum shield. Tren the entire cynle
of pressing is repeated. Piled trays, on reaching the slabh
loader, are stopped by a constant limit stop on the loader.

Now chains can slide under trays. By pressing a button the

hydrccylinder of a pace-ratchef gear of a rack loader 1is

turned on (rise at a pace of 125 mm). Un composing a
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stack of 24 trays the hydrocylinder of a pusher - is
turned on to oharge trays from the loader racks into a
drying truck. The truck is charged twice. When charged
the truck is put into the dryer by means of a transborder.
Drying takes 10-16 hours at a temperature of 13u-1%0°C,

When taken out of the drying :&:lbxt, trucks are
cooled up to 40-45°C and are transferred to an installation
for discharging. This installation operates as follows:

A truck piled with dried slabs 1s rolled by the
traverse transfer of an electric transborder omto rails of
a hydrohoist platform. At this moment the console part of
a stationary chain conveyor passes between the lower
row of trays with slabs and the truck frame. By pressing
a button the hydrohoist platform with the truck on it
goes down at the first pace of 40 mm, and the first row
of trays with slabs on them is put out onto hauling chain
of the conveyor for unloading. Then the truck is lowered
for 11 paces (125 mm each). The truck is holsted in a
reverse order.

Slabs on trays are either taken manually from the
chain conveyor or transported on an inclined conveyor to
a board for sorting slabs and trays. The output of such
an installation 1s 180-200 slabs 1x0.5 m per hour.

4 production outline is given in Fig, 14.

rigid
4.2. §em1—h1§ﬂ and soft (felt) slabs

They are produced by spraying Rektridv Rk SERERXAR
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xaclwoi%&juessure moulding, cooling and cutting of
¢

mingrol molten bitumen

the soaked esxy®t on a conveyor line which includes
blanket

a centrifugal installation, fﬁ?:ltlt settling chambre,
pressure mouluing installa.ion, cooling zone with a
ventilator, and dividing wmachine.

Bitumen melted and overheated up to 120-150°C 1s sprayed
by means of the steam riag nozzle of a centrifugal-blowing
installation.

The bitumen softening temperature for soft slabs 1is

45-50°C; 70-57°" for semi-h.ﬁi ones.
rl,(

Fig. 14. Technological outline of kawtxwiwks production
oAk mtaens s shentx e crasex  of rigid slabs bitumen- bonded.

1 - Conveyor with ejector. 2 - Raw material hepper.
3 - Coke hopper. 4 — siutomatic weight doser. 5 - Belt conveyor.
6 - Cupola furnace. 7 - Blowing ventilator. 8 - Holler
centrifuge. 9 - Conveyor for waste. 10 - Water tank.
11 - ¥ﬁ§=nrlt settling chambre. 12 - Fluegas exhauster.
13 - El,motor. 14 - Conveyor for'525¥rool. 15 - Belt balance.
17 - Scutcher. 18,19 - Inclined conveyor. 20 - Hydromixer
with emulsion doser. 21 - Centrifugal pump. 22 - Pulp doser.
23 - Moulding macrine. 24 - Water intake. 25 - Vacuum pump.
26 4y 27 - Drained water tank with pump. 28 - Chain conveyor.
29 - Installation for charging trucks. 30 - Lrying truck.
31 - Transborder. 32 - Kiln dryer. 33 - Installation for
dischargine trucks. 34 - Slabs stack. 35 - £l, loader.

36 437 - Nonorail. 38 - Balance. 39 - Water doser.
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40 - Mixer. 41 - Pump. 42 - Tank with mixer and steam
heating system. 43 - Tank for melted bitumen. 44 - Bitumen
doser. 45 — Disperser. 46 - Concentrated emulsion
tank. 47,49,58 - Pump. 48 ~ Working emulslon tank,
%0 - Monorail. 51 - 01l receiver for xeskwool dust
separation. 53 - 011 discharge tank. 54 - 01l pump.
55 « 011 sprayer.

The productivity of a line is u2termined by an
output of 53}3?001& The volume weight and thickness of
products depends on the packing factor and conveyor
speed, The lotter being defined by the formula:
Q

T = m/min
B h J 60

where: Q — xpsmkwool output of a line, kg/hr,

minergl

b - m{mt width, m

b & y - thickness and volume weight, o & kg/ou.n

ihersl Bended
5 Manufacture oi;‘ulhwool Slabs em Starch-kikssixs

Rpag
S.l1. gd slabs _and blocks

Production includes the following main processes:

- Preparation o{ the adhesive in form of water

emulsion.

~ Obtaining granulated .5!,55'“1 (from packs or rolls).

-~ Mixing granules with the ziwewixwx binder.
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- Moulding of slad III‘It on continuously mouldin
& Slunket 7 é
machine,
- Carpet cutting into slabs of required siges.
- Drying in kiln or continuous dryers.

- Packing.
iqid
Se2e Semi-;zii slabs

Semi-!gﬁi slabs are manufactured on a conveyor line.
Technology includes:

- Preparation of the starch awiewixw with admixtures
bon‘in, ugut

of paraffine, mazut, bituren.

- Obtaining xsekwools on centrifugal-blowing installations.
m

therd

- §£Bftt¥l spraying by steam through a ring nogsle,

r

and sesksesixgwxamt producing, a blanket.

- ﬁll{lﬁ moistening with steam and heat treatment
Blanket

with hot air by blowing through a layer.

- Cooling andbPanket cutting into slabs,

Mineral

6. Manufacture of Rwmkwool Mats Stitohed

Manufacture of stitched mats with differsnt linings
is effected by a mechanized method on conveyor or non=-
conveyor lines, or on machines.

Most wide practised are non--1ine stitching machines on
which'gllhroolsin form of rolled stock taken out of the

inere

f#4iemext settling chambre conveyor is processed.
fibre are

Such production includes the following technologioal

processes:
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- Unwinding rolls into strips, or cutting off from
them a layer of required thickness.
- Lining »wekwool layers with coating material from
one or two sldes.
Stitching rockwool layers with wire or thread lining,
Cutting into mats of required length.
- Matsrolling.

Coating materials are paper, crimped carton,

bitumen-impregnated paper, metal grids, rugs of :hﬁrail or
lat

cane.

The output of different machines depends on mat
thickness and type of lining, and is 100-800 sq.m/hr. If the
line production method 1s used, the.ggggrooh fﬁ:ﬂfg is
transferred to a lining installatlion directly from the
£xie~ext chambre conveyer, then to a stitching machine

fibre
and to an installation for rolling.

7. Manufacture of Insulating Cord (fluffycord)

Fluffy cord is produced from xmxkwool waste.
mineral
Production includes the following operations:
- Viaste loosening into flocks.

Transferring flocks into machine.

Cord generating.

Cord braiding on braiding machine by means of
bobbins.

- Cord winding on arbors.

Braiding i1s effected with gzink-coated or brass wire




-118-

0.2 sm thick, asbestos or other threads.
The productivity of a braiding machine is 120-140
lin.w/hr depepding on cord thickness (30-60 mm).

Mm!ra”
8., chops for Munufacture of keckwool Products

As a rule technological equipuent is placed in an
engineering building which must include the following shops?

1, Charre preparation shop.

2. Cupola or other turnace shop.

3. kg&:gﬁxe preparation shop.

4. Products manutfacturing shop.

5, Packing shop.

Dumps for raw material and warehousés for finished
products can be blocked with the building ogﬁifﬁfted separate-
ly, regarding local conditions.

Besides, some aguxiliary premises are in the engineering
building, such as a laboratory, repair shcp, compressor
station, stc.

According to a required production volume and variety
of products there can be set up a necessary number of
technological lines including: manufacture °f|§ﬂzfr°°1 and
its products desired.

In the last years most wide practised were specified
gets of installations including a conveyor line of equipment
for manufaoturing soft and semi-ﬁ;ﬁi slabs, and non-line

machines for stitching mats, for producing hgl f-
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cylinders for pipe insulation.

Such sets of installations are supplied by firms:
"Jungers Verstads AB"(5weden), "Fransicol" (France),
Grunzweig und Hartmann (%E:), and others. These installations
provide for obtaining & necessary varicty ol insulating
products for construction and other industries.

The USSR is preparing at present new automated sets of
installations for manufacturing xwekwools.

mingrot

In order to meet needs %: protucts a set of Install -
tions can be modified. Thus, ior example, 1f products
for pipe insulation and stitched mats are not required, a
conveyor line for manutacturing felt and slabs is
ordered.

The main technical data on install.tion sets of

some firms are given below,

Main Technical Tata on Specified Sets of

"‘u rl
Installations for Froduction of KeekWool Products by Some Fiprncs
_ Table 12
N ame Jungers Grunzweig und Franeicol (France)
Verstads  Hartmann . ) -
AB (GFR) Type & Type ©
(Sweden)
1 2 3 4 5
installa-
tion out-

put tn/yr 14400 5640-6850 15000 15000




I_gg_l:! 12 (cont.)

1 2 J 4 p
Products Flosring fe't Felt Felt Semi-&,.
{ =25-%% kg/cu.m ) =25-% kg/cu.m )Y =3%% kg/cu.m & hard
Semi~big#d slabs Ziemi—h"id slabs Felt "Stilli- slabs
J=60-80 kg/cu.m ) =80-120 kg/cu.m gol", aomi-ﬂ,jd [ =fu-
slabs Kg Cu.n
Ragd slabs Mats stitched Y =50=-120 kg/cu.m %*5.},.1. Y |
y=80-120 kg/cu.m J=55-125 kg/cu.m Rigid slabds y=1%,1¢
Independent slabs Swekls (§17-426 [=140-170 220 kg .
y=150 ‘& 200 um) kg/cu.m Slabs sriy
kg/cu.m. y =100-1%0 "Alupar"
kg/ou.m. Mats stitchec Y =100- 1
Mats stitched Insulating cord ) =110 kg/cu.m kg/cu.m
J=5%0-1%0 kg/cu.m Y=200 kg/cu.m. Reskwool
”}g&&,ﬂﬂ[&% Acoustic slabs Mineral
400 mm) ¥=130 kg/cu.m
Y=1% kg/cu.m
Insulating cord
Y =200 kg/cu.m
Regkwool in
inernl
sacks
Raw mate- Slags with Rock muok Slags with ad- Ditto
rial admixtures like marl mixtures of
of rock mucx rock muck or
and silicate silicate
refuse refusge
Furnace Cupola furnace Bath recuperat- Cupola furnace Cupola
unit type ing furnace furnace
Number of

units
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_Teble 12 (cont )

1 2 J 4 %
thpoent Centrifugal- Vertioal Centrifugel- Centrifugal-
‘rmation roller draving-blow- roller blowing
gethode ing (steanm)
restxn Rhenolforme- Phencl formalde- Phenol formal- Composition

Gcndfn’ u‘lhi

Fuel:
for melting

for heat
treatment

Heat carri-~
er for heat
treatment

Number of
working
people
per shift

dehyde resin

Coke

Natural gas
or magzut

Mixture of
air with flue-
gas

32

hyde resin,
polyvinylace-
tate emulsion

Natural gas or

4)

(without the
acoustic slabds
shop)

dehyde resin

Coke

Natursl gas
or masut

DPitto

2l

of starch
with
adaixtures

Coke

Natural ges
or magsut

Stean;
aixture of
air with
fluegases

15




Beat insulatidm is nov an intrimsie feature of modern
i{adustrisl emterprise. A number of teochnelegical precesses cammot
be effected st all technically without any thermeinsulatioam of
equipment and pipes,

Heat insulation prevides for big economy «f fwel,for stadi-
1£8y of technical processes,for jmproving cemditions te eerve
equi pment,

I8 is alse [ractised or a large scale in oonstrwting apart-
sent houses,industrial,agrioultural ,admiristrative and other
buildings,

I8 goes witheut saying that the expediency of wse of the
heat insulation is quite evident at present,

Bvery construction firs msust,in this coameotion,decide s
aumber of spevial prodlems:

1) Determine whes &ssigaing,rationai spheres and velumes
for the heat imsulation,ohoose the most effective thermeinsule~
ting materials,

2) Determine,when constructing,sowrces to meet needs ta for
thermeinsulating materials,

A firm,under comorete conditions,may either develop its owma
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sanufasture of thermeinsulating saterials and products,or
asquire thea from specialised home or foreign firms,

In order to resolve these questions most fully it is mesee
sary to have muwoh infwrmation data on comnditions of manuface
turing thermeinsulating aaterials,on material resowrces requi-
red on the prime cost of products abtained,on capital investments,
eto,

33 Preduction oonditions are In essence different ia
various countries and parts ef the world. Therefere it is impos-
sible,1in the present study,to work out recommendations with adue
regard for all oconcrete conditions possidlse,

Heowever,on the basis of information given here 1t is pos-
sible,proceeding from concrete counditions of any area %o define
all neeessary technical and economie production faotors by
means of simple oalowmlations and to take technically and eccono-

aiocally fousied deoisions about am expediency te cemstruct a
plant about its type,outpus and nomemclature of products and
slse te ochoose maim technologiocal deeSsions, Yet anyhow when
taling first reugk decisions,specialists in the field of tnermo-
insulating aaterials will npt be required.

Calculacions em the basis of precedures and information
d8%a givea in this study can be made by any traimed engimeer er
soonemist,

2. Chados of Omtiawm 2ype of a FPhamt. Iafimence ef
Tlant 2ype ever Teohnioal spd Roonsmis Pacters,

Hanufactwre of mineral wol thermeimsulating materials pro-
Gnots and struotures can be oomidwted autsmemons plants as well

af

as in shops of cartain plamts and fastories for thermeinsul g~

ting and oullding materials,ferrowoencrate struotures plants
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end hewse=building faotexries,

e eptiam outpwt of a plant for preduotion of mineral
wool materials g oomparatively low thus soalling down the
plant itself, These reasems are discussed in the seoctioa
®Cheice of Plant Optimum Output®.In oaee;?outrmthg an puto-
semous enterprise the specifio weight of oapital,investment: in
ereating suxiliary shops and services as well as in estadbli~
shing on-eite and non-sits communicatioms~electrio transaisg-
sios lines,stiam and water mains,branoch lines,highways,ato,

48 extremely great,

These expenditures may eonsideradbly exoeed investaents ia
eomstruetion of main industrial shops under espesially ixfavou~
rable oconditions,

A high eost of auxiliary industrisl units and cosmunicatiras
gives a sharp rise to speeifie imwestments per yearly produs-
Sion wnit and makes inoresse considerably its oost,

Taking the above-memiioned into sonsideration,it cam be
sdvissdle te comstrwmt shops for produotiom of aineral wool
shermednsulating products as part of plants under way or in
eperation,im other industries, Most effeotive is oonstruotioa
of a shop as pert of a big plant whese power and transport feol-
lities have subst,ntfal reserves for its amtput and can meet
noeds inh expledtation of this mew shop witheut oemmissiening

suxil ary eapesitiss,

Prineiples of territerial siting of plants for amufas ture
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of mineral wool thermoinsulating materials and produots differ
radically from conventionsl principles of siting of plants

in the building materials industry. It is explained by some
specifioc features of thermeinsulating msterials and in this
eonneotion,by particular condii.ums of tueir viunspersation,

Thermoinsulating materials have a minwte volume weighs$,
Velght of mass mimeral wool materials ranges frem 75 kg/cn.m
t® 150 kg/on.n,

Only some special produots—~eylinders,rigid slabs with
synthetic and bituminous Binder-have the volume weight of
150-225 kg/cn.gp.

When transporting these materials,only 15-22% of the
lead~carrying ocapacity of railway transport is used, This
explains rather high transport expenses per produstiom unis,
But at the some time whem 4‘ransporting sowrce mat:.rial and fuel
for manufacture of shermoinsulating materials and produots,
the load-sarrying capacity of transport wan be used fully sinoce
the volume weight of raw material and fuel is 10 times and
more Pigger than that pf thermednsulating materials,

Theretfore if plants in the building materials industry
are to be sited nearly raw material and fusl sowrces,facto-
ries of the thermoinsulating industry should be sited right in

arcas where modwets san be comsumed.

Ao e of Optim Du of a Plan i
gver leohnical and Economiy Factors

Optimnum duty of a plant for manufacture of aimeral wool
therzeinsulating materials and products is three-shift work
in a continuows week,vith am annual stappage for capital re-
pair of 30-35 days.
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Werk Im an Interrupted week entails a considerazdle increas:
in the prime cost of products and a reductiion of their
eutpwt, Reducing the production velume will aocordimgly
rise expenses per production uuit because of averhsad expen-

ses,

Besides, an inoreases in expenses per production unit
besause o overhead expenses,work in an 1intsrrupted week will
also lIead to some inorease in direot expenses per produc-
tion unit,

Kindling, a eupsla furnace the first day of a worklag
week and stepping 1t 1ts last day will resuld in an increase
af raw oaterial and fuel consumption,

T4ghe r consuaption of tecnuologioal fusl per produstion
it will also ecour as a result of a werse duty of heat
4reatment chambres 1f they are coolei and heated every day.

Thus due te all the above-aumerated facters work in an
interrupted five—day week ocompered te that of a continuous
one reasults in reducing the output voiume by 30-35% and rai-
sing 1ts eost by 15=20%.

Operation of maim shéps in two orgmoreover, in one shift
with hot precesses (raw material melting) would euntail & such o
sharp detmrioration of all technical and econoaic produc—
tion factors that,praotidally,it is warealizable, And suxi-
ldgry shops and servioes can work im twe e cne shift, a
continuwous or interrwpted week ull the same,

The duty of cach auxiliary shop exr service must be ohosen
pres2eding from comorete oomditions of operation of a given
plant,
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Se Spesialisation of Flgnis on Eanufaoture of Vool
t s, Pr s_an s

Nineral wool materials and produets,regarding what purpose t
they are assigned for can be divided into two large groups:

A, Naterials for heat insulation of buildings and insutal-
lations,

This group inoIwles almaet only slad insulants-soft
seni«rigid and xigid slabs with synthetio binder as well as
senmi-rigid and rigid slabs with bituminous binder whioch are
widely used for heat insulatidm of stationary refrigerating
installations,Besidesnit eebraces a comparatively small number
of shaped produsts,eylimiers,half-oylinders or structures on
their base for insulation of steam or hot water oemduits in
bufldings as well as pipings coming froam buildings to oent-
ral heating mains,

B, Materdials for heat insulation of pipes,technologi-
oal and pewer equipment at industrial plants,power stations
and heat mains (exection insulation),

This group imelwies a great variety of materiale,products,
and structures~Malfwcylinders,slabs and stitohed masts with
different linings,

Besides,aineral wool insulating cord is widely used for
insulation of steel frameewaorks and ocomplex pipe bends,

It is advisadle to realicze precise specialisation if the
volume of thermoinsulation works is oconsiderable,

In order %o ebtain an erection fnsulation &t is recemmenmded

%0 eemsirwot a shop with twe er three technologioal lines,with
the prodwotivity eff 100-150 thou,eu.s of struotures,products




and mterials per year.
Uswally It is better to mamufacture oylimders and half-
oylinders on two Iines and slad material with synthetic bdin-

der on the thdrd, Equipment for producing stitched mats and
insulating eerd &s installed a loof from the line,

But nineral wool for manufacturing stitehed mats is ab-
taincd either on the maim te€hnolagiocal lines or during re-
pair of heat treatment chaabres,or by speoially stopping pe~-
riodically to manufacture products om with sywthetio binder
in order to selest mimeral wool ebtained, Insulating oord
should be as a rule prodwoed froa slab and half«oylinder was-
se (ends).

Thex it is nemessary to ebdtaim a wide variety of shaped
peocducts of specified types amd sizses,equipment for manuface
suring eylinders may alse be installed aloof from the line.
I4 is &¥stated by considerations te raise the output,

As arule oupels furnaces and fibre formation equipment
have a higher roductivity than production lines for obtaining
eylinders,and therefore have to opsrate om deferced duties,

Installing equiment to manufacture oylinders aloof from
+he lime vill pirmit te Iwrecess cempletely all half«finished
produsts and to ebtain simultaneously a big variety of pro-
duots of specified types and sises withou$ any reequipping.
Amd i$ 1s quite posidble to select half=finished mineral wools
few stitehed mats,

There is a numder of projects pertaining to plants feor pro=
dwotién of the ereotion insulation, Ian purticumlar,the Seviet
Union has worked emt,for aslleout applicatioms,projests of a
plaat with theree teshmelegiocal limes as well as a veriaas of
4he projest with twe l1imes specialised for mamufacturiag pro-
duwsts and materials for ths eresctioa imsulation,
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At this plant $here is a special shop designed te [ro=
duce metal parts for protective coatings and a coamveyor
ilne to oompletely assemble thermoinsulating structures right
at the plant,

In erder to ebtain the erection inoﬁlhntiwomnﬁ’dshg?‘mm&
vith twe technological lines with ocupola and bath furmaces
of the output of 100=140 thon.on.n.designed to manufacture
wostly seft,semi-efgil and rigid slabs with synthetic bin-
deroAloof from the lipe can be imstalled equipment te ob-
tain stfitched nt’»,vound cylinders or shasiiwmy hulf*cylinder;,

The question about specialigation ean also be resclved
8o that plants for the ereotion insulation will prodwmce only
sherped produots,stitohed mats and insulating ocard,and neces-
saxry slab materials for industrial umits will be produced by
pPlants realizing mass manufacture of suoch prodncts for gene=-
ral oonstrwtion needs,

And is furn, a ocertain number of shaped products for
heat insuletion of plpings in dbuildings,and from buildings to
heat mains,ure supplied te general construction organizations
by heat insulation plants,

Most effective econemisally is to oonstruot a shop with
one or twe technological lines direotly as part of a large
house-~building,factory or a ferro~conorete struotures plang
8o that the plamt should oconsume all or a bigger portion of,
produets of this shop, the remmining pertiom to be supplisd to
some others,

Ligquidsting the necessity im stewage and tramspes-tation
of thermoinsulating materials will raise cemsideradly the
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eoconomic effiociency of a plants,

Sheps and factories for manufacturing thermoinsula-
ting structures,materials and produots as part of a metal-
lurgical works,flame-~liquid slags beimg used,with four tech-
nological lines must,having a big production volume (200
and more then em.m per year),manufacture as 2 rule wnimmxi

genrul- purposc

axi products expected to be supplied to general comsiruce

tion as well as to spevialized ereotion firms,

6+ Cheioce of Optimum Raw Material.Imflusnce of Rgw
BRaterigl Zype to be Used over Techniocal anf
Rconomio Faotors

Pechnical and econemic factors depend essentially on a
cholce of raw material.It can be stipulated by the fellewing:

= differens cost of slag rwbble and rock muck,

= different slag rubble and rock mwsk censumption per

production unit;

e different fusl eonsumption necessary to melt raw

materialj
- different raw material fusibility degreej

« different outputs of cupola furnaces if different kimds
df raw naterial are used and oorresponding ehanges in the
output.

In gwder te sbtain rook muck it is necessaxy te organise
special quarries,eften to carry out baring werks, to make spew
¢lal spur traeks,

Slag dumps preasssing or ebtaining slag rebble from speocial
casting metallurgical basins requires as a rule much less
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Investment and operating expenses, Therefore the eost of

slag rubdble 1s 1,5~53 times less tham that of rook muck,

Thus for exampley,the cast of 1 on,m of blast furnace slag rubble
being about one rwmble 50 kopesks,the cost of { om,m,0f rook
muck will range from 2 roubles 20 kopecks to 4 roudbles 70
kepecks,

The rated rook muok ocnsumption 18 40-45% higher than that of
slag subble, But practiocally the difference in raw material
consumptions at plants 1in operation is much greater and reaches
200%,

It should be meted that matohing vonmptionso\fdifforent
rav materlals at wverious operating plants is to a great extent
corditlonal bedause the raw material comsumption level depends
not only on types of raw materials but on a number of other
facters such as nemenclature,output of produsts by types se-
twal weight of raw material and prodnota, main technelegiocal
production deeisions,level of production erganigation, and
espeolally stricd edservance of technological duties,

Abselutely senvincing would be comparative data on cemsump-
tions &f different raw materials,other semditions being Aden~
ticaleYet £ a large number of plants are eompared them sueh
eomparison gives rather oemvinoing results semfirming im
gensral the rated data.

Censumption o0f teohnological fwmel te melt rav material
1s direetly propexrtional to the fuel conswmption per producw
tion unit as well as to the melting time, Thus,inoreasing
fuel sonsmptionywhen using rook mmek as rav material,will
alse increase raw material conswmption and its refracteriness,
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It s established by speolal caloculations tahat coke
oonsumption per 4 ton of the ﬁ-t&n,working on slag rubble,
18 460 Xg; working om rook muck - 285 kg,ie.echigher by
78%.

Similar data were received by caloulations carrfied out
during the development of projeate for plants on produce
tion&mineral wool thermeinsulating materials.The diffe-
rence was 82%,

The difference im faetual eonsumptions at pjants ir
eperation is far greater. I% is oharacteristie that the
Jewest consumption ef oske per production unit ecours at
plants eperating on slag rubble and by the way it 1s olose
to the rated consumption.

Ceice expendses for mimeral wool production~ are up to
25% of the total, In can be explained by a very high eoke
cost-tens of times exceeding that of raw materlal.

The coke cost cam fluotuate oomsiderabdly depending dn
i1¢s grade and sort as well as on & given production area,
On the average it cam range from 23 to 58 roubles per {1th.

In regard to the fact that plants are sited most ofte-—
per im areas where products can be eemsumed,fuel and raw ma-
terial are transported by railway, But fmoreasing rav mate-
rial and fuel oonsumptions per production unit will entalil
some additional transport expemses,

fhus coke expenses,when using rook muek mtoed oL slag
rmbble as raw material,are inoreassed by average 20% of the
sotal expenses on production of one eu.Re of nimeral wool
fibres.
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The duration of raw material melting depends directe
ly on the eoke oonsumption per 1 ton of the mm. There-
fore inocreasing the coke coneumption in melting roock muck
means a ocorresponding deorease in the mineral wool output,

But the total expenses on manpower a8 well as overhead
expenses are imvariable and for this reasém such expenses
per oms eu.m af aideral wool,the output dbeing on the dec-
rease,go up respeotively, A degree of deerease in the pro-
duotivity ef equipment when operating om roock muok depends
not only em raw material oharacteristios but also on a
number off other faotors such as a type and output of a smel-
ter,power of teohnologioal equipment,etc,

Therefore cemparing the preduotivity of equipment in
different prejects and at varieus plants in operation is %o
a oertain extent eesditional,

Nost signifisant are eomparisons on the basis ef spe~
cial ealculations made for eperations om differemst raw
materials,ether conditions being equal,Such caloulatioas
were exrried eut whea technological design morms were being
werked out, amd in some projects designated for frequent
use ("standard® projects).

These ealoulations have shewnm tahat the produetivity
of technelogieal equipment whes eperating es rook muck eome
pared %o that when working oa slag rwbble with eerreeting
adnixtures 1o less by A5 en the sverage.

Moeemdingly go Wp "eonstsnt” expemses per preductioa
unit of mineral voel £idres, i.¢.wvages shep and plant expen-
ses, =ty 606,
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The sbeve-numerated data indieate the advantage of
use of slag raw material over rook msuck from the economi-
eal poimt of view, Use of flamesliquid bdlast furnaoce

slags as raw material 1s most effective,

7e tion 8 O

Mais Funds,

Capital imvestments 1m construotion of plants for manu~
facturing mineral wool thermoinsulating products are compe~
ratively small but their effiolenoy i8 great, Rated invest-
mente per ¢ em,n of produsts are 10 $8 39 reubdles regarding
the production volume nomenelature and pain technologioal
deoisions, The lewest Emvestments eocur im oonstruoting
a shop with &4 technologioal lines as part of a metallurgi-
cal works,using flame~liquid slags as rav material,

Low investiments are possible thanks to a plant's high
output and also to low capital investment in construction

ef ebjeots of plant em noneplant ocharacter.
Bepecially big jnvestaents are put im construstion of

a small gutemsmous plant with one technologiocal line under
highly unfevourable conditions and operating on oarbonate
raw material, In this case high investments are because of
a plant's low efficiency and because of caemparatively high
§mvestments in coumstruction of ebjects of plant and noD~

plant character.
Comstruction of such plants oan be justified iIn areas

where nmaeds ftn thermoinsulating materials are saall,
ar
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Put ninfmum investments should not be follewed sonee
it is far from always possible te erect a shop as part
of a metallurgical works, and the need &: mineral wool
thermoinsulating materials in an area where a shop is
planned to be built 1is not always great ensugh,

Construotion of plants with two technelogical lines and
operating em 8lags with admirxtures, the output being 13€
thom.cuem and more of thermeinsulating materlials for gene-
ral comstruction works per year, is more economic,

In this case investments per produotion unit are 14~
15 roubles when ercoting a shop as part of a bullding mate-
rials faotery or other industrial plant, and 16 rombles
when constructing an autonomous plant, If slag rav matew
rial fs net availlable and operation ‘s effected on rock
auck the capital imvestments widl go up te 20-22 roukles
acoerdingly, Whem oonstructing a plant,with three techno-
logical lines and with the output of 160 and more thom.ou.m.
per year for manufacturing mineral wool materials and pro-
ducts for the ereotioa insulation, imvestments will be 16 to
24 rowbles regarding the type of an enterprise (plant,shep)

and types of source material,

Rated capital investments cam vary essentially depsn—

ding om a plant's vawiety of products, In this eonneotion,
fables 13-18 show ruted investments im regard to the plant's
@ffioienoy,its type and oharester of raw material as well as %o

the production volume and nomemolature of producis.
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NV TS IN CONSTRUCTION O

FOR MANUFACTURE OF MINERAL WOOL THERMOINSULATING
PRODUCTS (per 1 cu.m.of wools)

Tadble 13
: : Rated Investments,in roubles Imekwitxg
: Plant : :Construc-: . er :Expenses
NAMNE : Power : Total :tion and : Bquip-iexpen— :0n tying,
: : tereotion : ment :ses out fxam
: works : :the total
1 : 2 3 3 : 4 : 5 : [ : 7

Mineral wool produots

A. For general construc-
tion works:

Working on blast- 1 1ine 29.15 18.30 9.18 1.67 9.70
-furnace slags with

admixtures. 2 lines 16.29 10.52 4.90 0.87 4.60

Working on flame-
liquid slags,being
part of metallur-
glical works in ope-

ration ....... 4 lines 10,37 6.93 2091 0-53 °0~°

As part of new me-

tallurgical works

under construction & lines 11.89 7 .94 3.3 0.60 1.80

Vorking on carbo- 1 line 38.89 24.4k3 12,26 2.21 12.9

nate raw material

2 lines 21.61 13095 6.“9 1.17 6'10

3. For erection insu-

lation

Working en blast

furnace slags 3 lines 17.32 10.51 5.9 0.88 3.80

Werking on rock

uUck ........., 3 lines 20.53 12.49 7.02 1.02 4.50

Notes:

l. When building shops to manufacture the general construc+
insulation as part af a building materials factory em or

bases of the construcfion industry,the present norms are
corrected with the coefficient = 0.9,
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Table 13

2. Rolled and slab products are obtained at plants manu-
facturing materials for general construction works;
slab and shaped prcducts: cylinders, half-cylinders,
segments — at plants manufacturing materials for spe-
cial orection works. Rated invesments were estimated

per 1 cu.m.of products,proceeding from the followlng

production pattern for different products qiven in
Table li.
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8o Nholesele Prices en Mineral Wool Thermoinswlating
laterialqlﬁroducto and Structures ‘ndA!hill

Prime Cests.

Pholesale prioes and the prime cotzt of mineral wool
thermeinsulating materials products and sitructures are ana-
lysed on the basis of industrial practiee and wholesale tra-
de #m the Russiam Pederation of the Soviet Union as well as
in some ather Unien Republics,

Planned prime costs at new plantqﬁge built are analy=-
ged,taking into acoount use of modern equipment and up=to-
date technologye.

The RSPSR's curreat wholesale prices on minergl wool
thermeinsnlating materials,produsts and structures as well
as on vommercial minerxl wool have been established proceed=-
ing from the weighted average cost of these prodwots 1in
4965 at the plants situated in the Russian Pederation's ter-
ritory,

When defining whelesale prices rather a high level of
prefita’leness should Ve specified from-16 to 24% regarding
types of products ( 19%—on the average).

Tne Russian Pederation's current wholesale prices are
given in Table 19,

It should be taken into consideration that the ocost
of producis on which these prices are based is much higher
than the rated cost according io earlier projects, For le-

wer must be the cost of products at newly built plants whioh

will be operating e¢m modern highly efficient equipment.




(per 4 ou.m )

D MATERI,

Table 19
- : t Volume : Price
Bane ! Type 1 welght : roubles an.
; t kg/ou.m kopecks
1 2 3 ) 5
4. MNimeral wool 75 75 790
100 100 7460
125 125 7440
150 150 710
2. libr% 'gol drawn rolled 75 75 12,00
*
J¢ Structures in set of mine- Half Insulating
ral wool hslf—oylinders eyl fmder lgn:
with phenol bimder with pro- inner thiekness,
teotive coating from 8.iWui- gy BB an
nums-base alloy sheet (coa-
ting efmm thick) 57 60 138,00
76 60 124,00
A, Structures in set of mineral 116 60 191,00
wocl hellow eylinders with
pretestive eocsting from alu- 164 60 102,00
ainum~base alley sheets (coa-
ting 1 am thiek)
§, MNMineral wool mats glued to 100 100 14,00
lining with bitumen
6, HNinersl woel mats stitohed:
1) vith)@inings of aetal 1%0 ;g 272,00
aesh mats 80 mm thiek 200 24,00
250 2350 26.00
2) ditte,nats 60mm thisk 150 150 26.00
200 200 26,00
2% 2950 30,00
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2 3 A 5
3) ditee,mmts A0mm thiek 150 1 35.00
200 200 37,00
50 250 39.00
A) with liaings of erims- 150 150 17.00
be fream oNe
::o’:drk:r:rfg pnporo 200 200 19,00
the ts 80mm
tunktho ether,mats 250 280 24.00
S) €itve,mats 60mm thiok 150 150 19,00
200 200 21,00
250 250 23.00
6) dstte,nats A0mm thiek 150 150 25,00
200 200 27.00
250 250 29,00
7) with lining of metal 150 150 29.00
mesh froa ems side and
fitre glass frem the et- 200 200 31.00
her,nats 80ma thiek
250 250 33.00
8) #itte,mts 60mm thiek 150 150 35.00
200 200 37.00
250 250 39.00
9) Gitte,mats A0mm thiek 150 150 48,00
200 200 50,00
250 250 52,00
o
10) withVef paper frea 150 150 14.00
twe sides,mats 80mm
shfek 200 200 16.00
250 250 18.00
41) ditto,mate 60mm thiek 150 150 15.00
200 200 17,00
250 250 19.00




fable 19 (eont)

't 5
12) ditte,mats 40mm thiek 150 150 19,00
200 200 21,00
250 S0 23.00
7. Eimeral wel mats stitehed
en mtal mesht un/c 100
aats 100mm thisek 18.00
* 90 . 19,00
" 80 " 20,00
» 70 . 21,00
(] 60 [ ] 22.00
» 50 " 24,00
Hats stitehed em Vitu-
nineus paper: B /S 108
asts 50mm thiek 16,00
" A0 . 47.00
" 30 . 18,00
8. Coumen rigid mimeral weol 250 lg 45050
slab bitumen-bemded 300 b | 41,50
350 3se 38,50
400 400 35,50
’. Semi~: id .n.rll wool 2’0 50 21 .5‘
slabs ¥ tumemsbemded 300 306 19,50
3% 350 18,50
400 400 17,58
10, Sedt #dmeral woel slads 400 4100 8.40
b1 twmen~bemded 150 150 7.40
14, Rigid mimeral weel slabs n 175 28,50
bituwmen=bended
12, Semi-rigid mimeral woel
slabs bitumen~bended nn 150 24,50
13, Sett aimeral weel slads
bitwmen—~dended nM 100 17,50
44, Semi-rigid aimeral woel 15 125 17.00
slsds stareh bended 1% 150 19,00
200 200 24,00
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Table 19 (eont)

3 ) 5

15 MNimeral woo slabs "Bd* NE=30 30 8,50
with syntheris binder NMe4 O 40 11,00
Ni-=50 50 14,00

nn-80 80 23,00

nn-100 100 29,00

18, MNineral woel half=eylimders 150 150 25,50
with symsthetie binder 200 200 32650

17, MNiweral woel hollew oylim~- 150 150 31,00
dexrs witlh synthetie binder 200 200 40,00
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Table 26 gives data en the astual eost of produsts as to

plants eperatimg in the Soviet Unien (for the year ef 1967).

J% 1Is clear from the data how oensiderable are reserves te

reduse the prime ocos

4+ and to raise economioc effioismey e the

manufacture of mineral wool thermeinsulating structures,pro-

ducts and materials,

Prize Costs of Nimeral Woel Therseinsulating

Struc tures,Prodwots and Raterials as te FPlants

Operating in the USSR (in roubles and Kcpeeks)

Table 20
.} | Predusta and Materials Prime Cest
Average Minimum
I, Nimsaral woel struetures
redueds and materials with
synthetie bimder
1. Seft slabs 11 8,60
2, Semi rigid slabs 16 10,90
3. Rigid slabs 18 -
4, Half~gylinders:
a)relled 19 16,70
b) meulded a2 _
e) out 3 -
5. Cylimders (%) 3
6, Strmtures oompletely
plant-zade of eylimders
with metal proteetive
eoatings 104 -
11, Nimeral woel slabs bitumen~
bomdeds
a) seft (felt) «00
b) semi-rigid | 10,00
-] rigid @
111, MNineral wool mats stitehed 1.0 9,00
1V, MNimeral weol slabs stareh
bomd ed e -
Ye Cemmeroial mineral wools é 3.60
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The rime cost of preducts :{ plants newly dbuilt inm the

USSR ewing to staundard projests and having a higher technical

level of production is about 1.5 times lewer than wholesale _

prices,and those plants sperate very prefitably.
Thus,use of highly efficient up~tp—date equipment must

allew for further reduction of the prime (o8t >f products

compared to the cost at those plants, The level af profitab-

leress of manufasturing mineral wool materials and products is

48 shown in Table 21,

tablgmess of Manufacture ef Miner
Wool Thermoinsulating Materials, Products and Struotureg

(in & per the total prime eost of produsts)

Table 214
4tabl 8 Level
Poeducts Branchk Indust- HNaxiaum
Ty Average
I, MNineral woel strustures,pre-
dusts and materials witﬁ BY D=
thetio binder:
4¢ Soft slabs 40 100
2, Seni~rigid slabs N 127
3, Bigid slabs A6 Ab
&, Hnif—oylindera:
a) rolled 25,7 40
b) moulded 19 A0
e) ent 22 fa
S5¢ Cylinders 1
- % less 3% loss
6, Strustures ocempletely
plant-made of oylimders
with metal protective 6
ceatings 6
11, Nineral woel slabs bitwmen-
bonded: 64

soft 3
:i soni<rigld a ‘22

o) rigia
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fable 21 (cont)

111, Nine—-al woel mats stitched 36 121
IV, Mineral wool slabs starch

bemd ed 52 g2

V. Cemmercial mineral wools. 13 16

The latest data for the year of 1968 on the manufaocture
of these produsts by a number of plants in the Soviet Uniea
being partmers of a large speo ialised construstien ereation
firm are most signifisant 1n estimating econonie efficiensy of
the manufactmre ef mineral wool thermoinsulating materials,
peodusts and stiructures,

Phus the prime cost of soX¥t slabs with symthetic bimdex
is 1@ rowbles,i.s.is lower by 40% than the branochk industry ave-
rage cost,the cost of semi=rigid slabs is 15 roubles ¢hat 1is
lower by 6% tham the 1967 sost; cut eylimders- 35 roubles, eT
less by 20% than the 1967 eost (this plant is unique) :

- wewsd oylimders-3A roubles,il.e.les8 by 86 thams

in 19673
- relled half=«ylimders— 18 rowbles,er lower by 66 thas

the 1967 cost;
~ rigid slabds with pitwminous binder-28 reubles,i.e

less by 20% tham the 1967 ocost
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Distributien ef actual oests (1,e.008ts of pheducts) as
te expenses for different types of produsts is far from being

even and this depends em ebjestive eonditions of their pre-
duotion as well as on attemdant pooasional faotors,

Tables 22-25 represext specifio technolegical somsump-
tions of raw and ather materials,fuel and eleotrie power nsces—
sary for the manufseture of various kirds of prodwets, The se
cemsmptions were takem acoerding to the prejeets im regard
with which plamts are being erected in the Seviet Unien,
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CHAPTER V

EBAT INSULATION OF PIPINGS, TRCHWOLOGICAL

& FOVER EQUIFMENT AT INDUSTRIAL AND POER_
PLANTS

Use of heat insulation for buildings and struotures is
oenditioned by eoconemic expediency.

Use of this 1insulation for equipment and pipes at in-
dustrial objects ig dictated by neot \leconon:l.c expediency but
alse by its pechmicsl necessity. (t.ggatruction of a gpeat num-
ber of imdustrial and power plants without any heat Ansula-
tion is technically impossible.

The velume of use of the heat insulation for industrial
objeots 18 15% from the total volume ef its use in the con-
struotion medustry.

Besides,teohnical requirements te thermoinsulating
structures, materials and products either im regard te.qua-

their
1ity and wide range of physical amd technical characteristics

or to a large nomenckature, in -—commensurably exceed require-
ments to heat insulating materials for gemeral comstructiom
purpeses.

The heat insulation ef buildings operates withia a com-
paratively narrow temperature range - from 50°C belew gmero
up to + 50°C, urd in the zome of the temperatewe climate this
ramge narrows dowa up + 20°C, +30°C.

The temperature range of heat and cold-carrying agemts 15
im 1industrial qnq POWwer equipment and pipings in extemely
large and reaches in many cases temperatures from 70°C belew

sero up to + 600°C, needless to memtion special objeots whose

surface temperature can range from t’IO.C below gzege up te
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+ 1000°C (at higher temperatures refractery fettlings are, used),

The heat insulation of buildings operates in conditions
where considerable mechamical loads are absent. The heat insu-
lation eof industrial umits is subjeot to hydraulio impacts and
vibrntions’aolotlnes very intensive. The gwmeral constructiona
insulation 1is expleited within a BArrow temperature range:
besides, its temperature changes gradually. The surface tempe-
Tature of technological and Power equipment and pipiags caa
ofte:fsn;pd if soﬁgh.ngen fer a very short time.

The industrial insulatiom of objects outdoors is subject

to atmospheric foroces and sunbeams,

In some cuses the insulatiom of objeots indoors is iaten~-
sively subject to a chemicaily aggressive medium.

During exploitatiom of buildings their repair does net
necessarily entail dmantling .the insulatiom.

Technologiwal ;nd pover.equip-ont and often pipings teo,
are periedically repaired with obligatory dismantling ef the
heat insulation what emphasiges an importance ef the Questioa
abeut assembliaess of thermeinsulating struotures.

Finally, in erder te imsulate buildings only esladb material
1s used. But cemplex oenfiguratien of qquipment to be insulated
and varsieus pipe diameters make it Recessary te manufacture a

wide momenoclature of thermeimsulating materials, preduots and
structures, with a big mumber of types and shapes. Especially
impertant is the manufaoture of struotures amd produots ia form
of hollew vylinders and half-oylinders of differeat thicknesses
and diameters for all-over imsulatioa of pipings.
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Thermoineulating structures with proteotive coatings of sheet
alusinium, thin-sheet simo-ceated stewel,fibre glass plastios
and reinforced polymerio films supp.ied im sets with fasteming
parts, are mest effective for insulation of pipes and equipment,
Choice of this or that material for protective coatings of mine-
ral weol thermoimsulating structures depends om conditions in
which these structures are to be exploited.
Regarding a great variety of technical characteristics,
comfiguration and conditions of expleitation of technelegical
and power equipment and pipes there is a large aumber of ther-
moinsulating materials and preducts to insulate these ebjeots.
Bqually with minecal wool products are used fibre glass,sovelite,
asbestes-cement volgarite and diatomite preducts as well ae
perous plastics,=
Technical oharacteristios ef these materials and products,

techmology and prime cost as well as wholesale prices om taem are
distimctly differeat.

But at the same time,owing to their technical preperties,
ANy of these materfials are iaterohangeabdles, and, techmieally,

R o A

insulation of many objects with varzous materials is pessible.
Correot eption ef mest effective from the technical peimt
of view and most ecomemic thermeimsulating msterials fer a
cextmain objeot, or a greup ef objects,1s very impertant and
requires as much infermation data as pessible.
In this respect a grovr of specialists has cenduoted
investigatiens amd werked eut recommendations enm the eptimum

cholce ef thermeinsulating materials and produots £0r varieus

groeups of objeots combimed tcgether by similar,withim cer—
taia limits, teochnical characteristics.
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volume veight and heat cenduotivity,ocemparatively lew expea-
808 ea thelr preductiem, small speeific iavestments and large
temperature ramge for use.

The heat oenductivity of materials and preducts frem
sumeral woel is 0.040 te 0,055 Cal/m hr®C (at a temperature
of ”‘C); the heat cenductivity of sevelits, perlite,asbestes~
~vermioulite, lime-gilicic preduwets 1s 0.068 te 0.080 Cal/m
Ar ®°C, i.e.higher on the average by 5%. 1t meaas that ia er—
dor te achieve an ideatiocal thermal r sistamce a layer ef
these produt%,;%q over 1.5 times tnohrﬁ%nt of mineral weel,

Whea insulatiag pipings the predsstien velume has an
inerease not prepertienal te preduets thiekeming dut te a
far greater extent. The velwms weight of mimeral weol mate~
Tials and preducts is as a rulz 100 te 200 kg/ea.m, that eof
sovelite, perlite amd ether preducts is 230 te 400 kg/ea.m,
1.0. nere tham tvo times as mwoh what makes strustures mmeh
heavier.

Thelesale prices are alse mush lewer than these en ether
materials and preduote. They range .rem 11 te 46 reudles,
prices ea sevelfte and other produsts frem 39 te 69 reudles,

1.6. average 0%% higher.

As & Tesult, expenses o a thermeinsulating strusture
frem sevelite, perii’, amd ether materials of this grewp
oxeeed these em a struoture frem mimeral weel materials aad
preducts 1.5-2.2 times as mash.

Ia additienm, expenses ox therseinsulating struetures
frem minesral weol materiale and predusts deing cemparatively

lew, they are far mere effeetive than strustures frea other
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Heat imsulant pac¥ages may have varieus dimensioas regarding

panel and epeming dimensioms. An example of rigging a wall pa-

nel 2AC2-50ye for an apartsent house of series 1-464D with pac-

kages ¢f mineral woel is given in Fig.30 and in Tables 38 and

39.
Table 38
Paokage Dimensions,in mm
types Amount
Length Width
t11-51 1220 515 4
N=54 895 390 2
Nn-56 1830 140 1

Technical and econemic cgaraoteristicks ef three-layer

panel heated with mineral weol siabs are illustrated in the

table which gives ths values of the same panel 2HC2-50 y fer

an apartment house sfxssxtss of series 1-464D.

Table 39
Yalues per 1 panel Panel Thickaess, in mm
250 300 330

Weight, tn 2,05 2.40 2.6
Weight ef steel, kg 37.26 37.86 28.73
Velume o¢f heavy-weight
oemorete ocu.m. 0.7% 0.7 0.7%
Velume of light-weight
oencrete, 7u.m. 0.12 0.18 0.24
Yolume ¢f heat insu.iaat,

cuo.m. 0.34 0.91 0.68

B




/20

2740

1220

Jeoo

.

Fig. 30. Arrangement of Neat Insulating
Packages in Outer wel} Panels
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Tegether with panels of a room's slze are also used
vibroebrick length~ out panels Principally of the same stryc-
ture. They are employed as hinged wall structures for indust-
#ial and publio buildings. In connection with such g Character
of their astatic operation 1in g bullding their outer and inner
walls are made 1/4 of a brick thick,

To 3-laver panels with minera! wool heat insulants can be
referred panels of 2 reinferced toncrete elements manufactureqd
by continuous rolling. Thin-walled ribbed sladbg of reinforced
cencrete were used for obtaming so called rolled panels,

A three-layer rolled waii Panel comsigts of twoe ribbed
rolled eclements between which there g g thermal insulating

layer of mineral woo) 8labs 10C mm thick (F1g,30), Reinforced
uJ?; 55"30 @m thick are manufactured of concrete of type 200.
The size of shells is 300 x 300 mm, height of ribbs - 70 mm,
Ribbs are armoured with frameworks of wire 3 mm 1n dlameter,

Pansls are made ef 1 or 2 rooms in sige,

In order to obtam pénels snells are Preliminarily rolleq
OR & rellirg mill and then are assembled en o stand by fixing
windew or deor blocka. So as to oonnoc§c%i;g~ cylinders with
each other ang with oon jugated struotures special metal em—
bedded parts welded to framework bars are used. These parts
Are made of sheet steel 4 mn thick amd 40 mm wide., It is peg~
8sible to rix vibrorolled shells o0 bolted joints,

Divided manufacture of shells for rolled panels with mine-
ral wool heat insulants and theiyﬁiher assemllage increase

the labeur - o¢nsuming character amg rost of suoh panmels,

Besides, in oocling rolied shells there caa Appear oracks.
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Manufacture of shells requires an increased consumption of
ateel. Al1l these drawbacks 1imit use of rolied panels. Yet due
to lack of tnermal inclusiens and technological moisteming of
the heat gnsulant these panelsas to their thermal and technical
factors considerably outdo panels with connecting ribs whers the
Leat insulant 1s molstened in the course of moulding and ther-
mal treatment. Thus, a panel 26 cm thick heated by a semi-rigid
mineral wool slab with the volume weight of x= 100 kg/cu.m,
100 mm thick has a total tuermal resistance Re= 1.90 sq.m.hr
'C/Cal, what considerably exceeds similar values and use range
of J-layer panels described above. Thermal stability of such a
panel in summer 18 sufficient to be used as a main element ¢f a
wall structure for apartment houses, the rated summer tempera-

ture being up to 30°c.

L Z TR L BRI L X 2 2
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gbgagga-c ement Wall Panels

A pler wall imsert-panel o7 asbestes~cement ocensisty
o2 a wood framework, heat inswlant ang coating (anter ang
inner) or r1at asbestos~cement sheets,

de Nood rrngwurk,

A framewerk ig assembled of 2 wertteal blesks 100 x 60 mm
Placsd in the middle and three couples ef horigontal bleeks
50 x 60 nm fastened froa ewter and inner cides te the vertiocal b
bleaks, 1In points of intersectien each black everlaps the

Plane ef the perpendioular blgek by 10 mm te Peruit arramging
in ;g.gh intersection 4 Ralle 4 x 90 mm te be hemmered intg re~
limfmarily drilled holes 3¢5 mam in dlameter and whioh are tg-
ken as sieel Pegs, It is alse stipulated te &lue the bleocks in
erossing paints with phelalt‘naldalwde Roisture~proes glues
of type Cwg intended for somstructiom Purpeses. In erder to
Joim haydite Semsrete panels and the insert there are embe d-
ded woodem bars te be inserted inm required poimts ang whieh
are fixed to the mainm framework by Bails, Pramework bloocks
&xd bars must be Rinufactured plamed frem 3 sides, reetan-
gular oross 8estions are eotligatery,

Be Asbestes-sement soating sheets,

Asbestas-cement coating sheets 13a5 ¢ 1250 (imner) ang 1355
X 4250 (ewter), ang 7 being equal te 1,6 &/ eusem are eut out
frem f1at lnr'g":‘x: shhete (2800 x 1640 x 10 mm).

Such sheets are oharactierigeqd by @ high stremgth ang
resiliemoe.
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The euter surface of an suter sheet is psimted twe

timss with waterfroef facade paints ef type and UNIB
nxe

eof a number required,

Co Heat imsulas‘,

As & heat imwulant mineral wool slads with syathetile
bindor':ﬁn volume weight being not more tham 100 kg/ ocu.m
and the heat eonductivity 0,045 Cal/m hr C, are empleyed,
Slabs 50 mm thiok are plaeed irte the panel cavity fm twe
layers, Prom ths outer side are laid vertioal (fer rated
pesition) strips ef the heat insulant from the same slabs
te ferm an air layer between the strips. Heat insulatinmg
slabs everlap the end facets of the panel by 20mm fer Jjoints
pecking, Slabs are laid thrust wise between woeden blosexs-
4o prevent settling of the heat fmaulant im some time,

Rxporimental panels were manufastwred at a weed-werking
faotery of the "Cherepevetmmetallwrgstraey® trwst,

The asbostes-ecsment Imsert-pamsl is 1385 x 1220 x 220 em,

Charas teristiss of Fredwsts Table A0
Predwts Unit Amount Volight kg
Asbestesecement Sheets (T ] 330 8,3
VYeood L ) 1PN ] 0,055 27.5
Eeat fmnsulamt ULE 0,22 135
Galvanised smrevws pes 25 0,15
Fails A x (00 mm pes 75 075
Pawmaldekyde glue ky .20

Rated pammel 100,2
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A necessity in differemtiated approaches, taking inte
consideration the bramch specificity, is quite obvious frem
the analysis of the given table.

E.g.,the average volume of the insulation for apparatus
beig 27%, this percemtage in metallurgy is reduced te O'C,Or
zﬁﬁ,hgiuxx::x., and as food factories amd power plants it 1is
half of the total volume -~ 44 to 46%.

Accerding te temperature gones distributiesm of velumes
of woorks 15 oharaoterized by the presence of mass objects,
the insulatiom operating within the limits of + 10°C te 300°C,
1.e. 74%; gones lewer than 10°C and higher than 300°C make
up only 1)% ef the total volume.

In this case bramch specificity sheuld be takem into
acceunt tegether with the obove-given average values. Thus,at
power plants the volume of the insulation for objeots with a
temperature higher tham 300°% rises up to 368, and with a
temperature lower chaa 10°: 14 dreps te sere. in the food ia-~
dustry the volume in the temperature belt of over 300°%C dreps
to O%, and all the volumes of vork‘: mk'fzs‘j 10°c te 300°%.

The recemmensalions werked out im detail by this group ef
speoialists have shown that 85% ef the velume ef hest insula-
tion werks require mineral wool amd fibre §¥ass materials and
predunts, 10% - high temperature hard-eaoulded preducts amd "%-
foam perous plastios, and by the way the whoelw velume ¢f werks
with foam pereus plastios is ocarried out at plants ef the ohe~-
aioal,petrelaum and chemiocal and oil processiag in dustries.
The neod;ﬁ: high teaperature hard - meulded insulatiag sate-

rials is twice as much at pewer plaats.
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It 18 wopth peinting eut that frem the peint of view of
& large specialized firm oemductimg its works enly at power
plants, the ratiemal ramge ef uss of the high temperature hard-
- meulded insulatien, maimly iime-silica and perlite preducts,
reaches even 9-40% of the tetal volume ef insulatien werks at
the equipment of power plants and heat mains,

Miseral wool materials and preduots are mass thermoinsu-

lating materials practised oem a large seale.
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BATIO OF HEAT 10 VO on
APPARATUS AND PIPINGS CHES OF

_NDUSTRY ( in § )
. Yable 26
: hd? etal-": Yeed Weighted
“Witiied " ; Flate Biraled UG Al O
: ¢ 011 Preces- @ : :
: ¢! sing Indust-: : :
: ¢ ries : : $
Py S P I ) ) : ]
Diameters of
pipes, mm:
15-18 0.2 0.2 0.1 0.2 0.2
22-25 0.1 0.3 0.2 0.3 0.J
28-32 1,2 1.0 1.1 0.2 1.0
38 0.2 0.9 0.1 - 0.3
A2-45 0.1 1.1 0.4 0.J 0.9
60 1.6 .2 2.2 1.5 3.6
75 2.0 2.4 0.8 3.9 2.1
o 0.7 3.7 1.2 0.8 3.0
108 3.0 3.2 3.1 3.7 &9
13) 3.9 3e3 1.) 3.9 d.4
159 &.7 6.2 2.9 12,2 6.0
1% 0.2 0.2 0.1 - 0.2
29 2.2 6.1 6.2 1A.3 8D
27 6.0 he?7 6.] sl 9.1
32 d.6 deb 6.9 3.0 .9
mnm 2.4 3.3 6.2 1.3 3.0

,20 2.p deb 0.1 0.7 2.7
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Table 26 (cont.)
) | : 2 3 : [ : 5 : 6
478 0.1 0.2 10,8 0.8 1.6
529 0.2 2.4 13.0 0.8 Jeb
631 2.6 1.7 S.1 0.2 2.1
720 Cob 0.9 5.7 - l.4
820 Ao 0.1 8.6 - 1.6
920 0.2 0.2 0.6 - 0.3
1020 & mereS.7 0.7 85 - 1.3
m:l::iﬁﬁgs 5.8 12.4 4.0 - 9.9
Tatus, cembusrion
chambtes 44.3 28.J 2.0 48,8 27.8

Framewerks 1.7 4.0 3.0 - 3.6
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10 OF HEAY YO AS TO
TRMPERATURE ZONEBS IN BRANCHRS QOF INDUSTRY
(in % )
Tadble 27
Temperature of: Braaches eof Industry :
Heat Carrying :Power::Chemic R ‘tMetal- : ¢ Weighted
Agent, ‘Plants:Petroleum  :lurgical: Food : Average
C : ‘& Chemical, :Industry: Indus:ry :
: :0i1 Proces- . : :
: :sing Indust-: : :
: : ries : : :
Lower than 10,
and temporatu-
res bdelow sero - 18 1 - 1
Prom 10 up te
100 inclusive a2 N 29 77 b
From 100 up te
300 inolusive 50 b 6l t 3] >»

Over 300 38 10 ) &) - 1)
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RAPIO OF APPLICATIONS OF YARIOUS

THERMOINSULATING STRUCTURES IN THE S0o0r

INDUSTRY ( in & )

Tadle Il
: Te oro.tnre from 10°C to 300°¢C 4
Insulating : Diameters of pipes. = ;Total
Struotures :lpp&rn-.ﬂp te 57 :Trom 56 : *
: tus ucluain.up te 273 ¢ Over 273 ;
: i :iBolusive : :
l. Frem mineral
weel oylinders
and half-cglin-
ders with aya-
thetic binder - 2.1 20.0 - J2.1
2. Frem mRineral
and glass woesl
slabs with gyn-
thetis binder 47 - 2.0 7 96.0
Je Prom mineral
woel imsulat-
iag oords - 0.9 3.0 - 3.9
A. Proa dilatemite
preducts - 0.4 8.0 - 8.4
—letal: A7 2 L] 1 100:0
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RBSTIMATE OF WEIGHTED AVERAGE PEBRCENTAGE OF
APPLICATIONS OF VARIOUS THERMOINSULATING STRUCTURES

FOR ERECT.ON WORKS ON HEAT INSULATION OF TECHNOLOGI-
CAL EQUIPMENT AND PIZPINGS

Tadble )2
: Branches ¢f Iadustr :
Insulating :Chemiecal, : : eod . Metal- : Weightei
Straetures ‘Fotroleum : Pewer :lnduatry ! lurgical: g
:& Chemical, : Plants :(Sugar : Industry; Average
;011 Proees- : :Refineries): :
* sing : . : .
¢tIndustries : . : .
1 : 2 ) : 4 : 3 : 6

3. Frem half—cylin-
ders aad oylin-
dors of mineral
wool with ayn-
thetic binder J0.9 1J.4 J2.1 21.6 26,2

2. Frem mineral and
glass weol slabs
with ayathetie
binder 41.8 4.1 96,0 0. 8.2

3. Prea mineral
whel mats stit-
ohed (WS | 19.4 - 8.9 5.8

&, Trem glass weol “
strips and mats
stitehed 3.7 - - - 2.5

5. Frem mineral
wool cords 2.9 2.1 3.9 1.9 2.4

6. From asdbestos-
veruieulite, vel-
oanite,lime-sili-
el0,perfite—cement,
)oriitogol and so-

velite preducts 4.6 17.9 - 3.7 59

7. From diatemite
’r.“.tl 3.0 2.1 8.4 ’0, 307




Table 32 (oemt.)

1

I

o

; 3 : 6

9.

10.

8. From perlite

ceramic preo-
duots 0.4

Fream rigid
mineral wool
slabds bditumen-
tended 2.1

From perous
foamed plastiocséb.)

e - 001 1.’

Total: 100

100 100 100 100
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VOLUMES OF INSULATING STRUCTURES PER 1 MILL.
ROUBLES OF COST OF HEAT INSULATION WORKS

:Welghted :CeefTiokent :'b!g%!ea

taverage vo- :of Transitiom :Average Norms

Insulating :lumes of : from :0f Consumption
Structures i:Structures :Structures to 3ef Insulating
iper 1 mill :Materials ‘Materials per
:rouR/Gn,cu. : :1 mill royb.
‘m) : :(in cu.m)
1 : 2 : 3 : &

1, From oylinders and
half-cylinders of mine-
ral wool with synthetic
biBder ...cccccveccne 2330 1.0 2230

2. From mineral and glass
weol slabs with synthetic

bind‘r ® B ¢ % 08 000 0% 00000t 3570 1.‘5 5°m
3¢ Prom mineral wool mats
stitched on mesh ....... 460 1.30 610
4. Prom glass wool strips
lld “ta 'titcnedoooooo 200 1.2 m
5. Frem mineral weol corés 190 1.0 200
6. Frem sevelite,volcanite,
lime-siliocic,perlite—ee-
ment, usbestes-cement pro-—
‘n‘t. e e a0 088 0000000000 ‘w 0093 m
7. Prom diatemite products
(mf"o’li‘d.r. seveee 290 0.9 ”o
8. From perlits oceramic
products ......ccc0c000 20 0.9 20
9. Prom rigid mineral weeol
slabs bitumen-bended 120 0.9 90
10. From pogtis feamed plas-
ti.. $8 0000000200000 0 3‘0 1.2 uo
© fetal: 7900 - 9300

X7 Bote: Nefl cerreoted with the cost per 1 cu.m.ef
structures equal te 127 reubdles.
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Cemparative technical and economioal effoctivensss of
interchaugeable thermeinsulating materials is characterized
by the fellowing.

Fibre glass products ara very clese te mineral weol ones
by their technical,technologioal aud ecoaemic characteristios.
They are a little bettar inm quality amd appearance than those
from mineral woed. But technolory ef their production 1s
much mere oomplex: a multi-compoment batch is required fer
their manufaocturing, and sieve-1ike pPlatinum bushings are ne-
cessary. All this provides for a bigher quality ef preducts
but at the same time results in their higher cost. Besides,
mineral weol products canm be used fer ébjects navima a higher
surface temperature than that ef fibre glass, and therefore
Are more umiversal.

In this cenwmectien mineral wool products are preferable
fer objeots with a very big velume eof heat insulatioen werks.
Mest effeetive mimeral woel materials are preducts with syat-
hetis binder—sef#, semi-rigid and rigid slabs,as well as gha-
ped produots—oylinders aad half-ocylinders -~ Phenelspitits of
50% comcentratien are practised em a large scale as a bonding
agent.

The temperature range of use of Preducts with this binder
1s very wide: frem 70°C belew rese up te 300°C. Mineral weel

preducts are met used fer objects having a temperature eof

lewer than 70°C belew sere; ebjects having a temperature eof

ever 300°C are reccanended to bde insulated with méimeral weel
mate s'itched with differemt limisg, swch as on metal mesh,
Lidre glass, glass ehoth, paperbeard, paper,etc.Besides, mats
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ocan have two lcinds of linings: the metal mesh from the side
direotly adjoining to a hot surface ef equipment, and fidre
glass, glass cleth, paperboard or paper from the other eide-
what cuts down their cost.

In view of a conspderable improvement of the mineral

wool quality for the past few years, stitched mats witheut
linings have Weoeme possible to be manufactured-~what reduces
sharply their cest and labeur-cousumning character and widens
comsiderably the field of their applicatiom.

As 1s mentioned abova, the most i1mportant question 1is
about industrial production of completely plant-finished ther-
moinsulating structures with efficient vprotective coatings
supplied in set with fasteming parts. Practice has shown that
manufscturing structures of thermoinsulating materials "om the
spot®™, right en the erection site, does met provide for heigh-
tening the speed of works and for their quality required,and
is very labour - consuming and expansive,

Out ef the reseasches ocaurried out by the leading spscia-
lised institutiom, it 14 estadblished that use ef cempletely
assembled structures permits te:

-~ stabilige heat amd physical properties ef the heat
insulation, and in this cemnection ~ reduce heat losses by
15-20%;

- increase the heat insulation g,eful 1ife 13-4 times as
much, and consequently cut labeur and material consumptiom fer
ourrent and capitsl repairs of the heat insulatien;

- out material losses by 8-10 %;

-~ reduce labeur comsumption em ereotiom 3 times as muech;
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- reduce terms of perferming heat insulation works
2 tines as much;

- Raximige mechaniszation ef heat insulation works;

- minimige moist processes (plastering) 1in carrying eut
heat insulatien werks-what exoludes sheir seasomal pre-
valenoce and extra material expenses because of deuble
soaffelding,

- 8ave up tq?;oubles per 1 cu.m.ef the heat insulation;

-~ basically improve werking conditions of workexs.

a0 0 900 00 0= =
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Fig. 17. Insulation cf Horisontal Ap—aratus
0.5-1.5 m in Diameter with Stitched Mineral Wool

Mats by Fastening them with I'ie Pleces
a. One layer up to 100 mm thiok

b. Two layers up to 200 mm thick
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Pig. 21, Insulaping Structure from
Half-Cylinders with Symthetic
Binder, with Metal Catings for
Pipes 57-27% mn in diameter.
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CHAPTER VI

MINERAL WOUL APPLICATIONS IN ENCLOSING
STRUCTURES

1. Comparetive Efficiency of Mineral Woel
Heat Insulants

Expences on construction, weight, term of service and
expences on maintemance of buildings, as it 1s known, depend
toeponsiderable degree, upow ounmter enclosing structures.

This predetermines the necessity of developing and raising an
economic effect of the latter what can be achieved first ef
all owing to use of their efficient thermal insulating mate-—
Tiagls of whech mineral wool products are most widely spread.

Technical expidiency and econemic efficiency from use of
mineral wool products in enclosing structures ef buildings
designated fer various purpeses 1s caused by the intemsive
develepment of mamufacturing those products im many cauntries
ef the world, especially after the end eof World War II.

(See data givenm in the INTRODUCTION).

The development eof mimeral wool production technolegy anmd
use of synthetic binders resulted im a cemsiderable impreve~
ment of the quality and in a sharws decrease ef the velume
weight ef mimergl wools with a simultaneeus rise of their ther-
mal insulation preperties. Rising the quelity ef mineral weols
reduced meticeably their cost and this was cne ef the meat
importaat factors stimulatimg the fur ther developmeat of pre-

ductiea and use of these heat and sound insulating material ia

the censtructien industry. Nse eof aineral weol structures fer
buildings exceeds as a rule 50% eof the tetal velume of itsg
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output.

The most impertant feature of mineral wools hkgh is its
high thermal insulatiag characteristics. The heat conductivity
ef flexible mineral whel slabs with synthetic binger of the ve-
lume weight of 75 and 100 kg.cu.m 1s equal accourdingly te 0,050
and 0.055 Cal/m, hr. .e, aemi-rigid slabs with the same binder
Of the volume weight ef 125 and 150 kg cu. m - 0,06 Cal/m br.°C;
heat imsulating haydite concrete M-21 with the volume welight of
600-700 kg/cu.m - approximately o.25 Cal/hr.“C, 1.8. 4 to 5
Times %8 much; and cellular ( foam concrete, with the volume
weight ef 500 kg/cu.m -~ 2.5 to 3 times merke(e.15-0.17) than
that of mineral wool semi-rigid slabs with symthetic binder,
Aecordingly the volume of & haydite concrete heat insulant 1is
5 to 6 times and cellular concrete 3 te 4 timess more than thas
ef a mineral wool neat insulant, the rated vaiues of temperature
and meisture beimg the same. The mere steiking picture is when
weight facters of mineral wool heat insulants are compared with
these of heat insulants ef light cencrete,

If the velums weight facters amd velumes ef heat insulants
arc taken inte acceunt the wvelight values of mneral wools will
be 30 te 40 times less thaa these of haydite concrets heat in-
sulants and 20 to 2% times less than these of huagxthassxnf
heat inaulants ef cellular concrete. Eveam 1f ¥ cempared te such
effective heat inaulants as tnese from fibrelite wool slabs
have the advaptage by their weight values 5 to 6 times as much,

As te the laber—cemsuaing character of Ranufacture per

protective surface umit mineral weol heat imsulants have alse

& multiple advantage agaiast haydite oencrete heat insulanats
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(15 to 20 times as much) and against feam oconorete omes —

7 to 10 times as much. Finally, when comparing prime cests eme
may fimd eut that avem én this respect mimeral weol heat insu-
lante are advantageesus against naydite comorete insulants 6 te
8 times cckafd against feam eemorete insulants - & te 5 times
as such (é:: table ¥ 3a),

Furthermere mineral weel heat insulants due te their samall
velume weight, high thermal iasulating characteristios and ceam-
paratively lew cost have an evervhelaing advautage over heat
insulants of light and cellular cemcretee, fibrelite and other
effective thermal imsulating materials.

It shoe1ld be added te the above-said, that mineral weel
and 1ts preducts have hign fire~-resistamoe, bioresistamce, aad
SOuad preef qla’ity and thay they give~off meisture to the at-~
mosphere rather quiokly.

In necent ysars on the basis ef sciemoe and technelegy
technelegical prooo-aeﬁg,roductica;?ont l1asulating materials,
imeluding mineral weols, were radically improved At preseat new
eenstructive ferms aand met: eds of panel manufacturiag '.rzsfltab-
11shed and tested in laberateries amd by practise what onabi?n
te empley at beet impertant hoat insulatiea characterigtics
pL thermal iasulaate.

An sesential development of reefing structures, reefs and
outer walle of buildings mag be achieved en the basis ef pre-
ductien and use of thtm ~ felliated dox-like and hellew panels
with satmesphere-resistant, supperting ceatings (o2 heavy anmd

struotural light~weight aad ocellular cencretes, asbestes-cement

and oether sheet materials). imaide of which there is a highl,!

efficient heat insulant perfeorwiag emly heat insulating fume-
tieas.
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2. Jse of Mineral Wool Heat Insulamts im

Brick walls

Use of mineral heat iansulants in brick walls is rather an
effective measure which is spread on a certain scale im ceastryo-
tion practice of such countries as Sweden, Denmark, the FRG and
also in the USSR'S Baltic Republics. For example, 1n the Kste-
nilam Soviet Sccialist Republic brick walls with mineral wool
heat insulants nre\%g one-storey and multistorey apartment hou-
ses and public bu£;d1ngs and in one-storey agricultural buildinge
In the Luthanian SSR similar strucrures are used for construc—
tion of five- and mine-storey buildings and some other types of
public bduildings.

Brick walls with mineral wool heat insulants are named
relieved brick walls. Thickness of relieved brick walls i§ deter-
mined depending on K height and temperatdre duties of bulldinga,
and also _climatic and other womditions. Thus fer @ulti-storey
bnildingr‘thare can be used structures of relieved supperting

valds (see Fig.27) oconsitimg of an ianer supporting !gyer of
one dbrick and an outer lining layer of half a brick. The outer
lining layer 1s conmneacted with the inner one kaysx by one bind-~
ing brick row made at an interval of % or 6 rows inm height.

Between brick layers there is a layer ef semirigid mineral

wocl slab 60 mm theck and equivalent by its heat insulating
characteristics to a wall ef 1.% brick en 1ight mortar.

The total thermal resistance ef the giyen structure taking

inte account compressability of the mineral wool heat insulant,

is 1.4 8sq. m. hr °C/Cal,what is approximately equal to the in-

sulating capacity of a blimd wall 3 bxt.k< thick. And the weight
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Fig. 27. Structures of Brick Walls with
Mineral Wool Heat insulants

l. Bricking. 2. Mineral wool slabs,
3« Assembled element.
4. lketel tie piece.
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of this relieved structure heated with mineral wool semi-rigiad
slabs 1s emly a 1little over 50% of the weight of the 3-briock
structure. Thermal resistauce of relieved brick structures in
summer 1s & bit less than that of the equivalent blind brick
structure. Yet even reliasved structures have sufficiently latge
rol%;ea of heat resistamce and they te a great extent exceed
standard requiremeats at specified summer temperatures of BO'C
and mere.
It should be pointed eut that the arrangement of layers
in the given relived structure - the thipker inside and the
thiner sutside - 1s favoutable to the moAsture duty ef the
structure thus highteming its resistance te steam in filtration
from premises into tae wall and, onﬁfontrary, facilitating te
relieve steams frem the structure. ’
In ene-storey houses outer as well as inner layers gam be
in form of partitions ef ene brick thick (Figure 27), cenneocted
in 3 or 4 places in height metal tie pieces with corrosion

C-H-
resistant ceatings er with asbestos—cement sheet strips. Tie

pleces are set up at imterval of 1.5 te 2 sm.length. Creossple-
0¢s over doofway and windew epenings rested upon outer anmd
ianer layers eof a relieved wall can also serve as tle pleces,
Instead of inner brick partitieas there can be used rein-
foroed oomcrete, light-weight, silicate ronorete and the like
industrially produced panels amd slabs, coniected with the
oeuter layer of the wall by metal tie pleces. Resistance teo
heat ocenduction of the wall with 2 layer of ene and a half
briocks aad with a mineral wool heat insulant 6 om thiok 1is

oquivalent te thermal resistamce of a wall of 2.5 -bricks




-199-

thick,and in case ¢f using an inner layer of assembled reinm
ferced cenorete elememts - a wall of one fourth ef a briok thiock,
Thermal utabilit{%puoh & structure in summer is alse saffi-
olent at rated summer temperatures of 3(°% a4 higher.
The technical amd econocmie fic o8 of limd and relieved
brick walle are glven in Table 35, whioh shews that, insulatiea
Preperties deing identiocal, relieved structures, as te their
weight and ocest values, have censiderabdle advantagss ever blinmd
ones, namely: weight - 1,75 to 2.% times as much, oest - 1.26 to
1.87 times as much. But as fer the labeur - oOAsuming ocharacter

blind and relieved brick structures are appreximately equal te
each ether.

!cohniog; and Roonomic Faotorg ef Blind and Relieved

Briok Walls with Mineral Woel Heat ASulants
M—“—‘

(Pex 1 8g. » ef Wall)

Table 33

Netes

Facters nd Relieved
T7om 64om Slem | 1 2 b

tructure weight, - 4.Coat values

(8 ecocnvcrcceee 1232 1024 820 600 alo0 470 and ladeur oon-
sumption faoder:
are caloulated
according te
the Luthanfen
S8R's standards.

flabeur o
{lem for ereo-
lom (‘I"u) 3.60 2.97 2.36 J.92 J.08 1.72 2.

Ceat of 1 ou.
n of heat imsu-
4 laat 12 struc-
vﬂlt, reoubles 16.05 D.J‘l 10070 9.81 7.1% 8.48 ture ‘.ﬁr“u..
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Thus, use ef mineral wool heat insulants in briok walls
gives a certain number ef evident technical and economic advan<®..
tages over blind structures. 1t way be expected that for const-
ruction of lew - storey howyses especially in rural areas, re-
lieved brick wall structuree with mineral wool insulants will
proeve tg te mest applicable and will be practiced en a large
scale in many regiors. In case of a wider development of stan-
dard projects en bullding with use of relievec brick structures
there will appear a necessity in more detghled designing of
oertain structural uaits including first ef all structures ef
tie pieces betwesm outer and inner layers, substitution of the

Arner brick layer for assembled elements er sheet materials.

3. Use of Mineral Woel Heat Insulants in Vibrobrick
Wall Panels

One of the ways te introduot industrial metheds ef erect-~
iag briok buildings will be use ef brick blecks and vibrodbrick
paneks. Ecenomic effect of empleying brick blocks is practical-
1y Rot significant because the thickmess of walls made of such
blooks is qqual to the thickmesa 7f walls made of a common
briokimg. The main difference ef vibrebriock panels frem briok
bleoks is that they have am efficient heat insulant inserted
between tse outer layers of brick and reinferoed cencrete.

And the tetal thiokness and weight ef walls, labeur consuming
character and cest ef a structure are oconsiderably reduced and M

there appemrs ths pessibility te mechamise the process eof mamu-

facture and erectiem ef structgres.
Vibrebrick pamels for euter walls are preduced of a
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room's shape 1n several variants. The bearing surface of panels
1s made of 1/2 or 1/4 of a brick thick and the thermal insulatinmg
layer i8 made of various kinds of efficient therma! insulating
materials. When using soft er semi-rigid heat insulants panel
are made of 2 layera, and 1f rigid heat insulants - of 2 layers,
In ocase of employing mineral weol heat insulants panels are made
of 3 layers.

A three-layer self-bearing panel with a heat insulant ef
mineral wool slabs connists of 2 outer layers of 1/4 of a brick
(Fig.28) with finishing layers of cement mertar ang inters> med41g~
te layer of seml-rigid mineral wool slabs whose thiekuess is
defined by ocalculatioas. Heat insulants being 10 c¢m thick, the
thermal resistance of such a panel 18 Ro=2 sq-m hr OC/Cal,weight-
- 240 kg per 1 sq.m. of wall taking inte acoount the epening.
Thermal Stability of panels tm summer is sufficient at rateq
summer temperatures in the epen of 30°% and higher. Walls of
1/4 of a brick thiok are connected by frameworks of cold—~drawn
wire 4 mm thick. Framewerks are arranged on the perimcter of a
panel and window opeming. Vertical bars of frame —Works laid
0lose the Window epening serve at the same time as liyting loops,
They are made of round. Steel 10 to 12 mm in di&meter.

¥ sOupled windew aash preliminarily Coated with stamd ei]
and stitohed with tarred fe)t from the sides facing the bric-

king 15 placed inte a form Prier te meulding, weedea window—

- 811l beards and draians are placed after heat treatment of o

panel,
In 3-layer panels for bearing walls in mulgl -storey

buildings vibrebrick layers are half a briock thick and are




/pwpw 4 musasyme/por) (diaenrsions ia cm)
Fig. 2. 3-Layer ro.00 L. ro with o Walls of 1/4 of

a ‘rich R SR w1 ile2av Taculantss.

Lo Bric. on_ . Ll ;a0 5 s . <o Cocuent ucriar,
De Neldeu Lanc.L2il. G, Miaeosan vool neut insulant.
S5e¢ Ioop. €. Lovli. of Ziin=plated steol,

7. Vindew cil:i, o, conrlixd wizdow sush.
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Pig. 29. 3-layer Panel Structure wits ™e Jalls
of Half a Brick % with Ligeral .ccl Zeat
Insulan.s

1. Brick wall of half a orics. -. Jement awotar,
3. Welded fraceworks. 4. Lisera. wicol 2237
insulants. 5. Ioop. €. -rain of Z_.ac-Llatec
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cennected with esach other by armaturs frameworks or reinforced
ridbs ef light-weignt cencrete. (F1g.29). The heat insulant belng
10 cm thick, raneis will be 38 cm thick and weigh 30 kg,
Manufacture ef vihrobrick panels i3 usually performed
in horizental plane facing downwards, Sequence of operatioms
whem manufacturing 3J-layer pariels 18 as follounAA windoew frame
is placed on tha hottom of a cleaned anJ lubricated mould.
Its correct position is fixed wiin the "lp of a sweep. Thea on
the mould bottem areund the window opening there is laid lining
material (usually & roll of small ceramic slabs glued te paper)
over wiich a layer of cement—sand mortar is applied the outer-
- brick layer with joints between at an intervsl separate brioks)

of 10 cm isn onbe%fd into the mortar flatwise er outo the rib,

Jeints where armature frames are placed can,yamgw from 30 te

be ot a distance
40 mm.

In order to fill akl the jeints a mertar layer is applied
over the lower (outer)brick layer,and then vibratiea 1s effeoted
for 130 te A0 seconds. As praotice has shewn the stremgth ef a
brick wall after vibrating increases 2 te 2.5 times as much Af
comparad te that ef ordimary brickings. In order te aveid celd
bridges the joints inte which armature frames are set are fil-
led with light-weight cemcrete mertar (e.g. haydite concretefl.
On finishing vibratien ef the lower brick layer ontos it are pla-
ced semi-rigid mimeral weol slabs whose thickness must be mere
than dhe rated by 15 to 20% because after applyiag the upper
brick layer thickmess of the numeral wool heat insulamt with

synthetic binder must be reduced by 15 to 20% eof its original

value,
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It 1s advisadle to ocever the upper surface of the heat
ingulant with water-preof materials (building paper, Puberoid,
etc.) in order to preveat its impregmation with mertar. The heat

insulant layer 1s coated with an upper (laner) brick layer ever
whick 1s laid cement - sand mortar in order to f11]1 all the
Joints and te ferm at the top a surface finish layer 15 te 20 -,
thick.

The upper layer is vibrated by a plane vebrator and the
mertar upper layer is smcothed down by a vibrabatten and then

by a levelling machine.

All operations toc mould panels are carried out in one posi-
tion but they can be transferred to aku..-r position for packimg
and finishing their upper surfac:s. The panel moulded and timed
for two hours 1s fed into « steam chamber fer thermal and mois-
ture treatment, its duty vein, Aetera: med by the plant laboratory.

Thermal trea*weant Wax ta overakganel is placed in a special
poeitier .: v ;t. . . wilghtly inclined plane, whaxs its right
side is cieauned {roa the paper of ceating material, amd ether
extermal de fects are elimimated, and then tLe panel 1s t-ans-
ferred to a warehouse fer finished preducts wherefrem - te cemst

ruotien sites.

b, Use of Mineral Wool Heat Insulants in } Layer _

Wall Panels ef Reinferced (oncrete.

Three-layer panels consisting ef a ccat. 0f inner amd
outer layers between which a thermal insulating laye”“ppplied
are the most typiloal enclosing structurss. The euter layer
protects the heat insulant from atmospheric precipitatiens and

mechamioal eftfects, the inner layer is the bearing one and it
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partially prevents infiltration of steam from premises inte wall
struotures or coatings.

It 15 desirable to compare the three-layer structure with
the socalled one-layer or blina structure. Some comparative data ¢
on one-layer and three-layer wall structures wnose tnermal resi- -
stance 18 equal to I aq.m.oc,/iial, are given in Table 35, which
shows that a three-layer wall,rrtneral wool Lkeat insulants as te

wi

1ts weight and coat calues has the overwhelming advantage over

eneg, layer panels,

1.

2e

3.

h.

Table 36
Wall structure Weight ef 1 sq.m. Cost of 1 sq.m.
of wall, of wall,
kg roubles

One-layer of celluiar con-
ocrete 25 comthick, 209 11.92
Ditto -~ of haydite comcwete
wktk )2 cm thiock. 330 12.39
Briock wall 51 ca thiok. 937 1%, 84
Rein foerced oconcrete 3-layer
wall with heat Amsnlaht of
mineral weol glabs. %0 5.14

Three-layer panels have some other positive properties whioh

the result of high thermotechnical characteristics:
1. Due to high heat insulating qualities of the mineral'
wool heat insulant thermal resistance of panels eau de

rather easily raised by making the heat insulant a little

not makin
increase the =~ thickerjalmost of a structure. This, in its rurr, will

thickpess, \ui’!

and cost —

/ .
enable to cut down operating expenses (fuel cest) and

to enlarge the range of ase of iﬁroe-—layer panels,




2,

J.

4.

2.
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Small thickness and weight of three—layer panels

with an efficient heat insulant enable to decrease
experses on their tramsportation and erectien.

e to small weighta of three-layer structures with
the mineral woo)l heat insulant there appears a poasi-
bility to ereot mmlti-storey buildings of framed
structures with himnge panels: use of ene-layer panels
of light-weight er cellular comcrete for tnis purpese

is diffieult and aot expedlent.

Por manufacturing foliated pane;s there say be used

heavy-weight ocomcrets ea natural aggregates whoge

manufacture is moet Jifficult = ace manufacture ef

structures made of ligit-weight er cellular concretes

requiring special agyregates and . =i:tures is Ze¢l~

lewed by cevsi’-rable _ifficulties ir seme regliens.
Outer wail. 1 '+ i~layer panels are dried much

1o 8 Li.4 ene=layer structures. Therefere
erig aal meisture ef three-layer panels is for lewer
than that ef enc-layer panels amd in the course of
eperation the differemce im the moisture duty ef

these two types of panela groews more tangible for a

short time,

6. When exploited three-layer pansls are less sub jent

te temperature deformatiens than ene-layer pamels.

Therefere dea&!idifioation of jounts and cerrosiom
of tie pieces in therm are less probable than in

structures of Ame-layer panels.

7. A cencrete volume in 3-layer atructures i1s 3 te 4

times less than in one-layer structures.iccerdingly,
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neede & cement and admixtures decre:sse as well as for
ex plant equipment (concrete mixera,conveyors,etc.),
cement warehouses and inert materials, etc.

8. Time for thermal ef thin - walled 3~layer structures
is much less than for ome-layer structures.

9. Use of 3-layer panels allows in a number of cases
to make outdoor ventilation structures what conside-
rably improves their moisture duty and their Reat
8tability in summer (no overheating).

When moulding 3-layer panels with mineral wool heat insu-
lants there appear some difficulties, in the first place pack-
ing of mineral wool slabs under the pressure of a concrete
upper layer. As experience in meulding shows, the compressi-
bility of heat insulants reaches up to 15 to 20% ef their
thickness, therefore the thickness of unpacked heat insulants
to be laid into moulds must be inoreased by 1B to 20% as com-
pared to the rated.

While moulding 3-layer panels with mineral heat insulants
there war some thiokening of ribs ceunecting eutar and inner
(lower and upper) layers ef the panel,

The main reason for this defect is the result of am
1noo§30tn arrangement of heat insulatimg slabs and this can
be easily eliminated under proper plant centrol.

Finally, in ocourse eof moulding and thermal treatment ef
fgoliated pamels (additional meisteming) there ecoursysomefof
heat insulants. This defect can alse be eliminated by making

mineral weol slabs hydrophebic er by wrapping them, or cover-~

ing frem tep and from sides with wator-proz{ materials (per—
ae

gamyn or synthetlc film) which at the sameYaerves as a steam
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insulating layer i1f moulded "facing dowuwards®.

Thus, mais technological de fects of J-layer panels with
mineral weol heat insulants van be comparatively easily eli-
minated, and advamtages of these panels will be better used
in walls and coatings fer huildings.

Three-—-layer wall panels of rein forced concrete cousist
of twe reinforced concrete layers and a heat insulating layer
between them. Outer layers are connectsd with each other by
armeured ribs of light-weight concrete. Outer and inner layers
Are moulded of heavy—eight cencrete of 150-200 type. The outer

égogother with the surface finish layer is usually 40 to 5¢ mu,
thick, the inner layer 50 to 100 mm thick, depending upenm a
character ef wall jperationm.

Connecting ribs must have a thickness of not nare than
40 mm in order te aveid "cold bridges". Connecting ribs are
usually made eof light-weight courete (haydits conerete) N-75%
with the velume weight of met more than 1200 kg/m. Heat insu-
lants of semi~rigid mineral wool slabs 100 to 200 mm thick
depending upen ths rated temperature and Reisture parasmeters,
are placed betwean cuter reinforced cencrete layers. The outer

fginish layer may be made of:

- Vvibrated carb8nate concrete M-100 on limesatine rubble

and sand, white and celoured cement of net lower than

grade 400 or ether ocenoretes;
- small ceramio slgbe;
-~ 8ea or river ;ravel;

= powdered crushed stonme;

oenorete surf,ce bhekmg painted with stable dyes.
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Three~layer panels are armoured by welded nets and fra-
meworks.
In the corners of panels there are ancher loops, two
from top and two from bottom, to connect panels with each
other and with other structures. Lifting loops are produced
from hot-rolled flat armature steel of classy AI. The diameter

of Jifting leop depends upon the fact that panels are lifted
a

by special crosspieces in obligatory vertical direotiom of
lifting strings. [

Wall panels with mineral wool heat imsulants can be made ;
of varieus thioknesses, the mest wide spread ones being 250 and
300 mm thick. The main walues ef thickmess of elements,thermal i

resistance and ranges of applications of these pamels im walls

of apartment heuses are given in Table 37,
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Three-layer wall panels are manufactured in metal moulds
in horlgzontal plane "facing downweards"™ er "facing upwardas®.

When moulding "facing downwards" the outer surface becomes smeoe
ther, and the outer finish layer is included casierA:fre resliab-
ly into the total tnickness of a wall. The drawbacéhlf meulding
"facing downwards™ 1is that the thicker inner layer 1s mou'’ded
from tep, on the layer of the heat insulant, and due te this the
latter undergoes considerable compressing furces but the inner
(upper) layer itself 1is subject to less intensive vibratiom thun

the outer layer. Moulding "facing upwarils* has centrary adventages
and disadvamtages. It should be pointed out that im this case )
the more cowpact inner layer serves as a more reliable steam i
imsulation tham in the pr:zviocus case.

The eorder ¢f manufacture e¢f 3-layer paneis fer rooms when
moulding "facing doymwafds" is appreximately as fellews, A win-
dow frame 1s placed inte a clemned and lubrioutegsugrel are pla-
ced nets(jiiiiAiﬁﬁ;fggf;ﬁgg}lnyer and frameworks ef semnecting
ribs which are 7asteme’ to the euter layer nets amd temperarily
to the mould sides and window-frames. After that a oenorete
mixture 1s applied te mould the outer lsyer, and a vibrater is
switched en for 30 to 40 ssconds. Then semi-rAgid mineral slads
Prelirinarily cut into pieces (packages) of such sices se that
that they would be accurately and tightly placed in positions

arranged fer them, are laid on the packed outer layer leaving

heles for ocennecting ribs of rated dimensions.
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Taking inte censtderationm that techaical charaoteristics
of objeots to be insulated in varzous branches of industry are
quite difterent, investigatiens hawe been made in a number of
industrial fields: metallurgy, mechanical onglnaerins,ohlmistry,
eil precessing, power and food industries.

A mumber ef big Tepresentative plants from each branoch
were taken as objeots fer insvestigations,

The researoch results permitted to define the proportion
of velumes eof objects to be 1nsulated with different configu-
rations and different temperatures of a heat carrier (eor a
©eld carrying agent),

Use of this or that material for heat insulation of
each greup of obJects can be decided ortimumly not omly pPro-
ceeding from technical characteristics of objects on the one
hand and .thermoinsulating materials om the other hand but also
taking 1:20 account a cemparative technical amd ecomnomic effe-
ctiveness of uaeggbis or that material for a given type of
teobnological and power equipment pr pipings.

Comparative techmical and eoonomical effectiveness of
interchangrable thermoinsulating materials and products 1is
¢otermined by a number of factors characteriging these ma-
terials: heat comnductivity, useful range of temperature zones,
wholesale primoes, total expenses on thermoinsulating struc~
tures (per 1 sq.m.ef surface of equipment to be imsulateq,
°r per 1 lin.m ef pipimg to be insulated), specific invest-—
ments per 1 cn.m of products and per 1 structure commissioned.

A high technical amd eoconomic effeotiveness of mineral
wool materials amd preducts 18 conditiened by their small
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materials amd products, frem the peint of vi . of syecifio
eapital investments.

The eptimum efficiemey ef plants fer mamufacture of mime-
ral wool materials and products is rather higher tham that

of plants for manufacture ef sevelite amd ether preducts.

For example, the eutput of plants for mamufacoture of mimeral
weol produots being 100 te 200 thom.om.m.and mere per year,
the eutput of sheps and plants fer sevelite, perlite and ether
preducts is 20 to 30 thou.ocm.m.,and technelogioal prosesses
being much mere cemplex at that.

As a result of the influemoe of all these facters the
rated iavestments in the mamufactvre ef sevelite preducts,are
76 roubles per 1 om.m,perlite products - 64 roeubles, asbestes-
= vermiculite emes - 74 roudbles, the rated imvestments im the
m..«.m.*:“ of mineral weol materials amd predmots raagiag freom

10 to )8 reulles, mere typical 20 to roublees per 1 om.m,1.0.
2-3 times lower. Taking into aoceust that censumptions of seve-
l1te and other products per piom.m ef struotures exceed these
of mimeral weol materials and preducts 1.%5-2.2 thmes as Wmuoh,
the rated imvestments per 1 ca.m of structures commissiemed

are 3 te 6 times lewer if mimeral weol predacts are preferable
te other materials amd products.

All this made 1t faveurable to use the adevegigen cate-
rials in all oases & 1f they ocan bde appliocable tecrnieally.

Data en tecknical charavteristiocs ef equipment te be
iasulated in metallurgy, chemistry,petreleum and chemieal
iadustry, 1l precessing and feod imdustriiss as well as at
pover plants are given im tables,26 - 31.
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Average weighted proportions of insulating groups with
similar technical oharaoteristics are determined proceeding
from the ratio of volumes of thermoinsulating works in the
abovenumerated industrie.. to de oqrrieﬁngy a large oonstruction-
*vestion fiem,

The volume of these works in industries is as fellows.

l. Plants of the chemical,petroleum and ochemical and

011 processimg industries ..... - 5%
2. Power plants and heat mains - (7]
J. Plants of the food industry - 6%
4., Metallurgical plante - 9%
5. Plants ef ether industries - 26%

The ration ef equipment greups at plants ef %ether" indu-
stries is diredtly propertional te the ratio e¢f volumes of
works in the first feur industries, It should be neted that a
character of works to be carried out by the firwm, to which the w.u
data are referred, has a certain svecifiocity:

l. The firm perferms the insulation ef power equipment ouly
at comparatively asmall departmental power plamte deing a part
of large industrial enterprises.

2. The food industry is refresented by sugar refimeries
requiring insulation ef hot surfaces,without taking inte ao-~
count the camning industr) having oomsiderable volumes eof im-
sulation +f objects with low temperatures.

As 13 pseen _the Tables, abeut 69% of the tetal volvme of

*m

the heat insulation is for pipings,27% for apparatus and adbeut

4% for steel framewerks.
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6e L M@neral Heat Ins ants in Combineg
Cutms and htoratgex Flears,

Preduets of mimera) %eol fer oombined wers and coatings
as well as attle,flaora are used as heat insulanis in varinus
structures, ;4 et;;uturea of a combined assembled Ocoating (Pig.31)
consists of the bearing part, mineral woe)] heat insulunt and up-
per ribbed slad em whioh & water--proof blamket (3 to 4 layers
of ruberoid) ia 8lwed, Use of minera] wool heat insulantg
for attie ang interatcrey floors is shewn 1o Plge32, 3m It
should be noted that such 8truotures have g low plant reg-
dimess and henece they require cengiderable Xabour efferts,
Nush better faoctors 1w thig ‘*8peot are embedied in light-
welght comorete panels with vedds filled with efficient heat
insulants (panels or Kon type), whioh dermit & wider appli-
cation of mineral ¥oal products ngg enly 1r vui3 8truoctures
but also 4in combined roofs, coatings ang imtersteray floors,
HBellew panel; fer sombinesd roofs and Ooatings are mgde
of 113ht~vc%ght samarete 150 with the volume welght up te
1400 - 4500 kg/ oum and Trepesent slabs with long3tudinal
heles (veids) where the heat insulant is imsertedy Pane:s 6bm
leng are moulded by eonti.nsna—qggrcgnte Or semveyer mathods
in horisemta] Position en standarq (accepted for Produetion

of multi-hellew eerings made of reinforosd asmerete) or special



Pig. 31. Structure of Ventilation Pitched

1.
2.

4,

Rocf with Mineral Wool Insulation

Foor of reinforced concrete.
hineral wocl slab.

Cement tie piece.
Ventilation attic.




Pig. 32. Structure of Pioor over
Cold Rooms or Cellar,

l. Noor of reinforced Concrete,
2. Ligersl weul hegt insuleng,
3. 8leepers.

4. Bosrd fiour,




the sefumd ~ 290 mm, Rids (between veids and the ond emwe)
are 40 %o "C mm wide, It 19 sdvieatie te leave flanges
alemg the o741 rita ip er'er %o maie & widernsd - ipv 100
$0 1A ax wile 1 e ei:D the teut lus..ant, Te.ilew janels
for rrome say have 4 te 7 wolds with thelr sarisum allowed
oli'h 2f atome,

Te ra' pane’s there caa be used oearging heat insulaz o

(amgdite, jerit e, valeanie slag, thermesite, ete of 1aseris

of alpers v  semp! Ligl) s ahe with synthetie inler o
we.l ar 8 . vinte * asg.'ng heat irneu,sate, Wine o] en]
inserte oith v v ms weight o7 up te 150 kg/eu.m L YA sade
of tre winth s:ntbar to t=al .7 vs8ia, "helr Shiskress ia
define? sccer .ag 'e csleulations epd 10 ueus..y .*re thal
She helgrt F v ''a = at ever tNe layer sf the test lnsw-
lant there shau'l “e s through hole(lemgtwise) ohich 1o wsed
te vent! . ate tha (mnel.

Binaral ene! inrr:n are secessary o be jwrepared ia o
jeet of systnetis fi.® or Pergamys, "heee Sirips are stiv-
ched viirwi.se "rom t~] and bettem o’ tre latter, and lateral
#i‘es ar .8f% oped ta ¢ hHe.'er fl.ied te the [ whe. ribde,
The ~nat facli.'tated . .lBg Imeerte ‘e vnidg and alse
fermes frem bolle@ steas iasu.stinmg layer and froe tap it pro=
vents 1a!tltrct§si of sutdoer oaid sir 18 wer°i stien l“m:
threugh tre lejer of the slmes. wosl Neat 1asuiant,

Jpe: ‘al mschanlamse arse ased for yu..Mig thersa. lasule~ ,i
tiag laserte laie velisz, Pratiag ef parel say '+ ‘epe wlih

wfiaeral veal Laseris jireet.y msle at o .83t o8 sevsle g

agulds, ™s Lgtiom and 81d4es of Sused 8 seuld are severed wilh
.

aineral sesel 19 lald,

pergasgs sad them & regaired lager %4
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s ahange i o L ieaBR s +ogSh v .80 vhe . weRieve - grodus.i)
ORARgIag Mighis +” Toldi o8t . ag Las LA . SkBess s shalves i»
varieob. s.

4 ** * .at aa saname of cestlims! reefs an! est.age (Tem
BS. .00 [ORe.0s jepends en o8 arrangensa’ of pasels, iiresiles
of Gaminast vimds ead simer fosrare, I8 Pulidiags eith o
oress arrangenest of pume.s o sress ventiiatiass 1o aswmlly
prastiged, whes sasd veld or & grenp sf velds is commeeted
Pith the atmeejher's alv vhioh emtere air heloce wnder the
oernice and @ts st 1ate s .emgitudiaal .1V paseiag sieag
the gadie. If \he lemgituiinal arrangmest of pamsle 1o taken v
t11g8ie0 snhanes san de mere sampise,

Merual and techaical quailtlice of Dollew pamels, matuwrai-

1y, sammet be¢ the same (vhdWhwise) bdeesuse of Whe ov@lladlliity

of heat sondaitiag Insinsiens 1a feru of rile and jJolmts,




Botses ¢ WVwan Mesting with hapiidte the velds are fridsd
sempl stw iy
B Newdharasxi rastistanes aisng the sxsy of tuids
n ftostnerwel ractosans: iR Jorsmsy
REXbaned <tgr o7 LauPeTYRLEFPAR AptigeER (11.1& « fer prawis
EOIBoilh, . fWitailpy, (nileav snt :u&f‘ Gper-reams Lusiag with

Raydite sad mtussul Weai Lmoarvs are siiw: i Tamre KW

“et'e 1
Pape 18 Hest Ire . jart Aparteen: adu o Cla “will.ngg, telp 18°
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Theraa: oetedility af KCI] panels given in Toble 4 permity
their use at ru‘ed summer tamperatures nf 37270 and nigher,

AS sompared te staniard veatilatioe roefs tre cemdined
ven'! ‘atiss feefe rce Wmlle® pamnels have the feil!oving advea-
tagre:

total lateur ecnsuming charscter- by 29 seo 408,

steel ceaswmpiing ~ by YO8}

ons* - by 20 %o OB

T R

wpight = 1,9 te 7 times o8 BWSA,
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0me of the mest essential advantages of hollew panels
1e their lem Sperating metlsture "hile eriginal soleture of
soating Strestures o¢ b.tad xum-n.gm and oelialar
CeBerete 1s eftes - o &%, the eriging; ®oleture 5f nal.
1e® paneie 14 ¢;: 78t -~ te M ninarg; ¥oe! Neat !ne.laat -
2% N, , thim enet af gyan panei s prosetes te isdek remo-

val of thig mme TMRALItY ~f saletury.

Charscterigties *f some types ,f ho!.e® pane!s are
Sives ia Paniy 4,

Puble a3
.
Charscteristtes i+pg PR1] I1-3%/80 KOIa)s/ 20 0Ila)t
1% PiMdomnd
Joilmn
Polunt, ag 20%Y/100) 4 600 1900 1700
Volume .* *omsrete,
o 1.17 i, B0 0. 1.0
olwme »* hoal | aee-
isnt, 4.8 1.9/1,2 2, 00 6. 72 074
Redwe s thieanese of
Baydite TAGr ete e 13, 2 - 16, 9 12,
Jtee] ‘aRsmytisa per
Y sy.m,ag .2 - - -

Bote: l-unnmcu. of bhagiice §* 4% 2g/0m,
Gsmeninnter o Slaeral swel laserte.
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7.  Gee of Miners. Wool Meat Imsw asts is Fanels with

acgrinm wnd shertos Cement oate

Phrasw-lg/or cACe 2 wit: acuminw oA ALYS AT BOST

whde + nar  ir cemote wnd St UErs ASeL® voere . saa. . wvelght

«f ot Tures . . T R R. e fary s Tae
~Some **? cu % 7 L o mas = s .y ¢ i irene; - o ¥Yhaae
atPROtaTer] nost, Lahe T O RBUR L4 - ag e « ¢ 1eflols

sateria.n. &t 4y &4 %8¢ AD@Gr ‘wnt -, W~ ‘=layer struotu-
res are 8ed ‘er wu. &, dea ‘gm und fLloovs,Yet (f 2kma) alu-
aiame s'wets ‘or panel.are avaellal.e 1se uf sich pucsis s

LAY
pessitle an! et .ent, lsme .8 are (lined with flat nr oer-
regete’? a.uminum =heets 1,5 me t-'rk, FPare.em,feam plasties
and seml '’ n'riaral ®cn. aiate are s+ as heat nsuiants,
Pane]l ri"s are ss ¢ ’ heskel.isste! Liyv.o! ' mm thiek.

Pane.e for wa..? anl roafe nave '’ sules siructure and
44ffer on.y in ‘imensisas, Huldidnage vi'h & 'misum panels
SRSt be e¢f a ‘rameverk t;;e. & Prgmeverh structures sas be
Qifferent. 4 set’ st of Riaging oa . pure.s ente the fremeverk
18 shesen seneriing te the strwstures ¢f the framewerk,

Pass le ares sheaths” vith flamges o whiieh ride from daskeo-
188ated jirveed are flget by rivets. ielnta are sea.oed vith
aet=har fening asetics TEC-AC and TH-40 . Puse.s are glued
Fi8h rMmabdter giuse RAH el 48 W],

Pamele far f.eere 1n set have lateral flamges; Imsteed,

tmbedded parte are imserted ia thee,
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The thickness of the heat insulant shoulg be such so as
to reduce the weight of the upper (inner) concrete layer. For
this purpoese the extra thickness of the heat insulant must be
mere than the ratad on the average by 15 to 20%, and is checked
up by test moulding. When moulding "facing downwards® the same
operations a.e executed whereupen particular attention 1s patd
to finlsjing of thi«(:uter) surface,

The moisture co::;;t of the beat insulant after thermal
treatment of the panel must not be higher than 5% in weight, angd
this can de achieved by its compulsory prectection against moi-

stening by ene of the following methods:

= placing pergamyn or building paper on the . and sides ef

to
the heat insulant in Positions of junction with connect-

ing ribds; 1f&;tean insulation i3 required a layer of ru-
bereid 1s laid;

= packing up mineral slabs inte water - preef coats from
water—preo. materials.

Oa haviag laid a heat iasulaat layer conneoting ribs are
meulded frea » 11ght - weight coemcrete mixture ef 50-75 trpe,
thea imner layer nmets are Placed and fastemed te the framewerks
of cenneoting ribs. Upen complestion of this Gperation the pa-
nel inner (upper) layer is moulded from & heavy-weight concrete
mixtuge which is vibrated by surface vibraters and then igs le=

velled by a vibrobatten,

When timed for Swe hours moulded panels are transfferred
te steaming crambres for thermal treatmeat whose duty 1s deter-~
mined 80 as to obtainm Rt less tham 70% of the rated type of

concrete after taking sut the panel frea the chamdre,
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Pamels with asbestes~cement coats may be wall as well
as yoofing panels, Pig,33 shews a oraes—sectien of panels
for combimed roofs with asbestus-—cement cocats glued to as-
bestos—oement bleoks with epory glues, The lower slab 18 covered
'1tbﬁgem1-rigid mineral wool slab whose thicknens is defined
by oZlaulatlonu. 3pace ever the heat insulant is used for
ventilationm of a ~eabined revf, One of pussible variants
ef air imput inte the ventilation hele 18 shewn in Pig,33
from whioh £t is seen iLhat the roof has am inner drain hesau~
se its faeade slde 18 bordered with a parapet and not with
a eernice.
Panels with aluminum and asbestos—cenment coats have
s small wefght and suffiocient strength im wall as well as
im roofing enc'osing strwstures, Their use is especially

rational with efficient heat insulants to which mineral

wool products belong.
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:goggioa; Values and Regelmm

Comveniional Ptmenszana
Terms Representation Unit Definftienm
1 2 3 4
Yalug Weight kg/cw.m Welight of amineral volu-
‘}: ien Be unit in natural sta~
te, i,e,with streams.
Peresity actual 4 Ratlo of total volume
of pores to mineral
volume.
(1] sslox streagth kg se0 OO Naximum tensiom under
s Sqeom Which material ig dest-
reyed from cem-pressing
forces,
Bending stremgth . Ditto, fyom bend ing
feroces,
Tensile strength . Ditto, from tenails er
break.{ng forces,
c-prouibility ¢ % Degree or comprssibi-
1ity of material from
coapressing efferts.
Sram ealorie (mall aallos~ oal Amount of heat neces-
Tie) 88ry to heut up 1 gr
os disilled water by
1°C (fsom + 19,5 to
+ 20,5°C)
Kilesalarie (large - Gal Ditte, 1 kg
saleris)
Specifie heat c 0a1/%g°C  amount ot heat necesse-
Ty te heat up_1 kg ot
Raterial vy 19
Beat oondwo tivity /] Cal/m.hr,% Amount of heat pessing
thr

1 8q.» of mate-
rial.:thiok. ém for 1hr,
with difference ip tem-~
Peratures on opposite
wall sides equal to 49,




)

Tater absorption (mois-
ture capacity) of mate-
rial

Hyireecope eapacity
of material

srselute moisture of
material

Relative moisture of
mate~ial

Pusl effiolency

Comventional fwel

Heat transfer outﬁ-timf

Cal/kg

Cal/ocu.m.

kg

Cal/sq,®
ar 8¢

Amount of water abserbed per
volume unit or weight unit
of material through dirooct
touch with water,

Ratie of moisture welght ad-
serbed by material from st-
mesphere to its weight in ab-
solutely dry etate

Ratie of welght eof molsture
available im material te its
welght in absolutely dry state

Ratio of weignt of molsturs
availablp in saterial te its

welght im moistumedistate.

Amount of heat released after
complete burniag of 1 kg of
80114 and liguid fuel eor 1 om,
m. of gas fuel.

Puel with 18s effioieney of
7000 Cal/kg

Amount of heat p.u::g
throught 1 sq.B.ef 1l 1m

thiek fer { hr with 4iffe-
renee ia temperstures frea
om-ito wall sides squal %
1 C.
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List of Liversture % be Recommended

l. Velsovaki V.M., Ereain I1.4., ghcnmv I.N, ‘.

B R e T

‘thh A.'v'.t. Iadov B.5., Serebryscskaye B.].

Miners!l ®oc. Heat insulerts.

Gosstroyisdat. Moscow. 1963,

2. Gorysinov K.EK.
Manufscture of Mi-ers. Woois snd their Preduets.
Josstroyisdat. Mos-ow. 1988,
3. Goryeinov K.3. and othere.
Menufscture of Mipersl Therwoinsuleting Netertsls
oud Light-Weight “oncretes.
S8troyizdat. Moscow. 1966.
&, 3bilin a.].
Minersl Wools,
Prostroyisdas. Moseow. 1983,
5S¢ Kitayteev v.a.
Productioa of Therwolnsuleting Meterisls.
Stroyizdat. Mosocow, 1964,
6. Meriyenbekh L.N.
Metsllurgical Principles of she Cupels Proecess.
Mashisdat. Mosadow. 1960,
7+ Reference -ook on Produotiom of Therwoinsulating sod
Aocustic Msterisls.

ed. by Kitaytsev V.a.
S8troyisdat. Moscow. 1964,




8, Cerrell-Poresynski C.3.
Isorgenic Pidbres,
lundin. Reticnel trede press. 19%8.
9¢ CaProli-FPorczyus«i 7,2,
Advsuced Meter.s . s. tefrsciory Fiores, Pibrous
Metala, Composite .
Guiford. sstex pudi. Co, 1962,
1G. Cemmerer §.5.
Der Warze .od Kka.tes: hutz io lor Industrie.
BePilne i .
1l. Beskh G.D., Con:.e J., Brougton d.§.
Therws!l Ingulstion of Buildinge.
vesign Leta ani How % ‘se Thea.
ivaden, | #.1,
12. Vllesaos Encysiopedie der techaisshea Cheamie.
Bd. XII B 5% -ha7,
Urben. Sch.wartecberg. Minchen-Berlia. 1960.
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