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CBAP’rER III

\~N~~EUALS 701 TH~~MAL INSULATIOt AJD PROTECTION

,,

This chapter discusses various materials having the following /185*
~~meon propert ies : ability to block th. t ransfer qf thermal energy ,
or o f f e r  a high resistance to best flow (thermal insulation) ,
or prevent the action of thermal fluxes of high specific density on
the object being protected (thsr~al protection) , etc.

I Such material s are widely emplovec’ in many areas of technology ,
particularly in shipbuilding, as thermal insulation material s pro-
viding prrtection from thermal shocks , fire retarda nts , and othe r

• materials of this type.

£ brief discussion of some of these materials follows .
Ic

111.1. REAT-INStflATINC MATEPJJ.LS

1. General Properties

leat—insulating materials have low thermal conductivity . i.e . .  high heat
resistance , and are used for maintain ing cert ain the rm al conditions (preventing
the penetration or removal of heat).

Although the therma l conductivity index A is a decisive factor dete rmin ing
the heat-insulating properties of a material , the practical applicability of the
material requires a n~~ber of othe r properties; for example , the specific weight ,
mechanical strength , combustibility, hygr oscopicity, bioresistance , nontoxicity ,
technological work ability, etc.

Therefore , although there are meny materi als with low values of A , the n~~ber
of high—quality heat-insulating materials is relatively small.

There is no single classification of heat -insulating mat erial s , since , depen-
ding on the selected classification criterion , mos t diverse groups of them can be
obtained. 7or example , heat -insulating materials may be subdivided according to
the following basic criteria:

(a) mature of the mat erial — orga nic , inorganic (mineral ) and mixed materials;

(b) character of the raw materials ussd in the preparation of the material —

natural , artificial (including composites) end synthetic;

Cc) purpose of the in.ulstioa — for bull structures , power plants , systems . etc . ;

Cd ) principal method of applicatio n — loose , pack. d , smeared , sprs y—coatsd , /196
installed in the form of sheets , board , blocks , mats . fil , shells , wound, et c. ;

*Nt bers in the righ t margin indicate pa$i~at ion in the original text .
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Ce) 6snsity~ (0) in the structure: low (0 < 100 kg/n3) ,  medium (p 100—300
kgI m3) ,  and high (p > 300 kg/u3);

(f) physical state — powdered , granular, fibrous , composite (plasters , putties,
spray—coated subst ances), sheets (ro ll fiberglass fabric), asbestos board, films
(foil), pieces (lumps , shells, board , plates) ;

(g) conditions of use — cryogenic, law—temperature • medium—te mperature ,
• high—temperature , refractory ;

(b) degree of combustibility (infl~~~ability ) &n accordance with the Rules
of the USSR Register - noncombuatible (nonflasmable) ,~~ respectively est imated in
terms of the conventional inflameability coefficient K ~ 0.1, where K is determined
by calorimetric methods and repres ents the ratio of the aao t~~t of heat evolved

• during the combustion of the sample ~mder standardized conditions to the smouat
of heat in the igniting pulse; difficuitly combust ible** 0.5 ‘ K > 0.1; difficultly
inflssmable 2.1 > K > 0.5; combustible * K > 2. 1.

Values of K for various heat insulating materials are listed in Tables 111.1
snd 111.2.

A Large number of works 2 ’9
~~~ are devoted to the description of the properties ,

technology of production and application of beat -insulating materials , including
• those used on ships. We will confine ourselves to citing the essential properties

of heat -insulating materials (Tables 111.1 and 111.2) and discuss the most typical
and promis ing materials of only e few groups .

Such materials include foam materials (including foam plastice, foam glass
and foam cer am ics); lightweigh t minera l materials based on vermiculite; board
(plate) and roll composite materials containing mineral or organic binders ; special

• types of insulation , for example powder—vacu um or malti layer—va cuum insulation .
and some others.

2. Foam Materials

Foam materials is the general designation of a large group of synthetic or
artificial materials characterized by a unique cellular structure : the material
has many closed or open pores filled with gas or air, and therefore has a
low dens i ty  and a low thermal conductivity.

Individual heat-insulating materials have b%sn briefly described pre viously
- • (Vol. 1 of the handbook, New Materials for Shipbui3.ding, Sudostro yentv e , 1966 , p. 488;

Vol. III, 1972 , p. 101) and are discussed below in ~ 12 and section 111.3. Ma re
we are discussing only foam plastics possessing heat - insulating properties.

Depending on the nature of the starting materials, the foams used as heat /197
insulators are subdivided into foam plastics (bus — synthetic polymeric re sins),
foam gless (base — silicate glasses) and foam ceramics (base — ceramic compositions).

classification is arbitrary .
**Terme adopted by the Rules of the USSR Register.

2

• •  - • - • • - 

- -

~~~~~~~~~~~~
-

~~~ --
— —.~•-- —~ — — ~~ ~~~~~~



________

~~~~~~~~~~~~~~~~
- : -

~~~~~~~~~~~~~

-

~~~~~~~~~~~~~~~~~~~
-
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

‘
~~~
‘

; ~~~~~~~~~~~~~~~~~~~~ I

.
. : ~~~~~-• I ls. -~~i~.c

• 
~~~
. r ,~~ ..a

t ~ _ J o ~ I I I I I ‘Iz ~~
~o a~~c~~~~ -,

05

I t~1L~ ~~
.1 ~~~~~

~~&1~~$’ ~ $8
* ;:r,~ f~~~~~!: ,+;  

~ -•

~~ !2 !2 6$
.~~ i- °~~’,~f~
•

• ~ 
2 8 8  8 9• ~ a o • 0

—• ___________________________________________________________________

~
~ ~~~w~~~2 2 ~~ 2 2 ~ 2 2 2 ~~~~~~2

a m m  • •~~~~ ~~: ~~~~~~ ‘ / V  \‘ V

-:~~~ 
..; i.’- .

,.

~~ ~ ~~~ a• 
~~~~o. ~~~~~~~~~~~~~ U~~ —. p.5.5 . 5 . 5  C.5 S e a

• 
~~~~~~~~~~~~~ 2 2j~ U §g 

‘
-
~~ ~a~~~ ~~o c a  a a- . 0

i- a. ~~~~~~~~ •‘- + + 1~ +d~— + + — +_i~ + + ° 4

,~~

~ 
a •.2 0 0 0  00 ~~~~~~~ 0

I I !! ~ !

.2 ~~~~~~~~~~ U

~ :• ~ .~~~~ ~ç .z 
~~~
.. J •

~ I J~ Jk~. I~11au_
~ 1b~h~I ~. ~~~~~~ ~~~~~~~~ I1P1~1~ 1111

.— I,’, ~~~~~~~~ • ‘- 0 — 0

3

L~ ~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 

—

~~~~~~~~~~~~~~~~~
•
~~~~ —— - • . 

- ~~~~~~ 
--
~~



- - ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
- -

S

—

‘I .e~ $J~ 2~~ •~ ~~Z2J~ “ J

~~ ~~ ~~~~~ 
-
~~~~~ ~~~~~

. I I.
‘IC

• 
- 

. 
~~

o
~ IcJ

.
~~~ $$ ~~

. 
~~• :r~~os I— 1+ I-~ + 1+ -~- i+ 1+

Lfr aJi 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

____________
I

• 2 2 2 ~~~~~
• I 

0 
V A

—

- 

-. 

- 

.
~ 
. - ~a a ~

• S
• 0

0
~~ ~~~~~~~~~~~~~ — .~- 0 e • .  •

85 1”•’ 0

• 
8 ~

‘a ,...
~~

C
~~ -~~~~~~ 

.~•

8

F
• f• ci ~~ o~noe~~i~ .c ’aa 1s ~~~~~~~~ •!I•.lC .. C~ —

p 
~~~~~~~~~~~~~~ ~ 1~~’I~ I t 2 8

4

- =-i~=:;~.~ -•,-~~•--~ -- -  ~~— --~ ~~~~~~~~~



~~~~
-

~~~~~~
-- ~~~~~~~- • • • •~ 7 —•-

~~~
- 

~~~~~~~~~~~ ~~~~
‘
~~
‘ T~~~~

•
1

I, 1.
• 1 . 1  6 5 1 .

£
• I I . ! .  • 

: I

Iz
~~ i1 ~~~—

~~~ I I~~ / .
4 - - •~•‘~~~~1_____________________________• I

I I I I

8

“U it 
• ~ I~~

’
~ ’~~ 

2 1 84 
~~~~~~~~~ ~~ 0

£ ~. ~~ ______________________________________________________________________________

I ‘ 8 2 2 a
.4’ 1 °  • •o c m o a a

_  I _ _

~ ~ ..IkU.C — —1~i l !a  I I
u,~~~~ a © — f —

— 2

.2 .
~~~.5 2— .— I — — —‘------ — 

I.
1’ • - ‘ a u — ’ a.J .—•-——

a.

2

~~~~~~~~~ 
. 2 : I e~~~ 1 M :

II-, ~f e$~ ~~~~~~~~~~~~~~ o’~

~~ ; i 

~~~~~~~~~~~~~~,
~~ 1.’~~~~1 ~ ~~ I •

a

_ _ _  - - - • ~~ - -~~ ~~~- -~~~~ -- - • • • •
-~~~~~~~~~~~~~ — • -



~~~~~ •~~~~~~
- •~ T Z ~~~~~~~~~~~~~~~~

’ —

= 

Table 111.2

leat—insulating materials for insulating hull structures

Material --~ ~~~~~ 
_ _ _ _ _ _ _ _  _ _ _  _ _ _

~~~ standard 
~~~er-~~~~~~~~~~~~~~~~~~4~~~~~~~~~ 

% bf~~~~~~~~~o 1owe r

— o.oss <o,io o.so
laUon I

- 300-400 - 0.090 Same 0,30 960 
~
. 2,5

$ oem glass blocks 150—250 150—230 0.06~’ 0.100 , , 0,25 ISO I 4. -~- 7.0
for const~~ction I

~ ~~~i~~~~felt 
ISO 170 0.045 0.045 0.78 30 100 -

~~(for insulation) ,
0057 6418—67 I

• g But insulating I 
•

articles of glass
• staple fiber I(COST 10499—67): 1

PTO—75 Si —iS 60—40 0,10 3.40 60 0.5 6

I 
for

PT—iS si—is 60—SO 0.04 - 0.045 0.281 3.00 
~~~~ ~~ 

_

~~~~ 
—

PT—50 • 36—50 60—60 and MP.1

r .  ~~~~~~~~~~~~~~~

l2

~j H

6 125 0.035 :. l~0—O.200 4.20 85 100 4!. —
mastic

y l.at insulating
iaterial of

• irand ATIMS :
65 tOO 1 - -

0.037 0.045 0.30 0.70 480 • 
—

• eat insulating.ateri al of
~vsnd ATINSS:

£TIMS~— 30 ) 25 50 0.037 0:045 0.09 1.30 ~ 
0.1 3 —

ATIMSS 5O 4

• Beat insulating 
• 

I

aterial of I

brand VT4 :
1 J 80—40 60—70 0,035 0,045 >LlO 100 ~~ 0.6 10 —

VT4—L5 j 
• ~1~ ’ -

~~~•

IQ Beat S,n.ulating I
mat e t
bran : -

-
, 

35 40 . 0 035 0.045 >2,10 160 .50 1 —

• • L _ _ _  _ _ _
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Table 111.2 continued

Materlnl and Density , 
~~~~~~~~~~~~~~~~~~~~~~~~ 

T~~per~~~~~cy~ ~~nd4~j- k~/ .3 
~ E.1 ~ ‘ pr t~ e mste~~al g~~useRo ~~kf~ex r,,i~~.

standard I of -~~5 Insuia4 — 
~ (~no ~~~~~~~~ 746/p

— 
~~~~r- ~~~~Ia- 

~o~~~~~~~~~~~4 ~~~~~~~. 
~h~~~~~~~~~~~~~~~~th°an

• ~ 
Kinerallike ~i5t.A
)4t1) synthetic
s~naer -

(GOST ,~is-7!~:FM iso ~~~~ISO ISO

• 
115 l~~ 0,045 0.065 <0,10 ~bout ~~ ~~~ ~~~ —

Th1-80 I 80 80rP’N~lOO ISO ISO
~ ?ThV p1~~e foam

plastic

flhV .I45 65 55 03 5

~~ ~ ~~~ : 
~~~~~~lO=IS

13 ; tj~fg~~ 1~~ m 50-60 50-40 0.035 0.040 2.36 54 70 ~~~~- -~~ 5,0 —

14 
~r 30—50 30—50 0,030 0.035 0.53 30 30 3.6 2.0

PU—304N
IS Beat insulatin

plates of PSB—
polystyrene foam
plastic

(COST 15566—70): - 

nf

~ } 0,035 0.045 ~~~~~~‘ 100 50 .
~~

- 
~~
.

xti~—uishi~

IS Cork in plates 240 240 0,045 0,050 4,00 
• 

62 tOO .
~
j  4~

.. 2,5

a 
— I? Expansite plat es 130 ISO 0.045 0.050 5.10 ~ 100 ir 4i~ 

1.5
220 ~~ 0,045 0 050 — — — 1.0
250 ~~ 0,045 0,060 — — — ar ~~

eat insula ting 
~ 

. 

3.0
*es c~~~and 3’$ .7k, 0.3 26 (with

~~~U 6.06-953—65 
100 100 

056 6 ~ -~~- ~~~~- pa~.r )
vithopaper
vi t~~Parr)
vithel
piper )

eat insulating I20-. 440 120—120 02 I
FF fo 

~~~~~ 
} 0.045 0.056 0,56 4.4 100 

~~
• 80 oil aluminum foi~ ~~~~~ 

1 9  — 0.O Q <0.10 — 500 — — —
• - ‘ or technical ~~

.-.

oses, COST 618—6:

7    
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The coemon properties of these mater-iBIs , despite their completely different
nature , are a low density (0 — 20—60 kg/a-’), low thermal conductivity (A • 0.03—
0.05 kcal/m b C) ,  and the fact that it is possible to vary their various properties
widely , which makes it possible to select the optiBa variants for a specific area
of application.

Fo plastic heat insulation may be made in two variants: by installing sheets
or blocks of foam plastic, then sewing or past ing decorative material around it , or

• ~, by spraying f oaming compositions forming the foam plastic on the spot . Such for
ezample is the rigid foam polyurethane of type Bartholtopren , widely employed in

• - foreign shipbuilding for heat insulation of ships.

For standard 0 • 30 kg/a3 , its • 3.5 kg/ca2 , <
~~~ 

— 1.8 kg/cm2, a1 • 0.6
• kg ca./cm2 ; the material has 95% of closed pores. The hygroscopicity is 1—3 %;

•
~ 

A • 0.020—0.022 kcal/(a h •C).

• Figure 111.1 shows comparative characteristics of the basic proper -t ies of
certain foam plastics: A vs p (a) ; A vs t (b ) ;  0~, vs 0 (c) ;  0c vsp (d) ; 0ah vs p (e) ;
E vs p (1) ; a

~ 
vs t (g) ; 

~sh vs t (h) .

Figur e 111.2 Shows the basic characteristics of the propertie s of a two—layer
cons t ruction material — foam polyurethane blocks with glass—reinforced plastic
linings (sen~wich structure ).

A similar group of graphs in Pig. 111.3 shows data on materials for fireproo f
heat insulation made in the form of foam plastic sheets 30—120 am thick lined on
both sides with sheet asbestos (6 • 1 am).

The foam plastic core of this material consists of a composition of foam
polystyrene (902) and silicon—containing filler (102).

• In the case of a fire , in which the temperature rises to 800—1000 C , the
foam plastic burns off , while the silic*te skeleton remains. ~n this material,
A s 0.039 kcal/(a h ‘C), 0c • 3—4 kg/ca2 , 0abear = 14—15 kg/ca , p • 160 kg/a3.

Polyurethan aa foam plastics (see Vol. Ut of this handbook , 1972, Sud ostroyeniye
Publishing House , p. 131) are very promising shipbuilding heat-insulating materials
possessing a combination of valuable properties (low 0 end A values, fairly high
0u’ 0c ’ 0bend values), and also becau se of their technological workability. These
materials may be used as prefo rmed end loaned products (sheets, blocks , individual
articles ), and also as sprayed compositions which foam when applied on the surface
to be protected , a. wall as filling compositions foamin g La the cavities and volumes
which they occupy.

A similar technological latit ude has served as the basis for using polyurethane’200
foam plastics not only as heat—ins ulating materials but •iaultan.ously to Lighten
the structures and also to fill not easily accessible cavities in order to provide
protection from corrosion , sound insulatio n , .schanica l bracing of parts . etc.

When pouring polyure thane f oaming compositions , (for ezsaple, when filling
buoyancy volumes, rudder blade cavities , fairings , hull structures ), use is also /202
made of special .achines and devices which mechaniz e these operations.

•1•
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(a) (b
t5, kg/cm2 / 2

• 
~ / 

~ kg 

,

H • 
_ _  _ _  _ _ _

(d) (a)

• A, kcal/(. b C) ~~~~ (f)
- 3 ~~~~~~~~~~~~~~~~ ~, kcal/(m h ‘C)

~~ ~~ ~~~~~~~~~~~~p,  m P , kg/rn Agiug ,d~ys
4~ , kg/cm ( h ) SC

1

P, kg/m3 ~ ~~~~~~~~~~~ r~

Fig . 111.2. Some characteristics of two—layer foam polyurethane blocks :

a — foam polyurethane TX, a0 vs 0; b — polyurethane foam plastic 0c vs ~; c — 0b vs 0;

• d _ A v s p ; e — 6 v s p ;f-cb ange inAvith agin& fOam Pl&ItiC.

1 — sandwich with fiber glass linings; 2 — PPU (at 20’C) ; 3 — PPU (at 50’C);

— vs p f o r  PPU with open (1) and clossd (2) cells;
h — noengram relating the lengths of mixing (1) , foaming (2) and setting (3) of

foam polyurethane.

Dashed lines indicat, examples of use (from the top down). A: mixing — 60 ,
foaming — 180, settin g — 580; 8: mixing — 25 , foaming — 75 , setting — 310;
C: mixing - 8, foaming - 25 , setting — 150. -

•
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~~~~~
4S14
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H _
t 

~~~~ ~~?, kg/ n3

Fig. 111.3. Some characteristics of foam plastic bI Ks lined with asbestos.
Curves for brands LA and h A :  1 — a~ VS 0; 2 — vs a ; 3 — aSh ~ ~ — 0b VS 0

S — vs 0; 6 — A vs p. Curves for brands I and •.. : — vs 0; 8 — a vs o;
— ii vs p; 10 0sh vs ~ — 0b 

vs p.

Table 11.3

• Characteristics of rigid foam plastics

Brands of foam_plastic
Prop arties *

3a II Ti

Oapp~ I~g/~ 3 so so 70a0, cgica io 29
0~~, kg/cm 4 9 15
~~, kg/cm 2 9 19 30
Q.eh, k6/C ’ 4 9 13
zy, kgiçms 300 6L~ 1000
ash, kg/cm’ ISO 250 400
aj, kg ca/cm 0.4 0.7 1.0
ISat re.I,stsnf a C 200 195 190A1 k~a 1f(m h C~ 0,027 0.025 0.026
Cc0 aays , 2 1$ 14 14
£~ $ mHz 1,04 • 1.07 1.10
t1ñ 62 .S.Mz z 104 6 I 10
p., o~~ 3. 10” 9 Ia” 5.5 10”

•A.ll proper ties at 23’ , • — 502.
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• Volume III of this handbook (1972, Sudostroysniye Publishing House, p. 102)
gives the prope rties of certain brands of foes polyurethane plastics which are of
interest in shipbuilding.

Polymsthacrylsmide with an admixture of soluble gas—forming agent splitting off
onia is used to obtain by foaming at l70—230’C rigid foam plsstic.s suitable

• for heavy duty service.

Poem plastics of this type are resistant to vibration and wear , and they are
• chanicslly stronger than all other rigid foam plastics of the same density; they

are thermally stable and resistant to organic solvents. Some characteristics of
• Robscell foam plastics are shown in Table 111.3.

3. Vermiculite

Zxpanded vermiculite (ther~~ vermi culite) is a granular heat—insulating material
obtained by grinding and calcinin g the natural mineral vermiculite (hydroph iogopit e) -

a highly hydrated magnesium alurninosilicate of variable comp osition.

The limits of fluctustions in the content (percent ) of the various components
of vermiculite are: SiP 2 37—42 , MgO 14— 28 , 7e203 5— 17 , 7cC 1— 3 , Al203 10—13 , 020
8—20 (K20 + 0520) 1—2.

On rapid heating , vermiculite splits into separate mica plates lightly
bonded to each other , so that the grains e x p a n d  considerably and bend partially
(hence the name verrniculjs (worm—shaped)].

On exp indin g, the increase in volume is tenfold , and the increase in grain
thickness ranges from 15 to 40—fold.

Depending on the grain size, expanded vermiculite is divided into two fractions:
fine (from 0 15—0.25 to 3 em) and coarse (from 3 to 10—15 am).

The bulk density without compaction ranges from lD(~ to 300 kg/a3 (Pig. 111.4). 
•

p ,  g/cm 3

~~? ~‘? ~~~~~~~~~~
~~~~ ~& p • ~ ~~~~

Drain size ,

Fig. 111.4. Density of vermiculite vs grain size

12
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Table 111.4

Some characteristics of expanded vermiculite and vermiculite art icles

Material P, kg/ m~ j A ~m
k

~
a
~~g> ~~)m2 ~~~~~ ~~~~~~~~~~~

Expanded vermiculite:
- of Potanyanskiy deposit up t o lO0 0.033—0.030 — — 1270

(3—lfl em, 0.6— 5.0 em
and tJ .0—0.6 fractions);
of £ovdor deposit (3—10 em, up to 150 0.06 — — 1330
0.6—5.0 em sad 0.0—0.6 em
fractions)

Coemercial grades of ‘ixpanded 100—300 0.065—0.085 — — —
vermiculite (0.15— 3 em , and
3 to 10—15 am fractions )

• 
- Unfired asbestos—vermi culite 250-350 <0.09 — 2—2.5  —
• articles

Vermiculite concretes 300—9(30 — 3—25 — —
500 0.09 5 — —

Vermiculite—ceramic articles 330—450 0.07—0.08 4—15 2—3 >1350

Table 111.5

Compositions of mixtures (in terms of dr substance) for preparing asbestos—vermiculite
• 

• 
articles

Conten t of components , ~it. 2
Starting materials — —

II 1 - • IV

Expanded vermiculite 67 39 36 56
Asbestos of grade V 18 7.5 17 17
Bentonite clay 10 — — —
Milled diatoasceous earth — 7.5 — —
Vater glass — 22.3 — —
Sodium fluosilicate — 3.7 — —
Phenoljc alcohol (resin) — — 22 13
Bituminous bentonlte paste — — — 12
~itumiuous distoesceous paste — -. - 15 —
Starch 5 — — —
*Roman numerals denote composition m~~~er s.
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Expanded vermiculite (Table 111.4) with additions of binders can be used
for the preparation of two types of heat—insulating products:

(a) umfirad ones — asbestos—vermiculite products (among the compositions
shown in Table 111.5 , characterized by twnrk up to 600’C) end vermiculite concretes

• of expanded vermiculite and cement of brand 600 , taken in the proportion 1:1 — 1:2.5;

• (b) fired or vermiculite-ceramic products (amoog mixtures of vermiculite /203
and refractory clay , taken in the weight proportion of 3:1 — 4:1), characterized
by twn,.k up to 1l00

•C.

Cosposition of vermiculite concrete (in vt.Z) /204

Portland c ent 400 57
Expanded vermiculite of brand 125 (2.5—1 0 am grain) 5.7
MB—4 0 asbestos 2.8
Water 31,.5

This vermiculite concrete has 0 — 1200 kg/a3 , X — 0. 18—0.22 kc al/(m h deg) and
twnrk — 850—950’C, and serves as a sublayer for mastic deck coverings (of “Nev a—3U ” type)
in cases where fireproof protection nf deck cover ings is required. The optimum thick-
ness of a layer of vermiculite concrete on steel is 30—35 am , and that of the “Neva—3U ’
mastic , 15—20 am.

4. Expan ded Per ~ite

Heat-insulating materials include exp anded per lite (per lit e sand — a volcanic
rock containing water — fired in the suspended state in shaft furnaces).

Expanded per lite sand is mixed with different types of binders (mineral, or—
ganic) and shaped into articles used for beat insulation.

The characteristics of certain articles obtained from perlite are shown in
Table 111.6.

5. Board Heat - Insulating Materials

Heat-insulating materials used in structures in the form of finished board
(plates , pane ls) and usually requiring no addition al tre atment (enclosing , pai nting,
gluing, etc.) include articles formed under plan t conditions from various composi-
tions.

The most modern material s of this type are asbosilite (USSR) , nepeunite (a,R)
and .ari nite (England).

The characteristics of these materials, which are used not only for heat in-
sulation but also for fireproofing on ships , are discussed in more det ail below
(~ 11 and Table 111.15).

14
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Table 111.6

Characteristics of certain beat insulating articles obcain.d from p.rlite

0 , kg/m3 Temo
~
rs
h
ture up

• 
Article Binder 

of sand j article 
A ,kcal/(m h C) ~~O

• Cexsaic—perl its-phosphate 
~~~~~~~~~~~~ 

ID— I SO I 250.—400 <0.2 (8001 J 1150

- - Ceramic psrlite Clay 250—400 - 0.06—0.09 j 100

Perlite, fired lightweight Fusible clays ~ ioo—~oo 0.06-0.0? (20’) 1 ~~~~~~~~

PPRhV—l plates P~hV-resin 70~-.2oo <160 04(55 100

litumen—perlite Bitumen 60— 120 
f 

300—450 0.01—0.09 (20’) 
- 

160

Cement—perlite J Cement J 250—.350 ~~~~~~~~~ too

k Perlite-gel Water glass and 
200—250 

:~~~~z~~~~~~~~~

Ph.noUc~~ r and phan-~ Phenolic alcohol~
[ 

— — — —

?ilcer per lite powder 
( 

— 

( 
(5o—4oo O,O5—0.08 k30

5mroughout this coh~~ , the temperature indicated in parentheses is in degrees Centigrade.

New varieties of fiber glass materials may be u*ed for heit and sound insulation ,
in particular, articles made f rom them (plates , rolls) obtained by the so—called cea—
trifugal blast method (Cfl).

Fiber obtained by the CP’B method (combined action of centrifugal forces and
gsa combustion products on the glass melt when the fil~~ nt is pulled) has an in-
creased strength , is more homogeneous , and makes it possible to obtain articles of
better quality. By binding the CFB fiber with synthetic resins, one obtains a
shaped composition which after the resin sets has a combination of valuable properties.

Plates containing fibers obtained by the Cfl method , with a binder of a mix-
ture of phenolic alcohols and alkyd res in VPF— 45 in the proportion of 5:1, are made /206
with fiber having the following properties: density — f o r  brand P 1—75 , 30—40 kg/a 3 ;
for PT—SO , 10 kg/a3; mean diameter of fiber — lass then 6 um; content of nonfibrous
inclusions, 0; loss on ignition , 12% ; hygroscopicity for 5 day s , 42; r .covery co-
efficient , 95% .

The CFI roll material has a 4en~ity of 21.0 kg/a 3 under a load of 1
and 29.0 kg/s3 under a load of 5 glen’.

6. Hea t Insulation of Cryogenic Devices

For purposes of cryogenic engineering, which requires careful protection of
the apparatus , containers and connecting lines from the influx of heat , ordina ry

15
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Fig. 111.5. Apparent average thermal conductivity of certain types of Soviet—
made vacu um—powder heat insulating materials in the 790—78 K t emperature range
(layer thickness , 9— 72 em)
1 — magnesia; 2 — mineral wool; 3 — perlite; 4 — coarse—fiber glass wool (18—20 um ) ;
5 — fine—fiber glass wool (4 —7 um) ; 6 — silica gel; 7 — Mipor; 8 — silicoaer ogel.

heat insulatio’~ is inadequate. In such cases , special types of heat insulation
are used , mai!lly high—vacuum , powder—vacuum anc. multilayar—vacuum types.

High—vacuum insulation is obtained by structural methods: creating a high
vacuum (l.l0—5_l .10 6 Torr) in the heat—insulatin g space and setting up in this
space free—standing or cooled shield.s which sharply decrease the radiant heat influx .
For example , high—v.cuus insulation with shields cooled by liquid nitrogen is uniquely

• suited for the storage and transportation of liquid helium , for which ordinary Dewar
flasks are unsuitable.

Powder—vacuum insulation consists in filling the insulation space with various
powdered materials and reducing the pressure to l0~~_lO— 2 Torr in this space .

As shown in Fig . 121.5, the the rm al conductivity of all powdered beat- insu— /207
lating materials drops sha rply, since the tran sfer of heat by the gas usually pre-
sent in the pores of insula tion asteria 3 s is eliminated.

Figure 111.5 shows comparative values of the ther mal conductiv ity of some
types of Soviet—made materials used in the form of vacu um—powder insulation f o r
cryogenic devices .

Material, used for powder—vacu um insulation include : aerogel, perlit., silica
gel , Mipo r , and fiber glass , to which is fr equently added aluminum or copper dust
(40—602 of its mass), which shields the material and lowers the radiant heat trans—
fer , thus reducing th. the rmal conductivity coefficient by s factor of 3—4.

Ma ltilayered vactsia beat insulat ion is form ed by alternat ing layers of mater—
tale with a high reflectivity and low thermal conductivity, for example al uminum

• 
- foil and fiber glass fabric. When the residual pressure in the beat—insulating

space is j .j0 3—i•1o 4 Tor y , the heat transport by the gas is sharply reduced ,
and the nominal therm al conducti vity of the layers becomes approximately 1/10 that
of the vacuum-p owder materials and spproximately 1/100 that of bulk heat insulatio n .
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Fig . 211.6. Ther mal conductivity of multilayered insulation vs pressure
( T —  293—90 K)

Numbers on curves denote the number of layers of multilayer insulation.

The optimum number of insulation layers is 20—30 per cm of thickness. The
thief area of application of this insulation are pipes and cryogenic vessels.

Figure 111.6 shows the thermal conductivity of multilayer insulation (alumin um
foil — fiber glass fabric) vs pressure (2 • 293—90 2) for differen t numbers of
layers n — 26, 40, 51.

111.2. ASBESTOS AND ASBESTOS MILTER.IALS

7. Asbestos. General Properti.s

The name “asbestos” includes a group of fibrous varieties of certain minerals.
According to their mineralogical origin , two main asbestos groups are distinguished:

phiboles (X 2 3 23Z8022 (OH , F, Cl) 2], where I — Na , Ca, K, ~.i; t — Mg, Fe , Ma ;
2 — Si, Al , Ti, and

serpent ines Mg6 (Si4010] (OR ) 4.

A co on property of thes e minerals is the filament shape of the crystals
and their ability to be split into the finest fibers possessing a high mechanical
str ength end elasticity . The tensile strength weigh t ratio of asbestos fibers is
much higher than that of many construction metals. In addition , asbeatoses ar e
characte r ized by a hi gh thermal and atmospheric stability and chemical res istance.
Compositions of the chie f varieties of asbestos are shown in Tabl e 111.7.

The two main varieties which have been applied in industry are chrysotile
asbestos (GOST 12871—67) and anthophyllice asbestos (STU 49—161—62 SWSM ) .

Anthophyllit e asbestos is characteriz ed by a low strength , different fiber /208
lengths sad a high ac id resistance. It is mainly used as a filler in the production
of oxygen— resistant plastics , asbestos board , etc. It is manufactured in two grades
differing in fiber length.

17 
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Crocidolite (blue) and aensite asbestos is also applied in indust ry to an
appreciable extent. Same properties of asbestos fibers are also listed in

‘ Table 111.7.

Chrysotile asbestos can be split into fine, flexible , elastic fibers of high
Strength suitable for the production of textile materials. The long—t ime heat
rsistance is 550’C, and the short—ti me heat resistance is 700 C. Chrysotile
asbestos is highly stable to the action of alkali but insufficiently acid resistant.
According to the fiber length end dust content , it is subdiv ided into 9 grades
(from 0 to 8) end according to the t ext ure , into three groups: rigid , semirigid

,. 
end s of t .

‘ . In addition , seven brands denoting the asbestos grade and fiber size have
-
‘ 

been est ablished , along with the following additional symbols:

AZ — lumpy , long— f iber ed , rigid—textured;

DV — long—fibered. rigid—textured; /209

Zb — rigid— t extured ;

- 

- 
PRZh — intermediate brands between rigid and ~enirigid textures ;

P — semiri gid— t extured;

H — soft—textured;

K — chambered , soft—textured.

Asbestos brands AX , DV—O— 8O , DV—0—55, Zh— l— 50 , Zh—1—38 , Zh—2—20, Zh—3—40,
PHZh—2—3 0 , PRZh—2 —15 , P—2— 30, and P—2—l5 are designed mainly for the production
of textile articles . Asbestos of brands P and H (grades 3 , 4 and 5) as well as
brands P—6—40 and N—6—40 is used for producing asbastos cement articles. Brands
2— 6—30 and 2—6-20 are used for heat insluation in the production of plastics.
Asbestos of brand 2— 6— 5 is used in the production of asbestos—pitch tiles.

8. Asbestos Materials

Chrysoti le asbestos is used as the base of important technic al materials:
asbestos thread or yarn and articles sad. with it (cord , fabr ic, board, paper ,
j ointing, etc . ) .

Table 111.8 lists the basic proper ties of certain asbestos materials. /212

Asbestos and materials obtained with it as the base have various applications
in technology . They are used as:

(1) fireproofing and electrica l , therm al and acoustic insulat ing materials ;

(2) sealing materials ;

(3) act ive and reinforcing fillers in plastics , adhesives , rebbers , asbestos
cement and various composite materi als;

19 
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(4) filtering atad absorbing materials.

Asbestos fabrics (AT— I — AT—S GOST 6102—67) are used mainly for hea t insula-
tion (see Table 111.8).

New materials obtained with asbestos as the base include fabric or paper
composites fro, asbestos and fiber glas s with res in binders: asbestos—cera mi c com-
positions of asbes1tos and ce~aaic fibers; asta llized asbestos fibers and fabrics ;
fabrics made of Mta l wire and asbestos fibers; asbestos—graphite compositions
made of graphite powders , asbestos fibers and resin binder; pastes of asbestos ,

• sircon and silicon with resin binders; asbestos fluorinep laseics ; asbestos polyanLdes
. ‘ and many othe r s. In many compositions , asbestos functions as a heat—resistant re-

• inforcing component .

The properties of certain composities are listed in Table 112.9.

Table 111.9
Properties of certain asbestos compositions

Composition No.

Property 2 3 4
(aabestos—poly— (asbestos.glass (laminated (asbestos
amide—phenol paper with asbestos felt with

_________________________ - 
composition) epoxy binder) phenolic) phenol binder)

0, s/cm3 1.36—1.4 1.7 1.8 1.75
0u’ kg/me2 ;
in longitudinal bending 11.9 70.91 33—38 —
in transverse bending 9.8 — — —
in longitudinal extension 9.8 70—84 32—38 20
in transverse extension 6.3 — — —

21 35-42 — 13—16
z.i0 2, kg/me2:

in longitud inal extension 9.6 28—35 35—42 —
in t ransverse extension 7.4 — —
in bending — 25—28 35—42 —
in compression — 26—31 — —
Thermal conductivity of composition ISo . 1: 1 • 0.08—0.09 kcal/(m h C); beat

capacity of composition No. 1: c — 0.29 kcal/g ‘C.

9. Spray—Coated Asbestos Insulation /213

Asbestos is the basic component of many heat—insulating and f ireproof ing
compositions applied on the surface by mechanized methods , mainly spray coating.
Such compositions include the asbestos cement end asbestos capron compositions .

21
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The asbestos—c ement mixture spray coat ed on surfaces is designed for insu-
lation and consists of asbestos of grade P—I ll— SO or P— IV—2 0 (COST 12871—67) and
portland c~~~nt of grade not below 300 (COST 10178—62) or fast—setting or plasti—
ciasd c~~~nt (COST 10178—62).

The weight ratio of asbestos (fluffy ) and cement (dry ) is 2:1. The dry
mixture is fed into a spray gun together with water (1:1) and is spray ed with
n~~~rsssed air and in the form of a semiliqu id mass onto the surface to be pro-
tected Sn a layer of necessary thickn ess (usually 15—20 em) .

The spray—coated asbestos capro n hear insulation is obtained by mixing 93 wt .%
• , of fluffy asbestos of grades P—Ill—SO or P—IV—20 (COST 1287 1—67) with 72 of capron

: • soil (fiber length, 10—15 me), the binder being a solution of potassium silicate
• - (H — 2.9—3.2; o • 1.41—1.45 g/cm3) diluted with fresh water to 0 — 1.25—1.26 5/cs3.

The mixture is atomized at an air pressure of 2.5 kg/cm 2 . The approximate ratio
of the dry mixture to the solution is 1:1.

Prior to the spraying of both the asbestos—cement and asbestos—capron mixture,
to improve the adhesion , th e surface is coated with a cement—latex primer of the
following composition :

Latex DVKbB—70 grade A (COST 9301—60) 37
Stabilizer K (acid casein 14% ; calcined soda 1%; water 85%) 11

Portland cement of grade not below 400 (COST 10178—62) 52

The adhesive strength of the spray—coated insulation increases if wire pins /214
6— 8 ma long are first welded to the surface being treated at a distance of 250—300
me fro. each other (at the corners of squares ), and after the insulation is applied,
the ends of the pins are bent at a distance of 1/3 of the specified th ic~~ess.

The properties of the insulation obtained after drying are given in Table 111.10.

Table 111.10
Some char acter istic, of spray—costed insulation masses

Ultimate strength ,
fr /cm2

3 A Hear ts—
Type of mass P. kg/a kca3./ (a b ’C) ° W24,Z sistance

(ls~er ávithout 1 h . C
sepa r- 0b e orma—
ation ) tion)

Asbestos cement 300—400 0.09—0 .093 0.5 2—2 .3 >0.5 up to S 950

Asbestos capron 180-230 0.06 0.05 1.3 — up to 6 —
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111.3. HEAT—SHIELDING MATERIALS

During the operation of many modern machine-s and installations , individual
parts or components may be subjected to intens e beet fluxes at temperatures equal
to or exceeding the melting point or decomposition tempe r atur e of the materials
of which they are made .

To iniure the efficient operation of such parts (if they cannot be made of
materials possessing a sufficiently high heat resistance), it is necessa ry to re-
sort to various methods of protecting them from bent.  Of the many possible heat—
shielding va riants , the followi ng three may be considered the main ones :

(1) supply ing a cooling liquid or gas to the vail opposite the heated side
• or to the permeab le volume (pores , chan nels) of the material being heated;

(2) applying on the heated surface refractory coatings or linings capable
of preserving their state of aggregation for a long time and possessing a low
the rma l conductivity;

(3) applying on the heated surface coatings that decompuse rapidly (undergo
vaporization, decomposition, gasification , or partial fusion) on heatin g with the
absorpticn of heat , so that during the period of their decomposition , the tempera-
ture of the shielded surface does not exceed the al lowed values .

The first method , which is mainly one of design , does not involve the use of
special materials and is not considered here. It is used mainly in cases where
protection for lon g periods of t ine is required and changes in the dimensions of
the outline of the parts being heated cannot be tolerated .

Shielding using the second method i. designed for shorter periods of time
end usually consists in applying coatings and linings of more heat—r esistant
materials.

The selection of hear—shieldi ng materials is determined not only by their
thermophysica l para meters (the rmal conductivity, r cfrac tor iness , temperature con-
ductivity, hea t resistance , etc.) but also by th e character of the chemical re-ac—
tion with the ambient medium (gaseous corrosion , oxidation with volatilization of
ozides) and mechanical strength.

Table 111.11 lists the properties of certain heat—shieldin g materials used
in such cases .

10. Fu sible and Vaporizable Materials /216

The third method of shielding Is aain.ly used when the change in the shape
and size of the outline of the coating on a part is of no particular importance.
The coating should ensure the operat in g efficiency of the erticle in the course
of short time intervals , then break duwn , provided that the part or structure being
shielded rema ins intact after being exposed to extr~~~ conditions for a short time .

Coatiugs of this type, i .e . ,  burning, fusible, decomposing or vaporizing ones ,
remove heat durin g their decomposition or preven t it from reaching the surface being

23
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Some properties of beat—shielding materials
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~ jC1vap tot Type of
Iiateria.l u~— ‘ ‘  —‘~J/nole shield—

_ _ _ _ _ _ _ _ _ _ _  ____  

: .~~~ .~~~ 
____  _____ _ _ _ _ _  ~~~~~~ — — — 

_ __
_ _

Grap hite* (P— 0.25 ) 12 1.72 I 4730 — :soe IN) 0.71 — — 358~~ HP , C”
‘ ~arographite* 12 2.2 • 4730 — 173 1.9 0.96 — — —Tungsten I 154 19,2 3410 5530 68 169 0, 13 34” 845 ’  926 ” eX , VAP

Titanium carbide (T~cj 60 4.9 3150 - — IS 36 0.56 — — HP
Horon nitride (EN) I 25 2.3 3000 3130 4.) 29 32 0.49 — — 791 (.) 5P , GTantalum isi 16.6 3000 5300 25 54 0,13 32” 770 ” 850 ” fl , yAP
Zirconium dioxide 123 5.3 265) ~~~ ~ .~~ $ 1.8 o.so — — iiss ~~ HP , C
)k lyb denum 96 10.2 2620 4830 52 137 0.26 42 565 675 Rl’~ VAP
Niobium 93 8,37 2470 4930 23 52 0.27 35 700 771 ~~~. VAP
Isrylliun o de 25 2.28 2450 • 3030 .) • 83 240 1.0 — — 290 (.) HP, C
~f~~ inun OX~~~ P 102 3.8 • 2050 3660 ~ 13 4 1 0.84 — — 3270 ~~ 

RP
.Licon dioxide 30 2.2 • 2000 2770 ‘~ 

• 0.72 1.4 0.89 — ~~ ~ RP~ C
Seryllium 9.0 1.94 1290 2500 

- — — — 31 320 353
Lithium 6.9 0.534 180 1370 — — — 29 ISO 164 VAP
Camphor ( Cir ~Hi~ 0) 152 0.99 - 120 210 — — — ~.320 59 l i D  VAP
Naph thalenS (CrO R8) 12$ 1. 15 220 — — — 210 44 56 VAP
Eiphenyl (C12H1rI ) 134 1.15 ,O~ 260 — — — 230 48 59 VAP
A onium chXor 1~e 54 1.53 335 33l~~d.c. ) - — — — 104 • 76 2O5~~~ C
Aluminum nit~i4e (k1$) ~I 3,5 2430 2490 (.) — — — 58 632 624 (a, ’) C

A and a — in a directioq 2erpendicular to the surface of pressing or deposition;
A and a — in a direction paraLLel tO the surface of pressing or deposition; for boron
nitride, one—half as mach; for graphite, twice as much ; for pyrograpbite , 200 t imes as Lch.

** At 3000 x
5.5 — refractory shielding; yAP — vaporization shielding; C — ~~~t~~~~t1on

shielded. They are called “sacrifice ” coatings (“sacrificed ’ to preserve the main
article). They are ,J~ o known as ablation (ablative) coatings.

Table 111.11 also lists certain materials used for creating a “sacrifice ”
shield.

The mechanism of such shielding i, different under different conditions and is
frequently based on several simultaneous processes , i.e. , gasification , vaporization ,
decomposition, fua ion , chemical reaction with the medium , washin g out, transpira—
tion , etc.

The most economical and work able shielding materials also include polymer
resins , either unfilled or reinforced with fillers , and compositions basad on these
resins.

The shielding capacity of such materials is considerably increased when they
form decomposition products in the form of a carbonized layer. However , not all
polymers exhibit the same behavior in this respect.

As en ez ple , Table 111.12 lists data on the ability of certain substances
to undergo carbonization , estimated by means of the so—called coking ve-lu* (CV).
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• Table 111.12
Coking values (CV) of certain organic substances

Elemental composition ,_2~• Substance j— CV -

- 

c H 
~~~ —

‘henol—formsldehyde 76 6 IS — 56
- • ‘ seth ‘novolac 18)

u3yl a~lcohol po’ymer 39 46 1$ — 49
olyacry lonitrile 43 43 — (4 44

• niline—pheno]~—forma.~- 79 6 15 — 39
ehyde y~~in ~resol- • resIn 211)

Phen9l-benzaldehyde 52 44 4 — 37
resin

Polybut adiene 40 60 — — 32
~~—5 epoxy resin 40 46 14 — 10

• 
_ _ _ _  _ _ _ _

The coking value is the mass of the solid residue (expressed in percent) /217
after heating the substance at 1170—1220 ~ at a pressure of 1—2 at for 7—10 mm ,
referred to the mass of the initial polymer.

A carbonization tendency is exhibited primarily by polymers containin g five-
or six—membered rings similar to the hexagons of graphite with a C—C distance of
1.415 A.

11. Fireproofing and Fi r.— R eai sta ot Coverings

Pire.resistant coverings are an obligatory structural element of ships for
preventing fire and limiting its spread over the ship.

• In degree of flame resistance , ship fireproof covering s are divided into three /222
types: fireproof (type A), fire-retardant (type 3), and separatory (type C) (Table
111.13). Type A coverings must have flame and s.oke impermeability for 1 h. Type B
flame ret ard ant s mus t be impermeable to flame for 0.5 h. Type C coverings mast be
made of noncomb ustible materials.

Structurally, most fireproof coverings consist of a supporting base (steel ,
light alloy ) insulated by a noocoabu stib le heat-insulating covering in the form of

• preformed elements or .aatic insulation.

Tables 111.14 and 111.13 list the properties of some types of such insulstion . LL

Figure 111.7 shows different variants of modern ship fireproof structures
using new types ~f insulation , including the panelboard type.

Figure 111.7 (I) shows fireproo f ship coverings with insulation of marinite
panels , and Pig . 111.7 (II) shows fireproof coverings with mineral wool in.~u1ation ,
used in foreign shipbuilding.

Figure 111.7 (III) shows structural diagrams of standard fireproo f cover ings
approved for use in U.S. shipbuilding.
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• Table 111.13

Classificatio n of fireproof ship coverings based on the degree of fire resist ance
according to international requir ements IlK 1960

Properties of type.s of fireproof coverings on
ships according to international requirements

I. —’
Criteria for estimating the
limit of fire resistance in

0 U time , mm
Ship fireproof s — ______ Structural Insulation

cove rings base
J— A. ~~~5 C C O s

U A.~~~ A . > ,
‘ o n  S -~ U -  Ch . 5  , ——— —- . 

0~ 
~~~~~ 4 3 —  5 —  -‘~‘) ‘~n —  5 . 0  .~~~.0 ~~c e
s e e  5 5  t e
_ s C  —~~~ • 5 5  5 — >5 . 5  f l s

Fireproof A—6 0 60 60 60 60 Steel or Noncoabustib 1e~(typ e A) A— 30 60 60 60 30 equivalent aateria l ** 0

A—l5 60 60 60 15 material
A—0 60 60 60 0 reinforced

with stif—
f en.rs

Flame—retardant 3—30 30 30 — 30 Inner layer Any material
(type 8) made of non— 1

combustible
material

1—15 30 30 — 15 Nonco.bust- L _________

1-0 30 30 0 — 0 ible mater-
ial (including
mater ial of parts
for assembly of panels)

Partition C — — — —
(type C)

*
Any material which by itself or thanks to the insulation covering it possesses

structural properties and 1mpermeabili .y that make it equivalent to steel, after
exposure to fire , in accordance with the standard fire resistance test.

*43
Material which does not burn end does not evolve inflamaable gases in amounts

sufficien t for their ignition by a foreign flame or other ignition source nn
heating to 750’C. Any other material is considered combustible.
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• Fig. 111.7. Different variants of modem fireproof ship structures using Ce>’ /223
types of insulation materials
I — fireproof ship coverings with sarinite panel insulation:
a — steel partitions with one-sided insulation by panels , fastened or free—standing,
of the following thickness : 30 am for type A—60 , 25.4 ma for type A—30 , 12.7 am for
type A—15; b — steel partitions with one—sided insulation by free—standing panels
of the following thickness ; 25.4 ma for type A—60 , 19.1 ma for type A—30 , 12.7 am
for type A—U ; c — steel partitions with two—sided insulation by fr..—standing
panels of the following thickness: 12.7 am for types A—60 and A—30 , 9.5 am for
type A—l5 ; d — at.e l deck with insulation of deckhaad by panels of the following
thickness: 12.7 am for type A—60 , 9.5 am for types A—3D and A—i s ; e — partitions

• made of panels 22.2 am thick for type 3—15 and 15.9 am for type C; continuous deck—
head of type 3 made of panels 6.3 am thick; f — partitions of al~~ inum alloy with
two—sided insulation by panels 19.1 am thick for all types A and 12.7 am thick

0 for all types 3; g — a~~~~~irn~~ alloy partitio ns with one-sided insulation by panels
15.9 am thick for types A—30 , A—U and A— 0; h — partitions with base of al~~ inum
end one—sided insulation by panels 9.5 am thick for types 8-15 and 3—0; i — decks
of a1t~~ num alloy without deck covering from above with insulation of deckh.ad by
panels of the following thickness: 19.1 am for type A—60, 9.5 am for type A—0 and
6•3 am for types 3—13 and 3—0; j — decks of a1~~ini~ alloy (deck coverings of teak -
38 ma, “durastaak” or oak — 23.4 am, n.opren e — 6.3 am, set on 4.8 am latex) with• insulation of deckhead of panels 13.9 am thick for types A—60 end A—30 and 12.7 am
thick for types A—iS and A—0; k — decks of al~~int~ alloy for hydrofoil, with insulation of panels 12.7 ma thick end kzyl mineral wool 31.7 am thick for type A—60 .

1 — base of partition; 2 — stiffener; 3 — panel ; 4 — 6.3 am air gap; S — channel;
6 — angle iron; 7 — sinc—plated screw; 8 — deck; 9 — sartaite laths 23.4 a 76.2 am
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Fig. 111.7. II — fireproof coverings with mineral wool insulation, used in foreign /224
Shipbuilding: a — fireproo f acoustic insulation of type A—60 deckhud with panels
of perforated marinite (9.5 am) *nd Roxyl board (25.4 am); b — insulation of type
A—60 steel partitions with Navilite panels (15.9 am) and Rockvool boa rd (20 am );
C — insulation of type A—6 0 steel partition in stairwa y enclosures, shafts , eleva-
tors , etc. with mineral wool 60 ma thick (o — 125 kg/rn3) and marinite panel (19.1 am)
coated with noninflameable plastic (1.3 ma ) ;  d — insulation of type A—60 deckhead in
public spaces and cabins with mineral wool 63 am thick (p — 125 kg/rn3) and a.l~~ inum
alloy cartridges with 20— mineral wool (p — 80 kg/m 3) ; e — insulation of type A—6 0
steel decks at contro l posts with cement (10 ma) ,  mineral wool aonoblock (p — 260—300
kg/rn 3 ) 25 ma thick, Serneex deck cover ing (15 am) ;  f — insulation of type A—60 deck—
head in machine ry and boiler spaces , airconditioning, etc. with mineral wool 65 am
thick (p • 125 kg/rn3) covered with galvanized iron (1 ma).
1 — base of partition or deck ; 2 — stiffeners of base; 3 — mineral wool in sheets ;
4 — insulation panels; 5 — panel lathing; 6 — cartridges ; 7 — galvanized iron

• ~-ii 
4 ~

4) 
~~~~~~~~~ ~~ lb J~ .

_

g~mbols
~~~~~ - Deck coy- - T.nsu— -Partition —• Steel

• ering Lation panel

Fig. 11L7. III — atructural diagrams of standard fireproof coverings approved for use
in U. S. shipbuilding : a — A—60 partitions ; b — A—30 partitions; c — A—iS partitions;
d — £—60 decks ; e - A—3D decks ; f- A—iS decks .
D — thickness of deck cowering for type A—60 ; S — thickness of structural insulation for
type A—60; P — thickness of partition panel for type 3— 15; A — air gap, 25.4 am
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Fig . 111.7. IV — standard fireproof designs approved by the USSR Register for use
on Soviet ships : a — .4—60 fireproof partitions; b — 8—30 fire-retarding partitions ;
c - .4—60 f irep roof decks

1 — sheet steel , 3 am; 2 — sheet steel , 5 am; 3 — spray—coated asbest os cement insu-
lation ; 4 — asbestos board ; 5 — 0.05 ma foil; 6 — 1—am sheet steel; 7 — 2—am laninate;

- 
8 — wooden lathing , 30 a 40 ma ; 9 — metal lath ing, 25 a 25 a 3 am; 10 — Au G— S abs ets

- 2 am thick; 11 — sheet steel , 2 am; 12 — asbestos glass ; 13 — asbestos perl ite ;
14 — plywood. 8 am; 15 — MS—iD bolt ; 16 — “Nava—ZU” mastic; 17 — vermiculite concrete

Figure 111.7 (IV) gives standard fireproof designs approved by the USSR Register
for use on Soviet ships. -

Fireproo f coating s which are formed on the surface of the protective material
in the form of a layer stable to 2200—2700 C and , f o r  short periods of tins, to
3200 C , are obtained by applying on the surface of the fir e—resistan t base one of
the co.positions shov~ in Table 111.16.

-- Table 111.6
Compositions of refractory costin$s

• No. of cospo.ition

Components 1 2
Conten t , part s by weight

Carborundus 70 40 70
Anatase 70 60 30
Water g.La.s S 3

- Water 8 5 6
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A two—layer foam—ceram ic covering has been successfully tested as a heat—
shielding covering: it was made up of one layer of dense fireproof concrete 4.7 am
thick (consisting of 30% high—alumina cement + 70% of fused quartz) end a second

3 layer of porous ceramic 23.3 ma thick (of fused Si02 ) .  prepared by foamin g end /224
impregnated with ethyl silica te t hen acid—tre ated to convert it into the gel.

The weight of such a covering is 24.4 kg/rn2.

Figure 111.8 shows the temperature of the inner wall wh en the outer wall is
heated to 1650 ‘C and the influx of hsat is 700 kcal/m2 sec.

t’Cr

0 *9 5’ 00
Time, sec

Fig. 111.8. Effect of duration of external heating on the tenperature of the
outer wall of a foam ceramic covering

An effective heat—insulating coating protecting the Mo surface from oxidation
is a coating of the composition MoSi2/ SCA1 . It has th e properties of silicide and
aluninide coatings . The coatin g is obtained by imaersing a bar of Mo or Mo alloys
for several hours in a silicon—saturated SnAl melt .  The temperature of the melt
is 900 C. As a result of the trea tmen t , a porous layer of MoSi 2 whose pores and
cracks are filled with SnAl alloy ii formed on the surfac e.

The rate of formation of the coating depends on the Sn/Al rat io (Fig. 111.9) .

‘H,
U IL,

• .

Molding ti*e, h

Fig. 111.9. Thickness of coating vs t ime of holding at 900 L. in SnAlSi melt

— MoTiZr alloy; pur e Mo. latio Sn:A1 • 70:30 — (1). 1 — Sa:Al • 70:30;
2 , 4 — Sn:A1 — 80:20; 3, 3 — Sn:A1 • 30:10; 6 —  S~ :A1 • 95:5.
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The optimorn thickness of the coating for shielding Mo from oxidation is
• SO—ISO us. After 2500 h of service in air at 1200 C, the coat ing on the No — 0.5

Ti — 0.08 ZrC alloy consisted of an MoSi 2 skalecon and a diffusion layer of Mo5Si 3.
The sur face and cracks were coated with an £1203 film 13—20 urn thick. The pores
were filled with oxide and partially with SnAl alloy.

I~agnesiia , calcium or barium polyacrylate is r.co snded as the binder for /225
ablation shielding.

t When exposed to high t..peratures , the organic componen t of the polymer bin—• dir burns off , leaving on the surface a thin film of calcium, magnesium or barium
oxide which delays further decomposition of the material.

• Ca, Mg and Is polyacrylates (in the amoun t of 20—602) may be introduced into
the composition of known ablat ion materials based on ph enol—formaldehyde or epoxy
resins. According to foreig n data , a suspension Sn, £1 or Mo ant ioxldet ion coating
is used for structural panels , beat shields of aircraft leading edges, and other
parts of tantalum alloys. The suspension consists of tin , alumin um and molybdenum

0 powders end a lacquer solvent. It is applied on an etched or aandb ls.sted surface
with a brush and by spraying, dippin g, etc. After drying , the surface is subjected
to a 0.5— 1 h diffusion t reatment at 1037 C.

The coating is composed of the intermetalhic compound TsA13 near the base /227
and Sn Al with NoAl3 particles in the distant part .

— 
The proportion of the components corresponds to the for mulas Sn - 27Al -

5.S14o and Sn ‘ 27.SAl - 6.9 No.

Th. coating of the first composition , which is applied in one to two layers ,
has the best wettin g pr operties. The coating of the second composition is more

0 erosion—resista nt and applied in a single layer 76—260 urn thick.

111.4. R!PRACTORIES

Isfra etor i.s are different types of materials, mainly no~~~tAllic ones, whose
specific property is the ability to retain a given str ength for long periods of Ci..
when heated to high temperatures .

According to their refractoriness , they are divided into refractory (1500-
1770 C ) ,  high refractory (l770—2000’C) and extra—high rsfrnctory matettsl . (above
2000 C) .

Refrac tor ies are divided into groups according to their composition (Table
111.17) and porosity (Table 111.18).

The following types of refracto ry articles are disting uished according to
the method of forming plastic—formed (from plastics); dry—formed, nonfo rme d or
reinforced (fro. dry , powdered messes of little or no plasticity, including con— —

Crete , fused materials, etc . ) ;  slip cas t (from liquid slip, f oam slip, gas slip,
the rmoplastic slip, e t c . ) ;  the rm oplastic ext ruded (from masses with thermoplastic
additi ons); hot extruded (from masses heated to the thermoplastic state ); fused—
cast (cas t fro. the mel t) ;  saved (fro. natural rocks or fused blocks).
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Table 111.19

Magnesia refractor isa O~ )

Tired IW. IIndex I Ar ordinary I At elevated Without
t~~~erature Utemper ature s binders

• 2 11,7 $6.3 $5.2

I t :  L’~ /c?:~‘ ~~~ l~~ 0 >t~~~~ >I~~soft ’
• Composition , I

0 - 5.-n- 0,33 O.~7 6.09
$04 145 0.55

Depending on the type of heat tre atment , the following refracto ry products
are distinguished ; fired , unfired , dried , somet imes with heating to 250—400 C;
hot— ext ruded , fired after ext rusion; fused—cut , and annealed after casting.

Since the requirements for the stability of refractories increas e because
of ever more severe service conditions (components of gas turbines , magnetogas—
dynamic generators , plasastrons, e t c . ) ,  new refrac t ory compositions are bein g con-
tinuously developed , mainly based on highly refractory oxide and intsrmetallic
compounds a~d their combinations. Such new compositions include , for example ,
high—mag nesia and chrosia—msgnesia refractories (Table 111.19).

12. Porous and Ligh tweight Isfrac :or ies

Heat insulation at high t peratures (for example , in furnace chambers ) is
also achieved by using, in addition t o charging insulation, various lightweight• refracto ry ar ticles combinin g a low the rmal conductivity with a high refractoriness
and satisfacto ry structural strength. These materi als are called heat-insulati ng,
porous or lightweight refrectories.

Table 111.20 show, the properties of certain refractories. /230

The ter m porous (or somet ~~~s lightweight) is applied to refractories of
low apparent density (p — 0.4—1.4 g/c&), caused by their cellular structure , with
a large number of statistically unif ormly distributed open or closed cavities (pores)./23l

This structure can be obtained by numerous technological sethods , the most
important of which are the following:

(1) introduction of a porous f iller — natural or synthetic — into the initial
mass;

(2) blowing or beat treatment of the entire mass or its individual components;
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Table 111.20
Some properties of heat—insulating refractories

—
4. 4 5 . 4  5’ 5 - ‘Lightweight fireclay ‘~~ ~~ ~~~ ~~~ 

‘
~~ ~~

_______ ‘5 ~~~ ‘ 5 ’  US. 12
AL—l.3 IL—l.3 HL—l.0

• t - a a. .4 1. 5.4 1. ~‘-1 ,r .n .wo.c s o~~~as 5 .0420m e  I a ... O m a . —  I I 1.J -.s 0 .J — U .4 -.. ’ e458 0 0 — 1.F ~~s. a s u  0 - 5’—’ 0.~~~~’5 . 5

Refractoriness , •C, 1750 1670 1700 1670 1690 1670 —
not below

~, glen3, not above 1.3 1.3 1.0 0.8 0.4 1.2 3.65—4.2
, 1 — — 39 — 82 —
~c’ 

kgf/ ca2 , at least 45 30 20 10 30 6—8
Ldditional shrinkage , 2 1.0 2.0 0.3 1.0 0.4 — —

• Lt temperature , C 1400 1.350 1350 1250 1250 — —~, heal/s h ‘C) 0.64 0.53 0.48 0.40 0.18 — 0.11—0. 12
~t ~~~~~ ‘C 780 720 760 700 515 — 350
laxiaum working ten— 1400 1300 1200 1200 1200 1500 900 0

perature , ‘C

(3) intro duction of additive s leaving pore s in the initial mass and their
subsequent r~~~vai (by burning, sublimation , vaporization , dissolution) ;

(4) mineral formation during the firing, associated with an increase in
porosity;

(5) introduction of air into the suspension or malt, and freezing of the
air bubbles formed;

(6) formation of gas bubbles in the suspension or melt as a result of
chemical rsactions bstvaen the additives introduced or their decomposition.

In practice , the following three .ethods are the most comn ones:

(1) method of burning additives, based on the introduction into th~ initial
charge of various organic substances (sawdust , coke , coal , straw , etc.) which are
eubsequently burned off ; the proportion of the additives to the main mass deter-
mines the properties of the product;

(2) method of foa*ing, based on mixing of a suspension of the refractory
materiel with a foaming agent or with a foam prepared separately and in subsequent
solidification by drying and firing of the cellular structure obtained;

(3) method of chemical pore formation based on swellin g of the initial
mass by the gas evolved during chemical reactions as a result of the interaction
or decomposition of the additives introduced into the mass. The combinations of
gas forming agents are different: carbonates + acids (for example C C O 3 + HCl);
metals + acids (for example , Zn + SC1 or Al + 13904); metals and alkalis (for
example , Al + 1flL~0E; foam polyurathaaea ; perozides , etc.

36

~~ssi —‘-- - . —- — - 
~~~~•- . ~~..  

- -
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.Z 
~~~~~~~~~~~~~~~~~~~~~~~~~ 4 

0 

-



— -  

~~~~~~~ 

, ~~~~~~~ ~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~

—- --
~- ! ~~~~~~~~, - , - ~~~_- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~

— —  ______________ - .—  ~ 2

— 
~ -r ~~ ~~.

1
$ A ! 1

~~~I~~~~
I I

~~~ 
~~~~~~~~~ ~~~• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.~~~~~, c - . . ’

-
— A

• _a n.c....c s— , a Sn -— .0,-.~~~ ~~
— . C 12.c 0.~~ e aa S a a .. — a. 0

: ,~ ~~~1I ,j. l ! I,L~~~ ~~~~~~~~~ I

9 — ,. . — a

— I. U 05... .. 42
— 2 a ~~— - ._. I I I ~. 

~ ~~~~~~~~~~~~• — — - 
— — c~~o n...e e n— 1. — 0 0 v~~ .0 ‘~.0 0 • C t .  oSce es

~~~~~~ — 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘

~~ 

‘ :  
~~~~~~~~~~~~~~~~ P

• 

~ 

I

- 10 S~~[_
~~ 

~~~~~~~~~~~~~~~~

I ~ ~ :

— ____________________ U c S . .w U
5’ — .. 0 0 —  Sc..’ 5.4
* • 4 2 . 4 0  CI. £ 4 5

• 
I

5, —
I. . I
45 - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

.5 .40 a . I  o nU -
• .— .c e n u

— c. ~~~~~~~~~~~~~~~~~~
‘~~.4 — I I I I H I  a I — 422~ ,.o I. o c

~~~~~~~~~~~~~~~~~~ ~~
.4 i J 5 . 4+ .~~~0 1. 51.0I. ___________________ ____________________ c—a. — —  — —  ‘.o.c o~~a . o 5 1 .
a 0.0-l~~~U P 4 2 ~~45 5 5 0

—~ ..4r.I— , a a . C . 0  5 0
C 1 . 1  ~~m a .  —
~4 5.0 •) U— ~~~ ~5 a C . —

I • ‘
51 U C C U C SI I.C~5 ,C 0.’ 45
‘5 0 ‘5 U
1. .5 C I. .0 C O 5 t . 0~~.0 .’.’ U Q IC 5 .5 42 U .5 5 U 1 . 1 2 ’ 0a. I~I P4 (‘4 41 5. 4’~ (‘4 (‘4 41 45 I 0 II U S
5 5 5 5  . U 0 5 5 5  U U C I  4 1 1 2 5 1 5  ~~I. U ‘5’ 0 — 1. U ‘- U — 5’ h.a. ~~~~— a u - a. ~ —. —. s u ~~ ~,.r as:e U — . .

a 5 . 4  • . — a a~~ SI • ~-l I.. ..‘5U1.,.l~~~ .< ).• m u  I. ~~ m u  I.’ •-. C ~. U 4 2 O  * 5 . 4
• 54 — ~~ I P4’S U • 51 — ‘5 • 54 ‘0 U I. .4 ~ ‘4.’t..4 42 —a. a. 0 .g - 42. ~ o .g 

~~~~~0 0. —‘ 0 4 5 . 5 I I U  0• 5 5 . . 5 4 .  ~~~~~~~~~ 45 5 .  • 5I . ’~~~ C I-
D a S  ~~ U .5 c . 0 .  ~~~~0 I 0  ~~ U . 5  ‘ .,S ’, I•*l

37

I
- - -—~~~~~~

- 
~~~~~~~~~~ ~~~~~~~~~~~~ - ~~~~~~~~~~ -~~~~~~~ ——— ~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 



~
_5•___-,•-~-- ~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - - -

A por ous high—temperature refractor y based on aluminum oxide La obtained
by adding silicon nitride (381 N) to its composition .

t The additive lowers the firing temperature (to l300 C) and raises the working
t~~~arature (to l500—1800 C),while the high heat—ins ulating properties end mechanical
strength of the refractory are preserved. The SiN content of the refractory is
1 to 301 of corundum. The foaming agents are surfa cta nts or a mixture of aluminum
powder and slaked lime .

Porous rafractorias can be obtained with practically any base ~~ ng those
• is*d for preparing dense refractories .

Table 111.21 and Pig. 111.10, which illustrate a few of the large number of
keown examples , give an idea of this possibility.
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Ti 8. 111.10. Some characteristics of various types of highly refractory porous
ceramic: a — •ffect of the content of burning—off additives on the properties of
ligbtv.ilht dia.as.
1 — poroeity; 2 — therma l conductivity ; 3 — strength; 4 — pore size;
b — compressiv e strength for various porous high r a fra tt ories vs porosity and method
of pore formation .
)Isthod of burning—off additirse : 1 — NgO ; 2 — IcC 3 — Zr02 ; 4 — A1203; fo
method: S — SiC; 6 — XgO ; 7 — 1*0; 8 — Zr02 ; 9 — A1~O3;
e — tempersture of th. start of softening (Si) sder load for various porous high

refracto ri es vs porosity and method of pore format ion . 
-

•
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Fig . 111.10 continu.d

Method of burning—off additives : 1 — ZrOZ; 2 — leO; 3 — ~~2~3; blowing method :
4 — ZTOz; 5 —  £1203; 6 — leo;

- - d — certain properties of zireonia lightweigh t foam material vs apparent dansity.
1 — 

~~~ 
2 — iS ‘C; 3 — I; — S — . —  number of heat cycles ;

e — the rmal conductivity of sill imanits lightweight material vs pore size, porosity
end t~~~~er at ur ..
1 — fine pores , 43% porosity; 2 — large pores, 39% porosity ;

[ - f — thermal conductivity of beryllium foam cerami c vi porosity end t~~~erature.Porosity: 1 — 782 ; 2 — 712; 3 — 63%; 4 — 50%;
g — thermal conductivity of zirconium foam ceramic vs poro.ity and temperature.
Porosity: 1 — 802; 2 — 70%; 3 — 64%; 4 — 53%; 5 — 28%; 6 — 0.0% ;

• h — thermal conductivity of corundum foam cera mic vs porosity and temperature.
Porosity: 1 — 872 ; 2 — 822; 3 — 69%; 4 — 60%;
i — gas permeability of various porous high refra ctorie s vs pI~ro eity end *ethod of
pore formation.
Foam method : 1 — SiC ; 2 — £1203; 3 — 3*0; 4 — Zr02 ; method of burning—off additives :
3 — 1*0; 6 — £1203 -; 7 — Zr02 .

111.5. ST8TACTIC MATE LLALS

The tar n syntactic (from synt ak t iko s — putting together)  is applied to con— /235
positc str ~~~tura l material s of low density, obtained by mechanical mixing of hollow
closed microsp herea (thin—walled hollow globulea) with a binder capable of solidi-
fying (usually, a synthetic resin) and converting the mixture into a closed mono—
lithic cellular mass of foam plastic type. lecaus s of this property and also their
low th.rmal conductivity, thuae materials are considered in this chapter.

Dovever , in c~r.~ra3t to foam plastic , the material obtained has anch higher
indices of mechanical strength , particularly a high compression resistance.

ly varying the material of the microspheres, their diameter and wall thickness ,
- - the binder composition and the conditions of preparation , one can obtain syntactic

materials possessing diverse properties , including different the rmal conductivity
ind ices . Table 111.22 shove certai n genera lized data on combinations that hays been
used in practice.

• The Soviet inductry produces microspheres of glass (TU 6— 11— 156—70) and ph enol—
for maldehy de resins (TU V—166—70). Their principal properties are as follows :

Mate r ial of .icr ospner es Iulk 4ensity , Density, Particle Fusibility,
g/cm3 size , ia 2

Glass 0.10—0.20 0.22—0.40 10— 200 98

Phenol-formaldehyd e — 0.20—0.36 10-300 90
________________  

Tab le 111 23 gt.es •ropertiae of several synt act ic compositions .ade up
of glass .i c r ospher. . with so porv r esin (accordin g to foreign date).

Table. 111.24—111.27 and P ig .  111.11 below give certain cha rs et. istics 10 of
syntactic compositions with b imde~ epoxy resin (~~S and EDPI materials ) and poly-
este r res in (SPS and 5PM met .rtals .
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Table 111.22
Some properties of syntactic compositions

• Property Mature or limits of values

~~ Material of microspherea Class • ceramic, synthetic resins, aluminum ,
titanium

u nder material Various thermosercin g and ther moplastic
polymers

Diameters of aicrospheres 10-500 i~~ (glass , resins, ceramics); 2—l5 em
(aluminum , titanium , res ins ) - -

Wall thickness Depending on the manner of preparation ,
— 

• 
usually 1—31 of diameter

• • Packing density (ratio of volume For one—dimensional spheres , 0.65—0.67;
of microspheres to total volume two—dimensional ones , 0 . 7 — 0 . 8 ;  three— and
of aateriai) four—dimensional spheres . 0.90 and —0.95

Density of hardened syntactic con— 500—800
position , kg /n3

Ab sorption of water under pressure , Z  up to 1.0
Strength limit~ of hardened compo-
sition , kgf/cm’:

0 100—400
U

100- 500
sh

in linear compression 500-1200
in volume compression 600—1500

100—500
Elastic aodulus, kgf/cn2.l0 4:

in volume compression 1.5—4.0
in linear compression 2—4

a
~~

, kgf ~~~~~ 1—7
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Table 111.23
Some properties of syntactic compositions

Composition withstanding hydrostatic
Propert y pr essure , kgf/cm 2

______________ _______________________ _____________________________

up to 170 up to 315 up to 945*

Mamm al density, kg/m3 560 603 672
Positive buoyancy in seawater 463 417 362( p —  102 kg/a3)
Dydros tatic compression strength 630-703 840—1050 1260—1470

c, c’ kgf/c.2

Volume c~mpression modulus L~ c~10
4, 1.76—2.11 2.11—2.46 3.16_3.?2

k.gf/cm’
Linear compression strength’ 560—598 633—703 1054—1125

~~
• kgf/ cn 2

• Modulus of elasticity in linear 2.11—2.46 2.46— 2 .8 1 3.5 1—3.7 3
compression Ec~l0’’, kgf/cm 2

Tensile Strength 
~~~ 

kgf/cm 2 105—140 210—281 33 1—422
Shear strength 0sh’ kgf/cn 2 105—140 210—28 1 351—422
Wate r absorption , 2 no greater than il at a pressure up to

________________________ 70 3 kgf / ce2
• *

No deformations were observed a f t e r  a year ’. exposure to water at a pressure
up to 950 kg f/ cm 2 .

Table 111.24
• Some characteristic , of Soviet syntactic materials

_____Typ e

Property ~poxy resin bose Polyester binder

~)S EDM SPS

p kg/n3 IX.-500 ~~~—l03 603...-75O G03—7’~0000 050 •500

0c’ kgf/cm2 I 0..-003 290—500 ~ o.—coo ~io—soo

‘b. kgf/cm2 ~oo !50.-.200 250 200—200

e
~~
. kgf/r~

2 220 240 ISO 50— It O
X l0~’. kj f/co2 28—27 3-25 12—20 S—tO

~~~ 
k$f cm/ca2 2—7 I —.3 1—2 2—2

• .-10 ’. .2/h - 0,3—0.3 0,4 —

3..kcallm h C 0,2 0,075 —

c. kca.1/(kg C) ~~~~~~~~~ ~~~~ — —
c-I0’aeg (5O-.W C) 50—00 73— 2 03 — —
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Table 111.25

Effect of thermal agin g for 150 b on the properties of syntactic materials

• Maldin~~tamperature. C c
_~~~~~_

I
~~~J~~~

_ 
~H Property

0. ~ ~ 5. ~ ~ 0.— -~~. -~~. .-~~. .~~. ~~ - 
5~

•c~ 
kgf/cm2 627 450 ~~ 611 440 607 600 400 410

* ! ‘c. 2 of initial 00 200 I tO U ~ iog ~
‘b kgf/ca2 350 215 200 ~ o ~~7 92 370 100 84

.~ , I of initial 00 200 36 97 105 32 91 84 32
Weight b a a , 2 0 0 16 0.03 0.4 2.8 3,9 ~.s s,i 22.5

• - 61. % 0 0 0.28 0.6 0.5 0,8 0.25 - 
0.27 3.7

• W is h. % 0,15 0.15 1.10 0, 25 092 2 ,73 0.10 0.95 3.9

Initial o , kg/a3: EDS—6 — 680; ~~M—5 — 650; SPS—1—6&~

Table 111.26

Dielectric properties of certain syntactic material.

Typ e of material
• Property 

—

WS—5 SPS—l

~ 1~~d~~~state 5.5-2 0 ” - 9,6-J O”
after 24 h i~ water at 20’C l,4-lu’- 2.2- I0 ~

PS. 
~~~~~~ stat. 5-10”—I .I0” 2.8 20”
after 24h in wate r at 20’C I .5 lo’.._3,2 l O ~ 1.5- lu’

0.014—0017 —

I 2.1—3,0 3.3

‘tin’ kV/me II

Table 111.27

?rop~r-ties of ~~S materials with different setting conditions

S.ttine conditions
Property w c; n 

~~jIt
s.c.

~~ - - -~~~~~~

___ ~~~L ‘~~!L - 
I 

p, ka fm3 050 740 700 720
~ k f/cm2 150 580 100 $75

k f/cp .2 116 17.7 I, •17 ,2
•fl, kgfi~~T 10.1—12,1 — Sj—12,2 —

120 b in th
,ater, kgf IcmZ

‘ 42 
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Fig . 111.1 1. Some characteristics of syntactic materials: a — water absorption /238
of syntactic materials.

1 — S?S—1; 2 — SPS—1.A; 3 — EDM— 7 ; 4 — ED S—6; 5 — EDS— 7 ; 6 — ED S— 7A (A — on sized surface) ;
b — some properties of ~~S syntacti~ campositions .
1 — coispression strength o~ vs apparent density ~; 2 ,3 — calculated and experi mental
curves of apparent density o as a func tion of the aicrosph .re content of the composition ;
c — absorption of isopropyl alcohol during prolonged holding.
I — ~~t4— 7; 2 — !DS—7; 3 — SPS—l;
d — effect of prolonged exposu:e of syntactic materials to differ ent media on the
mechanical strength.
A — initial; 3 — in benzine , transforme r oil , end isopropy l alcohol; C — in carbon
tetrschloride; D — in 102 82504; E — in 102 alkali. Molding ti*e: EDS — 12 months

• in all media; SPS — 6 months in all media; ~~M — 12 months (C. I). 2); ZDM — 6 month. (3).

According to the authors ’ data the content of microepherea in the toe- /238
position ranges from 10 to 302. Within these limits , the co.poeition has pouring
properties. Above 301 microspheres , molding compositions are obtained. Molding
compositions are formed cc b e  pressures (5—20 kg f / ç

2 ) .  The critical concen crs -
tion for glass microspheres with p • 0 .2 5—0.28 g/ca ’ is 22 — 25 v t .%.  Optimal physico—
mechanical properties corresp ond to the critical concentration.

The chemical stability of syntactic materials is determin ed by the chemical /239
• stability of the binder in e given medium.

Syntactic compositions are of considerable interest in shipbuilding: this /240
is a strong and light structural material of high buoyancy wi th a low water ab-
sorption , good corrosion resistance and a number of other desirable properties.
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L - Adhesive strength of cam— Coefficient of linear expansion of
positions , kgf/ca2 compositions (n-10 6/de g)

mature of adhesion temperature , C ~ )S

To metals: 50 - 50 73
detachment 10 — 

100 76 82

• shear 40 87
To fiber-glass
plastics:

20 —

shear 75 250

The material has satisfactory processing properties and can be processed into ar—
titles both before solidification and in the solidified state.
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• IV. 4. flIERS AND FL3MOUS MATERIALS /503 
-

Fibers is the term applied to flexible , mechanically strong , elongated bodies
whose length is at least several ord ers of magnitude (3—5) gr eater than their chick—

• mesa.

-
• - Monof ii is the term applied to fiber, of infinite length. A bundle of fine

fib.rs of indefinitely great length is called e thread.

The assortment of fibers used for technical purposes , includin g shipbuilding.
is mary broad. An extensive literature has b.en ds,oted to the description of the
properties and methods of making fibers, and state standards have been formulated.

The principal types of fibers with practical applications may be subdivi de
as shown in Fi g. IV .22.

Inorgani c fibers 
• 

Organic fibers
- - 

Natural. Ma n—made Nctural 
—

~ Man mads Synthet ic

Mineral Physical Plan t I Animal Chemical 
- Chemical

____________ 
syntheti c ___________ ___________ 

men—made - synthetic
• Example, 

______________ ______________

Asbestos, Glass, silk, - Cotton, flax, Wool , -~ Polymer
potassium from rocks , iu.p, ambery I silk Viscose fibers
titanate - quart z 

____________ 
I — 

s.lginates 
____________

Pig. IV.22. Principal types of fibir, havin g practical applicati ons

The principal charactsri~cics of certain representatives of each of these
groups are given in Table IV.34.

Table IV.34 lists certain areas of application of fibers and materials ob— /305
tam ed from them in shipbuilding. As i. evident from this table , fibers are
widely used in shipbuilding.

The las t decade baa been charact eriz ed by a definite tendency in shipbuilding
to switch from natural fibers to •yntbet ic ones. This i-s due to the fact that syn-
thetic fibers possess a combination of properties which are of particular interest
under the conditions prevailing on ships (high eater resistance , res istance to /306
biological attack, high •schanical strength, low density, etc.).

lefore discussing the properties of sp.eif it reprssentativ.p of this group
of materials, ye will mention their useful comparative characteristics, which are

— somewha t specific in character.

The basic characteristics of the fibers (a. physical ob~scts) are their

F thickness and mechanical strength.
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Table ~~.34 -

loss areas of application of fibers in shipbuilding

Main function Fibers

Nain.forcing materials in composites • in— Fiber glass and material s based
eluding fiber glass plastics on it

Petting and rigging materi als Plant fibers (hemp , sisal )
Pett ing th reads, trsvl yarn , cordage Synthetic fibers (capron , amid ,

for tremling purposes , fish nets , lavsan, polyethylene, khlorin,
ropes 

• 
polyvinyl alcohol, polypropylene)

ligging and equipment • rope, and lines , Hemp, sisal , capron , lavsan ,
cargo slings, mooring lines, towing polyeth ylene and polypropylene
ropes , lowering and mat lines , sloop
ropes , shot lines

Meat—insulating materials Felt , asbestos , synthetic fiber ,
fiber glass

Material for sizing and equipment of Nan—made and synthetic fibers
ship compartments — upholste rin g and
furni ture fabt ic. , curtains , shad es ,
decora tive and crimeing fabrics ,
carpets , runners

Technical fabrics , fabrics for engin— Cotton (including cotton impregnated
earing equipment , canvas , tarpaulin , with rubber and resins), polyamide
coveralls, soft packing , pontoons , and polyester fibers , polyvinyl
inflatable rafts alcohol fibers (vinol)

Conveyor belts , driving belts , flexible Cotton , viscose , polyamide (capron ,
pipes for air and liquids , tire cord amid , nylon), polyesters (lavs sn ) ,

p”ly-vmnyl alcohol (vinol)
Fil tering materials and filter ing Plant fibers , asbestos , polymer fibers ,

fabrics nitron , khlorin
Flectrical insulation materials Fiber glass , aabest os
Ion exchange and electron exchange Chemically treated cellulose , poly—

- - materials (for ex.aaple, for water win y alcohol and poly-ene fibers
purification)

Sealing materials, gasket,, gland Plant fibers (hemp), animal fibirs
packings (felt), asbestos and compositions

based on it , metallic fibers

In accordance with COST 10878—70, the thickness of fibers is expressed in
tax units, which have the dimension of tG. l (glkm) .

The thickness T is deter mined from the ratio

T — -~~~ • 1000 ’ tex (g/kn ) ,L

where a is the mass In g;
is the length in hm;

L i* the length in m.
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The thickness of fibers less than 1 tax may be expressed in mtex (1 mtez —

• 0.001 tax • mg/he).

When the thicknes , is greater than 1000 tax , the designation ktez is used
(1 ktex • 1000 tax • kg/he) .

The tax system rep laced the metric nomenclature , in which the number (N) of
the fiber (yarn) was the number of units of length per unit mass (ma/a ; .Ig ;  km/kg),
and also the old system of measuring thickness in denier (1 denier is the mass of
a fiber 9000 m long, expressed in gr~~ g/ 9 he).

Another frequently used property of a fiber is its strength (COST 11970—70) .

¼ The strength (breaking stress ) in kgf/am 2 is the ratio of the breaking load
to the cross sectional area of the .pecia.n , determined for  fibers by means of
the relation

• 1000 ~~
I

where P5, i. the breaking load , kg f ;
P is the number of the thread ;
T is the thickness , tax;
C is the dengity , g/cm3 .

The breaking lengt h BF.ll in kgf-km/kg is a relative strength characteristic ,
determined by the length of the fiber in kilometers , at which the latter breaks

• under its own mass.

The R7~4 is determined from the rel*tion

I

The units of fiber atr estgth ar . correspo nd ingly related as follows:

1 g/denier • 9 g/t ez • 9 8104 • 9 ~ kgf/ 2 — 88.29.106 p H/a 2 , where 0 is
the fiber density , g/cm3 .

13. Organic Fibers /307

Organic fibers include fibars of different nst ure and properties , a comeon
feature of which are the organic compounds in their composition . According to
their or igin , they are subdivided into natural , man—made and synthetic fibers.

A. Natural and man—made organi c fibers

Natural organic fibers are those obtained in finished form as pro ductu of
the vital activity of animals or plants and requiring relatively Little processing,
in which the basic properties and nature of the material remain unchanged. Table
IV.35 lists the characteristics of certain natural organic fibers .
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Table XV.35
Some charac teristics of natural organic fibers

Plant Animal
Pro-perty 

Cotto~~~Flax Hemp Wool Silk
f

Length , Ig....~5 6-46 — 3O_t~O Fontin-!

lrea9nj2strength: ~~~~~~~~ ~~~~~~~, ~~ _. 
~~f ltex 27-—44 — — 9 Ic II 40 -;

*/denier ~—i.9 — - - - I- 2 ~~
Ireskinglength.he ~ —!~ ~~~~~~~ 

~&—t4 10—19

Dens ity, lies3 i. ’~o i,5 1 ,4 I ,:., :11
r I ,M I l K  I .:t! 1 :17

£lonfaei~iri at rup— ‘ 1~ 2.~~-4 I’~’ -2J~ I ~I

M o s c~f e~a~tid ty, 4.5—5.~ — - 2 -U~

Moisture absorptio~ 24—27 25 — 2I~~2 20

_ (•_— 981), 2 
________ — ______

Nan—made fibers are those obtained from natural organic raw material by ax-
t ensive procel,ing, but the nature of the initial substance ram-sins the same in
the end product. An example is viscose , obtained by chemical pro cessing of cellu—
lost-rich stock. Table IV.36 lists the characteristics of certain man—made organic -:
fibers .

Man—made fibers as well as the synthetic ones discussed below are frequently
ca1~ed chemical fibers.

1. Synthetic fibers /308

Fibers obtained by reprocessing chemically synthesized substances having no
analogs in nature (primarily synthetic polymer resins; see Volume II of this hand—
book, Sudoet royeniye , Leningrad , 1969) are called synthetic. These fibers are
very diverse in composition , and , as is evident from some data of Tables IV.37 and
IV. 38 , can surpass natural and man—made fibers in properties. The composition and
properties of the ini t ial materials for making synthetic fibers are not cited here ,
since these questions are discussed in relative detail in Volume II of this handbook.

Shipbuilding fibrous materi als of polymer nature (for ropes , lines • fishing
.quipment , e tc . ) ,  i . e . ,  polyamide , polyester , and polyvinyl alcohol fibers, are /309
made in foreign countries under different names . They are widely used on our
ships made abroad . Tabl e IV.39 lists certain names of these materials.

C. Ther mally stable polymer fibers

Among the many synthetic fibers uasd for various purposes , fibers of highly
heat—resistant polymers are mate rials whose prospective uses in tschnology are
very broad. They include fibers based on aromatic beterocyclic polymers, poly— -

•
phenylene amides, polyphenylsue hydrazide,, polyphenylene sulfonaaides, polyalkyl
terephebalamides • copolyphenylen, ides end ~~~y others.
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Table IV.39

C~~~~rci..l n~~zs of some polymer fibers

Polymer material 
___________________

-

[

Poly .idsa Poly.a cars Polyvinyl alcohol

USSR Capron (poly ids 6 1 Lsvaan (polyethylen e Vinol

ç 
poly’caprolactma) ts~sphthal.t e)

- us~ Wy1o~ 6 , Capro lan , bac-on , fort r el , Enkalon , —
• Pylenka , monosheer , A~gii Amilor , Vicron,

Pylex Vtt.l,Delvon,Cod.l,
Piberf ill

England Pylon 6, Luron , Terylene , Tiaflene 
—

Cellon
• I ~~R D.deron,Perlon.Wet roloa , Lanon - 

* Supron 
. P’GR Psrlon,Darlon,Crin.x , Diol.n , Trevirs , Synthofi l

:-X $efalon , S*nderit ,
Pylon 6, Rod ialo~ ,
Fridon

Holland Enkalon, Akulon, Bi t ii , Te rle~ka , Akulen —
Volenka , Volinek ,
Cordecalon ,
Pert lenka

Italy Lilion,Ortslion , Terifal —
Forlion, Relion ,
Deif ion, Nopalon -
Epion

Poland Polan,Stilon , — —Merinopolan
China Shinlon - -

• ART Mitrilon — —

Cz echoslovakia Silon, Chenlon Sviflen —
• Prance — Tergat Rodoviol

~~Itzerl and Gri lon , Bodanil — —

Rumania Isb n — —

Japan Amylan , Ton y—nylon , Teforon , Grilen , Mubon , Laloit,
lure—nylon Toray—Tetobon Eanebien, Vinybon,

Ivankumi,
Cremona, Rurevilan ,

• Eursbon
Mexico tPicsl — —
Hungary Dimubon , Denalon - —

Spain OLin, Penbofil, — —

Techron

Table IV.40 and Pigs. IV. 23—XV. 26 show certa in properties of this type of /315
fibers.

The Soviat—made polymer Fenibon , the str ucture of which is analogous to the
eromatic polysmide Wo.ex made by Dupont, is en aromatic polysmide, poly(.—phenylene—
taophtha.lemide), obtained by poly co~denaation of Lsophthalyl dichio ride emulsion

• with .-pbeny lsnsdtamin.
r A A
I— OC — I i — c O — N H — f  1—N H —
L V V
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Table IV .40
Properties of fibers of high—temperature polymers

____________  
____— 

Polymer
Property - 

I —
~~~~~~~~Po.ex type SIk.L

- polysmide & ‘;•~~ ~~ ll U 4~ 
AroUatic stag—

. ‘
~~~~~ 

,~~~~ gered copoly- .c~~
- £ ~~~~~~~~ L~~; ~~ s~~~ ..~~~ emides

~ r Q . 5 K ’  4 1 5 .4 . 5 5  I
a. 0..C K’ I I K ’. ’

14 14’0 — — U T ~~ — o
• 05.0 K’ 0 0 O U  o wU.I~~ C 5. 5. 5 .0

i ; . 
~~~

‘ — —  _ _ _  _ _ _  _ _ _

- Melting point, ‘C 400 — — — - 465 — — 535
(charring)

Breaking strength, 5.5 3.2 6.0 6 .9  4 . 9 5.3 6 .0 6 ,3  7.8
• g/denier at

•— 652
• Percentage ebon— 17 14 8 13 21 10 23 19 4
• gation , 2 at

$— 652
Modulus of .1... — — 115 151 78 115 216 101 94 168

t icity , g/denier
Density , g/cm 3 1. 38 1. 44 1.45 — — — 136 1.35 —

• I)

.‘e
’
~ ~~~~~ 

~~~~
,

I _ _ _ _

• a S S ‘F
0) d) a,v.

- 
if

~~~~~~ S

\ 
_ _ _ _ _

-
~~~ ~~ t ’c -3i ~i ~~

Fig, IV.23. Mechanical properties of monofils of heat—resistant polyamide “Pomex: ”
a — curves of stress 0 vi elongation 6 at 2.1’C and various deformation r ates.
1 — 102 sin; 2 — 150,0002 mm.

b — curves of stress C vs elongation 6 at different t~~~ eratu rea .
• 1 — 21 C; 2 — 177’C; 3 — 260 C.

c — breaking strength 
~~ 

vs temperature; d — modulus of elasticity ! (1) sad ebonga—
- tion at rupture 6 (2) vs temperature.
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Pig , IV. 24. Mudulus of elasticity (a) , percentage elongation (b) sad breaking
strength (c) of polyisopbthalyl bydra ride fiber vs temperature

• I S 200 ~00t C

Fig. IV .25 . Beat resistance of polyanide fibers
1 — nyion 6—6; 2 — “Nomex ” UT— I fibe r; 3 — IPfM—N—6 f iber

~
:6k~ ~~~~~~~~~~~~~~

m .*~, c

Pig . TV .26 . Mechanical properties of polypyro.ellieivdde fibers PM (with diphenyloxy
• group s in the chain) vs t~~~~era t ur e

1 — str ength; 2 - modul us of elastic ity; 3 — elongation

To obtain fibers and electrical ina ulatioo paper with t
~ ,rk 

200—250’.C and /317

t stor down to —70 C, the following brands of fenilon are produced by industry:

VA (TI V—119— 68); VP (TO V—120—68) ; fsailon solution (reaction syrup) (TI V— 76—6 6).

Th. main physicomechanical properties of plastics obtained from fenilon are
shown below.

9, g/& 1.33—1.36
a~~, kgf/cm 2 O0—120U
C~~, kgf/cm

2 up to 3200
ai, kgf om~cm

2 ].5.35
E
~

, kgf/c.’ up to 44 ,000
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D, kgf/ma2 up to 34
t~~, ‘C 270
t &,asS~ C —280
Cold resistance , C —70

Other propertiea of fenilon are given below in Tables IV.41—IV.44.

~ !. Table TV.4l
Mechanical strength of fenilon at different temper atures

1~~~ at 1,~~~.

Property 

:~ i I
4. 

~~~~~

. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Table IV.42
Thermo physicel chara cteristics of fenilon

at t.~ C
Property 

~ I ~ I~~ (
h1al/~~h c ~~amperature~~~~~~ c ~ 7 -1.-i 1.-I :1.2 1.J
cep, kcal/kg c 11.34 

- 

O .3i1 
— 

(1.11, 

- 

(I .r~ IIJ,A

Table IV.43
Electrical prop erties of fenilon

211 C 2 10” 2 :  lip I~ 1
ml C 2I”. 3 0” ~ x JO” —at40 C48 t$xo~c 2’lO” 2x 10” 22
250’C 6X t0” 2x 10” JO
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• Table IV.44
Coefficient of thermal linear e,’nsnaion of fenilon at different temperatures

Temperature , (: •.IP a g~ T perature , ~. s.I. deg t

UI, : JIl l  n~.s —1:11+ ‘II I
J I I~~) : IsI I~I.4 -~- II :11.2

1*1.: 1711 20, I — 31 :-U

-150+-h o 150+220
aiO+ 130 43.2 250+250 259

14. Inorganic Fibers /319

Fibers obtained from inorganic materials , including metallic ones , have &
m ber of valuable properties and find wide application in modern technology , in-
cluding shipbuilding . They are of major interest as the base of composite materi-
als with special properties.

The material for such fibers may be meta la and alloys; pure elements (C, B);
oxides (Si02) ;  glasses of various compositions ; graphite; ceramics; crystallizing
silic~ ’ea (alaga , rocks), etc.

• Many of these materials, which have va
’
uable properties and are widely used ,

have beer discussed in the literat ure . l2 , lS~~6

We will briefly discus s some representatives of this group.

A. Polycrystal line inorganic (ceramic) fibers

Fine polycrysta.lline fibers of various inorganic materials have the structure
of well—fired pore—free cer ic with nononiented grains and consist of crystallites
whose dimensions are mach smaller than the cross section of the fiber. Po lycrystal —
line inorganic fibers occupy an inter mediate position between “whiskers,” on the
one hand , and metallic and glass fibers on the other. They may be both continuous
and stable fibers ; in dimensions , they resemble textile fibers and can proceaeed
into y arn. The usual methods of preparation of such fibers include molding by
extrusion from suspensions or colloidal solutions , and less frequently , free casting
as ‘ila followed by dry ing and drawing of the fil , into fibers.

• In any fabrication variant , the dried fibers are fired at a high temperature
(>>1000 C) to for. the necessa ry compounds and obtain the specified properties.

• The materials used for Rh. fibers may be metal oxides and their solid solutions
(
~~2

03, A1203
.L.i20, h O 2, etc.);  silicates (Zr$ i04 );  nitride. (Ill) end many others .

- - • In the USA , fibers are produced fro. aluninum silicate (under the name “fibenfrax”)
by atomizing the melt on a rapidly notating disk. Average characteristic of long
fibers: length — 50—75 — (fluctuations , 13—254 me) with a diameter of about 4 ~~;
length of ebort fibers , up to 3.8 me; mean diamatsr, 2 .5  ~~ (flucutatioms up to 10 ~~).
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Density of fiber mater ial , 2.73 g/cm3; NP > 1760’C; twnrk* up to 1260’C. Compo—
sition of long fibers , 2: 31 A1203, 43 Si0~, 3.4 Zr02 ; short fibers , 2: 31 Al 203~47 Si02, 0.7 1203, 0.7 1a20. The thermal conductivity of the long—fibered material
(P • 96 kg/m 3 ) is as follows:

j s . .’c 1 320 1 540 J 7G0 J co 

~ T’~’
• c.al/~ m 0,20 0.4! 0.68 0.86 1.03 L.IG

In addition to being used directly, fiberfrsx fibers are used as starting /320material in the manufacture of heat resistant and refractory felt , mats , paper ,• • textil, articles , rope articles , coverings, molding mixtures , etc. ,  end also as
• reinforcing materials.

Similar in composition to the one discussed is fiber obtained from kaolin
(A1203.2Si02) melts (called kaolin fiber in the USSR and Kmowool in the USA).
The fiber is obtained in the form of a felt and staple up to 200 me long with a
diameter of 1—3 ~~~~ . The density of the material is 2.6 g/cm 3 , HP — 1730 C, t

~ )rk1260 C (for brief periods) and 1100’C (for long periods). The th*r~al conduc-
tivity of kaolin fiber of different densities is shown in Table TV .4 5.

Table IV.45
Thermal conductivity of kaolin fiber

Average Theç~e1 conductivity A~10
3,

persture, ~~~~~~~~~~~~~ at app arentt SC .
_ • I

500 0,17 0.1$ 0.13
320 0.27 0.23 0.17
430 0.39 0.32 0.22
540 OM 0.14 0.28

lyanite (3Al203’2Si02) fibera of brands i—N are obtained in the USA from
• melts of .fxture. of siliceous alunino .ilicsces (kyanite , sillimanite, andalusite)

with A120~ or mullite. The fiber diameter is 1—5 ia (average , 3 us); the apparent
density o! the f elt is 65 kj/m3; twek~ 

up to llOO’C. The thermal conductivity of
the fibers is shown in Table XV .46 .

i—N fibers are used as the b*se for felts (thermoflex and karafelt) sad 3—N
fiber ma.. (keraf iber) . They are used for high—temperature filters , high—temperature
insulation , etc.

Also v.11-known are continuous ceramic fibers obtained from refractory eli—la o—
• - - silicate glasses; alumin um—bari um glasses with exothermit additions; bauzites, boron /321

nit ride; boroc,e.lciia silicate s.

The group under consideratio n include. potassium t itanite (E2Ti 603) fibers
produced in the USA under the brand name Tipersol. The mean fiber dt eter ii 1 us.

5$
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Table ~~.46
Thermal conductivity of kyanit e fibers

Average j Tharaal conducriviry A .~03,ca]J(casec deg),s
t pera — I apparent density, kg/a-’
tUre , C j  • s I

It~J 0.13 0.12 0.11 0.11
390 0.23 0.18 0.ib 0J5
430 - 0.31 0.24 021 0.11
540 0.43 0.30 0.26 0.22

the length is 0.2 me , end in some cases 20—30 me; p — 3.6 g/ca3; HP • l37l C;
c5~ • 0.22 cal/(g deg); 5

~~ha — 4.0;  0u — 16.3 kgf/me2 ; 6 — 0.592; Etan. —

2.8-l0~ kgf /cia2 . The thermal conductivity for batches of different densities
ii shown in Pig . IV .27 .

Polycrystslhine fibers are made from zirconium dioxide stabilized with 52 Ca O.
The fiber length is 5—51 me; diameter , 2 .5—12.5 us; density, 5.9 g/cm 3 ; OW ‘2590 C;

up to 38 kgf/ 2 ; twnrk > 1650’C.

t~~~.. 
~~~* 
4

• 

~~~~~~~~~~~~~
!..

~~~

Pig . TV.27 . Thermal conductivity of certain inorganic fibers : a — fibrous material
based on pota ssium tita nat e.

• 1—4 — materials of different densities (according to the degree of it. increase):
b — “Nicroquarta 3-80” fibers , p • 0.04 8 g/cm3; c — felt of lafrasil fiber.
lumbers on curves — values of p , kg/a3.

1. Materials from quarts fiber

Quarts fiber — one of the form. of higb—t~~~erature fibers used in modernt.chnolo~~ — is of particular interest, sinc, it has valuable physicochemical pro-
perties: a high electrical resistance, high melting point and heat res istance , low
coefficient of the rmal expansion , sad high chemical stabilit y.

‘9
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Ma terial s of quart z fiber may be used at high t~~~eratures end pressures ,
high velocities , and also in corrosive ~~~ia.

The melting point (NP) of quartz fiber is in the 1720—2200 C range. The

[ Viscosity is preserved in the l0~~~—l0~ p range.

In long—term operation , material s from quart z fiber are stable up -to l200 C. /322
Sintering of the fibers (deformation in the solid phase) without softening takes
place at l430 C .

• 
• The the rmal conductivity coefficient of quartz fiber and quart z wool at room

temperature is 0.03 kcai./ (m h deg). As the temperature rises to l000’C, the th ermal
conductivity coefficient increases to 0.2  kcal/(m h deg).

In comparison with massive quartz glass , fine quartz fibers have a high mechanical
str ength. Thus , the tensile strength of quart z fibers is over 30 times greater th*n
tha t of massive quartz glass .

As a result of phase t ransformations at high temperatures , associated with
a change in volume, quartz fiber undergoes shrinkage. This must be considered
when using quartz materials.

Quartz fiber is resistant to water , high—pressure steam , various acids, and
other chemical reagents. Organic and mineral acids of any concentrations leave
quartz fiber Almost unaffected . The only exceptions are hydrofluoric and phos-
phoric acid. (the latter attacks quartz fiber above 300 C) .

Quartz fiber is one of the best dielectrics ; it is characterized by a low
electrical conductivity even at high temperatures and low dielectric losses over
a wide frequency range. At room temperature, the volume electrical resistivity
0v of quartz fiber ie l017_l018 ohm co.

Fibrous electrical insulation materials of quart z fiber are water—resistant,
and their surface resistance p5 does not exceed lOll ohm as the humidity increases .

The peraittivity and die1ectr L~ loss tangent of article, made of quartz fiber
remain practically unchanged as the temperature is raised to 700’C.

Given below are the basic properties of quartz glass, from which quartz fiber
is made.

Si02 content, 2 99.9
Density P at 20’c , S/cm 3 2.203
Melting point, C 1720
loiling point , ‘C 2300
Viscosity in the 1720—2200’C 7 5

temperature range , P 10 l0~Guaranteed temperature range of use , •C:
in long—term operation —250 to +1200
Sn short—term exposure to beat —250 to +2000

Coefficient of thermal expansion 0 in the
• 0—l000’C temperature range , deg l 0.34.10.6

Mean specific beat capacity Cap in the
20—630’C range, csl/(g deg) 0.23 /323

Dielectric loss tangent at a frequemcy
of 106 Hz tan 6106 at 0—700’c i.s•icr’
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Permittivity at 106 Hz C106 at 0—700 ‘C 3—4
Madulus of elasticity E

~ 
at 20’C , kgf/me2 7450 

-

Articles of quartz fiber with an orgsnosilicon lubricant are equivalent in macban—
j .  ical properties to materials based on industrially produced aluminoborosilicate

fibers . 
-

Quartz wool, felt , mats and fabrics are excellent heat—insulating .at*rials.

Twisted quart z fibers of different numbers (from 5 to 110) are bein g produced.
Quartz fabrics ar e made in a wide assortment of th ic~~ esses , from 0.1 to 1.0 me.

— The warp and waft strengths of the fabric are different .  Thus , for astin quartz
fabric 0.69 em thick, the warp break ing stress is 210.4 kgf , and the veft breaking
strength is 204 .0 kgf .

Quartz paper and thin quartz fabrics are good insulating supports and can
be used in electronics.

Twisted quartz fibers and ribbons can be successfully used for insulating
the conductors of electrical machines and power cables operatin g under high hum idity
conditions and in corrosive media.

Quartz fiber fabrics are useful in filtering hot acid solutions as well as —

gases and for separating precipitates and sludge.

Particles of quartz fiber combined with mineral binders and organosilicon ,
phenol—for maldehy de and epoxy resins may be used as high—temperature fillers fo r
structural and heat—insulating plastics.

Quart z fibers made of Si02 melts are produced abroad in a wide assortment.
Typical properties of fibers of such materials are as follows: 0 — 2.20 g/cm3;
E — 7030 kgf/cm 2 ; o~ (0— 300’C) — 0.55.10—6 ; t soft • 1667’C; twork — 1070’C;
£106 — 3.78; tan 6106 — 0.0009; A’l03 — 3.3 cal/(cm sec ‘C); c5~, — 0.165 cal/(g ‘C) .

C. Silica fiber

One of the promising inorganic man—made materials are silica fibers. They
are obtained by chemical treatment (with acid ) of glass fibers from glasses of
definite composition while low—melting oxides dissolve and almost pure silica remains) .

Depending on the initial glass composition , one can obtain silica fiber con—
tam ing up to 982 Si02 (in terms of the calcin.d substance) or silica fiber with
additions of high—melting oxides. In contras t to quartz fibers , silica fibers
contain about 1—22 of impu rities , due to the technological circumstances of their /324
production . —

Silica material, are obta ined fro, glass 510. U and 151.

Silica fiber has a high temperature stabil ity. I ts melting point is around
1600—1650’C. The maximum temperature of application of silica fiber in prolo nged
operatioO is l000’.1200’C, i.e., 500—600’C higher than the temperature of application
of fiber made of al kali—free aluminoboro.ilicate glass.
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Silica fiber is microporous and in the air—dried state contains U—142 water ,
whicb may be partially or completely removed by calcining. A practically comp1e~e
dshydrstion takes place at 600-700 C.

The breaking strengt h of silica fiber is aro und 80 kgf/ 2 . As the temperature
rises , 

- the strength decreases continuously, and is 0 above llOO’C. The shrinkage
at 600.-800 C is 5—62.

To obtain “shrink age—free ” silica fabric . , they must be heated for 5—30 sin
at 600’C (depending on the thickness).

Silica fiber has a high chemical resistance to neutral and acid media at
high t~~~eratures. Silica fiber made of glass No. 151 ii more stable to alkaline /325
media than silica fiber made of glass No . II.

The physicochemical propertie. of silica fabrics are chiefly deter mined
by the physicochemical properties of silica fiber.

At the present t ime , woven and nonwoven silica fabric. are produced by
industry . Woven fabrics include fabrics of twisted filaments, strand fabrics
made of twisted filaments , as well as bands of different widths.

Silica fabrics of different thicknesses — f r om 0.2 to 1.0 me — are made f r o ±
primary filamen t of metric numbers 75—85 with a 5—7 us fiber dia meter. The fabrics
are made with a special lubricant, and the sintering temperature in a short—time
test (30 eec) is l350—1400 C.

Table IV.47 shows the properties of industrially produced woven silica
fabrics .

Table IV.47
Properties of woven silica fabrics

lrand :ff&bric 

~~~~~~~~enJ 

T
~~~: 

I~~a~~~~~T
:u. 

~~~~~~~ ~~~~~~
Warp Waft Warp J Weft 

______

[1—11—3,0,2 I0~ t I 31±3 0.20c003 200 10* 1 10* 1 28 - 28 1.0Sal II 31*3 Q,35r005 320 0*1 Sal 40 40 0,1
[1h—ll—2 0.5 leo 31±3 about .o 1100 2 3 30 30 10
[TsZb—151—2 04 lID 25±3 about .0 1100 2 3 31 30 1.0

10 S 14±0.2 0.30±005 Sal lin.i 15±1’ 10* 1 30’ — —

~Por the emtir e width of the ribbon.

Silica fabrics are made of high—temperature insulation .st.rial used for
memufscturin$ special purpose glass—re in forced plastics, electrical insulation
glees fabric laminate, used under ordinary conditions end under increased relative
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~~~idity and air t~~~erature conditions. In addition, they can be used for f ii-
• tering corrosive solutions, melts , air and gases at high temperatures.

Ioa,oven silica material , include filament , fiber , board , as well as molded
articles of complex configuration.

Silica filament of low met ri c numbers (10 , 5 , 3) is made from filament of
bers 73—85 with a fiber diameter of 5—7 us and a special lubricant. The filament

twist is 150 twists/s in this case.

Silica filament La used as a reinforcing material for strengthening plastics ,
smeing mats , and making combined woven materials .

Silica fiber is produced in the form of a wool consisting of random fibers
• 3—7 us in diameter . The fiber must meet the following require ments:

Density of loose fiber , kg/s3 100
Melting point, PC 1650
Application temperature limits during prolonged

ope ration , ‘C —60 to +1100
Thermal conductivity coeffici.’~t , kcal/(s h deg):at an ave rage temperature of 160 C - .055

at an average temperature of 460’C ).l20

Silica fiber is used as a heat-i nsulatin g material at high temperatures and
can also serve as a semifinished product in the manufacture of molded silica articles .

Silica fibers with e high St0 2 content , obtained by leaching glass fibers ,
constitute a material tha t is widely used abroad. For example, R.ef razil fiber
is obtained by leaching fiber glass with hydrochloric acid. The diameter of /326
I~frszil fibers is 0.8— 12 us, the Si02 content is 96—992, and OW > l650 C. The
the rmal conductivity is shown in Pig. I V.27 c. Rsfrazil retains its electrical
insulating properties up to l000’C. The material is used as a wool , fabric , ribbon,
felt , braiding, rope articles, coverings, and reinforcement for plastics. The
name Microquartz J—N in the USA stands for thin fibers and felt containing more
than 992 Si02; fiber diameter , 1.3 us; OW > W.’C. The the rmal conductivity of
this material is shown in Pig . IV.27 b.

0. Elemental fibers

Boro n fibers. Fibers made of pure boron S are the late. t and very promising
materials. They are of particular interest as a reinforcing filler for high.str.ngth
and high—modul us composites — boron plastics.

Mode rn boron fiber is characteri zed by the following properties: 0 — 2.6 s/cs3
(including a 51 core );  S — 39—42,000 kgf /em2 ; 3.106 . l .5/ d eg;  0u — 330 kgf/ 2 ;
OW — 2050’C; > 9; Poisson ’ s ratio , 0.21 ; rigidity modulus, 17 ,900 k gf / 2 .
Attention is drawn to the great hardness of the material and its modulus of cia.-

- - t ic i ty ,  which is five time. as high as that of fiber glass. At the present time ,
the chief method of fabrication of boron fibers consists in the deposition of boron.
whi ch t akes place as a resul t of thermal decomposition of vapors of its compounds
when they come in contact with a substrate heat ed to a high temperature. The
decomposing compounds used are primarily wolati le boron halides (of the general

63

_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ --—



-.——..——--. ~~~~~~~~~~~~~~~ ~~~~ 
-
- ~~~~~~~~~~~~~~~~~~~~ “T~~~ ’~~~~~~~~~ ’~~~~~~~~~~~~~~ ’~ 

- - - -- -

I

formula [13, where I is Cl and Sr) or boron hydride (for example, 
~2”-6

>
~ 

The
refrec~ory heate d substrate used is a th in ( l 3  us) tungsten wire heated by
electric current to the required temperature (—l000—l200’C for 1C13—0 2 .ixtures).

~~‘— ng the deposition , the tungsten core reacts with the depositing boron,
forming tungsten hon das (5134 ,  

~~~~~ 
When the wire thickness is -13 us, this

requires 30—55 eec.

The diameter of the boron fiber obtained from 3d 3 after 1—2 sin of exposure
iii the deposition cheaber ranges from 76 to 137 us.

The continuous fiber length is 3000 a . The structure of the tungsten vi’e
surface affects the structure of the depositing boron. Etching of the boron fiber
surface makes it possible to increase its tensile strengt h , and the bend ing s trength
increases much more abruptly (to 1300—1400 kgf/cm2).

Carbon fiber (C fiber). Carbon fibers is the term applied to fibers consisting
almosl completely of pure carbon.

Fibers containing 91—982 C are classified as carbon fibers , end those con-
taining more than 982 C , graphite uibe re . The starting materials in the sanufac—
ture of C fibers are infusible polymers in the form of fibers , converted by solid
phase pyrolysis (by heating at l000’C, then graphitizing at 2000—3000’C) into /327
carbon fibers. At the present time, poiyacrylonitrile and ceLluloas (viscose)
fibers are most widely used for this purpose.

Carbon fibers are characterized by a low specific mass , a high rigidity , a
substantial tensile strength , but a low interlam.inar shear resistance (3— 6 kgf/em2).
C fibers must retain their mechanical strength up to 2000’C. C fibers conduct
electricity and heat : A along the fiber is 40 kcal/(m h •C) ;  is about 3 o~~ mm2 m 1;

a up to 1000’C is in the range of l.5~10~~ deg
”
~, and at room t~~~.rature has a

negative value (_1.106 deg 1) ,  passing through zero in the 200—400’C range. Cellulose-
base C fibers acquire a high streng th only after heat treatment. Polyacrylonitrile
C fibers require no treatment . All the properties of C fibers of different batches
vary over relatively wide limits (26—302 for 

~~ 
9—112 for 5, 6—8% for the d1 .aeter).

Table TV.48 gives the average values of the basic properties of C fibers.

The diameter of the fiber, ra nges from 5 to 50 us.

A char acteristic feature of carbon end graphite fiber. is a high heat resis-
tance , infusibility, chemical inertness , and low specific density (for carbon fiber ,
p — 1.7 g/ca3; for graphite fiber , -2.0 g/cs2) .

Disadvantages include a comparatively high thermal conductivity and low
mechanical properties (a~ of carbon fibers is 60— 90 kgf/ 2 ; graphite fibers ,
40—50 kgf/ 2).

Lsn doaly intertwined graphite an d carbon fibers form corresponding felts,
which have veluablt properties.

Graphite felts ar. obtained at temperatures up to 2700’C , they contain prac-
tically no volatile products, e~d carbon fel ts  are obtained by heating at $00.C
and contain up to ~~ of volatile compounds. The specific surface of gra phite felts
is .3 •2/g end the resistance is 0.3—0.9 o1 /O , and that of carbon felts , about
130 .21g and 300 ohm — 1 MohmfD . Accord ingly, carbon felts are freq uently regarded
as Low—activity forme of activated carbon .
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Table IV.48
lemic propert ies of some carbon fiber, produced by foreign firms

Irand ~/~~3 )kgf~~~ ~k~f~~~2 
J ~~~~~~~~~~~~~ _ _ _ _  _ _ _ _ _

Tornal 25

Torn~l 50 1,63 190 — 3,50 112 29 —

Cour-taulds .5 I90—230 2.0—2,3 103—124 10.6—12,4 7.5—~,0
H ?yp. A —

- 

- 
- Type 3015* 1.94 110—210 3.5—.s.~ 92—~~ 11—21.9 7.0—7 ,5

Type RT** u S  230—260 
~~~~~~~ 

2.4—2,5 l2l....137 13,2—14 .7 7.5

Morganite 2 140—210 3.&—4 .4 70-106 15-35.5 7.SxC.5
Type I (301) .6

?ype I i  (ET ) t . ’3 245—313 2 45—3.73 129—155 J2. P—16.S I,0~~O.J

Sig~aphil ~~~** V0—~ ’0 — 2.0—2 .5 120— 140 11 .5— 13.5 —

.: gumerstor — without processing; denominator — with processing.
— h igh—st r ength;  ~ 1 — high—mo dulus .

Table IV.49

Some properties of graphite and carbon felts

Craphit. felt Carbon felt
Property wor ~wDH~wo voc~ woe woc ” W DJ’

Initial wi4th, mm $12 $12 612 $12 ~~~ 900 ~~~ 900
Mess of I a’, $ j~~ 35$ £~ 794 172 476 353 7117
Thickness mm I. ’ 6 3,5 6.5 I,? 6.5 29.9 11,7
Ap,arent density,

kg/m i 113 35 112 ‘(55 IC? 1? l~ Ill
Strength, kgf/cm ,
strip width :

in~.ongitudinal 0.106 0.270 1.90 1.1 0.1$ 0.54 1.05 1 .44
direction

in transverse 0.064 0.IS l i i  1.90 0.10 0,54 1 ,06 0,54
direction

&l.etrical resis-
tance , ohm:
in

d
l
~

rn E
~

t
~

diaal 0.6 0.5 0.4 0.3 Several mego~~~
in transverse 0.5 0.9 0.5 0.3 per square
directionPerm.sbij,j ty to

vapor, mi/mm s2:
at P - 0.3 me 40.5 5.0 10,5 7.5 — — — —
3,0

at P — 12 em — — — — 35 19.5 10.5 9.0

Pabric—reinforced material.
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- Some characteristics of these materials are given in Table IV. 49.

Graphite yarn WVC , produced in the USA (Union Carbide Corp.), is formed by
tvistittg two filaments in 1.5 turns over a length of 25.4 is. Each filamen t con—
sists of 720 graphite fibers of brand Thoruel 50Th . The main properties of the
fibers are : a (for a length of 25.4 mm) — 20,000 kgf/cm2 ; 6 — 0.62; Ey — 3.5.106
kgf/cm2; p — Y.63 g/cm 3.

The prop erties of the yarn (different batches) are — 21,000 and 16,400
kgffcm 2 ; Ey • 3.8.106 and 3.4.106 kgf’cm2. When WVC—130 yarn was used in the
~~~mt of 50— 60 vol.2 for making a composite material wi th an epoxy binder (mixture
of 100 part s by weight of EBL-2256 resin of low viscosity with 27 parts by weight
of aromatic amitIes), the following characteristics of the solidified naterial were /329

- - obtained: a~ — 6100—8350 k f/cm 2 : Ey — i. 4 9.106_ l.8 1.l0 6 k gf l c o 2 ; Rb stat l. 47 .106_
1.78’ 106 kgf f co2 ; E.~ dyname — l.5.106_ l. 53.106 .gf /~~ 2 ; 0b — 7400—8780 kgf/cs2 ;

(l. 57— l .8 8) ’lO kgf/cn ” ; 
~~~~~ dy-name — (0. 46 3—0.6 10) ’l0 5 kg f / c n2 .
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