2.1
2.1.1 ‘ ’% aming Process
The foamang Qsts of three steps:
step 1/ , _ he creation of small
discontinuiti 7 \Cﬁaat\ r polyimer -phase.

step 2 g ho: otk growth of these

cellse to a desire

step 3
of the resultant foaik #tructure by physical or chemical

means.
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present in the liqu or polymer solution and for
into supersaturation by increased temperature.
b) Low boiling 1liquids that are
incorporated into the system as blowing agents and force
into gas phase by increased temperature or decreased

Pressure.



¢) Gases produced as blowing agents.
d) Chemical blowing agent that

decompose thermally to form a gas.

Bubble nucleation is affected by a number of

condition. Physically, the effect of temperature,
,W/ humidity are fairly
maters are surface

characteristics of

pressure, and in

obvious. Other i

*miration of certain

.1_\b<ﬁi;>5\. ount of second-

a shpere that
grows as a result ¢ » of the difference

pressure(AP) batwaan the inside and -utsida of the cell

s e iﬁ"ﬁf}“a PP FHE T meoiee o

of the bubBle at aquiliqfium is relatad to thase factors

waa«eﬂwum'mmaﬂ

AP = 2% /r

The differential pressure is larger for a
small bubble at a fixed surface tension.
Accordingly,smaller bubbles tend to equalize these

pressures by growing faster, breaking the wall



separating the cells, or by diffusion of the blowing

agent from the small to the large cells as indicated by

equation.
'&Pl,z =27 {1{1:1 ol 1}']’."2]

The rate of gr

f the cell depends on the
viscoelastic nature. j

:&m/er phase, the blowing

% er;alﬂre on the foam, the
cell size,and // 7‘,, blowing agent
through the polypm /

3';;‘

Maintainir £ 'inn at a low level

agent pressure,

as in high dens he lowest surface

i
energy spherical celi £ readily stabilized. At

lower densiti bility required to

produce a polyfer ‘‘careful control of
the factors thg influence ranemthinning One of

the factor oslt faétor. The viscosity can be

—— ‘LLE.ll NS NN DT s rencrsons
e A SR IR

reduction

2.1.2 Effect of Foaming Process on Properties

The properties of a foamed polymer depend on
parent polymer, additives and form structure. The

conditions or states, of the polymer phase, eg,



orientation, crystallinity, previous thermal history,
and its chemical composition, determine the properties
of that phase. Density has the most important influence
on mechanical properties of polymer foam of given
composition. The cell structure of a particular polymer
shape, and location of each
) "y terized by measurements
_ &varned predominantly
‘ R
forces exerted on the

would require the size,

cell. Cell size has .k
of cell diameter
by final foam d
foam structure |\ stabilization in the foaming

gternal forces the

cells tend to i 2?J ‘ellipspidal at gas volume
less than 70-8 -3 j: >lume, and exibit the
shape of pqpkadr ' _‘ pdecahedra at greater gas

volumes. In the 2gence O srnal force, the cells

may be elongated or £

-

»yf’.

2=

f
AU INENTNEINS
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2.2 Ethylene-Vinylacetate Copolymers

When ethylene (3) is copolymerized with
vinylacecetate, a special rubber is obtained, namely
ethylene-vinylacetate or EVA. Its polymer structure is

shown below.

s in this polymer

chain supprees’ [1izatic \ polyethylene and
also its melti 1t . = _ polymers with 5-
40% vinylacetat : 4 progressively more

“higher vinylacetate

content up to 40 morphous rubber-like

materials. However, oth Etural features,

particularly mu ave no culaa weight and short

chain branching{ #salso havetan important effect on the
prnpertiﬁ:. ﬂg m:lglinjm Eltﬁsﬂgm degree of
crys t 3 =] _ the most
impmi]ﬁ’}iamghﬁfﬁzlﬁnﬂ gxﬁﬁsﬂular end-
uses. Impact strength, stress crack resistance and

swelling resistance will be increased when increasing

vinylacetate contents.



2.2.1 Compounding of EVA Copolymer

The properties of EVA copolymer can be
modified by compounding and vulcanization for
commercial products (3). It is possible to blend EVA

with diene polymers like NR or SBR, to improve the

weather resistance of dtter. Since EVA is a fully

‘)e cross-linking with

: 4 Insgema7 peroxide have to be

W mds_on the processing

saturated. polymex,

sulphur and accey.
used and their
conditions (4 rature, odour).
Peroxides alone sufficient state
of cure, and thegéf
used. Some coage

cyanurate, trially 15‘, = has to be used to improve

cross-linking densit@ﬁ

e

pncentration. Some

WY
ders, I al:m have to be
i . {
| pound is formulated due to its lack of

cure without

reinforcing £

used when
self-raiuﬁr U W nhje EVA have a
relatively *pﬁﬂ:ﬁm w‘?lgh a-]ar laadings should
be a nt e

RN SRR NOL:
required wh gﬁa useic;]fnl:{ners Egassarr.
Paraffinic oils with very low unsaturation are most
frequently used, while very highly saturated paraffinic
oils are particularly well suited. Ester and ether-based

ﬁlastieizars such as dibutylphtalate, dioctyladipate and

diocetylsebacate are used to improve low temperature
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flexibility, filler dispersion, and the extrudability or
calenderability. Stearic acid, pentaerythritol

tetrastearate as well as fatty alcohol residues are also

used.

2.2.2 Properties of EVA Vulcanization

Properties of El .hﬁﬁﬂagizates (3) depend on the

formulation. With
reinforcing fillers,— : q strengths can be
obtained, whereas” ,f’{?‘ ﬂQ f ‘ant leaves much to be

desired. The abgasi0On fec gfg; ' does not compare

with that of ggf ie ,wry‘r'%. nizates, and the
elasticity of nd tenly obscured by a
stiffening effec e f‘; plastic character of
the copolymer. Th."ngs‘ : et is also influenced by
the residual thermoplastic b and it is therefore

however, the CiaTE xtramaly low. EVA
a

vulcanizates havg an axcallent dagr tion resistance in

ror s (Y RIRHY FHENT: e coons

resistanceB. For many agplicstians, EVA valcanlzatas are
R L RMEAL R AL B L
this Yesistance can be improved by increasing the
vinylacetate content. Because of the polar nature of
EVA, its electrical resistivity is considered only in
some applications. By using hydrated alumina as filler,
halogen-free compounds can be formulated for cable

insulations with a good flame resistance.
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2.3 Chemical Blowing Agents

The term "blowing agent", in the broadest sense
denotes an inorganic or an organic substance used to
incorporate in a polymeric materials to produce a foam

gent are stable at room
%her temperature with
The decomposition

‘TT%‘-..E irreversible and

. temperature range.

structure. Chemical blc

temperature, but de
liberation of

procees is genery

takes place with

gas must be evolve defined temperature range,

which should not and related to the
blowing agent ﬂﬂs"T=
in the case of aqraxplosive, herwise heat build up and

cumbustiunﬁ uﬂé}% Ehl%“i b Hedt benerated by the

exntharmic reaction. ¢ The gas formed gshould, if

rore RPN S NI VR IEAEE) expionse

cunstﬁkuants. The blowing agent should be easy to

uiﬂspontanenusly. as

incorporate and to disperse evenly in the plastic
materials concerned. Neither the blowing agent nor its
decomposition products should be any health hazardous,
adversely affect the thermal stability or mechanical

strength of the plastic or have a corrosive effect. The
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decomposition residues should be compatible with the
plastic and not exude or cause discoloration. Finally,
the blowing agent should have a high gas yield and be
economical to use. In view of all these conditions, it
is obvious that no chemical blowing agent is ideal in

are

every respect. Certain these demands, however,
not necessarily releva t & manufacture of every

The c in industrial use

are azo compo e, semicarbazides,
tetrazoles and bonamides and their
modifications a¢ ..5% of all chemical

24ng 5%, approx. 2% are

sulfnhydraziﬂqg@‘fgm-a vhat nown as high-
N Ay

% other compounds.

l !
n}ja.;_q Compounds
¢

AU NEN IINE WD Tt smoorsant

substance in this group’. Azodicarbonamide @& an orange
to ple/ Vel 130} DA A Elusey of
1.65 gfcm and a decomposition temperature in air of 205
to 215°C wWith its gas yield of approx 220 ml/g,it is
virtually insoluble in most organic solvents and
plasticizers. The thermal decomposition of dry
azodicarbonamide (1) in air gives rise to the following

proportions of decomposition products:
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gaseous products: 32 & by wt
Solid residues: 41 % by wt
sublimate: 27 % by wt

The gaseous products consist of:

nitrogen (N- 65 & by veol

z 32 % by vol
3 % by vol

oY {1 ythe sublimate are
composed mainly azole \\l yanuric acid (26%),
. amelide (1%). The

percentages ; 'f';‘u ad’\ ¢ the gquantity of

;;;,t.:> azodicarbonamide appears to

follow one of réaction smg, depending on the

‘Edmpound and the

temperature. !ﬂ ' ﬁ

—1 USANYNINYINS
ammni@hﬁﬁ%"ﬁﬁﬁ“s

H,N-CO-HN-NH-CO-NH,
----- >HaN-CO-N=N-CO-NH,+H,0 (2)

formulat f]'y_;i—-- —
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Moisture affects the decomposition of
azodicarbonamide. In the presence of acids or bases at
high temperatures, it may hydrolyze to form

hydrazodicarbonamide,nitrogen,carbon dioxide and ammonia.

2H,N-CO-N=N-CO-NH,+2H,0----- >H,N-CO-HN-NH-CO-NH,

”//)szm

0551 :u.::s that exist for

The wvar

influencing th \1d@e decomposes (5) are
of considerabl® i ance oani-manufacture. Although
the decomposific 1 fpure azodicarbonamide
is very high, | jbe et ‘ e \ sans of a number of
kickers alsé
polymer.Effecti Fe ing € polyols, urea, amines,

certain organic acidé and also a large number

basic lead, zinc,

and/or cadm ‘, CC
certain fillarg and 5igm
zinc oxide abouft &S0 percent tof azodicarbonamide(l), the

ammpnsiﬂ;u&&mﬂnﬁwﬂlﬂﬁw some 20-30 ¢

and the deco ﬂea asﬁdt constant

oL RGP RPN HREY

The decomposition rate of azodicarbonamide can

e glsg suitable. By using

be influenced not only by various kickers but also by
the particle size of blowing agent. Since activation
takes place in a heterogeneous system, the specific

surface, and therefore the particle size, obviously has
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a decisive effect on the decomposition rate.
Azodicarbonamide of small particle size is more easily

"kicked" than coarser materials.

Azodicarbonamide-containing additives of any

kind must be regarded as a modified azodicarbonamide(1).
H/ﬂleperemn of the blowing
eeitien. temperature.

ve developed by modify

The additives facilita

agent and kicker

Some modified azc

the usual decom ",v ‘,a.hri.c sonamide and suppress
the formation o : ;: i f (s causes of plate-
cut on the su _ .t'ﬁ 8, \;w and screws. The
additives such a ifalu;feim:- igic acid with a low

ng agents, giving a

water content, a

cell structure efi Another poseible

method of modifying mamide is to mix it with
other chem@aif_‘:“ ger J=.g. from the
sulfohydrazide ] -ﬂf blowing agents"
decompose at 1o er tempereture than azodicarbonamide.

e secm {348 FIHYFTREANT = che oo

split off when eulfehydrézidee decempeee, accelerate the

cecof RSP SEHSHNPIAL) Rebioe. on

formation of cyanuric acid is suppressed.

There have also other proups of blowing agent

which should be summarized here as followed.

016543
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2) Hydrazine Derivatives

4,4' - Oxybis (benzene sulfohydrazide)

“:N-NHJ_O—D—C%.—NHHJ

Dlpha *' we-3,3'-disulfohydrazide

| W N

\ Bl ?““-“?
\\:ﬁ_\ ,‘_:“"‘-\h

N .
8'- disulfahydrazide

L [ =7 L
. R1AS—
) H\WH%M
7y f— o ;“,
\ ¥ 7 “\\\H
W A ‘
A "
.
ne

14y ‘—‘:-

f ﬁ{";;‘

Trih; (O AGLE

i

'i,,». = .5'4-

Hhr--h‘. N NH,

ﬂ'lJEl’J‘VIEWIﬁWEI’lﬂ‘i
mig:mLe_e

QR ASASAUMIIALEIAY
me—{Hsou—su—conm,



17

4) Tetrazoles

5-Phenyltrazole

Th' d!‘c e ,;1”‘!“5'{ 'i
yield of all abovedBbic

n air and the gas

: \‘a. are given in Table 2.1

;.. . |~':'d

AULINENINEINS
ARIANTANNING 1A Y
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Table 2.1 Common chemical blowing agents according to
decamposition range,gas yield and principal uses(1).

PVC,PE,PP PS
ABS ,PA

PVC, FE, PP
EVA,PS, ABS
PE,PVC,EVA

ABS,PE,FP,PA

ABS,PE,PP,PA

Wﬂﬂﬂﬂ]‘i’l&l'ﬂﬁwmﬂ’i rs

B—thltettgo] m to 250 ., 150 o) ABS,PPO,PC,PA

ARI1ANN 3 AN 87 8|

Isotatic anhydride 210 to 225 115 PS,ABS,PA, PPO
PBTP, PC
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2.4 Organic Peroxides as Cross-linking Agents

Using organic peroxides as cross-linking agents
has been reported for the first time in 1915 but gained
importance for the vulcanization of natural rubber and
with the development ol% ggit ated synthetic rubbers.
Parallel to its appiicat x* on éastmers, interest was

f iLoXlides for the cross-

being shown in
linking of thermcg “Omposition temperature

minant for scroch

of organic peroj
temperature a this reason , the
composition of t 15 its usefulness as

a cross-linking agén &L
2.4.1

The adyéntages and disad¥dntages (5) of

peroxide vulca 2 s mns following:

Advantage :

AUYANYNSNYNS

-sc@rch free stnagge of compnundn
709 QTS RIHY T N T
9 -possibility to apply high wvulcanization
temperatures without reversion
-good balance between processing properties and
crosslink density
-simple formulation

-low compression set even at high temperatures
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-good electrical properties, no copper corrosion
-good high temperature stability

-no discoloring

-no bloom

-easy covulcanizati with other polymer,

also with

-1imitdﬂ"ff7'ji- \1 e of reactions of

-~/ \\\
o Ao o \\\

Disadvantage:

peroxides.

ers, resin etc.)
-sensibilig , ulw ~' reactions to oxygen
-at low sraf qa;*s - - canization times
-mostly luwar - rength, lower tear
strength

-highar.rwal

-frequently.disturbing/odors and toxicity of
otk d IEVIIWETT

—mast fﬁhar cbsts.

AR AN I ANINYA Y

9 2.4.2 classification and Characteristic of
Peroxides

The formulas of all peroxides (5) can be derived
from hydrogen peroxide, the single substituted products
are the hydroperoxides,the double substituted products

are the peroxides.
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H-0-0-H Hydrogen peroxides
R-0-0-H Hydroperoxides

R-0-0--R Peroxides.

Hydroperoxides do not lead to the formation of
crosslinks, but can interfere with the cross-linking

capacity of other peroxigdes,However they can degrade

sed for the cross-
linking of poly 1’_ \ Bt and not dangerous
during the usua : ﬂ P iat, ©on the other hand,
decompose suff 'ﬁiﬁ'. ba s t .

oxides with tertiary

ustomary curing

carbon atoms are justjfiec ] xides bonded to primary
and secondary 'gr'?'#:"? less stable. One can

diﬂtinguish TwWOE © v OFd ....ai_s;_"_'_—*-;?i des that are

______ D
aug AN S wang o

Peroxides with Oy €0-0- C- 0%y Qc@n-E—Q

corney R T U TN 8

stable enough

Diacetylperoxide Dibenzoylperoxide
Peroxides without o Ol s T
ool OfeefO
Carboxy groups cHy L = oy

Di-tert butylperoxide Dicumylperoxide
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Almost all peroxides can be derived from these
basic types. Peroxides containg more than one peroxy

group are called polymeric or polyvalent peroxides, for

example

Cy O th M 2,5 Bis-(tert.butylperoxy)-
CHi- C=N-0- C - CHy- tH-L‘-L‘J-ﬂ-c-I:H.

by o oy | ”/ dimethyl hexane

or /

i G cH RS : Ler ,utylparoxyisoprnpy}
CH3=C-0 0-*.;.—@" y -

CHy CHy

The pero th \1 classes (5) have

. low naﬁ

gensitivity to oxveen, therefore, cure

- m carbon black.

Peroxic eg without carboxr groups:

ﬁaﬁiﬂiﬂtﬂiﬂ ﬂtgswzjﬂﬂ better than

Aromatics

AR YR MR

. lower sensitivity to oxygen than peroxides with

carboxy groups

For the curing of elastomers those peroxides are

preferred that form the following radicals.



23

2.4.3 Mode of action

Decomposition of peroxides (5) can occur under
the influence of the following factors : by heat, by
light or high energy radiation, or reactions with other

materials. Preferably the decomposition can occur at the

: ted by other compounding

N ﬂcgd radical yield and

thereby influencethec = rdﬁa—ﬂnsitr. A peroxide
G "‘l l‘-!’ i, £ h

peroxy groups. It can

ingredients, that

-A'-‘would be desirable

vulcanization ltémperature. For ple, compounds with

dihanznrlparo.ﬁls";f;-: : ka” to 45°C without

scorching. sbunds with dicumyl pa'-z1des can tolerate

e ST ata,gﬂiﬂs B L, wicir
tampaﬂrﬂ MfTﬁ wwﬂwwﬂned about

130° for dibenzoylperoxid and By [

dicumylperoxide. The radical yield and the crosslink
density depend very much on the temperature. One can not
draw conclusion from the behavior of a peroxide in a
given palymer to the behavior of the same peroxide in a

different polymer. Acceleration is only possible within
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limits by an increased temperature and it is not
possible to activate peroxides with metal oxides, like
Zn0, or stearic acid. Crosslink density can be
comsiderably increased by using coactivators. Here we
are dealing with polyvalent compounds (for example di or

triallyl compounds, maleic acid or reactive acrylic

derivatives) that ppx al consecutive reactions

with one peroxydi iat ___&;.fferent coactivators
ﬁ" J

are recommended

2.4.4 Sgleg

Selec : is primarily
determined by ross-linked and its
processing con r; esidence time and
temperature and by t@’ 1ts that have to be met

quantity, wheriag 'r?ﬂs—linking reaction

is determined hy‘tha tampern e. The amount of peroxide

required ﬁp%%] ’} (ene %WEJ of ftg peroxide, the

polymer to ha cross-link and th presence dpd quantity
or b IR i 119199 B&FH Boecorsas
requirad for the cross-linking of important polymer are
list in table. Satisfactory mechanical properties can
already be obtained with the lowest quantity of
peroxide. However, permanent set (polymer foam) does not
improve until fairly high quantities of peroxide are

used. The mechanical properties generally deteriorate
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contains substance that can scavenge free radicals,

higher quantities that the minimum are likewise

necessary.

Table 2.2 Amount of perox needed for cross-linking of

polymers. y/
SN :

Polymer | Parts pe€ h pef0Xid& per 100 part polymer
EPDM, EPM 678 16 / { to 1 3.8 to 6.3
NBR 248 1.5 to 2.5
PE 1.5 tg 0.8 to 4.2
EVA | 7 1.5 to 3.0
: ditert. butylperoxy ohe
Az 1;1 er uty! 1227 ,5 trimethylcyclohexane

(40% active faterial)

B : Dicumyl y.!“

C : Bis (tert. b tylperozjfisoproprl} &nz.ena (40%active

= MU ININTNYINT
RINNIUUNIININY
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